Natural Resources Committee

Beaufort County, SC

This meeting will be held both in person in Council Chambers at 100 Ribaut Road, Beaufort,
and virtually through Zoom. Please be aware that there is limited seating available for the in-
person meeting and attendees must practice social distancing

Monday, November 01, 2021
3:30 PM

*OR IMMEDIATELY FOLLOWING THE EXECUTIVE COMMITTEE MEETING NO SOONER THAN 3:00PM*

COMMITTEE MEMBERS:

ALICE HOWARD, CHAIRMAN GERALD DAWSON, VICE-CHAIR
LOGAN CUNNINGHAM LAWRENCE MCELYNN
YORK GLOVER

CALL TO ORDER

2. PLEDGE OF ALLEGIANCE

3. PUBLIC NOTIFICATION OF THIS MEETING HAS BEEN PUBLISHED, POSTED, AND DISTRIBUTED IN
COMPLIANCE WITH THE SOUTH CAROLINA FREEDOM OF INFORMATION ACT

4, APPROVAL OF AGENDA

5. APPROVAL OF MINUTES - SEPTEMBER 7, 2021

6. CITIZEN COMMENTS - (ANYONE who wishes to speak during the Citizen Comment portion of the
meeting will limit their comments to no longer than three (3) minutes ( a total of 15 minutes ) and will
address Council in a respectful manner appropriate to the decorum of the meeting, refraining from the
use of profane, abusive, or obscene language)

AGENDA ITEMS

7. AN ORDINANCE TO AMEND THE STORMWATER MANAGEMENT UTILITY ORDINANCE AS ADOPTED
SEPTEMBER 26, 2016 TO PROVIDE FOR THE ADOPTION OF STORMWATER MANAGEMENT STANDARDS
SET FORTH IN THE SOUTHERN LOWCOUNTRY DESIGN MANUAL TO MEET THE MUNICIPAL SEPARATE
STORMSEWER SYSTEM (MS4) PERMIT REQUIREMENTS

8. AN ORDINANCE FOR A TEXT AMENDMENT TO THE STORMWATER MANAGEMENT UTILITY ORDINANCE AS

ADOPTED SEPTEMBER 26TH, 2016 TO ADDRESS THE ADOPTION OF THE SOUTHERN LOWCOUNTRY DESIGN
MANUAL




o

14.

AN ORDINANCE FOR A TEXT AMENDMENT TO THE COMMUNITY DEVELOPMENT CODE (CDC): SECTION
A.3.40 (PERMITTED ACTIVITIES) TO REVISE THE LADY’S ISLAND EXPANDED HOME BUSINESS DISTRICT TO
INCLUDE SHORT-TERM RENTALS AS A SPECIAL USE.

AN ORDINANCE FOR AZONING MAP AMENDMENT/REZONING REQUEST FOR 2 ACRES (R100 020 000 0020
0000) AT 2706 TRASK PARKWAY FROM T2 RURAL NEIGHBORHOOD TO C4 COMMUNITY CENTER MIXED
USE

APPOINTMENT OF GAIL MURRAY TO THE PLANNING COMMISSION FOR A PARTIAL 1st TERM WITH AN
EXPIRATION DATE OF 2024

APPOINTMENT OF JANE FREDERICK TO THE ZONING BOARD OF APPEALS FOR A PARTIAL 1st TERM WITH
AN EXPIRATION DATE OF 2024

APPOINTMENT OF WILLIAM BEDINGFIELD TO THE SOUTHERN BEAUFORT COUNTY CORRIDOR
BEAUTIFICATION BOARD FOR A 1ST TERM WITH AN EXPIRATION DATE OF 2024

ADJOURNMENT
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Natural Resources Committee

Beaufort County, SC

This meeting will be held both in person in Council Chambers at 100 Ribaut Road, Beaufort,
and virtually through Zoom. Please be aware that there is limited seating available for the in-
person meeting and attendees must practice social distancing. ** IMMEDIATELY
FOLLOWING COMMUNITY SERVICES AND PUBLIC SAFETY NO SOONER THAN 2:30 PM

*%*

Monday, October 04, 2021
2:30 PM

1. CALL TO ORDER

Committee Chairman Howard called the meeting to order at 2:45 PM
2. PLEDGE OF ALLEGIANCE

Chairman Howard led the Pledge of Allegiance.
3. FOIA

Committee Chairman Howard stated public notice of this meeting had been published, posted, and
distributed in compliance with the SC FOIA Act

4, APPROVAL OF AGENDA

Motion: It was moved by Council Member Sommerville, seconded by Council Member Glover to approve
the agenda. The motion was approved without objection

5. APPROVAL OF MINUTES - SEPTEMBER 7, 2021

Motion: It was moved by Council Member Sommerville, seconded by Council Member Glover to approve
the September 7, 2021 minutes. The motion was approved without objection.

6. CITIZEN COMMENTS
Jessie White, South Coast Office Director
Councilwoman Howard,

| have a conflict this afternoon and will not be able to attend today’s Natural Resources Committee
meeting, but wanted to pass along the comments we submitted to the Planning Commission on the
proposed rezoning at 60 Gaston Plantation Rd. We continue to believe this rezoning request should be
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denied and that the Planning Commission reached the correct result. Please let me know if you have any
questions and thank you for your consideration.

PRESENTATION OF PINEVIEW PRESERVE AND BAILEY MEMORIAL PARK CONCEPTUAL PLANS

Stefanie Nagrid presented " Pineview Conceptual Plans" and " Bailey Conceptual Plan"

Status: For Informational Purposes Only

Discussion: To see the full discussion click the link below.
https://beaufortcountysc.new.swagit.com/videos/141032

APPROVAL OF AN ORDINANCE REGARDING A ZONING MAP AMENDMENT/REZONING REQUEST FOR 56
ACRES (R600 009 000 0113 0000) AT 60 GASTON PLANTATION ROAD FROM T2 RURAL TO C3
NEIGHBORHOOD MIXED-USE.

Motion: It was moved by Council Member Sommerville, seconded by Council Member Glover to deny the
approval of an ordinance regarding rezoning. The motion was approved without objection.

Discussion: To see the full discussion click the link below.

https://beaufortcountysc.new.swagit.com/videos/141032

Voting Yea: Committee Chair Howard, Council Member Passiment, Council Member Sommerville, Council
Member Rodman, Council Member Glover, Council Member Hervochon. The vote 6:0

APPROVAL OF AN ORDINANCE REGARDING TEXT AMENDMENT TO THE COMMUNITY DEVELOPMENT
CODE (CDC): SECTION 3.1.60 (CONSOLIDATED USE TABLE) AND SECTION 4.1.190 (RECREATION FACILITY:
CAMPGROUNDS) TO REVISE THE CAMPGROUND STANDARDS

Robert Merchant this series of amendments currently under consideration build on the changes made in
2018 and address the following issues:

1. The existing language requiring time limits for campers could lead to a loophole where a
camper simply switches sites or forgoes one night to renew the time limit.

2. Apparent discrepancies between the consolidated use table and the campground standards have
been corrected.

3. 100-foot-wide opaque buffers are required for all three campground types.

4. Semi-developed and Developed campgrounds are required to be served by public sewer and
water.

5. Primitive campgrounds are limited to 15 sites.

6. With the exception T1 Natural Preserve zone, there are no restrictions on the size of RVs.

Status: For Informational Purposes Only

Discussion: To see the full discussion click the link below.

https://beaufortcountysc.new.swagit.com/videos/141032

ADOPTION OF ENVISION BEAUFORT COUNTY 2040 COMPREHENSIVE PLAN AND BEAUFORT COUNTY
CONNECTS BICYCLE AND PEDESTRIAN PLAN 2021 AS AN APPENDIX TO THE PLAN

Robert Merchant presented " Envision Beaufort County Comprehensive Plan."

Discussion: To see the full presentation click the link below.
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https://beaufortcountysc.new.swagit.com/videos/141032

Motion: It was moved by Council Member Sommerville, seconded by Council Member Glover to approve
the Beaufort County 2040 Comprehensive Plan to move forward to County Council for approval. The
motion was approved without objection.

Libby Andreson presented "Beaufort County Connects Bicycle and Pedestrian Plan 2021."
Discussion: To see the full presentation click the link below.

https://beaufortcountysc.new.swagit.com/videos/141032

Status: For Information Purposes Only

DISCUSSION REGARDING THE SOUTHERN BEAUFORT BEAUTIFICATION BOARD

Administrator Eric Greenway stated Council should evaluate the usage of the Southern Beaufort County
Corridor Beautification Board since the Board is not doing the purpose of its creation.

Status: For Informational Purposes Only

Discussion: To see the full discussion click the link below.

https://beaufortcountysc.new.swagit.com/videos/141032

APPOINTMENT FOR ARMIN WAHL WITH A PARTIAL 1st TERM TO PLANNING COMMISSION WITH AN
EXPIRATION DATE OF 2023

Motion: It was moved by Council Member Sommerville, Seconded by Council Member Glover to approve
appointment for Armin Wahl with a partial 1st term to Planning Commission with an expiration date of
2023 to move forward to County Council for final approval. The motion was approved without objection.

Discussion: To see the full discussion click the link below.

https://beaufortcountysc.new.swagit.com/videos/141032

APPROVAL OF THE APPOINTMENT OF 2 INDIVIDUALS TO THE BEAUFORT COUNTY RURAL AND CRITICAL
LANDS PRESERVATION BOARD

1. KENNETH FRAZIER - DISTRICT 9 REPRESENTATIVE
2. FORD BARTHOLOW - DISTRICT 9 TO REPRESENT DISTRICT 8 (SWAP)

Motion: It was moved by Council Member Glover, Seconded by Council Member Sommerville to approve
appointment of Kenneth Frazier district 9 and Ford Bartholow district 8 (swap) to Rural and Critical Lands
Preservation Board to County Council for final approval. The motion was approved without objection.

Discussion: To see the full discussion click the link below.

https://beaufortcountysc.new.swagit.com/videos/141032

EXECUTIVE SESSION:

Motion: It was moved by Council Member Sommerville, seconded by Council Member Glover to go into
Executive Session. The motion was approved without objection.

MATTERS ARISING OUT OF EXECUTIVE SESSION
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Discussion: To see the full discussion click the link below.

https://beaufortcountysc.new.swagit.com/videos/141032

Motion: It was moved by Council Member Sommerville, seconded by Council Member Glover
to recommend to concur with Beaufort County Rural and Critical Lands Board to not move forward with
due diligence on item # 14. The motion is approved without objection.

Motion: It was moved by Council Member Sommerville, seconded by Council Member Glover to concur
with the Beaufort County Rural and Critical Lands Preservation Board to not move forward with due
diligence on item # 15. The motion was approved without objection.

ADJOURNMENT
The meeting adjourned at 4:37 PM.
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BEAUFORT COUNTY COUNCIL
AGENDA ITEM SUMMARY

ITEM TITLE:

AN ORDINANCE ADOPTING UPDATES TO THE SOUTHERN LOWCOUNTRY DESIGN MANUAL ($0.00)

MEETING NAME AND DATE:

Natural Resources Committee — November 1, 2021

PRESENTER INFORMATION:

Jared Fralix, ACE — Engineering
Neil Desai, P.E - Public Works Director (Alternate)
(5 min)

ITEM BACKGROUND:

January 11%, 2021 — County Council Approved adoption of Southern Lowcountry Design Manual
October 13, 2021 — Stormwater Utility Board approved proposed updates to the Southern Lowcountry
Design Manual.

PROJECT / ITEM NARRATIVE:

As Beaufort County has implemented the Southern Lowcountry Design Manual, staff has recognized the need
for updates to be made to stay current as knowledge in our field improves. Updates to this manual also

include process improvements for the development community in Beaufort County. The manual updates are
consistent with the regional standards for those who have adopted the Southern Lowcountry Design Manual.

FISCAL IMPACT:

There are no fiscal impacts associated with the adoption of the Southern Lowcountry Design Manual updates.

STAFF RECOMMENDATIONS TO COUNCIL:

Staff recommends approval of the proposed Southern Lowcountry Design Manual updates.

OPTIONS FOR COUNCIL MOTION:

Motion to approve/deny the adoption of the proposed Southern Lowcountry Design Manual updates.

(Next Step — Upon approval, send to County Council for First Reading)




ORDINANCE 2021/

A ORDINANCE TO AMEND THE STORMWATER MANAGEMENT UTILITY
ORDINANCE AS ADOPTED SEPTEMBER 26, 2016 TO PROVIDE FOR THE
ADOPTION OF STORMWATER MANAGEMENT STANDARDS SET FORTH IN THE
SOUTHERN LOWCOUNTRY DESIGN MANUAL TO MEET THE MUNICIPAL
SEPARATE STORMSEWER SYSTEM (MS4) PERMIT REQUIREMENTS

WHEREAS, Act 283 of 1975, The Home Rule Act, vested Beaufort County Council with
the independent authority to control all acts and powers of local governmental authority that are
not expressly prohibited by South Carolina law; and

WHEREAS, Chapter 99, Article Il, “Stormwater Management Utility” was adopted on
August 27, 2001 and was modified by ordinance on August 22, 2005, September 28, 2015 and
September 26, 2016; and

WHEREAS, Stormwater Management Utility was established for the purpose of
managing, acquiring, constructing, protecting, operating, maintaining, enhancing, controlling, and
regulating the use of stormwater drainage systems in the county; and

WHEREAS, pursuant to the requirements mandated by the Municipal Separate
Stormsewer System (MS4) permit issued by the South Carolina Department of Health and
Environmental Control (DHEC) on December 1, 2015, Beaufort County is required to adopt
standards related to Stormwater management and create a regulatory framework to enforce the
same; and

WHEREAS, County Council adopted the Southern Lowcountry Design Manual on
January 11th, 2021 as the source of the technical stormwater standards used in the
development of Stormwater Plans; and

WHEREAS, County Council desires to authorize the County Administrator to adopt the
updates to the Southern Lowcountry Design Manual,

NOW THEREFORE, BE IT RESOLVED, THAT BEAUFORT COUNTY
COUNCIL, in a meeting duly assembled, does hereby authorize the County Administrator to
adopt and implement Southern Lowcountry Design Manual attached hereto and made part of this
Ordinance:

ADOPTED, this __ day of , 2021.

COUNTY COUNCIL OF BEAUFORT COUNTY

BY:
Joseph Passiment, Chairman

ATTEST:
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Stormwater Best Management Practices
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March 2020
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Lead Authors:
Bill Hodgins, P.E., Center for Watershed Protection
Greg Hoffmann, P.E., Center for Watershed Protection

Kathryn Ellis, EIT, McCormick Taylor

Southern Lowcountry Stormwater Technical Subcommittee:

Neil Desai, P.E., Beaufort County/ formerly City of Beaufort
Nate Farrow, City of Beaufort

Katie Herrera, CEPSCI, CSPR, Beaufort County

Kimberly Jones, MS, CEPSCI, Town of Bluffton

Eric Larson, P.E., formerly Beaufort County

Rhett Lott, City of Hardeeville

Bryan Mcllwee, P.E., Town of Bluffton

Neal Pugliese, City of Beaufort

Daniel Rybak, formerly Beaufort County

Lisa Wagner, CFM, Jasper County

Van Willis, Town of Port Royal

Consultant Team:

Jordan Fox, Center for Watershed Protection

Laura Gardner, P.E., formerly Center for Watershed Protection

Jason Hetrick, P.E., CFM, McCormick Taylor
Sarah Ryan, formerly Center for Watershed Protection
Nehemiah Stewart, McCormick Taylor

Ellen Zagrobelny, Center for Watershed Protection
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Chapter 1. Introduction, Background, Purpose, and Administration

1.1 Introduction

Upon passage of the Southern Lowcountry Stormwater Ordinance as amended and adopted by Beaufort
County Public Works Department, participating municipalities/jurisdictions will follow the design and
permitting requirements of the Southern Lowcountry Stormwater Design Manual. The Ordinance directs
residents, land developers, redevelopment, and government permit applicants to submit details and
plans that comply with this Manual. It is the intent of the Ordinance that all proposed development,
redevelopment, and major substantial improvement shall provide stormwater quality control for the
stormwater retention volume (SWRv) for Watershed Protection Areas and/or Special Watershed
Protection Areas. In the following chapters, Better Site Design (BSD) practices, green infrastructure/low
impact development practices (GI/LID), and stormwater best management practices (BMPs) are
described in detail to support the stormwater retention requirements. Through in-line and off-line
application of these practices, the cumulative impact is reduction of the runoff and the retention on site
of design storms.

This Manual and the design criteria presented within represent good engineering practice and should be
used in the preparation of stormwater management plans. The criteria are intended to establish
requirements, minimum standards, and methods for a sound planning, design, and review process. It is
intended to guide the stormwater design review of proposed work done by developers, private parties,
and governmental agencies.

1.2 Background

The U.S. Environmental Protection Agency (EPA) recommends that the Phase Il Small Municipal Separate
Storm Sewer System (MS4) permit require the permittee to adopt a planning process that identifies the
municipality’s program goals (e.g., minimize water quality impacts resulting from post-construction
runoff from new development and redevelopment), implementation strategies (e.g., adopt a
combination of structural and/or non-structural BMPs), operation and maintenance policies and
procedures, and enforcement procedures. In developing the program, EPA states that the permit should
also require the permittee to assess existing ordinances, policies, programs and studies that address
stormwater runoff quality. These policy assessments should include the following:

e Policies and ordinances that:
o provide requirements and standards to direct growth to identified areas,
o protect sensitive areas such as wetlands and riparianareas,
o maintain and/or increase open space (including a dedicated funding source for open
space acquisition),
o provide buffers along sensitive water bodies,
o minimize impervious surfaces, and
o minimize disturbance of soils and vegetation;
e Policies or ordinances that encourage infill development in higher density urban areas and areas
with existing infrastructure;
e Education programs for developers and the public about project designs that minimize water
quality impacts; and
e Measures such as minimization of percent impervious area after development and minimization
of directly connected impervious areas (81 Federal Register237).
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13 Purpose
This Manual’s purpose is to provide a framework for designing a stormwater management system to:

Improve water quality through runoff reduction to themaximum extent practicable (MEP);
Prevent downstream stream bank and channel erosion;

Reduce downstream overbank flooding; and

Safely pass or reduce the runoff from extreme storm events.

This Manual presents a unified approach for sizing stormwater best management practices (BMPs) in
the Southern Lowcountry to meet pollutant removal goals, reduce peak discharges, and pass extreme
floods. Additionally, it follows a watershed approach for their size and specification. Based on the site’s
watershed, stormwater design criteria specific to each must be met for development permit approval.

1.4 Applicability and Exemptions

1.4.1 Applicability

Design criteria in this Manual are applicable to any new development or redevelopment activity that
meets one or more of the following criteria, or is a major substantial improvement, unless exempt
pursuant to Section 1.4.2 below:

1. New development that involves the creation of 5,000 square feet of land disturbance.

2. Redevelopment that involves the creation, addition, or replacement of 5,000 square feet or
more of land disturbance.

3. New development or redevelopment, regardless of size, that is part of a larger common plan of
development, even though multiple, separate and distinct land disturbing activities may take
place at different times and on different schedules.

4. A major substantial improvement of an existing property, which is defined as a renovation or
addition to a structure that meets both of the following cost and size thresholds: a) construction
costs for the building renovation/addition are greater than or equal to 50% of the pre-project
assessed value of the structure as developed using current Building Valuation Data of the
International Code Council, and b) project size where the combined footprint of structure(s)
exceeding the cost threshold and any land disturbance is greater than or equal to 5,000 square
feet.

The design criteria are applicable for infill development of platted lots, whether they are new
development or redevelopment sites if the work involves creation, addition or replacement of 5,000
square feet or more of land disturbance

1.4.2 Exemptions
The following activities are exempt from the permitting requirements of this Manual:

1. Any maintenance, alteration, renewal, or improvement as approved by Beaufort County Public
Works Department which does not alter existing drainage pattern, does not result in change or
adverse impact on adjacent property and/or downstream properties, or create adverse
environmental or water quality impacts, and does not increase the temperature, rate, quality,
volume, or location of stormwater runoff discharge.

2. Projects that are exclusively for agricultural or silvicultural activities within areas zoned for these
agricultural and silvicultural uses. Proof of Silvaculture permit required;

3. Agricultural activity not involving relocation of drainage canals;
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4. Redevelopment that constitutes the replacement of the original square footage of impervious
cover and original acreage of other land development activity when the original development is
wholly or partially lost due to natural disaster or other acts of God occurring after January 31st,
2021,

5. Work by agencies or property owners required to mitigate emergency flooding conditions. If
possible, emergency work should be approved by the duly appointed officials in charge of
emergency preparedness or emergency relief. Property owners performing emergency work will
be responsible for any damage or injury to persons or property caused by their unauthorized
actions. Property owners will stabilize the site of the emergency work within 60 days, or as soon
as reasonable, following the end of the emergency period;

6. Golf courses are required to comply with all site runoff volume and water quality and drainage
planning and design requirements. However, both golf courses and private lagoons shall be
exempt from the peak attenuation requirements.

7. Existing dirt roads which are improved or paves as part of Beaufort County’s Dirt Road Paving
Program as set forth in Beaufort County Policy Statement 15 and Policy Statement 17 are
deemed not to constitute “development” under the County Code of Ordinance Chapter 99
(Stormwater Utility Ordinance), MS4 Program, or this manual and are, therefore, exempt from
the provisions and requirements herein.

8. Small subdivisions may be exempt from the permitting requirements of this manual, and shall
be handled on a case by case basis and to be approved by the Public Works Director.

1.5 Administration

1.5.1 Approval Requirements

Before the Beaufort County Public Works Department may issue a stormwater permit for any project
requiring stormwater management, the Beaufort County Public Works Department must approve a
Stormwater Management Plan (SWMP) meeting the requirements of the Southern Lowcountry
Stormwater Ordinance and receive all fees required by the Beaufort County Public Works Department
for site and building development plans.

A complete SWMP submittal includes a completed engineer’s certification statement, a submittal
checklist, plans and design that are signed and sealed by a registered professional engineer licensed in
South Carolina. Erosion and sediment control for sites below the South Carolina Department of Health
and Environmental Control (SC DHEC) National Pollutant Discharge Elimination System (NPDES) General
Permit for Stormwater Discharges from Construction Activities (SCR100000) thresholds must obtain
permit coverage under this stormwater permit. All construction stormwater permit applications above
the SC DHEC thresholds are reviewed by the DHEC Office of Coastal Resources Management, or the
reviews are delegated to the Beaufort County Public Works Department to determine compliance with
the requirements of SCDHEC’s NPDES General Permit for Stormwater Discharges from Construction
Activities (SCR100000) and of the Construction Stormwater Pollution Prevention Plan (C-SWPPP). These
permit applications must be approved, issued, and provided to Beaufort County Public Works
Department prior to the issuance of the stormwater management plan approval.

1.5.2 Fees

An applicant is responsible for paying fees that provide for the cost of review, administration, and
management of the stormwater permitting process and inspection of all projects subject to the
requirements of Beaufort County Public Works. These fees are posted by the Beaufort County Public
Works Department.
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Chapter 2. Design, Review, & Permitting Process

2.1 Satisfying the Stormwater Management, Site Planning, & Design Criteria

2.1.1 Overview

This chapter presents a comprehensive set of site planning and design and post-construction criteria
that must be applied to new development and redevelopment activities occurring within the Southern
Lowcountry region. Satisfying these criteria promotes the systematic development of acceptable
stormwater management plans, and a successful integration of natural resource protection and
stormwater management through the site planning and design process (Figure 2.2).

Through the use of Better Site Design, as described in detail below, the integration of natural resource
protection and stormwater management can be achieved by:

e Identifying and protecting valuable natural resources;

e Limiting land disturbance, new impervious cover, and disturbed pervious cover;and

e Reducing and managing post-construction stormwater runoff rates, volumes, and pollutant
loads.

This approach involves the use of two distinct but complementary groups of natural resource protection
and stormwater management techniques:

e Green Infrastructure Practices: Natural resource protection and stormwater management
practices and techniques (i.e., better site planning and design techniques, low impact
development practices) that can be used to help prevent increases in post-construction
stormwater runoff rates, volumes and pollutantloads.

e Stormwater Management Practices: Stormwater management practices (e.g., wet ponds,
swales) that can be used to manage post-construction stormwater runoff rates, volumes and
pollutant loads.

Natural resource protection and stormwater management techniques help control and minimize the
negative impacts of the land development process while retaining and, perhaps, even enhancing a
developer’s vision for a development site. When applied during the site planning and design process,
they can be used to create more natural and aesthetically pleasing development projects and create
more cost-effective post-construction stormwater management systems (ARC, 2001). The use of these
techniques, particularly the green infrastructure practices, can even reduce overall development costs
while maintaining or increasing the resale value of a development project (MacMullan and Reich, 2007;
US EPA, 2007; Winer-Skonovd et al., 2006).
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2.1.2 Better Site Design in the Planning Process

Better Site Design (BSD) refers to encouraged planning land development using certain principles to
minimize stormwater impacts. Integral to low impact development design, proper application of BSD
principles can allow for smaller required stormwater BMP storage and retention volumes, and can help
provide significant reductions in post-construction peak flows and pollutant loads. These principles
include reduction/restoration of impervious cover, conservation of natural cover areas, stream
restoration, and integration of both structural and non-structural stormwater management within site
design. The principles of Better Site Design are referenced in the sections below. To note, any design
standards in conflict with the Beaufort County Community Development Code (CDC) will be superseded
by the CDC.

