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PREAMBLE

These regulations are the product of a comprehensive review of existing Regulations and the
supporting Technical Document and plan review procedures utilized by the Sediment and
Stormwater program within the Watershed Stewardship Division of the Department of Natural
Resources and Environmental Control (‘DNREC”). This effort was undertaken by a Regulatory
Advisory Committee (“RAC”) made up of stakeholders and other interested parties, supported
by program staff. This revision was a direct result of the decision of the Superior Court in Baker
v. DNREC, 2015 WL 5971784 (Oct. 7, 2015), which was affirmed by the Delaware Supreme
Court on April 15, 2016. DNREC v. Baker, 137 A.3d 122 (Del. 2016) (TABLE). The Court found
that DNREC could not rely on technical and advisory supporting materials, which had not been
formally adopted as regulations pursuant to the Administrative Procedures Act, in reviewing
plans and issuing permits. In a legislative response to the Baker holdings, the General
Assembly enacted Senate Bill 253 on June 24, 2016, 80 Del. Laws Ch. 274, and House Bill 194
on August 10, 2016, 80 Del. Laws Ch. 392. And in Trivits v. State, C.A. No. S16C-05-048,
Judge Graves of Superior Court, on July 1, 2016, rejected a challenge to the validity of
emergency regulations enacted by DNREC in response to the vacuum left by the Baker holding,
and recognized the validity of the regulatory adoption process undertaken by the RAC.

The members of the RAC, working through various technical subcommittees, have reviewed the
2014 Regulations, as well as those portions of the Technical Document and other materials that
could be read to create mandatory obligations or processes or plan components. Revisions
have been undertaken and adopted by consensus of the RAC. The goal of this effort has been
to include all mandates within the body of the revised Regulations, as distinguished from
advisory, exemplary, or supporting documents and information, not adopted as Regulations.
The latter category of materials cannot be used for purposes of enforcement or to deny a
stormwater plan, and compliance is strictly voluntary.

In an effort to facilitate compliance by regulated parties, the RAC has prepared a single
publication containing the draft Regulations and supporting materials. The recommendation of
the RAC is that this document be published (in hard copy and online) by DNREC, for the
guidance of regulated parties and the public. It is a supplementary document, for the purpose of
integrating language quoted from the Regulations with supporting educational and explanatory
material. Whereas the Regulations can only be changed according to the APA, the non-
regulatory materials can be updated and adapted as needed by the program staff. Only the
Regulations themselves can be used as a basis for enforcement, or to deny a plan or permit.
The advice and guidance provided in the Appendix is not intended to create a cause of action
for noncompliance or a basis for prosecution of violations. Any failure of a regulated party to
pursue the recommendations or suggestions or other guidance appearing in the publication
cannot be used as a basis of liability.
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In order to provide a single reference source for Sediment and Stormwater problems, the
Appendix document quotes from the official Regulations, and provides examples, suggestions,
options, and alternatives to facilitate compliance. In order to distinguish between what is
mandatory and what is optional, bold font is used where Regulations are cited. This is the
same language that will appear in the Delaware Administrative Code upon approval.
Compliance with these Regulations will be required. Regular font is used for the background,
examples, and explanatory material. Compliance with these materials is not required.

The Regulations set forth in bold font will be submitted for formal adoption, pursuant to the
Administrative Procedures Act, as authorized by Chapter 40 of Title 7 of the Delaware Code,
and they carry the force of law. The advice in regular font will be published for purposes of
explanation and guidance, and none of the suggestions provided are mandated. The
Administrative Procedures Act does not require that this advisory material be formally adopted.
DNREC has published the Appendix to facilitate compliance by regulated parties, and will
provide public notice of any changes to the advisory materials, which will be updated annually.

All of the material contained in the Appendix has been reviewed and approved by DNREC staff
and by the RAC. The distinction between mandatory and voluntary language has been made
pursuant to the ruling of the Court in Baker v. DNREC. Pursuant to the Court’s ruling, all
standards and criteria and other provisions of the former Technical Guidance Document that
mandate compliance have been incorporated into the official Regulations. These provisions
appear in bold font here for the convenience of users, together with the supporting advisory
materials in regular font.

On June 26, 2018, Senate Bill 204 passed by a roll call vote in the House of Representatives
and will take effect upon signature by the Governor. Section 6 of S.B. 204 adds new
subsections (h) and (i) to 84006 of Title 7 of the Delaware Code. These new provisions exempt
stormwater regulatory guidance documents, interpretive rules, and general statements of policy
from the formal regulatory adoption process of the Administrative Procedures Act (APA) and
from the Regulatory Flexibility Act (RFA). A “regulatory guidance document” is defined to
include any technical manual, checklist, form, BMP standards and specifications, the Delaware
Sediment and Erosion Control Handbook, and other materials used by DNREC to facilitate
compliance. Such guidance documents may not be used to impose requirements beyond those
set forth in Chapter 40 of Title 7 and the Regulations, nor may they be sued for enforcement
purposes. Any changes to regulatory guidance materials must be posted for public notice and
published in the Delaware Register of Regulations.
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BMP Standards and Specifications Infiltration Practices

1.0 Infiltration Practices

Definition:  Practices that capture and
temporarily store the design
storm volume before allowing
it to infiltrate into the soil
over a two day period.

Design variants include:

[ 1-A  Infiltration Trench
[ | 1-B  Infiltration Basin
[ | 1-C  Underground Infiltration

Infiltration practices use temporary surface or underground storage to allow incoming
stormwater runoff to exfiltrate into underlying soils. Runoff first passes through multiple
pretreatment mechanisms to trap sediment and organic matter before it reaches the practice. As
the stormwater penetrates the underlying soil, chemical and physical adsorption processes
remove pollutants. Infiltration practices are suitable for use in residential and other urban areas
where measured soil permeability rates exceed 1 inch per hour. To prevent possible groundwater
contamination, infiltration should not be utilized at sites designated as stormwater hotspots. Care
should be taken to assure that long-term infiltration rates are achieved through proper
construction, post construction inspection and long-term maintenance.
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BMP Standards and Specifications

Infiltration Practices

1.1 Infiltration Stormwater Credit Calculations

Infiltration practices receive 100% retention volume credit (Rv) for the volume stored and
infiltrated by the practice (Table 1.1). Where an overdrain or discharge pipe is provided, credit
is not given for the volume of runoff discharged through the pipe. No additional pollutant

removal credit is awarded.

Table 1.1 Infiltration Performance Credits

Runoff Reduction

Retention Allowance

100%

RPv 100% of Retention Storage
Cv 100% of Retention Storage
Fv 100% of Retention Storage

Pollutant Reduction

TN Reduction

100%b of Load Reduction

TP Reduction

100% of Load Reduction

TSS Reduction

100% of Load Reduction

1-5
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BMP Standards and Specifications Infiltration Practices

1.2 Infiltration Practices Summary

Table 1.2 summarizes criteria for infiltration practices, and Table 1.3 summarizes the materials
specifications for these practices. For more detail on design criteria, consult Sections 1.3
through 1.7. Section 1.8 describes practice construction and Section 1.9 describes maintenance

criteria.

Table 1.2 Infiltration Practices Summary

Feasibility Criteria
(Section 1.3)

Infiltration practices shall be located a minimum horizontal distance
of 200 feet from down-gradient slopes greater than 20% unless slope
stability calculations demonstrate stable conditions.

A minimum vertical distance of 2 feet must be provided between the
bottom of the infiltration practice and the seasonal high water table as
determined by the soil investigation procedures or bedrock layer.
The minimum vertical distance of 2 feet may be relaxed if a
groundwater mounding analysis or piezometer testing has been
performed by a qualified professional.

Native soils in proposed infiltration areas must have a minimum
infiltration rate of 1 inch per hour.

Designers must verify soil permeability by using the on-site soil
investigation methods provided in the Soil Investigation Procedures.
Recommended setbacks from wells, buildings and utilities in Appendix 8
Restrictions for treating hotspots, high loads, or dry weather flows

Conveyance Criteria
(Section 1.4)

Infiltration practices must be designed to pass the maximum design
storm event (Fv) if the Fv is being routed through the practice rather
than bypassing.

An earthen emergency spillway designed to convey the Fv shall be cut
in natural ground or, if cut in fill, shall be constructed and stabilized
with methods to prevent erosion and structural failure.

Infiltration basins constructed to meet regulatory stormwater
management requirements in the State of Delaware shall be designed
and constructed in accordance with the USDA NRCS Pond Code 378
as amended.

Pretreatment Criteria
(Section 1.5)

Every inlet into an infiltration system shall have a pretreatment
mechanism to protect the long term integrity of the infiltration rate.
Several pretreatment options may be used

Exit velocities from the pretreatment shall be non-erosive during the
largest design storm that is routed through the facility.

1-6
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BMP Standards and Specifications Infiltration Practices

Design Criteria
(Section 1.6)

Infiltration basin side-slopes shall be no steeper than 4H:1V.
Stone, when used for infiltration trenches or underground infiltration
systems, shall consist of clean, washed aggregate with a maximum of
2.0 percent passing the #200 sieve.
Stone shall have a maximum diameter of 2.5 inches and a minimum
diameter of 0.5 inches.
A porosity value of 0.4 shall be used in the design of stone reservoirs,
although a larger value may be used if underground retention
chambers are installed within the reservoir.
Infiltration trenches and underground infiltration practices shall
include an inspection port to facilitate periodic inspection and
maintenance.
Geotextile fabric shall have a flow rate greater than 110 gal/min/sf.
For design purposes, the field verified soil infiltration rate shall be
divided by 2 as a factor of safety to account for potential compaction
during construction and to approximate long term infiltration rates
Infiltration practices shall be designed so that the RPv infiltrates
within 48 hours.
Infiltration practices shall be designed so that they will 1) infiltrate the
Fv within 72 hours or 2) dewater the Fv within 72 hours, or 3) manage
the Fv on site with no adverse impact.
All Infiltration practices must be designed so as to be accessible to
annual maintenance.
A maintenance right-of-way or easement must extend to the
Infiltration practice from a public or private road.
Adequate maintenance access must extend to the perimeter of the
Infiltration practice and outlet structure, if applicable.
Maintenance access must meet the following criteria:

0 Minimum width of fifteen feet.

o Profile grade that does not exceed 10H:1V.

0 Minimum 10H:1V cross slope.

Landscaping Criteria
(Section 1.7)

Maintain vegetation in the buffers and practice drainage area to minimize
erosion and debris

Construction Criteria
(Section 1.8)

During site construction, steps shall be taken to prevent compaction
and sedimentation of the infiltration practice unless extensive design
and construction methods are employed to protect the infiltration
practices’ ability to infiltrate.
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BMP Standards and Specifications Infiltration Practices

Construction Criteria
(Section 1.8)
cont.

Construction reviews are required during the following stages of
construction, and shall be noted on the plan in the sequence of
construction:
0 Pre-construction meeting
o Initial site preparation including installation of erosion and
sediment controls and sensitive area protection surrounding
infiltration practice locations
o0 Construction of the embankment, including installation of the
principal spillway and the outlet structure, as applicable for
infiltration basins
0 Excavation and grading including interim and final
elevations. Observation of infiltration surface and infiltration
practice verification must be completed prior to stone
placement for infiltration trenches and underground
infiltration.
0 Implementation of required stabilization.
o Final construction review including development of a punch
list for facility acceptance
The infiltration rate and separation from groundwater of the
constructed infiltration practice shall be verified prior to completion of
construction in accordance with the Soil Investigation Procedures.

Maintenance Criteria
(Section 1.9)

The infiltrating surface shall never be covered by an impermeable
material, such as asphalt or concrete.

Before project completion the Owner shall submit a final post
construction stormwater management Operation and Maintenance
Plan for the entire stormwater management system. Operation and
Maintenance Plans remain valid for the life of the stormwater
management system.

1.3 Infiltration Feasibility Criteria

Infiltration practices have very high storage and retention capabilities when sited and designed
appropriately. Designers should evaluate the range of soil properties during initial site layout and
seek to configure the site to conserve and protect the soils with the greatest recharge and
infiltration rates. In particular, areas of Hydrologic Soil Group A or B soils shown on NRCS soil
surveys should be considered as primary locations for infiltration practices. Additional
information about soil and infiltration are described in more detail later in this section. During
initial design phases, designers should carefully identify and evaluate constraints on infiltration,

as follows:

1-8
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EPA Requirements for Class V Injection Wells

Certain types of practices in this category may be classified as a Class V Injection Wells, which
are subject to regulations under the Federal Underground Injection Control (UIC) program. In
general, if the facility is not open at the surface, such as an underground infiltration system, or
allows stormwater runoff to come in direct contact with groundwater it would meet this
criterion. Facilities with a minimum 2’ vadose zone separation from the groundwater table
would not meet the criterion. Also, facilities that are open at the surface, such as an infiltration
trench or basin, with at least one dimension greater than the depth would not meet the criterion.
Designers are advised to contact the DNREC Groundwater Discharges Section for additional
information regarding UIC regulations and possible permitting requirements.

Contributing Drainage Area

To be most effective minimize the contributing drainage area (CDA). The CDA should be as
close to 100% impervious as possible to minimize organic capping and maintenance concerns.
The facility specific design, pretreatment and maintenance requirements will differ depending on
the size of the infiltration practice.

Site Topography

Infiltration should not be located on slopes greater than 5%. Infiltration practices shall be
located a minimum horizontal distance of 200 feet from down-gradient slopes greater than
20% unless slope stability calculations demonstrate stable conditions. The average slope of
the contributing drainage areas should be less than 15%.

Minimum Depth to Water Table or Bedrock. A minimum vertical distance of 2 feet must be
provided between the bottom of the infiltration practice and the seasonal high water table
as determined by the soil investigation procedures or bedrock layer. The minimum vertical
distance of 2 feet may be relaxed if a groundwater mounding analysis or piezometer testing
has been performed by a qualified professional.

Soils. Native soils in proposed infiltration areas must have a minimum infiltration rate of 1
inch per hour (typically Hydrologic Soil Group A and B soils meet this criterion). Initially, soil
infiltration rates can be estimated from NRCS soil data. Designers must verify soil
permeability by using the on-site soil investigation methods provided in the Soil
Investigation Procedures.

Use on Urban Fill Soils/Redevelopment Sites. Sites that have been previously graded or
disturbed do not typically retain their original soil permeability due to compaction. Therefore,
such sites are often not good candidates for infiltration practices unless the geotechnical
investigation shows that the soil infiltration rate exceeds 1.0 in/hr.

1-9
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Dry Weather Flows. Infiltration practices should not be used on sites receiving regular dry-
weather flows from sump pumps, irrigation water, chlorinated wash-water, or other non-
stormwater flows.

Proximity to Utilities. Infiltration practices should be sited to account for future maintenance of
underground utilities in accordance with the utility owner’s requirements. See Appendix 8
Stormwater Facility Setbacks for recommended separation distances for utilities.

Hotspots and High Loading Situations. Infiltration practices are not intended to treat sites with
high sediment or trash/debris loads, because such loads will cause the practice to clog and fail.
Infiltration practices are not recommended at potential stormwater hotspots that pose a risk of
groundwater contamination. For a list of potential stormwater hotspot operations, consult
Appendix 4.

1.4 Infiltration Conveyance Criteria

The nature of the conveyance and overflow to an infiltration practice depends on the scale of
infiltration and whether the facility is on-line or off-line. Where possible, conventional
infiltration practices should be designed offline to avoid damage from the erosive velocities of
larger design storms.

Off-line infiltration: Overflows can either be diverted from entering the infiltration practice or

dealt with via an overflow inlet. Optional overflow methods include the following:

= Utilize a low-flow diversion or flow splitter at the inlet to allow only the design volume to
enter the facility. This may be achieved with a weir or curb opening sized for the target flow,
in combination with a bypass channel. Using a weir or curb opening helps minimize clogging
and reduces the maintenance frequency.

= Use landscaping type inlets or standpipes with trash guards as overflow devices.

On-line infiltration: An overflow structure can be incorporated into on-line designs to safely
convey larger storms through the infiltration area.

Infiltration practices must be designed to pass the maximum design storm event (Fv) if the
Fv is being routed through the practice rather than bypassing. An earthen emergency
spillway designed to convey the Fv shall be cut in natural ground or, if cut in fill, shall be
constructed and stabilized with methods to prevent erosion and structural failure.

Infiltration basins constructed to meet regulatory stormwater management requirements
in the State of Delaware shall be designed and constructed in accordance with the USDA
NRCS Pond Code 378 as amended.
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15 Infiltration Pretreatment Criteria

Every inlet into an infiltration system shall have pretreatment. Recommended techniques to
pretreat 100% of the inflow in every facility include but are not limited to:

Vegetated Channel with a minimum flow length of 20 feet

Grass Filter Strip with a minimum flow length of 10 feet

Forebay with a minimum 10% of the RPv

Proprietary Practices that can achieve a 50% reduction in suspended solids (see
Specification 15. Proprietary Practices)

Catch Basin Sumps (applicable for perforated pipe systems for residential streets and site
drainage only, minimum 27)

Exit velocities from the pretreatment shall be non-erosive during the largest design storm
that is routed through the facility. Flow from the pretreatment chamber should be evenly
distributed across the width of the practice (e.g., using a level spreader).

1.6 Infiltration Design Criteria

Facility Slope. The bottom of an infiltration facility should be flat (i.e., 0% longitudinal and
lateral slopes) to enable even distribution and infiltration of stormwater; however the bottom
may be stepped internally per design specifications.

Infiltration Basin Geometry: The recommended maximum vertical depth to which runoff may be
ponded over an open infiltration basin for the Cv is 24 inches. Infiltration basin side-slopes
shall be no steeper than 4H:1V.

Stone, when used for infiltration trenches or underground infiltration systems, shall consist
of clean, washed aggregate with a maximum of 2.0 percent passing the #200 sieve. Stone
shall have a maximum diameter of 2.5 inches and a minimum diameter of 0.5 inches.

Stone Layer Porosity. A porosity value of 0.4 shall be used in the design of stone reservoirs,
although a larger value may be used if underground retention chambers are installed
within the reservoir.

Underground Storage (optional): In the underground infiltration variant, runoff is stored in the
voids of the stones, and infiltrates into the underlying soil matrix. Plastic, concrete, or
comparable material structures can be used in conjunction with the stone to increase the available
temporary storage in infiltration trenches and underground infiltration systems. In some
instances, a combination of filtration and infiltration cells can be installed in the floor of a dry
extended detention (ED) pond See Specification 12. Detention Practices.

Overflow Collection Pipe: An optional overflow collection pipe can be installed in an
infiltration trench or underground infiltration system to convey collected runoff from larger
storm events to a downstream conveyance system. Where an overdrain or discharge pipe is

1-11 :
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provided, RPv compliance credit is not given for the volume of runoff discharged through the
pipe.

Inspection Port. Infiltration trenches and underground infiltration practices shall include an
inspection port to facilitate periodic inspection and maintenance. It is recommended that the
inspection port consist of an anchored 6-inch diameter perforated PVC pipe fitted with a cap
installed flush with the ground surface.

Trench Bottom: To protect the bottom of an infiltration trench from intrusion by underlying
soils, a sand layer may be used as determined by design professional based on site conditions.
The underlying native soils should be separated from the stone layer by a 6 to 8 inch layer of
coarse sand (e.g., ASTM C 33, 0.02-0.04 inch).

Geotextile Fabric: Geotextile fabric when used to separate stone from native soil in an
infiltration trench or underground infiltration system shall have a flow rate of 110
gal./min./sq. ft. or greater. (see Delaware ESC Handbook, Appendix A-3).

Material Specifications: Recommended material specifications for infiltration areas are shown in
Table 1.3 in Section 1.2.

Practice Sizing: The proper approach for designing infiltration practices is to avoid forcing a
large amount of infiltration into a small area. Therefore, individual infiltration practices that are
limited in size due to soil permeability and available space need not be sized to capture the entire
design volume for the contributing drainage area, as long as other stormwater treatment practices
are applied at the site to meet the remainder of the design storm volume.

Infiltration Rates. For design purposes, the field verified infiltration rate shall have a factor
of safety applied in accordance with Soil Investigation Procedures to account for potential
compaction during construction and to approximate long term infiltration rates. On-site
infiltration investigations should always be conducted to establish the actual infiltration capacity
of underlying soils, using the methods presented in the Soil Investigation Procedures.

Infiltration practices can also be designed to address, in whole or in part, the detention storage
needed to comply with channel protection and/or flood control requirements. Infiltration
practices shall be designed so that the RPv infiltrates within 48 hours. Infiltration
practices shall be designed so that they will 1) infiltrate the Fv within 72 hours or 2)
dewater the Fv within 72 hours, or 3) manage the Fv on site with no adverse impact. The
designer can model various approaches by factoring in storage chambers within the stone
aggregate layer and expected infiltration as part of the design. Routing calculations can also be
used to provide a more accurate solution of the peak discharge and required storage volume.

Maintenance Access. All infiltration practices must be designed so as to be accessible for
maintenance. Good access is needed so crews can remove sediments, make repairs and preserve
infiltration practice treatment capacity.
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0 A maintenance right-of-way or easement must extend to the Infiltration practice
from a public or private road.
0 Adequate maintenance access must extend to the perimeter of the Infiltration
practice and outlet structure, if applicable.
0 Maintenance access must meet the following criteria:
=  Minimum width of fifteen feet.
= Profile grade that does not exceed 10H:1V.
=  Minimum 10H:1V cross slope.
Local ordinances and design criteria should be consulted to determine minimum setbacks to
property lines. When not specified in local code, the top of bank of Infiltration practices should
be set back at least 15 feet from property lines to ensure maintenance access.

1.7 Infiltration Landscaping Criteria

Infiltration practices can be effectively integrated into the site plan and aesthetically designed
with adjacent landscaping or turf cover. Vegetation associated with the infiltration practice
buffers should be regularly mowed with clippings removed and maintained to keep organic
matter out of the infiltration device and maintain enough vegetation to prevent soil erosion from
occurring.

1.8 Infiltration Construction Criteria

Infiltration practices are particularly vulnerable to failure during the construction phase for two
reasons. First, if the construction sequence is not followed correctly, construction sediment can
clog the practice. In addition, heavy construction can result in compaction of the soil, which can
then reduce the soil’s infiltration rate. For this reason, a careful construction sequence should be
followed.

During site construction, steps shall be taken to prevent compaction and sedimentation of
the infiltration practice unless extensive design and construction methods are employed to
protect the infiltration practices’ ability to infiltrate. The following steps are recommended:

e Avoid compaction by preventing construction equipment and vehicles from traveling over
the proposed location of the infiltration practice using “Sensitive Area Protection” guidelines
during construction

e Infiltration trenches should remain “off-line” until construction is complete to prevent
construction sediment from clogging the stone reservoir layer. Prevent sediment from
entering the infiltration site by using super silt fence, diversion berms or other means. In the
erosion and sediment control plan, indicate the earliest time at which stormwater runoff may
be directed to an infiltration trench. It is recommended that the erosion and sediment control
plan also indicate the specific methods to be used to temporarily keep runoff from the
infiltration facility.

e Infiltration basins are not recommended to serve as temporary sediment control devices (e.g.,
sediment traps, etc.) during construction.

e Upland drainage areas are recommended to be completely stabilized with a thick layer of
vegetation prior to commencing excavation for an infiltration practice.
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Construction Review

Construction reviews are required during the following stages of construction, and shall be
noted on the plan in the sequence of construction:

e Pre-construction meeting

e Initial site preparation including installation of erosion and sediment controls and
sensitive area protection surrounding infiltration practice locations

e Construction of the embankment, including installation of the principal spillway
and the outlet structure, as applicable for infiltration basins

e Excavation and grading including interim and final elevations. Confirmatory
infiltration testing and verification must be completed prior to stone placement for
infiltration trenches and underground infiltration.

e Implementation of required stabilization.

e Final construction review including development of a punch list for facility
acceptance

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

Infiltration Practice Verification. The infiltration rate and separation from groundwater of
the constructed infiltration practice shall be verified prior to completion of construction in
accordance with the Soil Investigation Procedures. The results shall be included with the
Post Construction Verification Documentation upon project completion.

Post Construction Verification Documentation. Upon facility completion, the owner shall
submit post construction verification documents to demonstrate that the infiltration
practice has been constructed within allowable tolerances in accordance with the approved
Sediment and Stormwater Management Plan and accepted by the approving agency.
Allowable tolerances for infiltration practices are as follows:
e The constructed top of bank elevation may be no lower than the design elevation for
top of bank.
e The constructed area of the infiltration surface shall be no less than 90% of the
design surface area.
e The constructed volume of the infiltration practice surface storage shall be no less
than 90% of the design volume.
e The constructed elevation of any structure shall be within 0.15 foot of the design.

In the event that an allowable tolerance is exceeded the system shall be reconstructed or
modified to the approved design unless supplemental calculations demonstrate compliance.
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1.9 Infiltration Maintenance Criteria

Maintenance is a crucial element that ensures the long-term performance of infiltration practices.
The most frequently cited maintenance problem for infiltration practices is clogging of the stone
by organic matter and sediment. The following design features can minimize the risk of

clogging:

Stabilized CDA. Infiltration systems may not receive runoff until the entire contributing drainage
area has been completely stabilized, unless a design and construction method can be shown to
remove all clogging sediment prior to site completion.
Direct Maintenance Access. The infiltrating surface shall never be covered by an
impermeable material, such as asphalt or concrete.

Effective long-term operation of infiltration practices requires an Operation and Maintenance
Plan, including maintenance inspection schedule with clear guidelines and schedules, as shown
in Table 1.5 below. Where possible, facility maintenance should be integrated into routine
landscaping maintenance tasks.

Table 1.6. Typical maintenance activities for infiltration practices

Maintenance Activity Schedule

e Replace topsoil and top surface filter fabric (when clogged). As needed
e  Mow vegetated filter strips as necessary and remove the clippings.
e Ensure that the contributing drainage area, inlets, and facility surface are clear of

debris.
e Ensure that the contributing drainage area is stabilized. Perform spot-reseeding if

where needed. Quarterly
e Remove sediment and oil/grease from inlets, pretreatment devices, flow diversion

structures, and overflow structures.
e Repair undercut and eroded areas at inflow and outflow structures.
e Check inspection ports 3 days after a storm event in excess of 1/2 inch in depth.

Standing water observed in the observation port after three days is a clear indication of

clogging. . L . . Semi-annual
e Inspect pretreatment devices and diversion structures for sediment build-up and inspection

structural damage.
e Remove trees that start to grow in the vicinity of the infiltration facility that may drop

leaf litter, fruits and other vegetative materials that could clog the infiltration device.
e Clean out accumulated sediments from the pretreatment cell. Annually

Before project completion the Owner shall submit a final post construction stormwater
management Operation and Maintenance Plan for the entire stormwater management
system. Operation and Maintenance Plans remain valid for the life of the stormwater
management system. The Operation and Maintenance Plan will specify the property owner’s
primary maintenance responsibilities and authorize the Department or Delegated Agency staff to
access the property for maintenance review or corrective action in the event that proper
maintenance is not performed.
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Operation and Maintenance Plans should clearly outline how vegetation in the Infiltration facility
and its buffer will be managed or harvested in the future. Periodic mowing of the Infiltration
facility is required, unless it is managed as a meadow (mowing every other year) or forest. The
maintenance plan should schedule a cleanup at least once a year to remove trash and debris.

Maintenance of an Infiltration facility is driven by annual maintenance reviews that evaluate the
condition and performance of the Infiltration facility. Based on maintenance review results,
specific maintenance tasks may be required.
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1.10 References

No references.
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Bioretention

2.0 Bioretention

Definition:

Practices that capture
and store stormwater
runoff and pass it

through a bed of

engineered soil media
comprised of sand,
lignin and organic
matter, known as
biosoil. Filtered runoff
may be collected and
returned to the
conveyance system, or
allowed to infiltrate
into the soil.

Design variants include:

2-A
2-B
2-C
2-D
2-E
2-F

Traditional Bioretention

In-Situ Bioretention including Rain Gardens

Streetscape Bioretention
Engineered Tree Boxes
Stormwater Planters

Advanced Bioretention Systems

Bioretention systems are typically designed to manage stormwater runoff from frequent, small
magnitude storm events, but may provide stormwater detention of larger storms (e.g., Cv) in some
circumstances. Bioretention practices should be designed such that larger storm events bypass the
system into a separate facility where site conditions allow.

For each of the design variants above, there are two basic configurations:

o Underdrain Designs: Practices with a positive discharge using perforated pipe; pollutant
reduction occurs through a combination of runoff reduction and treatment by the biosoil
media. Addition of a 2-foot infiltration sump maximizes runoff reduction performance.
Advanced systems may provide greater pollutant removal capabilities through the use of
improved media components and/or internal modifications that encourage partial anaerobic
conditions.

« Infiltration Designs: Practices with no underdrains that infiltrate the RPv within 48 hours;
pollutant reduction is based solely on the load reduction provided by the design retention
storage volume.

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 discussed in more detail

below.
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Bioretention

2.1 Bioretention Stormwater Credit Calculations

The volume management credit for bioretention practices shall be based upon the volume
of runoff that is either slowly released or infiltrated from the practice (Table 2.1a & b). In
addition, bioretention systems using an underdrain receive a removal efficiency credit for
filtering pollutants as they pass through the soil media. Advanced Bioretention Systems shall
be evaluated on a case-by-case basis and assigned performance credits as deemed
appropriate by the Department.

2.1(a) Bioretention With Underdrain Performance Credits

Runoff Reduction

Detention Allowance

100%

RPv -A/B Soil 100% of Detention Storage
RPv - C/D Soil 100% of Detention Storage
Cv 100% of Detention Storage
Fv 100% of Detention Storage

Pol

lutant Reduction*

TN Reduction

Not less than 30% Removal Efficiency

TP Reduction

Not less than 40% Removal Efficiency

TSS Reduction

Not less than 80% Removal Efficiency

*Advanced systems may provide higher removal efficiencies

2.1(b) Bioretention With Infiltration Performance Credits

R

unoff Reduction

Retention Allowance

100%

RPv -A/B Soil 100% of Retention Storage
RPv - C/D Soil 100% of Retention Storage
Cv 100% of Retention Storage
Fv 100% of Retention Storage

Po

llutant Reduction

TN Reduction

100% of Load Reduction

TP Reduction

100% of Load Reduction

TSS Reduction

100% of Load Reduction
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2.2 Bioretention Practice Summary

Table 2.2 summarizes criteria for bioretention practices, and Table 2.3 summarizes the
materials specifications for these practices. For more detail, consult the appropriate sections
referenced in column 1.

Table 2.2 Bioretention Practice Summary

Standard Underdrain Designs Infiltration Designs
e Underdrains are required if the e A minimum vertical distance of 2 feet must
permeability of the underlying soils be provided between the bottom of the
does not have a minimum field- infiltrating bioretention practice and the
verified infiltration rate of 1 inch per seasonal high water table as determined by
hour. the soil investigation procedures or bedrock
Feasibility e Animpermeable bottom liner and an layer. The minimum vertical distance of 2
(Section 2.3) underdrain system must be employed feet may be relaxed if a groundwater
when a bioretention facility will mounding analysis or piezometer testing has
receive untreated hotspot runoff. been performed by a qualified professional.
o Infiltrating bioretention practices shall be
located a minimum horizontal distance of
200 feet from down-gradient slopes greater
than 20% unless slope stability calculations
demonstrate stable conditions.

Conveyance
(Section 2.4)

Bioretention practices must be designed to pass the maximum design storm event (Fv) if
the Fv is being routed through the practice rather than bypassing. An earthen emergency
spillway designed to convey the Fv shall be cut in natural ground or, if cut in fill, shall be
constructed and stabilized with methods to prevent erosion and structural failure.
Bioretention practices constructed to meet regulatory stormwater management
requirements in the State of Delaware shall be designed and constructed in accordance
with the USDA NRCS Pond Code 378 as amended.

An overflow structure shall be incorporated into on-line designs to safely convey larger
storms through the bioretention facility.

The maximum design discharge velocity shall be checked for a non-erosive condition at the
outlet point. Outlet protection shall be provided as necessary.

Pretreatment
(Section 2.5)

Every inlet into a bioretention practice shall have pretreatment.
Exit velocities from the pretreatment shall be non-erosive during the largest design storm
that is routed through the facility.

Design Criteria
(Section 2.6)

Bioretention practices shall have energy dissipation provided at all inlets.

Bioretention practices shall be designed so that the RPv either infiltrates or discharges
within 48 hours.
Bioretention practices shall be designed so that they will infiltrate the Fv within 72 hours,
or dewater the Fv within 72 hours, or manage the Fv on site with no adverse impact.
Traditional and advanced bioretention facilities and rain gardens shall be constructed with
side slopes above biosoil media of 3:1 or flatter.
Advanced Bioretention Systems shall be evaluated on a case-by-case basis and assigned
performance credits as deemed appropriate by the Department
Traditional sizing approaches using design volume considering void ratio of the stone and
biosoil media shall be used when sizing bioretention.
All Bioretention practices must be designed so as to be accessible for maintenance.

0 A maintenance right-of-way or easement must extend to the Bioretention practice

from a public or private road.
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Design Criteria
(Section 2.6)
cont.

0 Adequate maintenance access must extend to the perimeter of the Bioretention
practice and outlet structure.
0 Maintenance access must meet the following criteria:
*  Minimum width of fifteen feet.
= Profile grade that does not exceed 10H:1V.
Minimum 10H:1V cross slope.

Landscaping
(Section 2.7)

A planting plan shall be provided for all bioretention facilities.
Minimum elements of a planting plan include the following:

o] The proposed bioretention template to be used

o] Delineation of planting areas

o] Size and spacing of plant material

o] The planting sequence, including post-nursery care and initial maintenance

requirements
Planting plans must be certified by a qualified professional.

Construction
Criteria
(Section 2.8)

When a bioretention system is used as a sediment trap or basin during construction, the

Sediment & Stormwater Plan must include notes and graphic details specifying that:

0 the maximum excavation depth of the trap or basin at the construction stage must be at
least 1 foot higher than the final invert or bottom of the facility, and

0 the bottom of the facility shall be ripped, tilled or otherwise scarified upon final
excavation

The plan shall include the proper procedures for converting the temporary sediment

control practice to a permanent bioretention facility, including dewatering, cleanout and

stabilization.

For infiltrating bioretention systems, confirmatory infiltration testing and verification

must be completed prior to completion of construction in accordance with the Soil

Investigation Procedures.

The final bottom elevation of any bioretention facility shall not be traversed by

construction equipment.

Biosoil media must be obtained from a Department approved vendor.

Construction reviews are required during the following stages of construction, and shall be

noted on the plan in the sequence of construction:

o] Pre-construction meeting

o Initial site preparation including installation of erosion and sediment controls, sensitive
area protection surrounding bioretention locations, and blockage of inlets to bioretention
locations

0 Excavation and grading including interim and final elevations. For infiltrating
bioretention systems, confirmatory infiltration testing and a verification must be
completed prior to gravel and biosoil media placement.

0 Construction of the underdrain, including inspection ports and installation of the
overflow structure, as applicable

o] Installation of gravel and biosoil media

o] Implementation of required stabilization and planting plan

Final construction review including development of a punch list for facility acceptance

Upon facility completion, the owner shall submit post construction verification documents

to demonstrate that the bioretention practice has been constructed within allowable

tolerances in accordance with the approved Sediment and Stormwater Management Plan

and accepted by the approving agency. Allowable tolerances for bioretention practices are

as follows:

0 The constructed top of bank elevation may be no lower than the design elevation for top
of bank.

0 The constructed area of the bioretention surface shall be no less than 90%oof the design
surface area.
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Construction
Criteria
(Section 2.8)
cont.

0 The constructed volume of the bioretention storage shall be no less than 90% of the design
volume.

The constructed elevation of any structure shall be within 0.15 foot of the design.

In the event that an allowable tolerance is exceeded the system shall be reconstructed or

modified to the approved design unless supplemental calculations demonstrate compliance.

Maintenance
Criteria
(Section 2.9)

Before project completion the Owner shall submit a final post construction stormwater
management Operation and Maintenance Plan for the entire stormwater management
system. Operation and Maintenance Plans remain valid for the life of the stormwater
management system.

Supplemental fertilizer applications shall consist of a 0% phosphorus formulation only as
needed to maintain plant vigor.

Table 2.3. Bioretention Material Specifications

Material

Specification

Biosoil Media

Biosoil-14 soil mixture shall have the following volumetric composition:

0 60% concrete sand; fineness modulus > 2.75

0 30% triple-shredded hardwood muich

0 10% aged, STA certified compost, meeting the requirements of Delaware Erosion and
Sediment Control Handbook Appendix A-6 Compost Material Properties.

Biosoil media must be obtained from a Department approved vendor.

The design permeability rate for biosoil media shall be 2.83 inches per hour.

The biosoil media bed depth shall be a minimum of 24 inches for traditional bioretention and

advanced bioretention systems.

Gravel layers used for extending the bioretention facility into a more permeable layer shall

meet the same requirements as those for an underdrain design.

Biosoil Media
Testing

Biosoil media must be obtained from a Department approved vendor.
The design permeability rate for biosoil media shall be 2.83 inches per hour.

Surface Cover

A surface cover shall be provided over the biosoil media.

Mulch if used as a surface cover, shall be triple shredded hardwood aged for a minimum of six
months.

Use of alternative surface cover shall be shown on the approved plan.

Underdrain
Stone
(as needed)

Underdrains shall be incased in a layer of clean, washed nominal 1/4” gravel with a maximum
of 2.0 percent passing the #200 sieve

Minimum of 3” of cover over underdrain

The gravel layer in traditional bioretention shall be extended a minimum of 2’ below the invert
of the underdrain.

Storage Layer
(optional)

To increase storage for larger storm events, chambers, perforated pipe, stone, or other acceptable
material can be incorporated below the biosoil media layer

Underdrains,
Cleanouts, and
Inspection ports

e The underdrain shall be a minimum of 4-inch perforated corrugated polyethylene pipe (CPP)
o All traditional bioretention practices shall include at least one inspection port and/or cleanout

pipe.
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2.3 Bioretention Feasibility Criteria

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

EPA Requirements for Class V Injection Wells. Certain types of practices in this category
may be classified as a Class V Injection Wells, which are subject to regulations under the
Federal Underground Injection Control (UIC) program. In general, if the facility is not open
at the surface, such as an underground infiltration system, or allows stormwater runoff to
come in direct contact with groundwater it would meet this criterion. Facilities with a
minimum 2’ vadose zone separation from the groundwater table would not meet the
criterion. Also, facilities that are open at the surface with at least one dimension greater than
the depth would not meet the criterion. Designers are advised to contact the DNREC
Groundwater Discharges Section for additional information regarding UIC regulations and
possible permitting requirements.

Required Space. Designers can assess the feasibility of using bioretention facilities based on a
simple relationship between the contributing drainage area and the corresponding required
surface area. The bioretention surface area will usually be between 3% to 6% of the
contributing drainage area (CDA), depending on the imperviousness of the CDA and the
desired bioretention ponding depth.

Available Hydraulic Head. Bioretention is fundamentally constrained by the invert elevation
of the existing conveyance system to which the practice. In general, 4 to 5 feet of elevation
above this invert is needed to accommodate the required ponding and biosoil media depths. If
an inverted or elevated underdrain design is used to accommodate an internal water storage
(IWS) design, less hydraulic head may be adequate.

Water Table. Bioretention should always be separated from the water table to ensure that
groundwater does not intersect the biosoil media. This could otherwise lead to possible
groundwater contamination or failure of the bioretention facility. A minimum vertical
distance of 2 feet must be provided between the bottom of the infiltrating bioretention
practice and the seasonal high water table as determined by the soil investigation
procedures or bedrock layer. The minimum vertical distance of 2 feet may be relaxed if
a groundwater mounding analysis or piezometer testing has been performed by a
qualified professional.

Soils and Underdrains. Soil conditions do not typically constrain the use of bioretention,
although they do determine whether an underdrain is needed. Underdrains are required if
the permeability of the underlying soils does not have a minimum field-verified
infiltration rate of 1 inch per hour. A stone sump can be used to extend an infiltrating facility
to a more permeable layer, as needed. When designing a bioretention practice, designers should
verify soil permeability by using the methods provided in Appendix 1, Soil Investigation
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Procedures for Stormwater BMPs.

