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1.0 INTRODUCTION

1.1 PURPOSE OF THE MANUAL

Stormwater management has evolved dramatically throughout the country since it was
first adopted and applied in several regions as early as the late 1970s. In September
1993, the Rhode Island Department of Environmental Management (DEM) and the
Rhode Island Coastal Resources Management Council (CRMC) published the Rhode
Island Stormwater Design and Installation Standards Manual. That original manual was
intended to provide guidance in planning and designing effective stormwater best
management practices (BMPs) to persons developing properties subject to state and
local regulatory review.

Since that manual was completed, stormwater and water quality management programs
have been expanded to address the advanced scientific understanding of the water
quality impacts of stormwater runoff. The US Environmental Protection Agency (EPA)
has documented widespread impairments in surface water quality largely attributable to
nonpoint sources, with stormwater runoff being a common source. Effective
management of stormwater now demands attention to both the quantity (volume and
peak rate) and quality of stormwater runoff. During this same period, new
methodologies have been developed to provide treatment of stormwater runoff.
Additionally, advances in site planning and design have made available techniques for
minimizing the generation of runoff via low impact development (LID) methods. LID is
both a site planning process and an application of small-scale management practices
that minimizes stormwater runoff, disperses runoff across multiple locations, and utilizes
a more naturalized system approach to runoff management.

The development of this manual is also a requirement of Rhode Island General Law,
Section 45, Chapter 61.2, entitled “The Smart Development for a Cleaner Bay Act of
2007” (hereatfter, the Bay Act of 2007), which states the following:

§ 45-61.2-1 Findings.
(a) The general assembly hereby recognizes and declares that:

(1) Stormwater, when not properly controlled and treated, causes pollution of
the waters of the state, threatens public health, and damages property.
Stormwater carries pollutants into rivers, streams, ponds, coves, drinking
water aquifers and Narragansett Bay;

(2) Stormwater reaches the state's waters by streets, roads, lawns and other
means. As a result, public use of the state's natural resources for drinking
water, swimming, fishing, shellfishing and other forms of recreation is
limited and in some cases prohibited,;

(3) Development often results in increased stormwater runoff by increasing
the size and number of paved and other impervious surfaces within the
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state, and decreasing the amount of natural surface areas that naturally
control stormwater runoff through natural filtration and groundwater
recharge systems;

(4) Rhode Island's State Land Use Policies and Plan "Land Use 2025"
predicts under the "Current Trend Scenario” that by 2025 an area
comprising over one hundred eight thousand (108,000) acres, or sixteen
percent (16%) of the state's total area, could be developed with twenty
(20) more years of building to current plans; and

(5) Rhode Island's stormwater design and installation standards manual has
been developed to describe mandatory and suggested stormwater design
and performance criteria for applicants to the Department of
Environmental Management (DEM), Coastal Resources Management
Council (CRMC) and Rhode Island's cities and towns.

(6) To prevent the future degradation of the state's waters the general
assembly finds that Rhode Island should update the stormwater design
and installation standards manual to implement comprehensive
stormwater standards for development that will maintain natural
hydrological systems and reduce pollution to the maximum extent possible
by requiring the use of modern non-structural low impact design practices
and techniques.

§ 45-61.2-2 Implementation. — The Department of Environmental Management
(DEM), in conjunction with the Coastal Resources Management Council (CRMC)
shall, by July 1, 2008, amend the Rhode Island Stormwater Design & Installation
Standards manual. The changes shall include, but not be limited to,
incorporation into existing regulatory programs that already include the review of
stormwater impacts the following requirements:

(a) Maintain pre-development groundwater recharge and infiltration on site to the
maximum extent practicable;

(b) Demonstrate that post-construction stormwater runoff is controlled, and that
post-development peak discharge rates do not exceed pre-development peak
discharge rates’; and

(c) Use low impact-design techniques as the primary method of stormwater
control to the maximum extent practicable?.

To effectively manage the impacts of stormwater and prevent adverse impacts to water
quality, habitat and flood storage capacity, as well as meet the requirements of the Bay
Act of 2007, CRMC and DEM are updating the 1993 manual to reflect current science
and engineering practice concerning stormwater management and to incorporate LID

! Specific exemptions are available for peak flow attenuation criteria in certain situations, as described in
Chapter Three of the manual.

% For all references to “maximum extent practicable” in this manual, an applicant must demonstrate the
following: (1) all reasonable efforts have been made to meet the standard in accordance with current
local, state, and federal regulations, (2) a complete evaluation of all possible management measures has
been performed, and (3) if full compliance cannot be achieved, the highest practicable level of
management is being implemented.
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methods throughout. This revised manual provides appropriate guidance for
stormwater management on new development, redevelopment, and infill projects and,
most importantly, incorporates LID as the “industry standard” for all sites, representing a
fundamental shift in how development projects are planned and designed.

1.2 APPLICABILITY OF THE MANUAL

This manual has been prepared to assist property owners, developers, engineers,
consultants, contractors, municipal staff and others in planning, designing and
implementing effective stormwater best management practices for the development and
redevelopment of properties in Rhode Island. DEM currently administers a number of
programs that require stormwater management. CRMC also requires stormwater
management for projects located within that agency’s jurisdiction. Readers are advised
to refer to specific permit requirements of the applicable agencies to determine if a
given project is regulated and whether this manual is applicable. Applicants to these
agencies should consult this manual for guidance on required and recommended
elements to achieve stormwater management goals for their projects. The stormwater
management standards and performance criteria outlined in the manual should be
applied to the maximum extent practicable for single-family lots of record.! In reviewing
stormwater retrofit designs to improve water quality, as compared to existing conditions,
the approving agencies may approve designs that do not meet the minimum standards
or performance criteria herein due to existing site constraints.

Municipal officials may also use this manual to support local storm water management
programs by incorporating or referencing the manual into local ordinances. Please note
that most municipalities and large operators of stormwater systems (e.g., Rhode Island
Department of Transportation - RIDOT) are regulated under the Rhode Island Pollutant
Discharge Elimination System (RIPDES) Municipal Separate Storm Sewer System
(MS4) program and are required by their MS4 permits to have applicants who apply for
local permits adhere to this manual. Because MS4 program requirements vary
somewhat and are subject to change, users of the manual who are applying for local
permits are encouraged to consult the RIPDES MS4 Program regulations and the local
MS4 Operator ordinances or procedures, as part of developing a stormwater
management plan for their project.

The design practices described in this manual shall be implemented by an individual
with a demonstrated level of professional competence, such as a professional engineer
licensed to practice in the State of Rhode Island. Design engineers, as well as those
accountable for operation and maintenance, are ultimately responsible for the long-term
performance and success of these practices. However, this manual is also meant to be
used as a guide for non-technical individuals interested in implementing or
recommending LID and practices at their home or in their community.

! For further guidance on small site stormwater BMPs, designers are encouraged to consult the State of
Vermont, Department of Environmental Conservation “Small Sites Guide for Stormwater Management” at
http://www.vtwaterguality.org/stormwater.htm.
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Designers are required to adhere to the stormwater management standards and
performance criteria in this manual. Various words are used to indicate the importance
of a particular design standard or criterion in meeting the objectives in this manual.
These terms and their meanings in this context are as follows:

« Must, shall, required: The design standard or criterion is essential; it is not
optional. A written technical justification that is acceptable to the
approving agency must be provided if the standard or criterion is not used
or achieved.

« Should: A well-accepted practice; a satisfactory and advisable option or
method. It is optional, but subject to review and consent by the approving
agency.

« May: Itis recommended for consideration by the designer; it is optional.

Designers should be aware that the figures and photographs included in Chapters Five,
Six, and Seven are schematic graphics only. Design plans should be consistent with
the schematic figures when using the method or practice described, but must be
completely detailed by the designer for site-specific conditions and construction
purposes. In addition, Appendices C, E, and F present technical information that
supports the design, construction, and maintenance of effective BMPs. These sections
are all entitled as “guidance,” meaning that readers can rely on the information to
provide recommended approaches for the topic; reliance on this guidance shall not
relieve the reader from compliance with sound engineering judgment or compliance with
the required criteria listed elsewhere, nor shall the authors be liable for the use or
misuse of this information.

1.3 ORGANIZATION OF THE MANUAL

Descriptions of each chapter and each appendix in this manual are included below:

Chapter 1: Introduction
Chapter One describes the purpose of the manual and its applicability as well as
the general organization of the manual. The final section in this chapter explains
how to use the manual.

Chapter 2: Why Stormwater Matters - The Impacts of Development
Chapter Two describes stormwater runoff and its impact on watershed hydrology,
water quality, runoff volumes, and ecology.

Chapter 3: Stormwater Management Standards and Performance Criteria
Chapter Three presents the standards and performance criteria for stormwater
management in the State of Rhode Island. Eleven minimum standards are
presented, followed by specific criteria for the site planning process, groundwater
recharge, water quality, channel protection, and peak flow control requirements.

Chapter 4: Low Impact Development (LID) Site Planning and Design Strategies
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This manual more fully incorporates LID and complies with the 2007 Smart
Development for a Cleaner Bay Act (R.1.G.L. 8§ 45-61.2). This chapter describes
a three-step LID site planning and design process that must be used to meet the
performance standards in Chapter Three.

Chapter 5: Structural Stormwater Treatment Practices for Meeting Water Quality
Criteria

Chapter Five outlines the acceptable structural BMPs that can be used to meet
the water quality criteria outlined in Chapter Three and presents specific design
criteria and guidelines for their design. The five groups of structural BMPs
include (1) Wet Vegetated Treatment Systems (WVTS), (2) Infiltration Practices,
(3) Filtering Systems, (4) Green Roofs, and (5) Open Channel Practices.

Chapter 6: Pretreatment Practices

There is a suite of stormwater management practices that cannot be used alone
to treat the water quality volume, but may be useful to provide pretreatment.
Pretreatment BMPs are designed to improve water quality and enhance the
effective design life of practices by consolidating sedimentation location.
Pretreatment practices must be combined with an acceptable water quality BMP
from Chapter Five to meet the water quality criterion.

Chapter 7: Storage Practices for Stormwater Quantity Control

Certain “storage” practices included in this chapter (e.g., dry detention ponds) are
explicitly designed to provide stormwater detention; these practices can be used
to meet channel protection and flood protection, but must be combined with other
BMPs to meet water quality and, in some cases, recharge criteria.

Glossary of Terms
A glossary of terms used in the manual is provided.

References

A list of references used in the manual are provided; these references provide
additional guidance on a number of recommended stormwater management
practices and related topics.

Appendices include supplemental information on the design, construction, and
maintenance of structural stormwater management practices.

Appendix A: Stormwater Management Checklist

The Stormwater Management Checklist outlines the components that must be
included in an applicant’s stormwater management plan. This includes
documentation of LID design methods, procedures, and practices and detailed
information for applicable LID credits as well as the structural practices used to
meet stormwater criteria.

Appendix B: Vegetation Guidelines and Planting List
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Plantings can often be an important factor in the performance and community
acceptance of many stormwater BMPs. The Planting Guide provides general
background on how to determine the appropriate vegetation for BMPs in Rhode
Island. General planting guidance for all BMPs is discussed, as well as specific
guidance for each of the BMP groups, focusing on native, non-invasive species.

Appendix C: Guidance for Retrofitting Existing Development for Stormwater
Management

This appendix provides guidance for retrofitting existing developed sites to
improve or enhance the water quality mitigation functions of the sites. It also
discusses the conditions for which stormwater retrofits are appropriate and the
potential benefits of stormwater retrofits.

Appendix D: Site Specific Design Examples

Step-by-step design examples based on Rhode Island projects are provided to
help designers and plan reviewers better understand the new criteria in this
manual. The examples demonstrate how the site planning and stormwater
criteria are applied, as well as some of the design procedures and performance
criteria that should be considered when siting and designing a stormwater BMP.
A stormwater design for a typical single-lot/small-scale house is also included.

Appendix E: Guidance for Developing Operation and Maintenance Plans
On-going maintenance is vital to ensure that BMPs continue to function as
designed. Appendix E includes guidance on creating an appropriate operation
and maintenance plan and example checklists that can be incorporated in the
plan. There are two key components to adequately maintaining a stormwater
management infrastructure: Periodic and scheduled inspections, and
maintenance scheduling and performance.

Appendix F: Guidance on BMP Construction Specifications

Good designs only work if careful attention is paid to proper construction
techniques and materials. Appendix F contains guidance on material
specifications for constructing WVTSs, infiltration practices, filters, bioretention
areas, and open channels. While these specifications are provided as guidance,
if no other specifications are submitted with an application, it will be assumed that
the specifications in Appendix F will be met.

Appendix G:. Pollution Prevention and Source Controls

Pollution prevention techniques must, to the maximum extent practicable, be
incorporated into all site designs, especially at commercial and light industrial
sites, to minimize the potential impact those activities may have on stormwater
runoff quality. Preventative source controls, while more limited, must also be
applied in residential development, particularly in preventing floatables (trash and
debris) from entering storm sewer drainage systems. Pollution prevention
techniques are provided for solid waste containment; roads and parking areas;
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hazardous materials containment; septic system management; and lawn, garden,
and landscape management.

Appendix H: Assorted Design Tools

Appendix H provides additional information to help designers with the
incorporation of stormwater BMPs at their site, including approved testing
requirements (e.g., soils testing for infiltration), miscellaneous design details,
pollutant loading analysis methods and information, and TR-55 “short-cut” sizing.

