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Preface

Technical information regarding future updates to the District of Columbia Stormwater
Management Guidebook will be available at http://ddoe.dc.gov/publication/stormwater-
guidebook. Notices regarding future versions of the manual will be posted on this website.
Future versions are expected to occur, at most, once a year.
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Chapter 1 Introduction to the Stormwater
Management Guidebook

1.1 Introduction

The District of Columbia (District), like most ultra-urban areas, experiences increased
stormwater runoff that results from development. This runoff places a burden on sewer systems
and degrades aquatic resources when it is not managed adequately. Unmanaged stormwater
runoff overloads the capacity of streams and storm sewers and is responsible for increased
combined sewer overflow events and adverse downstream impacts, such as flash flooding,
channel erosion, surface and groundwater pollution, and habitat degradation.

Recognizing this issue, the District first adopted stormwater management regulations in 1988.
These regulations (Chapter 5 of Title 21 of the District of Columbia Municipal Regulations)
established requirements to manage both stormwater quality and quantity. Quality control
focused on the removal of pollutants from up to the first 0.5 inches of stormwater runoff, often
referred to as the “first flush.” Quantity control was mandated through detention requirements
based on the 2-year, 24-hour storm event for stream bank protection (widely accepted as the
channel shaping flow) and the 15-year, 24-hour storm event for flood protection (the typical
design capacity of the District’s sewer conveyance system).

This Stormwater Management Guidebook (SWMG) provides technical guidance on the 2013
revisions to the 1988 regulations. The detention requirements have not changed significantly, but
the focus on water-quality treatment has shifted to a standard for volume retention. Major land-
disturbing activities must retain the volume from a 1.2-inch storm event, and major substantial
improvement activities must retain the volume from a 0.8-inch storm event. By keeping
stormwater on site, retention practices effectively provide both treatment and additional volume
control, significantly improving protection for District waterbodies. This Stormwater Retention
Volume (SWRv) can be managed through runoff prevention (e.g., conservation of pervious
cover or reforestation), runoff reduction (e.g., infiltration or water reuse), and runoff treatment
(e.g., plant/soil filter systems or permeable pavement).

1.2 Purpose and Scope

The purpose of the SWMG is to provide the technical guidance required to comply with the
District’s stormwater management regulations, including the criteria and specifications engineers
and planners use to plan, design, and construct regulated sites and stormwater best management
practices (BMPs).

It is the responsibility of the design engineer to review, verify, and select the appropriate BMPs
and materials for a specific project and submit to DDOE, as required, all reports, design
computations, worksheets, geotechnical studies, surveys, rights-of-way determinations, etc. Each
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such required submittal will bear the seal and signature of the professional engineer licensed to
practice in the District who is responsible for that portion of the project.

1.3 Impacts of Urban Runoff

Historically, the collective impacts of rooftops, sidewalks, roadways, and other impervious
surfaces on District streams and rivers have been divided into two categories, those attributed to
changes in hydrologic response or resulting from human activities. The hydrologic response of
an urban area changes when drainage areas become increasingly impervious, causing stormwater
runoff volumes, flows, and velocities to increase while base groundwater flows decrease. Small
annual storm events that would ideally be captured by the plants and soils of an undeveloped
landscape are instead delivered quickly and efficiently through the receiving pipe network to city
streams. Human activities in the city, ranging from heavy automobile traffic to use of various
chemicals, generate increased pollutant loads. During dry weather, these pollutants combine with
deposits of atmospheric pollution from outside of the city to build up on impervious surfaces
where rain and snow events later wash them into the District’s sewer pipes, streams, and rivers.

131 Hydrologic Impacts

Urban development causes significant changes in the rainfall-runoff relationship within a
watershed. Rainfall volumes shift from evapotranspiration and infiltration to surface and piped
runoff. This shift delivers large amounts of runoff to receiving pipes and streams during even the
smallest rainfall event within an urban development (see Figure 1.1).

A city represents a transformation from a natural catchment to a sewershed through an increase
in impervious surfaces and the addition of an underground, piped conveyance system. Natural
drainage patterns are modified and stormwater runoff is channeled through roof drains,
pavement, road gutters, and storm drains. Direct connections between impervious surfaces and
stormwater conveyance systems (meant to avoid flooding) deliver these larger volumes more
quickly, which leads to an increase in runoff volumes and velocities. The time runoff takes to
travel downstream becomes shorter, and infiltration into underlying soils and groundwater
aquifers decreases or is eliminated (see Figure 1.2).

The District’s 1988 stormwater management regulations responded to these volume impacts with
a focus on “peak matching,” where volume releases were delayed and released at a 2-year flow
rate. Recent research has found that this approach has, in many cases, led to an increase in stream
erosion because the full runoff volume is still forced through the receiving channel. Even at this
low flow rate, the channel is subjected to an elevated flow for prolonged durations.

In addition, a 2-year flow control structure allows the large number of smaller-sized storms to
wash off a site at the discharge rate allowed for the 2-year storm, when they should have a lower
discharge rate. The District’s new stormwater retention requirements complement and improve
peak flow matching by retaining stormwater from these smaller storms on site and reducing the
overall runoff volumes that leave the site. Retention is a better approximation of the natural
drainage cycle.
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Figure 1.1 Changes in the water balance resulting from urbanization (FISRWG, 1998).
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Figure 1.2 Changes in streamflow resulting from urbanization (Schueler, 1987).

1.3.2 Water Quality Impacts

As land is developed, impervious surfaces replace naturally vegetated areas that once allowed
water to infiltrate and become purified by the soil. Approximately 43 percent of the District’s
natural groundcover has been replaced with impervious surfaces, which accumulate pollutants
deposited from the atmosphere, leaked from vehicles, or windblown from adjacent areas. During
storm events, these pollutants quickly wash off impervious surfaces and are delivered rapidly to
downstream waters. Table 1.1 profiles common pollutants found in urban stormwater runoff and
their sources.
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Table 1.1 Common Pollutants in Urban Stormwater Runoff and Their Sources (SWQTF, 1993)

Pollutant Automobile/ Urban Industrial |Construction| Connections| Accidental

Atmospheric [ Housekeeping /| Activities Activities | other than | Spillsand
Deposition Landscaping Stormwater Illegal
Practices Dumping

Sediments X X X X

Nutrients X X X X X X

Bacteria and Viruses X X X X X

Oyen Derng EEERERE

Oil and Grease X X X X X X

Anti-Freeze X X X X X

Hydraulic Fluid X X X X X X

Paint X X X X

Chnersnd x < |ox | x| x| x

Wood Preservatives X X X X

Heavy Metals X X X X X X

Chromium X X X

Copper X X X

Lead X X X

Zinc X X X

Iron X X

Cadmium X X

Nickel X X

Magnesium X X

Toxic Materials

Fuels X X X X X

PCBs X X X

Pesticides X X X X X X

Herbicides X X X X X

Floatables X X X
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2.1 District of Columbia Stormwater Management Performance
Requirements

This chapter presents a unified approach for sizing stormwater best management practices
(BMPs) in the District of Columbia (District) to meet pollutant removal goals, reduce peak
discharges, and pass extreme floods. Table 2.1 presents a summary of the sizing criteria used to
achieve the stormwater management performance requirements for regulated activity.

Those portions of regulated activity that involve the reconstruction of the existing public right-
of-way are governed by a “maximum extent practicable” approach, detailed in Appendix B.
There are notes throughout this chapter that identify special conditions for regulated activity
located in the Anacostia Waterfront Development Zone (AWDZ) that are governed by the
Anacostia Waterfront Environmental Standards Amendment Act of 2012 (see D.C. Official Code
8§ 2-1226.36(c)(1)). Figure 2.1 provides a map that outlines the boundaries of the AWDZ and
the exact boundaries are provided in definitions found in Appendix U.

This chapter describes the seven sizing criteria in detail and provides guidance on how to
properly compute and manage the required volumes. This chapter also presents an overview of
acceptable BMP options that can be used to comply with the sizing criteria. Appendix A
provides a line-by-line review of the accompanying calculator spreadsheets.

Note: 2-year post-development peak discharge requirements do not apply to projects when three
conditions can be established: (1) site discharges flow directly to, or through the separate sewer
system, into the main stem of the tidal Potomac or Anacostia Rivers, the Washington Channel, or
the Chesapeake and Ohio Canal; (2) site discharges do not flow into or through a tributary to
those waterbodies that runs above ground or that the District Department of the Environment
(DDOE) expects to be daylighted to run above ground; and (3) site discharges will not cause
erosion of land or transport of sediment.
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Table 2.1 Sizing Criteria for Stormwater Management Performance Requirements

Sizing Criteria

Description of Stormwater Sizing Criteria

Stormwater Retention
Volume
(SWRv) (gal)

SWRv = [P x [(Rv; x %I) + (Rvc x %C) + (Rvy X %N)] x SA] x 7.48/12

where:
SWRv = volume required to be retained on site (gal)
P = variable percentile rainfall event for the District dependent on
regulatory trigger (see next criterion)
Rv, = 0.95 (runoff coefficient for impervious cover)
Rvc = 0.25 (runoff coefficient for compacted cover)
Rvn = 0.00 (runoff coefficient for natural cover)
%l = percent of site in impervious cover (decimal)
%C = percent of site in compacted cover (decimal)
%N = percent of site in natural cover (decimal)
SA = surface area (ft%)
7.48 = conversion factor, converting cubic feet to gallons
12 = conversion factor, converting inches to feet

Precipitation value
selected based on
Regulatory Trigger (P)

Major Land-Disturbing Activity (AWDZ and District-wide): 90th percentile event
(1.2 inches)

Major Substantial Improvement Activity (AWDZ): 85th percentile event (1.0 inches)

Major Substantial Improvement Activity (District-wide): 80th percentile event (0.8
inches)

Reconstruction of public
right-of-way

Consult Appendix B
Maximum Extent Practicable Process for Existing Public Right-of-Way

Water Quality Treatment
Volume (WQTV) (gal)

(applies only to regulated
activity in the AWDZ
area governed by the
Anacostia Waterfront
Environmental Standards
Amendment Act of 2012)

WQTv = (P x [(Rv, x %) + (Rvc x %C) + (Rvy x %N) x SA] x 7.48/12) - SWRv
where:

WQTv = volume required to be retained or treated, above and  beyond the
SWRyv (gal)

SWRv = volume required to be retained on site (gal)

P = 95th percentile rain event for the District (1.7 inches)

Rv, = 0.95 (runoff coefficient for impervious cover)

Rvc = 0.25 (runoff coefficient for compacted cover)

Rvy = 0.00 (runoff coefficient for natural cover)

%I = percent of site in impervious cover (decimal)

%C = percent of site in compacted cover (decimal)

%N = percent of site in natural cover (decimal)

SA = surface area (ft%)

7.48 = conversion factor, converting cubic feet to gallons

12 = conversion factor, converting inches to feet

2-Year Storm Control

(Qp2)

The peak discharge rate from the 2-year, 24-hour storm event controlled to the
predevelopment peak discharge rate.

15-Year Storm Control
(Qp:1s)

The peak discharge rate from the 15-year, 24-hour storm event controlled to the
preproject peak discharge rate.

Extreme Flood
Requirements (Q)

The peak discharge rate from the 100-year storm event controlled to the preproject
peak discharge rate if the site:
1) Increases the size of a Special Flood Hazard Area (SFHA) as delineated on the
effective Flood Insurance Rate Maps (FIRM) or
2) Meets the following two conditions:
(a) Does not discharge to the sewer system and
(b) Has a post-development peak discharge rate for a 100-year frequency storm
event that will cause flooding to a building.
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Figure 2.1 Map of Anacostia Waterfront Development Zone.

2.2 Stormwater Retention Volume

Regulated sites that undergo a major land-disturbing activity or a major substantial improvement
activity must employ BMPs and post-development land cover necessary to achieve the
stormwater retention volume (SWRV) equal to the post-development runoff from the applicable
rainfall event, as measured for a 24-hour storm with a 72-hour antecedent dry period. For a major
substantial improvement activity located in the AWDZ, governed by the Anacostia Waterfront
Environmental Standards Amendment Act of 2012, the applicable rainfall event is the 85th
percentile rainfall event (1.0 inches). For all other major substantial improvement activities
throughout the District, the applicable rainfall event is the 80th percentile rainfall event (0.8
inches). The SWRYVv is calculated as follows for the entire site and for each drainage area:
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Equation 2.1 Stormwater Retention Volume

SWRy — {Px[(Rv, x%1 )+ (Rv. x%C)+ (Rv, x %N )|xSA}x7.48

12
where:

SWRv = volume required to be retained on site (gal)

P = selection of District rainfall event varies based on regulatory trigger; 90th
percentile (1.2 inches) for major land-disturbing activity, 85th percentile (1.0
inches) for major substantial improvement activity in the AWDZ and
governed by the Anacostia Waterfront Environmental Standards Amendment
Act of 2012, 80th percentile (0.8 inches) for other major substantial
improvement activities

Rv; = runoff coefficient for impervious cover (0.95)

%l = percent of site in impervious cover

Rve = runoff coefficient for compacted cover (0.25)

%C = percent of site in compacted cover

Rvy = runoff coefficient for natural cover (0.00)

%N = percent of site in natural cover

SA = surface area (ft?)

7.48 = conversion factor, converting cubic feet to gallons

12 = conversion factor, converting inches to feet

where the surface area under a BMP shall be calculated as part of the impervious cover (%l); and

A site may achieve on-site retention by directly conveying volume from the regulated site to a
shared BMP with available retention capacity. A site may achieve the SWRYv on site or through a
combination of on-site retention and off-site retention under the following conditions:

The site shall retain on site a minimum of 50 percent of the SWRv calculated for the entire
site, unless DDOE approves an application for relief from extraordinarily difficult site
conditions (Appendix E).

The site shall use off-site retention for the portion of the SWRVv that is not retained on site
(See Chapter 6 and Appendix C).

Regulated activity in the AWDZ, governed by the Anacostia Waterfront Environmental
Standards Amendment Act of 2012, must have all off-site retention approved by DDOE even
if the minimum 50 percent on-site requirement has been achieved. These projects may apply
to achieve retention compliance with off-site retention based on considerations of technical
infeasibility and environmental harm as well as the limited appropriateness of on-site
compliance in terms of impact on surrounding landowners or overall benefit to District
waterbodies.

Projects requesting relief from compliance with the minimum on-site retention obligation
(50% of the SWRv) and claiming “extraordinarily difficult site conditions” will follow the
submission and evaluation process detailed in Appendix E. Sites approved for “relief from

10
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extraordinarily difficult site conditions” are still responsible for the entire SWRv but will be
allowed to use off-site retention to achieve more than 50percent of the SWRuv.

An individual drainage area is defined as the area that drains to a single discharge point from the
site. A site may achieve on-site retention by retaining more than the SWRv in an individual
drainage area, subject to the following conditions:

For each drainage area, as well as for all vehicular access areas within each drainage area, at
least 50 percent of the SWRv must be retained or treated with an accepted practice to remove
80 percent of total suspended solids (TSS), unless it drains into the combined sewer system.
For vehicular access areas that are part of a submission following the maximum extent
practicable (MEP) process, the MEP narrative must address the placement and sizing
opportunities and the restrictions of a retention practice where these minimums are not
achieved. Figure 2.2 provides a map that outlines the boundaries of the District’s Combined
Sewer System (CSS) and Municipal Separate Storm Sewer System (MS4).

Retention in excess of the SWRv for one drainage area may be applied to the retention
volume required for another drainage area;

Retention of volume greater than that from a 1.7-inch rainfall event, calculated using the
SWRYV equation with a P equal to 1.7 inches, shall not be counted toward on-site retention.

11
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Figure 2.2 Map of District of Columbia MS4 and CSS areas.
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The following are “Accepted Practices” by DDOE for treatment to remove 80 percent of TSS:

= Permeable Pavement Systems

= Bioretention

= Stormwater Filtering Systems

= Stormwater Ponds

=  Wetlands

= Dry Swales

= Wet Swales

= Proprietary practices that have been demonstrated to achieve an 80 percent reduction in TSS
in accordance with the requirements of Appendix S.

Major land-disturbing activities in the existing public right-of-way, including activities
associated with a major land-disturbing activity on private property, must achieve the SWRv to
the MEP. The MEP design and review process is detailed in Appendix B.

