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Chapter 5 Stormwater Best Management Practices

5-1 Introduction

The intent of this chapter is to provide designers of Washington State Department of
Transportation (WSDOT) facilities with specific guidelines and criteria on the proper selection,
design, and application of stormwater management techniques. A selection process is
presented, along with design considerations for each best management practice (BMP). This
chapter also presents ways to combine or enhance the different types of facilities to maximize
their efficiency or to better fit within the project site.

Stormwater BMPs are the physical, structural, and managerial practices that, when used singly
or in combination, prevent or reduce the detrimental impacts of stormwater, such as the
pollution of water, degradation of channels, damage to structures, and flooding. These BMPs
can be further characterized as performing the following three essential, yet distinct, functions:

m  Source control: Prevents or reduces the introduction of pollutants to stormwater.

m  Flow control: Offsets and attenuates the increased rate of discharge caused by
impervious surfaces.

m  Runoff treatment: Intercepts and reduces the physical, chemical, and biological
pollutant loads generated primarily from highway use.

The typical pollutants found in highway runoff that you must consider for treatment include
total suspended solids (TSS) and sediments; dissolved metals (such as cadmium, copper, zinc,
and lead); polycyclic aromatic hydrocarbons (PAHSs); oil and grease; road salts and deicing
agents; temperature; and, in some watersheds, nutrients (such as nitrogen and phosphorus).

The BMPs in this manual have been developed using the best available science, and they have
been approved by the Washington State Department of Ecology (Ecology). The required
application of these BMPs is based on the state-adopted standard of using all known, available,
and reasonable technologies (AKART) and methods of prevention, control, and treatment.
When used and maintained in conjunction with operational source controls, BMPs can provide
a long-term, effective means of preventing violations of water quality standards. However, it

is essential that you take the utmost care in the proper selection and site application of the
various BMPs for every project to ensure you obtain the maximum benefit.

Many of the BMPs covered in this manual include general recommendations regarding the
conditions under which a practice applies, as well as the advantages and disadvantages of that
practice. However, it is strongly recommended that you take an iterative approach to selecting
BMPs based on site-specific criteria. This entails being flexible and somewhat creative when
determining a final stormwater management solution that works best in each situation. It also
requires that you wholly integrate stormwater management considerations throughout the
entire project development decision-making process (see Chapter 2 for further guidelines).
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Stormwater Best Management Practices Chapter 5

Design guidelines for most of the commonly used permanent BMPs for highway applications
can be found in Section 5.4. Guidelines for the design of temporary BMPs used during
construction are given in the Temporary Erosion and Sediment Control Manual (TESCM). For
guidelines and criteria on the design of source control BMPs, refer to Volume IV of Ecology’s
Stormwater Management Manual for Western Washington (SWMMWW) and Chapter 8 of
the Stormwater Management Manual for Eastern Washington (SWMMEW). For guidelines
and criteria on the design and application of temporary spill prevention and containment
BMPs during construction, see the TESCM.

5-2 Types and Functions of Permanent Stormwater BMPs

This section of the manual provides a general overview of the currently available BMPs and the
circumstances under which they are typically used. Specific design criteria for each BMP can be
found in Section 5-4.

Permanent stormwater BMPs are management features that are designed into a project and
remain in place throughout the service life of the project. You must make sure that the BMPs
will provide the desired results and can be maintained within the guidelines established in
Section 5-5. Design the project to take advantage of the topography, soils, waterways,

and natural vegetation at the site. At each stage of the design, evaluate the potential for
stormwater degradation and choose the design with the least impact. Plan the project

so construction activities will not generate excessive sediment and runoff leaving the site.
Finally, design the project so that stormwater facilities are reasonably accessible to perform
the required maintenance.

5-2.1 BMPs for Stormwater Source Control

The first consideration in design should be source control. Design stormwater source controls
to prevent pollutants from entering stormwater by eliminating the source of pollution or by
preventing the contact of pollutants with rainfall and runoff. Apply source control BMPs to the
entire project, both existing and new project areas. According to Volume IV, Chapter 2, of the
SWMMWW and Chapter 8 of the SWMMEW, source control BMPs apply to the following
WSDOT activities or settings:

m Deicing and anti-icing for streets and highways
m Dust control at disturbed land areas and unpaved roadways and parking lots
m  Fueling at dedicated stations

m llicit connections to storm drains (that is, unpermitted sanitary or process water
discharges to a storm drain rather than a sanitary sewer connection)

m Landscaping and lawn/vegetation management
m  Maintenance and repair of vehicles and equipment
m  Maintenance of roadside ditches

m  Maintenance of stormwater drainage and treatment systems
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Painting of buildings and structures (bridges and docks)

m  Parking and storage of vehicles and equipment

m  Railroad yards

m  Spills of oil and hazardous substances

m Storage or transfer (outside) of solid raw materials, byproducts, or finished products
m  Urban streets

m  Washing and steam cleaning of vehicles, equipment, and building structures

Only a few permanent source control BMPs (such as street sweeping, deicing, and spill control)
can be regularly used for a roadway. Source control BMPs are used more commonly during
construction and for the permanent portion of nonroadway projects such as rest areas and park
and ride lots. The source control BMPs for use during construction are detailed in the TESCM.
Refer to Volume IV of the SWMMWW and Chapter 8 of the SWMMEW for guidelines on
selecting proper source control BMPs for permanent facilities. Contact the Environmental
Services Office, Hazardous Materials and Solid Waste, for further assistance when a project
involves the storage or transfer of hazardous materials or waste products.

5-2.2 BMPs for Stormwater Runoff Treatment

Runoff treatment BMPs designed to remove pollutants contained in runoff use a variety of
mechanisms, including sedimentation, filtration, plant uptake, ion exchange, adsorption,
precipitation, and bacterial decomposition.

Hydrologic criteria and analysis methods for sizing runoff treatment BMPs in western
Washington are discussed in Section 4-3. Hydrologic criteria and analysis methods for sizing
runoff treatment BMPs in eastern Washington are discussed in Section 4-4. The following
overview provides information on the most commonly used runoff treatment BMPs available
for highway application.

5-2.2.1 Infiltration BMPs

Infiltration BMPs for runoff treatment are discussed in Section 5-4.1.1 and include the
following:

m [N.O1 - Bioinfiltration Pond
m IN.02 —Infiltration Pond

m IN.O3 —Infiltration Trench
IN.O4 — Infiltration Vault
IN.O5 — Drywell
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In addition to being one of the preferred methods for flow control, infiltration is a preferred
method for runoff treatment, offering the highest level of pollutant removal. Treatment is
achieved through settling, biological action, and filtration. One important advantage to using
infiltration is that it recharges the groundwater, thereby helping to maintain summertime base
flows of streams. Infiltration also produces a natural reduction in stream temperature, which is
an important factor in maintaining a healthy habitat for resident species and other in-stream
biota.

Infiltration facilities must be preceded by a presettling basin for removing most of the sediment
particles that would otherwise reduce the infiltrative capacity of the soil. Infiltration strategies
intended to meet runoff treatment goals may be challenging for many project locations in
western Washington due to the large space requirements and strict soil and water table
requirements (see Sections 5-4.1.1 and 5-4.2.1 for site restrictions). There are generally

more opportunities for the use of infiltration BMPs in eastern Washington.

5-2.2.2 Dispersion BMPs
Dispersion BMPs are discussed in Section 5-4.1.2 and include the following:

m  FC.01 — Natural Dispersion
m FC.02 — Engineered Dispersion

Perhaps the single most promising and effective approach you can use to mitigate the effects
of highway runoff in non-urbanized areas is to look for opportunities to use the existing natural
area capacity to remove pollutants. Natural dispersion requires that runoff cannot become
concentrated in any way as it flows into a preserved naturally vegetated area. The preserved
naturally vegetated area must have topographic, soil, and vegetation characteristics that
provide for the removal of pollutants. Pollutant removal typically occurs through a combined
process of vegetative filtration and shallow surface infiltration.

The most notable benefits associated with natural dispersion are that it maintains and
preserves the natural functions; reduces the possibility of further impacts to the adjacent
natural areas associated with the construction of physical treatment facilities; and can be
very cost-effective. In most cases, this method not only meets the requirements for runoff
treatment, but also provides flow attenuation and satisfies the low-impact development (LID)
requirements. If channelized drainage features are present and close to the runoff areas
requiring treatment, then other types of engineered solutions might be more appropriate.

Engineered dispersion techniques use the same removal processes as natural dispersion. For
engineered dispersion, a constructed conveyance system directs concentrated runoff to the
dispersion area (via storm sewer pipe, ditch, or other methods). The concentrated flow is
dispersed at the end of the conveyance system to mimic sheet flow conditions into the
dispersion area. Engineered dispersion techniques enhance the modified area with compost-
amended soils and additional vegetation. These upgrades help ensure the dispersion area has
the capacity and ability to infiltrate surface runoff.
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Like any other stormwater BMP, you must follow preservation and maintenance protocols
when you use dispersion techniques. Because the terrain features used to provide treatment
are, for the most part, indistinguishable from other typical natural or landscaped areas, it

is essential that these areas be readily identifiable so they are not altered or destroyed by
general maintenance practices or future development. (See Section 5-5 for further criteria.)

5-2.2.3 Biofiltration BMPs
Biofiltration BMPs are discussed in Section 5-4.1.3 and include the following:

m  RT.02 — Vegetated Filter Strip (basic, narrow area, and compost-amended or CAVFS)
m RT.04 - Biofiltration Swale (basic and compost-amended or CABS)

m RT.05 - Wet Biofiltration Swale

m  RT.06 — Continuous Inflow Biofiltration Swale

m  RT.07 — Media Filter Drain (previously referred to as Ecology Embankment)

m  RT.08 — Bioretention Area

Runoff treatment to remove pollutants can be best accomplished before concentrating the
flow. A vegetated filter strip provides a very efficient and cost-effective runoff treatment option.
Vegetated filter strips function by slowing runoff velocities and filtering out sediment and other
pollutants and by providing some infiltration into underlying soils. Vegetated filter strips consist
of gradually sloping areas that run adjacent to the roadway. As highway runoff sheets off the
roadway surface, it flows through the grass filter. The flow can then be intercepted by a ditch

or other conveyance system and routed to a flow control BMP or outfall.

One challenge associated with vegetated filter strips is that sheet flow can sometimes be
difficult to maintain. Consequently, vegetated filter strips can be short-circuited by concentrated
flows, which create eroded rills or flow channels across the strips. This results in little or no
treatment of stormwater runoff. Note: Vegetated filter strips are not recommended for use

in arid climates. In semiarid climates, specify drought-tolerant grasses.

Biofiltration swales also provide an effective means of removing conventional pollutants and
offer a relatively low-cost treatment solution. A biofiltration swale consists of a flat-bottomed,
shallow-sloped swale planted with grasses. The swales function by slowing runoff velocities,
filtering out sediment and other pollutants, and providing some infiltration into underlying
soils. Concentrated flow from the roadway section is directed to the high end of the swale. For
wider swales, incorporate flow spreaders or diffusers into the bioswale to maintain sheet flow
and to prevent the formation of small channels within the swale bottom. In addition, analyze
the swale design for erosion potential from larger storm events.

You can also integrate biofiltration swales into the stormwater conveyance system. Existing
roadside ditches may be good candidates for upgrading to biofiltration swales. Biofiltration
swales are not recommended for use in arid climates. In semiarid climates, specify drought-
tolerant grasses.
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Use a wet biofiltration swale (a variation of a basic biofiltration swale) where the longitudinal
slope is slight, the water table is high, or continuous low base flow will likely result in saturated
soil conditions.

Another variation of a basic biofiltration swale is the continuous inflow biofiltration swale for
applications where water enters a biofiltration swale continuously along the side slope, rather
than being concentrated at the upstream end.

A number of BMPs are available that integrate amendments into their soil composition. Soil
amendments can be a variety of materials but usually consist of a 2- to 4-inch-thick blanket of
compost, spread over the existing soil. You may be leave it as a blanket or incorporate it into
the soil to improve soil quality and texture, and thus improve infiltration. Soil amendments bind
to dissolved metals, while biota in organic soil break down and neutralize the surface runoff
pollutants. Soil amendments also have a very high capacity to hold moisture (up to 1% times
their weight) and can improve infiltration rates and significantly reduce off-site flows. For

more information on soil properties and composition, see Section 5-4.3.2, Soil Amendments.

The media filter drain is another option you can use to provide significant pollution reduction
and flow attenuation by simply modifying the effective treatment surface of the roadway prism
beyond the edge of pavement. Its application is limited to highways located in relatively flat
terrain, but you can construct this BMP with little or no additional right of way, making it a cost-
effective solution to managing highway runoff.

Another similar and effective BMP using soil amendments is the compost-amended vegetated
filter strip (CAVFS), which is a variation of the standard vegetated filter strip. This BMP
incorporates compost amendments and subsurface gravel courses to augment the vegetation's
basic treatment properties while also supplementing the need for a flow control system by
providing a limited amount of storage.

5-2.24 Wetpool BMPs

Wetpool BMPs are discussed in Section 5-4.1.4 and include the following:

m RT.12 — Wet Pond

m CO.01 - Combined Wet/Detention Pond

m  RT.13 - Constructed Stormwater Treatment Wetland

m  CO.02 — Combined Stormwater Treatment Wetland/Detention Pond

Wet ponds are constructed basins containing a permanent pool of water throughout the wet
season. Wet ponds function by settling suspended solids. They are usually more effective and
efficient when constructed using multiple cells (a series of individual smaller basins) where
coarser sediments become trapped in the first cell or forebay. Wet pond designs can also
provide flow control by adding detention volume (live storage) above the dead storage.
Because the function of a wet pond depends upon maintaining a permanent pool of water to
provide treatment, this BMP is generally not recommended for use in arid or semiarid climates.
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A wetpool BMP must be an on-line facility receiving runoff from only new impervious areas or
equivalent areas. If a decision has been made to treat runoff from existing impervious surfaces
per the retrofit instructions in Section 3-4, then the wetpool BMP would be an on-line facility
sized to receive flows from all areas being treated.

Design constructed stormwater treatment wetlands for runoff treatment alone or to serve
the dual function of runoff treatment and flow control. This BMP requires the collection and
conveyance of stormwater to the facility inlet. Sediment and associated pollutants are
removed in the first cell of these systems via settling. The processes of settling, biofiltration,
biodegradation, and bioaccumulation provide additional treatment in the subsequent cell or
cells. In general, you could incorporate constructed stormwater treatment wetlands into the
drainage design wherever water can be collected and conveyed to a maintainable artificial
basin.

Constructed stormwater treatment wetlands provide treatment for dissolved metals. However,
you must consider the availability of water and the water needs of plants used in the stormwater
wetland. The landscape context for stormwater wetland placement must be appropriate for the
creation of an artificial wetland (groundwater, soils, and surrounding vegetation). Do not use
natural wetlands for stormwater treatment purposes. (See Section 3-3.7 for further guidelines
on protecting existing wetlands.)

Very few constructed stormwater wetlands exist in Washington State. Limited information is
available concerning the long-term viability of vegetation installed in these facilities and the
maintenance requirements. However, constructed stormwater wetlands can be a preferred
option for stormwater management relative to other surface treatment and flow control
facilities. In general, this option is a more aesthetically appealing alternative to ponds.
Secondary functions include the creation of habitat for terrestrial wildlife, visual screening,
and reduced obtrusiveness of drainage facilities.

5-2.2.5 Oil Control BMPs

Oil control BMPs are discussed in Sections 5-3.5, 5-4.1.3, 5-4.1.5, and 5-4.2.1 and include the
following:

m  RT.22 - Oil Containment Boom (high-use sites)

m IN.01 - Bioinfiltration Pond (eastern Washington high-use roadways and parking areas)

m  RT.02 — Vegetated Filter Strip: Only Compost-Amended Vegetated Filter Strip (CAVFS)
approved for eastern Washington high-use roadway and parking areas

5-2.2.6 Phosphorous Control BMPs

Phosphorous control BMPs are discussed in Sections 5-4.1.3 and 5-4.1.4 and include the
following:

m  RT.12 — Wet Pond (large)

m  RT.07 — Media Filter Drain (without the compost blanket)
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5-2.3 BMPs for Stormwater Flow Control

Stormwater flow control BMPs are designed to control the flow rate or the amount of runoff
leaving a site after development. The primary mechanisms used to manage flow control include
dispersion, infiltration, and detention. Increased flows can cause downstream damage due to
flooding, erosion, and scour, as well as degradation of water quality and in-stream habitat
because of channel and streambank erosion.

Hydrologic criteria and analysis methods for sizing flow control BMPs are discussed in Section
4-3 for western Washington and Section 4-4 for eastern Washington. The following provides
an overview of the most commonly used flow control BMPs for highway application.

5-2.3.1 Infiltration BMPs
Infiltration BMPs for flow control are discussed in Section 5-4.2.1 and include the following:

= IN.O1 - Bioinfiltration Pond (eastern Washington only)
m IN.02 — Infiltration Pond

m  IN.03 —Infiltration Trench

m  IN.04 — Infiltration Vault

= [N.O5 - Drywell

m [IN.06 — Permeable Pavement Surfaces

A bioinfiltration pond is categorized in this manual under infiltration BMPs for convenience
and consistency. It actually functions as both a filtering BMP and an infiltration BMP and can
therefore provide runoff treatment and flow control on a limited basis.

Two commonly used types of infiltration systems are infiltration ponds and subsurface
infiltration. An infiltration pond consists of a shallow impoundment designed to infiltrate
stormwater into the soil. Subsurface infiltration may occur via an infiltration trench, vault,
or drywell subject to the underground injection control (UIC) rules:

“B www.ecy.wa.gov/programs/wa/grndwtr/uic/index.html. (See Sections 2-6.1.3 and 4-5.1
for further guidelines on wellhead protection areas.)

An infiltration trench (also termed an infiltration gallery) consists of a rock-filled trench with
no outlet. Typically, the trench also incorporates a large underdrain pipe to increase capacity.
Runoff is then stored in the pipe and rock voids and slowly infiltrates through the bottom and
sides of the trench and into the soil matrix over a couple of days. For trenches, this process is
also referred to as exfiltration. Drywells consist of perforated manhole structures surrounded
by drain rock and function similarly to trenches.
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Infiltration systems are practicable only in areas where groundwater tables are sufficiently
below the bottom of the facility and in highly permeable soil conditions. Infiltration systems
can help recharge the groundwater, thus restoring base flows to stream systems. However,

to protect the groundwater and prevent clogging of the system, stormwater runoff must first
pass through some combination of pretreatment measures, such as a swale or sediment basin,
before entering an infiltration system. Compared with other stormwater flow control practices,
infiltration systems can be problematic due to siltation.

Consider subsurface infiltration systems only when room is inadequate to construct an
infiltration pond. These systems are difficult to maintain and verify whether they are
functioning properly.

5-2.3.2 Dispersion BMPs
Dispersion BMPs for flow control are discussed in Section 5-4.2.2 and include the following:

m  FC.01 — Natural Dispersion
m  FC.02 — Engineered Dispersion

For an overview of dispersion techniques, see Section 5-2.2.2.

5-2.3.3 Detention BMPs

Detention BMPs are discussed in Section 5-4.2.3 and includes the following:

m FC.03 — Detention Pond

Detention facilities generally take the form of either a pond or an underground vault or tank.
They operate by providing a volume of live storage with an outlet control structure designed

to release flow at a reduced rate over time. Configure a pond as a dry pond to control flow only
or combine it with a wet pond to also provide runoff treatment within the same footprint.

5-3 BMP Selection Process

This section provides guidelines and criteria on the selection of permanent BMPs for WSDOT
projects. BMP selection is necessary to address permanent stormwater management for a
project and to complete the Hydraulic Report. The following subsections outline the decision-
making process for selecting BMPs for projects.

WSDOT requires the use of LID techniques in all facilities where feasible. The HRM website

(VB www.wsdot.wa.gov/environment/waterquality/runoff/highwayrunoffmanual.htm) shows
examples of LID BMPs. You must begin LID design with a thorough site analysis. Section 2-3.2
provides guidelines and information on how to conduct a site analysis. LID approaches to
stormwater management rely heavily on soils and plants to treat stormwater runoff. Therefore,
it is important to engage the Region or HQ Landscape Architect, Region Materials Engineer, and
the Geotechnical Engineer for analysis, testing, and assistance throughout the design process.
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The first thing you must consider when incorporating LID techniques is how to preserve as
much of the existing vegetation as possible within the project site. The establishment and
enforcement of work exclusion zones must occur during all phases of construction to protect
vegetation root zones as well as to avoid soil compaction and damage to plants. Consult with
the Region or HQ Landscape Architect or certified arborist to determine the root zones and
protection areas.

Projects must restore any area with disturbed soils using the guidelines in Section 5-4.3.2, Soil
Amendments, or Ecology’s 2012 SWMMWW BMP T5.13: Post-Construction Soil Quality and
Depth. Retain, in an undisturbed state, the duff layer and native topsoil to the maximum extent
practicable. For any areas that require grading, remove and stockpile the duff layer and topsaoil
on site in a designated, controlled area, not adjacent to public resources and critical areas.

It is acceptable to use a mixture of BMPs to treat the runoff from a site. In some cases, a project
may require the use of a “treatment train” to meet the manual’s LID, runoff treatment, and
flow duration requirements.

5-3.1 Partl: Determine the Applicable Minimum Requirements and
Project-Specific Considerations

Read Chapter 3 to determine the applicable minimum requirements for the project. Start at
Section 3-2.1 and analyze the project as a whole. Minimum requirements apply to the project
based on the project size from beginning project limit to end project limit within right of way
boundaries. Use Figure 3-1 and Figure 3-2 to determine which minimum requirements apply

at the project level. If necessary, use Figure 3-3 to determine the applicable minimum
requirement at the threshold discharge area (TDA) level. Next, go to those subsequent sections
in Chapter 3 for each applicable minimum requirement and take time to thoroughly read and
understand each minimum requirement.

Minimum Requirement 5 (Runoff Treatment) in Section 3-3.5 has a list of water bodies that
require only basic treatment. Project TDAs that discharge to water bodies on this list must
provide basic runoff treatment, but not enhanced treatment for phosphorus or dissolved
metals removal. Minimum Requirement 6 (Flow Control) in Section 3-3.6 lists exempted water
bodies. Project TDAs discharging to water bodies on this list do not require LID or flow control.
Section 1-1.5 points out where local stormwater requirements could supersede or supplement
the guidelines provided herein. Check with a Region or Headquarters (HQ) Hydraulics Office
representative when there are questions regarding local jurisdictional requirements.

You should have identified the existing stormwater outfalls along the project limits during
the scoping phase of the project (see Section 2-3 for guidelines). If any existing outfalls will be
retrofitted, determine the design requirements before continuing the BMP selection process.
Check with a Region or HQ Hydraulics Office representative or the HQ Environmental Services
Office (ESO), Stormwater and Watersheds Program, for more information about stormwater
outfalls and the necessary design requirements.
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5-3.2 Partll: Select Source Control BMPs

Certain types of activities and facilities may require source control BMPs. Determine whether
there are pollutant-generating activities or facilities in the project that warrant source controls.
For detailed descriptions of the source control activities and associated BMPs, see Section 2.2
of Volume IV of Ecology’s SWMMWW or Chapter 8 of the SWMMEW. To reduce pollutants,
specify the source control BMPs for the activities listed in Section 5-2.1. For any deviations from
the source control BMPs listed in either the SWMMWW or the SWMMEW, you must provide
equivalent pollution source control benefits. You must include documentation in the Project
File for why the deviation is considered equivalent. Section 5-3.6.3 describes the process

for seeking approval of such deviations. The project may have additional source control
responsibilities as a result of area-specific pollution control plans (such as watershed or basin
plans, water cleanup plans, groundwater management plans, or lake management plans),
ordinances, and regulations.

5-3.3  Part lll: Determine LID Feasibility and Select LID BMPs

For each TDA in the project that exceeds the triggers set forth in Minimum Requirements 5
and/or 6 (see Sections 3-3.5 and 3-3.6 and Figure 3-3, Steps 7 and 8), determine LID feasibility
and select a LID BMP by using the following process (see Figure 5-1).

Step 1: Determine LID feasibility (see Section 4-5.2 and Section 5-4.2.2) and whether
stormwater mitigation and management can be handled by the natural landscape (see
Figure 5-1).

Dispersion has two components: natural dispersion and engineered dispersion.

Natural dispersion (see BMP FC.01 in Section 5-4.2.2) is further divided into two types
of dispersion:

m  Sheet flow dispersion, which discharges unconcentrated runoff directly into areas
adjacent to the roadway that are naturally vegetated.

m  Channeled flow dispersion, which collects, conveys, and redisperses runoff into areas
that are naturally vegetated.

Engineered dispersion (see BMP FC.02 in Section 5-4.2.2) is further divided into two types
of dispersion:

m  Sheet flow dispersion, which discharges unconcentrated runoff directly into areas
adjacent to the roadway that have been landscaped and redeveloped to mimic the
benefits of a forested area or native vegetation (eastern Washington).

m  Channeled flow dispersion, which collects, conveys, and redisperses runoff into areas
that have been landscaped and redeveloped to mimic the benefits of a forested area.
The stormwater may not have flowed to the engineered dispersion area before the
project. Channeled flows must be redispersed with a flow spreading or dispersal
structure.
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Step 2: Determine whether LID stormwater BMPs with infiltration as a component of treating
stormwater are feasible (see Section 4-5.2 and Figure 5-1).

If infiltration is feasible, select LID BMPs in Tier 1 or Tier 2. Tier 1 BMPs should be used before
Tier 2 BMPs unless Tier 1 BMPs are infeasible. For LID infiltration BMPs in Tier 2, there are two
options for pretreatment:

Option 1: The first option is to infiltrate runoff through soils that meet the site characterization
and site suitability criteria for both flow control and runoff treatment. Infiltration treatment
facilities must be preceded by a pretreatment facility such as a presettling basin (see Section
5-4.3.1) to reduce plugging. Any of the basic runoff treatment BMPs can also be used for
pretreatment. If possible, design the facility to meet the requirements for runoff treatment and
flow control. Sections 4-5 and 5-4.2.1 provide guidelines and criteria on applications and design
of infiltration facilities (see BMPs IN.01, IN.02, IN.03, and IN.04) that provide both flow control
and runoff treatment.

Option 2: The second option is to infiltrate runoff through rapidly draining soils that do not
meet the site characterization and site suitability criteria for providing adequate runoff
treatment. Refer to Section 5-4.2.1 for design criteria for infiltration facilities intended to
provide flow control without runoff treatment (see BMPs IN.02 through IN.05). In this option,
a basic runoff treatment facility must be added upstream of the facility. The infiltration facility
must provide adequate storage volume to achieve the flow control standards of Minimum
Requirement 6 (see Section 3-3.6).
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Steps to determine LID feasibility per TDA for new PGIS, applicable replaced PGIS, and PGPS

Can the stormwater be dispersed within the TDA? Apply dispersion
Read Section 5-3.4 to determine whether site conditions Yes—» FC.01 — Natural Dispersion

in the TDA are appropriate for dispersion or infiltration. FC.02 — Engineered Dispersion

A 4

N Does dispersion meet all the runoff
f No treatment and flow control

requirements within the TDA?

y I

Can infiltration be used within the TDA? Yes
— (Apply feasibility criteria and Infiltration Design \/
Criteria 4-5) ‘ Done
Yes

v

Use one or more of these BMPs:*

RT.02 — Compost-Amended Vegetated Filter

Strips (CAVFS)

RT.04 — Continuous Inflow Compost-Amended

Biofiltration Swale (CABS)"

RT.07 — Media Filter Drain (MFD)"?

RT.08 — Bioretention Area’

IN.01 - Bioinfiltration Pond (E. WA only)

Natural Depression Storage™*

IN.02 — Infiltration Pond*

IN.03 - Infiltration Trench”

IN.04 — Infiltration Vault* A

IN.05 — Dry well* Do these BMPs meet all the runoff
treatment and flow control

requirements for the TDA? _|

Tier |

LID requirement met to the extent
feasible. Evaluate options for
runoff treatment and flow control.

Y

Tier 2

A BMP from Tier 1 is required unless all Tier 1 options
are determined infeasible.

Yes

No Done <J
. | LID technigues not feasible. See Figure 5-2, *

Flow control BMP selection flow chart. See Figure 5-2, Flow control BMP
selection flow chart.

* See Section 5-3.6 for BMP validation and cost-effectiveness. Repeat steps for each TDA in the
project that exceeds the thresholds in Figure 3-3, Step 7.

1. Model for flow control benefit through infiltration using site-specific infiltration data.

2. The use of underdrains is not allowed if used to meet the LID requirement.

3. Use Section 4-7, Closed Depression Analysis, for modeling methods, and use performance requirements for
infiltration pond.

4. Apply Pretreatment RT.24 — Presettling Basin or any basic treatment BMP listed on the next page if the
underlying soils meet or exceed Soil Suitability Criteria 7. Otherwise, apply pretreatment in the form of any
basic or enhanced treatment BMP.

Figure 5-1 Low-impact development BMP selection flow chart.
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5-3.4 Part IV: Select Flow Control BMPs

For each TDA in the project that exceeds the triggers set forth in Minimum Requirement 6 (see
Section 3-3.6 and Figure 3-3, Step 8), and where LID BMP(s) did not mitigate the entire flow
control obligation in the TDA, and where the TDA cannot apply a flow exemption listed in
Section 3-3.6.2, select a flow control BMP by using the following process (see Figure 5-2).

Step 1: Determine whether a regional detention facility is within or near the project limits
(see Figure 5-2).

Regional detention facilities are usually owned and operated by the local jurisdiction.

A fee is paid to the local jurisdiction to allow project stormwater to flow to the regional facility.
This method of stormwater mitigation is useful when the project is within a well-developed
watershed with very little right of way to allow for infiltration, dispersion, or detention BMPs.

The project office must work with the local jurisdiction to determine whether the regional
detention facility has adequate capacity and the ability to meet target discharge rates to
mitigate for project stormwater. This requires that you verify with the local jurisdiction the
design criteria used to size the pond and outlet control structure. If the regional facility was not
designed to control flow durations, or has not received approval from Ecology as an alternative
in accordance with Ecology’s SWMMWW or the SWMMEW, then WSDOT cannot fully rely on
that facility to meet its flow control needs.

Step 2: Determine whether a combined flow control and runoff treatment facility can be
designed for the project (see Figure 5-2).

Combination stormwater BMPs provide both runoff treatment and flow control in one facility;
therefore, a combined facility is often less expensive to construct and has reduced maintenance
costs when compared to two separate facilities. If the TDA must provide enhanced runoff
treatment, evaluate whether a combination stormwater wetland/detention pond should be
used. Consider maintenance and monitoring issues with this BMP. (Refer to BMPs C0O.01 and
C0.02 in Section 5-4.1.4 for design criteria for combination stormwater BMPs.) For eastern
Washington, you can also use a bioinfiltration pond (see BMP IN.01) combined with a drywell
(see BMP IN.05) as a combination facility.

Step 3: Select a detention BMP (see Figure 5-2).

If the strategies listed in the preceding four steps cannot mitigate for all TDA flow control
requirements, choose a detention BMP (see FC.03) from Section 5-4.2.3.

Step 4: Document site constraints and select an alternative BMP (see Figure 5-2).

If the strategies listed in the preceding five steps cannot mitigate for all TDA flow control
requirements, go to Appendix 2A and document the site constraints. Seek authorization
for an alternative BMP using the process discussed in Section 5-3.7.
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Step 1

Is there a regional facility near the project or
TDA capable of intercepting stormwater from

Contact the Region or HQ
Hydraulics Office.

Yes

A4

See Section 5-3.7 for BMP validation

and cost-effectiveness assessment.

A 4

Repeat steps for each TDA in the project that
exceeds thresholds in Figure 3-3, Step 8.

A 4

Go to Section 5-4.1 and Figure 5-3 to choose runoff
treatment BMPs for each TDA in the project that
exceeds thresholds in Figure 3-3, Step 7.

Yes
the TDA, and does the facility have extra >
capacity for WSDOT flows? Is approval granted?
No No
y
4—
Step 2 Determine whether a combined runoff
treatment and flow control BMP is feasible. Yes Go to Figure 5-3,
» Step 2, to complete
Will a combination runoff treatment and flow analysis.
control BMP be used?
No
A
Step 3 Go to Section 5-4.2.3 and choose a detention ]
BMP(s) to satisfy the flow control Yes | Choose detention pond.
requirements for the TDAs. « EC.03 — Detention BMP
Can a detention pond be sited within or
adjacent to the TDA?
No
v
Step 4 Document site constraints using the checklist
in Appendix 2A. Seek authorization for
alternative BMP options per the process
described in Section 5-3.6.
Figure 5-2 Flow control BMP selection flow chart.
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5-3.5 Part V: Select Runoff Treatment BMPs

For each TDA in the project that exceeds the triggers set forth in Minimum Requirement 5 (see
Section 3-3.5 and Figure 3-3, Step 7), and where LID BMP(s) did not mitigate the entire runoff
treatment obligation in the TDA, select a runoff treatment BMP by using the following
process (see Figure 5-3).

Step 1: Determine whether an oil control facility or device is required.

Oil control devices are required for projects that exceed the oil control thresholds in Section
3-3.5.4.

If oil control is required, select and apply an oil treatment facility. (See Figure 5-3 for available
options that provide oil control and Table 4-5 for a list of other oil control BMPs used for
stormwater discharges to UIC facilities.) You must first read and understand the requirements
of Section 5-3.7 before moving forward with choosing an oil control BMP from this section.
Place oil control BMPs as close to the source as possible, but protected from sediment.

Step 2: Determine the receiving waters, possible pollutants of concern, and any additional
local jurisdictional requirements.

To obtain a more complete determination of the potential impacts of a stormwater discharge,
conduct a downstream analysis to determine the natural receiving waters (groundwater,
wetland, lake, river, stream, or marine water) for the stormwater drainage from the project
site. This is necessary to determine the applicable treatment menu from which to select
treatment facilities. Verify the receiving waters with the responsible local jurisdiction.

If the discharge is to a local municipal storm drainage system, determine the receiving waters
for the drainage system.

Consult the local jurisdiction to determine whether any type of water quality management
plans, local ordinances, or local regulations have established specific requirements for the
receiving waters. If approved by Ecology, requirements in these documents should replace
or supplement guidelines and criteria given herein with regard to stormwater flow control
and runoff treatment. Examples of such plans include the following:

m  Watershed or basin plans: These plans may cover a wide variety of geographic scales
(such as water resource inventory areas or subbasins of a few square miles). They may
be focused solely on establishing stormwater requirements (such as stormwater basin
plans) or may address a number of pollution and water quantity issues, including
urban stormwater (for example, Puget Sound nonpoint action plans).

m  Water cleanup plans: These plans are written to establish a total maximum daily load
(TMDL) of a pollutant or pollutants in a specific receiving water or basin and to identify
actions necessary to remain below that maximum loading. The plans may identify
discharge limitations or management limitations (such as use of specific treatment
facilities) for stormwater discharges from new and redevelopment projects.
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Step 1

Step 2

Step 3

Step 4

Step 5

Groundwater management plans (wellhead protection plans and sole-source
aquifers): To protect groundwater quality and quantity, these plans may identify
actions required of stormwater discharges.

Lake management plans: These plans are developed to protect lakes from
eutrophication due to phosphorus-laden runoff from the drainage basin. Control
of phosphorus from new development is a likely requirement in any such plans.

Consult Section 3-3.5 to Yes
determine whether an oil
control facility is required.

—| Apply Oil Control*

® RT.22 — Qil Containment Boom (high-use sites)

y No ® RT.02 — Compost-Amended Vegetated Filter Strip (CAVFS) (high-

ADT roads and parking areas)

Consult Table 3-2 to determine |«
the receiving waters and * IN.01 - Bioinfiltration Pond (high-ADT roads and parking areas)

pollutants of concern.

A

Consult Section 3-3.5 to —»| Apply Enhanced

determine whether Treatment Combined
phosphorus control is required. |Yes R Apply Phosphorus Control* Facility*
No ® RT.12 — Wet Pond (large) .
v « RT.07 — Media Filter Drain (no * €0.02 ~ Combined
Was a combined flow control < compost blanket) Stormwater Trea.tment
and runoff treatment facility \I:Vet(;and/Detentlon o
. . on

chosen in Step 4 of Figure 5-2? Yes |Consult Section 3-3.5 to Yes

»| determine whether enhanced
No treatment is required. Apply Basic Treatment
Combined Facility*

Consult Section 3-3.5 to | No C0.01— Wet/Detent
; ¢ C0O.01 — Wet/Detention
determine _wheth_er enhanced Apply Enhanced Treatment BMP* Pond —
treatment is required. Yes |
¢ RT.02 — Compost-Amended Vegetated
No Filter Strip (CAVFS)
] . ® RT.04 — Compost-Amended

Apply Basic Treatment BMP Biofiltration Swale (CABS) )

_ _ « RT.07 — Media Filter Drain (MFD) See Section 5-3.7 for | ¥
* RT.02 - Vegetated Filter Strip e RT.08 — Bioretention Area BMP validation and
* RT.04 - Biofiltration Swale ¢ RT.13 — Constructed Stormwater cost-effectiveness.

* RT.05 — Wet Biofiltration Swale
® RT.06 — Continuous Inflow

Treatment Wetland
I

Biofiltration Swale > *
® RT.12 — Wet Pond (basic)
* Enhanced Treatment BMP Repeat steps for each TDA in the project that

exceeds thresholds in Figure 3-3, Step 7.

*If these BMPs cannot be sited within or adjacent to the TDA, document the site constraints using the checklist in
Appendix 2A. Seek authorization for alternative BMP options per the process described in Section 5-3.6.

Figure 5-3 Runoff treatment BMP selection flow chart.
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Step 3: Determine whether phosphorus control is required.

Refer to the plans, ordinances, and regulations mentioned in Step 3 as sources of information.
The requirement to provide phosphorus control is determined by the local jurisdiction, Ecology,
or the U.S. Environmental Protection Agency (U.S. EPA).

The local jurisdiction may have developed a management plan and implementing ordinances
or regulations for control of phosphorus discharging to receiving waters from runoff of the
new/development areas.

If phosphorus control is required, select and apply a phosphorus treatment facility (see Figure
5-3 for available options that provide phosphorus control). If enhanced treatment for dissolved
metals removal is required in addition to phosphorus control, select the media filter drain since
it provides both phosphorus and enhanced runoff treatment.

Step 4: Was a combined flow control and runoff treatment facility chosen in Step 4 of Figure
5-2?

To determine whether basic or enhanced runoff treatment is necessary, see Section 3-3.5 and
use Table 3-1. Select a constructed stormwater wetland/detention pond for enhanced runoff
treatment or select a wet/detention pond if only basic runoff treatment is required for the TDA.

Step 5: Determine whether enhanced treatment is required.

To determine whether basic or enhanced runoff treatment is necessary, see Section 3-3.5 and
use Table 3-1. Select an appropriate enhanced runoff treatment or basic runoff treatment BMP
from Figure 5-3, Step 5.

Repeat Figure 5-3 for each TDA in the project.

5-3.5.1 LID BMP Selection for Site Development

Ecology’s stormwater management manuals for western (SWMMWW) and eastern (SWMMEW)
Washington provide more specific guidelines for stormwater BMP design related to site
development for park and ride lots, rest areas, maintenance yards, vactor decant and street
sweepings facilities, and ferry terminals. Stormwater facility designs use LID methods and
techniques to conserve and use on-site natural features to protect water quality and more
closely mimic predevelopment hydrology. WSDOT facility projects can use the appropriate
Ecology stormwater manual, an Ecology-approved local agency stormwater manual, or the
guidance provided below.

WSDOT requires the use of LID techniques in all facilities where feasible. The HRM website

(VB www.wsdot.wa.gov/environment/waterquality/runoff/highwayrunoffmanual.htm) shows
examples of LID BMPs. Refer to Figure 5-4 for the site development BMP selection process. It
is acceptable to use a mixture of BMPs from this list to treat the runoff from a site. BMPs from
Tier 1 must be used first to meet the LID requirement. In some cases, a project may require
the use of a “treatment train” to meet the manual’s LID, runoff treatment, and flow duration
requirements.
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Feasibility criteria for roof BMPs appear in the respective manuals. Green roofs are more
expensive to install, but may have better life cycle costs than traditional roofs. Rainwater
harvesting can be used to supplement water for toilet flushing and irrigation. For more
information on these techniques, see the 2012 LID Technical Guidance Manual for Puget
Sound.

Permeable pavements, such as pervious concrete, permeable asphalt, or permeable pavers,
have limited uses on WSDOT facilities due to high traffic loads, heavy axle loads, and the
possibility of hazardous material spills. However, projects should use permeable pavements
where feasible. In general, WSDOT guidelines allow the use of permeable pavements only in
pedestrian areas and in car parking stalls at park and ride lots, rest areas, and maintenance
facility employee parking areas. However, projects may use permeable pavements in other
areas if approved by the Region Materials Engineer and the State Pavement Engineer.
Occasionally, WSDOT will design and build facilities, such as park and ride lots, and turn over
ownership and maintenance responsibilities to local governments or transit agencies. In those
cases, the use of permeable pavements may occur in other locations than those specified
above if desired and approved by the local agency taking the ownership and maintenance
responsibility of the facility. Contact the State Pavement Engineer for design and construction
specifications for permeable pavements. (See IN.06, Permeable Pavement Surfaces, for
additional design guidance.)

Permeable pavement systems require highly specialized designs. WSDOT Pavement Policy
provides minimum pavement thicknesses for typical applications. (See WSDOT Pavement
Policy more information.) When utilizing infiltration, the underlying soils must meet SSC-7
in Section 4, or a treatment layer must be provided (normally in the form of a sand filter).
In addition, construction techniques can significantly impact the infiltration characteristics
of the underlying soil. (See the 2012 LID Technical Guidance Manual for Puget Sound for
more information.)
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Site Development LID Flow Chart

Can the stormwater be dispersed on site?
Read Section 5-3.4 to determine whether site

conditions are appropriate for dispersion or infiltration.

-No

Apply dispersion
Yes—» FC.01 — Natural Dispersion

FC.02 — Engineered Dispersion

Y

Does dispersion meet all the runoff
treatment and flow control

Y Y

Can infiltration be used on the site?
— (Apply feasibility criteria and Infiltration Design
Criteria 4-5)

Yes

v

Use one or more of these BMPs:*

RT.02 — Compost-Amended Vegetated Filte
Strips (CAVFS)?

RT.08 — Bioretention Area’

IN.01 — Bioinfiltration Pond (E. WA only)

Tier 1

Biofiltration Swale (CABS)?

RT.07 — Media Filter Drain (MFD)*?

BMP T5.11: Concentrated Flow Dispersion’
BMP T5.12: Sheet Flow Dispersion’

BMP T5.18: Reverse Slope Sidewalks'

Natural Depression Storage™®

IN.02 — Infiltration Pond®

IN.03 — Infiltration Trench®

IN.04 — Infiltration Vault®

IN.05 — Dry Well®

BMPS from Tier 1 are required unless all Tier 1 options
determined infeasible.

Tier 2

r

RT.04 — Continuous Inflow Compost-Amended

BMP T5.16: Tree Retention and Tree Planting’

are

-

LID techniques not feasible. See Figure 5-2,
Flow control BMP selection flow chart.

requirements for the site?

Yes

v

Done

Does the site design include any
buildings or structures with roofs?

Yes
\ 4

BMP T5.10A: Downspout Full Infiltration®
BMP T5.10B: Downspout Dispersion Systems®
BMP T5.10C: Perforated Stub-out Connections’
BMP T5.17: Vegetated Roofs' No
BMP T5.19: Minimal Excavation Foundations*
BMP T5.20: Rainwater Harvesting1

v

LID requirement met to the extent
feasible. Evaluate options for [«
runoff treatment and flow control.

}

Do these BMPs meet all the runoff
treatment and flow control —|

requirements for the TDA?
I Yes

No Done (J
o [ oo |

See Figure 5-2, Flow control BMP
selection flow chart

* See Section 5-3.6 for BMP validation and cost-effectiveness. Repeat steps for each TDA in the project that exceeds

thresholds in Figure 3-3, Step 7.
. Ecology SWMMWW Volume V.

BN

pond.

. Model for flow control benefit through infiltration using site-specific infiltration data.
. The use of underdrains is not allowed if used to meet the LID requirement.
. Use Section 4-7, Closed Depression Analysis, for modeling methods, and use performance requirements for infiltration

5. Apply Pretreatment RT.24 — Presettling Basin or any basic treatment BMP listed on the next page if the underlying soils
meet or exceed Soil Suitability Criteria 7. Otherwise, apply pretreatment in the form of any basic or enhanced

treatment BMP.

Figure 5-4

Site development LID BMP selection flow chart.
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5-3.6 Seeking Authorization for Alternative BMP Options

Note: Prior to seeking approval, designers should consult the Post Publication Updates in the
online Highway Runoff Manual (HRM) to check whether the alternative BMP has been added
as an available option.

This chapter contains Ecology-approved permanent BMPs that WSDOT finds acceptable for
highway applications. However, site and project constraints or programmatic constraints may
compel you to consider alternatives to BMPs available in this manual. The pursuit of alternative
options falls into the following categories:

1. Ecology-approved BMPs not included in this manual because WSDOT does not consider
them viable for widespread highway application due to cost considerations associated with
their maintenance. BMPs falling under this category received approval for general use by
Ecology.

2. BMPs with potential for widespread highway applications that have not received general
use approval by Ecology. A BMP falling under this category is considered an emerging
technology and may or may not have received a conditional use or pilot use designation
by Ecology.

3. Project- or site-specific approaches for seeking compliance with federal and state water
quality regulations via the demonstrative approach.

Figures 5-5 and 5-6 are general descriptions of the processes for seeking approval for runoff
treatment and flow control BMPs not currently contained in the HRM. To help avoid delays
in processing requests, consult the Region Hydraulics Office and HQ ESO Stormwater and
Watersheds Program staff prior to initiating this process.

5-3.6.1 Category 1: Ecology-Approved BMPs Not in the HRM

Ecology-approved BMPs not included in the HRM require Region Hydraulics Office and
Maintenance Superintendent approval for use. Design criteria for these BMPs are available on
WSDOT’s HRM website: “8 http://www.wsdot.wa.gov/nr/rdonlyres/b415daa4-2c2a-4cc8-93ed-
d0cdb9a46560/0/hrmcategoryl.pdf. However, if WSDOT approval is not granted, you must
select an acceptable alternative.

5-3.6.2 Category 2: Emerging Technologies

Ecology’s stormwater management guidance manuals make provisions for using emerging BMP
technologies, which they define as:

Technologies that have not been evaluated using approved protocols, but for which
preliminary data indicate that they may provide a desirable level of stormwater
pollutant removal.
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Use of an emerging technology requires WSDOT as well as Ecology approvals, as described

in Figure 5-6.* Seek authorization far enough in advance to allow for contingencies if use of the
emerging technology is denied. Note: Internal review and approval of an emerging technology’s
conceptual design and approach can take at least three months.

In some instances, an emerging technology may have already received a pilot use or conditional
use designation from Ecology.2 For emerging technologies not currently in widespread use, the
pilot use designation allows limited use by projects to enable field testing of its performance,
subject to an Ecology-approved monitoring plan and the limitations imposed on the number
and location of such installations.

Ecology’s conditional use designation applies to emerging technologies currently in widespread
use in Washington (or considered equivalent to Ecology-approved technologies) that it considers
likely to attain a general use designation—provided that a necessary field evaluation to obtain

a general use designation is completed within a specified time period.

Conditional use BMPs included in the HRM can be used on any project location that meets the
terms of the conditional use designation. However, you must contact the HQ ESO Stormwater
and Watersheds Program to learn whether WSDOT wants to use the site to fulfill the
monitoring requirement of the conditional use designation.

Ideally, your project design team will identify the need for potentially pursuing an emerging
technologies approach during scoping (the project definition phase) or early in the design
phase. This allows your design team, in consultation with the HQ ESO Stormwater and
Watersheds Program, to account for the expenses involved in monitoring and evaluating
the BMP’s performance when programming project costs.

During the project design phase, your design team will develop the conceptual design and
document the technical and engineering basis for the approach (conceptual design thesis). The
conceptual design thesis provides the necessary background to enable the Region Hydraulics
Office and the HQ ESO Stormwater and Watersheds Program to make an informed decision
about whether it is in the department’s interest to invest in the evaluation of the technology.3
You may seek Region Hydraulics Office and HQ Hydraulics Office assistance in preparing this
documentation, which should include:

m A description of the emerging technology and its application.
m  The rationale for its development and use.

m  Existing hydraulic and treatment performance data for the emerging technology
(if available).

m  General design and construction considerations.

! Ecology’s Emerging Technologies web page contains additional information regarding Ecology’s program

to evaluate emerging stormwater treatment technologies.

2 Ecology’s Emerging Technologies web page contains the designation status of emerging technologies undergoing
evaluation.

® This documentation already exists for BMPs with an Ecology pilot- or conditional-use designation and is available
on Ecology’s Emerging Technologies web page.
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m Site-suitability characteristics.

m  Hydraulic design.

m  Operations and maintenance requirements.

Category 3 Pathway

v

Is BMP considered an

Contact HQ Hydraulics

Does BMP have a No emerging technology? No to pursue
—> Demonstrative
General Use >
§ designation from Approach with
< Ecology? Ecology.
© >
a 2
- iYes 3
J £
ao‘f Pursue emerging :
5 technology >
approval %
(Figure 5-6). ©
o
Is BMP approved for l
project use by Region Revise
Hydraulics Office & BMP
Maintenance selection.
Superintendent?
lYes
Implement BMP
according to guidelines.
v
Figure 5-5 Process for using BMPs not in the HRM.
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Figure 5-6 Emerging technology approval process: Category 2 pathway.

Page 5-24 WSDOT Highway Runoff Manual M 31-16.04
April 2014



Chapter 5 Stormwater Best Management Practices

Pursuing evaluation of an emerging proprietary technology requires coordination with the
technology’s vendor to follow Ecology’s Technology Assessment Protocol (TAPE) and evaluation
process. For more information on the TAPE protocol, check Ecology’s Emerging Technologies
web page.

Public domain technologies require preparation of a detailed Quality Assurance Project Plan
(QAPP) for evaluating the proposed emerging technology that is acceptable to WSDOT and
Ecology. In addition to covering the elements included in the design thesis, the QAPP describes
the procedures to be followed in evaluating the emerging technology. Region Hydraulics Office
and HQ ESO Stormwater and Watersheds Program assistance should be sought in preparing the
QAPP. Ecology’s January 2008 publication, Guidelines for Preparing Quality Assurance Project
Plans for Environmental Studies, presents detailed instructions on preparing a QAPP. Your
project’s environmental permit coordinator needs to include the design thesis and QAPP in
project submittals early in the permitting process. Upon Ecology’s approval of the QAPP, your
design team must remain involved through completion of construction to ensure proper
installation of the facility and any monitoring-related elements.

Once the facility is operational, HQ ESO Stormwater and Watersheds Program staff will assist
the region in implementing the QAPP; completing the evaluation package (including monitoring
data and data analysis); petitioning Ecology for evaluation and assignment of use level
designation; and continuing development of the technology where applicable.

5-3.6.3 Category 3: The Demonstrative Approach

Projects have the option of seeking compliance with water quality regulations via the
demonstrative approach (see Section 1-1.3 for a comparison of the demonstrative approach
with the presumptive approach). The demonstrative approach requires submittal of a site-
specific stormwater management proposal to the Highway Runoff Program Manager in the
HQ Hydraulics Office for Ecology review and approval.

To obtain Ecology approval, your project must demonstrate that it will not adversely affect
water quality by providing appropriate supporting data showing that the alternative approach
satisfies state and federal water quality laws. In developing alternate treatment and control
options, consider and document the site limitations using the Engineering and Economic
Feasibility Evaluation (see Section 2-7.4 and Appendix 2A). While this evaluative tool will
provide you with some of the necessary background information to make decisions regarding
alternative approaches, it will not in and of itself satisfy federal and state requirements to make
maximum extent practicable (MEP) and all known, available, and reasonable technologies
(AKART) determinations. If your project is pursuing this approach, contact the Highway Runoff
Program Manager in the HQ Hydraulics Office directly and as soon as possible. The timeline
and expectations for providing this technical justification may be extensive, depending on the
complexity of the individual project and the nature of the receiving water environment.
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Depending on the nature of the alternative approach proposal, you may need a dilution analysis
to demonstrate that the project will not adversely affect water quality. If applicable to the
proposal, base the dilution analysis on (1) critical flow rates of the discharge and the receiving
water, and (2) estimated concentrations of pollutants of concern in the discharge and the
upgradient receiving water. A standard procedure for determining the value of those four
variables has yet to be developed by Ecology. Until it is developed, Ecology will have to

make case-by-case decisions concerning valid approaches to the analysis.

