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Chapter 8 — Runoff Treatment BMPs

8.1

Introduction
8.1.1 Purpose of this Chapter

This chapter focuses on best management practices (BMPs) for the treatment of runoff to
remove sediment and other pollutants at developed sites. These BMPs are required to
ensure that development or redevelopment does not impair waters of the state. These
controls are also to protect wetlands, riparian corridors, and groundwaters to the
maximum extent practicable.

The purpose of this chapter is to provide guidance for selection, design, and maintenance
of permanent runoff treatment BMPs.

BMPs with respect to controlling stormwater flows and control of pollutant sources are
presented in Chapters 7 and 9, respectively.

8.1.2 Content and Organization of this Chapter

Chapter 8 of the SDM contains 11 sections:

e Section 8.1 serves as an introduction and summarizes available options for
treatment of stormwater.

e Section 8.2 outlines a step-by-step process for selecting treatment BMPs for new
development and redevelopment projects.

e Section 8.3 presents runoff treatment BMP options that are used in applying the
step-by-step process presented in Section 8.2. These options cover different runoff
treatment needs that are associated with different sites.

e Section 8.4 discusses general requirements for runoff treatment BMPs.

e Sections 8.5 through 8.10 provide detailed information regarding specific types
of runoff treatment.

e Section 8.11 discusses special considerations for manufactured treatment devices.
e Appendix 8A provides geotextile specifications for stormwater BMPs.

e Appendix 8B provides the wellhead protection and critical aquifer recharge area
maps.
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8.1.3 How To Use this Chapter

The reader should consult this chapter to select specific BMPs for runoff treatment for the
Stormwater Site Plans. After the core requirements have been identified from Chapter 2,
this chapter can be used to select specific treatment BMPs for permanent use at
developed sites, and as an aid in designing and constructing these BMPs.

8.1.4 Runoff Treatment BMPs

General Considerations

Runoff treatment BMPs are designed to remove pollutants contained in stormwater
runoff. The pollutants of concern include sand, silt, and other suspended solids; metals
such as copper, lead, and zinc; nutrients (e.g., nitrogen and phosphorus); certain bacteria
and viruses; and organics such as petroleum hydrocarbons and pesticides. Methods of
pollutant removal include sedimentation/settling, filtration, plant uptake, ion exchange,
adsorption, and bacterial decomposition. Floatable pollutants such as oil, debris, and
scum can be removed with separator structures.

Operations and Maintenance

Maintenance is required for all types of runoff treatment BMPs. See Core
Requirement #9 in Chapter 2; Chapter 3, Section 3.3.3; and Chapter 10 for information
on maintenance requirements.

Treatment Methods

Methods used for runoff treatment BMPs and common terms used in runoff treatment are
discussed below:

e Wet pools. Wet pools provide runoff treatment by allowing settling of particulates
during quiescent conditions (sedimentation), by biological uptake, and by
vegetative filtration. Wet pool BMPs include wet ponds, wet vaults, and
constructed stormwater wetlands. Wet pools may be single-purpose BMPs,
providing only runoff treatment, or they may be combined with a detention pond
or vault to also provide flow control. If combined, the wet pool BMP can often be
stacked under the detention BMP with little to no further loss of development
area.

e Biofiltration. Biofiltration BMPs use vegetation in conjunction with slow and
shallow-depth flow for runoff treatment. As runoff passes through the vegetation,
pollutants are removed through the combined effects of sedimentation, filtration,
infiltration, settling, and/or plant uptake. These effects are aided by the reduction
of the velocity of stormwater as it passes through the biofiltration BMP.
Biofiltration BMPs include swales that are designed to convey and treat
concentrated runoff at shallow depths and slow velocities, and filter strips that are
broad areas of vegetation for treating sheet flow runoff.

8-2
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Oil-water Separation. Oil-water separator BMPs remove oil and other water-
insoluble hydrocarbons, and settleable solids from stormwater runoff. There are
two general types of oil-water separators—the American Petroleum Institute
(API) separators and coalescing plate (CP) separators. Both use gravity to remove
floating and dispersed oil. API separators, or baffle separators, are generally
composed of three bays separated by baffles. The efficiency of these separators is
dependent on detention time in the center bay and on droplet size. Coalescing
plate separators use a series of parallel plates in the separator bay, which improve
separation efficiency by providing more surface area. Oil-water separators must
be located off-line from the primary conveyance/detention system, bypassing
flows greater than the water quality design flow rate. Other BMPs that may be
used for removal of oil include manufactured treatment devices (see definition
below), and linear sand filters. Oil-water separator BMPs should be placed
upstream of other runoff treatment BMPs and as close to the source of oil
generation as possible. Note that the City will not accept ownership of some
types of oil-water separator BMPs without prior approval. See Sections 8.2
and 8.3 for additional information.

Pretreatment. Presettling basins are often used to remove suspended solids prior to
discharge into other runoff treatment BMPs. Basic treatment BMPs, listed in
Section 8.2, Figure 8.1, Step 7, can also be used to provide pretreatment.
Pretreatment often must be provided for filtration and infiltration BMPs to protect
them from clogging or to protect groundwater. Appropriate pretreatment devices
include a presettling basin, wet pond/vault, biofiltration, constructed wetland, or
oil-water separator. A number of patented technologies have received General and
Conditional Use Level Designations for Pretreatment through Ecology’s
Technology Assessment Protocol — Ecology (TAPE) program. A listing and
descriptions are available at Ecology’s Emerging Stormwater Treatment
Technologies web page <https://ecology.wa.gov/Regulations-Permits/Guidance-
technical-assistance/Stormwater-permittee-guidance-resources/Emerging-
stormwater-treatment-technologies>. Only those technologies that have received
General Use Level Designation (GULD) may be used to meet the requirements of
this manual. Prior approval is required for GULD BMPs that are to be maintained
by the City.

Infiltration. Infiltration refers to the use of the filtration, adsorption, and biological
properties of native soils, with or without amendments, to remove pollutants as
stormwater soaks into the ground. Infiltration can provide multiple benefits
including pollutant removal, peak flow control, groundwater recharge, and flood
control. One condition that can limit the use of infiltration is the potential adverse
impact on groundwater quality. Some soils may provide adequate runoff
treatment of stormwater, though many soils will not, and therefore pose a risk to
groundwater if used for stormwater infiltration. To be used for runoff treatment,
generally soils must include sufficient organic content and sorption capacity to
remove pollutants. Examples of suitable soils are silty and sandy loams. Coarser
soils, such as gravelly sands, can provide flow control but are not suitable for
providing runoff treatment. See Chapter 6, Section 6.3 for specific soil

June 2022
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requirements for runoff treatment using infiltration. The use of coarser soils to
provide flow control for runoff from pollution generating surfaces must be
preceded by treatment to protect groundwater quality. Thus, there will be
instances when soils are suitable for treatment but not flow control, and vice
versa. In addition, note that infiltration is regulated by Ecology and the UIC
program (WAC 173-218). Additional information on UIC and how it applies to
infiltration and stormwater management is included in Chapter 7, Section 7.3.

Filtration. Another pollutant removal system for stormwater is the use of various
media such as sand, perlite, zeolite, and carbon to remove low levels of total
suspended solids (TSS). Specific media such as activated carbon or zeolite can
remove hydrocarbons and soluble metals. Filter systems are commonly
configured as basins, trenches, vaults, or proprietary cartridge filtration systems.
Several sand filtration BMPs are discussed in Section 8.7. A number of
“manufactured treatment devices” which provide filtration have completed or are
in the process of being assessed through the “manufactured treatment devices”
process described in the following bullet. Note that the City will not accept
ownership of proprietary media filtration BMPs without prior approval.

Manufactured Treatment Devices. Manufactured treatment devices are new
stormwater treatment technologies that are continually being added to the
stormwater treatment marketplace. These devices include both permanent and
construction site treatment technologies.

Ecology established the TAPE program to evaluate the capabilities of
manufactured treatment devices. Manufactured treatment devices that have been
evaluated by this program are designated with a level of use designation under
specified conditions. Their use is restricted in accordance with their evaluation as
explained in Section 8.11. The recommendations for use of individual
manufactured treatment devices may be updated as Ecology collects more data on
their performance. Updated recommendations on their use are posted to Ecology’s
Emerging Stormwater Treatment Technologies web page
(<https://ecology.wa.gov/Regulations-Permits/Guidance-technical-
assistance/Stormwater-permittee-guidance-resources/Emerging-stormwater-
treatment-technologies>). Manufactured treatment devices can also be considered
for retrofit situations where TAPE approval is not required.

On-line Systems. Most treatment BMPs can be designed as on-line systems with
flows above the water quality design flow rate or volume simply passing through
the BMP with lesser or no pollutant removal efficiency. An example of an on-line
system is a wet pool that maintains a permanent pool of water for runoff treatment
purposes. However, it is sometimes desirable or necessary to restrict flows to
treatment BMPs and bypass excess flows around them. These are called off-line
systems.

Design Flow. For information on determining the water quality design flow rate
and/or volume for sizing runoff treatment BMPs, refer to Section 8.4.

8-4
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8.2

Runoff Treatment BMP Selection Process

This section describes a step-by-step process for selecting the type of treatment BMPs
that will apply to individual projects (or TDA within the project) if directed by Chapter 2,
Section 2.1.2, Core Requirement #6, Core Requirement #8, and/or if the project is using
an infiltration BMP per Chapter 7, Section 7.2.

This section may also be referred to as directed by Appendix 7C to determine acceptable
runoff treatment BMPs prior to UIC wells.

Physical features of sites that are applicable to treatment BMP selection are also
discussed. Refer to Section 8.3 for additional detail on the four treatment types—oil
control treatment, phosphorus treatment, enhanced treatment, and basic treatment.

Section 8.11 includes links to options for manufactured treatment devices that have a Use
Level Designation for pretreatment, oil, phosphorus, enhanced, or basic treatment. Only
manufactured treatment devices with a GULD can be used to meet the requirements of
this manual.

While this section provides guidance to the applicant or project engineer regarding the
selection of treatment BMPs, BMP selection remains the responsibility of the project
engineer.

8.2.1 Selection Process for Treatment BMPs

Refer to Figure 8.1. Use the step-by-step process outlined below to determine the type of
runoff treatment BMPs applicable to the project.

Step 1: Determine the Receiving Waters and Pollutants of Concern Based on
Off-site Analysis

An off-site analysis is necessary in order to obtain a more complete determination of the
potential impacts of a stormwater discharge. In conjunction with the off-site analysis, the
project applicant must also determine the natural receiving waters for the stormwater
drainage from the project site (groundwater, wetland, lake, stream, and/or saltwater). This
is necessary to determine the applicable runoff treatment option, as well as whether any
additional runoff treatment requirements apply (see Step 6 and Section 8.3.5). The
identification of the receiving waters must be completed in order to determine the
site-specific runoff treatment requirements and should be verified by the City. If the
discharge is to the municipal stormwater drainage system, the receiving water(s) for the
drainage system must be determined.
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Figure 8.1. Runoff Treatment BMP Selection Flow Chart.
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The following factors must be considered when determining the appropriateness of a
runoff treatment BMP:

Whether the receiving water is listed under Sections 304(1)(1)(A)(I),
304(1)(1)(A)TD), or 304(1)(1)(B)(1) of the Clean Water Act.

Whether the receiving water is listed in Washington State’s Non-Point Source
Assessment required by Section 319(a) of the Clean Water Act.

Whether any type of water quality management plans and/or local ordinances or
regulations have established specific requirements for that (those) receiving
waters. See also Step 6 below and Section 8.3.5. These requirements should be
verified by the City. Examples of plans to be aware of include:

o Watershed or Basin Plans can be developed to cover a wide variety of

geographic scales (e.g., Water Resource Inventory Areas [WRIAs], or
subbasins of only a few square miles), and can be focused solely on
establishing stormwater requirements (e.g., basin plans) or can address a
number of pollution and water quantity issues, including urban stormwater
(e.g., Puget Sound Non-Point Action Plans).

Water Clean-up Plans establish a TMDL of a pollutant or pollutants in a
specific receiving water or basin, and identify actions necessary to remain
below that maximum loading. The plans may identify discharge limitations or
management limitations (e.g., use of specific runoff treatment BMPs) for
stormwater discharges from new and redevelopment projects, or monitoring
requirements for stormwater discharges. See also Chapter 2, Section 2.3.2,
and Step 6 below.

Groundwater Management Areas (Wellhead Protection and Critical
Aquifer Recharge): To protect groundwater quality and/or quantity, these
areas typically require specific actions related to stormwater discharges.
See Step 5 below, Section 8.3.4 below, and Chapter 4. The maps provided
in Appendix 8B (as well as on the City’s web site at
<https://cityoflacey.org/resource_library/stormwater-utility/>) identify
wellhead protection areas and critical aquifer recharge areas in the City.

Lake Management Plans are developed to protect lakes from eutrophication
due to inputs of phosphorus from the drainage basin. Control of phosphorus
from new development is a likely requirement in any such plans.

An analysis of the proposed land use(s) of the project should also be used to determine
the stormwater pollutants of concern. This analysis will help determine whether basic,
enhanced, or phosphorus treatment requirements apply to the project. Project proponents
will make those decisions in the steps below.

June 2022
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Step 2: Determine Whether an Oil Control BMP Is Required

The use of oil control BMPs is dependent upon the specific land use proposed for
development.

Where Applied: Oil control (Section 8.3.2) applies to projects that have “high-use sites”

or have NPDES permits that require application of oil control. High-use sites are those
that typically generate high concentrations of oil due to high traffic turnover or the
frequent transfer of oil. High-use sites include:

An area of a commercial or industrial site subject to an expected design year
average daily traffic count equal to or greater than 100 vehicles per 1,000 square
feet of gross building area.

Note: Gasoline stations (with or without convenience stores), fast food
restaurants, and drive-through businesses will typically require oil control.

An area of a commercial or industrial site subject to petroleum storage and
transfer in excess of 1,500 gallons per year, not including routinely delivered
heating oil.

Note: The petroleum storage and transfer criterion are intended to address regular
transfer operations such as gasoline service stations, bus fueling stations, motor
pool fueling stations, and equipment rental BMPs that provide on-site fueling.

An area of a commercial or industrial site subject to parking, storage, or
maintenance of 25 or more vehicles that are over 10 tons gross weight (trucks,
buses, trains, heavy equipment, etc.).

Note: In general, all-day parking areas are not intended to be defined as high-use
sites, and may not require an oil control BMP.

A road intersection with a design year average daily traffic count of

25,000 vehicles or more on the main roadway and 15,000 vehicles or more on any
intersecting roadway, excluding projects proposing primarily pedestrian or
bicycle use improvements. See: <www.ite.org/>.

Note: The design year average daily traffic is defined as the planned traffic

5 years after the road is scheduled to be built. The traffic count can be estimated
using information from “Trip Generation,” published by the Institute of
Transportation Engineers (ITE 2012), or from a traffic study prepared by a
professional engineer or transportation specialist with experience in traffic
estimation.

The City may also require oil control BMPs to be used on other sites that generate high
concentrations of oil per the 2019 Ecology Manual.
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If oil control is required for the site, refer to the general requirements in Section 8.4.
These requirements may affect the design and placement of BMPs on the site (e.g., flow
splitting). Refer to the list of oil control BMP options in Section 8.3.2; then see

Section 8.10 for guidance on the proper selection of options and design details.

If an Oil Control BMP is required, select and apply an appropriate Oil Control BMP
from the options in Section 8.3.2. After selecting an oil control BMP, proceed to Step 3.

If an oil control BMP is not required, proceed directly to Step 3.

Step 3: Determine Whether Infiltration into the Native Soil for Pollutant
Removal Is Practicable

Review the infiltration design criteria in Section 8.6. Infiltration can be effective at
treating stormwater runoff, but soil properties must be appropriate to achieve effective
treatment while not adversely impacting groundwater resources. The location and depth
to bedrock, the water table, or impermeable layers (such as glacial till), and the proximity
to drinking water wells, aquifers, building foundations, septic tank drainfields, and
unstable or steep slopes can preclude the use of infiltration.

Most infiltration BMPs should be preceded by a pretreatment BMP to reduce the
occurrence of plugging. Some infiltration BMPs have pretreatment integrated into the
BMP, such as bioretention and permeable pavements, and therefore it is not necessary to
provide additional pretreatment prior to infiltration. Any basic treatment BMPs, as well
as detention ponds, vaults, or tanks designed to meet flow control requirements, can also
be used for pretreatment. If an oil-water separator is necessary for oil control, it can also
function as the presettling basin as long as the influent suspended solids concentrations
are not high. However, frequent inspections are necessary to determine when
accumulated solids exceed the 6-inch depth at which cleanout is recommended.

If infiltration is planned, users must refer to the general requirements in Sections 8.4

and 8.6. Those requirements can affect the design and placement of BMPs on your site. If
infiltration is within the 1-year time of travel zone for a wellhead protection area or
within a Category I critical aquifer recharge area (see area maps in Appendix 8B as well
as on the City’s web site at <https://cityoflacey.org/resource_library/stormwater-
utility/>), or within one-quarter mile of a water body designated for aquatic life use or
that has an existing aquatic life use, refer to Step 5 below to determine if part or the entire
site is subject to enhanced treatment (Section 8.3.4). If enhanced treatment does apply,
read the note under “Infiltration with appropriate pretreatment” to identify special
pretreatment needs. If your infiltration site discharges to a water body that is not subject
to enhanced treatment requirements, refer to phosphorus treatment (Section 8.3.3) for
special pretreatment needs.

Note: Infiltration for flow control as outlined in Chapter 7, Sections 7.2 and 7.4, is
allowable and generally is the preferred method of flow control. However, the infiltration
BMP (except for bioretention and permeable pavements) must be preceded by a basic
treatment BMP (or an enhanced treatment or a phosphorus treatment BMP, in accordance
with the previous paragraph).
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If infiltration is practicable, select and apply a pretreatment BMP and an infiltration
BMP.

If infiltration is not practicable, proceed to Step 4.

Step 4: Determine Whether a Phosphorus Treatment BMP is Required

The requirement to provide phosphorus control is determined by the City, Ecology, or the
U.S. EPA. The plans, ordinances, and regulations identified in Step 1 are a good
reference to help determine if the subject site is in an area where phosphorus control is
required.

Phosphorus control is required for all discharges to fresh water bodies (including
wetlands) or conveyance systems tributary to fresh water bodies (subject to Core
Requirement #6) in the City. This includes projects that use infiltration and the
infiltration site is within one-quarter mile of a fresh water body. When phosphorus
control is required, select and apply a phosphorus treatment BMP from the list of
phosphorus treatment options in Section 8.3.3. Select a BMP after reviewing the
applicability and limitations, site suitability, and design criteria of each for compatibility
with the site.

After selecting a phosphorus treatment BMP, refer to the general requirements in
Section 8.4. This guidance may affect the design and placement of BMPs on the site.

Note: Project sites subject to the phosphorus treatment requirement could also be subject
to enhanced treatment (see Step 5) or additional area-specific requirements (see Step 6).
In that event, apply a BMP or a treatment train that is listed for all of the applicable
requirements. Note that large sand filters, media filter drains, two BMP treatment trains,
bioretention without imported compost materials, and a range of manufactured treatment
devices are approved for both enhanced treatment and phosphorus treatment.

If phosphorus treatment is not required for the site, proceed to Step 5.

Step 5: Determine Whether an Enhanced Treatment BMP Is Required

Enhanced treatment for reduction in dissolved metals is required for two categories of
project types:

1. Enhanced treatment is required for all pollution-generating surfaces subject to
Core Requirement #6 if the project site proposes infiltration within the 1-year
time of travel zone for a wellhead protection area or within a Category I critical
aquifer recharge area (see area maps in Appendix 8B as well as on the City’s web
site at <https://cityoflacey.org/resource library/stormwater-utility/>).

2. Enhanced treatment is required for all pollution-generating surfaces that propose
infiltrating to deep UIC wells. Refer to Appendix 7C, Section 7C.15.

8-10

Chapter 8 — Runoff Treatment BMPs June 2022


https://cityoflacey.org/resource_library/stormwater-utility/

CITY OF LACEY 2022 STORMWATER DESIGN MANUAL

3. Enhanced treatment is also required for the following project sites that:

a. Discharge directly to fresh waters or conveyance systems tributary to fresh
waters designated for aquatic use or that have an existing aquatic life use;

b. Propose infiltration within one-quarter mile of a fresh water designated for
aquatic life use or that has an existing aquatic life use; or

Project sites where Enhanced Treatment BMPs may be required based on the above
project categories are:

e Industrial project sites
e Commercial project sites
e Multifamily residential project sites

e High average annual daily traffic (AADT) roads as follows:

o Fully controlled and partially controlled limited access highways with AADT
counts of 15,000 or more

o All other roads with AADT of 7,500 or greater.

Note: The design year average daily traffic is defined as the planned traffic
5 years after the road is scheduled to be built.

For TDAs with a mix of land use types, enhanced treatment BMPs are required when the
runoff from the areas subject to the enhanced treatment requirement comprises 50 percent
or more of the total runoff within the TDA.

If the project must apply enhanced treatment, select and apply an appropriate
enhanced treatment BMP. Refer to enhanced treatment BMP options in Section 8.3.4.
Select a BMP after reviewing the applicability and limitations, site suitability, and design
criteria of each for compatibility with the site.

After selecting an enhanced treatment BMP, refer to the general requirements in
Section 8.4. This guidance may affect the design and placement of BMPs on the site.

Note: Project sites subject to the enhanced treatment requirement could also be subject to
the phosphorus removal requirement if located in an area designated for phosphorus
control (see Step 4), or additional area-specific requirements if applicable (see Step 6). In
that event, apply a BMP or a treatment train that is listed for all of the applicable
requirements. Note that large sand filters, media filter drains, two BMP treatment trains,
bioretention without imported compost materials, and a range of manufactured treatment
devices are approved for both enhanced treatment and phosphorus treatment.

If enhanced treatment does not apply to the site, proceed to Step 6.
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Step 6: Determine if Additional Runoff Treatment Requirements Apply

Additional/specific runoff treatment requirements also apply to development projects
located within basins with known water quality problems. A water quality problem, for
the purposes of this manual, is defined as a stream reach, lake, or other water body of the
state that is either: 1) currently designated in the state’s Water Quality

Assessment 303(d)/305(b) Integrated Report as a Category 2, 4, or 5 waterbody due to
exceedance or concern for exceedance of the state’s numeric action standard for any
pollutants of concern (fecal coliform bacteria, dissolved oxygen, or temperature, as noted
below); or 2) is currently designated by the City or Thurston County as a problem based
on credible data indicating exceedance or concern for exceedance of the state’s numeric
action standard.

The goal of this manual is to prevent creation or significant aggravation of such problems
to the maximum extent practicable. While the runoff treatment options in this chapter and
the source control BMPs required in Chapter 9 serve to minimize the creation and
aggravation of many types of downstream water quality problems, there are some
problems that are either not addressed by these requirements (e.g., temperature issues) or
warrant additional measures/considerations to minimize the proposed project’s impacts to
the maximum extent practicable. In particular, there are currently three types of
downstream water quality problems for which the City has determined that additional
attention needs to be given to preventing or minimizing increases in the pollutants of
concern discharging from the site. These problems are associated with the following
water quality parameters:

e Bacteria
e Dissolved Oxygen

e Temperature

The water quality mitigation requirements outlined in Section 8.3.5 must be met as
applicable if a proposed project requires runoff treatment per Core Requirement #6, and
if the project surface discharges to water quality problem areas within one-half mile
downstream. This distance is calculated along the travel path of the discharged water, not
as a direct line on a map. If a project is located within one-half mile upstream of a water
quality problem area, but uses an infiltration treatment BMP to meet applicable treatment
requirements, no additional water quality mitigation is required. A longer distance may
be considered a direct discharge if there is hydraulic connectivity (i.e., depending on
conveyance type/situation).

Note: Project sites subject to these additional area-specific requirements could also be
subject to a phosphorus treatment (see Step 4) if located in an area designated for
phosphorus control, or the enhanced treatment requirement (see Step 5). In that event,
apply a BMP or a treatment train that is listed for all of the applicable requirements. Note
that large sand filters, media filter drains, two BMP treatment trains, bioretention without
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imported compost materials, and a range of manufactured treatment devices are approved
for both enhanced treatment and phosphorus treatment.

If additional area-specific water quality requirements do not apply to the site, proceed
to Step 7.

Step 7: Select a Basic Treatment BMP

Areas that must provide phosphorus treatment BMPs or enhanced treatment BMPs do
NOT have to provide additional basic treatment BMPs to meet the basic treatment
performance goal.

If phosphorus treatment BMPs or enhanced treatment BMPs are not provided, basic
treatment BMPs are required before discharging runoff off site through either infiltration
or surface flow.

For TDAs with a mix of land use types, basic treatment BMPs are required when the
runoff from the areas subject to the basic treatment requirement comprises 50 percent or
more of the total runoff from the TDA.

Refer to basic treatment in Section 8.3.6. Select a BMP after reviewing the applicability
and limitations, site suitability, and design criteria of each for compatibility with the site.

After selecting a basic treatment BMP, refer to the general requirements in Section 8.4.
This guidance may affect the design and placement of BMPs on the site.