2.3  Water Quality Treatment VVolume

In addition to the SWRYV requirements above, sites located in the AWDZ and governed by the
Anacostia Waterfront Environmental Standards Amendment Act of 2012 shall employ BMPs
and post-development land cover necessary to achieve a water quality treatment volume (WQTV)
equal to the difference between the post-development runoff from the 95th percentile rainfall
event (1.7 inches), measured for a 24-hour rainfall event with a 72-hour antecedent dry period,
and the SWRv. The WQTV is calculated as follows, for the entire site, and each individual
drainage area:

Equation 2.2 Water Quality Treatment Volume

WQTv = {Px[(Rv, x %I )+ (Rv. x %C)+ (Rv, x %N )|xSA}x 7.48 — SWRv

where:
WQTv = volume, in gallons, required to be retained or treated, above and beyond the
Stormwater Retention Volume (SWRv).
SWRv = volume, in gallons, required to be retained, as described in Section 2.2
P = 95th percentile rainfall event for the District (1.7 inches)
Rvi = 0.95 (runoff coefficient for impervious cover)
Rve = 0.25 (runoff coefficient for compacted cover)
RvN = 0.00 (runoff coefficient for natural cover)
%I = percent of site in impervious cover
%C = percent of site in compacted cover
%N = percent of site in natural cover
SA = surface area in square feet,
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where, the surface area under a BMP shall be calculated as part of the impervious cover (%l);
and

A site in the AWDZ that is governed by the Anacostia Waterfront Environmental Standards
Amendment Act of 2012 may achieve on-site treatment for WQTv with:

= On-site treatment with an accepted treatment practice designed to remove 80 percent of TSS;
= On-site retention; or

= Direct conveyance of stormwater from the site to an approved shared BMP with sufficient
available treatment or retention capacity.

An AWDZ site that is governed by the Anacostia Waterfront Environmental Standards
Amendment Act of 2012 may achieve part of the WQTvV by using off-site retention if site
conditions make compliance technically infeasible or environmentally harmful and DDOE
approves an application for “relief from extraordinarily difficult site conditions.”

An AWDZ site governed by the Anacostia Waterfront Environmental Standards Amendment Act
of 2012 that achieves 1 gallon of off-Site retention volume (Offv) by using Stormwater Retention
Credits (SRCs) certified for retention capacity located outside of the Anacostia watershed shall
use 1.25 SRCs for that gallon of Offv.

Figures 2.3-2.7 describe the relationship between a variety of project types, the SWRyv, and the
WQTv.
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Figure 2.3 Determining the regulatory event used to calculate the SWRv.
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Figure 2.4 Determining if overall retention requirements have been met, outside the AWDZ.
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Figure 2.5 Determining if overall retention and water quality treatment requirements have been
met, inside the AWDZ for regulated activity governed by the Anacostia Waterfront Environmental
Standards Amendment Act of 2012.
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* Existing Public right-of-way (PROW) sites follow these guidelines to the maximum
extent practicable (MEP). The MEP design and review process is detailed in Appendix B.

Figure 2.6 Determining if minimum retention and water quality treatment requirements have been
met.
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Figure 2.7 Determining retention and water quality requirements for projects in the existing public
right-of-way (PROW).
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2.4  Extreme Flood Requirements

To meet the extreme flood requirements (Qs), a site shall maintain the peak discharge rate from
the 100-year storm event controlled to the preproject peak discharge rate if the site:

1. Increases the size of a Special Flood Hazard Area (SFHA) as delineated on the effective
Flood Insurance Rate Maps (FIRM) or

2. Meets the following two conditions:
(a) Does not discharge to the sewer system and

(b) Has a post-development peak discharge rate for a 100-year-frequency storm event that
will cause flooding to a building.

The intent of the extreme flood criteria is to (a) prevent flood damage from large storm events,
and (b) maintain the boundaries of the 100-year Federal Emergency Management Agency
(FEMA) floodplain.

In general, stormwater runoff leaving a development site shall be discharged directly into an
adequate natural or man-made receiving channel, pipe, or storm sewer system, or the applicant
shall provide a drainage system satisfactory to DDOE to preclude an adverse impact (e.g., soil
erosion, sedimentation, flooding, duration of ponding water, inadequate overland relief) on
downstream properties and receiving systems. If the applicant chooses to install a drainage
system, the system shall be designed in accordance with established, applicable criteria for such
systems.

Stormwater runoff leaving a development site where it does not discharge directly to the sewer
system shall not aggravate or create a condition where an existing building is flooded from the
100-year storm event. If such a condition exists, on-site detention for the 100-year storm event
shall be provided.

In situations where the size of the Special Flood Hazard Area (SFHA) as delineated on the
effective Flood Insurance Rate Map (FIRM) by the Federal Emergency Management Agency
(FEMA) will be increased based on the increased post-development 100-year discharge, the
post-development 100-year peak discharge shall be maintained at a level that is equal to or less
than the preproject 100-year peak discharge.

2.5 Minimum Criteria for Determining Extreme Flood Requirements

It is recommended that an applicant use the District’s online Flood Zone Determination Tool
(available at http://ddoe.dc.gov/floodplainmap) as an initial screening for this section.

An applicant shall use the following minimum criteria to determine whether extreme flood
requirements are applicable:
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Downstream Analysis:

1. Consult DDOE to initially determine whether or not the downstream analysis is needed. A
site visit is necessary for the determination. This analysis is used to determine the impact of
the 100-year post-development discharge on a building.

2. If the analysis is needed, the analysis shall contain supporting computations as justification
for the conclusions contained in the analysis. For consistency, the following items are to be
included, at a minimum:

(a) Site-specific narrative with a description of the elements of the storm drainage system,
overland relief paths and adjoining properties;

(b) A drainage plan showing outfall location(s) with the contributing drainage areas for each
outfall. Digital pictures of the outfall shall be included;

(c) A profile for each outfall channel and overland relief path;

(d) Two cross sections, at a minimum, at each critical location to verify the outfall and
overland relief adequacy. Cross sections shall be based on a 2-foot contour interval and
additional spot elevations in the vicinity. The cross sections shall have the same vertical
and horizontal scales and shall identify the top of banks for the channel;

(e) Description of the outfall channel and permissible velocity. The Manning’s roughness
coefficient shall be supported by soil classification, cover material, and channel’s or flow
path’s lining. The description of physical characteristics may include the amount of flow
meandering, material classification of the flow path and its banks, vegetation, obstruction
to flow, variations in cross sections and surface irregularity;

(F) Detailed hydrologic and hydraulic (H & H) calculations to obtain the 100-year water
surface elevation (WSE). The acceptable methodologies and models are specified in
Appendix H;

(9) Delineation of the 100-year WSE on the project drainage plan to show the location and
approximate extent of the overland relief path and areas that may be affected by the
surface storage for the 100-year storm event. Overlaying arrows, shading or other suitable
see-through graphics are suggested for this purpose; and

(h) Certification by the District professional engineer that no buildings will be subject to
increased flooding by the 100-year post-development discharge from the development
site.

3. If buildings will be flooded based on the analysis, then the design engineer must perform
more precise hydrologic and hydraulic computations. In addition to the on-site 100-year
detention, the applicant shall design the outfall drainage system, overland relief swales,
and/or surface storage in such a way that no building will be damaged by flooding.

4. If the protection measures for the outfall drainage system or overland relief path are
provided, necessary design details shall be shown and supported by calculations and
submitted to DDOE for review.
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Hydrologic and Hydraulic Analysis:

1. Consult DDOE to initially determine whether or not the H&H analysis is needed. This
analysis is used to determine the impact on SFHA by considering the entire watershed.

2. The acceptable methodologies and models for H&H analysis are specified in Section 2.7 and
further described in Appendix H.

3. H&H investigations may be required to demonstrate that downstream roads, bridges, and
public utilities are adequately protected from the Qr storm. These investigations typically
extend to the first downstream tributary of equal or greater drainage area or to any
downstream dam, highway, or natural point of restricted stream flow.

2.6  Additional Stormwater Management Requirements

Any BMP that may receive stormwater runoff from areas that are potential sources of oil and
grease contamination (concentrations exceeding 10 milligrams per liter) shall include a baffle,
skimmer, oil separator, grease trap, or other mechanism that prevents oil and grease from
escaping the BMP in concentrations exceeding 10 milligrams per liter.

Any BMP that receives stormwater runoff from areas used to confine animals may be required
connect to a sanitary or combined sewer and to meet DC Water’s pretreatment requirements.

2.7 Hydrology Methods

The following are the acceptable methodologies and computer models for estimating runoff
hydrographs before and after development. These methods are used to predict the runoff
response from given rainfall information and site surface characteristic conditions. The design
storm frequencies used in all of the hydrologic engineering calculations will be based on design
storms required in this guidebook unless circumstances make consideration of another storm
intensity criteria appropriate.

= Urban Hydrology for Small Watersheds TR-55

= Storage-Indication Routing

= HEC-HMS, WIinTR-55, TR-20, and SWMM Computer Models
= Rational Method (limited to sites under 5 acres)

These methods are given as valid in principle, and are applicable to most stormwater
management design situations in the District. Other methods may be used when the District
reviewing authority approves their application.

The use of the Natural Resource Conservation Service’s (NRCS’s) Storage Indication Routing
method or an equivalent acceptable method may be required to route the design storms through
stormwater facilities. A modified version of the NRCS Curve Number method is provided for
computing the peak discharge for the SWRv 1.2-inch rain event. See Appendix H for further
details and guidance on both computation procedures.
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2.8  Acceptable Urban BMP Options

This section sets forth 13 acceptable groups of BMPs that can be used to meet the SWRv and/or
peak flow (Qp2, Qpis, Qs) criteria.

The dozens of different BMP designs currently used in the District are assigned to 13 general
categories for stormwater quality control:

BMP Group1  Green Roofs

BMP Group 2 Rainwater Harvesting

BMP Group 3 Impervious Surface Disconnection

BMP Group 4 Permeable Pavement Systems

BMP Group 5 Bioretention

BMP Group 6 Filtering Systems

BMP Group 7 Infiltration

BMP Group 8 Open Channel Systems

BMP Group 9 Ponds

BMP Group 10  Wetlands

BMP Group 11  Storage Practices

BMP Group 12  Proprietary Practices

BMP Group 13  Tree Planting and Preservation

Within each BMP group, detailed performance criteria are presented that govern feasibility,

conveyance, pretreatment, treatment, landscaping, construction sequence, maintenance, and
stormwater retention calculations (see Chapter 3).

Guidance on selecting the most appropriate combination of BMPs is provided in Chapter 4.
BMP Group1 Green Roofs

Green roofs are BMPs that capture and store rainfall, which would otherwise land on an
impervious rooftop, in an engineered growing media that is designed to support plant growth. A
portion of the captured rainfall evaporates or is taken up by plants, which helps reduce runoff
volumes, peak runoff rates, and pollutant loads. Design variants include:

G-1  Extensive green roofs have a much shallower growing media layer that typically ranges
from 3 to 6 inches thick.

G-2  Intensive green roofs have a growing media layer that ranges from 6 inches to 4 feet
thick.
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BMP Group 2 Rainwater Harvesting

Rain water harvesting systems intercept, divert, store, and release rainfall for future use.
Rainwater that falls on a rooftop is collected and conveyed into an above- or below-ground
storage tank (also referred to as a cistern or rain tank), where it can be used for non-potable water
uses and on-site stormwater disposal/infiltration.

BMP Group 3 Impervious Surface Disconnection

This strategy involves managing runoff close to its source by intercepting, infiltrating, filtering,
treating, or reusing it as it moves from the impervious surface to the drainage system. Simple
disconnection variants include:

D-1  Simple disconnection to a pervious compacted cover area

D-2  Simple disconnection to a conserved natural cover area

D-3  Simple disconnection to a soil compost amended filter path

Disconnection can also be employed as part of infiltration, bioretention, and rainwater harvesting
systems.

BMP Group 4 Permeable Pavement Systems

Permeable pavement is an alternative paving surface that captures and temporarily stores the
design volume by filtering runoff through voids in the pavement surface into an underlying stone
reservoir. Filtered runoff may be collected and returned to the conveyance system, or allowed to
partially infiltrate into the soil. Design variants include:

P-1  Porous asphalt (PA)

P-2  Pervious concrete (PC)

P-3  Permeable pavers (PP)
BMP Group S Bioretention

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

B-1  Traditional bioretention

B-2  Streetscape bioretention

B-3  Engineered tree pits

B-4  Stormwater planters

B-5 Residential rain gardens

24



Chapter 2 Minimum Control Requirements

BMP Group 6 Filtering Systems

Filtering systems are BMPs that capture and temporarily store the design volume and pass it
through a filter bed of sand, organic matter, soil or other filtering media. Filtered runoff may be
collected and returned to the conveyance system. Design variants include:

F-1  Non-structural sand filter

F-2  Surface sand filter

F-3  Three-chamber underground sand filter

F-4  Perimeter sand filter

BMP Group 7 Infiltration BMPs

Infiltration BMPs capture and store the design volume before allowing it to infiltrate into the soil
over a 48-hour period. Design variants include:

I-1 Infiltration trench

-2 Infiltration basin

BMP Group 8 Open Channel BMPs

Open channel BMPs are vegetated open channels that are designed to capture and treat or convey
the design storm volume. Design variants include:

0O-1  Grass channels

O-2 Dryswale

0-3  Wetswale

BMP Group 9 Ponds

Stormwater ponds are stormwater storage BMPs that consist of a combination of a permanent
pool, micropool, or shallow marsh that promote a good environment for gravitational settling,
biological uptake, and microbial activity. Design variants include:

P-1  Micropool extended detention pond

P-2  Wet pond

P-3  Wet extended detention (ED) pond

BMP Group 10 Wetlands

Stormwater wetlands are BMPs that create shallow marsh areas to treat urban stormwater which
often incorporate small permanent pools and/or extended detention storage. Stormwater wetlands
are explicitly designed to provide stormwater detention for larger storms (2-year, 15-year or
flood control events) above the SWRv. Design variants include:
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W-1  Shallow wetland
W-2  Extended detention (ED) shallow wetland

BMP Group 11 Storage Practices

Storage practices are explicitly designed to provide stormwater detention (2-year, 15-year, and/or
flood control). Storage practices alone are not considered acceptable practices to meet the SWRv
or TSS removal requirements. Design variants include:

S-1  Underground vault

S-2 Dry pond

S-3  Rooftop storage

S-4  Stone storage under permeable pavement or other BMPs

Design guidance and criteria for the practice of rooftop storage is provided in Appendix 1.
BMP Group 12 Proprietary Practices

Proprietary practices are manufactured stormwater BMPs that utilize settling, filtration,
absorptive/adsorptive materials, vortex separation, vegetative components, and/or other
appropriate technology to manage the impacts of stormwater runoff.

Proprietary practices may meet the SWRv value as well as the TSS removal value, provided they
have been approved by DDOE through the process detailed in Appendix S.

BMP Group 13 Tree Planting and Preservation

Trees can significantly reduce stormwater runoff by canopy interception and uptake of water
from the soil. Trees are well documented in their ability to reduce stormwater runoff, particularly
when the tree canopy covers impervious surface, such as in the case of street trees.
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3.1 Standard Best Management Practice Design Guidance Format

This chapter outlines performance criteria for 13 stormwater best management practice (BMP)
categories that include green roofs, rainwater harvesting, impermeable surface disconnection,
permeable pavement, bioretention, filtering systems, infiltration practices, storage practices,
ponds, wetlands, open channels, proprietary practices, and tree planting.

BMP performance criteria are based on several critical design factors to ensure effective and
long-lived BMPs. Design components that differ from these specifications but meet their intent
may be included at the District Department of the Environment’s (DDOE’s) discretion. In this
chapter, and throughout the guidebook, the terms “must” or “shall” denote required aspects of
BMPs or their design and implementation, while the term “should” denotes a recommendation.
However, justification may be necessary for design or implementation that does not correspond
to certain recommendations.

For each BMP, the following factors are discussed:

=  General Feasibility

= Conveyance

= Pretreatment

= Design and Sizing

= Landscaping

= Construction Sequencing

= Maintenance

= Stormwater Compliance Calculations
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3.2 Green Roofs

Definition. Practices that capture and store rainfall in an engineered growing media that is
designed to support plant growth. A portion of the captured rainfall evaporates or is taken up by
plants, which helps reduce runoff volumes, peak runoff rates, and pollutant loads on
development sites. Green roofs typically contain a layered system of roofing, which is designed
to support plant growth and retain water for plant uptake while preventing ponding on the roof
surface. The roofs are designed so that water drains vertically through the media and then
horizontally along a waterproofing layer towards the outlet. Extensive green roofs are designed
to have minimal maintenance requirements. Plant species are selected so that the roof does not
need supplemental irrigation and requires minimal, infrequent fertilization after vegetation is
initially established.

Design variants include extensive and intensive green roofs.

G-1  Extensive green roofs have a much shallower growing media layer that typically ranges
from 3 to 6 inches thick.

G-2  Intensive green roofs have a growing media layer that ranges from 6 to 48 inches thick.

Green roofs are typically not designed to provide stormwater detention of larger storms (e.g., 2-
year, 15-year) although some intensive green roof systems may be designed to meet these
criteria. Most green roof designs shall generally be combined with a separate facility to provide
large storm controls.

This specification is intended for situations where the primary design objective of the green roof
is stormwater management and, unless specified otherwise, addresses the design of extensive
roof systems. While rooftop practices such as urban agriculture may provide some retention,
their primary design objective is not stormwater management and is not addressed in this
specification.

3.2.1 Green Roof Feasibility Criteria

Green roofs are ideal for use on commercial, institutional, municipal, and multi-family
residential buildings. They are particularly well-suited for use on ultra-urban development and
redevelopment sites. Key constraints with green roofs include the following:

Structural Capacity of the Roof. When designing a green roof, designers must not only
consider the stormwater storage capacity of the green roof but also its structural capacity to
support the weight of the additional water. A conventional rooftop should typically be designed
to support an additional 15 to 30 pounds per square foot (psf) for an extensive green roof. As a
result, a structural engineer, architect, or other qualified professional should be involved with all
green roof designs to ensure that the building has enough structural capacity to support a green
roof. See Section 3.2.4 Green Roof Design Criteria for more information on structural design
considerations.