Appendix I: Rhode Island River and Stream Order
This appendix includes a list and map of the rivers and streams in Rhode Island
that are 4™-order or larger.

Appendix J: Technology Assessment Protocol (TAP) for Innovative and
Emerging Technologies

The TAP describes testing and reporting procedures to evaluate the
effectiveness of emerging stormwater treatment technologies and existing BMPs.
The protocol requires an independent third-party verification that will ensure
treatment facilities meet the stormwater performance goals for new development,
redevelopment, infill, and retrofit situations established in this manual.

Appendix K: Hydrologic & Hydraulic Modeling Guidance
This appendix includes DEM Guidance that has been designed to help engineers
produce the best possible applications.

1.4 How 10 USE THIS MANUAL

This manual can be used for many purposes and by many different parties. The four
most common users are likely designers, municipal officials, property owners, and
regulatory program reviewers.

Engineers and designers who are designing the stormwater management system for a
development will likely be the most frequent users of the manual. The first thing that
designers should do before even beginning a project is to make sure they are familiar
with the 11 minimum standards listed in Chapter Three that their project will have to
meet. Next, designers should review the LID site planning and design process
described in Chapter Four as well as the LID techniques and management practices in
Chapters Five - Seven to determine which would work best at their site. Finally, the
designer should refer to any applicable appendix or other noted reference for technical
guidance. A more detailed discussion for how to meet the 11 minimum standards is
illustrated and described below:

Step 1 — Review local ordinances and DEM/CRMC regulations to determine specific
regulatory requirements for development site and contact local officials and/or
DEM/CRMC staff to clarify uncertainties. At a minimum, designers are required to
adhere to the stormwater management standards and performance criteria in this
manual.
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Step 2 — Collect needed data: designers will need to acquire the necessary
information to advance site design concepts and develop the stormwater
management approach, concepts, and designs. At a minimum, they will need to
acquire appropriate level of topographic detail; define and delineate drainage areas
and study points; identify off-site land uses; establish soil, groundwater and geologic
constraints (e.g., consult NRCS soil maps to determine hydrologic soil groups);
identify natural resource and threatened and endangered species constraints;
evaluate alternative roadway configurations; locate existing utilities including onsite

Figure 1-1 Steps to Designing the Stormwater Management System
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Approach to
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Step 9:
Develop Final
Stormwater
Management
Plan

wastewater treatment systems (OWTS) and drinking water wells (private and public);
assess existing contamination potential; evaluate receiving water conditions;
establish where in a drainage area discharges will occur; determine zoning
restrictions, and identify property lines and rights of way limits. A full list of data to
be collected is included in Appendix A. All this basic information will allow planners
and designers to make the decisions necessary to develop effective stormwater
management plans.
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Step 3 — Confirm required design criteria for development site (Recharge, Re,;
Water Quality, WQ,; Channel Protection, CP,; and Overbank Flood Protection, Qy).
Projects may cross multiple subwatersheds, discharge to different receiving waters,
and create varying amounts of new or replaced impervious cover. Planners and
designers should develop a simple, straightforward stormwater management design
criteria report that quantifies the level of controls needed, the types of BMPs that can
or cannot be used, and the basic pollutant removal targets for the project. The
criteria for both quality and quantity controls should be established at this stage.

Step 4 - Establish the basic stormwater management approach utilizing the LID
planning and site design process described in Chapter Four. Before building layouts
are finalized, street numbers are established, and required rights-of-way are
identified, planners and stormwater designers must determine how the project will
avoid, reduce, and manage impacts.

The first objective in the LID planning and design process is to avoid disturbance of
natural features. This includes identification and preservation of natural areas; it is
important to understand that minimizing the hydrologic alteration of a site is just as
important as stormwater treatment for resource protection. Once sensitive resource
areas and site constraints have been avoided, the next objective is to reduce the
impact of land alteration by minimizing impervious areas to reduce the volume of
stormwater runoff, increase groundwater recharge, and reduce pollutant loadings
generated from a site. Runoff comes primarily from impervious surfaces, such as
rooftops, roadways or any hard surface that prevents water from absorbing into the
ground. Impervious surfaces can often be reduced with thoughtful site planning.

After making every effort to avoid and reduce potential development impacts, the
next step is to determine the basic approach for effectively managing the remaining
stormwater runoff at the source. Will the project employ enclosed drainage, open
drainage, or a combination? The choice will dictate, in a large part, the stormwater
conveyance and treatment practices. Are there existing flooding and erosion
problems? Is spill containment and response a primary concern? What soils and/or
geologic conditions affect BMP selection? Are there special permitting requirements
that may affect the stormwater design?

Answers to these questions, and likely others, will help designers establish what
practices will be utilized where, what pretreatment will be needed, and will there be
enough space for certain selections. Will off-site be a better approach to meeting
resource protection objectives for a redevelopment or infill site? Open section roads
(roads that use shoulders and side ditches to redirect stormwater runoff) may utilize
a “treatment train” approach consisting of open channel practices, bioretention,
before draining to a stormwater pond and/or WVTS. A site immediately adjacent to
a drinking water supply reservoir will likely need spill containment and management
added to the treatment approach. Enclosed drainage systems will likely need to
have pretreatment practices such as underground hydrodynamic separators or
oil/grit separators to pretreat runoff prior to a bioretention or other practice. Poor
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soils or significant presence of bedrock can prohibit the successful application of
infiltration practices. Planners and designers should select the basic approach for
managing stormwater runoff as early in the site planning process as possible.

Step 5 — Stormwater designers should use the approach determined in Step 4 to
develop a conceptual design plan at approximately the 25% design stage that
utilizes LID site planning and design techniques to the maximum extent practicable
as required by Standard 1; identifies the location and types of BMPs to be utilized,
the approximate footprint needed, and construction and maintenance access
requirements; and establishes the basic profile to verify physical constraints and the
overall feasibility of each BMP practice. This plan can then be used to ensure
adequate land area is under the control of the owner and whether easements and/or
right-of-way acquisition is necessary. At this stage, designers should coordinate
with approving agencies to address potential constraints prior to final design. If
additional data is determined to be necessary, designers can collect it and revise the
concept before moving forward with full design. Field testing of soils or other
physical characteristics should also occur at this time.

Step 6 — Move forward with site design, ensuring that the proposed stormwater

management system meets Minimum Standards 2 — 9, as stated below.

« Standard 2: Designers must recharge stormwater as required based on soils at
the site. This can be achieved by using a Stormwater Credit (see Chapter Four)
and/or one or more of the approved BMPs listed in Table 3-5 and further
described in Chapter Five.

« Standard 3: Designers must provide water quality volume treatment. This can
be achieved by using a Stormwater Credit (see Chapter Four) and/or one or
more of the approved BMPs from Chapter Five. In addition, pretreatment must
be provided for water quality BMPs; pretreatment practices are described
throughout Chapter Five, as well as in Chapter Six.

- Standard 4. Designers must provide adequate stormwater conveyance systems
for.at least the 10-year, 24-hour Type IIl design storm event. Channel protection
must be supplied by providing 24-hour extended detention of the one-year, 24-
hour Type lll design storm event runoff volume. If a stormwater discharge is
proposed in a watershed draining to a cold-water fishery, additional restrictions
apply for surface detention practices based on the distance from the discharge
point to streams (and any contiguous natural or vegetated wetlands) as
described in Section 3.3.4. To achieve this standard, designers should refer to
the design requirements and guidelines for the BMPs in Chapter Five, as well as
Chapter Seven, which describes additional storage practices.

« Standard 5: Designers must provide attenuation for the 10-year and 100-year,
24-hour Type 1l design storm events to predevelopment rates. In addition,
designers must demonstrate that runoff from the site for storms up to the 100-
year, 24-hour Type lll design storm events actually reach proposed structural
practices designed to meet this criterion. To achieve this standard, designers
should refer to the design requirements and guidelines for the BMPs in Chapter
Five, as well as Chapter Seven, which describes additional storage practices.
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« Standard 6: For sites meeting the definition of a redevelopment or infill project,
modified stormwater management requirements (Section 3.2.6) will apply.
Designers should discuss redevelopment and infill projects with approving
agency staff to discuss options for specific sites and check agency websites and
other information sources for more specific programmatic guidance. Appendix C
includes a variety of retrofit opportunities that a designer could consider on a
redevelopment site or for an approved off-site location in the same watershed.

- Standard 7: Designers must implement pollutant prevention practices and have
a stormwater pollution prevention plan. Guidance for this standard is included in
Appendix G.

« Standard 8: A land use with higher potential pollutant loads (LUHPPL) requires
specific BMPs to ensure protection of water resources from the higher expected
pollutant loads from those sites. Designers should refer to the list of LUHPPLS in
Table 3-2, as well as the list of allowable BMPs for LUHPPLSs, which are included
in Table 3-3.

- Standard 9: Allillicit discharges to stormwater management systems are
prohibited, including discharges from OWTSs, and sub-drains and French drains
near OWTSs that do not meet the State’s OWTS Rules (Setbacks vary
depending on the capacity of the OWTS, the type of conveyance system, and the
sensitivity of the receiving waters).

Designers will need to work with the other project planners and engineers to develop
the detailed plans, specifications, and construction quantity estimates for the
stormwater management system. These plans will be of sufficient detail for
construction of the proposed facilities and will include specifications, notes, tables,
alignment, vertical controls, and all other features in sufficient detail for construction
of the proposed measures.

Step 7 — Ensure that the erosion and sediment control (ESC) plan utilizes ESC
practices that meet the minimum design criteria from Standard 10: temporary
sediment trapping practices must be sized for 1 inch of runoff, and temporary
conveyance practices must be sized to handle flow from the 10-year, 24-hour Type
Ill design storm. Refer to the guidelines in the most recent edition of the “Rhode
Island Soil Erosion and Sediment Control Handbook,” published by the USDA
NRCS, RIDEM, and the Rhode Island Conservation Committee when developing the
ESC plan. Stormwater designers must also consider at a minimum construction
staging, sequencing, and traffic control.

Step 8 — The stormwater management system, including all structural stormwater
controls and conveyances, must have an operation and maintenance plan to ensure
that it continues to function as designed, as required by Standard 11. To meet this
standard, designers should refer to the BMP-specific operation and maintenance
requirements and guidance included in Chapters Five, Six, and Seven, as well as
the Maintenance Plan information included in Appendix E. Planners and designers
must establish and define maintenance and operation requirements, including
frequency, access locations, staging areas and sediment disposal options, among
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others. The ability of BMPs to function successfully is not only related to good
design and successful construction, but must account for the long term maintenance
burden. Designers should consider ease of access, identify where maintenance
equipment might be temporarily stored, how sediments might be stockpiled, and
whether traffic control will be needed during maintenance operations as key
considerations in the design process.

Step 9 — All development proposals must include a stormwater management site
plan for review by the approving agency. The final plan must address all of the
minimum standards through compliance with the requirements of this manual.
Designers must complete the Stormwater Management Plan Checklist in Appendix
A to document compliance with all 11 standards.

In addition to designers and developers, local officials will find this manual helpful. For
example, a Planning Department may be looking for retrofits to recommend for a
redevelopment project in their town and could refer to Appendix C for guidance. Also,
while generally not required, a property owner may be interested in practices that
he/she could implement on his/her lot. Chapter Four would be helpful for non-structural
ways to reduce a parcel’'s stormwater impact, Appendix B includes a list of native plants
that are appropriate for a variety of site conditions, and Appendix D offers a design
example that focuses on a single-family house.

Finally, a project reviewer could turn to this manual to ensure applicants have followed
appropriate steps in developing their stormwater management plan and designing
individual stormwater practices. Approving agencies may also use this manual for
guidance on how to evaluate and approve new proprietary stormwater devices; these
topics are discussed in Appendix J.

Contact Information

To ensure that the project meets the State’s regulatory requirements, applicants should
consult the following offices at DEM Office of Water Resources:

» Freshwater Wetlands Program

» Water Quality Certification Program

 RIPDES Program

« TMDL Program

* _Underground Injection Control Program

» Applicants are encouraged to contact DEM’s Office of Technical and Customer
assistance to schedule a pre-application meeting.

DEM

Rhode Island Department of Environmental Management  401-222-4700
235 Promenade Street

Providence, Rl 02908
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If the project is located in CRMC jurisdiction, consult the Rhode Island Coastal
Resources Management Program and applicable Special Area Management Plans.
See: www.crmc.ri.gov

CRMC

Rhode Island Coastal Resources Management Council
Oliver Stedman Government Center

Tower Hill Road

Wakefield, RI 02879

401-783-3370

Local Officials

In addition, applicants should consult with their local building official and planning or
zoning office in order to identify any local stormwater management or erosion and
sediment control ordinances.