Contributing Drainage Area. Bioretention facilities work best with smaller contributing
drainage areas, where it is easier to achieve flow distribution over the biosoil media bed.
Typical drainage area size for traditional bioretention facilities (2-A) can range from 0.1 to 5
acres and consist of up to 100% impervious cover. Drainage areas to smaller bioretention
practices (2-B, 2-C, 2-D, and 2-E) typically range from 0.5 acre to 1.0. The maximum
recommended impervious area to a single bioretention basin or single cell of a bioretention
facility is 2.5 acres due to limitations in the ability of bioretention to effectively manage large
volumes and peak rates of runoff. However, if hydraulic considerations are adequately
addressed to manage the potentially large peak inflow of larger drainage areas (such as off-line
or low-flow diversions, forebays, etc.), there may be case-by-case instances where these
recommended maximums can be adjusted.

Table 2.4. Maximum Recommended CDA to Bioretention

Traditional Bioretention | Small-scale and Urban Bioretention

Design Variants 2-A, 2-F 2-B, 2-C, 2-D, and 2-E
Maximum CDA 10.0 acres 1.0 acres
(2.5 ac. impervious) (0.25 ac. impervious)

Hotspot Land Uses. An impermeable bottom liner and an underdrain system must be
employed when a bioretention facility will receive untreated hotspot runoff. However,
Bioretention can still be used to treat “non-hotspot” parts of the site. For a list of potential
stormwater hotspots, see Appendix 4, Stormwater Hotspots Guidance.

Floodplains. Bioretention facilities should be constructed outside the limits of the 100-year
floodplain.

No Natural Stream Baseflow or Chlorinated Water. The bioretention facility should not receive
natural stream baseflow or chlorinated water.

Site Topography. Bioretention is best applied when the grade of contributing slopes is greater
than 1% and less than 5%. Infiltrating bioretention practices shall be located a minimum
horizontal distance of 200 feet from down-gradient slopes greater than 20% unless slope
stability calculations demonstrate stable conditions.

Setbacks. To avoid the risk of seepage, bioretention facilities should not be hydraulically
connected to structure foundations. The designer should check to ensure footings and
foundations of adjacent buildings do not encroach within an assumed 4:1 phreatic zone drawn
from the maximum design water elevation in the bioretention facility. See Appendix 8
Stormwater Facility Setbacks for recommended setbacks.
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Proximity to Utilities. Bioretention practices should be sited to account for future maintenance
of underground utilities in accordance with the utility owner’s requirements. See Appendix 8
Stormwater Facility Setbacks for recommended separation distances for utilities.

Additionally, designers should ensure that future tree canopy growth in the bioretention facility
will not interfere with existing overhead utility lines.

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

2.4 Bioretention Conveyance Criteria

Bioretention practices must be designed to pass the maximum design storm event (Fv) if
the Fv is being routed through the practice rather than bypassing. An earthen
emergency spillway designed to convey the Fv shall be cut in natural ground or, if cut in
fill, shall be constructed and stabilized with methods to prevent erosion and structural
failure.

Bioretention practices constructed to meet regulatory stormwater management
requirements in the State of Delaware shall be designed and constructed in accordance
with the USDA NRCS Pond Code 378 as amended.

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

1. Off-line: Flow is split or diverted so that only the runoff from the design storm enters the
bioretention area. Larger flows by-pass the bioretention facility.

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

Off-line Bioretention. Alternative overflow methods include the following:

= Create an alternate flow path at the inflow point into the structure such that when the
maximum ponding depth is reached, the incoming flow is diverted past the facility.

= Utilize a low-flow diversion or flow splitter at the inlet to allow the RPv to enter the facility.
This may be achieved with a weir or curb opening sized for the target flow, in combination
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with a bypass channel. Using a weir or curb opening helps minimize clogging and reduces
the maintenance frequency. Determining the peak flow rate will be necessary in order to
ensure proper design of the diversion structure.

On-line Bioretention. An overflow structure shall be incorporated into on-line designs to

safely convey larger storms through the bioretention facility. The following criteria apply

to overflow structures:

= Common overflow systems within bioretention practices consist of an outlet structure,
where the top of the structure is set so as to control the maximum ponding depth within the
bioretention facility. The crest of the outlet structure is therefore typically set at 6 to 18
inches above the surface of the biosoil media.

= The overflow capture device should be scaled to the application — this may be a landscape
grate or yard inlet for small practices or a commercial-type structure for larger installations.

=  The maximum design discharge velocity shall be checked for a non-erosive condition
at the outlet point. Outlet protection shall be provided as necessary.

2.5 Bioretention Pretreatment Criteria

Every inlet into a bioretention practice shall have pretreatment. Pre-treatment of runoff
entering bioretention facilities is necessary to trap coarse sediment particles before they reach
and prematurely clog the biosoil media. Ideally, pre-treatment measures should be designed to
evenly spread runoff across the entire width of the bioretention area. Several pre-treatment
measures are feasible, depending on the type of the bioretention practice and whether it
receives sheet flow, shallow concentrated flow or deeper concentrated flows. Exit velocities
from the pretreatment shall be non-erosive during the largest design storm that is routed
through the facility. The following are appropriate pretreatment options:

For Traditional Bioretention (2-A, 2-F):

= Pre-treatment Cells (channel flow): Similar to a forebay, this cell is located at piped inlets
or curb cuts leading to the bioretention area and may include an energy dissipater sized for
the expected rates of discharge. Storage volume should be equivalent to at least 10% of the
RPv with a recommended 2:1 length-to-width ratio. The cell may be formed by a wooden
or stone check dam or an earthen berm. Pretreatment cells do not need underlying
engineered soil media, in contrast to the main bioretention cell.

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

= Gravel or Stone Diaphragms (sheet flow). A gravel diaphragm located at the edge of the
pavement should be oriented perpendicular to the flow path to pre-treat lateral runoff, with
alto 2 inch drop from the pavement edge to the top of the stone.

= Proprietary Practices: Structures that meet the pre-treatment requirements of Specification
15.0, Proprietary Practices may be used for pre-treatment.
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For Small-Scale Bioretention (2-B, 2-C, 2-D, 2-E):

= Leaf Screens as part of the gutter system serve to keep the heavy loading of organic debris
from accumulating in the bioretention cell.

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

= Gravel or Stone Diaphragm (for either sheet flow or concentrated flow); this is a gravel
diaphragm at the end of a downspout or other concentrated inflow point that should run
perpendicular to the flow path to promote settling.

= Trash Racks (for either sheet flow or concentrated flow) between the pre-treatment cell and
the main biosoil media bed or across curb cuts. These will allow trash to collect in specific
locations and create easier maintenance.

= Pre-treatment Cell (see below) located above ground or covered by a manhole or grate.
This type of pretreatment is not recommended for residential rain gardens (B-5).

2.6 Bioretention Design Criteria

Design Geometry. Bioretention facilities should be designed with aninternal flow path
geometry such that the treatment mechanisms provided by the bioretention are not bypassed
or short-circuited during the Resource Protection Event (RPv). In order for these bioretention
facilities to have an acceptable internal geometry, the “travel time” from each inlet to the outlet
should be maximized by locating the inlets and outlets as far apart as possible. In addition,
incoming flow should be distributed as evenly as possible across the entire biosoil media
surface area.

Inlets and Energy Dissipation. Bioretention practices shall have energy dissipation

provided at all inlets. Inlet and energy dissipation practices that could be considered include:
o Downspouts to stone energy dissipaters.

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

Curb cuts allowing runoff into the bioretention area.

Covered drains that convey flows across sidewalks from the curb or downspouts.

Grates or trench drains that capture runoff from a sidewalk or plaza area.

Gravel or Stone Diaphragms.

Gravel or Stone Flow Spreaders.

O 0000 O0

Ponding Depth. The maximum recommended surface ponding depth is 12” for the RPv, 18”
for the Cv, and 24” for the Fv. However, if these greater ponding depths are used, the designer
should carefully consider issues such as safety, aesthetics, the viability and survival of plants,
and erosion and scour of side slopes. Shallower ponding depths (typically 6” to 12”) are
recommended for Streetscape Bioretention (2-C), Engineered Tree Boxes (2-D), and
Stormwater Planters (2-E).

Bioretention practices shall be designed so that the RPv either infiltrates or discharges
within 48 hours. Bioretention practices shall be designed so that they will 1) infiltrate the
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Fv within 72 hours or 2) dewater the Fv within 72 hours, or 3) manage the Fv on site with
no adverse impact.

Side Slopes. Traditional and advanced bioretention facilities (2-A, 2-F) and rain gardens
(2-B) shall be constructed with side slopes above biosoil media of 3:1 or flatter. In highly
urbanized or space constrained areas, a drop curb design or a precast structure can be used to
create stable, vertical side walls.

Biosoil Media. The following are key factors to consider in determining an acceptable biosoil
media mixture.

Biosoil Media Composition. The Biosoil-14 soil mixture shall have the following
volumetric composition:

0 60% coarse concrete sand having a Fineness Modulus > 2.75

0 30% triple shredded hardwood mulch

0 10% aged, STA certified compost, meeting the requirements of Delaware Erosion
and Sediment Control Handbook Appendix A-6 Compost Material Properties.

Biosoil media must be obtained from a Department approved vendor.

Phosphorus Content. The recommended range for phosphorus content for the soil
component is between 7 mg/kg and 23 mg/kg.

Cation Exchange Capacity (CEC). The CEC of a soil refers to the total amount of positively
charged elements that a soil can hold; it is expressed in milliequivalents per 100 grams
(meq/100g) of soil. For agricultural purposes, these elements are the basic cations of
calcium (Ca*?), magnesium (Mg*?), potassium (K*') and sodium (Na*) and the acidic
cations of hydrogen (H*) and aluminum (AI*3). The CEC of the soil is determined in part
by the amount of clay and/or humus or organic matter present. Soils with CECs exceeding
10 are preferred for pollutant removal. Increasing the organic matter content of any soil
will help to increase the CEC.

Biosoil Media Permeability Rate. The design permeability rate for biosoil media shall
be 2.83 inches per hour.

Biosoil Media Depth. The biosoil media bed depth shall be a minimum of 24 inches for
traditional bioretention and advanced bioretention systems (variants 2-A and 2-F).
This depth may be reduced for small-scale bioretention practices (variants 2-B, 2-C, 2-D
and 2-E) as noted elsewhere in this specification. A sand or gravel layer may be added
below the biosoil media if a greater depth is required to reach a more permeable layer in
the soil profile. If sand is used, it should be more permeable than the underlying soil.
Gravel layers used for extending the bioretention facility into a more permeable layer
shall meet the same requirements as those for an underdrain design. If trees are
included in the bioretention planting plan, tree planting holes in the biosoil media should
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be deep enough to provide enough soil volume for the root structure of the selected mature
trees. Trees are not recommended for systems having underdrains. Native grasses,
perennials or shrubs should be used instead of trees to landscape shallower biosoil media
beds and systems with underdrains.

Surface Cover. A surface cover shall be provided over the biosoil media. The surface cover
combined with the biosoil media will ensure long term performance of the bioretention system.

Mulch. A minimum 2 inch layer of mulch on the surface of the biosoil media bed is the
preferred surface cover. Mulch enhances plant survival, suppresses weed growth, and pre-
treats runoff before it reaches the biosoil media. Shredded hardwood mulch makes a very
good surface cover, as it retains a significant amount of pollutants and typically will not
float away. Mulch, if used as a surface cover, shall be triple shredded hardwood aged
for a minimum of six months.

Alternative to Mulch Cover. In some situations, designers may consider alternative surface
covers such as native groundcover, river rock, or pea gravel. Use of alternative surface
cover shall be shown on the approved plan.

Underdrains. For bioretention designs that require an underdrain (see Section 2.3), the
underdrain shall be a minimum of 4-inch perforated corrugated polyethylene pipe (CPP).
The underdrain shall be encased in a layer of clean, washed nominal 1/4” gravel with a
maximum of 2.0 percent passing the #200 sieve with a minimum of 3” of cover. The gravel
layer in traditional bioretention shall be extended a minimum of 2’ below the invert of the
underdrain. The 2’ sump enhances the infiltration capabilities of the system and may also serve
as an aerobic/anaerobic zone for situations in which the water table fluctuates below the invert.

Each underdrain should be located no more than 20 feet from the next pipe.

All traditional and advanced bioretention systems (Variants 2-A and 2-F) shall include at least
one inspection port or cleanout pipe. The inspection ports and/or cleanouts should be
appropriately sized PVC tied into any T’s or Y’s if an underdrain system is used, and should extend
slightly above the surface, with a screw-on or locking cap.

Underground Storage Layer (optional). An underground storage layer consisting of chambers,
perforated pipe, stone, or other acceptable material can be incorporated below the biosoil media
layer. For bioretention facilities with an underdrain, the underground storage layer should be
above the underdrain invert to increase storage for larger storm events. The depth and volume of
the storage layer will depend on the target treatment and storage volumes needed to meet water
quality, channel protection, and/or flood protection criteria.

Impermeable Liner. This material should be used only for appropriate hotspot designs, In-Situ
Bioretention (2-B), Streetscape Bioretetion (2-C) that do not meet the necessary separation
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requirements from buildings, or in fill applications where deemed necessary by a geotechnical
investigation.

Signage. Bioretention facilities in highly urbanized areas may be stenciled or permanently marked
to designate them as a stormwater management facility in order to avoid potential complaints about
an otherwise properly functioning system. The stencil or plaque should indicate (1) its water
quality purpose, (2) that it may pond briefly after a storm, and (3) that it is not to be disturbed
except for required maintenance.

Specific Design Issues for In-Situ Bioretention, including Rain Gardens (2-B):

In some cases, the native soil profile may be adequate to support infiltration of the RPv without
the need for a more elaborate traditional-type system. Certified yard waste compost may also be
mixed with the native soils instead of biosoil media. It is generally recommended that this practice
be used for individual lots that do not require a detailed Sediment and Stormwater Plan. For some
residential applications, front, side, and/or rear yard bioretention may be an acceptable option. This
form of bioretention captures roof, lawn, and driveway runoff from low- to medium- density
residential lots in a depressed area (6 to 12 inches) between the home and the primary stormwater
conveyance system (roadside ditch or pipe system).

The planting media should be deep enough to extend below the topsoil and into the more permeable
subsoil. If the permeable soil layer is relatively close to the surface, it may be possible to simply
excavate to provide the necessary design storage volume and incorporate 3”-4” of certified yard
waste compost into the native soil. Although this type of system is particularly conducive to the
inclusion of trees in the planting plan, tree planting holes should be deep enough to provide enough
soil volume for the root structure of the selected mature trees. Shredded hardwood mulch may be
added as a top dressing to complete the installation.

It is preferred that this category of bioretention be designed as an infiltration practice. However,
When an underdrain is necessary based upon field verified infiltration rates, or to retro-fit a failing
system, it may be connected to a storm drain or open channel conveyance system.

Specific Design Issues for Streetscape Bioretention (2-C):

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

Specific Design Issues for Engineered Tree Boxes (2-D):
Engineered Tree Boxes are installed in the sidewalk zone near the street where urban street trees
are normally installed. The soil volume for the tree box is increased and used to capture and treat
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stormwater. Treatment is increased by using a series of connected tree planting areas together in a
row. The surface of the enlarged planting area may be mulch, grates, permeable pavers, or
conventional pavement. The large and shared rooting space and a reliable water supply increase
the growth and survival rates in this otherwise harsh planting environment.

When designing Engineered Tree Boxes, the following criteria should be considered:

= The bottom of the biosoil media should be a minimum of 4 inches below the root ball of plants
to be installed.

= Engineered Tree Box designs sometimes cover portions of the biosoil media with pervious
pavers or cantilevered sidewalks. In these situations, it is important that the biosoil media is
connected beneath the surface so that stormwater and tree roots can share this space.

= |nstalling an Engineered Tree Box grate over biosoil media is one possible solution to prevent
pedestrian traffic and trash accumulation.

= Low, wrought iron fences can help restrict pedestrian traffic across the tree box bed and serve
as a protective barrier if there is a drop-off from the pavement to the engineered tree box cell.

= A removable grate may be used to allow the tree to grow through it.

= Each tree or shrub should be appropriate to the amount of root space provided.

Specific Design Issues for Stormwater Planters (2-E):

Stormwater Planters are a useful option to disconnect and treat rooftop runoff, particularly in ultra-
urban areas. They consist of confined planters that store and/or infiltrate runoff in a soil bed to
reduce runoff volumes and pollutant loads. Stormwater Planters combine an aesthetic landscaping
feature with a functional form of stormwater treatment. Stormwater Planters generally receive
runoff from adjacent rooftop downspouts and are landscaped with plants that are tolerant to periods
of both drought and inundation. The two basic design variations for stormwater planters are the
infiltration Stormwater Planter and the filter Stormwater Planter.

An infiltration Stormwater Planter filters rooftop runoff through biosoil media in the planter
followed by infiltration into soils below the planter. The recommended minimum depth of biosoil
media is 24 inches, with the shape and length determined by architectural considerations.
Infiltration planters should have an impermeable barrier placed to prevent possible flooding or
basement seepage damage.

A filter Stormwater Planter does not allow for infiltration and is constructed with a watertight
concrete shell or an impermeable liner on the bottom to prevent seepage. Since a filter Stormwater
Planter is self-contained and does not infiltrate into the ground, it can be installed right next to a
building. The minimum planter depth is 24 inches, with the shape and length determined by
architectural considerations. Runoff is captured and temporarily ponded above the planter bed.
Overflow pipes are installed to discharge runoff when maximum ponding depths are exceeded. In
addition, an underdrain is used to carry runoff to the storm sewer system.

All planters should be placed at or above finished grade elevation. Plant materials should be
capable of withstanding moist and seasonally dry conditions. The planter can be constructed of
stone, concrete, brick, wood or other durable material.
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Specific Design Issues for Advanced Systems (2-F):

Recent research on bioretention has led to more advanced systems that are capable of greater
reductions of certain targeted pollutants. One promising technology for reducing phosphorus
levels in stormwater runoff involves the use of water treatment residuals (WTR) in the media mix.
Other media supplements such as activated charcoal, sawdust and even shredded paper have also
been shown to improve removal of certain constituents from stormwater runoff. Another approach
employs modifications to the configuration of the bioretention system to retain a portion of the
accumulated stormwater. This so-called internal water storage (IWS) design has been shown to
reduce soluble nitrogen levels by inducing an anaerobic condition within the bioretention facility
itself. While this research looks promising, design specifications have not been developed to date.
However, the Department recognizes that the technology in this field is evolving rapidly and
encourages the use of the latest advances in science. Advanced Bioretention Systems shall be
evaluated on a case-by-case basis and assigned performance credits as deemed appropriate
by the Department until formally adopted into these Standards and Specifications.

Practice Sizing. Bioretention will typically be sized to treat all or a portion of the RPy, and can
also partially meet the Cyv through volume contained in the surface ponding area, biosoil media,
and gravel reservoir layers of the practice. Traditional sizing approaches using design volume
considering void ratio of the stone and biosoil media shall be used when sizing bioretention.

Maintenance Reduction Features: The following Bioretention maintenance issues can be

addressed during the design, in order to make on-going maintenance easier:

e Maintenance Access. All Bioretention practices must be designed so as to be accessible for
maintenance. Good access is needed so crews can remove sediments, make repairs and
preserve treatment capacity.

0 A maintenance right-of-way or easement must extend to the Bioretention practice
from a public or private road.

0 Adequate maintenance access must extend to the perimeter of the bioretention
practice and outlet structure.

0 Maintenance access must meet the following criteria:

=  Minimum width of fifteen feet.
= Profile grade that does not exceed 10H:1V.
=  Minimum 10H:1V cross slope.

o0 Local ordinances and design criteria should be consulted to determine minimum setbacks
to property lines. When not specified in local code, the top of bank of Bioretention practice
should be set back at least 15 feet from property lines to ensure maintenance access.

2.7  Bioretention Landscaping Criteria

Landscaping is critical to the performance and function of bioretention areas. A planting plan
shall be provided for all bioretention facilities. Minimum elements of a planting plan include
the following:

e The proposed bioretention template to be used,

e Delineation of planting areas,
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¢ Size and spacing of plant material
e The planting sequence, including post-nursery care and initial maintenance
requirements

Planting plans must be certified by a qualified professional, including landscape architects,
horticulturists, or other disciplines that possess the necessary knowledge, skills and training.

Native plant species are preferred over non-native species, but some ornamental species may be
used for landscaping effect if they are not aggressive or invasive. Some popular native species that
work well in bioretention areas and are commercially available can be found in Appendix 2,
Stormwater BMP Landscaping Criteria. Plants selected for planting in bioretention areas should
be able to withstand 72 hours of inundation of runoff without causing harm to the plant.

The degree of landscape maintenance that will be provided will also determine some of the
planting choices for urban bioretention areas. Plant selection differs if the area will be frequently
mowed, pruned, and weeded, in contrast to a site which will receive minimum annual maintenance.
Spaces for herbaceous flowering plants can be included.

2.8 Bioretention Construction Criteria

Erosion and Sediment Controls. Bioretention facilities should be fully protected by silt fence or
construction fencing. Ideally, bioretention facilities should remain undisturbed during construction
to prevent soil compaction by heavy equipment. Large bioretention facilities may be used as small
sediment traps or basins during construction. When a bioretention system is used as a sediment
trap or basin during construction, the Sediment & Stormwater Plan must include notes and
graphic details specifying that: (1) the maximum excavation depth of the trap or basin at the
construction stage must be at least 1 foot higher than the final invert or bottom of the facility,
and (2) the bottom of the facility shall be ripped, tilled or otherwise scarified upon final
excavation. The plan shall include the proper procedures for converting the temporary
sediment control practice to a permanent bioretention facility, including dewatering,
cleanout and stabilization.

Verification of bioretention with infiltration design. For infiltrating bioretention systems,
confirmatory infiltration testing and verification must be completed prior to completion of
construction in accordance with the Soil Investigation Procedures. The results shall be
included with the Post Construction Verification Documentation upon project completion.

Bioretention Installation. The following is a typical construction sequence to properly install a
bioretention facility (also see Figure 2.3). The construction sequence for small-scale bioretention
is more simplified. These steps may be modified to reflect different bioretention applications or
expected site conditions:
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Step 1. Construction of the bioretention facility may only begin after the entire contributing
drainage area has been stabilized with vegetation. It may be necessary to block certain curb or
other inlets while the bioretention area is being constructed. The proposed site should be checked
for existing utilities prior to any excavation.

Step 2. The designer and the installer should have a preconstruction meeting, checking the
boundaries of the contributing drainage area and the actual inlet elevations to ensure they conform
to original design. Since other contractors may be responsible for constructing portions of the site,
it is quite common to find subtle differences in site grading, drainage and paving elevations that
can produce hydraulically important differences for the proposed bioretention facility. The
designer should clearly communicate, in writing, any project changes determined during the
preconstruction meeting to the installer and the plan review/inspection authority.

Step 3. Temporary erosion and sediment controls (e.g., diversion dikes, reinforced silt fence) are
needed during construction of the bioretention facility to divert stormwater away from the
bioretention facility until it is completed. Special protection measures such as erosion control
fabrics may be needed to protect vulnerable side slopes from erosion during the construction
process.

Step 4. Any pre-treatment cells should be excavated first.

Step 5. The final bottom elevation of any bioretention facility shall not be traversed by
construction equipment. Equipment should work from the sides to excavate the bioretention
facility to its appropriate design depth and dimensions. Excavating equipment should have
adequate reach so they do not have to sit inside the footprint of the bioretention facility. A cell
construction approach may be used in larger bioretention basins, whereby the basin is split into
500 to 1,000 sq. ft. temporary cells with a 10-15 foot earth bridge in between, so that cells can be
excavated from the side.

Step 6. It may be necessary to rip or till the bottom soils to a depth of 6 to 12 inches to promote
greater infiltration if a bucket without teeth is used for excavation.

Step 7. If a stone storage layer will be used for an underdrain design, place the appropriate depth
of nominal 1/4” gravel with a maximum of 2.0 percent passing the #200 sieve on the bottom, install
the perforated underdrain pipe, pack gravel layer to 3 inches above the underdrain pipe. A layer
of gravel may also be necessary for an infiltrating design if the 24 biosoil media does not reach a
permeable layer in the soil profile.

Step 8. Biosoil media must be obtained from a Department approved vendor. If not used
upon delivery, store it on an adjacent impervious area or plastic sheeting. Apply the media in 12-
inch lifts until the desired top elevation of the bioretention facility is achieved. Wait a few days to
check for settlement, and add additional media, as needed, to achieve the design elevation. Wetting
the biosoil media between lifts may reduce the amount of settling that occurs.

Step 9. Prepare planting holes for any shrubs and plants, install the vegetation, and water
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accordingly. Install any temporary irrigation.

Step 10. Place the surface cover in both cells (mulch, river rock, etc.), in accordance with the
design. If stabilization matting will be used in areas that will be planted, the matting will need to
be installed prior to planting (Step 9), and holes or slits will have to be cut in the matting to install
the plants.

Step 11. If curb cuts or inlets are blocked during bioretention installation, unblock these after the
drainage area and side slopes have 70% vegetative cover. It is recommended that unblocking curb
cuts and inlets take place after two to three storm events if the drainage area includes newly
installed asphalt, since new asphalt tends to produce a lot of fines and grit during the first several
storms.

Step 12. Conduct the final construction inspection (see below), then log the GPS coordinates for
each bioretention facility and submit them for entry into the local maintenance tracking database.

Construction Review. An example construction phase review checklist is available.

Construction reviews are required during the following stages of construction, and shall be
noted on the plan in the sequence of construction:

e Pre-construction meeting

e Initial site preparation including installation of erosion and sediment controls,
sensitive area protection surrounding bioretention locations, and blockage of inlets to
bioretention locations

e Excavation and grading including interim and final elevations. For infiltrating
bioretention systems, confirmatory infiltration testing and a verification must be
completed prior to gravel and biosoil media placement.

e Construction of the underdrain, including inspection ports and installation of the
overflow structure, as applicable

e Installation of gravel and biosoil media

e Implementation of required stabilization and planting plan

e Final construction review including development of a punch list for facility
acceptance

Post Construction Verification Documentation. Upon facility completion, the owner shall
submit post construction verification documents to demonstrate that the bioretention
practice has been constructed within allowable tolerances in accordance with the approved
Sediment and Stormwater Management Plan and accepted by the approving agency.
Allowable tolerances for bioretention practices are as follows:
e The constructed top of bank elevation may be no lower than the design elevation for
top of bank.
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e The constructed area of the bioretention surface shall be no less than 90% of the
design surface area.

e The constructed volume of the bioretention storage shall be no less than 90% of the
design volume.

e The constructed elevation of any structure shall be within 0.15 foot of the design.

In the event that an allowable tolerance is exceeded the system shall be reconstructed or
modified to the approved design unless supplemental calculations demonstrate compliance.

2.9 Bioretention Maintenance Criteria

Before project completion the Owner shall submit a final post construction stormwater
management Operation and Maintenance Plan for the entire stormwater management
system. Operation and Maintenance Plans remain valid for the life of the stormwater
management system. The Operation and Maintenance Plan will specify the property owner’s
primary maintenance responsibilities and authorize the Department or Delegated Agency staff to
access the property for maintenance review or corrective action in the event that proper
maintenance is not performed.

Operation and Maintenance Plans should clearly outline how vegetation in the bioretention
Practice will be managed or harvested in the future. The Operation and Maintenance Plan should
schedule a cleanup at least once a year to remove trash and debris.

Maintenance of bioretention practices is driven by annual maintenance reviews that evaluate the
condition and performance of the practice. Based on maintenance review results, specific
maintenance tasks may be required.
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Table 2.6. Typical Bioretention Maintenance Items and Frequency

Frequency Maintenance Items

e Inspect the site after storm event that exceeds 0.5 inches of
rainfall.

e Stabilize any bare or eroding areas in the contributing
drainage area including the bioretention perimeter area

e Fertilizer application should be kept to a minimum during
During establishment, as needed (first establishment. Supplemental fertilizer applications shall

year) consist of a 0% phosphorus formulation only as needed
to maintain plant vigor.

e Water trees and shrubs planted in the bioretention planting
bed during the first growing season. In general, water every
3 days for first month, and then weekly during the
remainder of the first growing season (April - October),
depending on rainfall.

Quarterly or after major storms e Remove debris and blockages
(>1 inch of rainfall) e Repair undercut, eroded, and bare soil areas

e Mowing of the bioretention vegetated perimeter area and

Twice a year . .
y banks (as directed in approved O&M plan)
e Cleanup to remove trash, debris and floatables
e A full maintenance review
Annually -
e Check condition of outlet structure
e Repair broken mechanical components, if needed
One time —during the e Bioretention planting bed replacement/reinforcement
second year following construction plantings
Every 5 to 7 years e Forebay sedlmgnt removal (as appllcable)
e Flush underdrain system (as applicable)
e Repair pipes, outlet structure and spillway, as needed
From 5 to 25 years e Remove any accumulated sediment within facility, as
needed
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3.0 Permeable Pavement Systems

Definition:  Paving surfaces that
capture and temporarily
store stormwater by
filtering runoff through
voids in the pavement
surface into an
underlying  reservoir.
Filtered runoff is either
collected and returned to
the conveyance system, or
allowed to infiltrate into
the soil.

Design variants include:

3-A  Porous Asphalt (PA)

3-B  Pervious Concrete (PC)

3-C  Permeable interlocking concrete Pavers (PP) or Concrete grid Pavers (CP)
3-D  Plastic Grid Pavers (GP)

For each of the design variants above, there are two basic configurations:

« Parking lots and roadways primarily intended for vehicular traffic.

e Minor linear paved areas such as sidewalks and trails with a maximum width of ten
(10) feet primarily intended for non-vehicular traffic.

Other variations of permeable pavement surface materials that meet the design requirements of
these variants are also encompassed in this section.

Permeable pavement systems may be designed to provide stormwater detention for all design
storm events. Permeable pavement practices that are unable to infiltrate all design storms are
often combined with separate facilities to provide controls for larger runoff events.

Regardless of which design variant is chosen, the runoff reduction credit applied to the practice
is the volume of runoff that is being stored in the reservoir layer. It is recommended that an
overdrain and control structure be constructed within the reservoir layer to prevent larger storm
events from surcharging through the permeable pavement surface.

The particular design configuration to be implemented on a site is typically dependent on
specific site conditions and the characteristics of the native soils.
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Figure 3.2 Permeable Pavement with Infiltration Sump and Overdrain
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Permeable Pavement Systems

3.1 Permeable Pavement Stormwater Credit Calculations

Permeable Pavement Systems receive 100% retention volume credit (Ry) for the volume

stored and infiltrated by the practice (Table 3.1).

3.1 Permeable Pavement Performance Credits

Runoff Reduction

Retention Allowance

100%

RPv -A/B Soil 100% of Retention Storage
RPv - C/D Sail 100% of Retention Storage
Cv 100% of Retention Storage
Fv 100% of Retention Storage

Pollutant Reduction

TN Reduction

100% of Load Reduction

TP Reduction

100% of Load Reduction

TSS Reduction

100% of Load Reduction

The practice must be sized using the guidance detailed in Section 3.6. Permeable Pavement

Design Criteria.
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3.2 Permeable Pavement Practice Summary

Table 3.2 summarizes design criteria for Permeable Pavement Systems, and Tables 3.3 and 3.4
summarize the materials specifications for this practice. For more detail, consult Sections 3.3
through 3.7. Sections 3.8 and 3.9 describes practice construction and maintenance criteria.

Table 3.2 Permeable Pavement Practice Summary

Feasibility
(Section 3.3)

For parking lots and roadways configurations
0 The contributing drainage area to permeable pavement shall not
exceed five times the surface area of the permeable pavement
0 Pervious areas shall be diverted from the permeable pavement area
such that the total contributing drainage area is at least 90%
impervious
Parking lot and roadway configurations utilizing permeable pavement shall meet
the following requirements:
o Infiltration testing in accordance with the Soil Investigation
Procedures shall be required
o0 Overdrains are required if the permeability of the underlying soils does
not have a minimum infiltration rate of 1 inch per hour
The surface slope shall be no greater than 5 percent
The bottom slope of a permeable pavement installation shall be no greater than 1
percent
If an overdrain is not provided, a separation distance of 2 feet is required
between the bottom of the reservoir layer and the seasonal high water table as
determined in accordance with the Soil Investigation Procedures
Permeable pavements shall not be used to treat hotspot runoff

Conveyance
(Section 3.4)

Permeable pavement designs shall include methods to safely convey the Cv and
Fv

Pretreatment
(Section 3.5)

Pretreatment for most permeable pavement applications is not necessary, since the
surface acts as pretreatment to the reservoir layer below

If the permeable pavement receives run-on from adjacent high pollutant loading
situations, a gravel or grass buffer strip can be placed to trap these pollutants before
they reach the pavement surface, in order to minimize clogging

Design Critera
(Section 3.6)

Permeable pavement shall be designed according to DelDOT specifications or the
product manufacturer’s recommendations as applicable

For design purposes, the field verified infiltration rate shall have a factor of
safety applied in accordance with the Soil Investigation Procedures to account
for potential compaction during construction and to approximate long term
infiltration rates

Permeable pavement practices shall be designed so that the RPv infiltrates
within 48 hours

Permeable pavement practices shall be designed so that they will 1) infiltrate the
Fv within 72 hours or 2) dewater the Fv within 72 hours, or 3) manage the Fv on
site with no adverse impact

The suitability of the soil subgrade shall be determined by a qualified
geotechnical engineer

The reservoir layer shall be composed of clean, washed gravel with a maximum
of 2.0 percent passing the #200 sieve and sized for both the maximum storm
event to be managed and the structural requirements of the expected traffic
loading

The depth of the reservoir layer shall be a minimum of 6 inches
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Design Critera
(Section 3.6)
cont.

If an overdrain is not provided, a separation distance of 2 feet is required
between the bottom of the reservoir layer and the seasonal high water table as
determined in accordance with the Soil Investigation Procedures.

Overdrains shall be a minimum of 4 inches in diameter

All parking lot and roadway configurations shall include inspection ports

The permeable pavement shall be designed to support the maximum anticipated
traffic load

The reservoir layer shall be sized to temporarily store and then infiltrate the RPv

Landscaping Criteria
(Section 3.7)

Not applicable

Construction Criteria
(Section 3.8)

All permeable pavement areas shall be fully protected from sediment intrusion
by silt fence or construction fencing to prevent construction traffic tracking
During site construction, steps shall be taken to prevent compaction of the
underlying soil and sedimentation of the permeable pavement practice

The infiltration rate and separation from groundwater of the constructed
permeable pavement practice shall be verified prior to completion of
construction in accordance with the Soil Investigation Procedures. The results
shall be included with the Post Construction Verification Documentation upon
project completion.

During construction, care shall be taken to avoid tracking sediments onto any
permeable pavement surface to avoid clogging

When locating a sediment basin on an area intended for permeable pavement is
unavoidable, the invert of the sediment basin must be a minimum of 1 foot above
the final design elevation of the bottom of the reservoir course

Permeable pavement shall be installed according to DelDOT specifications or the
product manufacturer’s recommendations as applicable

Construction of the permeable pavement shall only begin after the entire
contributing drainage area has been stabilized

The proposed permeable pavement area shall be kept free from sediment during
the entire construction process

Construction reviews are required during the following stages of construction,
and shall be noted on the plan in the sequence of construction:

0 Pre-construction meeting

o Initial site preparation including installation of erosion and sediment
controls, sensitive area protection surrounding permeable pavement
locations.

0 Excavation and grading including interim and final -elevations.
Observation of infiltrating surface and permeable pavement practice
verification must be completed prior to gravel placement.

0 Construction of the overdrain, including inspection ports and
installation of the overflow structure, as applicable

o0 Installation of gravel

0 Implementation of required stabilization

o Final construction review including development of a punch list for
facility acceptance

Upon project completion, the owner shall submit Post Construction verification
documents to demonstrate that the permeable pavement has been constructed
within allowable tolerances in accordance with the approved Sediment and
Stormwater Management Plan and accepted by the approving agency.
Allowable tolerances for permeable pavement are as follows:

0 The constructed permeable pavement surface area shall be no less than
the design permeable pavement surface area
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Construction Criteria
(Section 3.8)
cont.

0 The contributing drainage area as constructed shall be no greater than
the design contributing drainage area

0 The constructed storage volume of the reservoir layer shall be no less
than 90% of the design volume

0 The constructed elevation of the overdrain or any structure shall be

requirements.

within 0.15 foot of the design
e When the allowable tolerances are exceeded for permeable pavement surface
area or volume or structure elevations, supplemental calculations and
provisions of adequate maintenance must be submitted to the approval agency
to determine if the permeable pavement, as constructed, meets the design

Maintenance Criteria

(Section 3.9)

shall be prohibited

e Activities that have the potential to clog the permeable pavement surface,
including but not limited to sanding, re-sealing, re-surfacing, storage of snow
piles containing sand, storage of mulch or soil material, or construction staging,

e Before project completion the Owner shall submit a final post construction
stormwater management Operation and Maintenance Plan for the entire
stormwater management system. Operation and Maintenance Plans remain
valid for the life of the stormwater management system.

Material Properties: Permeable pavement material properties vary according to the specific
pavement product selected. A general comparison of different permeable pavements is provided
in Table 3.3, but designers should consult manufacturer’s technical specifications for specific
criteria and guidance.

Table 3.3. Permeable Pavement Materials

Material Typical Material Properties Notes
Void content: 15% to 20 %.
Porous Asphalt Thickness: typically 3 to 7 in. (depending Reservoir layer provides additional support
(PA) on traffic load). for the structural load.

Open void fill media: None.

Pervious Concrete

Void content: 15% to 20 %.
Thickness: typically 3 to 7 in. (depending

Reservoir layer provides additional support

(PC) on traffic load). for the structural load.
Open void fill media: None.
Permeable Surface open area: 5% to 15%.
Interlocking Thickness: 3.125 inches for vehicles. Shoglt_j co_nform to ASTM C936 .
; ) specifications. Reservoir layer provides
Concrete Pavers | Compressive strength: 55 Mpa. o
(PP) Open void fill media: aggregate additional support for the structural load.

Concrete Grid
Pavers (CP)

Open void content: 20% to 50%.
Thickness: 3.5 inches.

Compressive strength: 35 Mpa.

Open void fill media: aggregate, topsoil
and grass, coarse sand.

Should conform to ASTM C 1319
specifications.

Reservoir layer provides additional support
for the structural load.

Plastic Reinforced
Grid Pavers (GP)

Void content: depends on fill material.
Compressive strength: varies, depending
on fill material.

Open void fill media: aggregate, topsoil
and grass, coarse sand.

Reservoir layer provides additional support
for the structural load.
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Table 3.4 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 3.4. Material Specifications for Underneath the Pavement Surface

Material

Specification Notes

Bedding Layer

PP: 2 in. depth of No. 8 stone over ASTM D448 size No. 8 stone (e.g., 3/8 to 3/16

. 3 to 4 inches of No. 57 stone inch in size). Should be double-washed and free
PC: None

PA: 2 in. depth of No. 8 stone of all fines.
ASTM D448 size No. 57 stone (e.g. 1 1/2 to 1/2
PP: No. 57 stone inch in size); No. 2 Stone (e.g. 3 inch to 3/4 inch
Reservoir Layer PC: No. 57 stone in size). Depth is based on the pavement
PA: No. 2 stone structural and hydraulic requirements. Should be

double-washed and clean and free of all fines.
The reservoir layer shall be at least 6” deep.

Overdrain

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 and Y’s
installed as needed, depending on the overdrain configuration. Extend cleanout pipes to the
surface with vented caps at the Ts and Ys.

Infiltration Sump

An aggregate storage layer below the overdrain invert. The depth of the reservoir layer
above the invert of the overdrain must be at least 12 inches. The material specifications are
the same as Reservoir Layer.