You have completed the runoff treatment BMP selection process.
8.2.2 Other Runoff Treatment BMP Selection Factors

The selection of a runoff treatment BMP should be based on site physical factors and
pollutants of concern. The requirements for use of enhanced treatment or phosphorus
treatment represent BMP selection based on pollutants of concern. Even if the site is not
subject to those requirements, try to choose a BMP that is likely to remove the types of
pollutants generated on the site. Integration of runoff treatment BMPs with flow control
and spill containment measures should also be considered. The types of site physical
factors that influence BMP selection are summarized below. Additional BMP-specific
requirements are listed under the design sections for each BMP.

Soil Type

The permeability of the soil underlying a runoff treatment BMP has a profound influence
on its effectiveness. This is particularly true for infiltration BMPs. Discharge of
pollution-generating surfaces into a drywell, after pretreatment for solids reduction, can
be acceptable if the soil conditions provide sufficient runoff treatment capacity. Drywells
into gravelly soils are not likely to have sufficient treatment capability and must be
preceded by at least a basic treatment BMP. See Section 8.6.3 for details.
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Likewise, wet pond BMPs will need a synthetic liner, or the soils amended to reduce the
infiltration rate and provide treatment. Maintaining a permanent pool in the first cell is
necessary to avoid resuspension of settled solids.

Biofiltration swales in coarse soils can also be amended to reduce the infiltration rate.

High Sediment Input

High TSS loads can clog infiltration soil, sand filters, and coalescing plate oil/water
separators. Pretreatment with a presettling basin, wet vault, or another basic treatment
BMP is typically required.

Other Physical Factors

Slope and Topography: Steep slopes restrict the use of several BMPs. For example,
biofiltration swales are usually situated on sites with slopes of less than 6 percent,
although greater slopes can be considered. Infiltration BMPs also have restrictions related
to adjacent slope angle (see Chapter 7, Section 7.2.2).

High Water Table: Unless there is sufficient horizontal hydraulic receptor capacity, the
water table acts as an effective barrier to exfiltration and can sharply reduce the
efficiency of an infiltration system. If the seasonally-high or perched groundwater
extends to within 5 feet from the bottom of an infiltration BMP, the site may not be
suitable for infiltration (see Chapter 7, Section 7.2.2).

Depth to Bedrock/Glacial Till: The downward exfiltration of stormwater is also
impeded if a bedrock or till layer lies too close to the surface. If the restrictive layer lies
within 5 feet from the bottom of the infiltration BMP, the site may not be suitable for
infiltration (see Chapter 7, Section 7.2.2). Similarly, pond BMPs are often not feasible if
bedrock lies within the area that must be excavated.

Proximity to Foundations and Wells: Since infiltration BMPs convey runoff back into
the soil, some sites may experience problems with local seepage. This can be a problem if
the BMP is located too close to a building foundation. Another risk is groundwater
pollution; hence the requirement to site infiltration systems a specified distance away
from drinking water wells (see Chapter 7, Section 7.2.2).

Maximum Depth: Wet ponds are also subject to a maximum depth limit for the
“permanent pool” volume. Deep ponds (greater than 8 feet) may stratify during summer
and create low oxygen conditions near the bottom resulting in re-release of phosphorus
and other pollutants back into the water.
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8.3

Runoff Treatment BMP Options

This section identifies choices that comprise the runoff treatment BMP options referred to
in Section 8.2. The BMP options in this section are discussed in the order of the decision
process shown in Figure 8.1 and are as follows:

e (il control, Section 8.3.2

e Phosphorus treatment, Section 8.3.3

e Enhanced treatment, Section 8.3.4

e Additional area-specific runoff treatment requirements, Section 8.3.5
e Basic treatment, Section 8.3.6

See also Section 8.11 for information on manufactured treatment devices that have a
GULD that may be used for pretreatment, oil, phosphorus, enhanced, or basic treatment.

8.3.1 Guide to Applying BMP Options
Read the step-by-step selection process for runoff treatment BMPs in Section 8.2.

Determine which BMPs apply to the discharge situation. This will require knowledge of
the receiving water(s) that the project site ultimately discharges to, and whether the site
qualifies as subject to oil control.

Determine if your project requires oil control.

If the project requires oil control, or if you elect to provide enhanced oil control, choose
one of the options presented in Section 8.3.2. Detailed designs for oil control BMPs are
given in subsequent sections.

Note: One of the other three runoff treatment options will also need to be applied along
with oil control.

Find the runoff treatment type(s) that applies to the project—basic, enhanced,
and/or phosphorus.

A project site may be subject to both the enhanced treatment requirement and the
phosphorus treatment requirement. In that event, select a BMP or a treatment train that is
listed for both runoff treatment types.

Note: If flow control requirements apply, it may be more economical to use the
combined detention/wet pool BMPs. Detailed BMP design criteria for all the possible
options are provided in subsequent sections in this chapter.

Read Section 8.4 concerning general BMP requirements.

This guidance applies to all BMPs and may affect the design and placement of BMPs on
the site.
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8.3.2 Oil Control BMP Options

Note: Where oil control is applicable, it is in addition to BMPs required by one of the
other runoff treatment types.

Application on the Project Site: Oil control BMPs are to be placed upstream of other
BMPs, as close to the source of oil generation as practical. For high-use sites located
within a larger commercial center, only the impervious surface associated with the high-
use portion of the site is subject to oil control requirements. If common parking for
multiple businesses is provided, oil control BMPs shall be applied to the number of
parking stalls required for the business that requires oil control. However, if the runoff
contributing to the oil control BMP includes runoff from other areas, the oil control BMP
must be sized to treat all water passing through it.

Roadway intersections that trigger the above thresholds shall provide oil control for lanes
where vehicles accumulate during the signal cycle, including left and right turn lanes and
through lanes, from the beginning of the left turn pocket. If no left turn pocket exists, the
area treated shall begin at a distance equal to three car lengths from the stop line. If runoff
from the intersection drains to more than two collection areas that do not combine within
the intersection, oil control may be limited to any two of the collection areas.

Performance Goal: BMP choices for oil control are intended to achieve the goals of no
ongoing or recurring visible sheen, and to have a 24-hour average total petroleum
hydrocarbon (TPH) concentration no greater than 10 milligrams per liter (mg/L), and a
maximum of 15 mg/L for a discrete sample (grab sample).

Note: Use the method for NWTPH-Dx in Ecology Publication No. ECY 97-602,
Analytical Methods for Petroleum Hydrocarbons. If the concentration of gasoline is of
interest, the method for NWTPH-Gx should be used to analyze grab samples.

BMP Options: Oil control options include BMPs that are small, treat runoff from a
limited area, and require frequent maintenance. The options also include BMPs that treat
runoff from larger areas and generally have less frequent maintenance needs. Note that
the City will not accept ownership of some types of oil control BMPs without prior
approval.

e API-Type Oil-water Separator (see Section 8.10). Requires prior approval for
City ownership.

e Coalescing Plate Oil-water Separator (see Section 8.10). Requires prior
approval for City ownership.

e Manufactured Treatment Devices (see Section 8.11).

Note: As manufactured treatment devices are approved by Ecology for meeting
oil control requirements, these may be added to the City’s approved list of
acceptable BMPs. Additional BMPs will be accepted by the City on a case-by-
case basis, after GULD approval by Ecology.
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e Linear Sand Filter (see Section 8.7).

e Note: Linear sand filters may also be used to meet basic, enhanced, or phosphorus
treatment. If used to satisfy one of those runoff treatment requirements, the same
BMP shall not also be used to satisfy the oil control requirement unless increased
maintenance (quarterly cleaning) is assured. This increase in maintenance is to
prevent clogging of the filter by oil so that it will function for suspended solids
and phosphorus removal, as well.

e Qil Control Booms (see Section 8.10, and the 2019 Washington State
Department of Transportation [WSDOT] Highway Runoff Manual [HRM]).

8.3.3 Phosphorus Treatment BMP Options

Performance Goal: The phosphorus treatment BMP options are intended to achieve a
goal of 50 percent total phosphorus removal for a range of influent concentrations of

0.1 to 0.5 mg/L total phosphorus. In addition, the phosphorus treatment BMPs are also
intended to achieve the basic treatment performance goal. The performance goal applies
to the water quality design volume or flow rate, whichever is applicable. The incremental
portion of runoff in excess of the water quality design flow rate or volume can be routed
around the BMP (creating an off-line runoff treatment BMP) or can be passed through the
BMP (creating an on-line runoff treatment BMP) provided a net pollutant reduction is
maintained. The design and operation of runoff treatment BMPs that engage a bypass at
flow rates higher than the water quality design flow rate is encouraged. This is acceptable
provided that the overall reduction in phosphorus loading (treated plus bypassed) is at
least equal to that achieved with initiating bypass at the water quality design flow rate.
Note that wet pool BMPs are always designed to be on-line.

Options: Any one of the following options may be chosen to satisfy the phosphorus
treatment requirement:

e Infiltration with Appropriate Pretreatment — see Section 8.5 and 8.6. (Note
that this option is only necessary for projects where stormwater is infiltrated
within one-quarter mile of a fresh water body. Otherwise, phosphorus treatment is
not required for infiltrating sites.)

o Infiltration through soils meeting the minimum site suitability criteria for
infiltration treatment (see Section 8.6). Note that a presettling basin or a basic
treatment BMP is needed for pretreatment (see Section 8.5).

o If'the soils do not meet the soil suitability criteria and the infiltration site is
within one-quarter mile of a fresh water body, treatment must be provided by
one of the other treatment BMP options listed below.

e Large Sand Filter — see Section 8.7.

e Large Wet Pond — see Section 8.9.
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e Media Filter Drain — see Section 8.7.

e Bioretention (only when constructed with a high performance bioretention soil
mix). See Chapter 7, Section 7.4.4 for bioretention design requirements. Refer to
the latest guidance on using high performance soil mixes, available on Ecology’s
website at: https://fortress.wa.gov/ecy/publications/SummaryPages/2110023.html

e Manufactured Treatment Devices approved for phosphorus removal — As
manufactured treatment devices are approved by Ecology for meeting phosphorus
treatment requirements, these may be added to the City’s approved list of
acceptable BMPs. Additional BMPs may be accepted by the City on a case-by-
case basis, after GULD approval by Ecology.

e Two-BMP Treatment Trains — see Table 8.1.

Table 8.1. Treatment Trains for Phosphorus Removal.
First Basic Treatment BMP Second Treatment BMP

Biofiltration Swale Basic Sand Filter or Sand Filter Vault
Vegetated Filter Strip Linear Sand Filter (no presettling needed)
Linear Sand Filter Vegetated Filter Strip

Basic Wet Pond Basic Sand Filter or Sand Filter Vault
Wet Vault Basic Sand Filter or Sand Filter Vault
Stormwater Treatment Wetland Basic Sand Filter or Sand Filter Vault
Combined Detention and Wet Pool Basic Sand Filter or Sand Filter Vault

8.34 Enhanced Treatment BMP Options

Performance Goal: The enhanced treatment BMP options are intended to provide a
higher rate of removal of dissolved metals than basic treatment BMPs. The choices are
intended to achieve the basic treatment performance goal. Based on a review of dissolved
metals removal of basic treatment options, a “higher rate of removal” is currently defined
at greater than 30 percent dissolved copper removal and greater than 60 percent dissolved
zinc removal. The performance goal assumes that the BMP is treating stormwater with
dissolved copper typically ranging from 0.005 to 0.02 mg/L, and dissolved zinc ranging
from 0.02 to 0.3 mg/L.

The performance goal applies to the water quality design volume or flow rate, whichever
is applicable. The incremental portion of runoff in excess of the water quality design flow
rate or volume can be routed around the BMP (off-line treatment BMPs) or can be passed
through the BMP (on-line treatment BMPs) provided a net pollutant reduction is
maintained. The design and operation of treatment BMPs that engage a bypass at flow
rates higher than the water quality design flow rate is encouraged as long as the reduction
in dissolved metals loading exceeds that achieved with initiating bypass at the water
quality design flow rate.
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Options: Any one of the following options may be chosen to satisfy the enhanced

treatment requirement:

e Infiltration with Appropriate Pretreatment — see Section 8.5 and 8.6.

o Infiltration through soils meeting the minimum site suitability criteria for

infiltration treatment (see Section 8.6). Note that a presettling basin or a basic
treatment BMP is needed for pretreatment (see Section 8.5).

o If the soils do not meet the soil suitability criteria, treatment must be provided
by one of the other runoff treatment BMP options listed below.

e Large Sand Filter — see Section 8.7.

e Stormwater Treatment Wetland — see Section 8.9.

e Compost-amended Vegetated Filter Strip (CAVFES) — see Section 8.6.

e Two BMP Treatment Trains — see Table 8.2.

Note: Secondary treatment BMPs may include manufactured treatment devices
(Section 8.11) where appropriate and approved by the City.

Table 8.2. Treatment Trains for Dissolved Metals Removal.

First Basic Treatment BMP

Second Treatment BMP

Biofiltration Swale

Basic Sand Filter or Sand Filter Vault or

Vegetated Filter Strip

Linear Sand Filter with no presettling cell needed

Linear Sand Filter

Vegetated Filter Strip

Basic Wet Pond

Basic Sand Filter or Sand Filter Vault

Wet Vault

Basic Sand Filter or Sand Filter Vault

Basic Combined Detention/Wet Pool

Basic Sand Filter or Sand Filter Vault

e Bioretention — see Chapter 7, Section 7.4.4.

Note: Stormwater runoff that infiltrates through the bioretention soil mix
specified in Chapter 7 will receive enhanced treatment. If the site is also subject to

phosphorus treatment requirements, bioretention must be constructed without

imported composted materials (i.e., the underlying soils must meet the
requirements for treatment in Section 8.6.3). Where bioretention/is intended to
fully meet treatment requirements for its drainage area, it must be designed, using
an approved continuous runoff model, to pass at least 91 percent of the influent
runoff file through the bioretention soil mix.

e Media Filter Drain — See Section 8.7.
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8.3.5

Manufactured Treatment Devices — see Section 8.11 — As manufactured
treatment devices are approved by Ecology for meeting enhanced treatment
requirements, these may be added to the City’s approved list of acceptable
enhanced treatment BMPs. Additional BMPs may be accepted by the City on a
case-by-case basis, after GULD approval by Ecology.

Additional Runoff Treatment Requirements

Performance Goal: The performance goal for the runoff treatment requirements outlined
in this section vary depending on the pollutant of concern. See additional details below.

Bacteria Problem

1.

The following runoff treatment BMPs, in order of preference, shall be used to
meet the area—specific runoff treatment requirements if infiltration is not feasible:

a. Sand filter (Note: if the site also requires phosphorus treatment or enhanced
treatment, the sand filter must be a large sand filter per phosphorus and
enhanced treatment.)

b. Stormwater treatment wetland (Note: if the site also requires phosphorus
treatment, the stormwater treatment wetland must be followed by a basic sand
filter or sand filter vault per phosphorus treatment. If the site is also subject to
temperature problems [see “Temperature Problem” heading below], refer to
the wetland criteria described under temperature problems below.)

c. Wet pond (Note: if the site also requires phosphorus treatment or enhanced
treatment, the wet pond must be followed by a basic sand filter, a sand filter
vault, or an Ecology-approved manufactured treatment device.)

d. Other runoff treatment BMP only if combined with an Ecology-approved
manufactured treatment device (refer to Section 8.11) that provides equivalent
removal of bacteria

If the proposed project is a residential subdivision, then signage shall be provided
in the subdivision’s public areas (i.e., recreation/open space areas and right-of-
way) requesting that pet waste be picked up in order to protect downstream water
quality. The extent and location of this signage shall be reviewed and subject to
approval by the City.

If the proposed project is a multifamily development with a recreation/open area
or is a park improvement, then signage shall be provided requesting that pet waste
be picked up in order to protect downstream water quality. A pet waste bag
station and trash receptacle shall be provided near the signage. The extent and
location of this signage and stationing shall be reviewed and subject to approval
by the City.
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Dissolved Oxygen (DO) Problem

1.

A runoff treatment BMP option for phosphorus treatment shall be a component of
the required treatment system (Note: if the site also requires enhanced treatment,
choose a BMP option that also provides enhanced treatment).

If the proposed project includes a wet pond or wet vault, then the wet pool depth
shall not exceed 6 feet, and the outflow system shall include a measure designed
to promote aeration of the BMP’s discharges for 2-year runoff events and smaller.
(Note that wet vaults are only allowed if used as part of a two BMP treatment
train, per Section 8.3.3.) One way to do this is to create a drop in flow elevation
within a manhole by placing the outlet invert of the incoming pipe a minimum of
12 inches above the 2-year headwater elevation of the outgoing pipe.
Alternatively, if the outflow system discharges to an open channel, the same drop
in flow elevation could be achieved by placing the outlet invert a minimum of

12 inches above the 2-year tailwater elevation created by the channel. Other
equivalent approaches may be used as approved by the City.

If the proposed project includes a wet vault, then the required ventilation area
specified in Chapter 8 shall be doubled.

Temperature Problem

1.

Use of a wet pond or wetland is prohibited unless it will be at least 50 percent
shaded at midday in the summer or its discharges will flow through 200 feet or
more of open channel that is at least 50 percent shaded at midday in the summer.
The City must review and approve the extent and location of this shading. In
addition, the outlet structure of the wet pond or wetland must include a bottom
water release system that draws water from within 1 foot of the bottom of the
permanent pool area near the outlet structure. Because bottom waters may have a
low dissolved oxygen, aeration of the effluent water is required as described for
the dissolved oxygen runoff treatment BMPs above.

If the proposed project includes open drainage features, then vegetation or other
means shall be used where practicable to maximize shading of the drainage
features, except biofiltration swales and vegetated filter strips. The extent and
location of this shading shall be reviewed and approved by the City.

Summary of Additional Requirements

Table 8.3 summarizes the additional runoff treatment requirements associated with water
quality problems known at the time this manual was developed.
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Table 8.3. Summary of Additional Runoff Treatment Requirements.

Problem Type Runoff Treatment Requirements

Bacteria ¢ Use the following BMPs (in order of preference): sand filter, stormwater wetland, wet

pond, or other treatment options if combined with an Ecology-approved manufactured
treatment device that provides equivalent removal of fecal coliform bacteria.

¢ |If project is located in a residential subdivision, multifamily development with a
recreation/open area, or is a park improvement, provide signage that pet waste be picked
up, as well as a bag station and trash receptacle.

Dissolved Oxygen e Use a phosphorus treatment BMP.

¢ If a wet pond is used, the wet pool depth shall not exceed 6 feet, AND the outflow system
shall include a measure designed to promote aeration of the BMP’s discharges for 2-year
runoff events and smaller

o If a wet vault is used, required ventilation area shall be doubled

Temperature e Use of a wet pond or wetland is prohibited unless it will be at least 50% shaded at

midday in the summer or its discharges will flow through 200 feet or more of open
channel that is at least 50% shaded at midday in the summer. In addition, a bottom water
outlet structure with appropriate aeration must be employed.

¢ |f the proposed project includes open drainage features:

e Vegetation or other means shall be used where practicable to maximize shading of the
drainage features, except biofiltration swales and vegetated filter strips.

¢ Flow control BMPs shall be applied the same way they would be applied if the project
was located within a critical aquifer recharge area.

8.3.6 Basic Treatment BMP Options

Performance Goal: Basic treatment BMP options are intended to achieve 80 percent
removal of TSS for influent concentrations that are greater than 100 mg/L, but less than
200 mg/L. For influent concentrations greater than 200 mg/L, a higher treatment goal
may be appropriate. For influent concentrations less than 100 mg/L, the BMPs are
intended to achieve an effluent goal of 20 mg/L TSS.

The performance goal applies to the water quality design volume or flow rate, whichever
is applicable. The incremental portion of runoff in excess of the water quality design flow
rate or volume can be routed around the BMP (off-line treatment BMPs) or can be passed
through the BMP (on-line treatment BMPs) provided a net TSS reduction is maintained.

Options: Any one of the following options may be chosen to satisfy the basic treatment
requirement:

e Infiltration — see Section &.6.
e Sand Filters — see Section 8.7.
e Biofiltration Swales — see Section 8.8.

e Vegetated Filter Strips — see Section 8.8.
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8.4

e CAVFS —see Section 8.6.
e Basic Wet Pond — see Section &.9.

e Wet Vault — see Section 8.9.

Note: A wet vault may be used for commercial, industrial, or road projects if there
are space limitations. Ecology and the City discourage the use of wet vaults for
residential projects. Combined detention/wet vaults are allowed; see

Section 8.9.3.

e Stormwater Treatment Wetland — see Section 8.9.
e Combined Detention and Wet Pool Facilities — see Section 8.9.3.

e Bioretention Cells, Swales, and Planter Boxes — see Chapter 7, Section 7.4.4.

Note: Where bioretention is intended to fully meet treatment requirements for its
drainage area, it must be designed, using an approved continuous runoff model, to
pass at least 91 percent of the influent runoff file through the imported soil mix.

e Media Filter Drain — see Section 8.7.
e Permeable Pavements — see Chapter 7, Section 7.4.6.

e Manufactured Treatment Devices — see Section 8.11 — As manufactured
treatment devices are approved by Ecology for meeting enhanced treatment
requirements, these may be added to the City of Lacey’s approved list of
acceptable basic treatment BMPs. Additional BMPs may be accepted by the City
of Lacey on a case-by-case basis, after GULD approval by Ecology.

General Requirements for Runoff Treatment BMPs

This section addresses general requirements for runoff treatment BMPs. Requirements
discussed in this section include water quality design volumes and flows, sequencing of
BMPs, liners, and hydraulic structures for splitting or dispersing flows. Additional
requirements for individual BMPs are discussed in subsequent sections.

8.4.1 Runoff Treatment BMP Sizing

Size runoff treatment BMPs for the entire area that drains to them, even if some of those
areas are not pollution-generating or were not included in the project site threshold
decisions (Chapter 2, Section 2.1.2) or the runoff treatment threshold decisions of Core
Requirement #6 (Chapter 2, Section 2.2.6). Runoff treatment BMPs are sized by using
either a volume (the water quality design volume) or a flow rate (the water quality design
flow rate), depending on the runoff treatment BMP selected. Refer to the selected runoff
treatment BMP to determine whether the BMP is sized based on a volume or a flow rate.
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See below for details about the water quality design volume and the water quality design
flow rate used to size runoff treatment BMPs.

Water Quality Design Volume

Using an approved continuous simulation model (e.g., the Western Washington
Hydrology Model [WWHM)]), the water quality design volume shall be the simulated
daily volume that represents the upper limit of the range of daily volumes that accounts
for 91 percent of the entire runoff volume over a multi-decade period of record.

Water Quality Design Flow Rate

Downstream of Detention BMPs: The water quality design flow rate shall be the full
2-year release rate from the detention BMP.

An approved continuous runoff model should identify the 2-year rate discharged by a
detention BMP that is designed to meet the flow duration standard.

Preceding Detention BMPs or When Detention BMPs Are Not Required: The water
quality design flow rate shall be the flow rate at or below which 91 percent of the total
runoff volume, as estimated by an approved continuous simulation model, will be treated.

Design criteria for runoff treatment BMPs are assigned to achieve the applicable
performance goal at the water quality design flow rate (e.g., basic treatment, enhanced
treatment). At a minimum, 91 percent of the total runoff volume, as estimated by an
approved continuous simulation model, must pass through runoff treatment BMP(s) at or
below the approved hydraulic loading rate for the BMP(s).

e Off-line runoff treatment BMPs: For runoff treatment BMPs not preceded by an
equalization or storage basin, and when runoff flow rates exceed the water quality
design flow rate, the runoff treatment BMP must continue to receive and treat the
water quality design flow rate to the applicable runoff treatment performance
goal. Only the higher incremental portion of flow rates are bypassed around a
runoff treatment BMP.

Runoff treatment BMPs preceded by an equalization or storage basin may identify
a lower water quality design flow rate provided that at least 91 percent of the
estimated runoff volume in the time series of an approved continuous runoff
model is treated to the applicable performance goals.

Flow splitters can also be used to direct flows higher than the oftf-line water
quality design flow rate to the runoff treatment BMP. These designs will act
similarly to an on-line runoff treatment BMP, where flows higher than the off-line
water quality design flow rate will not achieve the full performance goal, but will
achieve some level of pollutant removal. If this option is selected, an increased
maintenance frequency may be needed to accommodate the increase in pollutant
accumulation within the BMP.
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e On-line runoff treatment BMPs: Some BMP designs do not make use of a flow
splitter and receive all of the stormwater runoff from the contributing basin. On-
line runoff treatment BMPs must be designed using the on-line water quality
design flow rate (as determined by an approved continuous runoff model). On-
line runoff treatment BMPs treat flows up to the on-line water quality design flow
rate to meet the performance goal and flows higher than the on-line water quality
design flow rate pass through the BMP at a lower percent removal.

Flows Requiring Treatment

Runoff from pollution-generating hard or pervious surfaces must be treated. Pollution-
generating hard surfaces (PGHS) are those hard surfaces considered to be a significant
source of pollutants in stormwater runoff. PGHS include pollution-generating impervious
surfaces (PGIS) and pollution-generating permeable pavements. Permeable pavements
subject to pollution-generating activities are also considered pollution-generating
pervious surfaces (PGPS) because of their infiltration capability. The glossary in

Chapter 1 of this manual provides additional definitions and clarification of these terms.