Roof Pitch. Green roof storage volume is maximized on relatively flat roofs (a pitch of 1 to 2
percent). Some pitch is needed to promote positive drainage and prevent ponding and/or
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saturation of the growing media. Green roofs can be installed on rooftops with slopes up to 30
percent if baffles, grids, or strips are used to prevent slippage of the media. These baffles must be
designed to ensure the roof provides adequate storage for the design storm. Slopes greater than
30 percent would be considered a green wall, which is not specifically identified as a stormwater
best management practice (BMP). Green walls can be used to receive cistern discharge
(calculations are necessary to determine demand) and can be used to comply with Green Area
Ratio Requirements.

Roof Access. Adequate access to the roof must be available to deliver construction materials and
perform routine maintenance. Roof access can be achieved either by an interior stairway through
a penthouse or by an alternating tread device with a roof hatch or trap door not less than 16
square feet in area and with a minimum dimension of 24 inches (NVRC, 2007). Designers
should also consider how they will get construction materials up to the roof (e.g., by elevator or
crane) and how the roof structure can accommodate material stockpiles and equipment loads. If
material and equipment storage is required, rooftop storage areas must be identified and clearly
marked based on structural load capacity of the roof.

Roof Type. Green roofs can be applied to most roof surfaces. Certain roof materials, such as
exposed treated wood and uncoated galvanized metal, may not be appropriate for green rooftops
due to pollutant leaching through the media (Clark et al, 2008).

Setbacks. Green roofs should not be located near rooftop electrical and HVAC systems. A 2-foot
wide vegetation-free zone is recommended along the perimeter of the roof with a 1-foot
vegetation-free zone around all roof penetrations, to act as a firebreak. The 2-foot setback may
be relaxed for small or low green roof applications where parapets have been properly designed.

Contributing Drainage Area. It is recommended that the entire contributing drainage area to a
green roof (including the green roof itself) be no more than 25 percent larger than the area of the
green roof. In cases where the area exceeds this threshold, the designer must provide supporting
documentation of rooftop loading, sufficient design to distribute runoff throughout the green roof
and prevent erosion of the roof surface, and justification for incorporating a sizable external
drainage area to the green roof.

District Building Codes. The green roof design must comply with the District’s building codes
with respect to roof drains and emergency overflow devices. Additionally, a District of Columbia
registered structural engineer must certify that the design complies with District Building
structural codes. This is true for new construction as well as retrofit projects.

3.2.2 Green Roof Conveyance Criteria

The green roof drainage layer (refer to Section 3.2.4) must convey flow from under the growing
media directly to an outlet or overflow system such as a traditional rooftop downspout drainage
system. The green roof drainage layer must be adequate to convey the volume of stormwater
equal to the flow capacity of the overflow or downspout system without backing water up onto
the rooftop or into the green roof media. Roof drains immediately adjacent to the growing media
should be boxed and protected by flashing extending at least 3 inches above the growing media
to prevent clogging. However, an adequate number of roof drains that are not immediately
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adjacent to the growing media must be provided so as to allow the roof to drain without 3 inches
of ponding above the growing media.

3.2.3 Green Roof Pretreatment Criteria
Pretreatment is not necessary for green roofs.
3.24 Green Roof Design Criteria

Structural Capacity of the Roof. Green roofs can be limited by the additional weight of the
fully saturated soil and plants, in terms of the physical capacity of the roof to bear structural
loads. The designer shall consult with a licensed structural engineer to ensure that the building
will be able to support the additional live and dead structural load and to determine the maximum
depth of the green roof system and any needed structural reinforcement. Typically, the green roof
manufacturer can provide specific background specifications and information on their product
for planning and design.

In most cases, fully saturated extensive green roofs have loads of about 15 to 30 pounds per
square foot, which is fairly similar to traditional new rooftops (12 to 15 pounds per square foot)
that have a waterproofing layer anchored with stone ballast. For a discussion of green roof
structural design issues, consult Chapter 9 in Weiler and Scholz-Barth (2009) and ASTM E-
2397, Standard Practice for Determination of Dead Loads and Live Loads Associated with
Vegetative (Green) Roof Systems.

Functional Elements of a Green Roof System. A green roof is composed of up to nine
different systems or layers that combine to protect the roof and maintain a vigorous cover (see
Figure 3.1).

Plant Cover VOV " ;,‘Eft. 1] X u’;. ‘(‘.‘:-,1}"\-,_ i)
B

Growing Media \ \//\\//\\//\/;\\//\\2\\//\\//\\//\
Dra::jel:l-a:’: \\<\>/>\\\
]

Root Bamer\

Insulation Layer—-- SiiTaiIisEssssiiiiiiiiiiissiasssssssiiiiiiiiiiisssssssssisiiiiiiisiiicsssses

Waterproofing Layer
Deck Layer

Figure 3.1 Typical layers for a green roof. Note: the relative placement of various layers may vary
depending on the type and design of the green roof system.
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The design layers include the following:

1.

Deck Layer. The roof deck layer is the foundation of a green roof. It may be composed of
concrete, wood, metal, plastic, gypsum, or a composite material. The type of deck material
determines the strength, load bearing capacity, longevity, and potential need for insulation in
the green roof system.

Leak Detection System (optional). Leak detection systems are often installed above the
deck layer to identify leaks, minimize leak damage through timely detection, and locate leak
locations.

Waterproofing Layer. All green roof systems must include an effective and reliable
waterproofing layer to prevent water damage through the deck layer. A wide range of
waterproofing materials can be used, including hot applied rubberized asphalt, built up
bitumen, modified bitumen, thermoplastic membranes, polyvinyl chloride (PVC),
thermoplastic olefin membrane (TPO), and elastomeric membranes (EPDM) (see Weiler and
Scholz-Barth, 2009, and Snodgrass and Snodgrass, 2006). The waterproofing layer must be
100 percent waterproof and have an expected life span as long as any other element of the
green roof system. The waterproofing material may be loose laid or bonded (recommended).
If loose laid, overlapping and additional construction techniques should be used to avoid
water migration.

Insulation Layer. Many green rooftops contain an insulation layer, usually located above,
but sometimes below, the waterproofing layer. The insulation increases the energy efficiency
of the building and/or protects the roof deck (particularly for metal roofs). According to
Snodgrass and Snodgrass (2006), the trend is to install insulation on the outside of the
building, in part to avoid mildew problems. The designer should consider the use of open or
closed cell insulation depending on whether the insulation layer is above or below the
waterproofing layer (and thus exposed to wetness), with closed cell insulation recommended
for use above the waterproofing layer.

Root Barrier. Another layer of a green roof system, which can be either above or below the
insulation layer depending on the system, is a root barrier that protects the waterproofing
membrane from root penetration. A wide range of root barrier options are described in
Weiler and Scholz-Barth (2009). Chemical root barriers or physical root barriers which have
been impregnated with pesticides, metals, or other chemicals that could leach into stormwater
runoff, must be avoided in systems where the root barrier layer will come in contact with
water or allow water to pass through the barrier.

Drainage Layer and Drainage System. A drainage layer is then placed between the root
barrier and the growing media to quickly remove excess water from the vegetation root zone.
The selection and thickness of the drainage layer type is an important design decision that is
governed by the desired stormwater storage capacity, the required conveyance capacity, and
the structural capacity of the rooftop. The effective depth of the drainage layer is generally
0.25 to 1.5 inches thick for extensive green roof system and increases for intensive designs.
The drainage layer should consist of synthetic or inorganic materials (e.g., 1-2 inch layer of
clean, washed granular material (ASTM D448 size No. 8 stone or lightweight granular mix),
high density polyethylene (HDPE)) that are capable of retaining water and providing efficient
drainage. A wide range of prefabricated water cups or plastic modules can be used, as well as
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a traditional system of protected roof drains, conductors, and roof leaders. ASTM E2396 and
E2398 can be used to evaluate alternative material specifications.

. Root-Permeable Filter Fabric. A semi-permeable needled polypropylene filter fabric is
normally placed between the drainage layer and the growing media to prevent the media
from migrating into the drainage layer and clogging it. The filter fabric must not impede the
downward migration of water into the drainage layer.

Growing Media. The next layer in an extensive green roof is the growing media, which is
typically 3 to 6 inches deep (minimum 3 inches). The recommended growing media for
extensive green roofs is typically composed of approximately 70 to 80 percent lightweight
inorganic materials, such as expanded slates, shales or clays; pumice; scoria; or other similar
materials. The remaining media must contain no more than 30 percent organic matter,
normally well-aged compost (see Appendix J). The percentage of organic matter should be
limited, since it can leach nutrients into the runoff from the roof and clog the permeable filter
fabric. The growing media typically has a maximum water retention of approximately 30
percent. Proof of growing media maximum water retention must be provided by the
manufacturer. It is advisable to mix the media in a batch facility prior to delivery to the roof.
As there are many different types of proprietary growing medias and roof systems, the values
provided here are recommendations only. Manufacturer’s specifications should be followed
for all proprietary roof systems. More information on growing media can be found in Weiler
and Scholz-Barth (2009) and Snodgrass and Snodgrass (2006).

The composition of growing media for intensive green roofs may be different, and it is often
much greater in depth (e.g., 6 to 48 inches). If trees are included in the green roof planting
plan, the growing media must be sufficient to provide enough soil volume for the root
structure of mature trees.

. Plant Cover. The top layer of an extensive green roof typically consists of plants that are
non-native, slow-growing, shallow-rooted, perennial, and succulent. These plants are chosen
for their ability to withstand harsh conditions at the roof surface. Guidance on selecting the
appropriate green roof plants can often be provided by green roof manufacturers and can also
be found in Snodgrass and Snodgrass (2006). A mix of base ground covers (usually Sedum
species) and accent plants can be used to enhance the visual amenity value of a green roof.
See Section 3.2.4 Green Roof Design Criteria for additional plant information. The design
must provide for temporary, manual, and/or permanent irrigation or watering systems,
depending on the green roof system and types of plants. For most application, some type of
watering system should be accessible for initial establishment or drought periods. The use of
water efficient designs and/or use of non-potable sources are strongly encouraged.

Material Specifications. Standard specifications for North American green roofs continue to
evolve, and no universal material specifications exist that cover the wide range of roof types and
system components currently available. The ASTM has recently issued several overarching
green roof standards, which are described and referenced in Table 3.1 below.

Designers and reviewers should also fully understand manufacturer specifications for each
system component, particularly if they choose to install proprietary “complete” green roof
systems or modules.
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Table 3.1 Extensive Green Roof Material Specifications

Material

Specification

Roof

Structural capacity must conform to ASTM E-2397-05, Practice for Determination of
Live Loads and Dead Loads Associated with Vegetative (Green) Roof Systems. In
addition, use standard test methods ASTM E2398-05 for Water Capture and Media
Retention of Geocomposite Drain Layers for Green (Vegetated) Roof Systems and
ASTME 2399-05 for Maximum Media Density for Dead Load Analysis.

Leak Detection System

Optional system to detect and locate leaks in the waterproof membrane.

Waterproof Membrane

See Chapter 6 of Weiler and Scholz-Barth (2009) for waterproofing options that are
designed to convey water horizontally across the roof surface to drains or gutter. This
layer may sometimes act as a root barrier.

Root Barrier

Impermeable liner that impedes root penetration of the membrane.

Drainage Layer

Depth of the drainage layer is generally 0.25 to 1.5 inches thick for extensive designs.
The drainage layer should consist of synthetic or inorganic materials (e.g., gravel, high
density polyethylene (HDPE), etc.) that are capable of retaining water and providing
efficient drainage. A wide range of prefabricated water cups or plastic modules can be
used, as well as a traditional system of protected roof drains, conductors, and roof
leaders. Designers should consult the material specifications as outlined in ASTM
E2396 and E2398. Roof drains and emergency overflow must be designed in
accordance with the District’s construction code (DCMR, Title 12).

Filter Fabric

Generally needle-punched, non-woven, polypropylene geotextile, with the following
qualities:
= Strong enough and adequate puncture resistance to withstand stresses of installing
other layers of the green roof. Density as per ASTM D3776 > 8 oz/yd®. Puncture
resistance as per ASTM D4833 > 130 Ib. These values can be reduced with
submission of a Product Data Sheet and other documentation that demonstrates
applicability for the intended use.
= Adequate tensile strength and tear resistance for long term performance.
= Allows a good flow of water to the drainage layer. Apparent Opening Size, as per
ASTM D4751, of > 0.06mm < 0.2mm, with other values based on Product Data
Sheet and other documentation as noted above.
= Allows at least fine roots to penetrate.
= Adequate resistance to soil borne chemicals or microbial growth both during
construction and after completion since the fabric will be in contact with moisture
and possibly fertilizer compounds.

Growth Media

70% to 80% lightweight inorganic materials and a maximum of 30% organic matter
(e.g., well-aged compost). Media typically has a maximum water retention of
approximately 30%. Material makeup and proof of maximum water retention of the
growing media must be provided. Media must provide sufficient nutrients and water
holding capacity to support the proposed plant materials. Determine acceptable
saturated water permeability using ASTM E2396-05.

Plant Materials

Sedum, herbaceous plants, and perennial grasses that are shallow-rooted, low
maintenance, and tolerant of direct sunlight, drought, wind, and frost. See ASTM
E2400-06, Guide for Selection, Installation and Maintenance of Plants for Green
(Vegetated) Roof Systems.
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Green Roof Sizing. Green roof areas can be designed to capture the entire Stormwater Retention
Volume (SWRVv). In some cases, they could be designed to capture larger design storm volumes
as well. The required size of a green roof will depend on several factors, including maximum
water retention of the growing media and the underlying drainage and storage layer materials
(e.g., prefabricated water cups or plastic modules). As maximum water retention can vary
significantly between green roof products, verification of this value must be included with the
Stormwater Management Plan (SWMP). ASTM tests E2396, E2397, E2398, or E2399, as
appropriate, and performed by an ASTM-certified lab are considered acceptable verification. In
the absence of ASTM test results the baseline default values must be used. Site designers and
planners should consult with green roof manufacturers and material suppliers as they can often
provide specific sizing information and hydrology design tools for their products. Equation 3.1
below shall be used to determine the storage volume retained by a green roof.

Equation 3.1 Storage Volume for Green Roofs

Sy = SAX[(d X771)+(DLX772)]

12
where:
Sv = storage volume (ft%)
SA = green roof area (ft)
d = media depth (in.) (minimum 3 in.)
n = verified media maximum water retention (use 0.15 as a baseline default in the
absence of verification data)
DL = drainage layer depth (in.)

n, = verified drainage layer maximum water retention (use 0.15 as a baseline
default in the absence of verification data)

The appropriate Sv can then be compared to the required SWRv for the entire rooftop area
(including all conventional roof areas) to determine the portion of the design storm captured.

Green roofs can have dramatic rate attenuation effects on larger storm events and may be used,
in part, to manage a portion of the 2-year and 15-year events. Designers can model various
approaches by factoring in storage within the drainage layer. Routing calculations can also be
used to provide a more accurate solution of the peak discharge and required storage volume.

3.25 Green Roof Landscaping Criteria

Plant selection, landscaping, and maintenance are critical to the performance and function of
green roofs. Therefore, a landscaping plan shall be provided for green roofs.

A planting plan must be prepared for a green roof by a landscape architect, botanist, or other
professional experienced with green roofs and submitted with the SWMP.

Plant selection for green roofs is an integral design consideration, which is governed by local
climate and design objectives. The primary ground cover for most green roof installations is a
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hardy, low-growing succulent, such as Sedum, Delosperma, Talinum, Semperivum, or Hieracium
that is matched to the local climate conditions and can tolerate the difficult growing conditions
found on building rooftops (Snodgrass and Snodgrass, 2006).

A list of some common green roof plant species that work well in the Chesapeake Bay watershed
can be found in Table 3.2 below.

Table 3.2 Ground Covers Appropriate for Green Roofs in the District of Columbia

Plant Light Moisture Notes

Requirement
Delosperma cooperii Full Sun Dry Pink flowers; grows rapidly
Delosperma 'Kelaidis' Full Sun Dry Salmon flowers; grows rapidly
Delosperma nubigenum 'Basutoland’ Full Sun Moist-Dry Yellow flowers; very hardy
Sedum album Full Sun Dry White flowers; hardy
Sedum lanceolatum Full Sun Dry Yellow flowers; native to U.S.
Sedum oreganum Part Shade | Moist Yellow flowers; native to U.S.
Sedum stoloniferum Sun Moist Pink flowers; drought tolerant
Sedum telephiodes Sun Dry Blue green foliage; native to region
Sedum ternatum Part Shade | Dry-Moist White flowers; grows in shade
Talinum calycinum Sun Dry Pink flowers; self-sows

Note: Designers should choose species based on shade tolerance, ability to sow or not, foliage height, and
spreading rate. See Snodgrass and Snodgrass (2006) for a definitive list of green roof plants, including accent
plants.