The underlying native soils may require The choker stone layer should be a minimum of

Fllter. Layer se_paraﬂon from the stone reservoir t_>y a | g thick, and a minimum of 1” per foot of
(optional) thin layer of choker stone as determined .
ey S reservoir depth.
by geotechnical investigation.
Non-woven Use a needled, non-woven, polypropylene geotextile with a Flow Rate greater than 125
Geotextile gpm/sq. ft. (ASTM D4491), and an Apparent Opening Size (AOS) equivalent to a US # 70
(optional) or # 80 sieve (ASTM D4751).

Inspection Port

Use a perforated 4 to 6 inch vertical PVC pipe (AASHTO M 252) with a lockable cap,
installed flush with the surface or just beneath PP.
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3.3  Permeable Pavement Feasibility Criteria

Since permeable pavement has a very high runoff reduction 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.

Drainage Area. For parking lots and roadways configurations,
1. The contributing drainage area to permeable pavement shall not exceed five times
the surface area of the permeable pavement.
2. Pervious areas shall be diverted from the permeable pavement area such that the
total contributing drainage area is at least 90% impervious.
Pervious areas draining to minor permeable pavements such as sidewalk and trails configurations
should be minimized to the extent practicable.

Soils and Overdrains. Soil conditions do not typically constrain the use of Permeable
Pavement, although they do determine whether an overdrain is needed. The reservoir layer can
be extended to a more permeable layer, as needed. Parking lot and roadway configurations
utilizing permeable pavement shall meet the following requirements:
e Infiltration testing in accordance with the Soil Investigation Procedures shall be
required.
e Overdrains are required if the permeability of the underlying soils does not have a
minimum infiltration rate of 1 inch per hour.
Infiltration testing and overdrains are not required for minor linear permeable pavements such as
sidewalk and trail configurations.

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 surface slope shall be no greater than 5 percent.

Pavement Bottom Slope. The bottom slope of a permeable pavement installation shall be no
greater than 1 percent. It is preferred that the bottom slope be as flat as possible (i.e., 0%
longitudinal and lateral slopes) to enable even distribution and infiltration of stormwater. On
sloped sites, internal check dams or terraces can be incorporated into the subsurface to encourage
infiltration.

Minimum Depth to Water Table. Permeable Pavement should be separated from the water table
to ensure that groundwater does not intersect the reservoir layer. This could otherwise lead to
possible groundwater contamination or failure of the Permeable Pavement facility. If an
overdrain is not provided, a separation distance of 2 feet is required between the bottom of
the reservoir layer and the seasonal high water table as determined in accordance with the
Soil Investigation Procedures.
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Setbacks. To avoid the risk of seepage, Permeable Pavement facilities should not be
hydraulically connected to structure foundations. The designer should check to ensure footings
and foundations of adjacent buildings do not encroach within an assumed 4:1 phreatic zone
drawn from the top of the reservoir layer, or invert of the overdrain if used. See Appendix 8
Stormwater Facility Setbacks for recommended setbacks.

Hotspot Land Uses. Permeable pavements shall not be used to treat hotspot runoff.
Stormwater hotspots are operations or activities that are known to produce higher concentrations
of stormwater pollutants and /or have a greater risk of spills, leaks, or illicit discharges.
Examples include certain industrial activities, gas stations, public works areas, petroleum storage
areas, etc. Additional information on hotspots is contained in Appendix 4. Stormwater Hotspots.

High Pollutant Loading Situations. Permeable pavement is not intended to treat sites with
sediment or trash/debris loads, since such loads will cause the practice to clog and fail. Sites with
significant pervious area (newly established turf and landscaping) are considered high loading
sites and the pervious areas should be diverted from the permeable pavement area. If
unavoidable, an increased maintenance schedule to check for clogging may be required on a
case-by-case basis. The landscaping in the contributing drainage area should be carefully
planned to minimize the risk that sediment, mulch, grass clippings, leaves, nuts, and fruits will
inadvertently clog the surface area.

3.4  Permeable Pavement Conveyance Criteria

Permeable pavement designs shall include methods to safely convey the Cv and Fv. The
following methods may be used to convey the Cv and Fv:

e Place an overdrain; a perforated pipe horizontally near the top of the reservoir layer, to pass
excess flows after stormwater has filled the reservoir layer.

e Increase the thickness of the reservoir layer to increase storage (i.e., create freeboard) to
accommodate the Cv and Fv events.

e Create additional underground detention within the reservoir layer of the permeable
pavement system using structural void space. Reservoir storage may be augmented by plastic
or concrete arch structures, etc.

e Route excess flows to another detention or conveyance system that is designed for the
management of greater event flows.

e 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  Permeable Pavement Pretreatment Criteria
Pretreatment for most permeable pavement applications is not necessary, since the surface acts as
pretreatment to the reservoir layer below. If the permeable pavement receives run-on from
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adjacent high pollutant loading situations, a gravel or grass buffer strip can be placed to trap
these pollutants before they reach the pavement surface, in order to minimize clogging.

3.6 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. Permeable pavement shall be designed according to
DelDOT specifications or the product manufacturer’s recommendations as applicable.

Internal Geometry and Drawdown:
Infiltration Rates. For design purposes, the field verified infiltration rate shall have a
factor of safety applied in accordance with the Soil Investigation Procedures to account
for potential compaction during construction and to approximate long term infiltration
rates.

= Permeable pavement practices can also be designed to address, in whole or in part, the
detention storage needed to comply with channel protection and/or flood control
requirements. Permeable pavement practices shall be designed so that the RPv infiltrates
within 48 hours. Permeable pavement practices shall be designed so that they will 1)
infiltrate the Fv within 72 hours or 2) dewater the Fv within 72 hours, or 3) manage the
Fv on site with no adverse impact. The designer can model various approaches by
factoring in storage chambers within the stone aggregate layer and expected infiltration as
part of the design. Routing calculations can also be used to provide a more accurate solution
of the peak discharge and required storage volume.

Reservoir layer: The reservoir layer consists of the stone underneath the pavement section and

above the bottom filter layer or underlying soils. The total thickness of the reservoir layer is

determined by runoff storage needs, the infiltration rate of native soils, structural requirements of

the pavement sub-base, depth to the seasonal high water table and bedrock, and frost depth

conditions. The suitability of the soil subgrade shall be determined by a qualified

geotechnical engineer.

= The reservoir layer shall be composed of clean, washed gravel with a maximum of 2.0
percent passing the #200 sieve and sized for both the maximum storm event to be
managed and the structural requirements of the expected traffic loading.

= The bottom of the reservoir layer should be as flat as possible so that runoff will be able to
infiltrate evenly through the entire surface. For sites with native slope that do not allow for a
flat bottom, the bottom can either be terraced or check dams can be installed.

= The depth of the reservoir layer shall be a minimum of 6 inches.

= |If an overdrain is not provided, a separation distance of 2 feet is required between the
bottom of the reservoir layer and the seasonal high water table as determined in
accordance with the Soil Investigation Procedures.

Overdrains: Most permeable pavement designs will require an overdrain (see Section 3.3).

Overdrains can be used to keep detained stormwater from surcharging permeable pavement

during extreme events. Flat terrain may affect proper drainage of permeable pavement designs,
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so overdrains should have a minimum 0.5% slope. Overdrains shall be a minimum of 4 inches
in diameter.

All parking lot and roadway configurations shall include inspection ports. The inspection
port is used to observe the rate of drawdown within the reservoir layer following a storm event
and to facilitate periodic inspection and maintenance. It is recommended that the inspection port
consist of an anchored 6-inch diameter perforated PVVC pipe fitted with a cap installed flush with
the ground surface. Inspection ports located in vehicular traffic areas should be traffic-bearing.
The port 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.

Filter Layer: To protect the bottom of the reservoir layer from intrusion by underlying soils, a
filter layer can be used. The native soils should be separated from the stone reservoir by a thin,
(minimum 1”, or 1”/foot of reservoir) layer of choker stone (No. 8 or approved equal).

Non-woven Geotextile: Filter fabric is not recommended for the bottom of the reservoir layer as
filter fabric can become a future plane of clogging within the system. Permeable non-woven
filter fabric is recommended to protect the excavated sides of the reservoir layer, in order to
prevent soil piping. A needled, non-woven, polypropylene geotextile with a Flow Rate greater
than 125 gpm/sq. ft. (ASTM D4491) and an Apparent Opening Size (AOS) equivalent to a US #
70 or # 80 sieve (ASTM D4751) is recommended. The geotextile AOS selection is based on the
percent passing the No. 200 sieve in “A” soil subgrade, using FHWA or AASHTO selection
criteria.

Permeable Pavement Sizing: The thickness of the reservoir layer is determined by both a
structural and hydraulic design analysis. The reservoir layer serves to retain stormwater and also
supports the design traffic loads for the pavement. Permeable pavement structural and hydraulic
sizing criteria are discussed below:

Structural Design. The permeable pavement shall be designed to support the maximum
anticipated traffic load. The structural design process will vary according to the type of
pavement selected, and the manufacturer’s specific recommendations. On most new
development and redevelopment sites, the structural support requirements will dictate the depth
of the underlying stone reservoir.

The structural design of permeable pavements involves consideration of four main site elements:
e Total traffic;

e Native soil strength;

e Environmental elements; and

e Bedding and Reservoir layer design.

Designers should determine structural design requirements by consulting transportation design
guidance sources, such as the following:
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e AASHTO Guide for Design of Pavement Structures (1993); and,
AASHTO Supplement to the Guide for Design of Pavement Structures (1998).

Hydraulic Design. Permeable pavement is typically sized to store stormwater runoff in the
reservoir layer. The reservoir layer shall be sized to temporarily store and then infiltrate the
RPv. The storage volume in the permeable pavement system must account for the underlying
infiltration and flow through any overdrain or overflow structure. The design storm may be
routed through the permeable pavement system to accurately determine the required reservoir
depth.

For design with overdrains, calculate the drawdown times using the hydrological routing or
modeling procedures used for detention systems with the depth and head adjusted for the
porosity of the aggregate.

Detention Storage Design: Permeable pavement can also be designed to address, in whole or in
part, the detention storage needed to comply with Cv and/or Fv requirements. Various
approaches can be modeled by factoring in storage within the stone aggregate layer, expected
infiltration, and any outlet structures used as part of the design. Routing calculations can also be
used to provide a more accurate solution of the peak discharge and required storage volume.

3.7  Permeable Pavement Landscaping Criteria

Permeable pavement does not have any landscaping needs associated with it. However, large-
scale permeable pavement applications should be carefully planned to integrate the typical
landscaping features of a parking lot (such as trees and islands) in a manner that maximizes
runoff treatment and minimizes the risk that sediment, mulch, grass clippings, leaves, nuts, and
fruits will inadvertently clog the paving surface.

3.8 Permeable Pavement Construction

Experience has shown that proper installation is absolutely critical to the effective operation of a
permeable pavement system.

Erosion and Sediment Controls. The following erosion and sediment control guidelines are

recommended to be followed during construction:

e All permeable pavement areas shall be fully protected from sediment intrusion by silt
fence or construction fencing to prevent construction traffic tracking.

e During site construction, steps shall be taken to prevent compaction of the underlying
soil and sedimentation of the permeable pavement practice. The following steps are
recommended:

o Awvoid compaction by preventing construction equipment and vehicles from traveling
over the proposed location of the permeable pavement practice using “Sensitive Area
Protection” guidelines during construction
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0 Permeable pavement should remain “off-line” until construction is complete to prevent
construction sediment from clogging the stone reservoir layer. Prevent sediment from
entering the permeable pavement site by using super silt fence, diversion berms or other
means. In the erosion and sediment control plan, indicate the earliest time at which
stormwater runoff may be directed to a permeable pavement practice. It is recommended
that the erosion and sediment control plan also indicate the specific methods to be used to
temporarily keep runoff from the permeable pavement practice.

o0 Upland drainage areas are recommended to be completely stabilized with a thick layer of
vegetation prior to commencing excavation for a permeable pavement practice.

e The infiltration rate and separation from groundwater of the constructed permeable
pavement practice shall be verified prior to completion of construction in accordance
with the Soil Investigation Procedures. The results shall be included with the Post
Construction Verification Documentation upon project completion.

e During construction, care shall be taken to avoid tracking sediments onto any
permeable pavement surface to avoid clogging.

e Permeable pavement areas are not recommended to serve as temporary sediment control
devices (e.g., sediment traps, etc.) during construction. When locating a sediment basin on
an area intended for permeable pavement is unavoidable, the invert of the sediment
basin must be a minimum of 1 foot above the final design elevation of the bottom of the
reservoir course. All sediment deposits in the excavated area shall be carefully removed
prior to installing the subbase.

Permeable Pavement Installation. Permeable pavement shall be installed according to
DelDOT specifications or the product manufacturer’s recommendations as applicable. The
following is a typical construction sequence, which may be modified per manufacturer’s
recommendations:

Step 1. Construction of the permeable pavement shall only begin after the entire
contributing drainage area has been stabilized. The proposed site should be checked for
existing utilities prior to any excavation. Do not install the system in rain or snow, and do not
install frozen bedding materials.

Step 2. Temporary erosion and sediment controls should be implemented during installation to
divert stormwater away from the permeable pavement area until it is completed. Additional
protective measures such as erosion control fabrics may be needed to protect vulnerable side
slopes from erosion during the excavation process. The proposed permeable pavement area
shall be kept free from sediment during the entire construction process.

Step 3. Heavy equipment should work from the sides to excavate the reservoir layer to its
appropriate design depth and dimensions to minimize compaction of the subsoil. For small
pavement applications, excavating equipment should have arms with adequate extension so they
do not have to work inside the footprint of the permeable pavement area. For larger pavement
applications, contractors can utilize a cell construction approach, whereby the proposed
permeable pavement area is split into 500 to 1000 sqg. ft. temporary cells with a 10 to 15 foot
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earth bridge in between, so cells can be excavated from the side. Excavated material should be
placed away from the open excavation so as to not jeopardize the stability of the side walls.

Step 4. The native soils along the bottom of the permeable pavement system should be scarified
or tilled to a depth of 3 to 4 inches. Install geotextile as applicable. Filter strip sections should
have a minimum 2 feet of overlap.

Step 5. Spread 6-inch lifts of clean, washed stone with a maximum of 2.0 percent passing the
#200 sieve. Table 3.4 contains recommended stone sizes for the reservoir layer based on the
type of permeable surface. Provide a minimum of 2 inches of aggregate above and below the
overdrain, as applicable. The overdrain should slope towards the outlet at a grade of 0.5% or
steeper. The up-gradient ends of the overdrain should be capped. Where an overdrain pipe is
connected to a structure, there should be no perforations within 1 foot of the structure. There
should be no perforations in the clean-outs and inspection ports within 1 foot of the surface.

Step 6. Compact until there is no visible movement of the aggregate, but do not crush the
aggregate with the compaction equipment.

Step 7. Install and compact the bedding layer, in accordance with the approved plan. Table 3.4
contains recommended stone sizes for the bedding

Step 8. Paving materials shall be installed in accordance with manufacturer, industry, or
engineer’s specifications for the particular type of pavement. Examples as shown below:

e Installation of Porous Asphalt. The following has been excerpted from various documents,

most notably Jackson (2007).

o Install porous asphalt pavement similarly to regular asphalt pavement. The pavement
should be laid in a single lift over the bedding course. The laying temperature should be
between 230°F and 260°F, with a minimum air temperature of 50°F.

o Complete compaction of the surface course when the surface is cool enough to resist a
10-ton roller. One or two passes of the roller are required for proper compaction. More
rolling could cause a reduction in the porosity of the pavement.

o The mixing plant must provide certification of the aggregate mix, abrasion loss factor,
and asphalt content in the mix. Test the asphalt mix for its resistance to stripping by water
using ASTM 1664.

0 Transport the mix to the site in a clean vehicle with smooth dump beds sprayed with a
non-petroleum release agent. The mix shall be covered during transportation to control
cooling.

0 Test the permeability of the pavement surface by application of clean water at a rate of at
least five gallons per minute over the entire surface.

0 Inspect the facility 18 to 30 hours after a rainfall greater than 1/2 inch, to determine if the
facility is draining properly.

e Installation of Pervious Concrete. The basic installation sequence for pervious concrete is
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outlined by the American Concrete Institute (2008). It is strongly recommended that concrete
installers successfully complete a recognized pervious concrete installers training program,
such as the Pervious Concrete Contractor Certification Program offered by the NRMCA. The
basic installation procedure is as follows:

o
o

(0]

(0]

Drive the concrete truck as close to the project site as possible.

Water the underlying aggregate (reservoir layer) before the concrete is placed, so the
aggregate does not draw moisture from the freshly laid pervious concrete.

After the concrete is placed, approximately 3/8 to 1/2 inch is struck off, using a vibratory
screed to allow for compaction.

Compact the pavement with a steel pipe roller per manufacturer’s recommendation.

Cut joints for the concrete to a depth of 1/4 inch.

The curing process is very important for pervious concrete. Cover the pavement with
plastic sheeting within 20 minutes of the strike-off, and keep it covered for at least seven
(7) days. Do not allow traffic on the pavement during this time period.

Remove the plastic sheeting only after the proper curing time. Inspect the facility 18 to
30 hours after a rainfall greater than 1/2 inch, to determine if the facility is draining
properly.

Testing???

Installation of Permeable Interlocking Concrete Pavers. The basic installation process is

described in greater detail by Smith (2006).

o Place edge restraints for open-jointed pavement blocks before the bedding layer and
pavement blocks are installed. Permeable interlocking concrete pavement (IP)
systems require edge restraints to prevent vehicle loads from moving the paver
blocks. Edge restraints may be standard curbs or gutter pans, or precast or cast-in-
place reinforced concrete borders a minimum of 6 inches wide and 18 inches deep,
constructed with Class A3 concrete. Edge restraints along the traffic side of a
permeable pavement block system are recommended.

O Place the No. 57 stone in a single lift. Level the filter course and compact it into the
reservoir course beneath with at least four (4) passes of a 10-ton steel drum static
roller until there is no visible movement. The first two (2) passes are in vibratory
mode, with the final two (2) passes in static mode. The filter aggregate should be
moist to facilitate movement into the reservoir course.

O Place and screed the bedding course material (typically No. 8 stone).

O Fill gaps at the edge of the paved areas with cut pavers or edge units. Cut pavers no
smaller than one-third (1/3) of the full unit size.

O Fill the joints and openings with stone. Joint openings must be filled with ASTM D
448 No. 8 stone, although No. 8P or No. 9 stone may be used where needed to fill
narrower joints.

O Compact and seat the pavers into the bedding course with a minimum low-amplitude
5,000-1bf, 75- to 95-Hz plate compactor.

O Do not compact within 6 feet of the unrestrained edges of the pavers.

O The system must be thoroughly swept by a mechanical sweeper or vacuumed
immediately after construction to remove any sediment or excess aggregate.
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O Inspect the area for settlement. Any blocks that settle must be reset and re-inspected.
O Inspect the facility 18 to 30 hours after a rainfall greater than 1/2 inch, to determine if
the facility is draining properly.

Construction Inspection.

Construction reviews are required during the following stages of construction, and shall be
noted on the plan in the sequence of construction:

e Pre-construction meeting

e Initial site preparation including installation of erosion and sediment controls,
sensitive area protection surrounding permeable pavement locations.

e Excavation and grading including interim and final elevations. Observation of
infiltrating surface and permeable pavement practice verification must be
completed prior to gravel placement.

e Construction of the overdrain, including inspection ports and installation of the
overflow structure, as applicable.

e Installation of gravel.

e Implementation of required stabilization.

e Final construction review including development of a punch list for facility
acceptance.

Some common pitfalls can be avoided by careful construction supervision that focuses on the
following key aspects of permeable pavement installation:

Store materials in a protected area to keep them free from mud, dirt, and other foreign
materials.

The contributing drainage area should be stabilized prior to directing water to the permeable
pavement area.

Check the aggregate material to confirm it is double washed, meets specifications and is
installed to the correct depth.

Check elevations (e.g., the invert of the overdrain, inverts for the inflow and outflow points,
etc.) and the surface slope.

Make sure the permeable pavement surface is even and the storage bed drains within 48
hours.

Ensure caps are placed on the upstream end of the overdrain.

Inspect any pretreatment structures to make sure they are properly installed and working
effectively.

Once the final construction inspection has been completed, log the GPS coordinates for each
facility and submit them for entry into the local BMP maintenance tracking database.

It is recommended to divert the runoff from the first few runoff-producing storms away from
larger permeable pavement applications, particularly when up-gradient conventional asphalt
areas drain to the permeable pavement. This can help reduce the input of fine particles often
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produced shortly after conventional asphalt is laid down.

Permeable Pavement Verification. The infiltration rate and separation from groundwater of
the constructed permeable pavement shall be verified prior to completion of construction
in accordance with the Soil Investigation Procedures. The results shall be included with the
Post Construction Verification Documentation upon project completion.

Post Construction Verification Documentation. Upon facility completion, the owner shall
submit post construction verification documents to demonstrate that the permeable
pavement has been constructed within allowable tolerances in accordance with the
approved Sediment and Stormwater Management Plan and accepted by the approving
agency.
Allowable tolerances for permeable pavement are as follows:
e The constructed permeable pavement surface area shall be no less than the design
permeable pavement surface area.
e The contributing drainage area as constructed shall be no greater than the design
contributing drainage area.
e The constructed storage volume of the reservoir layer shall be no less than 90% of
the design volume.
e The constructed elevation of the overdrain or any structure shall be within 0.15 foot
of the design.

In the event that the allowable tolerances are exceeded for permeable pavement surface
area or volume or structure elevations, supplemental calculations and provisions of
adequate maintenance must be submitted to the approval agency to determine if the
permeable pavement, as constructed, meets the design requirements.

3.9 Permeable Pavement Maintenance Criteria

Maintenance is a crucial element to ensure the long-term performance of permeable pavement.
The most frequently cited maintenance problem is surface clogging caused by organic matter and
sediment. Periodic street sweeping will remove accumulated sediment and help prevent
clogging, however, it is also critical to ensure that surrounding land areas remain stabilized.

Activities that have the potential to clog the permeable pavement surface, including but not
limited to sanding, re-sealing, re-surfacing, storage of snow piles containing sand, storage
of mulch or soil material, or construction staging, shall be prohibited.

Before project completion the Owner shall submit a final post construction stormwater
management Operation and Maintenance Plan for the entire stormwater management
system. Operation and Maintenance Plans remain valid for the life of the stormwater
management system. The Operation and Maintenance Plan will specify the property owner’s
primary maintenance responsibilities and authorize the Department or Delegated Agency staff to
access the property for maintenance review or corrective action in the event that proper
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maintenance is not performed.

Maintenance of Permeable Pavement practices is driven by annual maintenance reviews that
evaluate the condition and performance of the practice. Based on maintenance review results,
specific maintenance tasks may be required.

Recommended maintenance tasks are outlined in Table 3.6.

Table 3.6. Recommended maintenance tasks for permeable pavement practices.

Maintenance Tasks Frequency*

= For the first 6 months following construction, the practice and CDA

should be inspected at least twice and after storm events that exceed | After installation

1/2 inch of rainfall. Conduct any needed repairs or stabilization.

= Mow grass in grid paver applications As needed during the growing
season

= Stabilize the contributing drainage area to prevent erosion

= Remove any soil or sediment deposited on pavement.

= Replace or repair any necessary pavement surface areas that are
degenerating or spalling

= Vacuum pavement with a standard street sweeper to prevent clogging | 2-4 times per year (depending on

use)

As needed

= Conduct a maintenance inspection

=  Spot weeding of grass applications

= Remove any accumulated sediment in pretreatment cells and inflow
points

= Conduct maintenance using a regenerative street sweeper

= Replace any necessary joint material

= Locate snow storage piles in adjacent grassy areas so that sediments
and pollutants in snowmelt are deposited before they reach the | As needed
permeable pavement

= Do not apply sand or cinders over permeable pavement drainage area | As needed

1 Required frequency of maintenance will depend on pavement use, traffic loads, and surrounding land use.

Annually

Once every 2 to 3 years

If clogged

Winter Maintenance Considerations: Winter maintenance on permeable pavements is similar to

standard pavements, with a few additional considerations:

= Large snow storage piles should be located in adjacent grassy areas so that sediments and
pollutants in snowmelt are deposited before they reach the permeable pavement.

= Sand or cinders should not be applied for winter traction over permeable pavement or areas
of impervious pavement that drain toward permeable pavement.

= When plowing plastic reinforced grid pavements, snow plow blades should be lifted 1/2 inch
to 1 inch above the pavement surface to prevent damage to the paving blocks or turf. Porous
asphalt (PA), pervious concrete (PC) and permeable interlocking concrete pavers (PICP) can
be plowed similar to traditional pavements, using similar equipment and settings.

= Permeable pavement applications will generally require less salt application than traditional
pavements. Owners should be judicious when using chloride products for deicing over all
permeable pavements designed for infiltration, since the salts will most assuredly be
transmitted into the groundwater. Salt can be applied but environmentally sensitive deicers
are recommended.
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When permeable pavements are installed on private residential lots, homeowners should be (1)
be educated about their routine maintenance needs, (2) understand the long-term maintenance
plan, and (3) be subject to a maintenance agreement as described above.

It is highly recommended that a spring maintenance inspection and cleanup be conducted at each
permeable pavement site, particularly at large-scale applications. Example maintenance
inspection checklists for permeable pavements can be found in Article 5.

3-19 :
Effective February 2019



BMP Standards and Specifications Permeable Pavement Systems

3.10 References

Hunt, W. and K. Collins. 2008. “Permeable Pavement: Research Update and Design
Implications.” North Carolina Cooperative Extension Service Bulletin. Urban Waterways Series.

Jackson, N. 2007. Design, Construction and Maintenance Guide for Porous Asphalt Pavements.
National Asphalt Pavement Association. Information Series 131. Lanham, MD.

Smith, D. 2006. Permeable Interlocking Concrete Pavement-selection design, construction and
maintenance. Third Edition. Interlocking Concrete Pavement Institute. Herndon, VA.

American Concrete Institute (2008 ).

3-20 :
Effective February 2019



BMP Standards and Specifications Vegetated Roofs

4.0  Vegetated Roofs

Definition:  Practices on top of buildings
that capture and store
rainfall in an engineered
growing media, which 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.
Vegetated Roofs, also known
as green roofs, typically are
layered assemblies installed
over a waterproof membrane.
The assemblies are designed to support plant growth, slow the release of runoff,
and detain rainfall for plant uptake and eventual elimination by evapotranspiration
(ET). The Vegetated Roofs are designed so that water drains vertically through the
growth media layer and then horizontally through a specialized drainage layer
towards the outlet. Two types of Vegetated Roofs exist: Extensive and Intensive.
They vary based on the depth of soil and type of plants.

© Bethany Blues Restaurant, Lewes

Design variants include:

[ | 4-A  Extensive Vegetated Roofs which contain shallow growth media with drought
resistant plants, such as Sedum

[ | 4-B Intensive Vegetated Roofs which contain deep growth media with a wide range
of plant varieties and typically include irrigation

Vegetated Roofs provide runoff reduction and water quality treatment for small storms, including
the Resource Protection event (RPv). Typically they are not designed to provide stormwater
detention of the larger Cv and Fv storms although some Intensive Vegetated Roof systems may be
designed to meet or partially meet these criteria. Vegetated roofs can be integrated with rainwater
harvesting systems, for reducing runoff volume from larger events and minimizing irrigation
requirements. However, Vegetated Roof designs are frequently combined with separate facilities
located away from the building to provide control of larger storms.

This specification is intended for situations where the primary design objective of the Vegetated
Roof is stormwater management. Vegetated Roof benefits go beyond just stormwater
management, but the ancillary benefits are not covered within this specification.
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Vegetated Roofs
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Figure 4.1. Example Layers for a Vegetated Roof.
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4.1  Vegetated Roof Stormwater Credit Calculations

Vegetated Roofs receive annual runoff reduction credit (RR) for the contributing roof area,
along with associated pollutant removals as follows:

4.1(a) Extensive Vegetated Roof Performance Credits
Runoff Reduction

Retention Allowance 0%

RPv -A/B Soil? 50% Annual Runoff Reduction
RPv - C/D Soil* N/A

Cv 5% of RPv Allowance

Fv

1% of RPv Allowance

Pollutant Reduction

TN Reduction

Not less than 0%

TP Reduction

Not less than 09?2

TSS Reduction N/A
Retention Allowance 0%

4.1(b) Intensive Vegetated Roof Performance Credits

Runoff Reduction
Retention Allowance 0%
RPv -A/B Soil? 75% Annual Runoff Reduction
RPv - C/D Soil* N/A
Cv 8% of RPv Allowance
Fv 2% of RPv Allowance
Pollutant Reduction
TN Reduction Not less than 0%
TP Reduction Not less than 0% 2
TSS Reduction N/A
Retention Allowance 0%
! The growing media used for Vegetated Roofs is classified as an A/B soil for calculation

purposes. Therefore, the Vegetated Roof performance is not dependent on the existing soil
conditions and the credit for C/D soils is not applicable (N/A).

2 If the phosphorous (P) content of mature growth media is 2 mg/l (Saturated Paste
Extraction), or less, then the Vegetated Roof will be assumed to be neutral with respect to P
loadings. If the P content of mature growth media exceeds 2 mg/l, a supplemental
phosphorus-reducing BMP, such as an activated alumina or hematite filter, will be
required.
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4.2 Vegetated Roof Practice Summary

Table 4.2 summarizes various criteria for Vegetated Roofs, and Table 4.3 summarizes the
materials specifications for this practice. For more detail, consult Sections 4.3 through 4.7.
Sections 4.8 and 4.9 describe practice construction and maintenance criteria.

Table 4.2 Vegetated Roof Practice Summary

Structural capability of the roof must be assessed by a qualified licensed professional and
included with building permit documentation.

Safe access to the Vegetated Roof shall be available to allow for delivery of construction
materials and performance of routine maintenance reviews and maintenance operations.
A permanent source of water (e.g., hydrant, hose-bib) shall be provided to all Vegetated
Roof areas.

Feasibility A minimum 1-foot wide vegetation-free zone is required along the perimeter of all
Criteria Vegetated Roofs and around all roof penetrations.
(Section 4.3) The Vegetated Roof design must comply with all federal, state and local building codes
Roof Deck Slope, Extensive: Minimum 1% (1/8” per foot); Preferred 2% slope (1/4” per foot);
Maximum 16% (2" per foot).
Roof Deck Slope, Intensive: Minimum 0%; Preferred 1% slope (1/8” per foot); Maximum 10%
slope (1.2” per foot)
Recommended slope of growth media is 2.5:1 or less; slope stabilization needed for slopes
steeper than 2.5:1
The Vegetated Roof drainage layer shall convey flow from under the growth media layer
Conveyance to an outlet or overflow system.
Criteria All drains and scuppers shall be accessible through enclosures that include lids that are
(Section 4.4) level with the surface of the growth media layer.
Emergency drains or emergency scuppers shall have inverts that are high enough above
the waterproofing surface to prevent discharge during the RPv event.
Pretreatment Not needed
Criteria
(Section 4.5)

Design Criteria
(Section 4.6)

All Vegetated Roof systems must include an effective and reliable waterproof membrane
to prevent water damage to the building structure.
Root barriers are required in combination with some waterproof membranes.
A drainage layer shall underlie the growth media to control the release of water that
percolates into the Vegetated Roof assembly.
Roof drains and any emergency overflow shall be designed in accordance with state and
local building codes
The growth media shall be the uppermost layer in a Vegetated Roof assembly.
Designer shall certify that growth media meets or exceeds all required specifications prior
to placement.
The upper 1 inch of a growth media profile shall consist of an engineered mineral soil.
For a Vegetated Roof to be regarded as neutral with respect to phosphorous (P) loading in
runoff, the P content of the growth media must be controlled.
If trees are included in the Vegetated Roof landscape plan, the growth media must be at
least 30 inches deep.
Initial planting plan shall be designed such that mature plant coverage within 24 months
of initial planting shall be:

0 Minimum 75% warm season plant coverage for Extensive Vegetated Roofs

0 Minimum 90% plant coverage for turf intensive Vegetated Roofs
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Design Criteria
(Section 4.6)
cont.

o Uniform cover with vigorous plants conforming to the design plant density for
non-turf Intensive Vegetated Roofs.
The size of the Vegetated Roof, both Extensive and Intensive, shall be a minimum 66% of
the total contributing drainage area. No runoff reduction credit shall be given for runoff
from bare areas of the roof that do not come in contact with root zone.

Landscaping
Criteria
(Section 4.7)

The planting plan for Vegetated Roofs must be certified by a qualified professional.
Irrigation is required for Vegetated Roofs for the first year after planting.

The minimum plant coverage shall be achieved 24 months after initial planting and
maintained throughout the life of the Vegetated Roof.

Construction
Crteria
(Section 4.8)

¢ Construction reviews are required during the following stages of construction, and shall
be noted on the plan in the sequence of construction:

0 Pre-construction meeting

o0 During placement of the waterproof membrane, to ensure that it is properly
installed and watertight;

o During placement of the drainage layer and drainage system, to prevent future
ponding water;

0 During placement of the growing media, to confirm that it meets the approved
plan;

0 Upon installation of plants, to ensure they conform to the planting plan;

o Final construction review including development of a punch list for facility
acceptance.

e Upon facility completion, the owner shall submit post construction verification documents
to demonstrate that the Vegetated Roof has been constructed within allowable tolerances
in accordance with the approved Sediment and Stormwater Management Plan and
accepted by the approving agency. Allowable tolerances for Vegetated Roofs are as
follows:

0 Growth media thickness within 15% of design thickness.

o0 Plant density no less than specified on the planting plan.

0 No less than 66%6 of the total contributing drainage area shall be Vegetated
Roof.

o The post construction verification shall confirm that temporary or permanent irrigation
has been installed in accordance with the approved plan. Certification of growth media
shall be submitted with post construction verification

Maintenance
Criteria
(Section 4.9)

e Before project completion the Owner shall submit a final post construction stormwater
management Operation and Maintenance Plan for the entire stormwater management
system. Operation and Maintenance Plans remain valid for the life of the stormwater
management system.

¢ A minimum of one maintenance review is required each year for Vegetated Roofs.

e Maintenance reviews shall be performed by a qualified reviewer.

o The completed maintenance review report shall be sent to the Department or the
appropriate Delegated Agency.

o VVegetated Roofs must be reviewed at the end of the first 24 months to confirm minimum
vegetated surface cover specified in the Operation and Maintenance Plan has been
achieved, and to look for leaks, drainage problems and any rooftop structural concerns.

o Growth media shall be routinely tested for P as part of the Operation and Maintenance
Plan.

e Phosphorous-removing BMPs (e.g., activated alumina or hematite filters) must be
installed for Vegetated Roofs, 24 months and older, with phosphorous concentrations that
are consistently higher than 2 mg/I.
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Table 4.3. Vegetated Roof Material Specifications

Material Specification
Waterproof e  Waterproofing layer should have an expected life span as long as any other element of
Membrane the Vegetated Roof system
Protection e Protection Layer shall have a puncture resistance in accordance with ASTM
Layer D4833 >220 Ibs.

e Chemical root barriers or physical root barriers that have been impregnated with
pesticides, metals or other chemicals shall not be used.

e The waterproof membrane or the root-barrier shall be certified as root-resistant
based on the two-year ANSI/SPRI VR-1; Procedure for Investigating the Root

Root Barrier Penetration Resistance of Vegetated Roofs or the two-year European FLL root-

security test

e If certification is not available at the time the system is permitted, a root barrier
shall be provided as follows: HDPE membrane, 30 mil or thicker, with seams
overlapped at least 3 inches and continuously hot-air welded.

e The drainage layer should consist of durable, frost-resistant, and biologically resistant
synthetic or inorganic materials (e.g., gravel, recycled polyethylene, etc.) that can

Drainage Layer provide efficient drainage.

e Designers should consult the performance metrics as outlined in ASTM E2396 and
E2398.

e Needled, non-woven, geotextile.

e Density (ASTM D3776) between 3 and 6 0z./sg. yd.,.

Filter Fabric e  Puncture resistance (ASTM D4833) <150 Ibs.,.

e Some manufacturers may combine with the drainage layer.

e The growth media must maintain minimum 6% air filled porosity (ASTM E2399)
to avoid anoxic conditions when wetted.

e To minimize the potential for clogging of fabrics and migration of fine particles,
the silt-size fraction (0.063mm) of engineered mineral soils shall not exceed 15%
and the clay fraction (2 micron) shall not exceed 5%

e Extensive: Media depth between 3 and 6 inches; not more than 10% biodegradable
matter by dry mass (loss on ignition based on Methods of Soil Analysis. An alternate
method of evaluating biodegradability content may be proposed for growth media
containing polymeric materials such as associated with agri-polymer matrices.

e Intensive: Media depth upwards of 6 inches; biological organic content not more than
15%.

Growth Media e Organic amendments used in preparing growth media must be stable. The

respiration rate of organic ingredients must be 3 mg CO2-C/g OM/day (TMECC
05.08.B), or less.

e Theinitial available P content of the growth media may not exceed 200 ppm dry
weight (Mehlich I11). Otherwise, provide a supplemental phosphorus-reducing
water quality BMP.

e Chemical fertilizers containing phosphorous may not be added to the growth
media during blending or used subsequently during maintenance unless a
phosphorus deficiency in the plants has been documented. Only nitrogen
fertilizers may be used and these must be applied according to soil test. If the P
limit for the media layer cannot meet compliance, the Vegetated Roof must be
treated as a P source and a supplemental water quality BMP must be introduced.
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Material Specification

e Extensive: Drought-tolerant plants, such as Sedum and Phedimus, that are tolerant of
direct sunlight, drought, wind, and frost.

Plant Materials e Intensive: Any non-invasive plantings, though the media depth should be appropriate
for selected plantings, and the building’s height and sun and wind exposure should be
accounted for.

e lrrigation is required for Vegetated Roofs for the first year after planting.

e Permanent irrigation is recommended for Intensive Vegetated Roofs..

Irrigation

4.3  Vegetated Roof Feasibility Criteria

Vegetated Roofs are ideal for use on commercial, institutional, municipal and multi-family
residential buildings, although they can also be incorporated on single family residential homes.
They are particularly well-suited for use on urban development and redevelopment sites. Key
constraints with Vegetated Roofs include the following:

Structural Capacity of the Roof. Vegetated 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 demonstrate that the building will be able to support the additional live
and dead structural load. Structural capability of the roof must be assessed by a qualified
licensed professional and included with building permit documentation.

Typically, the weight of fully-saturated engineered mineral soils will range from 5.5 to 7 pounds
per square foot per inch of thickness. Therefore, a 3-inch thick growth media layer can be expected
to weight between 16.5 and 21 psf. Weights will vary and may be lighter when specialty growth
media components are used. These loads are comparable to rooftops where the waterproof
membrane or insulation layer is anchored with stone ballast (12 to 15 Ibs./sq. ft.). Intensive systems
vary widely depending on the soil depth and landscape features, and may weigh upwards of 100
Ibs/sq.ft. For a discussion of Vegetated Roof structural design issues, consult Chapter 9 in Weiler
and Scholz-Barth (2009). Use ASTM E-2397, Standard Practice for Determination of Dead
Loads and Live Loads Associated with Green (Vegetated) Roof Systems as the basis for estimating
structural loads induced by complete Vegetated Roof assembly. In addition, use standard test
methods ASTM E2398 for Water Capture and Media Retention of Geocomposite Drain Layers
for Green (Vegetated) Roof Systems, and ASTM E2399 for Maximum Media Density for Dead
Load Analysis.

Roof Pitch. Vegetated Roof detention storage and runoff volume reduction is maximized on
relatively flat roofs. Low pitches delay the discharge of water that percolates do the bottom of the
Vegetated Roof assembly, thereby maximizing water uptake and ultimately reducing runoff
volume by evapotranspiration (ET). Evapotranspiration is the process by which water is lost to
evaporation from leaf surfaces. On roofs, it is the only mechanism that reduces runoff volume.
Some pitch is needed to promote positive drainage and prevent ponding and/or saturation of the
growth media on Extensive Vegetated Roofs. However, flat concrete roof decks may be
appropriate for Intensive Vegetated Roofs. Intentional ponding of water to depths of up to several
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inches within the drainage layer may be advantageous for improving both stormwater performance
and plant health. Flat roofs are never appropriate for steel or wood roof decks.