PGHS, PGIS, and PGPS include those surfaces that receive direct rainfall, or run-on or
blow-in of rainfall, and are subject to: vehicular use; industrial activities; or storage of
erodible or leachable materials, wastes, or chemicals. Erodible or leachable materials,
wastes, or chemicals are those substances that, when exposed to rainfall, measurably alter
the physical or chemical characteristics of the rainfall runoff. Examples include erodible
soils that are stockpiled, uncovered process wastes, manure, fertilizers, oily substances,
ashes, kiln dust, and garbage dumpster leakage. Metal roofs are also considered to be
PGIS unless they are coated with an inert, non-leachable material (e.g., baked enamel
coating). Roofs subject to venting significant amounts of dusts, mists, or fumes from
manufacturing, commercial, or other indoor activities are also PGIS.

A surface, whether paved or not, shall be considered subject to vehicular use if it is
regularly used by motor vehicles. The following are considered regularly-used surfaces:
roads, unvegetated road shoulders, bike lanes within the traveled lane of a roadway,
driveways, parking lots, unfenced fire lanes, vehicular equipment storage yards, and
airport runways.

The following are not considered regularly-used surfaces: paved bicycle pathways
separated from and not subject to drainage from roads for motor vehicles, restricted
access fire lanes, and infrequently used maintenance access roads.

PGPS are any pervious surface that receives direct rainfall, or run-on, or blow-in of
rainfall and are subject to vehicular use; industrial activities (as further defined in the
glossary); storage of erodible or leachable materials, wastes, or chemicals; the use of
pesticides and fertilizers; or loss of soil. Typical PGPS include permeable pavements
subject to vehicular use, lawns, and landscaped areas, including golf courses, parks,
cemeteries, and sports fields (both natural and artificial turf).
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Summary of Areas Needing Runoff Treatment

8.4.2

All runoff from pollution-generating hard surfaces is to be treated through the
runoff treatment BMPs specified in Section 8.2 and Section 8.3.

Lawns and landscaped areas specified are pervious but also generate runoff into
street drainage systems. In those cases, the runoff from the pervious areas must be
estimated and added to the runoff from hard surface areas to size treatment BMPs.

Runoff from backyards can drain into native vegetation in areas designated as
open space or buffers. In these cases, the area in native vegetation may be used to
provide the requisite runoff treatment, provided it meets the requirements outlined
in Chapter 7, Section 7.4.2 for dispersion.

Drainage from hard surfaces that are not pollution-generating need not be treated
and may bypass runoff treatment if it is not mingled with runoff from pollution-
generating surfaces.

Runoff from non-pollution-generating roofs is still subject to flow control per
Core Requirement #7. The non-pollution-generating roof runoff that is directed to
an infiltration trench or drywell must first pass through a catch basin as described
under Downspout Infiltration Systems (see Chapter 7, Section 7.4.10). Note that
metal roofs are considered pollution-generating unless they are coated with an
inert non-leachable material. Roofs that are subject to venting of significant
amounts of manufacturing, commercial, or other indoor pollutants are considered
pollution-generating.

Drainage from areas in native vegetation should not be mixed with untreated
runoff from streets and driveways, if possible. It is best to infiltrate or disperse
this relatively clean runoff to maximize recharge to shallow groundwater,
wetlands, and streams (see Chapter 7, Section 7.4.2 for flow dispersion
requirements).

If runoff from non-pollution generating surfaces reaches a runoff treatment BMP,
flows from those areas must be included in the sizing calculations for the BMP.
Once runoff from non-pollution generating areas is mixed with runoff from
pollution-generating areas, it cannot be separated before treatment.

Sequence of BMPs

Enhanced treatment and phosphorus treatment, described in Section 8.3, include
treatment options in which more than one type of treatment BMP is used. In those
options, the sequence of BMPs is prescribed. This is because the specific pollutant
removal role of the second or third BMP in a treatment often assumes that significant
solids’ settling has already occurred. For example, phosphorus treatment using a two-
BMP treatment relies on the second BMP (sand filter) to remove a finer fraction of solids
than those removed by the first BMP.
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There is also the question of whether runoff treatment BMPs should be placed upstream
or downstream of detention BMPs that are needed for flow control purposes. In general,
all treatment BMPs may be installed upstream of detention BMPs, although presettling
basins are needed for sand filter and sand infiltration systems. However, not all treatment
BMPs can function effectively if located downstream of detention BMPs. Those BMPs
that treat unconcentrated flows, such as vegetated filter strips, are usually not practical
downstream of detention BMPs. Other types of treatment BMPs present special problems
that must be considered before placement downstream is advisable.

For instance, prolonged flows discharged by a detention BMP that is designed to meet the
flow duration standard of Core Requirement #7 may interfere with proper functioning of

basic biofiltration swales and sand filters. Grasses typically specified in the basic
biofiltration swale design will not survive. A wet biofiltration swale design would be a

better choice.

For sand filters, the prolonged flows may cause extended saturation periods within the
filter. Saturated sand can lose all oxygen and become anoxic. If that occurs, some amount
of phosphorus captured within the filter may become soluble and released. To prevent
long periods of sand saturation, adjustments may be necessary after the sand filter is in
operation to bypass some areas of the filter. This bypassing will allow them to drain
completely. It may also be possible to employ a different type of BMP that is less
sensitive to prolonged flows.

Oil control BMPs for runoff treatment must be located upstream of treatment and
detention BMPs and as close to the source of oil-generating activity as possible.

Table 8.4 summarizes placement considerations of treatment BMPs in relation to

detention.

Table 8.4. Runoff Treatment BMP Placement in Relation to Detention.

Runoff Treatment BMP

Preceding Detention

Following Detention

Basic biofiltration swale
(Section 8.8)

OK

OK. Prolonged flows may reduce grass survival.
Consider wet biofiltration swale.

(Section 8.9)

Wet biofiltration swale OK OK

(Section 8.8)

Vegetated filter strip OK No—must be installed before flows concentrate.
(Section 8.8)

Basic or large wet pond OK OK—less water level fluctuation in ponds

downstream of detention may improve aesthetic
qualities and performance.

Basic or large combined
detention and wet pond
(Section 8.9)

Not applicable

Not applicable

Wet vault
(Section 8.9)

OK

OK
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Table 8.4 (continued).

Runoff Treatment BMP Placement in Relation to Detention.

Runoff Treatment BMP

Preceding Detention

Following Detention

Basic or large sand filter basin
or sand filter vault

OK, but presettling and
control of floatables

OK—sand filters downstream of detention BMPs
may require field adjustments if prolonged flows

(Section 8.7) needed cause sand saturation and interfere with
phosphorus removal.
Stormwater treatment OK OK—less water level fluctuation and better plant
wetland/pond diversity are possible if the stormwater wetland
(Section 8.9) is located downstream of the detention BMP.
8.4.3 BMP Liners

Liners are intended to reduce the likelihood that pollutants in stormwater will reach
groundwater when runoff treatment BMPs are constructed. In addition to groundwater
protection considerations, some BMP types require permanent water for proper
functioning. An example is the first cell of 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

2.4 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 used for industrial or commercial sites
with a potential for high pollutant loading in the stormwater runoff. Low permeability
liners may be fashioned from geomembrane or concrete. See below for more specific
design criteria for treatment liners and low permeability liners.

General Design Criteria

e Table 8.5 shows the type of liner required for use with various runoff treatment
BMPs. Other liner configurations may be used with prior approval from the City.

Table 8.5.

Lining Types Required for Runoff Treatment BMPs.

Runoff Treatment BMP

Area to be Lined

Type of Liner Required

Presettling basin

Bottom and sides

Low permeability liner or
treatment liner®

Wet pond

First cell: bottom and sides to water quality

design water surface

Low permeability liner or
treatment liner?

Second cell: bottom and sides to water quality

design water surface

Treatment liner

Combined detention/runoff

First cell: bottom and sides to water quality

Low permeability liner or

treatment BMP design water surface treatment liner®
Second cell: bottom and sides to water quality | Treatment liner
design water surface
Stormwater wetland Bottom and sides, both cells Low permeability liner?
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Table 8.5 (continued). Lining Types Required for Runoff Treatment BMPs.

Runoff Treatment BMP Area to be Lined Type of Liner Required

Basic and large sand filter Basin sides only Treatment liner

basin

Sand filter vault Not applicable No liner needed

Linear sand filter Not applicable if in vault No liner needed
Bottom and sides of presettling cell if not in Low permeability or treatment
vault liner?

Media filter (in vault) Not applicable No liner needed

Wet vault Not applicable No liner needed

@ If the BMP will intercept the seasonal high groundwater table, a treatment liner may be recommended.

Liners shall be evenly placed over the bottom and/or sides of the treatment area of
the BMP as indicated in Table 8.5. Areas above the treatment volumes that are
required to pass flows greater than the runoff treatment flow (or volume) need not
be lined. However, the lining must be extended to the top of the interior side slope
and anchored if it cannot be permanently secured by other means.

For low permeability liners, the following criteria apply:

o Where the seasonal high groundwater elevation is likely to contact a low
permeability liner, liner buoyancy may be a concern. In these instances, use of
a low permeability liner shall be evaluated and recommended by a
geotechnical engineer.

o Where grass must be planted over a low permeability liner per the BMP
design, a minimum of 6 inches of good topsoil or compost-amended native
soil must be placed over the liner in the area to be planted. Twelve inches of
cover is preferred (see additional requirements for geomembrane liners).

If a treatment liner will be below the seasonal high water level, the pollutant
removal performance of the liner and BMP must be evaluated by a geotechnical
or groundwater specialist and found to be as protective as if the liner and BMP
were above the level of the groundwater.

Treatment Liner Design Criteria

This section presents the design criteria for treatment liners.

A 2-foot thick layer of soil with a minimum organic content of 1 percent AND a
minimum cation exchange capacity (CEC) of 5 milliequivalents/100 grams can be
used as a treatment layer beneath a water quality or detention BMP.

To demonstrate that in-place soils meet the above criteria, one sample per
1,000 square feet of BMP area shall be tested. Each sample shall be a composite
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of subsamples taken throughout the depth of the treatment layer (usually 2 to
6 feet below the expected BMP invert).

Typically, side wall 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 side walls may be significant. In those cases, the
treatment BMP side walls should be lined with at least 18 inches of treatment soil,
as described above, to prevent untreated seepage. This lesser soil thickness is
based on unsaturated flow as a result of alternating wet-dry periods.

Ecology approved continuous simulation models must be run using the “No
Infiltration” option through the sidewalls if one sidewall is impervious. Refer to
Chapter 6, Section 6.2 for more information about Ecology approved continuous
simulation models.

Organic content shall be measured on a dry weight basis using ASTM D2974.
CEC shall be tested using U.S. EPA laboratory method 9081.

Certification by a soils testing laboratory that imported soil meets the organic
content and CEC criteria above shall be provided to the City.

Low Permeability Liner Design Criteria

This section presents the design criteria for the two low permeability liner options:
geomembrane liners and concrete liners.

Geomembrane Liners

Geomembrane liners shall be ultraviolet (UV) light resistant and have a minimum
thickness of 30 mils. A thickness of 40 mils shall be used in areas of maintenance
access or where heavy machinery must be operated over the membrane.

The geomembrane fabric shall be protected from puncture, tearing, and abrasion
by installing geotextile fabric on the top and bottom of the geomembrane
determined to have a high survivability per the Standard Specifications for Road,
Bridge, and Municipal Construction (WSDOT Standard Specifications) as
amended, specifically Section 9-33 Construction Geotextile (2021 or the latest
version as amended). Equivalent methods for protection of the geomembrane liner
will be considered. Equivalency will be judged on the basis of ability to protect
the geomembrane from puncture, tearing, and abrasion.

Geomembranes shall be bedded according to the manufacturer’s
recommendations.
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e Liners must be covered with 12 inches of top dressing forming the bottom and
sides of the water quality BMP, except for linear sand filters. Top dressing shall
consist 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, 12 inches of native soil may be used if orange plastic
“safety fencing” or another highly visible, continuous marker is embedded
6 inches above the membrane.

e If possible, liners should be of a contrasting color so that maintenance workers are
aware of any areas where a liner may have become exposed when maintaining the
BMP.

e Geomembrane liners shall not be used on slopes steeper than SH:1V to prevent
the top dressing material from slipping. Textured liners may be used on slopes up
to 3H:1V upon recommendation by a geotechnical engineer that the top dressing
will be stable for all site conditions, including maintenance.

Concrete Liners

e Concrete liners may also be used for sedimentation chambers and for
sedimentation and filtration basins less than 1,000 square feet in area. Concrete
shall be 5-inch-thick Class 3000 or better and shall be reinforced by steel wire
mesh. The steel wire mesh shall be six (6) gauge wire or larger and 6-inch by
6-inch mesh or smaller. An “ordinary surface finish” is required. When the
underlying soil is clay or has an unconfined compressive strength of 0.25 ton per
square foot or less, the concrete shall have a minimum 6-inch compacted
aggregate base consisting of coarse sand and river stone, crushed stone or
equivalent with diameter of 0.75 to 1 inch. Where visible, the concrete shall be
inspected annually and all cracks shall be sealed.

e Portland cement liners are allowed irrespective of BMP size, and shotcrete may
be used on slopes. However, specifications must be developed by a professional
engineer who certifies the liner against cracking or losing water retention ability
under expected conditions of operation, including BMP maintenance operations.
Weight of maintenance equipment can be up to 80,000 pounds when fully loaded.

e Asphalt concrete may not be used for liners due to its permeability to many
organic pollutants.

e If grass is to be grown over a concrete liner, slopes must be no steeper than
SH:1V to prevent the top dressing material from slipping. Textured liners may be
used on slopes up to 3H:1V upon recommendation by a geotechnical engineer that
the top dressing will be stable for all site conditions, including maintenance.
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8.5

Pretreatment
8.5.1 Purpose

This section presents the methods that may be used to provide pretreatment prior to basic
or enhanced runoff treatment BMPs. Presettling basins are a typical pretreatment BMP
used to remove suspended solids. All of the basic runoff treatment BMPs may also be
used for pretreatment to reduce suspended solids.

8.5.2 Applications

Pretreatment must be provided where the basic treatment BMP or the receiving water
may be adversely affected by non-targeted pollutants (e.g., oil), or may by overwhelmed
by a heavy load of targeted pollutants (e.g., suspended solids). BMPs that require
pretreatment include but are not limited to: sand filters, canister systems, infiltration
basins, infiltration trenches, and infiltration galleries that receive runoff from pollution
generating surfaces.

A detention pond sized to meet the flow control standard in Chapter 2 may also be used
to provide pretreatment for suspended solids removal.

8.5.3 Best Management Practices for Pretreatment

This section has only one BMP for presettling basins. Ecology has approved some
manufactured treatment devices for pretreatment through the TAPE process. See
Ecology’s Emerging Stormwater Treatment Technologies web page for a list of approved
pretreatment technologies: < https://ecology.wa.gov/Regulations-Permits/Guidance-
technical-assistance/Stormwater-permittee-guidance-resources/Emerging-stormwater-
treatment-technologies >. Only those BMPs that have received a GULD may be used to
meet the requirements of this manual.

Presefttling Basin (Ecology BMP T6.10)

A presettling basin provides pretreatment of runoff in order to remove suspended solids,
which can impact other runoff treatment BMPs.

Application and Limitations

Runoff treated by a presettling basin may not be discharged directly to a receiving water
or to groundwater; it must be further treated by a basic or enhanced runoff treatment
BMP.

Design Criteria

e A presettling basin shall be designed to include a wet pool sedimentation area at
least 6 inches deep at the bottom of the BMP. The total treatment volume of the
presettling basin shall be at least 30 percent of the total water quality design
volume.
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8.6

e Drawdown time of the presettling storage area (excluding wet pool area) must not
exceed 48 hours.

e [f the runoff in the presettling basin will be in direct contact with the soil (e.g., not
within a concrete vault), it must be lined per the liner requirement in
Section 8.4.3.

e The presettling basin shall conform to the following:

o The length-to-width ratio shall be at least 3:1. Berms or baffles may be used to
lengthen the flow path.

o The minimum depth shall be 4 feet; the maximum depth shall be 6 feet.

e Inlets and outlets shall be designed to minimize velocity and reduce turbulence.
Inlet and outlet structures should be located at extreme ends of the basin in order
to maximize particle-settling opportunities.

Site Constraints and Setbacks

All BMPs shall be a minimum of 20 feet from any structure, property line, and any
vegetative buffer required by the City.

All BMPs shall be 100 feet from any septic tank/drainfield (except wet vaults shall be a
minimum of 20 feet).

All BMPs shall be a minimum of 50 feet from any steep (greater than 15 percent) slope.
A geotechnical assessment must address the potential impact of a wet pond on a steep
slope.

Embankments that impound water must comply with the Washington State Dam Safety
Regulations (Chapter 173-175 WAC). 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, or has an
embankment height of greater than 6 feet at the downstream toe, then dam safety design
and review are required by Ecology. See Chapter 7, Section 7.5, for more detail.

Infiltration and Bioretention Treatment BMPs

8.6.1 Purpose

This section provides site suitability, design, and maintenance criteria for infiltration
treatment BMPs. Infiltration treatment BMPs serve the dual purpose of removing
pollutants (TSS, heavy metals, phosphates, and organics) and recharging aquifers.
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An infiltration treatment BMP is an impoundment, typically a basin, trench, gallery, or
bioretention system. The infiltration treatment BMPs described in this section include:

e Infiltration Basins

e Infiltration Trenches

e Infiltration Galleries

e Bioretention Cells, Swales, and Planter Boxes
e Permeable Pavements

e CAVFS.

Note that the soil infiltration requirements for runoff treatment are substantially
different from those for flow control. Soils used for infiltration must contain sufficient
organic matter and/or clays to sorb, decompose, and/or filter stormwater pollutants.
Pollutant/soil contact time, soil sorptive capacity, and soil aerobic conditions are
important design considerations. Specific requirements are outlined in Section 8.6.3

and 8.6.4 below.

8.6.2 Applications and Limitations

The infiltration and bioretention BMPs listed above are capable of achieving most of the
performance objectives cited in Section 8.3 for specific runoff treatment options. In
general, these treatment techniques can capture and remove or reduce the target
pollutants to levels that will not adversely affect public health or beneficial uses of
surface and groundwater resources, and will not cause a violation of groundwater quality
standards. The default bioretention soil mix (see Chapter 7, Section 7.4.4) is known to
release elevated levels of nutrients for a period of time after installation. A high
performance bioretention soil mix has been developed that may be used in locations near
phosphorus-sensitive waterbodies. Refer to the latest guidance on using high performance
soil mixes, available on Ecology’s website at:
<https://fortress.wa.gov/ecy/publications/SummaryPages/2110023.htmI>

Infiltration treatment BMPs are typically installed:
e As off-line systems, or on-line for small drainages.

e As a polishing treatment for street/highway runoft after pretreatment for TSS and
oil.

e As part of a treatment train.

e As retrofits at sites with limited land areas, such as residential lots, commercial
areas, parking lots, and open space areas.

8-34 Chapter 8 — Runoff Treatment BMPs June 2022



CITY OF LACEY 2022 STORMWATER DESIGN MANUAL

e With appropriate pretreatment for oil and silt control to prevent clogging and
nutrient control to prevent biofouling. Appropriate pretreatment devices may
include a presettling basin, wet pond/vault, constructed wetland, media filter, and
oil-water separator. An infiltration basin is preferred over a trench or gallery for
ease of maintenance reasons.

Also note that the terms bioretention and rain garden are sometimes used
interchangeably. However, in the City (in accordance with Ecology’s distinction), the
term “bioretention” is used to describe an engineered BMP that includes designed soil
mixes and perhaps underdrains and control structures. The term “rain garden” is used to
describe a landscape feature to capture stormwater on small project sites. Notable
differences between rain gardens and bioretention areas include:

e Rain gardens have less restrictive design criteria for the soil mix and do not
include underdrains and other control structures.

e Rain gardens are an on-site stormwater management BMP option for projects that
only have to comply with Core Requirements #1 through #5.

e Bioretention areas are an on-site stormwater management BMP option for:
1) projects that only have to comply with Core Requirements #1 through #5; and
2) projects that trigger Core Requirements #1 through #10.

e Bioretention areas and rain gardens are applications of the same LID concept and
can be highly effective for reducing surface runoff and removing pollutants.

8.6.3 Soil Suitability for Infiltration Treatment

Infiltration treatment BMPs that intend to use the native soil to provide runoff treatment
(i.e., using an infiltration basin, trench, or gallery, as opposed to rain gardens,
bioretention, or vegetated filter strips that each have specific soil media requirements)
meet the requirements for basic, phosphorus, and enhanced treatment if 91 percent of the
influent runoff file (indicated by an approved continuous simulation model) is
successfully infiltrated within 48 hours. Soil suitability criteria #1 and #2 below apply for
infiltration basins, trenches, and galleries (related requirements for bioretention and
permeable pavements are covered in Chapter 7, Sections 7.4.4 and 7.4.6). (Note that
bioretention designs may also be used without imported compost materials in areas where
the native soils meet the criteria in this section.) Conformance with the below
requirements shall be documented in the project Soils Report.

If the native soils do not meet the criteria below, runoff treatment must be provided prior
to infiltration either by a layer within the infiltration BMP (such as is the case for
bioretention), a runoff treatment BMP upstream of the infiltration BMP, or by a layer of
engineered soil that meets the soil suitability criteria below. Refer to Chapter 7,

Section 7.2.3 for guidance to determine the appropriate level of runoff treatment, based
on land use and project type, that is necessary to precede the infiltration BMP.
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Soil suitability criteria #1: The measured (initial) soil infiltration rate (field measured,
before safety factors) must be 9 inches per hour, or less. Design (long-term) infiltration
rates up to 3.0 inches per hour can be used with approval by the City, if the infiltration
receptor is not a sole-source aquifer, and in the judgment of the site professional, the
treatment soil has characteristics comparable to those specified in soil suitability
criteria #2 (summarized below) to adequately control the target pollutants.

Soil suitability criteria #2:

e Cation Exchange Capacity (CEC) of the soil must be greater than or equal to
5 milliequivalents per 100 grams of dry soil. Consider empirical testing of soil
sorption capacity, if practicable. Ensure that soil CEC is sufficient for expected
pollutant loadings, particularly heavy metals. Lower CEC content may be
considered if it is based on a soil loading capacity determination for the target
pollutants that is approved by the City.

e Organic content of the treatment soil (ASTM D2974): Organic matter can
increase the sorptive capacity of the soil for some pollutants. A minimum of
1 percent organic content is necessary.

e Depth of soil used for infiltration runoff treatment must be a minimum of 18
inches (measured from the bottom of the BMP). Depth of soil below permeable
pavements serving as pollution-generating hard surfaces may be reduced to 1 foot
if the permeable pavement does not accept run-on from other surfaces.

e Waste fill materials shall not be used as infiltration soil media nor shall such
media be placed over uncontrolled or non-engineered fill soils.

For all infiltration BMPs, the site infiltration rate must be determined using one of the
methods described in detail in Chapter 7, Appendix 7A.

8.6.4 Best Management Practices for Infiltration and Bioretention
Treatment

Although they are very effective at runoff treatment, five of the six BMPs discussed
below (infiltration basins; infiltration trenches; infiltration galleries; bioretention cells,
swales, and planter boxes; and permeable pavements) are more commonly designed to
provide flow control, and therefore the design details for these BMPs are provided in
Chapter 7, Section 7.4. This includes the imported soil requirements for bioretention
BMPs, which meet the enhanced treatment requirements and do not typically require
pretreatment. Selection of a specific BMP should be coordinated with the runoff
treatment BMP options provided in Section 8.3. Soil suitability criteria #1 and #2
(outlined in Section 8.6.3) must be met for infiltration basins and trenches, as well as for
bioretention BMPs designed without imported compost materials (i.e., if used in
phosphorus treatment areas).
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Infiltration Basins (Ecology BMP T7.10)

See Chapter 7, Section 7.2 for information pertinent to infiltration basins, trenches, and
galleries. See Chapter 7, Section 7.4.9 for information specific to infiltration basins.

Infiltration Trenches (Ecology BMP T7.20)

See Chapter 7, Section 7.2 for information pertinent to infiltration basins, trenches, and
galleries. See Chapter 7, Section 7.4.7 for information specific to infiltration trenches.

Infiltration Galleries

See Chapter 7, Section 7.2 for information pertinent to infiltration basins, trenches, and
galleries. See Chapter 7, Section 7.4.8 for information specific to infiltration galleries.

Bioretention Cells, Swales, and Planter Boxes (Ecology BMP T7.30)

See Chapter 7, Section 7.4.4 for information specific to bioretention cells, swales, and
planter boxes.

Permeable Pavements (Ecology BMP T5.15)

See Chapter 7, Section 7.4.6 for information specific to permeable pavements.

Compost-Amended Vegetated Filter Strip (CAVFS) (Ecology BMP T7.40)

The CAVEFS is a variation of the vegetated filter strip that adds soil amendments to the
roadside embankment (see Figure 8.2). The soil amendments improve infiltration
characteristics, increase surface roughness, and improve plant sustainability. 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. CAVFS have somewhat higher construction costs due to
more expensive materials, but require less land area for runoff treatment, which can
reduce overall costs.