Fundamental to the application of Better Site Design is the correlation between impervious surface area
in a watershed and negative impacts on receiving water resources. On a national level, the Impervious
Cover Model (ICM) estimates stream quality based on percentage of impervious cover (Schueler and
Fraley-McNeal, 2009). This model demonstrates that streams follow a continuous gradient of
degradation in response to increasing impervious cover in a watershed. Local studies have supported
this paradigm, and report that changes in the rate and volume of stormwater runoff were primary
causes of ecological impairment in headwater tidal creeks, such as those found in Beaufort and Jasper
Counties. These studies have shown that physical and chemical characteristics such as altered
hydrography, increased salinity variance, increased chemical contaminants, and increased fecal coliform
loadings of tidal creeks were negatively impacted with as little as 10 to 20% impervious cover. When
impervious cover exceeded 30% of the watershed, measurable impacts to living resources were
observed, indicating the ecological processes in the creek ecosystems were impaired (Holland et al.,
2004).

Such findings are of consequence to Beaufort and Jasper Counties. Increasing pressure for development
in response to population growth, and land development practices of the Lowcountry result in
significant tree removal and loss of vegetative cover from land grading and storm pond construction and
increases in impervious surfaces. According to the NOAA C-CAP Land Cover Analysis
(https://coast.noaa.gov/ccapatlas/), from 1996 to 2010, the percent net increase in impervious surface
area was 60% for Beaufort County and 59% for Jasper County. Table 2. 1. Summary of land cover
changes in Southern Lowcountry from 1996 to 2010. below summarizes the findings of this NOAA
report. Although the percentage of total wetlands lost is relatively low for both counties, the actual
wetland types have been converted from palustrine forested wetlands to palustrine scrub/shrub and
palustrine emergent wetlands, which may alter ecosystem processes and hydrology in these areas.

Table 2. 1. Summary of land cover changes in Southern Lowcountry from 1996 to 2010.

Beaufort County? Jasper County?
Land Cover % 1996 2010 % Change 1996 2010 % Change
Development 3.87 6.16 +59.12 1.62 2.52 +55.15
Forested Area 25.28 21.5 -14.98 62.50 48.37 -22.60
Wetlands 33.85 33.20 -1.93 45.24 44.74 -1.11
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1Percent of County under each land cover type.

Given the rapid growth the Southern Lowcountry experienced in the past 20 years, the goals of Better
Site Design should resonate with those charged with managing stormwater and its release into the area
watersheds. Succinctly, the goals of Better Site Design include the following:

e Preventing stormwater impacts rather than mitigatingthem;

e Managing stormwater (quantity and quality) as close to the point of origin as possible and
minimizing collection and conveyance;

o  Utilizing simple, nonstructural methods for stormwater management that are lower cost and
lower maintenance than structural controls;

e Creating a multifunctional landscape; and

e Using hydrology as a framework for site design.

The Center for Watershed Protection’s Better Site Design Handbook outlines 22 model development
principles for site design that act to reduce impervious cover, conserve open space, prevent stormwater
pollution, and reduce the overall cost of development (CWP, 2017). The principles can provide notable
reductions in post-construction stormwater runoff rates, volumes and pollutant loads (ARC, 2001).
Better Site Design across the country is implemented through review of existing planning and
development codes, and streets, parking and stormwater engineering criteria. Within the context of a
stormwater management document and this Manual, the Better Site Design techniques of greatest
application include protection of existing natural areas, incorporation of open space into new
development, effective sediment and erosion control practices, and stormwater management that
mimics natural systems. The following sections apply Better Site Design to the Southern Lowcountry
Watershed Protection Areas and Special Watershed Protection Areas to help mitigate the effects of
development to the watersheds. Therefore, the conservation principles below are part of an overall
watershed approach to stormwater management and will complement the Watershed Protection Area
approach in this Manual. Their application is subject to Beaufort County Public Works Department
requirements and/or standards.
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2.1.3 Site Planning & Design Process

Figure 2.2 depicts the site planning and design process that is
captured in Low Impact Development in Coastal South
Carolina: A Planning and Design Guide (Ellis et al., 2014) and
is applicable to the Beaufort County Public Works
Department. The site planning and design checklist of the
Southern Lowcountry Design Manual does not make each of
the phases of the process a submittal requirement. The
checklist, however, gives the Beaufort County Public Works
Department the opportunity to ask whether each of these
steps have been considered. Required steps for the Beaufort
County Public Works Stormwater Permit submittal are the
conceptual plan and final plan, with construction and final
inspections occurring after final plan has been approved. The
actual document submittal begins with the preliminary plan
when considered in context of the planning process below:

e Site Prospecting: During the site prospecting phase,
some basic information is used to evaluate the
feasibility of completing a development or
redevelopment project. A feasibility study is typically
used to evaluate the many factors that influence a
developer’s decision about whether or not to move
forward with a potential development project.
Factors that are typically evaluated during a
feasibility study include information about site
characteristics and constraints, applicable local, state
and federal stormwater management and site
planning and design requirements, adjacent land
uses and access to local infrastructure (e.g., water,
sanitary sewer).

e Site Assessment: Once a potential development or
redevelopment project has been deemed feasible, a
more thorough assessment of the development site
is completed. The site assessment, which is typically
completed using acceptable site reconnaissance and
surveying techniques, provides additional
information about a development site’s

characteristics, its natural resource inventory and constraints. Once the assessment is complete,
a developer can identify and analyze the natural, man-made, economic and social aspects of a
potential development project, define the actual buildable area available on the development
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site and begin making some preliminary decisions about the layout of the proposed

development project.
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Concept Plan: The results of the site assessment are typically used to create a concept plar) for
the proposed development project. A concept plan is used to illustrate the basic layout of the
proposed development project, including lots and roadways, and is usually reviewed with the
local development review authority before additional resources are used to create a more
detailed plan of development. During this phase, several alternative concept plans can be
created and compared with one another to craft a plan of development that best “fits” the
character of the development site (Figure 2.3, Figure 2.4, and Figure 2.5). It is at this point in the
planning and design process that a Maximum Extent Practicable demonstration described in
Section 3.9 is required for development projects that will seek a waiver from requirements of
this Manual.

Final Plan: The final plan adds further detail to the preliminary plan and reflects any changes to
the plan of development that were requested or required by the local development review
authority. The final plan typically includes all of the information that was included in the
preliminary plan, as well as information about landscaping, pollution prevention, erosion and
sediment control and long-term operation and maintenance of the site’s post-construction
stormwater management system. There may be several iterations of the final plan between the
time that it is submitted and the time that it is approved by the local development review
authority.

Construction: Once the final plan has been reviewed and approved, performance bonds are set
and placed, contractors are retained, and construction begins. During the construction phase, a
development project may be inspected on a regular basis by the local development review
authority to ensure that all roadways, parking areas, buildings, utilities and other infrastructure,
including the post-construction stormwater management system, are being built in accordance
with the approved final plan and that all primary and secondary conservation areas have been
protected from any land disturbing activities.

Final Inspections: Once construction is complete, final inspections take place to ensure that all
roadways, parking areas, buildings, utilities and other infrastructure, including the post-
construction stormwater management system, were built according to the approved final plan.
As-built plans are also typically prepared and executed during this phase. If a development
project passes all final inspections, an occupancy permit may be issued for the project.
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2.1.4 Natural Resources Inventory

The first step to conserve natural resources is properly documenting existing assets. An up-to-date
natural resources inventory map can provide geospatial information for water resources, soils, sensitive
natural resource areas, critical habitats, and other unique resources (Ellis et al., 2014).

An application for new development requires a natural resources inventory prior to the start of any land
disturbing activities. A natural resources inventory prepared by a qualified person shall be used to
identify and map the most critical natural resources identified on the property that would be best to
preserve, such as those listed in Table 2.2, as they exist predevelopment. Qualified persons include
individuals with a working knowledge of hydrology, wetlands, plant taxonomy, and field survey
methods. Qualified individuals include but are not limited to licensed foresters, professional wetland
scientists, and geographic information professionals. A thorough assessment of the natural resources,
both terrestrial and aquatic, found on a development site shall be submitted in the development
application.
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Table 2.2. Resources to be identified and mapped during the Natural Resources Inventory.

Resource Group

General Resources

Freshwater Resources

Estuarine Resources

Marine Resources

Groundwater
Resources

Terrestrial Resources

Resource Type
Topography
Natural Drainage Divides
Natural Drainage Patterns
Natural Drainage Features (e.g., Swales, Basins, Depressional Areas)
Soils
Erodible Soils
Steep Slopes (e.g., Areas with Slopes Greater Than 15%)

Trees and Other Existing Vegetation

Freshwater Wetlands

Tidal Rivers and Streams
Tidal Creeks

Coastal Marshlands
Tidal Flats

Scrub-Shrub Wetlands

Near Coastal Waters

Groundwater Recharge Areas

Wellhead Protection Areas

Bottomland Hardwood Forests

Beech-Magnolia Forests
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Other Resources

Pine Flatwoods

Longleaf Pine-Wiregrass Savannas
Longleaf Pine-Scrub Oak Woodlands
Shellfish Harvesting Areas
Floodplains

Aquatic Buffers

Other High Priority Habitat Areas as described by South Carolina Department
of Natural Resources
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2.1.5 Conservation Development

Conservation development, also known as open space development or cluster development, is a site
planning and design technique used to concentrate structures and impervious surfaces in a small
portion of a development site, leaving room for larger conservation areas and managed open spaces
elsewhere on the site (Figure 2.2). Alternative lot designs are typically used to “cluster” structures and
other impervious surfaces within these conservation developments.
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Figure 2.2. Conservation (i.e., cluster) development versus conventional development.

Conservation development projects provide a host of environmental benefits that are typically more
difficult to achieve with conventional site design techniques. They 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. Reduced site imperviousness results in reduced post-construction stormwater
runoff rates, volumes and pollutant loads, which helps better protect both on-site and downstream
aquatic resources from the negative impacts of the land development process. Reduced stormwater
runoff rates, volumes and pollutant loads also help reduce the size of and need for storm drain systems
and stormwater management practices on development sites.

As a number of recent studies have shown conservation development projects can also be significantly
less expensive to build than more conventional development projects. Most of the cost savings can be
attributed to the reduced amount of infrastructure (e.g., roads, sidewalks, post-construction stormwater
management practices) needed on these development projects. And while these projects are frequently
less expensive to build, developers often find that the lots located within conservation developments
command higher prices and sell more quickly than those located within more conventional
developments (ARC, 2001).

Table 2. 3 provides suggestions for Better Site Design techniques that will help protect valuable
resources such as buffers, trees, wetlands, and open space.
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Table 2. 3. Better Site Design principles for conservation.

Principle

Vegetated Buffer System

Buffer Maintenance

Clearing and Grading

Tree Conservation

Land Conservation

Stormwater Outfalls

Description

Create a variable width, naturally vegetated buffer system along all
streams that also encompasses critical environmental features such as the
100-year floodplain, steep slopes, and freshwater wetlands.
Recommended buffer widths are included in Table 3.2-4 in Ellis et al., 2014

The riparian buffer should be preserved or restored with native vegetation
that can be maintained through delineation, plan review, construction,
and occupancy stages of development.

Clearing and grading of forests and native vegetation should be limited to
the minimum amount needed to build lots, allow access, and provide fire
protection. A fixed portion of any community open space should be
managed as protected green space in a consolidated manner.

Conserve trees and other vegetation at each site by planting additional
vegetation, clustering tree areas, and promoting the use of native plants.
Wherever practical, manage community open space, street rights-of-way,
parking lot islands, and other landscaped areas to promote natural
vegetation.

Open space development should be encouraged to promote conservation
of stream buffers, forests, meadows, and other areas of environmental
value. In addition, off-site mitigation consistent with locally-adopted
watershed plans should be encouraged.

New stormwater outfalls should not discharge unmanaged into
jurisdictional wetlands, sole-source aquifers, or sensitive areas.

2.1.6 Residential Streets & Parking Lots

Up to 65% of the total impervious cover in a watershed can be the attributed to streets, parking lots,
and driveways (CWP, 1998). Table 2.4 describes Better Site Design principles related to techniques to
reduce the impervious surfaces associated with these hardscapes.

Table 2.4. Better Site Design principles for streets and parking to meet Beaufort County
Community Development Code requirements.

Principle

Street Width

Street Length

Description

Design residential streets for the minimum required pavement width
needed to support travel lanes; on-street parking; and emergency,
maintenance, and service vehicles.

Reduce the total length of residential streets by examining alternative
street layouts to determine the best option for increasing the number of
homes per unit length.
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Right-of-Way Width

Cul-de-sacs

Vegetated Open Channels

Parking Ratios

Parking Lots

Structured Parking

Parking Lot Runoff

Wherever possible, residential street right-of-way widths should reflect the
minimum required to accommodate the travel-way, the sidewalk, and
vegetated open channels. Utilities and storm drains should be located
within the pavement section of the right-of-way wherever feasible.

Minimize the number of residential cul-de-sacs and incorporate landscaped
areas to reduce their impervious cover. The radius of cul-de-sacs should be
the minimum required to accommodate emergency and maintenance
vehicles. Alternative turnarounds should be considered.

Where density, topography, soils, and slope permit, vegetated open
channels should be used in the street right-of-way to convey and treat
stormwater runoff.

The required parking ratio governing a particular land use or activity should
be enforced as both a maximum and a minimum in order to curb excess
parking space construction. Existing parking ratios should be reviewed for
conformance, taking into account local and national experience to see if
lower ratio is warranted and feasible.

Reduce the overall imperviousness associated with parking lots by
providing compact car spaces, minimizing stall dimensions, incorporating
efficient parking lanes, and using pervious materials in spillover parking
areas.

Utilize structured (e.g., parking garage) and shared parking to reduce
impervious surface area.

Wherever possible, provide stormwater treatment for parking lot runoff
using bioretention areas, filter strips, and/or other practices that can be
integrated into required landscaping areas and traffic islands.

2.1.7 Lot Development Principles to Meet Requirements
Development of lots follows similar guidelines for reducing impervious cover and protecting
natural areas, such as open space.

Table 2. 5 summarizes Better Site Design principles for lot development. Preserving open space is critical
to maintaining water quality at the regional level. Compared to traditional development, open space
development can reduce the annual runoff volume from a site by 40%—60%, nitrogen loads by 42%—
81%, and phosphorus loads by 42%—-69% (CWP, 1998). Large, continuous areas of open space reduce
and slow runoff, absorb sediments, serve as flood control, and help maintain aquatic communities.
Open space can be provided by minimizing lot sizes, setbacks, and frontage distances
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Table 2. 5. Better Site Design principles for lot development.

Principle

Open Space Development

Setbacks and Frontages

Sidewalks

Driveways

Rooftop Runoff

Open Space Management

Description

Utilize open space development that incorporates smaller lot sizes to
minimize total impervious area, reduce total construction costs, conserve
natural areas, provide community recreational space, and promote
watershed protection.

Consider minimum setbacks allowed by Beaufort County Community
Development Code. Relax side yard setbacks and allow narrower frontages
to reduce total road length in the community and overall site
imperviousness. Relax front setback requirements to minimize driveway
lengths and reduce overall lot imperviousness.

Where practical, consider locating sidewalks on only one side of the street
and providing common walkways linking pedestrian areas.

Reduce overall ot imperviousness by promoting alternative driveway
surfaces and shared driveways that connect two or more homes together.

Direct rooftop runoff to pervious areas such as yards, open channels, or
vegetated areas and should avoid routing rooftop runoff to the roadway
and the stormwater conveyance system.

Clearly specify how community open space will be managed and designate
a sustainable legal entity responsible for managing both natural and
recreational open space.

For more detailed descriptions of these techniques, please reference Better Site Design: A Handbook for
Changing Development Rules in Your Community (CWP, 1998) and Chapter 3 of Low Impact
Development in Coastal South Carolina: A Planning and Design Guide (Ellis et al., 2014).
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Integrating Natural Resource Protection & Stormwater Management with the Site Planning &
Design Process

In order to successfully integrate natural resource protection and stormwater management with the site
planning and design process, site planning and design teams are to consider following questions at the
beginning of the process:

What valuable natural resources, both terrestrial and aquatic, can be found on the development
site?

How can better site planning techniques be used to protect these valuable natural resources
from the direct impacts of the land development process?

How can better site design techniques be used to minimize land disturbance and the creation of
new impervious and disturbed pervious cover?

What low impact development practices can be used to help preserve pre-development site
hydrology and reduce post-construction stormwater runoff rates, volumes and pollutantloads?

What stormwater management practices can be used to manage post-construction stormwater
runoff rates, volumes and pollutant loads?

Are there any site characteristics or constraints that prevent the use of any particular low
impact development or stormwater management practices on the developmentsite?
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Although answering these questions is no easy task, they can be readily obtained within the context of
the six-step stormwater management planning and design process outlined in Figure 2.1, and the steps
are described in more detail below.

e Step 1: Pre-Application Meeting

It is recommended that a pre-application meeting between the applicant’s site planning and design
team and the Beaufort County Staff Review Team with development review authority occur at the very
beginning of the stormwater management planning and design process. This meeting, which should
occur during the site prospecting phase of the overall site planning and design process (Figure 2.6), helps
establish a relationship between the site planning and design team and the Beaufort County Staff
Review Team with development review authority. The pre-application meeting also provides an
opportunity to discuss the local site planning and stormwater management design criteria that will apply
to the proposed development project, which increases the likelihood that the remainder of the site
planning and design process will proceed both quickly and smoothly.

e Step 2: Review of Local, State, and Federal Stormwater Management, Site Planning, & Design
Requirements

Once a pre-application meeting has been completed, it is recommended that the site planning and
design team review the local, state and federal requirements that will apply to the proposed
development project. This review should occur during the site prospecting phase of the overall site
planning and design process (Figure 2.6), while the feasibility study is still being completed.

During their review of stormwater management and site planning and design requirements, the
applicant’s site planning and design teams should also investigate opportunities and incentives for land
conservation, and opportunities and incentives for conservation development as illustrated earlier in
Figure 2.1.

e Step 3: Natural Resources Inventory

Once the potential development or redevelopment project has been deemed feasible, acceptable site
reconnaissance and surveying techniques must be used to complete a thorough assessment of the
natural resources, both terrestrial and aquatic, found on the development site. The identification and
subsequent preservation and/or restoration of these natural resources helps reduce the negative
impacts of the land development process “by design.” The natural resources inventory should be
completed during the site assessment phase of the overall site planning and design process (Figure 2.6).
A map that is created to illustrate the results of the natural resources inventory, known as a site
fingerprint, should be used to prepare a stormwater management concept plan for the proposed
development project.

Once the natural resources inventory has been completed and a site fingerprint has been created, the
site planning and design team should have a better understanding of a development site’s
characteristics and constraints. This information can be used to identify primary and secondary
conservation areas (Figure 2.6. Buildable Area and Primary/Secondary Conservation Areas (source:
Merrill et al., 2006).) and define the actual buildable area available on the development site. Along with
information about adjacent land uses and available infrastructure (e.g., roads, utilities), the site
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fingerprint can also be used to make some preliminary decisions about the layout of the proposed
development project and to guide the creation of the stormwater management concept plan.
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e Step 4: Prepare Stormwater Management Concept Plan

After the natural resources inventory has been completed, it is recommended that the site fingerprint

be used to develop a stormwater management concept plan for the proposed development project. 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 applicant’s site planning and design
team to make some preliminary decisions about the layout of the proposed development project. If it is
submitted to the local development review authority prior to the preparation and submittal of the
stormwater management design plan, it can also be used to solicit early feedback on the project and on
the green infrastructure and stormwater management practices that will be used to manage post-
construction stormwater runoff on the development site.
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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, will be completed. Therefore, it is very important that natural resource
protection and stormwater management be considered throughout this part of the stormwater
management planning and design process.

e Step 6: Prepare Stormwater Management Design Plan

Subsequent to review and approval of the stormwater management concept plan, the site planning and
design team should prepare a stormwater management design plan. The stormwater management
design plan should detail how post-construction stormwater runoff will be managed on the
development site and should include maps, narrative descriptions and design calculations (e.g.,
hydrologic and hydraulic calculations) that show how the stormwater management and site planning
and design criteria that apply to the development project have been met. The stormwater management
design plan should be submitted to the local development review authority for review and approval.

2.2 Submittal & Review Process of Stormwater Management Plans
The Stormwater Management Plan (SWMP) consists of the entire submittal package and includes the
following components:

e Project description and narrative;

e Description of selected stormwater management systems;

e Erosion and sediment control plans;

e Sufficient information to evaluate the environmental characteristics of the affected areas,
the potential impacts of the proposed development on water resources, the effectiveness
and acceptability of stormwater best management practices (BMPs), and land covers for
managing stormwater runoff;

e Supporting computations and drawings; and

e Construction, inspection, and maintenance schedules.

All SWMPs must include the Stormwater submittal checklist (Appendix D) and calculations summary.
The plans must include the calculated stormwater retention volume (SWRv) for each BMP and for the
overall project, the pre and post development peak flow comparison, extreme flood requirements, and
any off-site retention or detention volume obligation.
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The SWMP and accompanying documentation may be submitted according to the Beaufort County
Public Works Department process, but the applicant must also submit one paper copy of the SWMP
carrying the stamp of a registered professional engineer licensed in the State of South Carolina with all
supporting documentation to Beaufort County Public Works Department.

Upon acceptance of a complete application (which includes payment of filing fees), the Beaufort County
Public Works Department will review the SWMP and make a determination to approve, approve with
conditions, or disapprove the SWMP. Relatively large and/or complicated projects tend to require a
longer review time than smaller and less complicated projects. A written response of approval or
disapproval will be provided to the applicant. If it is determined that more information is needed or that
a significant number of changes must be made before the SWMP can be approved, the applicant must
resubmit the applications with the revisions required and certified by the registered professional
engineer according to the plan resubmittal process of the Beaufort County Public Works Department.

When a SWMP approval is granted, a final submission package is required, including the following:

e One PDF copy of the SWMP, certified by a registered professional engineer licensed in the
State of South Carolina,

e A declaration of covenants that has been approved for legal sufficiency by the Beaufort
County Public Works Department, and

e All supporting documents specified within this Manual or as requested during the review
process according to the Beaufort County Public Works Departmentrequirements.

2.2.1 Components of a Stormwater Management Plan
As itemized in the SWMP checklist in Appendix D Design Checklists, a SWMP includes the following:

Site Plan
The following information must be formatted to print as a standard drawing size of 24 by 36 inches. The
site drawing will provide details of existing and proposed conditions:

e A cover page that contains a blank space measuring 7 inches wide by 9.5 inches high. The blank
space must be located 1 inch below the top edge and 1 inch from the left edge of the page;

e A plan showing property boundaries and the complete address of the property;

e Lot number or property identification number designation (ifapplicable);

e North arrow, scale, and date;

e Property lines (include longitude and latitude);

e Location of easements (if applicable);

e Existing and proposed structures, utilities, roads, and other pavedareas;

e Existing and proposed topographic contours;

e Soil information for design purposes;

e Area(s) of soil disturbance;

e Drainage area(s) within the limits of disturbance (LOD) and contributing to the LOD;

e Contributing drainage area (CDA) to each BMP;

e Location(s) of BMPs, marked with the BMP ID Numbers to agree with the BMP design summary
list;

e Delineation of existing and proposed land covers including natural cover, compacted cover, and
impervious surfaces. Consult Appendix G Compliance Calculator Instructions for details;

e Natural resources inventory with site fingerprint map;
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All plans and profiles must be drawn at a scaleof 1in.=10ft,1in.=20ft,1in.=30ft,1in.=40
ft, 1in. =50 ft, or 1 in. = 100 ft. Although, 1in. =10 ft, 1 in = 20 ft, and 1 in. = 30 ft, are the most
commonly used scales. Vertical scale for profiles mustbe 1 in.=2ft, 1in.=4ft, 1in.=5ft, or1
in. =10 ft;

Drafting media that yield first- or second-generation, reproducible drawings with a minimum

letter size of No. 4 (1/8 inch);

Location and size of existing utility lines including gas lines, sanitary lines, telephone lines or

poles, electric utilities and water mains;

A legend identifying all symbols used on the plan;

Applicable flood boundaries and FEMA map identification number for sites lying wholly or

partially within the 100-year floodplain;

Site development plan and stormwater management narrative;

Assess potential application of green infrastructure practices in the form of better site planning

and design techniques. Low impact development practice should be used to the maximum

extent practicable during the creation of a stormwater management concept plan. A

demonstration of better site planning is required. The following site information and practices

shall be considered:

o Soil type (from Soil Study);

o Depth of ground water on site;

o Whether the type of development proposed is a hotspot as defined by the Ordinance
and Design Manual and address how this influences the concept proposal;

Protection of primary and secondary conservation areas;

Reduced clearing and grading limits;

Reduced roadway lengths and widths;

Reduced parking lot and building footprints to minimize impervious surface;

Soil restoration;

Site reforestation/revegetation;

Impervious area disconnection;

Green roof (for redevelopment, infill and major substantial improvement projects);and
o Permeable pavements.