Table 1-1 Key Abbreviations and Acronyms Cited in the Manual

Acronym Term
A Area
As Sediment forebay surface area
AASHTO American Association of State Highway and Transportation Officials
ac Acre
ac-ft Acre-feet
ACI American Concrete Institute
ASTM American Saociety of Testing and Materials
BMP Best management practice
BOD Biological Oxygen Demand
C Flow-weighted mean concentration of the pollutant in urban runoff (mg/L)
C Flow-weighted mean bacteria concentration (#col/100 ml)
cfs Cubic feet per second
CN Curve number
COD Chemical Oxygen Demand
col/100 ml Bacteria colonies/100 milliliters
CP, Channel protection storage volume
CRMC Rhode Island Coastal Resources Management Council
csm/in cfs per square mile per inch
Cu Copper
CwWP Center for Watershed Protection
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Acronym Term
DEM Rhode Island Department of Environmental Management
DO Dissolved Oxygen
DOH Rhode Island Department of Health
DOT Department of Transportation
E Removal efficiency
Etss Removal efficiency of total suspended solids
ED Extended detention
EIC Effective impervious area
EOEA Executive office of Environmental Affairs
EPA U.S. Environmental Protection Agency
ESC Erosion and Sediment Control
ETV EPA’s Environmental Technology Verification Program
F Recharge Factor
fe Soil infiltration rate
FC Fecal coliforms
fps Feet per second
GW Groundwater
h:v Horizontal to Vertical
HDPE High Density Polyethelene
HECRAS Hydraulic Engineering Center - River Analysis System
HSG Hydrologic soil group
I Impervious area
%l Percent impervious area
la Initial abstraction
K Coefficient of permeability
L Stormwater pollutant export load (pounds or billion colonies)
LID Low impact development
LUHPPL Land use with higher potential pollutant loads
MASTEP Massachusetts Stormwater Technology Evaluation Project
po/l Micrograms per liter
mg/l Milligrams per liter
MS4 Municipal separate storm sewer system
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Acronym Term
MSGP Multi-sector General Permit
n Porosity
N/A Not applicable
NAPA National Asphalt Pavement Association
NCDC National Climatic Data Center
ND No data
NPDES National Pollutant Discharge Elimination System
NRCS Natural Resources Conservation Service
NT No treatment
o.C. On-center
O/M Operation and maintenance
OSHA Occupational Safety and Health Administration
OWTS Onsite wastewater treatment system
P Precipitation depth
Pb Lead
Pj Rainfall correction factor
PCB Polychlorinated biphenyls
PE Professional Engineer
ppm Parts per million
PVvC Polyvinyl chloride
Q Flow rate
a Peak inflow discharge
do Peak outflow discharge
Qp Overbank flood protection storage volume
Qpeak Peak discharge flow rate
Ou Unit peak discharge (csm/inch)
QPA Qualifying Pervious Area
Re, Recharge area
Re, Recharge volume
Rv Runoff coefficient expressing the fraction of rainfall converted to runoff
RIDOT Rhode Island Department of Transportation
RIPDES Rhode Island Pollutant Discharge Elimination System
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Acronym Term
ROW Right-of-way
SAMP Special Area Management Plan
SCS Soil Conservation Service
SD Separation distance
sf Square feet
SHGT Seasonal high groundwater table
SMP Stormwater Management Plan
SWMM Stormwater Management Model
SWPPP Stormwater Pollution Prevention Plan
T Extended detention time
te Time of concentration
TAP Technology Assessment Protocol
TARP Technology Acceptance and Reciprocity Partnership
TER Technology Evaluation Report
TMDL Total Maximum Daily Load
TN Total nitrogen
TP Total phosphorus
TR-20 NRCS Technical Release No. 20 Project Formulation - Hydrology
TR-55 NRCS Technical Release No. 55 Urban Hydrology for Small Watersheds
TSS Total suspended solids
uiC Underground Injection Control
UNHSC University of New Hampshire Stormwater Center
USDA United States Department of Agriculture
V, Runoff volume from a given storm event
Vs Required storage volume for facility sizing
VOCs Volatile organic compounds
WQs Water quality flow
wQ, Water quality storage volume
WSE Water surface elevation
WT Water table
WVTS Wet vegetated treatment system
Zn Zinc
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2.0 WHY STORMWATER MATTERS - THE IMPACTS OF
DEVELOPMENT

Historically, stormwater has been viewed as strictly a drainage (flooding) issue, a waste
to be disposed, and has generally been routed to the nearest discharge location,
infiltrated with little or no pretreatment, or conveyed directly to receiving waters as
channel-flow. This chapter describes how this type of stormwater management greatly
alters the natural hydrology and water quality of a watershed. Rhode Island started
moving away from this approach with the stormwater manual developed in 1993, which
required water quality treatment and quantity control. The goal of this manual is to not
only address water quality and quantity issues, but also to require that designers
maintain a site’s pre-development hydrology. In the sections below, stormwater runoff
is defined and water quality and quantity issues related to stormwater are discussed, as
well as methods for preventing and mitigating stormwater impacts.

2.1 WHAT IS STORMWATER RUNOFF?

Stormwater runoff is precipitation that washes over the land (i.e., runs off) and
discharges to nearby streams, lakes, wetlands, estuaries and other waters. Stormwater
runoff is a part of the hydrologic cycle, which is the distribution and movement of water
between the earth’s atmosphere, land, and waterbodies (see Figure 2-1). Water that
does not runoff includes the following: (a) atmospheric evaporation; (b) transpiration or
uptake by plants, which in combination with evaporation, is referred to as
evapotranspiration; and (c) infiltration into underlying soils, which is responsible for
groundwater recharge. Thus, stormwater runoff is essentially the remaining water after
evapotranspiration and infiltration.

Land development has a profound influence on the quality of the waters of Rhode
Island. To start, land development dramatically alters the local hydrologic cycle. The
hydrology of a site changes during the initial clearing and grading that occur during
construction. Trees that had intercepted rainfall are removed, and natural depressions
that had temporarily ponded water are graded to a uniform slope. The spongy humus
layer of the native soil that had absorbed rainfall is scraped off, eroded or severely
compacted. Having lost its natural storage capacity, a cleared and graded site can no
longer prevent rainfall from being rapidly converted into stormwater runoff. In addition,
the construction process exposes soils to rainfall, which increases the potential for
erosion and sedimentation.

Additional impacts occur after construction. Rooftops, roads, parking lots, driveways
and other impervious surfaces interrupt infiltration mechanisms by not allowing rainfall
to soak into the ground. Consequently, most rainfall is directly converted into
stormwater runoff. This phenomenon is illustrated in Figure 2-2, which shows the
increase in runoff (along with a decrease in groundwater recharge) as a function of site
imperviousness. As can be seen by the relative size of the arrows, the volume of
stormwater runoff increases sharply with impervious cover. For example, a one-acre
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parking lot can produce 16 times more stormwater runoff each year than a one-acre
meadow (Schueler, 1994).

Figure 2-1 Hydrologic Cycle
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While adding impervious area on a small residential lot might not seem significant, the
cumulative effect of several such increases in site imperviousness throughout a
watershed can drastically change the hydrology and overall ecological health of the
whole system. Studies have shown that once impervious cover in a watershed reaches
between 10 and 25 percent, ecological health is greatly stressed. Some studies have
shown that water resources health is impacted at percentages as low as 5 to 7 percent.
At 25 percent impervious cover and greater, stream stability decreases, habitat
disappears, water quality declines, and biological diversity dwindles (NRDC, 1999).
Development not only increases runoff quantity, but can also introduce new sources of
pollutants from everyday activities associated with residential, commercial, and
industrial land uses (CTDEP, 2004). When it rains, stormwater flowing over pavement
and disturbed areas carries these pollutants directly into nearby wetlands and surface
waters, either by direct runoff or via storm drains, bypassing any treatment that would
naturally occur when rainwater infiltrates into the ground.
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Figure 2-2 Water Balance at Varying Stages of Development (adapted from Prince
George’s County, 1999)

To put these thresholds into perspective, typical imperviousness in medium-density
residential areas ranges from 25 to nearly 60 percent (SCS, 1986). Table 2-1 indicates
typical percentages of impervious cover for various land uses according to TR-55.
While most watersheds are developed with land uses of varied intensity, significant
residential, commercial and industrial development suggests an expanse of impervious
cover that exceeds ecological stress thresholds.

Table 2-1 Typical Amounts of Impervious Cover Associated with Different Land
Uses

Land Use Percent Impervious
Cover

Commercial and Business District 85%

Industrial 72%

High Density Residential (1/8 ac zoning) 65%

Medium-High Density Residential (1/4 ac zoning) 38%
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Land Use Percentcl(r)r\llpe?rvious
Medium-Low Density Residential (1/2 ac zoning) 25%
Low Density Residential:

1 ac zoning 20%

2 ac zoning 12-16%

3 ac zoning 8%

5 ac zoning 5-8%

10 ac zoning 2.4%

Source: Adapted from USDA Soil Conservation Service, 1986 and the Scituate Reservoir Watershed
Greenspace Protection Strategy (DEM, 2008).

2.2 DEVELOPMENT AND STORMWATER IMPACTS
Stormwater from urban development can cause severe impacts to downstream waters
and waterways. These impacts can be broken down into four types, which include:
« Impacts to Natural Stream Channels;
« Impacts to Water Quality;
« Impacts to Receiving Waters; and
- Impacts to Aquatic Habitat.

The following discussion lists and describes these impacts to illustrate why effective
stormwater management is needed to address and mitigate them.

2.2.1 Impacts to Natural Stream Channels

As pervious meadows and forests are converted into less pervious urban soils or
pavement, both the frequency and magnitude of storm flows increase dramatically. As
a result, there are changes to both stream flow and geometry.

2.2.1.1 Changes to Stream Flow

Urban development disrupts the natural water cycle and tends to alter watershed
response to precipitation events. Watershed response becomes “flashier,” and runoff is
“intensified,” meaning:
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Increased Runoff Volumes

Replacement of natural features (e.g., woodlands) with buildings, pavement
and lawns can dramatically increase the total volume of water running off into
streams of developed watersheds.

Increased Peak Runoff Discharge Rates

Increased runoff volumes result in increased peak discharges. Peak
discharges for a developed watershed can be two to five times higher than
those for an undisturbed watershed.

Greater Runoff Velocities

Impervious surfaces, compacted soils and storm sewers are more
hydraulically efficient than natural landscapes and increase the speed at
which rainfall runs off land surfaces within a watershed.

Reduced Time of Concentration

As runoff velocities increase, runoff takes less time to reach streams or other
waterbodies.

Increased Frequency of Bank-Full and Near Bank-Full Events

Increased runoff volumes and peak flows increase the frequency and duration
of flows that lead to degradation of (i.e., widen and deepen) stream channels.
The bankfull event occurs two to seven times more frequently after
development occurs (Leopold, 1994). In addition, the discharge associated
with the original bankfull storm event can increase by up to five times (Hollis,
1975).

Increased Flooding

Increased runoff volumes and peaks increase the frequency, duration and
severity of flows that overtop stream banks and cause flooding. An example
of severe flooding in Rhode Island occurred in the Pocasset River Watershed
in 2001. This watershed has lost approximately 700 acres of wetland since
1939, much of which was floodplain loss. As a result, in the highly urbanized
and industrial areas of Johnston and Cranston, there is now little natural
floodplain storage so during heavy periods of rain, flooding occurs on private
properties (Wetland Functions and Values Brochure, DEM, 2008). Another
example of severe flooding occurred in October 2005, during which many
evacuations were necessary, mainly along the Pawtuxet, Pocasset,
Woonasquatucket, and Blackstone Rivers. Damages in Rhode Island from
this storm event totaled to $1.6 million (NCDC, 2008).

Lower Dry Weather Flows (Base Flow)

Stream base flow (i.e., the typical level of stream flow during dry weather) is
derived primarily from groundwater input. Loss of groundwater recharge due
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to impervious surfaces artificially lowers the groundwater table and
consequently lowers base flow.

The change in post-development peak discharge rates that accompany
development is profiled in Figure 2-3.

Figure 2-3 Stream Flow Hydrographs Before and After Development (MDE, 2000)

2.2.1.2 Changes to Stream Geometry

The changes in the rates and amounts of runoff from developed watersheds directly
affect the morphology, or physical shape and character, of streams and rivers. Some of
the impacts due to urban development include:

Stream Widening and Bank Erosion

Stream channels widen to accommodate and convey the increased volumes
and rates of runoff and higher stream flows from developed areas. More
frequent small and moderate runoff events undercut and scour stream banks
causing steeper banks to slump and collapse during larger storms. A stream
can widen many times its original size due to post-development runoff.
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Source: R. Claytor File Photo

Streambed Downcutting

Streams may also deepen to accommodate higher flows and become less
stable. When streams downcut, their bottom widths may decrease (i.e.,
become narrower). Loss of width narrows flow and increases flow velocity,
triggering further channel erosion at the toe of the bank.

Source: R. Claytor File Photo

Loss of Riparian Trees

Increased flows undercut stream banks and cause them to slump. Trees that
protect the banks are exposed at the roots and may eventually topple over.
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Root systems support soil structure. Unanchored stream banks erode away
more easily.

Sedimentation of Channel Beds

When upstream channels erode, sediment particles are carried and deposited
downstream. The deposits replace the natural streambed with shifting sands,
silts and muck.

Source: R. Claytor File Photo

Increased Floodplain Elevation

Floodplains are areas adjacent to streams that become inundated during
peak storm events. A stream’s floodplain can be increasingly isolated from
the normal channel with- more intense development and increased runoff
volume. Increases become more acute when building and filling occurs in
floodplain areas where it may displace floodwaters and directly elevate the
floodplain.