Applications and Limitations

CAVFEFS can be used to meet basic and enhanced runoff treatment performance goals. It
has practical application in areas where there is space for roadside embankments that can
be built to the CAVFS specifications.
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Figure 8.2. Example of a Compost Amended Vegetated Filter Strip (CAVFS).

Design Criteria

The CAVES design incorporates composted material into the native soils in accordance
with the criteria in postconstruction soil quality and depth BMP requirements for turf
areas (see Chapter 7, Section 7.4.1). However, as noted below, the compost shall not
contain biosolids or manure. The goal is to create a healthy soil environment for a lush

growth of turf.
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Soil/Compost Mix

Presumptive approach: Place and rototill 1.75 inches of composted material into
6.25 inches of soil (a total amended depth of about 9.5 inches), for a settled depth
of 8 inches. Water or roll to compact soil to 85 percent maximum. Plant grass.

Custom approach: Place and rototill the calculated amount of composted material
into a depth of soil needed to achieve § inches of settled soil at 5 percent organic
content. Water or roll to compact soil to 85 percent maximum. Plant grass.

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 preapproved rate described above and still be able to achieve the

5 percent organic content target.

The final soil mix (including compost and soil) shall have an initial saturated
hydraulic conductivity less than 12 inches per hour, and a minimum long-term
hydraulic conductivity of 1 inch per hour, per ASTM Designation D 2434
(Standard Test Method for Permeability of Granular Soils) at 85 percent
compaction per ASTM Designation D 1557 (Standard Test Method for
Laboratory Compaction Characteristics of Soil Using Modified Effort).

Infiltration rate and hydraulic conductivity are assumed to be approximately the
same in a uniform mix soil.

Note: Long-term saturated hydraulic conductivity is determined by applying the
appropriate infiltration correction factors as explained under “Determining
Bioretention Soil Mix Infiltration Rate” in bioretention cells, swales, and planter
boxes (see Chapter 7, Section 7.4.4).

The final soil mixture shall have a minimum organic content of 5 percent by dry
weight per ASTM Designation D 2974 (Standard Test Method for Moisture, Ash
and Organic Matter of Peat and Other Organic Soils).

Achieving the above recommendations will depend on the specific soil and
compost characteristics. In general, the recommendation can be achieved with

60 percent to 65 percent loamy sand mixed with 25 percent to 30 percent compost
or 30 percent sandy loam, 30 percent coarse sand, and 30 percent compost.

The final soil mixture shall be tested prior to installation for fertility,
micronutrient analysis, and organic material content.

Clay content for the final soil mix shall be less than 5 percent.

Compost must not contain biosolids, manure, any street or highway sweepings, or
any catch basin solids.
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e The pH for the soil mix should be between 5.5 and 7.0. 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.

e The soil mix shall be uniform and free of stones, stumps, roots, or other similar
material larger than 2 inches.

e  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.

Soil Component

e The texture for the soil component of the soil mix should be loamy sand (USDA
soil textural classification).

Compost Component

e Follow the specifications for compost for bioretention cells, swales, and planter
boxes in (see Chapter 7, Section 7.4.4).

Landscaping (planting considerations) and Vegetation Establishment

Refer to the most recent version of the WSDOT HRM for specific criteria related to
planting and vegetation establishment.

Modeling Method

The CAVFS will have an “element” in most of the approved continuous simulation
models that must be used for determining the amount of water that is treated by the
CAVFEFS. To fully meet runoff treatment requirements, 91 percent of the influent runoff
file must pass through the soil profile of the CAVFS. Water that merely flows over the
surface is not considered treated. Approved continuous simulation models should be able
to report the amount of water that it estimates will pass through the soil profile.

Operations and Maintenance Criteria

See Core Requirement #9 in Chapter 2; Chapter 3, Section 3.3.3; and Chapter 10 for
information on maintenance requirements.
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8.7

Filtration Treatment BMPs
8.71 Purpose

This section presents criteria for the design and construction of runoff treatment filters
including basin, vault, and linear filters. Filtration treatment BMPs collect and treat
design runoff volumes to remove TSS, phosphorus, and insoluble organics (including
oils) from stormwater. See Core Requirement #9 in Chapter 2; Chapter 3, Section 3.3.3;
and Chapter 10 for information on maintenance requirements.

Five BMPs are discussed in this section:
e Basic Sand Filter Basin
e Large Sand Filter Basin
e Sand Filter Vault
e Linear Sand Filter

e Media Filter Drain (previously referred to as the Ecology embankment).
8.7.2 Description

A typical sand filtration system consists of a pretreatment system, flow spreader(s), sand
bed, and underdrain piping. The sand filter bed includes a geotextile fabric between the
sand bed and the bottom underdrain system.

Provide an impermeable liner under the BMP if the filtered runoff requires additional
treatment to remove soluble groundwater pollutants; or where additional groundwater
protection is mandated.

The variations of a sand filter include a basic or large sand filter basin, sand filter vault,
linear sand filter, and media filter drain (MFD). Figures 8.3 through 8.7 provide examples
of various sand filter configurations. Flow splitter configurations can be found in

Chapter 6, Section 6.3.5.

The MFD has four basic components: a gravel no-vegetation zone, a grass strip, the MFD
mix bed, and a conveyance system for flows leaving the MFD mix. The MFD mix is
composed of crushed rock, perlite, dolomite, and gypsum.
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Figure 8.3a. Sand Filter Basin with Pretreatment Cell (plan view).
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Figure 8.3b. Sand Filter Basin with Pretreatment Cell (section view).
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Figure 8.4a. Sand Filter Basin with Level Spreader (plan view).
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Figure 8.4b. Sand Filter Basin with Level Spreader (section view).
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Figure 8.5a. Sand Filter Vault (plan view).
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Figure 8.5b. Sand Filter Vault (section view).
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Figure 8.6. Linear Sand Filter.
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8.7.3 Performance Goals

Refer to Section 8.3 for descriptions of the basic, oil, phosphorus, and enhanced
treatment goals.

Basic Sand Filter Basin, Sand Filter Vault, and Linear Sand Filter
Basic sand filter basins are expected to achieve the following runoff treatment goals:

e Basic treatment goal

e Oil treatment goal
Large Sand Filter Basin

Large sand filters are expected to meet the phosphorus treatment goal by collecting and
treating 95 percent of the runoff volume. Only 5 percent of the total runoff volume as
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modeled by a continuous simulation model would bypass or overflow from a large sand
filter basin.

Media Filter Drain

Media filter drains are expected to achieve the:
e Basic treatment goal
e Phosphorus treatment goal

e Enhanced treatment goal
8.7.4 Applications and Limitations

Filtration BMPs can be used in most residential, commercial, and industrial
developments where debris, heavy sediment loads, and oils and greases will not clog or
prematurely overload the filter, or where adequate pretreatment is provided for these
pollutants. Specific applications include residential subdivisions, parking lots for
commercial and industrial establishments, gas stations, sites that require oil control
BMPs, high-density multifamily housing, roadways, and bridge decks.

Locate sand filter BMPs off-line before or after detention (Chang 2000). Sand filter
vaults are suited for locations with space constraints in retrofit and new/redevelopment
situations. Design overflow or bypass structures to handle the larger storms. Size off-line
systems to treat 91 percent of the runoff volume predicted by a continuous simulation
model. If a project must comply with Core Requirement #7, route both the flows
bypassing the filtration BMP and the treated water to a flow control BMP.

A pretreatment BMP is necessary to reduce velocities to the sand filter BMP and remove
debris, floatables, large particulate matter, and oils. In high water table areas, adequate
drainage of the sand filter BMP may require additional engineering analysis and design
considerations. Consider an underground sand filter in areas subject to freezing
conditions (Urbonas 1997).
8.7.5 Site Suitability
The following site characteristics should be considered in siting a sand filtration system:
e Space availability, including a presettling basin
e Sufficient hydraulic head, at least 4 feet from inlet to outlet

e Adequate operation and maintenance capability, including accessibility

e Sufficient pretreatment of oil, debris, and solids in the tributary runoff.
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8.7.6 Design Requirements

Sand filter BMPs must capture and treat the water quality design volume, which is

91 percent of the total runoff volume (95 percent for large sand filter basin) as predicted
by an approved, equivalent continuous runoff model. Only 9 percent of the total runoff
volume (5 percent for large sand filter) would bypass or overflow from the sand filter
BMP. Additional design criteria specific to each sand filter BMP are provided at the
end of this section. The criteria outlined under the basic sand filter basin BMP
apply to all sand filter BMPs, unless otherwise noted under the subsequent BMP
descriptions for sand filter vaults and linear sand filters.

Sand Filter Sizing Procedure

The following design criteria apply to all sand filter BMPs, unless otherwise noted under
the subsequent BMP descriptions for sand filter vaults and linear sand filters.

General BMP sizing methods are provided below, followed by design criteria to be used
when designing a sand filter BMP with an approved continuous simulation model.

Modeling Method

When using continuous simulation modeling to size a sand filter BMP, apply the
assumptions listed in Table 8.6. Several approved continuous simulation models include
built-in elements to size sand filter BMPs.

Table 8.6. Sand Filter Design and Sizing Criteria.

Variable

Assumption

Computational Time Step

15 minutes

Inflows to BMP

Model output for water quality design

Ponding Depth

Maximum water depth over the filter media

Precipitation Applied to BMP

Checked (always activated when sizing above ground sand filters)

Evaporation Applied to BMP

Checked (always activated when sizing above ground sand filters)

Media depth

18 inches or other as designed

Infiltration Reduction Factor

Inverse of safety factor (i.e., safety factor of 2 is a reduction factor of
0.5). Safety factors for infiltration rates are discussed in Chapter 7,
Appendix 7A.

Sand Media Hydraulic Conductivity

1 inch per hour

Use Wetted Surface Area

Only if side slopes are 3:1 or flatter

8.7.7 Construction Criteria

Until all project improvements are completed that produce surface runoff, and all
exposed ground surfaces are stabilized by revegetation or landscaping, sand filtration
systems may not be operated, and no surface runoff may be permitted to enter the system.
Construction runoff may be routed to a pretreatment sedimentation BMP, but discharge
from sedimentation BMPs should bypass downstream sand filter BMPs.
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Careful level placement of the sand is necessary to avoid formation of voids within the
sand filter that could lead to short-circuiting (particularly around penetrations for
underdrain cleanouts), and to prevent damage to the underlying geomembranes and
underdrain system.

Over-compaction must be avoided to ensure adequate filtration capacity. Sand is best
placed with a low ground pressure bulldozer (4 psig or less). After the sand layer is
placed water settling is recommended. Flood the sand with 10 to 15 gallons of water per
cubic foot of sand.

8.7.8 Best Management Practices for Sand Filtration

Basic Sand Filter Basin (Ecology BMP T78.10)

The following design requirements apply to all sand filter BMPs, unless otherwise noted
under the subsequent descriptions for sand filter vaults and linear sand filters.

A basic sand filter basin is constructed so that its surface is at grade and open to the
elements, similar to an infiltration basin. However, instead of infiltrating into native soils,
stormwater filters through a constructed sand bed with an underdrain system. See

Figures 8.3 through 8.7.

Basic and Large Sand Filter Basins

A summary of the basic and large sand filter basin design requirements are given below.
On-Line Sand Filter Design

e On-line sand filter BMPs shall only be located downstream of detention to
prevent exposure of the sand filter surface to high flow rates that could cause loss
of media and previously removed pollutants.

e Size on-line sand filter BMPs placed downstream of a detention BMP using an
approved continuous simulation model to filter the water quality design flow rate.

e Include an overflow in the design. The overflow height should be at the maximum
hydraulic head of the pond above the sand bed. On-line sand filter BMPs shall
have overflows (primary, secondary, and emergency) in accordance with the
design criteria for detention ponds.

Off-Line Sand Filter Design

e Off-line sand filters placed upstream of a detention BMP must have a flow
splitter designed to send all flows at or below the 15-minute water quality design
flow rate, as predicted by an approved continuous simulation model, to the sand
filter BMP.

e The sand filter BMP must be sized to filter all the runoff sent to it (no overflows
from the treatment BMP shall occur). Note that WWHM allows any bypasses and
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the runoff filtered through the sand to be directed to the downstream detention
BMP.

Off-line sand filter BMPs placed downstream of a detention BMP must have a
flow splitter designed to send all flows at or below the 2-year peak inflow rate
from the detention pond, as predicted by an approved continuous simulation
model, to the runoff treatment BMP. The sand filter BMP must be sized to filter
all the runoff sent to it (no overflows from the sand filter BMP shall occur).

For off-line sand filter BMPs downstream of a detention BMP, design the
underdrain structure to pass the 2-year peak inflow rate, as determined using
15-minute time steps in an approved continuous simulation model.

Additional Design Criteria for Basic and Large Sand Filter Basins

Hydraulics

Pretreat (e.g., presettling basin or other methods, depending on pollutants) runoff
directed to the sand filter BMP to remove debris and other solids. In high-use
sites, the pretreatment should be an appropriate oil treatment as described in
Section 8.3.2.

If the drainage area maintains a base flow between storm events, bypass the base
flow around the filter to keep the sand filter BMP from remaining saturated for
extended periods.

Assume a design filtration rate of 1 inch per hour. Though the sand medium
specified below will initially infiltrate at a much higher rate, that rate will slow as
the sand filter accumulates sediment. When the filtration rate falls to 1 inch per
hour, removal of sediment is necessary to maintain rates above the rate assumed
for sizing purposes.

Design inlet bypass and flow spreading structures (e.g., flow spreaders, weirs, or
multiple orifice openings) to capture the applicable design flow rate, minimize
turbulence, and to spread the flow uniformly across the surface of the sand filter.
Install stone riprap or other energy dissipation devices to prevent gouging of the
sand medium and to promote uniform flow. Include emergency spillway or
overflow structures.

o If the sand filter is curved or an irregular shape, provide a flow spreader for a
minimum of 20 percent of the filter perimeter.

o If the length-to-width ratio of the sand filter is 2:1 or greater, locate a flow
spreader on the longer side of the sand filter and for a minimum length of
20 percent of the sand filter perimeter.
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o Provide erosion protection along the first foot of the sand filter adjacent to the
flow spreader. Methods for this include geotextile weighted with sand bags at
15-foot intervals and quarry spalls.

e Include an overflow in the design. The overflow height must be at the maximum
hydraulic head of the pond above the sand bed. On-line filters shall have
overflows (primary, secondary, and emergency) in accordance with the design
criteria for detention ponds (Chapter 7, Section 7.5.1).

Underdrains
e Types of underdrains include:

o A central collector pipe with lateral feeder pipes, in an 8-inch gravel backfill
or drain rock bed.

o A central collector pipe with a geotextile drain strip in an 8-inch gravel
backfill or drain rock bed.

o Longitudinal pipes in an 8-inch gravel backfill or drain rock with a collector
pipe at the outlet end.

e Size underdrain piping to handle the 2-year recurrence frequency flow indicated
by an approved continuous simulation model (using a 15-minute time step). Note
that for large sand filter basins, size the underdrain using: (95 percent Runoff
Volume)/(91 percent Runoff Volume) * 2-year recurrence interval flow (using a
15-minute time step).

e Use underdrain pipe with a minimum of internal diameter of 6 inches, with two
rows of 1/2-inch holes spaced 6 inches apart longitudinally (maximum), and rows
120 degrees apart (laid with holes downward). Maintain a maximum
perpendicular distance between two feeder pipes, or the edge of the sand filter and
a feeder pipe, of 15 feet. All piping is to be schedule 40 PVC or greater wall
thickness.

e Slope the main collector underdrain pipe 0.5 percent minimum.

e Use a geotextile fabric (specifications in Appendix 8A) between the sand layer
and drain rock or gravel. Cover the geotextile fabric with 1 inch of drain
rock/gravel. Drain rock shall be 0.75- to 1.5-inch rock or gravel backfill, washed
free of clay and organic material.

e Place cleanout wyes with caps or junction boxes at both ends of the collector
pipes. Extend cleanouts to the surface of the filter. Supply a valve box for access
to the cleanouts.
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Sand Medium Specification

Sand shall be 18 inches minimum depth. The sand in a filter must consist of a
medium sand meeting the size gradation (by weight) given in Table 8.7. The
contractor must obtain a grain size analysis from the supplier to certify that the
sand meets the No. 100 and No. 200 sieve requirements. (Note: Do not use
WSDOT Standard Specification 9-03.13 Backfill for Sand Drains or 9-03.13(1)
Sand Drainage Blanket. Neither of these WSDOT Standard Specifications meet
the required specification for sand filter BMPs).

Table 8.7. Sand Medium Specification.
U.S. Sieve Number Percent Passing
4 100
8 70-100
16 40-90
30 25-75
50 2-25
100 <4
200 <2

Impermeable Liners for Sand Bed Bottom

Impermeable liners are required where the underflow could cause problems with
structures. If an impermeable liner is not provided, then an analysis must be
provided identifying possible adverse effects of seepage zones on groundwater,
and near building foundations, basements, roads, parking lots, and sloping sites.
Sand filters without impermeable liners shall not be built on fill sites and must be
located at least 20 feet downslope and 100 feet upslope from building
foundations.

Impermeable liners shall consist of geomembrane or concrete.

If a geomembrane liner is used it must have a minimum thickness of 30 mils and
be ultraviolet resistant. Protect the geomembrane liner from puncture, tearing, and
abrasion by installing geotextile fabric on the top and bottom of the
geomembrane. (See Section 8.4.3.)

Concrete liners may also be used for sedimentation chambers and for
sedimentation and sand filtration basins less than 1,000 square feet in area.
Concrete must be 5 inches thick Class A or better and reinforced by steel wire
mesh. The steel wire mesh must be 6 gauge wire or larger and 6-inch by 6-inch
mesh or smaller. An “ordinary surface finish” is required. When the underlying
soil is clay or has an unconfined compressive strength of 0.25 ton per square foot
or less, the concrete must have a minimum 6-inch compacted aggregate base. This
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base must consist of coarse sand and river stone, crushed stone or equivalent with
diameter of 0.75 to 1 inch.

If an impermeable liner is not required then a geotextile fabric liner must be
installed that retains the sand and meets the specifications listed in Appendix 8A,
unless the basin has been excavated to bedrock.

Other Criteria

Include an access ramp with a maximum grade of 15 percent, or equivalent, for
maintenance purposes at the inlet and the outlet of a surface filter. Consider an
access port for inspection and maintenance.

Side slopes for earthen/grass embankments must not exceed 3:1 to facilitate
mowing.

High groundwater may damage underground structures or affect the performance
of sand filter BMP underdrain systems. There must be sufficient clearance (at
least 2 feet) between the seasonal high groundwater level and the bottom of the
sand filter to obtain adequate drainage.

Sand Filter Vault (Ecology BMP T78.20)

A sand filter vault (see Figures 8.5a and 8.5b) is similar to an open sand filter except that
the sand layer and underdrains are installed below grade in a vault. It consists of
presettling and sand filtration cells.

Applications and Limitations

Use sand filter vaults where space limitations preclude aboveground BMPs.

Sand filter vaults are not suitable where high water table and heavy sediment
loads are expected.

In high water table areas, buoyancy and infiltration must be accounted for in the
design.

An elevation difference of 4 feet between inlet and outlet of the sand filter vault is
needed.

Design Criteria for Sand Filter Vaults

See design criteria for sand filter basins in Section 8.7.8 above.

Sand filter vaults may be designed as off-line systems or on-line for small
drainages.
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In an off-line system, a diversion structure must be installed to divert the design
flow rate into the sediment chamber and bypass the remaining flow to a flow
control BMP(if necessary to meet Core Requirement #5, #7, and/or #8), or to
surface water.

Optimize sand inlet flow distribution with minimal sand bed disturbance. A
maximum of 8-inch distance between the top of the spreader and the top of the
sand bed is suggested. Flows may enter the sand bed by spilling over the top of
the wall into a flow spreader pad or alternatively a pipe and manifold system may
be used. Any pipe and manifold system must retain the required dead storage
volume in the first cell, minimize turbulence, and be readily maintainable.

If an inlet pipe and manifold system is used, the minimum pipe size shall be
8 inches. Multiple inlets are recommended to minimize turbulence and reduce
local flow velocities.

Erosion protection must be provided along the first foot of the sand bed adjacent
to the spreader. Geotextile fabric secured on the surface of the sand bed, or
equivalent method, may be used.

The sand filter bed shall consist of a sand top layer, and a geotextile fabric second
layer with an underdrain system.

Design the presettling cell for sediment collection and removal. A V-shaped
bottom, removable bottom panels, or equivalent sludge handling system should be
used. One foot of sediment storage in the presettling cell must be provided.

The presettling chamber must be sealed to trap oil and trash. This chamber is
usually connected to the sand filtration chamber through an invert elbow to
protect the filter surface from oil and trash.

If a retaining baffle is necessary for oil/floatables in the presettling cell, it must
extend at least 1 foot above to 1 foot below the design flow water level. Provision
for the passage of flows in the event of plugging must be provided. Access
opening and ladders must be provided on both sides of the baffle.

To prevent anoxic conditions, a minimum of 24 square feet of ventilation grate
shall be provided for each 250 square feet of sand bed surface area. For sufficient
distribution of airflow across the sand bed, grates may be located in one area if the
sand filter is small, but placement at each end is preferred. Small grates may also
be dispersed over the entire sand bed area.

Provision for access is the same as for wet vaults. Removable panels must be
provided over the entire sand bed.
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Sand filter vaults must conform to the materials and structural suitability criteria
specified for wet vaults.

Provide a sand filter inlet shutoff/bypass valve for maintenance.
A geotextile fabric over the entire sand bed may be installed that is flexible,

highly permeable, three-dimensional matrix, and adequately secured. This is
useful in trapping trash and litter.

Linear Sand Filter (Ecology BMP T8.30)

Linear sand filters (see Figure 8.6) are typically long, shallow, two-celled, rectangular
vaults. The first cell is designed for settling coarse particles, and the second cell contains
a sand filter bed. Stormwater flows into the second cell via a weir section that also
functions as a flow spreader.

Application and Limitations

Linear sand filters are applicable in long narrow spaces such as the perimeter of a
paved surface.

Linear sand filters can be used as a part of a treatment train as downstream of a
vegetated filter strip, upstream of an infiltration BMP, or upstream of a wet pond
or a biofiltration BMP for oil control.

Linear sand filters are appropriate to treat runoff from small contributing basins
(less than 2 acres of impervious area).

Linear sand filters are appropriate to treat runoff from sites that require an oil
control BMP.

Additional Design Criteria for Linear Sand Filters

The two cells shall be divided by a divider wall that is level and extends a
minimum of 12 inches (minimum of 6 inches) above the top of the sand bed.

Stormwater may enter the sediment cell by sheet flow or a piped inlet.
The width of the sand filter cell must be 1 foot minimum to 15 feet maximum.

The sand filter bed must be a minimum of 12 inches deep and have an 8-inch
layer of drain rock with perforated drainpipe beneath the sand layer.

The drainpipe must be 6-inch diameter minimum and be wrapped in geotextile
and sloped a minimum of 0.5 percent.

Maximum sand bed ponding depth: 1 foot.
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e Must be vented as described in sand filter vaults.

e Linear sand filters must conform to the materials and structural suitability criteria
specified for wet vaults.

e Set the presettling cell width in Table 8.8 as follows:

Table 8.8. Presettling Cell Width.

Item Dimensions
Sand filter width, (w) inches 12-24 | 24-48 | 48-72 72+
Presettling cell width, inches 12 18 24 w/3

Media Filter Drain (Ecology BMP T8.40)

The MFD, previously referred to as the Ecology embankment, is a linear, flow-through,
stormwater runoff treatment device that can be sited along roadway side slopes
(conventional design) and medians (dual media filter drains), borrow ditches, or other
linear depressions. Cut-slope applications may also be considered. The MFD can be used
where available right-of-way is limited, sheet flow from the roadway surface is feasible,
and lateral gradients are generally less than 25 percent (4H:1V). The MFD has a GULD
for basic, enhanced, and phosphorus treatment. Updates/changes to the use-level
designation and any design changes will be posted in the Postpublication Updates
section of the WSDOT HRM Resource web page
<https://www.wsdot.wa.gov/Publications/Manuals/M31-16.htm>.

Media filter drains have four basic components: a gravel no-vegetation zone, a grass
strip, the MFD mix bed, and a conveyance system for flows leaving the MFD mix. This
conveyance system usually consists of a gravel-filled underdrain trench or a layer of
crushed surfacing base course. This layer of crushed surfacing base course must be
porous enough to allow treated flows to freely drain away from the MFD mix.

Typical MFD configurations are shown in Figures 8.8, 8.9, and 8.10.

The MFD removes suspended solids, phosphorus, and metals from roadway runoff
through physical straining, ion exchange, carbonate precipitation, and biofiltration.

The underdrain trench is an option for hydraulic conveyance of treated stormwater to a
desired location, such as a downstream flow control BMP or stormwater outfall. The
trench’s perforated underdrain pipe is a protective measure to ensure free flow through
the MFD mix and to prevent prolonged ponding. 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 must sheet flow across the MFD. Channelized flows or
ditch flows running down the middle of the dual MFD (continuous off-site inflow) shall
be minimized.
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Application and Limitations

In many instances, conventional runoff treatment is not feasible due to right-of-way
constraints (such as adjoining wetlands and geotechnical considerations). The MFD and
the dual MFD designs are runoff treatment options that can be sited in most right-of-way
confined situations. In many cases, a MFD or a dual MFD can be sited without the
acquisition of additional right-of-way needed for conventional stormwater BMPs or
capital-intensive expenditures for underground wet vaults.