Stormwater Pollution Prevention Plan (SWPPP) or Erosion and Sediment Control narrative (for

projects disturbing over an acre);

Information regarding the mitigation of any off-site impacts anticipated as a result of the

proposed development;

Construction specifications;

Design and As-Built Certification, including the following:

i Certification by a registered professional engineer licensed in the State of South Carolina
seal that the site design, land covers, and design of the BMPs conforms to the standard of
care applicable to the treatment and disposal of stormwater pollutants and that the Facility
has been designed in accordance with the specifications required under the stormwater
ordinance of the Beaufort County Public Works Department.

ii  Submission one set of the As-Built drawings sealed by a registered professional engineer
licensed in the State of South Carolina within 21 days after completion of construction of the
site, all BMPs, land covers, and stormwater conveyances.

iii  For a project consisting entirely of work in the public right-of-way (PROW), the submission
of a Record Drawing certified by an officer of the project contracting company is acceptable
if it details the as-built construction of the BMP and related stormwaterinfrastructure.

O O O O 0O 0O O O
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e Maintenance sheet for stormwater BMPs, including the following:

i A maintenance plan that identifies routine and long-term maintenance needs and a
maintenance schedule;

ii A maintenance agreement and schedule for all post construction best management
practices in a form and manner that meets the Beaufort County Public Works Department
requirements.

iii  For applicants using Rainwater Harvesting, submission of third-party testing of end-use
water quality may be required at equipment commissioning as determined by the
requirements in Appendix J Rainwater Harvesting Treatment and Management
Requirements. Additional regular water quality reports certifying compliance for the life of
the BMP may also be required in Appendix J Rainwater Harvesting Treatment and
Management Requirements.

Stormwater Retention Volume Computations

The following summary calculations must be included on the plan set. Supporting
documentation and the South Carolina DHEC C-SWPPP are not in the plan set but provided
separately.

Calculation(s) of the required SWRYv for the entire site within the LOD and each site drainage
area (SDA) within the LOD;

Calculation(s) for each proposed BMP demonstrating retention value towards SWRv in
accordance with Chapters 2 and 4;

For Rainwater Harvesting BMP, calculations demonstrating the annual water balance between
collection, storage, and demand, as determined using the Rainwater Harvesting Retention
Calculator;

For proprietary and non-proprietary BMPs follow the guidance in Chapter 4.13to

identify/receive approval or denial to use these practice(s); and

Off-site stormwater volume requirement.

Compliance Calculator sheets identifying that proposed BMP(s) meet standards for water

quality

= =

Pre-/Post-Development Hydrologic Computations
Include in the plan set a summary of the pre-/post-runoff analysis with the following information at a
minimum:

=

A summary of soil conditions and field data;

Pre- and post-project curve number summary table;

* Pre and post construction peak flow summary table for the 2-, 10-, 25-, 50-, 100-year 24-hour
storm events for each SDA within the project’s LOD; and

Flow control structure elevations.

Hydraulic Computations

Hydraulic computations for the final design of water quality and quantity control structures may be
accomplished by hand or through the use of software using equations/formulae as noted in Chapters 3
and 4. The summary of collection or management systems will include the following:

Existing and proposed SDA must be delineated on separate plans with the flow paths used for
calculation of the times of concentration;

Hydraulic capacity and flow velocity for drainage conveyances, including ditches, swales, pipes,
inlets, and gutters. Plan profiles for all open conveyances and pipelines, with energy and
hydraulic gradients for the 2-, 10-,25-, 50-, 100-year, 24-hourstorms;
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The proposed development layout including the following:

o Location and design of BMP(s) on site, marked with the BMP ID Numbers;

Stormwater lines and inlets;

A list of design assumptions (e.g., design basis, 2 through 50-year returnperiods);

The boundary of the CDA to the BMP;

Schedule of structures (a listing of the structures, details, or elevations including

inverts); and

o Manhole to manhole profile, listing of pipe size, pipe type, slope, (i.e., a storm drain pipe
schedule) computed velocity, and computed flow rate, energy grade line (EGL) and
hydraulic grade line (HGL).

O
O
O
O

Supporting Documentation

Provide a written report with the following supporting documentation:

B =

Pre- and post-project curve number selection

Time of concentration calculation;

Travel time calculation;

Hydrologic computations supporting peak discharges assumed for each SDA within the project’s
LOD for the 2-, 10-, 25-, 50-, and 100-year, 24-hour storm events;

SC DHEC's Construction Stormwater Pollution Prevention Plan (C-SWPPP).

A professional engineer registered in the State of South Carolina must also submit the following:

P wnN

2.2.2

Elevation and topographic data illustrating changes in topography anddrainage;

Impacts upon local flood flows (2-, 10-, 25-, 50-, and 100-year stormevents;

Identify areas where stormwater flows are discharged off-site oroff-property;

For proposed off-site/property discharge points, perform analysis of receiving off-site
conveyance systems to confirm safe conveyance from the proposed developed property, no
negative impact to adjacent properties, and adequacy of the receiving, existing conveyance
system for 25-yr storm flows. Such analysis shall be taken to point where the 25-yr storm
conveyance is determined to be adequate in the public stormwater conveyance/infrastructure
system; and

Documentation supporting safe passage of the 100-yr post development flow according to the
10% Rule (see Section 3.8);

Resubmission of Stormwater Management Plans

If changes occur in the design or construction of an accepted SWMP, the applicant may be required to
resubmit the SWMP for approval. Examples of changes during design and construction that will require
SWMP resubmission for review include, but may not be limited to the following:

1.

oA wWN

Revision to the property boundary, property size, or LOD boundaries that may require
redesigning BMPs;

Any change to SWRv through land cover designation change;

Change in compaction or infiltration rates due to constructionactivities;

Encountering contaminated soil or other underground source of contamination;

Changes to floodplain designation or requirements;

Changes in any component of the BMP that may adversely affect the intended capacity of the
approved BMP, such as the following:
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Modification to approved BMP selection, dimensions, or location
Modification to approved material specification
Changes to the size, invert, elevation, and slopes of pipes and conveyances
Installation of new drains and conveyance structures
Need for a new storm sewer outlet connection to the sanitary/storm sewer main
Changes to the amount of off-site requirements
g. Changes to the CDA to a BMP
7. Revision to the approved grading and drainage divides and that may require redesigning BMPs;
8. Relocation of an on-site storm sewer or conveyance; or
9. Abandonment, removal, or demolition of a BMP.

o0 oo

If the applicant resubmits an SWMP after making changes, the resubmission must contain a list of the
changes made and may be in the form of a response to comments. The resubmittal plans and
calculations must include the stamp of the registered professional engineer in South Carolina.

However, if any of the following minor changes are made to the SWMP, resubmission is not required.
These minor changes may be made anytime during inspection or at the as-built submittal by Beaufort
County Public Works Department.

1. Changes to SWM components that do not adversely affect BMP capacity while in consultation
with Beaufort County Public Works Department. The inspector should review the appropriate
manufacturer’s documentation to his/her satisfaction before approving such a change and
should ensure that such changes are recorded as red line changes or deviations in the as-built
plans. These changes include the following:

a. Changes to parts type of similar function (e.g. dewateringvalve)
b. Change in hole pattern or size of underdrain pipe perforations
c. Change in project address, ownership, permit status, or zoning

Design Certifications

The engineer shall certify that this Plan satisfies all requirements of the Southern Lowcountry Ordinance
and Stormwater Design Manual. The following statement with engineer’s seal is required in the Plan
submittal.

The engineering features of all stormwater best management practices (BMPs), stormwater
infrastructure, and land covers (collectively the “Facility”) have been designed/examined by me
and found to be in conformity with the standard of care applicable to the treatment and disposal
of stormwater pollutants. The Facility has been designed in accordance with the specification
required under of Beaufort County Stormwater Ordinance.

23 Construction Inspection Requirements

2.3.1 Inspection Schedule & Reports

Prior to the approval of a SWMP, the applicant will submit a proposed construction inspection schedule.
Beaufort County Public Works Department will review the schedule to determine if changes are
required. The construction schedule should reflect the construction sequences defined in each BMP
section Stormwater Best Management Practices (BMPs) of this Manual. The construction and inspection
schedule must be included in the SWMP. Beaufort County Public Works Department may conduct
inspections and file reports of inspections during construction of BMPs and site stormwater conveyance
systems to ensure compliance with the approved plans.
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Note: No stormwater management work may proceed past the stage of construction that Beaufort
County Public Works Department has identified as requiring an inspection unless

= Beaufort County Public Works Department has issued an “approved” or “passed” report;

= Beaufort County Public Works Department has approved a plan modification that eliminates the
inspection requirement; or

= Beaufort County Public Works Department has eliminated or modified the inspection
requirement in writing.

Beaufort County Public Works Department may require that the professional engineer responsible for
sealing the approved SWMP, the professional engineer responsible for certifying the as-built SWMP, or,
for a project entirely in the PROW, the officer of the contracting company responsible for certifying the
Record Drawing be present during inspections.

If Beaufort County Public Works Department conducts an inspection and finds work that is not in
compliance with the SWMP, Beaufort County Public Works Department may issue a Notice of Violation,
and the applicant must take prompt corrective action. The written notice provides details on the nature
of corrections required and the time frame within which corrections must be made.

2.3.2 Inspection Requirements Before & During Construction
Beaufort County Public Works Department construction stormwater inspection form is provided in
Appendix E Construction Inspection Form.

Preconstruction Meetings. These meetings are required prior to the commencement of any land-
disturbing activities and prior to the construction of any BMPs. The applicant is required to contact
Beaufort County Public Works Department to schedule preconstruction meetings three (3) days prior to
beginning any construction activity subject to the requirements Beaufort County Public Works
Department.

Inspections During Construction. The applicant is required to contact Beaufort County Public Works
Department to schedule inspection three (3) days prior to any stage of BMP construction, or other
construction activity, requiring an inspection. For large, complicated projects, the applicant and Beaufort
County Public Works Department may agree during the preconstruction meeting to an alternative
approach such as a weekly notification schedule. Any such agreement must be made in writing and
signed by all parties. Beaufort County Public Works Department will revert to the 3-day notification
procedure if the agreement is not followed.

During construction, Beaufort County Public Works Department may require the presence of the
professional engineer responsible for sealing the approved SWMP; the professional engineer
responsible for certifying the as-built SWMP; or for a project entirely in the PROW, the officer of the
contracting company responsible for certifying the Record Drawing.

Final Inspection. The applicant is required to contact Beaufort County Public Works Department to
schedule a final inspection one week prior to the completion of a BMP construction to schedule a final
inspection of the BMP. Upon completion of the BMP, Beaufort County Public Works Department will
conduct a final inspection to determine if the completed work was constructed in accordance with
approved plans.
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Inspection Requirements by BMP Type. Chapter 4 Stormwater Best Management Practices (BMPs) of
this Manual provides details about the construction sequences for each BMP. After holding a
preconstruction meeting, regular inspections may be made at the following specified stages of

construction:

e Infiltration Systems and Bioretention Areas may be inspected at the following stages to ensure
proper placement and allow for infiltration into the subgrade:

o
o

O

During on-site or off-site percolation or infiltration tests;

Upon completion of stripping, stockpiling, or construction of temporary sediment
control and drainage facilities;

Upon completion of excavation to the subgrade;

Throughout the placement of perforated PVC/HDPE pipes (for underdrains and
observation wells) including bypass pipes (where applicable), geotextile materials,
gravel, or crushed stone course and backfill; and

Upon completion of final grading and establishment of permanent stabilization;

e Flow Attenuation Devices, such as open vegetated swales upon completion ofconstruction;

e Retention and Detention Structures, at the following stages:

@)

o

Upon completion of excavation to the sub-foundation and, where required, installation
of structural supports or reinforcement for structures, including but not limited to the
following:

During testing of the structure for water tightness;

During placement of structural fill and concrete and installation of piping andcatch
basins;

During backfill of foundations and trenches;

During embankment construction; and

Upon completion of final grading and establishment of permanentstabilization.

e Stormwater Filtering Systems, at the followingstages:

O

O 0O O O O O

o

Upon completion of excavation to the sub-foundation and installation of structural
supports or reinforcement for the structure;

During testing of the structure for water tightness;

During placement of concrete and installation of piping and catch basins;

During backfill around the structure;

During prefabrication of the structure at the manufacturingplant;

During pouring of floors, walls, and top slab;

During installation of manholes/trap doors, steps, orifices/weirs, bypass pipes, and
sump pit (when applicable);

During placement of the filter bed; and

Upon completion of final grading and establishment of permanentstabilization.
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e Green Roof Systems, at the following stages:

o During placement of the waterproofing layer, to ensure that it is properly installedand
watertight;

o During placement of the drainage layer and drainage system;

o During placement of the growing media, to confirm that it meets the specifications and
is applied to the correct depth (certification for vendor or source must be provided);

o Upon installation of plants, to ensure they conform to the planting plan (certification
from vendor or source must be provided); and

o Atthe end of the first or second growing season, to ensure desired surface cover
specified in the Care and Replacement Warranty has been achieved.

2.3.3 Final Construction Inspection Reports

Beaufort County Public Works Department will conduct a final inspection to determine if the completed
work is constructed in accordance with approved plans and the intent of this Manual and the
Stormwater Ordinance. Within 21 days of the final inspection, the applicant must submit an as-built
package, including one PDF copy of the as-built SWMP certified by a registered professional engineer
licensed in the State of South Carolina. For a project consisting entirely of work in the PROW, the
submission of a Record Drawing certified by an officer of the project contracting company is acceptable
if it details the as-built construction of the BMPs, related stormwater infrastructure, and land covers.

A registered professional engineer licensed in South Carolina is required to certify as-built SWMPs and
state that all activities including clearing, grading, site stabilization, the preservation or creation of
pervious land cover, the construction of drainage conveyance systems, the construction of BMPs, and all
other stormwater-related components of the project were accomplished in strict accordance with the
approved SWMP and specifications. As stated in Section 2.2.2 Resubmission of Stormwater
Management Plans, all plan changes are subject to Beaufort County Public Works Department approval.
The as-built certification must be on the original SWMP.

Upon completion, these plans will be submitted to Beaufort County Public Works Department for
processing. The estimated time for processing will be two weeks (10 working days), after which the
plans will be returned to the engineer. Beaufort County Public Works Department will provide the
applicant with written notification of the final inspection results.

2.3.4 Inspection for Preventative Maintenance

The Stormwater Ordinance requires maintenance inspections for BMPs and land covers to ensure their
ongoing performance is in compliance with their original design. The inspection will occur at least once
every three (3) years. Maintenance inspection forms are provided in Appendix F Maintenance Inspection
Checklists. Beaufort County Public Works Department may conduct these maintenance inspections,
though it may, in certain circumstances, allow a property to self-inspect and provide documentation.

Beaufort County Public Works Department will maintain maintenance inspection reports for all BMPs
that they inspect and are provided by the landowner. The reports will evaluate BMP functionality based
on the detailed BMP requirements of Stormwater Best Management Practices (BMPs) and inspection
forms found in Appendix F Maintenance Inspection Checklists.

If, after an inspection by Beaufort County Public Works Department, the condition of a BMP presents an
immediate danger to the public safety or health because of an unsafe condition or improper
maintenance, Beaufort County Public Works Department may take such action as may be necessary to
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protect the public and make the BMP safe. Any costs incurred by Beaufort County Public Works
Department may be assessed against the owner(s).

24 Inspections & Maintenance

2.4.1 Inspections & Maintenance Responsibilities

A site with an approved SWMP must also have a responsible party inspect and maintain the BMPs and
land covers according to the inspections and maintenance schedule in the SWMP and this Manual. Land
covers must be maintained in type and extent as approved. Approved BMPs must be kept in good
condition, including all the engineered and natural elements of each practice, as well as conveyance
features (e.g., grade surfaces, walls, drains, structures, vegetation, soil erosion and sediment control
measures, and other protective devices). All repairs or restorations must be in accordance with the
approved SWMP.

A Maintenance Agreement including an exhibit stating the owner’s specific maintenance responsibilities
must be recorded with the property deed at the Record of Deeds. An inspection and maintenance
schedule for any BMP will be developed for the life of the project and shall state the inspection and
maintenance to be completed, the time for completion, and who will perform the inspections and
maintenance. The schedule will be printed on the SWMP and will appear as an exhibit in the
Maintenance Agreement.

2.4.2 Inspection & Maintenance Agreements

Inspection and maintenance obligations are binding on current and future owners of a property subject
to recorded covenants. Beaufort County Public Works Department will not issue final approval of a
complete set of the SWMP for private parcels until the applicant has executed a stormwater
maintenance agreement providing notice of this obligation to current and subsequent owners of the
land served by the BMP(s) and land covers. Inspection and maintenance agreements by regulated
projects include providing access to the site and the BMP(s) at reasonable times for regular inspection
by Beaufort County Public Works Department and for regular or special assessments of property
owners, as needed, to ensure that the BMP(s) is maintained in proper working condition and the land
covers are retained as approved in the SWMP. An example of the declaration of covenants/maintenance
agreement for a site with BMPs and designated land covers is provided at the end of this chapter.

The applicant must record the agreement as a declaration of covenants with Beaufort County Public
Works Department Recorder of Deeds. The agreement must also provide that, if after written notice by
Beaufort County Public Works Department to correct a violation requiring maintenance work,
satisfactory corrections are not made by the owner(s) of the land served by the BMP within a reasonable
period of time, not to exceed 45 to 60 days unless an extension is approved in writing by Beaufort
County Public Works Department. Beaufort County Public Works Department may perform all necessary
work to place the BMP in proper working condition. The owner(s) of property served by the BMP will be
assessed the cost of the work and any potential penalties/fines.

As-Built Submittals

One set of As-Built drawings sealed by a registered professional engineer licensed in the State of South
Carolina must be submitted as required by the procedure for handling close out documents for private
development projects by Beaufort County Planning and Zoning department.

The following items must be completed and provided:

General Information:
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e Words As-Built in or near the project title

e  As-Built Signature/Approval block on each sheet

e As-builts shall have a coordinate system based on the South Carolina Coordinate System North
American Datum of 1983 (NAD83).

e Elevations shown shall be based on the North American Vertical Datum of 1988 (NAVDS88).

e Vicinity map

e Sheets numbered correctly

e Project ID number, Project Name, Permit number and name, address and contact information of
project engineer

e All measurements and coordinates shall be shown on all drainage structures, detention and
BMP structure outlets, outlet control structures and manholes.

e Any change to BMP capacities, dimensions, specifications or location shall be shown as mark-
through of the original design on the drawings

e Elevations to the nearest 0.1 ft.

Basins:

e At least two benchmarks on the plans

e Profile of the top of berm

e Cross-section of emergency spillway at the control section

e Profile along the centerline of the emergency spillway

e Cross-section of berm at the principle spillway

e Elevation of the principle spillway crest or top of structure elevations

e Elevation of the principle spillway inlet and outletinvert

e Riser diameter/dimensions and riser base size

e Diameter, invert elevation and sizes of any stage orifices, weirs or storm drain pipes

e Barrel diameter, length, and slope

o Types of material used

e OQutfall protection length, width, depth, size of rip rap and filter cloth

e Size, location, and type of anti-vortex and trash rack device (height and diameter, elevations and
spacing)

e Pipe cradle information

e On plan view show length, width and depth of pond and contours of the basin area so that
design volume is specified

e As-built spot elevations with the disturbed area required for basin construction in sufficient
detail to provide accurate as-built contours

e Core trench limits and elevation s of bottom of cut offtrench

e Show length width and depth of outfall rip rap

e Certification by a Geotechnical Engineer for compact and unified soilclasses

e Vegetation cover certification

e Show location of planted landscaping

e Utility locations and elevations encountered, test pitted and/or relocation during contractwork

Storm Drain Piping:

e At least two benchmarks on the plans
e Diameter and class of pipe
e Invert of pipe at outfall, structures and/or field connections
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Slope of pipe

Pipe lengths (show stationing)

Types of materials

Location of all pipes and structures horizontally on the plan

Length, width and depth of all rip rap and other outfall protection asspecified

Elevation of rip rap at outfall and at changes in grade

Utility locations and elevations encountered, test pitted and/or relocation during contract work

Post construction BMP Specific details:

Provide as-built details as described for each best management practice in Chapter4.
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Chapter 3. Minimum Control Requirements

3.1 Introduction

This chapter establishes the minimum stormwater control standards necessary to implement the
Southern Lowcountry Stormwater Ordinance within Beaufort County Public Works Department. The
term “runoff reduction” is used throughout this chapter to describe the retention of the stormwater on
site. The SWRv is used to describe the volume of stormwater to be retained on site.

Two levels of stormwater retention are prescribed, the 85" and the 95" percentile storm, and are
assigned based on a site’s subwatershed as identified by the U.S. Geological Survey Hydrologic Unit
Code 12 (HUC-12) presented in Section 3.5.1 below. In addition, peak discharge control of the post-
development 2-, 10-,25-, 50-, 100-year, 24-hour storms to their predevelopment flow shall be provided
by a combination of structural controls, GI/LID practices and other non-structural BMPs. As well,
requirements to manage the 100-yr, 24-hour storm event are provided in the extreme flood event
section below. Further, this Manual and Appendices provide the framework and necessary tools to
document the methods proposed by development plans to comply with these requirements. It should
be noted that stormwater ponds are considered the least favorable structural best management
practice to meet the SWRv and water quality requirements of this Manual.

3.2 Regulated Site Definition

According to the Stormwater Ordinance, the design criteria of this Manual shall be applicable to any
new development, redevelopment or major substantial improvement activity, including, but not limited
to, site plan applications, public improvement projects, and subdivision applications that meet the
applicability standards found in Chapter 1.4.

The Southern Lowcountry stormwater design requirements are applied according to the flow chart in
Figure 3.1 and should be determined as follows:

1) Insequence, first determine which HUC-12 watershed that the project is in according to
Table 3.1. Stormwater design criteria for the development follows the watershed area in
which it is located. Next, determine the square feet of impervious area to be created, added
or replaced as a part of the development or redevelopment. Will the project disturb greater
than 5000 sq feet If the answer is “yes”, the project plan must meet the requirements for
stormwater management in this Manual for their respective watershed area.

2) If a project is a major substantial improvement, refer to section 1.4.1 it must meet the water
quality criteria for its respective watershed protection area to the maximum extent
practicable (MEP) or obtain off-site stormwater credit. The terms MEP and off-site
stormwater credit are further explained in Section 3.9 and 3.10 below. A waiver to meet
Peak control requirements for major substantial improvement projects may be applied for.
Approval is at the discretion of the Public Works Director or their designee.

Iltem 7.

53




Any development/
redevelopment
plan or building

permit

Does the plan
develop or redevelop
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Figure 3.1. Southern Lowcountry Stormwater Design Manual applicability diagram.
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3.3 Infill & Redevelopment

An infill project is one on a previously platted property that may or may not have stormwater
management capacity in its original development plan. Regardless of size, infill that is part of a larger
common plan of development, even through multiple, separate, and distinct land disturbing activities
that may take place at different times and on different schedules must comply with this Manual. Such
projects may include Planned Unit Developments (PUDs) that have stormwater systems built that do not
meet the requirements of this Manual. If the proposed project meets the applicability criteria of Section
1.4.1, the stormwater plan review in this Manual is necessary. If the development’s original stormwater
management plan is sufficient to meet the current requirements of this Manual and is documented
through approved plans and as-built drawings, or current field measurements and engineering
calculations, no further stormwater requirements must be met. When the infill project is part of an
original plan that does not meet the current stormwater requirements, the level of stormwater
management that is provided in the current development may be credited toward the current volume
and hydrologic analysis. Infill locations that, due to the municipal jurisdiction’s zoning or land use
requirements or site conditions, cannot meet the requirements of this Manual must complete the
maximum extent practicable (MEP) evaluation in Section 3.9 for approval by the Public Works Director
and/or their designee for project advancement/approval.

Similarly, redevelopment may be credited for the level of stormwater in place. If the redevelopment’s
original stormwater management plan is sufficient to meet the current requirements of this Manual and
is documented through approved plans and as-built drawings, or current field measurements and
engineering calculations, no further stormwater requirements must be met. When the redevelopment is
part of an original plan that does not meet the current stormwater requirements, the level of
stormwater management that is provided in the current development may be credited toward the
current volume and hydrologic analysis. Redevelopment projects that, due to the municipal jurisdiction’s
zoning or land use requirements or site conditions, cannot meet the requirements of this Manual must
complete the maximum extent practicable (MEP) evaluation in Section 3.9 for project approval.

3.4 Stormwater Runoff Quality & Peak Discharge Control

Since its inception, the Clean Water Act was designed to address the water quality impacts of
stormwater runoff. As it has been applied through successive stormwater permit cycles, the Act’s
requirements have been interpreted to mean application of stormwater best management practices to
the maximum extent practicable. The U.S. Environmental Protection Agency (EPA) has stated that such
conditions include specific tasks or best management practices (BMPs), BMP design requirements, and
performance requirements (EPA, 81 Fed. Reg. 3).