The recommended minimum roof deck slope for Extensive Vegetated Roofs is 1% (1/8” per foot),
while the preferred roof deck slope for Extensive Vegetated Roofs is 2% slope (1/4” per foot) and
the maximum recommended roof deck slope for Extensive Vegetated Roofs is 16% (2" per foot).

The recommended minimum roof deck slope for Intensive Vegetated Roofs is 0%, while the
preferred roof deck slope for Intensive Vegetated Roofs is 1% slope (1/8” per foot) and the
maximum recommended roof deck slope for Intensive Vegetated Roofs is 10% (1.2” per foot).

The recommended slope of growth media is 2.5:1 or less. Slope stabilization is needed for growth
media slopes steeper than 2.5:1.

Roof Access. Safe access to the Vegetated Roof shall be available to allow for delivery of
construction materials and performance of routine maintenance reviews and maintenance
operations. Designers should also consider how they will get construction and maintenance
materials up to the roof (e.g., by elevator or crane) and how materials will be stockpiled in the
confined space.

A permanent source of water shall be provided to all Vegetated Roof areas. This may be a
hydrant or hose-bib. Water will be required for irrigation during the establishment period, for
general maintenance functions, and as a precaution against roof fires.

Roof Deck Type. The roof deck layer is the foundation of a Vegetated 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
Vegetated Roof system. In general, concrete decks are preferred for Vegetated Roofs, although
other materials can be used as long as the appropriate system components are matched to them.
Certain roof materials, including exposed treated wood and galvanized metal, are not appropriate
for Vegetated Roofs due to pollutant leaching through the growth media (Clark et al, 2008). The
roof deck type should be coordinated with the building’s designers, only requirement is that it
complies with the applicable building codes.

Buffers. Rooftop electrical and HVAC systems should not be located within in a zone of
concentrated surface or seepage flow. A minimum 1-foot wide vegetation-free zone is required
along the perimeter of all Vegetated Roofs and around all roof penetrations. Wider buffers
at Vegetated Roof margins may be warranted where wind scour is a concern or where the vegetated
zone is adjacent to flammable building materials.

Building Codes. Building codes differ in each municipality, and local planning and zoning
authorities should be consulted to obtain proper permits. The Vegetated Roof design must
comply with all federal, state and local building codes.
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4.4  Vegetated Roof Conveyance Criteria

The Vegetated Roof drainage layer shall convey flow from under the growth media layer to
an outlet or overflow system such as a rooftop drain, scupper or gutter/downspout drainage
system. It is beneficial to include perforated or slotted “French-drain” conduits within the
drainage layer to control the pattern and rate of seepage flow. Seepage collection systems should
be enclosed in filter fabric to protect them from clogging. It is common to enclose conduit in
drainage stone and wrap the stone in filter fabric. It is frequently a good design to create a
serpentine flow pathway in order to increase water residence time and improve plant uptake.

All drains and scuppers shall be accessible through enclosures that include lids that are level
with the surface of the growth media layer.

Emergency drains or emergency scuppers shall have inverts that are high enough above the
waterproofing surface to prevent discharge during the RPv event.

It is a common practice to introduce drain restrictors on the primary drains for one of two reasons:
1) To temporarily impound a volume of water and release it a slower predetermined rate following
the peak of the rain event, or 2) to permanently impound a volume of water on the Vegetated Roof.
In the latter case, the volume will be eventually removed by evapotranspiration and will not
contribute to annual runoff.

45  Vegetated Roof Pretreatment Criteria

Pretreatment is not necessary for Vegetated Roofs.

4.6  Vegetated Roof Design Criteria

Functional Elements of a Vegetated Roof Assembly: A Vegetated Roof assembly may be
composed of many components or layers that are combined to protect the roof and provide soil
and plant conditions that can reduce the impervious effects of the building. These components are
placed on top the roof deck layer, as mentioned in Section 4.3. Designers can employ a wide range
of materials for each layer, which can differ in cost, performance, and structural load. Some
manufacturers offer proprietary systems which contain many of the below elements, or in other
cases the components are installed individually. Additional information can be found in Weiler
and Scholz-Barth (2009), Snodgrass and Snodgrass (2006) and Dunnett and Kingsbury (2004).
The design layers include:

1. Waterproof Membrane: All Vegetated Roof systems must include an effective and
reliable waterproof membrane to prevent water damage to the building structure. A
wide range of waterproofing materials have been successfully used for decades in
conjunction with Vegetated Roofs. The waterproofing layer should have an expected life
span as long as any other element of the Vegetated Roof system.
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2. Protection layer: The protection layer is a puncture resistant layer that is frequently a dense
non-woven geotextile. However, depending on the waterproofing material, may also be
reinforced bituminous sheet membrane, a thermoplastic membrane, or other. When no root
barrier is present, it will be placed directly over the finished waterproof membrane. Some
very dense fabrics may exhibit significant capillary potential and can be exploited to
enhance moisture distribution at the bottom of the Vegetated Roof assembly profile.
Protection Layer shall have a puncture resistance in accordance with ASTM D4833
>220 Ibs.

3. Insulation Layer: Many Vegetated Roofs contain an insulation layer, usually located above,
but sometimes below, the waterproof membrane. The insulation increases the energy
efficiency of the building, and can protect the roof deck, particularly for metal roofs.
Whether to use insulation and its location if installed should be coordinated with the
building designers, and is not a requirement of this specification.

4. Root Barrier: Waterproof membranes designed for burial in Vegetated Roofs do not
require supplemental root barriers; however root barriers are required in
combination with some waterproof membranes. The root barrier protects the waterproof
membrane from root penetration and ultimately failure. A wide range of root barrier
options are available. Common root-barriers are thermoplastic membranes, because these
can be hot air welded to provide a continuous shield against roots. Chemical root
barriers or physical root barriers that have been impregnated with pesticides, metals
or other chemicals shall not be used as those chemicals can leach into stormwater
runoff and will slowly lose effectiveness over time. To insure that a building is
adequately protected against damage from roots, the waterproof membrane or the
root-barrier shall be certified as root-resistant based on the two-year ANSI/SPRI VR-
1; Procedure for Investigating the Root Penetration Resistance of Vegetated Roofs or
the two-year European FLL root-security test (Forschungsgesellschaft
Landschaftsentwicklung Landschaftsbau e.V., Richlinien fuer die Planung,
Ausfuehrung und Pflege von Dachbegruenung). If certification is not available at the
time the system is permitted, a root barrier shall be provided as follows: HDPE
membrane, 30 mil or thicker, with seams overlapped at least 3 inches and
continuously hot-air welded.

5. Drainage Layer and Drainage System: A drainage layer shall underlie the growth media
to control the release of water that percolates into the Vegetated Roof assembly. The
drainage layer should consist of durable and frost-resistant synthetic or inorganic materials
(e.g., clean, washed granular material, such as ASTM D 448 size No. 8 stone, or
polyethylene or polystyrene drainage mats) that are capable of providing efficient drainage.
The drainage layer should convey the seepage flow horizontally toward an outlet at a roof
drain, scupper or gutter. Some Vegetated Roof assemblies incorporate “French-drain”
style perforated conduit to intercept seepage flow and direct to the outfall locations.
American Society for Testing and Materials (ASTM) E2396 and E2398 can be used to
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evaluate alternative material specifications. Many drainage layers include receptacles in
their upper surface that will permanently retain a portion of percolated rainfall (or irrigation
water) for uptake by plants. Roof drains and any emergency overflow shall be designed
in accordance with state and local building codes.

6. Filter Fabrics: Filter fabrics are used to prevent the migration of fine particles and to
maintain the layered organization in Vegetated Roof assemblies. They may be placed at
various horizons in the assemblies, but are commonly placed: 1) between the growth media
layer and the drainage layer, 2) between components of the growth media layer, or on top
of the insulation. Many manufactured drainage layers come with a filter fabric attached,
which is acceptable. Filter fabrics are lightweight low-tensile-strength geotextiles that are
intended to prevent particle migration, while allowing free infiltration of plant roots.

7. Growth Media: The growth media shall be the uppermost layer in a Vegetated Roof
assembly. The designer shall certify that growth media meets or exceeds all required
specifications prior to placement. The purpose of this layer is to: 1) support plant growth,
and 2) absorb rainfall for uptake by plants. Modern Vegetated Roof assemblies may use a
wide variety of component materials and may be assembled in multiple layers. Growth
media should be durable and maintain its critical properties, including water holding
capacity, porosity, density, permeability and hydraulic properties for decades, since
replacement of growth media is not a practical option for most projects. A high-performing
growth media layer will improve over time, as it matures biologically and develops a
complex mixture of matrix materials, roots, bacteria, and fungi. The growth media layer
should be sufficiently well drained to prevent surface ponding during the RPv event, but
retain moisture and dry down slowly in order to support the plants. The growth media
must maintain minimum 6% air filled porosity (ASTM E2399) to avoid anoxic
conditions when wetted. Some components encountered in modern Vegetated Roof
assemblies, include:

a. The upper 1 inch of a growth media profile shall consist of an engineered
mineral soil. Engineered mineral soil media, contains porous lightweight
expanded aggregate (i.e., ESCS), volcanic rock, crushed brick, porous ceramic
granules, or foamed glass, blended with an organic material. To minimize the
potential for clogging of fabrics and migration of fine particles, the silt-size
fraction (0.063mm) of engineered mineral soils shall not exceed 15% and the
clay fraction (2 micron) shall not exceed 5%. Organic amendments used in
preparing growth media must be stable. The respiration rate of organic
ingredients must be 3 mg CO2-C/g OM/day (TMECC 05.08.B), or less.

b. Uncoated rock wool batts (only uncoated rock wool fibers remain hydrophilic)

c. Polyurethane agri-polymer matrices

The biodegradable portion of the growth media layer should not exceed 10% for Extensive
Vegetated Roof assemblies, or 15% for intensive assemblies. Some specialty media (e.g.,
for use in agricultural or in conjunction with some ornamental plants) may contain higher
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percentages. The biodegradable constituent will most commonly be a mature yard waste
or agricultural compost. The appropriate method for measuring the biodegradable fraction
in engineered mineral soil media, is loss on ignition (Methods of Soil Analysis).
Alternative methods may be proposed to evaluate biodegradable content of growth media
containing polymeric materials (e.g., polyurethane agri-polymer matrices). Growth Media
with excessively high organic content may suffer from inadequate air porosity, loss of
permeability, degradation and compression.

Unless specified and controlled during the construction process, most Vegetated Roof
media will typically contain excess phosphorus (P), and will become a significant source
of P over an extended period. For a Vegetated Roof to be regarded as neutral with
respect to P loading in runoff, the P content of the growth media must be controlled.
In particular, the initial available P content of the growth media may not exceed 200
ppm dry weight (Mehlich 111).  Furthermore chemical fertilizers containing
phosphorus may not be added to the growth media during blending or used
subsequently during maintenance unless a phosphorus deficiency in the plants has
been documented. Otherwise, only nitrogen fertilizers! may be used and these must
be applied according to soil test. If the P limit for the media layer cannot meet
compliance, the Vegetated Roof must be treated as a P source and a supplemental
water quality BMP must be introduced. One option for reducing available phosphorus
would be to blend alum into the media or drainage layer. Alternatives for treating runoff
include activated alumina or hematite filters or an approved biological BMP.

For an Extensive system, the growth media layer ranges from 3 to 6 inches deep, with 3 to
4 inches being most common. The growing media layer should have a maximum water
retention capacity of at least 30% (ASTM E2399). It is advisable to mix engineered
mineral soil media in a batch facility prior to delivery to the roof. More information on
growth media can be found in Weiler and Scholz-Barth (2009) and Snodgrass and Mclintyre
(2010), Roehr and Fassman-Beck (2015), and ASTM E2777,

If trees are included in the Vegetated Roof landscape plan, the growth media must be
at least 30 inches deep. Depending on the requirements of the tree, the licensed
professional may specify a specialty media. Method for stabilizing newly planted trees
against wind-throw should be included in the design.

8. Wind Resistance: Consult ANSI/SPRI RP-14, Wind Design Standard for Vegetative
Roofing Systems, for guidance in developing wind resistance designs.

9. Plant Cover: Initial planting plan shall be designed such that mature plant coverage
within 24 months of initial planting shall be:

e Minimum 75% warm season plant coverage for Extensive Vegetated Roofs.

! These may include other macro- and micro-nutrients including potassium, calcium, magnesium, etc.
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e Minimum 90% plant coverage for turf intensive Vegetated Roofs
e Uniform cover with vigorous plants conforming to the design plant density for
non-turf Intensive Vegetated Roofs.

Pre-grown vegetated mats or sod are recommended for roofs with: 1) pitches equal or
exceeding 5%, or 2) high wind exposure. Pre-grown mats should be delivered with 90%
plant coverage. Alternatively, wind or water erosion blankets may be exploited to stabilize
the media surface until plants can establish. Examples of media blankets, including coir
mats, hydro-mulch, nets or meshes.

Plants may be installed as individuals (plugs or containers), as pre-grown vegetated mats, as
pre-planted modules or trays, or established from seed or cuttings. Cuttings are plant stem
fragments from selected Sedum and Phedimus plant varieties. . See Section 4.7 Vegetated
Roof Landscaping Criteria for additional extensive plant information. For Intensive
Vegetated Roofs, the plant type can be broadened to any non-invasive plant, though the
plants survivability on the roof top should be accounted for. The planting plan for
Vegetated Roofs must be certified by a qualified professional, including landscape
architects, horticulturists, or other disciplines that possess the necessary knowledge, skills
and training

Material Specifications: Standard specifications for North American Vegetated 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
Vegetated Roof standards. Designers and reviewers should also fully understand manufacturers’
specifications for each system component, particularly if they choose to install proprietary
“complete” Vegetated Roof systems or modules.

Vegetated Roof Sizing: The size of the Vegetated Roof, both Extensive and Intensive, shall
be a minimum 66% of the total contributing drainage area. No runoff reduction credit shall
be given for runoff from bare areas of the roof that do not come in contact with root zone.
If the guidance is followed, Extensive Vegetated Roofs have been shown to reduce the annual
runoff in the Mid-Atlantic climate by 50% (Berghage et al, 2009), and Intensive Vegetated Roofs
by 75% (Mentens et al, 2005).

Vegetated Roofs, especially Intensive systems, can have dramatic rate attenuation effects on larger
storm events, and may be used, in part, to manage a portion of the 10- and 100-year events. This
benefit is the result of lengthening of the “time of concentration” for the roof area and of
introducing storage/detention processes. There is no established method for modeling Vegetated
Roofs and designers may propose and validate a method that best represents the performance of
their design. In general, models will consider: 1) permeability and available moisture storage
capacity of the growth media, 2) horizontal transmissivity and storage capacity of the drainage
layer, and 3) seasonal ET rates. See Roehr and Fassman-Beck (2015) for information on predicting
Vegetated Roof performance.
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4.7  Vegetated Roof Landscaping Criteria

Plant selection, placement and maintenance are critical to the performance and function of
Vegetated Roofs. The planting plan for Vegetated Roofs must be certified by a qualified
professional, including landscape architects, horticulturists, or other disciplines that possess the
necessary knowledge, skills and training.

Plant selection for Vegetated Rooftops is an integral design consideration, which is governed by
local climate and design objectives. The ground cover for Extensive Vegetated Roof installations
are hardy, low-growing succulents, such as Sedum, Phedimus (formerly in the Sedum genus)
Talinum, Dianthus, Achillea, Deschampsia, or Hieracium, that can tolerate the difficult growing
conditions found on building rooftops. See ASTM E2400-06, Guide for Selection, Installation and
Maintenance of Plants for Green (Vegetated) Roof Systems. Additional guidance on selecting the
appropriate Vegetated Roof plants for hardiness zones in the Delaware region can be found in
Snodgrass and Snodgrass (2006).

A list of some common Extensive Vegetated Roof plant species that work well in the Delaware
region are provided. Following is a list of varieties that have proven to be the most vigorous and
long-lived on unirrigated Extensive Vegetated Roofs in the Mid-Atlantic and Great Lakes regions.
Large drifts of any single variety should be avoided. Mixtures of succulent and non-succulent
plants will provide the most durable plant communities. The appropriateness for any variety will
depend on the exposure (e.g., sun and wind). Consult an experienced green roof designer for
advice on planting design.

Sedum (all plants in this list were formerly included in the genus Sedum; starred species are
deciduous)

Petrosedum rupestre (specifically var Blue Spruce [aka reflexum Blue Spruce)

Sedum sexangulare

Sedum album

Hylotelephium telephoides *

Hylotelephium matrona *

Hylotelephium cauticola (specifically var Lidakense)

Phedimus kamtschaticus kamtschaticum *

Phedimus kamtschaticus floriferus (specifically var Weihenstephaner Gold)

Phedimus takesimensis

Phedimus spurius (specifically var John Creech or Fuldaglut)

Phedimus hybridus (specifically var Immergruenchen)

Phedimus sichotense

Phedimus ellacombeanus *

Phedimus middendorffianus *

Phedimus aizoon *

(Note: Phedimus species are the most durable and successful succulents in this climate for media
depths of three inches and thicker)
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Achillea millefolium
Allium cernuum

Allium schoenoprasum
Aster (Symphyotrichum) ericoides
Bouteloua curtipendula
Coreopsis grandiflora
Dianthus carthusianorum
Dianthus deltoides
Dianthus arenarius
Hieracium aurantiacum
Festuca glauca

Monarda punctata
Gaillarda pulchella
Phlox subulata
Schizachyrium scoparium
Talinum calycinum
Delosperma nubigenum
Bigelowia nuttallii
Petrorhagia saxifraga
Opuntia compressa
Opuntia humifusa
Phacelia campanularia
Andropogon ternarius
Echinacea purpurea
Eragrostis spectabilis
Festuca longifolia
Festuca ovina
Lespedeza virginica
Penstemmon digitalis
Sporobolus heterolepis

While the exposed conditions associated with Extensive Vegetated Roofs will limit the range of
plants that can be reliably included, Intensive Vegetative Roofs can be tailored to offer hospitable
environments for a much wider variety of plants. In the Mid-Atlantic Region, typical intensive
plant lists may include turf, ornamental grasses and perennials, shrubs, and trees. With proper
design, even facultative and wetland plants can be installed on Intensive Vegetative Roofs.

Plant choices can be much more diverse for Intensive Vegetated Roof systems. Herbs, forbs,
grasses, shrubs and even trees can be used, but designers should understand they have higher
watering, weeding and landscape maintenance requirements than an Extensive system.
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Additional Landscaping Criteria and Notes:

4.8

The species and layout of the landscape plan should reflect the location of building, in terms
of its height, exposure to wind, snow loading, heat stress, orientation to the sun, and shading
by surrounding buildings. In addition, plants should be selected that can 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 landscape
plan should usually include several accent plants to provide diversity and seasonal color. For
a comprehensive resource on Vegetated Roof plant selection, consult Snodgrass and Snodgrass
(2006).

It is also important to note that most Extensive Vegetated Roof plant species will not be native
to the Delaware region (which contrasts with native plant recommendations for other
stormwater practices, such as bioretention and constructed wetlands).

Given the limited number of Vegetated Roof plant nurseries in the region, it is advisable to
determine the lead time for delivery and to have the plant materials contract-grown.
Irrigation is required for Vegetated Roofs for the first year after planting. When
appropriate species are selected, most Extensive Vegetated Roofs in Delaware will not require
supplemental irrigation, except for temporary watering during the first year of establishment.
It is recommended to have a permanent watering or irrigation system for especially dry
conditions. Many manufacturers offer drainage products that have limited water storage
capacity. These may be useful in optimizing irrigation designs for Intensive Vegetated Roofs.
Permanent irrigation is recommended for Intensive Vegetated Roofs. It is recommended to
explore Specification 5.0 Rainwater Harvesting, for irrigation needs to increase water reuse
and stormwater credit.

The planting window extends from the spring to mid-fall, as it is important to allow plants to
root before the first killing frost.

Plants can be established using cuttings, plugs, and mats. Several vendors also sell mats, rolls,
or proprietary pre-vegetated roof planting modules. For the pros and cons of each method, see
Snodgrass and Snodgrass (2006). The minimum plant coverage shall be achieved 24
months after initial planting and maintained throughout the life of the Vegetated Roof.
Where access to roof-top equipment, such as HVAC units is required, non-vegetated pathways
should be provided. Otherwise, repeated foot-falls along the access route will destroy the plant
cover.

Vegetated Roof Construction

Installation. Given the diversity of 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 waterproof membrane, according to manufacturer’s specifications.

Conduct a watertightness test. If flood tests are used place at least 3 inches of water over the
membrane for 72 hours to confirm the integrity of the waterproofing system. Low-voltage
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electrical vector mapping of the membrane may also be used as an alternative or supplemental
construction quality control measure, provided the waterproof membrane is compatible with
the method.

e Add additional system components (e.g., insulation, root barrier, drainage layer and interior
drainage system, and filter fabric), taking care not to damage the waterproof membrane. Drain
collars and protective flashing should be installed to ensure free flow of excess stormwater.

o The growth media should be mixed prior to delivery to the site. Media should be spread evenly
over the filter fabric surface. Planting should occur immediately after placement of media. If
this is not possible (e.g., due to weather or construction delays), the growth media should be
covered until planting to prevent wind erosion and weeds from growing. Sheets of exterior
grade plywood can also be laid over the growing media to accommodate foot or wheelbarrow
traffic, although the traffic should be limited over the growing media to reduce compaction.

e The growing media should be moistened prior to planting, and then planted per the landscape
plan, or in accordance with ASTM E2400. Plants should be watered immediately after
installation and routinely during establishment.

e Irrigation is required for Vegetated Roofs for the first year after planting. Temporary
watering may also be needed beyond the first year if drought conditions persist.

Construction Review. Reviews during construction are needed to ensure that the Vegetated Roof
is built in accordance with these specifications.

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 oversight is needed during several steps of
Vegetated Roof installation. Construction reviews are required during the following stages of
construction, and shall be noted on the plan in the sequence of construction:

e Pre-construction meeting

e During placement of the waterproof membrane, to ensure that it is properly installed and
watertight;

e During placement of the drainage layer and drainage system, to prevent future ponding
water;

e During placement of the growing media, to confirm that it meets the approved plan;

e Upon installation of plants, to ensure they conform to the planting plan;

¢ Final construction review including development of a punch list for facility acceptance.

Post Construction Verification Documentation. Upon facility completion, the owner shall
submit post construction verification documents to demonstrate that the Vegetated Roof has
been constructed within allowable tolerances in accordance with the approved Sediment and
Stormwater Management Plan and accepted by the approving agency. Allowable
tolerances for Vegetated Roofs are as follows:

e Growth media thickness within 15% of design thickness.

e Plant density no less than specified on the planting plan.
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¢ No less than 66% of the total contributing drainage area shall be Vegetated Roof.
The post construction verification shall confirm that temporary or permanent irrigation has
been installed in accordance with the approved plan. Certification of growth media shall be
submitted with post construction verification.

49  Vegetated Roof Maintenance Criteria

Before project completion the Owner shall submit a final post construction stormwater
management Operation and Maintenance Plan for the entire stormwater management
system. Operation and Maintenance Plans remain valid for the life of the stormwater
management system. The Operation and Maintenance Plan will specify the property owner’s
primary maintenance responsibilities and authorize the Department or Delegated Agency staff to
access the property for maintenance review or corrective action in the event that proper
maintenance is not performed.

Maintenance Reviews. Maintenance of Vegetated Roofs is driven by annual maintenance
reviews that evaluate the condition and performance of the practice. Based on maintenance review
results, specific maintenance tasks may be required. A minimum of one maintenance review is
required each year for Vegetated Roofs. Because Vegetated Roofs are living systems on top of
a building, it is recommended that two reviews per year are performed. Maintenance reviews
shall be performed by a qualified reviewer. The completed maintenance review report shall
be sent to the Department or the appropriate Delegated Agency.

Vegetated Roofs must be reviewed at the end of the first 24 months to confirm minimum
vegetated surface cover specified in the Operation and Maintenance Plan has been achieved, and to
look for leaks, drainage problems and any rooftop structural concerns.

Maintenance Operations. Hand weeding is critical throughout the life of the roof, but is especially
important in the first 24 months (see Table 10.1 of Weiler and Scholz-Barth, 2009, for a photo
guide of common rooftop weeds). Timely maintenance, before weeds can go to seed is important
in reducing overall maintenance cost. The Vegetated Roof should be hand-weeded to remove
invasive or volunteer plants, and plants/media should be added to repair bare areas (refer to ASTM
E2400 (ASTM, 2006)).

The use of herbicides, insecticides, and fungicides are to be avoided, since their presence could
hasten degradation of the waterproof membrane. Also, power-washing and other exterior
maintenance operations should be avoided so that cleaning agents and other chemicals do not harm
the Vegetated Roof plants.

Most construction contracts should contain a Care and Replacement Warranty that specifies a 75%
minimum survival after the first 24 months of species planted and a minimum effective vegetative
cover of 75% for flat roofs and 90% for roofs with pitches in excess of 5%.
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It generally takes 12 to 24 months to establish a VVegetated Roof. To achieve biological maturity
(i.e., development of a community of beneficial bacteria, fungi, and micro-invertebrates) and
maximum performance may take 3 to 5 years. Fertilization with N-only fertilizers are encouraged
one or twice a year, until the plant cover is vigorous and root systems well developed. Use a
combination of rapid release (e.g., blood meal) and slow release (e.g., methyl-urea) fertilizers.
Fertilizer additions should be planned to adjust the total N level within the range of 1 and 5 mg/L
(Saturate Media Extraction, or SME). Higher soil concentrations may be required for turf.
Growth media shall be routinely tested for P as part of the Operation and Maintenance Plan.
Phosphorus SME concentrations in excess of 2 mg/L indicate that the Vegetated Roof is becoming
a significant source of P loading in runoff, and potential sources of P additions should be strictly
curtailed. Phosphorous-removing BMPs (e.g., activated alumina or hematite filters) must be
installed for Vegetated Roofs, 24 months and older, with phosphorous concentrations that
are consistently higher than 2 mg/l. After the roofs attain biological maturity, which may take
3 to 5 years, the quantity of fertilizer additions needed to maintain plant nutrition can be reduced,
but not eliminated entirely.

Table 4.5. Typical Maintenance Activities Associated with Vegetated Roofs

Frequency Maintenance Items
e Water to promote plant growth and survival.

As Needed e Replace dead or dying vegetation (may include
transplantation, new plant installation, or distribution of seed
or cuttings..

e Inspect the waterproof membrane flashings for leaking or
cracks.

o Fertilization (annually, or semi-annually, based on soil test.

¢ Hand weeding to remove invasive plants (no digging or using

Semi-Annually pointed tools).

e  Check roof drains, scuppers and gutters to ensure they are not
overgrown or have organic matter deposits. Remove any
accumulated organic matter or debris.

e Replace any dead or dying vegetation.
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Rainwater Harvesting

5.0 Rainwater Harvesting

Definition:

Rainwater Harvesting systems
intercept, divert, store and release
rainfall for future use. Rainwater
that falls onto impervious
surfaces is collected and conveyed
into an above- or below-ground
cistern where it can be used for
non-potable water uses and on-
site  stormwater disposal or
infiltration. Non-potable uses may
include  landscape irrigation,
exterior washing (e.g. car washes,
building facades, sidewalks, street
sweepers, fire trucks, etc.), flushing
of toilets and urinals, fire
suppression  (sprinkler) systems,
supply for chilled water cooling
towers, replenishing and operation

Photo courtesy of Lake County (IL) Stormwater
Management Commission

of water features, distribution to a green wall or living wall system, and laundry.
In many instances, Rainwater Harvesting can be combined with a secondary
stormwater practice to enhance stormwater retention and/or provide treatment of
overflow from the Rainwater Harvesting system. Runoff collected and
temporarily stored in more traditional stormwater management practices
constructed in accordance with the Post Construction Stormwater BMP
Standards and Specifications, such as wet ponds, can also be used for
irrigation purposes to achieve these same goals.

Design variants include:

u S5-A
[ | 5-B

Seasonal Rainwater Harvesting Systems
Continuous Rainwater Harvesting Systems

By providing a renewable source of water to end users, Rainwater Harvesting systems can 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 or groundwater supply, decreased water costs for the end-user,
potential for increased groundwater recharge, etc.).
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5.1 Rainwater Harvesting Stormwater Credit Calculations

The performance credits for Rainwater Harvesting systems are based upon a design prepared in
accordance with the guidelines of Section 5.6. Tables 5.1(a) and 5.1(b) list the credits for retention
and pollutant reduction. If not protected from freezing, Rainwater Harvesting systems must
be taken offline for the winter and credited as seasonal systems.

5.1(a) Seasonal Rainwater Harvesting
Performance Credits*

Runoff Reduction
Retention Allowance 50%
RPv -A/B Soil 50% of Retention Storage
RPv - C/D Sail 50% of Retention Storage
Cv 0%
Fv 0%

Pollutant Reduction

TN Reduction

100%b of Load Reduction

TP Reduction

100%b of Load Reduction

TSS Reduction

100% of Load Reduction

*Includes wet pond storage used for seasonal irrigation purposes.

5.1(b) Continuous Rainwater Harvesting
Performance Credits**

Runoff Reduction

Retention Allowance

75%

RPv -A/B Soil 75% of Retention Storage
RPv - C/D Soil 75% of Retention Storage
Cv 0%
Fv 0%

Pollutant Reduction

TN Reduction

100% of Load Reduction

TP Reduction

100% of Load Reduction

TSS Reduction

100% of Load Reduction

**Includes wet pond storage in conjunction with spray irrigation applied to forested areas.

5-2

Effective February 2019




BMP Standards and Specifications Rainwater Harvesting

5.2  Rainwater Harvesting Practice Summary

Table 5.2 summarizes criteria for Rainwater Harvesting, and Table 5.3 summarizes the materials
specifications for this practice. For more detail on design criteria, consult Sections 5.3 through
5.7. Sections 5.8 and 5.9 describes practice construction and maintenance criteria respectively.

Table 5.2 Rainwater Harvesting Practice Summary

Feasibility Criteria
(Section 5.3)

Designers and plan reviewers shall consult all applicable local, State and Federal
regulations to determine the allowable indoor uses and required treatment for
harvested rainwater.

Pipes and spigots using rainwater must be clearly labeled as non-potable.

The final invert of the outlet pipe from the cistern must be at an elevation that will
not allow water from the discharge point to backflow into the cistern.

In areas where a below-ground cistern will be buried partially below the water
table, buoyancy calculations must be conducted for the empty cistern and special
design features must be employed, as applicable, to secure the cistern.

Cisterns must be installed according to the manufacturer’s specifications.

The bearing capacity of the soil upon which the full cistern will be placed must be
considered.

Cisterns shall be designed to be watertight.

Conveyance Criteria
(Section 5.4)

All conveyance pipes to the cistern, including gutters and downspouts, must be
kept clean and free of sediment, debris and rust.

An overflow mechanism must be included in the Rainwater Harvesting system
design to handle flows that exceed the capacity of the cistern.

Overflow pipes must have a capacity equal to or greater than the total capacity of
the inflow pipes and have a diameter and slope sufficient to drain the cistern before
it reaches full capacity.

The overflow pipe must be screened to prevent access to the cistern by rodents and
birds.

Pretreatment Criteria
(Section 5.5)

Pretreatment is required to keep sediment, leaves, and other debris from the
system.

Small cistern systems of 2,500 gallons or less shall have leaf screens or gutter
guards for pretreatment as a minimum. Large tank systems requires full capture
pretreatment

Large cistern systems of greater than 2,500 gallons shall include a pretreatment
system capable of treating and conveying the flow rate generated by the RPv from
the contributing impervious surface drainage area without creating a backup or
bypass condition.

Cisterns
(Section 5.6)

Rainwater Harvesting Systems shall comply with all applicable local, State, and
Federal regulations.

Above-ground cisterns must be impact resistant or protected from impact using
bollards or other physical barriers.

Below-ground cisterns must be designed to support the overlying soil and any
other anticipated loads.

Below-ground cisterns must have a standard size manhole or equivalent opening
to allow access for cleaning, inspection, maintenance, and repair purposes.
Cisterns must be screened to discourage mosquito breeding and reproduction.

A suitable foundation must be provided to support the cistern when it is filled to
capacity.

Dead storage below the outlet to the distribution system and an air gap at the top
of the cistern must be added to the total volume.
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Any hookup to a municipal backup water supply must have a backflow prevention
device to keep municipal water separate from stored rainwater.

Distribution Systems
(Section 5.6)

The Rainwater Harvesting system must be equipped with an appropriately-sized
pump, if necessary, that produces sufficient pressure for all intended end-uses.

A backflow preventer is required to separate harvested rainwater from the main
potable water distribution lines.

Distribution lines for Continuous Rainwater Harvesting Systems must be buried
beneath the frost line.

A drain plug or cleanout sump, also draining to a pervious area, 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.

Distribution lines and above ground outdoor pipes for Seasonal Rainwater
Harvesting Systems shall be drained or otherwise winter-proofed during the non-
operational period.

Sizing Criteria
(Section 5.6)

For seasonal rainwater harvesting systems, weekly irrigation demand shall be at
least 50% of the stored volume.

For Continuous Rainwater Harvesting Systems, a minimum of 50% of the demand
shall be met through non-irrigation needs, such as plumbing, process water, car
washing, or other uses that are present throughout the year.

Maintenance Access
(Section 5.6)

All Rainwater Harvesting Systems must be designed so as to be accessible to
annual maintenance.
A maintenance right-of-way or easement must extend to the Rainwater
Harvesting System from a public or private road.
Adequate maintenance access must extend toall components of the Rainwater
Harvesting System.
Maintenance access must meet the following criteria:

O Minimum width of fifteen feet.

O Profile grade that does not exceed 10H:1V.

O Minimum 10H:1V cross slope.

Landscaping Criteria
(Section 5.7)

If the harvested rainwater is to be used for irrigation, the design plan must include
the delineation of the proposed planting areas to be irrigated and quantification of
the expected water demand based upon the area to be irrigated.

Construction Criteria
(Section 5.8)

Rainwater Harvesting system components connecting to the internal plumbing
system shall be installed by a licensed plumber
Construction reviews are required during the following stages of construction, and
shall be noted on the plan in the sequence of construction
0 Pre-construction meeting
o Initial site preparation including installation of erosion and sediment
controls
0 Excavation and grading including interim and final elevations for
cistern foundations
o Installation of cistern, pretreatment system and conveyance system
0 Implementation of required stabilization
o Final construction review including development of a punch list for
facility acceptance
Upon facility completion, the owner shall submit post construction verification
documents to demonstrate that the rainwater harvesting practice has been
constructed in accordance with the approved Sediment and Stormwater
Management Plan and accepted by the approving agency. Items to be checked
and verified are as follows
0 Presence of a pretreatment device
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Construction Criteria
(Section 5.8)
cont.

o0 Capacity of any cisterns matches the design plan

o For ponds, the constructed volume shall be no less than 90% of the
design volume.

o For continuous systems, all pumps, controls, and other appurtenances
installed in accordance with the plan

o Forirrigation systems, area of coverage is within ninety percent of that
shown on the plan

Maintenance Criteria
(Section 5.9)

Before project completion the Owner shall submit a final post construction
stormwater management Operation and Maintenance Plan for the entire
stormwater management system. Operation and Maintenance Plans remain valid
for the life of the stormwater management system

Operation and Maintenance Plans shall clearly outline how Rainwater Harvesting
Systems will be managed taking into account seasonal variations and cistern
location

Rainwater Harvesting Systems that are, or will be, owned and maintained by a
joint ownership such as a homeowner’s association must be located in common
areas, community open space, community-owned property, jointly owned
property, or within a recorded easement dedicated to public use

Table 5.3. Material Specifications for Rainwater Harvesting systems

ltem

Specification

Pipes, Gutters
and Downspouts

Common conveyance materials for non-roof runoff include concrete, HDPE, PVC,
aluminum and galvanized steel

Common roof runoff conveyance materials: polyvinylchloride (PVC) pipe, vinyl,
aluminum and galvanized steel

Recommended roof runoff conveyance materials: aluminum, round-bottom gutters
and round downspouts

Lead should not be used as gutter and downspout solder, since rainwater can dissolve
the lead and contaminate the water supply

Cisterns

Cisterns must be structurally sound, watertight, and sealed using a water-safe,
non-toxic material.

Re-purposed tanks used to store rainwater for reuse must be acceptable for
potable water or food-grade products.

Above-ground cisterns must be UV resistant and opaque to prevent the growth
of algae in the tank.

Below-ground cisterns shall be located below the frost line.

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

5.3  Rainwater Harvesting Feasibility Criteria

A number of site-specific features influence how Rainwater Harvesting systems are designed
and/or utilized. These should not be considered comprehensive and conclusive considerations, but
rather some recommendations that should be considered during the process of planning to
incorporate Rainwater Harvesting systems into the site design. The following are key
considerations for Rainwater Harvesting feasibility:

Requirement for Water Allocation Permit. Wet Ponds used for rainwater harvesting may be
subject to regulations under the Department’s Water Supply Section. In general, if the facility
withdraws water from groundwater sources it would need a permit if certain thresholds are
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exceeded. Designers are advised to contact the DNREC Water Supply Section for additional
information regarding possible permitting requirements.

Water Reuse. Harvested rainwater may be used for non-potable uses. This specification does not
address indoor plumbing or disinfection issues. Designers and plan reviewers shall consult all
applicable local, State and Federal regulations to determine the allowable indoor uses and
required treatment for harvested rainwater. Pipes and spigots using rainwater must be
clearly labeled as non-potable.

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. Cisterns can be placed below-ground, indoors, on
rooftops that are structurally designed to support the added weight, and adjacent to buildings.
Designers can work with architects and landscape architects to creatively site the cistern.
Underground utilities or other obstructions should always be identified prior to final determination
of the cistern location. When the rainwater harvesting system occurs on a private residential lot,
its existence and purpose should be noted on the deed of record.

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 outlet pipe from the cistern must be at an elevation that will not allow
water from the discharge point to backflow into the cistern. 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 convey runoff from impervious surfaces and roofs of buildings to
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 conveyance systems with flatter slopes.
However, this will also reduce the amount of pumping needed for distribution. It is often best to
locate a cistern close to the impervious source, ensuring that minimal conveyance lengths are
needed.

Available Hydraulic Head. The necessary hydraulic head depends on the intended use of the water.
For residential landscaping uses, the cistern should 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. Below-ground cisterns are most appropriate in areas where the cistern can be buried
above the water table. The cistern should be located in a manner that will not subject it to flooding.
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In areas where a below-ground cistern will be buried partially below the water table,
buoyancy calculations must be conducted for the empty cistern and special design features
must be employed, as applicable, to secure the cistern. The cistern may need to be secured
appropriately with fasteners or weighted to avoid uplift buoyancy. Cisterns must be installed
according to the manufacturer’s specifications.

Soils. 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 full cistern will be placed must be
considered. 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
base, may be appropriate depending on the soils. The pH of the soil should also be considered in
relation to its interaction with the cistern material.

Cold Climate Considerations. Rainwater Harvesting systems have a number of components that
can be impacted by freezing winter temperatures. Designers should give careful consideration to
these conditions to prevent system damage and costly repairs. For above-ground systems, winter-
time operation may be more challenging, depending on cistern size and whether heat tape is used

on piping.

Proximity of Underground Utilities. Rainwater harvesting system components should be sited to
account for future maintenance of underground utilities in accordance with the utility owner’s
requirements. See Appendix 8 Stormwater Facility Setbacks for recommended separation
distances for utilities.

Contributing Drainage Area. The contributing drainage area (CDA) to the cistern is the impervious
area draining to the cistern. Areas of any size, including portions of drainage areas, can be used
based on the sizing guidelines in this design specification. Runoff should be routed directly from
impervious surfaces 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.