Applications

Media Filter Drain

The MFD can achieve basic, phosphorus, and enhanced treatment.

Since maintaining sheet flow across the MFD is required for its proper function, the ideal
locations for MFDs in roadway settings are roadway side slopes or other long, linear
grades with lateral side slopes less than 4H:1V and longitudinal slopes no steeper than

5 percent. 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. The longest flow path from the contributing area delivering sheet flow
to the MFD shall not exceed 150 feet.
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Figure 8.8. Media Filter Drain: Cross-Section.
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Figure 8.9. Dual Media Filter Drain: Cross-Section.
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Figure 8.10. Media Filter Drain without Underdrain Trench.
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If there is sufficient roadway embankment width, the designer should consider placing
the grass strip and media mix downslope when feasible. The project engineer must ensure
the MFD does not intercept seeps, springs, or groundwater.

Dual Media Filter Drain for Roadway Medians

The dual MFD is fundamentally the same as the side-slope version. It differs in siting and
is more constrained with regard to drainage options. Prime locations for dual MFDs in a
roadway setting are medians, roadside drainage, borrow ditches, or other linear
depressions. It is especially critical for water to sheet flow across the dual MFD.
Channelized flows or ditch flows running down the middle of the dual MFD (continuous
off-site inflow) shall be minimized.

Limitations

Steep Slopes

Avoid construction on longitudinal slopes steeper than 5 percent. Avoid construction on
3H:1V lateral slopes, and preferably use less than 4H:1V slopes. In areas where lateral
slopes exceed 4H:1V, it may be possible to construct terraces to create 4H:1V slopes or
to otherwise stabilize up to 3H:1V slopes. (For details, see the Sizing Criteria and Filter
Geometry subsections in the Media Filter Drain Design Criteria section below.)

Wetlands

Do not construct in wetlands and wetland buffers. In many cases, a MFD (due to its small
lateral footprint) can fit within the roadway fill slopes adjacent to a wetland buffer. In
situations where the roadway fill prism is located adjacent to wetlands, an interception
trench/underdrain will need to be incorporated as a design element in the MFD.

Shallow Groundwater

Mean high water table levels at the project site need to be determined to ensure the MFD
mix bed and the underdrain (if needed) will not become saturated by shallow
groundwater.

Unstable Slopes

In areas where slope stability may be problematic, consult a geotechnical engineer.

Areas of Seasonal Groundwater Inundations or Basement Flooding

Site-specific piezometer data may be needed in areas of suspected seasonal high
groundwater inundations. The hydraulic and runoff treatment performance of the dual
MFD may be compromised due to backwater effects and lack of sufficient hydraulic
gradient.

Narrow Roadway Shoulders

In areas where there is a narrow roadway shoulder that does not allow enough room for a
vehicle to fully stop or park, consider placing the MFD farther down the embankment
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slope. This will reduce the amount of rutting in the MFD and decrease overall
maintenance repairs.

Media Filter Drain Design Criteria

The basic design concept behind the MFD and dual MFD is to fully filter all runoff
through the MFD mix. Therefore, the infiltration capacity of the medium and drainage
below needs to match or exceed the hydraulic loading rate.

Media Filter Drain Mix Bed Sizing Procedure

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

For runoff treatment, sizing of the MFD mix bed is based on the requirement that the
runoff treatment flow rate from the pavement area, Qroadway, cannot exceed the long-term
infiltration capacity of the MFD, Qumjiirration:

QR()adway < ergﬁltmtion

For western Washington, Qroadway is the flow rate at or below which 91 percent of the
runoff volume for the developed threshold discharge areas will be treated, based on a 15-
minute time step, and can be determined using and approved continuous runoff model.

The long-term infiltration capacity of the MFD is based on the following equation:

LTIR * L * W = O Infiltration

C*SF
where:
LTIR = Long-term infiltration rate of the MFD 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 43,200 ((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 MFD:

W Z ORoadway *C* SF
LTIR*L
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Western Washington project applications of this design procedure have shown that, in

almost every case, the calculated width of the MFD mix bed does not exceed 1 foot.

Therefore, Table 8.9 was developed to simplify the design steps and should be used to

establish an appropriate width.

Table 8.9. Western Washington Design Widths for Media Filter Drains.

Pavement Width That Contributes Runoff to the MFD Minimum MFD Mix Bed Width?
< 20 feet 2 feet
=20 and < 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 filter strip width (see Figure 8.8).
Sizing Criteria

Width

The width of the MFD mix bed is determined by the amount of contributing pavement
routed to the MFD. The surface area of the MFD mix bed needs to be sufficiently large to
fully infiltrate the runoff treatment design flow rate using the long-term filtration rate of

the MFD mix. For design purposes, a 50 percent safety factor is incorporated into the
long-term MFD micx filtration rate to accommodate variations in slope, resulting in a

design filtration rate of 10 inches per hour. The MFD mix bed shall have a bottom width

of at least 2 feet in contact with the conveyance system below the MFD mix.

Length

In general, the length of a MFD or dual MFD is the same as the contributing pavement.
Any length is acceptable as long as the surface area MFD mix bed is sufficient to fully

infiltrate the runoff treatment design flow rate.

Cross-Section

In profile, the surface of the MFD should preferably have a lateral slope less than 4H:1V

(<25 percent). On steeper terrain, it may be possible to construct terraces to create a

4H:1V slope, or other engineering may be employed if approved by the City, to ensure

slope stability up to 3H:1V. If sloughing is a concern on steeper slopes, consideration
should be given to incorporating permeable soil reinforcements, such as geotextiles,
open-graded/permeable pavements, or commercially available ring and grid

reinforcement structures, as top layer components to the MFD mix bed. Consultation with

a geotechnical engineer is required.

Inflow
Runoff is conveyed to an MFD using sheet flow from the pavement area. The
longitudinal pavement slope contributing flow to a MFD shall be less than 5 percent.

Although there is no lateral pavement slope restriction for flows going to a MFD, the
designer must ensure flows remain as sheet flow.
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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 the flexibility of
incrementally increasing the underdrain diameter where long lengths of underdrain are
required. When underdrain pipe connects to a stormwater 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.

The following describes the procedure for sizing underdrains installed in combination
with MFDs:

e (alculate 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 underdrain will be used to convey
treated runoff to a detention BMP, size the underdrain for the 50-year storm
event. (See the WSDOT Hydraulics Manual, Figure 2-2.1, for conveyance flow
rate determination <www.wsdot.wa.gov/Publications/Manuals/M23-03.htm>.)

Qnighway _ Qnighway

where:
% = contributing flow rate per foot (cfs/ft)
Lurp = length of MFD contributing runoff to the underdrain (ft)

e (alculate the MFD flow rate of runoff per foot given an infiltration rate of
10 in/hr through the MFD mix.

[xWx1ft 1ft lhr
Ovip = XX
> ft 12in 3600sec

where:

Q@ = flow rate of runoff through MFD mix layer (cfs/ft)

o width of underdrain trench (ft) —see WSDOT Standard Plan
B-55.20-00; the minimum width is 2 feet

f = infiltration rate though the MFD mix (in/hr) = 10 in/hr
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e 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 QMFD}
ft ft ft

where:

Qup = underdrain design flow rate per foot (cfs/ft)
ft

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

QUD = 1-2XQ@ XWXLMFD
Jt

where:

Qup = estimated flow rate to the underdrain (cfs)

w = width of the underdrain trench (ft) — per WSDOT Standard
Specification 2-09.4; the minimum width is 2 ft

Lurp = length of MFD contributing runoff to the underdrain (ft)

e Given the underdrain design flow rate, determine the underdrain diameter. See
Chapter 7, Section 7.4.4 (Underdrain (Optional)) for additional underdrain design

criteria.
3/8
XN
§0
where:

D = underdrain pipe diameter (inches)
n = Manning’s coefficient

s = slope of pipe (ft/ft)

Filter Geometry

e No-Vegetation Zone: The no-vegetation zone (vegetation-free zone) is a shallow
gravel zone located directly adjacent to the roadway 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 roadway surface to the BMP. The no-
vegetation zone functions as a level spreader to promote sheet flow and a
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deposition area for coarse sediments. The no-vegetation zone shall be 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
maintenance spraying practices.

Grass Strip: The width of the grass strip is dependent on the availability of space
within the roadway side slope. The baseline design criterion for the grass strip
within the MFD is a 3-foot minimum width, but wider grass strips are
recommended if the additional space is available. The designer may 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.
Composted material used in the grass strip shall meet the specifications for
compost used in bioretention soil mix. See Chapter 7, Section 7.4.4.

Media Filter Drain Mix Bed: The MFD mix is a mixture of crushed rock,
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.

Planting Considerations: Landscaping for the grass strip is the same as for
biofiltration swales, unless otherwise specified in the special provisions for the
project’s construction documents.

Conveyance System Below Media Filter Drain Mix:

o The gravel underdrain trench provides hydraulic conveyance when treated
runoff needs to be conveyed to a desired location such as a downstream flow
control BMP or stormwater outfall.

o In Type C and D soils, an underdrain pipe would help to ensure free flow of
the treated runoff through the MFD mix bed. In some Type A and B soils, an
underdrain pipe may be unnecessary if most water percolates into subsoil
from the underdrain trench. The need for underdrain pipe should be evaluated
in all cases. The underdrain trench shall be a minimum of 2 feet wide for
either the conventional or dual MFD.

The gravel underdrain trench may be eliminated if there is evidence to support that flows
can be conveyed laterally to an adjacent ditch or onto a fill slope that is properly
vegetated to protect against erosion. The MFD mix shall be kept free draining up to the
50-year storm event water surface elevation represented in the downstream ditch.
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Materials

Media Filter Drain Mix

The MFD mix used in the construction of MFDs consists of the amendments listed in
Table 8.10 at the end of this section. 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.

These materials should be used in accordance with the following WSDOT Standard
Specifications:

e (Gravel Backfill for Drains, 9-03.12(4)
e Underdrain Pipe, 7-01.3(2) (see Figure 8.11)

e Construction Geotextile for Underground Drainage, 9-33.1

Pipe Bedding/Backfill
and Underdrain

Source: WSDOT
Figure 8.11. Media Filter Drain Underdrain Installation.

Crushed Surfacing Base Course

If the design is configured to allow the MFD to drain laterally into a ditch, the crushed
surfacing base course below the MFD shall conform to Section 9-03.9(3) of the WSDOT
Standard Specifications.

Berms, Baffles, and Slopes

See Sizing Criteria, Cross-Section, under Media Filter Drain Design Criteria above.

Construction Criteria

¢ Erosion and Sediment Control: Keep effective erosion and sediment control
measures in place until grass strip is established.
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e Traffic Control: Do not allow vehicles or traffic on the MFD to minimize rutting
and maintenance repairs.

e Signing: Non-reflective guideposts will delineate the MFD. This practice allows
personnel to identify where the system is installed and to make appropriate repairs
should damage occur to the system. If the MFD is within the 1-year time of travel
zone for a wellhead protection area or within a Category I critical aquifer recharge
area, signage prohibiting the use of pesticides must be provided.

Operations and Maintenance Criteria

See Core Requirement #9 in Chapter 2; Chapter 3, Section 3.3.3; and Chapter 10 for
information on maintenance requirements.
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Table 8.10. Media Filter Drain Mix.

Amendment

Quantity

Mineral aggregate: Aggregate for MFD Mix

Aggregate for MFD Mix shall be manufactured from ledge rock, talus, or gravel in
accordance with Section 3-01 of the Standard Specifications for Road, Bridge, and
Municipal Construction (2021 or later), which meets the following test requirements for
quality. The use of recycled material is not permitted:

Los Angeles Wear, 500 Revolutions 35% max.
Degradation Factor 30 min.

Aggregate for the MFD 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
Static stripping test Pass

The fracture requirement shall be at least two fractured faces and will apply to material
retained on the U.S. No. 10.

Aggregate for the MFD 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.

3 cubic yards

Perlite

Horticultural grade, free of any toxic materials
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(COs)2 (calcium magnesium carbonate)
Agricultural grade, free of any toxic materials

100% passing U.S. No. 8 Sieve

0% passing U.S. No. 16 Sieve

10 pounds per cubic
yard of perlite

Gypsum: Noncalcined, agricultural gypsum CaS04°2H20 (hydrated calcium
sulfate)

Agricultural grade, free of any toxic materials
100% passing U.S. No. 8 Sieve
0% passing U.S. No. 16 Sieve

1.5 pounds per cubic
yard of perlite
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8.8 Biofiltration Treatment BMPs

8.8.1 Purpose

This section addresses four BMPs that are classified as biofiltration BMPs:
e Basic Biofiltration Swale
e Wet Biofiltration Swale
e Continuous Inflow Biofiltration Swale

e Vegetated Filter Strip.

Biofiltration BMPs use vegetation in conjunction with slow and shallow-depth flow for
runoff treatment and remove pollutants by means of sedimentation, filtration, infiltration,
settling, and/or plant uptake. Biofiltration BMPs include swales that are designed to
convey and treat concentrated runoft at shallow depths and slow velocities, and filter
strips that are broad areas of vegetation for treating sheet flow runoff.

Biofiltration BMPs discussed in this section are designed to remove low concentrations
and quantities of TSS, heavy metals, petroleum hydrocarbons, and/or nutrients from
stormwater.

8.8.2 Applications

Biofiltration BMPs can be used as basic treatment BMPs for contaminated stormwater
runoff from roadways, driveways, parking lots, and highly impervious ultra-urban areas,
or as the first stage of a treatment train. In cases where hydrocarbons, high TSS, or debris
would be present in the runoff, such as sites requiring oil control BMPs, a pretreatment
BMP for those components would be necessary. Off-line placement is preferred to avoid
flattening vegetation and the erosive effects of high flows. Consider biofiltration BMPs in
retrofit situations where appropriate (Center for Watershed Protection 1998).

8.8.3 Site Suitability

Consider the following factors for determining site suitability for biofiltration BMPs:
e Target pollutants are amenable to biofiltration
e Accessibility for operation and maintenance
e Suitable growth environment (soil, etc.) for the vegetation

e Adequate siting for a pretreatment BMP if high petroleum hydrocarbon levels
(oil/grease) or high TSS loads could impair treatment capacity or efficiency
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e [fthe biofiltration BMP can be impacted by snowmelts and ice, refer to Caraco
and Claytor 1997 for additional design criteria.

8.8.4 Best Management Practices

Basic Biofiltration Swale (Ecology BMP T9.10)

Biofiltration swales are typically shaped as a trapezoid or a parabola. See Figure 8.12 for
typical cross-sections.

NOTE: LONGITUDINAL SLOPE 1.5 TO 2.5%.
PROVIDE UNDERDRAIN FOR SLOPES < 1.5%.
USE CHECK DAMS FOR SLOPES > 2.5%.

_~— LEVEL SPREADER

_— BIOFILTRATION SWALE
BOTTOM (MIN. SWALE
LENGTH =100 FT)

MID-SWALE
LEVEL SPREADER

WATER QUALITY
DESIGN DEPTH

WATER QUALITY DESIGN
DEPTH (Y) = 4" MAX. (2" FOR
FREQUENTLY MOWED AREAS)

1.75" COMPOST S
TILLED IN TO AN OUTLET
8-INCH DEPTH

BOTTOMWIDTH=2TO 10 FT ISOMETRIC
(UP TO 16 FT WITH DIVIDING BERM) ~ NTS

SECTION
NTS

Source: City of Seattle

Figure 8.12. Biofiltration Swale Access Features.

Limitations

Data suggest that the performance of biofiltration swales is highly variable from storm to
storm. It is therefore recommended that treatment methods that perform more
consistently, such as sand filters and wet ponds, be considered before using a biofiltration
swale. Biofiltration swales downstream of runoff treatment BMPs of equal or greater
effectiveness can convey runoff but should not be expected to offer a runoff treatment
benefit (Horner 2000).
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Basic Biofiltration Swale Design Criteria

e Design criteria are specified in Table 8.11. A 9-minute hydraulic residence time is

used at a multiple of the peak 15-minute water quality design flow rate (Q)

representing 91 percent runoff volume as determined by an approved continuous
simulation model (see Chapter 2).

e Most biofiltration swales are currently designed to be on-line BMPs. However, an

off-line design is possible. Biofiltration swales designed as an off-line BMP

should engage a bypass around the biofiltration swale when the flow rate entering

the biofiltration swale exceeds the off-line water quality design flow rate (as

determined by an approved continuous simulation model). The only advantage of
designing a swale to be off-line is that the stability check, which may make the
swale larger, is not necessary.

e Use a wide radius curved path to gain length where land is not adequate for a
linear swale (avoid sharp bends to reduce erosion or provide for erosion

protection).

e [Install level spreaders (minimum 1 inch gravel) at the head and every 50 feet in
biofiltration swales of >4 feet width. Include sediment cleanouts (weir, settling
basin, or equivalent) at the head of the biofiltration swale as needed.

e Use energy dissipators (bioengineered methods or riprap) for increased

downslopes.

e Maintain access to biofiltration swale inlet, outlet, and to mowing (Figure 8.13).

Table 8.11. Sizing Criteria.

Design Parameter

Biofiltration Swale

Filter Strip

Longitudinal Slope

0.015-0.025%

0.01-0.33

Maximum velocity

1 ft/sec (@ K multiplied by the
water quality design flow rate); for
stability, 3 ft/sec maximum

0.5 ft/sec (@ K multiplied by the water
quality design flow rate)

Maximum water depth®?

2 inches—if mowed frequently;
4 inches if mowed infrequently

1 inch maximum

time at water quality design
flow rate

continuous inflow)

Manning coefficient (22) (0.2-0.3)° (0.24 if mowed 0.35
infrequently)

Bed width (bottom) (2—10 feet)? —

Freeboard height 0.5 feet —

Minimum hydraulic residence 9 minutes (18 minutes for 9 minutes

Minimum length

100 feet

Sufficient to achieve hydraulic residence
time in the filter strip
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Table 8.11 (continued). Sizing Criteria.
Design Parameter Biofiltration Swale Filter Strip
Maximum side slope 3H:1V Inlet edge > 1 inch lower than contributing
4H:1V preferred paved area
Maximum tributary drainage — 150 feet
flow path
Maximum longitudinal slope of | — 0.05 (steeper than 0.05 need upslope flow
contributing area spreading and energy dissipation)
Maximum lateral slope of — 0.02 (at the edge of the strip inlet)
contributing area

@ For swales, if the slope is less than 1.5 percent install an underdrain using a perforated pipe, or equivalent. Amend the soil if
necessary to allow effective percolation of water to the underdrain. Install the low-flow drain 6" deep in the soil. Slopes greater
than 2.5 percent need check dams (riprap) at vertical drops of 12—15 inches. Underdrains can be made of 6-inch Schedule 40
PVC perforated pipe with 6" of drain gravel on the pipe. The gravel and pipe must be enclosed by geotextile fabric (see
Figure 8.13).

Below the design water depth install an erosion control blanket, at least 4 inches of topsoil, and the selected biofiltration mix.
Above the water line use a straw mulch or sod.

¢ This range of Manning’s n can be used in the equation; b = Qn/1.49y(1.67) s(0.5) — Zy with wider bottom width b, and lower
depth, y, at the same flow. This provides the designer with the option of varying the bottom width of the swale depending on
space limitations. Designing at the higher n within this range at the same flow decreases the hydraulic design depth, thus placing
the pollutants in closer contact with the vegetation and the soil.

For swale widths up to 16 feet the cross-section can be divided with a berm (concrete, plastic, compacted earthfill) using a flow
spreader at the inlet (Figure 8.15).

Guidance for Bypassing Off-Line BMPs

Most biofiltration swales should be designed as off-line BMPs. However, an on-line
design is possible with approval by the City of Lacey. Swales designed in an off-line
mode must not engage a bypass until the flow rate exceeds a value determined by
multiplying Q, the off-line water quality design flow rate predicted by an approved
continuous runoff model, by the ratio determined in Figure 8.17b (presented later in this
section). This modified design flow rate is an estimate of the design flow rate determined
by using Santa Barbara Urban Hydrograph (SBUH) procedures.

Sizing Procedure for Biofiltration Swales

This guide provides biofiltration swale design procedures in full detail, along with
examples.

Preliminary Steps (P)

P-1. Determine the water quality design flow rate (Q) in 15-minute time-steps using an
approved continuous simulation model. Use the correct flow rate, off-line or on-line, for
the design situation.

P-2. Establish the longitudinal slope of the proposed biofiltration swale.

P-3. Select a vegetation cover suitable for the site. Refer to Tables 8.13, 8.14, and 8.15
(presented later in the text) to select vegetation for western Washington.
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Soil amended with compost

centered beneath swale

%" minus clean drain rock

Filter fabric

Filter fabric wrap of top, sides, and bottom

8" min. amended soil

6" min. over pipe

]
F
|
|

J™— Perforated pipe underdrain
centered beneath swale

\ Original soil

Note: Underdrain must infiltrate or drain Deta” A
freely to an acceptable discharge point. NOT TO SCALE

Source: King County
Figure 8.13. Biofiltration Swale Underdrain Detail.
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Concrete sump

Top notch opening no more
than 5% of swale bottom
width or use weep holes

/ Longitudinal
slope 1 - 6%

Notch or holes

Swale grade

— 6" min. deep pea gravel
trench length of swale
(see text for application)

Plan View Section A

NOT TO SCALE

Source: King County
Figure 8.14. Biofiltration Swale Low-Flow Drain Detail.
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Dividing berm centered —, End of swale —
in swale bottom

quarmy spalls

Flow spreader at Bottom of swale

ground surface
Plan View

— Rebar stakes (typ.) for
ancharing berm (if berm
not made of earth fill),

A, Dividing berm \ flush with top of berm.

Swale bottom “— Height = design flow depth (y) + 2°
{min)
12" min.

Berm may be made of compacted earthfill (sesded
with grass), imber, concrete plastic, or similar

weather-resistant non-erodible material. Sectiﬂn A—A

Rebar stakes or similar berm anchoring matenals

nesded if berm made of timber, plastic, or concrete

curbing - stake placement required at both ends of

each individual member (at a minimum). NOT TO SCALE

Source: King County
Figure 8.15. Swale Dividing Berm.
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Design Calculations for Biofiltration Swale

The procedure recommended here is an adaptation appropriate for biofiltration
applications of the type being installed in the Puget Sound region. This procedure
reverses Chow’s order (Chow 1959), designing first for capacity and then for stability.
The capacity analysis emphasizes the promotion of biofiltration, rather than transporting
flow with the greatest possible hydraulic efficiency. Therefore, it is based on criteria that
promote sedimentation, filtration, and other pollutant removal mechanisms. Because
these criteria include a lower maximum velocity than permitted for stability, the
biofiltration swale dimensions usually do not have to be modified after a stability check.

Design Steps (D)

D-1. Select the type of vegetation, and design depth of flow (based on frequency of
mowing and type of vegetation) (Table 8.11).

D-2. Select a value of Manning’s n (Table 8.11 with footnote number three).
D-3. Select swale shape-typically trapezoidal or parabolic.

D-4. Use Manning’s equation and first approximations relating hydraulic radius and
dimensions for the selected swale shape to obtain a working value of a biofiltration swale
width dimension:

~ 1.49AR0.67SO.5

Q (D
n

Arectangle = Ty (2)

R __ W 3)

rectangle T + 2y
Where:
Q = Water quality design flow rate in 15-minute time steps
(feet®/s, cfs)
n = Manning’s n (dimensionless)

s = Longitudinal slope as a ratio of vertical rise/horizontal run
(dimensionless)

A = Cross-sectional area (feet?)

= Hydraulic radius (feet)

= depth of flow (feet)

R
T =top width of trapezoid or width of a rectangle (feet)
y
b = bottom width of trapezoid (feet)
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If Equations 2 and 3 are substituted into Equation 1 and solved for T, complex equations
result that are difficult to solve manually. However, approximate solutions can be found
by recognizing that T>>y and Z>>>1, and that certain terms are nearly negligible. The
approximation solutions for rectangular and trapezoidal shapes are:

Rrectangle rY, Rtrapezoid rY, Rparabolic = 067}/, Ry =~ 05y

Substitute Rirapezoid and Atrapezoid = by+Zy? into Equation 1, and solve for the bottom width
b (trapezoidal swale):

b~ 1 2.95}/"6250'5 —Zy

For a trapezoid, select a side slope Z of at least 3. Compute b and then top width T, where
T =b+ 2yZ. (Note: Adjustment factor of 2.5 accounts for the differential between the
water quality design flow rate and the SBUH design flow. This equation is used to
estimate an initial cross-sectional area. It does not affect the overall biofiltration swale
size.)

If b for a swale is greater than 10 feet, either investigate how Q can be reduced, divide the
flow by installing a low berm, or arbitrarily set b = 10 feet and continue with the analysis.
For other biofiltration swale shapes, refer to Figure 8.16.