5-3.7 BMP Validation and Cost-Effectiveness

Once you select a stormwater BMP, be aware that there are costs and obligations involved in
the long-term operation and maintenance of the BMP. For this reason, you should contact the
local maintenance office and discuss the proposed stormwater BMPs and overall stormwater
design to determine any area-specific BMP restrictions or requirements. Table 5-1 helps you
evaluate the cost-effectiveness of different stormwater BMPs by assessing typical construction

costs, annual operation and maintenance (O&M) expenses, and effective life (how soon the

BMP may need to be replaced).

Table 5-1 Relative rankings of cost elements and effective life of BMP options.
BMP Capital Costs O&M Costs Effective Life!"!
Vegetated Filter Strip Low Low 20-50 years
Wet Biofiltration Swale Low to Moderate Low to Moderate 5-20 years
Continuous Inflow Biofiltration Swale Low to Moderate Low 5-20 years
Media Filter Drain Low Low to Moderate 5-20 yearsm
Compost-Amended Vegetated Filter Strip Low Low 5-20 years[zl
Wet Pond Moderate to High Low to Moderate 20-50 years
Combined Wet/Detention Pond Moderate Low to Moderate 20-50 years
Constructed Stormwater Treatment Wetland Moderate to High Moderate 20-50 years
Combined Stormwater Wetland/Detention Pond Low to Moderate Moderate 20-50 years
Wet Vault (Category 1 BMP) Moderate to High High 50-100 years
Combined Wet/Detention Vault (Category 1 BMP) | Moderate to High High 50-100 years
Bioinfiltration Pond Low to Moderate Low 5-20 years
Infiltration Pond Moderate Moderate 5-10 years
before deep tilling required

Infiltration Trench Moderate to High Moderate 10-15 years
Infiltration Vault Moderate Moderate to High 5-10 years
Drywell Low to Moderate Low to Moderate 5-20 years
Engineered and Natural Dispersion Low Low 50-100 years
Detention Pond Moderate Low 20-50 years
Detention Vault (Category 1 BMP) Moderate to High High 50-100 years
Detention Tank (Category 1 BMP) Moderate to High High 50-100 years
Presettling Basin Low to Moderate Moderate

Proprietary Presettling Devices Moderate Moderate 50-100 years
Bioretention Moderate Moderate 5-20 years

Sources: Adapted from Young et al. (1996); Claytor and Schueler (1996); U.S. EPA (1993); and others.
[1] Assumes regular maintenance, occasional removal of accumulated materials, and removal of any clogged media.

[2] Estimated based on best professional judgment.

Page 5-26 WSDOT Highway Runoff Manual M 31-16.04

April 2014



Chapter 5 Stormwater Best Management Practices

5-3.7.1 General Maintenance Requirements

Design with maintenance in mind. Maintenance is crucial to performance of runoff treatment
and flow control BMPs; therefore, you must build provisions to facilitate maintenance
operations into the project when the BMP is installed. You must ensure maintenance is a basic
consideration in design and in determination of cost. Include maintenance personnel early and
throughout the design process. During discussions with maintenance personnel, describe the
maintenance procedures that will need to be performed on the BMP. Obtain maintenance
review and concurrence and document in the Hydraulic Report. Use the checklist on the HRM
website to document discussions, reviews, and concurrence by maintenance of the final
design. This will help ensure future maintenance work and potential access needs are

clearly understood.

General Maintenance Access Requirements

Access Roads

m  Maximum grade for access roads will vary depending on what type of vehicle the local
area maintenance office uses. Contact the local area maintenance office to discuss this
issue.

m  Make sure the outside turning radius is a minimum of 48 feet.

m  Ensure access roads are 15 feet wide on curves and 12 feet wide (minimum) on
straight sections.

m  Construct access roads with an asphalt or gravel surface or with modular grid
pavement. Make sure all surfaces conform to the WSDOT Standard Specifications
for Road, Bridge, and Municipal Construction (Standard Specifications) and to
manufacturer's specifications if the surfacing material is a vendor product.

m  Provide a paved apron where access roads connect to paved public roadways.
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If the access road dead ends, provide an appropriate cul-de-sac or dead-end turn-
around for maintenance vehicles. (See turnaround examples on the HRM FAQ website.)

Locate fence gates only on straight sections of road.

If a fence is required, limit access with a double-posted gate or with bollards—that is,

two fixed bollards on each side of the access road and two removable bollards located
equally between the fixed bollards. (See the Design Manual for guidelines on fencing

requirements).

Locate the fence gate so there is an adequate area in front of the gate to park a
vehicle, out of traffic, while the gate is being opened. Size the parking area based
on the largest vehicle that will be needed to perform BMP maintenance.

Other

To facilitate mowing, ensure side slopes for earthen/grass embankments do not
exceed 3H:1V. If side slopes are greater than 3H:1V, consult with local area
maintenance personnel to ensure tall grass does not restrict site access or pose
other issues. You may need to plant steep embankments with low-maintenance,
low-growing ground cover.

Ensure BMPs that require removal of sediment have a fixed vertical sediment depth
marker installed in the structure to measure sediment deposition over time. Consult
with the local area maintenance office regarding the design and use of this marker.

Swales

Access Roads

Provide an access road to the head of a swale if sediment loading is anticipated that is
significant enough to require equipment to clean it out. Otherwise, provide a pullout
close to the head of the swale to allow inspection, cleaning, and mowing. Check with
the local maintenance area to determine equipment and access needs.

Vaults/Tanks/Catch Basins/Manholes

Access Roads

Locate vaults and tanks out of the roadway prism whenever possible. In most areas,
closure of traffic lanes to clean vaults or tanks is not allowed during daylight hours.
Maintenance at night involves additional risk and requires worksite lighting and
possibly noise restrictions. The use of vaults and tanks requires the approval of the
Maintenance Area Superintendent.

Provide access roads to the stormwater structure access panel if applicable, as well
as to the inlet and outlet control structure and at least one access point per cell.

Set manhole and catch basin lids within or at the edge of the access road and at least
3 feet from a property line. Make sure manhole and catch basin lids for control
structures are locking and rim elevations match proposed finish grade.
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Ensure the Vactor truck can park directly adjacent to the stormwater structure. Within
6 feet of the truck, the boom has swing-and-lift capability; however, for most vaults,
the operator needs to be able to center the boom directly over the suction point.

O For deep vaults, the operator typically starts at one end and moves the Vactor
truck along the vault to clean it from end to end. The deeper the suction tubes,
the harder it becomes to drag the boom around, so it must be centered directly
above the crew person working down in the stormwater structure.

You may need to provide right of way for vault and tank maintenance. It is recommended
that any tract not abutting WSDOT right of way have a 15- to 20 foot-wide extension of
the tract to an acceptable access location. You must make sure enough room is designed
around all underground vaults and tanks to provide space for necessary support
equipment, including holding tanks, towed pumps, and equipment for confined-space
entry. Consult with the local area maintenance office on access needs for support
equipment.

Openings

Provide access over the inlet pipe, over the outlet structure, and to each cell.

Position access openings a maximum of 50 feet from any location within the vault
or tank. You may need additional access points on large vaults and tanks.

If more than one V* is provided in the vault floor, provide access to each V.

For vaults with greater than 1,250 square feet of floor area, provide a 5- by 10-foot
removable panel (instead of a standard frame, grate, and solid cover) over the inlet

pipe.

Ensure removable panels over vaults are at grade, have stainless steel lifting eyes,
and weigh no more than 5 tons per panel.

Ensure vaults with widths of 10 feet or less have removable lids.

For vaults under roadways, locate the removable panel outside the travel lanes.
Alternatively, you may provide multiple standard locking manhole covers.

Ensure all access openings, except those covered by removable panels, have round
solid locking lids or 3-foot-square locking diamond plate covers.

Ensure tank access openings have round, solid locking lids (usually %- to %-inch-
diameter Allen-head cap screws).

For tanks, you may use riser-type manholes constructed of 36-inch-minimum-
diameter corrugated metal pipe of the same gage as the tank material for access
along the length of the tank and at the upstream terminus of the tank in a backup
system. The top slab is separated (1-inch-minimum-gap) from the top of the riser
to allow for deflections from vehicle loadings without damaging the riser tank.

* See BMP RT.19 in the Category 1 BMPs (*& www.wsdot.wa.gov/nr/rdonlyres/b415daa4-2c2a-4cc8-93ed-
d0cdb9a46560/0/hrmcategoryl.pdf)
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Entry

Provide ladders and handholds only at the outlet pipe and inlet pipe, and as needed
to meet Washington Industrial Safety and Health Act (WISHA) confined-space
requirements.

Ensure stormwater structures comply with WISHA confined-space requirements,
which include clearly marking entrances to confined-space areas. You may do this
by hanging a removable sign in the access riser, just under the access lid.

If ladders are greater than 20 feet long, provide fall protection that meets WISHA
requirements.

Provide ventilation pipes—minimum 12-inch-diameter or equivalent—in all four
corners of vaults and tanks to allow for artificial ventilation for maintenance
personnel.

For vaults with manhole access at 12-foot intervals or with removable panels over
the entire vault, you need not provide corner ventilation pipes as specified above.

Provide internal structural walls of large vaults with openings sufficient for
maintenance access between cells. When applicable, size the openings and
situate to allow access to the V in the vault floor.

Ensure the minimum internal height is 7 feet from the highest point of the vault
floor (not sump), and the minimum width is 4 feet. The minimum internal height
requirement may not be applicable for any areas covered by removable panels.

Other Access Issues

Ensure all vaults and tanks have a bypass or valve to take the BMP off-line.

Note that the gravity drain criteria for ponds (see below) apply to wet vaults and
combined wet/detention vaults.

For maintenance access, make sure the maximum depth from finished grade to the
bottom of the vault or tank is 20 feet or less. Most Vactor trucks become inefficient
below this depth. Contact the local area maintenance office to discuss operating
depths of the equipment for the area.

Ponds

Access Roads

Provide one or more access roads to the outlet control structure and other drainage
structures associated with the pond (such as inlet or bypass structures) to allow for
inspection and maintenance.

Provide an access roadway for removal of sediment with a trackhoe and truck. Ensure
the ramp extends to the pond bottom if the pond bottom area is greater than 1,500
square feet (measured without the ramp), and ends at an elevation 4 feet above the
pond bottom if the pond bottom is less than 1,500 square feet (measured without
the ramp).
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m At large, deep ponds, make sure there is truck access to the pond bottom via an access
ramp so that excavated sediment and other material can be loaded into a truck in the
pond bottom. At small, deep ponds, the truck can remain on the ramp for loading. At
small, shallow ponds, a ramp to the bottom may not be required if the trackhoe can
load a truck parked at the pond edge or on the internal berm of a detention pond
(trackhoes can negotiate interior pond side slopes). These requirements may change
based on discussion with the local area maintenance office regarding the type of
vehicle typically used for that area.

m  Ensure access ramps are a minimum of 3H:1V.

Other Access Issues

m  Ensure wet ponds, constructed wetlands, and other stormwater structures with high
base flows have a bypass or valve to take the BMP off-line.

m For wet ponds, combined wet/detention ponds, wet vaults, combined wet/ detention
vaults, constructed stormwater treatment wetlands, and combined stormwater
treatment wetlands/detention ponds, make sure gravity drains for maintenance
are installed. (See each BMP description for the number of gravity drains needed
for each BMP.)

Intent: It is anticipated that, in most cases, sediment removal will be needed only

for the first cell. The gravity drain is intended to allow water from the first cell to be
drained to the second cell when the first cell is pumped dry for cleaning. If the second
cell cannot be drained due to elevation differences or backflow potential, the first cell’s
gravity drain should discharge to a separate conveyance system.

m  Ensure the gravity drain is at least 8 inches in diameter.

m  Place the gravity drain at the height of the sediment storage for the first cell. For the
second cell of wet ponds, combined wet/detention ponds, constructed stormwater
treatment wetlands, and constructed stormwater treatment wetland/detention
ponds, make sure the gravity drain is at least 6 inches above the pond bottom.

m  Provide a gravity drain, controlled by a shut-off valve, that can dewater the cell to
the elevation listed in each BMP within 24 hours of initial opening. Use of a shear
gate is allowed only at the inlet end of a pipe located within an approved structure.

Intent: Shear gates often leak if water pressure pushes on the side of the gate opposite
the seal. The gate should be situated so that water pressure pushes toward the seal.

m [If placed within a dividing berm or baffle, make sure the gravity drain invert is at least
6 inches below the top elevation of the dividing berm or baffle.

Intent: Highly sediment-laden water will be less likely to be released from the pond
when it is drained for maintenance.

m  Provide operational access to the valve at the finished ground surface.

m  Ensure the shut-off valve location is accessible and well-marked, with 1 foot of
paving placed around the box. Ensure it is also protected from damage and
unauthorized operation.
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m  Clearly label the shut-off valve casing showing the closed position (normal operation)
and open position (dewatering position). The primary purpose of the gravity drain is
to provide maintenance to each cell.

m  Avalve box is allowed to a maximum depth of 5 feet without an access manhole. If the
valve box is over 5 feet deep, provide an access manhole or vault.

m  Specify that all metal parts must be corrosion-resistant. Do not use galvanized
materials unless unavoidable.

Intent: Galvanized metal contributes zinc to stormwater, sometimes in very high
concentrations.

5-4 BMP Design Criteria

Note: Follow the BMP selection process in Section 5-3 before selecting a BMP.

The stormwater management methods in this section have been categorized in order of
preferred use and grouped according to similar composition and function. Each BMP has
an associated number to distinguish it from other BMPs with similar names. The numbering
convention represents the following classifications:

m  RT.XX—Runoff Treatment BMPs
m  FC.XX—Flow Control BMPs

m  IN.XX —Infiltration BMPs

m  CO.XX - Combination BMPs

5-4.1 Runoff Treatment Methods

The primary function of the BMPs listed in this section is to meet Minimum Requirement 5
(Runoff Treatment) in Section 3-3.5.

5-4.1.1 Infiltration BMPs

Some infiltration BMPs (IN.01, Bioinfiltration Pond, IN.02, Infiltration Pond, IN.03, Infiltration
Trench, and IN.04, Infiltration Vault) can provide both runoff treatment and flow control
functions. These BMPs are discussed in detail in Section 5-4.2.1. (See the Site Suitability
Criteria in Section 4-5.1 for additional requirements.)

5-4.1.2 Dispersion BMPs

Dispersion BMPs (FC.01, Natural Dispersion, and FC.02, Engineered Dispersion) provide both
runoff treatment and flow control functions. These BMPs are discussed in detail in Section
5-4.2.2.

Page 5-32 WSDOT Highway Runoff Manual M 31-16.04
April 2014



Chapter 5

Stormwater Best Management Practices

5-4.1.3 Biofiltration BMPs
RT.02 — Vegetated Filter Strip

Vegetated Filter Strip in Median Along I-5
in Snohomish County

Description: Densely vegetated
areas of land with a flat cross
slope. Designed to maintain sheet
flow which slows runoff and traps
sediment and pollutants coming
directly off the pavement.

Geometry Limitations

Resultant Slope £9.4%
Contributing Flow Path <150
Embankment Slope 2%-33%

BMP Function
M LID
O Flow Control
M Runoff Treatment
& Oil Control (CAVFS E. WA Only)
O Phosphorus
M TSS - Basic
M Dissolved Metals - Enhanced (CAVFS Only)

Effective Life (Years)
S 20-50

Capitol Cost | O & M Cost

=> Low 3 Low

Additional Constraints/Requirements

Soil Amendments/Compost
Energy Dissipater/Level Spreader
5-4.3.3 Facility Liners

5-4.3.7 Signing

Fencing

Presettling/Pretreatment
Underdrain

Soil Preparation

OO0O0OO0ORONE

M 4-5 Infiltration Design Criteria (CAVFS only)
O Setback
M Landscaping/Planting
O Wetland Planting and Plant Establishment
O Inlet and Outlet Spacing
O Overflow
O Multidisciplinary Team
O WSDOT Pavement Engineer Approval
TMDL/303(d) — Considerations’
Avoid Preferred
O O Fecal Coliform
| O Phosphorus (CAVFS Only)
O O Nitrogen
O O Temperature
O ™ Dissolved Metals (CAVFS Only)
O | Total Suspended Solids/Turbidity
O O Dissolved Oxygen
O O pH
O ™ Qil/Grease (CAVFS E. WA only)
O O PAHs
O O Pesticides
1. See Table 3-1 and Section 2-6.4 for additional
guidance.

Maintenance Requirements
O Access Roads or Pullouts
O Vactor Truck Access
M Mowing
O Valve Access
O Specialized Equipment
O Specialized Training

Further Requirements: See Sections
5-3.6.1 and 5.5.
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Introduction

General Description

Vegetated filter strips are land areas of planted vegetation and amended soils situated between
the pavement surface and a surface water collection system, pond, wetland, stream, or river.
(See Figure 5-7 for an illustration of a typical vegetated filter strip.) The term buffer strip is
sometimes used interchangeably with vegetated filter strip; however, in this manual, buffer
strip refers to an area of natural indigenous vegetation that can be enhanced or preserved as
part of a riparian buffer or stormwater dispersion system.

Vegetated filter strips accept overland sheet flow runoff from adjacent impervious areas. They
rely on their flat cross slope and dense vegetation to maintain sheet flows. Their primary
purpose is to remove sediments and other pollutants coming directly off the pavement.
Vegetated filter strips function by slowing runoff velocities, trapping sediment and other
pollutants, and providing some infiltration and biologic uptake.

The design approach for vegetated filter strips involves site design techniques to maintain
prescribed maximum sheet flow distances, as well as to ensure adequate temporary storage,
so that the design storm runoff is treated. There is limited ponding or storage associated with
vegetated filter strips unless soil amendments and subsurface storage are incorporated into
the design to reduce runoff volumes and peak discharges.

You can also use vegetated filter strips as a pretreatment BMP in conjunction with bioretention,
biofiltration, media filtration, or infiltration BMPs. The sediment and particulate pollutant load
that could reach the primary BMP is reduced by the pretreatment, which in turn reduces
maintenance costs and enhances the pollutant-removal capabilities of the primary BMP.

There are three methods described in this section for designing vegetated filter strips: basic
vegetated filter strips, compost-amended vegetated filter strips (CAVFS), and narrow area
vegetated filter strips. The narrow area vegetated filter strip is the simplest method to design;
however, its use is limited to impervious flow paths less than 30 feet. If space is available to use
the basic vegetated filter strip design or the CAVFS, use either of the two designs in preference
to the narrow area vegetated filter strip. For flow paths greater than 30 feet, follow the design
method for the basic vegetated filter strip or the CAVFS.

The basic vegetated filter strip is a compacted roadside embankment that is subsequently
hydroseeded. The CAVFS is a variation of the basic vegetated filter strip that adds soil
amendments to the roadside embankment. The soil amendments improve infiltration
characteristics, increase surface roughness, and improve plant sustainability.
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Figure 5-7 Typical vegetated filter strip.

The CAVFS design incorporates compost into the native soils per the criteria in Section 5-4.3.2.
The CAVFS bed should have a final organic content of 5% for grass and 10% for shrub areas.
Once permanent vegetation is established, the advantages of the CAVFS are higher surface
roughness; greater retention and infiltration capacity; improved removal of soluble cationic
contaminants through sorption; improved overall vegetative health; and a reduction of invasive
weeds. Compost-amended systems have somewhat higher construction costs due to more
expensive materials, but require less land area for runoff treatment, which can reduce overall

costs.
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Applications, Limitations, and LID Feasibility

Use vegetated filter strips (narrow area and basic) to meet basic runoff treatment objectives
(see Table 3-1) or as part of a treatment train to provide additional removal of phosphorus
or dissolved metals. (See Tables 4.1 and 4.2 at the following web link on Category 1 BMPs:
“® www.wsdot.wa.gov/nr/rdonlyres/b415daa4-2c2a-4cc8-93ed-
d0cdb9a46560/0/hrmcategoryl.pdf.)

Use CAVFS to meet basic runoff treatment and enhanced runoff treatment objectives, and oil
control in eastern Washington only.

Applications

m Vegetated filter strips can be effective in reducing sediments and the pollutants
associated with sediments such as phosphorus, pesticides, or insoluble metallic salts.

m Because they do not pond water on the surface for long periods, vegetated filter strips
help maintain the temperature norms of the water and deter the creation of habitat
for disease vectors such as mosquitoes.

m Inless urbanized areas, vegetated filter strips can generally be located on existing
roadside embankments, reducing the need for additional right of way acquisitions.

m  Designs can be modified to reduce runoff volumes and peak flows when needed or
desired to reduce right of way acquisitions.

Limitations
m If sheet flow cannot be maintained, vegetated filter strips will not be effective.

m Vegetated filter strips are generally not suitable for steep slopes or large impervious
areas that can generate high-velocity runoff.

m  Use of vegetated filter strips can be impracticable in watersheds where open land
is scarce or expensive.

m Improper grading can render this BMP ineffective.

m Vegetated filter strips should be constructed outside the natural stream buffer area
whenever possible to maintain a more natural buffer along the streambank.

m  Design methodology for sizing CAVFS in western Washington is different than the
design methodology for sizing basic vegetated filter strips in western Washington.

m  Design methodology for sizing CAVFS in eastern Washington is identical to the design
methodology for sizing basic vegetated filter strips in eastern Washington.

m  CAVFS should not be installed in areas that have a TMDL for phosphorous.
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LID Feasibility

The following criteria describe conditions that make CAVFS infeasible to meet the LID
requirement. Additional general LID feasibility criteria that apply to all other LID-type BMPs
can be found in Section 4-5.2, along with the site suitability criteria for infiltration design in
Section 4-5.1. Your project may still use the CAVFS to meet the runoff treatment requirement
(Minimum Requirement 5). Citation of any of the following infeasibility criteria must be based
on an evaluation of site-specific conditions, must be documented using the LID feasibility
checklist, and should be included in the project’s Hydraulic Report, along with any applicable
written recommendations from an appropriate licensed professional (e.g., engineer, geologist,
hydrogeologist):

m  Check to see if the site can be reasonably designed to locate CAVFS on slopes less than
or equal to 25%

m  Check the CAVFS LID Calculator to determine if there is an adequate amount of side
slope to install a CAVFS.

Design Flow Elements

Flows to Be Treated

Design vegetated filter strips to treat the runoff treatment flow rate discussed in Section 3-3.5
under Minimum Requirement 5 and the guidelines and criteria provided in this section.
Hydrologic methods are presented in Sections 4-3 and 4-4.

Design CAVFS to provide the runoff treatment flow rate discussed in Section 4-5.4.3.

Structural Design Considerations

Geometry
Design Criteria and Specifications

Following are the key design elements of vegetated filter strip systems.
Drainage Area Limitations

m Vegetated filter strips are used to treat small drainage areas. Flow must enter the
vegetated filter strip as sheet flow spread out over the length (long dimension
perpendicular to flow) of the strip, generally no deeper than 1 inch. For basic
vegetated filter strips and CAVFS, the greatest flow path from the contributing
area delivering sheet flow to the vegetated filter strip should not exceed 150 feet.
For the narrow area vegetated filter strip, the maximum contributing flow path
should not exceed 30 feet.

m  The resultant slope from the contributing drainage should be less than or equal
to 9.4%, calculated using Equation 33° in Section 5-4.2.2.

> “Eastern Washington Steep Slope Research for Management of Highway Stormwater,” WARD 77.1, Research
Report, May 2011.
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Vegetated Filter Strip Geometry

The following are applicable for basic vegetated filter strips in eastern and western Washington
and CAVFS in eastern Washington.6

Ensure vegetated filter strips provide a minimum residence time of 9 minutes for full
water quality treatment in eastern Washington. In western Washington, provide a
flow rate adjustment (described below) to use the 9-minute criterion.

Use vegetated filter strips for pretreatment to another water quality BMP. Wherever

a basic vegetated filter strip or CAVFS system cannot fit within the available space, you
can use a narrow area vegetated filter strip system solely as a pretreatment device.
Make sure the narrow area design has a minimum width of 4 feet and takes advantage
of all available space.

Design CAVFS and basic vegetated filter strips for lateral slopes (along the direction
of flow) between 2% and 33%.” Steeper slopes encourage the development of
concentrated flow; flatter slopes encourage standing water. Do not use vegetated
filter strips on soils that cannot sustain a dense grass cover with high flow retardance.

Note that the minimum width of the vegetated filter strip is generally dictated by the
design method.

Ensure both the top and toe of the slope are as flat as possible to encourage sheet
flow and prevent erosion.

The Manning’s n you use in the vegetated filter strip design calculations depends on
the type of soil amendment and vegetation conditions you use in the construction of
the vegetated filter strip (see Table 5-2).

When the runoff treatment peak flow rate Q,, has been established, you can estimate
the design flow velocity using Manning’s equation to calculate the width of the
vegetated filter strip parallel to the direction of flow.

In areas where enhanced treatment is required, consider using a CAVFS or a media
filter drain (see BMP RT.07). The media filter drain will usually require less treatment
area to achieve the water quality treatment objectives.

The geometry guidelines above are applicable for CAVFS in western Washington except for
the following clarification:

CAVFS design in western Washington does not have a residence time component or

7 o, n

Manning’s “n” component.

® «“Eastern Washington Steep Slope Research for Management of Highway Stormwater,” WARD 77.1, Research
Report, May 2011.
" Ibid
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Table 5-2  Surface roughness/Manning’s n for vegetated filter strip design calculations.

Option Soil and Vegetation Conditions Manning’s n
1 VFS fully compacted and hydroseeded 0.20
2 VFS compaction minimized and soils amended, hydroseeded 0.35

CAVFS compaction minimized; soils amended to a minimum 10% organic content (see
3 Section 5-4.3.2); hydroseeded; grass maintained at 95% density and 4-inch length via 0.40*
mowing; periodic reseeding; possible landscaping with shrubs

4 CAVFS compaction minimized, soils amended to a minimum 10% organic content (see 0.55*
Section 5-4.3.2), top-dressed with > 3 inches compost or mulch (seeded or landscaped) '

*Values estimated using the SCS TR-55 Peak Discharge and Runoff Calculator: Y& www.Imnoeng.com/hydrology/hydrology.htm.
This tool lists the Manning’s n values for woods: light underbrush at 0.4, and woods: dense underbrush at 0.8. The intent of
Option 3 is to amend the soils so that they have surface roughness characteristics equivalent to forested conditions with light
underbrush. Option 4 adds a 3-inch top dressing of compost or mulch to simulate a thick forest duff layer, which warrants a
higher Manning’s n, estimated at 0.55.

Water Depth and Velocity

m  The maximum depth of sheet flow through a vegetated filter strip for the runoff
treatment design flow rate is 1.0 inch.

m  The maximum flow velocity for the runoff treatment design flow velocity is 0.5 feet
per second.

Maintain Sheet Flow Conditions

m  Maintain sheet flow conditions from the pavement into the vegetated filter strip.
A no-vegetation zone may help establish and maintain this condition.

m In areas where it may be difficult to maintain sheet flow conditions for embankment
and VFS slopes steeper than 15%, use aggregate or gravel level spreaders.8 Place
them between the pavement surface and the vegetated filter strip. Make sure the
aggregate meets the specifications for crushed surfacing base course listed in Section
9-03.9(3) of the Standard Specifications or other aggregate providing the equivalent
functionality.

m If there are concerns that water percolated within the aggregate flow spreader may
exfiltrate into the highway prism, use impervious geotextiles to line the bottom of the
aggregate layer.

Compost-Amended Vegetated Filter Strip (CAVFS) for Western Washington
Design Method

The design for CAVFS in western Washington is an iterative process in the stormwater model
MGSFlood. This allows MGSFlood to adequately analyze the infiltrative capacity of both the
compost-amended layer and the underlying soils to achieve the 91% volume treatment criteria.

8 «“Eastern Washington Steep Slope Research for Management of Highway Stormwater,” WARD 77.1, Research
Report, May 2011.
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Figure 5-8 CAVFS detail in MGSFlood.

A flow-through CAVFS is simulated using Darcy’s Equation (as shown in Figure 5-8), where K.
is the saturated hydraulic conductivity. Note that the width dimension corresponds to the
CAVFS width along the slope. Account for infiltration using a constant infiltration rate into the
underlying soils. During large storms, the voids in the CAVFS may become full (the CAVFS is
saturated), in which case runoff is simulated as overflow down the surface of the CAVFS. List
the runoff volume filtered by the CAVFS, the volume infiltrated, and the volume flowing over
the CAVFS surface in the project report.

You may (optionally) apply precipitation and evapotranspiration to the CAVFS. If you apply
precipitation and evapotranspiration in the CAVFS link, do not include the area of the CAVFS
in the Subbasin Area input.

1. Follow Steps 1 through 11 in the Detailed Approach for Determining Infiltration Rates for
the underlying soils of a CAVFS (see Section 4-5.4.1).

m  Ensure the correction factors that account for compaction are applied to the
saturated hydraulic conductivity of the underlying soils. A discussion of these
factors is in Section 4-5.3.1. The correction factors range from 5 to 15.

m  Obtain the hydraulic conductivity of the underlying soils and the hydraulic gradient
to compute the infiltration rate of the underlying soils.

2. Follow Section 4-5.4.3 to determine the CAVFS hydraulic conductivity.

Note: The ASTM method described in Section 4D-3.3 and Figure 4D-5 in Appendix 4D
provides an infiltration rate. Assuming a hydraulic gradient of one, the infiltration rate
is the same as the hydraulic conductivity.
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3. Modeling steps for CAVFS.
Using MGSFlood, set the dimensions of the CAVFS as follows under the Network Tab:

Select the Link type: CAVFS

CAVFS Depth d(ft): This is a constant depth of 1 foot for all CAVFS designs unless
other recommendations have been given based on the organic content percentage
by the HQ Roadside and Site Development Section.

CAVFS Porosity (% by Volume): The default value is 30%, but must be verified or
reestablished by the WSDOT Materials Lab or a licensed geotechnical engineer for
the particular site and particular installation.

CAVFS Hydraulic Conductivity (in/hr): The default value is 1 in/hr and must be
verified or reestablished by the WSDOT Materials Lab or a licensed geotechnical
engineer for the particular site and particular installation.

CAVFS Length (ft): The length parallel to the roadway.

CAVFS Width (ft): The width perpendicular to the roadway. This is usually the
parameter being solved for.

Underlying Soil Infiltration Rate (in/hr): Refer to Step 1.

CAVFS Slope Z: The horizontal slope of the roadway embankment—it cannot be
steeper than 3H:1V.

Gravel Spreader Width (ft): The width perpendicular to the roadway.
Gravel Porosity (% by Volume): The typical value for gravel porosity is 30.

Gravel Hydraulic Conductivity (in/hr): The default value is 2 in/hr and must be
verified or reestablished by the WSDOT Materials Lab or a licensed geotechnical
engineer for the particular site and particular installation.

4. Determine that the volume of runoff infiltrated and filtered is 91% or greater than the total
runoff volume.

MGSFlood will output Postdeveloped CAVFS Treatment Statistics in the MGSFlood
Project Report file. The report file will give the percent treated for the structure
defined in Step 3. Verify that this number is equal to or greater than 91%.

5. Flow Control Compliance.

After a successful runoff treatment design (Steps 1-4 above), you may be able
to widen the CAVFS to try to meet the flow duration standard if the particular
TDA is required to provide flow control. Otherwise, link a flow control structure
downstream of the CAVFS to attenuate the resultant runoff and meet the flow
duration standard. Contact the Region Hydraulics Office for questions regarding
flow control modeling. For an example problem, refer to MGSFlood training
examples linked in Appendix 4A.
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Vegetated Filter Strip (eastern and western Washington basic vegetated filter
strip and eastern Washington CAVFS)

Design Method

1. Determine the runoff treatment design flow (Q.,). In western Washington, the on-line
design flow for runoff treatment is the flow rate derived from a continuous model (such as
MGSFlood or WWHM) that calculates the flow rate from the drainage basin below which
91% of the average annual runoff volume occurs. In eastern Washington, the on-line design
flow rate is determined based on the peak 5-minute interval for the short-duration design
storm, which is the 6 month, 3-hour event. (See Chapter 4 for criteria and hydrologic
methods.)

Western Washington flow rate adjustment. In western Washington, design flow rates
are calculated using a continuous simulation model. Most of the performance research
on vegetated filter strips and biofiltration BMPs has been conducted on vegetated filter
strips that used event-based designs. The 91°' percentile flow event (as calculated by the
continuous model) tends to be less than the estimated 6-month, 24-hour event flow rate
in most cases.

The ratio between the 91°" percentile flow event and the estimated 6-month, 24-hour flow
rate varies with location and percent of impervious area in the modeled drainage basin.
When designing vegetated filter strips in western Washington, multiply the on-line water
quality design flow rate by the coefficient k° given below to apply the 9-minute residence
time criterion.

Western Washington Design Flow Coefficient for Biofilters
k=141 (P72%, 2-yr.) —0.052 (E-1)
where: P72, 2.r = 72% of the 2-year, 24-hour precipitation depth (in.)

Note: Estimate the 6-month, 24-hour precipitation event at 72% of the 2-year, 24-hour
precipitation event if 6-month, 24-hour precipitation data are not available.

In eastern Washington, no design flow rate adjustment is needed, since the 6-month,
24-hour flow rate is calculated directly using SBUH-based models such as StormShed.

The vegetated filter strip design flow rate then becomes:

Quis = kaq (E-2)

° Derived by calculating the linear regression of the ratios of the 91% percentile flow event at 15-minute intervals
(determined by MGSFlood) vs. 72% of the 2-year, 24-hour event (determined by the rational method) at each of the
major continuously-operating rain gages in western Washington.
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2. Calculate the design flow depth at Q.. Calculate the design flow depth based on the length
of the vegetated filter strip (same as the length of the pavement edge contributing runoff to
the vegetated filter strip) and the lateral slope of the vegetated filter strip parallel to the
direction of flow. Calculate design flow depth using a form of Manning’s equation:

Qvfs _%Ly%s% (E-3)

where: Q. = vegetated filter strip design flow rate (cfs)

n Manning’s roughness coefficient. Manning’s n can be adjusted
by specifying soil and vegetation conditions at the project site,
as specified in Table 5-2.

y = design flow depth (ft), also assumed to be the hydraulic radius =
1.0 inch maximum = 0.083 feet

= length of vegetated filter strip parallel to pavement edge (ft)

s = slope of vegetated filter strip parallel to direction of flow (ft/ft).
Vegetated filter strip slopes should be greater than 2% and less
than 15%, or £33% with a gravel level spreader. Vegetated filter
strip slopes should be made as shallow as is feasible by site
constraints. Gently sloping vegetated filter strips can produce
the required residence time for runoff treatment using less space
than steeper vegetated filter strips.

Rearranging Equation 3 to solve fory yields:

nQy; 7%
y=|—1 (E-4)
L.49Ls%}

If the calculated depth y is greater than 1 inch, either adjust the vegetated filter strip
geometry or use other runoff treatment BMPs.

3. Calculate the design flow velocity passing through the vegetated filter strip at the
vegetated filter strip design flow rate. The design flow velocity (Vi) is based on the
vegetated filter strip design flow rate, the length of the vegetated filter strip, and the
calculated design flow depth from Step 2:

Qvfs
Vio = E-5
wQ Ly (E-5)
where: Vyq = design flow velocity (ft/sec)
y = design flow depth (ft, from Equation 4)
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4. Calculate the vegetated filter strip width. The width of the vegetated filter strip
is determined by the residence time of the flow through the vegetated filter strip.
A 9-minute (540-second) residence time is used to calculate the vegetated filter
strip width:

W =TV, o =540V, (E-6)
where: W = vegetated filter strip width (ft)
T = time (sec)
Vwq = design flow velocity (ft/sec, from Equation 5)

A minimum width of 8 feet is recommended in order to ensure the long-term effectiveness
of the vegetated filter strip will occur.

Narrow Area Vegetated Filter Strip

As previously mentioned, narrow area vegetated filter strips are limited to impervious flow
paths less than 30 feet. For flow paths greater than 30 feet, follow the basic vegetated filter
strip guidelines. The sizing of a narrow area vegetated filter strip is based on the width of the
roadway surface parallel to the flow path of the vegetated filter strip and the lateral slope of
the vegetated filter strip.

1. Determine the width of the roadway surface parallel to the flow path draining to the
narrow area vegetated filter strip. Determine the width of the roadway surface parallel to
the flow path from the upstream to the downstream edge of the impervious area draining
to the vegetated filter strip. This is the same as the width of the paved area.

2. Determine the average lateral slope of the narrow area vegetated filter strip. Calculate
the lateral slope of the vegetated filter strip (parallel to the flow path), averaged over the
total length of the vegetated filter strip. If the slope is less than 2%, use 2% for sizing
purposes. The maximum lateral slope allowed is 15%. Where a gravel level spreader is
located between the highway and the VFS, the maximum lateral slope allowed is 33%. For
sizing purposes, the project office should use the 20% narrow area VFS slope limit (X-axis)
in Figure 5-9, even though the narrow area VFS may be constructed on a slope up to 33%.

3. Determine the required width of the narrow area vegetated filter strip. Use Figure 5-9 to
size the vegetated filter strip. Locate the width of the impervious surface parallel with the
flow path on one of the curves; interpolate between curves as necessary. Next, move along
the curve to the point where the design lateral slope of the vegetated filter strip is directly
below. Read the vegetated filter strip width to the left on the y-axis. Design the vegetated
filter strip to provide this minimum width “W” along the entire stretch of pavement
draining to it.
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Figure 5-9 Narrow area vegetated filter strip design graph.

Site Design Elements

Landscaping (Planting Considerations) and Vegetation Establishment

Plant vegetated filter strips with grass that can withstand relatively high-velocity flows as
well as wet and dry periods. You may also incorporate native vegetation into filter strips,
such as small shrubs to make the system more effective in treating runoff and providing root
penetration into subsoils, thereby enhancing infiltration. Consult with the Region Landscape
Architect or the HQ Roadside and Site Development Section for a selection of grasses and
plants suitable for the project site.

Soil Amendments

Refer to Section 5-4.3.2, Soil Amendments for CAVFS.

Maintenance Access Roads (Access Requirements)

Provide access at the upper edge of all vegetated filter strips to enable maintenance of the
gravel flow spreader and permit lawnmower entry to the vegetated filter strip. (See Section
5-3.7.1 for any other applicable requirement.)

Signage

Refer to Section 5-4.3.7 for signing requirements.
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RT.04 — Biofiltration Swale

Blofiltratlo Swale With Sprader Bar on SR 503 in

Clark County

concentra

Description: Vegetation-lined
channels designed to remove
suspended solids from
stormwater. Shallow

filtration of stormwater by sail,
plants, and leaves.

ted flow, allows for the

Geometry Limitations

M LID (CABS Only)

O Flow Control

M Runoff Treatment
O Qil Control
O Phosphorus
M TSS - Basic

BMP _Function

M Dissolved Metals - Enhanced (CABS Only)

Longitudinal Slope 1.5-5%
Max Water Depth 2-4"
Bed Width 2-10'
Min Length 100’
Max Side Slope 3H:1V
Effective Life (Years)
< 520
Capital Cost O & M Cost

:> Low to Moderate :> Low to Moderate

Setback

Overflow

OO0OoOoO0O®KOO

Additional Constraints/Requirements

4-5 Infiltration Design Criteria

Landscaping/Planting
Wetland Planting and Plant Establishment
Inlet and Outlet Spacing

Multidisciplinary Team
WSDOT Pavement Engineer Approval

5-4.3.7 Sig
Fencing

O0O0ORORE

Soil Amendments/Compost (CABS)
Energy Dissipater/Level Spreader
5-4.3.3 Facility Liners

Presettling/Pretreatment
Underdrain
Soil Preparation

ning

TMDL/303(d) — Considerations'

Avoid Preferred

Maintenance Requirements
M Access Roads or Pullouts
O Vactor Truck Access

O O Fecal Coliform )
o O  Phosphorus (CABS Only) M Mowing
0O 0O Nitrogen O Valvg Access .
0 0 Temperature O Spec!al!zed quupment
O o Dissolved Metals (CABS Only) Ll Specialized Training
O | Total Suspended Solids/Turbidity Further Requirements: See Sections
O O Dissolved Oxygen 5-3.6.1 and 5.5. Also, see Table 5.5.8.
O O pH
O O Oil/Grease
O O PAHs
O O Pesticides

1. See Table 3-1 and Section 2-6.4 for additional

guidance.
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Introduction

General Description

Biofiltration swales are vegetation-lined channels designed to remove suspended solids from
stormwater. The shallow, concentrated flow within these systems allows for the filtration of
stormwater by plant stems and leaves. Biological uptake, biotransformation, sorption, and ion
exchange are potential secondary pollutant-removal processes (see Figures 5-10 and 5-11).
Biofiltration swales are approved for basic runoff treatment. Compost-amended biofiltration
swales (CABS) are approved for basic and enhanced runoff treatment. Two design procedures
are described below. The first is for both eastern and western Washington, and the second is
only for eastern Washington.

Applications, Limitations, and LID Feasibility

Applications

m Biofiltration swales and CABS have the flexibility to be located at the end of a
stormwater collection system.

m Inless urbanized areas, you can generally locate biofiltration swales and CABS at the
bottom of existing roadside embankments, which reduces the need for additional
right of way acquisitions.

m  You should regard roadside ditches as significant potential biofiltration sites, and they
should be utilized for this purpose whenever possible.

Limitations
m Do not install CABS in areas that have a TMDL for phosphorous.
LID Feasibility

The LID feasibility criteria described in Section 4-5.2 list conditions that make continuous inflow
CABS (CICABS) infeasible to meet the LID requirement. Even if the CICABS is deemed infeasible
to meet the LID requirement, your project may still use the CICABS to meet the runoff treatment
requirement (Minimum Requirement 5). Citation of any of the following infeasibility criteria
must be based on an evaluation of site-specific conditions and must be documented using the
LID feasibility checklist and should be included in the project’s Hydraulic Report, along with any
applicable written recommendations from an appropriate licensed professional (e.g., engineer,
geologist, hydrogeologist).

Design Flow Elements

Flows to Be Treated

Design biofiltration swales to treat the biofiltration design flow rate. Hydrologic methods are
presented in Sections 4-3 and 4-4.
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Structural Design Considerations

Level Spreaders and Energy Dissipaters

Install level spreaders at the head of the biofiltration swale and every 50 feet of swale length
if the swale is 6 feet or greater in bottom width. Install level spreaders at the head of the
biofiltration swale if a swale divider is used. Include sediment cleanouts at the head of the
swale as needed (see Section 5-4.3.5 for level spreader options).

Construct level spreaders and swale dividers of plastic boards, concrete, or other materials that
will not leach contaminants harmful to aquatic life. Stake level spreaders, other than gravel
energy dissipaters, with nongalvanized metal pins at 4 feet on center minimum. (See Figure
5-16 for more information.)

Use energy dissipaters for swales on longitudinal slopes exceeding 2.5%. Energy dissipaters may
take the place of level spreaders if they are designed and installed to maintain level flow in the
swale.

Design Method

Use the following procedure in both eastern and western Washington.

Sizing Procedure
Design Steps (D)
D-1  Determine the runoff treatment design flow rate (Quq) (see Sections 4-3.1 and 4-4.1).

D-2 Determine the biofiltration design flow rate (Qpiofil):

Qbiofit = kQuwq (E-7)

For western Washington:10
k =1.41 (P720%, 2-yr.) — 0.052 (for on-line biofiltration swales) (E- 8)
k =2.50 (P720, 2-yr.) — 0.052 (for off-line biofiltration swales) (E-9)

where: P79 2.r = 72% of the 2-year, 24-hour precipitation depth (in.)

Note: If the 6-month, 24-hour precipitation depth (in.) is known for the project site,
you can use that value instead of P79 2-yr.

For eastern Washington:
k=1.0 (E-10)

D-3  Establish the longitudinal slope of the proposed biofiltration swale (see Table 5-4
for criteria).

19 The coefficient k is derived by calculating the linear regression of the ratios of the 91% percentile flow event at
15-minute intervals (determined by MGSFlood) vs. 72% of the 2-year, 24-hour event (determined by the rational
method) at each of the major continuously-operating rain gages in western Washington and applied to the design
flow rate in order to meet the 9-minute residence time criteria.
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D-4
D-5
D-6

D-7

D-9

D-10

Select a soil and vegetation cover suitable for the biofiltration swale (see Table 5-3).
Select the design depth of flow, y (see Table 5-4).
Set the swale cross-sectional shape as trapezoidal.

Use Manning’s equation (E-11) and first approximations relating hydraulic radius and
dimensions for the trapezoidal swale to obtain a value for the width of the
biofiltration swale:

1.49AR?/3s%?

Qbiofil = f (E-11)

where:  Quiosi = runoff treatment design flow rate (cfs)
A = wetted area (ft?)
R = hydraulic radius (ft)
s = longitudinal slope of swale (ft/ft)
n = Manning’s coefficient (see Table 5-3)

To solve for the trapezoidal cross-sectional shape of the swale, use the following
method:

Solve the implicit equation AR%® = Quiofiin / (1.4950'5) to determine bottom swale
width (b). Use Figure 5-18 to substitute for A and R for the trapezoidal cross-
sectional geometry. The variables Quiofi;, ¥, 5, and n are all known values. The
equation should then contain only a single unknown (b). If the calculated value
for b is less than 2 feet, then set bottom swale width to 2 feet.

Compute A at Qpjofir by using the equations in Figure 5-18.
Compute the flow velocity at Qpiofi:

_ Quiofi

V biofil — A (E-12)

where:  Vpiosr = flow velocity at Qpigi (ft/sec)

If Viiosii > 1.0 ft/sec, increase bottom width (b) or investigate ways to reduce Q4 and
then repeat Steps D-7, D-8, and D-9 until Vjios < 1.0 ft/sec. A velocity greater than
1.0 ft/sec was found to flatten grasses, thus reducing filtration.

Compute the swale length, L (ft):
L = Vpiosit t (60 sec/min) (E-13)

where: t = hydraulic residence time (9 minutes for basic
biofiltration swales)
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D-11 If there is not sufficient space for the biofiltration swale, consider the following
solutions:

m Divide the site drainage to flow to multiple biofiltration swales.

m Use infiltration or dispersion upstream of the bioswale to provide lower Qpjyyir.
m Alter the design depth of flow if possible (see Table 5-4).

m Reduce the developed surface area to gain space for the biofiltration swale.

m  Reduce the longitudinal slope by meandering the biofiltration swale.

m Nest the biofiltration swale within or around another stormwater BMP.

Freeboard Check (FC)

You must perform a freeboard check for the combination of highest expected flow and least
vegetation coverage and height. For western Washington, the highest expected flow rate
(Qconvey) is the 50-year return frequency flow using 15-minute time steps as determined by
MGSFlood or other Ecology-approved continuous simulation model. For eastern Washington,
Qconvey is the 25-year, 24-hour storm (a 10-year storm is acceptable, provided that reparative
maintenance will be performed following every 10-year event). The freeboard check is not
necessary for biofiltration swales that are located off-line from the primary conveyance and
detention system (that is, when flows in excess of Qyiof bypass the biofiltration swale). Off-
line is the preferred configuration of biofiltration swales.

Note: Use the same units as in the biofiltration swale design steps.

FC-1 Unless runoff at rates higher than Qo5 Will bypass the biofiltration swale, perform
a freeboard check for Qconvey-

FC-2 Select the lowest possible roughness coefficient for the biofiltration swale (assume
n=0.03).

FC-3  Again, use the implicit equation AR*®” = Qconvey N / (1.495°) (see Figure 5-18) and
with a known b, solve for depth, y. Select the lowest y that provides a solution.

FC-4 Ensure swale depth exceeds flow depth at Qconvey by @ minimum of 1 foot (1-foot-
minimum freeboard).

Table 5-3 Flow resistance coefficient in basic, wet, and continuous inflow biofiltration swales.

Soil and Cover Manning's Coefficient
Grass-legume mix on compacted native soil 0.20
Grass-legume mix on lightly compacted topsoilm 0.22
Grass-legume mix on lightly compacted, topsoil with 3-inch medium compost 0.35
blanket™

[1] Specify that topsoil extends to at least an 8-inch depth per Figure 5-11.

[2] Forinformation on compost-amended soils, refer to Section 5-4.3.2. (Note that swales do not require a mulch layer and
that compost amendments shall be a 3-inch-thick medium compost blanket over the topsoil.)
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Table 5-4  Biofiltration swale sizing criteria.
Design Basic Wet Continuous Inflow
Parameter Biofiltration Swale Biofiltration Swale Biofiltration Swale

Longitudinal slope

0.015-0.050" feet per foot

0.015 feet or less per
foot

Same as basic swale

Maximum velocity

1 foot per second at Qpjoi

Same as basic swale

Same as basic swale

Maximum water depth
at Quiofi ¥

2 inches if swale mowed

frequently; 4 inches if mowed
infrequently or inconsistently.
For dryland grasses in eastern

Washington, set depth to 3 inches.

4 inches

Same as basic swale

Manning coefficient at | See Table 5-3 Same as basic swale Same as basic swale
Qpiofi
Bottom swale width (b) | 2-10 feet™ 2-25 feet Same as basic swale

Freeboard height

1 foot for the peak conveyance
flow rate (Qconvey)m

Same as basic swale

Same as basic swale

Minimum length

100 feet

Same as basic swale

Same as basic swale

Maximum side slope

(for trapezoidal cross
. (4]

section)

3H:1V

Same as basic swale

Same as basic swale

[1] For slopes greater than 5%, install energy dissipaters.

[2] Multiple parallel swales can be constructed when the calculated swale bottom width exceeds 10 feet. Swales with bottom
calculated widths up to 16 feet can be divided in half using a non-erodible weather-resistant material such as plastic

lumber.

[3] See Freeboard discussion for definition of Qcynye, for eastern and western Washington.

[4] From swale bed to top of water surface at Qpq.
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SEE STRUGTURAL

DESIGN
CONSIDERATIONS
FOR LEVEL
SPREADER AND

ENERGY
DISSAPTER
REQUIREMENT

ROADWAY LENGTH AND
MATERIAL DEPENDS ON
MAINTENENCE ACCESS
REQUIREMENTS

BIOFILTRATION SWALE
BOTTOM (MIN. SWALE
LENGTH =180 FT.)

NOTE:

LONGITUDINAL SLOPE 1.5 - 5%.
FOR SLOPES < 1.5%, USE

WET BIOFILTRATION

SWALE (BMP RT.®5.1) OUTLET

PLAN

\ NTS
BIOFILTRATION SWALE SCHEMATIC
THIS DRAWING [S ONLY A TEMPLATE

THAT NEEDS TO BE ADJUSTED AND
REVISED FOR EACH PROJECT

Figure 5-10  Biofiltration swale: Plan view.
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SWALE BOTTOM WIDTH (b)
MAX = 16'+ SWALE DIVIDER WIDTH

N S

" WATER QUALITY
3" COMPOST y + 1" (MIN) DESIGN DEPTH (y)

BLANKET (CABS) \/ SEE TABLE RT.04.2

R
N |

Figure 5-11  Biofiltration swale: Cross section.

Figure 5-12  Biofiltration swale: Flow spreader and concrete sump.
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BIOFILTRATION SWALE
SIDE SLOPE END OF PIPE
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SECTION A-A

NOT TO SCALE

Figure 5-13  Biofiltration swale: Concrete flow spreader details.
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Figure 5-14  Biofiltration swale: Concrete flow spreader dimensions.
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Figure 5-15 Biofiltration swale: Divider splice details.
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Figure 5-16  Biofiltration swale: Divider details.
Figure 5-17  Biofiltration swale: Divider staking details.
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Figure 5-18
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Use the following procedure only in eastern Washington.