Water Quality of Harvested Rainwater. The quality of the harvested rainwater will vary according
to the impervious surface over which it flows. Water harvested from certain types of rooftops, such
as asphalt sealcoats, tar and gravel, painted roofs, galvanized metal roofs, sheet metal or any
material that may contain ashbestos may leach trace metals and other toxic compounds. In general,
harvesting rainwater from such roofs should be avoided. If a sealant or paint roof surface is
desired, it is recommended to use one that has been certified for such purposes by the National
Sanitation Foundation (ANSI/NSF standard).

Chemicals, sealants, salts or other potential pollutants that may be applied to impervious surfaces
should be considered prior to reuse or irrigation of harvested rainwater. Collection systems from
non-rooftop sources should include pretreatment to remove sediment and hydrocarbons that may
be present on driving surfaces. Acidic rainfall may result in leaching of metals from the roof
surface, cistern lining or water laterals to interior connections. Limestone or other materials may
be added in the cistern to buffer acidity, following the results of a pH test, if desired.
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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. In some cases, however, industrial roof surfaces may also be designated as stormwater
hotspots. Runoff from roof surfaces that may be contaminated should not be collected for reuse
without first evaluating the effect that the pollutants in the runoff will have on the reuse system.

Setbacks from Buildings. Cistern overflow devices should be designed to avoid causing ponding
or soil saturation within 10 feet of building foundations. Cisterns shall be designed to be
watertight. See Appendix 8 Stormwater Facility Setbacks for recommended setbacks if located
outside of building.

Vehicle Loading. Whenever possible, below-ground Rainwater Harvesting systems should be
placed in areas without vehicle traffic or be designed to support live loads from heavy trucks, a
requirement that may significantly increase construction costs.

Cistern Material. Rainwater Harvesting systems may be ordered from a manufacturer or can be
constructed on site from a variety of materials. Table 5.4 below compares the advantages and

disadvantages of different cistern materials.

Table 5.4. Advantages and Disadvantages of Various Cistern Materials

(Source: Cabell Brand Center, 2007; Cabell Brand Center, 2009)

Material Advantages Disadvantages
mmerciall vailabl Iterabl n . .
Comme c.a y ava ?b €. alte a}b ¢ a d Should be installed on smooth, solid, level
. moveable; durable with little maintenance; _

Fiberglass - A e ' | footing; pressure proof for below-ground

light weight; integral fittings (no leaks); | . L L .
S installation; expensive in smaller sizes

broad application
Commerm.ally ‘%Va"ab_'e' al_terable, movegble: Can be UV-degradable; should be painted or
affordable; available in wide range of sizes; | . - S

Polyethylene tinted for above-ground installations;

can install above or below ground; little
maintenance; broad application

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 water tight
membrane during construction

Plastic Barrels

Commercially available; inexpensive

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

Aluminized Steel

Commercially available; designs for above-
and below-ground applications; aluminum
alloy layer protects from corrosion; long
service life

May need to be lined for potable use; soil pH
may reduce service life

Small storage capacity; prone to corrosion,

Commercially available, alterable and | and rust can lead to leaching of metals; verify
Steel Drums . . :
moveable prior to reuse for toxics; water pH and soil
pH may also limit applications
Durable and immoveable; suitable for above-
FerroConcrete | or below-ground installations; Potential to crack and leak; expensive
neutralizes acid rain
. Durable, immoveable, versatile; suitable for | Potential to crack and leak; permanent;
Cast in Place . S - .
Concrete above- or below-ground installations; | provide adequate platform and design for

neutralizes acid rain

placement in clay soils
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Stone or Durable and immoveable; keeps water cool in
Concrete Block | summer months
Commercially available; can create very large
Steel Reinforced | cisterns (greater than 100,000 gallons); long
Polyethylene service life; can support high cover and
shallow burial depths

Difficult to maintain; expensive to build

Not available for above-ground applications

54 Rainwater Harvesting Conveyance Criteria

Collection and Conveyance. The collection and conveyance system consists of the gutters,
downspouts and pipes that channel rainfall into cisterns. Roof 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.

Conveyance pipes to the cistern should have adequate size and slope to convey the necessary
stormwater runoff and keep them clear of debris. 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. All conveyance pipes to the cistern, including gutters and
downspouts, must be kept clean and free of sediment, debris and rust.

Overflow. An overflow mechanism must be included in the Rainwater Harvesting system
design to handle flows that exceed the capacity of the cistern. Overflow pipes must have a
capacity equal to or greater than the total capacity of the inflow pipes and have a diameter
and slope sufficient to drain the cistern before it reaches full capacity. The overflow pipe
must be screened to prevent access to the cistern by rodents and birds.

5.5  Rainwater Harvesting Pretreatment Criteria

Pretreatment is required to keep sediment, leaves, and other debris from the system.
Minimum pretreatment requirements differ between small and large cistern systems. All
pretreatment devices should be low-maintenance or maintenance-free. The purpose of
pretreatment is to significantly cut down on maintenance by preventing organic buildup in the
cistern, thereby decreasing microbial food sources.

Small Cistern Rainwater Harvesting Systems. Small cistern systems of 2,500 gallons or less
shall have leaf screens or gutter guards for pretreatment as a minimum. Leaf screens and
gutter guards should be regularly cleaned to be effective; if not maintained, they can become
clogged and prevent rainwater from flowing into the cistern. Built-up debris can also harbor
bacterial growth within gutters or downspouts (TWDB, 2005). Other acceptable pretreatment
devices for small cistern systems include:

e First Flush Diverters: First flush diverters 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
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contaminants such as dust, pollen and bird and rodent feces (Figure 5.2). Simple first flush
diverters require active management, by draining the first flush water volume to a pervious

area following each rainstorm.

e Roof Washers: Roof washers are placed just ahead of cisterns and are used to filter small
debris from rainwater harvested from roof surfaces (Figure 5.3). Roof washers consist of a
tank, 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 should be cleaned on a regular basis.

[rilest
~irst
flush
chamber Cutlet
|

Hose 7
bibh % Y _ Clean-out
drip plug

&

inlst

Baffle
Remavahle filter

bl N

Cutlet

Figure 5.2. First Flush Diverter
(Source: TWRB, 2005)

Figure 5.3. Roof Washer

(Source: TWRB, 2005)

Large Cistern Rainwater Harvesting Systems. Large cistern systems of greater than 2,500
gallons shall include a pretreatment system capable of treating and conveying the flow rate
generated by the RPv from the contributing impervious surface drainage area without

creating a backup or bypass condition.

e Proprietary vortex devices and filters can provide filtering of harvested rainwater from larger

impervious areas.

5.6  Rainwater Harvesting Design Criteria

System Components:
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Rainwater Harvesting systems typically include the following components

= Impervious surface

= Collection and conveyance system (e.g., gutter and downspouts, storm drain)
» Pretreatment

= Cisterns

= Distribution system

= QOverflow, filter path or secondary stormwater retention practice

The system components are discussed below:

1. Impervious Surface: Only runoff from impervious surfaces should be collected for
reuse on the site. Collection of runoff from roofs and sidewalk areas are preferred over
roads, driveways and parking lots because runoff from these areas requires less
pretreatment prior to reuse on the site. Runoff from impervious surfaces that are treated
with salt or other chemicals detrimental to plant health should not be reused on site for
landscape irrigation. When collecting runoff from roofs, the rooftop should be made of
smooth, non-porous material with efficient drainage either from a sloped roof or an
efficient roof drain system. Slow drainage of the roof leads to poor rinsing and a prolonged
first flush, which can decrease water quality.

2. Collection and Conveyance System: Runoff collected from impervious areas should be
conveyed to the cistern in a closed pipe conveyance system to prevent further
contamination of the runoff. Roof gutters and downspouts should be designed as they
would for a building without a Rainwater Harvesting system. If the system will be used for
management of larger storm events, the conveyance pipes should be designed to convey
the appropriate storm intensities. Pipes connecting downspouts to the cistern should be at
a minimum slope of 1.5% and sized/designed to convey the intended design storm, as
specified above. See Section 5.4. Rainwater Harvesting Conveyance Criteria.

3. Pretreatment: Pretreatment is required to keep sediment, leaves, contaminants and
other debris from the system. Minimum pretreatment requirements differ between small
and large cistern systems. All pretreatment devices should be low-maintenance or
maintenance-free. The purpose of pretreatment is to significantly cut down on maintenance
by preventing organic buildup in thecistern, and decrease microbial food sources, thereby
improving the quality of the stored water resource. Leaf screens and gutter guards meet
the minimal requirement for pretreatment of small cistern systems (less than 2,500 gallons),
although direct water filtration is preferred. For large cistern systems (greater than 2,500
gallons), should include a full-capture pretreatment system capable of treating and
conveying the flow rate generated by the Resource Protection event from the contributing
impervious surface drainage area. A design intensity of 1.2 inches/hour is necessary to
capture the Resource Protection event. See Section 5.5. Rainwater Harvesting
Pretreatment Criteria.

4. Cisterns: The cistern is the most important and typically the most expensive component
of a Rainwater Harvesting system. Cistern capacities range from 250 to over 30,000
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gallons. Multiple cisterns can be placed adjacent to each other and connected with pipes to
balance water levels and increase overall storage on-site as 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 credit
objectives, as described in further detail below in this specification.

While many graphics and photos depict cisterns with a cylindrical shape, the cistern can be
made of many materials and configured in various shapes, depending on the type used and
the site conditions where the cistern will be installed. For example, configurations can be
rectangular, L-shaped, or step vertically to match the topography of a site. The following
factors that must be considered when designing a Rainwater Harvesting system and
selecting a cistern:

= Rainwater Harvesting Systems shall comply with all applicable local, State, and
Federal regulations.

= Above-ground cisterns must be impact resistant or protected from impact using
bollards or other physical barriers.

= Below-ground cisterns must be designed to support the overlying soil and any
other anticipated loads (e.g., vehicles, pedestrian traffic, buoyancy, etc.).

= Below-ground cisterns must have a standard size manhole or equivalent opening
to allow access for cleaning, inspection, maintenance, and repair purposes. This
access point should be secured or locked to prevent unwanted access.

= Rainwater Harvesting systems may be ordered from a manufacturer or can be
constructed on site from a variety of materials. Table 5.4 in 5.3 Rainwater Harvesting
Feasibility Criteria compares the advantages and disadvantages of different cistern
materials.

= Cisterns must be screened to discourage mosquito breeding and reproduction.

= A suitable foundation must be provided to support the cistern when it is filled to
capacity.

= Dead storage below the outlet to the distribution system and an air gap at the top
of the cistern must be added to the total volume. For gravity-fed systems, a minimum
of 6 inches of dead storage should be provided. For systems using a pump, the dead
storage depth should 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.

5. 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 must be equipped with an appropriately-sized
pump, if necessary, that produces sufficient pressure for all intended end-uses.
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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. When water is drawn out of the pressure tank, the pump activates
to supply additional water to the distribution system. A backflow preventer is required
to separate harvested rainwater from the main potable water distribution lines.

Distribution lines for Continuous Rainwater Harvesting Systems must 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, also draining to a pervious area, 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. Distribution lines and above-ground outdoor pipes for Seasonal Rainwater
Harvesting Systems shall be drained or otherwise winter-proofed during the non-
operational period.

Rainwater Harvesting Material Specifications: Gutters and downspouts used to convey roof
runoff to the cistern may be composed of polyvinylchloride (PVC) pipe, vinyl, aluminum and
galvanized steel. Lead may not be used as gutter and downspout solder, due to the possibility of
contamination of runoff. Common conveyance materials for non-roof runoff include concrete,
HDPE, PVC, aluminum and galvanized steel.

Cisterns must be structurally sound, watertight, and sealed using a water-safe, non-toxic
material. Re-purposed tanks used to store rainwater for reuse must be acceptable for
potable water or food-grade products. Above-ground cisterns must be UV resistant and
opaque to prevent the growth of algae in the tank. Below-ground cisterns shall be located
below the frost line.

The basic material specifications for Rainwater Harvesting systems are presented in Table 5.3.
Designers should consult with experienced Rainwater Harvesting system and irrigation installers
on the choice of recommended manufacturers of prefabricated cisterns and other system
components.

Sizing of Rainwater Harvesting Systems

Size the cistern to meet the required runoff reduction volume generated from the contributing
drainage area based on the Resource Protection Event. However, any storage provided in a
Rainwater Harvesting system, either not meeting or exceeding the RPv volume, will be accounted.
In addition, the designer needs to consider both the water supply (i.e., runoff volume) and the
demand (i.e., the irrigation and other water use needs). The water demand component is critical,
and the designer needs to determine both how much water is needed, and whether that demand is
seasonal or throughout the year. Even though more intense rainfall typically occurs during the
growing season, it is desirable to use at least a portion of the volume in the cistern throughout the
year.

Seasonal Rainwater Harvesting Systems:
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In the Seasonal Rainwater Harvesting System design, water demand is for landscape irrigation,
and occurs only during the growing season. For seasonal rainwater harvesting systems, weekly
irrigation demand shall be at least 50% of the stored volume.

Continuous Rainwater Harvesting Systems:

For Continuous Rainwater Harvesting Systems, a minimum of 50% of the demand shall be
met through non-irrigation needs, such as plumbing, process water, car washing, or other
uses that are present throughout the year.

Maintenance Access. All Rainwater Harvesting Systems must be designed so as to be
accessible for maintenance. Good access is needed so crews can remove sediments, make repairs
and preserve infiltration practice treatment capacity.
0 A maintenance right-of-way or easement must extend to the Rainwater Harvesting
System from a public or private road.
0 Adequate maintenance access must extend to all components of the Rainwater
Harvesting System.
0 Maintenance access must meet the following criteria:
=  Minimum width of fifteen feet.
= Profile grade that does not exceed 10H:1V.
=  Minimum 10H:1V cross slope.

Local ordinances and design criteria should be consulted to determine minimum setbacks to
property lines. When not specified in local code, all components of the Rainwater Harvesting
System should be set back at least 15 feet from property lines to ensure maintenance access.

5.7 Rainwater Harvesting Landscaping Criteria

If the harvested rainwater is to be used for irrigation, the design plan must include the
delineation of the proposed planting areas to be irrigated and quantification of the expected
water demand based upon the area to be irrigated. Native plants are recommended for the
planting plan as they will best tolerate dry periods and will not require supplemental irrigation
from another water source. Calculations to determine expected irrigation demand may be
completed in accordance with the procedure provided in U.S. Green Building Council’s document
“LEED for Homes Rating System”, January 2008.

5.8  Rainwater Harvesting Construction

Rainwater Harvesting Installation. It is advisable to have a single contractor to install the
Rainwater Harvesting system, outdoor irrigation system and secondary runoff reduction practices.
The contractor should be familiar with Rainwater Harvesting system sizing, installation, and
placement. Rainwater Harvesting system components connecting to the internal plumbing
system shall be installed by a licensed plumber.

A standard construction sequence for proper Rainwater Harvesting system installation is provided
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below. This can be modified to reflect different Rainwater Harvesting system applications or
expected site conditions.

1. Properly install the cistern at the design location.

2. Route all downspouts, roof drains, and conveyance pipes to pretreatment devices.

3. Route all pipes from pretreatment devices to the cistern.

4. Install the pump (if needed) and piping to end-uses (indoor, outdoor irrigation, or tank
dewatering release). Test system for proper function.

5. Flush roof drains, downspouts, conveyance pipes and cistern.

6. Stormwater should not be allowed to overflow until the overflow filter path has been stabilized

with vegetation.

Construction reviews are required during the following stages of construction, and shall be
noted on the plan in the sequence of construction:

Pre-construction meeting

Initial site preparation including installation of erosion and sediment controls
Excavation and grading including interim and final elevations for cistern foundations
Installation of cistern, pretreatment system and conveyance system

Implementation of required stabilization

Final construction review including development of a punch list for facility
acceptance

Construction Inspection. The following items should be inspected prior to final sign-off and
acceptance of a Rainwater Harvesting system:

Collected impervious area matches plans

Diversion system is installed in accordance with the plan

Pretreatment system is installed

Mosquito screens are installed on all cistern openings

Overflow device is directed as shown on plans

Rainwater Harvesting system foundation is constructed as shown on plans

Catchment area and overflow area are stabilized

Landscape / lawn irrigation system and/or secondary stormwater treatment practice(s) is
installed as shown on plans

e Piping to reuse system constructed as designed on the plan

Post Construction Verification Documentation. Upon facility completion, the owner shall
submit post construction verification documents to demonstrate that the rainwater
harvesting practice has been constructed in accordance with the approved Sediment and
Stormwater Management Plan and accepted by the approving agency. Items to be checked
and verified are as follows:

e Presence of a pretreatment device.
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e Capacity of any cisterns matches the design plan.

e For ponds, the constructed volume shall be no less than 90% of the design volume.

e For continuous systems, all pumps, controls, and other appurtenances installed in
accordance with the plan.

e For irrigation systems, area of coverage is within ninety percent of that shown on the
plan.

5.9 Rainwater Harvesting Maintenance Criteria

Maintenance Agreements

Before project completion the Owner shall submit a final post construction stormwater
management Operation and Maintenance Plan for the entire stormwater management
system. Operation and Maintenance Plans remain valid for the life of the stormwater
management system.

The Operation and Maintenance Plan will specify the property owner’s primary maintenance
responsibilities and authorize the Department or Delegated Agency staff to access the property for
maintenance review or corrective action in the event that proper maintenance is not performed.

Operation and Maintenance Plans shall clearly outline how Rainwater Harvesting Systems
will be managed taking into account seasonal variations and cistern location. Maintenance of
a Rainwater Harvesting Systems is driven by annual maintenance reviews that evaluate the
condition and performance of the system. Based on maintenance review results, specific
maintenance tasks may be required. It is highly recommended that periodic self-inspections and
maintenance be conducted for each system as well.

Rainwater Harvesting System 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 5.5
describes routine maintenance tasks to keep Rainwater Harvesting systems in working condition.
Inspections of proprietary components of the Rainwater Harvesting system should be conducted
by a qualified inspector as determine by the manufacturer.

Table 5.5. Suggested maintenance items for Rainwater Harvesting systems

Freguency Maintenance ltems
Twice a year Keep gutters, downspouts, and conveyance pipes free of leaves and
other debris
Four times a year Inspect and clean pretreatment devices
Once a year Inspect and clean cistern lids, paying special attention to vents and

screens on inflow and outflow spigots. Check mosquito screens and
patch holes or gaps immediately

Once a year Inspect condition of overflow pipes, overflow filter path and/or
secondary stormwater treatment practices
Every third year Inspect cistern for sediment buildup
Every third year Check integrity of backflow preventer
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Every third year Inspect structural integrity of cistern, pump, pipe and electrical system
As needed Replace damaged or defective system components
As needed Clear overhanging vegetation and trees over impervious surface

Mosquitoes. In some situations, poorly designed Rainwater Harvesting systems can create habitat
suitable for mosquito breeding and reproduction. Screens on above- and below-ground cisterns
may prevent mosquitoes and other insects from entering the cisterns. However, 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.

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 the former roof leader systems for the winter.

For below-ground and indoor systems, downspouts and overflow components should be checked
for ice blockages during snowmelt events.
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6.0 Restoration Practices

Definition:  Restoration Practices
include Regenerative
Stormwater Conveyance
Systems (RSCS), also
known as Coastal Plain
Outfalls, and other
practices that restore
existing degraded
natural systems to their
former functional
condition. Streambank
stabilization is also
included as a
Restoration Practice.

Photo: Hala Flores, Anne Arundel Co., MD

Regenerative Stormwater Conveyance Systems (RSCS) are open-channel conveyance structures
that convert, through attenuation ponds and a sand seepage filter, surface storm flow to shallow
groundwater flow. In doing so, these systems safely convey, attenuate, and treat the quality of
stormwater runoff. These structures utilize a series of constructed shallow aquatic pools, riffle
grade control, native vegetation, and an underlying sand/woodchip mix filter bed media. The
physical characteristics of the RSCS channel are best characterized by the Rosgen A or B stream
classification types, where “bedform occurs as a step/pool, cascading channel which often stores
large amounts of sediment in the pools associated with debris dams” (Rosgen, 1996). The
pretreatment, recharge, and water quality sizing criteria presented in these guidelines are similar
to criteria for a typical stormwater filtering device. These structures feature surface/subsurface
runoff storage seams and an energy dissipation design that is aimed at attenuating the flow to a
desired level through energy and hydraulic power equivalency principles.

Streambank stabilization includes bioengineering techniques as well as structural solutions to
abate the mass wasting of soil as a result of the movement of water. Despite the name, many of
these practices can be used to stabilize shorelines as well as streambanks.

Design variants fnclude:
[ | 6-A Step Pool RSCS

[ | 6-B Seepage Wetland RSCS
[ 6-C Streambank Stabilization
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Figure 6.2 Example of a Seepage Wetland RSCS
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6.1 Restoration Practices Credit Calculations

The performance of Restoration Practices from both a runoff reduction and pollutant reduction
standpoint is highly dependent on the design and site characteristics for a given application;
therefore, runoff reduction and pollutant reduction performance credits for Restoration
Practices shall be determined by the Department on a case-by-case basis until more data
becomes available.

6.1 Restoration Practices Performance Credits

Runoff Reduction
Retention Allowance | TBD on Case-by-Case Basis
RPv -A/B Soil TBD on Case-by-Case Basis
RPv - C/D Saoll TBD on Case-by-Case Basis
Cv TBD on Case-by-Case Basis
Fv TBD on Case-by-Case Basis
Pollutant Reduction
TN Reduction TBD on Case-by-Case Basis
TP Reduction TBD on Case-by-Case Basis
TSS Reduction TBD on Case-by-Case Basis
6-3

Effective February 2019



BMP Standards and Specifications Restoration Practices

6.2  Restoration Practices Design Criteria

The design of Regenerative Stormwater Conveyance Systems and Streambank Stabilization
Practices requires specialized knowledge and skills. However, some general awareness of these
systems and how they function may be helpful in evaluating potential applications for this practice.

As of this date, the best available design criteria for Regenerative Stormwater Conveyance
Systems have been developed by Anne Arundel County, Maryland. Design Guidelines for
Regenerative Step Pool Storm Conveyance, latest edition, developed by Anne Arundel County,
Maryland may be used as the primary design tool for Step Pool RSCS and Seepage Wetland RSCS
variants. This document is frequently updated. Therefore, designers are advised to check Anne
Arundel County’s Website to see if a newer version has been released prior to initiating a proposed
design.

The USDA Natural Resources Conservation Service (NRCS) latest design guidance for
streambank and shoreline protection in Chapter 16 of its Engineering Field Handbook may be used
as the primary design tool for the Streambank Stabilization variant. This chapter is included as
Design Guide 3 in the Delaware Erosion & Sediment Control Handbook.

6.3 Restoration Practices Construction Criteria

Upon facility completion, the owner shall submit post construction verification documents
to demonstrate that the restoration practice has been constructed within allowable
tolerances in accordance with the approved Sediment and Stormwater Management Plan
and accepted by the approving agency.
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6.4 References
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7.0  Rooftop Disconnection

Definition:  Rooftop Disconnection
involves managing runoff
close to its source by
intercepting, infiltrating,
filtering, treating, or reusing
it as it moves from the
rooftop to the drainage
system. Rooftop
Disconnection can reduce
the volume of runoff that
enters the combined or
separate storm sewer
systems.

Photo courtesy of Montgomery County, Maryland

Rooftop Disconnection reduces a portion of the Resource Protection Volume (RPv). In order to
meet requirements for larger storm events, Rooftop Disconnection should be combined with
additional practices. There are no additional variants for this practice.
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Figure 7.1 Simple Rooftop Disconnection
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7.1 Rooftop Disconnection Stormwater Credit Calculations

Rooftop Disconnection that meets the minimum full disconnection length shall receive the
following annual runoff reduction and pollutant reduction credits (see Table 7.1 and Table
7.3). Partial RPv runoff reduction credit shall be based on the ratio of the disconnection
length provided to the full disconnection length. For example, if the disconnection length
provided is half the minimum full disconnection length shown in Table 7.3, the RPv runoff
reduction credit would be 50%. Pollutant reduction credits are based upon the load reduced
through runoff reduction.

Table 7.1 Rooftop Disconnection Performance Credits

Runoff Reduction
Retention Allowance 0%
RPv 100% Annual Runoff Reduction*
Cv 10% of RPv Allowance
Fv 1% of RPv Allowance
Pollutant Reduction
TN Reduction 100% of Load Reduction
TP Reduction 100% of Load Reduction
TSS Reduction 100% of Load Reduction

*Based on meeting full disconnection length shown in Table 7.3.
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7.2 Rooftop Disconnection Practice Summary

Table 7.2 summarizes the various criteria for Rooftop Disconnection.

Table 7.2 Rooftop Disconnection Practice Summary

Feasibility Criteria
(Section 7.3)

Minimum disconnection width = 15ft.

5 foot transition section from downspout point of
discharge to beginning of disconnection area.

If used as RPv credit in residential subdivision, Record
Plan shall include a note identifying Rooftop
Disconnection as a BMP.

Max. 25% slope on disconnection area.

All soil types eligible.

Max. 1,000 sq. ft. roof area per downspout.
Receiving area graded away from structure per local
requirements.

Conveyance Criteria
(Section 7.4)

Safely convey RPv, Cv, and Fv over receiving area
without causing erosion.
Provide turf reinforcement or other measures as necessary.

Pretreatment Criteria
(Section 7.5)

Downspout energy dissipater required at discharge
point of downspout.

Design Criteria
(Section 7.6)

Maximum 1,000 sq. ft. rooftop per disconnection.

Full disconnection length above C&D Canal = 75°.

Full disconnection length below C&D Canal = 60°.

No imperviousness within disconnection area.
Disconnection area vegetatively stabilized for non-
erosive condition.

Use sensitive area protection to prevent compaction during
construction.

Landscaping Criteria
(Section 7.7)

All pervious disconnection areas receiving rooftop
runoff shall be vegetatively stabilized to prevent
erosion or transport of sediment to receiving practices
or drainage systems.

Construction Criteria
(Section 7.8)

The post construction verification for Rooftop
Disconnection shall visually verify that no impervious
surface exists within the rooftop disconnection area.

Maintenance Criteria
(Section 7.9)

The Sediment and Stormwater Plan shall include the
following operation and maintenance notes for Rooftop
Disconnection:
o The rooftop disconnection area shall be
maintained in a stabilized vegetative condition.
o Commercial or common-area parcels shall
ensure that downspouts remain disconnected
and pervious filtering/infiltrating areas are not
converted to impervious surface or disturbed.
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7.3 Rooftop Disconnection Feasibility Criteria

Rooftop Disconnection is ideal for use on commercial, institutional, municipal, multi-family
residential, and single-family residential buildings. Key constraints with Rooftop Disconnection
include available space, soil permeability, and soil compaction. For Rooftop Disconnection, the
following feasibility criteria exist:

Required Space. Regardless of rooftop area collected the available pervious disconnection
area at the point of discharge for any downspout must be at least 15 feet wide. A S foot long
transition section from the downspout point of discharge shall be provided prior to the
beginning of the disconnection area. The pervious disconnection area length may be decreased
as needed to achieve partial runoff reduction credit. If being used for RPv credit in a residential
subdivision, a Record Plan shall include a note identifying Rooftop Disconnection as a BMP.
A sample Record Plan note is as follows: “A minimum unobstructed pervious, vegetated area of
fifteen feet wide should be provided at each downspout conveying rooftop runoff to allow for
runoff reduction.”

Site Topography. Rooftop Disconnection is best applied when the grade of the receiving pervious
area is on relatively low gradient. The disconnection area shall have a maximum slope of 25%.
Turf reinforcement or other stabilization measures may include appropriate reinforcing materials
that are confirmed by the designer to be non-erosive for the specific characteristics and flow rates
anticipated at each individual application, and acceptable to the plan approving authority.

Soils. Rooftop Disconnection can be used on any post-construction Hydrologic Soil Group.

Contributing Drainage Area. The maximum impervious rooftop area treated may not exceed
1,000 sq. ft. per downspout.

Receiving Area. Receiving area shall be graded away from the structure per local
requirements.

7.4  Rooftop Disconnection Conveyance Criteria

Rooftop Disconnection areas shall be designed to safely convey all design storm events (RPv,
Cv, and Fv) over the receiving area without causing erosion. In some applications, turf
reinforcement matting or other appropriate reinforcing materials may be needed to prevent erosion
of the pervious area anticipated during larger design storms.

7.5 Rooftop Disconnection Pretreatment Criteria
Pretreatment is not needed for Rooftop Disconnection; however, a transition area should be

provided between the downspout discharge point and the disconnection area. A downspout
energy dissipater shall be located at the discharge point of the downspout.
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7.6  Rooftop Disconnection Design Criteria

The maximum impervious rooftop area treated shall not exceed 1,000 sq. ft. per downspout.
Regardless of rooftop area collected the available pervious disconnection area at the point of
discharge for any downspout must be at least 15 feet wide. A S foot long transition section
from the downspout point of discharge shall be provided prior to the beginning of the
disconnection area. The minimum full disconnection lengths shall be as follows (see Table
7.3):

Table 7.3 Minimum Full Rooftop Disconnection Lengths

Disconnection
Length (ft.)
Above C&D Canal 75
Below C&D Canal 60

Partial RPv runoff reduction credit shall be based on the ratio of the disconnection length
provided to the full disconnection length. Impervious areas shall not be constructed within
the area designated as the pervious rooftop disconnection area. The pervious rooftop
disconnection area must be stabilized with vegetation for a non-erosive condition (see Table
7.4).

During site construction, care should be taken not to compact the receiving pervious area. To help
prevent soil compaction, heavy vehicular and foot traffic should be kept out of the receiving
pervious area both during and after construction. This can be accomplished by clearly delineating
the pervious areas to receive disconnected runoff on all development plans and protecting them in
accordance with sensitive area protection details prior to the start of land disturbing activities. If
compaction within the rooftop disconnection area occurs, the soils may be amended or aerated
post-construction to increase permeability.

7.7 Rooftop Disconnection Landscaping Criteria

All pervious disconnection areas receiving rooftop runoff shall be vegetatively stabilized to
prevent erosion or transport of sediment to receiving practices or drainage systems. Several
types of grasses appropriate for Rooftop Disconnection areas are listed in Table 7.4. The
maximum flow velocities should not exceed the values listed in the table for the selected grass
species and the specific site slope.
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Table 7.4. Recommended Vegetation for Pervious Disconnection Areas.

Vegetation Type Slope (%) Maximum Velocity (ft/s)
Erosion resistant soil Easily Eroded Soil
Kentucky 0-5 7 5
Bluegrass 5-10 6 4
>10 5 3
Tall Fescue 0-5 6 4
Grass Mixture 510 4 3
Annual and
Perennial Rye 0-5 4 3
Sod 4 3
Source: USDA, TP-61, 1954; City of Roanoke Virginia Stormwater Design
Manual, 2008.

7.8 Rooftop Disconnection Construction Criteria

Construction Review. Construction review is critical to ensure compliance with design standards.
Construction reviewers should evaluate the performance of the disconnection after the first
substantial storm to look for evidence of gullies, undercutting, or sparse vegetative cover. Spot
repairs should be made, as needed.

Post Construction Verification. Post construction verification may be provided through visual
inspection by the construction reviewer. When proper construction of the disconnection area is
questioned, the construction reviewer may request for spot grade elevations to be surveyed at the
beginning and end of the delineated disconnection area, including spot grades at intervals
necessary to determine that the design criteria have been met. The post construction verification
for Rooftop Disconnection shall visually verify that no impervious surface exists within the
rooftop disconnection area.

7.9  Rooftop Disconnection Maintenance Criteria

Maintenance of Rooftop Disconnection areas involves the regular lawn or landscaping
maintenance in the filter path from the rooftop to the street. In some cases, runoff from a Rooftop
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).

The Sediment and Stormwater Plan shall include the following operation and maintenance
notes for Rooftop Disconnection:

e The rooftop disconnection area shall be maintained in a stabilized vegetative
condition.

e Ensure that downspouts remain disconnected and pervious filtering/infiltrating
areas are not converted to impervious surface.
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The Sediment and Stormwater Plan should clearly outline how vegetation in the Rooftop
Disconnection pervious area will be managed in the future. Maintenance of Rooftop Disconnection
is driven by regular maintenance reviews that evaluate the condition and performance of the
practice. Based on maintenance review results, specific maintenance tasks may be required.
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8.0  Vegetated Channels

Definition:  Vegetated channels are
open conveyances
planted with grass or
other suitable vegetation
and having a shallow
depth of flow to allow
runoff to be filtered and
recharged along the
length of the channel.

Design variants include:

[ 8-A Bioswale
[ 8-B  Grassed Channel

Vegetated channels systems are not typically designed to provide stormwater detention.
Vegetated channels can provide a modest amount of runoff filtering and volume attenuation
within the stormwater conveyance system resulting in the delivery of less runoff and pollutants
than a traditional system of curb and gutter, storm drain inlets, and pipes. The performance of
vegetated channels will vary depending on the underlying soil permeability. Their runoff
reduction performance can be boosted when compost amendments are added to the bottom of the
channel. Where development density, topography, soils, and water table permit, vegetated
channels are a preferable alternative to both curb and gutter and storm drains as a stormwater
conveyance system.
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Figure 8.1. Typical Section for Bioswale / Grassed Channel

CHECK DAM/BERM
. T 2 T RIPRAP
© '+ CHANNEL BOTTOM N
" - ¥ " v ¥ - " \INFLOW
PIPE
PRETREATMENT
FOREBAY

Figure 8.2. Example Check Dam and Forebay
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8.1  Vegetated Channel Stormwater Credit Calculations

Vegetated channels receive the following annual runoff reduction and pollutant reduction
credits. The credits vary depending upon the specific type employed as listed in Table 8.1.

Table 8.1 Vegetated Channel Performance Credits
Runoff Reduction*

Retention Allowance 0%
RPv - A/B Soil or Bioswale : 50% Annual Runoff Reduction
Compost Amended C Grassed Channel: 20% Annual Runoff
Soil Reduction

Bioswale: 25% Annual Runoff Reduction
RPv - C/D Soil Grassed Channel: 10% Annual Runoff

Reduction
Cv 10% of RPv Allowance
Fv 1% of RPv Allowance
Pollutant Reduction
TN Reduction 100% of Load Reduction
TP Reduction 100% of Load Reduction
TSS Reduction 100% of Load Reduction
8-3
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Vegetated Channels

The following tables may be used to compute the Resource Protection event (RPv) surface
recharge reductions. The BMP Performance percentage is based on the soil classification of the

BMP and the Runoff VVolume entering the BMP in the RPv event.

1. Bioswale:

RPv Bioswale Performance

Runoff Volume

BMP performance

(in/acre) HSG A/B | HSG C/D
>1.50in / acre 44% 21%
0.76 - 1.50in / acre 47% 23%
0.16-0.75in / acre 57% 27%
0.00-0.15in/ acre 95% 95%

2. Grassed Channel:

RPv Grassed Channel Performance

Runoff Volume

BMP performance

(infacre) HSG A/B | HSG C/D
>1.50in/ acre 16% 8%
0.76 -1.50in / acre 18% 9%
0.16 -0.75in / acre 22% 11%
0.00-0.15in/ acre 100% 100%

*See Appendix A-7 Alternative Methods for RPv Compliance for additional information on

modeling this practice using traditional hydrologic methods.
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8.2  Vegetated Channel Practice Summary

Table 8.2 summarizes various criteria for Vegetated Channels, and Table 8.3 summarizes the
materials specifications for these practices. For more detail, consult Sections 8.3 through 8.7.
Section 8.8 describes practice construction and maintenance criteria.

Table 8.2 Vegetated Channel Practice Summary

Feasibility
Criteria
(Section 8.3)

Can convey runoff from hotspots but does not qualify as hotspot treatment.

The bottom of vegetated channels shall be above the seasonal high water table.
Recommended longitudinal slopes are <4%.

Longitudinal slope <0.5% on C/D soils should be designed as Wetland Swale.

Approval from the applicable utility company or agency is required if utility lines will run
below the vegetated channel.

Conveyance
Criteria
(Section 8.4)

The bottom width and slope of a vegetated channel shall be designed such that the flow
depth based on 50% of RPv peak flow rate, does not exceed 4 inches.

Vegetated channels shall convey the Cv and Fv peak flow rate at non-erosive velocities for
the soil and vegetative cover provided.

Pretreatment
Criteria
(Section 8.5)

Every inlet into a vegetated channel system shall have pretreatment.

Design Criteria
(Section 8.6)

The bottom width of a trapezoidal channel shall be a minimum of 2 feet wide to ensure that
an adequate surface area exists along the bottom of the channel for filtering.

If a channel bottom will be wider than 8 feet, benches, check dams, level spreaders, or multi-
level cross sections shall be incorporated to prevent braiding and erosion along the channel
bottom.

Vegetated channel side slopes shall be no steeper than 3H:1V.

Check dams must be firmly anchored into the side-slopes to prevent outflanking; check
dams must also be anchored into the channel bottom to prevent hydrostatic head from
pushing out the underlying soils.

Check dams must be designed to pass the Cv design storm peak flow.

Check dams shall be composed of wood, concrete, stone, or other non-erodible material.
Each check dam shall have a weep hole or similar drainage feature, to allow for dewatering
following a storm event.

All seeded vegetated channels require a minimum SSM-111 biodegradable erosion control
matting conforming to Delaware Erosion and Sediment Control Handbook.

Soil amendments, when used, shall extend over the length and width of the channel bottom,
and the compost shall be incorporated to the depth as shown on the approved plan.
Hydraulic capacity shall be verified using Manning’s equation or an accepted equivalent
method, such as tractive forces and vegetal retardance.

Design storm flow depth based on 50% of RPv peak flow rate shall be maintained at 4
inches or less.
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Design Criteria
(Section 8.6)
cont.

Manning’s “n” value for vegetated channels shall be 0.2 for flow depths up to 4 inches,
decreasing to 0.03 above 4 inches of flow depth.

If alternative vegetation is used to increase the Manning’s “n” value and decrease the
resulting channel width, material specifications and construction oversight shall be provided
to ensure that the denser vegetation is actually established.

Peak flow rates for the Cv and Fv storms shall be non-erosive.

The Cv peak flow rate shall be contained within the channel banks.

If the Fv storm event is not contained within the channel, the area of inundation shall be
shown.

The total peak discharge at the outlet shall be used to calculate the depth of flow and
velocity for the channel unless lateral flow along the channel is calculated incrementally.
Hydraulic residence time is the time for runoff to travel the full length of the channel. For
both Bioswales and Grassed Channels hydraulic residence time is computed based upon
50% of the RPv peak flow rate.

o For Bioswales, the hydraulic residence time shall be a minimum of 9 minutes. If
flow enters the channel at several locations, a 9-minute minimum hydraulic
residence time shall be demonstrated for each entry point.

o0 For Bioswales, adjusted RPv runoff reduction credit based on the ratio of the
computed residence to the minimum residence time shall be applied to Bioswales
that meet the maximum depth of flow criteria. The maximum adjusted RPv runoff
reduction credit is 75% for HSG A/B soils and 40% for HSG C/D soils. Adjusted
RPv reduction credit shall not be granted for computed residence times of less than
5 minutes.

0 For Grassed Channels, the hydraulic residence time for concentrated flow entering
the Grassed Channel shall be a minimum of 5 minutes.

o Lateral flow entering the Grassed Channel as sheet flow may be excluded from
residence time calculations but shall be accounted for in the channel depth and
velocity calculations.

0 For Grassed Channels with in-line culverts, the proportion of grassed channel flow
length shall be a minimum of 80% of the total flow length.

All Vegetated Channels must be designed so as to be accessible for maintenance.

0 A maintenance right-of-way or easement must extend to the Vegetated Channel
from a public or private road

0 Adequate maintenance access must extend to the full Vegetated Channel length.

0 Maintenance access must meet the following criteria:

=  Minimum width of 15 feet.
=  Profile grade that does not exceed 10H:1V.
*  Minimum 10H:1V cross slope.

Landscaping
Criteria
(Section 8.7)

A planting plan must be provided that indicates the methods used to establish and maintain
vegetative stabilization of the vegetated channel.