D-5. Compute A:

A Ty

rectangle = or A trapazoid

=by+ Zy2

Afilter strip = Ty

D-6. Compute the flow velocity at design flow rate:
v -K¥
A

K = A ratio of the peak 10-minute flow predicted by SBUH to the water quality design
flow rate estimated using an approved continuous runoff model. The value of K is
determined from Figure 8.17a for on-line BMPs, or Figure 8.17b for off-line BMPs.

If V> 1.0 feet/sec (or V > 0.5 feet/sec for a filter strip), repeat steps D-1 to D-6 until the
condition is met. A velocity greater than 1.0 feet/sec was found to flatten grasses, thus
reducing filtration. A velocity lower than this maximum value will allow a 9-minute
hydraulic residence time criterion in a shorter biofiltration swale. If the value of V
suggests that a longer biofiltration swale will be needed than space permits, investigate
how Q can be reduced (e.g., use of LID BMPs), or increase y and/or T (up to the
allowable maximum values) and repeat the analysis.
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D-7. Compute the biofiltration swale length (L, feet)
L =Vt (60 sec/min)
Where: t = hydraulic residence time (min)

Use t = 9 minutes for this calculation (use t = 18 minutes for a continuous inflow
biofiltration swale). If a biofiltration swale length is greater than the space permits,
follow the advice in Step D-6.

If a length less than 100 feet results from this analysis, increase it to 100 feet, the
minimum allowed. In this case, it may be possible to save some space in width and still
meet all criteria. This possibility can be checked by computing V in the 100 feet
biofiltration swale for t = 9 minutes, recalculating A (if V less than 1 foot/sec) and
recalculating T.
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Source: Livingston, et al, 1984 NOT TO SCALE

Channel Geometry
V-Shape

—
Cross-Sectional Area (A)=Zy"
Top Width (T) =2yZ

Hydraulic Radiusm)zf—f’f
2L 41

Parabolic Shape

Cross -Sectional Area(A)=—=Ty
Top Width (1 }=m
N
.I-._':".;

Hydraulic Radius (R)=————
1.5T" + 4y~

Trapezoidal Shape
T

[ ]
¥
Y

-—b—-—i—-

Cross - Sectional Area (A) = by + Zy’ o + 7y
ross - Sectional Area (A) Y + £y Hydraulic Radius (R) = by + Zy

Top Width (T) =b + 2yz b+2yyZ° +1

Source: Livingston, et al. 1984

Figure 8.16. Geometric Formulas for Common Swale Shapes.
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SBUH Peak/WWHM On-Line 15-min water quality Flow Ratio vs
6-Month Precipitation for 0 percent to 100 percent Impervious Areas

T R R ) I
T T T

1.0 1.5 2.0 2.5 3.0
6-month, 24-hr precipitation (72 percent of 2-year), Inches

Source: King County

Figure 8.17a.  Ratio of SBUH Peak/Water Quality Flow.

SBUH Peak/WWHM Off-Line 15-min water quality Flow Ratio vs
6-Month Precipitation for 0 percent to 100 percent Impervious Areas

L L L L

1.0 1.5 2.0 25 3.0
6-month, 24-hr precipitation (72 percent of 2-year), Inches

Source: King County

Figure 8.17b.  Ratio of SBUH Peak/Water Quality Flow.
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D-8. If there is still not sufficient space for the biofiltration swale, the City and the project
applicant should consider the following solutions (listed in order of preference):

e Divide the site drainage to flow to multiple biofiltration BMPs.

e Use infiltration to provide lower discharge rates to the biofiltration swale (only if
the applicable infiltration requirements in Chapter 7 and 8 are met).

e Increase vegetation height and design depth of flow (Note: the design must ensure
that vegetation remains standing during design flow).

e Reduce the developed surface area to gain space for the biofiltration swale.
e Increase the longitudinal slope.
e Increase the side slopes.

e Nest the biofiltration swale within or around another runoff treatment BMP.
Stability Check (SC) Steps

The stability check must be performed for the combination of highest expected flow and
least vegetation coverage and height. A check is not required for biofiltration swales that
are located “off-line” from the primary conveyance/detention system. Maintain the same
units as in the biofiltration capacity analysis.

SC-1. Perform the stability check for the 100-year return frequency flow using 15-minute
time steps using an approved continuous simulation model.

SC-2. Estimate the vegetation coverage (“good” or “fair”) and height on the first
occasion that the biofiltration swale will receive flow, or whenever the coverage and
height will be least. Avoid flow introduction during the vegetation establishment period
by timing planting or bypassing.

SC-3. Estimate the degree of retardance from Table 8.12. When uncertain, be
conservative by selecting a relatively low degree.

The maximum permissible velocity for erosion prevention (Vmax) is 3 feet per second.
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Table 8.12. Guide for Selecting Degree of Retardance.?
Coverage Average Grass Height (inches) Degree of Retardance

Good <2 E. Very Low
2-6 D. Low

6-10 C. Moderate
11-24 B. High

>30 A. Very High

Fair <2 E. Very Low
2-6 D. Low
6-10 D. Low

11-24 C. Moderate
>30 B. High

8 See Chow (1959). In addition, Chow recommended selection of retardance C for a grass-legume mixture 6-8 inches high and D
for a mixture 4-5 inches high. No retardance recommendations have appeared for emergent wetland species. Therefore,
judgment must be used. Since these species generally grow less densely than grasses, using a “fair” coverage would be a
reasonable approach.

SC-4. Select a trial Manning’s n for the high flow condition. The minimum value for
poor vegetation cover and low height (possibly, knocked from the vertical by high flow)
is 0.033. A good initial choice under these conditions is 0.04.

SC-5. Refer to Figure 8.18 to obtain a first approximation for VR of 3 feet per second.
SC-6. Compute hydraulic radius, R, from VR in Figure 8.18 and a Vmax.
SC-7. Use Manning’s equation to solve for the actual VR.

SC-8. Compare the actual VR from Step SC-7 and first approximation from Step SC-5. If
they do not agree within 5 percent, repeat Steps SC-4 to SC-8 until acceptable agreement
is reached. If n < 0.033 is needed to get agreement, set n = 0.033, repeat Step SC-7, and
then proceed to Step SC-9.

SC-9. Compute the actual V for the final design conditions:

Check to be sure V<V

max of 3 ft/sec
SC-10. Compute the required biofiltration swale cross-sectional area, A, for stability:

SC-11. Compare the A, computed in Step SC-10 of the stability analysis, with the A from
the biofiltration capacity analysis (Step D-5).

If less area is required for stability than is provided for capacity, the capacity design is
acceptable. If not, use A from Step SC-10 of the stability analysis and recalculate the
biofiltration swale dimensions.

8-86

Chapter 8 — Runoff Treatment BMPs June 2022



CITY OF LACEY 2022 STORMWATER DESIGN MANUAL

(S
=
£
c
€
S .
=

YR (feetZ/second)

Note: VR is the product of velocity and hydraulic radius

Source: Livingston, et al. 1984

Figure 8.18. The Relationship of Manning’s n with VR
for Various Degrees of Flow Retardance (A—E).

SC-12. Calculate the depth of flow at the stability check design flow rate condition for
the final dimensions and use A from Step SC-10.

SC-13. Compare the depth from Step SC-12 to the depth used in the biofiltration swale
capacity design (Step D-1). Use the larger of the two and add 0.5 feet of freeboard to
obtain the total depth (y;) of the swale. Calculate the top width for the full depth using the

appropriate equation.

SC-14. Recalculate the hydraulic radius: (use b from Step D-4 calculated previously for
biofiltration swale capacity, or Step SC-11, as appropriate, and y; = total depth from

Step SC-13).

SC-15. Make a final check for capacity based on the stability check design storm (this
check will ensure that capacity is adequate if the largest expected event coincides with
the greatest retardance). Use Equation 1, a Manning’s n selected in Step D-2, and the
calculated channel dimensions, including freeboard, to compute the flow capacity of the
channel under these conditions. Use R from Step SC-14, above, and A = b(yt) + Z(yt)2

using b from Step D-4, D-15, or SC-11 as appropriate.
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If the flow capacity is less than the stability check design storm flow rate, increase the
channel cross-sectional area as needed for this conveyance. Specify the new channel
dimensions.

Completion Step (CO)

CO-1. Review all of the criteria and guidelines for biofiltration swale planning, design,
installation, and operation above and specify all of the appropriate features for the
application.

Example of Sizing Calculations for Biofiltration Swales
Preliminary Steps (Example)

P-1. Assume that the water quality design flow rate (Q) is 0.2 cfs. Assume an on-line
BMP.

P-2. Assume the slope (s) is 2 percent.

P-3. Assume the vegetation will be a grass-legume mixture and it will be infrequently
mowed.

Design Steps for Biofiltration Swale Capacity (Example)

D-1. Set winter grass height at 5 inches and the design flow depth (y) at 3 inches.
D-2. Use n = 0.20 to n2=0.30
D-3. Base the design on a trapezoidal shape, with a side slope Z = 3.
D-4a. Calculate the bottom width, b;
Where:

n=0.20 y=0.25ft
Q=02cfs s=0.02
7Z=3

__2.50n
~ 1 49y1.67SO.5 N

b=4.0ft
Atnz; ba=6.5ft

D-4b. Calculate the top width (T)

T =b +2yZ = 4.0+ [2(0.25)(3)] = 5.5 ft
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D-5. Calculate the cross-sectional area (A)
A =by + Zy? = (4.0)(0.25) + (3)(0.252) = 1.19 f2
D-6. Calculate the flow velocity (V)

Q
=K—=0.17 1t /
Vv KA sec

for K = 1. Actual K is determined per Figure 8.18
0.17 < 1.0 ft/sec .. OK

D-7. Calculate the length (L)

L =Vt (60 sec/min)
=0.17 (9)(60)

For t =9 min, L = 92 feet at n; expand to a minimum of 100 foot
length per design criterion

Atnz; L =100 ft.

Note: Where b is less than the maximum value, it may be possible to reduce L by
increasing b, so long as the minimum length (L) is never less than 100 feet.

Stability Check Steps (Example)

SC-1. Base the check on passing the 100-year return frequency flow (15-minute time
steps) through the biofiltration swale with a mixture of Kentucky bluegrass and tall
fescue on loose erodible soil. Assume that the peak Q is 1.92 cfs.

SC-2. Base the check on a grass height of 3 inches with “fair” coverage (lowest mowed
height and least cover, assuming flow bypasses or does not occur during grass
establishment).

SC-3. From Table 8.12, Degree of Retardance = D (low)

Set V.. =3 ft/sec

SC-4. Select trial Manning’s n = 0.04
SC-5. From Figure 8.18, VRappx = 3 ft¥/s
SC-6. Calculate R

VR
R=—"""-10ft

max
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SC-7. Calculate VRactual

1.49

VR . =—"Z2R"s™ =525t /sec
n

actual

SC-8. VRactual from Step SC-7 > VRappx from Step SC-5 by > 5 percent.

Select new trial n = 0.0475

Figure 8.18: VRappx = 1.7 {t¥/s

R=0.57 ft.

VRactual = 1.73 ft*/s (within 5 percent of VRappx = 1.7)

SC-9. Calculate V

VR ua  1.73
R 0.57

V= = 3ft /sec

V =3 ft/sec <3 ft/sec, Vmax.. OK
SC-10. Calculate Stability Area

Q 1.9
Asaniiy =, =5 = 0-64 ft
SC-11. Stability Check

Astability = 0.64 ft? is less than Acapacity from Step D-5
(ACapacity =1.19 ftz). ..OK

If Astability > Acapacity, it Will be necessary to select new trial sizes
for width and flow depth (based on space and other
considerations), recalculate Acapacity, and repeat steps SC-10 and
SC-11.

SC-12. Calculate depth of flow at the stability design flow rate condition using the
quadratic equation solution:

_ —bxb’4Z(-A)
B 27

Yy

Forb=4,y=0.14ft (positive root)
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SC-13. Use the greater value of y from SC-12 or that assumed in D-1. In this case, the
greater depth is 0.25-foot, which was the basis for the biofiltration capacity design. Add
0.5 ft freeboard to that depth.

Total channel depth = 0.75 ft

Top Width=b + 2yZ

=4+ (2)(0.75)(3)

=8.5 ft

SC-14. Recalculate hydraulic radius and flow rate

Forb=4ft,y=0.75ft
Z=3,s=0.02,n=0.2
A =by + Zy*=4.68 {t*
R = {by + Zy?}/{b + 2y(Z*> + 1)*°} = 0.53 ft.

SC-15. Calculate Flow Capacity at Greatest Resistance

B 1.49AR0.67SO45
n

Q =3.2cfs

Q=32cfs>1.92cfs ..OK
Completion Step (Example)

CO-1. Assume 100 ft of swale length is available.
The final channel dimensions are:

Bottom width, b =4 ft
Channel depth = 0.75 ft
Top width=b +2yZ =8.5 ft

No check dams are needed for a 2 percent slope.
Soil Criteria
e Till the following topsoil mix to a depth of at least 8 inches:
o Sandy loam 60-90 percent
o Clay 0-10 percent

o Composted organic matter  10-30 percent
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e Use compost amended soil where practicable. Composted material shall meet the
specifications for compost used in the bioretention soil mix (see Chapter 7,
Section 7.4.4). Note that this excludes the use of biosolids and manures.

e For longitudinal slopes of less than 2 percent, use more sand to obtain more
infiltration.

e [f groundwater contamination is a concern, seal the bed with a low permeability
liner (see Section 8.4.3).

Vegetation Criteria

e See Tables 8.13, 8.14, and 8.15 for recommended grasses, wetland plants, and
groundcovers.

o The following invasive species shall not be used: Phalaris arundinacea (reed
canarygrass), Lythrum salicaria (purple loosestrife), Phragmites spp. (reeds),
Iris pseudacorus (yellow iris) and Cattails (Typha spp.).

o The seed mix in Table 8.13 is suitable for the bottom of the swale and the dry
side slopes, and rates are provided as pounds of pure live seed per acre.

o Table 8.14 provides alternative groundcovers and grass species options for dry
side slopes. The seed mix in Chapter 5, Table 5.5 is another low-growing
grass option for side slopes.

e Seclect fine, turf-forming, water-resistant grasses where vegetative growth and
moisture will be adequate for growth.

e Irrigate if moisture is insufficient during dry weather season.

e Use sod with low clay content and where needed to initiate adequate vegetative
growth. Preferably, sod should be laid to a minimum of 1-foot vertical depth
above the swale bottom.

e Consider sun/shade conditions for adequate vegetative growth and avoid
prolonged shading of any portion not planted with shade tolerant vegetation.

e Stabilize soil areas upslope of the biofiltration swale to prevent erosion.

e Fertilizing a biofiltration swale should be avoided if at all possible in any
application where nutrient control is an objective. Test the soil for nitrogen,
phosphorus, and potassium and consult with a landscape professional about the
need for fertilizer in relation to soil nutrition and vegetation requirements. If use
of a fertilizer cannot be avoided, use a slow-release fertilizer formulation in the
least amount needed.
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Table 8.13. Biofiltration Swale Seed Mix.

Common Name

Spe

cies Pounds Pure Live Seed per Acre

American sloughgrass

Beckmannia syzig

achne 0.9

Tufted hairgrass Deschampsia cespitosa 0.6
Blue wildrye Elymus glaucus 11.4
Native red fescue Festuca rubra var. rubra 2.8
Meadow barley Hordeum brachyantherum 9.8
Northwestern mannagrass Glyceria occidentalis 5.2
Total 30.7

Table 8.14. Groundcovers and Grasses Suitable for the Upper Side Slopes
of a Biofiltration Swale in Western Washington.

Groundcovers
Kinnikinnick Arctostaphylos uva-ursi
Strawberry Fragaria chiloensis

Broadleaf lupine

Lupinus latifolius

Grasses (drought-toler

ant, minimum mowing)

Dwarf tall fescues

Festuca spp. (e.g., Many Mustang, Silverado)

Hard fescue

Festuca ovina duriuscula (e.g., Reliant, Aurora)

Tufted fescue

Festuca amethystine

Buffalo grass

Buchloe dactyloides

Red fescue

Festuca rubra

Tall fescue grass

Festuca arundinacea

Blue oatgrass

Helictotrichon sempervirens

Construction Criteria

The biofiltration swale shall not be put into operation until areas of exposed soil in the
contributing drainage catchment have been sufficiently stabilized. Deposition of eroded
soils can impede the growth of grass in the swale and reduce swale treatment
effectiveness. Thus, effective erosion and sediment control measures shall remain in
place until the biofiltration swale vegetation is established (see Chapter 5 for erosion and
sediment control BMPs). Avoid compaction during construction. Grade biofiltration
swales to attain uniform longitudinal and lateral slopes.

Operations and Maintenance Criteria

See Core Requirement #9 in Chapter 2; Chapter 3, Section 3.3.3; and Chapter 10 for
information on maintenance requirements.
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Wet Biofiltration Swale (Ecology BMP T9.20)

A wet biofiltration swale is a variation of a basic biofiltration swale. Designers can use
wet biofiltration swales where the longitudinal slope is slight, water tables are high, or
continuous low base flow is likely to result in saturated soil. Where saturation exceeds
about 2 weeks, typical grasses will die. Thus, vegetation specifically adapted to saturated
soil conditions is needed. Different vegetation in turn requires modification of several of
the design parameters for the basic biofiltration swale.

Performance Objectives

To remove low concentrations of pollutants such as TSS, heavy metals, nutrients, and
petroleum hydrocarbons.

Applications and Limitations

Wet biofiltration swales are applied where a basic biofiltration swale is desired but not
allowed or advisable because one or more of the following conditions exist:

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

e Saturated soil conditions are likely because of seeps or base flows on the site.

e Longitudinal slopes are slight (generally less than 2 percent).
Wet Biofiltration Swale Design Criteria

Use the same design approach as for basic biofiltration swales except to add the
following:

Adjust for Extended Wet Season Flow

If the swale will be downstream of a detention pond providing flow control, multiply the
treatment area (bottom width times length) of the swale by 2, and readjust the swale
length, if desired. Maintain a 5:1 length to width ratio.

Intent: An increase in the treatment area of swales following detention ponds is required
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 biofiltration swale situations.
Since vegetation growing in streams is often less dense, this increase in treatment area is
needed to ensure that equivalent pollutant removal is achieved in extended flow
situations.
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Swale Geometry

Same as specified for basic biofiltration swales except for the following modifications:

e (Criterion 1: The bottom width may be increased to 25 feet maximum, but a
minimum length-to-width ratio of 5:1 must be provided. No longitudinal dividing
berm is needed. (Note: The minimum swale length is still 100 feet.)

e Criterion 2: If longitudinal slopes are greater than 2 percent, the wet biofiltration
swale must be stepped so that the slope within the stepped sections averages
2 percent. Steps may be made of retaining walls, log check dams, or short riprap
sections. No underdrain or low-flow drain is required.

High-Flow Bypass

Wet biofiltration swales must be designed as off-line facilities.

A high-flow bypass (i.e., an off-line design) is required for flows greater than the off-line
water quality design flow multiplied by the ratio indicated in Figure 8.17b. The bypass is
necessary to protect wetland vegetation from damage. Unlike grass, wetland vegetation
will not quickly regain an upright attitude after being laid down by high flows. New
growth, usually from the base of the plant, often taking several weeks, is required to
regain its upright form. The bypass may be an open channel parallel to the wet
biofiltration swale.

Water Depth and Base Flow

Same as for basic biofiltration swales except the design water depth shall be 4 inches for
all wetland vegetation selections, and no underdrains or low-flow drains are required.

Flow Velocity, Energy Dissipation, and Flow Spreading
Same as for basic biofiltration swales except no flow spreader is needed.
Access

Same as for basic biofiltration swales except access is only required to the inflow and the
outflow of the swale; access along the length of the swale is not required. Also, wheel
strips may not be used for access in the swale.

Intent: An access road is not required along the length of a wet biofiltration swale
because of infrequent access needs. Frequent mowing or harvesting is not desirable. In
addition, wetland plants are fairly resilient to sediment-induced changes in water depth,
so the need for access should be infrequent.

Soil Amendment

Same as for basic biofiltration swales.
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Planting Requirements

Same as for basic biofiltration swales except for the following modifications:

e A list of acceptable plants and recommended spacing is shown in Table 8.15. 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.

e A wetland seed mix may be applied by hydroseeding, but if coverage is poor,
planting of rootstock or nursery stock is required. Poor coverage is considered to
be more than 30 percent bare area through the upper two-thirds of the swale after

4 weeks.

Table 8.15. Recommended Plants for Wet Biofiltration Swale.

Common Name

Scientific Name

Spacing (on center)

Shortawn foxtail Alopecuris aequalis seed
Water foxtail Alopecuris geniculatus seed
Spike rush Eleocharis spp. 4 inches

Slough sedge?

Carex obnupta

6 inches or seed

Sawbeak sedge Carex stipata 6 inches
Sedge Carex spp. 6 inches
Western mannagrass Glyceria occidentalis seed

Velvetgrass Holcus mollis seed

Slender rush Juncus tenuis 6 inches
Watercress? Rorippa nasturtium-aquaticum 12 inches
Water parsley? Oenanthe sarmentosa 6 inches
Hardstem bulrush Scirpus acutus 6 inches
Small-fruited bulrush Scirpus microcarpus 12 inches

8 Good choices for wet biofiltration swales with significant periods of flow, such as those downstream of a detention BMP.

Note: Cattail (Typha latifolia) is not appropriate for most wet biofiltration swales because of its very dense and clumping growth
habit, which prevents water from filtering through the clump.

Recommended Design Features
Same as for basic biofiltration swales.
Construction Criteria

Same as for basic biofiltration swales.
Operations and Maintenance Criteria

Same as for basic biofiltration swales.

8-96 Chapter 8 — Runoff Treatment BMPs

June 2022




CITY OF LACEY 2022 STORMWATER DESIGN MANUAL

Continuous Inflow Biofiltration Swale (Ecology BMP T79.30)

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. The basic biofiltration swale design is modified by
increasing the biofiltration swale length to achieve an equivalent average residence time.

Applications and Limitations

A continuous inflow biofiltration swale is to be used when inflows are not
concentrated, such as locations along the shoulder of a road without curbs. This design
may also be used where frequent, small point flows enter a biofiltration swale, such
as through curb inlet ports spaced at intervals along a road, or from a parking lot with
frequent curb cuts. In general, no inlet port should carry more than about 10 percent of
the flow.

A continuous inflow biofiltration swale is not appropriate for a situation in which
significant lateral flows enter a swale at some point downstream from the head of the
swale. In this situation, the biofiltration swale width and length must be recalculated from
the point of confluence to the discharge point in order to provide adequate treatment for
the increased flows.

Continuous Inflow Biofiltration Swale Design Criteria

Same as specified for basic biofiltration swale except for the following:

e The design flow for continuous inflow biofiltration swales must include runoff
from the pervious side slopes draining to the swale along the entire swale length.
Therefore, they must be on-line BMPs.

e If only a single design flow is used, the flow rate at the outlet shall be used. The
goal is to achieve an average residence time through the continuous inflow
biofiltration swale of 9 minutes as calculated using the on-line water quality
design flow rate multiplied by the ratio, K, in Figure 8.17a. Assuming an even
distribution of inflow into the side of the swale double the hydraulic residence
time to a minimum of 18 minutes.

e For continuous inflow biofiltration swales, interior side slopes above the water
quality design treatment elevation shall be planted in grass. A typical lawn seed
mix or the biofiltration seed mixes are acceptable. Landscape plants or
groundcovers other than grass may not be used anywhere between the runoff
inflow elevation and the bottom of the swale.

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.

Construction Criteria

Same as for basic biofiltration swales.
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Operations and Maintenance Criteria
Same as for basic biofiltration swales.
Vegetated Filter Strip (Ecology BMP T9.40)

A vegetated filter strip is flat with no side slopes (Figure 8.19). Contaminated stormwater
is distributed as sheet flow across the inlet width of the vegetated filter strip. Runoff
treatment is provided by passage of water over the surface, and through grass.

Applications and Limitations

The vegetated filter strip is typically used on-line and adjacent and parallel to a paved
area such as parking lots, driveways, and roadways.

Design Criteria

e Use the design criteria specified in Table 8.11.

e [f groundwater contamination is a concern, seal the bed with a treatment liner (see
Section 8.4.3).

e Vegetated filter strips must only receive sheet flow.

e Use curb cuts > 12-inch wide and 1-inch above the vegetated filter strip inlet.
Curb cuts shall be spaced at 10 feet, maximum.
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Figure 8.19. Typical Filter Strip.
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Calculate the design flow depth using Manning’s equation as follows:
KQ = (1.49A R%7 5 05)/n
Substituting for AR:
KQ = (1.49Ty'%7s%%)/n
Where:

Ty = Arectangle, ft2
y ~ Rrectangle, design depth of flow, ft. (1 inch maximum)

Q = peak water quality design flow rate based on an approved
continuous simulation model, ft*/sec

K = The ratio determined by using Figure 8.18
n = Manning’s roughness coefficient

s = Longitudinal slope of vegetated filter strip parallel to direction
of flow

T = Width of vegetated filter strip perpendicular to the direction of
flow, ft.

A = Vegetated filter strip inlet cross-sectional flow area
(rectangular), ft?

R = hydraulic radius, ft.
Rearranging for y:

y = [KQn/1.49Ts"*]%¢

y must not exceed 1 inch

Note: As in biofiltration swale design, an adjustment factor of K accounts for the
differential between the water quality design flow rate calculated by an approved
continuous simulation model and the SBUH design flow rate.