= Plant choices can be much more diverse for deeper intensive green roof systems. Herbs,
forbs, grasses, shrubs, and even trees can be used, but designers should understand they may
have higher watering, weeding, and landscape maintenance requirements.

= The species and layout of the planting plan must reflect the location of the building, in terms
of its height, exposure to wind, snow loading, heat stress, orientation to the sun, and impacts
from surrounding buildings. (Wind scour and solar burning have been observed on green roof
installations that failed to adequately account for neighboring building heights and
surrounding window reflectivity.) In addition, plants must be selected that are fire resistant
and able to withstand heat, cold, and high winds.

= Designers should also match species to the expected rooting depth of the growing media,
which can also provide enough lateral growth to stabilize the growing media surface. The
planting plan should usually include several accent plants to provide diversity and seasonal
color. For a comprehensive resource on green roof plant selection, consult Snodgrass and
Snodgrass (2006).
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It is also important to note that most green roof plant species will not be native to the
Chesapeake Bay watershed (which contrasts with native plant recommendations for other
stormwater practices, such as bioretention and constructed wetlands).

Given the limited number of green roof plant nurseries in the region, it may be necessary for
designers to order plants 6 to 12 months prior to the expected planting date. It is also
advisable to have plant materials contract grown.

When appropriate species are selected, most green roofs will not require supplemental
irrigation, except for temporary irrigation during drought or initial establishment. The design
must provide for temporary, manual, and/or permanent irrigation or watering systems, and
the use of water efficient designs and/or use of non-potable sources is strongly encouraged.
The planting window extends from the spring to early fall; although, it is important to allow
plants to root thoroughly before the first killing frost. Green roof manufacturers and plant
suppliers may provide guidance on planting windows as well as winter care. Proper planting
and care may also be required for plant warranty eligibility.

Plants can be established using cuttings, plugs, mats, and, more rarely, seeding or containers.
Several vendors also sell mats, rolls, or proprietary green roof planting modules. For the pros
and cons of each method, see Snodgrass and Snodgrass (2006).

The goal for green roof systems designed for stormwater management is to establish a full
and vigorous cover of low-maintenance vegetation that is self-sustaining (not requiring
fertilizer inputs) and requires minimal mowing, trimming, and weeding.

The green roof design should include non-vegetated walkways (e.g., paver blocks) to allow for
easy access to the roof for weeding and making spot repairs (see Section 3.2.4 Green Roof
Design Criteria).

3.2.6 Green Roof Construction Sequence

Green Roof Installation. Given the diversity of extensive vegetated roof designs, there is no
typical step-by-step construction sequence for proper installation. The following general
construction considerations are noted:

Construct the roof deck with the appropriate slope and material.
Install the waterproofing method, according to manufacturer’s specifications.

Conduct a flood test to ensure the system is watertight by placing at least 2 inches of water
over the membrane for 48 hours to confirm the integrity of the waterproofing system.
Alternately, electric field vector mapping (EFVM) can be done to test for the presence of
leaks; however, not all impermeable membranes are testable with this method. Problems
have been noted with the use of EFVM on black EPDM and with aluminized protective
coatings commonly used in conjunction with modified bituminous membranes.

Add additional system components (e.g., insulation, root barrier, drainage layer and interior
drainage system, and filter fabric) per the manufacturer’s specifications, taking care not to
damage the waterproofing. Any damage occurring must be reported immediately. Drain
collars and protective flashing should be installed to ensure free flow of excess stormwater.
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= The growing media should be mixed prior to delivery to the site. Media must be spread
evenly over the filter fabric surface as required by the manufacturer. If a delay between the
installation of the growing media and the plants is required, adequate efforts must be taken to
secure the growing media from erosion and the seeding of weeds. The growing media must
be covered and anchored in place until planting. Sheets of exterior grade plywood can also be
laid over the growing media to accommodate foot or wheelbarrow traffic. Foot traffic and
equipment traffic should be limited over the growing media to reduce compaction beyond
manufacturer’s recommendations.

= The growing media should be moistened prior to planting, and then planted with the ground
cover and other plant materials, per the planting plan or in accordance with ASTM E2400.
Plants should be watered immediately after installation and routinely during establishment.

= |t generally takes 2 to 3 growing seasons to fully establish the vegetated roof. The growing
medium should contain enough organic matter to support plants for the first growing season,
so initial fertilization is not required. Extensive green roofs may require supplemental
irrigation during the first few months of establishment. Hand weeding is also critical in the
first two years (see Table 10.1 of Weiler and Scholz-Barth (2009) for a photo guide of
common rooftop weeds).

= Most construction contracts should contain a Care and Replacement Warranty that specifies
at least 50 percent coverage after one year and 80 percent coverage after two years for plugs
and cuttings, and 90 percent coverage after one year for Sedum carpet/tile.

Construction Supervision. Supervision during construction is recommended to ensure that the
vegetated roof is built in accordance with these specifications. Inspection checklists should be
used that include sign-offs by qualified individuals at critical stages of construction and confirm
that the contractor’s interpretation of the plan is consistent with the intent of the designer and/or
manufacturer.

An experienced installer should be retained to construct the vegetated roof system. The vegetated
roof should be constructed in sections for easier inspection and maintenance access to the
membrane and roof drains. Careful construction supervision/inspection is needed throughout the
installation of a vegetated roof, as follows:

= During placement of the waterproofing layer, to ensure that it is properly installed and
watertight.
= During placement of the drainage layer and drainage system.

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

= Upon installation of plants, to ensure they conform to the planting plan (certification from
vendor or source should be provided).

= Before issuing use and occupancy approvals.

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

38



3.2 Green Roofs

DDOE’s construction phase inspection checklist for green roof practices can be found in
Appendix K.

3.2.7 Green Roof Maintenance Criteria

Maintenance Inspections. A green roof should be inspected by a qualified professional twice a
year during the growing season to assess vegetative cover and to look for leaks, drainage
problems, and any rooftop structural concerns (see Table 3.3). In addition, the green roof should
be hand weeded to remove invasive or volunteer plants, and plants and/or media should be added
to repair bare areas (refer to ASTM E2400 (ASTM, 2006)).

If a roof leak is suspected, it is advisable to perform an electric leak survey (e.g., EVFM), if
applicable, to pinpoint the exact location, make localized repairs, and then reestablish system
components and ground cover.

The use of herbicides, insecticides, and fungicides should be avoided, since their presence could
hasten degradation of some waterproofing membranes. Check with the membrane manufacturer
for approval and warranty information. Also, power washing and other exterior maintenance
operations should be avoided so that cleaning agents and other chemicals do not harm the green
roof plant communities.

Fertilization is generally not recommended due to the potential for leaching of nutrients from the
green roof. Supplemental fertilization may be required following the first growing season, but
only if plants show signs of nutrient deficiencies and a media test indicates a specific deficiency.
Addressing this issue with the holder of the vegetation warranty is recommended. If fertilizer is
to be applied, it must be a slow-release type, rather than liquid or gaseous form.

DDOE’s maintenance inspection checklist for green roofs and the Maintenance Service
Completion Inspection form can be found in Appendix L.

Table 3.3 Typical Maintenance Activities Associated with Green Roofs

Schedule

(following construction) eIy
As needed = Water to promote plant growth and survival.
or
as required by manufacturer = |nspect the green roof and replace any dead or dying vegetation.

= Inspect the waterproof membrane for leaks and cracks.

= Weed to remove invasive plants (do not dig or use pointed tools where
there is potential to harm the root barrier or waterproof membrane).

Semi-annually = Inspect roof drains, scuppers, and gutters to ensure they are not overgrown
and have not accumulated organic matter deposits. Remove any
accumulated organic matter or debris.

= Inspect the green roof for dead, dying, or invasive vegetation. Plant
replacement vegetation as needed.
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Declaration of Covenants. A declaration of covenants that includes all maintenance
responsibilities to ensure the continued stormwater performance for the BMP is required. The
declaration of covenants specifies the property owner’s primary maintenance responsibilities,
and authorizes DDOE staff to access the property for inspection or corrective action in the event
the proper maintenance is not performed. The declaration of covenants is attached to the deed of
the property. A template form is provided at the end of Chapter 5 (see Figure 5.4), although
variations will exist for scenarios where stormwater crosses property lines. The covenant is
between the property and the Government of the District of Columbia. It is submitted through the
Office of the Attorney General. All SWMPs have a maintenance agreement stamp that must be
signed for a building permit to proceed. A maintenance schedule must appear on the SWMP.
Additionally, a maintenance schedule is required in Exhibit C of the declaration of covenants.

Covenants are not required on government properties, but maintenance responsibilities must be
defined through a partnership agreement or a memorandum of understanding.

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

3.2.8 Green Roof Stormwater Compliance Calculations

Green roofs receive 100 percent retention value for the amount of storage volume (Sv) provided
by the practice (see Table 3.4). Since the practice gets 100 percent retention value, it is not
considered an accepted total suspended solids (TSS) treatment practice.

Table 3.4 Green Roof Design Performance

Retention Value =Sv

Accepted TSS Treatment Practice N/A

The practice must be designed using the guidance detailed in Section 3.2.4.

Green roofs also contribute to peak flow reduction. This contribution can be determined in
several ways. One method is to subtract the Sv from the total runoff volume for the 2-year, 15-
year, and 100-year storms. The resulting reduced runoff volumes can then be used to calculate a
Reduced Natural Resource Conservation Service Curve Number for the site or drainage area.
The Reduced Curve Number can then be used to calculate peak flow rates for the various storm
events. Other hydrologic modeling tools that employ different procedures may be used as well.
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3.3 Rainwater Harvesting

Definition. Rainwater harvesting systems store rainfall and release it for future use. Rainwater
that falls on a rooftop or other impervious surface is collected and conveyed into an above- or
below-ground tank (also referred to as a cistern), where it is stored for non-potable uses or for
on-site disposal or infiltration as stormwater. Cisterns can be sized for commercial as well as
residential purposes. Residential cisterns are commonly called rain barrels.

Non-potable uses of harvested rainwater may include the following:

= Landscape irrigation,

= Exterior washing (e.g., car washes, building facades, sidewalks, street sweepers, and fire
trucks),

= Flushing of toilets and urinals,

= Fire suppression (i.e., sprinkler systems),

= Supply for cooling towers, evaporative coolers, fluid coolers, and chillers,

= Supplemental water for closed loop systems and steam boilers,

= Replenishment of water features and water fountains,

= Distribution to a green wall or living wall system,

= Laundry, and

= Delayed discharge to the combined sewer system.

In many instances, rainwater harvesting can be combined with a secondary (down-gradient)

stormwater practice to enhance stormwater retention and/or provide treatment of overflow from
the rainwater harvesting system. Some candidate secondary practices include the following:

= Disconnection to a pervious area (compacted cover) or conservation area (natural cover) or
soil amended filter path (see Section 3.4 Impervious Surface Disconnection)

= Overflow to bioretention practices (see Section 3.6 Bioretention)

= QOverflow to infiltration practices (see Section 3.8 Stormwater Infiltration)

= Overflow to grass channels or dry swales (see Section 3.12 Storage Practices)

By providing a reliable and renewable source of water to end users, rainwater harvesting systems

can also have environmental and economic benefits beyond stormwater management (e.g.,

increased water conservation, water supply during drought and mandatory municipal water

supply restrictions, decreased demand on municipal water supply, decreased water costs for the
end user, and potential for increased groundwater recharge).

43



Chapter 3 Stormwater Best Management Practices (BMPSs)

The seven primary components of a rainwater harvesting system are discussed in detail in
Section 3.3.4. Some are depicted in Figure 3.2. The components include the following:

= Contributing drainage area (CDA) surface,

= Collection and conveyance system (e.g., gutter and downspouts) (number 1 in Figure 3.2)
= Pretreatment, including prescreening and first flush diverters (number 2 in Figure 3.2)

= Cistern (no number, but depicted in Figure 3.2)

= Water quality treatment (as required by Tiered Risk Assessment Management (TRAM))
= Distribution system

= Overflow, filter path or secondary stormwater retention practice (number 8 in Figure 3.2)

| Grade

s Storage Tank

@ Rainwater collection point (roof drains, gutters, etc.) @Submersibfe feed pump

_\ Rainwater enters a pretreatment device and is I )
(2) processed .\'_J'} Low water cut off float switch
(3 Diverted water from a pretreatment device to overflow (é) Overflow

(4 Smoothing inlet - "flow-calming” device to eliminate _@\P tark (ntanal
2 ) turbulence of the incoming water as it enters the tank  \_/ Pressure tank (opfional)

(5) Floating suction filter @ Access Riser

RAINWATER HARVESTING SYSTEM DETAIL

NOT TO SCALE

Figure 3.2 Example of a rainwater harvesting system detail.
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331 Rainwater Harvesting Feasibility Criteria

A number of site-specific features influence how rainwater harvesting systems are designed
and/or utilized. The following are key considerations for rainwater harvesting feasibility. They
are not comprehensive or conclusive; rather, they are recommendations to consider during the
planning process to incorporate rainwater harvesting systems into the site design.

Plumbing Code. This specification does not address indoor plumbing or disinfection issues.
Designers and plan reviewers should consult the District’s construction codes (DCMR, Title 12)
to determine the allowable indoor uses and required treatment for harvested rainwater. In cases
where a municipal backup supply is used, rainwater harvesting systems must have backflow
preventers or air gaps to keep harvested water separate from the main water supply. Distribution
and waste pipes, internal to the building, must be stamped non-potable and colored purple
consistent with the District’s building codes. Pipes and spigots using rainwater must be clearly
labeled as non-potable with an accompanying pictograph sign.

Mechanical, Electrical, Plumbing (MEP). For systems that call for indoor use of harvested
rainwater, the seal of an MEP engineer is required.

Water Use. When rainwater harvesting will be used, a TRAM (see Appendix M) must be
completed and the appropriate form submitted to DDOE. This will outline the design
assumptions, outline water quality risks and provide water quality end use standards.

Available Space. Adequate space is needed to house the cistern and any overflow. Space
limitations are rarely a concern with rainwater harvesting systems if they are considered during
the initial building design and site layout of a residential or commercial development. Cisterns
can be placed underground, indoors, adjacent to buildings, and on rooftops that are structurally
designed to support the added weight. Designers can work with architects and landscape
architects to creatively site the cisterns. Underground utilities or other obstructions should
always be identified prior to final determination of the cistern location.

Site Topography. Site topography and cistern location should be considered as they relate to all
of the inlet and outlet invert elevations in the rainwater harvesting system.

The final invert of the cistern outlet pipe at the discharge point must match the invert of the
receiving mechanism (e.g., natural channel, storm drain system) and be sufficiently sloped to
adequately convey this overflow. The elevation drops associated with the various components of
a rainwater harvesting system and the resulting invert elevations should be considered early in
the design, in order to ensure that the rainwater harvesting system is feasible for the particular
site.

Site topography and cistern location will also affect pumping requirements. Locating cisterns in
low areas will make it easier to get water into the cisterns; however, it will increase the amount
of pumping needed to distribute the harvested rainwater back into the building or to irrigated
areas situated on higher ground. Conversely, placing cisterns at higher elevations may require
larger diameter pipes with smaller slopes but will generally reduce the amount of pumping
needed for distribution. It is often best to locate a cistern close to the building or drainage area, to
limit the amount of pipe needed.
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Available Hydraulic Head. The required hydraulic head depends on the intended use of the
water. For residential landscaping uses, the cistern may be sited up-gradient of the landscaping
areas or on a raised stand. Pumps are commonly used to convey stored rainwater to the end use
in order to provide the required head. When the water is being routed from the cistern to the
inside of a building for non-potable use, often a pump is used to feed a much smaller pressure
tank inside the building, which then serves the internal water demands. Cisterns can also use
gravity to accomplish indoor residential uses (e.g., laundry) that do not require high water
pressure.

Water Table. Underground storage tanks are most appropriate in areas where the tank can be
buried above the water table. The tank should be located in a manner that is not subject it to
flooding. In areas where the tank is to be buried partially below the water table, special design
features must be employed, such as sufficiently securing the tank (to keep it from floating), and
conducting buoyancy calculations when the tank is empty. The tank may need to be secured
appropriately with fasteners or weighted to avoid uplift buoyancy. The combined weight of the
tank and hold-down ballast must meet or exceed the buoyancy force of the cistern. The cistern
must also be installed according to the cistern manufacturer’s specifications.

Seils. Cisterns should only be placed on native soils or on fill in accordance with the
manufacturer's guidelines. The bearing capacity of the soil upon which the cistern will be placed
must be considered, as full cisterns can be very heavy. This is particularly important for above-
ground cisterns, as significant settling could cause the cistern to lean or in some cases to
potentially topple. A sufficient aggregate, or concrete foundation, may be appropriate depending
on the soils and cistern characteristics. Where the installation requires a foundation, the
foundation must be designed to support the cistern’s weight when the cistern is full consistent
with the bearing capacity of the soil and good engineering practice. The pH of the soil should
also be considered in relation to its interaction with the cistern material.

Proximity of Underground Utilities. All underground utilities must be taken into consideration
during the design of underground rainwater harvesting systems, treating all of the rainwater
harvesting system components and storm drains as typical stormwater facilities and pipes. The
underground utilities must be marked and avoided during the installation of underground cisterns
and piping associated with the system.