Consistent with the EPA’s Phase Il MS4 permit, this Manual requires that stormwater runoff shall be
adequately treated before it is discharged from a development site. A stormwater management system
is assumed to meet the stormwater runoff quality criteria by satisfying the stormwater runoff volume
criteria for its respective Watershed Area presented in this Manual. If any of the required stormwater
runoff volume cannot be reduced on the site, due to impractical site characteristics or constraints, the
following questions shall be addressed in the permitting process:
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1. Can the required stormwater volume be obtained from an adjacent site owned or available for
stormwater retention purposes;

2. Is there available stormwater retention volume within the adjacent right-of-way and available
through fee-in-lieu arrangements within this jurisdiction; and

3. Is a waiver granted based on a maximum extent practicable evaluation?

Further, a stormwater management system is presumed to comply with these criteria if:

e Itintercepts and treats stormwater runoff in stormwater management practices that have been
selected, designed, constructed and maintained in accordance with thisManual;

e Itis provided with documentation to show that total suspended solids, nitrogen 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 developmentsite;

e Itis designed to provide the amount of stormwater load reduction specified in the latest edition
of this Manual; and

e |t manages the peak flow and extreme flood event storms in accordance with this Manual.

3.5 Southern Lowcountry Stormwater Management Performance Requirements
Stormwater management requirements of this Manual are intended to enhance the quality of
development, protect and enhance stormwater quality and management, protect aquatic resources
from the negative impacts of the land development process, address water quality impairments or a
total maximum daily load, as identified by the South Carolina Department of Health and Environmental
Control (DHEC), or address localized floodingissues.

3.5.1 Watershed Protection Area Designations

Not all watersheds of the Southern Lowcountry region require the same level of post-construction
stormwater management. Currently, three watershed protection areas are designated with specific
unique stormwater management requirements based on the current and anticipated water quality
control measures for their contributing watersheds. The Southern Lowcountry Stormwater Ordinance
provides Beaufort County Public Works Department the flexibility and authority to designate sub
watersheds or drainage areas as Special Watershed Protection Areas that may lead to more restrictive
requirements or special criteria. Such special designations and criteria will be provided as a future
appendix to this manual.

In the Southern Lowcountry, impairments include recreational water use impairment from bacteria
(Enterococcus for saltwater and E. coli for freshwater), aquatic life use impairment from turbidity or
dissolved oxygen, and shellfish harvesting use impairment from fecal coliform bacteria. Stormwater best
management practices for these types of impairments include erosion and sediment control for
turbidity impairments, illicit discharge detection, vegetated conveyances, vegetated buffers, pet waste
programs, and post-construction runoff control. Currently, Southern Lowcountry water quality
impairments do not include nutrient impairments, but nutrients can also be addressed through erosion
and sediment control and the stormwater best management practices outlined in thisManual.

Most of Beaufort County and the lower reaches of the Jasper County watersheds have shellfish receiving
waters or are recreational waters and are therefore sensitive to bacteria impairments. Land
development and redevelopment projects in these watersheds require greater scrutiny to ensure that
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low impact development methods are designed, implemented and maintained to be protective of these
water uses.

Watersheds tributary to the Savannah River in the Southern Lowcountry include most of the freshwater
wetlands of the region. River water quality is excellent and is a supply for drinking water for the City of
Savannah and the Beaufort Jasper Water and Sewer Authority. Savannah River impairments
downstream of the I-95 bridge are primarily aquatic life use due to low dissolved oxygen. Since the
Savannah River is the boundary of Georgia and South Carolina, it is reasonable to align stormwater
requirements within Jasper County with those in Chatham and Effingham Counties, GA. Stormwater
permits for the Georgia jurisdictions require use of the Georgia Coastal Stormwater Supplement to the
Georgia Stormwater Management Manual, which is primarily a green infrastructure/low impact
development (GI/LID) design Manual with requirements specific to the Georgia coastal counties.

The remaining watersheds of the Southern Lowcountry are more upland areas and in agricultural or
silvicultural use or are conservation lands. For these areas new development is subject to stormwater
management requirements similar to previous county requirements. This Manual unifies stormwater
management standards across the designated watersheds rather than differing across county or
jurisdictional lines.

The map in Figure 3.2 outlines the boundaries of the three watershed protection areas of the Southern
Lowcountry. Requirements specific to each area are further developed in this chapter. Table 3.1 lists the
US Geological Survey 12-Digit Hydrologic Unit Code (HUC-12) for the watersheds in each area. To
identify a site’s HUC-12, refer to the South Carolina DHEC Watershed Atlas, available online at
https://gis.dhec.sc.gov/watersheds/. After identifying the site’s HUC 12, use Table 3.2 to identify the
watershed protection area.
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Item 7.

Area Designation
- Bacteria and Shellfish Watershed Protection Area
]:l General Stormwater Management Watershed Area
W'ﬂ-nd D Savannah River Special Watershed Protection Area
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Figure 3.2. Watershed Protection Areas of the Southern Lowcountry.
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Table 3.1. Watershed Protection Area HUC-12 Codes.
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General Stormwater Management . .
g Savannah River Watershed Protection Area
Watershed Areas
HUC-12 No. Watershed Name HUC-12 No. Watershed Name
030502070704 | Middle Combahee River 030601090107 Hog Branch-Savannah River
030502080301 | Johns Pen Creek 030601090301 Cypress Branch
030502080302 | Cypress Creek 030601090302 Black Swamp
030502080404 | VicPherson Creek- 030601090303 Coleman Run
Coosawhatchie River
030502080405 | 2V Branch- 030601090304 Sand Branch
Coosawhatchie River
030601100101 | Gillison Branch 030601090305 Dasher Creek-Savannah River
030601100102 | Upper Great Swamp 030601090307 Outlet Savannah River
Bacteria and Shellfish Watershed Protection Area
HUC-12 No. Watershed Name HUC-12 No. Watershed Name
030502070706 | Lower Combahee River 030502080605 Boyd Creek-Broad River
030502071101 | Wimbee Creek 030502080606 Colleton River
030502071102 | Coosaw River 030502080607 Chechessee River
030502071103 | Morgan River 030502080608 Broad River-Port Royal Sound
030502071104 | Coosaw River-St. Helena Sound 030502100101 Harbor River-St. Helena Sound
030502080406 | Bees Creek 030502100102 Harbor River-Trenchards Inlet
030502080407 ;‘i‘vlg'r”y River-Coosawhatchie 030601090306 Wright River
030502080501 Battery Creek 030601100103 Lower Great Swamp
030502080502 Upper Beaufort River-Atlantic 030601100201 Upper New River-Atlantic
Intracoastal Waterway Intracoastal Waterway
030502080503 Lower Beaufort River-Atlantic 030601100202 Lower New River-Atlantic
Intracoastal Waterway Intracoastal Waterway
030502080601 | Pocotaligo River-Broad River 030601100301 May River
030502080602 | Huspa Creek 030601100302 Broad Creek
030502080603 | Whale Branch 030601100303 Cooper River-Calibogue Sound
030502080604 | Euhaw Creek 030601100304 Calibogue Sound
3.5.2 Overall Performance Requirements

Based on the watershed water quality criteria, its impairment status, or stormwater permit
requirements, development and redevelopment stormwater management performance requirements
will differ. These requirements are interpreted in terms of sizing and performance criteria. Table 3.2
presents a summary of the sizing criteria used to achieve the stormwater management performance

requirements for each watershed protection area.

59




Iltem 7.

Table 3.2. Watershed Area Overall Performance Requirements.

General Stormwater Management
Watershed Protection Areas

Savannah River Watershed Protection Area

Overall Performance Requirements

Overall Performance Requirements

Water Quality: Implement Better Site Design, maintain
pre-development hydrology of the site to the
Maximum Extent Practicable (MEP) for the 85t
percentile storm event.

Peak Control: Control post-development peak runoff
discharge rate to pre-development rate for: 2-, 10- and
25-year, 24-hour design stormevents.

Accommodate the 100-year, 24-hour storm event
conveyance through the site and downstream without
causing damage/inundation to structures. Provide 10%
rule analysis.

As a pollutant removal minimum, intercept and treat
stormwater runoff volume to at least an 80 percent
reduction in total suspended solids load, 30 percent
reduction of total nitrogen load and 60 percent
reduction in bacteria load.

Complete a natural resources inventory for newsite
development applications.

Water Quality: Implement Better Site Design, retain
the 85t percentile storm event on-site to the MEP or
obtain off-site credit.

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

Accommodate the 100-year, 24-hour storm event
conveyance through the site and downstream
without causing damage/inundation tostructures.
Provide 10% rule analysis.

As a pollutant removal minimum, intercept and treat
stormwater runoff volume to at least an 80 percent
reduction in total suspended solids load, 30 percent
reduction of total nitrogen load and 60 percent
reduction in bacteria load.

Complete a natural resources inventory for new site
developmentapplications.

Rationale

Rationale

The previous Jasper County stormwater design manual
specified these overall performance requirements.

The Savannah River watershed adjoins Georgia counties
that are subject to similar overall performance
requirements as outlined in the Georgia Coastal
Stormwater Supplement.

Bacteria and Shellfish Watershed Protection Area

Overall Performance Requirements

e Water Quality: Implement Better Site Design and
retain the 95 percentile storm on-site with approved
infiltration/filtering BMPs. Fulfill MEP requirements or,
as a last resort, fulfill off-site credit and/or fee-in-lieu
requirements.

e As a pollutant removal minimum, intercept andtreat
stormwater runoff volume to at least an 80 percent
reduction in total suspended solids load, 30 percent
reduction of total nitrogen load and 60 percent
reduction in bacteria load.

e Peak control: Control the post-development peak
runoff discharge rate for the 2, 10, 25, 50, 100-year,
24-hour design storm events to the pre-development
discharge rates.

e Accommodate the 100-year, 24-hour storm event
conveyance through the site and downstream
without causing damage/inundation tostructures.
Provide 10% rule analysis.

e Complete a natural resources inventory for newsite
developmentapplications.

Rationale

The Bacteria and Shellfish Watershed Protection Areas are either impaired or have TMDLs, or the receiving waters
are classified for shellfish harvesting. These watersheds require greater protection due to their Clean Water Act
status or water quality classification. The site’s natural resource inventory is a necessary component of permit

application.
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3.5.3 Southern Lowcountry Stormwater Precipitation & Runoff

As in the natural environment, a site’s stormwater runoff volume depends upon soil conditions and land
cover. To evaluate each site’s development plan, this Manual relies on the rainfall runoff estimating
methods of the Natural Resources Conservation Service National Engineering Handbook (NEH).
Sometimes referred to as the curve number method or soil cover complex method, NEH chapter 9
describes the runoff response to rainfall events based on hydrologic soil group (HSG A, B, C or D) and
land cover type with an integer between 29 and 100 (NRCS, 2004). Accordingly, information
documenting the site’s soils, their permeability, predeveloped land use or natural cover, and post-
developed land cover, as well as the shallow groundwater table, are required in development plans in
order to review and permit the development activity.

Precipitation event size and distribution are set by this Manual for the three watershed protection areas
that make up the Southern Lowcountry.

The precipitation event distribution terms used in this Manual are defined as follows:

85 Percentile Storm is the 24-hour rainfall amount that according to the National Oceanic and
Atmospheric Administration records for the past 30 years in which 85% of all rainfall events do
not exceed at the nearest US Weather Service station to the County seat. For the General
Stormwater Management Watershed Areas and the Savannah River Watershed Protection
Areas, this number is 1.16 inches of rainfall.

95t Percentile Storm is the 24-hour rainfall amount that according to the National Oceanic and
Atmospheric Administration records for the past 30 years in which 95% of all rainfall events do
not exceed at the nearest US Weather Service station to the County seat. For the Bacteria and
Shellfish Watershed Protection Areas this is 1.95 inches of rainfall.

Plans submitted for new development or redevelopment must demonstrate through accepted
hydrologic methods that the development at post-construction will attenuate and treat the prescribed
storm events. This includes volume reduction, peak flow management and extreme flood protection
both on site and downstream.

3.5.4 Savannah River Watershed Protection Area

Upon implementation of this Manual, any applicable new development, redevelopment or major
substantial improvement in the designated HUC-12 watersheds that are part of the Savannah River
watershed shall meet the following requirements:

e Complete a natural resources inventory for new site developmentapplications.

Document use of Better Site Design.

Retain the 85" percentile storm event on-site to the MEP or obtain off-sitecredit.

Control the post-development peak runoff discharge rate for the 2, 10 and 25-year, 24-hour

design storm events to the pre-development discharge rates.

e Accommodate 100-year, 24-hour storm event through the development without causing
damage to the on-site and offsite structures. Provide 10% rule analysis.

e At a minimum, intercept and treat stormwater runoff volume to at least an 80 percent reduction
in total suspended solids load, 30 percent reduction of total nitrogen load and 60 percent
reduction in bacteria load.
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3.5.5 Bacteria & Shellfish Watershed Protection Area

Upon implementation of this Manual, any applicable new development, redevelopment or major
substantial improvement in the designated HUC-12 watersheds that are part of the Bacteria and
Shellfish Watershed Protection Area shall meet the following requirements:

e Complete a natural resources inventory for new site developmentapplications.

e Document use of Better Site Design.

e Retain the 95" percentile storm on-site with approved infiltration/filtering BMPs.

e  Fulfill MEP requirements or, as a last resort, fulfill off-site credit and/or fee-in-lieu requirements.

e At aminimum, intercept and treat stormwater runoff volume to at least an 80 percent reduction
in total suspended solids load, 30 percent reduction of total nitrogen load and 60 percent
reduction in bacteria load.

e Control the post-development peak runoff discharge rate for the 2, 10, 25, 50, and 100-year, 24-
hour design storm events to the pre-development discharge rates.

e Accommodate the 100-year, 24-hour storm event conveyance through the site and downstream
without causing damage/inundation to structures. Provide 10% rule analysis.

3.5.6 General Stormwater Management Watershed Area

Upon implementation of this Manual, any applicable new development, redevelopment or major
substantial improvement in the designated HUC-12 watersheds for the General Stormwater
Management Watershed Area shall meet the following requirements:

e Complete a natural resources inventory for new site developmentapplications.

e Document use of Better Site Design.

e Maintain pre-development hydrology of the site to the Maximum Extent Practicable (MEP) for
the 85" percentile storm event.

e Control post-development peak runoff discharge rate for the 2, 10, 25, 50, and 100-year, 24-
hour design storm events to pre-development discharge rates.

e Accommodate 100-year, 24-hour storm event through the development without causing
damage to the on-site and offsite structures. Provide 10% rule analysis.

e As a pollutant removal minimum, intercept and treat stormwater runoff volume to at least an 80
percent reduction in total suspended solids load, 30 percent reduction of total nitrogen load and
60 percent reduction in bacteria load.

3.5.7 Runoff Reduction & Pollutant Removal

It is the minimum criteria of this Manual that a site’s stormwater best management practices shall retain
the precipitation event size for its watershed protection area as summarized in Section 3.5.2. Through
successive application of the practices below and that are described in detail in Chapter 4, provide at
least an 80% reduction in total suspended solids loads, 30% reduction of total nitrogen load, and 60%
reduction in bacteria load (Jasper County, 2011).

Stormwater best management practices, when built according to the standards in Chapter 4 and
maintained according to the site’s maintenance agreement, can be expected to achieve runoff reduction
and pollutant removal efficiencies according to Table 3.3. These values are to be used in the pollutant
removal documentation and are used within the stormwater runoff reduction calculator in Appendix H.
Other water quality credits may be assigned for BMPs based on the determination by Beaufort County
Public Works Department and valid study results presented with the Stormwater Management Plan
submittal.
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Table 3.3. Pollutant Removal Efficiencies of Structural BMPs.

Iltem 7.

Water Quality Credits
BMP Runoff TSS % Total N Bacoteria
Reduction | Removal % .
Removal | Removal

Bioretention - No Underdrain 100%*! 100%! 100%° 100%°
Bioretention — Internal Water Storage 75%* 85%!? 85%* 80%
Bioretention - Standard 60%? 85%* 75%* 80%°
Permeable Pavement - Enhanced 100%! 100%! 100%° 100%*
Permeable Pavement - Standard 30%? 80%! 45%* 30%°
Infiltration 100%*! 100%*! 100%° 100%°
Green Roof 100%? 100%° 100%° 100%*
Green Roof - Irrigated 50%° 50%° 50%° 50%°
Rainwater Harvesting 100%> 100%° 100%° 100%°
Impervious Surface Disconnection 40%> 80%* 40%* 40%°
Grass Channel 10%> 50%* 25%* 30%°
Grass Channel - Amended Soils 20%? 50%" 35%* 30%°
Dry Swale 60%> 85% 70%* 80%°
Wet Swale 0%? 80%!? 25%* 60%°
Regenerative Stormwater Conveyance 0%* 80%* 40%° 80%°
Filtering Systems 0%> 80%* 30%* 80%°
Storage Practices 0%° 60%* 10%* 60%°
Stormwater Ponds 0% 80% 30%* 60%°
Stormwater Wetlands 0% 80%" 25%* 60%°
Tree Planting and Preservation see section 4.12

Proprietary Practices see section 4.13
Conservation Areas see section 4.14

Notes:

The following resources were used to develop the runoff reduction and pollutant removal values in the above table.

1. (ARC, 2016).
(Hirschman, 2018).

2.
3. (DOEE.2013)
4

u

(Hirschman, 2018). Nitrogen removal values from this source were applied to the remaining volume after runoff
reduction was applied. The values provided in the table above represent the results of this application.

(Chesapeake Stormwater Network, 2018)

Best professional judgement was used where a BMP’s pollutant removal values were not available in the above
sources, or conflicts were present. In all cases, a BMP’s pollutant removal value must be at least as high as its runoff
reduction values (for example, if a BMP is assigned a runoff reduction value of 100%, it will also have TSS, nitrogen,
and bacteria removal rates of 100%). In addition, it was assumed that a Regenerative Stormwater Conveyance (RSC)
will have similar nitrogen removal to bioretention systems, so the nitrogen removal value from the Runoff Reduction
Method was applied as described in reference 4, above. It was also assumed that both RSCs and filtering systems will
have the same bacterial removal rate as bioretention (with no runoff reduction).
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3.6 Erosion & Sediment Control (ESC) Requirements

The design and management of construction site runoff control measures for all qualifying
developments as defined in the Ordinance shall be in accordance with SCDHEC NPDES General Permit
for Stormwater Discharges from Construction Activities, the SCDHEC Erosion and Sediment Reduction
and Stormwater Management regulations and its most current version of standards, where applicable.
Beaufort County Public Works Department reserves the right to require additional erosion and sediment
control or a higher standard of measure and make their requirement a condition of a development
permit approval.

3.7 Retention Standard & Volume

This section provides the formulas and rationale for use of the runoff reduction method to compare
predeveloped and post-development hydrology for projects submitted for approval to the Southern
Lowcountry jurisdictions.

Runoff reduction is defined as “the total annual runoff volume reduced through canopy interception,
soil infiltration, evaporation, transpiration, rainfall harvesting, engineered infiltration, or extended
infiltration” (Hirschman, 2008). The formula to calculate the volume reduced through successive
application of stormwater best management practices originates with the Natural Resources
Conservation Service (NRCS) method of estimating direct runoff from storm rainfall and the curve
number method of NEH Chapter 9 (NEH, 2004). As shown in Equation 3.1, rainfall event runoff (Q) is a
function of depth of event rainfall (P) over the watershed, the initial abstraction (la) and the maximum
potential retention (S).

Equation 3.1. Curve number runoff equation.

(PP — 11"

0= =TS
B aa
11, = 0. 2255
_ (PP — 00. 2285)"
(PP + 00. 8855)
PP — 00. 2265)%
QQ-RR= ¢ )

(PP = 0. 8855)

110000
§$§=——-11
ccce

Where:

Q = Runoff depth (in)
Depth of rainfall event for the designated watershed protection area (85" or
95% percentile rain event)
la="Initial abstraction (in)
= Potential maximum retention after runoff begins (in)
CN = Runoff curve number
= Retention storage provided by runoff reduction practices (in)
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Not all stormwater BMPs provide runoff reduction equally. Through the crediting procedures of the
Compliance Calculator found in Appendix H and the retention volumes required in this section,
designers will be able to evaluate their proposed designs and submit for approval in a unified process
across the Southern Lowcountry jurisdictions.?

Supplemental information on the terms below can be found in the Low Impact Development in Coastal
South Carolina: Planning and Design Guide, and the Georgia Stormwater Management Manual (Ellis, K.
et al.,, 2014; ARC, 2016).

The Stormwater Retention Volume (SWRv) is the volume of stormwater runoff that is required to be
retained, post-development. It is calculated as shown in Equation 3.2 for the entire site and for each site
drainage area (SDA). The SDA is defined as the area that drains to a single discharge point from the site
or sheet flows from a single area of the site. A development site may have multiple SDAs and runoff
coefficients.

Equation 3.2. Stormwater retention volume (SWRv) equation
PP X [(RRSS” X ”) + (RRSSCC X CC) + (RRSSCC X CC)]

1122

SSSSRRSS =

Where:

SWRv = Volume required to be retained (cubic feet)
Depth of rainfall event for the designated watershed protection area (85" or
95% percentile rain event)
Runoff coefficient for impervious cover and BMP cover based on SCS
hydrologic soil group (HSG) or soil type
= Impervious cover surface area (square feet)
Rvc= Runoff coefficient for compacted cover based on soil type
= Compacted cover surface area (square feet)
Rvn= Runoff coefficient for forest/open space based on soil type
= Natural cover surface area (square feet)
12 = Conversion factor (inches to feet)

Rv Coefficients
A soils | B Soils | C Soils | D Soils
Forest/Open Space (Rw) | 0.02 0.03 0.04 0.05

Managed Turf (Rvc) 0.15 0.20 0.22 0.25
Impervious Cover (Ru) 0.95 0.95 0.95 0.95
BMP 0.95 0.95 0.95 0.95

The Compliance Calculator in Appendix H uses best available pollutant removal efficiencies for total
suspended solids, total nitrogen and fecal indicator bacteria. Use of the compliance calculator allows the
designer to evaluate alternative designs to arrive at compliance with the runoff reduction and pollutant
removal requirements and clearly summarize them for the local plan reviewer. The compliance

! Compliance Calculator instructions are found in Appendix G
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calculator output is a necessary submittal for a plan reviewer to evaluate selected BMPs to demonstrate
compliance with the watershed protection area standards of this Manual.

3.7.1 Total Suspended Solids, Nutrients, & Bacteria

The minimum pollutant removal performance requirements for all watersheds of the Southern
Lowcountry include the interception and treatment of stormwater runoff volume to at least an 80%
reduction in total suspended solids load, 30% reduction of total nitrogen load, and 60% reduction in
bacteria load. These requirements are established for the following reasons.

Stormwater in the Lowcountry conveys the plant nutrients nitrogen and phosphorus. Nitrogen tends to
dissolve in water, but phosphorus is adsorbed to suspended solids predominantly. Control of total
suspended solids through the BMPs in this Manual will also remove a proportional amount of
phosphorus. Relying on the judgement of stormwater researchers and other state design manuals, the
approach for the Southern Lowcountry is similar. If a BMP is effective at runoff reduction or retention of
stormwater, it is similarly effective at removal of the initial volume of suspended solids (NCDEQ, 2014).

Many of the Southern Lowcountry watersheds at the HUC-12 size are directly tributary to bacteria and
shellfish impaired waters. As these watersheds develop with rooftops, roads and other impervious
surfaces, there is an increasing potential for bacteria in the stormwater from wildlife populations (deer,
racoons, waterfowl), pet waste, septic system discharges and sanitary sewer system malfunctions.
Similarly, nutrients can be expected to increase due to fertilizer use in erosion control practices,
managed turf and landscaping, septic system leachate, and atmospheric deposition on impervious
surfaces. Best management practices, along with better site design practices, can be used to reduce
bacteria and nutrients in stormwater to the benefit and restoration of Southern Lowcountry water
quality.

3.7.2 Hydrologic & Hydraulic Analysis

In order to prevent an increase in the duration, frequency and magnitude of downstream overbank
flooding and scouring, this Manual requires that enough stormwater detention be provided on a
development site to control the post-development peak runoff discharge to the predevelopment runoff
rates for the 2, 10, 25, 50, and 100 -year, 24-hour storm events. The capacity of the existing downstream
receiving conveyance system for all off-site discharge points must be determined to be adequate. An
analysis of the downstream conveyance capacity to accommodate the site’s post development 25- and
100-year, 24-hour peak flow shall be provided in the engineering report. Discharge to the public right-of-
way of the SC State highway system shall comply with the SCDOT Requirements for Hydraulic Design
Studies. Necessary upgrades within the public right-of-way due to inadequate capacity for the post-
development 25-yr flow must be identified during the permit application process. Upgrades to the
downstream system to accommodate the 100-yr 24-hour flow must be considered through the MEP
process outlined in Section 3.9. Documentation supporting safe passage of the 100-yr post development
flow to the downstream point where the detention or storage area comprises 10% of the total drainage
area, and an analysis of the surrounding neighborhood area to identify any existing capacity shortfalls or
drainage blockages is required for plan approval. This analysis is called the 10% analysis rule in Section
3.8 of this Manual.

Iltem 7.