Calculate the design flow velocity V, ft/sec, through the vegetated filter strip:
V =KQ/Ty
V must not exceed 0.5 ft/sec

Calculate required length, in feet, of the vegetated filter strip at the minimum hydraulic
residence time, t, of 9 minutes:

L=tV =540V
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8.9

Operations and Maintenance Criteria

See Core Requirement #9 in Chapter 2; Chapter 3, Section 3.3.3; and Chapter 10 for
information on maintenance requirements.

Wet Pool BMPs
8.9.1 Purpose

This section presents the methods, criteria, and details for analysis and design of wet
ponds, wet vaults, and stormwater wetlands. These BMPs have as a common element a
permanent pool of water—the wet pool.

Wet pool BMPs may be single-purpose facilities, providing only runoff treatment, or they
may be combined with a detention pond to also provide flow control. If combined, the
wet pool BMP can often be stacked under the detention BMP with little further loss of
development area. See the Combined Detention and Wet Pool Facilities (Ecology

BMP T10.40) subsection below for a description of combined detention and wet pool
BMPs.

This section addresses four BMPs that are classified as wet pool BMPs:
e Wet Ponds, Basic and Large
e Wet Vaults
e Stormwater Treatment Wetlands

e Combined Detention and Wet Pool BMPs.
8.9.2 Applications

The wet pool BMP designs described for the four BMPs in this section will achieve the
performance objectives cited in Section 8.3 for specific treatment options.

8.9.3 Best Management Practices for Wet Pool BMPs

Wet Ponds — Basic and Large (Ecology BMP T10.10)

A wet pond is a constructed stormwater pond that retains a permanent pool of water
(“wet pool”) at least during the wet season. The volume of the wet pool is related to the
effectiveness of the pond in settling particulate pollutants. As an option, a shallow marsh
area can be created within the permanent pool volume to provide additional treatment for
nutrient removal. Peak flow control can be provided in a “live storage” area above the
permanent pool. Figures 8.20a and 8.20b illustrate a typical wet pond BMP.

The following design criteria cover two wet pond applications—the basic wet pond and
the large wet pond. Large wet ponds are designed for higher levels of pollutant removal.
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Applications and Limitations

A wet pond requires a larger area than a biofiltration swale or a sand filter, but it can be
integrated to the contours of a site fairly easily. Wet ponds are designed to hold a
permanent pool of water, therefore, the first cell of the wet pond must be lined with a
treatment liner or low permeability liner (see Section 8.4.3).

Although high groundwater levels must be avoided for most stormwater BMPs (due to
buoyancy concerns), the standing water in a wet pond will neutralize any buoyancy
effects from high groundwater. Thus, the wet pool storage of wet ponds may be provided
below the groundwater level without interfering unduly with treatment effectiveness.
However, if combined with a detention function, the live storage must be above the
seasonal high groundwater level.
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Figure 8.20a.  Wet Pond.
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Figure 8.20b.  Wet Pond.

Wet Pond Design Criteria

The primary design factor that determines a wet pond’s treatment efficiency is the
volume of the wet pool. The larger the wet pool volume, the greater the potential for
pollutant removal. For a basic wet pond, the wet pool volume provided shall be equal to
or greater than the water quality design volume. This volume is equal to the simulated
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daily volume that represents the upper limit of the range of daily volumes that
accounts for 91 percent of the entire runoff volume over a multi-decade period of
record. WWHM identifies this volume for the user.

A large wet pond requires a wet pool volume at least 1.5 times larger than the water
quality design volume. Also important are the avoidance of short-circuiting and the
promotion of plug flow. Plug flow describes the hypothetical condition of stormwater
moving through the pond as a unit, displacing the “old” water in the pond with incoming
flows. To prevent short-circuiting and promote plug flow, the pond should be designed to
force the water to flow, to the extent practical, to all potentially available flow routes,
avoiding “dead zones” and maximizing the time water stays in the pond during the active
part of a storm.

Design features that encourage plug flow and avoid dead zones are:
e Dissipating energy at the inlet
e Providing a large length-to-width ratio

e Providing a broad surface for water exchange using a berm designed as a broad-
crested weir to divide the wet pond into two cells rather than a constricted area
such as a pipe

e Maximizing the flow path between inlet and outlet, including the vertical path,
also enhances treatment by increasing residence time.

Sizing Procedure

Procedures for determining a wet pond’s dimensions and volume are outlined below.

Step 1: Identify required wet pool volume using an approved continuous runoff model—
water quality design volume. A large wet pond requires a volume at least 1.5 times the
water quality design volume.

Step 2: Determine wet pool dimensions. Determine the wet pool dimensions satisfying
the design criteria outlined below and illustrated in Figures 8.20a and 8.20b. A simple
way to check the volume of each wet pool cell is to use the following equation:

h(A, + 4,)
Vo= 2
Where V= wetpool volume (cf)
h = wetpool average depth (ft)
A1 = water quality design surface area of wet pool (sf)
A2 = Dbottom area of wet pool (sf)
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Step 3: Design pond outlet pipe and determine primary overflow water surface. The pond
outlet pipe shall be placed on a reverse grade from the pond’s wet pool to the outlet
structure. Use the following procedure to design the pond outlet pipe and determine the
primary overflow water surface elevation:

a.

g.

Use the nomographs in Chapter 6, Appendix 6B, to select a trial size for the
pond outlet pipe sufficient to pass the on-line water quality design flow, Qwqg
indicated by an approved continuous simulation model.

Use the nomographs in Chapter 6, Appendix 6B, to determine the critical
depth d. at the outflow end of the pipe for Owg.

Use the nomographs in Chapter 6, Appendix 6B, to determine the flow area Ac
at critical depth.

Calculate the flow velocity at critical depth (V.) using the continuity equation:
Ve = QOwq /Ac
Calculate the velocity head (V)
V=V 2g
where g is the gravitational constant, 32.2 ft/sec.

Determine the primary overflow water surface elevation by adding the
velocity head and critical depth to the invert elevation at the outflow end of
the pond outlet pipe

overflow water surface elevation = outflow invert + d. + V.

Adjust outlet pipe diameter as needed and repeat steps (a) through (e).

Step 4: Determine wet pond dimensions. General wet pond design criteria and concepts
are shown in Figures 8.20a and 8.20b.

Wet Pool Geometry

e The wet pool shall be divided into two cells separated by a baffle or berm. The
first cell shall contain between 25 to 35 percent of the total wet pool volume. Both
cells must have level pond bottoms.

e The baffle or berm volume shall not count as part of the total wet pool 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, or if in a vault, 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
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Berms,

possible. Alternative methods to the full-length berm or baftle that provide
equivalent flow characteristics may be approved on a case-by-case basis by the
City.

Sediment storage shall be provided in the first cell. The sediment storage shall
have a minimum depth of 1 foot. A fixed sediment depth monitor should be
installed in the first cell to gauge sediment accumulation unless an alternative
gauging method is proposed.

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

The maximum depth of each cell shall not exceed 8 feet (exclusive of sediment
storage in the first cell). Pool depths of 3 feet or shallower (second cell) shall be
planted with emergent wetland vegetation (see Planting Requirements).

Inlets and outlets shall be placed to maximize the flow path through the BMP.
The ratio of flow path length to width from the inlet to the outlet shall be 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 can be found as follows:

width = (average top width + average bottom width)/2.

Wet ponds with wet pool volumes less than or equal to 4,000 cubic feet may be
single celled (i.e., no baffle or berm is required). However, it is especially
important in this case that the flow path length be maximized. The ratio of flow
path length to width shall be at least 4:1 in single celled wet ponds, but should
preferably be 5:1.

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

The wet pool cells shall be lined per the liner requirements outlined in
Section 8.4.3.

Baffles, and Slopes

A berm or baffle shall extend across the full width of the wet pool, and tie into the
wet pond side slopes. If the berm embankments are greater than 4 feet in height,
the berm must be constructed by excavating a key equal to 50 percent of the
embankment cross-sectional height and width. This requirement may be waived if
recommended by a geotechnical engineer for specific site conditions. The
geotechnical analysis shall address situations in which one of the two cells is
empty while the other remains full of water.

The top of the berm may extend to the water quality design water surface or be
1 foot below the water quality design water surface. If at the water quality design
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water surface, berm side slopes should be 3H:1V. Berm side slopes may be
steeper (up to 2:1) if the berm is submerged 1 foot.

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, erosion control measures

must be used to prevent erosion of the berm back-slope 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, it should be submerged 1 foot below the design water surface to discourage
access by pedestrians.

Note that wet ponds can also be designed to include oil containment booms at
locations where oil control is required. Design guidelines for oil containment
booms are not included in this chapter, but can be found in the WSDOT HRM.

Requirements for wet pond side slopes are the same as for detention ponds (see
Chapter 7, Section 7.5.1).

Embankments

Embankments that impound water must comply with the Washington State Dam Safety
Regulations (Chapter 173-175 WAC). 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, or has an
embankment height of greater than 6 feet at the downstream toe, then dam safety design
and review are required by Ecology. See Chapter 7, Section 7.5.1 for additional
requirements.

Inlet and Outlet

See Figures 8.20a and 8.20b for details on the following requirements:

The inlet to the wet pond shall be submerged with the inlet pipe invert a minimum
of 2 feet from the pond bottom (not including sediment storage). The top of the
inlet pipe should be submerged at least 1 foot, if possible. Conveyance modeling
for the stormwater system leading to the wet pond must be shown to include
consideration of the backwater effects of the submerged inlet.

Intent: The inlet is submerged to dissipate 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.
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The runoff shall be discharged uniformly and at a velocity below 3 feet per
second in Type A and B soils, and 5 feet per second in Type C and D soils or as
necessary to prevent erosion and to ensure quiescent conditions within the BMP.

An overflow structure shall be provided. Either a Type 2 catch basin with a grated
opening (jail house window) or a manhole with a cone grate (birdcage) may be
used (see Chapter 7, Figure 7.28 for an illustration). The overflow structure
receives flow from the pond outlet pipe. The grate or birdcage openings provide
an overflow route should the pond outlet pipe become clogged. The overflow
criteria provided below specifies the sizing and position of the grate opening.

The pond outlet pipe (as opposed to the manhole or Type 2 catch basin outlet
pipe) shall be back-sloped or have a turn-down elbow, and extend 1 foot below
the water quality design water surface. Note: 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 provides for trapping of oils and floatables in the
wet pond.

The pond outlet pipe shall be sized, at a minimum, to pass the on-line water
quality design flow. Note: The highest invert of the outlet pipe sets the water
quality design water surface elevation.

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

o The requirement for primary overflow is satisfied by either the grated inlet to
the outlet structure or by a birdcage above the pond outlet structure.

o The bottom of the grate opening in the outlet structure shall be set at or above
the height needed to pass the water quality design flow through the pond
outlet pipe. Note: The grate invert elevation sets the overflow water surface
elevation.

o The grated opening shall be sized to pass the 100-year recurrence interval
design flow. The capacity of the outlet system shall be sized to pass the peak
flow for the conveyance requirements.

An emergency spillway shall be provided and designed according to the
requirements for detention ponds (see Chapter 7, Section 7.5.1).

The City may require a bypass/shutoff valve to enable the pond to be taken off-
line for maintenance purposes.
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Access

A gravity drain for maintenance is required where feasible. The engineer must
demonstrate why a drain is not feasible and show in the Maintenance and Source
Control Manual how to drain the pond.

Intent: It is anticipated that sediment removal will only be needed for the first cell
in the majority of cases. 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.

The drain invert shall be at least 6 inches below the top elevation of the dividing
berm or baffle. Deeper drains are encouraged where feasible, but must be no
deeper than 18 inches above the pond bottom.

Intent: To prevent highly sediment-laden water from escaping the pond when
drained for maintenance.

The drain shall be at least 8 inches (minimum) diameter and shall be controlled by
a valve. 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 must be situated so that water pressure pushes toward
the seal.

Operational access to the valve shall be provided to the finished ground surface.

The valve location shall be accessible and well-marked with 1 foot of paving
placed around the box. It must also be protected from damage and unauthorized
operation.

A valve box is allowed to a maximum depth of 5 feet without an access manhole.
If over 5 feet deep, an access manhole or vault is required.

All metal parts shall be corrosion-resistant. Galvanized materials should not be
used unless unavoidable.

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

and Setbacks

All BMPs shall be a minimum of 20 feet from any structure, property line, and
any vegetative buffer required by the City, and 100 feet from any septic
tank/drainfield.

All BMPs shall be a minimum of 50 feet from any steep (greater than 15 percent)
slope. A geotechnical assessment must address the potential impact of a wet pond
on a steep slope.

8-110

Chapter 8 — Runoff Treatment BMPs June 2022



CITY OF LACEY 2022 STORMWATER DESIGN MANUAL

e Access and maintenance roads shall be provided and designed according to the
requirements for detention ponds (see Chapter 7, Section 7.5.1). Access and
maintenance roads shall extend to both the wet pond inlet and outlet structures.
An access ramp shall be provided to the bottom of all cells, unless a trackhoe
(maximum reach of 20 feet) can reach all portions of the cell and can load a truck
parked at the pond edge or on the internal berm of a wet pond or combined pond.

e Ifthe dividing berm is also used for access, it should be built to sustain loads of
up to 80,000 pounds.

Signage

e See the signage requirements in Chapter 7, Section 7.5.1 for wet pond sign
requirements.

Planting Requirements

Planting requirements for detention ponds (see Chapter 7, Section 7.5.1) also apply to wet
ponds.

e Large wet ponds intended for use as a phosphorus treatment BMP should not be
planted within the cells, as the plants will release phosphorus in the winter when

they die off.

e If the second cell of a basic wet pond is 3 feet or shallower, the bottom area shall
be planted with emergent wetland vegetation. See Table 8.16 for recommended
emergent wetland plant species for wet ponds.

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

e Cattails (Typha latifolia) are not recommended because they tend to crowd out
other species and will typically establish themselves anyway.

e [If the wet pond discharges to a phosphorus-sensitive lake or wetland, shrubs that
form a dense cover should be planted on slopes above the water quality 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) as well as numerous ornamental species.

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

Intent: Evergreen trees or shrubs are preferred to avoid problems associated with
leaf drop. Columnar deciduous trees (e.g., hornbeam, Lombardy poplar) typically
have fewer leaves than other deciduous trees.

Table 8.16. Emer

ent Wetland Plant Species Recommended for Wet Ponds.

Maximum
Species Common Name Notes Depth
INUNDATION TO 1 FOOT
Agrostis exarata® Spike bent grass Prairie to coast to 2 feet
Carex stipata Sawbeak sedge Wet ground
Eleocharis palustris Spike rush Margins of ponds, wet meadows to 2 feet
Glyceria occidentalis Western mannagrass Marshes, pond margins to 2 feet
Juncus tenuis Slender rush Wet soils, wetland margins
Oenanthe sarmentosa Water parsley Shallow water along stream and pond
margins; needs saturated soils all
summer
Scirpus atrocinctus (formerly Woolgrass Tolerates shallow water; tall clumps
S. cyperinus)
Scirpus microcarpus Small-fruited bulrush Wet ground to 18 inches depth 18 inches
Sagittaria latifolia Arrowhead
INUNDATION 1 FOOT TO 2 FEET
Agrostis exarata® Spike bent grass Prairie to coast
Alisma plantago-aquatica Water plantain
Eleocharis palustris Spike rush Margins of ponds, wet meadows
Glyceria occidentalis Western mannagrass Marshes, pond margins
Juncus effusus Soft rush Wet meadows, pastures, wetland
margins
Scirpus microcarpus Small-fruited bulrush Wet ground to 18 inches depth 18 inches
Sparganium emmersum Bur reed Shallow standing water, saturated
soils
INUNDATION 1 FOOT TO 3 FEET
Carex obnupta Slough sedge Wet ground or standing water 1.5 to 3 feet
Beckmannia syzigachne?® Western sloughgrass Wet prairie to pond margins
Scirpus acutus® Hardstem bulrush Single tall stems, not clumping to 3 feet
Scirpus validus® Softstem bulrush
INUNDATION GREATER THAN 3 FEET
Nuphar polysepalum Spatterdock Deep water 310 7.5 feet
Nymphaea odorata® White waterlily Shallow to deep ponds to 6 feet

@ Nonnative species. Beckmannia syzigachne is native to Oregon. Native species are preferred.

b Scirpus tubers must be planted shallower for establishment, and protected from foraging waterfowl until established. Emerging
aerial stems should project above water surface to allow oxygen transport to the roots.

Primary sources: Kulzer 1990; Shank 1991; Hitchcock and Cronquist 1973.
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Recommended Design Features

The following design features shall be incorporated into the wet pond design where site
conditions allow. See also the landscaping requirements for detention ponds in Chapter 7,
Section 7.5.1:

For wet pool depths in excess of 6 feet, it is recommended that some form of
recirculation be provided in the summer, such as a fountain or aerator, to prevent
stagnation and low dissolved oxygen conditions.

The access and maintenance road could be extended along the full length of the
wet pond and could double as play courts or picnic areas. Placing finely ground
bark or other natural material over the road surface would render it more
pedestrian friendly.

Provide pedestrian access to shallow pool areas enhanced with emergent wetland
vegetation. This allows the pond to be more accessible without incurring safety
risks.

Provide side slopes that are sufficiently gentle to avoid the need for fencing
(3:1 or flatter). Refer to Chapter 7, Section 7.5.1 if fencing is included in the
design.

Create flat areas overlooking or adjoining the pond for picnic tables or seating
that can be used by residents. Walking or jogging trails around the pond are easily
integrated into site design.

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

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

Construction Criteria

Sediment that has accumulated in the pond must be removed after construction in the
drainage area is complete (unless used as part of a liner; see Section 8.4.3).

Operations and Maintenance Criteria

See Core Requirement #9 in Chapter 2; Chapter 3, Section 3.3.3; and Chapter 10 for
information on maintenance requirements.
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Wet Vaults (Ecology BMP T710.20)

A wet vault is an underground structure similar in appearance to a detention vault, except
that a wet vault has a permanent pool of water (wet pool) which dissipates energy and
improves the settling of particulate pollutants (see the wet vault details in Figure 8.21).
Being underground, the wet vault lacks the biological pollutant removal mechanisms,
such as algae uptake, present in wet ponds and stormwater treatment wetlands.

Applications and Limitations

A wet vault may be used for commercial, industrial, or roadway projects if there are
space limitations precluding the use of other runoff treatment BMPs. The use of wet
vaults for residential development is highly discouraged. Combined detention and wet
vaults are allowed; see Section 8.9.3.

A wet vault is believed to be ineffective in removing dissolved pollutants such as soluble
phosphorus or metals such as copper. There is also concern that oxygen levels will
decline, especially in warm summer months, because of limited contact with air and
wind. However, the extent to which this potential problem occurs has not been
documented.

Below-ground structures like wet vaults are relatively difficult and expensive to maintain.
The need for maintenance is often not visible without a deliberate inspection, and as a
result routine maintenance often does not occur. Therefore, wet vaults shall only be
permitted after it has been demonstrated to the satisfaction of the City that more
desirable BMPs are not practicable.

If a wet vault/tank is designed to provide runoff treatment but not flow control it must be
located “off-line” from the primary conveyance/detention system. Flows above the peak
flow for the water quality design storm (see sizing procedure below) must bypass the
BMP in a separate conveyance to the point of discharge. A mechanism must also be
provided at the bypass point to take the BMP “off-line” for maintenance purposes. If oil
control is required for a project, a wet vault may be combined with an API oil-water
separator.

Wet Vault Design Criteria
Sizing Procedure

As with wet ponds, the primary design factor that determines the removal efficiency of a
wet vault is the volume of the wet pool. The larger the volume, the higher the potential
for pollutant removal. Performance is also improved by avoiding dead zones (like
corners) where little exchange occurs, using large length-to-width ratios, dissipating
energy at the inlet, and ensuring that flow rates are uniform to the extent possible and not
increased between cells.

The sizing procedure for a wet vault is identical to the sizing procedure for a wet pond.
The wet pool volume for the wet vault shall be equal to or greater than the water
quality design volume estimated by an approved continuous simulation model. In
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addition, because wet vaults are designed to be off-line, the BMP must be designed with
a flow splitter that can engage a bypass when the flow rate exceeds the water quality

design flow rate.

Typical design details and concepts for the wet vault are shown in Figure 8.21.
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Figure 8.21. Wet Vault Geometry.
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Wet Pool Geometry

Same as specified for wet ponds (see previous section) except for the following two
modifications:

The sediment storage in the first cell shall be an average of 1 foot. Because of the
V-shaped bottom, the depth of sediment storage needed above the bottom of the
side wall is roughly proportional to vault width according to Table 8.17:

Table 8.17. Wet Pool Geometry.

Sediment Depth (from bottom
Vault Width of side wall)
15 feet 10 inches
20 feet 9 inches
40 feet 6 inches
60 feet 4 inches

The second cell shall be a minimum of 3 feet deep since planting cannot be used
to prevent resuspension of sediment in shallow water as it can in open ponds.

Vault Structure

The vault shall be separated into two cells by a wall or a removable baffle. If a
wall is used, a 5-foot by 10-foot removable maintenance access must be provided
for both cells. If a removable baffle is used, the following criteria apply:

o The baffle shall extend from a minimum of 1 foot above the water quality
design water surface to a minimum of 1 foot below the invert elevation of the
inlet pipe.

o The lowest point of the baffle shall be a minimum of 2 feet from the bottom of
the vault, and greater if feasible.

If the vault is less than 2,000 cubic feet (inside dimensions), or if the length-to-
width ratio of the vault pool is 5:1 or greater, the baffle or wall may be omitted,
and the vault may be one-celled.

The two cells of a wet vault should not be divided into additional subcells by
internal walls. If internal structural support is needed, it is preferred that post and
pier construction be used to support the vault lid rather than walls. Any walls used
within cells must be positioned so as to lengthen, rather than divide, the flow path.

Intent: Treatment effectiveness in wet pool BMPs is related to the extent to which
plug flow is achieved and short-circuiting and dead zones are avoided. Structural
walls placed within the cells can interfere with plug flow and create significant
dead zones, reducing treatment effectiveness.
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The bottom of the first cell shall be sloped toward the access opening. Slope shall
be between 0.5 percent (minimum) and 2 percent (maximum). The second cell
may be level (longitudinally) sloped toward the outlet, with a high point between
the first and second cells. The intent of sloping the bottom is to direct the
sediment accumulation to the closest access point for maintenance purposes.
Sloping the second cell towards the access opening for the first cell is also
acceptable.

The vault bottom shall slope laterally a minimum of 5 percent from each side
towards the center, forming a broad “V” to facilitate sediment removal.

Note: More than one “V” may be used to minimize vault depth.
Exception: The City may allow the vault bottom to be flat if removable panels are

provided over the entire vault. Removable panels should be at grade, have
stainless steel lifting eyes, and weigh no more than 5 tons per panel.

The highest point of a vault bottom must be at least 6 inches below the outlet
elevation to provide for sediment storage over the entire bottom.

Provision for passage of flows should the outlet plug shall be provided.
Wet vaults may be constructed using arch culvert sections provided the top area at
the water quality design water surface is, at a minimum, equal to that of a vault

with vertical walls designed with an average depth of 6 feet.

Intent: To prevent decreasing the surface area available for oxygen exchange.

Wet vaults shall conform to the materials and structural stability criteria specified
for detention vaults in Chapter 7, Section 7.5.3.

Where pipes enter and leave the vault below the water quality design water
surface, they shall be sealed using a non-porous, non-shrinking grout.

Inlet and Outlet

The inlet to the wet vault shall be submerged with the inlet pipe invert a minimum
of 3 feet from the vault bottom. The top of the inlet pipe shall be submerged at
least 1 foot.

o The inlet pipe must also maintain a flow rate of 2 feet per second under the
design water quality storm event to minimize sediment settling in the pipe.

o Conveyance modeling for the stormwater system leading to the vault must be
shown to include consideration of the backwater effects of the submerged
vault inlet. Additional information on backwater analyses is provided in
Chapter 6, Section 6.3.2.
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Intent: The submerged inlet is to dissipate energy of the incoming flow. The
distance from the bottom is to minimize resuspension of settled sediments.
Alternative inlet designs that accomplish these objectives are acceptable.

The capacity of the outlet pipe and available head above the outlet pipe shall be
designed to convey the 100-year recurrence interval design flow for developed
site conditions without overtopping the vault. The available head above the outlet
pipe must be a minimum of 6 inches.

The flow path length must be maximized from inlet to outlet for all inlets to the
vault.

The outlet pipe shall be back-sloped or have tee section, the lower arm of which
should extend 1 foot below the water quality design water surface to provide for
trapping of oils and floatables in the vault.

The City may require a bypass/shutoff valve to enable the vault to be taken off-
line for maintenance.

Access Requirements

Same as for detention vaults (see Chapter 7, Section 7.5.3) except for the following
additional requirement for wet vaults:

A minimum of 50 square feet of grate should be provided over the second cell.
For vaults in which the surface area of the second cell is greater than 1,250 square
feet, 4 percent of the top should be grated. This requirement may be met by one
grate or by many smaller grates distributed over the second cell area. Note: A
grated access door can be used to meet this requirement.