Contributing Drainage Area. The contributing drainage area (CDA) to the cistern is the
impervious area draining to the cistern. Rooftop surfaces are what typically make up the CDA,
but paved areas can be used with appropriate treatment (oil/water separators and/or debris
excluders). Areas of any size, including portions of roofs, can be used based on the sizing
guidelines in this design specification. Runoff should be routed directly from the drainage area to
rainwater harvesting systems in closed roof drain systems or storm drain pipes, avoiding surface
drainage, which could allow for increased contamination of the water.

Contributing Drainage Area Material. The quality of the harvested rainwater will vary
according to the roof material or drainage area over which it flows. Water harvested from certain
types of rooftops and CDAs, such as asphalt sealcoats, tar and gravel, painted roofs, galvanized
metal roofs, sheet metal, or any material that may contain asbestos may leach trace metals and
other toxic compounds. In general, harvesting rainwater from such surfaces should be avoided. If
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harvesting from a sealed or painted roof surface is desired, it is recommended that the sealant or
paint be certified for such purposes by the National Sanitation Foundation (ANSI/NSF standard).

Water Quality of Rainwater. Designers should also note that the pH of rainfall in the District
tends to be acidic (ranging from 4.5 to 5.0), which may result in leaching of metals from roof
surfaces, cistern lining or water laterals, to interior connections. Once rainfall leaves rooftop
surfaces, pH levels tend to be slightly higher, ranging from 5.5 to 6.0. Limestone or other
materials may be added in the cistern to buffer acidity, if desired.

Hotspot Land Uses. Harvesting rainwater can be an effective method to prevent contamination
of rooftop runoff that would result from mixing it with ground-level runoff from a stormwater
hotspot operation.

Setbacks from Buildings. Cistern overflow devices must be designed to avoid causing ponding
or soil saturation within 10 feet of building foundations. While most systems are generally sited
underground and more than ten feet laterally from the building foundation wall, some cisterns
are incorporated into the basement of a building or underground parking areas. In any case,
cisterns must be designed to be watertight to prevent water damage when placed near building
foundations.

Vehicle Loading. WWhenever possible, underground rainwater harvesting systems should be
placed in areas without vehicle traffic or other heavy loading, such as deep earth fill. If site
constraints dictate otherwise, systems must be designed to support the loads to which they will
be subjected.

3.3.2 Rainwater Harvesting Conveyance Criteria

Collection and Conveyance. The collection and conveyance system consists of the gutters,
downspouts, and pipes that channel rainfall into cisterns. Gutters and downspouts should be
designed as they would for a building without a rainwater harvesting system. Aluminum, round-
bottom gutters and round downspouts are generally recommended for rainwater harvesting.
Typically, gutters should be hung at a minimum of 0.5 percent for 2/3 of the length and at 1
percent for the remaining 1/3 of the length in order to adequately convey the design storm (i.e..,
Stormwater Retention Volume (SWRv)). If the system will be used for management of the 2-
year and 15-year storms, the gutters must be designed to convey the appropriate 2-year and 15-
year storm intensities.

Pipes, which connect downspouts to the cistern, should be at a minimum slope of 1.5 percent and
sized/designed to convey the intended design storm, as specified above. In some cases, a steeper
slope and larger sizes may be recommended and/or necessary to convey the required runoff,
depending on the design objective and design storm intensity. Gutters and downspouts should be
kept clean and free of debris and rust.

Overflow. An overflow mechanism must be included in the rainwater harvesting system design
in order to handle an individual storm event or multiple storms in succession that exceed the
capacity of the cistern. Overflow pipe(s) must have a capacity equal to or greater than the inflow
pipe(s) and have a diameter and slope sufficient to drain the cistern while maintaining an
adequate freeboard height. The overflow pipe(s) must be screened to prevent access to the cistern
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by small mammals and birds. All overflow from the system must be directed to an acceptable
flow path that will not cause erosion during a 2-year storm event.

3.3.3 Rainwater Harvesting Pretreatment Criteria

Prefiltration is required to keep sediment, leaves, contaminants, and other debris from the
system. Leaf screens and gutter guards meet the minimal requirement for prefiltration of small
systems, although direct water filtration is preferred. The purpose of prefiltration is to
significantly cut down on maintenance by preventing organic buildup in the cistern, thereby
decreasing microbial food sources.

Diverted flows (i.e., first flush diversion and/or overflow from the filter, if applicable) must be
directed to an appropriate BMP or to a settling tank to remove sediment and pollutants prior to
discharge from the site.

Various pretreatment devices are described below. In addition to the initial first flush diversion,
filters have an associated efficiency curve that estimates the percentage of rooftop runoff that
will be conveyed through the filter to the cistern. If filters are not sized properly, a large portion
of the rooftop runoff may be diverted and not conveyed to the cistern at all. A design intensity of
1 inch/hour (for design storm = SWRv) must be used for the purposes of sizing pre-cistern
conveyance and filter components. This design intensity captures a significant portion of the total
rainfall during a large majority of rainfall events (NOAA, 2004). If the system will be used for
channel and flood protection, the 2-year and 15-year storm intensities must be used for the
design of the conveyance and pretreatment portion of the system. The Rainwater Harvesting
Retention Calculator, discussed more in Section 3.3.4, allows for input of variable filter
efficiency rates for the SWRv design storm. To meet the requirements to manage the 2-year and
15-year storms, a minimum filter efficiency of 90 percent must be met.

» First Flush Diverters. First flush diverters (see Figure 3.3) direct the initial pulse of rainfall
away from the cistern. While leaf screens effectively remove larger debris such as leaves,
twigs, and blooms from harvested rainwater, first flush diverters can be used to remove
smaller contaminants such as dust, pollen, and bird and rodent feces.

= Leaf Screens. Leaf screens are mesh screens installed over either the gutter or downspout to
separate leaves and other large debris from rooftop runoff. Leaf screens must be regularly
cleaned to be effective; if not maintained, they can become clogged and prevent rainwater
from flowing into the cisterns. Built-up debris can also harbor bacterial growth within gutters
or downspouts (Texas Water Development Board, 2005).

= Roof Washers. Roof washers are placed just ahead of cisterns and are used to filter small
debris from harvested rainwater (see Figure 3.4). Roof washers consist of a cistern, usually
between 25 and 50 gallons in size, with leaf strainers and a filter with openings as small as 30
microns. The filter functions to remove very small particulate matter from harvested
rainwater. All roof washers must be cleaned on a regular basis.

= Hydrodynamic Separator. For large-scale applications, hydrodynamic separators and other
devices can be used to filter rainwater from larger CDAs.
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Figure 3.3 Diagram of a first flush diverter. (Texas Water Development Board, 2005)

Figure 3.4 Diagram of a roof washer. (Texas Water Development Board, 2005)
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3.34 Rainwater Harvesting Design Criteria

System Components: Seven primary components of a rainwater harvesting system require
special considerations (some of these are depicted in Figure 3.2):

CDA or CDA surface

Collection and conveyance system (i.e., gutter and downspouts)
Cisterns

Pretreatment, including prescreening and first flush diverters
Water quality treatment (as required by TRAM)

Distribution systems

Overflow, filter path or secondary stormwater retention practice

The system components are discussed below:

CDA Surface. When considering CDA surfaces, note smooth, non-porous materials will
drain more efficiently. Slow drainage of the CDA leads to poor rinsing and a prolonged first
flush, which can decrease water quality. If the harvested rainwater will be directed towards
uses with significant human exposure (e.g., pool filling, public sprinkler fountain), care
should be taken in the choice of CDA materials. Some materials may leach toxic chemicals
making the water unsafe for humans. In all cases, follow the advice of the TRAM found in
Appendix M.

Rainwater can also be harvested from other impervious surfaces, such as parking lots and
driveways; however, this practice requires more extensive pretreatment and treatment prior to
reuse.

Collection and Conveyance System. See Section 3.3.2 Rainwater Harvesting Conveyance
Criteria.

Pretreatment. See Section 3.3.3 Rainwater Harvesting Pretreatment Criteria.

Cisterns. The cistern is the most important and typically the most expensive component of a
rainwater harvesting system. Cistern capacities generally range from 250 to 30,000 gallons,
but they can be as large as 100,000 gallons or more for larger projects. Multiple cisterns can
be placed adjacent to each other and connected with pipes to balance water levels and to
tailor the storage volume needed. Typical rainwater harvesting system capacities for
residential use range from 1,500 to 5,000 gallons. Cistern volumes are calculated to meet the
water demand and stormwater storage volume retention objectives, as described further
below in this specification.

While many of the graphics and photos in this specification depict cisterns with a cylindrical
shape, the cisterns can be made of many materials and configured in various shapes,
depending on the type used and the site conditions where the cisterns will be installed. For
example, configurations can be rectangular, L-shaped, or step vertically to match the
topography of a site. The following factors should be considered when designing a rainwater
harvesting system and selecting a cistern:
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+ Aboveground cisterns should be ultraviolet and impact resistant.

+ Underground cisterns must be designed to support the overlying sediment and any other

anticipated loads (e.g., vehicles, pedestrian traffic).

+ Underground rainwater harvesting systems must have a standard size manhole or
equivalent opening to allow access for cleaning, inspection, and maintenance purposes.
The access opening must be installed in such a way as to prevent surface- or groundwater
from entering through the top of any fittings, and it must be secured/locked to prevent
unwanted entry. Confined space safety precautions/requirements should be observed
during cleaning, inspection, and maintenance.

+ All rainwater harvesting systems must be sealed using a water-safe, non-toxic substance.

+ Rainwater harvesting systems may be ordered from a manufacturer or can be constructed
on site from a variety of materials. Table 3.5 below compares the advantages and
disadvantages of different cistern materials.

+ Cisterns must be opaque or otherwise protected from direct sunlight to inhibit growth of
algae, and they must be screened to discourage mosquito breeding.

+ Dead storage below the outlet to the distribution system and an air gap at the top of the
cistern must be included in the total cistern volume. For gravity-fed systems, a minimum
of 6 inches of dead storage must be provided. For systems using a pump, the dead storage
depth will be based on the pump specifications.

+ Any hookup to a municipal backup water supply must have a backflow prevention device
to keep municipal water separate from stored rainwater; this may include incorporating
an air gap to separate the two supplies.

Table 3.5 Advantages and Disadvantages of Typical Cistern Materials (Source: Cabell Brand
Center, 2007; Cabell Brand Center, 2009)

Cistern Material

Advantages

Disadvantages

Fiberglass

Commercially available, alterable and
moveable; durable with little maintenance;
light weight; integral fittings (no leaks);
broad application

Must be installed on smooth, solid, level
footing; pressure proof for below-ground
installation; expensive in smaller sizes

Polyethylene

Commercially available, alterable,
moveable, affordable; available in wide
range of sizes; can install above or below
ground; little maintenance; broad application

Can be UV-degradable; must be painted or
tinted for above-ground installations;
pressure-proof for below- ground
installation

Modular Storage

Can modify to topography; can alter
footprint and create various shapes to fit site;
relatively inexpensive

Longevity may be less than other materials;
higher risk of puncturing of watertight
membrane during construction

Plastic Barrels

Commercially available; inexpensive

Low storage capacity (20 to 50 gallons);
limited application

Galvanized Steel

Commercially available, alterable, and
moveable; available in a range of sizes; film
develops inside to prevent corrosion

Possible external corrosion and rust;
must be lined for potable use; can only
install above ground; soil pH may limit
underground applications
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Cistern Material Advantages Disadvantages
Steel Drums Commercially available, alterable, and Small storage capacity; prone to corrosion,
moveable and rust can lead to leaching of metals;

verify prior to reuse for toxics; water pH
and soil pH may also limit applications

FerroConcrete Durable and immoveable; suitable for above | Potential to crack and leak; expensive
or below ground installations; neutralizes
acid rain
Cast-in-Place Durable, immoveable, and versatile; suitable | Potential to crack and leak; permanent; will
Concrete for above or below ground installations; need to provide adequate platform and
neutralizes acid rain design for placement in clay soils

Stone or Concrete Durable and immoveable; keeps water cool Difficult to maintain; expensive to build

Block in summer months

Water Quality Treatment. Depending upon the collection surface, method of dispersal, and
proposed use for the harvested rainwater, a water quality treatment device may be required
by the TRAM (see Appendix M).

Distribution Systems. Most distribution systems require a pump to convey harvested
rainwater from the cistern to its final destination, whether inside the building, an automated
irrigation system, or gradually discharged to a secondary stormwater treatment practice. The
rainwater harvesting system should be equipped with an appropriately sized pump that
produces sufficient pressure for all end-uses.

The typical pump and pressure tank arrangement consists of a multi-stage, centrifugal pump,
which draws water out of the cistern and sends it into the pressure tank, where it is stored for
distribution. Some systems will not require this two-tank arrangement (e.g., low-pressure and
gravel systems). When water is drawn out of the pressure tank, the pump activates to supply
additional water to the distribution system. The backflow preventer is required to separate
harvested rainwater from the main potable water distribution lines.

Distribution lines from the rainwater harvesting system should be buried beneath the frost
line. Lines from the rainwater harvesting system to the building should have shut-off valves
that are accessible when snow cover is present. A drain plug or cleanout sump must be
installed to allow the system to be completely emptied, if needed. Above-ground outdoor
pipes must be insulated or heat-wrapped to prevent freezing and ensure uninterrupted
operation during winter if winter use is planned.

Overflow. See Section 3.3.2 Rainwater Harvesting Conveyance Criteria.

Rainwater Harvesting Material Specifications. The basic material specifications for rainwater
harvesting systems are presented in Table 3.6. Designers should consult with experienced
rainwater harvesting system and irrigation installers on the choice of recommended
manufacturers of prefabricated cisterns and other system components.
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Table 3.6 Design Specifications for Rainwater Harvesting Systems

Item Specification

Materials commonly used for gutters and downspouts include polyvinylchloride (PVC) pipe,
vinyl, aluminum, and galvanized steel. Lead must not be used as gutter and downspout solder,

Gutters . . . .

and since rainwater can dissolve the lead and contaminate the water s_upply.
D = The length of gutters and downspouts is determined by the size and layout of the catchment
ownspouts - -
and the location of the cisterns.
= Be sure to include needed bends and tees.
At least one of the following (all rainwater to pass through pretreatment):
= First flush diverter
Pretreatment | =  Hydrodynamic separator

»  Roof washer
= Leaf and mosquito screen (1 mm mesh size)
= Materials used to construct cisterns must be structurally sound.
= Cisterns should be constructed in areas of the site where soils can support the load associated

Cisterns w_ith stored water. _ _ _
=  Cisterns must be watertight and sealed using a water-safe, non-toxic substance.
=  Cisterns must be opaque or otherwise shielded to prevent the growth of algae.
= The size of the rainwater harvesting system(s) is determined through design calculations.

Note: This table does not address indoor systems or pumps.

Design Objectives and System Configuration. Rainwater harvesting systems can have many
design variations that meet user demand and stormwater objectives. This specification provides a
design framework to achieve the SWRv objectives that are required to comply with the
regulations, and it adheres to the following concepts:

= Give preference to use of rainwater as a resource to meet on-site demand or in conjunction
with other stormwater retention practices.

= Reduce peak flow by achieving volume reduction and temporary storage of runoff.

Based on these concepts, this specification focuses on system design configurations that harvest
rainwater for internal building uses, seasonal irrigation, and other activities, such as cooling
tower use and vehicle washing. While harvested rainwater will be in year-round demand for
many internal building uses, some other uses will have varied demand depending on the time of
year (e.g., cooling towers and seasonal irrigation). Thus, a lower retention value is assigned to a
type of use that has reduced demand.

Design Objectives and Cistern Design Set-Ups. Prefabricated rainwater harvesting cisterns
typically range in size from 250 to over 30,000 gallons. Three basic cistern designs meet the
various rainwater harvesting system configurations in this section.
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Cistern Design 1. The first cistern set-up (Figure 3.5) maximizes the available storage
volume associated with the SWRv to meet the desired level of stormwater retention. This
layout also maximizes the storage that can be used to meet a demand. An emergency
overflow exists near the top of the cistern as the only gravity release outlet device (not
including the pump, manway, or inlets). It should be noted that it is possible to address 2-
year and 15-year storm volumes with this cistern configuration, but the primary purpose is to
address the smaller SWRv design storm.

\— EMERGENCY
OVERFLOW

Figure 3.5 Cistern Design 1: Storage associated with the design storm volume only.
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= Cistern Design 2. The second cistern set-up (Figure 3.6) uses cistern storage to meet the
SWRYV storage objectives and also uses additional detention volume to meet some or all of
the 2-year and 15-year storm volume requirements. An orifice outlet is provided at the top of
the design storage for the SWRv level, and an emergency overflow is located at the top of the
detention volume level.