66




The recommended 2, 10, 25, and 100-year, 24-hour storm event values from Appendix F of the South
Carolina DHEC Storm Water Management BMP Handbook, July 31, 2005 for Beaufort and Jasper
Counties are in Table 3.42.

Table 3.4. Rainfall depth (inches) for the Southern Lowcountry.

Return Period (years)
County 2 10 25 100
Beaufort 4.5 6.9 8.4 11.0
Jasper 4.2 6.4 7.8 10.2

In this Manual, Appendix | General Design Criteria and Guidelines provides the acceptable
methodologies and computer models for estimating runoff hydrographs before and after development,
as well as design criteria for stormwater collection systems and land cover designations. The following
are the acceptable methodologies and computer models for estimating runoff hydrographs before and
after development. These methods are used to predict the runoff response from given rainfall
information and site surface characteristic conditions. The design storm frequencies used in all of the
hydrologic engineering calculations will be based on design storms required in this Manual unless
circumstances make consideration of another storm intensity criterion appropriate:

Rational Method (limited to sites under 10 acres)

Urban Hydrology for Small Watersheds TR-55

Storage-Indication Routing

HEC-1, WinTR-55, TR-20, ICPR v3 or 4 and SWMM computer models

These methods are given as valid in principle and are applicable to most stormwater management
design situations in the Southern Lowcountry.

The following conditions should be assumed when developing predevelopment, pre-project, and post-
development hydrology, as applicable:

e The design storm duration shall be the 24-hour rainfall event, using the NRCS (SCS) Type llI
rainfall distribution with a maximum six-minute timeincrement.

e The predeveloped peaking factor shall be 200 for new development (Blair et al.,2012).
o The post development peaking factor shall be 400.

e For new development sites the predeveloped condition shall be calculated as a composite CN
based on the HSG and meadow conditions (NEH, 2004).

e Forinfill and redevelopment sites, the predeveloped condition shall be calculated as a
composite CN based on the HSG and the land cover type and hydrologic condition at the time of
the project’s initial submittal.

2Until SCDHEC updates its Stormwater Management BMP Handbook rainfall table to the NOAA Atlas 14 values,
the Southern Lowcountry region shall use the Handbook Appendix F rainfall table for 24 hour storm events.
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e Antecedent Runoff Condition (ARC) Il is the average adjustment factor for calculations using TR-
55. ARC Il is to be used for wetter conditions such as areas that receive irrigation water
harvested from stormwater ponds and for poorly drained soils.

Project designs must include supporting data and source information. All storm sewer systems shall be
analyzed for both inlet and outlet control (including tailwater effects) by using the following:

a. Equations and nomographs as shown in the Federal Highway Administration (FHWA)
Hydraulic Design Services (HDS) publication No.5.

b. Computer programs that calculate the actual hydraulic grade line for the storm sewer system
can be used, provided all losses (friction, bend, junction, etc.) are taken into account using the
appropriate loss coefficient (K) values.

c. Design tailwater condition elevation shall be supported by a reasonableresource and/or
analysis.

d. Allowable headwater. The allowable headwater of all culverts, pipe systems, open channels,
bridges and roadway culverts shall be established following the SCDOT Requirements for
Hydraulic Design Studies.

All culverts, pipe systems, and open channel flow systems shall be sized in accordance with the design
criteria found in Appendix | Hydrology and Hydraulics Design Requirements.

3.7.3 Maintenance Easements

Maintenance easements are provided for the protection and legal maintenance of stormwater
management facilities not within a right-of-way. Drainage easements shall be required in subdivisions
over any portion of a stormwater management facilities not within a right-of-way and necessary for the
functioning of the system. Drainage easements for all facilities must be shown on construction drawings
and approved by the stormwater manager. The easements shall be designated on the plan prior to
issuance of a development permit and recorded in public records with copy of recorded easement
submitted prior to Beaufort County Public Works Department permit termination. The minimum
allowable width of drainage easements may be as shown in Table 3.5.

Table 3.5. Drainage maintenance access easements.

Iltem 7.

Stormwater Management Facility Minimum Easement Width
Closed systems (storm sewers/pipes/culverts) diameter + 4 ft + 2D(20-ft minimum)*
Open drainage systems
Bottom width 20 ft or less 15 ft + BW + 25D (30 ft minimum)**
Bottom width 20 ft to 40 ft 30 ft + BW + 2SD**
Bottom width greater than 40 ft 40 ft + BW + 2SD**
Retention/detention BMPs 20 ft around facility***
Pond Maintenance Access A 20’ maintenance access easement between lot lines and

top of bank shall be provided for stormwater ponds with a
permanent pool. The easement shall be provided for boat
trailer access, and for all structure maintenance and repair.
No permanent structures (mechanical, electrical, phone,
fences) or landscaping are allowed within the 20’ pond
maintenance access easement.
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*Where:

D = Depth from grade to pipe invert
**Where:

BW = Bottom width

S = Side slope

D = Depth of opening

Note: The minimum required width and configuration of drainage easements may be modified if deemed
necessary by the stormwater manager for justifiable reasons.

3.8 Extreme Flood Requirement: 10% Rule

The peak discharge generated by the 100-year, 24-hour storm event under post-development
conditions is considered the extreme peak discharge. The intent of the extreme flood protection is to
prevent flood damage from infrequent but large storm events, maintain the boundaries of the mapped
100-year floodplain, and protect the physical integrity of the best management practices as well as
downstream stormwater and flood control facilities. The 100-yr flow is to be used in the routing of
runoff through the drainage system and stormwater management facilities to determine the effects on
the facilities, adjacent property, and downstream. Emergency spillways of best management practices
should be designed appropriately to pass the resulting flows safely.

Documentation supporting safe passage of the 100-year post-development flow shall be provided by the
applicant/engineer. In order to prevent an increase in the duration, frequency and magnitude of
downstream extreme flooding over existing conditions, an evaluation must be provided to include
downstream analysis to the point where the project comprises 10% of the total contributing drainage
area. The 10% rule evaluation must address existing conveyance system capacity and “pinch points”
where a pipe/culvert would be overtopped and where the pipe/culvert will need to be upgraded or the
peak discharge rate will need to be limited to the capacity of the downstream system.

The 10% rule recognizes the fact that a structural BMP control providing detention has a “zone of
influence” downstream where its effectiveness can be felt. Beyond this zone of influence, the structural
control becomes relatively small and insignificant compared to the runoff from the total drainage area
at that point. Based on studies and master planning results from a large number of sites, that zone of
influence is considered to be the point where the drainage area controlled by the detention or storage
facility comprises 10% of the total drainage area. For example, if the drainage control drains 10 acres,
the zone of influence ends at a point where the total drainage area is 100 acres or greater (ARC, 2016).

Demonstration of safe passage of the 100-year, 24-hour storm shall include a stage storage analysis of
the system, an inflow/outflow comparison of the system, and construction of a table showing peak
stage elevations in comparison to safe freeboards to structures of the system and adjacent
buildings/structures/infrastructure. Safe passage to the receiving water also requires that there be no
additional downstream flooding or other environmental impacts (e.g., stream channel enlargement,
degradation of habitat).

Typical steps in the application of the 10% rule are:

1. Determine the target peak flow for the site for predevelopment conditions.
2. Using a topographic map, determine the lower limit of the zone of influence (10% point)
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3. Using a hydrologic model, determine the predevelopment peak flows and timing of those peaks
at each tributary junction beginning at the pond outlet and ending at the next tributary junction
beyond the 10% point.

4. Change land use on the site to post-development and rerun the model.

5. Design the structural control facility such that the overbank flood protection (25-year) post-
development flow is adequately conveyed to the lower limit of the zone of influence and the
Extreme Flood (100-year) post-development flow does not impact any existing structures within
the area of zone of influence.

6. If the overbank flood protection (25-year) post-development flow is not adequately conveyed to
the lower limit of the zone of influence and/or Extreme Flood (100-year) post-development flow
is shown to impact any structure, the structural control facility must be redesigned or one of the
following options considered:

a. Work with Beaufort County Public Works Department to reduce the flow elevation
through channel or flow conveyance structure improvements downstream.

b. Obtain a flow easement from downstream property owners to the 10% point.
Request a detention waiver from Beaufort County Public Works Department. This
waiver would be for water quantity control only and best management practices to
achieve water quality goals will still be required.

3.9 Maximum Extent Practicable

Maximum extent practicable (MEP) is the language of the Clean Water Act that sets the standards to
evaluate efforts pursued to achieve pollution reduction to the Waters of the United States. The MEP
refers to management practices; control techniques; and system, design, and engineering methods for
the control of pollutants. It allows for considerations of public health risks, societal concerns, and social
benefits, along with the gravity of the problem and the technical feasibility of solutions. The MEP for
stormwater management is achieved, in part, through a process of selecting and implementing different
design options with various structural and non-structural stormwater best management practices
(BMPs), where ineffective BMP options may be rejected, and replaced when more effective BMP
options are found (DOEE, 2019).

There must be a serious and demonstrated attempt to comply with this Manual, and practical solutions
may not be lightly rejected. If project applicants implement and demonstrate only a few of the least
expensive BMPs, and the regulated volume has not been retained, it is likely that the MEP standard has
not been met. If, on the other hand, a project applicant implements all applicable and effective BMPs
except those shown to be technically infeasible, then the project applicant would have achieved
retention to the MEP.

Major land-disturbing activities, infill and redevelopment projects, and projects in the existing public
right-of-way, must achieve the SWRv, and meet peak flow requirements for channel and extreme flood
protection to the MEP. Through application of stormwater best management practices on site or at an
off-site property within the same stormwater drainage catchment, land development projects should be
able to comply with the Southern Lowcountry Stormwater Ordinance. It is the applicant’s responsibility
to demonstrate to the greatest extent that the requirements of this Manual can be met for the
proposed development. The applicant must fully demonstrate that the requirements of the Manual are
not possible or feasible before entering into a MEP analysis, andonly after the concurrence and
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approval of the Public Works director and/or their designee of Beaufort County Public Works
Department based on the project submittals, documentation and discussions. The applicant must
realize that if the requirements of the Manual cannot be met, the site may not be conducive for
development, as proposed, in the interest of public safety and welfare.

When a new land development project, infill or redevelopment cannot meet the volume and peak flow
requirements of this Manual, the following design and review process is required to comply with the
MEP requirement. This evaluation is intended to be completed during the concept review stage of plan
development.

1) Demonstrate how BSD has been implemented to the maximum extent practicable or document
site restrictions that prevent BSD application.

2) List the site restrictions that prevent the on-site use of the stormwater BMPs of this Manual.

3) Cite justification for not being able to retain the SWRv and attain the required peak discharge
limits.

4) s there off-site capacity in the same drainage catchment as defined by Beaufort County Public
Works Department to meet the volume and/or peak flow requirements for the site’s
contributing drainage area(s)?

5) Does the publicly maintained stormwater drainage system have sufficient capacity for the
development site’s extreme flood peak flow?

6) Develop a cost versus aggregated stormwater retention volume achieved curve for the site’s
contributing drainage area. A minimum of five cost points with three of the BMP alternatives in
series as a treatment train are necessary for the curve. Include the evaluation off-site capacity
cost. Identify the inflection point of the cost curve to identify the optimal solution where
increased cost does not result in increased effectiveness.

7) The optimum aggregated retention value and BMP selection and size analysis must be
submitted as a part of the stormwater management plan for the project.

8) Offsite stormwater volume retention credit or fee-in-lieu documents will be required for project
completion.

The MEP submittal must provide documentable evidence of the process the applicant has performed
that demonstrates the restrictions to the use and implementation of BMPs and approved by the
Beaufort County Public Works Director and/or their designee and to meet the requirements of this
Manual in whole or in part.

3.10 Off-Site Stormwater Management

All stormwater management design plans shall include on-site stormwater management practices,
unless post-construction stormwater runoff in an off-site or regional stormwater management practice
is approved according to this Section.

The off-site or regional stormwater management practice must be located on property legally dedicated
to that purpose, be designed and sized to meet the post-construction stormwater management criteria
presented in this Manual, provide a level of stormwater quality and quantity control that is equal to or
greater than that which would be provided by on-site green infrastructure and stormwater management
practices, be in the same drainage catchment, as defined by Beaufort County Public Works Department,
as the project area, and have an associated inspection and maintenance agreement and plan. In
addition, appropriate stormwater management practices shall be installed, where necessary, to protect
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properties and drainage channels that are located between the development site and the location of the
off-site or regional stormwater management practice.

To be eligible for compliance through the use of off-site stormwater management practices, the
applicant must submit a stormwater management design plan to Beaufort County Stormwater
Department that demonstrates the adequacy of the off-site or regional stormwater management
practice, and demonstrates, to the satisfaction of the Beaufort County Public Works Department that
the off-site or regional stormwater management practice will not result in any of the following impacts:

3.11

(1) Increased threat of flood damage or endangerment to public health orsafety;
(2) Deterioration of existing culverts, bridges, dams, and other structures;

(3) Accelerated streambank or streambed erosion orsiltation;

(4) Degradation of in-stream biological functions or habitat; or,

(5) Water quality impairment in violation of state water quality standards and/or violation of
any other state or federal regulations.

Waivers

Individuals seeking a waiver from the requirements of this Ordinance may submit to the (administrator)
a request for a waiver in accordance with the Southern Lowcountry Stormwater Design Manual.

(1) Request of a Waiver at Staff Level

A written request for a waiver is required and shall state the specific waiver sought and the
reasons, with supporting data, a waiver should be granted. The request shall include all
information necessary to evaluate the proposed waiver. Requests must outline the need for
such a waiver, such as site constraints, soil characteristics, or similar engineering limitations.
Cost shall not be considered cause for a waiver. This waiver would be for water quantity control
only and best management practices to achieve water quality goals will still be required. The
applicant will address the criteria below for consideration of a waiver approval:

a. What exceptional circumstances to the site are evident that on-site or off-site
stormwater management requirements cannot be met?

b. What unnecessary hardship is being caused?
¢. How will denial of the waiver be inconsistent with the intent of the Ordinance?
d. How will granting the waiver comply with the intent of the Ordinance?

e. How are state and federal regulations still being met?

(2) Review of Waivers

The Public Works Director and/or their designee will conduct a review of the request and will
issue a decision within thirty (30) working days of receiving the request.
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Chapter 4. Stormwater Best Management Practices (BMPs)

4.1

This chapter summarizes and outlines performance criteria for 13 stormwater best management

Standard Stormwater BMP Design Sections

practice (BMP) categories that include:

Following these criteria is the criteria to credit for stormwater benefit the use of conservation areas and

Bioretention (4.3)

Permeable Pavements (4.4)
Infiltration (4.5)

Green Roofs (4.6)

Rainwater Harvesting (4.7)
Impervious Surface Disconnection (4.8)
Open Channel Systems (4.9)

Filtering Systems (4.10)

Storage Practices (4.11)

Ponds (4.12)

Stormwater Wetlands (4.13)

Tree Planting and Preservation (4.14)
Proprietary Practices (4.15

open space preservation.

4.1.1

Format of Standard Stormwater BMP Design Sections
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BMP performance criteria are based on several critical design factors to ensure effective and long-lived
BMPs. For each BMP, the following factors are discussed:

e General Feasibility

e Conveyance

e Pretreatment

e Design and Sizing

e Landscaping

e Construction Sequencing

e Maintenance

e Stormwater Compliance Calculations

Design components that differ from these specifications, but meet their intent, may be included at
Beaufort County Public Works Department’s discretion.

4.1.2 Standard Nomenclature
In this chapter, and throughout the guidebook, the terms, must or shall, denote required aspects of
BMPs or their design and implementation. The term, should, denotes a recommendation, however,
justification may be necessary for design or implementation that does not correspond to certain
recommendations.

4.2 Summary of BMP Stormwater Management Capabilities, Site Applicability, & Physical
Feasibility

Stormwater management requirements for a given site vary based on the site’s location, and minimum

control requirements discussed in detail in Section 3.5.

4.2.1 Stormwater Retention & Water Quality Treatment
It is important to note that this Manual, and the associated compliance calculators, make a distinction
between stormwater retention volume and stormwater water quality treatment. Not all BMPs achieve
stormwater retention and/or water quality treatment equally, as was summarized in Table 3.3. The level
to which a BMP provides stormwater retention and water quality treatment is provided in the BMP
summary table of each BMP. The stormwater runoff reduction (SWRv) rates are expressed as a
percentage of the storage volume provided by the BMP. Calculations for determining storage volume
are included in each BMP’s specifications. Each BMP’s performance on the water quality parameters of
total suspended solids, nitrogen and bacteria are also included in the BMP summary table. Note that
many BMPs whose main purpose is water quality treatment typically do not have enough volume
control to manage larger storm events.

4.2.2 Site Applicability
Certain BMPs are more appropriate than others in certain land uses. Table 4.1 describes the site
applicability for each BMP for the following factors:

e Rural Use: This column indicates whether or not the stormwater management practice is
typically suited for use in rural areas and on low-density developmentsites.
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e Suburban Use: This column indicates whether or not the stormwater management practice is

typically suited for use in suburban areas and on medium-density developmentsites.

e Urban Use: This column identifies the stormwater management practices that are typically
suited 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

stormwater management practices.
e Maintenance: This column assesses the relative maintenance burden associated with each
stormwater management practice. Note that all stormwater management practices require
routine inspection and maintenance.

Table 4.1. Site applicability for BMPs.
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Construction

BMP Rural Use Suburban Use Urban Use Cost Maintenance
Bioretention Yes Yes Yes Medium Medium
Permeable Pavement Maybe Yes Yes High High
Infiltration Yes Yes Yes Medium Medium
Green Roof Maybe Yes Yes High Low
Rainwater Harvesting Yes Yes Yes Medium Medium
Disconnection Yes Yes Maybe Low Low
Open Channels Yes Yes No Low-Medium Medium
Filtration Maybe Yes Yes High High
Dry Ponds Yes Yes No Low Low
Wet Ponds Yes Yes No Low Low
Stormwater Wetlands Yes Yes No Low Medium

4.2.3 Site Conditions & Physical Feasibility
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While some BMPs can be applied almost anywhere, others require specific conditions to be most
effective. Physical feasibility refers to the physical site conditions necessary to effectively design and
install a BMP. Table 4.2 includes the feasibility factors listed below.

e Contributing Drainage Area (CDA): Volume of water received by a practice can affect BMP

performance. This column indicates the contributing drainage areas that typically apply for each

BMP.

e Slope: This column describes the influence that site slope can have on the performance of the
BMP. It indicates the maximum slope on which the BMP should beinstalled.
e  Minimum Head: This column provides an estimate of the minimum amount of elevation

difference needed within the BMP, from the inflow to the outflow, to allow for gravity

operation.

e Minimum Depth to Seasonal High 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.
e 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.

Table 4.2. Feasibility limitations for BMPs.
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Contributing

Minimum Depth to

BMP e e Slope Minimum Head Water Table Soils
Bioretention Up to 2.5 acres Up to 5% 4 -5 feet 0.5 feet All soils?
Permeable Up to 5 times

practice surface Up to 5% 1-4feet 0.5 feet All soils?
Pavement
area
Must drain
Infiltration Up to 2 acres Up to 6% 2 feet 0.5 feet within 72
hours
f +
Green Roof Green roof area Up to 30%* N/A N/A N/A
100%
Rainwater . -
. No limit No limit N/A N/A N/A
Harvesting
Up to 1,000 ft? .
Disconnection P Up to 5% N/A N/A All soils
per downspout
Open Channels Up to 2.5 acres Up to 4% Varies Varies All soils

Filtration
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Irrigation from ponds is not included as a specific best management practice in this Manual but is
included as Rainwater Harvesting (§4.5). Requirements and guidance for irrigation use of retained
stormwater have been included in Hydrologic and Hydraulic Analysis (ARC requirements in §3.7.2);
Ponds (§4.10); and Rainwater Harvesting Treatment and Management Requirements (Appendix J). The
Rainwater Harvesting Calculator in Appendix K will be used to determine the SWRv credit for ponds used
for irrigation, and then these ponds are entered in the Compliance Calculator in Appendix H as rainwater
harvesting. Instructions for these entries are included in Appendix G Compliance Calculator Instructions.
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Filtration Up to 5 acres Up to 6% 2 —-10 feet 0.5 feet All soils
Storage Practices Varies No limit 5 feet 0.5 feet All soils
Greater than 10 . Slow-draining
Ponds R Up to 15% 6 — 8 feet No limit .
acres soils preferred
Stormwater . Slow-draining
v %’ 2-4f No limi
Wetlands anes Up to 8% eet olimit soils preferred

1

CDA can be smaller if practice intersects the water table.

2
Check dams may be necessary to create sufficient ponding volume.

3

Slow-draining soils may require an underdrain.

4
Roof slope.
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4.3 Bioretention

Iltem 7.

Bioretention

Definition: Practices that capture and store stormwater runoff and pass it through a filter bed of
engineered filter media composed of sand, soil, and organic matter. Filtered runoff may be collected
and returned to the conveyance system or allowed to infiltrate into the soil.

Site Applicability

BMP Performance Summary

Land Uses Required Footprint WQ Improvement: Moderate to High
= Urban TSS! Total N Bacteria®?
= Suburban Small to Large 85%—100% 75%—-100% 80%—100%
" Rural Runoff Reduction
Construction Costs Maintenance Burden Volume

Moderate Moderate High

Maintenance Frequency: SWRv
Routine Non-Routine No Underdrain IWS Standard
Quarterly Every 2-3 years 100% of Sv 75% of Sv 60%
Advantages/Benefits Disadvantages/Limitation

= Easily incorporated into new development

= High community acceptance

= Good for small, highly paved drainage areas
(i.e. parking lots)

= Maximum CDAis 1 to 2.5 acres

= Requires pretreatment to prevent clogging
= Requires detailed landscape planning

= Not appropriate for steep slopes

Components

Design considerations

= Pretreatment

= Ponding area

= Plants

= Conveyance system

= Soils/Filter Media/Mulch
= Observation Well/Monitoring Port

= Maximum ponding depth 18 inches

= Minimum filter media bed depth 18 inches

= Depth to seasonal high water table must be at
least 6 inches below bottom of practice

= Underdrain system may be needed

Maintenance Activities

mulch

= Mow turf cover periodically
= Replace mulch as needed to maintain depth of

= Replace plant material, as needed
= Replace soil if it becomes clogged
= Clean conveyance system(s)

Credited pollutant load removal
Bioretention areas, shallow depressional areas that are filled with an engineered soil media and are

planted with trees, shrubs, and other herbaceous vegetation, are one of the most effective stormwater
management practices that can be used 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. See Figure 4.1 for an example

image.

They are designed to capture and temporarily store stormwater runoff in the engineered soil media,
where it is subjected to the hydrologic processes of evaporation and transpiration, before being
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conveyed back into the storm drain system through an underdrain or allowed to infiltrate into the
surrounding soils. The engineered soil media is comprised of sand, soil, and organic matter.

Typically, bioretention systems are not designed to provide stormwater detention of larger storms (e.g.,
2-, 10-, 25-year), but in some circumstances that may be possible. Bioretention practices should
generally be combined with a separate facility to provide those controls.

SN

. .
e 4 N L o 3N
- » 1 }’t. v z“‘.

Figure 4.1. Bioretention in parking lot (photo credit: Center for Watershed Protection, Inc.).

Definition. Practices that capture and store stormwater runoff and pass it through a filter bed of
engineered filter media composed of sand, soil, and organic matter. Filtered runoff may be collected and
returned to the conveyance system or allowed to infiltrate into the soil. Design variants include the
following:

B-1 Bioretention

B-2 Streetscape bioretention
B-3 Engineered tree pits

B-4 Stormwater planters

B-5 Residential rain gardens (for single family homes)

Item 7.
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There are three different bioretention design configurations:

= No Underdrain. Practices that can infiltrate the design storm volume within 72 hours, and therefore
need no underdrain (see Figure 4.2).

= Internal Water Storage (IWS). Practices that include an infiltration sump/storage layer (see ) below
the underdrain.

= Standard. Practices with underdrains (see Figure 4.4).

The particular design configuration to be implemented on a site is typically dependent on specific site
conditions and the characteristics of the underlying soils. These criteria are further discussed in this
chapter.
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Figure 4.2. Example bioretention design without an underdrain.
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Figure 4.3. Example bioretention design with internal water storage (IWS).
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Figure 4.4. Example standard bioretention design.
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L

Figure 4.5. Example streetscape bioretention.

4.3.1 Bioretention Feasibility Criteria
Bioretention can be applied in most soils or topography, since runoff simply percolates through an
engineered soil bed and is infiltrated or returned to the stormwater system via an underdrain. Key
constraints with bioretention include the following:

Required Space

Planners and designers can assess the feasibility of using bioretention facilities based on a simple
relationship between the CDA and the corresponding bioretention surface area. The surface area is
recommended to be approximately 3 to 6% of CDA, depending on the imperviousness of the CDA and
the desired bioretention ponding depth.

Site Topography

Bioretention can be used for sites with a variety of topographic conditions, but it is best applied when
the grade of the area immediately adjacent to the bioretention practice (within approximately 15 to 20
feet) is greater than 1% and less than 5%.