Figure 2-4 Changes to a Stream’s Physical Character Due to Watershed
Development

\_A X Y

Stable Channel Downcutting Widening Sedimentation Stable, Entrenched
(Predevelopment)

Source: Adapted from Atlanta Regional Commission, 2001

The increase in stormwater runoff can be too much for the natural drainage system to
handle. As a result, the drainage system is often “improved” to rapidly collect runoff and
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quickly convey it away (using curb/gutters, enclosed storm sewers, and lined channels).
The stormwater runoff is subsequently discharged to downstream waters, such as
streams, lakes, wetlands, estuaries, or near-shore bays.

2.2.2 Impacts to Water Quality

Development concentrates and increases the amount of nonpoint source pollutants. As
stormwater runoff moves across the land surface, it picks up and carries away both
natural and anthropogenic pollutants, depositing them into Rhode Island’s streams,
rivers, lakes, wetlands, coastal waters and marshes, and groundwater. Stormwater
pollution is one of the leading sources of water quality degradation in Rhode Island — as
evidenced in the 2008 Rhode Island list of impaired waters prepared pursuant to
Section 303(d) of the Federal Clean Water Act, urban runoff and stormwater discharges
are a significant cause of impairment to the state’s waterbodies (DEM, 2008). Water
guality impacts are numerous, and common pollutants found in stormwater runoff are
listed and described below. Table 2-2 summarizes the major stormwater pollutants and
their effects.

2.2.2.1 Sediment (Suspended Solids)

Sources of sediment include particles that are deposited on impervious surfaces and
subsequently washed off by a storm event, as well as the erosion of streambanks and
construction sites. Streambank erosion is a particularly important source of sediment,
and some studies suggest that streambank erosion accounts for up to 70% of the
sediment load in urban watersheds (Trimble, 1997). Additionally, significant quantities
of sediments are deposited in waterways as a result of winter sanding of roadway
surfaces and the infrequent maintenance of catch basins by state and municipal public
works departments.

Both suspended and deposited sediments can have adverse effects on aquatic life in
streams, ponds, and bays. Turbidity resulting from this sediment can reduce light
penetration for submerged aquatic vegetation critical to estuary health. Sediment can
physically alter habitat by destroying the riffle-pool structure in stream systems and
smothering benthic organisms. In addition, sediment transports many other pollutants
including nutrients, trace metals and hydrocarbons to water resources. High turbidity
due to sediment increases the cost of treating drinking water and reduces the value of
surface waters for industrial and recreational use. Sediment also fills ditches and small
streams and clogs storm sewers and pipes, causing flooding and property damage.
Sedimentation can reduce the capacity of reservoirs and lakes, block navigation
channels, fill harbors and silt estuaries.

2.2.2.2 Nutrients

Runoff from developed land has elevated concentrations of both phosphorus and
nitrogen, which can enrich streams, reservoirs, and bays (known as eutrophication).
Significant sources of nitrogen and phosphorus include fertilizer, atmospheric
deposition, sewage (e.g., from wastewater treatment facilities, overflows, and faulty on-
site wastewater treatment systems), animal waste (both domestic and feral), organic
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matter, detergent, and streambank erosion. Data from studies across the country
suggest that lawns are a significant contributor, with concentrations as much as four
times higher than other land uses, such as streets, rooftops, or driveways (Steuer et al.,
1997; Waschbusch et al., 2000; Bannerman et al., 1993). Nutrients are of particular
concern to ponds, lakes, and estuaries and are a major source of degradation in some
of Rhode Island’s waters because they promote weed and algae growth in lakes,
streams and estuaries. Algae blooms block sunlight from reaching underwater grasses
and deplete oxygen in bottom waters. In addition, nitrification of ammonia by
microorganisms can consume dissolved oxygen, while nitrates can contaminate
groundwater supplies.

2.2.2.3 Pathogens

Pathogen levels in stormwater runoff routinely exceed public health standards for water
contact recreation and shellfish harvesting. Some stormwater sources of fecal
contamination include cesspools and failed OWTSSs, sanitary and combined sewer
overflows, and illicit connections to the storm drain system. Other sources include pet
waste and urban wildlife. Pathogens are a leading contaminant in many of the waters of
Rhode Island and have led to many beach and shellfishing bed closures in recent years.
For example, the Department of Health discourages swimming, surfing and other full
body contact activities at Easton's Beach, Atlantic Beach Club Beach, and Scarborough
State Beach for a minimum of 24 hours after heavy rainfall due high levels of harmful
bacteria from nearby stormwater drains (DOH, 2008).

2.2.2.4 Organic Matter

When organic matter decomposes in a waterbody, the process consumes dissolved
oxygen (DO) in the water. As organic matter is washed off by stormwater, dissolved
oxygen levels in receiving waters can be rapidly depleted. If the DO deficit is severe
enough, fish kills may occur and aquatic life can weaken and die. In addition, oxygen
depletion can affect the release of toxic chemicals and nutrients from sediments
depositedin a waterway. All forms of organic matter in urban stormwater runoff such as
leaves, grass clippings and pet waste contribute to the problem. In addition, there are a
number of non-stormwater discharges of organic matter to surface waters such as
sanitary sewer leakage and septic tank leaching.

2.2.2.5 Toxic Pollutants

Besides oils and greases, urban stormwater runoff can contain a wide variety of other
toxicants and compounds including heavy metals such as lead, zinc, copper, and
cadmium, and organic pollutants such as pesticides, PCBs, and phenols. These
contaminants are of concern because they are toxic to aquatic organisms and can
bioaccumulate in the food chain. In addition, they also impair drinking water sources
and human health. Many of these toxicants accumulate in the sediments of streams
and lakes. Sources of these contaminants include industrial and commercial sites,
urban surfaces such as rooftops and painted areas, vehicles and other machinery,
improperly disposed household chemicals, landfills, hazardous waste sites and
atmospheric deposition. According to the 2006 Section 305(b) Report State of the
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State’s Waters (DEM, 2006), toxicants were at elevated levels in 70% of the total
acreage of lakes and 44% of the total miles of rivers assessed.

2.2.2.6 Thermal Impacts

As runoff flows over impervious surfaces such as asphalt and concrete, it increases in
temperature before reaching a stream or pond. Water temperatures are also increased
due to shallow ponds and impoundments along a watercourse as well as fewer trees
along streams to shade the water. Since warm water can hold less DO than cold water,
this “thermal pollution” further reduces oxygen levels in depleted urban streams.
Temperature changes can severely disrupt certain aquatic species, such as trout and
stoneflies, which can survive only within a narrow temperature range.

2.2.2.7 Trash and Debris

Considerable quantities of trash and other debris are washed through storm drain
systems and into streams, lakes and bays. The primary impact is the creation of an
aesthetic “eyesore” in waterways and a reduction in recreational value. In smaller
streams, debris can cause blockage of the channel, which can result in localized
flooding and erosion.

Table 2-2 Effects of Stormwater Pollutants

Stormwater Pollutant Effects
Sediments—Suspended Solids, Dissolved Stream turbidity
Solids, Turbidity Habitat changes

Recreation/aesthetic loss
Contaminant transport

Filling of fresh and estuarine
water bodies, and freshwater
and coastal wetlands

Nutrients—Nitrate, Nitrite, Ammonia, Organic |Algae blooms

Nitrogen, Phosphate, Total Phosphorus Eutrophication

DO depletion

Ammonia and nitrate toxicity
Recreation/aesthetic loss

Pathogens—Total and Fecal Coliforms, Fecal | Ear/Intestinal infections
Streptococcus (Enterococci), Viruses, E.Coli | Shellfish bed closure
Recreation/aesthetic loss
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Stormwater Pollutant Effects

Organic Matter—Vegetation, Sewage, Other | DO depletion

Oxygen Demanding Materials Odors

Fish kills
Toxic Pollutants—Heavy Metals (cadmium, Human & aquatic toxicity
copper, lead, zinc), Organics, Hydrocarbons, |Bioaccumulation in the food
Deicing Salt, Pesticides/Herbicides chain
Thermal Pollution DO depletion

Habitat changes

Trash and debris Recreation/aesthetic loss

Concentrations of pollutants in stormwater runoff vary considerably between sites and
storm events. Typical average pollutant concentrations in urban stormwater runoff in
the Northeast United States are summarized in Table 2-3.

Table 2-3 Average Pollutant Concentrations in Urban Stormwater Runoff (All Land

Uses)
Constituent Units Concentration
Total Suspended Solids* mg/| 54.5
Total Phosphorous* mg/l 0.26
Soluble Phosphorous* mg/| 0.10
Total Nitrogen® mg/l 2.00
Total Kjeldahl Nitrogen* mg/l 1.47
Nitrite and Nitrate® mg/l 0.53
Copper* ug/l 11.1
Lead! ug/l 50.7
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Constituent Units Concentration
Zinc! ug/! 129
BOD? mg/l 11.5
cop? mg/l 44.7
Organic Carbon? mg/l 11.9
PAH? mg/l 3.5

Oil and Grease® mg/l 3.0
Fecal Coliform® Colonies/100 ml 15,000
I(:I;?fel r(?(t;roecpggts:)%ccus Colonies/100 ml 35,400
Chloride (snowmelt)® mg/l 116

Source: Adapted from NYDEC, 2001; original sources are listed below.
'Pooled NURP/USGS (Smullen and Cave, 1998)

“Derived from National Pollutant Removal Database (Winer, 2000)
*Rabanal and Grizzard, 1996

*Crunkilton et al., 1996

*Schueler, 1999

®Oberts, 1994

mg/l = milligrams per liter

ug/l= micrograms per liter

2.2.3 Impacts to Receiving Waters

Rhode Island enjoys an abundance of water resources that support vital uses such as
drinking water, recreation, habitat and commerce, among others. The state has
approximately 1,498 miles of rivers, 20,917 acres of lakes and ponds, and
approximately 15,500 acres of shrub swamps, marshes, bogs and fens as well as close
to 72,000 acres of forested wetlands. Estuaries, including Narragansett Bay and the
coastal ponds, cover 156 square miles. Underlying the state are 22 major stratified drift
(sand and gravel) aquifers as well as usable quantities of groundwater in almost all
other locations from the bedrock aquifers (DEM, 2008).

These water resources are impacted by both hydrologic and water quality aspects of
stormwater runoff, as were discussed above. The sensitivity of the range of water types
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is described below. Table 2-4 summarizes the effects of urbanization on these
receiving environments.

2.2.3.1 Groundwater

As land development occurs, impervious surfaces preclude the natural infiltration of
rainwater, thereby reducing the recharge rate. This results in a lowering of the water
table. Ultimately, development can lead to a depletion of aquifers, reduced baseflows
for streams and rivers, and increased concentrations of other pollutants derived from
urban runoff in groundwater. Aquifer levels and clean groundwater are very important in
Rhode Island, where as of September 2005, there were 647 public wells in the state,
with approximately 30% of the state’s residents depending on wells for drinking water
(DEM, 2006).

Source: NRCS photo

One potential remedy for this “de-watering” impact is to collect stormwater runoff and to
infiltrate it to help restore (or enhance) natural recharge rates. It is possible to collect
and infiltrate enough stormwater to match the natural (pre-development) recharge rates.
This is a viable option to mitigate and compensate for other sources of water
consumption and groundwater de-watering, such as groundwater withdrawals for
drinking water and irrigation purposes.

However, the infiltration of stormwater raises some important water quality issues. As
discussed previously, stormwater is commonly degraded with a broad range of
pollutants collected from the land surface or accompanying precipitation. Secondly,
aquifers can be highly permeable and, therefore, very susceptible to contamination.
Thus, depending on the land use, stormwater can require significant pre-treatment prior
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to infiltration to protect the quality of groundwater resources. This may be accomplished
with certain stormwater BMPs that provide effective treatment. Wellhead protection
areas that have been delineated showing the specific groundwater contribution areas
require the highest level of protection to ensure a safe drinking water supply. Infiltration
issues are discussed further in Chapters Three and Five.

2.2.3.2 Freshwater Streams, Ponds, Wetlands, and Estuaries

There are numerous streams (perennial and intermittent), ponds, wetlands, and
estuaries throughout Rhode Island. They provide important aquatic habitat for a broad
range of fish, amphibian, mammal and bird species, and as recreational resources for
humans. In addition, surface water provides approximately 70% of the drinking water in
Rhode Island. The Scituate Reservoir alone provides more than 50% of the state’s
residents with drinking water (DEM, 2008).

Stream flow is derived from overland runoff and baseflow from groundwater, which
discharges into streambeds. If baseflow is continuous throughout the year, the stream
is perennial. If groundwater elevations fall below the natural stream bed elevation, the
stream is intermittent. In either case, stream ecosystems are very dependent upon the
maintenance of natural groundwater levels and corresponding groundwater discharges
to the streams.

Each stream ecosystem is adapted to its natural flow regime, which is a mixture of
surface runoff events and groundwater baseflow. Stormwater management practices
associated with land development within watersheds can significantly alter the timing
and rates of surface flow and groundwater discharge, thereby impacting stream
ecosystems. In some cases, naturally occurring perennial streams may dry up
seasonally in a developed watershed, significantly altering the habitat. Similarly, water
quality impacts caused by increased nutrients and sedimentation can significantly
impact stream ecosystems. Finally, streams, particularly small first- and second-order
streams, are especially susceptible to increased channel erosion associated with
altered hydrology and land development.