Sizing Procedure

Eastern Washington Design Steps (EW)

EW-1 Determine the runoff treatment design flow rate (Qu,); this is also the biofiltration
design flow rate (Qpiofil) (See Section 4-4.1).
EW-2 Determine the longitudinal slope of the biofiltration swale (this will be somewhat
dependent on where the swale is placed). Ensure the slope is no steeper than 5%.
For swales with a longitudinal slope less than 1.5%, plant wet-tolerant grasses.
(See the Landscaping and Vegetation Establishment section.)
EW-3 Select a trapezoidal swale shape.
EW-4 Use Manning's equation to estimate the bottom width of the biofiltration swale.
Manning's equation for English units is as follows:
Quiofit = (1.486 ARO'667SO'5) /n (E-14)
where: Quiosi = runoff treatment design flow rate (cfs)
A = cross-sectional area of flow (ft?)
R = hydraulic radius of flow cross section (ft)
S = longitudinal slope of biofiltration swale (ft/ft)
n = Manning's roughness coefficient (use n = 0.20 for typical
biofiltration swale with turf/lawn vegetation and n = 0.30
for biofiltration swale with less dense vegetation such as
meadow or pasture)
For a trapezoid, you cannot directly solve this equation for bottom width. However,
for trapezoidal channels that are flowing very shallow, you can set the hydraulic
radius equal to the depth of flow. Using this assumption, you can alter the equation
to:
b = (((n/1.486) Quiofi) / (y***" %)) — zy (E-15)
where: b = bottom width of the swale
y = depth of flow
z = the side slope of the biofiltration swale in the form of z:1
Typically, set the depth of flow for turf grass to be 4 inches. For dryland grasses, set
the depth of flow to 3 inches. You can set it lower, but doing so will increase the
bottom width. Sometimes when the flow rate is very low, the equation listed above
will generate a negative value for b. Since it is not possible to have a negative
bottom width, set the bottom width to 1 foot when this occurs.
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Biofiltration swales are limited to a maximum bottom width of 10 feet. If the
required bottom width is greater than 10 feet, use parallel swales in conjunction
with a device that splits the flow and directs the proper amount to each swale.

EW-5 Calculate the cross-sectional area of flow for the given channel using the calculated
bottom width and the selected side slopes and depth.

EW-6 Calculate the velocity of flow in the channel using:
V = Quiofill A (E-16)

If Vis less than or equal to 1 ft/sec, the biofiltration swale will function correctly
with the selected bottom width. Proceed to EW-7.

If Vis greater than 1 ft/sec, the biofiltration swale will not function correctly.
Increase the bottom width, recalculate the depth using Manning’s equation,
and return to EW-5.

EW-7 Select a location where a biofiltration swale with the calculated width and a length
of 200 feet will fit. If a length of 200 feet is not possible, increase the width of the
biofiltration swale so that the area of the biofiltration swale is the same as if a
200-foot length had been used.

EW-8 Select a vegetation cover suitable for the site. Consult Table 5-3.

EW-9 Using Manning’s equation, find the depth of flow (typically n = 0.04 during Quiofir)-
The depth of the channel shall be 1 foot deeper than the depth of flow. Check to
determine that shear stresses do not cause erosion; the velocity needs to stay
below 2 ft/sec.

Site Design Elements

Groundwater

If groundwater contamination is a concern, seal the bed with either a treatment liner or a low-
permeability liner that is appropriate for site conditions. (See Section 5-4.3.3 for additional
information on these liner types.)

Landscaping (Planting Considerations) and Vegetation Establishment

It is important to maximize water contact with vegetation and the soil surface. For general
purposes, select fine, close-growing grasses (or other vegetation) that can withstand prolonged
periods of wetting as well as prolonged dry periods (to minimize the need for irrigation). Plant
wet-tolerant species in the fall. Consult with the Region Landscape Architect or the HQ
Roadside and Site Development Section for grass, topsoil, and compost selection.

If possible, perform final seeding of the swale during the seeding windows specified in the
Standard Specifications. Supplemental irrigation may be required depending on seeding
and planting times. Apply seed via hydroseeder or broadcaster.
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Use only sod specified by the Region Landscape Architect or the HQ Roadside and Site
Development Section.

Stabilize soil areas upslope of the biofiltration swale to prevent erosion and excessive sediment
deposition.

Soil Amendments (for CABS)

Refer to Section 5-4.3.2, Soil Amendments.

Construction Criteria

Biofiltration swales should generally not receive construction-stage runoff. If they do, provide
presettling of sediments. (See Sections 5-1.1.35, Sediment Trap, and 5-1.1.36, Temporary
Sediment Pond, in the Temporary Erosion and Sediment Control Manual.) Evaluate such
biofilters for the need to remove sediments and restore vegetation following construction. The
maintenance of presettling basins or sumps is critical to their effectiveness as pretreatment
devices.

Do not put the biofiltration swale into operation until areas of exposed soil in the contributing
drainage catchment have been sufficiently stabilized.

If possible, divert runoff (other than necessary irrigation) during the period of vegetation
establishment. Where runoff diversion is not possible, protect graded and seeded areas with
suitable erosion control measures.

Avoid over-compaction during construction.

Maintenance Access Roads (Access Requirements)

Refer to Section 5-3.7.1 for maintenance access road requirements and other general
maintenance considerations.

Signage

Refer to Section 5-4.3.7 for signing requirements.
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RT.05 — Wet Biofiltration Swale
z Description: Variation of basic
biofiltration swale. Vegetation is
specifically selected for areas
where water tables are high, or
continuous base flow results in
saturated soil conditions.
Geometry Limitations
Longitudinal Slope <1.5%
Max Water Depth 4"
Bed Width 2-10'
e Min Length 100'
Wet Biofiltration Swale along I-5 in Max Side Slopes 3H:1V
Snohomish County
BMP Function
0O LD Effective Life (Years
O Flow Control < 520
M Runoff Treatment
U Qil Control Capital Cost 0 & M Cost
O Phosphorus :> :>
@ TSS - Basic Low to Moderate Low to Moderate
O Dissolved Metals - Enhanced

Additional Constraints/Requirements

O 4-5 Infiltration Design Criteria O Soil Amendments/Compost
O Setback M Energy Dissipater/Level Spreader
M Landscaping/Planting O 5-4.3.3 Facility Liners
M Wetland Planting and Plant Establishment M 5-4.3.7 Signing
O Inlet and Outlet Spacing O Fencing
O Overflow O Presettling/Pretreatment
O Multidisciplinary Team O Underdrain
O WSDOT Pavement Engineer Approval O Soil Preparation
TMDL/303(d) — Considerations' Maintenance Requirements
Avoid Preferred M Access Roads or Pullouts
) O Fecal Coliform O Vactor Truck Access
O O  Phosphorus & Mowing
0 0 Nitrogen O Valve Access
¥ 0O Temperature O Specialized Equipment
0 0 Dissolved Metals O Specialized Training
O %] Total Suspended Solids/Turbidity Further Requirements: See Sections
O | Dissolved Oxygen 5-3.6.1 and 5.5.
O O pH
O a Oil/Grease
O a PAHs
O a Pesticides
1. See Table 3-1 and Section 2-6.4 for additional
guidance.
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Introduction

General Description

A wet biofiltration swale is a variation of a basic biofiltration swale for use where the
longitudinal slope is slight, water tables are high, or continuous base flow is likely to result
in saturated soil conditions. Where saturation exceeds about two continuous weeks, typical
grasses die; thus, vegetation specifically adapted to saturated soil conditions is needed. This
type of vegetation in turn requires modification of several of the design parameters for the
basic biofiltration swale to remove low concentrations of pollutants such as total suspended
solids (TSS), heavy metals, nutrients, and petroleum hydrocarbons.

Applications and Limitations
Applications

Apply wet biofiltration swales where a basic biofiltration swale is desired but not allowed or
advisable because of one or more of the following conditions:

m  The swale is on till soils and is downstream of a detention pond providing flow control.

m Saturated soil conditions are likely because of seeps, high groundwater, or base flows
on the site.

m Longitudinal slopes are slight (generally less than 1.5%) and ponding is likely.
Limitations

m  Wet biofiltration swales are off-line and require a flow splitter.

Design Flow Elements

Flows to Be Treated

Design wet biofiltration swales to treat the runoff treatment off-line flow rate discussed in
Section 3-3.5 under Minimum Requirement 5. Hydrologic methods are presented in Sections
4-3 and 4-4.

Structural Design Considerations

Use the same Structural Design Considerations for basic biofiltration swales (see BMP RT.04),
except for the following:

Geometry

m  You may increase the bottom width to 25 feet maximum, but must maintain a length-
to-width ratio of 5:1 (see Figure 5-19). No longitudinal dividing berm is needed. Note:
The minimum swale length is 100 feet.

m If longitudinal slopes are greater than 2%, you must step the wet swale so that the
slope within the stepped sections averages 2% or less. Steps may be made of retaining
walls, log check dams, short riprap sections, or similar structures. Design steps to
prevent scour on the downstream side of the step.
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m  Extended wet season flow adjustment. If the swale is downstream of a detention
pond providing flow control, multiply the treatment area (bottom width times length)
of the swale (as determined by the design steps D-8 and D-10 listed in BMP RT.04)
by 2 and readjust the swale length or width to provide an equivalent area. Maintain
a 5:1 length-to-width ratio.

Intent: The treatment area of swales following detention ponds needs to be increased
because of the differences in vegetation established in a constant flow environment. Flows
following detention are much more prolonged. These prolonged flows result in more stream-
like conditions than are typical for other wet biofilter situations. Because vegetation growing
in streams is often less dense, an increase in treatment area is needed to ensure equivalent
pollutant removal is achieved in extended flow situations.

Flow Splitters

m A flow splitter is required upstream of the wet biofiltration swale that will bypass
high flows (i.e., an off-line design) exceeding the off-line water quality flow rate. The
bypass is necessary to protect wetland vegetation from damage. Unlike grass, wetland
vegetation does not quickly regain an upright attitude after being flattened by high
flows. New growth, usually from the base of the plant and often taking several weeks,
is required for the grass to regain its upright form.

Level Spreaders and Energy Dissipaters

m  Flow spreaders are not needed for wet biofiltration swales.

Design Method

m  Use the same criteria specified for basic biofiltration swales (see BMP RT.04), except
for Step D-5. For wet biofiltration swales, the design water depth must be 4 inches
for all wetland vegetation selections.

m The freeboard check is not needed for wet biofiltration swales since they are off-line
BMPs.
Site Design Elements

Use the same Site Design Elements for basic biofiltration swales (see BMP RT.04), except for
the following:

Landscaping (Planting Considerations) and Plant Establishment

Select acceptable plants for western Washington sites from the list shown in Table 5-5. In
general, it is best to plant several species to increase the likelihood that at least some of the
selected species will find growing conditions favorable.

You may apply a wetland seed mix by hydroseeding, but if coverage is poor, you must plant
rootstock or nursery stock. Poor coverage is considered to be more than 30% bare area through
the upper two-thirds of the swale after four weeks.
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Maintenance Access Roads (Access Requirements)

Access is only required at the flow splitter, inflow, and outflow of the wet biofiltration swale.
Access along the length of the wet biofiltration swale is not required since frequent mowing

and harvesting are not desirable. In addition, wetland plants are fairly resilient to sediment-

induced changes in water depth, so the need for access should be infrequent.

Additional Maintenance Considerations

Mowing of wetland vegetation is not required. However, harvesting of very dense vegetation
may be desirable in the fall after plant die-back to prevent the sloughing of excess organic
material into receiving waters. Many native Juncus species remain green throughout the
winter; therefore, fall harvesting of Juncus species is not recommended.

Signage

Refer to Section 5-4.3.7 for signing requirements.

SIDE SLOPES
— 3H:1V OR __WATER QUALITY DESIGN DEPTH
/ FLATTER /7(Y) = 4" MAX.
/ V4

Rt
¢ AN AP

VNN D
& o AKX -\/\/\\\/\\/\\/\\<\\<\\ \\,\\/\//\\/\\/\_
RPN R R N R R
“ AR

™ TOPSOIL DEPTH 8" MIN.

BOTTOM WIDTH = (B)

MAX. = 25FT
MIN. = 2FT

SECTION VIEW
NTS

Figure 5-19 Wet biofiltration swale: Cross section.
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Table 5-5 Recommended plants for wet biofiltration swales in western Washington.
Common Name Scientific Name
Shortawn foxtail Alopecurus aequalis
Water foxtail Alopecurus geniculatus
Spike rush Eleocharis spp.
Slough sedge* Carex obnupta
Sawbeak sedge Carex stipata
Sedge Carex spp.
Western mannagrass Glyceria occidentalis
Velvetgrass Holcus mollis
Slender rush Juncus tenuis
Watercress* Rorippa nasturtium-aquaticum
Water parsley* Oenanthe sarmentosa
Hardstem bulrush Scirpus acutus
Small-fruited bulrush Scirpus microcarpus
*Good choice for swales with significant periods of flow, such as those
downstream of a detention facility.
Note: Cattail (Typha latifolia) is not appropriate for most wet swales because
of its very dense and clumping growth habit that prevents water from filtering
through the clump.
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RT.06 — Continuous Inflow Biofiltration Swale

Continuous Inflow Biofiltration Swale along I-5 in
Snohomish County

Description: Variation of basic
biofiltration swale. Water enters
swale continuously along side
slope. The basic Biofiltration
design is modified by increasing
swale length to achieve an
equivalent average hydraulic time.

Geometry Limitations

Max Inlet Port Flow 10%
Longitudinal Slope 1.5- 5%
Max Water Depth 2-4"
Bed Width 2-10'
Min Length >100'
Max Side Slope 3H:1V

BMP Function

M LID
O Flow Control
M Runoff Treatment

Effective Life (Years)

< 5-20

O Qil Control
O Phosphorus
M TSS - Basic

Capital Cost
:> Low to Moderate

O & M Cost
:> Low to Moderate

M Dissolved Metals - Enhanced

O 4-5 Infiltration Design Criteria
O Setback
¥ Landscaping/Planting

[0 Wetland Planting and Plant Establishment
O Inlet and Outlet Spacing

O Overflow
O Multidisciplinary Team

O WSDOT Pavement Engineer Approval

Additional Constraints/Requirements

M 5-4.3.7 Signing
O Fencing

O Presettling/Pretreatment

O Underdrain

# Soil Amendments/Compost
@ Energy Dissipater/Level Spreader
O 5-4.3.3 Facility Liners

O Soil Preparation

TMDL/303(d) — Considerations’
Avoid Preferred

O O Fecal Coliform

O O Phosphorus

O O Nitrogen

O O Temperature

| O Dissolved Metals
O | Total Suspended Solids/Turbidity
O O Dissolved Oxygen
O O pH

O O Qil/Grease

O O PAHs

O O Pesticides

1. See Table 3-1 and Section 2-6.4 for additional
guidance.

Maintenance Requirements
Access Roads or Pullouts
Vactor Truck Access

Mowing

Valve Access

Specialized Equipment
Specialized Training

ooorRO~

Further Requirements: See
Sections
5-3.6.1 and 5.5.
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Introduction

General Description

In situations where water enters a biofiltration swale continuously along the side slope rather
than discretely at the head, a different design approach—the continuous inflow biofiltration
swale—is needed (see Figures 5-20 and 5-21). The basic swale design is modified by increasing
swale length to achieve an equivalent average hydraulic residence time.

Applications, Limitations, and LID Feasibility

Applications

m  Use where inflows are not concentrated or they sheet flow into the swale, such as
locations along the shoulder of a road without curbs.

m  Use where frequent, small-point flows enter a swale, such as through curb inlet ports
spaced at intervals along a road or from a parking lot with frequent curb cuts.

m  Note that the continuous inflow compost-amended bioswale (CICABS) is the same as
a regular continuous inflow bioswale except it has a 3-inch compost blanket over the
bioswale portion. The CICABS provides enhanced runoff treatment (dissolved metals
removal).

Limitations
m  Ensure no inlet port carries more than about 10% of the flow.

m A continuous inflow swale is not appropriate where significant lateral flows (> 10% of
the flow) enter a swale at some point downstream from the head of the swale. In this
situation, new head of the swale becomes the point of confluence with the significant
lateral flow (> 10% of the flow) and you must recalculate the swale width and length
using the new head of swale location to provide adequate treatment for the increased
flows. The swale is a basic biofiltration swale (see Figure 5-22).

m Do not install CICABS in areas that have a TMDL for phosphorous.
LID Feasibility
Use the same LID feasibility criteria for continuous inflow compost-amended biofiltration

swales (CICABS) shown in BMP RT.04.

Design Flow Elements

Flows to Be Treated

Design continuous inflow biofiltration swales to treat the runoff treatment flow rate discussed
in Section 3-3.5 under Minimum Requirement 5. Hydrologic methods are presented in Sections
4-3 and 4-4.
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OPTIONAL MAINTENANCE ACCESS ROAD
SEE MAINTENANCE ACCESS ROADS

(ACCESS REQUIREMENTS) TEXT

XXX

x>

HEAD OF BIOFILTRATION
SWALE FOR SIZING
CALCULATIONS
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SEE STRUCTURAL DESIGN
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INTERMITTENT INFLOW

&
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7

SPACING

o
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AT THIS PORT, FLOW IS IWN—
MORE THAN 10 PERCENT OF t“ﬁ

<R
:.’A‘

THE TOTAL FLOW INTO
THE CONTINUOUS INFLOW
BIOFILTRATION SWALE

CONTINUOUS INFLOW
BIOFILTRATION SWALE
BOTTOM (MIN. SWALE
LENGTH=18@ FT.)

RESIDENCE TIME = 18

MINUTES SEE DESIGN
METHOD FOR POSSIBLY
REDUCING RESIDENCE TIME
DUE TO VEGETATED SIDE

SLOPE

NO INFLOW PORT
DOWNSTREAM OF HEAD OF
SWALE IS MORE THAN 1@
PERCENT OF TOTAL FLOW IN
THE CONTINUOUS INFLOW
BIOFILTRATION SWALE

QUTLET
NOTE:
LONGITUDINAL SLOPE 1.5-5%. PLAN
FOR SLOPES < 1.5%, NTS

USE WET BIOFILTRATION
SWALE (BMP RT.05)

CONTINUOUS INFLOW BIOFILTRATION SWALE

CONSIDERATIONS FOR FLOW
SPREADER REQUIREMENTS AND

THIS DRAWING IS ONLY A TEMPLATE
THAT NEEDS TO BE ADJUSTED AND
REVISED FOR EACH PROJECT

Figure 5-20 Continuous inflow biofiltration swale: Plan view.
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SLOPE

NOTE:

UNCONCENTRATED OR AN

INTERMITTENT INFLOW

CONTINUOUS INFLOW
BIOFILTRATION SWALE BOTTOM
(MIN. SWALE LENGTH=100 FT.)

RESIDENCE TIME = 18 MINUTES
SEE DESIGN METHOD FOR
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TIME DUE TO VEGETATED SIDE/\/\/\/\/
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THAN 10 PERCENT OF TOTAL %
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FOR SLOPES < 1.5%, NTS
USE WET BIOFILTRATION

SWALE (BMP RT.05)
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SEE MAINTENANCE ACCESS ROADS (ACCESS
REQUIREMETNS) TEXT

HEAD OF BIOFILTRATION
SWALE FOR SIZING
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SEE STRUCTURAL DESIGN
CONSIDERATIONS FOR FLOW
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THIS DRAWING IS ONLY A TEMPLATE
THAT NEEDS TO BE ADJUSTED AND
REVISED FOR EACH PROJECT

Figure 5-21

Continuous inflow biofiltration swale: Plan view.
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CATCH BASIN (TYP.)

EDGE OF PAVEMENT OR
ROADWAY SHOULDER f

PIPE TO CONVEY RUNOFF
PIPE DISCHARGE FROM CURB SECTION
TO DITCH OR SWALE A

X =BASIC BIOFILTRATION LENGTH
TO MEET 9 MINUTES RESIDENCE TIME|

- s - l P ~

MINIMUM LENGTH = 100 FT.

INFLOW IS GREATER THAN
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FLOW SO HEAD OF SWALE IS
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DITCH OR SWALE FOR SIZING CALCULATIONS
SEE STRUCTURAL DESIGN
CONSIDERATIONS FOR FLOW
PLAN VIEW SPREADER REQUIRMENTS
NTS AND SPACING

BASIC BIOFILTRATION SWALE

THIS DRAWING IS ONLY A TEMPLATE
THAT NEEDS TO BE ADJUSTED AND
REVISED FOR EACH PROJECT

Figure 5-22  Basic biofiltration swale: Plan view.

Structural Design Considerations

Use the same Structural Design Considerations for basic biofiltration swales (BMP RT.04),
except for the following:

Design Method

m  For the design flow Q4 as shown in Step D-1 of the basic biofiltration swale (see BMP
RT.04) criteria, include runoff from the pervious side slopes draining to the swale
along the entire swale length. Continue through to Step D7 and determine the
biofiltration swale cross-sectional area.

To determine the length of the continuous inflow bioswale, the goal is to achieve an
average residence time of 9 minutes through the swale. Assuming an even distribution

of inflow into the side of the swale, an initial hydraulic residence time of 18 minutes is
assumed for design. To account for the benefits of sheet flow through the grassy side
slopes (3H:1V or shallower and slope length >5 feet), use the following method to reduce
the 18 minutes of residence time. Replace Step D-8 of the RT.04 Biofiltration Swale design
steps with the steps below:

m D-8a - Determine the biofiltration cross sectional area.

m D-8b —Break the drainage basin of the swale into areas so that no area contributes
more than 10% of the flow. Include only those areas that discharge sheet flow to
the vegetated side slopes and biofiltration swale.
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m  D-8c—Determine the velocity of flows through each vegetated side slope, V), s
(ft/sec), for each of the contributing areas by completing Steps 1 through 3 of the
basic vegetated filter strip design methodology (see BMP RT.02).

m  D-8d — Determine the hydraulic residence time within each vegetated side slope,
tss (sec), for each area using:

Lnss/Vinss = thss (E-17)
where: L, = length of vegetated side slope of the n'" swale subbasin (ft)

m D-8e —Determine the weighted mean hydraulic residence time, tmean ss, for all flows
passing through vegetated side slopes using:

[Ql(tss,1)+Q2(tss,2)+- o -+Qn(tss,n)]/Qtotal,ss: tmeam,ss (E'18)
where: Q, = flow rate for nth contributing area (cfs)
Quotalss = total flow that passes through all the vegetated side slopes (cfs)

m D-8f — Determine the adjusted hydraulic residence time t,q; (sec) using:

tmean,ss X R = tagj (E-19)
where: R = Qtotal,ss/Qbiofil
Quiosi = total runoff treatment flow rate as determined in Step D-2

of the basic biofiltration swale (see BMP RT.04) criteria

m  D-8g - The head of the swale should be upstream of the vegetated side slopes and
the swale is located along the entire toe of the contributing vegetated side slope.
Subtract t,q from 1,080 seconds (= 18 minutes) to determine tgesign.

m  Continue with Design Steps D-9 to D-11 of RT.04, Biofiltration Swale. For Step D-10,
use tgesign Calculated in Step D-8g above to determine the total swale length
required. The swale must be at least as long as the contributing vegetated side
slopes. Make any necessary adjustments to ensure the criteria in Table 5-4 are met.

Site Design Elements

Use the same Site Design Elements for basic biofiltration swales (see BMP RT.04), except for
the following:

Landscaping (Planting Considerations) and Vegetation Establishment

For continuous inflow biofiltration swales, plant interior side slopes with grass above the
runoff treatment design elevation. A typical lawn seed mix or the biofiltration seed mixes
are acceptable.

Intent: The use of grass on interior side slopes reduces the chance of soil erosion and transfer
of pollutants from landscape areas to the biofiltration treatment area.

Signage

Refer to Section 5-4.3.7 for signing requirements.

Page 5-70 WSDOT Highway Runoff Manual M 31-16.04
April 2014



Chapter 5

Stormwater Best Management Practices

RT.07 — Media Filter Drain

Media Filter Drain Along SR 14in Clark County

Description: Linear flow-through
stormwater runoff treatment device
along highway side slopes,
medians, borrow ditches, and other
linear depressions.

Geometry Limitations

Contributing Flow Path <150
Embankment Slope 2%-25%

BMP Function

& LID
O Flow Control
M Runoff Treatment

Effective Life (Years)

<520

O Oil Control Capital Cost M & O Cost
M Phosphorus*
# TSS - Basic 3 Low :> Low to Moderate
M Dissolved Metals - Enhanced
Additional Constraints/Requirements
O 4-5 Infiltration Design Criteria M Soil Amendments/Compost
O Setback O Energy Dissipater/Level Spreader
™ Landscaping/Planting O 5-4.3.3 Facility Liners
O Wetland Planting and Plant Establishment & 5-4.3.7 Signing
O Inlet and Outlet Spacing O Fencing
O Overflow O Presettling/Pretreatment
O Multidisciplinary Team @ Underdrain (Where Permitted)
O WSDOT Pavement Engineer Approval # Soil Preparation
TMDL/303(d) — Considerations’ Maintenance Requirements
Avoid Preferred O Access Roads or Pullouts
0 OO0 Fecal Coliform O Vactgr Truck Access
O O Phosphorus M Mowing
O O Nitrogen O Valvg Access .
0O O Temperature O Spec!al!zed qulpment
0 ¥ Dissolved Metals O Specialized Training
O M Total Suspended Solids/Turbidity || Further Requirements: See Sections
O O Dissalved Oxygen 5-3.6.1 and 5.5. Also, see Table 5.5.10.
O O pH
O O Oil/Grease *If compost blanket is used on
O O PAHs media mix then this BMP is not
| O Pesticides approved for phosphorous control
1. See Table 3-1 and Section 2-6.4 for additional
guidance.
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Introduction

General Description

The media filter drain (MFD), previously referred to as the ecology embankment, is a linear
flow-through stormwater runoff treatment device that can be sited along highway side slopes
(conventional design) and medians (dual media filter drains), borrow ditches, or other linear
depressions. Cut-slope applications may also be considered. You can use the MFD where
available right of way is limited, sheet flow from the highway surface is feasible, and lateral
gradients are generally less than 25% (4H:1V). You can also use the MFD in an end-of-pipe
application where surface runoff is collected and conveyed to a location where flows can

be redispersed to the MFD. The MFD has a General Use Level Designation (GULD) for basic,
enhanced, and phosphorus treatment (MFD without the 3-inch medium compost blanket).
Updates/changes to the use-level designation and any design changes will be posted in the
Post Publication Updates section of the HRM Resource Web Page.

MFD configurations are separated into seven typical installations. MFD Type 1 though Type 5
have the option of placing a 3-inch medium compost layer with grass over the MFD mix area.
If the 3-inch compost layer with grass is used on the MFD mix area, the BMP does not qualify
for phosphorous treatment. MFD Types 1 through 7 are shown in Figures 5-23 through 5-29.
The different MFD types are briefly described below:

m  MFD Type 1 — Sheet flow application with underdrain.

m  MFD Type 2 — Sheet flow applications; flows are from both sides of the median.
m  MFD Type 3 — Sheet flow application without underdrain; drains to slope.

m  MFD Type 4* — End-of-pipe application, redispersed to MFD with underdrain.

m  MFD Type 5* — End-of-pipe application, redispersed to MFD without underdrain.

m  MFD Type 6* — End-of-pipe application that is downstream of a detention BMP,
redispersed to MFD with underdrain. MFD Type 6 doesn’t have the no-vegetation
zone or grass strip because of the sediment storage in the upstream detention BMP.
MFD Type 6 must have a 3-inch medium compost blanket with grass over MFD mix
area. MFD Type 6 must have 8-inch-diameter compost socks, spaced at a minimum
of 4-foot intervals, along the bottom of the MFD media mix.

m  MFD Type 7* — Same as Type 6, except MFD doesn’t have an underdrain; it drains to
the adjacent side slope.

*See Section 5-4.3.5 for redispersal design guidelines using a slotted pipe or perforated pipe
in a flow dispersal trench.
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Figure 5-23 Media filter drain Type 1: Side slope application with underdrain.
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Dual media filter drain Type 2: Median application.
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Media filter drain Type 3: Side slope application without underdrain.

Figure 5-25
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Media filter drain Type 4: Side slope application with underdrain.

Figure 5-26
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Figure 5-27 Media filter drain Type 5: Side slope application without underdrain.
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Figure 5-28 Media filter drain Type 6: Side slope application with underdrain.
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Figure 5-29 Media filter drain Type 7: Side slope application without underdrain.
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Functional Description

The MFD removes suspended solids, phosphorus (MFD without 3-inch medium compost
blanket), and metals from highway runoff through physical straining, ion exchange, carbonate
precipitation, and biofiltration.

Stormwater runoff is conveyed to the MFD via sheet flow or is redispersed to a vegetation-free
gravel zone (MFD Type 1 — Type 5) to ensure dispersion and provide some pollutant trapping.
Next, a grass strip provides pretreatment, further enhancing filtration and extending the life of
the system. The runoff is then filtered through a bed of porous, alkalinity-generating granular
medium—the media filter drain mix. Treated water drains away from the MFD mix bed into a
downstream conveyance system. Geotextile lines the underside of the MFD mix bed and the
underdrain pipe and trench (if applicable).

The underdrain trench is an option for hydraulic conveyance of treated stormwater to a desired
location, such as a downstream flow control facility or stormwater outfall. The trench’s
perforated underdrain pipe is a protective measure to ensure free flow through the MFD mix.

It may be possible to omit the underdrain pipe if it can be demonstrated that the pipe is not
necessary to maintain free flow through the MFD mix and underdrain trench.

It is critical to note that water should sheet flow across or be redispersed to the MFD. To ensure
sediment accumulation does not restrict sheet flow, edge of pavement installations should
include a 1-inch drop between the pavement surface and nonvegetation zone where there is
no guardrail or include a 1-inch drop where there is guardrail. Note that MFD Types 4 through
Type 7 include a 3-inch drop between the flow spreader and the MFD mix bed to ensure sheet
flow continues over time.

Applications, Limitations, and LID Feasibility
Applications

m Provides basic, phosphorus (MFD without 3-inch medium compost blanket on MFD
mix area), and enhanced water quality treatment.

m  MFD Type 1 and Type 3 —Ideal along highway side slopes, when adjacent to wetlands,
and in narrow right of way locations.

m  Dual MFD for Highway Medians (MFD Type 2) — Prime locations for the MFD Type 2
are in highway medians, roadside drainage or borrow ditches, or other linear
depressions. It is especially critical for water to sheet flow across the MFD Type 2.
Channelized flows or ditch flows running down the middle of the MFD Type 2
(continuous off-site inflow) should be minimized.

m  MFD Type 4 and Type 5 — Ideal where stormwater needs to be or already is captured
and conveyed to a discharge location that can accommodate this BMP. These options
provide maximum flexibility for placement where sheet flow off the edge of pavement
is not feasible. Catch basins and pipes are used to convey stormwater to the MFD
Type 4 and Type 5.
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m  MFD Type 6 and Type 7 — Ideal where stormwater needs to be collected and conveyed
for both runoff treatment and flow control. The MFD is downstream of the detention
BMP.

Limitations

m  Ensure lateral MFD side slopes adjacent to the roadway pavement (MFD Type 1 —
Type 3) are less than 4H:1V. As side slopes approach 3H:1V, without design
modifications, sloughing may become a problem due to friction limitations
between the separation geotextile and underlying soils.

m  Where the MFD is built away from the roadway (MFD Type 4 — Type 7), ensure the
lateral MFD side slope is less than 8H:1V.

m  Ensure longitudinal MFD slopes are no steeper than 5%.

m  Ensure the longest flow path from the contributing area delivering sheet flow to the
MFD (Type 1 — Type 3) does not exceed 150 feet.

m Do not construct in wetlands and wetland buffers.

m  Shallow groundwater — Determine seasonal high groundwater table levels at the
project site to ensure the MFD mix bed and the underdrain (if applicable) will not
become saturated by shallow groundwater. The hydraulic and runoff treatment
performance of the MFD may be compromised due to backwater effects and lack
of sufficient hydraulic gradient due to shallow groundwater or pooling at the
discharge location.

m Unstable slopes — In areas where slope stability may be problematic, consult a
geotechnical engineer.

m  Narrow roadway shoulders — In areas where there is a narrow roadway shoulder
(width less than 10 feet), consider placing the MFD farther down the embankment
slope. This will reduce the amount of rutting in the MFD and decrease overall
maintenance repairs. Also, consider using a MFD Type 5 or Type 6.

m  Ensure the upstream conveyance system to a MFD Type 4 — Type 7 has adequate
hydraulic head to push flows through the redispersal structure and not create
upstream flooding problems.

LID Feasibility

The following criteria describe conditions that make MFDs infeasible to meet the LID
requirement. Additional general LID feasibility criteria that apply to all other LID type BMPs
can be found in Section 4-5.2, along with the site suitability criteria for infiltration design in
Section 4-5.1. The project may still use the MFD to meet the runoff treatment requirement
(Minimum Requirement 5). Citation of any of the following infeasibility criteria must be based
on an evaluation of site-specific conditions, must be documented using the LID feasibility
checklist, and should be included in the project’s Hydraulic Report, along with any applicable
written recommendations from an appropriate licensed professional (e.g., engineer, geologist,
hydrogeologist):
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m  Where the site cannot be reasonably designed to locate a MFD on lateral slopes less
than 25% (MFD Type 1 — Type 3) or 12.5% (MFD Type 4 — Type 7).

Design Flow Elements

Flows to Be Treated

Design MFDs to treat the runoff treatment flow rate discussed in Section 3-3.5 under Minimum
Requirement 5. Hydrologic methods are presented in Sections 4-3 and 4-4.

Structural Design Considerations

Geometry
Components

m  No-Vegetation Zone — The no-vegetation zone (vegetation-free zone) is a shallow
gravel zone located directly adjacent to the highway pavement. The no-vegetation
zone is a crucial element in a properly functioning MFD or other BMPs that use sheet
flow to convey runoff from the highway surface to the BMP. The no-vegetation zone
functions as a level spreader to promote sheet flow and a deposition area for coarse
sediments. Make sure the no-vegetation zone is between 1 foot and 3 feet wide.
Depth will be a function of how the roadway section is built from subgrade to finish
grade; the resultant cross section will typically be triangular to trapezoidal. Within
these bounds, width varies depending on WSDOT maintenance spraying practices.
Contact the area maintenance office for this information.

m  Grass Strip — The width of the grass strip is dependent on the availability of space
within the highway side slope and MFD type. The grass strip is required on MFD
Type 1 —Type 5. The minimum grass strip width is 3 feet, but wider grass strips
are recommended if the additional space is available. At a minimum, the existing
embankment will be scarified 2 inches and covered with a 3-inch blanket of medium
compost and seeded. Consider adding aggregate to the soil mix to help minimize
rutting problems from errant vehicles. The soil mix should ensure grass growth for
the design life of the MFD.

m Media Filter Drain Mix Bed — The MFD mix is a mixture of crushed rock (sized by
screening), dolomite, gypsum, and perlite. The crushed rock provides the support
matrix of the medium; the dolomite and gypsum add alkalinity and ion exchange
capacity to promote the precipitation and exchange of heavy metals; and the perlite
improves moisture retention to promote the formation of biomass within the
MFD mix. The combination of physical filtering, precipitation, ion exchange, and
biofiltration enhances the water treatment capacity of the mix. The MFD mix has
an estimated initial filtration rate of 50 inches per hour and a long-term filtration rate
of 28 inches per hour due to siltation. With an additional safety factor, the rate used
to size the length of the MFD should be 10 inches per hour. Internal 8-inch-diameter
medium compost socks are required along the bottom of the MFD Type 6 and Type 7
installations at even 4-foot spacings. Make sure there is a minimum of one row of
compost socks for each MFD Type 6 or Type 7 installation.
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m  3-Inch Medium Compost Blanket and Grass — Place a 3-inch medium compost blanket
with grass over the media filter drain bed area to reduce noxious weeds and unwanted
vegetation. Do not use this compost blanket in phosphorous-sensitive areas or
phosphorous total maximum daily load (TMDL) areas. If this option is used, the MFD
will not be considered as a phosphorous treatment BMP. Do not use MFD Type 6 and
Type 7 in phosphorous-sensitive areas since the 3-inch compost blanket is required.

m  Conveyance System Below Media Filter Drain Mix — The gravel underdrain trench
(MFD Type 1, Type 4, and Type 6) provides hydraulic conveyance when treated runoff
needs to be conveyed to a desired location such as a downstream flow control facility
or stormwater outfall. In Group C and D soils, an underdrain pipe helps ensure free
flow of the treated runoff through the MFD mix bed. In some Group A and B soils,
an underdrain pipe may not be necessary if most water percolates into subsoil from
the underdrain trench. Evaluate the need for underdrain pipe in all cases. You may
eliminate the gravel underdrain trench if flows can be conveyed laterally to an
adjacent ditch or onto a fill slope that is properly vegetated to protect against erosion
(MFD Type 3 and Type 5). Keep the MFD mix free draining up to the 50-year storm
event water surface elevation represented in the downstream ditch.

Length (perpendicular to the direction of flow)

m  The length of the MFD (Type 1 — Type 3) is the same as the length of the contributing
pavement.

m  The length of the MFD (Type 4 — Type 7) depends on the sizing procedures. (See the
Design Method section below.)

Cross Section

m  The surface of the MFD (Type 1 — Type 3) should have a lateral slope less than 4H:1V
(<25%). On steeper terrain, it may be possible to construct terraces to create a 4H:1V
slope, or other engineering may be employed to ensure slope stability up to 3H:1V.

m  The surface of the MFD (Type 4 — Type 7) should have a lateral slope less than 8H:1V
(<12.5%).

Tributary Area

m  For MFD (Type 1 — Type 3), the resultant slope from the contributing drainage area
should be less than or equal to 9.4%, calculated using Equation 33! in Section 5-4.2.2.

Materials

The MFD mix consists of the amendments listed in Table 5-7. Mixing and transportation must
occur in a manner that ensures the materials are thoroughly mixed prior to placement and
that separation does not occur during transportation or construction operations.

11 «Eastern Washington Steep Slope Research for Management of Highway Stormwater,” WARD 77.1, Research
Report, May 2011.
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These materials should be used in accordance with the following Standard Specifications:

m  Gravel Backfill for Drains — 9-03.12(4)
m  Underdrain Pipe — 7-01.3(2)

m  Construction Geotextile for Underground Drainage, Moderate survivability, drainage
class C, woven —9-33.1

m  Crushed Surfacing Base Course (CSBC) —9-03.9(3)

If the MFD is configured to allow the treated flows to drain laterally into a ditch (see Figure
5-25, MFD Type 3 and Figure 5-27, MFD Type 5), the crushed surfacing base course below
the MFD should conform to Standard Specification 9-03.9(3).

Design Method
Media Filter Drain Mix Bed Sizing Procedure for MFD Type 1 - Type 3

The width of the MFD mix bed is determined by the amount of contributing pavement routed
to the embankment. The surface area of the MFD mix bed needs to be sufficiently large to fully
infiltrate and filter the runoff treatment design flow rate using the long-term filtration rate of
the MFD mix. For design purposes, incorporate a 50% safety factor into the long-term MFD
mix filtration rate to accommodate variations in slope, resulting in a design filtration rate of

10 inches per hour. The MFD mix bed should have a bottom width of at least 2 feet in contact
with the conveyance system below the MFD mix.

The MFD mix bed should be a minimum of 12 inches deep, including the section on top of the
underdrain trench.

For runoff treatment, base the sizing of the MFD mix bed on the requirement that the runoff
treatment flow rate from the pavement area, Quighway, Cannot exceed the long-term infiltration
capacity of the MFD, Qinfitration:

QHighway < anfiltration (E'ZO)

For western Washington, Quighway is the flow rate at or below which 91% of the runoff volume
for the developed TDA will be treated, based on a 15-minute time step (see Section 4-3.1.1),
and can be determined using the water quality data feature in MGSFlood. For eastern
Washington, Quighway is the peak flow rate predicted for the 6-month, short-duration storm
under post-developed conditions for each TDA (see Appendix 4C), and can be determined

by selecting the short-duration storm option in StormShed.
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Base the long-term infiltration capacity of the MFD on the following equation:

LTIR*L*W

C*SF = Q Infiltration (E-Zl)

where: LTIR

Long-term infiltration rate of the media filter drain mix
(use 10 inches per hour for design) (in/hr)

L = Length of media filter drain (parallel to roadway) (ft)
W = Width of the media filter drain mix bed (ft)

C = Conversion factor of 43200 ((in/hr)/(ft/sec))

SF = Safety Factor (equal to 1.0, unless unusually heavy
sediment loading is expected)

Assuming that the length of the MFD is the same as the length of the contributing pavement,
solve for the width of the media filter drain:

> QHighway *C * SF
LTIR*L

(E-22)

Western Washington project applications of this design procedure have shown that, in almost
every case, the calculated widths of the MFD Type 1 and Type 3 do not exceed 1.0 foot.
Therefore, Table 5-6 was developed to simplify the design steps; use it to establish an
appropriate width.

Table 5-6 Western Washington design widths for media filter drains (Type 1 and Type 3).

Pavement width that contributes Minimum media filter
runoff to the media filter drain drain width*
<20 feet 2 feet
>20and < 35 feet 3 feet
> 35 feet 4 feet

*Width does not include the required 1- to 3-foot gravel vegetation-free zone or the
3-foot grass strip width (see Figure 5-23).

Media Filter Drain Mix Bed Sizing Procedure for MFD Type 4 and Type 5

The length (perpendicular to the direction of flow) and width (parallel to the direction of flow)
of the MFD mix bed (Type 4 and Type 5) is determined by many factors. The design procedure
is outlined below:

1. Determine the total tributary pervious and impervious area (ft%) and flow rate (cfs) that will
be sent to the MFD.

2. For MFD Type 4 and Type 5, divide the tributary area determined in Step 1 above by the
“pavement area to MFD media area” ratio of 19.5. This determines the area of MFD
needed, and applies to on-line and off-line Type 4 and Type 5 MFDs.
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3. From Section 5-4.3.5, choose Option F (slotted flow dispersal pipe) or Option G (perforated
pipe in a gravel-backfilled trench with notched grade board) as the redispersal/flow
spreader structure type to be used upstream of the MFD. For on-line Type 4 and Type 5
MFDs, the number of flow spreaders and the flow spreader mounding analysis (Option F)
is based on the full 100-year rate from the tributary area coming to the MFD. For off-line
Type 4 and Type 5 MFDs, the number of flow spreaders and the flow spreader mounding
analysis (Option F) is based on the water quality storm flow rate.

4. Determine the length (perpendicular to the direction of flow) and width (parallel to the
direction of flow) of the MFD mix bed by the following:

a. The flow spreader length shall be between 50 feet and 200 feet. The number of flow
spreaders and their lengths are calculated based on the criteria in Step 3 above.

b. The width of the MFD mix bed = (flow spreader length)/5 for flow spreader lengths
of 50 feet to 100 feet.

c. The width of the MFD mix bed = 20 feet for flow spreader lengths of 101 feet to
200 feet.

d. Check to make sure the total area of MFD mix bed(s) calculated in (4) is greater than
or equal to the area determined in (2) above.

Media Filter Drain Mix Bed Sizing Procedure for MFD Type 6 and Type 7

MFD Type 6 and Type 7 are designed as on-line BMPs only. The design procedure is outlined
below:

1. From Section 5-4.3.5, choose Option F (slotted flow dispersal pipe) or Option G (perforated
pipe in a gravel-backfilled trench with notched grade board) as the redispersal/flow
spreader structure type to be used upstream of the MFD. The number of flow spreaders
and the flow spreader mounding analysis (if using Option F) shall be based on the 100-year
release rate from the detention BMP (MGSFlood, 15-minute time steps). Determine the
length of each flow spreader.

2. Determine the MFD mix bed area (L x W) using the long-term infiltration capacity of the
MFD based on Equation 21, with the following clarifications:

LTIR*L*W
CrsE | e =23
where: LTIR = Long-term infiltration rate of the media filter drain mix

(use 10 inches per hour for design) (in/hr)
L = Length of media filter drain (parallel to spreader) (ft)
W = Width of the media filter drain mix bed (ft) measured

parallel to the flow
C = Conversion factor of 43200 ((in/hr)/(ft/sec))
SF = Safety Factor (equal to 2.0)

Quyear = 2-year release rate (15-minute time steps) from the
detention facility
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3. The number of flow spreaders and length of each flow spreader was determined in Step 1.
The length of the flow spreader(s) is equal to the length of the MFD. The width of the MFD
follows the same ratios stated in Steps 4b and 4c of the MFD Type 4 and Type 5 design.
Determine the total MFD mix bed length (L) and width (W). Check to make sure the
calculated MFD mix bed area (L x W) is greater than or equal to the MFD mix bed area
calculated in Step 2.

Underdrain Design

Underdrain pipe can provide a protective measure to ensure free flow through the MFD mix
and is sized similar to storm drains. For MFD underdrain sizing, an additional step is required

to determine the flow rate that can reach the underdrain pipe. This is done by comparing the
contributing basin flow rate to the infiltration flow rate through the MFD mix and then using
the smaller of the two to size the underdrain. The analysis described below considers the flow
rate per foot of MFD, which allows you the flexibility of incrementally increasing the underdrain
diameter where long lengths of underdrain are required. When underdrain pipe connects to

a storm drain system, place the invert of the underdrain pipe above the 25-year water surface
elevation in the storm drain to prevent backflow into the underdrain system.

© /" N7 |._ Pipe Bedding/Backfill
e NN and Underdrain

Figure 5-30 Media filter drain underdrain installation.

The following describes the procedure for sizing underdrains in a MFD Type 1 and 4.

1. Calculate the flow rate per foot from the contributing basin to the MFD. The design storm
event used to determine the flow rate should be relevant to the purpose of the underdrain.
For example, if the MFD Type 1 installation is in western Washington and the underdrain
will be used to convey treated runoff to a detention BMP, size the underdrain for the 50-
year storm event. (See the Hydraulics Manual, Figure 2-2.1, for conveyance flow rate
determination.)
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thghway _ thghway

ft B LMFD
(E-24)
where: W = contributing flow rate per foot (cfs/ft)
Laiep = length of MFD contributing runoff to the underdrain (ft)

2. Calculate the MFD flow rate of runoff per foot given an infiltration rate of 10 in/hr through
the MFD mix.

f xW x1ft 1ft 1lhr

Quro = " 19in 3600560 £25)
where: QLED = flow rate of runoff through MFD mix layer (cfs/ft)
W = width of underdrain trench (ft) — see Standard Plan
B-55.20-00; the minimum width is 2 ft
f = infiltration rate though the MFD mix (in/hr) = 10 in/hr

3. Size the underdrain pipe to convey the runoff that can reach the underdrain trench. This is
taken to be the smaller of the contributing basin flow rate or the flow rate through the MFD
mix layer.

Qup = smaller {thghway or Qm} (E-26)
ft ft ft

where: Quo = underdrain design flow rate per foot (cfs/ft)
ft

4. Determine the underdrain design flow rate using the length of the MFD and a factor of
safety of 1.2.

Quo =1'2XQQ XW x Lyep
ft (E-27)
where: Qup = estimated flow rate to the underdrain (cfs)
w width of the underdrain trench (ft) — see Standard Plan

B-55.20-00; the minimum width is 2 ft
Lyep = length of MFD contributing runoff to the underdrain (ft)

5. Given the underdrain design flow rate, determine the underdrain diameter. Round pipe
diameters to the nearest standard pipe size and have a minimum diameter of 6 inches.
For diameters that exceed 12 inches, contact either the Region or HQ Hydraulics Office.

D — 16( (QUDXn)j

0.5
S (E-28)
where: D = underdrain pipe diameter (inches)
n = Manning’s coefficient
s = slope of pipe (ft/ft)
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Table 5-7 Media filter drain mix.

Amendment

Quantity

Mineral aggregate: Crushed screenings 3/8-inch to #10 sieve

Aggregate for Media Filter Drain Mix
Aggregate for Media Filter Drain Mix shall be manufactured from ledge rock, talus, or
gravel, in accordance with Section 3-01 of the Standard Specifications for Road, Bridge,

The use of recycled material is not permitted.
Los Angeles Wear, 500 Revolutions 35% max.
Degradation Factor 30 min.

Aggregate for the Media Filter Drain Mix shall conform to the following requirements
for grading and quality:

Sieve Size Percent Passing (by weight)
1/2" square 100

3/8" square 90-100

U.S.No. 4 30-56

U.S. No. 10 0-10

U.S. No. 200 0-1.5

% fracture, by weight, min. 75

The fracture requirement shall be at least two fractured faces and will apply to
material retained on the U.S. No. 4.

Aggregate for the Media Filter Drain shall be substantially free from adherent coatings.
The presence of a thin, firmly adhering film of weathered rock shall not be considered
as coating unless it exists on more than 50% of the surface area of any size between
successive laboratory sieves.

and Municipal Construction, and shall meet the following test requirements for quality.

3 cubic yards

Perlite:
" Horticultural grade, free of any toxic materials)
" 100% passing U.S. No. 4 Sieve
" 0-30% passing U.S. No. 18 Sieve
" 0-10% passing U.S. No. 30 Sieve

1 cubic yard per 3
cubic yards of mineral
aggregate

Dolomite: CaMg(C03)2 (calcium magnesium carbonate)
®  Agricultural grade, free of any toxic materials
®  ASTM C 602 Class Designation E

40 pounds per cubic
yard of perlite

Gypsum: Noncalcined, agricultural gypsum CaSO4¢2H20
(hydrated calcium sulfate)

®  Agricultural grade, free of any toxic materials

®  100% passing % -inch Sieve

" 20% passing U.S. No. 20 Sieve

12 pounds per cubic
yard of perlite
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Site Design Elements

Landscaping (Planting Considerations) and Plant Establishment

Landscape the grass strip the same as the vegetated filter strips (see BMP RT.02) unless
otherwise specified in the special provisions for the project’s construction documents.

Construction Criteria

Keep effective erosion and sediment control measures in place until grass strip is established.
Do not allow vehicles or traffic on the MFD, to minimize rutting and maintenance repairs.

Operations and Maintenance

Maintenance will consist of routine roadside management. While herbicides should not be
applied directly over the MFD, it may be necessary to periodically control noxious weeds with
herbicides in areas around the MFD as part of WSDOT's roadside management program. The
use of pesticides may be prohibited if the MFD is in a critical aquifer recharge area for drinking
water supplies. Check with the local area water purveyor or local health department. Areas of
the MFD that show signs of physical damage will be replaced by local maintenance staff in
consultation with region hydraulics/water quality staff.

Maintenance Access Roads (Access Requirements)

Refer to Section 5-3.7.1 for maintenance access road requirements and other general
maintenance considerations.

Signage

Refer to Section 5-4.3.7 for signing requirements. Additionally, if the MFD is in a critical aquifer
recharge area for drinking water supplies, provide signage prohibiting the use of pesticides.
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RT.08 — Bioretention Area

Description: Bioretention areas
(also known as rain gardens) are
shallow landscaped depressions that
use a designed soil mix and plants to
provide runoff treatments and flow
control.

Geometry Limitations

Ponding Depth 12" Max
Pool Drawdown 24 Hours
Groundwater Clearance 1-3’ Min
Bioretention Area along Interior Sidewalls 2H-1V
SR 99 in King County Soil Depth 18" Min
BMP Function
M LID
& Elow Control Effective Life (Years)
@ Runoff Treatment => 5-20
O Qil Control
O Phosphorus Capital Cost Q&M Cost
M TSS - Basic < Moderate | < Moderate
M Dissolved Metals - Enhanced

Additional Constraints/Requirements

M 4-5 Infiltration Design Criteria
O Setback
M Landscaping/Planting

O Inlet and Outlet Spacing

O Overflow

O Multidisciplinary Team

O WSDOT Pavement Engineer Approval

O Wetland Planting and Plant Establishment

M Soil Amendments/Compost

[ Energy Dissipater/Level Spreader
M 5-4.3.3 Facility Liners

i 5-4.3.7 Signing

O Fencing

M Presettling/Pretreatment
 Underdrain (where required)

O Soil Preparation

Ooooooooooo

TMDL/303(d) — Considerations’

Avoid Preferred

Fecal Coliform
Phosphorus
Nitrogen
Temperature
Dissolved Metals

Dissolved Oxygen
pH

Qil/Grease

PAHs

Pesticides

OoOoooOoRrROoOOO

1. See Table 3-1 and Section 2-6.4 for additional
guidance.

Total Suspended Solids/Turbidity

Maintenance Requirements

# Access Roads

O Vactor Truck Access

O Mowing Considerations

O Valve Access

M Specialized Training Requirements

Additional Considerations: See Sections

5-3.6.1 and 5.5.
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Introduction

General Description

For guidelines and criteria on the design of bioretention areas, refer to Appendix C of Volume IlI
of Ecology’s Stormwater Management Manual for Western Washington (SWMMWW) and the
Puget Sound Action Team’s Low Impact Development Technical Guidance Manual for Puget
Sound.

Application, Limitations, and LID Feasibility
Applications

m Bioretention areas provide enhanced runoff treatment.
Limitations

m  Bioretention areas use an imported soil mix that has a moderate design infiltration
rate. Apply them to small drainage areas near the source of stormwater.

m Do not use bioretention areas with imported compost materials within % mile of
phosphorus-sensitive water bodies if the underlying soils do not meet the site
suitability criteria for treatment (SSC 7 in Section 4-5.1).

m Do not use bioretention areas with the underdrain in areas that have a TMDL for
phosphorous.