Available Hydraulic Head

Bioretention is fundamentally constrained by the invert elevation of the existing conveyance system to
which the practice discharges (i.e., the bottom elevation needed to tie the underdrain from the
bioretention area into the storm drain system). In general, 4 to 5 feet of elevation above this invert is
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needed to accommodate the required ponding and filter media depths. If the practice does not include
an underdrain or if an inverted or elevated underdrain design is used, less hydraulic head may be
adequate.

Water Table

Bioretention must be separated from the water table to ensure that groundwater does not intersect the
filter bed. Mixing can lead to possible groundwater contamination or failure of the bioretention facility.
A separation distance of no less than 0.5 feet is required between the bottom of the excavated
bioretention area and the seasonally high groundwater table.

Tidal Impacts
For systems with an underdrain, the underdrain should be located above the tidal mean high water

elevation. For entirely infiltration-based systems, the bottom of the stone reservoir should be located
above the mean high water elevation. Where this is not possible, portions of the practice below the tidal
mean high water elevation cannot be included in the volume calculations. Also, salt-tolerant vegetation
may be necessary in these areas.

Soils and Underdrains

Soil conditions do not typically constrain the use of bioretention, although they do determine whether
an underdrain is needed. Underdrains may be required if the measured permeability of the underlying
soils is less than 0.3 inches per hour. When designing a bioretention practice, designers must verify soil
permeability by using the on-site soil investigation methods provided in Appendix B for Geotechnical
Information Requirements for Underground BMPs. Impermeable soils will require an underdrain.

For fill soil locations, geotechnical investigations are required to determine if it is necessary to use an
impermeable liner and underdrain.

Contributing Drainage Area

Bioretention cells work best with smaller CDAs, where it is easier to achieve flow distribution over the
filter bed. The maximum CDA to a standard bioretention area (B-1) is 2.5 acres and can consist of up to
100% impervious cover. The CDA for smaller bioretention practices (B-2, B-3, B-4, and B-5) is a maximum
of 1 acre. However, if hydraulic considerations are adequately addressed to manage the potentially
large peak inflow of larger CDAs, such as off-line or low-flow diversions, or forebays, there may be case-
by-case instances where the maximum CDAs can be adjusted. summarizes typical recommendations for
bioretention CDAs.

Table 4.3. Maximum contributing drainage area (CDA) to bioretention.

Iltem 7.

. . . . Maximum CDA
Bioretention Type Design Variants . A
(acres of impervious cover)
Standard B-1 2.5
Small-scale bioretention B-2, B-3, B-4, and B-5 1.0

Pollutant Hotspot Land Uses

Bioretention may not be an appropriate stormwater management practice for certain pollutant-
generating sites. In areas where higher pollutant loading is likely (i.e. oils and greases from fueling
stations or vehicle storage areas, sediment from un-stabilized pervious areas, or other pollutants from
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industrial processes), appropriate pretreatment, such as an oil- water separator or filtering device must
be provided. These pretreatment facilities should be monitored and maintained frequently to avoid
negative impacts to the bioretention area and subsequent water bodies.

On sites with existing contaminated soils, infiltration is not allowed. An impermeable bottom liner and
an underdrain system must be employed when a bioretention area will receive untreated hotspot
runoff, and the No Underdrain design configuration cannot be used.

Bioretention can still be used to treat parts of the site that are outside of the hotspot area. For instance,
roof runoff can go to bioretention while vehicular maintenance areas would be treated by a more
appropriate hotspot practice.

No Irrigation or Baseflow

The planned bioretention area should not receive baseflow, irrigation water, chlorinated wash-water or
any other flows not related to stormwater. During the establishment period of the bioretention area,
irrigation is allowed, however, to ensure plant survival. In addition, rain gardens or bioretention
practices may be incorporated into the design of a Rainwater Harvesting System (See Section 4.7).

Setbacks

To avoid the risk of seepage, stormwater cannot flow from the bioretention area reservoir layer to the
traditional pavement base layer, existing structure foundations, or future foundations which may be
built on adjacent properties.

Bioretention areas should be located at least:

==

10 feet from building foundations*

10 feet from property lines

150 feet from private water supply wells
50 feet from septic systems

*For building foundations, where the 10-foot setback is not possible, an impermeable liner may be used
along the sides and bottom of the bioretention area (extending from the surface to the bottom of the
practice and outward to meet the 10-foot setback) to prevent seepage or foundation damage.

Proximity to Utilities

Designers should ensure that future tree canopy growth in the bioretention area will not interfere with
existing overhead utility lines. When large site development is undertaken the expectation of achieving
avoidance will be high. Conflicts may be commonplace on smaller sites and in the PROW. Consult with
each utility company on recommended offsets, which will allow utility maintenance work with minimal
disturbance to the bioretention system. Where conflicts cannot be avoided, follow these guidelines:

Consider altering the location or sizing of the bioretention to avoid or minimize the utility
conflict. Consider an alternate BMP type to avoid conflict.

Use design features to mitigate the impacts of conflicts that may arise by allowing the
bioretention and the utility to coexist. The bioretention design may need to incorporate
impervious areas, through geotextiles or compaction, to protect utility crossings.

Work with the utility to evaluate the relocation of the existing utility and install the optimum
placement and sizing of the bioretention.
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If utility functionality, longevity, and vehicular access to manholes can be assured, accept the
bioretention design and location with the existing utility. Incorporate into the bioretention
design sufficient soil coverage over the utility or general clearances or other features such as an
impermeable liner to assure all entities the conflict is limited to maintenance.

When accepting utility conflict into the bioretention location and design, it is understood the
bioretention will be temporarily impacted during utility work but the utility owner will replace the
bioretention or, alternatively, install a functionally comparable bioretention according to the
specifications in the current version of this Manual. If the bioretention is located in the PROW, the
bioretention restoration will also conform with the State of South Carolina Department of
Transportation design specifications.

Minimizing External Impacts

Urban bioretention practices may be subject to higher public visibility, greater trash loads, pedestrian
traffic, vandalism, and even vehicular loads. Designers should design these practices in ways that
prevent, or at least minimize, such impacts. In addition, designers should clearly recognize the need to
perform frequent landscaping maintenance to remove trash, check for clogging, and maintain vigorous
vegetation. The urban landscape context may feature naturalized landscaping or a more formal design.
When urban bioretention is used in sidewalk areas of high foot traffic, designers should not impede
pedestrian movement or create a safety hazard. Designers may also install low fences, grates, or other
measures to prevent damage from pedestrian short-cutting across the practices.

When bioretention will be included in public rights-of-way or spaces, design manuals and guidance
developed by agencies or organizations other than Beaufort County Public Works Department may also
apply (e.g., State Department of Transportation).

Economic Considerations
Bioretention areas can be particularly cost effective when they are included in areas of the site already
planned for landscaping.

4.3.2 Bioretention Conveyance Criteria
There are two basic design approaches for conveying runoff into, through, and around bioretention
practices:

1. Off-line: Flow is split or diverted so that only the design storm or design flow enters the
bioretention area. Larger flows bypass the bioretention treatment.

2. On-line: All runoff from the CDA flows into the practice. Flows that exceed the design capacity
exit the practice via an overflow structure or weir.

If runoff is delivered by a storm drain pipe or is along the main conveyance system, the bioretention
area should be designed off-line so that flows do not overwhelm or damage the practice.

Off-line Bioretention
Overflows are diverted from entering the bioretention cell. Optional diversion methods include the
following:

= Create an alternate flow path at the inflow point into the structure such that when the maximum
ponding depth is reached, the incoming flow is diverted past the facility. In this case, the higher
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flows do not pass over the filter bed and through the facility, and additional flow is able to enter as
the ponding water filters through the filter media. With this design configuration, an overflow
structure in the bioretention area is not required.

= Utilize a low-flow diversion or flow splitter at the inlet to allow only the design storm volume (i.e.,
the SWRVv) to enter the facility (calculations must be made to determine the peak flow from the 85"
or 95" percentile storm). This may be achieved with a weir, curb opening, or orifice for the target
flow, in combination with a bypass channel or pipe. Using a weir or curb opening helps minimize
clogging and reduces the maintenance frequency. With this design configuration, an overflow
structure in the bioretention area is required (see on-line bioretention below).

On-line Bioretention
An overflow structure must be incorporated into on-line designs to safely convey larger storms through
the bioretention area (see Figure 4.6). The following criteria apply to overflow structures:

= An overflow shall be provided within the practice to pass storms greater than the design storm
storage to a stabilized water course. A portion of larger events may be managed by the bioretention
area so long as the maximum depth of ponding in the bioretention cell does not exceed 18 inches.

= The overflow device must convey runoff to a storm sewer, stream, or the existing stormwater
conveyance infrastructure, such as curb and gutter or an existingchannel.

=  Common overflow systems within bioretention practices consist of an inlet structure, where the top
of the structure is placed at the maximum ponding depth of the bioretention area, which is typically
6 to 18 inches above the surface of the filter bed.

= The overflow device should be scaled to the application. This may be a landscape grate or yard inlet
for small practices or a commercial-type structure for largerinstallations.

= Sufficient depth must be provided between the top of the overflow device and the top of the
bioretention area to ensure that the 25-year storm can be safely conveyed through the overflow
device.

= The overflow associated with the 2- to 25-year design storms must be controlled so that velocities
are non-erosive (generally less than 6 feet per second) at the outlet point, to prevent downstream
erosion.
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Figure 4.6. Example design of an on-line bioretention with an overflow structure.

4.3.3 Bioretention Pretreatment Criteria
Pretreatment of runoff entering bioretention areas is necessary to trap coarse sediment particles before
they reach and prematurely clog the filter bed. Pretreatment measures must be designed to evenly
spread runoff across the entire width of the bioretention area. Several pretreatment measures are
feasible, depending on the type of the bioretention practice and whether it receives sheet flow, shallow
concentrated flow, or deeper concentrated flows. The following are appropriate pretreatment options:

Standard Bioretention (B-1)

=  Pretreatment Cells (for channel flow). Similar to a forebay, this cell is located at piped inlets or curb
cuts leading to the bioretention area and consists of an energy dissipator sized for the expected
rates of discharge. It has a storage volume equivalent to at least 15% of the total storage volume
(inclusive) with a recommended 2:1 length-to-width ratio. The cell may be formed by a wooden or
stone check dam or an earthen or rock berm. Pretreatment cells do not need underlying engineered
filter media, in contrast to the main bioretention cell. However, if the volume of the pretreatment
cell will be included as part of the bioretention storage volume, the pretreatment cell must de-water
between storm events. It cannot have a permanent ponded volume.

= Grass Filter Strips (for sheet flow). Grass filter strips that are perpendicular to incoming sheet flow
extend from the edge of pavement, with a slight drop at the pavement edge, to the bottom of the
bioretention basin at a 5H:1V slope or flatter. Alternatively, if the bioretention basin has side slopes
that are 3H:1V or flatter, a 5-foot grass filter strip can be used at a maximum 5% (20H:1V) slope.

= Stone Diaphragms (for sheet flow). A stone diaphragm located at the edge of the pavement should
be oriented perpendicular to the flow path to pretreat lateral runoff, with a 2- to 4-inch drop from
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the pavement edge to the top of the stone. The stone must be sized according to the expected rate
of discharge.

= Gravel or Stone Flow Spreaders (for concentrated flow). The gravel flow spreader is located at curb
cuts, downspouts, or other concentrated inflow points, and should have a 2- to 4-inch elevation
drop from a hard-edged surface into a gravel or stone diaphragm. The gravel must extend the entire
width of the opening and create a level stone weir at the bottom or treatment elevation of the
basin.

=  Filter System (see Section 4.10 Filtering Systems). If using a filter system as a pretreatment facility,
the filter will not require a separate pretreatmentfacility.

= |nnovative or Proprietary Structure. An approved proprietary structure with demonstrated
capability of reducing sediment and hydrocarbons may be used to provide pretreatment. Refer to
Section 0 Proprietary Practices for information on approved proprietarystructures.

Other pretreatment options may be appropriate, but they must trap coarse sediment particles and
evenly spread runoff across the entire width of the bioretention area.

Small-Scale Bioretention (B-2, B-3, B-4, and B-5)
= Leaf Screens. A leaf screen serves as part of the gutter system to keep the heavy loading of organic
debris from accumulating in the bioretention cell.

= Pretreatment Cells (for channel flow). Pretreatment cells are located above ground or covered by a
manhole or grate. Pretreatment cells are atypical in small-scale bioretention and are not
recommended for residential rain gardens (B-5).

= Grass Filter Strips (for sheet flow). Grass filter strips are applied on residential lots, where the lawn
area can serve as a grass filter strip adjacent to a raingarden.

= Stone Diaphragm (for either sheet flow or concentrated flow). The stone diaphragm at the end of a
downspout or other concentrated inflow point should run perpendicular to the flow path to
promote settling.

Note: stone diaphragms are not recommended for school settings.

= Trash Racks (for either sheet flow or concentrated flow). Trash racks are located between the
pretreatment cell and the main filter bed or across curb cuts to allow trash to collect in specific
locations and make maintenance easier.

4.3.4 Bioretention Design Criteria
Design Geometry
Bioretention basins must be designed with an internal flow path geometry such that the treatment
mechanisms provided by the bioretention are not bypassed or short-circuited. So that the bioretention
area to have an acceptable internal geometry, the travel time from each inlet to the outlet should be
maximized by locating the inlets and outlets as far apart as possible. In addition, incoming flow must be
distributed as evenly as possible across the entire filter surface area.

Inlets and Energy Dissipation

Where appropriate, the inlet(s) to streetscape bioretention (B-2), engineered tree boxes (B-3), and
stormwater planters (B-4) should be stabilized using No. 3 stone, splash block, river stone, or other
acceptable energy dissipation measures. The following types of inlets are recommended:
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=

Downspouts to stone energy dissipators.

=

Sheet flow over a depressed curb with a 3-inch drop.

=

Curb cuts allowing runoff into the bioretention area.

=

Covered drains that convey flows across sidewalks from the curb ordownspouts.

=

Grates or trench drains that capture runoff from a sidewalk or plazaarea.

=

Drop structures that appropriately dissipate water energy.

Inlets must be designed with sufficient width and slope to avoid unintended bypass. This is of particular
concern for curb cuts on streetscape bioretention designs.

Ponding Depth

The recommended surface ponding depth is 6 to 12 inches. Minimum surface ponding depth is 3 inches
(averaged over the surface area of the BMP). Ponding depths can be increased to a maximum of 18
inches. However, when higher ponding depths are utilized, the design must consider carefully issues
such as safety, fencing requirements, aesthetics, the viability and survival of plants, and erosion and
scour of side slopes. This is especially true where bioretention areas are built next to sidewalks or other
areas were pedestrians or bicyclists travel. Shallower ponding depths (typically 6 to 12 inches) are
recommended for streetscape bioretention (B-2), engineered tree boxes (B-3), and stormwater planters
(B-4).

Side Slopes

Traditional bioretention areas (B-1) and residential rain gardens (B-5) should be constructed with side
slopes of 3H:1V or flatter. In space-constrained areas, a drop curb design or a precast structure can be
used to create a stable, vertical side wall. These drop curb designs should not exceed a vertical drop of
more than 12 inches, unless safety precautions, such as railings, walls, grates, etc. are included.

Filter Media

The filter media of a bioretention practice consists of an engineered soil mixture that has been carefully
blended to create a filter media that maintains long-term permeability while also providing enough
nutrients to support plant growth. The final filter media shall consist of a well-blended mixture of
medium to coarse sand, loam soil, and an organic amendment (compost). The sand maintains the
desired permeability of the media while the limited amount of loam soil and organic amendments are
considered adequate to help support initial plant growth. It is anticipated that the gradual increase of
organic material through natural processes will continue to support plant growth without the need to
add fertilizer, and the root structure of maturing plants and the biological activity of the media will
maintain sufficient long-term permeability.

The following is the recommended composition of the three media ingredients:

= Sand (Fine Aggregate). Sand should consist of silica-based medium to coarse sand and be angular or
round in shape. The materials shall not be derived from serpentine, shall be free of surface coatings
or any other deleterious materials, and shall contain less than 0.5% mica by weight when tested
with ASTM C295, Standard Guide for Petrographic Examination of Aggregates forConcrete.

Iltem 7.

89




ASTM C-33 concrete sand will typically meet the requirements for the sand to be used in filter
media. However, some samples of ASTM C-33 sand may have too high a fraction of fine sand and
silt- and clay-sized particles to meet the final filter media particle size distribution requirements. In
general, coarser gradations of ASTM C-33 will better meet the filter media particle size distribution
and hydraulic conductivity requirements.

Any other materials, such as manufactured sand, limestone-based sands, or crushed glass, shall
meet the required particle size distribution (of final filter media mixture) and be demonstrated as
adequately durable when tested by AASHTO T-103 or T-104.

= Loam Soil. Loam soil is generally defined as the combination of sand-sized material, fines (silt and
clay), and any associated soil organic matter. Since the objective of the specification is to carefully
establish the proper blend of these ingredients in the final filter media, the designer (or contractor

or materials supplier) must carefully select the topsoil source material so as not exceed the amount

of any one ingredient.

Generally, a natural loamy sand, sandy loam, or loam (per the USDA Textural Triangle) A-horizon
topsoil free of subsoil, large stones, earth clods, sticks, stumps, clay lumps, roots, viable noxious
weed seed, plant propagules, brush, or other objectionable, extraneous matter or debris is suitable
for the loam soil source material.

=  Organic Amendments. Organic amendments shall consist of stable, well-composted, natural,
carbon-containing organic materials such as leaf mulch, peat moss, humus, or yard waste
(consistent with the material specifications found in Appendix C Soil Compost Amendment
Requirements). The material shall be free of debris such as plastics, metal, concrete, stones larger
than % inch, larger branches and roots, and wood chips over 1 inch in length ordiameter.

Complete Filter Media

The complete filter media shall consist of a pug milled or mechanically blended mix of the three source
materials. Mixing the filter media on site with excavation or loading equipment is not sufficient to
achieve the required blending. The resulting filter media must meet the following particle size
composition:

e  80%—90% sand
o 10%—20% silt and clay
Maximum 10% clay

The particle size analysis must be conducted on the mineral fraction only or following appropriate
treatments to remove organic matter before particle size analysis. Note: The above
percentages are based on weight rather than volume.

Additionally, the final filter media mix must either meet the grain size distribution
indicated in Table 4.4, or have a saturated hydraulic conductivity of 2 to 6 inches per hour
according to test procedure ASTM D2434 when compacted (at 60% to 80% optimum
moisture content) to a minimum of 86% of the maximum density as determined by
AASHTO T 99 (ASTM, 2006).
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Table 4.4. Filter media grain size distribution.

Sieve Type Particle Size (mm) Percent Passing (%)
- 8.0 100
No. 5 4.0 92-100
No. 10 2.0 72-100
No. 18 1.0 43-95
No. 35 0.5 20-65
No. 60 0.25 11-37
No. 140 0.105 10-25
No. 270 0.053 10-20
- 0.002 0-10

The filter media shall also meet the following criteria (see summary in Table 4.5):

=)

Organic content shall be between 3.0% and 5.0% by weight;
pH shall be between 6.0 and 7.5;
Cation exchange capacity (CEC) shall be a minimum of 5 meq/100g orcmol+/kg;
Phosphorus content shall meet one of the following:
o P-Index between 10 and 30;
o 15 mg/kg Mehlich | Extraction;
o 18 to 40 mg/kg Mehlich lll Extraction; and
Soluble salts shall be less than 500 ppm or less than 0.5 mmhos/cm.

Notes:

1.

P-Index is an agronomic test used in North Carolina to indicate the potential for P leaching from soil.
The test method has been revised to add P concentration to facilitate local lab testing. The value of
the P-Index is the correlation between the CEC and P concentrations: higher CEC indicates greater
adsorption sites within the media, thus increasing the ability to fix P within the soil, thereby allowing
higher P concentrations without leaching. While P-Index may be a better overall representation of P,
the test method may not be readily available.

Tests for organic content, CEC, soluble salts, and pH are referenced to be in accordance with

Recommended Soil Testing Procedures from the Southeastern United States, Current Edition,
Southern Cooperative Series Bulletin No. 419. Use the following tests from Southern Cooperative
Series Bulletin No. 419:

(a) Test for soil content by loss of weight on ignition

(b) Test for soil CEC by exchangeable acidity method

(c) Test for soluble salts shall be by the 1:2 (v:v) soil:water Extract Method
(d) Test for pH by the SMP method
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Table 4.5. Summary of filter media criteria for bioretention.

Iltem 7.

Filter Media Criterion

Description

Standard(s)

General Composition

Filter media must have the
proper proportions of sand,
loam soil, and organic
amendments to promote
plant growth, drain at the
proper rate, and filter
pollutants.

80%—90% sand;

10%—-20% soil fines;
maximum of 10% clay; and
3%—-5% organic content

Must meet final filter media grain size

distribution OR have a saturated hydraulic

conductivity of 2—6 inches per hour

Sand

Medium to coarse
aggregate

Based on final filter media grain size
distribution

Loam Soil

Loamy sand, sandy loam, or
loam

USDA Textural Triangle

Organic Amendments

Stable, well-composted,
natural, carbon-containing
organic materials such as
leaf mulch, peat moss,
humus, or yard waste.

Appendix C

P-Index or Phosphorus (P)
Content

Filter media with high P
levels will export P through
the media and potentially
to downstream
conveyances or receiving
waters.

P-Index of 10-30 or
P content = 5-15 mg/kg (Mehlich I) or
18-40 mg/kg (Mehlich 111)

Cation Exchange Capacity (CEC)

The CEC is determined by
the amount of soil fines
and organic matter. Higher
CEC will promote pollutant
removal.

CEC > 5 milliequivalents per 100 grams

Soil pH influences nutrient

injure or kill plants.

pH availability and microbial Between 6.0 and 7.5
populations.
Filter media with high
Less than 500 ppm or less than 0.5
Soluble Salts levels of soluble salts can PP

mmhos/cm.

In cases where greater removal of specific pollutants is desired, additives with documented pollutant
removal benefits, such as water treatment residuals, alum, iron, or other materials, may be included in
the filter media if accepted by Beaufort County Public Works Department.

Filter Media Depth

The filter media bed depth must be a minimum of 18 inches for the No Underdrain or Standard designs.
The media depth must be 24 inches or greater for the IWS design In order to receive the full credit for
bacteria removal a minimum media depth of 24” is required. The media depth must not exceed 6.0
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feet. Turf, perennials, or shrubs should be used instead of trees to landscape shallower filter beds. See
Table 4.7 and = Table 4.8 for a list of recommended native plants.

Surface Cover
Mulch is the recommended surface cover material, but other materials may be substituted, as described
below:

=  Mulch. A 2- to 3-inch layer of mulch on the surface of the filter bed enhances plant survival,
suppresses weed growth, pretreats runoff before it reaches the filter media, and prevents rapid
evaporation of rainwater. Shredded hardwood bark mulch, aged for at least 6 months, is
recommended/required for surface cover, as it retains a significant amount of pollutants and
typically will not float away. The maximum depth of the mulch layer is 3inches.

= Alternative to Mulch Cover. In some situations, designers may consider alternative surface covers,
such as turf, native groundcover, erosion control matting (e.g., coir or jute matting), river stone, or
pea gravel. The decision regarding the type of surface cover to use should be based on function,
expected pedestrian traffic, cost, and maintenance. When alternative surface covers are used,
methods to discourage pedestrian traffic should be considered. Stone or gravel are not
recommended in parking lot applications, since they increase soil temperature and have low water-
holding capacity.

= Maedia for Turf Cover. One adaptation suggested for use with turf cover is to design the filter media
primarily as a sand filter with organic content only at the top. Compost, as specified in Appendix C
Soil Compost Amendment Requirements, tilled into the top layers will provide organic content for
the vegetative cover. If grass is the only vegetation, the ratio of organic matter in the filter media
composition may be reduced.

Choking Layer
A 2- to 4-inch layer of choker stone (e.g., typically ASTM D448 No. 8 or No. 89 washed gravel) should be

placed beneath the filter media and over the underdrain stone.

Geotextile

If the available head is limited, or the depth of the practice is a concern, geotextile fabric may be used in
place of the choking layer. An appropriate geotextile fabric that complies with AASHTO M-288 Class 2,
latest edition, requirements, and has a permeability of at least an order of magnitude (10 times) higher
than the soil subgrade permeability must be used. Geotextile fabric may be used on the sides of
bioretention areas as well.

Underdrains

Many bioretention designs will require an underdrain (see Section 4.3.1 Bioretention Feasibility Criteria).
The underdrain should be a 4- or 6-inch perforated schedule 40 PVC pipe, or equivalent corrugated
HDPE for small bioretention BMPs, with three or four rows of 3/8-inch perforations at 6 inches on
center. The underdrain must be encased in a layer of clean, double washed ASTM D448 No.57 or smaller
(No. 68, 8, or 89) stone. The maximum depth of the underdrain stone layer combined with the choking
layer is 12 inches, and it cannot extend beyond the surface dimensions of the bioretention filter media.
The underdrain must be sized so that the bioretention BMP fully drains within 72 hours orless.

Multiple underdrains may be necessary for bioretention areas wider than 40 feet, and each underdrain
is recommended to be located no more than 20 feet from the next pipe or the edge of the bioretention.
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For long and narrow applications, a single underdrain running the length of the bioretention is sufficient.
Each underdrain must include a cleanout pipe (minimum 4 inches in diameter).