Ponds provide unigue habitats and are also sensitive to stormwater discharges within
their watersheds. Eutrophication is a common problem in freshwater ponds, and is the
result of excessive phosphorus loading, which can cause excessive weed or algal
growth and ultimately can cause depleted oxygen levels, fish kills, and noxious odors.
Although both phosphorus and nitrogen contribute to excessive plant growth,
phosphorus is the limiting nutrient of freshwater pond environments. Common sources
of phosphorus include phosphate-containing cleaners or detergents, human and animal
waste, and lawn fertilizers.

Wetlands provide a broad range of habitat and recreational values. They too are
susceptible to impacts from stormwater in terms of both hydrology and water quality
changes. Wetlands are defined and entirely dependent upon surface and near surface
hydrologic conditions (water levels to within 12 inches of the surface of the ground),
which support hydrophytes (wetland vegetation) and hydric soils. Similar to the other

2.0 WHY STORMWATER MATTERS - THE IMPACTS OF DEVELOPMENT 2-15



Rhode Island Stormwater Design and Installation Standards Manual Amended March 2015

freshwater resource areas discussed above, wetlands are very sensitive to water level
changes and to alterations in water inputs. Therefore, stormwater must be managed
within the watersheds to wetlands in a manner that minimizes impacts to natural flow
regimes. Wetlands are also susceptible to pollutant loading increases, particularly
phosphorus.

2.2.3.3 Coastal Waters

Coastal waters are valuable for the support and propagation of fish, shellfish, and other
marine life, and serve as a very significant commercial and recreational resource for
humans. Coastal water quality issues include eutrophication, damage to wildlife habitat
(including sedimentation), and bacterial/viral pollution of swimming beaches and
shellfish harvesting areas. Sediments cause physical damage, including decreased
water clarity and smothering of benthic habitat. Nutrients (typically nitrogen for coastal
environments) cause eutrophication, which results in excessive algae growth, depleted
DO levels, and foul odors.

Table 2-4 Effects of Development on Receiving Waters

Receiving Impacts
Environment

Wetlands . Changes in hydrology and hydrogeology
Increased nutrient and other contaminant loads

« Changes in-atmospheric inputs through increased air
emissions to the urban airshed

- Compaction and destruction of wetland soll
- Changes in wetland vegetation
« Changes in or loss of habitat

« Changes in the community (diversity, richness, and
abundance) of organisms

« Loss of particular biota
- Permanent loss of wetlands

Lakes and Ponds . Impacts to biota on the lake bottom due to sedimentation
« Contamination of lake sediments

« Water column turbidity

+ Aesthetic impairment due to floatables and trash

« Increased algal blooms and depleted oxygen levels due
to nutrient enrichment, resulting in an aquatic
environment with decreased diversity

« Contaminated drinking water supplies
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Receiving Impacts
Environment

Estuaries - Sedimentation in estuarial streams and submerged
aguatic vegetation beds

- Altered hydroperiod of brackish and tidal wetlands, which
results from larger, more frequent pulses of fresh water
and longer exposure to saline waters because of reduced
baseflow

+ Increased algal blooms and depleted oxygen levels due
to nutrient enrichment, resulting in an aquatic
environment with decreased diversity

« Turbidity
« Bio-accumulation
« Scour of tidal wetlands

« Short-term salinity swings in small estuaries caused by
the increased volume of runoff which can impact key
reproduction areas for aquatic organisms

« Alteration of salt marsh vegetation communities caused
by freshwater inputs; increased occurrence of invasive
species such as Phragmites australis

Source: Adapted from WEF and ASCE, 1998.

2.2.4 Impacts to Aquatic Habitat

Along with changes in stream hydrology and morphology, the habitat value of streams
may diminish due to development. Aquatic habitat impacts include those in the
following sections:

2.2.4.1 Degradation of Habitat Structure

High velocity flows scour channels and may wash away entire biological communities.
Stream bank erosion and the loss of riparian vegetation reduce habitat for fish and other
aquatic life, while sediment deposits may smother bottom-dwelling organisms.

2.2.4.2 Loss of Pool Riffle Structure

Streams draining undeveloped watersheds often contain pools of deeper, more slowly
flowing water that alternate with “riffles” or shoals of shallower, fast-flowing water.
These pools and riffles provide valuable habitat for fish and aquatic insects. As a result
of the increased flows and sediment loads from urban watersheds, the pools and riffles
disappear and are replaced with more uniform, and often shallower, streambeds that
provide less varied habitat and may fail to support a native diversity of species.
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2.2.4.3 Reduced Base flows

Urbanization reduces the groundwater recharge and consequently the base flow to
streams. Loss of flow stresses habitat and may eliminate many species. During
periods of drought, streams may dry up completely, extirpating even the hardiest plants
and animals.

2.2.4.4 Increased Stream Temperature

Pavement tends to absorb light energy as heat. Precipitation over pavement absorbs
the heat as it runs off into nearby streams and raises stream temperature. Increased
temperatures can reduce DO levels and disrupt the food chain. Some aquatic species
such as certain trout can only survive within a narrow temperature range.

2.2.4.5 Changes in Water Chemistry

In addition to causing changes in temperature and DO, stormwater contributes other
pollutants such as heavy metals, petroleum products, road salts, and excess nutrients
to receiving water bodies, which may adversely affect aquatic organisms. In estuarine
systems, stormwater inputs may significantly alter salinity levels, which can cause shifts
in plant and animal species composition.

2.2.4.6 Decline in Abundance and Biodiversity

Loss of habitat and habitat variety reduces abundance and diversity of organisms.
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3.0 STORMWATER MANAGEMENT STANDARDS AND
PERFORMANCE CRITERIA

3.1

Rhode Island has seen an increase in commercial and residential development over the
last several decades. Controlling stormwater from development sites is a priority with
regards to impacts to receiving water bodies. This chapter presents performance
standards and criteria for all new and redevelopment projects in the State of Rhode
Island. Project applicants are required to meet the eleven minimum standards, as well
as comply with specific criteria for the site planning process, groundwater recharge,
water quality, channel protection, and peak flow control requirements. In the case of
restoration or retrofitting, deviation from these standards may be appropriate at the
discretion of the approving agency. All applicable development proposals must include
a stormwater management site plan for review by State and local government. A plan
must address all of the above minimum standards through compliance with the
requirements of this manual (see checklist in Appendix A of this document).

OVERVIEW

All of the minimum standards contribute to protecting the water and habitat quality of
receiving waters from the negative impacts of stormwater runoff. This is achieved by
using a combination of both structural controls and non-structural practices (such as
LID) as part of an effective stormwater management system. In general, when a
project’s stormwater management system is designed, installed, and maintained in
accordance with the requirements of this manual, its runoff impacts will be presumed to
be in compliance with applicable state regulatory standards and requirements. In some
cases, the permitting agency may require that an applicant prepare and submit a
pollutant loading analysis developed in accordance with the provisions of Appendix H in
order to ascertain compliance.

This manual often refers to storm events of various kinds. Unless otherwise noted, all
storm events are 24 hours in duration and utilize NRCS Type Il precipitation
distribution. Rainfall amounts for Rhode Island for various return frequencies are
provided in Table 3-1 and shall be used for design unless otherwise specified.

Table 3-1 Design Rainfall Amounts for Rhode Island

24-hour (Type Ill) Rainfall Amount (inches)*
RI County
1-Year | 2-Year | 5-Year | 10-Year | 25-Year | 50-Year | 100-Year
Providence County 2.7 3.3 4.1 4.9 6.1 7.3 8.7
Bristol County 2.8 3.3 4.1 4.9 6.1 7.3 8.6
Newport County 2.8 3.3 4.1 4.9 6.1 7.3 8.6
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24-hour (Type Ill) Rainfall Amount (inches)*
RI County
1-Year | 2-Year | 5-Year | 10-Year | 25-Year | 50-Year | 100-Year
Kent County 2.7 3.3 4.1 4.8 6.2 7.3 8.7
Washington County 2.8 3.3 4.1 4.9 6.1 7.2 8.5

*All Rhode Island County rainfall values were obtained from the Northeast Regional Climate Center
(NRCC) using regional rainfall data processed by NRCC from the period of record through December
2008. The NRCC in collaboration with the Natural Resource Conservation Service has under development
an interactive web tool at www.precip.net for analysis of precipitation events based on long-term,
station-specific data. Applicants may elect to use site-specific data derived from this web tool once the
beta site becomes final rather than the RI County values in Table 3-1.

3.2 MINIMUM STORMWATER MANAGEMENT STANDARDS

3.2.1 Minimum Standard 1: LID Site Planning and Design
Strategies

LID site planning and design strategies must be used to the maximum extent
practicable® in order to reduce the generation of the water runoff volume for both new
and redevelopment projects. All development proposals mustinclude a completed
Stormwater Management Plan checklist (Appendix A) and Stormwater Management
Plan for review by the approving agency that shows compliance with this standard. If
full compliance is not provided, an applicant must document why key steps in the
process could not be met and what is proposed as mitigation. The objective of the LID
Site Planning and Design Strategies standard is to provide a process by which LID is
considered at an early stage in the planning process such that stormwater impacts are
prevented rather than mitigated for.

3.2.2 Minimum Standard 2: Groundwater Recharge

Stormwater must be recharged within the same subwatershed to maintain baseflow at
pre-development recharge levels to the maximum extent practicable in accordance with
the requirements and exemptions® described in Section 3.3.2. In addition, applicants
may be required to provide a water budget analysis for proposed groundwater
dewatering. Recharge volume is determined as a function of annual pre-development

! For all references to “maximum extent practicable” in this manual, an applicant must demonstrate the
following: (1) all reasonable efforts have been made to meet the standard in accordance with current
local, state, and federal regulations, (2) a complete evaluation of all possible management measures has
been performed, and (3) if full compliance cannot be achieved, the highest practicable level of
management is being implemented.

2 Some exemptions to the recharge criteria are necessary to ensure public safety, avoid unnecessary
threats of groundwater contamination, and avoid common nuisance issues. Stormwater runoff from
LUHPPL is not allowed to infiltrate into groundwater. The stormwater recharge requirement may be
specifically waived if an applicant can demonstrate a physical limitation that would make implementation
impracticable or where unusual geological or soil features may exist such as significant clay deposits,
ledge, fill soils, or areas of documented slope failure.
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recharge for site-specific soils or surficial materials, average annual rainfall volume, and
amount of impervious cover on a site. The objective of the groundwater recharge
standard is to protect water table levels, stream baseflow, wetlands, and soil moisture
levels. Infiltrating stormwater may also provide significant water quality benefits such as
reduction of bacteria, nutrients, and metals when infiltrated into the soil profile.
Maintaining pre-development groundwater recharge conditions may also be used to
reduce the volume requirements dictated by other sizing criteria (i.e., water quality,
channel protection, and overbank flood control) and the overall size and cost of
stormwater treatment practices. Recharge must occur in a manner that protects
groundwater quality. Recharge practices may include both structural stormwater
controls and nonstructural practices (using the Stormwater Credit in Chapter Four).

3.2.3 Minimum Standard 3: Water Quality

Stormwater runoff must be treated before discharge. The amount that must be treated
from each rainfall event is known as the required water quality volume (WQ,) and is the
portion of runoff containing the majority of the pollutants. The required WQ\, is
calculated as described in Section 3.3.3 and excludes LID credits allowed under Section
4.6. To provide adequate treatment of stormwater, the WQ, must be treated by at least
one of the structural BMPs listed in Chapter Five at each location where a discharge of
stormwater will occur. Structural BMPs are generally required to achieve the following
minimum average pollutant removal efficiencies: 85% removal of total suspended
solids (TSS), 60% removal of pathogens, 30% removal of total phosphorus (TP) for
discharges to freshwater systems, and 30% removal of total nitrogen (TN) for
discharges to saltwater or tidal systems. Based upon results published in the scientific
literature, the structural BMPs listed in Chapter Five will meet these standards when
properly designed, constructed, and maintained. Pretreatment is required for water
guality treatment practices where specified in the design guidelines within Chapter Five.

BMPs targeted to remove other pollutant(s) of concern and/or to achieve higher
pollutant removal efficiencies may be required for impaired receiving waters, drinking
water reservoirs, bathing beaches, shellfishing grounds, Outstanding National Resource
Waters, Special Resource Protection Waters, tributaries thereto, and for those areas
where watershed plans, including Special Area Management Plans (SAMPS) or Total
Maximum Daily Load (TMDLS), have been completed. In some cases, the permitting
agencies may require that an applicant prepare and submit a pollutant loading analysis
developed in accordance with the provisions of Appendix H.

Applicants or other interested parties may petition the permitting agencies to add one or
more BMPs to the list of acceptable structural stormwater controls described in Chapter
Five by submitting monitoring results and supporting information developed in
accordance with the provisions of the Technology Assessment Protocol (TAP) included
in Appendix J.

3.2.4 Minimum Standard 4: Conveyance and Natural Channel
Protection

Open drainage and pipe conveyance systems must be designed to provide adequate
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passage for flows leading to, from, and through stormwater management facilities for at
least the peak flow from the 10-year, 24-hour Type Il design storm event. Protection
for natural channels downstream must be supplied by providing 24-hour extended
detention of the one-year, 24-hour Type Ill design storm event runoff volume. If a
stormwater discharge is proposed in a watershed draining to a cold-water fishery,
additional restrictions apply for surface detention practices based on the distance from
the discharge point to streams (and any contiguous natural or vegetated wetlands) as
described in Section 3.3.4. Consult DEM’s Water Quality Regulations — Appendix A to
determine if a project is in a watershed directly draining to a cold-water fishery. This
standard is designed to prevent erosive flow within natural channels and drainageways.
For hydrologic and hydraulic modeling guidance, applicants should refer to Appendix K.