LID Feasibility

The LID feasibility criteria described in Section 4-5.2 list conditions that make bioretention areas
infeasible to meet the LID requirement. Even if bioretention areas are deemed infeasible to
meet the LID requirement, your project may still use the bioretention area to meet the runoff
treatment requirement (Minimum Requirement 5). Citation of any of the infeasibility criteria
must be based on an evaluation of site-specific conditions, must be documented using the LID
feasibility checklist, and should be included in the project’s Hydraulic Report, along with any
applicable written recommendations from an appropriate licensed professional (e.g., engineer,
geologist, hydrogeologist).

Maintenance Access Roads (Access Requirements)

Refer to Section 5-3.7.1 for maintenance access road requirements and other general
maintenance considerations.

Signage

Refer to Section 5-4.3.7 for signing requirements.
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5-4.1.4 Wetpool BMPs
RT.12 — Wet Pond

Description: Stormwater pond
that retains a permanent pool of
water (wet pool), at least during
the wet season.

Geometry Limitations

Interior Slopes 3H:1V Max
Exterior Slopes 2H:1V Max
e 4 S L R SR
Dual-Celled Wet Pond Along I-5 in Clark County
BMP Function
C'LID Effective Life (Years)
O Flow Control
M Runoff Treatment - 20-50
O Qil Control
M Phosphorus Capital Cost O & M Cost
b TSS - Basic S Moderate to High < Low to Moderate
O Dissolved Metals - Enhanced

Additional Constraints/Requirements

Soil Amendments/Compost
Energy Dissipater/Level Spreader
5-4.3.3 Facility Liners

5-4.3.7 Signing

Fencing

Presettling/Pretreatment
Underdrain

Soil Preparation

o000 E®EOO

[0 4-5 Infiltration Design Criteria

O Setback

M Landscaping/Planting

O Wetland Planting and Plant Establishment

M Inlet and Outlet Spacing

& Overflow

O Multidisciplinary Team

O WSDOT Pavement Engineer Approval

TMDL/303(d) — Considerations’

Avoid Preferred

] O Fecal Coliform

O %] Phosphorus

a O Nitrogen

) O Temperature

O O Dissolved Metals

O | Total Suspended Solids/Turbidity

O O Dissolved Oxygen

O O pH

O O Oil/Grease

O O PAHs

O O Pesticides
1. See Table 3-1 and Section 2-6.4 for additional
guidance.

Maintenance Requirements
Access Roads or Pullouts
Vactor Truck Access
Mowing
Valve Access
Specialized Equipment
Specialized Training

OO0RORE

Further Requirements: See Sections
5-3.6.1 and 5.5. Also, see Table 5.5.13.
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Introduction

General Description

A wet pond is a constructed stormwater pond that retains a permanent pool of water
(wetpool), at least during the wet season. The volume of the wetpool is related to the
effectiveness of the pond in settling particulate pollutants. As an option, you can create
a shallow marsh area within the permanent pool volume to provide additional treatment
for nutrient removal. You can provide peak flow control in the live storage area above
the permanent pool. Figures 5-31 and 5-32 illustrate a typical wet pond BMP.

Applications and Limitations
Applications

m  Design wet ponds in two sizes: basic and large (see Table 3-1). Basic wet ponds are
approved basic runoff treatment BMPs. Large wet ponds are designed for higher levels
of pollutant removal and are an appropriate treatment BMP for phosphorus control.

m [|tis recommended that all runoff treatment BMPs that use permanent wetpools use
facility liners. Refer to Section 5-4.3.3 for additional information.

m Refer to BMP CO.01 (Combined Wet/Detention Pond) if the pond is to be used for
flow control in addition to runoff treatment.

Limitations

= A wet pond BMP must be an on-line facility.

Design Flow Elements

Flows to Be Treated

Design basic wet ponds to treat the runoff treatment volume described in Section 3-3.5 under
Minimum Requirement 5. Design large wet ponds to treat a volume 1.5 times greater than the
runoff treatment volume. Hydrologic methods are presented in Sections 4-3 and 4-4.
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ACCESS ROAD TO FIRST CELL

BERM TOP WIDTH
5' MIN. (IF

INLET PIPE & CATCH
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Figure 5-31 Wet pond: Plan view.
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SLOPE VEGETATION PER
LANDSCAPING (PLANTING
ICONSIDERATIONS) AND VEGETATION
ESTABLISHMENT BMP TEXT

WETPOOL FLOW LENGTH

3 (MIN.) X WIDTH

SEE SECTION 5-3.7.1
FOR ACCESS ROAD
REQUIREMENTS

PRESETTLING CELL DEPTH

4"MIN. TO 8 MAX.

WETPOOL DEPTH 8 MAX. RECIRCULATION
RECCOMENDED FOR DEPTH > 6'

INLET]
|

QYA
N /\/\_///\ \\/
— X

OVERFLOW WS

WQ DESIGN WS

AN NS

I

SUBMERGED INLET X
2'MIN.

INLET EROSION CONTROL /SLOPE
PROTECTION PER DETENTIO
FACILITY REQUIREMENTS

GRAVITY DRAIN
SEE 5-3.7.1
SEDIMENT STORAGE
DEPTH 1"MIN.

TOP OF BERM OR BAFFEL LEVEL AND
AT WETPOOL DESIGN ELEVATION

(FLOW EXITS FIRST CELL OVER BERM)
OR AS NOTED

OUTLET PIPE INVERT OUT.
AT WETPOOL WS ELEVATION

OVERFLOW WS

SECTION A-A
NTS

wQ DESIGN Ws

INVERT 6" MIN. BELOW
TOP OF INTERNAL BERM. \
LOWER PLACEMENT L

IS DESIRABLE &,

GRAVITY DRAIN
8" MIN. DIAM.
SEE 5-3.7.1

VALVE ~ (MAY BE LOCATED INSIDE
MH OR OUTSIDE WITH APPROVED
OPPERATIONAL ACCESS)

NOTE

/

\> A SYSTEM SIZED TO PASS
N7 PEAK FLOW FOR CONVEY

R

NN N -ANCE REQUIREMENT

AN //\}//>\<{(\\ [ Qu s

BERM SLOPE MAY BE 2H :1V WHEN TOP|
SUBMERGED BELOW WQ DESIGN WS

SEE WSDOT DESIGN MANUAL VOL. 2, CH 560
FOR FENCING REQUIREMENTS

SEE SECTION 5-3.7.1 FOR
ACCESS ROAD REQUIREMENTS
CAPACITY OF OUTLET

SEE SECTION 5-4.36
FOR OUTFALL SYSTEM

MANHOLE OR
TYPE 2 EXTERIOR BERMS DESIGNED
CATCH BASIN PER DAM SAFTEY REQUIRE-
MENTS (IF APPLICABLE)
SECTION B-B
NTS
WET POND SECTIONS

SEE LANDSCAPING (PLANTING
CONSIDERATIONS) AND VEGETATION
MANAGEMENT SECTION FOR EMERGENT
VEGETATION PLANTING REQUIREMNTS
FROM WQ DESIGN ELEVATION DOWN TO
18" BELOW WQ DESIGN ELEVATION

THIS DRAWING IS ONLY A TEMPLATE THAT
NEEDS TO BE ADJUSTED AND REVISED
FOR EACH PROJECT

Figure 5-32

Wet pond: Cross section.
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Structural Design Considerations

Geometry

The wet pond is divided into a minimum of two cells separated by a baffle or berm. The first cell
must contain between 25% and 35% of the total wet pond volume. The baffle or berm volume
does not count as part of the total wet pond volume. The term baffle means a vertical divider
placed across the entire width of the pond, stopping short of the bottom. A berm is a vertical
divider typically built up from the bottom; in a wet vault, it connects all the way to the bottom.

Intent: The full-length berm or baffle promotes plug flow and enhances quiescence and laminar
flow through as much of the entire water volume as possible. Alternative methods to the full-
length berm or baffle that provide equivalent flow characteristics may be approved on a case-
by-case basis by the local jurisdiction.

Provide sediment storage in the first cell. Ensure the minimum depth of the sediment storage
is 1 foot. Install a fixed sediment depth monitor in the first cell to gauge sediment
accumulation, or use an alternative gauging method if approved by the local maintenance
office.

Ensure the minimum depth of the first cell is 4 feet, exclusive of sediment storage
requirements. The depth of the first cell may be greater than the depth of the second cell.

Ensure the maximum depth of each cell does not exceed 8 feet, exclusive of sediment storage
in the first cell.

Wet ponds with wetpool volumes less than or equal to 4,000 cubic feet may be single-celled
(no baffle or berm is required). However, it is especially important that the flow path length
be maximized in single-celled wet ponds. Make sure the ratio of flow path length to width is
greater than 4:1 in single-celled wet ponds.

Line the first cell in accordance with the liner recommendations in Section 5-4.3.3.
Consider designing sinuous or irregularly shaped ponds to create a more natural landscape.

Consider orienting the pond length along the direction of prevailing summer winds (typically
west or southwest) to enhance wind mixing.

Materials

All metal parts must be corrosion-resistant. Do not use galvanized materials unless
unavoidable.

Intent: Galvanized metal contributes zinc to stormwater, sometimes in very high concentrations.
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Berms, Baffles, and Slopes

A berm or baffle must extend across the full width of the wetpool and tie into the wet pond
side slopes. If the berm embankments are greater than 4 feet high, you must construct the
berm by excavating a key trench equal to 50% of the embankment cross-sectional height and
width. A geotechnical engineer may waive this requirement for specific site conditions. A
geotechnical analysis must address situations in which one of the two cells is empty while
the other remains full of water.

The top of the berm may be at the runoff treatment design water surface (WQ or top of dead
storage) elevation or submerged 1 foot below this surface. If the top of the berm is at the WQ
surface elevation, Make sure berm side slopes are 3H:1V. Berm side slopes may be steeper
(up to 2H:1V) if the berm is submerged 1 foot. Make sure earthen berms have a minimum
top width of 5 feet.

Intent: Submerging the berm is intended to enhance safety by discouraging pedestrian access
when side slopes are steeper than 3H:1V. An alternative to the submerged berm design is the
use of barrier planting to prevent easy access to the divider berm in an unfenced wet pond.

If good vegetation cover is not established on the berm, use erosion control measures to
prevent erosion of the berm backslope when the pond is initially filled.

The interior berm or baffle may be a retaining wall, provided that the design is prepared and
stamped by a licensed civil engineer. If a baffle or retaining wall is used, ensure it is submerged
1 foot below the design water surface to discourage access by pedestrians.

Criteria for wet pond side slopes are as follows:

m Interior side slopes must be no steeper than 3H:1V. Steeper side slopes will contain
the width or thickness of emergent vegetation, leading to higher density. Dense
emergent vegetation causes the following problems: it provides predator-free
shoreline habitats for mosquito production, and it reduces or eliminates access
to the pond for routine inspections and maintenance.

m Exterior side slopes must be no steeper than 2H:1V.
m  Slopes should be no steeper than 4H:1V if they are to be mowed.

m  Pond sides may be retaining walls, provided that a fence is situated along the top of
the wall and at least 25% of the pond perimeter is a vegetated side slope no steeper
than 3H:1V.

m  The toe of the exterior slope must be no closer than 5 feet from the right of way line.

Embankments

Embankments that impound water must comply with the Washington dam safety regulations
(WAC 173-175). If the impoundment has a storage capacity (including both water and sediment
storage volumes) greater than 10 acre-feet (435,600 cubic feet, or 3.26 million gallons) above
natural ground level, then dam safety design and review are required by Ecology. (See
discussion in BMP FC.03, Detention Pond.)
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Construct the berm embankment in accordance with Section 2 03.3(14)C, Method C, of the
Standard Specifications.

Construct the berm embankment of material consisting of a minimum of 30% clay, a maximum
of 60% sand, a maximum of 60% silt, and negligible gravel and cobble.

To prevent undermining, consider installation of a perimeter cutoff trench underneath or near
embankments.

Place antiseepage collars on outflow pipes in berm embankments impounding water deeper
than 8 feet at the runoff treatment design water surface. Antiseepage collars may also be
necessary in other situations.

Inlet and Outlet

For details on the following requirements, see Figures 5-31 and 5-32.

All inlets must enter the first cell. If there are multiple inlets, base the length-to-width ratio
on the average flow path length for all inlets.

Place inlets and outlets to maximize the flow path through the facility. Ensure the ratio of flow
path length to width from the inlet to the outlet is at least 3:1. The flow path length is defined

as the distance from the inlet to the outlet, as measured at mid-depth. The width at mid-depth
is calculated as follows: width = (average top width + average bottom width)/2.

Submerge the inlet to the wet pond, with the inlet pipe invert a minimum of 2 feet above the
pond bottom (not including the 1-foot-minimum sediment storage). Submerge the top of the
inlet pipe at least 1 foot below the WQ surface elevation, if possible. Compute the hydraulic
grade line (HGL) of the inlet pipe to verify that backwater conditions are acceptable. (See the
Hydraulics Manual for computing an HGL.)

Intent: The inlet is submerged to dissipate the energy of the incoming flow. The distance from
the bottom is set to minimize resuspension of settled sediments. Alternative inlet designs that
accomplish these objectives are acceptable.

You must provide an outlet structure. Use either a Type 2 catch basin (see the WSDOT Standard
Plans for Road, Bridge, and Municipal Construction [Standard Plans]) or a manhole with a cone
grate (birdcage). No sump is required in the outlet structure for wet ponds not providing
detention storage. The outlet structure receives flow from the pond outlet pipe. The birdcage
opening provides an overflow route should the pond outlet pipe become clogged.

Ensure the pond outlet pipe (from the pond into the outlet structure) is back-sloped, or have a
turn-down elbow, and extend 1 foot below the WQ surface. A floating outlet, set to draw water
from 1 foot below the water surface, is also acceptable if vandalism concerns are adequately
addressed.

Intent: The inverted outlet pipe traps oils and floatables in the wet pond.
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Consider alternative methods to dissipate energy at the end of the outlet pipe, such as a
dissipater tee, to reduce the need for extensive riprap.

Provide gravity drains in each cell of the wet pond to help drain down the dead storage for
maintenance purposes. (See Figures 5-31 and 5-32 for placement, and see Section 5-3.7.1
for more details.)

Primary Overflow

The overflow criteria for single-purpose (treatment only, not combined with flow control)
wet ponds are as follows:

m  Note that an open top standpipe riser in the control structure satisfies the
requirement for primary overflow design (see Figure 5-32).

m  Calculate the top of the riser, which sets the primary overflow elevation, per the
Design Method shown below.

m  Size the riser diameter to pass the 100-year flow. Size the downstream conveyance
system to pass WSDOT conveyance system requirements per the Hydraulics Manual.

Emergency Overflow Spillway

Provide an emergency spillway or structure, and design it according to the requirements for
detention ponds (see BMP FC.03).

Design Method
Design Steps (D)

D-1 Identify the required wetpool volume (Vol,q). For options to determine this volume
using continuous runoff models, see Chapter 4. For large wet ponds, the wetpool
volume is 1.5 times the water quality volume.

D-2  Estimate wetpool dimensions that satisfy the following design criterion:

Volug = [N1(Aq + Aoz) / 2] + [N2(Ac + Axz) [ 2] +......t [Na(An + Ann) /2] (E-29)

where: A, = top area of wetpool surface in cell n (ft?)
Ap, = bottom area of wetpool surface in cell n (ft?)
hn depth of wetpool in cell n (above top of sediment
storage) (ft)

D-3  Design pond outlet pipe and determine primary overflow water surface. Size the
pond outlet pipe, at a minimum, to pass the runoff treatment design flow. Note: Set
the highest invert of the outlet pipe to the runoff treatment design water surface
elevation.

a. Use the inlet control nomographs (Figures 3-3.4.2A and 3-3.4.2B) in the
Hydraulics Manual to determine the pond outlet pipe size sufficient to pass
the on-line runoff treatment design flow.
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b. With the outlet pipe diameter and water quality flow rate, use Figure 3-3.4.5L in
the Hydraulics Manual (Critical Depth for Circular Pipe) to determine the critical
depth d.

c. Knowing the ratio of critical depth to outlet pipe diameter (d./D), determine the
flow area at critical depth (A.). To do this, follow Steps 3—6 in the Hydraulics
Manual, Example 3-3.5.2.1. Solve for Aprop (Which is also the same as A) using
Hydraulics Manual Figure 3-3.5.2.

d. Calculate the critical velocity V. by dividing the runoff treatment flow rate in

Step “a” by the critical area A. in Step “c.”

e. Calculate the velocity head Vy. Vi = (Vc)2/2g where g = 32.2 ft/sec.

f. Add the velocity head (Vy), the critical depth D, and the invert elevation
at the outflow end of the pond outlet pipe to determine the primary
overflow water surface elevation. Primary overflow elevation = outflow
invert elevation + D, + V.

" 4

g. Adjust the outlet pipe diameter if needed and repeat Steps “a” — “c

Site Design Elements

Setback Requirements

Wet ponds must be a minimum of 5 feet from any property line or vegetative buffer. You may
need to increase this distance based on the permit requirements of the local jurisdiction.

Wet ponds must be 100 feet from any septic tank or drain field (except wet vaults must be
a minimum of 20 feet).

Request from the WSDOT Materials Lab a geotechnical report for the project that evaluates any
potential structural site instability due to extended subgrade saturation or head loading of the
permeable layer. This includes the potential impacts to downgradient properties, especially on
hills with known side-hill seeps. The report should address the adequacy of the proposed wet
pond locations and recommend the necessary setbacks from any steep slopes and building
foundations.

Landscaping (Planting Considerations) and Vegetation Establishment

Do not plant vegetation in the cells in large wet ponds intended for phosphorus control because
the plants release phosphorus in the winter when they die off.

Revegetate the side slopes of the basic wet pond to the maximum extent practicable. The
minimum vegetation effort would be to hydroseed the basic wet pond’s interior above the
water quality (top of dead storage) design surface elevation and the exterior side slopes before
completion of the project.
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For all cells of basic wet ponds that are 18” or deeper (not inclusive of the sediment storage),
plant with emergent vegetation starting from 18" below the WQ (top of dead storage) design
elevation up to the WQ design elevation. (See emergent plant vegetation Table 5-8.)

Intent: Planting of shallow pond areas helps to stabilize settled sediment and prevent
resuspension.

Cattails (Typha latifolia) are not recommended because they tend to crowd out other species
in the wet pond and typically escape to other wetland areas where they do the same. They
also create dense emergent vegetation that can provide a safe haven for mosquito larvae.

Plant shrubs that form a dense cover on slopes above the runoff treatment design water
surface on at least three sides. For banks that are berms, no planting is allowed if the berm is
regulated by dam safety requirements. The purpose of planting is to discourage waterfowl use
of the pond and to provide shading. Some suitable trees and shrubs include vine maple (Acer
circinatum), wild cherry (Prunus emarginata), red osier dogwood (Cornus stolonifera),
California myrtle (Myrica californica), Indian plum (Oemleria cerasiformis), and Pacific

yew (Taxus brevifolia).

Conifer or columnar deciduous trees along the west and south sides of ponds are
recommended to reduce thermal heating, except that no trees or shrubs may be planted
on berms meeting the criteria of dams regulated for safety. In addition to shade, trees and
shrubs also discourage waterfowl use and the attendant phosphorus enrichment problems
they cause. Set the trees back so that the branches will not extend over the pond.

Intent: Conifer trees or shrubs are preferred to avoid problems associated with leaf drop.
Columnar deciduous trees (such as hornbeam and Lombardy poplar) typically have fewer
leaves than other deciduous trees.

Provide visual enhancement with clusters of trees and shrubs. On most pond sites, it is
important to amend the soil before planting because ponds are typically placed well below
the native soil horizon in very poor soils. Make sure dam safety restrictions against planting
do not apply.

Consult with the Region or HQ Landscape Architect to determine the planting plan and plant
establishment and requirements for the basic wet pond.

Construction Criteria

Remove sediment that has accumulated in the pond after construction in the drainage area
of the pond is complete unless used for a liner (see below).

You may use sediment accumulations in the pond at the end of construction as a liner in
excessively drained wet pond soils if the sediment meets the criteria for low-permeability
or treatment liners (see Section 5-4.3.2). Make sure sediment used for a soil liner is graded
to provide uniform coverage and thickness. Note: Sediment accumulated from construction
and left in the pond for a liner must not reduce the volume of the wet pond below its
design capacity; therefore, the pond should be overexcavated initially.
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Fencing

Pond walls may be retaining walls as long as a fence is provided along the top of the wall and at
least 25% of the pond perimeter will have a slope of 3H:1V or flatter. (See the Design Manual
for additional fencing requirements.)

Operations and Maintenance

For general operations and maintenance requirements for wet ponds, see Section 5-3.7.1.

Maintenance Access Roads (Access Requirements)

Refer to Section 5-3.7.1 for maintenance access road requirements and other general
maintenance considerations. The access and maintenance road could be extended along
the full length of the wet pond to function as a vegetated filter strip (see BMP RT.02) if
finely ground bark, wood chips, or permeable surfacing is placed over the road surface
to reduce runoff.

Signage

Refer to Section 5-4.3.7 for signing requirements.
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CO0.01 — Combined Wet/Detention Pond

c— T LT

Combination Wet/Detention Pond Along SR 500 in
Clark County

BMP Function

O LD

Description: Combination detention
and runoff treatment wet pond.

Looks like a detention facility, but has

a permanent pool of water as well.
Two sizes: basic and large.

Geometry Limitations

Interior Side Slopes 3H:1V Max
Exterior Side Slopes 2H:1V Max

Effective Life (Years)

™ Flow Control
M Runoff Treatment :> 20
0 Qil Control Capitol Cost 0 & M Cost
M Phosphorus (Large Only)
M TSS - Basic :> Moderate :) Low to Moderate

O Dissolved Metals - Enhanced

Additional Constraints/Requirements

O 4-5 Infiltration Design Criteria O Soil Amendments/Compost
O Setback O Energy Dissipater/Level Spreader
M Landscaping/Planting M 5-4.3.3 Facility Liners
O Wetland Planting and Plant Establishment M 5-4.3.7 Signing
M Inlet and Outlet Spacing M Fencing
M Overflow O Presettling/Pretreatment
O Multidisciplinary Team O Underdrain
O WSDOT Pavement Engineer Approval O Soil Preparation
TMDL/303(d) - Considerations’ Maintenance Requirements
Avoid Preferred M Access Roads or Pullouts
o 0 Fecal Coliform M Vactor Truck Access
O %] Phosphorus (Large Only) L' Mowing
0 0O Nitrogen M Valve Access
v 0O Temperature O Specialized Equipment
O O Dissolved Metals O Specialized Training
O | Total Suspended Solids/Turbidity Further Requirements: See Sections
O O Dissolved Oxygen 5-3.6.1 and 5.5.
O O pH
O O Oil/Grease
O O PAHs
O O Pesticides
1. See Table 3-1 and Section 2-6.4 for additional
guidance.
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Introduction

General Description

A combined detention and runoff treatment wet pond facility has the appearance of a detention
facility, but contains a permanent pool of water as well. The following design procedures,
requirements, and recommendations cover differences in the design of the stand-alone

runoff treatment facility when combined with detention storage.

There are two sizes of the combined wet pond: basic and large. The facility sizes (basic and
large) are related to the pollutant-removal goals. Typical design details and concepts for

a combined wet/detention pond are shown in Figures 5-33 and 5-34. The detention portion
of the facility must meet the design criteria and sizing procedures set forth in BMP FC.03,
Detention Pond.

Applications and Limitations
Applications

m  Combined detention and runoff treatment facilities are very efficient for sites that also
have flow control requirements but are not conducive to dispersion or infiltration. The
runoff treatment BMP may often be placed beneath detention storage without
increasing the overall facility surface area.

m [|tis recommended that all runoff treatment BMPs that use permanent wetpools use
facility liners. Additional information can be found in Section 5-4.3.3.

Limitations

m  The fluctuating water surface of the live storage creates unique challenges for plant
growth and for aesthetics. Criteria that limit the extent of water level fluctuation
are specified to better ensure survival of the wetland plants. (See the combined
detention/stormwater wetland (BMP C0.02).)

m  Unlike the wetpool volume, the live storage component of the facility must be
provided above the seasonal high water table.

Design Flow Elements

Flows to Be Treated

Basic combined wet/detention ponds are designed to treat the runoff treatment volume and
detain flows according to the criteria described in Sections 3-3.5 and 3-3.6 under Minimum
Requirements 5 and 6, respectively. Large combined wet/detention ponds are designed to
treat 1.5 times the runoff treatment volume. Hydrologic methods are presented in Sections
4-3 and 4-4.
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INLET PIPE & CATCH
BASIN PER WETPOND
FACILITY REQUIREMENTS

3

ACCESS ROAD TO OUTLET STRUCTURE

L

ACCESS RAMP TO
BOTTOM OF
PRESETTLING CELL

A\ 4

BERM TOP WIDTH &'
MIN. (ONLY IF —— |

i)

PRESETTLING CELL
25% TO 35% OF
WETPOOL VOLUME,
EXCLUDING ACCESS
RAMP

BERM OR BAFFLE AT
WQ DESIGN WS OR
SUBMERGED 1' BELOW
WQ DESIGN WS -

EXTEND BERM ACROSS

ENTIRE WETPOOL

WETPOOL CELL

CONTROL MANHOLE &

ACCESS ROAD TO

EARTHEN) =
I [
WQ DESIGN WS |
DETENTION WS %4
A
| WETPOOL [ /
ﬁé WIDTH 7
B
EMERGENCY SPILLWAY —>
PER DETENTION
FACILITY REQUIREMENTS o
O
S [l
& 383
8%
o
«== OUTLET STRUCTURE
B
PLAN VIEW
NTS

COMBINED WET/DETENTION POND

OUTLET PIPE SIZED
PER DETENTION
FACILITY
REQUIREMENTS

SEE SECTION 5-4.3.6 FOR
OUTFALL SYSTEMS

THIS DRAWING IS ONLY A TEMPLATE
THAT NEEDS TO BE ADJUSTED AND
REVISED FOR EACH PROJECT

Figure 5-33

Combined wet/detention pond: Plan view.
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SLOPE VEGETATION PER
LANDSCAPING (PLANTING
CONSIDERATIONS) AND VEGETATION
ESTABLISHMENT BMP TEXT

ACCESS ROAD PER
DETENTION FACILITY
REQUIREMENTS

WETPOOL FLOW LENGTH = 3 (MIN.) X WIDTH |

PRESETTLING CELL DEPTH

4"MIN.TO & MAX. WETPOOL DEPTH 8’ MAX.RECIRCULATION
RECOMMENDED FOR DEPTH > 6

DETENTION DESIGN WS

INLET
—

/
e e
—
[

\ \ WQ DESIGN Ws

R

SUBMERGED INLET
2'MIN.

INLET EROSION CONTROL /SLOPE
PROTECTION PER DETENTIO

FACILITY REQUIREMENTS

DETENTION PER DETENTION
SEDIMENT STORAGE FACILITY REQUIREMENTS

DEPTH = 12" MIN.

GRAVITY DRAIN
SEE 5-3.7.1

BERM SLOPE MAY BE 2H :1V WHEN TOP
SUBMERGED BELOW WQ DESIGN WS
SECTION A-A

TOP OF BERM OR BAFFEL LEVEL AND NTS

AT WETPOOL DESIGN ELEVATION
(FLOW EXITS FIRST CELL OVER BERM)
OR AS NOTED

SEE RT.12 WET POND FOR
FENCING REQUIREMENTS

SEE FC.03 DETENTION POND FOR
OUTLET PIPE INVERT OUT. ACCESS ROAD REQUIREMENTS

AT WETPOOL WS ELEVATION

CAPACITY OF OUTLET SYSTEM
SIZED TO PASS PEAK FLOW
FOR CONVEYANCE
REQUIREMENTS

DETENTION DESIGN WS v

WQ DESIGN WS

SEE SECTION 5-4.3.6
OR OUTFALL SYSTEM

Y,

\<x\/<\é/§{;\\\§§\//\/

GRAVITY DRAIN

R RO »
\4\.\52\\2\\/;\\/\\/\\5 \
SOOI

8" MIN. DIAM:; /k/ e
N MANHOLE OR ST
SEE 5-3.7.1 TYPE 2 IR
CATCH BASIN EXTERIOR BERMS DESIGNED
VALVE ~ (MAY BE LOCATED INSIDE PER DAM SAFTEY REQUIRE-
MH OR OUTSIDE WITH APPROVED MENTS (IF APPLICABLE)
OPPERATIONAL ACCESS) SECTION B-B
NTS
NOTE COMBINED WET/DETENTION POND SECTIONS
SEE‘SII-SEIF?ASTCI%%ISN)GA,;EL@EEENTGATION THIS DRAWING IS ONLY A TEMPLATE THAT
NEEDS TO BE ADJUSTED AND REVISED
MANAGMENT SECTION FOR EMERGENT FOR EACH PROJECT

VEGETATION PLANTING REQUIRMENTS

Figure 5-34 Combined wet/detention pond: Cross sections.
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Structural Design Considerations

The Structural Design Considerations for combined wet/detention ponds are identical to those
outlined for wet ponds (see BMP RT.12) and detention ponds (see BMP FC.03) except for those
listed below.

Geometry

The geometry criteria for wet ponds (see BMP RT.12) apply, with the following modifications
and clarifications:

m  The permanent pool may be made shallower to take up most of the pond bottom, or
it may be deeper and positioned to take up only a limited portion of the bottom. Wet
pond criteria governing water depth, however, must still be met. (See Figure 5-33 for
two possibilities for wetpool cell placement.)

Intent: This flexibility in positioning cells allows for multiple-use options in live storage
areas during the drier months.

m  The minimum sediment storage depth in the first cell is 1 foot. The 6 inches of
sediment storage required for a detention pond does not need to be added to this,
but 6 inches of sediment storage must be added to the second cell to comply with
the detention sediment storage requirement.

m  The wetpool and sediment storage volumes are not included in the required detention
volume.

Inlet and Outlet

The inlet and outlet criteria for wet ponds (see BMP RT.12) apply, with the following
modifications:

m A sump must be provided in the outlet structure of combined ponds.

m The detention flow restrictor and its outlet pipe must be designed according to the
requirements for detention ponds (see BMP FC.03).

Design Method

The sizing procedure for combined wet/detention ponds is identical to that outlined for wet
ponds (see BMP RT.12) and detention ponds (see BMP FC.03).

Site Design Elements

The Site Design Elements for combined wet/detention ponds are identical to those outlined
for wet ponds (see BMP RT.12) and detention ponds (see BMP FC.03), except for the one
listed below:

Landscaping (Planting Considerations) and Vegetation Management

Same as for wet ponds (see BMP RT.12).

Page 5-108 WSDOT Highway Runoff Manual M 31-16.04
April 2014



Chapter 5 Stormwater Best Management Practices

ADDITIONAL

S DETENTION POND WQ DESIGN WS

CONTROL MANHOLE
STORAGE AREA

TR

— NN

SR
RO
SNENNS

N\ A
R BRI
KKK TSNS
NN NN TN Ava — NOIIRIRIRIRY

IIRPRLGLY
TN
W

GRAVITY DRAIN
SEE SECTION 5-3.7.1

ALTERNATIVE CONFIGURATIONS OF COMBINATION WET/DETENTION POND AREAS

Figure 5-35 Alternative configurations of wet/detention pond areas.

WSDOT Highway Runoff Manual M 31-16.04 Page 5-109
April 2014



Stormwater Best Management Practices

Chapter 5

RT.13 — Constructed Stormwater Treatment Wetland

Description: Shallow constructed
wetlands. Designed to treat
stormwater through settling, filtering,
and biological processes associated
with aquatic plants. Over time,
pollutants concentrate in the sediment.

Geometry Limitations

Wetland Cell Depth 1.5' Max
Interior Slopes 3H:1V Max
, , Exterior Slopes 2H:1V Max
Constructed Stormwter Wetland on SR 539 Near
Wiser Lake
BMP Function
O LD Effective Life (Years)
O Flow Control < 20-50
M Runoff Treatment
L Oil Control Capital Cost 0 & M Cost
U Phosphorus )
™ TSS - Basic < Moderate to High < Moderate
M Dissolved Metals - Enhanced

OO O0O™

Additional Constraints/Requirements

4-5 Infiltration Design Criteria

Setback

Landscaping/Planting
Wetland Planting and Plant Establishment

Inlet and Outlet Spacing

Overflow

Multidisciplinary Team
WSDOT Pavement Engineer Approval

Soil Amendments/Compost
Energy Dissipater/Level Spreader
5-4.3.3 Facility Liners

5-4.3.7 Signing

Fencing

Presettling/Pretreatment
Underdrain

Soil Preparation

EO00RREON

TMDL/303(d) — Considerations’

Avoid Preferred

Maintenance Requirements
M Access Roads or Pullouts
M Vactor Truck Access

4 O Fecal Coliform _
m| m] Phosphorus 0 Mowing
0O 0 Nitrogen | Valve_ A_ccess _
0O 0 Temperature O Spec!al!zed qulpment
O | Dissolved Metals ¥ Specialized Training
| % Total Suspended Solids/Turbidity Further Requirements: See Sections
O O Dissolved Oxygen 5-3.6.1 and 5.5. Also, see Table 5.5.2.
O O pH
O O Oil/Grease
O O PAHs
O O Pesticides

1. See Table 3-1 and Section 2-6.4 for additional

guidance.
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Introduction

General Description

Stormwater treatment wetlands are shallow constructed wetlands designed to treat
stormwater through settling, filtering, and the biological processes associated with emergent
aquatic plants. Stormwater treatment wetlands, like wet ponds, are used to capture and
transform pollutants. Over time, these pollutants concentrate in the sediment.

Instead of treating stormwater runoff, some wetlands are constructed to replace or mitigate
impacts when natural wetlands are filled or impacted by development (mitigation wetlands).
Do not use natural wetlands and mitigation wetlands to treat stormwater.

Applications and Limitations
Applications

m  As an enhanced treatment BMP, stormwater wetlands can be considered for
roadways where metal removal is a concern.

m  Stormwater wetlands occupy roughly the same surface area as wet ponds that are
1.5 feet deep, but they have the potential to be better integrated aesthetically into
a site because of the abundance of emergent aquatic vegetation.

m  Stormwater wetlands are a good runoff treatment facility choice in areas where
groundwater levels are high in the winter.

Limitations

m  The most critical factor for a successful design is an adequate supply of water for most
of the year. Careful planning is needed to ensure sufficient water is retained to sustain
good wetland plant growth.

m  Because water depths in stormwater wetlands are shallower than in wet ponds, water
loss by evaporation is an important concern.

m During initial construction and plant establishment, adjusting water levels to ensure
wetland plant grow is critical. The constructed stormwater treatment wetland needs
to have the plants established before being able to treat stormwater.

Design Flow Elements

Flows to Be Treated

Design constructed stormwater treatment wetlands to treat the runoff treatment volume
(Volyg) described in Section 3-3.5 under Minimum Requirement 5. Hydrologic methods are
presented in Sections 4-3 and 4-4.
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Structural Design Considerations

Geometry

Stormwater wetlands must consist of two cells: presettling cell and wetland cell.

m  The presettling cell must contain approximately 33% of the wetpool volume.

m  The depth of the presettling cell must be between 4 feet (minimum) and 8 feet
(maximum), excluding sediment storage.

m The presettling cell must provide 1 foot of sediment storage.

m  The wetland cell must not exceed a water depth of about 1.5 feet (plus or minus
3 inches).

Where right of way allows, orient the wetland length along the direction of prevailing summer
winds (typically west or southwest) to enhance wind mixing.

Berms, Baffles, and Slopes

The berm separating the two cells must be shaped so that its downstream side gradually slopes
to form the second shallow wetland cell (see the section view in Figure 5-36).

The top of the berm must be either at the runoff treatment design water surface or submerged
1 foot below this surface, as for wet ponds. Correspondingly, the side slopes of the berm must
meet the following criteria:

m  For safety reasons the berm should not be greater than 3H:1V, just as the wetland
banks should not be greater than 3H:1V if the wetland is not fenced.

Liners

Ensure both the presettling and wetland cell are lined with a low-permeability liner as
described in Section 5-4.3.3. You may use a treatment liner if the soil permeability can retain
sufficient water to support wetland plants. Sufficient water means that the top 1 foot of soil is
saturated for a minimum of 30 days during the growing season. This shall be demonstrated by:

1. Performing a wetland hydroperiod analysis using MGSFlood or other methods as described
in Appendix D of Volume 1 of the Ecology Stormwater Management Manual for Western
Washington. Section 4-5 describes the methods for estimating infiltration and groundwater
monitoring requirements.

2. Receiving approval from the Multidisciplinary Team as described below.

Buoyancy checks and counterweight may be necessary depending on groundwater conditions.

Inlet and Outlet

Provide an inlet to the presettling cell according to the requirements described in Section
5-4.1.4, Wetpool BMPs. Provide an overflow structure with debris cage per Figure 5-37 to
discharge flows from the wetland cell.
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Dewatering and Water Level Control

Configure the presettling cell with a gravity drain for dewatering. Configure the wetland cell
with a gravity drain for dewatering and a water level control structure. Refer to Section 5-3.7.1
for information regarding gravity drains. The following supplements or overrides the
contradictory guidance in Section 5-3.7.1:

m  Size the gravity drain one size larger than the calculated diameter, with a minimum
8-inch diameter.

m  For the wetland cell, locate the gravity drain’s invert at the bottom of the wetland cell
and slope toward the outlet structure where the shut-off valve is located. Provide a
sump as shown in Figure 5-37.

m  Provide a water level control structure (which could be a gravity drain in the wetland
cell) capable of adjusting the water level through all expected water levels in the
wetland cell. The primary purpose of this structure is to adjust the water level during
plant establishment. You may remove the water level control structure after plants
have reached the minimum cover for system start up.

Primary Overflow

The primary overflow criteria for single-purpose wetlands (treatment only, not combined with
flow control) follow the same criteria as for wet ponds (see BMP RT.12).

Emergency Overflow Spillway

Provide an emergency spillway and design it according to the requirements for detention ponds
(see BMP FC.03).

Provide bioengineered stabilization measures at the end of the outlet pipe and spillway to
minimize the need for riprap and to increase aesthetics.

Design Method

Step1 Specify the depth of the presettling cell (Dpc ft). (See the second bullet under
Geometry above.)

Step2 Determine the volume of the presettling cell (Vpc ft?) by using the bullets under
Geometry above: Vpc = Vtotal x 0.33. Vtotal is the total runoff treatment wetpool
volume obtained in MGSFlood. Refer to Table 3-3 and Table 3-4 to determine the
sizing of the runoff treatment wetpool volume (Vtotal). If Vtotal is less than 9,410 ft?,
consult region hydraulics staff due to possible constructability issues with the
presettling cell. For combined treatment stormwater wetland/detention ponds,
size the first (presettling) cell as required to meet the 4-foot minimum wetpool
depth and volume.

Step3 Determine the surface area of the presettling cell (Apc ft?) of the stormwater wetland
using the presettling cell volume and depth: Apc = Vpc / Dpc.
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Step 4 Calculate the surface area of the stormwater wetland. Ensure the surface area of the
entire wetland (Atotal ft?) is the same as the top area of a wet pond sized for the
same site conditions. The surface area of the entire stormwater wetland is the runoff
treatment wetpool volume divided by the wetpool water depth (use 3 feet): Atotal =
Vtotal / 3 ft. The intent of using the wetpool depth is to keep the surface area of a

stormwater wetland roughly equivalent to a wet pond. However, the depth of the
wetland cell is limited to 1.5 feet.

GRAVITY DRAIN BERM AT DESIGN WS
ELEVATION - BERM EXTENDS OUTLET STRUCTURE
ACROSS ENTIRE WIDTH % (SEE FIGURE RT.13.2)

PLANT SIDE SLOPES
AND TOP OF BANK

INFLOW

L3N

ACCESS ROAD

A
AND SUMP (OPTIONAL
PERMEABLE
WETLAND CELL SURFACE)

PLANT WITH NATIVE
ETLAND PLANTS (SEE

ACCESS
ROAD
(OPTIONAL
PERMEABLE ~—_ ARMOURED
SURFACE) g SPILLWAY
WITH VEGETATION

FLOW LENGTH = 3 (MIN.) x WIDTH
SEE RT.12 (WET POND)

I
PRESETTLING CELL OUTLET STRUCTURE
INLET DEPTH4'MIN. TO 8 MAX (SEE FIGURE RT.13.2)
SUBMERGED 1.5 FT MAX. [
e
— :WQ DESIGN WS Y

INLET EROSION
CONTROL/SLOPE
PROTECTION PER
DETENTION FACILITY
REQUIREMENTS

SEDIMENT STORAGE
DEPTH = 1" MIN.

LINER (SEE SECTION 5-4.3.3 FOR DETAILS)

MIN 24" TOPSOIL FOR PLANTING
WOODY VEGETATION - MIN. 12" TOPSOIL
FOR PLANTING EMERGENT VEGETATION

GRAVITY DRAIN

SECTION VIEW
NTS

THIS DRAWING IS ONLY A TEMPLATE
THAT NEEDS TO BE ADJUSTED AND
REVISED FOR EACH PROJECT

Figure 5-36  Constructed stormwater treatment wetland: Plan/Section view
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SEE RT.12 (WET POND) FOR

FENCING REQUIREMENTS
OVERFLOW STRUCTURE WITH DEBRIS CAGE SEE FC.03 (DETENTION POND) FOR

SEE FIGURE FC.03.4 FOR DETAILS ACCESS ROAD REQUIREMENTS
CAPACITY OF OUTLET SYSTEM
SIZED TO PASS PEAK FLOW FOR
CONVEYANCE REQUIREMENTS

EMERGENCY OVERFLOW WS *\
SEE HYDRAULICS MANUAL
1D ( )

OVERFLOW WS v
WQ DESIGN WS ;?

12" DEEP x 12" DIAMETER

SUMP BELOW GRAVITY AN
DRAIN INVERT - //\/ -

R

¥ SEE SECTION 5-4.3.6
FOR OUTFALL SYSTEMS

GRAVITY DRAIN -

8" MIN. DIAM. o
A\ S
EXTERIOR BERMS DESIGNED
SHUTOFF VALVE -
8" MIN. DIAM. PER DAM SAFTEY REQUIRE-

MENTS (IF APPLICABLE)

NOTE:

A WATER LEVEL CONTROL STRUCTURE SHALL
BE PROVIDED IN THE WETLAND CELL FOR PLANT
ESTABLISHMENT

SECTION VIEW
NTS
CONSTRUCTED STORMWATER TREATMENT WETLAND
OUTLET STRUCTURE

THIS DRAWING IS ONLY A TEMPLATE
THAT NEEDS TO BE ADJUSTED AND
REVISED FOR EACH PROJECT

Figure 5-37 Constructed stormwater treatment wetland outlet structure.

Step5 Determine the surface area of the wetland cell (Awc ft). Subtract the surface area of
the presettling cell from the total wetland surface area (Atotal): Awc = Atotal — Apc.
The second wetland cell shall have a minimum surface area of 1,950 ft2.

One example for grading the bottom of the wetland cell is shown in Figure 5-36. The wetland
cell is graded to a typical depth of 1.5 feet with a slight, even slope from the upstream to the
downstream edge of the wetland cell. The wetland cell depth shall not exceed 1.5 feet.

Site Design Elements

Groundwater and Infiltration Rates

Monitor groundwater as described in Section 4-5.4, except the monitoring season shall extend
to one year. Locate monitoring test holes as described for infiltration ponds. Determine
infiltration rates following the Detailed Approach defined in Section 4-5.4.1, without the
correction factors.

Setback Requirements

Stormwater treatment wetlands must be a minimum of 5 feet from any property line or
vegetative buffer. This distance may need to be increased based on the permit requirements
of the local jurisdiction.
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Stormwater treatment wetlands must be 100 feet from any septic tank or drain field, except
wet vaults, which must be a minimum of 20 feet.

Request from the WSDOT Materials Lab a geotechnical report for the project that evaluates any
potential structural site instability due to extended subgrade saturation and/or head loading of
the permeable layer. This includes the potential impacts to downgradient properties, especially
on hills with known side-hill seeps. The report should address the adequacy of the proposed
stormwater treatment wetland locations and recommend the necessary setbacks from any
steep slopes and building foundations.

Construction Criteria

m  Construction and maintenance considerations are the same as those for wet ponds
(see BMP RT.12).

m  To estimate the length of time needed to establish wetland plants before allowing
the system to go online, see “Landscaping (Planting Considerations) and Plant
Establishment” below. During the plant establishment period, the constructed
stormwater treatment wetland cell cannot be used for TESC activities.

Multidisciplinary Team

A Multidisciplinary Team is required to provide the breadth of knowledge and experience
necessary to successfully design and construct a stormwater wetland. Approval by all members
of the team is required, starting with design and ending with the final inspection and
acceptance of the constructed stormwater wetland. The team must be identified at the
beginning of the design phase and have the following technical skills represented: HRM
Certified Stormwater Engineer, Materials Engineer, Design Office Representative (during
design), Construction Office Representative (during construction), and Landscape Architect.
The Landscape Architect shall be experienced in specifying constructed stormwater treatment
wetland plants and plant establishment; if not, the Landscape Architect should consult with

a wetland biologist who is knowledgeable in wetland plant inundation depths.

Landscaping (Planting Considerations) and Plant Establishment

When used for stormwater treatment, stormwater wetlands incorporate some of the same
design features as wet ponds. However, instead of gravity settling being the dominant
treatment process, pollutant removal by aquatic vegetation (and the microbial community
associated with that vegetation) becomes the dominant treatment process. Thus, water volume
is not the dominant design criterion for stormwater wetlands—rather, factors that affect plant
vigor and biomass are the primary concerns.

You must plant the wetland cells with emergent wetland plants following the recommendations
given in Table 5-8 and those of a Landscape Architect. Plants listed in the table are for western
Washington. Use local knowledge to adapt this information for eastern Washington; this
requires approval by the team Landscape Architect. Use local wetlands as reference wetlands
to develop the plant lists and growing depths.
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Table 5-8 Plants and water depths for western Washingtonm stormwater detention ponds.

Species”! Common Name Design Water Depth®

Shrubs

Cornus sericea Red osier dogwood 2 inches

Salix species Willows 4 inches

Spiraea douglasii Hardhack 6 inches
Emergents

Carex obnupta Slough sedge 3inches

Juncus effuses ssp. pacificus Soft rush 4 inches

Scirpus microcarpus Small-fruited bulrush 3 inches

Schoenoplectus (Scirpus) acutus Hardstem bulrush, tule 18 inches

Schoenoplectus Softstem bulrush, tule 18 inches

(Scirpus)tabernaemontani)

Primary sources: Azous & Horner, 2001, Cooke, 2005, modified by WSDOT staff.

[1] Other species may be appropriate depending on location and site conditions and will require Region Landscape Architect
approval as well.

[2] Plant species, growing season, and other details will need to be adjusted for eastern Washington and the mountains.

[3] Water levels must be controlled during plant establishment as described in the Soil Preparation section. Tops of plants
must be above highest water level. May need larger plants and temporary summer irrigation to accelerate full operation
of facility.

Note: Cattails (Typha latifolia) are not recommended. They tend to crowd out other species

in constructed wetlands, as well as escape to natural wetlands where they do the same. In

addition, the shoots die back each fall, resulting in oxygen depletion in the treatment wetland
unless they are removed.

Maintaining Optimum Soil Moisture

Successful constructed stormwater wetlands rely on thick and vigorous plant communities.
Establishing the plant communities depends on maintaining the optimal soil moisture
throughout the growing season. There are many ways of doing this depending on the site
and availability of water.

This section describes the principle of maintaining the soil moisture necessary to achieve full
wetland operation where plant cover is at least 60% to 80%. The contractor should consider
this principle to develop a Water Management Plan that describes an irrigation source for the
plant establishment period as well as water level control. The plan must be approved by the
multidisciplinary team prior to planting.

Incorrect control of soil moisture is the most frequent cause of failure to establish wetland
plants. Inadequate water results in desiccation of roots. Too much water causes oxygen
depletion in the root zone, submergence and drowning, or flotation of plants, which results
in slow growth or plant death.

WSDOT Highway Runoff Manual M 31-16.04 Page 5-117
April 2014



Stormwater Best Management Practices Chapter 5

To maintain adequate soil moisture during plant establishment, you will need a reliable and
adequate supply of water. When feasible, a water source for plant establishment is usually the
stormwater treated in the wetland. However, if stormwater is not available, you must identify
another water source to maximize planting success. If irrigation is used, provide adequate
pumps, piping, and sprinklers or hoses to allow even flow distribution.

According to Kadlec and Knight (1996), the recommended sequence for maintaining soil
moisture for wetland planting starts with initial saturation of soil by sprinkling or flood
irrigation. For optimal plant growth, the soil should be fully or partially saturated with water
immediately before planting and should not be allowed to completely dry out any time after
planting during the plant establishment period. High soil moisture must be maintained after
planting for the first few weeks without creating flooded conditions for more than a few hours.
The best method to maintain soil saturation without excessive flooding is to start planting at
the downgradient end of the wetland and continue planting upgradient, while gradually raising
water levels using the wetland outlet water level controls or gravity drain if possible. When
planting is complete, you can drop or raise water levels as needed to maintain saturated soil
conditions. You can also use sprinklers to irrigate evenly over planted areas.

After an entire cell is planted, maintain the water at a level that ensures all areas of the cell
continue to have saturated soil conditions between waterings. You can achieve this by (1) flood-
irrigating the entire cell with enough water to allow infiltration or evapotranspiration to
eliminate the applied surface water within one or two days, or (2) distributing water through
the inlet distribution structures or down the embankment side slopes and allowing this water
to resaturate the wetland soil as it sheet-flows across the wetland to the outlet. Remove weirs
or outlet water control gates or leave open during plant establishment to prevent flooding if
rainfall is high or if a sprinkler or irrigator is accidentally left running. At no time should flood
irrigation result in complete submergence of aboveground portions of installed plants. Permits
may be required to use water from nearby natural aquatic water bodies for temporary irrigation
purposes.

As the wetland plants grow, they have an increased ability to transport oxygen to the root zone
from their leaves; thus, the plants are able to withstand longer periods of flooding. However,
the best technique for establishing rapid plant cover is to maintain saturated soil conditions
without surface flooding. The higher soil oxygen condition resulting from the absence of
floodwaters allows maximum root metabolism, effective nutrient use, and rapid development
of the plants within the wetland. You should optimally maintain this soil condition until plants
achieve complete cover (100%) or at least the minimum cover required for system startup
(about 60% to 80%).

Design and construction should allow the design water surface to be temporarily modified
to enable plant installation and establishment before the system is brought on-line. Several
strategies may be available depending on the project situation, schedule, and site conditions.

m [f the system must go on-line the same year it is constructed, plant the constructed
wetland cell in the spring or early summer and irrigate all summer to maintain
saturated soils without plant submergence or flotation until plants are sufficiently
developed to operate the system in the fall.
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m [f the system can remain off-line all winter, plant the constructed wetland cell
in the fall, monitor water conditions, and maintain saturated soils without plant
submergence or flotation, by irrigating or draining as necessary, until plants are
sufficiently developed to allow operation of the system the following year.

Note: Wetland plants planted later in the summer or fall have their growth
interrupted by cold weather and decreasing day length (Kadlec and Knight, 1996).

Several methods could be used to temporarily control water levels during plant establishment,
depending on project conditions.

m  Build the treatment wetland before the project is started so that wetland plants
are established before flows are introduced.

m  Keep the treatment wetland off-line until wetland plants become established by
bypassing the treatment wetland.

m  Temporarily operate the drain of the treatment wetland as the outlet to maintain
water surface elevations below the design water surface level.

m  Plant early in the fall or late in the spring when water surface elevations are naturally
lower.

m  Pump out water to lower the wetland cell for planting and establishment.

A wetland treatment system can typically begin operation when plant cover is at least 60%
to 80%, which may require at least three to four months of active growth. If this coverage
is achieved during the first growing season after planting, the wetland system can begin
operating during the ensuing fall.

Planting

m  Emergent plants should only be planted when water levels are low enough to ensure
plant survival (see Standard Specification 8-02.3(8)). Generally, this is from April 1 to
June 1. Planting outside this window may be acceptable using larger stock plants or
if the water levels in the pond can be drained down; it requires approval by the
multidisciplinary team.

m Locate plants at a minimum density of 3 feet on center, with 18 inches preferred.

m Do not seed the wetland cell below the runoff treatment design water surface
elevation.

m Allow sufficient time in the contract for plant establishment. Typically, emergent
plants require one or two growing seasons and woody plants require at least three
years of plant establishment.

m  Seed embankment areas above the runoff treatment design water surface and below
the emergency overflow water level. Areas with permanent pools that are protected
from erosion need not be seeded.