All bioretention practices should include at least one observation well and/or cleanout pipe (minimum 4
inches in diameter). The observation wells should be tied into any of the Ts or Ys in the underdrain
system and must extend upward above the surface of the bioretention area.

Internal Water Storage (IWS)

In cases where limited head is a site constraint and the bioretention must be designed to be relatively
shallow (e.g., depth to groundwater, relatively flat sites, or other factors), or where increased nitrogen
removal is desired, an internal water storage design that creates an infiltration sump below the
underdrain can be used. The internal water storage zone may be created by an upturned elbow in the
underdrain, a weir in the outlet structure, or other means that create a permanently saturated depth
above the underdrain. The internal water storage zone must be kept at least 12 inches below the
surface of the bioretention area. For more information on this design consult North Carolina Stormwater
Design Manual Chapter C-2. (NCDEQ, 2017)

Observation Wells

All bioretention practices must include at least one observation well consisting of a well-anchored, 4- to
6-inch diameter PVC pipe (see Figure 4.7). For standard and IWS bioretention designs, the non-
perforated observation wells should be tied into any of the Ts or Ys in the underdrain system and must
extend upward above the ponding level. These observation wells can also double as cleanouts.
Observation wells for bioretention designs without underdrains should be perforated in the gravel layer
only and also must extend upward to the top of ponding.

EXTEND CLEANOUT/
OBSERVATION WELL
ABOVE PONDING
ELEVATION.

=TT} = OBSERVATION WELL
PERFORATED PERFORATIONS IN
UNDERDRAIN RESERVOIR LAYER ONLY

Figure 4.7. Example design of a bioretention with an observation well/cleanout device.
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Underground Storage Layer (optional)

For IWS bioretention designs, an underground storage layer consisting of chambers, perforated pipe,
stone, or other acceptable material can be incorporated below the filter media layer and underdrain to
increase the storage for larger storm events. Unlike the underdrain stone layer, this storage layer can be
extended beyond the surface dimensions of the bioretention filter media if additional storage volume is
needed. The underground storage layer may be designed to provide detention for the 2- to 25-year, or
100-year storms, as needed. The depth and volume of the storage layer will depend on the target
storage volumes needed to meet the applicable detention criteria. Suitable conveyance must also be
provided to ensure that the storage is fully utilized without overflow of the bioretention area.

Impermeable Liner (optional

An impermeable liner is not typically required, although it may be utilized for Standard designs in fill
applications where deemed necessary by a geotechnical investigation, on sites with contaminated soils,
or on the sides of the practice to protect adjacent structures from seepage. Use a PVC geomembrane
liner or equivalent of an appropriate thickness (follow manufacturer’s instructions for installation). Field
seams must be sealed according to the liner manufacturer’s specifications. A minimum 6-inch overlap of
material is required at all seams.

Material Specifications
Recommended material specifications for bioretention areas are shown in Table 4. 6.
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Table 4.6. Bioretention material specifications.
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Material Specification Notes
Minimum depth of 24 inches (18 inches for
standard design).

Filter Media = SeeTable 4.5 and Table4.6 To account for settling/compaction, it is
recommended that 110% of the plan volume
be utilized.

L 2-to 3-inch | th f fth

Mulch Layer Use aged, shredded hardwood bark mulch .ay a - to sinch fayeron the surtace ot the
filter bed.

Alternative Use river stone or pea gravel, coir and jute Lay a 2- to 3-inch layer of to suppress weed

Surface Cover

matting, or turf cover.

growth.

Loamy sand or sandy loam texture, with less than

13?:2!\:: 5% clay content, pH corrected to between 6 and 3-inch tilled into surface layer.

7, and an organic matter content of at least 2%.

An appropriate geotextile fabric that complies Can use in place of the choking layer where

with AASHTO M-288 Class 2, latest edition, the depth of the practice is limited.
Geotextile requirements and has a permeability of at least Geotextile fabric may be used on the sides
or an order of magnitude (10 times) higher than the | of bioretention areas as well.

Choking Layer

soil subgrade permeability must be used

Lay a 2- to 4-inch layer of choker stone (e.g., typical

underdrain stone.

ly No.8 or No.89 washed gravel) over the

Underdrain
Stone

1-inch diameter stone must be double-washed
and clean and free of all fines (e.g., ASTM D448
No. 57 or smaller stone).

At least 2 inches above and below the
underdrain.

Storage Layer

To increase storage for larger storm events, chambers, perforated pipe, stone, or other

(optional) acceptable material can be incorporated below the filter media layer.

Impermeable . . . . .

Liner Where appropriate, use a PVC Geomembrane liner or equivalent material of an appropriate
. thickness.

(optional)

Underdrains,
Cleanouts, and
Observation
Wells

Use 4- or 6-inch rigid schedule 40 PVC pipe,

or equivalent corrugated HDPE for small
bioretention BMPs, with three or four rows of
3/8-inch perforations at 6 inches on center.
Multiple underdrains may be necessary for
bioretention areas wider than 40 feet, and each
underdrain is recommended to be located no

more than 20 feet from the next pipe or the edge

of the bioretention.

Lay the perforated pipe under the length of
the bioretention cell and install non-
perforated pipe as needed to connect with
the storm drain system or to daylight in a
stabilized conveyance. Install T’s and Y’s as
needed, depending on the underdrain
configuration. Extend cleanout pipes to the
surface of ponding.

Plant
Materials

See Section 4.3.5 Bioretention Landscaping
Criteria

Establish plant materials as specified in the
landscaping plan and the recommended
plant list.
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Signage

Bioretention units in highly urbanized areas should be stenciled or otherwise permanently marked to
designate it as a structural BMP. The stencil or plaque should indicate (1) its water quality purpose, (2)
that it may pond briefly after a storm, and (3) that it is not to be disturbed except for required
maintenance.

Specific Design Issues for Streetscape Bioretention (B-2)

Streetscape bioretention is installed in the road right-of-way either in the sidewalk area or in the road
itself. In many cases, streetscape bioretention areas can also serve as traffic-calming or street-parking
control devices. The basic design adaptation is to move the raised concrete curb closer to the street or
in the street, and then create inlets or curb cuts that divert street runoff into depressed vegetated areas
within the right-of-way. Roadway stability can be a design issue where streetscape bioretention
practices are installed. Designers should consult design standards pertaining to roadway drainage. It
may be necessary to provide an impermeable liner on the road-side of the bioretention area to keep
water from saturating the road’s sub-base. Streetscape bioretention in the PROW should comply with
State Department of Transportation requirements, where applicable.

Specific Design Issues for Engineered Tree Boxes (B-3)

Engineered tree boxes are installed in the sidewalk zone near the street where urban street trees are
normally installed (see Figure 4.8). The soil volume for the tree pit is increased and used to capture and
treat stormwater. Treatment is increased by using a series of connected tree planting areas togetherin a
row. The surface of the enlarged planting area may be mulch, grates, permeable pavers, or conventional
pavement. The large and shared rooting space and a reliable water supply increase the growth and
survival rates in this otherwise harsh planting environment. Engineered tree boxes in the PROW should
comply with State Department of Transportation requirements, where applicable.

When designing engineered tree boxes, the following criteria may apply.

Engineered tree box designs sometimes cover portions of the filter media with pervious pavers
or cantilevered sidewalks (see Figure 4.9). In these situations, the following design
considerations must be incorporated:

o The filter media must be connected beneath the surface so that stormwater and tree
roots can share this space.

o As with all bioretention areas, a minimum surface ponding depth of 3 inches, averaged
over the surface area of the bioretention area, is required. For example, if the additional
surface area under the pavement doubles the overall surface area, then the ponding
depth will need to be at least 6 inches.

o Sand based structural soil (SBSS) may be considered as bioretention filter media if it
meets the same phosphorus content limits. However, if the SBSS is to be compacted
beyond the State Standards’ maximum compaction for bioretention, it shall be assigned
a porosity of 0.10. The State Standards call for bioretention soil to be compacted to 84%
maximum dry density while SBSS is to be compacted to 93%.

Installing an engineered tree pit grate over filter bed media is one possible solution to prevent
pedestrian traffic and trash accumulation.
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Low, wrought iron fences can help restrict pedestrian traffic across the tree pit bed and serve as

a protective barrier if there is a drop-off from the pavement to the micro-bioretentioncell.
A removable grate may be used to allow the tree to grow throughiit.

Each tree needs a minimum rootable soil volume as described in Section 4.144-12-Tree Planting
and Preservation.

See Section 4.14.2 Planting Trees for further guidance and requirements on tree planting.
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Figure 4.8. Example design of a tree box.
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TO INCLUDE THIS MEDIA IN THE BIGRETENTION
WOLUME CALCULATION, THE PONDING YOLUME
MUST EQUATE TO AN AWERAGE CF AT LEAST
3" QVER THE ENTIRE MEDIA SURFACE AREA.

CGREATER THAM 3" FONDING
{MINIMUKM 37 AVERAGED OVER ENTIRE MEDIA SURFACE AREA)
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SIDEWALK
i B Rralway
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CHOKER STORE

#57
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Figure 4.9. Example design of a tree box with compacted media extending below sidewalk.

Specific Design Issues for Stormwater Planters (B-4

Stormwater planters are a useful option to disconnect and treat rooftop runoff, particularly in ultra-
urban areas. Stormwater planters combine an aesthetic landscaping feature with a functional form of
stormwater treatment. Stormwater planters generally receive runoff from adjacent rooftop downspouts
and are landscaped with plants that tolerate periods of both drought and inundation. The two basic
design variations for stormwater planters are the infiltration planter and the filter planter. A filter
planter is illustrated in Figure 4.10.

An infiltration planter filters rooftop runoff through soil in the planter followed by infiltration into soils
below the planter. Infiltration planters should be placed at least 10 feet away from a building to prevent
possible flooding or basement seepage damage.

A filter planter does not allow for infiltration and is constructed with a watertight concrete shell or an
impermeable liner on the bottom to prevent seepage. Since a filter planter is self-contained and does
not infiltrate into the ground, it can be installed right next to a building. Runoff is captured and
temporarily ponded above the planter bed. Overflow pipes are installed to discharge runoff when
maximum ponding depths are exceeded, to avoid water spilling over the side of the planter. In addition,
an underdrain is used to carry runoff to the storm sewer system.
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Figure 4.10. Example design of a stormwater planter (B-4).

Plant materials must be capable of withstanding moist and seasonally dry conditions. The planter can be
constructed of stone, concrete, brick, wood, or other durable material. If treated wood is used, care
should be taken so that trace metals and creosote do not leach out of the planter.

Specific Design Issues for Residential Rain Gardens (B-5)

For some residential applications, front, side, and/or rear yard bioretention may be an attractive option.
This form of bioretention captures roof, lawn, and driveway runoff from low- to medium- density
residential lots in a depressed area (i.e., 6 to 12 inches) between the home and the primary stormwater
conveyance system (i.e., roadside ditch or pipe system).

BMP Sizing

Bioretention is typically sized to capture the SWRv or larger design storm volumes in the surface
ponding area, filter media, and gravel reservoir layers of the BMP.

Total storage volume of the BMP is calculated using Equation 4.1.
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Equation 4.1. Bioretention storage volume.

Sv = SAbottom X qdmedia X T]media) + agravel X rlgravel@"' (SAaverage X dponding)

Where:

Sv = Total storage volume of bioretention (cubic feet)
SAvottom = Bottom surface area of bioretention (square feet)
dmedia= Depth of filter media, including mulch later (ft)
Nmedia= Effective porosity of the filter media (typically 0.25)
dgravel=  Depth of the underdrain and underground storage gravel layer, including choker
stone (ft)
Neravet = Effective porosity of the gravel layer (typically 0.4)
SAaerage =  Average surface area of the bioretention (square feet), where SA:pis the surface
area of the top of the bioretention

S4 5‘459.‘.‘9}:1 + SA.‘op

average =
§ 2

dponding= Maximum ponding depth of bioretention (ft)

Equation 4.1 can be modified if the storage depths of the filter media, gravel layer, or ponded water
vary in the actual design or with the addition of any surface or subsurface storage components (e.g.,
additional area of surface ponding, subsurface storage chambers, etc.). The maximum depth of ponding
in the bioretention must not exceed 18 inches. If storage practices will be provided off-line or in series
with the bioretention area, the storage practices should be sized using the guidance in Section 4.11, and
section 4.9 Storage Practices.

Note: In order to increase the storage volume of a bioretention area, the ponding surface area may be
increased beyond the filter media surface area. However, the top surface area of the practice (i.e., at the
top of the ponding elevation) may not be more than twice the size of the surface area of the filter media
(SAbottom)-

For bioretention designs without an underdrain, the storage volume must infiltrate within 72 hours, as
in Equation 4.2.
Equation 4.2. Bioretention infiltration rate check equation.

SAbottom(Ksat X td)
12

SVinfiltrate =

SvVinfitrate = | Storage volume that will infiltration within 72 hours (cubic feet)
SAvottom = | Bottom surface area of bioretention (square feet)
Ksat = | Field-verified saturated hydraulic conductivity for the native soils (ft/day)
te= | Drawdown time (3 days)
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If Svinfitrate is greater than or equal to Sv, then the entire Sv will infiltrate within 72 hours. If it is not, the
storage volume of the bioretention area should be reduced accordingly.

Bioretention can be designed to address, in whole or in part, the detention storage needed to comply
with channel protection and/or flood control requirements. The Sv can be counted as part of the 2- to
25-year runoff volumes to satisfy stormwater quantity control requirements.

4.3.5 Bioretention Landscaping Criteria
Landscaping is critical to the performance and function of bioretention areas. Therefore, a landscaping
plan shall be provided for bioretention areas.

Minimum plan elements include the proposed bioretention template to be used, delineation of planting
areas, and the planting plan including the following:

==

Common and botanical names of the plants used

=)

Size of planted materials

=)

Mature size of the plants

=)

Light requirements

==

Maintenance requirements

=)

Source of planting stock

=)

Any other specifications
Planting sequence

It is recommended that the planting plan be prepared by a qualified landscape architect professional
(e.g., licensed professional landscape architect, certified horticulturalist) to tailor the planting plan to
the site-specific conditions.

Native plant species are preferred over non-native species, but some ornamental species may be used
for landscaping effect if they are not aggressive or invasive. Some popular native species that work well
in bioretention areas and are commercially available can be found in Table 4.7 and Table 4.8.

The degree of landscape maintenance that can be provided will determine some of the planting choices
for urban bioretention areas. Plant selection differs if the area will be frequently mowed, pruned, and
weeded, in contrast to a site that will receive minimum annual maintenance. In areas where less
maintenance will be provided and where trash accumulation in shrubbery or herbaceous plants is a
concern, consider a “turf and trees” landscaping model where the turf is mowed along with other turf
areas on the site. Spaces for herbaceous flowering plants can be included.

Iltem 7.
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Table 4.7. Bioretention-appropriate plants: perennial and grass

Iltem 7.

Wetland

o . Inundation Salt
Scientific Name Common Name Indicator Notes
1 Tolerance Tolerance
Aletris farinosa White Colicroot FAC Moist soil None
Andropogon gerardii Big Bluestem FAC No Moderate
Aquilegia canadensis Wild Columbine FACU No None
L Swamp
Asclepias incarnata . OBL Saturated None
Milkweed
Asclepias lanceolata Red Milkweed OBL Wet soils Moderate
/ brackish
Aster novae-angliae New England FACW Moist soils, yes | Yes
Aster
Moist to wet
Athyrium filix-femina Lady Fern FAC soils None
Canna glauca Water Canna OBL Moist to wet None
soils
Moist to wet
Canna flaccida Golden Canna OBL soils None
Carex stricta Tussock Sedge OBL Saturated, 0-6” | None
Chasmanthium River Oats FAC Moist soils None
latifolium
White Moist to wet
Chelone glabra OBL
g Turtlehead soils
Conoclinium coelestinum | Blue Mistflower FAC Moist to Wet
soils
Crinum americanum Southern Swamp | OBL Saturated
Lily
L. . Saturated,
Dulichium arundinaceum | Threeway Sedge | OBL None
shallow
Creeping Saturated,
Echinod difoli OBL
chinodorus cordifolius Burhead shallow
. . Saturated,
Equisetum hyemale Scouring Rush FACW
shallow
. . Moist to Wet
Eupatorium fistulosum Joe Pye Weed FACW Soils
Geranium maculatum Spotted FACU Moist Soils
Geranium
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Wetland .
o X Inundation Salt
Scientific Name Common Name Indicator Notes
1 Tolerance Tolerance
Helianthus angustifolius | Swamp FACW Wet Soils
Sunflower,
Narrowleaf
Sunflower
L . Scarlet Swamp Saturated,
Hibiscus coccineus L OBL
Hibiscus shallow
Saturated,
Hibiscus moscheutos Rgsg Mallow, OBL Low
Hibiscus shallow
. .. . . Saturated,
Hymenocallis caroliniana | Spider Lily OBL None
shallow
Iris versicolor Virginia Iris OBL Shallow None
Juncus effuses Common Rush OBL Shallow <6” Low
Liatris spicata Gayfeather, FAC Moist Soils Low
Blazing Star
Lobelia cardinalis Cardinal Flower FACW Moist to Wet None
Soils
Lobelia siphilitica Blue Lobelia OBL Moist to wet
soils
Lysimachia ciliata Fringed FACW Moist to wet
Loosestrife soils, seasonal
flooding
Mimulus ringens Allegheny OBL Saturated,
Monkeyflower shallow
- - Moist to wet
Onoclea sensibilis Sensitive Fern FACW soils
. . Moist to wet
Osmunda cinnamomea Cinnamon Fern FACW soils Low
Moist to wet
Osmunda spectabilis Royal Fern OBL soils None
Orontium aquaticum Golden Club OBL Up to 10”
Panicum virgatum Switch Grass FAC Moist soil Moderate
Peltandra virginica Green Arrow OBL Shallow < 1’ Low (<2
Arum ppt)

. . , Low (<3
Pontederia cordata Pickerelweed OBL Shallow < 1 opt)
Physostegia virginiana Obedient Plant FACW Moist soil

. Great Solomon’s . .
Polygonatum biflorum FACU Moist soil

Seal
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Wetland .
o X Inundation Salt
Scientific Name Common Name Indicator Notes
1 Tolerance Tolerance
Starrush
Rhynchospora colorata ) FACW Saturated
Whitetop
. o Cutleaf . .
Rudbeckia laciniata FACW Moist soil None
Coneflower
Sagittaria latifolia Common OBL Up to 2.0’ None
Arrowhead, Duck
Potato
Saururus cernuus Lizard’s Tail OBL Shallow < 4” None
Schizachyrium . . .
] Little Bluestem FACU Moist soil None
scoparium
Schoenoplectus Wet soil to Fresh or
. Softstem Bulrush | OBL . .
tabernaemontani standing water | Brackish
Solidago sempervirens Seaside FACW Yes High
g P Goldenrod &
Sorghastrum nutans Indiangrass FACU Moist soil Moderate
Spartina alterniflora Saltmarsh OBL Yes High
P Cordgrass &
. . Moist to wet Fresh -
Spartina bakeri Sand cordgrass FACW . .
soils Saline
. Saltmeadow . .
Spartina patens FACW Wet soils High
Cordgrass
. Powdery ,
Thalia dealbata ) OBL up to 1.5 Yes
Alligator-flag
Tradescantia virginiana Virginia FAC Moist soils None
Spiderwort
Vernonia noveboracensis | Ironweed FACW Moist soils None

1. Wetland Indicator Notes:

FAC = Facultative, equally likely to occur in wetlands or non-wetlands (estimated probability 34%—66%).
FACU = Facultative Upland, usually occurs in non-wetlands (estimated probability 67%—99%), but occasionally
found on wetlands (estimated probability 1%—33%).

FACW = FACW Facultative Wetland, usually occurs in wetlands (estimated probability 67%—99%), but occasionally
found in non-wetlands.
OBL = Obligate Wetland, occurs almost always (estimated probability 99%) under natural conditions in wetlands
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Table 4.8. Bioretention-appropriate plants: shrubs and bushes

Iltem 7.

soils

Wetland .
o . Inundation Salt
Scientific Name Common Name Indicator Notes
1 Tolerance Tolerance
Groundsel Tree, . .
Baccharis halimifolia FAC Wet soils High
Salt Myrtle
Callicarpa americana Beautyberry FACU Moist soils None
Cephalanthus
. . Button Bush OBL Up to 3 ft Low
occidentalis
Summersweet .
o Moist to wet
Clethra alnifolia Sweet FACW soils None
Pepperbush
. . . Moist to wet
Cyrilla racemiflora Swamp Titi FACW soils Low
S . Moist to wet
Hamamelis virginiana Witch Hazel FACU soils None
Hypericum prolificum Shrubby St. FAC Moist soils, None
yP P John’s Wort flood tolerant
Wet soils, flood
llex glabra Inkberry FACW Moderate
tolerant
Winterberr Moist to wet
llex verticillata y FACW ) None
Holly soils
llex vomitoria Yaupon Holly FAC Moist soils Moderate
L Virginia Moist to wet
Itea virginica . FACW . None
Sweetspire soils
Moist to wet
Kosteletzkya virginica Seashore Mallow | OBL soils Moderate
Seasonal
Lindera benzoin Spicebush FACW . . None
inundation
. . Moist to wet
Myrica cerifera Wax Myrtle FAC soils Moderate
Photinia pyrifolia Red Chokeberry FACW Moist soils Low
Rhododendron
Dwarf Azalea FACW Moist soils None
canescens
Rhododendron viscosum | Swamp Azalea OBL Wet soil None
. . Moist to wet
Rosa carolina Carolina Rose FACU soils Moderate
Moist to wet
Sabal minor Dwarf Palmetto FACW soils None
. Moist to wet
Sambucus canadensis Elderberry FACW None
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Wetland .
o X Inundation Salt

Scientific Name Common Name Indicator Notes

1 Tolerance Tolerance
Occasionally
Serenoa repens Saw Palmetto FACU wet None
. Highbush . .
Vaccinium corymbosum FACW Wet soil High
Blueberry
Viburnum dentatum Arrowwood FAC Moist to wet None

1. Wetland Indicator Notes:
FAC = Facultative, equally likely to occur in wetlands or non-wetlands (estimated probability 34%—66%).

FACU = Facultative Upland, usually occurs in non-wetlands (estimated probability 67%—99%), but occasionally

found on wetlands (estimated probability 1%—33%).

FACW = FACW Facultative Wetland, usually occurs in wetlands (estimated probability 67%—99%), but occasionally
found in non-wetlands.
OBL = Obligate Wetland, occurs almost always (estimated probability 99%) under natural conditions in wetlands.

Planting recommendations for bioretention facilities are as follows:

The primary objective of the planting plan is to cover as much of the surface areas of the filter
bed as quickly as possible. Herbaceous or ground cover layers are as or more important than
more widely spaced trees and shrubs.

Native plant species should be specified over non-native species.

Plants should be selected based on a specified zone of hydric tolerance and must be capable of
surviving both wet and dry conditions (“Wet footed” species should be planted near the center,
whereas upland species do better planted near the edge).

Woody vegetation should not be located at points of inflow; trees should not be planted directly
above underdrains but should be located closer to the perimeter.

Shrubs and herbaceous vegetation should generally be planted in clusters and at higher
densities (i.e., 5 feet on-center and 1 to 1.5 feet on-center, respectively).

If trees are part of the planting plan, a tree density of approximately one tree per 250 square
feet (i.e., 15 feet on-center) is recommended.

Designers should also remember that planting holes for trees must be at least 3 feet deep to
provide enough soil volume for the root structure of mature trees. This applies even if the
remaining filter media layer is shallower than 3 feet.

Tree species should be those that are known to survive well in the compacted soils and the
polluted air and water of an urban landscape.

If trees are used, plant shade-tolerant ground covers within the dripline.
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4.3.6 Bioretention Construction Sequence

Soil Erosion and Sediment Controls
The following soil erosion and sediment control guidelines must be followed during construction:

All bioretention areas must be fully protected by silt fence or constructionfencing.

Bioretention areas intended to infiltrate runoff must remain outside the limits of disturbance
during construction to prevent soil compaction by heavy equipment and loss of design
infiltration rate.

O

Where it is infeasible keep the proposed bioretention areas outside of the limits of
disturbance, there are several possible remedies for the impacted area. If excavation in the
proposed bioretention area can be restricted, then the remediation can be achieved with
deep tilling practices. This is only possible if in situ soils are not disturbed any deeper than 2
feet above the final design elevation of the bottom of the bioretention. In this case, when
heavy equipment activity has ceased, the area is excavated to grade, and the impacted area
must be tilled to a depth of 12 inches below the bottom of the bioretention.

Alternatively, if it is infeasible to keep the proposed bioretention areas outside of the limits
of disturbance, and excavation of the area cannot be restricted, then infiltration tests will be
required prior to installation of the bioretention to ensure that the design infiltration rate is
still present. If tests reveal the loss of design infiltration rates, then deep tilling practices
may be used in an effort to restore those rates. In this case further testing must be done to
establish design rates exist before the bioretention area can beinstalled.