3.2.5 Minimum Standard 5: Overbank Flood Protection

Larger storm events also can cause flood damage and other impacts. These impacts
can be significantly reduced by storing and releasing stormwater runoff in a gradual
manner that ensures pre-development peak discharges are not exceeded. Downstream
overbank flood protection must be provided by attenuating the post-development peak
discharge rate to the pre-development levels for the 10-year and 100-year, 24-hour
Type Il design storm events. In addition, designers must demonstrate that runoff from
the site for storms up to the 100-year, 24-hour Type Il design storm events actually
reach proposed structural practices designed to meet this criterion. The objective of this
standard is to prevent an increase in the frequency and magnitude of overbank flooding
and to protect downstream and abutting structures from flooding. For hydrologic and
hydraulic modeling guidance, applicants should refer to Appendix K.

3.2.6 Minimum Standard 6: Redevelopment and Infill Projects

The construction of new impervious areas on undeveloped land is subject to the
requirements of this manual even if other portions of the site are currently developed,
unless the site meets the definition for an infill project. The purpose of this minimum
standard is to establish the alternative requirements for projects or portions of a project
where existing impervious areas will be redeveloped or where the site qualifies as infill.
In no case on a redevelopment or infill project shall the levels of stormwater treatment
and recharge be less than the levels prior to initiation of the proposed project.

Redevelopment

Redevelopment is defined as any construction, alteration, or improvement that disturbs
a total of 10,000 square feet or more of existing impervious area where the existing land
use is commercial, industrial, institutional, governmental, recreational, or multifamily
residential. The permitting authority may take into consideration prior projects or multi-
phase projects in determining if the redevelopment threshold has been met. Building
demolition is included as an activity defined as “redevelopment,” but building renovation
is not. Similarly, removal of roadway materials down to the erodible soil surface is an
activity defined as “redevelopment,” but simply resurfacing of a roadway surface is not.
Pavement excavation and patching that is incidental to the primary project purpose,
such as replacement of a collapsed storm drain, is not classified as redevelopment. In
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general, the requirements in this manual do not apply to projects or portions of projects
when the total existing impervious area disturbed is less than 10,000 square feet.
However, specific regulatory programs may impose additional requirements. Any
creation of new impervious area over portions of the site that are currently pervious is
required to comply fully with the requirements of this manual.

Because redevelopment may present a wide range of constraints and limitations, this
minimum standard allows for flexibility and an evaluation of options that can work in
conjunction with broader state watershed goals and local initiatives. Stormwater
requirements for redevelopment vary based upon the surface area of the site that is
covered by existing impervious surfaces.

In order to determine the stormwater requirements for redevelopment projects, the
percentage of the site covered by existing impervious areas must be calculated. The
term “site” is defined as one or more lots, tracts, or parcels of land to be developed or
redeveloped for a complex of uses, units or structures, including but not limited to
commercial, residential, institutional, governmental, recreational, open space, and/or
mixed uses. When calculating site size, jurisdictional wetland areas defined by DEM or
CRMC regulations and undeveloped lands protected by conservation easements should
be subtracted from the total site area. Doing so provides incentive to preserve and
protect natural resources near redevelopment projects.

For sites with less than 40% existing impervious surface coverage, the stormwater
management requirements for redevelopment will be the same as for new development.
The applicant, however, can meet those requirements either on-site or at an approved
off-site location within the same watershed provided the applicant satisfactorily
demonstrates that impervious area reduction, LID strategies, and/or structural BMPs
have been implemented on-site to the maximum extent practicable. An approved off-
site location must be identified, the specific management measures identified, and an
implementation schedule developed in accordance with local review and with
DEM/CRMC concurrence, as appropriate. The applicant must also demonstrate that
there are no downstream drainage or flooding impacts as a result of not providing on-
site management. The intent of this provision is to allow flexibility to meet the goals of
improved recharge, water quality, and channel and flood protection to receiving waters
while still promoting redevelopment in urban and urban fringe areas.

For redevelopment sites with 40% or more existing impervious surface coverage, only
Standards 2, 3, and 7-11 must be addressed. Specifically, recharge and stormwater
quality’ shall be managed for in accordance with one or more of the following
techniques:

« Reduce existing impervious area by at least 50% of the redevelopment area; or

« Implement other LID techniques to the maximum extent practicable to provide
recharge and water quality management for at least 50% of the redevelopment
area; or

! For redevelopment sites with 40% or more existing impervious surface coverage, only Standards 2, 3,
and 7-11 must be addressed. However, the permitting agency may require peak flow control on a case-
by-case basis within a watershed with a history of flooding problems.
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« Use on-site structural BMPs to provide recharge and water quality management
for at least 50% of redevelopment area; or

« Any combination of impervious area reduction, other LID techniques, or on-site
structural BMPs for at least 50% of redevelopment area.

« If none of the above options are practical in terms of water quality management,
alternatives may be proposed that would achieve an equivalent pollutant
reduction by using a combination of other types of BMPs and strategies,
including treating 100% of the redevelopment area by BMPs with a lesser
pollutant removal efficiency than stipulated in Standard 3.

Off-site structural BMPs to provide recharge and water quality management for an area
equal to or greater than 50% of redevelopment areas may be used to meet these
requirements provided that the applicant satisfactorily demonstrates that impervious
area reduction, LID strategies, and/or on-site structural BMPs have been implemented
to the maximum extent practicable. An approved off-site location must be identified, the
specific management measures identified, and an implementation schedule developed
in accordance with local review and with DEM/CRMC concurrence, as appropriate. The
applicant must also demonstrate that there are no downstream drainage or flooding
impacts as a result of not providing on-site management for large storm events.

Infill

For infill* sites, the stormwater management requirements will be the same as for new
development except that existing impervious area may be excluded from the stormwater
management plan (unless subject to local approval or necessary for mitigation by
regulation) and only Standards 2, 3, and 7-11 need be applied. The applicant, however,
can meet the recharge and water quality requirements either on-site or at an approved
off-site location within the same watershed, provided the applicant satisfactorily
demonstrates that impervious area reduction, LID strategies, and/or structural BMPs
have been implemented on-site to the maximum extent practicable. An approved off-
site location must be identified, the specific management measures identified, and an
implementation schedule developed in accordance with local review and with
DEM/CRMC concurrence, as appropriate. The applicant must also demonstrate that
there are no downstream drainage or flooding impacts as a result of not providing on-
site management. The intent of this provision is to allow flexibility to meet the goals of
improved recharge, water quality, and channel and flood protection to receiving waters
while still promoting infill in urban and urban fringe areas.

3.2.7 Minimum Standard 7: Pollution Prevention

All development sites require the use of source control and pollution prevention
measures to minimize the impact that the land use may have on stormwater runoff

L An infill project is a development site that meets all of the following: the site is currently predominately
pervious (less than 10,000 sf of existing impervious cover); it is surrounded (on at least three sides) by
existing development (not including roadways); the site is served by a network of existing infrastructure
and does not require the extension of utility lines or new public road construction to serve the property;
and the site is one (1) acre or less where the existing land use is commercial, industrial, institutional,
governmental, recreational, or multifamily residential.
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quality. These measures shall be outlined in a stormwater pollution prevention plan.
Representative pollution prevention techniques are described in Appendix G. The intent
of this standard is to prevent, to the maximum extent practicable, pollutants from coming
into contact with stormwater runoff.

3.2.8 Minimum Standard 8: Land Uses with Higher Potential
Pollutant Loads

Stormwater discharges from land uses with higher potential pollutant loads (LUHPPLS)
require the use of specific source control and pollution prevention measures and the
specific stormwater BMPs approved for such use. Allowable BMPs for LUHPPLs are
included in Table 3-3 (design details for these practices are provided in Chapter Five).
Many LUHPPLs require additional special permits such as a Rhode Island Pollutant
Discharge Elimination System (RIPDES) Multi-Sector General Permit (MSGP), and
sector-specific required BMPs are included in Section VI of the MSGP.  Stormwater
runoff from a LUHPPL (classified in Table 3-2) shall not be recharged to groundwater,
unless it has been adequately treated for the pollutant of concern as determined by the
approving agency. The recharge prohibition-at LUHPPLs applies only to stormwater
discharges that come into contact with the area or activity on the site that may generate
the higher potential pollutant load. In addition, infiltration practices should not be used
where subsurface contamination is present from prior land use due to the increased
threat of pollutant migration associated with increased hydraulic loading from infiltration
systems, unless the contamination is removed and the site has been remediated, or if
approved by DEM on a case-by-case basis. In these areas where infiltration is not
appropriate, other LID practices can be used, as long as they are lined (e.g., lined
bioretention areas). The intent of this standard is to prevent, to the maximum extent
practicable, pollution from entering water resources.

Table 3-2 Classification of Stormwater LUHPPLSs

The following land uses and activities are considered stormwater LUHPPLSs

1. Areas within an industrial site (as defined in RIPDES Rule 31(b)(15)) that are the
location of activities subject to the RIPDES Multi-Sector General Permit (except
where a No Exposure Certification for Exclusion from RIPDES Stormwater Permitting
has been executed);

Auto fueling facilities (i.e., gas stations);
Exterior vehicle service, maintenance and equipment cleaning areas;
Road salt storage and loading areas (if exposed to rainfall); and

a s wN

Outdoor storage and loading/unloading of hazardous substances.
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Table 3-3 Acceptable BMPs for Use at LUHPPLs

Group

Practice !

Description

Wet Vegetated
Treatment
Systems
(WVTS)

Shallow WVTS

A wet stormwater basin that provides water quality
treatment primarily in a shallow vegetated permanent
pool. Must be lined for use at LUHPPLs.

Gravel WVTS

A wet stormwater basin that provides water quality
treatment primarily in a wet gravel bed with emergent
vegetation. Must be lined for use at LUHPPLS.

Permeable Paving?

A practice that stores the water quality volume in the
void spaces of a clean sand or gravel base before itis
infiltrated into an underlying constructed filtration
media. Must be lined for use at LUHPPLSs.

Filtering
Practices

Sand Filter

A filtering practice that treats stormwater by settling
out larger particles in a sediment chamber, and then
filtering stormwater through a surface or underground
sand matrix. Must be lined for use at LUHPPLs.

Organic Filter

A filtering practice that uses an organic medium such
as compost in the filter, or incorporates organic
material in addition to sand (e.g., peat/sand mixture).
Must be lined for use at LUHPPLs.

Bioretention

A shallow depression that treats stormwater as it
flows through a soil matrix, and is returned to the
storm drain system, or infiltrated into underlying soils
or substratum. Must be lined for use at LUHPPLs.

Green Roofs

Extensive

Rooftop vegetated with low, drought-tolerant plant
species and a shallow planting media designed for
performance. Not typically designed for public access.

Intensive

Rooftop vegetated with trees and shrubs with a deeper
planting soil and walkways, typically designed for both
performance and public access.

Open
Channels

Dry Swale

An open vegetated channel or depression explicitly
designed to detain and promote filtration of stormwater
runoff into an underlying fabricated soil matrix. Must be
lined for use at LUHPPLSs.

! Refer to Chapter Five for detailed descriptions and design criteria for these practices.
% Direct infiltration through permeable paving is not permitted for LUHPPL; applicants may use permeable
surface materials above a sand or organic filtration media in a lined facility.
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3.2.9 Minimum Standard 9: lllicit Discharges

All illicit discharges to stormwater management systems are prohibited, including
discharges from OWTS, and sub-drains and French drains near OWTSs that do not
meet the State’s OWTS Rules (setbacks vary depending on the capacity of the OWTS,
the type of conveyance system, and the sensitivity of the receiving waters). The
stormwater management system is the system for conveying, treating, and infiltrating
stormwater on site, including stormwater best management practices and any pipes
intended to transport stormwater to ground water, surface water, or municipal separate
storm sewer system (MS4). lllicit discharges to the stormwater management system,
i.e., illicit connections, are discharges not entirely comprised of stormwater that are not
specifically authorized by a National Pollutant Discharge Elimination System (NPDES)
or RIPDES permit. The objective of this standard is to prevent pollutants from being
discharged into MS4s and Waters of the State, and to safeguard the environment and
public health, safety, and welfare.

3.2.10 Minimum Standard 10: Construction Activity Soil
Erosion, Runoff, Sedimentation, and Pollution
Prevention Control Measure Requirements

Soil Erosion and Sedimentation Control (SESC) measures must be utilized during the
construction phase as well as during any land disturbing activities. The objective of this
standard is to reduce mobilization, transport and discharge of pollutants associated with
erosion and sedimentation from construction site runoff through implementation of
SESC measures that 1) avoid and protect sensitive areas and natural features, 2)
minimize disturbances and preserve top soil 3) protect structures, conveyances,
receiving waters, and 4) control overland and concentrated stormwater flows.

All soil erosion, runoff, sedimentation, and construction activity pollution prevention
control measures must be designed and implemented in accordance with the Soil
Erosion and Sediment Control (SESC) Plan requirements outlined in the Performance
Criteria in Section 3.3.7 and the most recent edition of the Rhode Island Soil Erosion
and Sediment Control Handbook (as amended). The component of the Stormwater
Management Plan that addresses this standard is referred to as a Soil Erosion and
Sediment Control (SESC) Plan.