~EMERGENCY
OVERFLOW
STORAGE ASSOCIATED
WITH 2-YR AND 15-YR
DETENTION

. -~ ORIFICE
OUTLET

Figure 3.6 Cistern Design 2: Storage associated with design storm, channel protection, and flood
volume.
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= Cistern Design 3. The third cistern set-up (Figure 3.7) creates a constant drawdown within
the system. The small orifice at the bottom of the cistern needs to be routed to an
appropriately designed secondary practice (i.e., bioretention, stormwater infiltration) that will
allow the rainwater to be treated and allow for groundwater recharge over time. The release
must not be discharged to a receiving channel or storm drain without treatment, and
maximum specified drawdown rates from this constant drawdown should be adhered to,
since the primary function of the system is not intended to be detention.

~ — —— EMERGENCY

OVERFLOW

ORIFICE
QUTLET

—~ CONSTANT
DRAWDOWN

Figure 3.7 Cistern Design 3: Constant drawdown version where storage is associated with design
storm, channel protection, and flood volume.

Design Storm, Channel Protection, and Flood Volume. For the purposes of the third cistern
design, the secondary practice must be considered a component of the rainwater harvesting
system with regard to the storage volume percentage calculated in the General Retention
Compliance Calculator (discussed in Chapter 5 and Appendix A). In other words, the storage
volume associated with the secondary practice must not be added (or double-counted) to the
rainwater harvesting percentage because the secondary practice is an integral part of a rainwater
harvesting system with a constant drawdown. The exception to this requirement would be if the
secondary practice were also sized to capture and treat impervious and/or turf area beyond the
area treated by rainwater harvesting (for example from the adjacent yard or a driveway). In this
case, only these additional areas should be added into the General Retention Compliance
Calculator to receive retention volume achieved for the secondary practice.
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While a small orifice is shown at the bottom of the cistern in Figure 3.7, the orifice could be
replaced with a pump that would serve the same purpose, conveying a limited amount of water to
a secondary practice on a routine basis.

Sizing of Rainwater Harvesting Systems. The rainwater harvesting cistern sizing criteria
presented in this section were developed using a spreadsheet model that used best estimates of
indoor and outdoor water demand, long-term rainfall data, and CDA capture area data
(Forasté2011). The Rainwater Harvesting Retention Calculator is for cistern sizing guidance and
to quantify the retention value for storage volume achieved. This retention value is required for
input into the General Retention Compliance Calculator and is part of the submission of a
Stormwater Management Plan (SWMP) using rainwater harvesting systems for compliance. A
secondary objective of the spreadsheet is to increase the beneficial uses of the stored stormwater,
treating it as a valuable natural resource. More information on the Rainwater Harvesting
Retention Calculator can be found later in this section. The spreadsheet can be found on DDOE’s
website at http://ddoe.dc.gov/swregs.

Rainwater Harvesting Retention Calculator. The design specification provided in this section
(Rainwater Harvesting) is linked with the Rainwater Harvesting Retention Calculator. The
spreadsheet uses daily rainfall data from September 1, 1977 to September 30, 2007 to model
performance parameters of the cistern under varying CDAs, demands on the system, and cistern
size.

The runoff that reaches the cistern each day is added to the water level that existed in the cistern
the previous day, with all of the total demands subtracted on a daily basis. If any overflow is
realized, the volume is quantified and recorded. If the cistern runs dry (reaches the cut-off
volume level), then the volume in the cistern is fixed at the low level, and a dry-frequency day is
recorded. The full or partial demand met in both cases is quantified and recorded. A summary of
the water balance for the system is provided below.

Incremental Design Volumes within Cistern. Rainwater cistern sizing is determined by
accounting for varying precipitation levels, captured CDA runoff, first flush diversion (through
filters) and filter efficiency, low water cut-off volume, dynamic water levels at the beginning of
various storms, storage needed for the design storm (permanent storage), storage needed for 2-
year or 15-year volume (temporary detention storage), seasonal and year-round demand use and
objectives, overflow volume, and freeboard volumes above high water levels during very large
storms. See Figure 3.8 for a graphical representation of these various incremental design
volumes.

The design specification described in this section (Rainwater Harvesting) does not provide
guidance for sizing larger storms (e.g., Qp2, Qpis, and Qs), but rather provides guidance on sizing
for the SWRYv design storms.
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EMERGENCY
OVERFLOW

- —FREFSOARD VOLUNE
[ OVERFLOW VOLUME ABOVE EMERGENCY OUTFALL

STORAGE ASSOCIATED
WITH 2-YR AND 15-YR DETENTION

STORAGE ASSOCIATED
WITH RETENTION VALUE

VARIABLE WATER LEVEL AT BEGINNING OF STORM

LOW WATER CUT OFF VOLUME WATER LEVEL

Figure 3.8 Incremental design volumes associated with cistern sizing.

The “Storage Associated with the Retention Value” is the storage within the cistern that is
modeled and available for reuse. While the SWRv will remain the same for a specific CDA, the
“Storage Associated with the Retention Value” may vary depending on demand and storage
volume retention objectives. It includes the variable water level at the beginning of a storm and
the low water cut-off volume that is necessary to satisfy pumping requirements.

Water Contribution

Precipitation. The volume of water contributing to the rainwater harvesting system is a
function of the rainfall and CDA, as defined by the designer.

Municipal Backup (optional). In some cases, the designer may choose to install a municipal
backup water supply to supplement cistern levels. Note that municipal backups may also be
connected post-cistern (i.e., a connection is made to the non-potable water line that is used
for pumping water from the cistern for reuse), thereby not contributing any additional volume
to the cistern. Municipal backup designs that supply water directly to the cistern are not
accounted for in the Rainwater Harvesting Retention Calculator.
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Water Losses

Drainage Area Runoff Coefficient. The CDA is assumed to convey 95 percent of the
rainfall that lands on its surface (i.e., Rv = 0.95).

First Flush Diversion. The first 0.02 to 0.06 inches of rainfall that is directed to filters is
diverted from the system in order to prevent clogging it with debris. This value is assumed to
be contained within the filter efficiency rate.

Filter Efficiency. It is assumed that, after the first flush diversion and loss of water due to
filter inefficiencies, the remainder of the SWRv storm will be successfully captured. For the
1.2-inch storm, a minimum of 95 percent of the runoff should be conveyed into the cistern.
For the 3.2-inch storm, a minimum of 90 percent of the runoff should be conveyed. These
minimum values are included as the filter efficiencies in the Rainwater Harvesting Retention
Calculator, although they can be altered (increased) if appropriate. The Rainwater Harvesting
Retention Calculator applies these filter efficiencies, or interpolated values, to the daily
rainfall record to determine the volume of runoff that reaches the cistern. For the purposes of
selecting an appropriately sized filter, a rainfall intensity of 1 inch per hour shall be used for
the SWRv. The appropriate rainfall intensity values for the 2-year (3.2-inch) and 15-year
storms shall be used when designing for larger storm events.

Drawdown (Storage Volume). This is the stored water within the cistern that is reused or
directed to a secondary stormwater practice. It is the volume of runoff that is reduced from
the CDA. This is the water loss that translates into the achievable storage volume retention.

Overflow. For the purposes of addressing the SWRYv (not for addressing larger storm
volumes), orifice outlets for both detention and emergency overflows are treated the same.
This is the volume of water that may be lost during large storm events or successive
precipitation events.

Results for all Precipitation Events. The performance results of the rainwater harvesting
system for all days during the entire period modeled, including the full spectrum of precipitation
events, is included in the “Results” tab. This tab is not associated with determining the storage
volume achieved, but instead may be a useful tool in assisting the user to realize the performance
of the various rainwater harvesting system sizes with the design parameters and demands
specified.

Percentage of Demand Met. This is where the percentage of demand met for various size
cisterns and CDA/demand scenarios is reported. A graph displaying the percentage of
demand met versus the percentage of overflow frequency for various cistern sizes is provided
in this tab. Normally, this graph assists the user in understanding the relationship between
cistern sizes and optimal/diminishing returns. An example is provided below in Figure 3.9.

At some point, larger cisterns no longer provide significant increases in percentages of
demand met. Conversely, the curve informs the user when a small increase in cistern size can
yield a significant increase in the percentage of time that demand is met.
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Figure 3.9 Example of percent demand met versus cistern storage.

Dry Frequency. Another useful measure is the dry frequency. If the cistern is dry a
substantial portion of the time, this measure can inform the user that he/she may want to
decrease the size of the cistern, decrease the demand on the system, or explore capturing
more CDA to provide a larger supply, if feasible. It can also provide useful insight for the
designer to determine whether he/she should incorporate a municipal backup supply to
ensure sufficient water supply through the system at all times.

Overflow Frequency. This is a metric of both overflow frequency and average volume per
year for the full spectrum of rainfall events. This metric will inform the user regarding the
design parameters, magnitude of demand, and associated performance of the system. If the
system overflows at a high frequency, then the designer may want to increase the size of the
cistern, decrease the CDA captured, or consider other mechanisms that could increase
drawdown (e.g., increase the area to be irrigated, incorporate or increase on-site infiltration,
etc.).

Inter-relationships and Curves of Diminishing Returns. Plotting various performance
metrics against one another can be very informative and reveal relationships that are not
evident otherwise. An example of this usefulness is demonstrated when the plot of
“percentage-of-demand-met versus cistern size” is compared against the plot of “the
percentage-of-overflow-frequency versus cistern size.” By depicting these plots on the same
graph, a range of optimum cistern sizes emerges. This informs the designer where a small
increase or decrease in cistern size will have a significant impact on dry frequency and
overflow frequency. Looking outside this range will indicate where changes in cistern sizes
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will not have significant influence over dry frequency and overflow frequency, but may offer

a large trade-off compared to the cost of the rainwater harvesting system.

Results for Retention Value. The retention value percentage of CDA runoff volume that the

cistern can capture for a 1.7-inch storm on an average daily basis given the water demands by the
user is presented on the “Results-Retention Value” tab. This information is used to calculate the

retention value percentage, which is used as an input to the General Retention Compliance
Calculator.

= Retention Value Percentage Achieved. The percentage of retention value achieved is
calculated for multiple sizes of cisterns. A trade-off curve plots these results, which allows
for a comparison of the retention achieved versus cistern size. While larger cisterns yield
more retention, they are more costly. The curve helps the user to choose the appropriate
cistern size, based on the design objectives and site needs, and to understand the rate of
diminishing returns.

= Overflow Volume. The volume of the overflows resulting from a 1.7-inch precipitation
event is also reported in this tab. A chart of the retention value and overflow frequency
versus the storage volume is provided. An example is shown in Figure 3.10.

These plotted results establish a trade-off relationship between these two performance

metrics. In the example in Figure 3.10, a 13,000 gallon cistern optimizes the storage volume

achieved and the overflow frequency (near the inflection point of both curves).
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Figure 3.10 Example of retention value percentage achieved versus storage for non-potable uses.
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Results from the Rainwater Harvesting Retention Calculator to be Transferred to the
General Retention Compliance Calculator. There are two results from the Rainwater
Harvesting Retention Calculator that are to be transferred to the General Retention Compliance
Calculator, as follows:

=  Contributing Drainage Area (CDA). Enter the CDA that was used in the Rainwater
Harvesting Retention Calculator in the same row into the Drainage Area columns in the blue
cell (cell B26-D31).

= Retention Value. Once the cistern storage volume associated with the retention value has
been selected, transfer that achieved percentage into the General Retention Compliance
Calculator column called “% Retention Value” in the “Rainwater Harvesting” row (cell 133).

Completing the Sizing Design of the Cistern. The total size of the cistern is the sum of the
following four volume components:

* Low Water Cutoff Volume (Included). A dead storage area must be included so the pump
will not run the cistern dry. This volume is included in the Rainwater Harvesting Retention
Calculator’s modeled volume.

= Cistern Storage Associated with Design Volume (Included). This is the design volume
from the Rainwater Harvesting Retention Calculator.

* Adding Channel Protection and Flood Volumes (Optional). Additional detention volume
may be added above and beyond the cistern storage associated with the design storm volumes
for the 2-year or 15-year events. Typical routing software programs may be used to design
for this additional volume.

* Adding Overflow and Freeboard Volumes (Required). An additional volume above the
emergency overflow must be provided in order for the cistern to allow very large storms to
pass. Above this overflow water level, there will be an associated freeboard volume that
should account for at least 5 percent of the overall cistern size. Sufficient freeboard must be
verified for large storms, and these volumes must be included in the overall size of the
cistern.

3.35 Rainwater Harvesting Landscaping Criteria

If the harvested water is to be used for irrigation, the design plan elements must include the
proposed delineation of planting areas to be irrigated, the planting plan, and quantification of the
expected water demand. The default water demand for irrigation is 1.0 inches per week over the
area to be irrigated. Justification must be provided if larger volumes are to be used.

3.3.6 Rainwater Harvesting Construction Sequence

Installation. It is advisable to have a single contractor to install the rainwater harvesting system,
outdoor irrigation system, and secondary retention practices. The contractor should be familiar
with rainwater harvesting system sizing, installation, and placement. A licensed plumber is
required to install the rainwater harvesting system components to the plumbing system.
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A standard construction sequence for proper rainwater harvesting system installation is provided
below. This can be modified to reflect different rainwater harvesting system applications or
expected site conditions.

1. Choose the cistern location on the site

2. Route all downspouts or pipes to prescreening devices and first flush diverters

3. Properly install the cistern
4

Install the pump (if needed) and piping to end uses (indoor, outdoor irrigation, or cistern
dewatering release)

o

Route all pipes to the cistern
Stormwater must not be diverted to the rainwater harvesting system until the overflow filter
path has been stabilized with vegetation.

Construction Supervision. The following items should be inspected by a qualified professional
prior to final sign-off and acceptance of a rainwater harvesting system:

= Rooftop area matches plans

= Diversion system is properly sized and installed

= Pretreatment system is installed

= Mosquito screens are installed on all openings

= Qverflow device is directed as shown on plans

= Rainwater harvesting system foundation is constructed as shown on plans

= Catchment area and overflow area are stabilized

= Secondary stormwater treatment practice(s) is installed as shown on plans

DDOE’s construction phase inspection checklist for rainwater harvesting practices and the
Stormwater Facility Leak Test form can be found in Appendix K.

3.3.7 Rainwater Harvesting Maintenance Criteria

Maintenance Inspections. Periodic inspections and maintenance shall be conducted for each
system by a qualified professional.

DDOE’s maintenance inspection checklists for rainwater harvesting systems and the
Maintenance Service Completion Inspection form can be found in Appendix L.

Maintenance Schedule. Maintenance requirements for rainwater harvesting systems vary
according to use. Systems that are used to provide supplemental irrigation water have relatively
low maintenance requirements, while systems designed for indoor uses have much higher
maintenance requirements. Table 3.7 describes routine maintenance tasks necessary to keep
rainwater harvesting systems in working condition. Maintenance tasks must be performed by an
“Inspector Specialist,” certified by the American Rainwater Catchment Association.
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Maintenance tasks must be documented and substantially comply with the maintenance
responsibilities outlined in the declaration of covenants.

Table 3.7 Typical Maintenance Tasks for Rainwater Harvesting Systems

Responsible Frequency Activity
Person
Four times a year Inspect and clean prescreening devices and first flush diverters
Twice a year Keep gutters and downspouts free of leaves and other debris
= |nspect and clean storage cistern lids, paying special attention to
Owner vents and screens on inflow and outflow spigots. Check mosquito
Once a year screens and patch holes or gaps immediately

= Inspect condition of overflow pipes, overflow filter path, and/or
secondary stormwater treatment practices

Every third year Clear overhanging vegetation and trees over roof surface

According to Manufacturer | Inspect water quality devices

As indicated in TRAM Provide water quality analysis to DDOE

Qualified = |nspect cistern for sediment buildup

Lglrgclzg:ty = Check integrity of backflow preventer
P Every third year ® Inspect structural integrity of cistern, pump, pipe and electrical
system

= Replace damaged or defective system components

Mosquitoes. In some situations, poorly designed rainwater harvesting systems can create habitat
suitable for mosquito breeding. Designers must provide screens on above- and below-ground
cisterns to prevent mosquitoes and other insects from entering the cisterns. If screening is not
sufficient in deterring mosquitoes, dunks or pellets containing larvicide can be added to cisterns
when water is intended for landscaping use.

Cold Climate Considerations. Rainwater harvesting systems have a number of components that
can be impacted by freezing temperatures. Designers should give careful consideration to these
conditions to prevent system damage and costly repairs.

For above-ground systems, wintertime operation may be more challenging, depending on cistern
size and whether heat tape is used on piping. If not protected from freezing, these rainwater
harvesting systems must be taken offline for the winter and stormwater treatment values may not
be granted for the practice during that off-line period. At the start of the winter season,
vulnerable above-ground systems that have not been designed to incorporate special precautions
should be disconnected and drained. It may be possible to reconnect former roof leader systems
for the winter.

For underground and indoor systems, downspouts and overflow components should be checked
for ice blockages during snowmelt events.

Declaration of Covenants. A declaration of covenants that includes all maintenance
responsibilities to ensure the continued stormwater performance for the BMP is required. The
declaration of covenants specifies the property owner’s primary maintenance responsibilities,
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and authorizes DDOE staff to access the property for inspection or corrective action in the event
the proper maintenance is not performed. The declaration of covenants is attached to the deed of
the property. A template form is provided at the end of Chapter 5 (see Figure 5.4), although
variations will exist for scenarios where stormwater crosses property lines. The covenant is
between the property and the Government of the District of Columbia. It is submitted through the
Office of the Attorney General. All SWMPs have a maintenance agreement stamp that must be
signed for a building permit to proceed. A maintenance schedule must appear on the SWMP.
Additionally, a maintenance schedule is required in Exhibit C of the declaration of covenants.