WSDOT Highway Runoff Manual M 31-16.04 Page 5-119
April 2014



Stormwater Best Management Practices Chapter 5

m  Consider planting conifer or columnar deciduous trees along the west and south
sides of wetlands to reduce thermal heating—except that no trees or shrubs may be
planted on berms meeting the criteria of dams regulated for safety. (However, you can
plant trees and shrubs outside the toe of the berm if there is sufficient right of way.) In
addition to shade, trees and shrubs also discourage waterfow! use and the attendant
phosphorus enrichment problems they cause. Set trees back so that the branches will
not extend over the wetland.

m Include trees and shrubs on slopes and on top of banks to increase aesthetics. If the
treatment wetland discharges to a phosphorus-sensitive lake or natural wetland, plant
shrubs that form a dense cover on slopes above the runoff treatment design water
surface on at least three sides. For banks that are berms, no planting is allowed if
the berm is regulated by dam safety requirements. The purpose of planting is to
discourage waterfowl use of the wetland and to provide shading. Some suitable trees
and shrubs include vine maple (Acer circinatum), wild cherry (Prunus emarginata),
willow (Salix sp.), red osier dogwood (Cornus stolonifera), California myrtle (Myrica
californica), Indian plum (Oemleria cerasiformis), and Pacific yew (Taxus brevifolia).

Soil Amendments and Protection

The method of construction for soil/landscape systems can affect natural selection of specific
plant species. Consult a landscape architect, soil restoration specialist, or wetland soil scientist
for site-specific soil amendment recommendations. The formulation should encourage desired
species and discourage undesired species. Stabilize soils with permanent or temporary cover to
prevent washout due to storm flows.

Provide visual enhancement with clusters of trees and shrubs. On most wetland sites, it is
important to amend the soil before planting because wetlands are typically placed well below
the native soil horizon in very poor soils. Make sure dam safety restrictions against planting
do not apply.

Fencing

Provide side slopes that are sufficiently gentle to avoid the need for fencing (3H:1V or flatter).
For slopes greater than 3H:1V, design side slopes to prevent sloughing of upland landscaping
into the wetland. This may include roughing the side slopes several inches deep using the teeth
of the backhoe bucket prior to placing topsoil, terracing the slopes, or using compost socks
along the contours to hold the topsoil in place.

Operations and Maintenance

For general maintenance requirements, see Section 5-3.7.1. Use the following to replace or
supplement the guidelines found in Section 5-3.7.1:

m Adrainin the wetland cell (or cells) may also be necessary to avoid surface flooding
during wetland plant installation and establishment. (See the Dewatering and Water
Level Control discussion in the Structural Design Considerations section.)
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Maintenance Access Road (Access Requirements)

Provide maintenance access to shallow pool areas enhanced with emergent wetland
vegetation. This allows the wetland to be accessible for vegetation maintenance without
incurring safety risks.

Consider extending the access and maintenance road along the full length of the treatment
wetland. Consider placing coarse bark, wood chips, or other permeable surfacing over the
road surface to reduce runoff.

Nuisance Control
Beavers

Information on beaver control can be found at the following websites:
“® http://wdfw.wa.gov/living/beavers.html
“B http://www.kingcounty.gov/environment/animalsandplants/beavers/solutions.aspx

Mosquitoes

A recent study in California provides evidence that interspersing stands of emergent vegetation
with areas of open water is effective in reducing mosquito production. Areas of relatively deep
open water can decrease vegetation density and limit the accumulation of floating mats of root
masses and dead vegetation. These characteristics were found to reduce mosquito refuge areas
and increase mosquito predator habitat (Thullen et al., 2002).

Signage

Refer to Section 5-4.3.7 for signing requirements.
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C0.02 — Combined Stormwater Treatment Wetland/Detention Pond

Description: A wetland system that
also provides extended detention of
runoff during and following storm
events.

Geometry Limitations

Wetland Cell Depth 1.5' Max
Interior Side Slopes 3H:1V Max
: SN Exterior Side Slopes 2H:1V Max
£7 2 i R 2
1-405 Bellvue Combined Stormwater Treatment
Wetland/Detention Pond
BMP Function
O Lib Effective Life (Years)
M Flow Control :>
M Runoff Treatment 20-50
O Oil Control .
O Phosphorus Capital Cost O & M Cost
M TSS - Basic < Low to Moderate | = Moderate
M Dissolved Metals - Enhanced

Additional Constraints/Requirements

M 4-5 Infiltration Design Criteria M Soil Amendments/Compost
O Setback O Energy Dissipater/Level Spreader
O Landscaping/Planting M 5-4.3.3 Facility Liners
M Wetland Planting and Plant Establishment M 5-4.3.7 Signing
@ Inlet and Outlet Spacing M Fencing
& Overflow O Presettling/Pretreatment
& Multidisciplinary Team O Underdrain
O WSDOT Pavement Engineer Approval M Soil Preparation
TMDL/303(d) — Considerations’ Maintenance Requirements
Avoid Preferred M Access Roads or Pullouts
il 0 Fecal Coliform M Vactor Truck Access
O O Phosphorus L Mowing
0 0O Nitrogen v} Valvg Access _
0 0 Temperature O Spec!al!zed qulpment
0O v Dissolved Metals M Specialized Training
O | Total Suspended Solids/Turbidity Further Requirements: See Sections
O O Dissolved Oxygen 5-3.6.1 and 5.5.
O O pH
O O Qil/Grease
O O PAHSs
O O Pesticides
1. See Table 3-1 and Section 2-6.4 for additional
guidance.
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Introduction

General Description

The combined stormwater treatment wetland/detention pond (see Figure 5-38) is best
described as a wetland system that provides for the extended detention of runoff during
and following storm events. This BMP is useful in areas with limited right of way where
separate runoff treatment and flow control facilities are not feasible. It is recommended
that all BMPs that use permanent wetpools use facility liners (see Section 5-4.3.3).

Applications and Limitations

Applications

m  As a combination facility, enhanced treatment is provided where metals removal
is a concern and flow control is provided to meet the flow duration standard.

m  Stormwater wetlands occupy roughly the same surface area as wet ponds that are
1.5 feet deep, but they have the potential to be better integrated aesthetically into
a site because of the abundance of emergent aquatic vegetation.

m  Stormwater wetlands are a good runoff treatment facility choice in areas where
groundwater levels are high in the winter.

Limitations

m  The most critical factor for a successful design is an adequate supply of water for most
of the year. Careful planning is needed to ensure sufficient water is retained to sustain
good wetland plant growth.

m Because water depths in stormwater wetlands are shallower than in wet ponds, water
loss by evaporation is an important concern.

m During initial construction and plant establishment, adjusting water levels to ensure
wetland plant growth is critical. The constructed stormwater treatment wetland needs
to have the plants established before being able to treat stormwater.

m  The flow control (live storage) is limited to the first cell.

Design Flow Elements

Flows to Be Treated

The sizing procedure for the combined stormwater treatment wetland/detention pond is
identical to that outlined for stormwater wetlands (see BMP RT.13) and for combined wetland/
detention ponds (see BMP C0.01). Follow the procedures outlined in those sections

to determine the stormwater wetland size.
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SUBMERGED
INLET
SLOPE VEGETATION
PER DETENTION
FACILITY REQUIREMENTS
1' FREEBOARD

[} T

DESIGN PRESETTLING CELL
LIVE STORAGE VOLUME AS
DESCRIBED IN FC.03

EMERGENCY OVERFLOW WS

» DETENTION DESIGN WS

A
o, |2, WQ DESIGN WS
' o —
ST AN T,
S " MIN. Y
o S . L —
INLET EROSION CONTROL\
SLOPE PROTECTION PER GRAVITY DRAIN WITH

DETENTION FACILITY
REQUIREMENTS

DESIGN DEAD STORAGE
VOLUME OF THE
PRESETTLING CELL

SEDIMENT STORAGE
DEPTH = 1' MIN.

8" MIN. DIAMETER

AS DESCRIBED IN RT.13

SECTION VIEW
NTS

OUTLET PIPE INVERT AT
WETLAND WQ DESIGN
ELEVATION

e g

MANHOLE
ORTYPE 2
CATCH
BASIN

OVERFLOW

FLOW CONTROL STRUCTURE

SEE FC.03 FOR FENCING
REQUIREMENTS

DIVIDING BERM - 12' MIN. WIDTH

CAPACITY OF OUTLET
SYSTEM SIZED TO PASS
PEAK FLOW FOR CONVEY-
ANCE REQUIREMENTS

(SEE HYDRAULICS MANUAL)

WETLAND CELL
(SEE RT.13.1)

EXTERIOR BERMS
DESIGNED PER DAM
SAFETY REQUIREMENTS

SEE SECTION 5-4.3.6 FOR
FLOW SPREADING OPTIONS

NOTE:

A WATER LEVEL CONTROL
STRUCTURE SHALL BE PROVIDED
FOR PLANT ESTABLISHMENT

COMBINED STORMWATER TREATMENT WETLAND /DETENTION POND

Figure 5-38

Structural Design Considerations

Combined stormwater treatment wetland/detention pond.

THIS DRAWING IS ONLY A TEMPLATE
THAT NEEDS TO BE ADJUSTED AND
REVISED FOR EACH PROJECT

The Structural Design Considerations are the same as for detention ponds (see BMP FC.03)
and constructed stormwater treatment wetlands (see BMP RT.13), except for the following

modifications or clarifications:

Geometry

The minimum sediment storage depth in the first cell is 1 foot. The 6 inches of sediment storage
required for detention ponds does not need to be added to this in the first cell. The 6 inches of
sediment storage in the second cell of detention ponds does not need to be added to the

wetland cell.

Intent: Because emergent plants are limited to shallower water depths, the deeper water
created before sediments accumulate is considered detrimental to robust emergent growth.
Therefore, sediment storage is confined to the first cell, which functions as a presettling cell.

Inlet and Outlet

The inlet and outlet criteria for detention ponds (see BMP FC.03) and constructed stormwater
treatment wetlands (see BMP RT.13) apply, with the following modifications:

m A sump must be provided in the outlet structure of combined facilities.
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The detention flow restrictor and its outlet pipe must be designed according to the
requirements for detention ponds (see BMP FC.03).

m Limit the detention (live) storage to the presettling cell. In the design approach,
include sizing the presettling cell depth and dead storage volume as described in
Section RT.13. Design the remaining detention storage to fit above the dead storage
with 1 foot of freeboard. Ensure the presettling cell and dividing berm meet
embankment and dam safety guidelines for detention ponds (the BMP FC.03).

m  Ensure the outlet pipe from the flow restrictor to the wetland cell has a flow spreader
at the outlet for the full length of the dividing berm. (See Section 5-4.3.5 for flow
spreading options.)

m Locate the primary emergency overflow structure in the first (presettling) cell of the
constructed stormwater treatment wetland to collect and convey detention storage
overflows directly to the pond discharge (bypassing the second wetland cell).

Site Design Elements

The Site Design Elements are the same as for detention ponds (see BMP FC.03) and constructed
stormwater treatment wetlands (see BMP RT.13).

Signage

Refer to Section 5-4.3.7 for signing requirements.
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5-4.1.5 Oil Control BMPs
RT.22 — Oil Containment Boom

Description: Weather-resistant,
hydrophobic, absorbent-filled
boom. Removes hydrocarbon
sheens from water.

Geometry Limitations
Secure boom ends to an
immobile structure or metal stake

BMP Function
O LID
O Flow Control
M Runoff Treatment

with weather-resistant tape.

Effective Life (Years)
:> Check With Manufacturer

¥ Oil Control
O Phosphorus M Cost | O & M Cost
00 TSS - Basic - Lo - L
O Dissolved Metals - Enhanced
Additional Constraints/Requirements
O 4-5 Infiltration Design Criteria O Soil Amendments/Compost
O Setback O Energy Dissipater/Level Spreader
O Landscaping/Planting O 5-4.3.3 Facility Liners
O Wetland Planting and Plant Establishment M 5-4.3.7 Signing
O Inlet and Outlet Spacing O Fencing
O Overflow O Presettling/Pretreatment
O Multidisciplinary Team O Underdrain
O WSDOT Pavement Engineer Approval O Soil Preparation
TMDL/303(d) — Considerations’ Maintenance Requirements
Avoid Preferred M Access Roads or Pullouts
0O 0 Fecal Coliform O Vactor Truck Access
O O Phosphorus 0 Mowing
0 0 Nitrogen O Valve Access
0 0O Temperature O Specialized Equipment
0 0O Dissolved Metals M Specialized Training
O O Total Suspended Solids/Turbidity Further Requirements: See Sections
O O Dissolved Oxygen 5-3.6.1 and 5.5. Also, see Table 5.5.2.
O O pH Requires frequent replacement.
O ) Oil/Grease
O O PAHs
O O Pesticides
1. See Table 3-1 and Section 2-6.4 for additional
guidance.
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Introduction

General Description

The oil containment boom is a weather-resistant, hydrophobic, absorbent-filled boom for
removing hydrocarbon sheens from water.

Applications and Limitations

Use oil containment booms to remove oil from stormwater facilities to meet performance goals
at locations where oil control is required, as described in Table 3-1.

Applications

m  Fully functional at flow rates exceeding treatment flow criteria

m  Easy and complete removal and disposal of absorbed oil

m  Higher reliability because sediment clogging is avoided

m Effectiveness easily assessed due to aboveground installation

m  Reduced exposure of maintenance workers to traffic and confined-space hazards

m  Lower material and labor costs (6 to 17 times lower than oil/water separators, sand
filters, and catch basin inserts)

m  No capital improvement costs
m No additional right of way requirements or conflicts with buried structures
Limitations

m  QOil booms can only be used with pond-type BMPs.

Structural Design Considerations

Geometry

The boom must be cylindrical, with a minimum diameter of 2 inches. It should be installed near
the outlet end of the facility so that the oil has a maximum amount of time to rise to the water
surface. Maximizing boom distance from inlet currents also maximizes contact time between
the boom and the oil. The boom must span the entire width of ponds when they are filled to
capacity. The boom must be placed so that it is in direct contact with the water across the
entire water surface. In treatment ponds, the boom must be installed diagonally across the
water surface to maximize contact area and contact time between hydrocarbons and the
boom. When used in a vault, the boom must completely encircle the outlet structure (see
Figure 5-39).

Materials

The absorbent material must consist of high-molecular-weight polymers capable of absorbing
C5-C18 hydrocarbons associated with fuels, and longer chain hydrocarbons with frequently
attached cyclic hydrocarbon structures associated with lubricating oils.
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Figure 5-39  Oil containment boom.

The absorbent material must exhibit the following characteristics:

m  Absorb and solidify a minimum of three times its weight in liquid hydrocarbons.
m Have sufficient buoyancy at the exhausted condition to continue to trap oil.

m Irreversibly absorb and permanently hold the hydrocarbons so that oil leachate is not
released from the sorbent. U.S. EPA guidelines for solidified hazardous waste without
chemical bonds being formed or broken must also be met.

m  Contain a minimum of 99% active ingredient and no leachable toxicant to fish and
other aquatic life. The supplier must provide appropriate information demonstrating
that toxicity will not be a problem.

The absorbent boom cover fabric must meet the following criteria:

m Be sized to allow for the expansion of the absorbent material to hold the specified
absorption volume per foot.

Additional requirements for materials related to booms include the following:

m  Booms must include a weather-resistant tag to enable labeling with installation
and inspection dates for tracking long-term effectiveness/maintenance activities.

m  Boom ends must be configured so that they can be secured to immobile structures
or metal stakes with weather-resistant rope.

Site Design Elements
Signage

Refer to Section 5-4.3.7 for signing requirements. “Oil Containment Boom” should be added
to the stormwater BMP sticker.
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5-4.2 Flow Control Methods

The primary function of the BMPs listed in this section is to meet Minimum Requirement 6
(Flow Control) in Section 3-3.6.

5-4.2.1 Infiltration BMPs

IN.O1 — Bioinfiltration Pond (eastern Washington only)

Description: Combines grasses or
other vegetation and soils to remove
stormwater pollutants by filtration,
soil sorption, and uptake by
vegetative root zones. Used in
eastern Washington only.

Geometry Limitations

Bottom Slope <1%
Drywell Considerations
Typical Pond Depth 15
Spokane County Bioinfiltration Pond
BMP Function
@ LID Effective Life (Years)
¥ Flow Control
& Runoff Treatment 3 5-20
= Oil Control
[0 Phosphorus Capital Cost O & M Cost
M TSS - Basic & Low to Moderate < Low
@ Dissolved Metals - Enhanced

Setback

Overflow

OO0O0OO0OO0ORFAE

Additional Constraints/Requirements

4-5 Infiltration Design Criteria

Landscaping/Planting
Wetland Planting and Plant Establishment
Inlet and Outlet Spacing

Multidisciplinary Team
WSDOT Pavement Engineer Approval

5-4.3.7 Signing
Fencing

Underdrain
Soil Preparation

OORORROR

Soil Amendments/Compost
Energy Dissipater/Level Spreader
5-4.3.3 Facility Liners (treatment)

Presettling/Pretreatment

ooooooooooo
NEEENNERNAAEF

guidance.

TMDL/303(d) — Considerations’

Avoid Preferred

Fecal Coliform
Phosphorus
Nitrogen
Temperature
Dissolved Metals
Total Suspended Solids/Turbidity
Dissolved Oxygen
pH

Qil/Grease

PAHs

Pesticides

1. See Table 3-1 and Section 2-6.4 for additional

O Mowing
O Valve Access

Maintenance Requirements
¥ Access Roads or Pullouts
¥ Vactor Truck Access

O Specialized Equipment
O Specialized Training

Further Requirements: See Sections
5-3.6.1 and 5.5. Also, see Table 5.5.2.
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Introduction

General Description

Bioinfiltration ponds, also known as bioinfiltration swales or grass percolation areas, combine
grasses (or other vegetation) and soils to remove stormwater pollutants by percolation into
the ground. Their pollutant-removal mechanisms include filtration, soil sorption, and uptake by
vegetative root zones. Bioinfiltration ponds have been used in Spokane County for many years
to treat urban stormwater and recharge the groundwater.

In general, bioinfiltration ponds are used for treating stormwater runoff from roofs, roads,
and parking lots. Flows greater than the design treatment flow typically overflow through an
appropriate conveyance system to a higher permeability (flow control) infiltration BMP such
as a drywell or infiltration pond or to a surface water discharge point with flow control as
necessary (see Figure 5-40). Note: Underground injection control (UIC) regulations apply

to the drywell.

Applications, Limitations, and LID Feasibility
Applications

m Use bioinfiltration ponds to meet basic and enhanced runoff treatment objectives and
oil control for high-use roads (see Table 3-1).

m  Use the bioinfiltration pond design only in eastern Washington.
Limitations

m Although bioinfiltration ponds treat runoff by infiltration through soil, the infiltration
capacity of these facilities is usually not sufficient to provide flow control to meet
the criteria of Minimum Requirement 6 in Section 3-3.6. Unless a very large area is
available for the shallow water depth required of a bioinfiltration pond, you must
implement flow control using a different facility.

m Bioinfiltration ponds require moderately permeable soil for proper function. For
general site suitability criteria for infiltration facilities, see BMP IN.02, Infiltration
Pond. Additional criteria for runoff treatment are presented in Section 4-5.1.

m  Consider pretreatment to prevent the bioinfiltration pond treatment soil from
clogging. (See Section 5-4.3.1 for pretreatment design criteria.)

LID Feasibility
m  Same as infiltration ponds (see BMP IN.02).

Design Flow Elements

Flows to Be Treated

Bioinfiltration ponds are designed as volume-based infiltration treatment facilities. The runoff
volume to be treated by a bioinfiltration pond is based on hydrologic models, such as SCS or
SBUH. Design storm volumes are discussed in Section 3-3.5 under Minimum Requirement 5,
and hydrologic methods are presented in Section 4-5.
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Structural Design Considerations

Geometry

Bioinfiltration pond sizing methods are the same as those for infiltration ponds (see BMP IN.02)
designed for runoff treatment, except for the following:

m  Drawdown time for the maximum ponded volume is 72 hours (maximum) following
the design storm event.

m  The maximum ponded level is 6 inches, prior to overflow to a drywell or other
infiltrative or overflow facility.

m  The pond shall be designed to contain the runoff treatment volume from the 6-month
24-hour storm, below the first 6 inches in the pond.

m  The swale bottom should be flat with a longitudinal slope less than 1%.

m A concrete or riprap apron shall be provided at the curb opening to prevent
vegetation from blocking the inlet.

m The treatment soil should be at least 6 inches thick with a cation exchange capacity
(CEC) of at least 5 milliequivalents per 100 grams of dry soil, organic content of at
least 1%, and sufficient target pollutant-loading capacity (see Criteria for Assessing
the Trace Element Removal Capacity of Bio-filtration Systems, Stan Miller, Spokane
County, June 2000).

m  Other combinations of treatment soil thickness, CEC, and organic content design
factors may be considered if it is demonstrated that the soil and vegetation will
provide a target pollutant-loading capacity and performance level acceptable to
the local jurisdiction.

m  The treatment zone depth of 6 inches or more should contain sufficient organics
and texture to ensure good vegetation growth.

m  The average infiltration rate of the 6-inch-thick layer of treatment soil should not
exceed 1 inch/hour for a system relying on the root zone to enhance pollutant
removal. Furthermore, a maximum infiltration rate of 9.0 inches per hour is
applicable and the site suitability criteria in Section 4-5.1 must also be applied.

m Native grasses, adapted grasses, or other vegetation with significant root mass should
be used. For eastern Washington, grasses should be drought tolerant or irrigation
should be provided.

m  Pretreatment may be used to prevent clogging of the treatment soil and vegetation
by debris, TSS, and oil and grease.

Identify pollutants, particularly in industrial and commercial area runoff, that could cause a
violation of the Ecology groundwater quality standards (WAC 173-200). Include appropriate
mitigation measures (for example, pretreatment or source control) for the pollutants.
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Materials

For runoff treatment, soils must meet the criteria described in BMP IN.02, Infiltration Pond, and
the Site Suitability Criteria in Section 4-5.1.

OUTLET OR DRYWELL

—~ / -

1% MAX
SLOPE

PLAN VIEW
NTS

— NATIVE GRASSES, ADAPTED GRASSES,
/ OROTHER VEGETATION WITH
SIGNIFICANT ROOT MASS

/'~ MAX WATER DEPTH 6"

6" LAYER TREATMENT SOIL

_ THIS DRAWING IS ONLY A TEMPLATE
SECTN!gN A-A THAT NEEDS TO BE ADJUSTED AND
REVISED FOR EACH PROJECT
Figure 5-40 Bioinfiltration pond.
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Site Design Elements

Groundwater Issues

Groundwater issues for bioinfiltration ponds are the same as those for infiltration ponds (see
BMP IN.02).

Setback Requirements

Setback requirements for bioinfiltration ponds are the same as those for infiltration ponds (see
BMP IN.02).

Construction Criteria

Consider the potential impact of roadway deicers on potable water wells when siting the
bioinfiltration pond. Implement mitigation measures if infiltration of roadway deicers could
cause a violation of groundwater quality standards.

Conduct initial excavation to within 1 foot of the final elevation of the floor of the bioinfiltration
pond. Defer final excavation to the finished grade until all disturbed areas in the upgradient
drainage area have been stabilized or protected. The final phase of excavation should remove
all accumulated sediment. After construction is completed, prevent sediment from entering the
bioinfiltration pond by first conveying the runoff water through an appropriate pretreatment
system such as a presettling basin.

As with all types of infiltration facilities, you should generally not use bioinfiltration ponds

as temporary sediment traps during construction. If a bioinfiltration pond is to be used as a
sediment trap, do not excavate to final grade until after you stabilize the upgradient drainage
area. Remove any accumulation of silt in the swale before putting the swale into service.

Relatively light-tracked equipment is recommended for excavation to avoid compacting the
floor of the bioinfiltration pond. Consider the use of draglines and trackhoes. The bioinfiltration
pond area should be flagged or marked to keep equipment away.

Landscaping (Planting Considerations) and Vegetation Establishment

Use native or adapted grass species for the entire area of the bioinfiltration pond.

Maintenance Access Roads (Access Requirements)

Access requirements for bioinfiltration ponds are the same as those for infiltration ponds
(see BMP IN.02).

Signage

Refer to Section 5-4.3.7 for signing requirements.
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IN.O2 — Infiltration Pond

Description: Used for collection,
temporary storage, and infiltration
of stormwater runoff to
groundwater. For flow control
and can be designed to provide
runoff treatment.

Geometry Limitations

Floor Slope < 3%
Interior Embankment 3H:1V
Exterior Embankment 2H:1V
g o B : Desirable Depth 3
Infiltration Pond Along 1-90 in Spokane County Max Depth 6 .
Freeboard 1" Min
BMP Function
M LID Effective Life (Years)
M Flow Control
® Runoff Treatment* 9 5-10
O Qil Control
M Phosphorus Cagltal Cost 0O & M Cost
i TSS - Basic < Moderate | = Moderate
# Dissolved Metals - Enhanced

Additional Constraints/Requirements
M 4-5 Infiltration Design Criteria M Soil Amendments/Compost
M Setback O Energy Dissipater/Level Spreader
& Landscaping/Planting M 5-4.3.3 Facility Liners
O Wetland Planting and Plant Establishment M 5-4.3.7 Signing
O Inlet and Outlet Spacing M Fencing
O Overflow M Presettling/Pretreatment
O Multidisciplinary Team O Underdrain
O WSDOT Pavement Engineer Approval O Soil Preparation
TMDL/303(d) — Considerations' Maintenance Requirements
Avoid Preferred ¥ Access Roads or Pullouts
O 7 Fecal Coliform O Vactgr Truck Access
0 Mowing
O | Phosphorus
. O Valve Access
O | Nitrogen L .
O Specialized Equipment
- 1 Temperature O Specialized Trainin
O | Dissolved Metals P ) g _
O | Total Suspended Solids/Turbidity Further Requirements: See Sections
| ol Dissolved Oxygen 5-3.6.1and 5.5.
O ] pH
O 2] i
0 & S:'I'_? rease *Pretreatment must be provided with a
S presettling basin (RT.24) or any basin
O ] Pesticides tr%a;ment BMP listed in step 7 of Figure
5.3.2.
1. See Table 3-1 and Section 2-6.4 for additional
guidance.
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Introduction

General Description

Infiltration ponds for flow control are earthen impoundments used for the collection,

temporary storage, and infiltration of incoming stormwater runoff to groundwater (see Figure
5-41). Infiltration ponds can also be designed to provide runoff treatment (see Section 4-5.1).

Applications, Limitations, and LID Feasibility
Applications

m Infiltration of runoff is the preferred method of flow control. Runoff in excess of the

infiltration capacity must be detained and released in compliance with the flow
control requirement described in Section 3-3.6 under Minimum Requirement 6.

m  The infiltration BMP may be able to provide runoff treatment per Minimum
Requirement 5 if the Site Suitability Criteria can be met (see Section 4-5.1 for
more information).

= Infiltration ponds should follow a runoff treatment or pretreatment facility to

prevent sediment buildup and clogging of the infiltrative soils. A presettling cell can
be included in the infiltration pond design, as shown in Figure 5-41. (See BMP RT.24,

Presettling/Sedimentation Basin, for design criteria.) If an infiltration pond cannot
meet the site suitability criteria for treatment, a minimum of basic treatment must

be provided prior to infiltration.

Limitations

m Infiltration ponds require permeable soil conditions for proper function. For a site
to be considered suitable for an infiltration pond, the design infiltration rate must

be at least 0.5 inches per hour. Infiltration can still be considered in the design if the

infiltration rate is less, but infiltration would be considered a secondary function in

this case. Additional site suitability criteria are specified in Section 4-5.1.
LID Feasibility

m Aninfiltration pond is a LID BMP. Certain site characteristics may make siting an
infiltration BMP infeasible. (See Section 4-5.2 for LID feasibility criteria.)
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Figure 5-41 Infiltration pond.
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Design Flow Elements

Flows to Be Infiltrated

For western Washington, design the infiltration flow control pond using a continuous
hydrograph model to infiltrate sufficient volume so that the overflow matches the duration
standard (or 100% of the runoff volume).

For eastern Washington, design the infiltration flow control pond using a single-event
hydrograph model to infiltrate the runoff treatment volume out of the pond within 72 hours.
Design the infiltration flow control pond using a single-event hydrograph model to infiltrate
the 25-year storm with an overflow for the higher events or infiltrate 100% of the storm runoff
volume.

Structural Design Considerations

Geometry

Design the infiltration pond to a desirable depth of 3 feet and a maximum depth of 6 feet, with
a minimum freeboard of 1 foot above the design water level (1 foot above the 50-year water
surface elevation for western Washington and 1 foot above the 25-year water surface elevation
for eastern Washington).

Ensure the slope of the floor of an infiltration pond does not exceed 3% in any direction.

Eastern Washington — For cold climate infiltration pond design criteria, refer to Ecology’s
SWMMEW.

Embankments

Requirements for infiltration pond embankments are the same as those for BMP FC.03,
Detention Pond. In addition, the site geotechnical investigation must include:

m  Stability analysis of side slopes for ponds and the potential to activate landslides in the
vicinity of the facility during construction or during service.

m  Seepage analysis of any berms or dams required by the facility to retain stormwater.

Liners

You can cover the floor of infiltration ponds with a 6- to 12-inch layer of filter material such as
coarse sand, or use a suitable filter fabric liner to help prevent buildup of impervious deposits
on the soil surface. Select a nonwoven geotextile that functions sufficiently without plugging
(see underground drainage geotextile specifications in Section 9-33 of the Standard
Specifications). With this underlying geotextile, the filter layer can be readily replaced or
cleaned if it becomes clogged.

Flow Splitters

For an infiltration pond designed to serve only as a runoff treatment facility, the pond may be
located off-line by installing a flow splitter upstream of the treatment facility. The splitter must
direct all flows up to the water quality design flow rate into the infiltration facility.
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Design the facility to infiltrate all water directed to it. Convey all bypassed flow to a flow control
facility unless it is directly discharged to an exempt water body. (See Section 5-4.3.4 for flow
splitter design criteria.) Note: Infiltration ponds designed for flow control must be located on-
line.

Outlet Control Structure

Detain runoff in excess of the infiltration capacity and release it in compliance with the flow
control requirement described in Section 3-3.6 under Minimum Requirement 6. Outlet control
structure design criteria are provided in BMP FC.03, Detention Pond.

Emergency Overflow Spillway

Construct a nonerodible outlet or spillway with a firmly established elevation to discharge
overflow to the downstream conveyance system, as described in BMP FC.03, Detention Pond.
Calculate ponding depth, drawdown time, and storage volume from the overflow elevation.

Design Method

For a web link to examples of infiltration pond design and associated spreadsheets, see
Appendix 4A. Note that they are separated into western Washington examples using MGSFlood
and eastern Washington examples using StormShed.

Site Design Elements

Groundwater Issues

Refer to Site Suitability Criteria #4 specified in Section 4-5.1.

Setback Requirements

Setback requirements for infiltration ponds are generally required by local regulations, Uniform
Building Code requirements, or other state regulations. The following setback criteria are
provided as guidelines:

m  For infiltration facilities, request from the WSDOT Materials Lab a geotechnical report
for the project that evaluates any potential structural site instability due to extended
subgrade saturation and/or head loading of the permeable layer, including the
potential impacts to downgradient properties, especially on hills with known side-hill
seeps. The report should address the adequacy of the proposed infiltration pond
locations and recommend the necessary setbacks from any steep slopes and building
foundations.

Refer to Site Suitability Criteria #1 specified in Section 4-5.1.

Construction Criteria

Conduct the initial excavation to within 1 foot of the final elevation of the infiltration pond
floor. Defer the final excavation to the finished grade until you stabilize or protect all disturbed
areas in the upgradient drainage area. The final phase of excavation should remove all
accumulated sediment.
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As with all types of infiltration facilities, you generally should not use infiltration ponds

as temporary sediment traps during construction. If an infiltration pond is to be used as a
sediment trap, do not excavate it to final grade until after the upgradient drainage area has
been stabilized. Remove any accumulation of silt in the pond before the pond is put into
service.

Low-ground-pressure equipment is recommended for excavation to avoid compacting the
floor of the infiltration pond. Consider the use of draglines and trackhoes. Flag or mark the
infiltration area to keep equipment away.

Landscaping (Planting Considerations) and Vegetation Establishment

Stabilize and plant, preferably with grass, the interior of the infiltration pond, as well as
surrounding berms, spoil areas, borrow areas, and other disturbed areas. Without healthy
vegetation, the surface soil pores quickly plug. The use of slow-growing, stoloniferous grasses
permits long intervals between mowing. Refer to BMP FC.03, Detention Pond, for seed mixture
recommendations.

Fencing

Fencing requirements for an infiltration pond are identical to those of BMP FC.03, Detention
Pond.

Operations and Maintenance

For infiltration ponds, as with all BMPs, you must design routine inspection and maintenance
into the life performance of the facility. (See Section 5-5 for more details.)

Maintenance Access Roads (Access Requirements)
Refer to Section 5-3.7.1 for maintenance requirements.
Signage

Refer to Section 5-4.3.7 for signing requirements.
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IN.O3 — Infiltration Trench

SR 539 Infiltration Trench with Vegetative Filter Strip

Description: Long, narrow,
stone-filled trench used for
collection, temporary storage, and
infiltration of stormwater runoff to
groundwater. Can be placed
beneath parking areas, along site
periphery, or other linear areas.
Can be designed for runoff
treatment.

Geometry Limitations

Trench Width 2' Min
Freeboard 1'Min
Bottom Slope <3%

BMP Function
M LID
M Flow Control
M Runoff Treatment*
O Oil Control
M Phosphorus
M TSS - Basic
i Dissolved Metals - Enhanced

Effective Life (Years)
< 2050

Capital Cost | O & M Cost

3 Low 3 Low

Additional Constraints/Requirements

¥ 4-5 Infiltration Design Criteria O Soil Amendments/Compost
O Setback O Energy Dissipater/Level Spreader
M Landscaping/Planting M 5-4.3.3 Facility Liners
O Wetland Planting and Plant Establishment M 5-4.3.7 Signing
O Inlet and Outlet Spacing O Fencing
O Overflow M Presettling/Pretreatment
O Multidisciplinary Team ™ Underdrain (where required)
O WSDOT Pavement Engineer Approval O Soil Preparation
TMDL/303(d) — Considerations’ Maintenance Requirements
Avoid Preferred M Access Roads or Pullouts
0 | Fecal Coliform O Vactor Truck Access
O o Phosphorus L Mowing
0 o Nitrogen O Valve Access
O & Temperature O Specialized Equipment
0 o Dissolved Metals O Specialized Training
O | Total Suspended Solids/Turbidity Further Requirements: See Sections
O | Dissolved Oxygen 5-3.6.1 and 5.5. See Table 5.5.2.
O | pH
O ] Oil/Grease
O | PAHs *Pretreatment must be provided with a
. presettling basin (RT.24) or any basin
o ] Pesticides treatment BMP listed in step 7 of Figure
1. See Table 3-1 and Section 2-6.4 for additional | %32
guidance.
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Introduction

General Description

Infiltration trenches are long, narrow, stone-filled trenches used for the collection, temporary
storage, and infiltration of stormwater runoff to groundwater. They can be a useful alternative
for sites with constraints that make siting an infiltration pond difficult. Infiltration trenches may
be placed beneath parking areas, along the site periphery, or in other suitable linear areas. They
may also be designed for runoff treatment (see Section 4-5.1). For infiltration trench concept

details, see Figures 5-42 through 5-46.

Applications, Limitations, and LID Feasibility

m [nfiltration trenches have the same applications, limitations, and LID feasibility as
those for infiltration ponds (see BMP IN.02).

m Infiltration trenches should follow a runoff treatment or pretreatment facility to
prevent sediment accumulation and clogging of the trench. (See Section 5-4.3.1
for pretreatment design criteria.)

m  Aninfiltration trench is considered a subsurface infiltration facility and its use may
be subject to the rules governing Class V underground injection wells, but only if
it includes the use of a perforated pipe. This type of stormwater facility must be
registered through Ecology’s UIC (Underground Injection Control) Program. For
more information on UIC requirements, see Section 4-5.5 and Tables 4-4 and 4-5
for pretreatment requirements for UIC facilities.
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Source: Schueler.

Figure 5-42  Parking lot perimeter trench design.
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Figure 5-43
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Figure 5-44 Median strip trench design.
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Figure 5-45 Oversize pipe trench design.
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Figure 5-46 Underground trench and oil/grit chamber.

Design Flow Elements

Flows to Be Infiltrated

The flows to be treated by an infiltration trench are identical to those for BMP IN.02, Infiltration
Pond.

If the infiltration trench uses a perforated pipe, see Section 4-5.5 for Underground Injection
Facilities criteria for flows to be infiltrated and pretreatment requirements.

Structural Design Considerations

Geometry

Infiltration trench sizing methods are the same as those for BMP IN.02, Infiltration Pond.

Materials
Backfill Material

The backfill material for the infiltration trench should consist of clean aggregate with
a maximum diameter of 3 inches and a minimum diameter of 1.5 inches. Void space for
the aggregate should be in the range of 30% to 40%.
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Geotextile Fabric Liner

An engineering geotextile material must encase all of the aggregate fill material, except for the
top 1 foot of the trench where an aggregate surface is the final ground condition. Geotextile
fabric with acceptable properties must be carefully selected to avoid plugging. (See geotextile
for underground drainage in Section 9-33 of the Standard Specifications.) The bottom sand or
geotextile fabric shown in Figures 5-42 through 5-44 is optional.

Refer to Section 5-6, References, for publications by the Federal Highway Administration
(FHWA) (1995) regarding design criteria on geotextiles in drainage applications. Also, see the
National Cooperative Highway Research Program (NCHRP) (1994) for long-term performance
data and background on the potential for geotextiles to clog or blind and for piping to be
incorporated and how to design for these issues.

Observation Well

Install an observation well at the lower end of the infiltration trench to check water levels,
drawdown time, and sediment accumulation, and to allow for water quality monitoring. The
well should consist of a perforated PVC pipe 4 to 6 inches in diameter, constructed flush with
the ground elevation. For larger trenches, you can install a 12- to 36-inch-diameter well to
facilitate maintenance operations such as pumping out trapped sediment. Cap the top of
the well to discourage vandalism and tampering (see Figure 5-47).

Flow Splitters

Flow splitter requirements for an infiltration trench are identical to those for BMP IN.02,
Infiltration Pond.

Outlet Control Structure

Outlet control structure requirements for an infiltration trench are identical to those for
BMP IN.02, Infiltration Pond.

Overflow or Bypass

Because infiltration trenches are generally used for small drainage areas, an emergency spillway
is not necessary. However, you should provide a non-erosive overflow channel leading to a
stabilized watercourse.

Design Method

For a web link to examples of infiltration trench design and associated spreadsheets, see
Appendix 4A. Note that they are separated into western Washington examples using MGSFlood
and eastern Washington examples using StormShed.

The Detailed Approach for infiltration trenches was obtained from Massmann (2003) and is
applicable for trenches with flat or shallow slopes, and not to be used for slopes greater than
0.5%. Design procedures for both sheet flow and end of pipe applications are as follows:

1. See Appendix 4D-4 to determine Ksat and the hydraulic gradient (Steps A and B).
2. Adjust the infiltration rate or infiltration stage-discharge relationship obtained from
the Region Materials Engineer.
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3.

This accounts for reductions in the rate resulting from long-term siltation and biofouling,
taking into consideration the degree of long-term maintenance and performance
monitoring anticipated; the degree of influent control (such as presettling ponds

or biofiltration swales); and the potential for siltation and bio-buildup based on the
surrounding environment. It should be assumed that an average-to-high degree of
maintenance will be performed on these facilities. Consider a low degree of maintenance
only when there is no other option (such as with access problems). Multiply the infiltration
rate estimated in Step 9 by the reduction factors summarized in Table 5-9. The final
infiltration rate is therefore as follows:

f = (0.5Kequiv) (it) (CF-situbio) (E-30)

The infiltration rates, which were calculated based on Equation 30, are long-term design
rates. No additional reduction factor or factor of safety is needed.

Table 5-9 Infiltration rate reduction factors to account for biofouling and siltation effects for
trenches (Massmann, 2003).

Potential for Degree of Long-Term Infiltration Rate Reduction
Biofouling Maintenance/Performance Monitoring Factor, CFixpio
Low Average to High 0.9
Low Low 0.8
High Average to High 0.75
High Low 0.6

Although siltation and biofouling may be less prevalent in infiltration trenches than in
infiltration ponds, field data have not been collected that would allow correction factors

to be estimated for trenches. However, the computer simulation results described in
Massmann et al. (2003) suggest that reductions in saturated hydraulic conductivity due to
bottom clogging from siltation and biofouling may have relatively small effects on overall
infiltration rates and gradients for trenches. This is because of the larger amounts of lateral
flow that occur in trenches compared to ponds. Reductions in vertical flow from the bottom
of the trench are offset by increases in lateral flow, particularly for trenches with deeper
water levels.

Follow Steps 11 through 13 in the Detailed Approach (see Appendix 4D-3.1).

Site Design Elements

Groundwater Issues

Groundwater issues for an infiltration trench are identical to those for BMP IN.02, Infiltration

Pond.

Setback Requirements

Setback requirements for an infiltration trench are identical to those for BMP IN.02, Infiltration
Pond.
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Construction Criteria
Trench Preparation

Place excavated materials away from the trench sides to enhance trench wall stability. Take
care to keep this material away from slopes, neighboring property, sidewalks, and streets.
It is recommended that you cover this material with plastic.

Stone Aggregate Placement and Compaction

Place the stone aggregate in lifts and compact using plate compactors. As a rule of thumb, a
maximum loose lift thickness of 12 inches is recommended. The compaction process ensures
geotextile conformity to the excavation sides, thereby reducing potential piping and geotextile
clogging, as well as settlement problems.

Separation of Aggregate from Surrounding Soil

Ensure natural or fill soils do not intermix with the stone aggregate. If the stone aggregate
becomes mixed with the soil, you must remove the stone aggregate and replace it with
uncontaminated stone aggregate.

Overlapping and Covering

Following the stone aggregate placement and compaction, you must fold the geotextile over
the stone aggregate to form a 12-inch-minimum longitudinal overlap. When overlaps are
required between rolls, overlap the upstream roll a minimum of 2 feet over the downstream
roll to provide a shingled effect.

Voids Behind Geotextile

Avoid voids between the geotextile and excavation sides. The space left by boulders or other
obstacles removed from the trench walls is one source of such voids. Place natural soils in these
voids at the most convenient time during construction to ensure geotextile conformity to the
excavation sides. You can avoid soil piping, geotextile clogging, and possible surface subsidence
by this remedial process.

Unstable Excavation Sites

Vertically excavated walls may be difficult to maintain in areas where the soil moisture is high
or where soft or cohesionless soils predominate. Trapezoidal, rather than rectangular, cross
sections may be needed.

Conduct the initial excavation to within 1 foot of the final elevation of the infiltration pond
floor. Defer the final excavation to the finished grade until you stabilize or protect all disturbed
areas in the upgradient drainage area. The final phase of excavation should remove all
accumulated sediment.

As with all types of infiltration facilities, you should generally not use infiltration trenches
as temporary sediment traps during construction. If an infiltration trench is to be used as a
sediment trap, do not excavate it to final grade until after the upgradient drainage area has
been stabilized. Remove any accumulation of silt in the trench before the trench is put into
service.
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Landscaping (Planting Considerations) and Vegetation Establishment

If you use topsoil at the top of the trench, hydroseed to prevent erosion and improve surface
infiltration opportunities.

METAL CAP WITH LOCK

TOPSOIL OR AGGREGATE

FILTER FABRIC

UNDISTURBED MATERIAL

AGGREGATE BACKFILL (TYP.)

— 4" - §" PERFORATED PVC PIPE

FOOTPLATE

SECTION VIEW
NTS

OBSERVATION WELL DETAILS

THIS DRAWING IS ONLY A TEMPLATE
THAT NEEDS TO BE ADJUSTED AND
REVISED FOR EACH PROJECT

Source: King County.
Figure 5-47 Observation well detail.
Operations and Maintenance

For infiltration trenches, as with all BMPs, you must design routine inspection and maintenance
into the life performance of the facility. (See Section 5-5 for more details.)

Maintenance Access Roads (Access Requirements)

Because of accessibility and maintenance limitations, you must carefully design and construct
infiltration trenches. Contact the local jurisdiction for additional specifications.

Consider an access port or an open or grated top to permit access for inspections and
maintenance.

For general maintenance requirements, see Section 5-3.7.1.
Signage

Refer to Section 5-4.3.7 for signing requirements.
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IN.O4 — Infiltration Vault

Infiltration Vault along SR 303 in Kitsap County

™ LID

M Flow Control
M Runoff Treatment*

O Oil Control

™ Phosphorus Capital Cost O&M Cost

M TSS - Basic < Moderate | < Moderate to High
i Dissolved Metals - Enhanced

BMP Function

Description: Bottomless
underground structures used for
temporary storage and infiltration of
stormwater runoff to groundwater.
May be modified for runoff treatment.

Geometry Limitations

Limit to sites where infiltration ponds
cannot be located due to site
constraints.

Effective Life (Years)

< 5-10

Additional Constraints/Requirements

OoooooOOoooood

NEENNEEEEA

Dissolved Metals

Total Suspended Solids/Turbidity
Dissolved Oxygen

pH

Oil/Grease

PAHs

Pesticides

1. See Table 3-1 and Section 2-6.4 for additional
guidance.

M 4-5 Infiltration Design Criteria O Soil Amendments/Compost
M Setback O Energy Dissipater/Level Spreader
O Landscaping/Planting O 5-4.3.3 Facility Liners
O Wetland Planting and Plant Establishment M 5-4.3.7 Signing
O Inlet and Outlet Spacing O Fencing
¥ Overflow M Presettling/Pretreatment
O Multidisciplinary Team O Underdrain
O WSDOT Pavement Engineer Approval O Soil Preparation
TMDL/303(d) — Considerations' Maintenance Requirements
Avoid Preferred ¥ Access Roads or Pullouts
Fecal Coliform ¥ Vactor Truck Access
Phosphorus L' Mowing
Nitrogen O Valve Access
Temperature M Specialized Equipment
™ Specialized Training

Further Requirements: See Sections
5-3.6.1 and 5.5. Also, see Tables 5.5.2. and
5.5.3.

“Pretreatment must be provided with a presettling
basin (RT.24) or any basin treatment BMP listed
in step 7 of Figure 5.3.2.
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Introduction

General Description

Infiltration vaults are typically bottomless underground structures used for temporary storage
and infiltration of stormwater runoff to groundwater. Infiltration tanks are large-diameter
cylindrical structures with perforations in the base. These types of underground infiltration
facilities can be a useful alternative for sites with constraints that make siting an infiltration
pond difficult. They may also be modified for runoff treatment (see Section 4-5.1).

Applications, Limitations, and LID Feasibility

m [nfiltration trenches have the same applications, limitations, and LID feasibility as
infiltration ponds (see BMP IN.02).

m Infiltration vaults should follow a runoff treatment or pretreatment facility to prevent
sediment accumulation and clogging of the vault. (See Section 5-4.3.1 for
pretreatment design criteria.)

Do not use infiltration vaults on slopes greater than 25% (4H:1V). On slopes over 15%,

a geotechnical report may be required for evaluation by a professional engineer with
geotechnical expertise or a qualified geologist with jurisdiction approval. A geotechnical
report may also be required if the proposed vault is located within 200 feet of the top
of a steep slope or landslide hazard area.

Design Flow Elements

Flows to Be Infiltrated

The flows to be disposed to groundwater by infiltration vaults are the same as those for
infiltration ponds (see BMP IN.02).

Structural Design Considerations

Geometry

Infiltration vault geometric design criteria are the same as those for infiltration ponds (see
BMP IN.02). Note: If a vault is over 20 feet in width, it must be designed by the HQ Bridge and
Structures Office and added to the bridge inspection inventory by the Preservation Section.

Materials

All vaults must meet structural requirements for overburden support and H-20 vehicle loading.
Vaults located under roadways must meet the live load requirements of the Standard
Specifications. Design cast-in-place wall sections as retaining walls. Ensure structural designs
for cast-in-place vaults are stamped by a licensed structural civil engineer. Provide bottomless
vaults with footings placed on stable, well-consolidated native material and sized considering
overburden support, traffic loading (assume maintenance traffic, if vault is placed outside right
of way), and lateral soil pressures when the vault is dry. Do not use infiltration vaults in fill
slopes unless a geotechnical analysis approves fill stability. Make sure the infiltration medium
at the bottom of the vault is native soil.
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You may construct infiltration vaults using material other than reinforced concrete, such
as large, perforated, corrugated metal pipe (see Figure 5-48), provided that you meet the
following additional criteria:

m  Ensure bedding and backfill material for the structure is washed drain rock extending
at least 1 foot below the bottom of the structure, at least 2 feet beyond the sides, and
up to the top of the structure.

m  Completely cover drain rock with construction geotextile for separation (per the
Standard Specifications) prior to backfilling. If the drain rock becomes mixed with soil,
remove the affected rock material and replace it with washed drain rock to provide
maximum infiltration effectiveness.

m  Ensure the perforations (holes) in the bottom half of the pipe are 1 inch in diameter
and start at an elevation of 6 inches above the invert. The nonperforated portion of
the pipe in the lower 6 inches is intended for sediment storage to protect clogging of
the native soil beneath the structure. The number and spacing of the perforations
should be sufficient to allow complete infiltration of the soils with a safety factor of
2.0 without jeopardizing the structural integrity of the pipe.

m  The criteria for general design, materials, structural stability, buoyancy, maintenance
access, access roads, and right of way are the same as those for detention tanks (see
BMP FC.03), except for features needed to facilitate infiltration.

Flow Splitters

Flow splitter requirements for infiltration vaults are the same as those for infiltration ponds
(see BMP IN.02).

Outlet Control Structure

Outlet control structure requirements for infiltration vaults are the same as those for
infiltration ponds (see BMP IN.02).

Overflow or Bypass

A primary overflow must be provided to bypass flows over the 100-year postdeveloped peak
flow to the infiltration vault. (See BMP FC.03, Detention Pond, for overflow structure types.)

Site Design Elements

Groundwater Issues

Groundwater issues for infiltration vaults are the same as those for infiltration ponds (see
BMP IN.02).

Construction Criteria

Conduct the initial excavation to within 1 foot of the final elevation of the infiltration vault
base. Defer the final excavation to the finished grade until you stabilize or protect all disturbed
areas in the upgradient drainage area. The final phase of excavation should remove all
accumulated sediment.
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As with all types of infiltration facilities, you should generally not use infiltration vaults as
temporary sediment traps during construction. If an infiltration vault is to be used as a
sediment trap, do not excavate it to final grade until after you stabilize the upgradient
drainage area. Remove any accumulation of silt in the vault before the vault is put into
service.

Relatively light-tracked equipment is recommended for excavation to avoid compacting the
soil beneath the base of the infiltration vault. Consider the use of draglines and trackhoes.
Flag or mark the infiltration area to keep equipment away.

Operations and Maintenance

For infiltration vaults, as with all BMPs, you must design routine inspection and maintenance
into the life performance of the facility. (See Section 5-5 for more details.)

Maintenance Access Roads (Access Requirements)
Refer to Section 5-3.7.1 for general maintenance requirements.
Signage

Refer to Section 5-4.3.7 for signing requirements.
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— OPTIONAL PARALLEL TANK
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REVISED FOR EACH PROJECT

Figure 5-48 Infiltration vault constructed with corrugated pipe.
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IN.O5 — Drywell

Description: Subsurface
concrete structure that
conveys stormwater runoff
into the saoil.

Geometry Limitations
Part of a larger drainage
system (overflow for a
bioinfiltration pond).

Drywell installed along the North
Spokane Corridor in Spokane

BMP Function

M LID
M Flow Control*
O Runoff Treatment

Effective Life (Years)
& 5-20

O Oil Control i

O Phosphorus Capital Cost O & M Cost

U TSS - Basic < Low to Moderate | = Low to Moderate
O Dissolved Metals - Enhanced

Additional Constraints/Requirements

M 4-5 Infiltration Design Criteria O Soil Amendments/Compost

O Setback O Energy Dissipater/Level Spreader
O Landscaping/Planting M 5-4.3.3 Facility Liners

O Wetland Planting and Plant Establishment M 5-4.3.7 Signing

O Inlet and Outlet Spacing O Fencing

O Overflow M Presettling/Pretreatment

O Multidisciplinary Team O Underdrain

O O

WSDOT Pavement Engineer Approval Soil Preparation

TMDL/303(d) — Considerations’ Maintenance Requirements

Avoid Preferred O Access Roads or Pullouts
0 ! Fecal Coliform M Vactor Truck Access
O ™ Phosphorus L' Mowing
0 o Nitrogen O Valve Access
0O o Temperature O Specialized Equipment
0O o Dissolved Metals O Specialized Training
O | Total Suspended Solids/Turbidity Further Requirements: See Sections
O ) Dissolved Oxygen 5-3.6.1 and 5.5.
O | pH . ]
O @  OilGrease Drfusle e rlended foruse it a v,
O | PAHs stand-alone BMP.
O %] Pesticides

1. See Table 3-1 and Section 2-6.4 for additional

guidance.
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Introduction

General Description

Drywells are subsurface concrete structures, typically precast, that convey stormwater runoff
into the soil matrix. They can be used as stand-alone structures or as part of a larger drainage
system (for example, the overflow for a bioinfiltration pond).