For all land disturbance activities that require a permit from the RI DEM or the CRMC, a
gualified SESC Plan preparer shall be a Rhode Island Registered Professional
Engineer, a Certified Professional in Erosion and Sediment Control (CPESC), a
Certified Professional in Storm Water Quality (CPSWQ), or a Rhode Island Registered
Landscape Architect who certifies that the SESC Plan meets the Performance Criteria
in 3.3.7 and requirements of the Rhode Island Soil Erosion and Sediment Control
Handbook (as amended). The Preparer shall have the specific credentials and
experience needed to select the appropriate practices for the application. If the project
involves significant land grading or requires an engineered site design, then the SESC
Plan must be prepared by a Professional Engineer licensed in the State of RI.
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For activities that do not require a permit from the Rl DEM or the CRMC and are subject
to only local ordinances or Municipal Separate Storm Sewer System (MS4)
requirements (e.g. site disturbing < 1 acre that is not part of a larger common plan and
not subject to CRMC, Freshwater Wetlands, Water Quality, and Groundwater Discharge
Regulations) the preparer should consult local ordinances or MS4 requirements as part
of developing a stormwater management plan for their project.

3.2.11 Minimum Standard 11: Stormwater Management
System Operation and Maintenance

The stormwater management system, including all structural stormwater controls and
conveyances, must have an operation and maintenance plan to ensure that it continues
to function as designed.

The long-term Operation and Maintenance Plan shall at a minimum include:

1. Stormwater management system(s) owners;

2. The party or parties responsible for operation and maintenance, including how future
property owners will be notified of the presence of the stormwater management
system and the requirement for proper operation and maintenance;

3. The routine and non-routine maintenance tasks for each BMP to be undertaken after
construction is complete and a schedule for implementing those tasks;

4. A plan that is drawn to scale and shows the location of all stormwater BMPs in each
treatment train along with the discharge point;

5. A description and delineation of public safety features;
6. An estimated operation and maintenance budget; and
Funding source for operation and maintenance activities and equipment.

The Operation and Maintenance Plan shall identify measures for implementing
maintenance activities in a manner that minimizes stormwater runoff impacts.

3.3  PERFORMANCE CRITERIA

3.3.1 LID Site Planning and Design Criteria

The LID Site Planning and Design Criteria requires that the site planning process be
documented and include how the proposed project will meet the following measures
and/or methods to:

1. Protect as much undisturbed open space as possible to maintain pre-development
hydrology and allow precipitation to naturally infiltrate into the ground;
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2. Maximize the protection of natural drainage areas, streams, surface waters,
wetlands, and other regulated areas;

3. Minimize land disturbance, including clearing and grading, and avoid areas
susceptible to erosion and sediment loss;

4. Minimize soil compaction and restore soils compacted as a result of construction
activities or prior development;

5. Provide low-maintenance, native vegetation that encourages retention and
minimizes the use of lawns, fertilizers, and pesticides;

Minimize impervious surfaces;

Minimize the decrease in the "time of concentration” from pre-construction to post
construction, where "time of concentration” means the time it takes for runoff to
travel from the hydraulically most distant point of the drainage area to the point of
interest within a watershed;

8. Infiltrate precipitation as close as possible to the point it reaches the ground using
vegetated conveyance and treatment systems;

9. Break up or disconnect the flow of runoff over impervious surfaces; and

10. Provide source controls to prevent or minimize the use or exposure of pollutants into
stormwater runoff at the site in order to prevent or minimize the release of those
pollutants into stormwater runoff.

Applicants need to document that the full list of approved LID methods and/or
procedures were explored at the site and need to supply a specific rationale in the event
LID strategies are rejected as infeasible. More detail on LID site planning and design is
included in Chapter Four, and the Stormwater Management Checkilist is included in
Appendix A.

3.3.2 Groundwater Recharge (Re,)

The recharge criterion (Re,) requires that the following volume of stormwater be
recharged based on the amount of impervious area. The groundwater recharge
requirement may be waived or reduced by applying the LID Stormwater Credit
outlined in Section 4.6 of this document. Recharge requirements are based on
hydrologic soil group (HSG) as follows:

Re, = (1") (F) ()/12
Where:

Re, = groundwater recharge volume (ac-ft)
F = recharge factor, see Table 3-4
| = impervious area (acres)
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Table 3-4 Recharge Factors Based on Hydrologic Soil Group (HSG)

HSG Recharge Factor (F)
A 0.60
B 0.35
C 0.25
D 0.10

An example calculation using the HSG method is provided below.

Example: A 30-acre site is to be developed as a residential subdivision in the Town of
Westerly. The impervious area for the development will be 10 acres. Half of the
impervious area overlays HSG "B" soils and half of the impervious area overlays HSG
"C" soils. The recharge requirement would be calculated as follows:

Re, for B soils = (1”) (F) (1)/12 =[(1 in) (0.35) (5 ac)] / (12 in/ft) = 0.15 ac-ft
Re, for C soils = (1”) (F) (1)/12 =[(1 in) (0.25) (5 ac)] / (12 in/ft) = 0.10 ac-ft

Total recharge requirement for site = 0.15 ac-ft + 0.10 ac-ft = 0.25 ac-ft

The recharge volume is considered as part of the total water quality volume that must
be provided at a site (i.e., Rey is contained within WQ,) and must be achieved by
disconnection of impervious areas (see LID Credit, Chapter Four), a structural practice
included in Table 3-5 which are described in detail in Chapter Five, or a combination of
the two. Recharge should be provided in each applicable drainage area where
impervious cover is proposed (e.g., a designer with a large site that has six separate
drainage areas should not propose to recharge the site’s entire Re, in just one of the
drainage areas; recharge should be calculated separately for each study point). Roof
runoff may be infiltrated without pretreatment unless the roof is deemed to have a
higher potential pollution load as per Table 3-2 (e.qg., industrial buildings with pollutant
exhaust vent fallout or with highly erodible roofing materials). Recharged roof runoff
can be subtracted from WQ, but not from larger storm calculations, unless applicant
verifies that the drywells are sized for the 100-year, 24-hour Type Il storm event.

Some exemptions to the recharge criteria are necessary to ensure public safety, avoid
unnecessary threats of groundwater contamination, and avoid common nuisance issues.
Stormwater runoff from a LUHPPL is not allowed to infiltrate into groundwater. The
stormwater recharge requirement may be specifically waived if an applicant can
demonstrate a physical limitation that would make implementation impracticable or where
unusual geological or soil features may exist such as significant clay deposits or ledge,
where recharge does not currently occur; fill soils; or areas of documented slope failure.
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Table 3-5 List of BMPs Acceptable for Recharge

Group Practice Description
o An infiltration practice that stores the water in the
Infiltration . : .
void spaces of a trench or open chamber filled with
Trenches/Chambers/ : N
Dry Wells or embedded in clean gravel before it is infiltrated

into underlying soils or substratum.

An infiltration practice that stores the water in a
Infiltration Basin surface depression before it is infiltrated into the
underlying soils or substratum.

Infiltration

A practice that stores the water in the void spaces of
Permeable Paving a clean gravel base before it is infiltrated into the
underlying soils or substratum.

A filtering practice that treats stormwater by settling
out larger particles in a sediment chamber, and then
filtering stormwater through a surface or
underground sand matrix. Only counts for recharge
when unlined so that stormwater is infiltrated into
underlying soils or substratum.

Sand Filter

A filtering practice that uses an organic medium such
Filtering as compost in the filter, or incorporates organic
Practices material in addition to sand (e.g., peat/sand mixture).
Only counts for recharge when unlined so that
stormwater is infiltrated into underlying soils or
substratum.

Organic Filter

A shallow depression that treats stormwater as it
flows through a soil matrix. Only counts for recharge
when unlined so that stormwater is infiltrated into
underlying soils or substratum.

Bioretention

An open vegetated channel or depression explicitly
designed to detain and promote filtration of stormwater
Dry Swale runoff into an underlying fabricated soil matrix. Only
counts for recharge when unlined so that stormwater is
infiltrated into underlying soils or substratum.

Open
Channels

3.3.3 Water Quality Volume (WQ,)

The water quality volume (WQ,) is the amount of stormwater runoff from any given storm
that must be captured and treated in order to remove a significant fraction of stormwater
pollutants on an average annual basis. The required WQ,, which results in the capture and
treatment of the entire runoff volume for 90 percent of the average annual storm events, is
equivalent to the runoff associated with the first 1.2 inches of rainfall over the impervious
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surface (i.e., 1 inch of runoff) (CWP, 2007). The water quality volume requirement may
be waived or reduced by applying the LID Stormwater Credit outlined in Section 4.6
of this document. The WQ\, is calculated using the following equation:

wWQy=(1") (I)/12

Where:
WQ, = water quality volume (in acre-feet)
| = impervious area (acres)

A minimum WQ, value of 0.2 watershed inches (0.2” over the entire disturbed area) is
required, which requires the calculation of the total site disturbance. This minimum
treatment volume is necessary to fully treat the runoff from pervious surfaces on sites
with low impervious cover, i.e., less than 20% of the disturbed area. However, this
requirement does not imply that every pervious subarea of disturbance must be treated
with a structural water quality BMP. For example, the minimum WQ, value ensures that
developments such as golf courses with low impervious areas receive the appropriate
treatment for their stormwater runoff.

Example: The same 30-acre residential subdivision site in the Town of Westerly is to be
developed. The impervious area for the development will be 10 acres. The water
quality volume requirement would be calculated as follows:

| =10 ac
WQ, = [(1.01in) ()}/12 in/ft = [(1.0 in) (10 ac)]/12 in/ft = 0.83 ac-ft

3.3.3.1 Rationale

The above approach was adopted by Rhode Island in 1993 and is similar to water
quality sizing criteria that have been adopted elsewhere in the United States for the
design of stormwater treatment practices. These criteria are intended to remove the
majority of pollutants in stormwater runoff at a reasonable cost by capturing and treating
runoff from small, frequent storm events that account for a majority of the annual
pollutant load, while bypassing larger, infrequent storm events that account for a small
percentage of the annual pollutant load. This approach is based on the “first flush”
concept, which assumes that the majority of pollutants in urban stormwater runoff are
contained in the first half-inch to one-inch of runoff primarily due to pollutant washoff
during the first portion of a storm event. Early studies in Florida determined that the first
flush generally carries 90 percent of the pollution from a storm (Novotny, 1995). As a
result, treatment of the first half-inch of runoff was adopted as a water quality volume
sizing criterion requirement throughout much of the United States. More recent
research has shown that pollutant removal achieved using the half-inch rule drops off
considerably as site imperviousness increases.

For facility sizing criteria, the basis for hydrologic and hydraulic evaluation of
development sites should be as follows:
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Impervious cover is measured from the site plan and includes all
impermeable surfaces (e.g., paved or gravel roads, driveways and parking
lots, sidewalks, and rooftops).

Off-site areas shall be assessed based on their “pre-development
condition” for computing the water quality volume (i.e., treatment of only
on-site areas is required). However, if an off-site area drains to a
proposed BMP, flow from that area must be accounted for in the sizing of

a specific practice.

Table 3-6 includes a list of the acceptable water quality treatment BMPs, which are
described in detail in Chapter Five. Other practices may be used to meet other criteria,
such as recharge or flood control, but only the practices in this list may be used to meet the
water quality criterion. In addition, disconnection of impervious areas (see LID Credit,
Chapter Four) may be used to meet some or all of the WQ,, including the minimum WQ,.

Table 3-6 Acceptable BMPs for Water Quality Treatment

Group

Practice

L

Description

Treatment
Systems
(WVTS)

Wet Vegetated [Shallow WVTS

A surface wet stormwater basin that provides
water quality treatment primarily in a shallow
vegetated permanent pool.

Gravel WVTS

A wet stormwater basin that provides water quality
treatment primarily in a wet gravel bed with
emergent vegetation.

Infiltration

Infiltration
Trenches/Chambers/
Dry Wells

An infiltration practice that stores the water quality
volume in the void spaces of a trench or open
chamber filled with or embedded in clean gravel
before it is infiltrated into underlying soils.*

Infiltration Basin

An infiltration practice that stores the water quality
volume in a shallow surface depression before it is
infiltrated into the underlying soils.

Permeable Paving

A practice that stores the water quality volume in
the void spaces of a clean sand or gravel base
before it is infiltrated into the underlying soils.

Filtering
Practices

Sand Filter

A filtering practice that treats stormwater by
settling out larger particles in a sediment chamber,
and then filtering stormwater through a surface or
underground sand matrix.

Organic Filter

A filtering practice that uses an organic medium
such as compost in the filter, or incorporates
organic material in addition to sand (e.qg.,
peat/sand mixture).

! The bottom of infiltration practices must be in the natural soil profile, i.e., must not be located in bedrock.
Where a TMDL or CRMC goal requires maximum treatment of runoff, the bottom of infiltration practices
shall be within the uppermost soil horizons (A or B) or another BMP would be required.
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Group Practice Description

A shallow depression that treats stormwater as it
flows through a soil matrix, and is returned to the
storm drain system, or infiltrated into underlying
soils or substratum.