Covenants are not required on government properties, but maintenance responsibilities must be
defined through a partnership agreement or a memorandum of understanding.

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

3.3.8 Rainwater Harvesting: Stormwater Compliance Calculations

Rainwater harvesting practices receive a partial retention value for the SWRv that is equivalent
to the percent retention achieved determined by using the Rainwater Harvesting Retention
Calculator, as described in Section 3.3.4. Rainwater harvesting is not an accepted total suspended
solids treatment practice.
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3.4 Impervious Surface Disconnection

Definition. This strategy involves managing runoff close to its source by intercepting,
infiltrating, filtering, treating or reusing it as it moves from an impervious surface to the drainage
system. Disconnection practices can be used to reduce the volume of runoff that enters the
combined or separate sewer systems. Two kinds of disconnection are allowed: (1) simple
disconnection, whereby rooftops and/or on-lot residential impervious surfaces are directed to
pervious areas (compacted cover) or conservation areas (natural cover) or soil amended filter
paths, and (2) disconnection leading to an alternative retention practice(s) adjacent to the roof
(see Figure 3.11). Alternative practices can use less space than simple disconnection and can
enhance retention. Applicable practices include:

D-1  Simple disconnection to pervious areas with the compacted cover designation
D-2  Simple disconnection to conservation areas with the natural cover designation

D-3  Simple disconnection to a soil compost amended filter path

D-4  Infiltration by small infiltration practices (dry wells or French drains) (see Section 3.8
Stormwater Infiltration)

D-5  Filtration by rain gardens or stormwater planters (see Section 3.6 Bioretention)
D-6  Storage and reuse with a cistern or other vessel (rainwater harvesting) (see Section 3.3
Rainwater Harvesting)

Disconnection practices reduce a portion of the Stormwater Retention Volume (SWRv). In order
to meet requirements for larger storm events, disconnection practices must be combined with
additional practices.
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Figure 3.11 Roof disconnection with alternative retention practices
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3.4 Impervious Surface Disconnection

34.1 Impervious Surface Disconnection Feasibility Criteria

Impervious surface disconnections are ideal for use on commercial, institutional, municipal,
multi-family residential and single-family residential buildings. Key constraints with impervious
surface disconnections include available space, soil permeability, and soil compaction.

For disconnection to alternative practices (D-4, D-5, and D-6) consult Sections 3.8, 3.6, and 3.3,
respectively. For simple disconnection to compacted cover (D-1) or natural cover (D-2) or soils
compost amended filter paths (D-3) the following feasibility criteria exist (also see Table 3.8):

= Contributing Drainage Area. For rooftop impervious areas, the maximum impervious area
treated cannot exceed 1,000 square feet per disconnection. For impervious areas other than
rooftop, the longest contributing impervious area flow path cannot exceed 75 feet.

» Required Space. Minimum 150 square feet of disconnection area.

= Sizing. The available disconnection area must be at least 10 feet wide and 15 feet long. The
disconnection width is limited to 25 feet unless the contributing runoff is conveyed via
sheetflow or a level spreader. The disconnection length can be extended up to 100 feet to
increase the retention value.

= Site Topography. Simple disconnection is best applied when the grade of the receiving
pervious area is less than 2 percent, or less than 5 percent with turf reinforcement. The slope
of the receiving areas must be graded away from any building foundations. Turf
reinforcement may include erosion control matting or other appropriate reinforcing materials
that are confirmed by the designer to be erosion resistant for the specific characteristics and
flow rates anticipated at each individual application, and acceptable to the plan approving
authority.

= Soils. Impervious surface disconnection can be used on any post-construction Hydrologic
Soil Group. The disconnection area must be kept well-vegetated with minimal bare spots—at
least 95 percent soil cover (Section J — Vegetative Stabilization of DDOE’s Soil Erosion and
Sediment Control Handbook).

= Building Setbacks. If the grade of the receiving area is less than 1 percent, downspouts must
be extended 5 feet away from building. Note that the downspout extension of 5 feet is
intended for simple foundations. The use of a dry well or French drain adjacent to an in-
ground basement or finished floor area requires an effective water-proofing system (e.g.,
foundation drains).
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Table 3.8 Feasibility Criteria for Simple Disconnection

Design Factor Disconnection Design
1,000 square feet per rooftop disconnection. For impervious areas other
Contributing Drainage Area than rooftop, the longest contributing impervious area flow path cannot
exceed 75 feet.
Required Space Minimum 150 square feet of disconnection area.

The available disconnection area must be at least 10 feet wide and 15 feet
long. Maximum disconnection width is 25 feet unless the contributing
runoff is conveyed via sheetflow or a level spreader. Maximum
disconnection length is 100 feet.

Sizing

Grade of the receiving pervious area is less than 2%, or less than 5% with
Site Topography turf reinforcement. The slope of the receiving areas must be graded away
from any building foundations.

Impervious surface disconnection can be used on any post-construction
Soils Hydrologic Soil Group. The disconnection area must be kept well-
vegetated with minimal bare spots.

5 feet away from building if the grade of the receiving area is less than

Building Setbacks 1%

3.4.2 Impervious Surface Disconnection Conveyance Criteria

Receiving areas in simple disconnection practices (D-1, D-2, and D-3) require a design that
safely conveys the 2-year and 15-year storm events over the receiving area without causing
erosion. In some applications, erosion control matting or other appropriate reinforcing materials
may be needed to control flow rates anticipated for these larger design storms.

For disconnection to alternative practices, consult the appropriate specifications for information
on ensuring proper conveyance of the 2-year and 15-year storm events through the practices.

3.4.3 Impervious Surface Disconnection Pretreatment Criteria

Pretreatment is not needed for simple impervious surface disconnection. For disconnection to
alternative practices, external downspout pretreatment is recommended (e.qg., leaf screens).

3.4.4 Impervious Surface Disconnection Design Criteria
The following design criteria apply to each disconnection practice:

(D-1) Simple Disconnection to a Pervious Area with the Compacted Cover Designation.
Disconnection to pervious areas with the compacted cover designation is required to meet the
feasibility criteria presented above in Section 3.4.1.

During site construction, care must be taken not to compact the receiving pervious area. To
prevent soil compaction, heavy vehicular and foot traffic must be kept out of the receiving
pervious area both during and after construction. This can be accomplished by clearly delineating
the receiving pervious areas on all development plans and protecting them with temporary
fencing prior to the start of land-disturbing activities (see Appendix N for guidance on protecting
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natural and compacted cover designations during construction). If compaction occurs, soil
amendments or post-construction aeration will be required (see Appendix J on soil amendments).

(D-2) Simple Disconnection to a Conservation Area with Natural Cover Designation.
Disconnection to conservation areas is required to meet the feasibility criteria presented in
Section 3.4.1, with the following additional additions/exceptions:

= Minimum disconnection length is 40 feet.
= Maximum slope of the receiving area is 6 percent. (2 percent for the first 10 feet).
= Inflow must be conveyed via sheet flow or via a level spreader.

= |f inflow is conveyed via sheet flow, the maximum flow path is 75 feet when the runoff is
conveyed from an impervious area and 150 feet when the runoff is conveyed from a pervious
area.

= |f inflow is conveyed via a level spreader, the maximum flow path is 150 feet, and the level
spreader must be designed with an appropriate width as specified below.

= Retention value applies only to areas directly receiving sheet flow or directly perpendicular
to the level spreader.

A level spreader can be used to disperse or “spread” concentrated flow thinly over a vegetated or
forested area to promote greater runoff infiltration in the receiving area. A level spreader consists
of a permanent linear structure constructed at a 0 percent grade that transects the slope. The
influent concentrated runoff must be spread over an area wide enough area so that erosion of the
receiving area does not result. Detailed information on the design and function of level spreaders
can be found in Hathaway and Hunt, 2006 and NCDWQ, 2010.

The minimum required width of the level spreader is

= 13 linear feet per each 1 cubic foot/second of inflow if the receiving conservation area
(natural cover designation) has a minimum 90 percent ground cover

= 40 linear feet per 1 cubic foot/second of inflow if the receiving conservation area (natural
cover designation) is forested

(D-3) Simple Disconnection to a Soil Compost-Amended Filter Path. Consult Appendix J for
detailed information on the design and function of soil compost amendments. The incorporation
of compost amendments must meet the design criteria in the specification and include the
following design elements:

= Flow from the downspout must spread over a 10-foot wide strip extending down-gradient
along the flow path from the building to the street or conveyance system.
= The filter path must be a minimum 15 feet in length.

= Installation of a pea gravel or river stone diaphragm, or other accepted flow spreading device
is required at the downspout outlet to distribute flows evenly across the filter path.
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= The strip requires adequate freeboard so that flow remains within the strip and is not diverted
away from the strip. In general, this means that the strip should be lower than the surrounding
land area in order to keep flow in the filter path. Similarly, the flow area of the filter strip
must be level to discourage concentrating the flow down the middle of the filter path.

= Use 2 to 4 inches of compost and till to a depth of 6 to 10 inches within the filter path.

(D-4) Infiltration by Small Infiltration Practices. Depending on soil properties, roof runoff
may be infiltrated into a shallow dry well or French drain. The design for this alternative must
meet the requirements of infiltration practices, as described in Section 3.8 and summarized in
Table 3.9 below. Note that the building setback of 5 feet is intended for simple foundations. The
use of a dry well or French drain adjacent to an in-ground basement or finished floor area should
be carefully designed and coordinated with the design of the structure’s water-proofing system
(e.g., foundation drains), or avoided altogether.

Table 3.9 Design Criteria for Disconnection to Small-Scale Infiltration

Design Factor Infiltration Design

Roof Area Treated 250 to 2,500 square feet

Typical Practices Dry well and French drain
Recommended Maximum Depth 3 feet

Sizing See Section 3.8 Stormwater Infiltration
Observation Well No

Type of Pretreatment External (leaf screens, grass strip, etc.)
UIC Permit Needed Not typically®

Head Required Nominal, 1 to 3 feet

Required Soil Test One per practice

Building Setbacks 10 feet from structure?, unless an impermeable liner is used

! Infiltration practice must be wider than it is deep. See Section 3.8 Stormwater Infiltration for more information.

% Note that the building setback is intended for simple foundations. The use of a dry well or French drain adjacent to
an in-ground basement or finished floor area should be carefully designed and coordinated with the design of the
structure’s water-proofing system (e.g., foundation drains), or avoided altogether.

In general, micro-infiltration areas will require a surface area up to 3 percent of the contributing
roof area. An on-site soil test is needed to determine if soils are suitable for infiltration.

(D-5) Filtration by Rain Gardens or Stormwater Planters. For some residential applications,
front, side, and/or rear yard bioretention may be an attractive option used to filter roof runoff (see
Figure 3.12). Stormwater planters are also a useful option to disconnect and treat rooftop runoff,
particularly in ultra-urban areas. The designs for these options must meet the requirements of
stormwater planters (B-4) or rain gardens (B-5), as described in Section 3.6 and summarized in
Table 3.10 below.
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Figure 3.12 Demonstration sites exist throughout the District to promote downspout disconnection,
removing impervious pavement, and promoting native plants.

Table 3.10 Design Criteria for Disconnection to Small-scale Bioretention (D-5)

Design Factor Bioretention Design

Impervious Area Treated 1,000 square feet (see Section 3.6 Bioretention)
Type of Inflow Sheetflow or roof leader

Observation Well/ Cleanout Pipes No

Type of Pretreatment External (e.g., leaf screens)

Underdrain Optional per soils (see Section 3.6 Bioretention)
Gravel Layer 12 inches

Minimum Filter Media Depth 18 inches

Media Source Can be mixed on site

Head Required Nominal, 1 to 3 feet

Sizing (See Section 3.6 Bioretention)

Required Soil Test One per practice

Building Setbacks 10 feet from structure unless an impermeable liner is used

(D-6) Storage and Reuse with a Cistern. This form of disconnection must conform to the
design requirements outlined in Section 3.3. Cisterns can be sized for commercial as well as
residential purposes. Residential cisterns are commonly called rain barrels.

The retention value for cisterns depends on their storage capacity and ability to draw down water
in between storms for reuse as potable water, gray water, or irrigation. The actual retention rate
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for a particular design can be ascertained using the Rainwater Harvesting Retention Calculator
referenced in Section 3.3. All devices must have a suitable overflow area to route extreme flows
into the next treatment practice or the stormwater conveyance system.

3.45 Impervious Surface Disconnection Landscaping Criteria

All receiving disconnection areas must be stabilized to prevent erosion or transport of sediment
to receiving practices or drainage systems. Several appropriate types of grasses for disconnection
practices area are listed in Table 3.11. Designers must ensure that the maximum flow velocities
do not exceed the values listed in the table for the selected grass species and the specific site
slope. If using vegetation outside of this table, the designer must provide documentation to
ensure excessive erosion will not occur. Additionally, see the DDOE Soil Erosion and Sediment
Control Handbook (Section J — Vegetative Stabilization) for vegetation suggestions.

Table 3.11 Recommended Vegetation for Pervious Disconnection Areas

Vegetation Type Slope (%) Maximum Velocity (ft/s)
Erosion resistant soil Easily Eroded Soil

<5 8 6

Bermuda Grass 5-10 7 5
>10 6 4

<5 7 5

Kentucky Bluegrass 5-10 6 4
>10 5 3

Tall Fescue Grass Mixture <5 ° .
5-10 4 3

Annual and Perennial Rye 0-5 4 3
Sod 0-5 4 3

Source: USDA, TP-61, 1954; City of Roanoke Virginia Stormwater Design Manual, 2008.

3.4.6 Impervious Surface Disconnection Construction Sequence

Construction Sequence for Disconnection to Pervious Areas. For simple disconnection to a
pervious area, the pervious area can be within the limits of disturbance (LOD) during
construction. The following procedures should be followed during construction:

= Before site work begins, the receiving pervious disconnection area boundaries should be
clearly marked.

= Construction traffic in the disconnection area should be limited to avoid compaction. The
material stockpile area shall not be located in the disconnection area.

= Construction runoff should be directed away from the proposed disconnection area, using
perimeter silt fence, or, preferably, a diversion dike.

= If existing topsoil is stripped during grading, it shall be stockpiled for later use.
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= The disconnection area may require light grading to achieve desired elevations and slopes.
This should be done with tracked vehicles to prevent compaction.

= Topsoil and or compost amendments should be incorporated evenly across the disconnection
area, stabilized with seed, and protected by biodegradable erosion control matting or
blankets.

= Stormwater must not be diverted into any compost amended areas until the area is stabilized,
which is defined as having groundcover of 95 percent or greater by the DDOE Soil Erosion
and Sediment Control Handbook (Section J — Vegetative Stabilization).

Construction Sequence for Disconnection to Conservation Areas with Natural Cover
Designation. For simple disconnection to a conservation area, the conservation area must be
fully protected during the construction stage of development and kept outside the LOD on the
soil erosion and sediment control plan (SESCP).

= No clearing, grading or heavy equipment access is allowed in the conservation area except
temporary disturbances associated with incidental utility construction, restoration operations
or management of nuisance vegetation.

= Any conservation areas shall be protected by super silt fence, chain link fence, orange safety
fence, or other measures to prevent sediment discharge.

= The LOD must be clearly shown on all construction drawings and identified and protected in
the field by acceptable signage, silt fence, snow fence, or other protective barrier.

= |falevel spreader is to be used in the design, construction of the level spreader shall not
commence until the contributing drainage area has been stabilized and perimeter soil erosion
and sediment control measures have been removed and cleaned out. Further, stormwater
must not be diverted into the disconnection area until the level spreader is installed and
stabilized.

Construction Supervision. Construction supervision is recommended to ensure compliance
with design standards. A qualified professional should evaluate the performance of the
disconnection after the first big storm to look for evidence of gullies, outflanking, undercutting
or sparse vegetative cover. Spot repairs should be made, as needed.

DDOE’s construction phase inspection checklist for impervious cover disconnection can be
found in Appendix K.

3.4.7 Impervious Surface Disconnection Maintenance Criteria

Maintenance of disconnected downspouts usually involves the regular lawn or landscaping
maintenance in the filter path from the roof to the street. In some cases, runoff from a simple
disconnection may be directed to a more natural, undisturbed setting (i.e., where lot grading and
clearing is “fingerprinted” and the proposed filter path is protected). Typical maintenance
activities include erosion control of the receiving area and ensuring the receiving area remains
uncompacted and pervious.

DDOE’s maintenance inspection checklists for disconnection can be found in Appendix L.
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Declaration of Covenants. A declaration of covenants that includes all maintenance
responsibilities to ensure the continued stormwater performance for the BMP is required. The
declaration of covenants specifies the property owner’s primary maintenance responsibilities,
and authorizes DDOE staff to access the property for inspection or corrective action in the event
the proper maintenance is not performed. The declaration of covenants is attached to the deed of
the property. A template form is provided at the end of Chapter 5 (see Figure 5.4), although
variations will exist for scenarios where stormwater crosses property lines. The covenant is
between the property and the Government of the District of Columbia. It is submitted through the
Office of the Attorney General. All SWMPs have a maintenance agreement stamp that must be
signed for a building permit to proceed. A maintenance schedule must appear on the SWMP.
Additionally, a maintenance schedule is required in Exhibit C of the declaration of covenants.