Vegetated channels shall be established at such a density to achieve a 90% vegetated cover
for project completion.

All seeded vegetated channels require a minimum SSM-I111 biodegradable erosion control
matting conforming to Delaware Erosion and Sediment Control Handbook.
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Construction
Criteria
(Section 8.9)

Construction reviews are required during the following stages of construction, and shall be
noted on the plan in the sequence of construction:
0 Pre-construction meeting
o Initial site preparation including installation of erosion and sediment controls,
sensitive area protection surrounding vegetated channel locations, and blockage of
inlets to vegetated channels
Excavation and grading including interim and final elevations
Construction of check dams and pretreatment practices, as applicable
Implementation of required stabilization and planting plan
o Implementation of required stabilization and planting plan
Upon facility completion, the owner shall submit post construction verification documents
as follows to demonstrate that the vegetated channel has been constructed within allowable
tolerances in accordance with the approved Sediment and Stormwater Management Plan
and accepted by the approving agency:
0 Spot elevations of top of bank, bottom of bank, and centerline of the vegetated
channel every 25 feet throughout the length of the channel
0 Additional spot elevations that demonstrate positive downstream drainage beyond
the end of the vegetated channel
0 Cross section of the vegetated channel at the midpoint
o0 Photo documentation of the vegetated channel depicting the channel bottom width
and verification of achievement of the required 90% vegetated cover
The constructed slope, bottom width, depth, and length of the vegetated channel shall be
within 90% of the design geometrics for those parameters.
In the event that the constructed allowable tolerances are exceeded for the vegetated
channel, supplemental calculations shall be submitted to determine if the vegetated channel,
as constructed, meets the design requirements. The computed residence time rounded to the
nearest minute shall be no less than the minimum design residence time.
Performance of a vegetated channel shall be evaluated by the Department or Delegated
Agency if requested in writing to determine if reconstruction of a vegetated channel that
exceeds allowable tolerances is necessary.

O0o0Oo

Maintenance
Criteria
(Section 8.9)

Before project completion the Owner shall submit a final post construction stormwater
management Operation and Maintenance Plan for the entire stormwater management
system.

Operation and Maintenance Plans remain valid for the life of the stormwater management
system.
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Table 8.3. Vegetated Channel Materials Specifications

Component Specification

A dense cover of water-tolerant, erosion-resistant grass. The selection of an appropriate

species or mixture of species is based on several factors including climate, soil type,

topography, and sun or shade tolerance. Grass species should have the following

characteristics:

Deep root system to resist scouring

High stem density with well-branched top growth

Water-tolerance

Resistance to being flattened by runoff

An ability to recover growth following inundation

Salt tolerant for any channel receiving runoff from roadways

Check dams shall be composed of wood, concrete, stone, or other non-erodible

material.

e Each check dam shall have a weep hole or similar drainage feature, to allow for
dewatering following a storm event.

e Wood used for check dams should consist of pressure-treated logs or timbers, or water-
resistant tree species such as cedar, hemlock, swamp oak, or locust.

e All seeded vegetated channels require a minimum SSM-I111 biodegradable erosion
control matting conforming to Delaware Erosion and Sediment Control
Handbook.

Grass

Check Dams

Erosion Control
Matting

8.3  Vegetated Channel Feasibility Criteria
Vegetated channels are primarily applicable for land uses such as roads, highways, and
residential development. Some key feasibility issues for vegetated channels are discussed below.

Contributing Drainage Area. The recommended maximum contributing drainage area to a
vegetated channel is 10 acres. Smaller drainage areas are preferred. The design criteria for
maximum channel velocity and depth are applied along the entire length (see Section 8.6). These
criteria will determine the maximum drainage area to a specific vegetated channel.

Available Space. Vegetated channel footprints can fit into relatively narrow corridors between
utilities, roads, parking areas, or other site constraints. Vegetated channels can be incorporated
into linear development applications (e.g., roadways) by using the space typically required for an
open section drainage feature. The footprint required will likely be greater than that of a typical
conveyance channel, but the benefit of the runoff reduction may reduce the footprint
requirements for stormwater management elsewhere on the development site.

Site Topography. Vegetated channels should be used on sites with longitudinal slopes of less
than 4%. Check dams can be used to reduce the effective slope of the channel and lengthen the
contact time to enhance filtering and/or infiltration. Longitudinal slopes of less than 2% are ideal
and may eliminate the need for check dams. However, channels designed with longitudinal
slopes of less than 1% should be monitored carefully during construction to maintain a
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continuous grade, in order to avoid flat areas with pockets of standing water. Sites with
longitudinal slopes less than 0.5% on HSG ‘C’ or ‘D’ soils may need to be designed as a wetland
swale in accordance with Specification 12. Constructed Wetlands based on site conditions.

Land Uses. Vegetated channels can be used in residential, commercial, or institutional
development settings.

If there is adequate width and distance between driveways, the linear nature of vegetated
channels makes them well-suited to treat highway or low- and medium-density residential road
runoff. As long as drainage area limitations and design criteria can be met, typical applications of
vegetated channels include the following:

Within a roadway easement

Along the margins of small parking lots

Oriented from the roof (downspout discharge) to the street

Disconnecting small impervious areas

Vegetated channels are not recommended for high density residential development due to a lack
of available land and the frequency of driveway crossings along the channel.

Vegetated channels having a minimum length of 20 feet may provide pretreatment for other
stormwater management systems.

Hotspot Land Use. Vegetated channels may be used to convey runoff from stormwater hotspots
but are typically part of a treatment train rather than a stand-alone practice. For a list of
designated stormwater hotspot operations, consult Appendix 4 Stormwater Hotspots.

Hydraulic Capacity. Vegetated channel surface dimensions are typically determined by the need
to adequately convey the Cv storm event, which can be a constraint in the siting of vegetated
channels within existing rights-of-way (e.g., constrained by sidewalks).

Soils. Soil conditions do not constrain the use of vegetated channels. However, to improve
performance, vegetated channels situated on low-permeability soils may incorporate compost
amendments.

Depth to Water Table. The bottom of vegetated channels shall be above the seasonal high
water table.

Utilities. Interference with underground utilities should be avoided, particularly water and sewer
lines. Approval from the applicable utility company or agency is required if utility lines will
run below the vegetated channel.
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Floodplains. Vegetated channels should be constructed outside the limits of the 100-year
floodplain.

Avoidance of Irrigation or Baseflow. Vegetated channels should be located so as to avoid inputs
of springs, irrigation systems, chlorinated wash-water, or other dry weather flows.

8.4

Vegetated Channel Conveyance Criteria

The bottom width and slope of a vegetated channel shall be designed such that the flow
depth based on 50% of RPv peak flow rate, does not exceed 4 inches. Vegetated channels
shall convey the Cv and Fv peak flow rate at non-erosive velocities for the soil and
vegetative cover provided. Additionally, tractive force calculations may be provided to show
that a channel is capable of supporting velocities in excess of 3 fps in a non-erosive condition.
Check dams may be provided to reduce flow velocities. If check dams are employed, flow depths
should be calculated through the check dams to ensure that the maximum flow depth of 4 inches
is not exceeded for the RPv.

8.5

Vegetated Channel Pretreatment Criteria

Every inlet into a vegetated channel system shall have pretreatment.
The selection of a pretreatment method depends on whether the channel will experience sheet
flow or concentrated flow. Several options are as follows:

Grass Filter Strip (sheet flow): Grass filter strips extend from the edge of the pavement to the
bottom of the vegetated channel at a slope of 5:1 or flatter. Alternatively, a combined 5 feet
of grass filter strip at a maximum 5% (20:1) cross slope and 3:1 or flatter side slopes on the
vegetated channel should be provided.

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

Vegetated Channel (shallow concentrated flow or channel flow). A minimum 20-foot length
of vegetated channel designed in accordance with this specification may provide
pretreatment prior to the vegetated channel length. The 20-foot pretreatment length may not
be included in the computed residence time.

Initial Sediment Forebay (channel flow). This reinforced or otherwise stabilized cell is
located at the upper end of the vegetated channel segment with a 2:1 length to width ratio and
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8.6

a storage volume equivalent to at least 10% of the RPv. Typically, this cell is used when a
concentrated flow from a pipe or other conveyance system enters a vegetated channel.

Vegetated Channel Design Criteria

Channel Geometry. Design guidance regarding the geometry and layout of vegetated channels
is provided below:

Vegetated channels should be designed with a trapezoidal or parabolic cross section. A
parabolic shape is preferred for aesthetic, maintenance, and hydraulic reasons.

The bottom width of a trapezoidal channel shall be a minimum of 2 feet wide to ensure
that an adequate surface area exists along the bottom of the channel for filtering.

If a channel bottom will be wider than 8 feet, benches, check dams, level spreaders, or
multi-level cross sections shall be incorporated to prevent braiding and erosion along
the channel bottom.

Vegetated channel side slopes shall be no steeper than 3H:1V. Flatter slopes are
encouraged, where adequate space is available, for ease of maintenance and to enhance
pretreatment of sheet flows entering the channel.

Channel Slope. Design guidance regarding the channel slope of vegetated channels is provided
below:

Special design considerations such as drop structures or check dams may be needed for
vegetated channels with slopes greater than 4% to maintain non-erosive flows.

Longitudinal slopes of less than 2% may eliminate the need for check dams.

To avoid flat areas with pockets of standing water, vegetated channels designed with
longitudinal slopes of less than 1% should be monitored carefully during construction to
maintain a continuous grade

Sites with longitudinal slopes less than 0.5% on HSG ‘C’ or ‘D’ soils may need to be
designed as a wetland swale in accordance with Specification 12. Constructed Wetlands
based on site conditions.

Check Dams. Check dams may be used to break up slopes and to increase the hydraulic
residence time in the channel. When required, design criteria for check dams are as follows:

In typical spacing, the ponded water at a downhill check dam should not touch the toe of the
upstream check dam.

The maximum recommended check dam height is 12 inches (for maintenance purposes).
Designs with check dams with a height greater than 12 inches may be submitted with design
calculations showing that the surrounding soils can withstand the tractive forces applied from
the increased hydraulic pressure head.

To prevent erosion, armoring may be needed at the downstream toe of the check dam.
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Check dams must be firmly anchored into the side-slopes to prevent outflanking; check
dams must also be anchored into the channel bottom to prevent hydrostatic head from
pushing out the underlying soils.

Check dams must be designed to pass the Cv design storm peak flow.

Check dams shall be composed of wood, concrete, stone, or other non-erodible material.
Each check dam shall have a weep hole or similar drainage feature, to allow for
dewatering following a storm event.

Check dams for vegetated channels should be spaced to reduce the effective slope to less
than 2%, as indicated below in Table 8.4.

Table 8.4. Typical Check Dam (CD) Spacing to Achieve Effective Channel Slope

Spacing of 12-inch High Spacing of 12-inch High
L max.) Check Dams to max.) Check
Channel Longitudinal Slope ( Cregte an Effective Dams t(() Cregte an Effective

Slope of 2% Slope of 0 to 1%
0.5% - 200 ft. to -
1.0% - 100 ft. to -
1.5% - 67 ft. to 200 ft.
2.0% - 50 ft. to 100 ft.
2.5% 200 ft. 40 ft. to 67 ft.
3.0% 100 ft. 33 ft. to 50 ft.
3.5% 67 ft. 30 ft. to 40 ft.
4.0% 50 ft. 25 ft. to 33 ft.
4.5% 40 ft. 20 ft. to 30 ft.
5.0% 40 ft. 20 ft. to 30 ft.

Material Specifications. All seeded vegetated channels require a minimum SSM-I1I
biodegradable erosion control matting conforming to Delaware Erosion and Sediment
Control Handbook. Material specifications for vegetated channels are shown in Table 8.3.

Enhancement using Soil Amendments. Soil compost amendments serve to increase the runoff
reduction capability of a vegetated channel. The following design criteria apply when soil
amendments are used:

The soil amendments, when used, shall extend over the length and width of the channel
bottom, and the compost shall be incorporated to the depth as shown on the approved
plan. For soil amendment depth of incorporation refer to Specification 14. Soil Amendments.
For vegetated channels on steep slopes, it may be necessary to install a protective
biodegradable stabilization matting to protect the compost-amended soils. Care should be
taken to consider the erosive characteristics of the amended soils when selecting appropriate
turf reinforcement matting.
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Sizing. Unlike other stormwater practices, vegetated channels are designed based on a peak rate
of flow. Adequate conveyance and treatment capacity shall be provided in accordance with
the following guidelines:

Hydraulic capacity shall be verified using Manning’s equation or an accepted
equivalent method, such as tractive forces and vegetal retardance.

Design storm flow depth based on 50% of RPv peak flow rate shall be maintained at 4
inches or less.

Manning’s “n” value for vegetated channels shall be 0.2 for flow depths up to 4 inches,
decreasing to 0.03 above 4 inches of flow depth. If alternative vegetation is used to
increase the Manning’s “n” value and decrease the resulting channel width, material
specifications and construction oversight shall be provided to ensure that the denser
vegetation is actually established.

Peak flow rates for the Cv and Fv storms shall be non-erosive. Non erosive velocity can
be demonstrated with flows of less than 3 fps, or through a site-specific analysis of the
channel lining material and vegetation. Examples of site-specific analysis ranges can be
found in Table 8.5 below (see Section 8.7 Vegetated Channel Landscaping Criteria).

The Cv peak flow rate shall be contained within the channel banks.

If the Fv storm event is not contained within the channel, the area of inundation shall
be shown.

Calculations for peak flow depth and velocity should reflect any increase in flow along the
length of the channel, as appropriate. The total peak discharge at the outlet shall be used
to calculate the depth of flow and velocity for the channel unless lateral flow along the
channel is calculated incrementally.

Hydraulic residence time is the time for runoff to travel the full length of the channel.
For both Bioswales and Grassed Channels hydraulic residence time is computed based
upon 50% of the RPv peak flow rate.

o For Bioswales, the hydraulic residence time shall be a minimum of 9 minutes. If
flow enters the channel at several locations, a 9-minute minimum hydraulic
residence time shall be demonstrated for each entry point.

o For Bioswales, adjusted RPv runoff reduction credit based on the ratio of the
computed residence to the minimum residence time shall be applied to Bioswales
that meet the maximum depth of flow criteria. The maximum adjusted RPv
runoff reduction credit is 75% for HSG A/B soils and 40% for HSG C/D soils.
Adjusted RPv reduction credit shall not be granted for computed residence
times of less than 5 minutes.

o0 For Grassed Channels, the hydraulic residence time for concentrated flow
entering the Grassed Channel shall be a minimum of 5 minutes.

o Lateral flow entering the Grassed Channel as sheet flow may be excluded from
residence time calculations but shall be accounted for in the channel depth and
velocity calculations.
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0 For Grassed Channels, in-line culverts (such as driveway crossings) that do not
introduce any new flow can be excluded from concentrated flow pretreatment
requirements and residence time calculations.

o For Grassed Channels, pipe length should not be included in residence time
calculations.

o0 For Grassed Channels with in-line culverts, the proportion of grassed channel
flow length shall be a minimum of 80% of the total flow length.

Maintenance Access. All Vegetated Channels must be designed so as to be accessible for
maintenance. Good access is needed so crews can remove sediments, make repairs and preserve
Vegetated Channel treatment capacity.
0 A maintenance right-of-way or easement must extend to the Vegetated Channel
from a public or private road.
0 Adequate maintenance access must extend to the full Vegetated Channel length.
0 Maintenance access must meet the following criteria:
= Minimum width of 15 feet.
= Profile grade that does not exceed 10H:1V.
=  Minimum 10H:1V cross slope.
Local ordinances and design criteria should be consulted to determine minimum setbacks to
property lines. When not specified in local code, the top of bank of Vegetated Channels should
be set back at least 15 feet from property lines to ensure maintenance access.

8.7  Vegetated Channel Landscaping Criteria

Several types of grasses appropriate for vegetated channels are listed in Table 8.5. Designers
should choose plant species that can withstand both wet and dry periods and relatively high
velocity flows for planting within the channel. Designers should check that the maximum flow
velocities do not exceed the recommended values listed in the table for the selected grass species
and the specific site slope.

Table 8.5. Recommended vegetation for vegetated channels.

Vegetation Type Slope (%) Maximum Velocity (ft/s)
Erosion resistant soil Easily Eroded Soil
Bermuda Grass 0-5 8 6
5-10 7 5
>10 6 4
Kentucky Bluegrass 0-5 7 5
5-10 6 4
>10 5 3
Tall Fescue Grass 0-5 6 4
8-14
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Vegetation Type Slope (%) Maximum Velocity (ft/s)
Erosion resistant soil Easily Eroded Soil
Mixture 5-10 4 3
Annual and Perennial
Rye 0-5 4 3
Source: USDA, TP-61, 1954

If roadway salt will be applied to the contributing drainage area, vegetated channels should be
planted with salt-tolerant plant species.

A planting plan must be provided that indicates the methods used to establish and
maintain vegetative stabilization of the vegetated channel. The planting plan should specify
proper grass species based on specific site soils and hydric conditions present along the channel.

Vegetated channels shall be established at such a density to achieve a 90% vegetated cover
for project completion.

Seeded vegetated channels should be protected by a biodegradable erosion control matting to
provide immediate stabilization of the channel bed and banks. All seeded vegetated channels
require a minimum SSM-I11 biodegradable erosion control matting conforming to
Delaware Erosion and Sediment Control Handbook.

8.8 Vegetated Channel Construction

Vegetated Channel Installation. The following is a typical construction sequence to properly
install vegetated channels although steps may be modified to reflect different site conditions or
design variations. Vegetated channels should be installed at a time of year that is best to establish
cover without irrigation.

Step 1: Ideally, the area of the vegetated channel should remain undisturbed during
general site construction prior to vegetated channel construction to prevent soil
compaction by heavy equipment. However, this is seldom practical, given that the
channels are a key part of the drainage system at most sites. In these cases, designers
should integrate temporary erosion and sediment controls such as dikes, silt fences, and
other erosion control measures into the swale design throughout the construction
sequence. Specifically, barriers should be installed at key check dam locations, and
erosion control matting should be used to protect the channel.
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Step 2. It is preferred that installation will begin after the entire contributing drainage area
has been stabilized with vegetation. Stormwater flows should be diverted away from the
channel until the bottom and side slopes are fully stabilized with either vegetation or a
temporary erosion control matting

Step 3. Grade the vegetated channel to the final dimensions shown on the plan.
Excavators or backhoes should work from the sides to grade and excavate the vegetated
channels to the appropriate design dimensions. It is preferred that excavating equipment
have adequate reach, so they do not have to sit inside the footprint of the vegetated
channel area.

Step 4 (Optional). Apply soil amendments in accordance with Specification 14, Soil
Amendments, if specified.

Step 5. Install check dams and pretreatment features as shown on the plan. The top of
each check dam should be constructed level at the design elevation.

Step 6. Seed the bottom and banks of the vegetated channel and install erosion control
matting.

Step 7. Plant landscaping materials as shown in the landscaping plan, and water them
weekly during the first 2 months. The construction contract should include a care and
replacement warranty to ensure that vegetation is properly established and survives
during the first growing season following construction.

Step 8. Conduct the final construction inspection and develop a punch list for facility
acceptance.

Vegetated Channel Construction Inspection. Construction reviews are required during the
following stages of construction, and shall be noted on the plan in the sequence of
construction:

e Pre-construction meeting

e Initial site preparation including installation of erosion and sediment controls,
sensitive area protection surrounding vegetated channel locations, and blockage of
inlets to vegetated channels

e Excavation and grading including interim and final elevations

e Construction of check dams and pretreatment practices, as applicable

e Implementation of required stabilization and planting plan
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e Final construction review including development of a punch list for facility
acceptance

Some common pitfalls can be avoided by careful construction supervision that focuses on the

following key aspects of vegetated channel installation:

e Check that the desired coverage of vegetation or erosion control matting has been achieved
following construction, both on the channel beds and their contributing side-slopes.

e Inspect check dams and pretreatment structures to check that they are at correct elevations,
are properly installed, and are working effectively.

e Check that outfall protection/energy dissipation measures at concentrated inflow and outflow
points are stable.

Any accumulation of sediment that occurs within the channel should be removed during the final
stages of grading to achieve the design cross-section. The real test of a vegetated channel occurs
after its first big storm. The post-storm inspection should focus on whether the desired sheet
flow, shallow concentrated flows, or fully concentrated flows assumed in the plan actually occur
in the field. Minor adjustments are often needed as part of this post-storm inspection (e.g., spot
re-seeding, gully repair, added armoring at inlets, or realignment of outfalls and check dams).

Post Construction Verification Documentation. Upon facility completion, the owner shall
submit post construction verification documents as follows to demonstrate that the
vegetated channel has been constructed within allowable tolerances in accordance with the
approved Sediment and Stormwater Management Plan and accepted by the approving
agency:
e Spot elevations of top of bank, bottom of bank, and centerline of the vegetated
channel every 25 feet throughout the length of the channel
e Additional spot elevations that demonstrate positive downstream drainage beyond
the end of the vegetated channel
e Cross section of the vegetated channel at the midpoint
e Photo documentation of the vegetated channel depicting the channel bottom width
and verification of achievement of the required 90% vegetated cover

The constructed slope, bottom width, depth, and length of the vegetated channel shall be
within 90% of the design geometrics for those parameters.

In the event that the constructed allowable tolerances are exceeded for the vegetated
channel, supplemental calculations shall be submitted to determine if the vegetated
channel, as constructed, meets the design requirements. The computed residence time
rounded to the nearest minute shall be no less than the minimum design residence time.
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Performance of a vegetated channel shall be evaluated by the Department or Delegated
Agency if requested in writing to determine if reconstruction of a vegetated channel that
exceeds allowable tolerances is necessary.

8.9  Vegetated Channel Maintenance Criteria

Before project completion the Owner shall submit a final post construction stormwater
management Operation and Maintenance Plan for the entire stormwater management
system. Operation and Maintenance Plans remain valid for the life of the stormwater
management system. The Operation and Maintenance Plan will specify the property owner’s
primary maintenance responsibilities and authorize the Department or Delegated Agency staff to
access the property for maintenance review or corrective action in the event that proper
maintenance is not performed.

Operation and Maintenance Plans should clearly outline how vegetation in the vegetated channel
will be managed or harvested in the future. The Operation and Maintenance Plan should
schedule a cleanup at least once a year to remove trash and debris.

Maintenance of vegetated channels is driven by annual maintenance reviews that evaluate the
condition and performance of the practice. Based on maintenance review results, specific
maintenance tasks may be required.
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Table 8.6. Suggested Maintenance Activities and Schedule for Vegetated Channels

Maintenance Activity Schedule
e Mow vegetated channels during the growing season to maintain minimum grass height A
of 4" s needed
e Ensure that the contributing drainage area, inlets, and facility surface are clear of
debris.
e Ensure that the contributing drainage area is stabilized. Perform spot-reseeding if and
where needed. Quarterly

e Remove accumulated sediment and oil/grease from inlets, pretreatment devices, flow
diversion structures, and overflow structures.
e  Repair undercut and eroded areas at inflow and outflow structures.

e Add reinforcement planting to maintain 90% vegetative cover. Reseed any salt-killed
vegetation.

e Remove any accumulated sand or sediment deposits behind check dams.

e Inspect upstream and downstream of check dams for evidence of undercutting or
erosion and remove trash or blockages at weep holes.

e Examine channel bottom for evidence of erosion, braiding, excessive ponding, or dead
grass.

e Check inflow points for clogging and remove any sediment.

e Inspect side slopes and pretreatment areas for evidence of any rill or gully erosion and
repair.

e Look for any bare soil or sediment sources in the contributing drainage area and
stabilize immediately.

Annual inspection

Annual inspections are used to trigger maintenance operations such as sediment removal, spot re-
vegetation and inlet stabilization. Example maintenance inspection checklists for vegetated
channels can be found in Article 5.
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Sheet Flow to Filter Strip or Open Space

9.0  Sheet Flow to Vegetated Filter Strip or Vegetated Open Space

Definition:

Vegetated areas can treat
sheet flow delivered from
adjacent impervious and
managed turf areas by
slowing runoff velocities and
allowing  sediment and
attached pollutants to settle
or be filtered by the
vegetation. Vegetation can
consist of grasses, planted
trees, or existing forest. The
design, installation, and
management of these design
variants are quite different, as
outlined in this specification.

Design variants include:

9-A Sheet Flow to Grassed Filter Strip
9-B Sheet Flow to Afforested Filter Strip
9-C Sheet Flow to Forested Filter Strip
9-D Sheet Flow to Grassed Open Space
9-E Sheet Flow to Afforested Open Space
9-F Sheet Flow to Forested Open Space
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Figure 9.1. Sheet Flow to Vegetated Filter Strip or Vegetated Open Space
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9.1 Sheet Flow Stormwater Credit Calculations

Sheet flow practices receive varying Runoff Reduction credit depending upon the specific type
employed (see Table 9.1(a) and Table 9.1(b)). Sheet Flow practices receive the following
annual runoff reduction and pollutant reduction credits.

9.1(a) Sheet Flow to Vegetated Filter Strip Performance Credits*

Runoff Reduction

Retention Allowance

0%

RPv - A/B Soil or
Compost Amended C Soll

Grassed: 25% Annual Runoff Reduction
Afforest: 30% Annual Runoff Reduction
Forest: 40% Annual Runoff Reduction

Grassed: 10% Annual Runoff Reduction
Afforest: 15% Annual Runoff Reduction

RPv - C/D Soil Forest: 20% Annual Runoff Reduction
Cv 10% of RPv Allowance
Fv 1% of RPv Allowance

Pollutant Reduction

TN Reduction

100% of Load Reduction

TP Reduction

100% of Load Reduction

TSS Reduction

100% of Load Reduction

9.1(b) Sheet Flow to Vegetated Open Space Performance Credits*

Runoff Reduction

Retention Allowance

0%

RPv - A/B Soil or
Compost Amended C Soll

Grassed: 50% Annual Runoff Reduction
Afforest: 60% Annual Runoff Reduction
Forest: 65% Annual Runoff Reduction

Grassed: 20% Annual Runoff Reduction
Afforest: 30% Annual Runoff Reduction

RPv - C/D Soil Forest: 40% Annual Runoff Reduction
Cv 10% of RPv Allowance
Fv 1% of RPv Allowance

Pollutant Reduction

TN Reduction

100% of Load Reduction

TP Reduction

100% of Load Reduction

TSS Reduction

100% of Load Reduction

*See Appendix A-7 Alternative Methods for RPv Compliance for additional information on
modeling this practice using traditional hydrologic methods.
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9.2  Sheet Flow Practice Summary
Table 9.2 summarizes various criteria for Sheet Flow practices. For more detail, consult Sections
9.3 through 9.7. Sections 9.8 and 9.9 describe practice construction and maintenance criteria.

Table 9.2 Sheet Flow Practice Summary

Filter Strips Sheet Flow to Open Space

Feasibility Criteria
(Section 9.3)

Typically <5,000 sf impervious cover Hydrologically Connected areas

Max. 8% slopes unless additional calculations Max. 3% slope

submitted

Not used in structural fill areas compacted to meet specific structural criteria
Should not receive hotspot runoff
Restrictions may apply if adjacent to jurisdictional wetlands

Conveyance Criteria
(Section 9.4)

Generally intended for RPv compliance
Check for non-erosive conditions for Cv and Fv based on vegetation

Pretreatment Criteria
(Section 9.5)

Not required

Design Criteria
(Section 9.6)

Length dependent on slope and practice option | 1:1 equivalent to impervious area in
(See Table 9.3) CDA

Stormwater shall enter as sheet flow.
Max. 150" sheet flow length from impervious surfaces
Gravel diaphragm or level spreader for impervious sheet flow lengths greater than
75’
Engineered level spreader if inflow from pipe or channel
Max. 100’ sheet flow length in filter strip
For filter strips using Computational Method of Compliance:

0 Max. depth of flow = 0.5”

0 Min. residence time = 2.5 min.
Adjusted RPv credit based on ratio of computed residence time to minimum
residence time

0 Max. 75% adjusted RPv credit for HSG A/B soils

0 Max. 30% adjusted RPv credit for HSG C/D soils

o No additional credit for filter strips length > 100’
Soil amendments, when used, shall extend over the length and width of the
Vegetated Filter Strip or Vegetated Open Space, and compost shall be incorporated
to the depth as shown on the approved plan.
All Vegetated Filter Strips and Vegetated Open Spaces must be designed so as to be
accessible for maintenance.

Landscaping Criteria
(Section 9.7)

Grassed Filter Strips and Grassed Open Space shall be established at such a density
to achieve a 90% vegetated cover for project completion.

Afforested Filter Strips and Afforested Open Space shall be planted in accordance
with Afforestation requirements.

Forested Filter Strips and Forested Open Space shall have no grading or clearing of
native vegetation and shall have at least 80% tree canopy coverage.

All Vegetated Filter Strips and Vegetated Open Spaces must be stabilized to
prevent erosion or transport of sediment to receiving practices or drainage systems.
A planting plan shall be provided that indicates the methods used to establish and
maintain vegetative stabilization of the Vegetated Filter Strip or Vegetated Open
Space.
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Construction Criteria
(Section 9.8)

No clearing or grading shall take place in Vegetated Open Space except temporary
disturbances associated with incidental utility construction, restoration operations,
or management of nuisance vegetation.
The Vegetated Open Space area shall not be stripped of topsoil.
Construction reviews are required during the following stages of construction, and
shall be noted on the plan in the sequence of construction:
0 Pre-construction meeting
o Initial site preparation including installation of erosion and
sediment controls and sensitive area protection surrounding
vegetated filter strip locations
o0 Excavation and grading including interim and final elevations
o Implementation of required stabilization and planting plan
o Final construction review including development of a punch list for
facility acceptance
Post Construction Verification Documentation. Upon facility completion, the owner
shall submit Post Construction Verification Documents at the discretion of the
Department or Delegated Agency as follows to demonstrate that the Vegetated
Filter Strip or Vegetated Open Space has been constructed within allowable
tolerances in accordance with the approved Sediment and Stormwater
Management Plan and accepted by the approving agency.
The following items, as applicable, shall be included in the Post Construction
Verification Documentation for Sheet Flow Practices:
o Dimensions of Vegetated Filter Strips (Ilength and width)
0 Area of Vegetated Open Space
o0 Cross-slope
o0 Elevations of any structural components, such as gravel diaphragms
or engineered level spreaders
0 Photo documentation of the grassed filter strip or grassed open
space providing verification of achievement of the required 90%
vegetated cover
Constructed allowable tolerances for vegetated filter strips and vegetated open
spaces, if disturbed, shall be within the tolerances of design geometrics for the
following parameters:
0 Slope shall be no greater than 2% steeper than design slope
0 Length shall be no less than 90% of design length
0 Width shall be no less than 90% of design width
o0 Elevations of any structural components shall be within 0.15 feet of
design elevation
In the event that the constructed allowable tolerances are exceeded for the
vegetated filter strip, supplemental calculations shall be submitted to determine if
the vegetated filter strip, as constructed, meets the minimum residence time; the
computed residence time rounded to the nearest minute shall be no less than the
minimum design residence time.
Performance of a vegetated filter strip shall be evaluated by the Department or
Delegated Agency if requested in writing to determine if reconstruction of a
vegetated filter strip that exceeds allowable tolerances is necessary.

Maintenance Criteria
(Section 9.9)

Before project completion the Owner shall submit a final post construction
stormwater management Operation and Maintenance Plan for the entire
stormwater management system.

Operation and Maintenance Plans remain valid for the life of the stormwater
management system.
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9.3  Sheet Flow Feasibility Criteria

Sheet flow to a filter strip or open space can be employed on commercial, institutional, municipal,
multi-family residential and single-family residential buildings. Key constraints include available
space, soil permeability, and soil compaction.

Filter Strips. Filter strips are best suited to treat runoff from small segments of impervious cover
adjacent to road shoulders, small parking lots, and rooftops. Filter strips may also be used as
pretreatment for another stormwater practice such as a wet pond, bioswale, bioretention, or
infiltration areas. If a sufficient pervious area is available at the site, larger areas of impervious
cover can be treated by filter strips, using an engineered level spreader to recreate sheet flow.
Filter strips are also well suited to treat runoff from turf-intensive land uses, such as the managed
turf areas of sports fields, golf courses, and parkland. Filter strips tend to have more linear
configurations and greater cross-slopes than areas that qualify as VVegetated Open Space.

The grassed filter strip variant typically consists of native grasses intended to be maintained in a
meadow condition. In some cases a more turf like condition can be used if proper maintenance
measures are taken.

Another filter strip variant is the afforested filter strip. This variant includes areas not currently
in a forested condition that are planted with new trees rather than grasses to eventually become
forest cover.

Forested filter strips are a variant in which the vegetation cover consists mostly of established tree
species with an organic duff layer having greater hydrologic storage capacity than a non-forested
filter strip. Runoff through a forested filter strip would be more likely to occur as interflow than
as true surface runoff.

Slopes. To maintain sheet flow through the practice, maximum slope for Filter Strips shall
be 8% unless additional calculations are submitted showing the maximum depth and
minimum residence time can be met.

Soils. Filter Strips shall not be used in structural fill areas where material must be compacted
to meet specific structural criteria. Otherwise filter strips are appropriate for all soil types. . The
runoff reduction rate, however, is dependent on the underlying Hydrologic Soil Groups (see Table
9.1 above) and whether soils receive compost amendments.

Open Space. The most common design applications of Sheet Flow to Vegetated Open Space are
on sites that are hydrologically connected to a protected stream buffer, wetland buffer,
floodplain, forest conservation area, or other protected lands. Open space is an ideal component
of the "outer zone" of a stream buffer, which normally receives runoff as sheet flow. Care should
be taken to locate all energy dissipaters or flow spreading devices outside of the protected area.
Vegetated Open Space generally has a less linear configuration and flatter cross-slope than
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Vegetated Filter Strips. Runoff reduction in Vegetated Open Space is achieved mainly through
storage and/or extended residence time. Therefore, these areas require minimal slope or even
slight sump conditions to allow shallow ponding to occur. Similar to Vegetated Filter Strips,
Vegetated Open Space can be either in the form of grass-type vegetation, newly planted trees or
preserved forested areas.

Slopes. To maintain sheet flow through the practice, maximum slope for Open Space shall
be 3%.

The following applies to both Vegetated Filter Strips and Vegetated Open Space:

e Hotspot Land Uses. Filter Strips and Open Space should not receive hotspot runoff if there is
a risk that the infiltrated runoff could cause groundwater contamination.

o Jurisdictional Wetlands. Restrictions may apply when these practices are located adjacent to
jurisdictional wetlands that are sensitive to increased inputs of stormwater runoff (e.g., bogs
and fens).

9.4  Sheet Flow Conveyance Criteria

Vegetated Filter Strips and Vegetated Open Space are generally intended to satisfy RPv
requirements. However, it is important that they also be stable against erosive forces for larger
storm events. Designers should check to make sure the velocities generated during the Cv and Fv
are at non-erosive levels for the type of vegetation in the filter strip or open space.

9.5  Sheet Flow Pretreatment Criteria
Pretreatment is not needed for sheet flow to Filter Strips or Open Space.
9.6  Sheet Flow Design Criteria

Vegetated Filter Strips and Vegetated Open Space are used to treat small drainage areas of a few
acres or less. The limiting design factor is the length of flow directed to the filter. As a rule, flow
tends to concentrate after 75 feet of flow length for impervious surfaces, and 150 feet for pervious
surfaces (Claytor and Schueler, 1996). When flow concentrates, it moves too rapidly to be
effectively treated, unless an engineered level spreader is used. Stormwater shall enter the filter
strip or open space as sheet flow. Sheet flow length from impervious surfaces shall be limited
to 150 feet. A gravel diaphragm or other level spreading device shall be provided for
impervious sheet flow lengths greater than 75 feet. When the inflow is from a pipe or channel,
an engineered level spreader or other device shall be used to convert the concentrated flow
to sheet flow.

Vegetated Filter Strip. The maximum length of a Vegetated Filter Strip shall be 100 feet.
Vegetated Filter Strips shall have the following minimum lengths, measured in the
direction of flow, unless calculations are provided in accordance with the Computational
Method of Compliance.
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Table 9.3 Minimum Length of Filter Strips

Slope of Filter Strip Minimum Length
<3% 20 feet
3% - 8% 30 feet

Vegetated Open Space. Vegetated Open Space shall have a maximum slope of 3%. The
minimum area of the Vegetated Open Space shall be equivalent to the impervious area of the
contributing drainage area to the Vegetated Open Space.

Computational Method of Compliance. This section describes a computational method to
show RPv compliance in cases where a site specific design is warranted or desired. The basic
procedure involves the following steps:

Step 1. Calculate peak discharge from the impervious contributing area.
Step 2: Calculate peak discharge from the Vegetated Filter Strip (VFS)
Step 3: Sum the total peak discharge from Steps 1 and 2 above

Step 4: Check that the depth of flow criterion has been met

Step 5: Check that residence time criterion has been met

For the purposes of this section, runoff from the impervious contributing area is assumed to be a
maximum of 1”. A design storm of 1.2” of rainfall will generate 1” of runoff from an
impervious surface with a Runoff Curve Number (RCN) of 98 using the NRCS runoff equation.
Assuming the minimum Time of Concentration (Tc) of 6 minutes, the rainfall intensity for a 1.2”
rainfall event is 1.64 in/hr using the standard NRCS rainfall distribution curve. This rainfall
intensity can then be used with the Rational Method to calculate the peak discharge for Steps 1
and 2 above. Once the total peak discharge is determined, the Continuity Equation can be
combined with the Manning Equation to determine depth of flow and velocity for Step 4. A
recommended solution for the Computation Procedure for Compliance is presented below:

Given:
e Maximum sheet flow length for impervious contributing area is 150°.
e Maximum sheet flow length for Vegetated Filter Strip (VFS) is 100°.

Determine:
e Depth of flow in VFS
e Residence time in VFS

Procedure:
1. Calculate the peak discharge from the impervious contributing area using Eq, 9.1

Q = ciA (Eq. 9.1)

Where,
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Q = peak discharge (cfs)

¢ = cover factor (dimensionless) = 0.95
i = rainfall intensity (in/hr) = 1.64 in/hr
A = contributing area (ac)

2. Calculate the peak discharge from the VFS using Eq, 9.1 with cover factor (“c”) for
lawn and appropriate soil and slope condition.

Typical “c” Factors for Lawns*
HSG A/B Soils S<2% 0.05
s=2%-7% 0.10
s>7% 0.15
HSG C/D Soils s< 2% 0.13
s=2%-7% 0.18
s>7% 0.25

*Source: DelDOT Road Design Manual

3. Sum peak discharges calculated above.
4. Use Eq. 9.2 to calculate depth of flow in the VFS.

n 106
Y= [1.49Qws°-5] (Eq.9.2)
Where,

y = depth of flow (ft)

Q = peak discharge calculated at Step 3 (cfs)

n = Manning’s “n” value for lawn = 0.24

w = width of VFS (perpendicular to flow) (ft)

s =slope of VFS (ft/ft)

5. Determine residence time in the VFS.
a. Use Eq. 9.3 to calculate velocity.

V= vy (Eq. 9.3)
Where,

v = velocity (fps)

Q = peak discharge (cfs)

w = width of VFS (perpendicular to flow) (ft)

y = depth of flow in VFS (ft)

b. Use Eg. 9.4 to calculate residence time.
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Tt = % (Eq. 9.4)

Where,
Tt = residence time (sec)
L = length of VFS (parallel to flow) (ft)
v = velocity (fps)

Vegetated Filter Strips using the Computational Method of Compliance shall meet the
following criteria in order to receive RPv runoff reduction credits listed above:

e The maximum depth of flow shall be 0.5 (0.04’).
e The minimum residence time shall be 2.5 minutes.

Adjusted RPv runoff reduction credit based on the ratio of the computed residence to the
minimum residence time shall be applied to Vegetated Filter Strips that meet the maximum
depth of flow criteria. The maximum adjusted RPv runoff reduction credit is 75% for HSG
A/B soils and 30% for HSG C/D soils. RPv runoff reduction credit shall not be adjusted for
lengths greater than 100 feet.