Rooftop vegetated with low, drought-tolerant plant
species and a shallow planting media designed for
performance. Not typically designed for public

Green Roofs access.
Rooftop vegetated with trees and shrubs with a

Intensive deeper planting soil and walkways, typically
designed for both performance and public access.

An open vegetated channel or depression explicitly
designed to detain and promote filtration of
stormwater runoff into an underlying fabricated soil
matrix.

An.open vegetated channel or depression designed
Wet Swale to retain water or intercept groundwater for water
guality treatment.

Bioretention

Extensive

Dry Swale
Open
Channels

3.3.3.2 Water Quality Flow (WQ,)

The water quality flow (WQ) is the peak flow rate associated with the water quality
design storm or WQ,. Although most of the stormwater treatment practices in this
manual are sized based on WQ,, flow diversion structures for off-line stormwater
treatment practices must be designed to bypass flows greater than the WQs. The WQ;
shall be calculated using the WQ, described above and a modified curve number (CN)
for small storm events. This is more appropriate than the traditional NRCS CN Methods
and the Rational Formula, which have been widely used for peak runoff calculations and
drainage design. The traditional NRCS TR-55 CN methods are valuable for estimating
peak discharge rates for large storms (i.e., greater than 2 inches), but can significantly
underestimate runoff from small storm events (Claytor and Schueler, 1996). This
discrepancy in estimating runoff and discharge rates can lead to situations where a
significant amount of runoff by-passes the water quality practice due to an inadequately
sized diversion structure and leads to the design of undersized bypass channels.
Similarly, the Rational Formula is highly sensitive to the time of concentration and
rainfall intensity, and therefore should only be used with reliable intensity, duration, and
frequency (IDF) tables or curves for the storm and region of interest (Claytor and
Schueler, 1996).

The following equation shall be used to calculate a modified CN. This modified CN can
then be used in a traditional TR-55 model or spreadsheet in order to estimate peak
discharges for small storm events.

Using the water quality volume (WQ,), a corresponding CN is computed utilizing the
following equation:
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CN = 1000/ [10 + 5P +10Q - 10(Q? + 1.25 QP)*]

Where:
P = rainfall, in inches (use 1.2 inches for the Water Quality Storm that produces 1
inch of runoff)
Q = runoff volume, in watershed inches (equal to WQ, + total drainage area)

When using a hydraulic/hydrologic model for facility sizing and WQ; determination,
designers must use this adjusted CN for the drainage area to generate runoff equal to
the WQ, for the 1.2-inch precipitation event.

Designers can also use a TR-55 spreadsheet to find the WQ;. Using the computed CN
from the equation above, the time of concentration (t.), and drainage area (A); the peak
discharge (WQy) for the water quality storm event can be computed with the following
steps:

1. Read initial abstraction (l,) from TR-55-Table 4.1 or calculate using I, = 200/CN — 2
2. Compute I/P (P = 1.2 inches)

3. Approximate the unit peak discharge (q,) from TR-55 Exhibit 4-Ill using t. and I./P
4. Compute the peak discharge (WQy) using the following equation:

WQr=qu*A*Q

Where:  WQs=_the peak discharge for water quality event, in cfs

gu = the unit peak discharge, in cfs/mi?/inch
A = drainage area, in square miles
Q = runoff volume, in watershed inches (equal to WQ, + A)

3.3.4 Channel Protection (CP,)

The channel protection volume (CP,) is the 24-hour extended detention of the post-
development runoff volume from the 1-year, 24-hour Type Il design storm event. If a
stormwater discharge is proposed within 200 feet of streams and any contiguous natural
or vegetated wetlands in watersheds draining to cold-water fisheries, surface detention
practices are prohibited (underground detention or infiltration practices will be required).
Discharges beyond 200 feet shall be designed to discharge up to the CP, through an
underdrained gravel trench outlet, as described in Chapter Five and depicted in Figure
5-4.

For facility sizing criteria, the basis for hydrologic and hydraulic evaluation of
development sites are as follows:

« The models TR-55 or TR-20 (or approved equivalent) shall be used for
determining the CP,,.

- The Rational Method may be used for sizing the conveyance system.

« Off-site areas draining to proposed facility shall be modeled as “present
condition” for the one-year storm event.
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The length of sheet flow used in time of concentration (t.) calculations is
limited to no more than 100 feet for post-development conditions.

The required minimum CP, shall be computed using the methodology

developed in 1987 by Harrington (See Appendix H.4) or by calculating
65% of the direct runoff volume from the post-development 1-year, 24-
hour Type Il storm based on one of the approved models listed above,
using the following equation:

Vs =0.65*V,

where V= CP, = required channel protection storage volume; and
V, = runoff volume from 1-year, 24-hour Type Il storm.

The CP, shall be released at roughly a uniform rate over a 24-hour
duration (see example sizing calculations in Appendix D). To determine
the average release rate, use the following equation:

Average release rate =V, / T

where V, = defined above; and
T = extended detention time (24 hours).

The CP, criterion can be waived for sites that:

Direct discharge to a large river (i.e., 4™-order stream or larger. See
Appendix | for State-wide list and map of stream order), bodies of water >
50.0 acres in surface area (i.e., lakes, ponds, reservoirs), or tidal waters.

Small facilities with impervious cover less than or equal to 1 acre.

Projects when the post-development peak discharge from the facility
without attenuation is less than 2 cfs for the 1-year, 24-hour Type Il
design storm event.

3.3.5 Overbank Flood Protection (Q,)

Peak flow attenuation is required for the 10-year and 100-year, 24-hour Type Il design
storm events. The primary purpose of this sizing criterion is to prevent an increase in
the frequency and magnitude of out-of-bank flooding (i.e., flow events that exceed the
bankfull capacity of the channel, and therefore, must spill over to the floodplain). One of
the key objectives of an out-of-bank flooding requirement is to protect downstream
structures (houses, businesses, culverts, bridge abutments, etc.) from increased flows
and velocities from upstream development. The intent of this criterion is to prevent
increased flood damage from infrequent but very large storm events, maintain the
boundaries of the predevelopment floodplain, and protect the physical integrity of a
stormwater management practice itself.
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For facility sizing criteria, the basis for hydrologic and hydraulic evaluation of
development sites are as follows:

The models TR-55 and TR-20 (or approved equivalent) will be used for
determining the required storage and outlet structures for attenuating the
peak flows from the 10-year and 100-year, 24-hour Type Il design storms.

The standard for characterizing pre-development land use for on-site
areas shall be woods, meadow, or rangeland. For agricultural land, use a
CN representing rangeland.

For purposes of computing runoff, all pervious lands prior to development
shall be assumed to be in good condition regardless of conditions existing
at the time of computation.

Off-site areas that drain to a proposed facility should be modeled as
"present condition” for peak-flow attenuation requirements.

If an off-site area drains to a facility, an applicant must also demonstrate
safe passage of the 100-year event, based on actual conditions upstream.

The length of sheet flow used in t; calculations is limited to no more than
150 feet for pre-development conditions and 100 feet for post-
development conditions.

An applicant must demonstrate that flows from the 100-year event will be
safely conveyed to a practice designed to manage the 100-year event.

The Q, criterion can be waived for sites that:

Direct discharge to a large river (i.e., 4™-order stream or larger. See
Appendix | for State-wide list and map of stream order), bodies of water >
50.0 acres in surface area (i.e., lakes, ponds, reservoirs), or tidal waters.

A Downstream Analysis indicates that peak discharge control would not
be beneficial or would exacerbate peak flows in a downstream tributary of
a particular site (i.e., through coincident peaks).

3.3.6 Downstream Analysis

A downstream analysis is required for projects meeting the project size and impervious
cover characteristics in the table below, or when deemed appropriate by the approving
agency when existing conditions are already causing a problem (e.g., known drainage
or flooding conditions or existing channel erosion is evident), to determine whether peak
flow impacts are fully attenuated by controlling the 10- and 100-year events. The
criterion used for the limit of the downstream analysis is referred to as the “10% rule.”
Under the 10% rule, a hydrologic and hydraulic analysis is extended downstream to the
point where the site represents 10% of the total drainage area. For example, a 10-acre
disturbed area within the same subwatershed would be analyzed to the point
downstream with a drainage area of 100 acres.
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Table 3-7 Projects for which a Downstream Analysis is required

Area of Disturbance Impervious Cover (%) *
Within the Subwatershed
(acres)
>5 1010 >75
>10to 25 >50
>25 to 50 >25
>50 all projects

A number of hydrologists have noted that overbank and extreme flood control
approaches do not always provide full downstream control from the out-of-bank events,
due to differences in timing of individual peak discharges in the downstream portion of
the watershed. Depending on the shape and land use of a watershed, it is possible that
upstream peak discharge may arrive at the same time a downstream structure is
releasing its peak discharge, thus increasing the total discharge (see Figure 3-1). As a

result of this “coincident peaks” problem, it

is often necessary to evaluate conditions

downstream from a site to ensure that effective out-of-bank control is being provided.

Figure 3-1 Graphical Representation of Co

incident Peaks (Ogden, 2000)

Two Downstream Combining Hydrographs

Before Development

Combined flow

Tributary 2

Tributary 1
Pre-development

After Development

Peak flow increase
Combined flow
...................................... A pgr e rsireny
Ih t. e

Tributary 2

Tributary 1
Detained flow

! Percent Impervious Cover = | / disturbed area contributing to discharge locations
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As a minimum, the analysis should include the hydrologic and hydraulic effects of all
culverts and/or obstructions within the downstream channel and assess whether an
increase in water surface elevations will impact existing buildings or other structures.
The analysis should compute flow rates and velocities (for the overbank flood control
storms) downstream to the location of the 10% rule for pre-developed conditions and
proposed conditions both with and without detention facility(ies). If flow rates and
velocities (for Q) with the proposed detention facility increase by less than 5% from the
pre-developed condition, and no existing structures are impacted, then no additional
analysis is necessary. If the flow rates and velocities increase by more than 5%, then
the designer must redesign the detention structure, evaluate the effects of no detention
structure, or propose corrective actions to the impacted downstream areas. Additional
investigations may be required by the approving agency on a case-by-case basis
depending on the magnitude of the project, the sensitivity of the receiving water
resource, or other issues such as past drainage or flooding complaints.

Special caution should be employed where the analysis shows that no detention
structure is required. Stormwater designers must be able to demonstrate that runoff will
not cause downstream flooding within the stream reach to the location of the 10% rule.
The absence of on-site detention shall not be perceived to waive or eliminate
groundwater recharge (Re,), water quality control (WQ,), or stream channel protection
requirements (CP,).

A typical downstream analysis will require a hydrologic investigation of the disturbed
area draining to a proposed detention facility and of the contributory watershed to the
location of the 10% rule for the 10- and 100-year, 24-hour Type Il storms. The
approving agency may also request analysis of the 1-year, 24-hour Type Il storm on a
case-by-case basis. A hydraulic analysis of the stream channel below the facility to the
location of the 10% rule will also be necessary (e.g., a HECRAS water surface profile
analysis). Depending on the magnitude of the impact and the specific conditions of the
analysis, additional information and data may be necessary such as collecting field run
topography, establishing building elevations and culvert sizes or investigating specific
drainage concerns or complaints.

Table 3-8 Summary of Stormwater Treatment Practice Criteria

Post-
Development
Storm
Magnitude

Criteria Description
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Post-
Criteria Description Development
Storm
Magnitude
Groundwater Recharge Volume (Re,)*
Maintain pre-development annual groundwater recharge
volume to the maximum extent practicable through the
use of infiltration measures
Groundwater o First one inch of
Recharge Re, = (1")(F)(1)/12 runoff
Re, = groundwater recharge volume (ac-ft)
F = recharge factor, see Table 3-4
| = Impervious area (acres)
Water Quality Volume (WQ,)*
Volume generated by one inch of runoff on the site
WQ, = (1")(1)/12
Pollutant First one inch of
Reduction WQ, = water quality volume (ac-ft) runoff
| = Impervious area (acres)
Water Quality Flow (WQ)
Peak flow associated with the water quality volume
Channel Protection Volume (CP,)* 1-vear. 24-hour
CP, = 24-hour extended detention of the volume of the T y o Iil rainfall
Channel and post-development 1-year, 24-hour Type Il storm event yp
Conveyance Conveyance Protection
Protection Design the conveyance system leading to, from, and 10-year, 24-hour

through stormwater management facilities based on the
peak flow from the 10-year, 24-hour Type Il storm.

Type Il rainfall
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Criteria

Description

Post-
Development
Storm
Magnitude

Overbank Flood
Protection

Peak Runoff Attenuation (Qp)*

Control the post-development peak discharge rates from
the 10- and 100-year storms to the corresponding pre-
development peak discharge rates. Calculations must
be provided that show how runoff from the 10- and 100-
year storms reaches the proposed facilities.

Emergency Outlet Sizing

Size the emergency outlet to safely pass the post-
development peak runoff from, at a minimum, the 100-
year storm in a controlled manner without eroding the
outlet works and downstream drainages.

Downstream Analysis

Downstream analysis of the overbank and extreme flood
(10-year and 100-year, respectively) shall be conducted
to identify potential detrimental effects of proposed
stormwater treatment practices and detention facilities
on downstream areas (for applicability, see section
3.3.6).

10- and 100-year,
24-hour Type I
rainfall

100-year, 24-hour
Type Il rainfall

10 and 100-year,
24-hour Type 1lI
rainfall

*Note that the 