Covenants are not required on government properties, but maintenance responsibilities must be
defined through a partnership agreement or a memorandum of understanding.

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

3.4.8 Disconnection Stormwater Compliance Calculations
Disconnection practices receive the following retention values:
D-1  Simple disconnection to a pervious compacted cover area: retention value of 2 cubic feet

(15 gallons) per 100 square foot of receiving pervious area (compacted cover).

D-2  Simple disconnection to a conserved natural cover area: retention value of 6 cubic feet
(45 gallons) per 100 square foot of receiving pervious conservation area (natural cover).

D-3  Simple disconnection to a soil compost amended filter path: retention value of 4 cubic
(30 gallons) feet per 100 square foot of receiving pervious conservation area (soil
amended).

D-4 Infiltration by small infiltration practices (dry wells or French drains): see compliance
criteria for Section 3.8.

D-5  Filtration by rain gardens or stormwater planters: see compliance criteria for Section 3.6.
D-6  Storage and reuse with a cistern or other vessel (rainwater harvesting): see compliance
criteria for Section 3.3.

Note: The surface areas for practices D-1 and D-3 are considered compacted cover for purposes
of retention calculations, and the surface area of practice D-2 is considered natural cover.

Simple disconnection practices are not accepted total suspended solids (TSS) treatment practices
(see Table 3.12).
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Table 3.12 Disconnection Retention Value and Pollutant Removal

Type of Simple Disconnection Retention Value Accepted TSS
cubic feet (gallons) Treatment Practice
per 100 ft?of pervious receiving area
To a pervious compacted cover area 2 (15) No
To a conserved natural cover area 6 (45) No
To a soil compost amended filter path 4 (30) No

Impervious surface disconnection also contributes to peak flow reduction. This contribution can
be determined in several ways. One method is to subtract the Retention Value from the total
runoff volume for the 2-year, 15-year, and 100-year storms. The resulting reduced runoff
volumes can then be used to calculate a Reduced Natural Resource Conservation Service Curve
Number for the site or drainage area. The Reduced Curve Number can then be used to calculate
peak flow rates for the various storm events. Other hydrologic modeling tools that employ
different procedures may be used as well.
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3.5 Permeable Pavement Systems

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

Design variants include:

P-1  Porous asphalt (PA)
P-2  Pervious concrete (PC)
P-3  Permeable pavers (PP)

Other variations of permeable pavement that are DDOE-approved permeable pavement surface
materials, such as synthetic turf systems with reservoir layer, are also encompassed in this
section.

Permeable pavement systems are not typically designed to provide stormwater detention of
larger storms (e.g., 2-year, 15-year), but they may be in some circumstances. Permeable
pavement practices shall generally be combined with a separate facility to provide those controls.

There are two different types of permeable pavement design configurations:

= Standard Designs. Practices with a standard underdrain design and no infiltration sump or
water quality filter (see Figure 3.13).

* Enhanced Designs. Practices with underdrains that contain a water quality filter layer and an
infiltration sump beneath the underdrain sized to drain the design storm in 48 hours (see
Figure 3.14) or practices with no underdrains that can infiltrate the design storm volume in
48 hours (see Figure 3.15).

The particular design configuration to be implemented on a site is typically dependent on
specific site conditions and the characteristics of the underlying soils. These criteria are further
discussed below.

[-———- Permeable Pavement Surface Material
l——— Bedding Layer (as directed by manufacturer)

I _T0_T0T_TJ_ 17T

SR TF

-=——— Reservoir Layer

Filter Layer

Figure 3.13 Cross section of a standard permeable pavement design.
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Figure 3.14 Cross section of an enhanced permeable pavement design with an underdrain.
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Figure 3.15 Cross section of an enhanced standard permeable pavement design without an
underdrain.

3.5.1 Permeable Pavement Feasibility Criteria

Since permeable pavement has a very high retention capability, it should always be considered as
an alternative to conventional pavement. Permeable pavement is subject to the same feasibility
constraints as most infiltration practices, as described below.

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

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

In fill soil locations, geotechnical investigations are required to determine if the use of an
impermeable liner and underdrain are necessary or if the use of an infiltration sump is
permissible (see Section 3.5.4 Permeable Pavement Design Criteria).
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Contributing Drainage Area. The portion of the contributing drainage area that does not
include the permeable pavement may not exceed 5 times the surface area of the permeable
pavement (2 times is recommended), and it should be as close to 100 percent impervious as
possible.

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

Minimum Hydraulic Head. The elevation difference needed for permeable pavement to
function properly is generally nominal, although 2 to 4 feet of head from the pavement surface to
the underdrain outlet is typically necessary. This value may vary based on several design factors,
such as required storage depth and underdrain location.

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

Setbacks. To avoid the risk of seepage, permeable pavement practices must not be hydraulically
connected to structure foundations. Setbacks to structures must be at least 10 feet, and adequate
water-proofing protection must be provided for foundations and basements. Where the 10-foot
setback is not possible, an impermeable liner may be used along the sides of the permeable
pavement practice (extending from the surface to the bottom of the practice).

Proximity to Utilities. Interference with underground utilities should be avoided, if possible.
When large site development is undertaken the expectation of achieving avoidance will be high.
Conflicts may be commonplace on smaller sites and in the public right-of-way. Consult with
each utility company on recommended offsets, which will allow utility maintenance work with
minimal disturbance to the permeable paving BMP. For permeable paving BMPs in the public
right-of-way, a consolidated presentation of the various utility offset recommendations can be
found in Chapter 33.14.5 of the District of Columbia Department of Transportation Design and
Engineering Manual, latest edition. Consult the District of Columbia Water and Sewer Authority
(DC Water) Green Infrastructure Utility Protection Guidelines, latest edition, for water and sewer
line recommendations. Where conflicts cannot be avoided, follow these guidelines:

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

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

= Work with the utility company to evaluate the relocation of the existing utility and install the
optimum placement and sizing of the permeable paving BMP.
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= |f utility functionality, longevity, and vehicular access to manholes can be assured, accept the
permeable paving design and location with the existing utility. Design sufficient soil
coverage over the utility or general clearances or other features, such as an impermeable
liner, to assure all entities that the conflict is limited to maintenance.

Note: When accepting utility conflict into the permeable paving location and design, it is
understood the permeable paving will be temporarily impacted during utility work but the utility
will replace the permeable paving or, alternatively, install a functionally comparable permeable
paving according to the specifications in the current version of this Stormwater Management
Guidebook. Restoration of permeable paving that is located in the public right-of-way will also
conform with the District of Columbia Department of Transportation Design and Engineering
Manual, with special attention to Chapter 33, Chapter 47, and the Design and Engineering
Manual supplements for Low Impact Development and Green Infrastructure Standards and
Specifications.

Hotspot Land Uses. Permeable pavements may not be used to treat hotspot runoff. For a list of
potential stormwater hotspot operations, consult Appendix P.

On sites with existing contaminated soils, as indicated in Appendix P, infiltration is not allowed.
Permeable pavement installations must include an impermeable liner, and the Enhanced Design
configuration cannot be used.

High Loading Situations. Permeable pavement is not intended to treat sites with high sediment
or trash/debris loads, since such loads will cause the practice to clog and fail. Sites with a lot of
pervious area (e.g., newly established turf and landscaping) can be considered high loading sites
and the pervious areas should be diverted if possible from the permeable pavement area. If
unavoidable, pretreatment measures, such as a gravel or sod filter strip should be employed (see
Section 3.5.3 Permeable Pavement Pretreatment Criteria).

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

3.5.2 Permeable Pavement Conveyance Criteria

Permeable pavement designs must include methods to convey larger storms (e.g., 2-year, 15-
year) to the storm drain system. The following is a list of methods that can be used to accomplish
this:

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

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

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

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

3.5.3 Permeable Pavement Pretreatment Criteria

Pretreatment for most permeable pavement applications is not necessary. Additional
pretreatment is recommended if the pavement receives run-off from adjacent pervious areas. For
example, a gravel or sod filter strip can be placed adjacent to pervious (landscaped) areas to trap
coarse sediment particles before they reach the pavement surface in order to prevent premature

clogging.
3.5.4 Permeable Pavement Design Criteria

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

Pavement Bottom Slope. For unlined designs, the bottom slope of a permeable pavement
installation should be as flat as possible (i.e., 0 percent longitudinal and lateral slopes) to enable
even distribution and infiltration of stormwater. On sloped sites, internal check dams or berms,
as shown in the diagram Figure 3.16 below, can be incorporated into the subsurface to encourage
infiltration. In this type of design, the depth of the infiltration sump would be the depth behind
the check dams. The depth and spacing of the barriers is dependent upon the underlying slope
and the infiltration rate, as any water retained by the flow barriers must infiltrate within 48 hours.
If an underdrain will be used in conjunction with the flow barriers, it can be installed over the top
of the barriers, or parallel to the barriers with an underdrain in each cell.

Flow barriers,
N . or soil berms

Figure 3.16 Use of flow barriers to encourage infiltration on sloped sites.
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Internal Geometry and Drawdowns.

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

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

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

= Conservative Infiltration Rates. Designers must use 1/2 of the measured infiltration rate
during design to approximate long-term infiltration rates (for example, if the measured
infiltration rate is 0.7 inches per hour, the design infiltration rate will be 0.35 inches per
hour). This requirement is included in Equation 3.2 through Equation 3.4.

Reservoir Layer. The reservoir layer consists of the stone underneath the pavement section and
above the bottom filter layer or underlying soils, including the optional infiltration sump. The
total thickness of the reservoir layer is determined by runoff storage needs, the infiltration rate of
in situ soils, structural requirements of the pavement sub-base, depth to water table and bedrock,
and frost depth conditions (see Section 3.5.1 Permeable Pavement Feasibility Criteria). A
geotechnical engineer should be consulted regarding the suitability of the soil subgrade.

= The reservoir below the permeable pavement surface should be composed of clean, double-
washed stone aggregate and sized for both the storm event to be treated and the structural
requirements of the expected traffic loading (additional chamber structures may also be used
to create larger storage volumes).

= The storage layer may consist of clean, double-washed No. 57 stone, although No. 2 stone is
preferred because it provides additional structural stability. Other appropriate materials may
be used if accepted by DDOE.

= The bottom of the reservoir layer should be completely flat so that runoff will be able to
infiltrate evenly through the entire surface. The use of terracing and check dams is
permissible.

Underdrains. Most permeable pavement designs will require an underdrain (see Section 3.5.1
Permeable Pavement Feasibility Criteria). Underdrains can also be used to keep detained
stormwater from flooding permeable pavement during extreme events. Multiple underdrains are
necessary for permeable pavement wider than 40 feet, and each underdrain must be located 20
feet or less from the next pipe or the edge of the permeable pavement. (For long and narrow
applications, a single underdrain running the length of the permeable pavement is sufficient.)
The underdrain should be perforated schedule 40 PVC pipe (corrugated HDPE may be used for
smaller load-bearing applications), with 3/8-inch perforations at 6 inches on center. The
underdrain must be encased in a layer of clean, double washed No. 57 stone, with a minimum 2-
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inch cover over the top of the underdrain. The underdrain system must include a flow control to
ensure that the reservoir layer drains slowly (within 36 to 48 hours).

= The underdrain outlet can be fitted with a flow-reduction orifice within a weir or other easily
inspected and maintained configuration in the downstream manhole as a means of regulating
the stormwater detention time. The minimum diameter of any orifice is 1 inch. The designer
should verify that the volume will draw down completely within 36 to 48 hours.

= On infiltration designs, an underdrain(s) can be installed and capped at the downstream
structure as an option for future use if maintenance observations indicate a reduction in the
soil permeability.

All permeable pavement practices must include observation wells. The observation well is used
to observe the rate of drawdown within the reservoir layer following a storm event and to
facilitate periodic inspection and maintenance. The observation well should consist of a well-
anchored, perforated 4- to 6-inch diameter PVC pipe that is tied into any Ts or Ys in the
underdrain system. The well should extend vertically to the bottom of the reservoir layer and
extend upwards to be flush with the surface (or just under pavers) with a lockable cap.

Infiltration Sump (optional, required for underdrained Enhanced Designs). For unlined
permeable pavement systems, an optional upturned elbow or elevated underdrain configuration
can be used to promote greater retention for permeable pavement located on marginal soils (see
Figure 3.14). The infiltration sump must be installed to create a storage layer below the
underdrain or upturned elbow invert. The depth of this layer must be sized so that the design
storm can infiltrate into the subsoils in a 48-hour period. The bottom of the infiltration sump
must be at least 2 feet above the seasonally high water table. The inclusion of an infiltration
sump is not permitted for designs with an impermeable liner. In fill soil locations, geotechnical
investigations are required to determine if the use of an infiltration sump is permissible.

In order to improve the infiltration rate of the sump, it may be designed as a series of 1-foot wide
trenches spread 5 feet apart, which are excavated after compaction of the existing soils is
performed. Excavation of these trenches may allow access to less compacted, higher
permeability soils and improve the effectiveness of the infiltration sump (Brown and Hunt,
2009). Regardless of the infiltration sump design, the infiltration rate must be field verified.

Filter Layer (optional). To protect the bottom of the reservoir layer from intrusion by
underlying soils, a filter layer can be used. The underlying native soils should be separated from
the stone reservoir by a 2 to 4 inch layer of choker stone (e.g., No. 8).

Geotextile (optional). Geotextile fabric is another option to protect the bottom of the reservoir
layer from intrusion by underlying soils, although some practitioners recommend avoiding the
use of fabric beneath permeable pavements since it may become a future plane of clogging
within the system. Geotextile fabric is still recommended to protect the excavated sides of the
reservoir layer, in order to prevent soil piping. An appropriate geotextile fabric that complies
with AASHTO M-288 Class 2, latest edition, requirements and has a permeability of at least an
order of magnitude higher (10x) than the soil subgrade permeability must be used.
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Impermeable Liner. An impermeable liner is not typically required, although it may be utilized
in fill applications where deemed necessary by a geotechnical investigation, on sites with
contaminated soils, or on the sides of the practice to protect adjacent structures from seepage.
Use a 30-mil (minimum) PVC geomembrane liner. (Follow manufacturer’s instructions for
installation.) Field seams must be sealed according to the liner manufacturer’s specifications. A
minimum 6-inch overlap of material is required at all seams.

Material Specifications. Permeable pavement material specifications vary according to the
specific pavement product selected. A general comparison of different permeable pavements is
provided in Table 3.13 below, but designers should consult manufacturer’s technical
specifications for specific criteria and guidance. Table 3.14 describes general material
specifications for the component structures installed beneath the permeable pavement. Note that
the size of stone materials used in the reservoir and filter layers may differ depending on the type
of surface material.

Table 3.13 Permeable Pavement Specifications for a Variety of Typical Surface Materials

Material Specification Notes

Void content, thickness, and compressive strength vary based

Permeable on type and manufacturer

Pavers (PP)

Reservoir layer required to

Open void fill media: aggregate, topsoil and grass, coarse sand, support the structural load.

etc.

Void content: 15% to 25%. May not require a reservoir

Pervious . T . layer to support the
Concrete Thlckness_. typically 4_ to 8 inches. structural load, but a layer
Compressive strength: 2.8 to 28 MPa. - .
(PC) e L may be included to increase
Open void fill media: None S
the storage or infiltration.
Porous Asphalt }r/r?iigkilzrs]?rgt fgﬁ to32t(c)>0/70.in (depending on traffic load) Reservoir layer required to
(PA) - typically - (dep g ' support the structural load.

Open void fill media: None.

Table 3.14 Material Specifications for Typical Layers Beneath the Pavement Surface

Material Specification Notes

PC: 3 to 4 inches of No. 57 stone if No. 2
stone is used for Reservoir Layer

PA: 3 to 4 inches of No. 57 stone

PP: Follow manufacturer specifications

ASTM D448 size No. 8 stone (e.g., 3/8 to
3/16 inch in size). Must be double-washed
and clean and free of all fines.

Bedding Layer

ASTM D448 size No. 57 stone (e.g., 1 1/2
to 1/2-inch in size); No. 2 Stone (e.g., 3
inches to 3/4 inches in size). Depth is based
on the pavement structural and hydraulic
requirements. Must be double-washed and
clean and free of all fines. Other appropriate
materials may be used if accepted by
DDOE.

PC: No. 57 stone or No. 2 stone
Reservoir Layer PA: No. 2 stone
PP: Follow manufacturer specifications
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Material Specification Notes

Use 4- to 6-inch diameter perforated PVC pipe (or equivalent corrugated HDPE may be
used for smaller load-bearing applications), with 3/8-inch perforations at 6 inches on center.
Perforated pipe installed for the full length of the permeable pavement cell, and non-
perforated pipe, as needed, is used to connect with the storm drain system. T’s a