Finally, if it is infeasible to keep the proposed bioretention areas outside of the limits of
disturbance, excavation of the area cannot be restricted, and infiltration tests reveal design
rates cannot be restored, then a resubmission of the SWMP will be required.

Bioretention areas must be clearly marked on all construction documents and grading plans.
Large bioretention applications may be used as small sediment traps or basins during
construction. However, these must be accompanied by notes and graphic details on the soil
erosion and sediment control plan specifying that:

(1) the maximum excavation depth of the trap or basin at the construction stage must be at

least 1 foot higher than the post-construction (final) invert (bottom of the facility), and

(2) the facility must contain an underdrain.

The plan must also show the proper procedures for converting the temporary sediment control practice
to a permanent bioretention BMP, including dewatering, cleanout, and stabilization.

Bioretention Installation

The following is a typical construction sequence to properly install a bioretention basin. These steps may
be modified to reflect different bioretention applications or expected site conditions:

1. Stabilize Contributing Drainage Area

Construction of the bioretention area may only begin after the entire CDA has been stabilized with
vegetation. It may be necessary to block certain curb or other inlets while the bioretention area is being
constructed. The proposed site should be checked for existing utilities prior to any excavation.
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2. Preconstruction Meeting

The designer, the installer, and Beaufort County Public Works Department inspector may have a
preconstruction meeting, checking the boundaries of the CDA and the actual inlet elevations to ensure
they conform to original design. Since other contractors may be responsible for constructing portions of
the site, it is quite common to find subtle differences in site grading, drainage and paving elevations that
can produce hydraulically important differences for the proposed bioretention area. The designer
should clearly communicate, in writing, any project changes determined during the preconstruction
meeting to the installer and the inspector. Material certifications for aggregate, filter media, and any
geotextiles should be submitted for approval to the inspector at the preconstruction meeting.

3. Install Soil Erosion and Sediment Control Measures to Protect the Bioretention

Temporary soil erosion and sediment controls (e.g., diversion dikes, reinforced silt fences) are needed
during construction of the bioretention area to divert stormwater away from the bioretention area until
it is completed. Special protection measures, such as erosion control fabrics, may be needed to protect
vulnerable side slopes from erosion during the construction process.

4. Install Pretreatment Cells
Any pretreatment cells should be excavated first and then sealed to trap sediment.

5. Avoid Impact of Heavy Installation Equipment

Excavators or backhoes should work from the sides to excavate the bioretention area to its appropriate
design depth and dimensions. Excavating equipment should have scoops with adequate reach so they
do not have to sit inside the footprint of the bioretention area. Contractors should use a cell
construction approach in larger bioretention basins, whereby the basin is split into 500- to 1,000-square
foot temporary cells with a 10- to 15-foot earth bridge in between, so that cells can be excavated from
the side.

6. Promote Infiltration Rate
It may be necessary to rip the bottom soils to a depth of 6 to 12 inches to promote greater infiltration.

7. Order of Materials

If using a geotextile fabric, place the fabric on the sides of the bioretention area with a 6-inch overlap on
the sides. If a stone storage layer will be used, place the appropriate depth of No. 57 stone (clean,
double washed) on the bottom, install the perforated underdrain pipe, pack No. 57 stone at least 2
inches above the underdrain pipe, and add the choking layer or appropriate geotextile layer as a filter
between the underdrain and the filter media layer. If no stone storage layer is used, start with at least 2
inches of No. 57 stone on the bottom and proceed with the layering as described above.

8. Layered Installation of Media

Apply the media in 12-inch lifts until the desired top elevation of the bioretention area is achieved. Wait
a few days to check for settlement and add additional media, as needed, to achieve the design
elevation.

Note: The batch receipt confirming the source of the filter media should be submitted to the Beaufort
County Public Works Department inspector.
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9. Prepare Filter Media for Plants
Prepare planting holes for any trees and shrubs, install the vegetation, and water accordingly. Install any
temporary irrigation.

10. Planting
Install the plant materials as shown in the landscaping plan, and water them as needed.

11. Secure Surface Area

Place the surface cover (i.e., mulch, river stone, or turf) in both cells, depending on the design. If coir or
jute matting will be used in lieu of mulch, the matting will need to be installed prior to planting (Step
10), and holes or slits will have to be cut in the matting to install the plants.

12. Inflows

If curb cuts or inlets are blocked during bioretention installation, unblock these after the CDA and side
slopes have good vegetative cover. It is recommended that unblocking curb cuts and inlets take place
after two to three storm events if the CDA includes newly installed asphalt, since new asphalt tends to
produce a lot of fines and grit during the first several storms.

13. Final Inspection

Conduct the final construction inspection using a qualified professional, providing Beaufort County
Public Works Department with an as-built, then log the GPS coordinates for each bioretention facility,
and submit them for entry into the maintenance tracking database.

14. Construction Supervision

Supervision during construction is recommended to ensure that the bioretention area is built in
accordance with the approved design and this specification. Qualified individuals should use detailed
inspection checklists that include sign-offs at critical stages of construction, to ensure that the
contractor’s interpretation of the plan is consistent with the designer’s intentions.

Construction phase inspection checklist can be found in Appendix E Construction Inspection Checklists.

4.3.7 Bioretention Maintenance Criteria
When bioretention practices are installed, it is the owner’s responsibility to ensure they, or those
managing the practice:

(1) be educated about their routine maintenance needs,
(2) understand the long-term maintenance plan, and
(3) be subject to a maintenance covenant or agreement, as described below.

Maintenance of bioretention areas should be integrated into routine landscape maintenance tasks. If
landscaping contractors will be expected to perform maintenance, their contracts should contain
specifics on unique bioretention landscaping needs, such as maintaining elevation differences needed
for ponding, proper mulching, sediment and trash removal, and limited use of fertilizers and pesticides.

Maintenance tasks and frequency will vary depending on the size and location of the bioretention, the
landscaping template chosen, and the type of surface cover in the practice. A generalized summary of
common maintenance tasks and their frequency is provided in Table 4.9.
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Table 4.9. Typical maintenance tasks for bioretention practices.

Iltem 7.

Frequency

Maintenance Tasks

Upon establishment

For the first 6 months following construction, the practice and CDA should be
inspected at least twice after storm events that exceed 0.5 inch of rainfall.
Conduct any needed repairs orstabilization.

Inspectors should look for bare or eroding areas in the CDA or around the
bioretention area and make sure they are immediately stabilized with grass
cover.

One-time, spot fertilization may be needed for initial plantings.

Watering is needed once a week during the first 2 months, and then as
needed during first growing season (April through October), depending on
rainfall.

Remove and replace dead plants. Up to 10% of the plant stock may die off in
the first year, so construction contracts should include a care and
replacement warranty to ensure that vegetation is properly established and
survives during the first growing season following construction.

At least 4 times per year

Mow grass filter strips and bioretention with turfcover
Check curb cuts and inlets for accumulated grit, leaves, and debris that may
block inflow

Twice during growing season

Spot weed, remove trash, and rake the mulch

Annually

Conduct a maintenanceinspection

Supplement mulch in devoid areas to maintain a 3-inchlayer
Prune trees and shrubs

Remove sediment in pretreatment cells and inflow points

Once every 2-3 years

Remove sediment in pretreatment cells and inflow points
Remove and replace the mulch layer

As needed

Add reinforcement planting to maintain desired vegetation density
Remove invasive plants using recommended control methods
Remove any dead or diseased plants

Stabilize the CDA to preventerosion

Standing water is the most common problem outside of routine maintenance. If water remains on the
surface for more than 72 hours after a storm, adjustments to the grading may be needed or underdrain
repairs may be needed. The surface of the filter bed should also be checked for accumulated sediment
or a fine crust that builds up after the first several storm events. There are several methods that can be
used to rehabilitate the filter. These are listed below, starting with the simplest approach and ranging to
more involved procedures (i.e., if the simpler actions do not solve the problem):

e Open the underdrain observation well or cleanout and pour in water to verify that the
underdrains are functioning and not clogged or otherwise in need of repair. The purpose of this
check is to see if there is standing water all the way down through the soil. If there is standing
water on top, but not in the underdrain, then there is a clogged soil layer. If the underdrain and
stand pipe indicates standing water, then the underdrain must be clogged and will need to be

cleaned out.

e Remove accumulated sediment and till 2 to 3 inches of sand into the upper 6 to 12 inches of soil.
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e Install sand wicks from 3 inches below the surface to the underdrain layer. This reduces the
average concentration of fines in the media bed and promotes quicker drawdown times. Sand
wicks can be installed by excavating or auguring (i.e., using a tree auger or similar tool) down to
the top of the underdrain layer to create vertical columns that are then filled with a clean open-
graded coarse sand material (e.g., ASTM C-33 concrete sand or similar approved sand mix for
bioretention media). A sufficient number of wick drains of sufficient dimension should be
installed to meet the design dewatering time for the facility.

e Remove and replace some or all of the filter media.

Maintenance Inspections

It is recommended that a qualified professional: state law states anyone that can stamp a set of plans
(surveyors, engineers, landscape architects) conduct a spring maintenance inspection and cleanup at
each bioretention area. Maintenance inspections should include information about the inlets, the actual
bioretention facility (sediment buildup, outlet conditions, etc.), and the state of vegetation (water
stressed, dead, etc.) and are intended to highlight any issues that need or may need attention to
maintain stormwater management functionality. Reporting to the Beaufort County Public Works
Department may be required to be submitted on an annual basis.

Maintenance inspection checklists for bioretention areas and the Maintenance Service Completion
Inspection form can be found in Appendix F Maintenance Inspection Checklists.

Waste Material
Waste material from the repair, maintenance, or removal of a BMP or land cover shall be removed and
disposed of in compliance with applicable local, state, and federal law.

4.3.8 Bioretention Stormwater Compliance Calculations
Bioretention performance varies depending on the design configuration of the system.

No Underdrain
Bioretention designs with no underdrain are credited with100% retention for the storage volume (Sv)
provided by the practice as well as 100% TSS, TN, and bacteria removal (Table 4.10).

Table 4.10. Retention and pollutant removal for bioretention practices without underdrains.

Retention =100%
TSS Removal =100%
TN Removal =100%
Bacteria Removal =100%

Internal Water Storage (1IWS)

Bioretention designs with IWS are credited with75% retention for the storage volume (Sv) provided by
the practice as well as 85% TSS, 85% TN, and 80% bacteria removal (Table 4.11).
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Table 4.11. Retention and pollutant removal for bioretention practices with IWS design.

Retention =75%

TSS Removal =85%

TN Removal =85%

Bacteria Removal = 80%
Standard

Standard bioretention designs are credited with 60% retention for the storage volume (Sv) provided as
well as 85% TSS, 75% TN, and 80% bacteria removal. (Table 4.12).

Table 4.12. Retention and pollutant removal for standard bioretention practices.

Retention =60%
TSS Removal = 85%
TN Removal =75%
Bacteria Removal = 80%

The practice must be sized using the guidance detailed in Section 4.1.4 Bioretention Design Criteria.
Note: Additional retention can be achieved if trees are utilized as part of a bioretention area (see
Section 4.14 Tree Planting and Preservation).

Bioretention also contributes to peak flow reduction. This contribution can be determined in several
ways. One method is to subtract the storage volume (Sv) from the total runoff volume for the 2-year
through the 100-year storm events. The resulting reduced runoff volumes can then be used to calculate
a reduced NRCS CN for the site or SDA. The reduced NRCS CN can then be used to calculate peak flow
rates for the various storm events. Other hydrologic modeling tools that employ different procedures
may be used as well.
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4.4 Permeable Pavement Systems

Iltem 7.

Permeable Pavement Systems

Definition: Paving systems that capture and temporarily store the SWRv by filtering runoff through
voids in an alternative pavement surface into an underlying stone reservoir. Filtered runoff may be
collected and returned to the conveyance system or allowed to partially (or fully) infiltrate into the
soil.

Site Applicability BMP Performance Summary

Land Uses Required Footprint WQ Improvement: Moderate to High
= Urban TSS* Total N? Bacteria®
= Suburban Small 80-100% 45-100% 30-100%
" Rural Runoff Reduction
Construction Costs Maintenance Burden Volume
High High Moderate
Maintenance Frequency: SWRv

Routine Non-Routine Standard Design Enhanced Design
2-4 times per year Every 2-3 years 30% 100%
Advantages/Benefits Disadvantages/Limitation

= Reduces runoff volume, attenuates peak
runoff rate and outflow

= Reduces slick surfaces during rain

= Water quality enhancement from filtration of
stormwater

= Sediment-laden runoff can clog pervious
pavement, causing it to fail
® |Incorrect installation practices can clog pores

Components Design considerations
= Open graded pavement mix or pavers with = Same basic considerations as any paved area
open surfaces = |nfiltration rate of native soil determines
= Bedding course applicability and need for underdrain
= Open-graded base material = Depth to seasonal high water table must be at
= Underdrain (where required) least 6 inches below bottom of practice
= Subgrade with minimal compaction = Not appropriate for heavy or high trafficareas

= Accessibility, aesthetics, maintainability

Installation Considerations Maintenance Activities

= Proper construction sequencing and = Vacuum or jet wash to increase pavement life
installation is crucial to ensure proper and avoid clogging
functioning = Ensure that contributing area is clear of debris
= Subgrade cannot be overly compacted and sediment.

ICredited pollutant load removal

Permeable pavement systems represent alternative paving surfaces that capture and
temporarily store the design volume by filtering runoff through voids in the pavement
surface into an underlying stone reservoir (see Figure 4.11). Filtered runoff may be collected
and returned to the conveyance system, or it may be allowed to infiltrate into the soil.
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Permeable pavement systems may also provide stormwater detention of larger storms (e.g., 2- to 25-
year).

Concrete Pavers

Permeable Joint Matenal
Open-graded
Bedding Course

Open-graded
Subbase
Reservoir

Underdrain
(as required)

Geotextile - Design
Option per Engineer

Uncompacted Subgrade Soil

Figure 4.11. Cross-section of permeable pavement (source: ICPI).

Definition

This is a paving system that captures and temporarily stores the SWRv by filtering runoff through voids
in an alternative pavement surface into an underlying stone reservoir. Filtered runoff may be collected
and returned to the conveyance system or allowed to infiltrate into the soil.

Design variants include the following:

e P-1 Porous asphalt (PA)
e P2 Pervious concrete (PC)
e P-3 Permeable pavers (PP)

Other surface material variations of permeable pavement that can be part of a permeable pavement
system, such as porous rubber, plastic grid pavers, and synthetic turf systems are also encompassed in
this section.

Porous Asphalt
Porous asphalt (also known as pervious asphalt) 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 ratio of between 15% and 20%. Porous asphalt is thought to have a
limited ability to maintain its structure and permeability during hot summer months and, consequently,
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is currently not recommended for use in coastal South Carolina. If it is used on a development site in the
coastal region, it should be carefully monitored and maintained over time.

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 of 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.

Permeable Pavers

Permeable pavers (PP) 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 total pavement surface, are typically filled with pea
gravel (i.e., ASTM D 448 Size No. 8, 3/8 inch to 1/8 inch). Typical PP systems consist of the pavers, a 1.5-
to 3-inch thick fine gravel bedding layer and an underlying stone reservoir.

Design Configurations
There are two types of permeable pavement design configurations:

= Standard Design
Practice with a standard underdrain design and no infiltration sump or water quality filter (see
Figure 4.12).

= Enhanced Design
Practice with underdrains that contain a water quality filter layer and an infiltration sump beneath
the underdrain sized to drain the design storm in 48 hours (see Figure 4.13) or practices with no
underdrains that can infiltrate the entire design storm volume in 48 hours (see Figure 4.14).

The particular design configuration to be implemented on a site is typically dependent on specific site
conditions and the characteristics of the underlying soils. These criteria are further discussed below.
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Figure 4.12. Cross-section of a standard permeable pavement design.
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Figure 4.13. Cross-section of an enhanced permeable pavement design with an underdrain.
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Figure 4.14. Cross-section of an enhanced permeable pavement design without an underdrain.

4.4.1 Permeable Pavement Feasibility Criteria
Since permeable pavement has a very high retention capability, it should always be considered as an

alternative to conventional pavement. Permeable pavement is subject to the same feasibility constraints

as most infiltration practices, as described below.

Required Space

A prime advantage of permeable pavement is that it does not normally require additional space at a
new development or redevelopment site, which can be important for tight sites or areas where land
prices are high.

Soils

Soil conditions do not typically constrain the use of permeable pavement, although they do determine
whether an underdrain is needed. Underdrains may be required if the measured permeability of the
underlying soils is less than 0.5 inches per hour (although utilization of an infiltration sump may still be
feasible). When designing an infiltrating permeable pavement practice, designers must verify soil
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permeability by using the on-site soil investigation methods provided in Appendix B Geotechnical
Information Requirements for Underground BMPs. Impermeable soils will require an underdrain.

In fill soil locations, geotechnical investigations are required to determine if the use of an impermeable
liner and underdrain are necessary or if the use of an infiltration sump is permissible (see Section 4.4.4
Permeable Pavement Design Criteria).

Contributing Drainage Area

The portion of the CDA that does not include the permeable pavement may not exceed 5 times the
surface area of the permeable pavement (2 times is recommended) and it should be as close to 100%
impervious as possible to reduce sediment loading.

Pavement Surface Slope

Steep pavement surface slopes can reduce the stormwater storage capability of permeable pavement
and may cause shifting of the pavement surface and base materials. The permeable pavement slope
must be less than 5%. Designers may consider using a terraced design for permeable pavement in areas
with steeper slopes (3%—-5%). In all cases, designs must ensure that the slope of the pavement does not
lead to flow occurring out of the stone reservoir layer onto lower portions of the pavement surface.

Minimum Hydraulic Head

The elevation difference needed for permeable pavement to function properly is generally nominal,
although 1 to 4 feet of head from the pavement surface to the underdrain outlet is typically necessary.
This value may vary based on several design factors, such as required storage depth and underdrain
location.

Minimum Depth to Water Table

A high groundwater table may cause runoff to pond at the bottom of the permeable pavement system.
Therefore, a minimum vertical distance of 0.5 feet (preferably 2 feet) must be provided between the
bottom of the permeable pavement installation (i.e., the bottom invert of the reservoir layer) and the
seasonal high water table.

Tidal Impacts
For systems with an underdrain, the underdrain should be located above the tidal mean high water

elevation. For entirely infiltration-based systems, the bottom of the stone reservoir should be located
above the mean high water elevation. Where this is not possible, portions of the practice below the tidal
mean high water elevation cannot be included in the volume calculations.

Setbacks

To avoid the risk of seepage, stormwater cannot flow from the permeable pavement reservoir layer to
the traditional pavement base layer, existing structure foundations, or future foundations which may be
built on adjacent properties. Setbacks to structures and property lines must be at least 10 feet and
adequate waterproofing protection must be provided for foundations and basements. Where the 10-
foot setback is not possible, an impermeable liner may be used along the sides and bottom of the
permeable pavement practice (extending from the surface to the bottom of the practice and outward to
meet the 10-foot setback).

Iltem 7.

118




Proximity to Utilities
Interference with underground utilities should be avoided if possible. When large site development is

undertaken the expectation of achieving avoidance will be high. Conflicts may be commonplace on
smaller sites and in the public right-of-way (PROW). Consult with each utility company on recommended
offsets, which will allow utility maintenance work with minimal disturbance to the permeable pavement.
Permeable pavement in the public right-of-way (PROW) must conform with the State of South Carolina
Department of Transportation design specifications. Where conflicts cannot be avoided, follow these
guidelines:

Consider altering the location or sizing of the permeable pavement to avoid or minimize the
utility conflict. Consider an alternate BMP type to avoid conflict.

Use design features to mitigate the impacts of conflicts that may arise by allowing the
permeable pavement and the utility to coexist. The permeable pavement design may need to
incorporate impervious areas, through geotextiles or compaction, to protect utility crossings.

Work with the utility company to evaluate the relocation of the existing utility and install the
optimum placement and sizing of the permeable pavement.

If utility functionality, longevity, and vehicular access to manholes can be assured, accept the
permeable pavement design and location with the existing utility. Design sufficient soil coverage
over the utility or general clearances or other features, such as an impermeable liner, to assure
all entities that the conflict is limited to maintenance.

When accepting utility conflict into the permeable pavement location and design, it is understood the
permeable pavement will be temporarily impacted during utility work, but the utility owner will replace
the permeable pavement or, alternatively, install functionally comparable permeable pavement
according to the specifications in the current version of this guidebook. Restoration of permeable
pavement that is located in the PROW will also conform with the State of South Carolina Department of
Transportation design specifications.

Pollutant Hotspot Land Uses

Permeable pavement is not appropriate for certain pollutant-generating sites. In areas where higher
pollutant loading is likely (i.e. oils and greases from fueling stations or vehicle storage areas, sediment
from un-stabilized pervious areas, or other pollutants from industrial processes), appropriate
pretreatment, such as an oil-water separator or filtering device must be provided, or the areas should be
diverted from the permeable pavement.

On sites with existing contaminated soils, infiltration is not allowed. Permeable pavement areas must
include an impermeable liner, and the Enhanced Design configuration cannot be used.

High Loading Situations

Permeable pavement is not intended to treat sites with high sediment or trash/debris loads, since such
loads will cause the practice to clog and fail. Sites with considerable pervious area (e.g., newly
established turf and landscaping) can be considered high loading sites and the pervious areas should be
diverted if possible, from the permeable pavement area. If unavoidable, pretreatment measures, such
as a gravel or a sod filter strip should be employed (see Section 4.4.3 Permeable Pavement Pretreatment
Criteria).
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High Speed Roads

Permeable pavement should not be used for high speed roads, although it has been successfully applied
for low speed residential streets, parking lanes, and roadway shoulders.

Economic Considerations

Permeable pavement tends to be expensive relative to other practices, but when the cost of land and
traditional paving are included in the calculations, permeable pavement becomes much more
competitive. Permeable pavement is very space-efficient, since it combines a useful pavement surface

with stormwater management for runoff and, in standard design configurations, water quality
treatment.

4.4.2 Permeable Pavement Conveyance Criteria
Permeable pavement designs must include methods to convey larger storms (e.g., 2- to 25-year) to the
storm drain system. Conveyance methods include the following:

= Place an overdrain—a horizontal perforated pipe near the top of the reservoir layer—to pass excess
flows after water has filled the base.

= |ncrease the thickness of the top of the reservoir layer by as much as 6 inches to increase storage
(i.e., create freeboard). The design computations used to size the reservoir layer often assume that
no freeboard is present.

= Create underground detention within the reservoir layer of the permeable pavement system.
Reservoir storage may be augmented by corrugated metal pipes, plastic or concrete arch structures,
etc.

= Route overflows to another detention or conveyance system.

= Set the storm drain inlets flush with the elevation of the permeable pavement surface to effectively
convey excess stormwater runoff past the system. The design should also make allowances for relief
of unacceptable ponding depths during larger rainfall events.

4.4.3 Permeable Pavement Pretreatment Criteria
Pretreatment for most permeable pavement applications is not necessary. Additional pretreatment is
recommended if the pavement receives runoff from adjacent pervious areas. For example, a gravel or
sod filter strip can be placed adjacent to pervious (landscaped) areas to trap coarse sediment particles
before they reach the pavement surface in order to reduce clogging.

4.4.4 Permeable Pavement Design Criteria
Tvpe of Surface Pavement
The type of pavement should be selected based on a review of the pavement specifications and
properties and designed according to the product manufacturer’s recommendations.

Pavement Bottom Slope

For unlined designs, the bottom slope of a permeable pavement installation should be as flat as possible
(i.e., 0% longitudinal and lateral slopes) to enable even distribution and infiltration of stormwater. On
sloped sites, internal check dams or barriers, as shown in Figure 4.15 can be incorporated into the
subsurface to encourage infiltration. Barriers may be constructed of concrete, earthen berms,
impermeable membranes, or low permeability geotextile. In this type of design, the depth of the
infiltration sump would be the depth behind the check dams. The depth and spacing of the barriers are
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dependent upon the underlying slope and the saturated hydraulic conductivity, as any water retained by
the flow barriers must infiltrate within 48 hours. If an underdrain will be used in conjunction with the
flow barriers, it can be installed over the top of the barriers, or parallel to the barriers with an
underdrain in each cell.

Flow barriers,

5 2t or soil berms

Figure 4.15. Use of flow barriers to encourage infiltration on sloped sites.

Internal Geometry and Drawdowns

= Rapid Drawdown
Permeable pavement must be designed so that the target storage volume is detained in the
reservoir for as long as possible, 36 to 48 hours, before completely discharging through an
underdrain. A minimum orifice size of 1 inch is recommended regardless of the calculated
drawdown time.

Note: A 48-hour maximum drawdown time is utilized for permeable pavement rather than the 72-
hour value used for other BMPs. This shorter drawdown time, in accordance with industry
standards, is intended to ensure that the subgrade does not stay saturated for too long and cause
problems with the pavement.

= Infiltration Sump
To promote greater retention for permeable pavement located on marginal soils, an infiltration
sump can be installed to create a storage layer below the underdrain invert. This design
configuration is discussed further below.

Reservoir Layer
The reservoir layer consists of the stone underneath the pavement section and above the bottom filter

layer or underlying soils, including the optional infiltration sump. The