Applications, Limitations, and LID Feasibility

m  Drywells have the same applications, limitations, and LID feasibility as infiltration
ponds (see BMP IN.02).

m  Adrywell is considered a subsurface infiltration facility and its use is subject to the
rules governing Class V underground injection wells. This type of stormwater facility
must be registered through Ecology’s UIC (Underground Injection Control) Program.
For more information on UIC requirements, see Section 4-5.5 and Tables 4-4 and 4-5
for pretreatment requirements for UIC facilities.

m  Treatment for removal of total suspended solids (TSS), oil, and soluble pollutants may
be necessary before the stormwater is conveyed to a drywell. Companion practices,
such as street sweeping and catch basin inserts, can provide additional benefits and
reduce the cleaning and maintenance needs for the infiltration facility.

m  Drywells may be used for flow control where runoff treatment is not required, for
flows greater than the runoff treatment design storm, or where runoff is treated
before it is discharged. (See Tables 4-4 and 4-5 in Section 4-5.5 for determining when
treatment is required prior to infiltration.)

Uncontaminated or properly treated stormwater must be discharged to drywells in accordance
with Ecology’s UIC Program (WAC 173-218).

Design Flow Elements

Calculate inflow to infiltration facilities according to the methods described in Chapter 4. The
storage volume in the detention facility above the drywell is used to detain runoff prior to
infiltration. Use the infiltration rate in conjunction with the size of the storage area to design
the facility. To prevent the onset of anaerobic conditions, you must design the infiltration
facility to drain completely 72 hours after the flow to it has stopped.

In general, an infiltration facility should have two discharge modes. The primary mode of
discharge is infiltration into the ground. However, when the infiltration capacity of the facility
is reached, a secondary discharge mode is needed to prevent overflow. Overflows from an
infiltration facility must comply with Minimum Requirement 6 in Section 3-3.6.

Flows to Be Infiltrated

The flows to be disposed to groundwater by drywells are the same as those for infiltration
ponds (see BMP IN.02).
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Structural Design Considerations

Geometry

The Standard Plans show typical details for drywell systems. These systems are designed as
specified below:

m  Ensure drywell bottoms are a minimum of 5 feet above seasonal high groundwater
level or impermeable soil layers. Refer to the Setback Requirements below.

m  Note that, typically, drywells are 48 inches (minimum) in diameter and are
approximately 5 to 10 feet (or more) deep.

m Place filter fabric (geotextile), if necessary, on top of the drain rock and on trench or
drywell sides before the drywell is backfilled to prevent migration of fines into the
drain rock, depending on local soil conditions and local jurisdiction requirements.

m  Space drywells no closer than 30 feet center to center or twice the structure depth
in free-flowing soils, whichever is greater.

m Do not build drywells on slopes greater than 25% (4H:1V).

m Do not place drywells on or above a landslide hazard area or slopes greater than 15%
without evaluation by a professional engineer with geotechnical expertise, or a
qualified geologist, and approval by the local jurisdiction.

Overflow or Bypass

Provide a primary overflow to bypass the 100-year postdeveloped peak flow over or around the
flow restrictor system.

Design Method

This design procedure was obtained from a research project conducted by Massmann (2004)
and developed for eastern Washington. The design procedure for drywells originated from a
design based on soil types prevalent in Spokane County. This research helped to determine a
more accurate drywell design based on soils typically found throughout eastern Washington
and deep groundwater tables. Steps for this procedure are as follows:

1. Estimate volume of stormwater, Vyesign.

For eastern Washington, you can use a single-event hydrograph or value for the volume,
which allows you to conduct a modeling approach such as StormShed. For western
Washington, you should generally use a continuous hydrograph, which requires a model
such as MGSFlood to perform the calculations. (See Section 4-3 for western Washington
methodology and Section 4-4 for eastern Washington methodology.)

2. Follow Steps 4 through 5 in the Detailed Approach (see Appendix 4D-3.1).

3. Determine the average saturated hydraulic conductivity as noted in Appendix 4D-1.
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4. Estimate the uncorrected steady-state infiltration rate for drywells.

The results of the computer simulations included in Massmann (2004) were used to develop
regression equations relating steady-state flow rates with saturated hydraulic conductivity
values and the depth to groundwater. The following two regression equations were derived
from the results of these computer simulations:

Double-barrel wells: Q = K[3.55In(Dy) + 12.32] (E-31)
Single-barrel wells:  Q = K[1.34In(Dy) + 8.81] (E-32)
where: Q = theinfiltration rate in cfs
K = the average saturated hydraulic conductivity value in ft/minute
D.: = the depth from the bottom of the drywell to groundwater in feet

Estimate uncorrected steady-state infiltration rates for single- and double-barrel
configurations using the regression equations given in Equations 31 and 32.

5. Apply correction factor for siltation.

Siltation and plugging may reduce the equivalent saturated hydraulic conductivity values
of the facilities by an order of magnitude or more. This will result in a corresponding
reduction in infiltration rate. If you cannot provide pretreatment, reduce the design
infiltration rates calculated in Step 3 above by a factor on the order of 0.5 or less.

6. Size the facility.

Because this design procedure was based on eastern Washington conditions, you must
apply the facility sizing and drawdown time requirement for eastern Washington even if
you are designing a drywell in western Washington. Until further research can be completed
for drywell design in western Washington, you must use the more conservative drawdown
time of eastern Washington.

Calculate T4 using Equation 4D-10 from the Detailed Approach (see Appendix 4D-3.1),
using the value of Q determined from Step 11, and Viesign from Step 1 above. The value
of Tyeq calculated must be less than or equal to the maximum allowed infiltration time
specified in the Site Suitability Criteria in Section 4-5.1.

7. Construct the facility.

Maintain and monitor the facility for performance in accordance with the Maintenance
Manual.
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Site Design Elements

Groundwater Issues

A site is not suitable if the infiltration of stormwater may cause a violation of Ecology
groundwater quality standards. Consult local jurisdictions for applicable pollutant-removal
requirements upstream of the infiltration facility and to determine whether the site is
located in an aquifer-sensitive area, sole-source aquifer, or a wellhead protection zone.

Consider a drywell for runoff collection from those areas requiring oil control (see Table 3-1).
For such applications, provide sufficient pollutant removal, including oil removal, upstream
of the infiltration facility to prevent violations of groundwater quality standards and adverse
effects on the infiltration facility.

Vadose Zone Requirements

As mentioned under Geometry, the base of all infiltration systems should be at least 5 feet
above the seasonal high water level, bedrock (or hardpan), or other low-permeability layer.
The base of the facility may be within 3 feet if you judge the groundwater mounding analysis,
volumetric receptor capacity, and design of the overflow or bypass structures to be adequate
to prevent overtopping and meet the site suitability criteria.

Investigate whether the soil under the proposed infiltration facility contains contaminants that
could be transported by infiltration from the facility. If so, take measures to remediate the site
before the facility is constructed or choose an alternative location. You should also determine
whether the soil beneath the proposed infiltration facility is unstable due to improper
placement of fill, subsurface geologic features, or other reasons. If so, undertake further
investigation and planning before siting the facility.

Setback Requirements

Setback requirements for drywells are the same as those for infiltration ponds (see BMP IN.02).

Operations and Maintenance

For infiltration vaults, as with all BMPs, you must design routine inspection and maintenance
into the life performance of the facility. (See Section 5-5 for more details.)

Maintenance Access Roads (Access Requirements)
Refer to Section 5-3.7.1 for general maintenance requirements.
Signage

Refer to Section 5-4.3.7 for signing requirements
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IN.06 — Permeable Pavement Surfaces

Test Section of Pervious Pavement at Anacortes
Ferry Terminal

Description: The pervious concrete
or asphalt pavement surface is an
open-graded mix placed in a manner
that results in a high degree of
interstitial spaces or voids within the
cemented aggregate. This
technique allows runoff to infiltrate
through to the subsoils.

Geometry Limitations
Limited to pedestrians and light to
medium-load parking areas.

BMP Function*
M LID *Currently, this BMP cannot be Effective Life (Years)
M Flow Control considered a stand-alone runoff
¥ Runoff Treat t treatment or flow control BMP. => -
uno. reatmen However, when used as part of a
M Qil Control project surface, it can reduce the }
Phosphorus total runoff, thereby providing an Capital Cost | O & M Cost
. overall reduction to the size and
M TISS - Basic placement of other acceptable runoff 3 Medium :> High
M Dissolved Metals - Enhanced | treatment and flow control BMPs.

Additional Constraints/Regquirements

Soil Amendments/Compost
Energy Dissipater/Level Spreader
5-4.3.3 Facility Liners

5-4.3.7 Signing

Fencing

Presettling/Pretreatment
Underdrain

Soil Preparation

Ooo0o0o0oxrO00

M 4-5 Infiltration Design Criteria

O Setback

O Landscaping/Planting

O Wetland Planting and Plant Establishment

O Inlet and Outlet Spacing

O Overflow

O Multidisciplinary Team

M WSDOT Pavement Engineer Approval

TMDL/303(d) — Considerations’

Avoid Preferred

O | Fecal Coliform

O | Phosphorus

O | Nitrogen

O | Temperature

O %] Dissolved Metals

O %} Total Suspended Solids/Turbidity

O | Dissolved Oxygen

O | pH

O %] Oil/Grease

O %] PAHs

O | Pesticides
1. See Table 3-1 and Section 2-6.4 for additional
guidance.

Maintenance Requirements
O Access Roads or Pullouts
O Vactor Truck Access
O Mowing
O Valve Access
M Specialized Equipment
M Specialized Training

Further Requirements: See Sections
5-3.6.1 and 5.5. Consult WSDOT
Maintenance for guidance.
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Introduction

General Description

Pervious (porous) surfaces can be applied to non-pollution-generating surfaces such as
pedestrian/bike paths, raised traffic islands, and sidewalks. Pervious surfaces with a media
filtration sublayer (such as sand or an amended soil) could be applied to pollution-generating
surfaces (such as parking lots) for calculating runoff treatment. Sublayers constructed of
amended soils could affect the performance of permeable pavement and should not be used
in areas intended to carry vehicle traffic. Pervious surfaces allow stormwater to pass through
and infiltrate the soil below, thereby reducing the rate and volume of runoff associated with
conventional surfacing and fostering groundwater recharge.

Applications and Limitations
Applications

Permeable pavement has not been proven to stand up to high traffic levels. The use of
permeable pavement by WSDOT is limited to applications that can accommodate pedestrians
and light- to medium-load parking areas, excluding heavy truck traffic. Consider permeable
pavement in the following areas:

m Sidewalks, bicycle trails, and community trail/pedestrian path systems

m Light vehicle access areas such as maintenance/enforcement areas on divided
highways

m  Public and municipal parking lots, including perimeter and overflow parking areas
m  Driveways

Pervious surface systems function as stormwater infiltration areas and temporary stormwater
retention areas. This combination of functions offers the following benefits:

m  Captures and retains precipitation on site

m  Mimics natural soils filtration throughout the pavement depth, underlying sub-base
reservoir, and native soils for improved groundwater quality

m Eliminates surface runoff, depending on existing soil conditions

m  Greatly reduces or eliminates the need for an on-site stormwater management system
m Reduces drainage water runoff temperatures

m Increases recharge of groundwater

m  Provides runoff treatment with a media filtration layer

m  Thaws faster when covered by ice or snow
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Limitations

Pervious surfaces are vulnerable to clogging from sediment in runoff or from dirt and debris
that accumulates and falls off vehicles. The following techniques will reduce this potential:

m  Surface runoff. Do not locate pervious surfaces where turbid runoff from adjacent
areas can introduce sediments onto the pervious surface. Designs should slope
impervious runoff away from permeable pavement installations to the maximum
extent possible.

m Diversion. Design French drains, or other diversion structures, into the system to
avoid unintended off-site runoff. Separate pervious systems using edge drain systems,
turnpikes, and curbing.

m  Cold climates. Sanding or repeated snow removal can lead to clogging and a reduction
in surface permeability. Do not use pervious surfaces in traffic areas where sanding or
extensive snow removal is carried out in the winter.

m  Slopes. Ensure off-site drainage slopes immediately adjacent to the pervious surface
are less than 5% to reduce the chance of soil loss that would cause clogging.

Examples of situations where the use of pervious surfaces is not recommended include the
following:

m  Main line roadway.
m  Roadway shoulders.
m  Roadways with high volume and heavy trucks.

m  Areas such as maintenance yards that are subject or potentially subject to higher
pollutant loadings, spills, and piles of bulk materials (such as sand or salt).

m  Areas prone to the accumulation of organic debris from overhanging vegetation
or areas prone to moss growth.

m  Where the requirements defined in the Site Suitability Criteria cannot be met (see
Section 4-5.1), specifically:

O Areas where the risk of groundwater contamination from organic compounds
is high (for example, fueling stations, commercial truck parking areas, and
maintenance and storage yards).

O Within 100 feet of a drinking water well and within areas designated as sole-
source aquifers.

O Areas with a high water table or impervious soil layer as defined in Section 4-5,
Infiltration Design Criteria.

O Within 100 feet upgradient or 10 feet downgradient from building foundations.
Closer upgradient distances may be considered where the minimum seasonal
depth to groundwater lies below the foundation or where it can be demonstrated
that infiltrating water from the pervious surface will not affect the foundation.
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Construction Practices

Handling and placement practices for pervious surfaces are different from conventional
pavement placement. Unlike conventional pavement construction, it is important that the
underlying native or subgrade soils be nominally consolidated to prevent settling and to
minimize the effect of intentional or inadvertent heavy compaction due to heavy equipment
operation during construction. Consolidation can be accomplished using static dual-wheel
small mechanical rollers or plate vibration machines. If heavy compaction does occur, then
tilling may be necessary to a depth of 2 feet or more below the materials placement. This
would occur prior to subsequent application of the separation and aggregate storage layer.

Design Criteria

All projects considering the use of pervious surfaces require the coordination of the HQ Design,
Materials Lab, and Maintenance offices, and the HQ Highway Runoff Unit. The final design shall
be approved by the HQ Materials Office and Highway Runoff Unit.

General Criteria

m  Aslong as runoff is not directed to the pervious asphalt from adjacent surfaces, the
estimated long-term infiltration rate may be as low as 0.1 inch/hour. Provide
underdrains for soils with lower infiltration rates to prevent prolonged saturated soil
conditions at or near the ground surface within the pavement section (PSAT, 2005).

m  Forinitial planning purposes, note that pervious surface systems will work well on
Hydrologic Soil Groups A and B and can be considered for Group C soils. Standard
three-layer placement sections for Group D soils may not be applicable.

m  For projects constructed upon Group C and D soils, conduct a minimum of three soil
gradation analyses or three infiltration tests to establish on-site soil permeability.
Otherwise, conduct a minimum of one such test for Group A and B soils to verify
adequate permeability.

m Ideally, design the base layer with sufficient depth to meet flow control requirements
(taking into account infiltration). If the infiltration rate and base layer’s recharge bed
storage does not meet flow control requirements, you may need to provide an
underdrain system. The underdrain may be discharged to a bioretention area,
dispersion system, or stormwater detention facility.

m Do not allow turbid runoff to the pervious surface from off-site areas. You may
incorporate infiltration trenches or other options into the design to ensure long-
term infiltration through the pervious surface.

m Install any necessary boreholes to a depth of 10 feet below the base of the reservoir
layer, and monitor the water table at least monthly for a year.

m  Note that pervious surfaces require more maintenance than conventional pavement
installations. The primary concern in maintaining the continued effectiveness of a
pervious surface system is to prevent the surface from clogging with fine sediments
and debris. (See Section 5-5 for operation and maintenance guidelines.)
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Pavement Structure Elements

Pervious surfaces consist of a number of components: the surface pavement, an underlying
aggregate storage layer, a separation layer, and the native soil or subgrade soil (see Figure
5-49). You may need to consider an overflow or underdrain system as part of the pavement’s
overall design.

ASPHALT OR PORTLAND
CEMENT CONCRETE
SURFACE LAYER
(THICKNESS VARIES)

——

— ' ol = AGGREGATE STORAGE
T 1 @ LAYER (THICKNESS
VARIES)

SAND OR AMENDED
SOIL LAYER —

SEPARATION LAYER
(THICKNESS VARIES)

—

SUBGRADE SOIL

\— GEOTEXTILE

NTS AN OVERFLOW OR UNDERDRAIN SYSTEM MAY NEED

TO BE CONSIDERED AS PART OF THE DESIGN.

PERVIOUS SURFACE SECTION THIS DRAWING IS ONLY A TEMPLATE
THAT NEEDS TO BE ADJUSTED AND
REVISED FOR EACH PROJECT

Figure 5-49 Permeable pavement structure elements.
Surface Layer

The surface layer is the first component of a pervious system’s design that creates the
appropriate conditions for water to infiltrate through the surface. Pervious paving systems
allow infiltration of storm flows; however, do not allow the wearing course to become
saturated from excessive water volume stored in the aggregate storage layer (PSAT, 2005).

The two types of surface layers that will be described (or are considered appropriate for the
locations described in this section) are: Portland Cement-Based Permeable Pavement Materials
and Asphalt-Based Permeable Pavement Materials. Each of these materials is further described
in the following sections.
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Portland Cement-Based Permeable Pavement Materials

The surface layer consists of specially formulated mixtures of Portland cement, uniform open-
graded coarse aggregate, and potable water. The depth of the surface layer may increase from
a minimum of 4 inches, depending on the required bearing strength and pavement design
requirements. The gradation required to obtain a pervious concrete pavement is of the open-
graded or coarse type (AASHTO Grading No. 67 is typical). For additional information, refer to
the permeable pavement specifications.

Due to the relatively low water content of the concrete mix, an agent may be added to retard
concrete setup time. When properly handled and installed, permeable pavement has a higher
percentage of void space than conventional pavement (approximately 12% to 20%), which
allows rapid percolation of stormwater through the pavement. The initial permeability can
commonly exceed 200 inches per hour (Chollack et al., 2001; Mallick et al., 2000).

Asphalt-Based Permeable Pavement Materials

The surface asphalt layer consists of an open-graded asphalt mixture. The depth of the surface
layer may increase from a minimum of 4 inches, depending on the required infiltration,
subgrade bearing strength, and pavement design requirements.

Pervious asphalt pavement consists of an open-graded coarse aggregate. The pervious asphalt
creates a surface layer with interconnected voids that provide a high rate of permeability.

Aggregate Storage Layer

The underlying aggregate storage layer is the second component of a pervious surface's design.
The aggregate storage layer is composed of a crushed aggregate and provides the following:

m A stable base for the pavement.

m A high degree of permeability to disperse water downward through the underlying
layer to the separation layer.

m A temporary reservoir that slows the migration of water prior to infiltration into the
underlying soil.

m  Base material is often composed of larger aggregate (1.5 to 2.5 inches) with smaller
stone (leveling or choker course) between the larger stone and the wearing course.
Typical void space in base layers ranges from 20% to 40% (WSDOT, 2003; Cahill,
Adams, and Marm, 2003).

m  Depending on the target flow control standard and physical setting, retention or
detention requirements can be partially or entirely met in the aggregate base (PSAT,
2005).

m Aggregate base depths of 18 to 36 inches are common depending on storage needs,
and they provide the additional benefit of increasing the strength of the wearing
course by isolating underlying soil movement and imperfections that may be
transmitted to the wearing course (Cabhill et al., 2003).
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Separation Layer

The third component of permeable pavement is the separation layer. This layer consists of a
nonwoven geotextile fabric and possibly a treatment media base material. A geotextile fabric
layer is placed between the base material and the native soil to prevent migration of fine soil
particles into the base material, followed by a runoff treatment media layer if required.

For geotextile, see WSDOT Standard Specification 9-33.

m  For separation base material, see the FHWA manual Construction of Pavement
Subsurface Drainage Systems (2002) for aggregate gradation separation base
guidance.

m A treatment media layer is not required where subgrade soil is determined to have a
long-term infiltration rate less than 3.0 inches per hour and a CEC of the subgrade soil
that is at least 5 milliequivalents/100 grams of dry soil or greater (Ecology, 2001).

m If a treatment media layer is used, it must be distributed below the geotextile layer
and above the subgrade soil. The media can consist of a sand filter layer or amended
soil. Engineered amended soil layers should be a minimum of 18 inches and
incorporate compost, sphagnum peat moss, or other organic material to provide a
cation exchange capacity of greater than or equal to 5 milliequivalents/ 100 grams of
dry soil (Ecology, 2001). Gradations of the treatment media should follow base sizing.

Subgrade Soil

The underlying subgrade soil is the fourth component of permeable pavement. Runoff
infiltrates into the soil and moves to the local interflow or groundwater layer. You must keep
compaction of the subgrade to an absolute minimum to ensure the soil maintains a high rate
of permeability while maintaining the structural integrity of the pavement.

Permeable Pavement Structural Design
Permeable Pavement Thickness

Thickness designs for pervious asphalt or concrete shall match those shown in the 2011
Pavement Policy available through the State Materials Laboratory:

“® http://www.wsdot.wa.gov/nr/rdonlyres/d7971b81-5443-45b9-8b9b-
bfc0d721f5a1/0/wsdotpavementpolicyfinal71211.pdf

Aggregate Storage Layer Thickness

Once a pervious surface site is identified, contact the WSDOT Materials Lab to arrange for a
required geotechnical investigation to be performed. On-site soils will be tested for porosity,
permeability, organic content, and potential for cation exchange. The WSDOT Materials Lab,
Geotechnical Services Division, will determine the quantity and depth of borings/test pits
required and any groundwater monitoring needed to characterize the soil infiltration
characteristics of the site. Where subgrade materials are marginal, the use of a geogrid
placed directly on subgrade may be necessary. A sand layer is placed above the heavy
geogrid, followed by geotextile for drainage. Coordinate with the HQ Geotechnical

Services Division for these applications.

WSDOT Highway Runoff Manual M 31-16.04 Page 5-167
April 2014


http://www.wsdot.wa.gov/nr/rdonlyres/d7971b81-5443-45b9-8b9b-bfc0d721f5a1/0/wsdotpavementpolicyfinal71211.pdf
http://www.wsdot.wa.gov/nr/rdonlyres/d7971b81-5443-45b9-8b9b-bfc0d721f5a1/0/wsdotpavementpolicyfinal71211.pdf

Stormwater Best Management Practices Chapter 5

For determining a final design-level infiltration rate, refer to the design criteria provided in
Section 4-5. Note: These criteria apply primarily to infiltration basins and may therefore exclude
slower-percolating soils such as loams, which are potentially suitable for pervious surfaces.

Flow control modeling guidance for western Washington is found in Table 4-1 of Chapter 4. For
sizing the permeable pavement aggregate recharged bed, contact the HQ Highway Runoff Unit.

Special Provisions

For special provisions in the development of Plans, Specifications, and Estimates (PS&E),
contact the State Materials Office.

Design Flow Elements

Flows to Be Infiltrated

The design criteria below assume that it is feasible to meet the flow control requirements by
sizing a storage volume within the subsurface layers. This needs to be explored further for
viability. It is possible that the design criteria for an infiltration trench may be more
comprehensive and applicable than the general guidelines provided below. There has been
discussion in the past that using permeable pavement surfaces is a part of low-impact
development (LID) practices and would only result in some form of credit being applied to
flow control mitigation.

For western Washington, use an acceptable continuous runoff simulation model to size an
infiltration basin, as described in Section 4-5, Infiltration Design Guidelines. Modeling guidelines
can be derived from Section 4-3.6.1, Continuous Simulation Method. For eastern Washington,
use an appropriate single-event-based model consistent with Section 4-5 guidelines. For sizing
purposes, use the following guidelines:

m  The bottom area of an “infiltration basin” will typically be equivalent to the area below
the surrounding grade underlying the pervious surface. Adjust the depth of this
“infiltration basin” so that it is sufficient to store the required design volume.

m  Multiply this depth by a factor of 5. This will determine the depth of the gravel base
underlying the pervious surface. This assumes a void ratio of 0.20—a conservative
assumption. When you use a base material that has a different porosity, you may
substitute that value to determine the depth of the base. The minimum base depth
is 6 inches, which allows for adequate structural support of the pervious surface.

m  For alarge, contiguous area of pervious surface, such as a parking lot, you may design
the area with a level surface grade and a sloped subgrade to prevent water buildup
on the surface, except under extreme conditions. Rare instances of shallow ponding
in a parking lot are normally acceptable.

m  For projects where ponding is unacceptable under any condition, you may grade the
surface of the parking lot at a 1% slope leading to a shallow swale, which would
function to ensure emergency drainage (similar to an emergency overflow from
a conventional infiltration pond). However, you must maintain the design depth of
the base material at all locations.
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5-4.2.2 Dispersion BMPs
FC.01 — Natural Dispersion

Description: Existing soils,
vegetation, and topography are used
to provide flow control and runoff
treatment. Runoff enters the
dispersion area as sheet flow and
disperses into the surrounding
landscape. It requires little or no
construction activity.

Geometry Limitations

Resultant Slope <9.4%
i _ T : Contributing Flow Path <150
 Natural Dispersion Area Along SR 516 in Kin Embankment Slope 2% - 33%”
County 2. Up to 33% with a gravel spreader or
15% without.
BMP Function
M LID . .
@ Flow Control Effective Life (Years)
M Runoff Treatment :> 50-100
M Qil Control
M Phosphorus Cagltal Cost O & M Cost
&1 TSS - Basic S Low < Low
M Dissolved Metals - Enhanced
Additional Constraints/Requirements
M 4-5 Infiltration Design Criteria O Soil Amendments/Compost
M Setback M Energy Dissipater/Level Spreader
O Landscaping/Planting O 5-4.3.3 Facility Liners
O Wetland Planting and Plant Establishment M 5-4.3.7 Signing
O Inlet and Outlet Spacing O Fencing
O Overflow O Presettling/Pretreatment
O Multidisciplinary Team O Underdrain
O WSDOT Pavement Engineer Approval O Soil Preparation
TMDL/303(d) — Considerations’ Maintenance Requirements
Avoid Preferred O Access Roads or Pullouts
0O | Fecal Coliform O Vactor Truck Access
O ™ Phosphorus L' Mowing
O = Nitrogen O Valve Access
0 & Temperature O Specialized Equipment
0 | Dissolved Metals O Specialized Training
O 4 Total Suspended Solids/Turbidity Further Requirements: See Sections
O 4] Dissolved Oxygen 5-3.6.1 and 5.5. See Table 5.5.12.
O | pH
O “ Qil/Grease
O | PAHs
O | Pesticides
1. See Table 3-1 and Section 2-6.4 for additional
guidance.
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Introduction

General Description

Natural dispersion is the simplest method of flow control and runoff treatment. This BMP can
be used for impervious or pervious surfaces that are graded to avoid concentrating flows.
Natural dispersion uses the existing vegetation, soils, and topography to effectively provide
flow control and runoff treatment. It generally requires little or no construction activity. Site
selection is very important to the success of this BMP. The pollutant-removal processes include
infiltration into the existing soils and through vegetation root zones; evaporation; and uptake
and transpiration by the vegetation.

The key to natural dispersion is that flows from the impervious area enter the natural
dispersion area as sheet flow. Because stormwater enters the dispersion area as sheet flow,
it only needs to traverse a narrow band of contiguous vegetation for effective attenuation
and treatment. The goal is to have the flows dispersed into the surrounding landscape such
that there is a low probability any surface runoff will reach a flowing body of water.

Using natural dispersion on projects will result in benefits when determining applicable
minimum requirements and thresholds. You should account for new impervious surfaces that
drain to dispersion areas when determining the project’s total new impervious surface area, but
count the area as a noneffective impervious surface (and noneffective PGIS). When modeling the
hydrology of the project site and threshold discharge area, treat natural dispersion areas and
their tributary drainage areas as disconnected from the project site because they do not
contribute flow to other flow control or runoff treatment BMPs.

Applications, Limitations, and LID Feasibility
Applications
m  Natural dispersion is ideal for highways and linear roadway projects.

m  There are two types of natural dispersion: sheet flow dispersion and channelized
dispersion.

m  Natural dispersion helps maintain the temperature norms of stormwater because it
promotes infiltration, evaporation, and transpiration and should not have a surface
discharge to a lake or stream.

m Natural dispersion areas meet basic, enhanced runoff treatment, oil control, and
phosphorus criteria set forth in Minimum Requirement 5 (Runoff Treatment) in
Section 3.3.5.

m  Natural dispersion areas meet flow control criteria set forth in Minimum
Requirement 6 (Flow Control) in Section 3.3.6.

Limitations

m The effectiveness of natural dispersion relies on maintaining sheet flow to the
dispersion area, which maximizes soil and vegetation contact and prevents short-
circuiting due to channelized flow. If you cannot maintain sheet flow, natural
dispersion will not be effective.
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m  You must protect natural dispersion areas from future development. (See the Site
Design Elements section of this BMP.) WSDOT may ultimately have to purchase right
of way or easements to satisfy the criteria for natural dispersion areas, but this should
be the last option you choose.

m  Note that natural dispersion areas may initially cost as much as other constructed
BMPs (ponds or vaults) because right of way or easements often need to be
purchased, but long-term maintenance costs are lower. These natural areas will
also contribute to the preservation of native habitat and provide visual buffering
of the roadway.

m Refer to the Glossary for “noneffective PGIS” and “noneffective impervious surfaces”
to see how existing natural dispersion areas are analyzed with respect to minimum
requirements. This does not apply to engineered dispersion.

m Do not use natural dispersion for floodplains. In these situations, contact the Region or
HQ Hydraulics Office.

The following are additional limitations for sites where runoff is channelized upstream of the
dispersion area:

m  Redisperse the channelized flow before entering the natural dispersion area. Dispersal
BMPs create sheet flow conditions.

m  You may need to provide energy dissipaters in conjunction with dispersal BMPs to
prevent high velocities through the natural dispersion areas.

m  Channelized flows are limited to on-site flows. You may need parallel conveyance
systems to separate off-site flows. There may be situations where it might be more
beneficial to disperse off-site flows. In these situations, contact the Region or HQ
Hydraulics Office.

LID Feasibility

The following criteria describe conditions that make natural dispersion infeasible to meet the
LID requirement. Additional general LID feasibility criteria that apply to all other LID-type BMPs
can be found in Section 4-5.1.1, along with the site suitability criteria for infiltration design in
Section 4-5.1. The project may still use natural dispersion to meet the runoff treatment
requirement (Minimum Requirement 5). Citation of any of the following infeasibility criteria
must be based on an evaluation of site-specific conditions, must be documented using the

LID feasibility checklist, and should be included in the project’s Hydraulic Report, along with
any applicable written recommendations from an appropriate licensed professional (e.g.,
engineer, geologist, hydrogeologist):

m  Where the site cannot be reasonably designed to locate natural dispersion on slopes
less than 33%.
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Design Flow Elements

Flows to Be Dispersed
Natural dispersion areas are suited to handle stormwater from tributary areas so that ideally
there is no runoff leaving the natural dispersion area.

Structural Design Considerations
Siting Criteria

The key to natural dispersions is having vegetative land cover with a good established root
zone where the roots, organic matter, and soil macroorganisms provide macropores to reduce
surface compaction and prevent soil pore sealing. The vegetative cover also provides filtration
and maintains sheet flow, reducing the chance for erosion. The following areas are considered
appropriate candidates for natural dispersion because they are likely to retain these vegetative
conditions over the long term:

m  WSDOT rights of way

m Protected beautification areas

m  Agricultural areas

m State parks

m  Commercial or government-owned forest lands

m  Rural areas with zoned densities of less than one dwelling unit per 5 acres

Note: Though natural dispersion areas should be adjacent to the project site, they do not have
to be immediately adjacent to the length of the roadway.

Natural dispersion areas should have the following attributes:

m Be well vegetated, with established root zones.
m Have an average longitudinal slope of 6H:1V or flatter.

m Have an average lateral slope of 6H:1V or flatter for both the roadway side slope and
natural area to be part of the natural dispersion area, except where a level spreader is
located immediately upstream of the dispersion area. Then the average slope shall not
exceed 3H:1V.

m Have infiltrative soil properties that are verified by the WSDOT Materials Lab, the
Regional Materials Engineer, or a geotechnical engineer.

Natural dispersion areas that have impervious areas (for example, abandoned roads with
compacted subgrades) within them should have those areas tilled and restored using the
soil amendments described in Section 5-4.3.2.

Natural dispersion areas that are within a landslide hazard area must be evaluated by a
geotechnical engineer or qualified geologist.
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Natural dispersion areas should have a separation of at least 3 feet between the existing
ground elevation and the average annual maximum groundwater elevation. This separation
depth requirement applies to the entire limits of the dispersion area. There should be no
discernible continuous flow paths through the dispersion area.

When selecting natural dispersion areas, you should determine whether there are groundwater
management plans for the area and contact the local water purveyors to determine whether
the project lies within a wellhead or groundwater protection zone, septic drain fields, or aquifer
recharge area. These areas typically restrict stormwater infiltration; however, the local
jurisdiction may waive this requirement. Contact Region Hydraulics Office personnel for
assistance in these situations.

The WSDOT GIS Workbench may be a source of initial information about wells within the
project limits. (The GIS Workbench is an ArcView geographic information system tool
maintained by the HQ Geographic Services Division and the HQ Office of Information
Technology to provide staff with access to comprehensive, current, and detailed
environmental and natural resource management data.)

Intent: Natural dispersion areas are not likely to have a uniform slope across their entire area.
As a result, there are ponding areas and uneven terrain. Minor channelization of flow within the
dispersion area is expected. However, a continuous flow path through the entire dispersion area
disqualifies its use as a BMP because channelized flow promotes erosion of the channel that
carries the flow and greatly reduces the potential for effective pollutant removal and peak

flow attenuation.

Sheet Flow Criteria

Sheet flow dispersion criteria for natural dispersion areas are as follows:

m  Ensure the sheet flow path leading to the natural dispersion area is not longer than
150 feet. The sheet flow path is measured in the direction of flow and generally
represents the width of the pavement area.

m Do not count pervious shoulders and side slopes in determining the sheet flow path.

m  Ensure the longitudinal length of the dispersion area is equivalent to the longitudinal
length of roadway that is contributing sheet flow.

m  Ensure the resultant slope from the contributing pavement is less than or equal to
9.4%, calculated using Equation 33:

Scrs < (G* + €)% (E-33)
where: Scrs = resultant slope of the lateral and longitudinal slopes (%)
e = lateral slope (superelevation) (%)
G = longitudinal slope (grade) (%)
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Level Spreaders and Energy Dissipaters

Where gravel level spreaders are not located between the highway and the dispersion area
(see Figure 5-50a), roadway side slopes leading to natural dispersion areas should be 25%
(4H:1V) or flatter. Roadway side slopes that are 25% to 15% (7H:1V) should not be considered
part of the dispersion area. Slopes steeper than 25% are allowed if the existing side slopes are
well vegetated and show no signs of erosion problems.

Where gravel level spreaders are located between the highway and the dispersion area (see
Figure 5-50b), consider roadway side slopes 33% or flatter part of the natural dispersion area
if existing side slopes are well vegetated and show no signs of erosion problems.12

For any existing slope that will lead to a natural dispersion area, if evidence of channelized flow
(rills or gullies) is present, use a flow-spreading device before those flows are allowed to enter
the dispersion area.

Design Method

The size of the natural dispersion area depends on the flow contributing area and the predicted
rates of water loss through the dispersion system. Make sure the dispersion area is sufficient to
dispose of the runoff through infiltration, evaporation, transpiration, and soil absorption.

There are two sheet flow dispersion options that can be applied to size natural dispersion areas
only. The first option, described below, is based on a simplified equation (termed the LID Design
Equation®®) that was derived from a water balance model and is applicable only to eastern
Washington. This equation takes into account the roadway width, saturated hydraulic
conductivity, and rainfall intensity to derive the width needed for the natural dispersion.

The second option (Sheet Flow Dispersion Option 2) is based on soil characteristics. There is
also a natural dispersion design (Channelized Flow Dispersion Option 3) where channelized
flows are redispersed to sheet flow. This third option has both redispersion criteria as well

as different natural dispersion sizing criteria.

Sheet Flow Dispersion Option 1 — Design Process (eastern Washington only):

LID = ?ﬂ (E-34)
s -1
ri
where: LID = width of the natural dispersion in feet
ACP = width of the roadway in feet
Ks = saturated hydraulic conductivity in inches per hour (see Section 4-5.4)
ri = rainfall intensity in inches per hour

The K; /r; ratio must be greater than 2 for natural dispersion to have a viable benefit. If the ratio
is less than 1 or equal to 1, the equation is not valid and will result in negative values.

12 «“Eastern Washington Steep Slope Research for Management of Highway Stormwater,” WARD 77.1, Research
Report, May 2011.

B «application of a Simplified Analysis Method for Natural Dispersion of Highway Stormwater Runoff,” WA-RD
618.1, Research Report, August 2005.
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Calculating Rainfall Intensity in Eastern Washington:

The rainfall intensity (r;) is the peak 5-minute intensity of the 6-month, 3-hour short-duration
storm. To calculate r;, multiply the rainfall depth (2-year, 2-hour) by the Peak Intensity Factor
(PIF) based on its Mean Annual Precipitation for the area. Use the table below to convert the
Mean Annual Precipitation value to PIF.

The 2-year, 2-hour rainfall depth information is contained in Appendix 4A —Web Links, under
the Eastern Washington Isopluvial and Mean Annual Precipitation Map. WSDOT’s ArcMap GIS
system also contains this information.

ri = 2-year, 2-hour rainfall depth* PIF

DOE Climate | Mean Annual | Isopluvial to Peak
Region # Precipitation | Intensity Factor:
6-8 1.85
2 8-10 1.88
10-12 1.94
2-3 12-16 2.00
3 16-22 2.03
22-28 2.09
1-4 28-40 2.12
40-60 2.19
60-120 2.25
Example: Spokane 2-year, 2-hour rainfall depth = 0.48 inches
Spokane Mean Annual Precipitation depth = 18 inches
Spokane PIF for 18 inches = 2.03in/hr

Calculater; = 0.48in * 2.03 in/hr
0.97 in/hr

Sheet Flow Dispersion Option 2 — Based on Soil Characteristics

The following criteria are specific to sheet flow dispersion on all Type A and some Type B soils
on slopes 15% or less (depending on saturated hydraulic conductivity rates):

m  For saturated hydraulic conductivity rates (as determined in Section 4-5.3) of 4 inches
per hour or greater and for the first 20 feet (along the sheet flow path) of impervious
surface that drains to the dispersion area, there must be 10 lateral feet of dispersion
area width. For each additional foot of impervious surface (along the sheet flow path)
that drains to the dispersion area, provide 0.25 lateral feet of dispersion area.

m  For dispersion areas that receive sheet flow from only disturbed pervious areas (bare
soil and non-native landscaping), for every 6 feet (along the sheet flow path) of
disturbed pervious area, provide 1 lateral foot width of dispersion area.
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The following criteria are specific to sheet flow dispersion on all Type C and D soils and some
Type B soils with saturated hydraulic conductivity rates of 4 inches per hour or less on slopes
15% or less:

m  For every 1 foot of contributing pavement width, provide a dispersion area width of
6.5 feet.

m Note that the dispersion area should have a minimum width of native vegetation of
100 feet (measured in the direction of the flow path).

m  For slopes greater than 15%, multiply the dispersion area by the slope factor in the

table below.

Embankment Slope

Slopes (%)[1] Factor
<15 1.00
20 1.09
25 1.17
30 1.23
33 1.27

[1] For eastern Washington, use 1.0 for all slopes.

Figure 5-50a illustrates the configuration of a typical sheet flow natural or engineered
dispersion area relative to the roadway.
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Figure 5-50a

Natural or engineered dispersion without a gravel level spreader.
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Channelized Flow Dispersion Option 3
Channelized flow dispersion criteria for Type A, B, C, and D soils are as follows:

Redispersion Design Criteria

Flows collected in a pipe or ditch conveyance system require energy dissipation and dispersal
at the end of the conveyance system before entering the dispersion area. For flow dispersal
BMPs (such as gravel-filled trenches or level spreaders) and techniques, see Sections 5-4.3.4
and 5-4.3.5. (See the Hydraulics Manual for energy dissipater designs and considerations.)

Concentrated runoff from the roadway and adjacent upstream areas (such as in a ditch or cut
slope) must be incrementally discharged from the conveyance system (such as a ditch, gutter,
or storm sewer) via cross culverts or at the ends of cut sections. These incremental discharges
of newly concentrated flows must not exceed 0.5 cubic feet per second (cfs) at any single
discharge point from the conveyance system for the 100-year runoff event (determined by

an approved continuous flow model as described in Chapter 4). Where flows at a particular
discharge point are already concentrated under existing site conditions (for example, in a
natural channel that crosses the roadway alignment), the 0.5-cfs limit would be in addition

to the existing concentrated peak flows.

Discharge points with up to 0.2 cfs discharge for the peak 100-year flow may use rock pads or
dispersion trenches to disperse flows. Discharge points with between 0.2 and 0.5 cfs discharge
for the 100-year peak flow must use only dispersion trenches to disperse flows.

Design dispersion trenches to accept surface flows (free discharge) from a pipe, culvert, or ditch
end; aligned perpendicular to the flow path; a minimum of 2 feet by 2 feet in section; 50 feet in
length; filled with %- to 1% inch washed rock; and provided with a level notched grade board
(see Sections 5-4.3.4 and 5-4.3.5). Use manifolds to split flows up to 2 cfs discharge for the
100-year peak flow between four trenches (maximum). Make sure dispersion trenches have

a minimum spacing of 50 feet.

After being dispersed with rock pads or trenches, flows from discharge points must traverse the
required flow path length of the dispersion area before entering an existing on-site channel
carrying existing concentrated flows away from the roadway alignment.

Note: To provide the required flow path length to an existing channel, some roadway runoff
may unavoidably enter the channel undispersed.

Do not allow flow paths from adjacent discharge points to intersect within the required flow
path lengths, and ensure dispersed flow from a discharge point is not intercepted by another
discharge point.

Locate ditch discharge points a minimum of 100 feet upgradient of steep slopes (slopes steeper
than 40% within a vertical elevation change of at least 10 feet), wetlands, and streams.
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Where the local jurisdiction determines that there is a potential for significant adverse impacts
downstream (such as erosive steep slopes or existing downstream drainage problems),
dispersion of roadway runoff may not be allowed, or other measures may be required.

Channelized Flow Dispersion Sizing Criteria

The following criterion is specific to channelized flow dispersion that discharged on slopes 15%
or less to all Type A and some Type B soils, depending on saturated hydraulic conductivity rates.

m  For saturated hydraulic conductivity rates (as determined in Section 4-5.3) of 4 inches
per hour or greater, the dispersion area should be at least 50% of the tributary
drainage area.

The following criteria are specific to channelized flow dispersion that discharged on slopes 15%
or less to all Type C and D soils and some Type B soils, depending on saturated hydraulic
conductivity rates.

m  For every 1 foot of contributing pavement width, a dispersion area width of 6.5 feet is
needed.

m  The dispersion area should have a minimum width of native vegetation of 100 feet,
measured in the direction of the flow path.

For slopes greater than 15%, multiply the dispersion area by the slope factor in the table below.

Embankment Slope
Slopes (%)[11 Factor
<15 1.00
20 1.09
25 1.17
30 1.23
33 1.27

[1] For eastern Washington, use 1.0 for all slopes.

Figure 5-51 illustrates the configuration of a typical channelized flow natural or engineered
dispersion area relative to the roadway.

Site Design Elements

Setback Requirements

Natural dispersion areas can extend beyond WSDOT right of way provided that documentation
on right of way plans ensures (via easements or agreements) the dispersion area is not
developed in the future. Set natural dispersion areas back at least 100 feet from drinking water
wells, septic tanks or drain fields, and springs used for public drinking water supplies. Ensure
natural dispersion areas upgradient of drinking water supplies and within the 1-, 5-, and
10-year time of travel zones comply with the Washington State Department of Health (DOH)
requirements (Washington Wellhead Protection Program, DOH, 12/93).
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m  Check with the local jurisdiction for additional setback requirements.

m [f the project significantly increases flows to off-site properties, you may need
a drainage easement or you may purchase additional right of way.

Construction Criteria

m  Forinstallation of dispersal BMPs and conveyance systems near dispersion areas,
minimize the area that needs to be cleared or grubbed. Maintaining plant root
systems is important for dispersion areas.

m Do not compact the area around dispersion areas.

m To the maximum extent practicable, use low-ground-pressure vehicles and equipment
during construction.

Operations and Maintenance

General maintenance criteria should follow Table 5-18 (energy dissipaters).

Maintenance Access Roads (Access Requirements)

Consider maintenance pullout areas to promote successful maintenance practices at dispersion
areas. Make sure pullout areas are large enough to accommodate a typical maintenance
vehicle. Contact the local maintenance office to determine the typical size of maintenance
vehicle used at the project site.

Signage

Mark the limits of the natural dispersion area as a stormwater management area on WSDOT
right of way sheets, and physically mark them in the field (during and after construction).
Signage ensures the natural dispersion area is protected from construction activity disturbance
and is adequately protected by measures shown in the temporary erosion and sedimentation
control (TESC) plan.

Signage helps ensure the natural dispersion area is not cleared or disturbed after the
construction project. (See Section 5-4.3.7 for signing requirements.)
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FC.02 — Engineered Dispersion

Description: Existing soils,
vegetation, and topography are used
to provide flow control and runoff
treatment. Runoff enters the
dispersion area as sheet flow and
disperses into the surrounding
landscape. It requires little or no
construction activity.

Geometry Limitations

Resultant Slope <9.4%
Contributing Flow Path < 150
Embankment Slope 2% - 33%>

2. Up to 33% with a gravel spreader or
15% without.

BMP Function

M LID

¥ Flow Control

M Runoff Treatment
M Qil Control
M Phosphorus
M TSS - Basic

Effective Life (Years)
< 50-100

Capital Cost O & M Cost

:> Low :> Low

¥ Dissolved Metals - Enhanced

4-5 Infiltration Design Criteria
Setback
Landscaping/Planting

Inlet and Outlet Spacing
Overflow
Multidisciplinary Team

OOOOORAE

Additional Constraints/Requirements

Wetland Planting and Plant Establishment

WSDOT Pavement Engineer Approval

Soil Amendments/Compost
Energy Dissipater/Level Spreader
5-4.3.3 Facility Liners

5-4.3.7 Signing

Fencing

Presettling/Pretreatment
Underdrain

Soil Preparation

OO0O0DO0ORONE

Avoid Preferred

O %} Fecal Coliform

O | Phosphorus

O o Nitrogen

O ™ Temperature

O M Dissolved Metals
O 4

O 4] Dissolved Oxygen
O ™ pH

O ™ Qil/Grease

O %} PAHs

O 4 Pesticides

guidance.

TMDL/303(d) — Considerations’

Total Suspended Solids/Turbidity

Maintenance Requirements
Access Roads or Pullouts
Vactor Truck Access
Mowing
Valve Access
Specialized Equipment
Specialized Training

oooooao

Further Requirements: See Sections
5-3.6.1 and 5.5. See Maintenance
Considerations in Section RT.02 for
Vegetative Filter Strips. Also, see Table
5.5.12.

1. See Table 3-1 and Section 2-6.4 for additional
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Introduction

General Description

Engineered dispersion is similar to natural dispersion. This BMP can be used for impervious or
pervious surfaces that are graded to drain via sheet flow or are graded to collect and convey
stormwater to engineered dispersion areas after going through a flow-spreading or energy
dissipater device. Engineered dispersion uses the existing vegetation or landscaped areas,
existing soils or engineered compost-amended soils, and topography to effectively provide flow
control and runoff treatment. This type of dispersion may require major or minor construction
activity depending on the existing site conditions. Site selection is very important to the success
of this BMP. The pollutant-removal processes include infiltration to the existing or engineered
soils and through vegetation root zones; evaporation; and uptake and transpiration by the
existing vegetation or landscaped areas.

The key to effective engineered dispersion is that flows from the impervious area enter the
dispersion area as sheet flow. Because stormwater enters as sheet flows to the dispersion area,
it need only traverse a band of contiguous vegetation and compost-amended soils for effective
attenuation and treatment. This differs from natural dispersion in that flows may not have
previously (preproject) been directed to the selected engineered dispersion area. Absorption
capacity can be gained by using compost-amended soils to disperse and absorb contributing
flows to the dispersion area. The goal is to have the flows dispersed into the surrounding
landscape such that there is a low probability that any surface runoff will reach a flowing

body of water.

Applications, Limitations, and LID Feasibility

Applications, limitations, and LID feasibility are the same as described in Natural Dispersion
(FC.01), and also include the following:

m Engineered dispersion areas may cost as much as other BMPs (ponds or vaults)
because compost-amended soils may need to be added.

Design Flow Elements

Flows to Be Dispersed
Engineered dispersion areas are designed to handle stormwater from tributary areas so that
ideally there is no runoff leaving the engineered dispersion area.

Structural Design Considerations
Siting Criteria

The following areas are appropriate engineered dispersion areas because they are likely
to remain in their existing condition over the long term:

m  WSDOT rights of way
m Protected beautification areas

m Agricultural areas
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m State parks
m  Commercial or government-owned forestlands
m  Rural areas with zoned densities of less than one dwelling unit per 5 acres

Engineered dispersion areas should have infiltrative soil properties that are verified by the
WSDOT Materials Lab or a geotechnical engineer using the testing methods in Chapter 4.

Engineered dispersion areas that have impervious areas (such as abandoned roads with
compacted subgrades) within them should have those areas tilled and reverted using the
soil amendments described in Section 5-4.3.2.

Engineered dispersion areas that are within a landslide hazard area must be evaluated by

a geotechnical engineer or qualified geologist. Do not site engineered dispersion areas above
slopes greater than 20% or above erosion hazard areas without evaluation by a geotechnical
engineer or qualified geologist and approval by the local jurisdiction.

Engineered dispersion areas should have a separation of at least 3 feet between the existing
ground elevation and the average annual maximum groundwater elevation.

When selecting engineered dispersion areas, determine whether there are groundwater
management plans for the area, and contact the local water purveyors to determine whether
the project lies within a wellhead or groundwater protection zone, septic drain fields, or aquifer
recharge area. These areas typically restrict stormwater infiltration; however, the local
jurisdiction may waive this requirement. The WSDOT GIS Workbench may be a source of initial
information about wells within the project limits.

Geometry
m  The average longitudinal slope of the dispersion area should not exceed 6H:1V.

m  The average lateral slope of the dispersion area should not exceed 6H:1V, except
where a level spreader is located immediately upstream of the dispersion area.
Then the average slope shall not exceed 3H:1V.

m  There should be no discernible flow paths through the dispersion area.

m  There should be no surface water discharge from the dispersion area to a conveyance
system or Category | and Il wetlands (as defined by Ecology’s Wetland Rating Systems
for western and eastern Washington).

Materials

m  Compost-amended soils should be generously applied to the dispersion areas.
The final organic content of the soil in the dispersion areas should be 10%. Design
information for determining the amount and type of compost needed and the
necessary planted vegetation to meet those requirements is given in Section
5-4.3.2.
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Design Method

There are two types of engineered dispersion. The first type (called sheet flow engineered
dispersion) is where flows already sheet flow off the roadway to an area that will be
redeveloped with engineered soils to create the engineered dispersion area (see Figures
5-50a and 5-50b). The second type of engineered dispersion (called channelized engineered
dispersion) is where runoff needs to be conveyed to an area that is not adjacent to the
tributary area (see Figure 5-51).

The required size of the engineered dispersion area depends on the area contributing flow

and the predicted rates of water loss through the dispersion system. Ensure the dispersion
area is able to dispose of (through infiltration, evaporation, transpiration, and soil absorption)
stormwater flows predicted by an approved continuous runoff model. Because a water balance
model has not yet been developed for designing engineered dispersion areas, a set of
conservative guidelines similar to those given for natural dispersion have been agreed upon

by WSDOT and Ecology. Check with Region or HQ Hydraulics Office staff for updates to the
engineered dispersion criteria.