Gravel Diaphragms. The gravel diaphragm is created by excavating a 2-foot wide and 1-foot deep
trench that runs on the same contour at the top of the filter strip. The diaphragm serves two
purposes. First, it acts as a pretreatment device, settling out sediment particles before they reach
the practice. Second, it acts as a level spreader, maintaining sheet flow as runoff flows over the
filter strip.

o The flow should travel over the impervious area and to the practice as sheet flow and then drop
at least 3 inches onto the gravel diaphragm. The drop helps to prevent runoff from running
laterally along the pavement edge, where grit and debris tend to build up (thus allowing by-
pass of the filter strip).

e A layer of filter fabric should be placed between the gravel and the underlying soil trench.

o Ifthe contributing drainage area is steep (6% slope or greater), then larger stone should be used
in the diaphragm.

Engineered Level Spreaders. The design of engineered level spreaders should conform to the
following design criteria based on recommendations of Hathaway and Hunt (2006), in order to
provide non-erosive sheet flow into the vegetated area. At times, it may be necessary to include a
bypass structure (see Figure 9.1 above) that diverts the runoff from the Resource Protection Event
to the level spreader, and bypasses the larger storm events around the Vegetated Filter Strip or
Vegetated Open Space through an improved channel. An alternative approach would be to direct
the entire flow through a stilling basin energy dissipater and then a level spreader such that runoff
from the entire Conveyance Event is discharged as sheet flow through the buffer.
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Key design elements of the engineered level spreader, as provided in Figures 9.3 and 9.4, include
the following:

e The length of the level spreader should be determined by the type of filter area and the design

flow:

0 13 feet of level spreader length per every 1 cubic foot per second (cfs) of inflow for
discharges to a filter strip or turf conservation area;

O 40 feet of level spreader length per every 1 cfs of inflow when the spreader discharges to a
forested conservation area (Hathaway and Hunt, 2006).

O The minimum level spreader length is 13 feet and the maximum is 130 feet.

O For the purposes of determining the level spreader length, the peak discharge should be

determined using the Rational Method with an intensity of 1.37-inch/hour.

o The level spreader lip should be concrete, wood or pre-fabricated metal, with a well-anchored
footer, or other accepted rigid, non-erodible material.

e The ends of the level spreader section should be tied back into the slope to avoid scouring
around the ends of the level spreader; otherwise, short-circuiting of the facility could create
erosion.The width of the level spreader channel on the up-stream side of the level lip should
be three times the diameter of the inflow pipe, and the depth should be 9 inches or one-half the
culvert diameter, whichever is greater.
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Figure 9.3: Example Level Spreader

Permeable Berm

Vegetated Filter Strips should be designed with a permeable berm at the toe of the filter strip to
create a shallow ponding area. Runoff ponds behind the berm and gradually flows through outlet
pipes in the berm or through a gravel lens in the berm with a perforated pipe. During larger storms,
runoff may overtop the berm (Cappiella et al., 2006). The permeable berm should have the
following properties:

e A wide and shallow trench, 6 to 12 inches deep, should be excavated at the upstream toe of the
berm, parallel with the contours.

e Media for the berm should consist of 40% excavated soil, 40% sand, and 20% pea gravel.

e The berm 6 to 12 inches high should be located downgradient of the excavated depression and
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should have gentle side slopes to promote easy mowing (Cappiella et al., 2006).

e Stone may be needed to armor the top of berm to handle extreme storm events.

e A permeable berm is not needed when vegetated filter strips are used as pretreatment to another
stormwater practice.

Enhancement using Soil Amendments. Soil compost amendments serve to increase the runoff
reduction capability of a Vegetated Filter Strip or Vegetated Open Space. The following design
criteria apply when soil amendments are used:

e Soil amendments, when used, shall extend over the length and width of the Vegetated
Filter Strip or Vegetated Open Space, and compost shall be incorporated to the depth as
shown on the approved plan. For soil amendment depths of incorporation refer to
Specification 14. Soil Amendments.

e For Vegetated Filter Strips on steep slopes, it may be necessary to install a protective
biodegradable stabilization matting to protect the compost-amended soils. Care should be
taken to consider the erosive characteristics of the amended soils when selecting appropriate
turf reinforcement matting.

Maintenance Access. All Vegetated Filter Strips and Vegetated Open Spaces must be designed
S0 as to be accessible for maintenance. Good access is needed so crews can remove sediments,
make repairs and preserve Vegetated Filter Strip treatment capacity. Local ordinances and design
criteria should be consulted to determine minimum setbacks to property lines.

9.7  Sheet Flow Landscaping Criteria

Grassed Filter Strips and Grassed Open Space shall be established at such a density to
achieve a 90% vegetated cover for project completion. The vegetation may consist of turf
grasses or meadow grasses, as long as the primary goal of at least 90% vegetated coverage is
achieved. Designers should choose vegetation that stabilizes the soil and is salt tolerant. Vegetation
at the toe of the filter, where temporary ponding may occur behind the permeable berm, should be
able to withstand both wet and dry periods. The planting areas can be divided into zones to account
for differences in inundation and slope.

Afforested Filter Strips and Afforested Open Space shall be planted in accordance with
Afforestation requirements.

Forested Filter Strips and Forested Open Space shall have no grading or clearing of native
vegetation and shall have at least 80%o tree canopy coverage. An invasive species management
plan should be developed and approved as part of plan review.

Stabilization. All Vegetated Filter Strips and Vegetated Open Spaces must be stabilized to
prevent erosion or transport of sediment to receiving practices or drainage systems. Several
types of grasses appropriate for filter strips or turf conservation areas are listed in Table 9.5.
Maximum flow velocities should not exceed the values listed in the table for the selected grass
species and the specific site slope.
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A planting plan shall be provided that indicates the methods used to establish and maintain
vegetative stabilization of the Vegetated Filter Strip or Vegetated Open Space. The planting
plan should specify proper grass species based on specific site soils and hydric conditions present
within the footprint for the filter strip.

9.8

Table 9.5. Recommended Vegetation for Filter Strips and Turf Conservation Areas

Vegetation Type Slope (%) Maximum Velocity (ft/s)
Erosion resistant soil Easily Eroded Soil
Bermuda Grass 0-5 8 6
5-10 7 5
>10 6 4
Kentucky 0-5 7 5
Bluegrass 5-10 6 4
>10 5 3
Tall Fescue 0-5 6 4
Grass Mixture 5-10 4 3
Annual and
Perennial Rye 0-5 4 3
Sod 4 3
Source: USDA, TP-61, 1954; City of Roanoke Virginia Stormwater Design
Manual, 2008.

Sheet Flow Construction

Construction Sequence for Vegetated Filter Strips. Vegetated Filter Strips can be within the
limits of disturbance during construction. The following procedures should be followed during
construction:

Before site work begins, filter strip boundaries should be clearly marked.

Only vehicular traffic used for filter strip construction should be allowed within the filter strip
boundary.

If existing topsoil is stripped during grading, it should be stockpiled for later use.
Construction runoff should be directed away from the proposed filter strip site, using perimeter
silt fence, or, preferably, a diversion dike.

Construction of the gravel diaphragm or engineered level spreader should not commence until
the contributing drainage area has been stabilized and perimeter erosion and sediment (E&S)
controls have been removed and cleaned out.

Filter strips 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 filter strip area, stabilized with seed, and protected by
biodegradable erosion control matting or blankets.

9-14 _
Effective February 2019



BMP Standards and Specifications Sheet Flow to Filter Strip or Open Space

e Stormwater should not be diverted into the filter strip until the turf cover is dense and well
established.
e For afforested filter strips, refer to Specification 17. Afforestation.

Construction Sequence for Vegetated Open Space. It is preferred that VVegetated Open Space be
preserved in its existing undisturbed condition whenever possible. No clearing or grading shall
take place in Vegetated Open Space except temporary disturbances associated with
incidental utility construction, restoration operations, or management of nuisance
vegetation. The Vegetated Open Space area shall not be stripped of topsoil. Some light
grading may be needed at the boundary using tracked vehicles to prevent compaction.

The Vegetated Open Space should be fully protected during the construction stage of development.

o The perimeter of the Vegetated Open Space should be protected by super silt fence, orange
safety fence, or other measures to prevent compaction and sediment discharge.

o The limits of disturbance should be clearly shown on all construction drawings and identified
and protected in the field by acceptable signage, silt fence, safety fence or other protective
barrier.

e Construction of the gravel diaphragm or engineered level spreader should not commence until
the contributing drainage area has been stabilized and perimeter E&S controls have been
removed and cleaned out.

e Stormwater should not be diverted into the vegetated open space until the gravel diaphragm
and/or level spreader are installed and stabilized.

o For afforested open space, refer to Specification 17. Afforestation.

Construction Review. Construction review is critical to ensure compliance with design standards.
Construction reviewers should evaluate the performance of the filter strip or open space after the
first big storm to look for evidence of gullies, outflanking, undercutting or sparse vegetative
cover. Spot repairs should be made, as needed.

Construction reviews are required during the following stages of construction, and shall be
noted on the plan in the sequence of construction:

e Pre-construction meeting

e Initial site preparation including installation of erosion and sediment controls and
sensitive area protection surrounding vegetated filter strip locations

e Excavation and grading including interim and final elevations

e Implementation of required stabilization and planting plan

e Final construction review including development of a punch list for facility
acceptance

Post Construction Verification Documentation. Upon facility completion, the owner shall
submit Post Construction Verification Documents at the discretion of the Department or
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Delegated Agency as follows to demonstrate that the Vegetated Filter Strip or Vegetated
Open Space has been constructed within allowable tolerances in accordance with the
approved Sediment and Stormwater Management Plan and accepted by the approving
agency. The following items, as applicable, shall be included in the Post Construction
Verification Documentation for Sheet Flow Practices:

Dimensions of Vegetated Filter Strips (length and width).

Area of Vegetated Open Space.

Cross-slope.

Elevations of any structural components, such as gravel diaphragms or engineered level
spreaders.

e Photo documentation of the grassed filter strip or grassed open space providing
verification of achievement of the required 90% vegetated cover.

Constructed allowable tolerances for vegetated filter strips and vegetated open spaces, if
disturbed, shall be within the tolerances of design geometrics for the following parameters:
e Slope shall be no greater than 2% steeper than design slope
e Length shall be no less than 90% of design length
e Width shall be no less than 90% of design width
e Elevations of any structural components shall be within 0.15 feet of design elevation

In the event that the constructed allowable tolerances are exceeded for the vegetated filter
strip, supplemental calculations shall be submitted to determine if the vegetated filter strip,
as constructed, meets the minimum residence time. The computed residence time rounded
to the nearest minute shall be no less than the minimum design residence time.

Performance of a vegetated filter strip shall be evaluated by the Department or Delegated
Agency if requested in writing to determine if reconstruction of a vegetated filter strip that
exceeds allowable tolerances is necessary.

9.9 Sheet Flow Maintenance Criteria

Before project completion the Owner shall submit a final post construction stormwater
management Operation and Maintenance Plan for the entire stormwater management
system. Operation and Maintenance Plans remain valid for the life of the stormwater
management system. The Operation and Maintenance Plan should specify the property owner’s
primary maintenance responsibilities and authorize the Department or Delegated Agency staff to
access the property for maintenance review or corrective action in the event that proper
maintenance is not performed.

Operation and Maintenance Plans should clearly outline how vegetation in the Sheet Flow Practice
will be managed or harvested in the future. Maintenance of Sheet Flow Practices is driven by
annual maintenance reviews that evaluate the condition and performance of the practice. Based on
maintenance review results, specific maintenance tasks may be required.
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Table 9.6. Sheet Flow to Filter Strip or Open Space Maintenance Items and Frequency

Frequency Maintenance Items
e Inspect the site after storm event that exceeds 0.5 inches of
rainfall.
During establishment, as needed (first | ® Stabilize any bare or eroding areas
year) e Water trees and shrubs-during the first growing season. In

general, water every 3 days for first month, and then
weekly during the remainder of the first growing season
(April - October), depending on rainfall.

Quarterly or after major storms

(>1 inch of rainfall) e Repair-eroded, and/or bare soil areas

Mowing of the grassed filter strip or grassed open space

Twice a year ) ) )
Inspect and treat for invasive species as needed

® Remove trash and debris

Annually
e A full maintenance review
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10.0 Detention Practices

Definition: Detention  Practices  are
storage practices that are &
explicitly designed to provide &8
stormwater detention for the
Conveyance Event, Cv (10-
year) and Flooding Event, Fv
(100-year).

Design variants include:

[ | 10-A Dry Detention Pond
[ | 10-B Dry Extended Detention (ED) Basin
[ | 10-C Underground Detention Facilities

Dry Detention Ponds and Dry ED Basins are widely applicable for most land uses and are best
suited for larger drainage areas. An outlet structure restricts stormwater flow, so it backs up and is
stored within the basin. The temporary ponding reduces the maximum peak discharge to the
downstream channel, thereby reducing the effective shear stress on the bed and banks of the
receiving stream. Dry Detention Ponds receive some credit for pollutant removal, while Dry ED
Basins receive both runoff reduction and pollutant removal credits.

The key difference between Dry Detention Ponds and Dry ED Basins is that, in addition to
management of the Cv and Fv, a Dry ED Basin provides 48-hour detention of the Resource
Protection VVolume (RPv). An under-sized outlet structure restricts stormwater flow so it backs up,
is stored within the basin, and released at a slower rate. The temporary ponding enables particulate
pollutants to settle out and reduces the maximum peak discharge to the downstream channel,
thereby reducing the effective shear stress on banks of the receiving stream. Unlike the Dry
Detention Pond’s stormwater detention, extended detention is designed to achieve a minimum
drawdown time, rather than a maximum peak rate of flow. Dry Detention Ponds, which are
designed only to manage the larger Cv and Fv will often detain smaller storm events for only a
few minutes or hours.

Underground Detention Facilities include vaults and tanks. Underground Detention Vaults are
box-shaped underground stormwater storage facilities typically constructed with reinforced
concrete. Underground Detention Tanks are underground storage facilities typically constructed
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with large diameter metal or plastic pipe. Both serve as an alternative to surface dry detention for
stormwater quantity control, particularly for space-limited areas where there is not adequate land
for a dry detention basin or multi-purpose detention area. Prefabricated concrete vaults are
available from commercial vendors. In addition, several pipe manufacturers have developed
packaged detention systems. Unless they provide 48-hour extended detention, underground
detention vaults do not receive any runoff reduction or pollutant removal credit and should be
considered only for management of larger storm events.

Figure 10.1. Example of a Dry Detention Pond (10-A)
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Figure 10.2. Example of a Dry Extended Detention Basin (10-B)
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Figure 10.3. Example of an Underground Detention Facility (10-C)
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10.1 Detention Practices Stormwater Credit

Dry Detention Ponds and Dry ED Basins constructed to meet regulatory stormwater
management requirements in the State of Delaware shall be designed and constructed in
accordance with the USDA NRCS Delaware Pond Code 378 as amended. Dry Detention Ponds
and Dry ED Basins receive pollutant removal credits as follows in Table 10.1 and 10.2. Full
runoff reduction credit is given for detention practices that provide 48-hour extended

detention of the full RPv.

Table 10.1 Dry Detention Pond and Underground
Detention Facilities Performance Credits

Runoff Reduction

Retention Allowance 0%
RPv -A/B Soil 0%
RPv - C/D Soil 0%
Cv 0%
Fv 0%

Pollutant Reduction

TN Reduction

Not less than 5%

TP Reduction

Not less than 10%o

TSS Reduction

Not less than 10%0

Table 10.2 Dry 48-hour ED Basin and Underground
Detention Facilities with 48-hour ED Performance

Credits

Runoff Reduction

RPv — Detention Allowance 100%
Cv 1%
Fv 0%

Pollutant Reduction

TN Reduction

Not less than 20%

TP Reduction

Not less than 20%o

TSS Reduction

Not less than 60%o

Because Detention Practices are designed for larger storm events, rather than the RPv, the credits
above are “fixed” credits. They are not based on the relative size of the practice.

10.2  Detention Practices Summary
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Table 10.3 summarizes feasibility, design, construction and maintenance criteria for Detention
Practices. For more detail, consult Sections 10.3 through 10.97.

Table 10.3 Detention Practices Summary

Feasibility Criteria
(Section 10.3)

1%-3% of CDA for footprint

Recommended minimum CDA = 10 acres

Refer to Appendix A-8 for setback requirements.

Dry Detention Ponds or Dry ED Basins shall not be allowed if the seasonal high water
table or bedrock will be within 1 foot of the floor of the pond.

Non-watertight Underground Detention Facilities shall be no lower than the seasonal
high water table and 2 feet above bedrock.

For watertight Underground Detention Facilities, an anti-flotation analysis is required
to check for buoyancy problems in seasonal high water table areas

Soil Investigation Procedures shall be followed for testing.

Underground Detention Facilities must meet structural requirements for bearing
capacity, overburden support, and traffic loading as determined by a licensed design
professional, and based upon manufacturer’s recommendations where applicable.

Conveyance Criteria
(Section 10.4)

The principal spillway must be accessible from dry land.

A structure-pipe spillway shall be designed with anti-flotation, anti-vortex and trash
rack devices on the structure.

A structure-pipe spillway shall be designed with anti-flotation, anti-vortex and trash
rack devices on the structure.

A structure-pipe spillway shall be designed with anti-flotation, anti-vortex and trash
rack devices on the structure.

When the principal spillway is composed of a weir wall discharging to a channel, the
channel below the weir must be reinforced with riprap or other acceptable material to
prevent scour.

For Dry ED Basins, the control structure must include an outlet that will slowly release
the RPv over a 48-hour period.

When a low flow orifice is specified, it must be adequately protected from clogging by
either an acceptable external trash rack or by internal orifice protection. Orifice
diameters shall not be less than 3 inches unless internal orifice control is provided.

Dry Detention Ponds and Dry ED Basins must be designed to pass the maximum design
storm event (Fv) if the Fv is being routed through the Dry Detention Ponds and Dry ED
Basins rather than bypassing.

Inflow points into the Dry Detention Ponds and Dry ED Basins must be stabilized to
ensure that non-erosive conditions exist during storm events up to the conveyance event
(Cv).

A forebay shall be provided at each inflow location that provides 10% or greater of the
total RPv inflow to the Dry Detention Ponds and Dry ED Basins.
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Conveyance Criteria
(Section 10.4)
cont.

In the event that the embankment is a regulated dam, the designer must verify that the
appropriate Dam Safety Permit has been approved by the Department’s Dam Safety
Program.

For Underground Detention Facilities, an internal or external high flow bypass or
overflow shall be included in the design to safely pass the Fv.

Pretreatment Criteria
(Section 10.5)

Forebays maintain the longevity of all Dry Detention Ponds and Dry ED Basins

A forebay must be located at each major inlet to trap sediment and preserve the capacity
of the main treatment cell.

The following criteria apply to forebay design:

0 A major inlet is defined as an individual storm drain inlet pipe or open channel
conveying at least 10% of the Dry Detention Pond’s and Dry ED Basin’s
contributing RPv runoff volume.

0 The forebay shall be no deeper than 3 feet.

0 The forebay must be sized to contain 10% of the volume of runoff from the
contributing drainage area for the Resource Protection event.

o Discharge from the forebay shall be non-erosive.

Every underground detention practice shall have pretreatment mechanisms to protect
the long term integrity of the practice.

Design Criteria
(Section 10.6)

Dry Detention Ponds and Dry ED Basins constructed to meet regulatory stormwater
management requirements in the State of Delaware shall be designed and constructed
in accordance with the USDA NRCS Delaware Pond Code 378 as amended.
In order to simulate a baseflow condition to the extent practicable, the peak discharge
for the outflow hydrograph shall not exceed five times the average discharge rate.
Earthen side slopes shall be designed and constructed no steeper than 3H:1V.
Retaining walls around Dry Detention Ponds and Dry ED Basins shall be limited to no
more than 50% of the pond perimeter based upon the peak elevation of the Cv. In order
to maintain the safety requirements, retaining walls shall be configured as follows:
0 The retaining wall shall have a maximum height of 3 feet.
0 Any additional retaining walls shall have a maximum height of 2 feet and
provide a minimum 10-foot level terrace from a lower retaining wall.

Any opening 12 inches or greater discharging to a closed drainage system shall include
safety grates.
The emergency spillway must be located so that downstream structures will not be
impacted by spillway discharges.
The emergency spillway exit channel must be designed to direct runoff to a point of
discharge without impact to downstream structures.
Maintenance access must meet the following criteria:

0  Minimum width of 15 feet.

o0 Profile grade that does not exceed 10H:1V.

0 Minimum 10H:1V cross slope
Maintenance Set-Aside Area:

0 The maintenance set-aside area shall accommodate the volume of 50% of

the collective forebay volume.
0 The maximum depth of the set aside volume shall be one foot.
0 The slope of the set aside area shall not exceed 5%.
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Design Criteria
(Section 10.6)
cont.

Detention Vault and Tank Materials:

o All construction joints and pipe joints shall be water tight.

o0 Cast-in-place wall sections must be designed as retaining walls.
For watertight Underground Detention Facilities, anti-flotation analysis is required to
check for buoyancy problems in the high water table areas. Anchors shall be designed
to counter the pipe and structure buoyancy by at least a 1.2 factor of safety.

Landscaping Criteria
(Section 10.7)

Woody vegetation shall not be planted or allowed to grow within 15 feet of the
embankment and 10 feet on either side of principal spillway or inflow pipes.

For Dry Detention Ponds and Dry ED Basins, a planting plan shall be provided that
indicates the methods used to establish and maintain vegetative coverage within the
Detention Practice and its vegetated perimeter area.

Minimum elements of a plan include seed mixes by botanical and common names as
well as percentages by weight or volume.

Construction Criteria
(Section 10.8)

Construction of proprietary Underground Detention Facilities must be in accordance
with manufacturer’s specifications.
Underground Detention Facilities must be inspected and cleaned of sediment after the
site is stabilized.
Approval from the Department or the appropriate Delegated Agency must be obtained
before any planned Dry Detention Ponds and Dry ED Basins can be used as a sediment
basin. If a Dry Detention Pond or Dry ED Basin serves as a sediment basin during
project construction, the volume of the sediment basin must be based on the more
stringent sizing rule.
When the sediment basin is being converted into a Dry Detention Pond or Dry ED Basin,
the sediment basin shall be dewatered in accordance with the approved plan and
appropriate details from the Delaware Erosion and Sediment Control Handbook prior
to removing accumulated sediment and regrading the pond bottom.
The Sediment and Stormwater Plan must include conversion steps from sediment basin
to permanent Dry Detention Ponds and Dry ED Basins in the construction sequence.
The Department or Delegated Agency must be notified and provide approval prior to
conversion from sediment basin to the final configuration of the Dry Detention Pond or
Dry ED Basin.
Appropriate procedures must be implemented to prevent discharge of turbid waters
when the sediment basin is being converted into a Dry Detention Pond or Dry ED Basin.
Construction reviews are required during the following stages of construction, and shall
be noted on the plan in the sequence of construction:
0 Pre-construction meeting
o |Initial site preparation including installation of erosion and sediment controls
o Construction of the embankment, including installation of the principal spillway
and the outlet structure
o For Dry Detention Pond and Dry ED Basin — excavation and grading including
interim and final elevations
o For Underground Detention — subgrade, placement of stone, system components
in accordance with manufacturer’s recommendations and backfill
o Implementation of the planting plan and vegetative stabilization
o0 Final inspection including development of a punch list for facility acceptance
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Construction Criteria
(Section 10.8)
cont.

e Upon facility completion, the owner shall submit post construction verification

documents to demonstrate that the Detention Practice has been constructed within
allowable tolerances and in accordance with the approved Sediment and Stormwater
Management Plan and accepted by the approving agency.
Allowable tolerances for Dry Detention Pond and Dry ED Basin are as follows:
0 The constructed top of bank elevation may be no lower than the design elevation
for top of bank.
0 The constructed volume of the dry pond surface storage shall be no less than
90% of the design volume.
0 The constructed elevation of any structure shall be within 0.15 foot of the design.
Allowable tolerances for Underground Detention Facilities are as follows:
o0 Grate and invert elevations of all structures, including weirs shall be within 0.15
foot of the design.
o Diameter of all pipes or dimensions of chambers within underground detention
facility shall be as shown on the plan.
o Dimension of any weirs shall be within 10% of the design.
When the allowable tolerances are exceeded for volume or structure elevations,
supplemental calculations must be submitted to the approval agency to demonstrate
that the Detention Practice, as constructed, meets the design requirements.

Maintenance Criteria
(Section 10.9)

Repair of critical structural features such as embankments and risers shall be
performed by responsible personnel that have successfully completed the Department
Contractor Training Program.

Sediment removal in the Dry Detention Pond or Dry ED Basin pretreatment practice
must occur when 50%o of total forebay capacity has been lost.

Before project completion, the Owner shall submit a final post construction stormwater
management Operation and Maintenance Plan for the entire stormwater management
system. Operation and Maintenance Plans remain valid for the life of the stormwater
management system.

10.3 Detention Practices Feasibility Criteria

The following feasibility issues need to be evaluated when Detention Practices are considered:

EPA Requirements for Class V Injection Wells. Certain types of practices in this category,
particularly Underground Detention Facilities, may be classified as Class V Injection Wells,
which are subject to regulations under the Federal Underground Injection Control (UIC)
program. In general, if the facility allows stormwater runoff to come in direct contact with
groundwater it would meet this criterion. Facilities with a minimum 2-foot vadose zone
separation from the groundwater table would not meet the criterion. Designers are advised to
contact the DNREC Groundwater Discharges Section for additional information regarding UIC
regulations and possible permitting requirements.

Space Required. A typical Detention Practice requires a footprint of 1% to 3% of its contributing
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drainage area, depending on the depth of the Dry Detention Pond, Dry Extended Detention Basin,
or Underground Detention Facility (i.e., the deeper the practice, the smaller footprint needed).

Dry Detention Ponds and Dry ED Basins can function with drainage areas less than 10 acres, but
designers should be aware that these “pocket” ponds will be prone to clogging, experience
fluctuating water levels, and generate more nuisance conditions. When the contributing drainage
area of the Dry Detention Ponds and Dry ED Basins is less than 10 acres, alternative outlet
configurations should be used to eliminate the possibility of clogging of the outlet.

Underground Detention Systems can be located downstream of other structural stormwater
controls providing treatment of the design storm. For treatment train designs where upland
practices are used for treatment of the RPv, designers can use a site-adjusted curve number (CN)
that reflects the volume reduction of upland practices and likely reduce the size and cost of
detention (see Section 10.6. Detention Practice Design Criteria).

Minimum Setbacks. Refer to Appendix A-8.

Depth-to-Water Table and Bedrock. Dry Detention Ponds or Dry ED Basins shall not be
allowed if the seasonal high water table or bedrock will be within 1 foot of the floor of the
pond. Non-watertight Underground Detention Facilities shall be no lower than the seasonal
high water table and 2 feet above bedrock. For watertight Underground Detention Facilities,
an anti-flotation analysis is required to check for buoyancy problems in seasonal high water
table areas. Soil Investigation Procedures shall be followed for testing.

Structural Stability. Underground Detention Facilities must meet structural requirements for
bearing capacity, overburden support, and traffic loading as determined by a licensed design
professional, and based upon manufacturer’s recommendations where applicable.

10.4 Detention Practice Conveyance Criteria

Principal Spillway. The principal spillway may be composed of a structure-pipe configuration or
a weir-channel configuration. The principal spillway must be accessible from dry land. A
structure-pipe spillway shall be designed with anti-flotation, anti-vortex and trash rack
devices on the structure. The outfall pipe and all connections to the outfall structure shall be
made watertight. Soil tight only joints are not acceptable. Anti-seep collars shall be used in
accordance with USDA NRCS Delaware Pond Code 378, as amended. When the principal
spillway is composed of a weir wall discharging to a channel, the channel below the weir must
be reinforced with riprap or other acceptable material to prevent scour.
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Non-Clogging Outlet. For Dry ED Basins, the control structure must include an outlet that
will slowly release the RPv over a 48-hour period. When a low flow orifice is specified, it
must be adequately protected from clogging by either an acceptable external trash rack or
by internal orifice protection. Orifice diameters shall not be less than 3 inches unless internal
orifice control is provided.

Outfall Protection. The design shall specify an outfall that can discharge the maximum design
storm event in a non-erosive manner at the project point of discharge. If necessary, the channel
immediately below the Dry Detention Pond and Dry ED Basin outfall may be modified to prevent
erosion and conform to natural dimensions in the shortest possible distance. This can be
accomplished by placing appropriately sized riprap over stabilization geotextile in accordance with
HEC-14 Hydraulic Design of Energy Dissipators for Culverts and Channels and Delaware Erosion
and Sediment Control Handbook Specification 3.3.10 Riprap Outlet Protection or 3.3.11 Riprap
Stilling Basin, which can reduce flow velocities from the principal spillway to non-erosive levels
(3.5 t0 5.0 fps) based upon the channel lining material. Flared pipe sections, which discharge at or
near the stream invert or into a step pool arrangement, should be used at the spillway outlet.

When the discharge is to a manmade pipe or channel system, the system should be adequate to
convey the required design storm peak discharge in a non-erosive manner. Care should be taken
to minimize tree clearing along the downstream channel, and to reestablish a forested riparian zone
in the shortest possible distance. Excessive use of rip-rap should be avoided. The final release rate
of the facility should be modified if any increase in flooding or stream channel erosion would
result at a downstream structure, highway, or natural point of restricted streamflow unless
downstream improvements are made to accommodate the increase.

Emergency Spillway. Dry Detention Ponds and Dry ED Basins must be designed to pass the
maximum design storm event (Fv) if the Fv is being routed through the Dry Detention Ponds
and Dry ED Basins rather than bypassing. An earthen emergency spillway designed to
convey the Fv shall be cut in natural ground or, if cut in fill, shall be constructed and
stabilized with methods to prevent erosion and structural failure.

Inflow Points. Inflow points into the Dry Detention Ponds and Dry ED Basins must be
stabilized to ensure that non-erosive conditions exist during storm events up to the
conveyance event (Cv). Inlet pipe inverts should generally be located at the permanent pool
elevation. A forebay shall be provided at each inflow location that provides 10% or greater
of the total RPv inflow to the Dry Detention Ponds and Dry ED Basins. Additional information
on forebays may be found in 10.5 Detention Practices Pretreatment Criteria.

Dam Safety Permits. The designer should determine whether or not the embankment meets the
criteria to be regulated as a dam by the Delaware Dam Safety Regulations. In the event that the
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embankment is a regulated dam, the designer must verify that the appropriate Dam Safety
Permit has been approved by the Department’s Dam Safety Program.

Bypass. For Underground Detention Facilities, an internal or external high flow bypass or
overflow shall be included in the design to safely pass the Fv.

10.5 Detention Practices Pretreatment Criteria
Pretreatment Forebay.

Sediment forebays are considered to be an integral design feature to maintain the longevity of all

Dry Detention Ponds and Dry ED Basins. A forebay must be located at each major inlet to trap

sediment and preserve the capacity of the main treatment cell. The following criteria apply

to forebay design:

e A major inletis defined as an individual storm drain inlet pipe or open channel conveying
at least 10% of the Dry Detention Pond’s and Dry ED Basin’s contributing RPv runoff
volume.

e The preferred forebay configuration consists of a separate cell, formed by an acceptable barrier
such as a concrete weir, riprap berm, gabion baskets, etc. Riprap berms are the preferred barrier
material.

e The forebay shall be no deeper than 3 feet.

e The forebay must be sized to contain 10% of the volume of runoff from the contributing
drainage area for the Resource Protection event. The relative size of individual forebays
should be proportional to the percentage of the total inflow to the Dry Detention Pond and Dry
ED Basin. The storage volume within the forebay may be included in the calculated required
storage volume for the Dry Detention Pond and Dry ED Basin.

e The recommended minimum length of the forebay is 10 feet. The forebay should have a length
to width ratio of 2:1 or greater. Length is measured with the direction of flow into the Dry
Detention Pond and Dry ED Basin.

e The forebay should be equipped with a metered rod in the center of the pool (as measured
lengthwise along the low flow water travel path) for long-term monitoring of sediment
accumulation. Metered wooden stakes may need to be replaced frequently in Dry Detention
Pond and Dry ED Basin forebays; alternative materials should be considered for longevity.

e Vegetation may be included within forebays to increase sedimentation and reduce resuspension
and erosion of previously trapped sediment.

e Discharge from the forebay shall be non-erosive.

Underground Detention Pretreatment. Every underground detention practice shall have
pretreatment mechanisms to protect the long term integrity of the practice. Recommended

10-12

Effective February 2019



BMP Standards and Specifications Detention Practices

techniques to pretreat 100% of the inflow in every practice include but are not limited to:

e Practices capable of removing floatables such as oils and greases

e Practices capable of removing gross pollutants such as trash and debris

e Proprietary Practices that can achieve a 50% reduction in suspended solids (see Specification
15. Proprietary Practices)

e Catch Basin Sumps (applicable for perforated pipe systems for residential streets and site
drainage only, minimum 2”)

10.6  Detention Practices Design Criteria

Dry Detention Ponds and Dry ED Basins constructed to meet regulatory stormwater
management requirements in the State of Delaware shall be designed and constructed in
accordance with the USDA NRCS Delaware Pond Code 378 as amended.

Detention Practice Sizing. In order to receive the credits outlined in Tables 10.1 and 10.2, for
RPv compliance, a Dry ED Basin or Underground Detention Facility must provide 48 hours
extended detention for the RPv runoff volume. Detention time shall be based on the time of
initial inflow to time of final outflow from the facility. In order to simulate a baseflow
condition to the extent practicable, the peak discharge for the outflow hydrograph shall not
exceed five times the average discharge rate.

Detention Practices can be designed to capture and treat the remaining stormwater discharged from
upstream practices to improve water quality. Detention Practices should be sized to control peak
flow rates from the Conveyance Event and Flooding Event as required in accordance with the
Delaware Sediment and Stormwater Regulations and accompanying Technical Specifications.

For treatment train designs where upland practices are used for treatment of the RPv, designers
can use a site-adjusted CN that reflects the volume reduction of upland practices to compute the
Cv and Fv that must be treated by the Detention Practice.

Dry Detention Pond and Dry ED Basin Internal Design Features. The following apply to Dry
Detention Pond and Dry ED Basin design:
e Flow Distribution. Dry Detention Ponds and Dry ED Basin should be constructed in a
manner whereby flows are evenly distributed across the pond bottom, to avoid scour,
promote attenuation, filtering, and, where possible, infiltration.

e Internal Slope. The minimum recommended longitudinal slope through a pond should be
1%.

e Side Slopes. Side slopes within the Dry Detention Pond or Dry ED Basin should have a
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gradient of 3H:1V to 4H:1V. The mild slopes promote better establishment and growth of
vegetation and provide for easier maintenance and a more natural appearance. Earthen
side slopes shall be designed and constructed no steeper than 3H:1V.

e Long Flow Path. Dry Detention Pond and Dry ED Basin designs should have an irregular
shape and a long flow path from inlet to outlet to increase water residence time, treatment
pathways, and pond performance and to eliminate short-cutting. In terms of flow path
geometry, there are two design considerations: (1) the overall flow path through the pond
and (2) the length of the shortest flow path (Hirschman et al., 2009):

o0 The overall flow path can be represented as the length-to-width ratio OR the flow
path ratio. These ratios should be at least 2L:1W (3L:1W preferred). Internal berms,
baffles, or topography can be used to extend flow paths and/or create multiple pond
cells.

0 The shortest flow path represents the distance from the closest inlet to the outlet.
The ratio of the shortest flow to the overall length should be at least 0.4. In some
cases — due to site geometry, storm sewer infrastructure, or other factors — some
inlets may not be able to meet these ratios. However, the drainage area served by
these “closer” inlets should constitute no more than 20% of the total contributing
drainage area.

Retaining Walls: Retaining walls around Dry Detention Ponds and Dry ED Basins shall be

limited to no more than 50% of the pond perimeter based upon the peak elevation of the

Cv. In order to maintain the safety requirements, retaining walls shall be configured as

follows:

e The retaining wall shall have a maximum height of 3 feet.

e Any additional retaining walls shall have a maximum height of 2 feet and provide a
minimum 10-foot level terrace from a lower retaining wall.

Safety Features. The following safety features apply to Detention Practices:

e Any inflow opening 12 inches or greater discharging to a closed drainage system shall
include safety grates.

e The emergency spillway must be located so that downstream structures will not be
adversely impacted by spillway discharges.

e The emergency spillway exit channel must be designed to direct runoff to a point of
discharge without adverse impact to downstream structures.

e Fencing of the perimeter of Dry Detention Ponds and Dry ED Basins is discouraged. The
preferred method to reduce risk is to manage the contours of the pond to eliminate drop-offs
or other safety hazards.

10-14

Effective February 2019



BMP Standards and Specifications Detention Practices

e Maintenance access to Underground Detention Facilities should be locked at all times. The
Operation and Maintenance Plan should specify how access to the Underground Detention
Facility will be accomplished.

Maintenance Access. All Detention Practices shall be designed so as to be accessible for
maintenance. Adequate maintenance access must extend to the pretreatment, riser, and
outlet structure. Adequate maintenance access must also be provided for all Underground
Detention Facilities. A maintenance right-of-way or easement must extend to the Detention
Practice from a public or private road.

Maintenance access must meet the following criteria:

e Minimum width of 15 feet.

e Profile grade that does not exceed 10H:1V.

e Minimum 10H:1V cross slope.

Local ordinances and design criteria should be consulted to determine minimum setbacks to
property lines. When not specified in local code, the top of bank of Dry Detention Ponds and Dry
ED Basins Ponds should be set back at least 15 feet from property lines to ensure maintenance
access.

Maintenance Set-Aside Area. Adequate land area adjacent to the Dry Detention Pond or Dry ED

Basin should be provided for in the Operation and Maintenance Plan as a location for disposal of

sediment removed from the pond when maintenance is performed

e The maintenance set-aside area shall accommodate the volume of 50% of the collective
forebay volume.

e The maximum depth of the set aside volume shall be one foot.

e The slope of the set aside area shall not exceed 5%.

e The area and slope of the set aside area may be modified if an alternative area or method of
disposal is approved by the Department or Delegated Agency.

Detention Vault and Tank Materials: Designers should consider longevity in selecting materials
for construction of Underground Detention Facilities. All construction joints and pipe joints
shall be water tight. Cast-in-place wall sections must be designed as retaining walls. The
maximum depth from finished grade to the vault invert should be 20 feet. Manufacturer’s
specifications should be consulted for proprietary Underground Detention Facilities.

Anti-floatation Analysis for Underground Detention: For watertight Underground Detention
Facilities, anti-flotation analysis is required to check for buoyancy problems in the high
water table areas. Anchors shall be designed to counter the pipe and structure buoyancy by
at least a 1.2 factor of safety.
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10.7 Detention Practices Landscaping Criteria
No landscaping criteria apply to Underground Detention Facilities.

Woody Vegetation. Woody vegetation shall not be planted or allowed to grow within 15 feet
of the embankment and 10 feet on either side of principal spillway or inflow pipes. These
recommendations may be relaxed in situations where Dry Detention Ponds and Dry ED Basins are
constructed adjacent to existing forested areas.

Planting Plan. For Dry Detention Ponds and Dry ED Basins, a planting plan shall be
provided that indicates the methods used to establish and maintain vegetative coverage
within the Detention Practice and its vegetated perimeter area. The planting plan should
allow the pond to mature into a native forest in the right places, but yet keep mowable turf along
the embankment and all access areas. Avoid plant species that require full shade, or are prone to
wind damage. Minimum elements of a plan include seed mixes by botanical and common
names as well as percentages by weight or volume.

10.8 Detention Practices Construction

Underground Detention Facilities. Construction of proprietary Underground Detention
Facilities must be in accordance with manufacturer’s specifications. All runoff into the system
should be blocked until the site is stabilized. Underground Detention Facilities must be
inspected and cleaned of sediment after the site is stabilized.