Sheet Flow Engineered Dispersion

Sheet flow engineered dispersion criteria for Type A, B, C, and D soils are the same as described
for Natural Dispersion, with the following exceptions:

m  Where gravel level spreaders are not located between the highway and the dispersion
area, as shown in Figure 5-50a, roadway side slopes leading to engineered dispersion
areas should be 25% (4H:1V) or flatter. Roadway side slopes that are 25% to 15%
(7H:1V) should not be considered part of the dispersion area. Roadway slopes steeper
than 25% are allowed if the existing side slopes are well vegetated and show no signs
of erosion problems. For any existing slope that will lead to an engineered dispersion
area, if evidence of channelized flow (rills or gullies) is present, use a flow-spreading
device before those flows are allowed to enter the dispersion area.

m Roadway side slopes that are 15% or flatter are considered part of the dispersion
area if engineered dispersion practices are applied to the slope (6.5 feet of compost-
amended side slope width mitigates for 1 foot of impervious surface). Roadway side
slopes up to 33% or flatter are considered part of the dispersion area if a gravel level
spreader is located between the highway and the dispersion area, as shown in Figure
5-50b.'* The use of natural and engineered dispersion concepts within one threshold
discharge area is acceptable.

14 «Eastern Washington Steep Slope Research for Management of Highway Stormwater,” WARD 77.1, Research
Report, May 2011.
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Channelized Engineered Dispersion

Channelized engineered dispersion criteria for Type A, B, C, and D soils are the same as
described for natural dispersion, with the following exceptions.

The following criterion is specific to channelized engineered dispersion on all Type A and some
Type B soils on slopes 15% or less, depending on saturated hydraulic conductivity rates:

m  For saturated hydraulic conductivity rates (as determined in Section 4-5.3) of 4 inches
per hour or greater, and for the first 20 feet (along the sheet flow path) of impervious
surface that drains to the dispersion area, there must be 10 lateral feet of dispersion
area width. For each additional foot of impervious surface (along the sheet flow path)
that drains to the dispersion area, provide 0.25 lateral feet of dispersion area.

The following criteria are specific to channelized engineered dispersion on Type C and D soils
and some Type B soils on slopes 15% or less, depending on saturated hydraulic conductivity
rates:

m  For every 1 foot of contributing pavement width, a dispersion area width of 6.5 feet
is needed.

m  The dispersion area should have a minimum width of 100 feet, measured in the
direction of the flow path.

m  Figure 5-51 illustrates the configuration of typical channelized flow for natural or
engineered dispersion areas relative to the roadway.

For slopes greater than 15%, multiply the dispersion area by the slope factor in the table below.

Embankment Slope

Slopes (%)[1] Factor
<15 1.00
20 1.09
25 1.17
30 1.23
33 1.27

[1] For eastern Washington, use 1.0 for all slopes.

Site Design Elements

Setback Requirements

Same as those described for Natural Dispersion.

Construction Criteria

Same as those described for Natural Dispersion.
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Operations and Maintenance

Same as those described for Natural Dispersion. General maintenance criteria should follow
Table 5-18 (energy dissipaters) and Table 5-20 (vegetated filter strips).

Maintenance Access Roads (Access Requirements)

Same as those described for Natural Dispersion.

Signage

Refer to Section 5-4.3.7 for signing requirements.

_ SHEET FLOW
[~ PATH

2 w ROADWAY CONTRIBUTING

T S \ 5 RJ SN AREA
fa_ (g ¢ ‘o ¢ g ¢
CHANNELIZED 4/
FLOW PATH

FLOW SPREADER —

LATERAL SLOPE 33% / \ T TTER

(3H : 1V) OR FLATTER A SHEE'l; FLOW ‘

THIS DRAWING IS ONLY A TEMPLATE
PLAN THAT NEEDS TO BE ADJUSTED AND
NTS REVISED FOR EACH PROJECT

CHANNELIZED FLOW TO NATURAL OR
ENGINEERED DISPERSION

Figure 5-51

Channelized flow to natural or engineered dispersion area.
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5-4.2.3 Detention BMPs
FC.03 — Detention Pond

e A

TV W YWETTRE T

Description: Open basins that
provide live storage to enable the
reduction of stormwater runoff flow
rates and matching predeveloped
flow durations discharge.

Geometry Limitations
Freeboard 1"

Pond Bottom Level
Interior Side Slope 3H:1V
Exterior Side Slope 2H:1V

SRO at Cal Cr— South Bellevue/Factoria
Detention Pond

BMP Function

Effective Life (Years)

O LID

 Flow Control 3 20-50

O Runoff Treatment
O Oil Control Capital Cost O & M Cost
O Phosphorus
O TSS - Basic :> Moderate 3 Low

O Dissolved Metals - Enhanced

Additional Constraints/Requirements

M 4-5 Infiltration Design Criteria U Soil Amendments/Compost

M Setback O Energy Dissipater/Level Spreader
M Landscaping/Planting M 5-4.3.3 Facility Liners

O Wetland Planting and Plant Establishment M 5-4.3.7 Signing

O Inlet and Outlet Spacing M Fencing

M Overflow O Presettling/Pretreatment

O Multidisciplinary Team O Underdrain

O O

WSDOT Pavement Engineer Approval Soil Preparation

Maintenance Requirements

M Access Roads or Pullouts
M Vactor Truck Access

TMDL/303(d) — Considerations'

Avoid Preferred

1. See Table 3-1 and Section 2-6.4 for additional
guidance.

™ | Fecal Coliform ;

O ] Phosphorus 0 Mowing

0O 0 Nitrogen M Valve Access

| 0O Temperature O Specialized Equipment

0O 0O Dissolved Metals O Specialized Training

O O Total Suspended Solids/Turbidity Further Requirements: See Sections
O O Dissolved Oxygen 5-3.6.1 and 5.5. Also, see Table 5.5.1.
O O pH

O O Oil/Grease

O O PAHs

O O Pesticides
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Introduction

General Description

Detention ponds are open basins that provide live storage volume to enable reduction of
stormwater runoff flow rates and matching of predeveloped flow durations discharged from

a project site (see Figures 5-52, 5-53, and 5-54). Detention ponds are commonly used for flow
control in locations where space is available for an aboveground stormwater facility but where
infiltration of runoff is infeasible. Detention ponds are designed to drain completely after

a storm event so that the live storage volume is available for the next event.

Applications and Limitations
Applications
m  Use detention ponds to reduce peak flows when flow control is needed.

m  Combine detention ponds with wetpool runoff treatment BMPs to make more
effective use of available land area (see BMP C0.01, Combined Wet/Detention Pond,
and BMP C0.02, Combined Stormwater Treatment Wetland/Detention Pond).

Limitations
m  Because detention ponds release at small flow rates, they require large footprints.

m  Detention ponds should not be built below the seasonal high groundwater elevation.

Design Flow Elements

Flows to Be Detained

For western Washington, design detention ponds using a continuous simulation hydrologic
model to show the pond outflows match Ecology’s flow duration standard discussed in Section
4-3.2 and Table 3-6.

For eastern Washington, design detention ponds using a single-event hydrograph model to
show the pond outflows match the peak flows discussed in Table 3-7 and Section 4-4.2.

Detention Ponds in Infiltrative Soils

You may occasionally sit detention ponds on soils that are sufficiently permeable for a properly
functioning infiltration system. These detention ponds have both a surface discharge and a
subsurface discharge. If infiltration is accounted for in the detention pond sizing calculations,
ensure the pond design process and corresponding site conditions meet all the requirements
for infiltration ponds (see BMP IN.02), including a soils report, soil infiltration testing,
groundwater protection, presettling, and construction techniques.
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Figure 5-52

Detention pond.
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CONTROL STRUCTURE —  TOP WIDTH OF BERM
v < EMIN.

12'/15' MIN. FOR

\ 4 / ACCESS ROAD
POND DESIGN WS BERM
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Figure 5-53 Detention pond: Cross sections.
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4+

1" MIN

P

RIP RAP

1

POND DESIGN W.S. g

SECTION C-C

NTS

DETENTION POND CROSS SECTIONS

NOTES

ATTACH SCREEN TO FLOW RESTRICTOR

WITH 6 - 1" METAL SCREWS - 2 PER

STRAP, OR USE STAINLESS STEEL PIPE CLAMP

FLOW CONTROL SCREEN IS INCIDENTAL TO COST

OF CATCH BASIN TYPE 2 WITH FLOW RESTRICTOR
SIZED TO FIT

OUTER DIAMETER

> S 4-9"x 1" x 12" GA.

o o GALV. STEEL STRIPS TACK
12" { WELD TO WIRE MESH.

0.5" x 0.58" x 16" GA.
| A GALV. STEEL WIRE MESH

TACK WELD WIRE MESH

SOLID 12 GA. GALV. TO BOTTOM PLATE
STEEL BOTTOM PLATE THIS DRAWING IS ONLY A TEMPLATE
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FLOW CONTROL SCREEN

NOT TO SCALE

Figure 5-54 Detention pond: Cross sections.
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(SEE NOTE 1)

4 HOOK CLAMPS EVENLY
PLACED - SEE DETAIL BELOW

,: L

(24) 3/4" DIA. SMOOTH ROUND BARS PROVIDE MAINTENANCE
EQUALLY SPACED (4" O.C. MAX.) ACCESS BY WELDING 4
BARS SHALL BE WELDED TO UPPER CROSSBARS TO 4 VERTICAL

BARS AS SHOWN - HINGE

UPPER ENDS WITH FLANGES/

BOLTS AND PROVIDE LOCKING

MECHANISM (PADLOCK) ON

PLAN VIEW LOWER END - LOCATE STEPS
NTS DIRECTLY BELOW

AND LOWER BANDS (SEE NOTE 1)

24" (SEE NOTE 1) —,

UPPER METALBAND \ |
3/4"x4"WIDE r N
LOWER METAL BAND 3 /4" X 4" WIDE _ CONCENTRIC HORIZONTAL
FORMED TO FIT IN GROOVE OF RISER -~ RINGS AS NEEDED
YA/ ITTRRNNNN
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NOTES:
1. DIMENSIONS ARE FOR INSTALLATION ON 54" DIAMETER CB. FOR DIFFERENT DIAMETERS, CB'S ADJUST TO

MAINTAIN 45 DEGREE ANGLE ON "VERTICAL BARS" AND 7" O.C. MAXIMUM SPACING OF BARS AROUND
LOWER METAL BAND.

NOTE: WHERE THE MAXIMUM OPENING BETWEEN VERTICAL BARS EXCEED 4", ADD CONCENTRIC
HORIZONTAL RINGS AS NEEDED SO THAT OPENINGS DO NOT EXCEED 4" IN ONE DIRECTION.

2. METAL PARTS MUST BE CORROSION RESISTANT, STEEL BARS MUST BE GALVANIZED.

OVERFLOW STRUCTURE WITH DEBRIS CAGE

THIS DRAWING IS ONLY ATEMPLATE
THAT NEEDS TO BE ADJUSTED AND
REVISED FOR EACH PROJECT

Figure 5-55 Overflow structure with debris cage.
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Structural Design Considerations

Geometry

Pond inflows must enter through a conveyance system separate from the outlet control
structure and outflow conveyance system. Maximizing distance between the inlet and outlet
is encouraged to promote sediment trapping.

Pond bottoms must be level and must be a minimum of 0.5 feet below the inlet and outlet
invert elevations to provide sediment storage.

Berms, Baffles, and Slopes

Interior side slopes up to the emergency overflow water surface should not be steeper than
3H:1V unless a fence is provided (see Fencing below).

Exterior side slopes must not be steeper than 2H:1V unless analyzed for stability by a
geotechnical engineer.

Pond walls may be vertical retaining walls subject to the following:

m  Ensure they are constructed of minimum 3,000-psi structural reinforced concrete.
m  Provide all construction joints with water stops.

m  Design cast-in-place wall sections as retaining walls. A licensed civil engineer with
structural expertise must stamp structural designs for cast-in-place walls.

m  Place walls on stable, well-consolidated native material with suitable bedding, per
the Standard Specifications. Do not place walls in fill slopes unless the slopes have
been analyzed in a geotechnical report for stability and constructability.

m  Provide a fence along the top of the wall.

m Although the entire pond perimeter may be retaining walls, it is recommended that
at least 25% of the pond perimeter be a vegetated soil slope not steeper than 7H:1V.
Steeper slopes are permitted; consult with the local maintenance office.

m  Discuss the design of the pond with the local maintenance office to determine
whether there are maintenance access issues.

m  Ensure the design is stamped by a licensed civil engineer with structural expertise.

m  You may use other retaining walls such as rockeries, concrete, masonry unit walls, and
keystone-type walls if they designed under the direction of a geotechnical engineer or
a civil engineer with structural expertise. If the entire pond perimeter is to be retaining
walls, provide ladders on the full height of the walls for safe access by maintenance
staff.
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Embankments

Construct pond berm embankments in accordance with Section 2 03.3(14)C, Method C, of the
Standard Specifications.

For berm embankments 6 feet high or less, ensure the minimum top width is 6 feet or
as recommended by a geotechnical engineer.

Construct pond berm embankments on native consolidated soil (or adequately compacted and
stable fill soils analyzed by a geotechnical engineer), free of loose surface soil materials, roots,
and other organic debris.

Construct pond berm embankments greater than 4 feet high by excavating a key trench equal
to 50% of the berm embankment cross sectional height and width unless specified otherwise
by a geotechnical engineer.

Place antiseepage filter-drain diaphragms on outflow pipes in berm embankments impounding
water with depths greater than 8 feet at the design water surface. Additional guidance on filter-
drain diaphragms is given in Ecology’s Dam Safety Guidelines, Part IV, Dam Construction and
Design (Section 3.3B): YD http://www.ecy.wa.gov/biblio/9255d.html

Dam Safety for Detention BMPs

Stormwater detention facilities that can impound 10 acre-feet (435,600 cubic feet, or 3.26
million gallons) or more of runoff with the water level at the embankment crest are subject

to state dam safety requirements, even if water storage is intermittent and infrequent (WAC
173-175-020[1]). The principal safety concern is for the downstream population at risk if the
embankment or other impoundment structure should breach and allow an uncontrolled release
of the pond contents. Peak flows from impoundment failures are typically much larger than the
100-year flows, which these ponds are generally designed to accommodate.

Ecology’s Dam Safety Office uses consequence-dependent design levels for critical project
elements. There are eight design levels with storm recurrence intervals ranging from 1 in 500
years for Design Step 1, to 1 in 1,000,000 years for Design Step 8. The specific design step for
a particular project depends on the downstream population and other resources that would
be at risk from a failure of the impoundment. Precipitation events more extreme than the
100-year event may be rare at any one location, but have historically occurred somewhere
within Washington State every few years (on average).

With regard to the engineering design of stormwater detention facilities, the primary effect

of the state’s dam safety requirements is in sizing the emergency spillway to accommodate the
runoff from the dam safety design storm without overtopping the impoundment structure
(typically a berm or other embankment). The hydrologic computation procedures are the

same as those for the original pond design, except that the computations must use more
extreme precipitation values and the appropriate dam safety design storm hyetographs.

This information is described in detail within guidance documents developed by and

available from the Dam Safety Office (contact information is provided below).
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In addition to the other design requirements for stormwater detention BMPs described
elsewhere in this manual, make sure dam safety requirements are an integral part of planning
and design for stormwater detention ponds. It is most cost-effective to consider these
requirements at the beginning of the project.

In addition to the hydrologic and hydraulic issues related to precipitation and runoff, other dam
safety requirements relate to geotechnical issues; construction inspection and documentation;
dam breach analysis; inundation mapping; emergency action planning; and periodic inspections
by project owners and by engineers from the Dam Safety Office. All of these requirements, plus
procedural requirements for plan review, approval, and payment of construction permit fees,
are described in detail in guidance documents developed by and available from the Dam Safety
Office.

In addition to the written guidance documents, engineers from the Dam Safety Office

are available to provide technical assistance to project owners and design engineers in
understanding and addressing the dam safety requirements for their specific projects. In the
interest of providing a smooth integration of dam safety requirements into the stormwater
detention project, and streamlining the Dam Safety Office engineering review and issuance

of the construction permit, it is recommended and requested that the Dam Safety Office be
contacted early in the project planning process. The Dam Safety Office is located in the Ecology
Headquarters building in Lacey. Electronic versions of the guidance documents are available
on Ecology’s website: & www.ecy.wa.gov/programs/wr/dams/dss.html

Inlet and Outlet

If the inlet pipe is submerged below the design water surface elevation, then compute the
hydraulic grade line (HGL) of the inlet pipe to verify that backwater conditions are acceptable.
(See the Hydraulics Manual for computing an HGL.)

Outlet Control Structure

Control structures are catch basins or manholes with a restrictor device for controlling outflow
from a facility to meet the desired performance. Riser-type restrictor devices (tees or FROP Ts)
also provide some incidental oil/water separation to temporarily detain oil or other floatable
pollutants in runoff due to accidental spills or illegal dumping. The restrictor device usually
consists of two or more orifices or an orifice/weir section sized to meet performance
requirements. Standard control structure details are shown in the Standard Plans.

Multiple Orifice Restrictor

In most cases, control structures need only two orifices: one at the bottom and one near the
top of the riser (although additional orifices may optimize the detention storage volume). If
necessary, locate several orifices at the same elevation to meet performance requirements.

m  The minimum circular orifice diameter is 0.5 inches. For orifices that have a diameter
of less than 1 inch, consider using a flow screen that fits over the orifice to help
prevent plugging. (See Figure 5-54 for more details on orifice screens.)

Page 5-196 WSDOT Highway Runoff Manual M 31-16.04
April 2014


http://www.ecy.wa.gov/programs/wr/dams/dss.html
http://www.wsdot.wa.gov/Publications/Manuals/M23-03.htm
http://www.wsdot.wa.gov/Publications/Manuals/M21-01.htm

Chapter 5 Stormwater Best Management Practices

m  You may construct orifices on a tee section as shown in the Standard Plans.

m |In some cases, performance requirements may require the top orifice or elbow
to be located too high on the riser to be physically constructed (for example, a
13-inch-diameter orifice cannot be positioned 6 inches from the top of the riser).
In these cases, you may use a notch weir in the riser pipe to meet performance
requirements.

m  Consider the backwater effect of water surface elevations in the downstream
conveyance system. High tailwater elevations may affect performance of the restrictor
system and reduce live storage volumes. If these conditions are present, see Section
8.4 of the MGSFlood User’s Manual for further design guidelines.

m  There should be a minimum of 1 foot of freeboard above the detention design water
surface elevation, determined in accordance with the flow control criteria presented
in Section 3-3.6 under Minimum Requirement 6 (Flow Control). The detention design
water surface elevation is the highest water surface elevation that is projected in
order to satisfy the flow control requirements listed in Table 3-6 for western
Washington and Table 3-7 for eastern Washington. Hydrologic analysis and design
methods are presented in Sections 4-3.6.1 for western Washington and 4-4.5 for
eastern Washington. Read these sections for guidelines on how to incorporate the
detention pond water surface into the flow control modeling.

Riser and Weir Restrictor

m  You may use properly designed weirs as flow restrictors. However, you must design
them to provide for primary overflow of the developed 100-year peak flow discharging
to the detention facility.

m  You may use the combined orifice and riser (or weir) overflow to meet performance
requirements; however, your design must still provide for primary overflow of the
developed 100-year peak flow, assuming all orifices are plugged.

m  For different orifice, weir, and riser configurations and design equations and
assumptions, see the MGSFlood or Western Washington Highways Hydrology Analysis
Model (WHAM) training manuals: & www.wsdot.wa.gov/design/hydraulics

Primary Overflow

Provide a primary overflow (usually a riser pipe within the outlet control structure) for the
detention pond system to bypass the 100-year postdeveloped peak flow over or around the
flow restrictor system. Overflow can occur when the facility is full of water due to plugging of
the outlet control structure or high inflows; the primary overflow is intended to protect against
breaching of the pond embankment (or overflows of the upstream conveyance system). Your
design must provide controlled discharge of pond overflows directly into the downstream
conveyance system or another acceptable discharge point.
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Provide a secondary inlet to the pond discharge control structure as additional protection
against overflows should you determine that the primary inlet pipe to the control structure
would likely become plugged. In these situations, first consult with the Area Maintenance
Office to decide whether a secondary inlet to the control structure would be appropriate.

One option for the secondary inlet is a grated opening (called a jailhouse window) in the
control structure that functions as a weir when used as a secondary inlet. Ensure the maximum
circumferential length of a jailhouse window weir opening does not exceed one half the
control structure circumference. Contact the Region Hydraulics Office for the specific
structural design modification requirements on this design option.

Another common option for a secondary inlet is to allow flow to spill into the top of the
discharge control structure, or another structure linked to the discharge control structure,
that is fitted with a debris cage (called a birdcage; see Figure 5-55). You can use other options
for secondary inlets, subject to assurance that they would not be plugged by the same
mechanism that plugged the primary inlet pipe.

Emergency Overflow Spillway

In addition to the overflow provisions described above, detention ponds must have an
emergency overflow spillway. For impoundments of 10 acre-feet or greater, the emergency
overflow spillway must meet the state’s dam safety requirements (see discussion on dam safety
later in this section). For impoundments with less than 10 acre-feet of storage, ponds must
have an emergency overflow spillway that is sized to pass the 100-year postdeveloped
undetained peak flow in the event of total control structure failure (for example, blockage

of the control structure outlet pipe) or extreme inflows. Emergency overflow spillways are
intended to control the location where flows overtop the pond perimeter and direct overflows
into the downstream conveyance system or other acceptable discharge point. Set the bottom
of the emergency overflow spillway at the design water surface elevation.

Provide emergency overflow spillways for ponds with constructed berms more than 2 feet
high or for ponds located on grades more than 5%. As an option, you may provide emergency
overflow by a Type Il manhole fitted with a birdcage, as shown in Figure 5-55. You must design
the emergency overflow structure to pass the 100-year postdeveloped peak flow directly

to the downstream conveyance system or to another acceptable discharge point. Where an
emergency overflow spillway would discharge to a steep slope, consider providing

an emergency overflow structure in addition to the spillway.

Armor the emergency overflow spillway with riprap that is sized in conformance with guidelines
in the Hydraulics Manual. Make sure the spillway is armored across its full width and down the
embankment, per Section C-C in Figure 5-54).
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Analyze emergency overflow spillway designs as shown in Figure 5-53 as broad-crested
trapezoidal weirs using the following equation:

Quo=C (20 [LH" + 2 (Tan6) H*’ (€35

where: Qo peak flow for the 100-year runoff event (cfs)
C = discharge coefficient (0.6)
g = gravity (32.2 ft/sec?)
L = length of weir (ft)
H = height of water over weir (ft)
@ = angle of side slopes

Assuming C= 0.6 and Tan € = 3 (for 3H:1V slopes), the equation becomes:

Qoo = 3.21[LH¥ + 2.4 H*? (E-36)

To find the width L for the weir section, the equation is rearranged to use the computed Qg
and trial values of H (0.2 feet minimum):

L = [Qi00/(3.21H*?)] - 2.4 H or 6 feet minimum (E-37)

Analyze emergency overflow spillway designs using a Type Il manhole fitted with a birdcage,
as shown in Figure 5-55, using Figure 5-57 to pass the 100-year postdeveloped undetained
peak low.

Site Design Elements

Groundwater Issues

Construct flow control BMPs above the seasonal high groundwater table. Storage capacity and
proper flow attenuation are compromised if groundwater levels are allowed to fluctuate above
the limits of live storage. Site flow control pond, vault, and tank locations within the TDA such
that there is a separation between the local groundwater table elevation and the bottom of the
proposed BMP. In some cases, this may require that you construct a much shallower pond in
order to function properly.

Determine the groundwater table elevation in and around the flow control facility early in the
project. You can do this by installing piezometers at the BMP location and taking water table
readings over at least one wet season. The wet season is generally defined as October 1
through April 30. Where it has been determined that site conditions within the project limits
are not conducive to constructing flow control facilities due to high groundwater levels, it may
be necessary that you evaluate potential project impacts and solutions using the EEF Evaluation
in Appendix 2A or follow the demonstrative approach discussed in Section 1-1.3. Look for
opportunities to provide flow control to an equivalent area in the project that discharges

to the same sensitive area or receiving water body.
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Seeps and Springs

Intermittent seeps along cut slopes are typically fed by a shallow groundwater source
(interflow) flowing along a relatively impermeable soil stratum. These flows are storm-driven
and should discontinue after a few weeks of dry weather. However, if the site exhibits other
more continuous seeps and springs extending through longer dry periods, they are likely from
a deeper groundwater source. When continuous flows are intercepted and directed through
flow control facilities, you may have to make adjustments to the facility design to account for
the additional base flow (unless already considered in the design).

Setback Requirements

Detention ponds must be a minimum of 5 feet from any property line or vegetative buffer. You
may need to increase this distance based on the permit requirements of the local jurisdiction.

Ensure detention ponds are 100 feet from any septic tank or drain field (except wet vaults,
which must be a minimum of 20 feet).

Request from the WSDOT Materials Lab a geotechnical report for the project that evaluates
any potential structural site instability due to extended subgrade saturation or head loading of
the permeable layer, including the potential impacts to downgradient properties—especially
on hills with known side-hill seeps. The report should address the adequacy of the proposed
detention pond locations and recommend the necessary setbacks from any steep slopes

and building foundations.

Landscaping (Planting Considerations) and Vegetation Establishment

The project should revegetate the side slopes of the flow control pond to the maximum extent
practicable. The minimum vegetation effort would be to hydroseed the pond’s interior above
the 100-year water surface elevation and the exterior side slopes before completion of the
project.

Fencing

Pond walls may be retaining walls as long as you provide a fence along the top of the wall and
ensure at least 25% of the pond perimeter will have a slope of 3H:1V or flatter. (See the Design
Manual for additional fencing requirements.)

Operations and Maintenance Requirements

For general maintenance requirements, see Section 5-3.7.1.

Maintenance Access Roads (Access Requirements)

Refer to Section 5-3.7.1 for maintenance access road requirements and other general
maintenance considerations.

Signage

Refer to Section 5-4.3.7 for signing requirements.
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5-4.3 Stormwater Facility Components

5-4.3.1 Pretreatment
RT.24 — Presettling/Sedimentation Basin

Description: Provides pretreatment of
runoff to remove suspended solids that can
impact primary runoff treatment BMPs.

Presettling/Sedimentation Basin along

Geometry Limitations
Length to Width Ratio 3:1 Max
(5:1 Preferred)
Interior Embankment Slope  3H:1V
Exterior Embankment Slope 2H:1V

Min Depth 4
Max Depth 6'
Bottom Slope 2%

|-5 in Snohomish Cogntv

BMP Function
O LID
O Flow Control
¥ Runoff Treatment*

Effective Life (Years)
< 5-10

O QOil Control

O Phosphorus

¢ TSS - Basic

O Dissolved Metals - Enhanced

Capital Cost O & M Cost
3 Low to Moderate :> Moderate

Additional Constraints/Requirements

Soil Amendments/Compost
Energy Dissipater/Level Spreader
5-4.3.3 Facility Liners

5-4.3.7 Signing

Fencing

Presettling/Pretreatment
Underdrain

Soil Preparation

OO0O0REEOO

O 4-5 Infiltration Design Criteria

B Setback

O Landscaping/Planting

O Wetland Planting and Plant Establishment

O Inlet and Outlet Spacing

O Overflow

O Multidisciplinary Team

O WSDOT Pavement Engineer Approval

TMDL/303(d) — Considerations’

Avoid Preferred

O O Fecal Coliform

O O Phosphorus

O O Nitrogen

O O Temperature

O O Dissolved Metals

O % Total Suspended Solids/Turbidity

O O Dissolved Oxygen

O O pH

O O Oil/Grease

O O PAHs

O O Pesticides
1. See Table 3-1 and Section 2-6.4 for additional
guidance.

Maintenance Requirements
M Access Roads or Pullouts
O Vactor Truck Access
O Mowing
O Valve Access
O Specialized Equipment
O Specialized Training

Further Requirements: See Sections
5-3.6.1 and 5.5. Sediment removal
every 3-5 years.

*Provides pretreatment only.
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Introduction

General Description

A presettling basin provides pretreatment of runoff to remove suspended solids that can
impact other primary runoff treatment BMPs (see Figures 5-57 and 5-58).

Applications and Limitations

The most attractive aspect of a presettling basin is its isolation from the rest of the facility.
Presettling basins remove excess sediment loads from runoff when sediment falls out of
suspension and settles. However, they do not detain water long enough for removal of most
pollutants (such as some metals). Presettling basins are used as pretreatment for downstream
infiltration facilities. Runoff treated by a presettling basin may not discharge directly to a
receiving water body. Presettling/Sedimentation basins do not qualify as basic or enhanced
runoff treatment.

Design Flow Elements

Flows to Be Treated

Design presettling basins with a wetpool. Ensure the runoff treatment volume is at least 30%
of the total volume of runoff from the 6-month, 24-hour storm event.

Overflow or Bypass

Consider the possibility of overflows when designing presettling basins. Construct a designed
overflow section along the presettling basin embankment to allow flows to exit at a nonerosive
velocity during the 6-month, 24-hour storm event. Set the overflow at the permanent pool
level. The use of an aquatic bench with emergent vegetation around the perimeter helps with
water quality.

Inlet Structure

Ensure the runoff treatment volume is discharged uniformly and at low velocity into the
presettling basin to maintain near-quiescent conditions, which are necessary for effective
treatment. It is desirable for the heavier suspended material to drop out near the front of
the basin. You may need energy-dissipation devices to reduce inlet velocities that exceed
3 feet per second.

Outlet Control Structure

The outlet structure conveys the runoff treatment volume from the presettling basin to the
primary treatment BMP (for example, a wetland or sand filtration basin). The passive outlet
control structure can be created as an earthen berm, gabion, concrete, or riprap wall along
the separation embankment preceding the primary treatment BMP.
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Figure 5-57 Typical presettling/sedimentation basin.
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Figure 5-58 Presettling/sedimentation basin: Alternate sections.
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Structural Design Considerations

Geometry

A long, narrow basin is preferred because it is less prone to short-circuiting and tends to
maximize available treatment area. The length-to-width ratio should be at least 3:1 and
preferably 5:1. The inlet and outlet should be at opposite ends of the basin, where feasible.

Materials

Widely acceptable construction materials and specifications, such as those developed by the
USDA National Resources Conservation Service (NRCS) or the U.S. Army Corps of Engineers
for embankment ponds and reservoirs, may aid in building the impoundment.

Berms, Embankments, Baffles, and Slopes

Construct berm embankments on native consolidated soil (or adequately compacted and stable
fill soils analyzed by a geotechnical report), free of loose surface soil materials, roots, and other
organic debris.

The inlet and outlet should be at opposite ends of the basin, where feasible. If this is not
possible, then install baffles to increase the flow path and water residence time.

Sod or seed exposed earth on the side slopes and bottom with the appropriate seed mixture
as soon as is practicable. If necessary, use geotextile or matting to stabilize slopes until seeding
or sodding become established.

If composed of a structural retaining wall, interior side slopes may be nearly vertical as long

as you provide maintenance access. Otherwise, they should be no steeper than 3H:1V. Exterior
embankment slopes should be 2H:1V or less. The bottom of the basin should have a 2% slope
to allow complete drainage. The minimum depth must be 4 feet; the maximum depth must

be 6 feet.

Embankments that impound water must comply with Washington dam safety regulations
(WAC 173-175). If the impoundment has a storage capacity (including both water and sediment
storage volumes) greater than 10 acre-feet (435,000 cubic feet, or 3.26 million gallons) above
natural ground level, then a dam safety design and review are required.

Liners

If the basin intercepts the seasonal high groundwater table, a liner is recommended. In these
situations, a low-permeability liner or treatment liner must cover the bottom and side areas.
(See liner criteria in Section 5-4.3.3 for further information.)

Site Design Elements

Setback Requirements

m Presettling basins must be a minimum of 5 feet from any property line or vegetative
buffer. You may need to increase this distance based on the permit requirements of
the local jurisdiction.
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m  Ensure presettling basins are 100 feet from any septic tank or drain field, except wet
vaults, which must be a minimum of 20 feet.

m  Request from the WSDOT Materials Lab a geotechnical report for the project
that evaluates any potential structural site instability due to extended subgrade
saturation or head loading of the permeable layer, including the potential impacts
to downgradient properties (especially on hills with known side-hill seeps). The
report should address the adequacy of the proposed presettling basin locations and
recommend the necessary setbacks from any steep slopes and building foundations.

Safety, Signage, and Fencing

Incorporate all possible safety precautions for basins that are readily accessible to populated
areas. Protect dangerous outlet facilities by enclosure. Use warning signs wherever appropriate.
Place signs so that at least one is clearly visible and legible from all adjacent streets, sidewalks,
or paths.

Maintenance

Failure of large impoundment structures can cause significant property damage and even loss
of life. Regularly inspect impoundment structures for signs of failure, such as seepage or cracks
in the walls or berm.

Presettling basins are less likely than wet ponds to build up excessive levels of heavy metals
from sediments washed off impervious areas. Routine maintenance should remove and
properly dispose of any significant sediment deposits. Sediment should be removed every
three to five years or when 6 to 12 inches have accumulated, whichever comes first. More
frequent removal of sediment from the presettling basin may be less costly over the same
time period than a one-time cleaning of the entire basin. (See Section 5-5 for further criteria.)

5-4.3.2 Soil Amendments

Introduction

General Description

Soil amendments, including compost and other organic materials, help restore the health of the
soil and increase environmental functions such as rainwater infiltration and natural detention,
evapotranspiration, and plant health. Soil amendments can help prevent or minimize adverse
stormwater impacts during construction and are used along with vegetation as a permanent
runoff treatment BMP. Compost is a versatile material that can be used as a component in
many other permanent and temporary stormwater BMPs.

Compost-amended soils can be modeled as pasture on native soil. The final organic content
of these soils should be 10% for all areas, excluding turf areas, which are expected to receive
a high amount of foot traffic. Turf (lawn) areas with high foot traffic must have a 5% final
organic content.
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Applications and Limitations

You can use soil amendments in most unpaved areas within the project. If you apply soil
amendments as a blanket, they perform erosion control functions immediately by providing
a cover to bare soils. When you incorporate them into the soil, they increase infiltration and
adsorption of metals and aid in the uptake of nutrients. They also enhance vegetation growth
and plant establishment.

Compost provides an excellent growing medium for roadside vegetation. Traditional highway
construction methods typically result in the excavation and removal of the area’s topsoil.
Roadway embankments are then constructed from material that has few nutrients, is low in
organic material, and is compacted to 95% maximum density. Adding compost to roadway
slopes and ditches provides soil cover, improves soil fertility and texture, and greatly improves
the vegetative growth and soil stability (thereby reducing erosion).

Organic soil amendments soak up water like a sponge and store it until it can be slowly
infiltrated into the ground or taken up by plants. (For instance, 4 inches of compost tilled into
8 inches of Alderwood series soil increased the water storage capacity by 100% [Harrison et al.,
1997].) In some BMP applications, the volume of compost can be sized to absorb and hold the
runoff treatment storm.

Compost is an excellent filtration medium, which provides treatment for highway runoff.
Compost has a high cation exchange capacity (CEC) that chemically traps dissolved heavy
metals and binds them to the compost material. Oils, grease, and floatables are also
removed from stormwater as it is filtered through the compost.

Compost is very absorbent when dry, but when saturated it has a high infiltration rate.
Therefore, greater storm events can pass through compost medium without hindering the
infiltration rates of underlying soils or drain materials. Compost has also been shown to
improve the infiltration rates of underlying soils, even till soils.

Placement of a compost blanket on bare soil helps stabilize the soil and prevent surface erosion
by intercepting rainfall. This type of application changes the texture and workability of the soil,
lengthens the acceptable seeding windows, and encourages plant growth.

You can use compost soil amendments in the construction phase of projects as compost berms
and compost socks in lieu of conventional geotextile silt fences for sediment control (see BMP
5-1.1.15, Filter Berms, in the TESCM). While being an effective sediment trap during the
construction phase, compost berms are advantageous in that they can be bladed out at the
construction site, which avoids bid items for the haul and disposal of silt fences. If the
permanent stormwater design involves use of compost-amended vegetated filter strips, you
can use a batch of compost as sediment control in a berm, then you can blade out the berm
along a highway roadside, where you can use it as part of vegetated filter strip construction.
You can leave compost socks in place, as they will deteriorate with time. For information on
compost sock use, limitations, and placement, contact the Region Hydraulics Office, the HQ
Roadside and Site Development Section, or the HQ Environmental Services Office.
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Maintenance

Compost, as with sand filters or other filter mediums, can become plugged with fines and
sediment, which may require removal and replacement. Including vegetation with compost
helps prevent the medium from becoming plugged with sediment by breaking up the sediment
and creating root pathways for stormwater to penetrate into the compost. It is expected that
soil amendments will have a removal and replacement cycle; however, this time frame has not
yet been established.

Structural Design Considerations

Materials

Ensure compost material are aged and cured according to Section 9-14.4(8) of the Standard
Specifications.

There are three types of compost specified in the Standard Specifications: fine, medium, and
coarse. Fine compost is a finer and usually more mature form of compost. It is for general soil
amendment use and should not be used for compost filter berms or socks. Coarse compost has
been screened to remove most of the fines. Medium compost has a blend of finer and coarser
particles. To prevent failure due to clogging, medium compost is specified for compost berms
and socks. All types of compost can be used as a soil amendment or blanket depending on the
soil type and desired final outcome. Consult the Region or HQ Landscape Architect for site-
specific recommendations.

Compost

Organic soil amendment, suitable for landscaping and stormwater management, should

be a stable, mature compost derived from organic waste materials, including yard debris,
wood wastes, or other organic materials that meet the intent of the organic soil amendment
specification. Compost stability indicates the level of microbial activity in the compost and

is measured by the amount of CO, produced over a given period of time by a sample in a
closed container. Unstable compost can render nutrients temporarily unavailable and create
objectionable odors.

Determine compost quality by examining the material and by qualitative tests. A simple way
to judge compost quality is to smell and examine the finished product, which should have the
following characteristics (WORC, 2003):

m  Earthy smell that is not sour, sweet, nor ammonia-like

m  Brown to black in color

m  Mixed particle sizes

m  Stable temperature and does not get hot when rewetted

m  Crumbly texture
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Qualitative tests and producer documentation should have the following specifications:

m  Material must meet the definition for “composted materials” in WSDOT’s Standard
Specifications, Section 9-14, and WAC 173-350, Section 220, which is available online:
YD http://apps.leg.wa.gov/wac/default.aspx?cite=173-350-220

m  Compost used in enhanced runoff treatment applications must not contain biosolids
or any street or highway sweepings

For further information, see the Roadside Manual (Chapter 700).

Organic Matter Content of Soil Mixes

You can achieve the minimum organic matter content by amending soils using the preapproved
Presumptive Method (as outlined below) or by amending soils using the Custom Method, where
you would have to calculate a custom amendment rate for the existing site soil conditions. The
Presumptive Method simplifies planning and implementation; however, the organic matter
content of the disturbed on-site soils may be relatively good and not require as extensive an
application of amendment material. In many cases, calculating a site-specific rate using the
Custom Method may result in significant savings in amendment material and application costs.

Presumptive Method for Determining Soil Organic Content

Soil amendments can be used two ways: placed on top of the soil or incorporated into it. The
intent of incorporation is to increase the organic content of the soil, replicating a forested soil
condition. Figure 5-59 shows typical details for soil amendments used in woody planting areas
and grass or CAVFS areas.

To encourage native woody plant species, employ the following presumptive technique (see
Figure 5-59, Figure A):

m Incorporate 3 inches of coarse compost into the top 9 inches of soil
m  Place 3 inches of bark or wood chip mulch on the surface
m Plant through the layers

To encourage grass or CAVFS, employ the following presumptive technique (see Figure 5-59,
Figure B):

m Incorporate 1.75 inches of coarse compost into the top 6.25 inches of soil

= Roll to compact soil to 85% maximum density.*

m  Establish vegetation on top of incorporated soil

152012 Stormwater Management Manual for Western Washington.
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Figure B — Amendments for grass or CAVFS areas.

Figure 5-59 Soil amendments for vegetation.

The organic content of the soil should be 10% for areas planted with woody species and 5% for
lawn areas after adding the amendments. (Note that WSDOT does not construct many lawn
areas. Some projects in urban and semiurban areas may include lawn areas. Lawns are areas
that will be mowed regularly and may contain irrigation. Roadside areas that are hydroseeded
for erosion control are not considered lawn areas.) The amount of compost or other soil
amendments used varies by soil type and organic matter content. If there is a good possibility
that site conditions may already contain a relatively high organic content, then it may be
possible to modify the presumptive technique described above and still achieve the 10%
organic content target. Contact the Region or HQ Landscape Architect to determine the
amount of organic material in the project soils and the amount of soil amendments needed
to bring the organic matter to the percentages listed above.
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Custom Method for Determining Soil Organic Content

The design of the final soil composition is critical to the success of the facility. Use the following
guidelines to design the soil mix.

Calculating a custom rate requires that you collect soil samples from the area to be amended
and samples from the compost material. Then, test the soil and compost for percent organic
matter. Compost and topsoil producers can often supply the required information for the
amendment material. A quick way to determine the approximate organic matter content

of a soil mix would be to use the following rules of thumb:

m  Compost is typically 40% to 50% organic matter (use 45% as an average).
m  Compost weighs approximately 50% as much as loam.
m A mix that is 40% compost measured by volume is roughly 20% organic matter by volume.

m  Compost is only 50% as dense as the soil, so the mix is approximately 10% organic
matter by weight (the organic matter content in soil is determined by weighing the
organic material before combustion and then weighing the ash post combustion).

m  The final soil mix (including compost and soil) should have a minimum long-term
hydraulic conductivity of 1.0 inch/hour per ASTM Designation D2434 (Standard Test
Method for Permeability of Granular Soils) at 80% compaction per ASTM Designation
D1557 (Standard Test Methods for Laboratory Compaction Characteristics of Soil
Using Modified Effort) (Tackett, 2004). Infiltration rate and hydraulic conductivity are
assumed to be approximately the same in a uniform mix soil.

m  The final soil mixture should have a minimum organic content of 10% by dry weight
per ASTM Designation D2974 (Standard Test Methods for Moisture, Ash and Organic
Matter of Peat and Other Organic Soils) (Tackett, 2004). Currently, gravelly sand LID
BMP soil mixtures are being developed and installed to provide adequate infiltration
rates at 85% to 95% compaction. While you can anticipate good performance from
this specification, the mix may be slightly less than optimal for plant growth and has
not been tested long term for plant health performance.

m Achieving the above recommendations will depend on the specific soil and compost
characteristics. In general, the recommendation can be achieved with 60% to 65%
loamy sand mixed with 25% to 30% compost or 30% sandy loam, 30% coarse sand,
and 30% compost.

m  The final soil mixture should be tested by the WSDOT Materials Lab prior to
installation for fertility, micronutrient analysis, and organic material content. Soil
amendments per Region or HQ Landscape Architect Office recommendations (if any)
should be uniformly incorporated for optimum plant establishment and early growth
(Tackett, 2004).

m Clay content for the final soil mix should be less than 5%.

m  Compost must not contain biosolids or any street or highway sweepings.
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m  The pH for the soil mix should be between 5.5 and 7.0 (Stenn, 2003). If the pH falls
outside the acceptable range, it may be modified with lime to increase the pH or iron
sulfate plus sulfur to lower the pH. The lime or iron sulfate must be mixed uniformly
into the soil prior to use in LID areas (Low-Impact Development Center, 2004).

m  Soil depth should follow the design criteria in the Roadside Policy Manual and provide
acceptable minimum pollutant attenuation/good growing conditions for selected plants.

m  The soil mix should be uniform and free of stones, stumps, roots, or other similar
material larger than 2 inches.

m  When placing topsoil, it is important that the first lift of topsoil is mixed into the top
of the existing soil. This allows the roots to penetrate the underlying soil easier and
helps prevent the formation of a slip plane between the two soil layers.

m  The above guidelines should provide a soil texture, an organic content, and an
infiltration rate suitable to meet the SSC-7, Soil Physical and Chemical Suitability
for Treatment (in Chapter 4), recommendations for designing infiltration systems.
A soils report evaluating these parameters should be provided to verify the
treatment capability of the soil mix.

m  The texture for the soil component of the LID BMP soil mix should be loamy sand
(USDA Soil Textural Classification).

m  Compost shall meet the requirements in Section 9-14 of the Standard Specifications.

Compost that is applied as a land cover must have a minimum blanket depth of 2 to 3 inches,
depending on slope and soil types. Slopes steeper than 4H:1V should receive 3 inches of
compost as a cover. Likewise, more erodible soils must be at the higher end of the compost
application range.

Compost is not recommended for areas of concentrated flow. However, you can use in swales
or on the sides of ditches above the expected flow line.

For more information on soil amendments/applications, see the Roadside Manual (Chapter 700).

5-4.3.3 Facility Liners

Liners are intended to reduce the likelihood of stormwater pollutants reaching groundwater
beneath runoff treatment facilities. In addition to groundwater protection considerations,
liners are sometimes used to hold water, such as for a permanent pool in a wet pond.

Treatment liners amend the soil with materials that treat stormwater before it reaches more
freely draining soils. They have slow rates of infiltration, generally less than 3.0 inches per hour,
but not as slow as low-permeability liners. Treatment liners may use in-place native soils or
imported soils.

Low-permeability liners reduce infiltration to a very slow rate, generally less than 0.02 inches
per hour. These types of liners are generally used for sites with a potential for high pollutant
loading in the stormwater runoff or when it is necessary to maintain a constant pool of water
for extended periods of time. For WSDOT, low-permeability liners consist of the geosynthetic
clay liner (GCL), HDPE geomembrane liner, and PVC geomembrane liner.
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General Design Criteria

Table 5-10 shows recommendations for the type of liner generally best suited for use with
various runoff treatment facilities. The intent of this table is to ensure stormwater receives
the required minimum amount of runoff treatment before being allowed to infiltrate in areas
of relatively permeable soils.

Evenly place liners over the bottom and/or sides of the treatment area of the facility, as
indicated in Table 5-10. You do not need to line areas above the treatment volume that are
required to pass flows greater than the runoff treatment flow (or volume). However, you must
extend the lining to the top of the interior side slope and anchor it if you cannot permanently
secure it by other means.

For low-permeability liners, the following criteria apply:

m  Where the seasonal high groundwater elevation is likely to contact a low-permeability
liner, liner buoyancy may be a concern. Do not use a low-permeability liner in this
situation unless evaluated and recommended by a geotechnical engineer.

m  Where grass must be planted over a low-permeability liner per the facility design,
place a minimum of 6 inches of good topsoil or compost-amended native soil
(2 inches of compost tilled into 6 inches of native till soil) over the liner in the
area to be planted; 12 inches of cover is preferred.

If a treatment liner is below the seasonal high water level, the pollutant-removal performance
of the liner must be evaluated by a geotechnical or groundwater specialist and found to be as
protective as if the liner were above the groundwater level.

Table 5-10 Lining types recommended for runoff treatment facilities.

Runoff Treatment Facility Area to Be Lined Type of Liner Recommended

RT.24 — Presettling Basin Bottom and sides Low-permeability liner or treatment
liner; if the basin intercepts the
seasonal high groundwater table,

a treatment liner is recommended

RT.12 — Wet Pond, and CO.01 —
Combined Wet/Detention Pond

Low-permeability liner or treatment
liner; if the facility intercepts the
seasonal high groundwater table,

a treatment liner is recommended

First cell: bottom and sides to
runoff treatment design water
surface

Second cell: bottom and sides Treatment liner
to runoff treatment design
water surface

RT.13 — Constructed Stormwater Bottom and sides: both cells Low-permeability liner or treatment
Treatment Wetland, and CO.02 — liner; if the facility intercepts the
Combined Stormwater Treatment seasonal high groundwater table,
Wetland/Detention Pond a treatment liner is recommended
Treatment BMPs in underground Not applicable No liner needed
structures
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Design Criteria for Treatment Liners

The design criteria for treatment liners are as follows:

m A 2-foot-thick layer of soil with a minimum organic content of 5% and a minimum
cation exchange capacity (CEC) of 5 milliequivalents per 100 grams can be used as
a treatment layer beneath a runoff treatment or detention facility.

m  To demonstrate that in place soils meet the above criteria, one sample per 1,000
square feet of facility area must be tested. Each sample must be a composite of
subsamples taken throughout the depth of the treatment layer (usually 2 to 6 feet
below the proposed facility invert).

m  Typically, sidewall seepage is not a concern if the seepage flows through the same
stratum as the bottom of the treatment BMP. However, if the treatment soil is an
engineered soil or has very low permeability, the potential to bypass the treatment
soil through the sidewalls may be significant. In those cases, the treatment BMP
sidewalls may be lined with at least 18 inches of treatment soil, as described above,
to prevent untreated seepage. The soil thickness in the sidewalls is less than in the
bottom because unsaturated flow occurs with alternating wet-dry periods.

m  Organic content is measured on a dry weight basis using ASTM D2974.
m  CECis tested using U.S. EPA laboratory method 9081.

m A soils testing laboratory must certify that imported soil meets the organic content
and CEC criteria above and must provide this certification to the local jurisdiction.

Design Criteria for Low-Permeability Liner Options

This section presents the general design criteria for the following three low-permeability liner
options: geosynthetic clay liners (GCL), HDPE geomembrane liners, and PVC geomembrane
liners. Each liner has its own advantages and disadvantages. GCL consist of two layers of
geosynthetics stitched together enclosing a layer of processed sodium bentonite clay. The clay
expands to help create a good watertight seal. An HDPE liner has excellent chemical resistance,
but is inflexible and suffers from environmental stress cracking and thermal stresses. PVC
geomembrane liners are very flexible and as a result can conform to uneven surfaces without
becoming punctured. Consult the Region Materials Office for low-permeability liner options
for each site-specific installation.

Geosynthetic Clay Liners and Geomembrane Liners

m  Ensure geomembrane liners are ultraviolet (UV) light resistant and have a minimum
thickness of 30 mils. Use a thickness of 40 mils in areas of maintenance access or
where heavy machinery must be operated over the membrane.

m  Bed geomembranes according to manufacturers’ recommendations.
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m Install liners so that they can be covered with 12 inches of top dressing forming the
bottom and sides of the runoff treatment facility, except for liner sand filters. Top
dressing consists of 6 inches of crushed rock covered with 6 inches of native soil. The
rock layer is to mark the location of the liner for future maintenance operations. As an
alternative to crushed rock, use 12 inches of native soil if orange plastic safety fencing
or another highly visible, continuous marker is embedded 6 inches above the
membrane.

m [If possible, use liners of a contrasting color so that maintenance workers can easily
spot any area where a liner may have become exposed.

m Do not use geomembrane liners on slopes steeper than 5H:1V to prevent the top
dressing material from slipping. You may use textured liners on slopes up to 3H:1V
upon recommendation by a geotechnical engineer that the top dressing is stable for
all conditions of operation, including maintenance operations.

5-4.3.4 Flow Splitters

Although volume-based (wetpool) runoff treatment BMPs must be designed as on-line facilities,
you can design many flow rate-based runoff treatment BMPs as either on-line or off-line. On-
line systems allow flows above the runoff treatment design flow to pass through the facility at

a lower pollutant-removal efficiency. However, it is sometimes desirable to restrict flows to an
off-line runoff treatment facility and bypass the remaining higher flows around the BMP. You
can do this by splitting flows in excess of the runoff treatment design flow upstream of the
facility and diverting higher flows to a bypass pipe or channel. The bypass typically enters

a detention pond or the downstream receiving drainage system, depending on flow control
requirements. In most cases, it is your choice whether runoff treatment facilities are designed
as on-line or off-line; an exception is oil/water separators, which must be designed off-line.

A crucial factor in designing flow splitters is to ensure low flows are delivered to the treatment
facility up to the runoff treatment design flow rate. Above this rate, additional flows are
diverted to the bypass system, with minimal increase in head at the flow splitter structure,

to avoid surcharging the runoff treatment facility under high flow conditions.

Flow splitters are typically manholes or vaults with concrete baffles. In place of baffles, the
splitter mechanism may be a half tee section with a solid top and an orifice in the bottom of the
tee section. A full tee option may also be used, as described below in General Design Criteria.
Two possible design options for flow splitters are shown in Figures 5-60 and 5-61. Other
equivalent designs that achieve the result of splitting low flows and diverting higher flows
around the facility are also acceptable.
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General Design Criteria

Design flow splitters to deliver the runoff treatment design flow rate to the runoff
treatment facility. For the basic sand filter, which is sized based on volume, use the
runoff treatment design flow rate to design the splitter.