Use of Dry Detention Pond or Dry ED Basin for Erosion and Sediment Control. A Dry
Detention Pond may serve as a sediment basin during project construction. Approval from the
Department or the appropriate Delegated Agency must be obtained before any planned Dry
Detention Ponds and Dry ED Basins can be used as a sediment basin. If a Dry Detention
Pond or Dry ED Basin serves as a sediment basin during project construction, the volume of
the sediment basin must be based on the more stringent sizing rule. Installation of the
permanent riser should be initiated during the construction phase, and design elevations should be
set with final cleanout of the sediment basin and conversion to the post-construction Dry Detention
Pond or Dry ED Basin in mind. The bottom elevation of the temporary sediment basin should be
a minimum of 6 inches higher than the proposed bottom elevation of the Dry Detention Pond or
Dry ED Basin to allow for accumulated sediment to be removed with the remaining material during
conversion from sediment basin to permanent pond. When the sediment basin is being converted
into a Dry Detention Pond or Dry ED Basin, the sediment basin shall be dewatered in
accordance with the approved plan and appropriate details from the Delaware Erosion and
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Sediment Control Handbook prior to removing accumulated sediment and regrading the
pond bottom.

The Sediment and Stormwater Plan must include conversion steps from sediment basin to
permanent Dry Detention Ponds and Dry ED Basins in the construction sequence. The
Department or Delegated Agency must be notified and provide approval prior to
conversion from sediment basin to the final configuration of the Dry Detention Pond or
Dry ED Basin. Appropriate procedures must be implemented to prevent discharge of
turbid waters when the sediment basin is being converted into a Dry Detention Pond or
Dry ED Basin.

Dry Detention Pond, Dry ED Basin, and Underground Detention Construction Review. Multiple
construction reviews are critical to ensure that Dry Detention Ponds and Dry ED Basins are
properly constructed. Construction reviews are required during the following stages of
construction, and shall be noted on the plan in the sequence of construction:

e Pre-construction meeting

e Initial site preparation including installation of erosion and sediment controls

e Construction of the embankment, including installation of the principal spillway and
the outlet structure

e For Dry Detention Pond and Dry ED Basin — excavation and grading including
interim and final elevations

e For Underground Detention — subgrade, placement of stone, system components in
accordance with manufacturer’s recommendations and backfill

e Implementation of the planting plan and vegetative stabilization

e Final inspection including development of a punch list for facility acceptance

The following is a typical construction sequence to properly install a Dry Detention Pond or Dry
ED Basin. The steps may be modified to reflect different designs, site conditions, and the size,
complexity and configuration of the proposed facility.

Step 1: Stabilize the Drainage Area. Dry Detention Ponds or Dry ED Basins should be constructed
after the contributing drainage area is stabilized. If the proposed Dry Detention Pond or Dry ED
Basin site will be used as a sediment trap or basin during the construction phase, the construction
notes should clearly indicate that the facility will be dewatered, dredged, and re-graded to design
dimensions after the original site construction is complete.

Step 2: Assemble Construction Materials on-site, make sure they meet design specifications, and
prepare any staging areas. Ensure that appropriate compaction and dewatering equipment is
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available. Locate the project benchmark and if necessary transfer a benchmark nearer to the Dry
Detention Ponds and Dry ED Basins location for use during construction.

Step 3: Install Erosion and Sediment Controls prior to construction, including temporary de-
watering devices and stormwater diversion practices. All areas surrounding the pond or basin that
are graded or denuded during construction should be planted with turf grass, native plantings, or
other approved methods of soil stabilization.

Step 4: Clear and Strip the embankment area to the desired sub-grade.

Step 5: Excavate the Core Trench and Install the Principal Spillway Pipe in accordance with
construction specification of NRCS Small Pond Code 378.

Step 6: Install the Riser or Outflow Structure and ensure that the top invert of the overflow weir is
constructed level at the design elevation.

Step 7: Construct the Embankment and any Internal Berms using acceptable material in 8 to 12-
inch lifts and compact the lifts with appropriate equipment. Construct the embankment to allow
for 10% settlement of the embankment.

Step 8: Excavate/Grade until the appropriate elevation and desired contours are achieved for the
bottom and side slopes of the Dry Detention Pond or Dry ED Basin. Construct forebays at the
proposed inflow points.

Step 9: Construct the Emergency Spillway in cut or structurally stabilized soils.

Step 10: Install Outlet Pipes, including any flared end sections, headwalls, and downstream rip-
rap apron protection underlain by stabilization geotextile.

Step 11: Stabilize Exposed Soils with the approved seed mixtures in accordance with the
vegetative stabilization specifications on the approved Sediment and Stormwater
Management Plan.

Step 12: Plant the Dry Detention Pond or Dry ED Basin.

Post Construction Verification.

Upon facility completion, the owner shall submit post construction verification documents

to demonstrate that the Detention Practice has been constructed within allowable tolerances
and in accordance with the approved Sediment and Stormwater Management Plan and
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accepted by the approving agency.

Allowable tolerances for Dry Detention Pond and Dry ED Basin are as follows:
e The constructed top of bank elevation may be no lower than the design elevation for
top of bank.
e The constructed volume of the dry pond surface storage shall be no less than 90% of
the design volume.
e The constructed elevation of any structure shall be within 0.15 foot of the design.

Allowable tolerances for Underground Detention Facilities are as follows:

e Grate and invert elevations of all structures, including weirs shall be within 0.15 foot
of the design.

e Diameter of all pipes or dimensions of chambers within underground detention
facility shall be as shown on the plan.

e Dimension of any weirs shall be within 10% of the design.

When the allowable tolerances are exceeded for volume or structure elevations,
supplemental calculations must be submitted to the approval agency to demonstrate that the
Detention Practice, as constructed, meets the design requirements.

10.9 Detention Practices Maintenance Criteria

Repair of critical structural features such as embankments and risers shall be performed by
responsible personnel that have successfully completed the Department Contractor Training
Program.

Sediment removal in the Dry Detention Pond or Dry ED Basin pretreatment practice must
occur when 50% of total forebay capacity has been lost. The owner can plan for this
maintenance activity to occur every 5 to 7 years.

Before project completion, the Owner shall submit a final post construction stormwater
management Operation and Maintenance Plan for the entire stormwater management
system. Operation and Maintenance Plans remain valid for the life of the stormwater
management system. The Operation and Maintenance Plan will specify the property owner’s
primary maintenance responsibilities and authorize the Department or Delegated Agency staff to
access the property for maintenance review or corrective action in the event that proper
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maintenance is not performed.

Typical maintenance activities for Detention Practices are outlined in Table 10.5. Maintenance
requirements for Underground Storage Facilities should include quarterly visual inspections from
the manhole access points to verify that there is no standing water or excessive sediment buildup.
Entry into the system for a full inspection of the system components (pipe or vault joints, general
structural soundness, etc.) should be conducted annually. Confined space entry credentials may be
required for this inspection.
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Table 10.5 Typical maintenance items for Detention Practices

Frequency Maintenance Items
During establishment, e  Water Dry Detention Pond and Dry ED Basin side slopes and
as needed (first year) bottom area to promote vegetation growth and survival

e Remove sediment and oil/grease from inlets, pre-treatment
devices, flow diversion structures, storage practices and
overflow structures.

Quarterly or e Ensure that the contributing drainage area, inlets, and facility
after major storms surface are clear of debris.
(>1 inch of rainfall) e Ensure that the contributing drainage area is stabilized.

Perform spot-reseeding where needed.

e Repair undercut and eroded areas at inflow and outflow
structures.

e Measure sediment accumulation levels in forebay. Remove
sediment when 50% of the forebay capacity has been lost.

e Inspect the condition of stormwater inlets for material
damage, erosion or undercutting. Repair as necessary.

e Inspect the banks of upstream and downstream channels for
evidence of sloughing, animal burrows, boggy areas, woody
growth, or gully erosion that may undermine pond
embankment integrity.

e Inspect outfall channels for erosion, undercutting, rip-rap
displacement, woody growth, etc.

e Inspect condition of principal spillway and riser for evidence
of spalling, joint failure, leakage, corrosion, etc.

e Inspect condition of all trash racks, flashboard risers, and
other appurtenances for evidence of clogging, leakage, debris
accumulation, etc.

e Inspect maintenance access to ensure it is free of debris or
woody vegetation, and check to see whether valves, manholes
and locks can be opened and operated.

e Inspect internal and external side slopes of Dry Detention
Ponds for evidence of sparse vegetative cover, erosion, or
slumping, and make needed repairs immediately.

e  Monitor the growth of trees and shrubs planted in Dry
Detention Ponds. Remove invasive species and replant
vegetation where necessary to ensure dense coverage.

Annually

Operation and Maintenance Plans should clearly outline how vegetation in the Dry Detention Pond or
Dry ED Basin and its vegetated perimeter will be managed or harvested in the future. Periodic mowing
of the vegetated perimeter area is only required within the maintenance access and the embankment.
The remaining perimeter can be managed as a meadow (mowing every other year) or forest. The
Operation and Maintenance Plan should schedule a shoreline cleanup at least once a year to remove
trash and debris. Maintenance of Detention Practices is driven by annual maintenance reviews that
evaluate the condition and performance of the Detention Practice. Based on maintenance review
results, specific maintenance tasks may be required.
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11.0 Stormwater Filtering Systems

Definition: ~ Stormwater Filter Systems
are practices that capture
and temporarily store the
design storm volume and
pass it through a filter
media or material.
Filtered runoff may be
collected and returned to
the conveyance system, or
allowed to partially
infiltrate into the soil.

Design variants include:

11-A Non-Structural Sand Filter

11-B Surface Sand Filter

11-C Three-Chamber Underground Sand Filter

11-D Perimeter Sand Filter (including “Delaware” Modular Sand Filter)

Bioretention also functions as a Stormwater Filtering System; however, since it also requires a
vegetative component, Bioretention is included as in a separate specification (see Specification
2.0, Bioretention).

Stormwater Filtering Systems are a useful practice to treat stormwater runoff from small, highly
impervious sites. Stormwater Filtering Systems capture, temporarily store, and treat stormwater
runoff by passing it through an engineered filter media, collecting the filtered water in an
underdrain, and then returning it back to the storm drainage system. The filter consists of two
chambers: the first is devoted to settling, and the second serves as a filter bed consisting of a sand
filter media.

Stormwater Filtering Systems are a versatile option because they consume very little surface land
and have few site restrictions. They provide moderate pollutant removal performance at small sites
where space is limited. However, filters have limited or no runoff volume reduction capability, so
designers should consider using up-gradient runoff reduction practices, which have the effect of
decreasing the design storm volume (and size) of the filtering practices. Filtering practices are also
suitable to provide special treatment at designated stormwater hotspots. A list of potential
stormwater hotspots applications can be found in Appendix 4, Stormwater Hotspots Guidelines.

Stormwater Filtering Systems are typically not to be designed to provide stormwater detention (Cv

11-1 :
Effective February 2019



BMP Standards and Specifications Stormwater Filtering Systems

and Fv), but they may in some circumstances. However, the Three-Chamber Underground Sand
Filter can be modified by expanding the first or settling chamber, or adding an extra chamber
between the filter chamber and the clear well chamber to handle the detention volume, which is
subsequently discharged at a pre-determined rate through an orifice and weir combination.

While proprietary filters are discussed in this document, they are highly variable in design, and
consequently are not included in this table. Specification 15.0 outlines a process for acceptance
of proprietary practices.
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Figure 11.1 Non-Structural Sand Filter
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11.1. Stormwater Filtering Systems Stormwater Credits

Stormwater Filtering Systems receive no runoff reduction performance credit, but are
credited for pollutant filtering (see Table 11.1).
accordance with the design criteria shall receive the following pollutant reduction

performance credits:

Stormwater Filtering Systems sized in

11.1 Filtering Practices Performance Credits

Runoff Reduction

Retention Allowance 0%
RPv -A/B Soil 0%
RPv - C/D Saoil 0%
Cv 0%
Fv 0%

Pollutant Reduction

TN Reduction

Not less than 40%

TP Reduction

Not less than 60%0

TSS Reduction

Not less than 80%o

11-6

Effective February 2019



BMP Standards and Specifications

Stormwater Filtering Systems

11.2

Stormwater Filtering Systems Practice Summary

Table 11.2 summarizes various criteria for Stormwater Filtering Systems, and Table 11.3
summarizes the materials specifications for these practices. For more detail, consult Sections 11.3
through 11.7. Sections 11.8 and 11.9 describe practice construction and maintenance criteria.

Table 11.2 Stormwater Filtering Systems Practice Summary

Surface and Non-Structural Filters
(11-Aand 11-B)

Underground and Perimeter Filters
(11-C and 11-D)

Min 2’ separation to SHWT or bedrock | e
unless mounding analysis or .
piezometer testing provided

Typically consume 2%-3% of CDA

No min. separation to SHWT or bedrock
Typically consume <1% of CDA

Feasibility
Criteria e 107 to 10’ head requirement, with lowest requirement for Perimeter Filters (F-4)
(Section 11.3) o ldeally suited to treat stormwater hotspots and parking lots.
e <5 Acre CDA, near 100% impervious
e Slopes <6%
e Not hydraulically connected to structure foundations
e Must be accessible for maintenance
Conveyance e Typically designed as off-line systems
Criteria e On-line systems shall safely pass the largest design storm event

(Section 11.4)

Drain or dewater within 48 hours

Pretreatment
Criteria
(Section 11.5)

Every inlet shall have a pretreatment mechanism

Sediment chamber or a series of options including grassed channels, filter strip, check dam, and
gravel diaphragm.

Sediment Chamber designed to capture 25% of the design volume.

Design Criteria
(Section 11.6)

Designed to drain the design storm volume within 48 hours

Filter media: clean washed AASHTO M-6/ASTM C-33 medium aggregate concrete sand
with individual grains between 0.02 and 0.04 inches in diameter

Min. filter bed depth of 12”

When an underdrain is specified a needled, non-woven, polypropylene geotextile having a
flow rate (ASTM D4491) >110 gpm/sq. ft. and an apparent opening size (ASTM D4751) of
US #70 or #80 sieve shall be placed beneath the filter media and above the underdrain
gravel layer.

Sized to contain a minimum of 75% of the RPv prior to filtration

SAer = (DesignVolume)(d ;) /[(k)(h,,, +d;)(t,)]

Design Volume design storm volume, typically the water quality storm (cu. ft.)

Sizing: Filter d = Filter media depth (thickness) = minimum 1 ft. (ft.)
Ared k = Coefficient of permeability — partially clogged sand (ft./day) = 3.5 ft./day
(Section 11.6) h = Average height of water above the filter bed (ft.), with a maximum of 5ft./2
ts = Allowable drawdown time = 1.67 day

Safety/ e  Observation wells and clean-outs e  Minimum 30" diameter manholes (for 11-
Maintenance e Clearly visible (signs or markings for C) with steps

Features underground practices) e Confined space considerations for 11-C may
(Section 11.6) apply with minimum 5” headroom for 11-C
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Safety/
Maintenance
Features
(Section 11.6)

Designed to be accessible for maintenance
0 Maintenance ROW or easement to filter from public or private road
o0 Extend to pretreatment and filter bed
0 Maintenance access
=  Minwidth 15’
=  Profile grade does not exceed 10H:1V
=  Min 10H:1V cross slope

Landscaping
Criteria
(Section 11.7)

Vegetative cover shall be established over the CDA before runoff can be accepted into the
filtering system

Construction
Criteria
(Section 11.8)

No runoff shall be allowed to enter the Stormwater Filtering System prior to completion
of all construction activities, including revegetation and final site stabilization.
Construction runoff shall be treated in separate sedimentation basins and routed to
bypass the filter system.

Should construction runoff enter the filter system prior to final site stabilization, all
contaminated materials shall be removed and replaced with new clean filter materials
before a regulatory inspector approves its completion.

The approved Sediment & Stormwater Plan shall include specific measures to provide for
the protection of the filter system before the final stabilization of the site.

Construction reviews are required during the following stages of construction, and shall
be noted on the plan in the sequence of construction:

0 Pre-construction meeting.

o Initial site preparation including installation of erosion and sediment controls,
sensitive area protection, and blockage of inlets to stormwater filtering system
locations.

0 Excavation and grading to design dimensions and elevations.

o Installation of the filter structure, including the water tightness test as
applicable.

o Installation of the underdrain and filter bed.

0 Check that stabilization in contributing area is adequate to bring the
stormwater filtering system online.

o Final construction review after a rainfall event to ensure that it drains
properly and all pipe connections are watertight. Develop a punch list for
facility acceptance.

Upon facility completion, the owner shall submit post construction verification documents
to demonstrate that the stormwater filtering system has been constructed within allowable
tolerances in accordance with the approved Sediment and Stormwater Management Plan
and accepted by the approving agency.

Allowable tolerances for stormwater filtering systems are as follows:

0 The constructed surface area of the filter bed shall be no less than 90% of the
design surface area.

0 The constructed volume of the surface storage shall be no less than 90% of the
design volume.

0 Depth of filter media shall be no less than 12 inches.

0 The constructed elevation of any structure shall be within 0.15 foot of the
design.

Maintenance
Criteria
(Section 11.9)

Before project completion the Owner shall submit a final post construction stormwater
management Operation and Maintenance Plan for the entire stormwater management
system. Operation and Maintenance Plans remain valid for the life of the stormwater
management system.
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Table 11.3. Stormwater Filtering Systems Material Specifications

Material Specification
The filter media shall consist of clean, washed AASHTO M-6/ASTM C-33 medium
Sand aggregate concrete sand with individual grains between 0.02 and 0.04 inches in
diameter.
. The underdrain shall be a minimum of 4-inch perforated corrugated polyethylene pipe
Underdrain (CPP)
When an underdrain is specified a needled, non-woven, polypropylene geotextile
Non-woven having a flow rate (ASTM D4491) >110 gpm/sq. ft. and an apparent opening size
Geotextile (ASTM D4751) of US #70 or #80 sieve shall be placed beneath the filter media and
above the underdrain gravel layer.
. The underdrain shall be encased in a layer of clean, washed nominal 1/4” gravel with
Underdrain Stone - . . . - s
a maximum of 2.0 percent passing the #200 sieve with a minimum of 3” of cover.
. Thirty mil (minimum) PVC Geomembrane liner covered by 8 to 12 0z./sq. yd. non-woven
Impermeable Liner geotextile

11.3 Stormwater Filtering Systems Feasibility Criteria

Stormwater Filtering Systems can be applied to most types of urban land. They are not always
cost-effective, given their high unit cost and small area served, but there are situations where they
may clearly be the best option for stormwater treatment (e.g., hotspot runoff treatment, small
parking lots, ultra-urban areas etc.). The following criteria apply to filtering practices:

Available Hydraulic Head. The principal design constraint for Stormwater Filtering Systems is
available hydraulic head, which is defined as the vertical distance between the top elevation of the
filter and the bottom elevation of the discharge pipe. The head needed for Stormwater Filtering
Systems ranges up to 10 feet, depending on the design variant. It is difficult to employ filters in
extremely flat terrain, since they require gravity flow through the filter. The only exception is the
Perimeter Sand Filter, which can be applied at sites with as little as 10 inches of head.

Depth to Water Table and Bedrock. Non-structural sand filter and surface sand filter should
always be separated from the water table to ensure that groundwater does not intersect the invert.
This could otherwise lead to possible groundwater contamination or failure of the filtering facility.
A minimum vertical distance of 2 feet must be provided between the bottom of the non-
structural sand filter or surface sand filter and the seasonal high water table as determined
by the soil investigation procedures or bedrock layer. The minimum vertical distance of 2
feet may be relaxed if a groundwater mounding analysis or piezometer testing has been
performed by a qualified professional. Three-chamber underground sand filter and
perimeter sand filter require no minimum separation to seasonal high water table or
bedrock.

Contributing Drainage Area. Stormwater Filtering Systems are best applied on small sites where
the contributing drainage (CDA) area is as close to 100% impervious as possible in order to reduce
the risk that eroded sediments will clog the filter. A maximum CDA of 5 acres is recommended
for surface sand filters, and a maximum CDA of 2 acres is recommended for non-structural,
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perimeter or underground filters. Stormwater Filtering Systems have been used on larger drainage
areas in the past, but greater clogging problems have typically resulted.

Space Needed. The amount of space needed for a Stormwater Filtering System depends on the
design variant selected. Surface Sand Filters typically consume about 2% to 3% of the CDA, while
Perimeter Sand Filters typically consume less than 1%. Underground Stormwater Filters generally
consume no surface area except their manholes.

Land Use. As noted above, Stormwater Filtering Systems are particularly well suited to treat runoff
from stormwater hotspots and smaller parking lots. Other applications include redevelopment of
commercial sites or when existing parking lots are renovated or expanded. Stormwater Filtering
Systems can work on most commercial, industrial, institutional or municipal sites and can be
located underground if surface area is not available.

Site Topography. Stormwater Filtering Systems shall not be located on slopes greater than
6%.

Setbacks. To avoid the risk of seepage, non-structural Stormwater Filtering Systems should not be
hydraulically connected to structure foundations. The designer should check to ensure footings
and foundations of adjacent buildings do not encroach within an assumed 4:1 phreatic zone drawn
from the maximum design water elevation in the non-structural stormwater filtering system. See
Appendix 8 Stormwater Facility Setbacks for recommended setbacks.

Proximity to Utilities. Stormwater Filtering Systems should be sited to account for future
maintenance of underground utilities in accordance with the utility owner’s requirements. See
Appendix 8 Stormwater Facility Setbacks for recommended separation distances for utilities.

Facility Access. All Stormwater Filtering Systems must be designed so as to be accessible for
maintenance (by vacuum trucks).

11.4 Stormwater Filtering Systems Conveyance Criteria

Most Stormwater Filtering Systems are designed as off-line systems so that all flows enter the
filter storage chamber until it reaches capacity, at which point larger flows are then diverted or
bypassed around the filter to an outlet chamber and are not treated. Runoff from larger storm events
should be bypassed using an overflow structure or a flow splitter. Claytor and Schueler (1996) and
ARC (2001) provide design guidance for flow splitters for filtering practices.

Some underground filters can be designed and constructed as on-line BMPs. On-line stormwater
filtering systems’ designs, shall demonstrate that the filter will safely pass the largest design
storm event (e.g., the 10-year event) to a stabilized water course without resuspending or
flushing previously trapped material.

All Stormwater Filtering Systems shall be designed to drain or dewater within 48 hours after
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a storm event to reduce the potential for nuisance conditions.

11.5 Stormwater Filtering Systems Pretreatment Criteria

Every inlet into a Stormwater Filtering System shall have a pretreatment mechanism to trap

sediment, preserve the capacity of the main treatment area, and protect the long term

integrity of the practice. Pre-treatment devices are subject to the following recommended design
criteria:

e Sedimentation chambers are typically used for pre-treatment to capture coarse sediment
particles before they reach the filter bed.

e Sedimentation chambers may be wet or dry but should be sized to accommodate at least 25%
of the total design storm volume (inclusive).

e Sediment chambers should be designed as level spreaders such that inflows to the filter bed
have near zero velocity and spread runoff evenly across the bed.

e Non-Structural and Surface Sand Filters may use alternative pre-treatment measures, such as
a grass filter strip, forebay, gravel diaphragm, check dam, level spreader, or combination. Grass
filter strips that are perpendicular to incoming sheet flow extend from the edge of pavement
(with a slight drop at the pavement edge) to the bottom of the stormwater filtering system at a
5:1 slope or flatter. Alternatively, if the stormwater filtering system has side slopes that are 3:1
or flatter, a 5 foot grass filter strip at a maximum 5% (20:1) slope can be used. The check
dam may be wooden or concrete and should be installed so that it extends only 2 inches above
the filter strip and has lateral slots to allow runoff to be evenly distributed across the filter
surface. Alternative pre-treatment measures should contain a non-erosive flow path that
distributes the flow evenly over the filter surface. If a forebay is used it should be designed to
accommodate at least 25% of the total design storm volume (inclusive).

11.6  Stormwater Filtering Systems Design Criteria

Detention time. Stormwater Filtering Systems shall be designed to drain the design storm
volume from the filter chamber within 48 hours after each rainfall event.

Structural Design.: If a filter will be located underground or experience traffic loads, a
professional structural engineer should certify the structural integrity of the design.

Geometry. Stormwater Filtering Systems are gravity flow systems that normally need 2 to 10 feet
of driving head to push the water through the filter media through the entire maintenance cycle;
therefore, sufficient vertical clearance between the inverts of the inflow and outflow pipes is
needed.

Filter. The filter media shall consist of clean, washed AASHTO M-6/ASTM C-33 medium
aggregate concrete sand with individual grains between 0.02 and 0.04 inches in diameter.
The depth of the filter media plays a role in how quickly stormwater moves through the filter bed
and how well it removes pollutants. The recommended filter bed depth is 18 inches. A minimum
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filter bed depth of 12” is required. Designers should note that specifying the minimum depth of
12” will incur a more intensive maintenance schedule and possibly result in more costly
maintenance.

Underdrain. Stormwater Filtering Systems are normally designed with an underdrain system.
The underdrain shall be a minimum of 4-inch perforated corrugated polyethylene pipe
(CPP). The underdrain shall be encased in a layer of clean, washed nominal 1/4” gravel
with a maximum of 2.0 percent passing the #200 sieve with a minimum of 3” of cover.
When an underdrain is specified a needled, non-woven, polypropylene geotextile having a
flow rate (ASTM D4491) >110 gpm/sq. ft. and an apparent opening size (ASTM D4751) of
US #70 or #80 sieve shall be placed beneath the filter media and above the underdrain
gravel layer.

Liner. Impermeable liners included in Stormwater Filtering Systems designs are recommended to
be thirty mil (minimum) PVC Geomembrane liner covered by 8 to 12 o0z./sg. yd. non-woven
geotextile.

Type of Filter. There are several design variations of the basic filter that enable designers to use
Stormwater Filtering Systems at challenging sites or to improve pollutant removal rates. The
choice of which filter design to apply depends on available space and hydraulic head and the level
of pollutant removal desired. In ultra-urban situations where surface space is at a premium,
Underground Sand Filters are often the only design that can be used. Surface and Perimeter Sand
Filters are often a more economical choice when adequate surface area is available. The most
common design variants include the following:

e Non-Structural Sand Filter (11-A). The Non-Structural Sand Filter is applicable to sites less
than 2 acres in size, and is very similar to a Bioretention practice (see Specification 2.
Bioretention), with the following exceptions:

0 The bottom is lined with an impermeable liner and always has an underdrain.

The surface cover is sand, turf or pea gravel.

The filter media is 100% sand.

The filter surface is not planted with trees, shrubs or herbaceous materials.

The filter has two cells, with a dry or wet sedimentation chamber preceding the sand filter

bed.

The Non-Structural Sand Filter is the least expensive filter option for treating hotspot runoff.

The use of Bioretention areas is generally preferred at most other sites.

Oo0o0oo

e Surface Sand Filter (11-B). The Surface Sand Filter is designed with both the filter bed and
sediment chamber located at ground level. The most common filter media is sand; however, a
peat/sand mixture may be used to increase the removal efficiency of the system. In most cases,
the filter chambers are created using pre-cast or cast-in-place concrete. Surface Sand Filters
are normally designed to be off-line facilities, so that only the desired water quality or runoff
reduction volume is directed to the filter for treatment. However, in some cases they can be
installed on the bottom of a Dry Extended Detention (ED) Pond (see Specification 10.
Detention Practices).
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Three-Chamber Underground Sand Filter (11-C). The Three-Chamber Underground Sand
Filter is a gravity flow system. The facility may be precast or cast-in-place. The first chamber
acts as a pretreatment facility removing any floating organic material such as oil, grease, and
tree leaves. It should have a submerged orifice leading to a second chamber and it should be
designed to minimize the energy of incoming stormwater before the flow enters the second
chamber (filtering or processing chamber).

The second chamber is the filter chamber. It should contain at the filter material consisting of
gravel, geotextile fabric, and sand, and should be situated behind a weir. Along the bottom of
the structure should be a subsurface drainage system consisting of a parallel PVVC pipe system
in a gravel bed. A dewatering valve should be installed at the top of the filter layer for safety
release in cases of emergency. A by-pass pipe crossing the second chamber to carry overflow
from the first chamber to the third chamber is recommended.

The third chamber is the discharge chamber. It should also receive the overflow from the first
chamber through the bypass pipe when the storage volume is exceeded.

Water enters the first chamber of the system by gravity or by pumping. This chamber removes
most of the heavy solid particles, floatable trash, leaves, and hydrocarbons. Then the water
flows to the second chamber and enters the filter layer by overtopping a weir. The filtered
stormwater is then picked up by the subsurface drainage system that empties it into the third
chamber.

Whenever there is insufficient hydraulic head for a Three-Chamber Underground Sand Filter,
a well pump may be used to discharge the effluent from the third chamber into the receiving
storm or combined sewer. For Three-Chamber Underground Sand Filters in combined-sewer
areas, a water trap should be provided in the third chamber to prevent the back flow of odorous
gas.

Perimeter Sand Filter (11-D). The Perimeter Sand Filter also includes the basic design elements
of a sediment chamber and a filter bed. The Perimeter Sand Filter typically consists of two
parallel trenches connected by a series of overflow weir notches at the top of the partitioning
wall, which allows water to enter the second trench as sheet flow. The first trench is a
pretreatment chamber removing heavy sediment particles and debris. The second trench
consists of the sand filter layer. A subsurface drainage pipe should be installed at the bottom
of the second chamber to facilitate the filtering process and convey filter water into a receiving
system.

In this design, flow enters the system through grates, usually at the edge of a parking lot. The
Perimeter Sand Filter is usually designed as an on-line practice (i.e., all flows enter the system),
but larger events bypass treatment by entering an overflow chamber. One major advantage of
the Perimeter Sand Filter design is that it needs little hydraulic head and is therefore a good
option for sites with low topographic relief.
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The Delaware Modular Sand Filter was specifically developed to meet these conditions using
a pre-cast structure. The Standard Detail & Specifications for the Delaware Modular Sand
Filter are included as Appendix 11-1 of this document.

Surface Cover. The surface cover for Non-Structural and Surface Sand Filters should consist of a
3-inch layer of topsoil on top of a non-woven filter fabric laid above the sand layer. The surface
may also have pea gravel inlets in the topsoil layer to promote filtration. The pea gravel may be
located where sheet flow enters the filter, around the margins of the filter bed, or at locations in
the middle of the filter bed.

Underground Sand Filters should have a pea gravel layer on top of a coarse non-woven fabric laid
over the sand layer. The pea-gravel helps to prevent bio-fouling or blinding of the sand surface.
The fabric serves to facilitate removing the gravel during maintenance operations.

Maintenance Reduction Features. The following maintenance issues should be addressed during
filter design to reduce future maintenance problems:

Observation Wells and Cleanouts. Non-Structural and Surface Sand Filters should include an
observation well consisting of a 6-inch diameter non-perforated PVC pipe fitted with a
lockable cap. It should be installed flush with the ground surface to facilitate periodic
inspection and maintenance. In most cases, a cleanout pipe will be tied into the end of all
underdrain pipe runs. The portion of the cleanout pipe/observation well in the underdrain layer
should be perforated. At least one cleanout pipe should be provided for every 2000 square feet
of filter surface area.
Access. All Stormwater Filtering Systems must be designed so as to be accessible for
maintenance.
0 A maintenance right-of-way or easement must extend to the Stormwater
Filtering System from a public or private road.
0 Adequate maintenance access must extend to the perimeter of the Stormwater
Filtering System pretreatment area and the filter bed.
0 Maintenance access must meet the following criteria:
=  Minimum width of fifteen feet.
= Profile grade that does not exceed 10H:1V.
=  Minimum 10H:1V cross slope.
Good maintenance access is needed to allow crews to perform regular inspections and
maintenance activities. “Sufficient access” is operationally defined as the ability to get a
vacuum truck or similar equipment close enough to the sedimentation chamber and filter to
enable cleanouts. For underground structures, sufficient headroom for maintenance should be
provided. A minimum head space of 5 feet above the filter is recommended for maintenance
of the structure. However, if 5 feet headroom is not available, manhole access should be
installed.
Manhole Access (for Underground Sand Filters). Access to Underground Sand Filters must
be provided by manholes at least 30 inches in diameter, along with steps to the areas
where maintenance will occur.
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e Visibility. Stormwater filters should be clearly visible at the site so inspectors and maintenance
crews can easily find them. Adequate signs or markings should be provided at manhole access
points for Underground Sand Filters.

e Confined Space Issues. Underground Sand Filters are often classified as a confined space.
Consequently, special OSHA rules may apply, and training may be needed to protect the
workers that access them. These procedures often involve training about confined space entry,
venting, and the use of gas probes.

Filter Material Specifications. The basic material specifications for filtering practices that utilize

sand as a filter media are outlined in Table 11.3. Proprietary filters, including those being utilized
for pre-treatment for rainwater harvesting systems, infiltration, and other applications that utilize

alternative media should be evaluated as noted in Specification 15.

Filter Sizing . The volume to be treated by the device is a function of the storage depth above the
filter and the surface area of the filter. The storage volume is the volume of ponding above the
filter. For a given design volume, Equation 11.1 may be used to determine the filter surface area:

Equation 11.1. Minimum Filter Surface Area for Filtering Practices
SAsier = (DesignVolume)(d , ) /|(K)(h, +d )(t,)]

Where:

SAfilter = area of the filter surface (sq. ft.)

DesignVolume= design storm volume, RPv (cu. ft.)*

df = Filter media depth (thickness) = minimum 1 ft. (ft.)

k = Coefficient of permeability — partially clogged sand (ft./day) = 3.5
ft./day

h = Average height of water above the filter bed (ft.), with a maximum of 5
ft./2

tf = Allowable drawdown time = 1.67 day

The coefficient of permeability (ft./day) is intended to reflect the worst case situation (i.e., the
condition of the sand media at the point in its operational life where it is in need of replacement or
maintenance). Stormwater Filtering Systems are therefore sized to function within the desired
constraints at the end of the media’s operational life cycle.

The Stormwater Filtering System including pretreatment shall be sized to contain a
minimum of 75% of the RPv prior to filtration (Equation 11.2). This reduced volume takes into
account the varying filtration rate of the water through the media, as a function of a gradually
declining hydraulic head.

Equation 11.2. Required VVolume of Storage for Filtering Practices
\Y =0.75(DesignVolume)

ponding
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Where:
Vponding = Storage volume required prior to filtration (cu. ft.)

11.7  Stormwater Filtering Systems Landscaping Criteria

Vegetative cover shall be established over the contributing pervious drainage areas before
runoff can be accepted into the Stormwater Filtering System. Native plants should be used
where possible. Stormwater Filtering Systems should be incorporated into site landscaping to
increase their aesthetics and public appeal.

Surface and Non-Structural Sand Filters may have a grass cover to aid in the pollutant adsorption.
The grass should be capable of withstanding frequent periods of inundation and drought.

11.8 Stormwater Filtering Systems Construction Criteria

Erosion and Sediment Control. No runoff shall be allowed to enter the Stormwater Filtering
System prior to completion of all construction activities, including revegetation and final site
stabilization. Construction runoff shall be treated in separate sedimentation basins and
routed to bypass the filter system. Should construction runoff enter the filter system prior to
final site stabilization, all contaminated materials shall be removed and replaced with new
clean filter materials before a regulatory inspector approves its completion. The approved
Sediment & Stormwater Plan shall include specific measures to provide for the protection of
the filter system before the final stabilization of the site.

Filter Installation. The following is the typical construction sequence to properly install a
Stormwater Filtering System. This sequence can be modified to reflect different filter designs,
site conditions, and the size, complexity and configuration of the proposed filtering application.

Step 1: Stabilize Drainage Area. Filtering practices should only be constructed after the
contributing drainage area to the facility is completely stabilized, so sediment from the CDA does
not flow into and clog the filter. If the proposed filtering area is used as a sediment trap or basin
during the construction phase, the construction notes should clearly specify that, after site
construction is complete, the sediment control facility will be dewatered, dredged and regraded to
design dimensions for the post-construction filter.

Step 2: Install E&S Controls for the Filtering Practice. Stormwater should be diverted around
filtering practices as they are being constructed. This is usually not difficult to accomplish for off-
line filtering practices. It is recommended to keep runoff and eroded sediments away from the filter
throughout the construction process. Silt fence or other sediment controls should be installed
around the perimeter of the filter, and erosion control fabric may be needed during construction on
exposed side-slopes with gradients exceeding 4H:1V. Exposed soils in the vicinity of the filtering
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practice should be rapidly stabilized by hydro-seed, sod, mulch, or other method.

Step 3: Assemble Construction Materials on-site, assuring they meet design specifications, and
prepare any staging areas.

Step 4: Clear and Strip the project area to the desired subgrade.

Step 5: Excavate/Grade until the appropriate elevation and desired contours are achieved for the
bottom and side slopes of the filtering practice.

Step 6: Install the Filter Structure and check all design elevations (concrete vaults for surface,
underground and perimeter sand filters). Upon completion of the filter structure shell, inlets and
outlets should be temporarily plugged and the structure filled with water to the brim to demonstrate
water tightness. Maximum allowable leakage is 5% of the water volume in a 24-hour period. If the
structure fails the test, repairs should be performed to make the structure watertight before any
sand is placed into it.

Step 7: Install the gravel, underdrains, and geotextile layer of the filter.

Step 8: Spread Sand Across the Filter Bed in 1 foot lifts up to the design elevation. Backhoes or
other equipment can deliver the sand from outside the filter structure. Sand should be manually
raked. Clean water is then added until the sedimentation chamber and filter bed are completely
full. The facility is then allowed to drain, hydraulically compacting the sand layers. After 48 hours
of drying, refill the structure to the final top elevation of the filter bed.

Step 9 (Surface Sand Filters Only): Install the Permeable Filter Fabric over the sand, add a 3-inch
topsoil layer and pea gravel inlets, and immediately seed with the permanent grass species. The
grass should be watered, and the facility should not be switched on-line until a vigorous grass
cover has become established.

Step 10: Stabilize Exposed Soils on the perimeter of the structure with temporary seed mixtures
appropriate for a buffer. All areas above the normal pool should be permanently stabilized by
hydroseed, sod, or seeding and mulch.

Step 11: Conduct the final construction inspection.

Construction Review. Construction reviews are required during the following stages of

construction, and shall be noted on the plan in the sequence of construction:

e Pre-construction meeting.

e Initial site preparation including installation of erosion and sediment controls, sensitive
area protection, and blockage of inlets to stormwater filtering system locations.

e Excavation and grading to design dimensions and elevations.

e Installation of the filter structure, including the water tightness test as applicable.

e Installation of the underdrain and filter bed.
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e Check that stabilization in contributing area is adequate to bring the stormwater
filtering system online.

e Final construction review after a rainfall event to ensure that it drains properly and all
pipe connections are watertight. Develop a punch list for facility acceptance.

Post Construction Verification Documentation.

Upon facility completion, the owner shall submit post construction verification documents
to demonstrate that the stormwater filtering system has been constructed within allowable
tolerances in accordance with the approved Sediment and Stormwater Management Plan
and accepted by the approving agency. Allowable tolerances for stormwater filtering
systems are as follows:

e The constructed surface area of the filter bed shall be no less than 90% of the design
surface area.

e The constructed volume of the surface storage shall be no less than 90% of the design
volume.

e Depth of filter media shall be no less than 12 inches.

e The constructed elevation of any structure shall be within 0.15 foot of the design.

11.9 Stormwater Filtering Systems Maintenance Criteria

Before project completion the Owner shall submit a final post construction stormwater
management Operation and Maintenance Plan for the entire stormwater management
system. Operation and Maintenance Plans remain valid for the life of the stormwater
management system. The Operation and Maintenance Plan will specify the property owner’s
primary maintenance responsibilities and authorize the Department or Delegated Agency staff to
access the property for maintenance review or corrective action in the event that proper
maintenance is not performed.

Operation and Maintenance Plans should clearly outline how vegetation in the Filtering Practice
will be managed or harvested in the future. The Operation and Maintenance Plan should schedule
a cleanup at least once a year to remove trash and debris.

Maintenance of Stormwater Filtering Systems is driven by annual m