Locate the top of the weir at the water surface for the design flow. Remaining flows
enter the bypass line. Flows modeled using a continuous simulation model should
use 15-minute time steps, if available. Otherwise, use 1-hour time steps.

Minimize the maximum head for flow in excess of the runoff treatment design flow.
Specifically, flow to the runoff treatment facility in the 100-year event must not
increase the runoff treatment design flow by more than 10%.

Use either the Figure 5-60 or the Figure 5-61 design (or an equivalent design).

As an alternative to using the solid top plate shown in Figure 5-61, you may use a full
tee section with the top of the tee at the 100-year water surface. This alternative
routes emergency overflows (if the overflow pipe is plugged) through the runoff
treatment facility rather than backing up in the splitter manhole.

You may need to use a modified flow splitter for special applications. The baffle wall
may be fitted with a notch and adjustable weir plate to proportion runoff volumes
other than high flows.

For ponding facilities, address backwater effects in designing the height of the
standpipe in the manhole.

Provide ladder or step-and-handhold access. If the weir wall is higher than 36 inches,
use two ladders—one on either side of the wall.

Materials

Install the splitter baffle in a Type 2 manhole or vault.

Ensure the baffle wall is made of reinforced concrete, or another suitable material
resistant to corrosion, and have a minimum 4-inch thickness. The minimum clearance
between the top of the baffle wall and the bottom of the manhole cover must be

4 feet; otherwise, provide dual access points.

Ensure all metal parts are corrosion resistant. Examples of preferred materials include
aluminum, stainless steel, and plastic. Avoid the use of zinc and galvanized materials—
because of their aquatic toxicity potential—when substitutes are available. Do not
paint metal parts for corrosion resistance because paint does not provide long-term
protection.
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5-4.3.5 Flow Spreading Options

Flow spreaders function to uniformly spread flows across the inflow portion of runoff treatment
facilities (such as a Media Filter Drain Type 4 — Type 7), biofiltration swale, or vegetated filter
strip). Five flow spreader options are presented in this section:

m  Option A—Anchored plate

m  Option B— Concrete sump box

m  Option C— Notched curb spreader

m  Option D —Through-curb ports

m  Option E—Interrupted curb

m  Option F —Slotted flow-dispersal pipe

m  Option G — Perforated pipe in a gravel-backfilled trench with a notched grade board

Use options A through C, F, and G for spreading flows that are concentrated. Use any one of
these options when spreading is required by the facility design criteria. You can also use options
A through C for unconcentrated flows; in some cases, they must be used, such as to correct for
moderate grade changes along a vegetated filter strip.

Use options D and E only for flows that are already unconcentrated and enter a vegetated filter
strip or continuous inflow biofiltration swale. Other flow spreader options are permitted with
approval from the HQ Hydraulics Office.

General Design Criteria

Where flow enters the flow spreader through a pipe, it is recommended that the pipe be
submerged to the extent practicable to dissipate energy as much as possible.

For higher inflows (greater than 5 cubic feet per second for the 100-year storm), a Type 1 catch
basin should be positioned in the spreader, and the inflow pipe should enter the catch basin
with flows exiting through the top grate. The top of the grate should be lower than the level
spreader plate or, if a notched spreader is used, lower than the bottom of the V-notches.

For guidelines on outfall protection, see Section 5-4.3.6.

Option A - Anchored Plate

m  An anchored plate flow spreader (see Figure 5-62) must be preceded by a sump having
a minimum depth of 8 inches and a minimum width of 24 inches. If not otherwise
stabilized, the sump area must be lined to reduce erosion and to dissipate energy.

m  The top surface of the flow spreader plate must be level, projecting a minimum of
2 inches above the ground surface of the runoff treatment facility, or V-notched with
notches 6 to 10 inches on center and 1 to 6 inches deep (use shallower notches with
closer spacing). Alternative designs may also be used.
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m A flow spreader plate must extend horizontally beyond the bottom width of the
facility to prevent water from eroding the side slope. The horizontal extent should
protect the bank for all flows up to the 100-year flow or the maximum flow that
enters the runoff treatment facility.

m  Flow spreader plates must be securely fixed in place.

m  Flow spreader plates may be made of wood, metal, fiberglass-reinforced plastic, or
other durable material. If wood, pressure-treated 4-inch by 10-inch lumber/landscape
timbers are acceptable.

m  Anchor posts must be 4-inch-square concrete, tubular stainless steel, or other material
resistant to decay.

Option B - Concrete Sump Box

m  The wall of the downstream side of a rectangular concrete sump box (see Figure 5-12
to Figure 5-14) must extend a minimum of 2 inches above the treatment bed. This
serves as a weir to spread the flows uniformly across the bed.

m  The downstream wall of a sump box must have wing walls at both ends. Sidewalls
and returns must be slightly higher than the weir so that erosion of the side slope
is minimized.

m  Concrete for a sump box can be either cast-in-place or precast, but the bottom of
the sump must be reinforced with wire mesh for cast-in-place sumps.

m  Sump boxes must be placed over bases consisting of 4 inches of crushed rock, %-inch
minus, to help ensure the sump remains level.

Option C - Notched Curb Spreader

Notched curb spreader sections (see Figure 5-63) must be made of extruded concrete laid side
by side and level. Typically, five teeth per 4-foot section provides good spacing. The space
between adjacent teeth forms a V-notch.
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EXAMPLE OF ANCHORED PLATE
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FLOW SPREADER OPTION A: ANCHOR PLATE

THIS DRAWING IS ONLY A TEMPLATE
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REVISED FOR EACH PROJECT

Figure 5-62 Flow spreader Option A: Anchor plate.
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Figure 5-63 Flow spreader Option C: Notched curb spreader.

Option D - Through-Curb Ports

Unconcentrated flows from paved areas entering vegetated filter strips or continuous inflow
biofiltration swales can use curb ports (see Figure 5-64) or interrupted curbs (Option E) to
allow flows to enter the strip or swale. Curb ports use fabricated openings that allow concrete
curbing to be poured or extruded, with an opening through the base to admit water to the
runoff treatment facility.
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Openings in the curb must be at regular intervals—at least every 6 feet (minimum). The width
of each curb port opening must be a minimum of 11 inches. Approximately 15% or more of the
curb section length should be in open ports, and no port should discharge more than about 10%
of the flow.

Option E - Interrupted Curb

Interrupted curbs are sections of curb placed to have gaps spaced at regular intervals along the
total width (or length, depending on the facility) of the treatment area. At a minimum, gaps
must be every 6 feet to allow distribution of flows into the treatment facility before the flows
become too concentrated. The opening must be a minimum of 11 inches. As a general rule,

no opening should discharge more than 10% of the overall flow entering the facility.

REINFORCED CONCRETE CURB

W,
\\L~
W, \\[,\\l; W, W

- GRASS FILTER STRIP

" OPENING 11" MIN.

ISOMETRIC VIEW
NTS

FLOW SPREADER OPTION D: THROUGH - CURB PORT

THIS DRAWING IS ONLY A TEMPLATE
THAT NEEDS TO BE ADJUSTED AND
REVISED FOR EACH PROJECT

Figure 5-64 Flow spreader Option D: Through-curb port.
Option F - Slotted pipe

A slotted pipe redispersal system is pipe that has slots or openings along the pipe’s spring line.
The slotted pipe redispersal system has a maximum length of 200 feet and maximum flow rate
of 2.0 cfs for the 100-year storm event. If a flow splitter is used upstream of the slotted pipe
system so that it is only receiving off-line flows, then the maximum of 2.0 cfs applies to the WQ
storm event. (See Figures 5-26 — 5-29 and 5-65 for details on the slotted pipe configuration.)

Mounding of water in the slotted pipe can be a concern. Use Manning’s equation (see below) to
ensure the height of water due to the mounding in the pipe doesn’t exceed a height of 0.021 ft.
(0.25 inches) for the 100-year storm event (if on-line) or the WQ storm event (if off-line).
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Figure 5-65
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Q — 1.49 A Rad \/_Sf (E-38)
n

where: Q = flowin a given length of slotted pipe, ft*/s

1.49 = unit conversion constant for English units

n = Manning's roughness coefficient for PVC pipe = 0.012

A = cross-sectional area of the flow below the slot opening (ft?); since
the slots are positioned with the bottom of the slot at the spring line,
this value was assumed to be % of the cross-sectional pipe area

R = hydraulic radius (ft); this value was assumed to be associated with
the pipe flowing at 50% of the full flow condition

St = friction gradient/slope for uniform flow conditions (ft/ft)

To minimize the mounding effect, consider allowing inflows to enter the slotted dispersion pipe
at its midpoint. Flow was split evenly in each direction within the slotted pipe, so the flow rate
considered is half of what it would be if flow entered from one end. Slot lengths are 24 inches
in length, 2 inches in height, and spaced 12 inches apart. A spreadsheet is available to help

the designer determine the number of slots, slotted pipe length, and mounding:

“B www.wsdot.wa.gov/environment/waterquality/runoff/highwayrunoffmanual.htm

— Mounding Influences discharge through each slot.

Flow direction =:>

Figure 5-66 Slotted pipe mounding.

Inspect and field-verify the installation during construction to ensure the flow spreader is
working as designed and is spreading flows evenly. It may take several iterations to get the
flow spreader to work as designed.

Option G- Perforated pipe in a gravel-backfilled trench with notched grade board

The perforated pipe in a gravel-backfilled trench and notched grade board system has a
maximum length of 100 feet and maximum flow rate of 1.0 cfs for the 100-year storm event.

If a flow splitter is used upstream of the perforated pipe redispersal system so that it is only
receiving “off-line” flows, then the maximum of 1.0 cfs applies to the WQ storm event. The
mounding issues seen in the slotted pipe redispersal system do not apply to this perforated
pipe redispersal system. (See Figure 5-68 for details on the perforated pipe in a gavel backfilled
trench with notched grade board.) Inspect and field-verify the installation during construction
to ensure the flow spreader is working as designed and is spreading flows evenly. It may take
several iterations to get the flow spreader to work as designed.
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5-4.3.6 Outfall Systems

Properly designed outfalls are critical to reducing the chance of adverse impacts as the result of
concentrated discharges from pipe systems and culverts, both on site and downstream. Outfall
systems include rock splash pads; flow dispersal trenches; gabion or other energy dissipaters;
and tight-line systems. A tight-line system is typically a continuous length of pipe used to
convey flows down a steep or sensitive slope with appropriate energy dissipation at the
discharge end.

General Design Criteria

Following are the general design criteria for both outfall features and tight-line systems.

Outfall Features

At a minimum, you must provide all outfalls with a rock splash pad, except as specified below
and in Table 5-11 (see Figure 5-67).

Use the flow dispersal trenches shown in Figures 5-68 and 5-69 only when both the following
criteria are met:

m  An outfall is necessary to disperse concentrated flows across uplands where no
conveyance system exists and the natural (existing) discharge is unconcentrated

m  The 100-year peak discharge rate is less than or equal to 0.5 cubic feet per second

For freshwater outfalls with a design velocity greater than 10 feet per second, a gabion
dissipater or engineered energy dissipater may be required (see Figure 5-70). There are
many possible designs.

Note: The gabion outfall detail shown in Figure 5-70 is illustrative only. You must develop
a design engineered to specific site conditions.

Tight-line systems may be needed to prevent aggravation or creation of a downstream erosion
problem.

In marine waters, rock splash pads and gabion structures are not recommended. Rock splash
pads can be destroyed by wave action, and gabion baskets will corrode in saltwater and
potentially be dislocated by wave action. Diffuser tee structures, such as the one depicted in
Figure 5-71, are also not generally recommended in or above the intertidal zone. They may be
acceptable in low-bank or rock shoreline locations. Stilling basins or bubble-up structures are
acceptable. Generally, tight-lines should be trenched to extreme low water or else the energy
of the discharge must be dissipated above the ordinary high water line. Outfalls below extreme
low water may still need an energy-dissipation device (such as a tee structure) to prevent
nearby erosion.
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Figure 5-67 Pipe/culvert outfall discharge.
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Table 5-11 Rock protection at outfalls.
Discharge Required Protection:
Velocity at Minimum Dimensions
Design Flow
(ft/sec) Type Thickness Width Length Height
0-5 Rock Iiningm 1 foot Pipe diameter 8 feet or Crown
+ 6 feet 4 x diameter, whichever | + 1 foot
is greater
5'-10 Riprapm 2 feet Pipe diameter 12 feet or Crown
+ 6 feet or 4 x diameter, whichever | + 1 foot
3 x diameter, is greater
whichever is greater
10-20 Gabion outfall As required | As required As required Crown
+ 1 foot
Over 20" Engineered energy
dissipater required

[1] Rock lining must be quarry spalls with gradation as follows:

Passing 8-inch-square sieve: 100%

Passing 3-inch-square sieve:
Passing %-inch-square sieve:

40% to 60% maximum
0to 10% maximum

[2] Riprap must be reasonably well-graded with gradation as follows:

Maximum stone size:

Median stone size:

Min

imum stone size:

24 inches (nominal diameter)

16 inches
4 inches

Note: Riprap sizing on outlet channel is assumed to be governed by side slopes of approximately 3H:1V.
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Figure 5-68

Flow dispersal trench.
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Figure 5-69

Alternative flow dispersal trench.
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Figure 5-70 Gabion outfall detail.
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Figure 5-71 Diffuser tee: Example of energy-dissipating end feature.

Engineered energy dissipaters, including stilling basins, drop pools, hydraulic jump basins,
baffled aprons, and bucket aprons, are required for outfalls with design velocity greater than
20 feet per second. Design these energy dissipaters using published or commonly known
techniques found in such references as Hydraulic Design of Energy Dissipaters for Culverts

and Channels, published by the Federal Highway Administration (1983); Open Channel Flow,

by V.T. Chow (1959); Hydraulic Design of Stilling Basins and Energy Dissipaters, EM 25, Bureau
of Reclamation (1978); and other publications such as those prepared by the Natural Resources
Conservation Service (formerly the Soil Conservation Service).

You may use alternative mechanisms, such as bubble-up structures that eventually drain and
structures fitted with reinforced concrete posts. If you consider alternative mechanisms, design
them using sound hydraulic principles and consider the ease of construction and maintenance.

Tight-Line Systems

Mechanisms that reduce runoff velocity prior to discharge from an outfall are encouraged. Two
of these mechanisms are drop manholes and rapid expansion of pipe diameter. You may use
other discharge end features to dissipate the discharge energy. An example of an end feature
is a diffuser tee with holes in the front half, as shown in Figure 5-71.

Note: Stormwater outfalls submerged in a marine environment can be subject to plugging
due to biological growth and shifting debris and sediments. Therefore, unless intensive
maintenance is regularly performed, they may not meet their designed function.

Page 5-232 WSDOT Highway Runoff Manual M 31-16.04
April 2014



Chapter 5 Stormwater Best Management Practices

New pipe outfalls can provide an opportunity for low-cost fish habitat improvements. For
example, an alcove of low-velocity water can be created by constructing the pipe outfall and
associated energy dissipater back from the stream edge and digging a channel, overwidened
to the upstream side, from the outfall to the stream, as shown in Figure 5-72. Overwintering
juvenile and migrating adult salmonids may use the alcove as shelter during high flows. Discuss
potential habitat improvements with the Washington Department of Fish and Wildlife before
including them in the design.

For disturbed areas, you may need bank stabilization, bioengineering, and habitat features.
Locate outfall structures where they minimize impacts to fish, shellfish, and their habitats.

One caution to note is that the in-stream gabion mattress energy dissipater may not be
acceptable within the ordinary high water level of fish-bearing waters or where gabions are
subject to abrasion from upstream channel sediments. Consider a four-sided gabion basket
located above the ordinary high water level for these applications.

NEW PIPE OUTFALL —

PLAN VIEW
NTS

FISH HABITAT IMPROVEMENT AT NEW OUTFALLS

THIS DRAWING IS ONLY A TEMPLATE
THAT NEEDS TO BE ADJUSTED AND
REVISED FOR EACH PROJECT

Figure 5-72 Fish habitat improvement at new outfalls.

Note: A Hydraulic Project Approval (RCW 77.55) may be required for any work within the
ordinary high water level. Other provisions of this RCW or the Hydraulics Code (WAC 220-110)
may also apply.

You may install outfall tight-lines in trenches with standard bedding on slopes up to 20%. To
minimize disturbance to slopes greater than 20%, it is recommended that you place tight-lines
at grade with proper pipe anchorage and support.
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Except as indicated above, you must bury tight-lines or conveyances that traverse the marine
intertidal zone and connect to outfalls deep enough to avoid exposure of the line during storm
events or future changes in beach elevation. If you use non-native material to bed the tight-
line, you must cover such material with at least 3 feet of native bed material or equivalent.

Design high-density polyethylene (HDPE) pipe tight-lines to address the material limitations,
particularly thermal expansion and contraction and pressure design, as specified by the
manufacturer. The coefficient of thermal expansion and contraction for solid wall polyethylene
(SWPE) pipe is on the order of 0.001-inch per foot per degree Fahrenheit. You must use sliding
sleeve connections to address this thermal expansion and contraction. These sleeve
connections consist of a section of the appropriate length of the next larger size diameter

of pipe into which the outfall pipe is fitted. Locate the sleeve connections as close to the
discharge end of the outfall system as is practicable.

Due to the ability of HDPE pipe tight-lines to transmit flows of very high energy, you must
make special consideration for energy dissipation. Details of a typical gabion mattress
energy dissipater are included in Figure 5-70. Flows of very high energy require a specifically
engineered energy dissipater structure.

5-4.3.7 Stormwater BMP Signing Requirements

All stormwater BMPs need to be properly signed in the field. BMPs fall into three general
categories: linear BMPs, pond-type BMPs, and underground stormwater BMPs. A signing
scheme is presented below for each category.

Signing for Linear BMPs

Linear BMPs include dispersion, engineered dispersion, vegetated filter strips (basic, CAVFS,
and narrow), media filter drains, biofiltration swales (basic, CABS, wet, and continuous inflow),
and infiltration trenches.

Use brown, flexible, non-reflective guidepost markers. Place the beginning, intermediate, and
end guideposts at the BMP back outside edge farthest from the roadway to show the width of
the linear BMP and to help facilitate mowing and other maintenance operations. Place the
general green WSDOT stormwater BMP sticker with the names of the type of stormwater BMP
installed, matching the name found in the HRM, on the beginning and end guideposts.
Typically, the project will install the brown flexible guideposts and the WSDOT maintenance
office will provide the WSDOT BMP sticker after the final maintenance BMP walkthrough
when the stormwater BMPs are transferred from construction to the maintenance office. No
stickers are installed on the intermediate guideposts. Space the intermediate guideposts
every 500 feet. WSDOT maintenance personnel may change the 500-foot spacing to fit site
conditions. Place plastic stormwater BMP begin and end pavement markers to show the length
of the stormwater BMP. (See Figure 5-73 for placement and signing details and Figure 5-74 for
flexible guidepost and sticker details.)
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NOT TO SCALE

STORMWATER BMP
(VARIES)

SEE NOTE 1

EDGE OF
SHOULDER

MANUFACTURER'S
BURY DEPTH
—

\

/

FLEXIBLE GUIDE POST DETAIL

TYPICAL FOR ALL STORMWATER BMP GUIDE
POSTS FOR SHEET FLOW BMPS

NOT TO SCALE

Figure 5-74 Stormwater signing details.
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Signing for Pond-Type BMPs

Pond-type BMPs include detention ponds, infiltration ponds, bioinfiltration ponds, dry wells,
presettling basins, wet ponds, bioretention areas, constructed stormwater treatment wetlands,
combination wet/detention ponds, and combination stormwater wetland/detention ponds.

Use at least one brown flexible nonreflective guidepost marker and place it near the pond
access road. The guideposts shall have the general green WSDOT stormwater BMP sticker that
names the type of stormwater BMP installed, matching the name found in the HRM. (See Figure
5-74 for guidepost details.) A single plastic stormwater BMP Begin Pavement Marker shall be
placed near the pond access road (see Figure 5-75).

For bioretention areas, constructed stormwater treatment wetlands, and combination
stormwater wetland/detention ponds, an additional sign is required to be placed near the
BMP access road for high visibility. It must read, “Contact the Area Superintendent Prior to
Performing Maintenance or Impacting Cell 2.” (See Figure 5-75 for pond type placement and
signing details.)

NOTES:

1. THE FLEXIBLE GUIDE POST SHALL BE BROWN.
2, SHALL BE PAID AS "PLASTIC DRAINAGE MARKING".
3. CONTACT WSDOT HQ HYDRAULICS OFFICE FOR STORMWATER
BMP PAVEMENT MARKER AND BMP SIGNING DETAILS.
EDGE LINE

DIRECTION
OF TRAFFIC o
— o

PLASTIC DRAINAGE MARKING e
(TYP.) ~ SEE PAVEMENT
MARKING DETAIL

HRM FIGURE 5-74

EDGE OF |
SHOULDER

FLEXIBLE GUIDE POST (TYP.) ~

SEE HRM FIGURE 5-74 (POND TYPE) STORMWATER BMP

STORMWATER BMP SIGN FOR /
BIORETENTION AREAS, CSTW,AND -
COMBINATION STORMWATER
TREATMENT WETLAND/DETENTION

POND BMPS

MAINTENANCE ACCESS ROAD

STORMWATER BMP DELINEATION DETAIL

NOT TO SCALE

Figure 5-75 Signing for pond-type BMPs.

Signing for Underground BMPs

Underground-type BMPs include infiltration vaults and Category 1 BMPs such as detention
vaults and oil control vaults (see Section 5-3.6.1). A painted stencil with the WSDOT logo that
reads “WSDOT STORMWATER BMP” will be painted adjacent to the last structure on pavement
that flows to the underground stormwater BMP (see Figure 5-76). An alternative to the painted
stencil is to use two torch down plastic markers. One marker would be an arrow showing the
direction of flow and would say “STORMWATER BMP.” The second marker would be adjacent
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to the arrow and would say “WSDOT STORMWATER BMP” and show the WSDOT logo (see
Figure 5-77). A flexible guidepost that provides the same identification information for the Pond
and Linear type BMPs (Pond Type and Ul) shall be installed adjacent to the underground BMP.
(See Figure 5-74 for guidepost and sticker details.)

NOTES:

1.
2.

THE FLEXIBLE GUIDE POST SHALL BE BROWN.

CONTACT WSDOT HQ HYDRAULICS OFFICE FOR
STORMWATER BMP PAVEMENT MARKER DETAILS

DIRECTION
OF TRAFFIC
T —

/—' EDGE LINE

_~— CATCH BASIN CURB AND GUTTER

PAINTED STENCIL ~ SEE
DETAIL

“__  FLEXIBLE GUIDE POST ~
SEE FIGURE 5-74

(UNDERGROUND TYPE) STORMWATER BMP

STORMWATER BMP DELINEATION
NOT TO SCALE

DETAIL

Figure 5-76

Figure 5-77

Signing for underground-type BMPs.

stencil font

wsbhort
STORMWATER BMP

‘" STORMWATER BMP

P
-

| " L~ |

Alternate signing to painted stencil for underground-type BMPs.
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5-5 Operations and Maintenance

Inadequate maintenance is a common cause of failure for stormwater control facilities. All
stormwater facilities require routine inspection and maintenance and thus must be designed
so that these functions can be easily conducted.

5-5.1 Typical BMP Maintenance Standards

The facility-specific maintenance standards contained in this section (see Tables 5-12 through
5-24) are intended to be used for determining when maintenance actions are required for
conditions identified through inspection. They are not intended to be measures of a facility’s
required condition at all times between inspections. In other words, exceeding these conditions
at any time between inspections or maintenance does not automatically constitute a need for
immediate maintenance. Based upon inspection observations, however, the inspection and
maintenance schedules must be adjusted to minimize the length of time that a facility is in

a condition that requires a maintenance action.

5-5.2 Natural and Landscaped Areas Designated as Stormwater
Management Facilities

Maintenance of natural and landscaped areas designated as stormwater management facilities
requires special attention. Generally, perform maintenance in these areas with light equipment.
Heavy machinery and vehicles with large treads or tires can compact the ground surface,
decreasing the effectiveness of the BMPs.
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Table 5-12 Maintenance standards for detention ponds.
Maintenance Defect or Condition When Results Expected When
Component Problem Maintenance is Needed Maintenance is Performed
General Trash and Accumulations exceed 5 cubic feet (about equal to | Trash and debris are cleared from site.
debris the amount of trash needed to fill one standard-size
garbage can) per 1,000 square feet. In general,
there should be no visual evidence of dumping.
If less than threshold, all trash and debris will be
removed as part of the next scheduled
maintenance.
Poisonous Poisonous or nuisance vegetation may constitutea | No danger is posed by poisonous
vegetation and | hazard to maintenance personnel or the public. vegetation where maintenance
noxious weeds | \oyi0us weeds as defined by state or local personnel or the public might normally
regulations are evident. be. (Coordinate with local health
department.
(Apply requirements of adopted integrated pest P ) o ]
management [IPM] policies for the use of Complete eradication of noxious weeds
herbicides). may not be possible. Compliance with
state or local eradication policies is
required.
Contaminants QOil, gasoline, contaminants, or other pollutants are | No contaminants or pollutants are
and pollution evident. present.
(Coordinate removal/cleanup with local water
quality response agency.)
Rodent holes For facilities acting as a dam or berm: rodent holes | Rodents are destroyed and dam or
are evident or there is evidence of water piping berm repaired.
through dam or berm via rodent holes. (Coordinate with local health
department; coordinate with Ecology
Dam Safety Office if pond exceeds 10
acre-feet.)
Beaver dams Dam results in change or function of the facility. Facility is returned to design function.
(Coordinate trapping of beavers and
removal of dams with appropriate
permitting agencies.)
Insects Insects such as wasps and hornets interfere with Insects are destroyed or removed from
maintenance activities. site.
Insecticides are applied in compliance
with adopted IPM policies.
Tree growth Tree growth does not allow maintenance access or | Trees do not hinder maintenance
and hazard interferes with maintenance activity (slope mowing, | activities. Harvested trees can be
trees silt removal, vactoring, or equipment movements). | processed or converted to mulch and
If trees are not interfering with access or either kept on site where it can be used
maintenance, do not remove. as needed around the BMP, or taken
Dead, diseased, or dying trees are observed. off site.
(Use a certified arborist to determine health of tree | Hazard trees are removed.
or removal requirements.)
Side slopes Erosion Eroded damage is over 2 inches deep and cause of | Slopes are stabilized using appropriate
of pond damage is still present, or there is potential for erosion control measures (such as rock
continued erosion. reinforcement, planting of grass, and
Erosion is observed on a compacted berm compaction).
embankment. If erosion is occurring on compacted
berms, a licensed civil engineer should
be consulted to resolve source of
erosion.
Table 5-12 Maintenance standards for detention ponds (continued).
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Maintenance Defect or Condition When Results Expected When
Component Problem Maintenance is Needed Maintenance is Performed
Storage area | Sediment Accumulated sediment exceeds 10% of the Sediment is cleaned out to designed
designed pond depth, unless otherwise specified, or | pond shape and depth. Pond is
affects inletting or outletting condition of the reseeded if necessary to control
facility. erosion.
Liner (if Liner is visible and has more than three %-inch Liner is repaired or replaced. Liner is
applicable) holes in it. fully covered.
Pond berms | Settlements Any part of berm has settled 4 inches lower than Dike is built back to the design
(dikes) the design elevation. (If settlement is apparent, elevation.
measure berm to determine amount of
settlement.)
Settling can be an indication of more severe
problems with the berm or outlet works. A licensed
civil engineer should be consulted to determine the
source of the settlement.
Piping Water flow is discernible through pond berm. Piping is eliminated. Erosion potential is
Ongoing erosion is observed, with potential for resolved.
erosion to continue.
(Recommend a geotechnical engineer be called in
to inspect and evaluate condition and recommend
repair of condition.)
Emergency Tree growth Tree growth on emergency spillways reduces Trees should be removed. If root
overflow/ spillway conveyance capacity and may cause system is small (base less than 4
spillway and erosion elsewhere on the pond perimeter due to inches), the root system may be left in
berms over uncontrolled overtopping. place; otherwise, the roots should be
4 feet high Tree growth on berms over 4 feet high may lead to Femov%d anld thg berm }:eStl‘erEd‘ A
piping through the berm, which could lead to |cens|e g';" englneeLs ou .”e
failure of the berm and related erosion or flood consu tg or proper berm/spillway
damage. restoration.
Piping Water flow is discernible through pond berm. Piping is eliminated. Erosion potential is
Ongoing erosion is observed, with potential for resolved.
erosion to continue.
(Recommend a geotechnical engineer be called in
to inspect and evaluate condition and recommend
repair of condition.)
Emergency Spillway lining Only one layer of rock exists above native soil in Rocks and pad depth are restored to
overflow/ insufficient area 5 square feet or larger, or native soil is design standards.
spillway exposed at the top of outflow path of spillway.
(Riprap on inside slopes need not be replaced.)
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Table 5-13 Maintenance standards for bioinfiltration ponds/infiltration trenches/basins.

Maintenance
Component

Defect or Problem

Condition When
Maintenance is Needed

Results Expected When
Maintenance is Performed

General

Trash and debris

See Table 5-24 (wet ponds).

See Table 5-24 (wet ponds).

Poisonous/noxious
vegetation

See Table 5-24 (wet ponds).

See Table 5-24 (wet ponds).

Contaminants and
pollution

See Table 5-24 (wet ponds).

See Table 5-24 (wet ponds).

Rodent holes

See Table 5-24 (wet ponds).

See Table 5-24 (wet ponds).

Storage area

Sediment

Water ponds in infiltration pond after rainfall ceases
and appropriate time has been allowed for
infiltration.

(A percolation test pit or test of facility indicates
facility is working at only 90% of its designed
capabilities. If 2 inches or more of sediment present,
remove sediment).

Sediment is removed or
facility is cleaned so that
infiltration system works
according to design.

pond

Rock filters Sediment and By visual inspection, little or no water flows through | Gravel in rock filter is
debris filter during heavy rainstorms. replaced.
Side slopes of Erosion See Table 5-24 (wet ponds). See Table 5-24 (wet ponds).

Emergency
overflow/spillway

Tree growth

See Table 5-24 (wet ponds).

See Table 5-24 (wet ponds).

overflow/spillway

and berms over Piping See Table 5-24 (wet ponds). See Table 5-24 (wet ponds).
4 feet high
Emergency Rock missing See Table 5-24 (wet ponds). See Table 5-24 (wet ponds).

Erosion

See Table 5-24 (wet ponds).

See Table 5-24 (wet ponds).

Presettling ponds
and vaults

Facility or sump
filled with sediment
or debris

Sediment/debris exceeds 6 inches or designed
sediment trap depth.

Sediment is removed.
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Table 5-14 Maintenance standards for closed treatment systems (tanks/vaults).

Maintenance
Component

Defect or Problem

Condition When
Maintenance is Needed

Results Expected When
Maintenance is Performed

Storage area

Plugged air vents

One-half of the cross section of a vent is blocked at
any point or the vent is damaged.

Vents are open and
functioning.

Debris and
sediment

Accumulated sediment depth exceeds 10% of the
diameter of the storage area for % length of
storage vault or any point depth exceeds 15% of
diameter.

(Example: 72-inch storage tank requires cleaning
when sediment reaches depth of 7 inches for more
than % the length of the tank.)

All sediment and debris are
removed from storage area.

Joints between
tank/pipe section

Openings or voids allow material to be transported
into facility.

(Will require engineering analysis to determine
structural stability.)

All joints between tank/pipe
sections are sealed.

Tank/pipe bent
out of shape

Any part of tank/pipe is bent out of shape for more
than 10% of its design shape.

(Review required by engineer to determine
structural stability.)

Tank/pipe is repaired or
replaced to design
specifications.

Vault structure:
includes cracks in
walls or bottom,
damage to frame
or top slab

Cracks are wider than % inch and there is evidence
of soil particles entering the structure through the
cracks, or maintenance/inspection personnel

determine that the vault is not structurally sound.

Vault is replaced or repaired to
design specifications and is
structurally sound.

Cracks are wider than % inch at the joint of any
inlet/outlet pipe, or there is evidence of soil
particles entering the vault through the walls.

No cracks are more than
Y%-inch wide at the joint of the
inlet/outlet pipe.

Manhole

Cover not in place

Cover is missing or only partially in place. Any open
manhole requires maintenance.

Manhole is closed.

Locking
mechanism not
working

Mechanism cannot be opened by one
maintenance person with proper tools. Bolts into
frame have less than % inch of thread (may not
apply to self-locking lids).

Mechanism opens with proper
tools.

Cover difficult to
remove

One maintenance person cannot remove lid after
applying normal lifting pressure.

Intent: To prevent cover from sealing off access to
maintenance.

Cover can be removed and
reinstalled by one
maintenance person.

Ladder unsafe

Ladder is unsafe due to missing rungs,
misalignment, unsecure attachment to structure
wall, rust, or cracks.

Ladder meets design
standards. Allows maintenance
person safe access.

Catch basins

See Table 5-16
(catch basins).

See Table 5-16 (catch basins).

See Table 5-16 (catch basins).
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Table 5-15 Maintenance standards for control structure/flow restrictor.

Maintenance
Component

Defect or Problem

Condition When
Maintenance is Needed

Results Expected When
Maintenance is Performed

General

Trash and debris
(includes sediment)

Accumulation exceeds 25% of sump depth or is
within 1 foot below orifice plate.

Control structure orifice is not
blocked. All trash and debris are
removed.

Structural damage

Structure is not securely attached to manhole
wall.

Structure is securely attached to
wall and outlet pipe.

Structure is not in upright position; allow up to
10% from plumb.

Structure is in correct position.

Connections to outlet pipe are not watertight and
show signs of rust.

Connections to outlet pipe are
watertight; structure is repaired
or replaced and works as
designed.

Holes other than designed holes are observed in
the structure.

Structure has no holes other
than designed holes.

Cleanout gate

Damaged or missing

Cleanout gate is not watertight or is missing.

Gate is watertight and works as
designed.

Gate cannot be moved up and down by one
maintenance person.

Gate moves up and down easily
and is watertight.

Chain/rod leading to gate is missing or damaged.

Chain is in place and works as
designed.

Gate is rusted over 50% of its surface area.

Gate is repaired or replaced to
meet design standards.

Orifice plate

Damaged or missing

Control device is not working properly due to
missing, out-of-place, or bent orifice plate.

Plate is in place and works as
designed.

Obstructions

Trash, debris, sediment, or vegetation blocks the
plate.

Plate is free of all obstructions
and works as designed.

Overflow pipe

Obstructions

Trash or debris blocks (or has the potential to
block) the overflow pipe.

Pipe is free of all obstructions
and works as designed.

Manhole See Table 5-14 See Table 5-14 (closed treatment systems). See Table 5-14 (closed
(closed treatment treatment systems).
systems).

Catch basin See Table 5-16 See Table 5-16 (catch basins). See Table 5-16 (catch basins).

(catch basins).
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Table 5-16 Maintenance standards for catch basins.

Maintenance Defect or Condition When Results Expected When
Component Problem Maintenance is Needed Maintenance is Performed
General Trash and debris | Trash or debris is immediately in front of the catch No trash or debris is

basin opening or is blocking inletting capacity of the
basin by more than 10%.

immediately in front of catch
basin or on grate opening.

Trash or debris (in the basin) exceeds 60% of the
sump depth as measured from the bottom of basin
to invert of the lowest pipe into or out of the basin,
but in no case is clearance less than 6 inches from
the debris surface to the invert of the lowest pipe.

No trash or debris is in the
catch basin.

Trash or debris in any inlet or outlet pipe blocks more
than % of its height.

Inlet and outlet pipes are free
of trash or debris.

Dead animals or vegetation could generate odors
that might cause complaints or dangerous gases
(such as methane).

No vegetation or dead
animals are present within
the catch basin.

Sediment Sediment (in the basin) exceeds 60% of the sump No sediment is in the catch
depth as measured from the bottom of the basin to basin.
invert of the lowest pipe into or out of the basin, but
in no case is clearance less than 6 inches from the
sediment surface to the invert of the lowest pipe.
Structure Top slab has holes larger than 2 square inches or Top slab is free of holes and
damage to cracks wider than % inch. cracks.
:E)apn;?ai)nd/ or Intent: To make sure no material is running into

basin.

Frame is not sitting flush on top slab (separation of
more than % inch of the frame from the top slab).
Frame is not securely attached.

Frame is sitting flush on the
riser rings or top slab and is
firmly attached.

Fractures or
cracks in basin
walls/bottom

Maintenance person judges that structure is
unsound.

Basin is replaced or repaired
to design standards.

Grout fillet has separated or cracked wider than
% inch and longer than 1 foot at the joint of any
inlet/outlet pipe, or there is evidence that soil
particles have entered catch basin through cracks.

Pipe is regrouted and secure
at the basin wall.

Settlement/
misalignment

Failure of basin has created a safety, function, or
design problem.

Basin is replaced or repaired
to design standards.

Vegetation

Vegetation is growing across and blocking more than
10% of the basin opening.

No vegetation blocks the
opening to the basin.

Vegetation growing in inlet/outlet pipe joints is more
than 6 inches tall and less than 6 inches apart.

No vegetation or root growth
is present.

Contamination
and pollution

Qil, gasoline, contaminants, or other pollutants are
evident.

(Coordinate removal/cleanup with local water quality
response agency.)

No pollution is present.

Catch basin cover

Cover not in Cover is missing or only partially in place. Any open Catch basin cover is closed.
place catch basin requires maintenance.

Locking Mechanism cannot be opened by one maintenance Mechanism opens with
mechanism not person with proper tools. Bolts into frame have less proper tools.

working than % inch of thread.

Catch basin cover
(continued)

Cover difficult to
remove

One maintenance person cannot remove lid after
applying normal lifting pressure.

Intent: To prevent cover from sealing off access to
maintenance.

Cover can be removed by one
maintenance person.
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Table 5-16

Maintenance standards for catch basins (continued).

Maintenance Defect or Condition When Results Expected When
Component Problem Maintenance is Needed Maintenance is Performed
Ladder Ladder unsafe Ladder is unsafe due to missing rungs, insecure Ladder meets design standards

attachment to basin wall, misalignment, rust,
cracks, or sharp edges.

and allows maintenance staff
safe access.

Metal grates
(if applicable)

Grate opening
unsafe

Grate opening is wider than % inch.

Grate opening meets design
standards.

Trash and debris

Trash and debris block more than 20% of grate
surface inletting capacity.

Grate is free of trash and
debris.

Damaged or
missing

Grate is missing or components of the grate are
broken.

Grate is in place and meets
design standards.

Table 5-17 Maintenance standards for debris barriers (such as trash racks).

Maintenance Defect or Condition When Results Expected When
Components Problem Maintenance is Needed Maintenance is Performed
General Trash and debris Trash or debris plugs more than 20% of the Barrier is cleared to design flow

openings in the barrier. capacity.
Metal Damaged/missing Bars are bent out of shape more than 3 inches. Bars are in place with no bends

bars

more than % inch.

Bars are missing or entire barrier is missing.

Bars are in place according to
design.

Bars are loose and rust is causing 50%
deterioration to any part of barrier.

Barrier is replaced or repaired to
design standards.

Inlet/outlet pipe

Debris barrier is missing or not attached to pipe.

Barrier is firmly attached to pipe.
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Table 5-18 Maintenance standards for energy dissipaters.

Maintenance Defect or Condition When Results Expected When
Components Problem Maintenance is Needed Maintenance is Performed
External:
Rock pad Missing or moved rock Only one layer of rock exists above Rock pad is replaced to design

native soil in area 5 square feet or
larger, or native soil is exposed.

standards.

Erosion

Soil erosion is evident in or adjacent
to rock pad.

Rock pad is replaced to design
standards.

Dispersion trench

Pipe plugged with sediment

Accumulated sediment exceeds
20% of the design depth.

Pipe is cleaned/flushed so that it
matches design.

Not discharging water
properly

There is visual evidence of water
discharging at concentrated points
along trench—normal condition is a
“sheet flow” of water along trench.

Intent: To prevent erosion damage.

Trench is redesigned or rebuilt
to standards.

Perforations plugged

Over % of perforations in pipe are
plugged with debris and sediment.

Perforated pipe is cleaned or
replaced.

Water flows out top of
“distributor” catch basin

Maintenance person observes or
receives credible report of water
flowing out during any storm less
than the design storm, or water is
causing (or appears likely to cause)
damage.

Facility is rebuilt or redesigned
to standards.

Receiving area over-
saturated

Water in receiving area is causing
(or has potential of causing)
landslide problems.

There is no danger of landslides.

Internal:

Manhole/chamber

Worn or damaged post,
baffles, side of chamber

Structure dissipating flow
deteriorates to % of original size
or any concentrated worn spot
exceeds 1 square foot, which
would make structure unsound.

Structure is replaced to design
standards.

Other defects

See entire contents of Table 5-16
(catch basins).

See entire contents of Table
5-16 (catch basins).

Page 5-246

WSDOT Highway Runoff Manual M 31-16.04

April 2014




Chapter 5

Stormwater Best Management Practices

Table 5-19 Maintenance standards for biofiltration swale.

Maintenance Defect or Condition When Recommended Maintenance
Component Problem Maintenance is Needed to Correct Problem
General Sediment Sediment depth exceeds 2 inches. Remove sediment deposits on grass

accumulation on
grass

treatment area of the swale. When finished,
swale should be level from side to side and
drain freely toward outlet. There should be
no areas of standing water once inflow has
ceased.

Standing water

Water stands in the swale between
storms and does not drain freely.

Any of the following may apply: remove
sediment or trash blockages; improve grade
from head to foot of swale; remove clogged
check dams; add underdrains; or convert to a
wet biofiltration swale.

Flow spreader

Flow spreader is uneven or clogged so
that flows are not uniformly
distributed through entire swale
width.

Level the spreader and clean so that flows are
spread evenly over entire swale width.

Constant base
flow

Small quantities of water continually
flow through the swale, even when it
has been dry for weeks, and an
eroded, muddy channel has formed in
the swale bottom.

Add a low-flow pea gravel drain the length of
the swale, or bypass the base flow around the
swale.

Poor vegetation

Grass is sparse or bare, or eroded

Consult with roadside vegetation specialists

coverage patches occur in more than 10% of the | to determine why grass growth is poor and
swale bottom. correct the offending condition. Reseed into
loosened, fertile soil or replant with plugs of
grass from the upper slope: plant in the swale
bottom at 8-inch intervals.
Vegetation Grass becomes excessively tall Mow vegetation or remove nuisance

(greater than 10 inches); nuisance
weeds and other vegetation start to
take over.

vegetation so that flow is not impeded. Grass
should be mowed to a height of 6 inches.
Mowing is not required for wet biofiltration
swales. However, fall harvesting of very dense
vegetation after plant die-back is
recommended.

Excessive shading

Grass growth is poor because sunlight
does not reach swale.

If possible, trim back overhanging limbs and
remove brushy vegetation on adjacent slopes.

Inlet/outlet

Inlet/outlet areas are clogged with
sediment/debris.

Remove material so there is no clogging or
blockage in the inlet and outlet area.

Trash and debris

Trash and debris have accumulated in
the swale.

Remove trash and debris from bioswale.

Erosion/scouring

Swale bottom has eroded or scoured
due to flow channelization or high
flows.

For ruts or bare areas less than 12 inches
wide, repair the damaged area by filling with
50/50 mixture of crushed gravel and compost.
If bare areas are large (generally greater than
12 inches wide), the swale should be
regraded and reseeded.

For smaller bare areas, overseed when bare
spots are evident, or take plugs of grass from
the upper slope and plant in the swale
bottom at 8-inch intervals.
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Table 5-20 Maintenance standards for vegetated filter strip.

accumulation
on grass filter
strip

creates uneven grading that interferes
with sheet flow.

Maintenance Defect or Condition When Recommended Maintenance
Component Problem Maintenance is Needed to Correct Problem
General Sediment Sediment depth exceeds 2 inches. Remove sediment deposits. Relevel so slope
accumulation on grass is even and flows pass evenly through strip.

Vegetation Grass becomes excessively tall Mow grass and control nuisance vegetation
(greater than 10 inches); nuisance so that flow is not impeded. Grass should be
weeds and other vegetation start to | mowed to a height of 6 inches.
take over.

Trash and debris Trash and debris have accumulated Remove trash and debris from filter.
on the vegetated filter strip.

Erosion/scouring Areas have eroded or scoured due For ruts or bare areas less than 12 inches
to flow channelization or high flows. | wide, repair the damaged area by filling

with a 50/50 mixture of crushed gravel and
compost. The grass will creep in over the
rock in time. If bare areas are large,
generally greater than 12 inches wide, the
vegetated filter strip should be regraded
and reseeded. For smaller bare areas,
overseed when bare spots are evident.

Flow spreader Flow spreader is uneven or clogged Level the spreader and clean so that flows
so that flows are not uniformly are spread evenly over entire filter width.
distributed over entire filter width.

Table 5-21 Maintenance standards for media filter drain.

Maintenance Defect or Condition When Recommended Maintenance
Component Problem Maintenance is Needed to Correct Problem

General Sediment Sediment depth exceeds 2 inches or Remove sediment deposits on grass treatment

area of the embankment. When finished,
embankment should be level from side to side
and drain freely toward the toe of the
embankment slope. There should be no areas
of standing water once inflow has ceased.

No-vegetation

Flow spreader is uneven or clogged so that

Level the spreader and clean so that flows are

zone/flow flows are not uniformly distributed over spread evenly over entire embankment width.
spreader entire embankment width.
Poor Grass is sparse or bare, or eroded patches | Consult with roadside vegetation specialists to
vegetation are observed in more than 10% of the determine why grass growth is poor and
coverage grass strip surface area. correct the offending condition. Reseed into
loosened, fertile soil or compost or replant
with plugs of grass from the upper slope.
Vegetation Grass becomes excessively tall (greater Mow vegetation or remove nuisance
than 10 inches); nuisance weeds and other | vegetation so that flow is not impeded. Grass
vegetation start to take over. should be mowed to a height of 6 inches.
Media filter Water is seen on the surface of the media | Excavate and replace all of the media filter
drain mix filter drain mix from storms that are less drain mix contained within the media filter

replacement

than a 6-month, 24-hour precipitation
event. Maintenance also needed on a 10-
year cycle and during a preservation
project.

drain.

Excessive Grass growth is poor because sunlight If possible, trim back overhanging limbs and
shading does not reach embankment. remove brushy vegetation on adjacent slopes.
Trash and Trash and debris have accumulated on Remove trash and debris from embankment.
debris embankment.

Flooding of When media filter drain is inundated by Evaluate media filter drain material for

media filter flood water acceptable infiltration rate and replace if
drain media filter drain does not meet long-term

infiltration rate standards.
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Table 5-22 Maintenance standards for permeable pavement.

Maintenance Defect or Condition When Recommended Maintenance
Component Problem Maintenance is Needed to Correct Problem
General Sediment accumulation Collection of sediment is too coarse Remove sediment deposits with high-
to pass through pavement. pressure vacuum sweeper.
Accumulation of leaves, Accumulation on top of pavement is Remove with a leaf blower or high-
needles, and other foliage observed. pressure vacuum sweeper.
Trash and debris Trash and debris have accumulated Remove by hand or with a high-
on the pavement. pressure vacuum sweeper.
Oil accumulation Oil collection is observed on top of Immediately remove with a vacuum
pavement. and follow up by a pressure wash or
other appropriate rinse procedure.
Visual facility Not aware of permeable Facility markers are missing or not Replace facility identification where
identification pavement location readable. needed.
Annual Remove potential void-clogging
minimum debris with a biannual or annual high-

maintenance

pressure vacuum sweeping.

Table 5-23

Maintenance standards for dispersion areas (natural and engineered).

Maintenance Defect or Condition When Recommended Maintenance
Component Problem Maintenance is Needed to Correct Problem
General Sediment accumulation Sediment depth exceeds 2 inches. Remove sediment deposits while

on dispersion area

minimizing compaction of soils in
dispersion area. Relevel so slope is
even and flows pass evenly
over/through dispersion area.
Handwork is recommended rather
than use of heavy machinery.

Vegetation

Vegetation is sparse or dying;
significant areas are without ground
cover.

Control nuisance vegetation. Add
vegetation, preferably native ground
cover, bushes, and trees (where
consistent with safety standards) to
bare areas or areas where the initial
plantings have died.

Trash and debris

Trash and debris have accumulated on
the dispersion area.

Remove trash and debris from filter.
Handwork is recommended rather
than use of heavy machinery.

Erosion/scouring

Eroded or scoured areas due to flow
channelization, or high flows are
observed.

For ruts or bare areas less than 12
inches wide, repair the damaged area
by filling with crushed gravel/compost
mix (see Section 5-4.3.2 for the
compost specifications). The grass will
creep in over the rock mix in time. If
bare areas are large (generally greater
than 12 inches wide), the dispersion
area should be reseeded. For smaller
bare areas, overseed when bare spots
are evident. Look for opportunities to
locate flow spreaders, such as
dispersion trenches and rock pads.

Flow spreader

Flow spreader is uneven or clogged so
that flows are not uniformly
distributed over entire filter width.

Level the spreader and clean so that
flows are spread evenly over entire
filter width.
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Table 5-24 Maintenance standards for wet ponds.

Maintenance Defect or Condition When Recommended Maintenance
Component Problem Maintenance is Needed to Correct Problem
General Water level First cell is empty, doesn’t hold water. | Line the first cell to maintain at least
4 feet of water. Although the second
cell may drain, the first cell must
remain full to control turbulence of the
incoming flow and reduce sediment
resuspension.
Trash and debris Accumulations exceed 1 cubic foot Remove trash and debris from pond.

per 1,000 square feet of pond area.

Inlet/outlet pipe Inlet/outlet pipe is clogged with
sediment or debris material.

Unclog and unblock inlet and outlet
piping.

Sediment accumulation in | Sediment accumulations in pond

Remove sediment from pond bottom.

pond bottom bottom exceed the depth of sediment
zone plus 6 inches, usually in the first
cell.
QOil sheen on water Qil sheen is prevalent and visible. Remove oil from water using oil-

absorbent pads or Vactor truck. Locate
and correct source of oil. If chronic low
levels of oil persist, plant wetland
species such as Juncus effusus (soft
rush), which can uptake small
concentrations of oil.

Erosion Pond side slopes or bottom show
evidence of erosion or scouring in
excess of 6 inches and the potential
for continued erosion is evident.

Stabilize slopes using proper erosion
control measures and repair methods.

Settlement of pond Any part of the pond dike/berm has
dike/berm settled 4 inches or lower than the
design elevation, or the inspector
determines dike/berm is unsound.

Repair dike/berm to specifications.

top of spillway or outside slope.

Internal berm Berm dividing cells are not level. Level berm surface so that water flows
evenly over entire length of berm.
Overflow/spillway Rock is missing and soil exposed at Replace rocks to specifications.
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5-5.2.1 Documenting and Preserving Intended Functions

Natural and landscaped areas designated as stormwater management facilities must be
identified in the field and documented for future reference. The locations of these areas are
documented in the WSDOT GIS Workbench, right of way plans, and as-built plans. During the
post-construction meeting, these treatment facilities are identified to maintenance personnel.
Note: Specially marked delineators are placed to notify maintenance personnel that a sensitive
feature is in the area. The type and placement of this marker must be worked out between the
maintenance and design offices.

5-5.2.2 Sensitive Area Mapping

State roadways have been surveyed to provide information to WSDOT maintenance crews so
that BMPs may be employed to eliminate or reduce the impacts of maintenance activities on
streams, wetlands, and water bodies. The primary objective of the survey was to identify all
locations where these sensitive areas are within 300 feet of a roadway. A secondary objective
was to note those areas that are particularly sensitive or insensitive in order to support
appropriate maintenance actions and application of BMPs. This effort does not eliminate the
need for detailed biological evaluation of resources during highway project planning. This
survey information is located on the GIS Workbench. When wetlands on WSDOT-owned right
of way are delineated and new wetlands created, this information must be documented in the
GIS Workbench. The GIS Workbench is used to update the Maintenance Roadside Sensitive
Area Atlases.

5-5.2.3 Stormwater Inventory

The stormwater database can be a valuable tool for design engineers. The stormwater database
contains all of the data used to prioritize stand-alone stormwater retrofit projects. In addition
to the data used to derive retrofit priorities for each outfall, several hundred complete records
contain BMP retrofit recommendations, conceptual design information, BMP cost estimates,
drainage basin characteristics, conveyance system information, photographs, field sketches,
and preliminary facility sizing calculations. To obtain stormwater database information about
specific outfalls, contact the Region Hydraulics and Water Quality offices or the HQ ESO
Stormwater and Watersheds Program. Further information is available in Section 3-3.7.
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