Intent: The grate allows air contact with the wet pool in order to minimize stagnant
conditions, which can result in oxygen depletion, especially in warm weather.

Access Roads, Right-of-Way, and Setbacks

Same as for detention vaults (see Chapter 7, Section 7.5.3).

Construction Criteria

Sediment that has accumulated in the vault must be removed after construction in the
drainage area is complete.

Operations and Maintenance Criteria

See Core Requirement #9 in Chapter 2; Chapter 3, Section 3.3.3; and Chapter 10 for
information on maintenance requirements.
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Modifications for Combining with a Baffle Oil-Water Separator

If the project site requires an oil control BMP and a wet vault is proposed, the vault may
be combined with a baffle oil-water separator to meet the runoff treatment requirements
with one BMP rather than two. Structural modifications and added design criteria are
given below. However, the maintenance requirements for baffle oil-water separators must
be adhered to, in addition to those for a wet vault. This will result in more frequent
inspection and cleaning than for a wet vault used only for TSS removal. See Section 8.10
for information on maintenance of baffle oil-water separators.

e The sizing procedures for the baffle oil-water separator (Section 8.10) should be
run as a check to ensure the vault is large enough. If the oil-water separator sizing
procedures result in a larger vault size, increase the wet vault size to match.

e An oil retaining baffle shall be provided in the second cell near the vault outlet.
The baffle must not contain a high-flow overflow, or else the retained oil will be
washed out of the vault during large storms.

e The vault shall have a minimum length-to-width ratio of 5:1.
e The vault shall have a design water depth-to-width ratio of between 1:3 and 1:2.
e The vault shall be watertight and shall be coated to protect from corrosion.

e Separator vaults shall have a shutoff mechanism on the outlet pipe to prevent oil
discharges during maintenance and to provide emergency shut-off capability in
case of a spill. A valve box and riser shall also be provided and accessible.

e Wet vaults used as oil-water separators must be off-line and must bypass flows
greater than the off-line water quality design flow multiplied by the off-line ratio
indicated in Figure 8.17b.

Intent: This design minimizes the entrainment and/or emulsification of previously
captured oil during very high flow events.

Stormwater Treatment Wetlands (Ecology BMP T10.30)

Stormwater treatment wetlands are shallow constructed ponds that are designed to treat
stormwater through the biological processes associated with emergent aquatic plants (see
the stormwater wetland details in Figures 8.22 and 8.23). Wetlands created to mitigate
disturbance impacts, such as filling, may not also be used as stormwater treatment BMPs.

In general, stormwater wetlands perform well to remove sediment, metals, and pollutants
that bind to humic or organic acids. Phosphorus removal in stormwater treatment
wetlands is highly variable.
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Applications and Limitations

This stormwater treatment wetland design occupies about the same surface area as wet
ponds, but has the potential to be better integrated aesthetically into a site because of the
abundance of emergent aquatic vegetation. The most critical factor for a successful
design is the provision of an adequate supply of water for most of the year. Careful
planning is needed to be sure sufficient water will be retained to sustain good wetland
plant growth. Since water depths are shallower than in wet ponds, water loss by
evaporation is an important concern. Stormwater treatment wetlands are a good water
quality BMP choice in areas with high winter groundwater levels.

Stormwater Treatment Wetland Design Criteria

When used for runoff treatment, stormwater wetlands employ some of the same design
features as wet ponds. However, instead of gravity settling being the dominant treatment
process, pollutant removal mediated by aquatic vegetation and the microbiological
community associated with that vegetation becomes the dominant treatment process.
Thus when designing wetlands, water volume is not the dominant design criteria. Rather,
factors that affect plant vigor and biomass are the primary concerns.
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Figure 8.22. Stormwater Treatment Wetland — Option One.
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Figure 8.23. Stormwater Treatment Wetland — Option Two.
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Sizing Procedure

Step 1: The volume of a basic wet pond is used as a template for sizing the stormwater
treatment wetland. The design volume is the water quality design volume estimated by an
approved continuous simulation model.

Step 2: Calculate the surface area of the stormwater treatment wetland. The surface area
of the wetland shall be the same as the top area of a wet pond sized for the same site
conditions. Calculate the surface area of the stormwater treatment wetland by using the
volume from Step 1 and dividing by the average water depth (use 3 feet).

Step 3: Determine the surface area of the first cell of the stormwater treatment wetland.
Use the volume determined from Criterion 2 under Wetland Geometry, below, and the
actual depth of the first cell.

Step 4: Determine the surface area of the second cell (the wetland cell). Subtract the
surface area of the first cell (Step 3) from the total surface area (Step 2).

Step 5: Determine water depth distribution in the second cell. Decide if the top of the
dividing berm will be at the surface or submerged (designer’s choice). Adjust the
distribution of water depths in the second cell according to Criterion 9 under Wetland
Geometry, below. Note: This will result in a BMP that holds less volume than that
determined in Step 1 above. This is acceptable.

Intent: The surface area of the stormwater treatment wetland is set to be roughly
equivalent to that of a wet pond designed for the same site so as not to discourage use of
this option.

Step 6: Choose plants. See Table 8.16 for a list of plants recommended for wet pond
water depth zones or consult a wetland scientist.

Wetland Geometry

1. Stormwater treatment wetlands shall consist of two cells, a presettling cell and a
wetland cell.

2. The presettling cell shall contain approximately 33 percent of the wet pool
volume calculated in Step 1 above.

3. The depth of the presettling cell shall be between 4 feet (minimum) and 8 feet
(maximum), excluding sediment storage.

4. One foot of sediment storage shall be provided in the presettling cell.

5. The wetland cell shall have an average water depth of about 1.5 feet (plus or
minus 3 inches).

6. The berm separating the two cells shall be shaped such that its downstream side
gradually slopes to form the second shallow wetland cell (see the section view in
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Figure 8.22). Alternatively, the second cell may be graded naturalistically from
the top of the dividing berm (see Criterion 9 below).

The top of berm shall be either at the water quality design water surface or
submerged 1 foot below the water quality design water surface, as with wet
ponds. Correspondingly, the side slopes of the berm must meet the following
criteria:

a. Ifthe top of berm is at the water quality design water surface, the berm side
slopes shall be no steeper than 3H:1V.

b. Ifthe top of berm is submerged 1 foot, the upstream side slope may be up to
2H:1V. If the berm is at the water surface, then for safety reasons, its slope
should be not greater than 3:1, just as the pond banks should not be greater
than 3:1 if the pond is not fenced. A steeper slope (2:1 rather than 3:1) is
allowable if the berm is submerged in 1 foot of water. If submerged, the berm
is not considered accessible, and the steeper slope is allowable.

Two examples are provided for grading the bottom of the wetland cell. One
example is a shallow, evenly graded slope from the upstream to the downstream
edge of the wetland cell (see Figure 8.22). The second example is a “naturalistic”

alternative, with the specified range of depths intermixed throughout the second
cell (see Figure 8.23). A distribution of depths shall be provided in the wetland
cell depending on whether the dividing berm is at the water surface or submerged
(see Table 8.17). The maximum depth is 2.5 feet in either configuration. Other
configurations within the wetland geometry constraints listed above may be
approved by the City.

9. To the extent possible create a complex microtopography within the wetland.

10. Design the flow path to maximize sinuous flow between wetland cells.

Table 8.18. Distribution of Depths in Wetland Cell.

Dividing Berm at Water Quality Design Water Surface

Dividing Berm Submerged 1 Foot

Depth Range (feet) Percent Depth Range (feet) Percent
0.1t01 25 1t01.5 40
1t02 55 15102 40
2t02.5 20 2t02.5 20

Lining Requirements

Stormwater treatment wetlands are not intended to infiltrate. Many wetland plants can
adapt to periods of summer drought, however the stormwater wetland design should
maximize the duration of wet conditions to the extent possible. Therefore, both cells of
the stormwater wetland shall be lined with a low-permeability liner. The criteria for liners
given in Section 8.4.3 must be observed. A minimum of 18 inches of native soil amended

8-124

Chapter 8 — Runoff Treatment BMPs

June 2022



CITY OF LACEY 2022 STORMWATER DESIGN MANUAL

with good topsoil or compost (one part compost mixed with three parts native soil) must
be placed over the liner. For geomembrane liners, a soil depth of 3 feet is recommended
to prevent damage to the liner during planting. A liner may not be required in hydric
soils.

Inlet and Outlet

Inlets and outlets to stormwater treatment wetlands shall be configured in accordance
with the requirements of wet ponds, see BMP 9.10.

Access and Setbacks

e Location of the stormwater treatment wetland relative to site constraints (e.g.,
buildings, property lines, etc.) shall be the same as for detention ponds (see
Chapter 7, Section 7.5.1).

e Access and maintenance roads shall be provided and designed according to the
requirements for detention ponds (see Chapter 7, Section 7.5.1). Access and
maintenance roads shall extend to both the wetland inlet and outlet structures. An
access ramp shall be provided to the bottom of the first cell unless all portions of
the cell can be reached, and sediment loaded from the top of the wetland side
slopes.

e Ifthe dividing berm is also used for access, it should be built to sustain loads of
up to 80,000 pounds.

Planting Requirements

The wetland cell shall be planted with emergent wetland plants following the guidance
given in Table 8.16 or the recommendations of a wetland specialist.

Note: Cattails (Typha latifolia) are not recommended. They tend to escape to natural
wetlands and crowd out other species. In addition, the shoots die back each fall and will
result in oxygen depletion in the wet pool unless they are removed.

Construction Criteria

Sediment that has accumulated in the pond must be removed after construction in the
drainage area is complete (unless used as part of a liner; see Section 8.4.3).

Operations and Maintenance Criteria

See Core Requirement #9 in Chapter 2; Chapter 3, Section 3.3.3; and Chapter 10 for
information on maintenance requirements.
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Combined Detention and Wet Pool BMPs (Ecology BMP T10.40)

Combined detention and water quality wet pool BMPs have the appearance of a detention
BMP but contain a permanent pool of water as well. The following design procedures,
requirements, and recommendations cover differences in the design of the stand-alone
wet pool BMP when combined with a detention BMP. The following combined BMPs
are addressed:

e Detention/wet pond (basic and large)
e Detention/wet vault

e Detention pond/stormwater wetland.

There are two sizes of the combined wet pond, a basic and a large, but only a basic size
for the combined wet vault and combined stormwater wetland. The BMP sizes (basic and
large) are related to the pollutant removal goals. See Section 8.3 for more information
about runoff treatment performance goals.

Applications and Limitations

Combined detention and wet pool BMPs can be efficient uses of space for sites that have
both runoff treatment and flow control requirements. The wet pool BMP may often be
placed beneath the detention BMP without increasing the combined BMP’s surface area.
However, the fluctuating water surface of the live storage will create unique challenges
for both plant growth and aesthetics.

The basis for pollutant removal in combined BMPs is the same as in the stand-alone wet
pool BMPs. However, in the combined BMP, the detention function creates fluctuating
water levels and added turbulence. For simplicity, the positive effect of the extra live
storage volume and the negative effect of increased turbulence are assumed to balance
and are thus ignored when sizing the wet pool volume. For the combined
detention/stormwater treatment wetland, criteria that limit the extent of water level
fluctuation are specified to better ensure survival of the wetland plants.

Unlike the wet pool volume, the live storage component of the combined detention and
wet pool BMP must be provided above the seasonal high water table.

Design Criteria for Combined Detention and Wet Pond (basic and large)

Typical design details and concepts for a combined detention and wet pond are shown in
Figures 8.24a and 8.24b. The detention portion of the BMP shall meet the design criteria
and sizing procedures set forth in Chapter 7.

Sizing Procedure

The sizing procedure for combined detention and wet ponds are identical to those
outlined for wet ponds and for detention BMPs. The wet pool volume for a combined
BMP shall be equal to or greater than the water quality design volume estimated by an
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approved continuous runoff model. Follow the standard procedure specified in Chapter 7
and guidance documents for use of an approved continuous simulation model to size the
detention portion of the pond.
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Figure 8.24a. @ Combined Detention and Wet Pond.
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Detention and Wet Pond Geometry

e The wet pool and sediment storage volumes shall not be included in the required
detention volume.

e The wet pool geometry criteria in the Wet Ponds — Basic and Large (Ecology
BMP T10.10) section above shall apply, with the following
modifications/clarifications:

o Criterion 1: The permanent pool may be made shallower to take up most of
the pond bottom, or deeper and positioned to take up only a limited portion of
the bottom. Note, however, that having the first wet pool cell at the inlet
allows for more efficient sediment management than if the cell is moved away
from the inlet. Wet pond criteria governing water depth must, however, still
be met. See Figure 8.25 for two possibilities for wet pool cell placement.

Intent: This flexibility in positioning cells is provided to allow for multiple use
options, such as volleyball courts in live storage areas in the drier months.

o Criterion 2: The minimum sediment storage depth in the first cell is 1 foot.
The 6 inches of sediment storage required for detention ponds do 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.

Berms, Baffles, and Slopes
Same as for wet ponds.
Inlet and Outlet

The inlet and outlet criteria in the Wet Ponds — Basic and Large (Ecology BMP T10.10)
section above shall apply, with the following modifications:

e A sump must be provided in the outlet structure of combined detention and wet
ponds.

e The detention flow restrictor and its outlet pipe shall be designed according to the
requirements for detention ponds (see Chapter 7, Section 7.5.1).

Access and Setbacks
Same as for wet ponds.
Planting Requirements

Same as for wet ponds.
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Design Criteria for Combined Detention and Wet Vault

Sizing Procedure

The sizing procedure for combined detention and wet vaults is identical to those outlined
for wet vaults and for detention BMPs. The wet vault volume for a combined BMP shall
be equal to or greater than the water quality design volume estimated by an approved
continuous simulation model. Follow the standard procedure specified in Chapter 7 to
size the detention portion of the vault.
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Figure 8.25. Alternative Configurations of Detention and Wet Pool Areas.
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Detention and Wet Vault Geometry

The design criteria for detention vaults and wet vaults must both be met, except for the
following modifications:

e The minimum sediment storage depth in the first cell shall average 1 foot. The
6 inches of sediment storage required for detention vaults does not need to be
added to this, but 6 inches of sediment storage must be added to the second cell to
comply with detention vault sediment storage requirements.

Berms, Baffles, and Slopes

The design criteria for detention vaults and wet vaults must both be met, except for the
following modifications:

e The oil retaining baffle shall extend a minimum of 2 feet below the water quality
design water surface.

Intent: The greater depth of the baffle in relation to the water quality design water
surface compensates for the greater water level fluctuations experienced in the
combined vault. The greater depth is deemed prudent to better ensure that
separate oils remain within the vault, even during storm events.

Note: If a vault is used for detention as well as runoff treatment, the BMP may not be
modified to function as an oil control BMP, as is allowed for wet vaults. This is because
the added pool fluctuation in the combined detention and wet vault does not allow for the
quiescent conditions needed for oil separation.

Inlet and Outlet

Same as for wet vaults.

Access and Setbacks

Same as for wet vaults.

Design Criteria for Combined Detention and Stormwater Treatment Wetland
Sizing Procedure

The sizing procedure for combined detention and stormwater treatment wetlands is
identical to those outlined for stormwater treatment wetlands and for detention BMPs.
Follow the procedure specified for stormwater treatment wetlands in the previous section
to size the stormwater treatment wetland. Follow the standard procedure specified in
Chapter 7 to size the detention portion of the combined detention and wetland BMP.
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Detention and Wetland Geometry

The design criteria for detention ponds and stormwater treatment wetlands must both be
met, except for the following modifications:

e Water Level Fluctuation Restrictions: The difference between the water quality
design water surface and the maximum water surface associated with the 2-year
runoff shall not be greater than 3 feet. If this restriction cannot be met, the size of
the stormwater treatment wetland must be increased. The additional area may be
placed in the first cell, second cell, or both. If placed in the second cell, the
additional area need not be planted with wetland vegetation or counted in
calculating the average depth.

Intent: This criterion is designed to dampen the most extreme water level
fluctuations expected in combined detention and stormwater treatment wetlands
to better ensure that fluctuation-tolerant wetland plants will be able to survive . It
is not intended to protect native wetland plant communities and is not to be
applied to natural wetlands.

e The wetland geometry criteria in the Stormwater Treatment Wetlands (Ecology
BMP T10.30) section must be modified such that 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, nor does the 6 inches of
sediment storage in the second cell of detention pond.

Intent: Since 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 in the Wet Ponds — Basic and Large (Ecology BMP T10.10)
shall apply, with the following modifications:

e A sump must be provided in the outlet structure of combined detention and
stormwater treatment wetlands.

e The detention flow restrictor and its outlet pipe shall be designed according to the
requirements for detention ponds (see Chapter 7, Section 7.5.1).

Planting Requirements

The Planting Requirements for Stormwater Treatment Wetlands (Ecology BMP T10.30)
are modified to use the following plants, which are better adapted to water level
fluctuations:

e Scirpus acutus (hardstem bulrush) 2- to 6-foot depth

e Scirpus microcarpus (small-fruited bulrush) 1- to 2.5-foot depth
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8.10

e  Sparganium emersum (burreed) 1- to 2-foot depth
e Sparganium eurycarpum (burreed) 1- to 2-foot depth
e Veronica sp. (marsh speedwell) 0- to 1-foot depth

In addition, the shrub Douglas spirea (Spiraea douglasii) may be used in
combined detention and stormwater treatment wetlands.

Construction, and Operations and Maintenance Criteria

Construction, and operations and maintenance criteria for combined detention and wet
pool BMPs are the same as those outlined for each individual detention and wet pool
BMP (i.e., as outlined in Chapter 7 and in the previous sections of this chapter).

Oil-Water Separators
8.10.1 Purpose

This section provides a discussion of oil-water separators, including their application and
design criteria. Oil-water separators remove oil and other water-insoluble hydrocarbons,
and settleable solids from stormwater runoff.

BMPs are described for baffle type and coalescing plate separators. In addition to the oil-
water separators outlined in this chapter, the City may also permit the use of oil control
booms for oil control in some situations when designed in accordance with the
requirements outlined in the WSDOT HRM.

8.10.2 Description

Oil-water separators are typically the API, also called baffle type (American Petroleum
Institute 1990) or the coalescing plate type using a gravity mechanism for separation. See
Figures 8.26 and 8.27. Oil-water separators typically consist of three bays: forebay,
separator section, and the afterbay. The coalescing plate separators need considerably less
space for separation of the floating oil due to the shorter travel distances between parallel
plates.

A spill control separator (Figure 8.28 and DG&PWS) is a simple catch basin with a
T-inlet for temporarily trapping small volumes of oil. The spill control separator is
included here for comparison only and is not designed for, or to be used for runoff
treatment purposes.

8.10.3 Performance Objectives

See Section 8.3 for a summary of the oil control performance goals.
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8.10.4

Site Suitability

Consider the following site characteristics:

8.10.5

Sufficient land area

Adequate TSS control or pretreatment capability
Compliance with environmental objectives

Adequate influent flow attenuation and/or bypass capability

Sufficient access for operations and maintenance

General Design Criteria

There is concern that oil-water separators used for runoff treatment have not performed to
expectations (Watershed Protection Techniques 1994; Schueler et al. 1992). Therefore,
emphasis should be given to proper application, design, operations and maintenance,
(particularly sludge and oil removal), and prevention of coalescing plate fouling and
plugging (U.S. Army Corps of Engineers 1994). Other runoff treatment BMPs, such as
sand filters and manufactured treatment devices, should be considered for the removal of
insoluble oil and TPH.
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Figure 8.26. APl (Baffle Type) Separator.
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Figure 8.27. Coalescing Plate Separator.
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Emergency
overflow ™

Water inlet from Watertight
streets, parking lots — 3| cleanout gate
or other catch basins '

Water outlet

Grease and oil ieaton — [
retained water '

Separator vault

Source: Ecology

Figure 8.28. Spill Control Separator (not for oil treatment).

The following are design criteria applicable to API and coalescing plate oil-water
separators:

e Locate the separator off-line and bypass the incremental portion of flows that
exceed the off-line 15-minute, water quality design flow rate multiplied by the
ratio indicated in Figure 8.17b of this chapter. If it is necessary to locate the
separator on line, try to minimize the size of the area needing oil control, and use
the on-line water quality design flow rate multiplied by the ratio indicated in
Figure 8.17a.

June 2022 Chapter 8 — Runoff Treatment BMPs 8-137



CITY OF LACEY 2022 STORMWATER DESIGN MANUAL

Use only impervious conveyances for oil contaminated stormwater.

Add pretreatment for TSS that could cause clogging of the coalescing plate
separator, or otherwise impair the long-term effectiveness of the separator.

Include roughing screens for the forebay or upstream of the separator to remove
debris. Screen openings should be about three-fourths inch.

Design Criteria for Separator Bays

For an off-line BMP, size the separator bay (the second bay) for the water quality
design flow rate (15-minute time step) multiplied by the correction factor ratio
indicated in Figure 8.17b. (See Section 8.4 for a definition of the water quality
design flow rate.)

For an on-line BMP, size the separator bay (the second bay) for the water quality
design flow rate (15-minute time step) multiplied by the correction factor ratio
indicated in Figure 8.17a.

To collect floatables and settleable solids, design the surface area of the forebay at
>20 ft*> per 10,000 ft* of area draining to the separator. The length of the forebay
should be one-third to one-half of the length of all three bays combined. Include
roughing screens for the forebay or upstream of the oil-water separator to remove
debris, if needed. Screen openings should be about 3/4 inch.

Include a submerged inlet pipe with a turned-down elbow in the forebay at least
2 feet from the bottom. The outlet pipe should be a Tee, sized to pass the water
quality design flow rate and placed at least 12 inches below the water surface.

Include a shutoff valve at the outlet pipe.

Use absorbents and/or skimmers in the afterbay (the third bay) as needed.

Design Criteria for Baffles

Oil retaining baffles (top baffles) must be located at least at one-quarter of the
total separator length from the outlet and must extend down at least 50 percent of
the water depth and at least 1 foot from the oil-water separator bottom.

Baffle height to water depth ratios shall be 0.85 for top baffles and 0.15 for
bottom baffles.
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8.10.6 Oil-Water Separator BMPs

Two BMPs are described in this section: API baffle type separators, and coalescing plate
separators.

API (Baffle type) Separator Bay (Ecology BMP T11.10)

API separators are designed for use on large sites greater than 2 acres. The 2019 Ecology
Manual presents a design modification for using API separators in drainage areas smaller
than 2 acres (e.g., fueling stations, commercial parking lots, etc.). However, Ecology also
requires each developer to perform detailed performance verification during at least one
wet season when using their modified design. Given this requirement, the City has
elected not to allow the use of API separators on sites smaller than 2 acres. The following
approach only applies to contributing drainage areas larger than 2 acres:

API Design Criteria

The API design criteria is based on the horizontal velocity of the bulk fluid (Vn), the oil
rise rate (Vt), the residence time (tm), width, depth, and length considerations.

The following is the API sizing procedure:

e Determine the oil rise rate, Vi, in centimeters per second, using Stokes’ Law
(Water Pollution Control Federation 1985), empirical determination, or
0.033 ft/min for 60p oil.

e Stokes Law equation for rise rate, Vi(cm/sec):

Vi= g(Gw-Go)D2 /1 81’]w

Where:
g = gravitational constant (981 centimeters per second squared)
D = diameter of the oil particle (centimeters)
ow = water density at the design temperature (grams per cubic centimeter)
oo = 0il density at the design temperature (grams per cubic centimeter)
Nw = dynamic viscosity of water (gm/cm-sec)

Use

D = 60 microns (0.006 centimeters)
ow = 0.999 grams per cubic centimeter (gm/cc) at 32°F
Go: Select conservatively high oil density,

For example, if diesel oil @ oo = 0.85 gm/cc and motor oil @ oo = 0.90 gm/cc can be
present then use oo = 0.90 gm/cc

Nw = 0.017921 poise (gm/cm-sec) at water temperature of 32°F
(see API publication 421, February 1990)
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For Stormwater Inflow from Drainages More Than 2 Acres

e Determine Vi based on above criteria

e Determine Q

Q =the 15-minute water quality design flow rate in ft*/min multiplied by
the ratio indicated in Figure 8.17a (for on-line BMPs) or Figure 8.17b (for
off-line BMPs) for the site location (k). Note that the continuous runoff
models likely report the water quality design flow rate in ft*/sec. Multiply
this flow rate by 60 to obtain the flow rate in ft*/min.

e (Calculate horizontal velocity of the bulk fluid, Vi (in ft/min), and depth (d), ft.
V=15Vt
d = (Q/2Vn)'/?, with

Separator water depth, 3 < d < 8 feet (to minimize turbulence). If the
calculated depth is less than 3 feet, an API separator is not appropriate for
the site. If the calculated depth exceeds 8 feet, consider using two
separators (American Petroleum Institute 1990; U.S. Army Corps of
Engineers 1994).

e C(Calculate the minimum residence time (tm), in minutes, of the separator at
depth d:

tm = d/Vi

e (alculate the minimum length of the separator section, I(s), using:
F=1.65
Depth/width (d/w) of 0.5 (American Petroleum Institute 1990),
1(s) = FQtm/wd = F(Vn/Vi)d

For other dimensions, including the length of the forebay, the length of the
afterbay, and the overall length, L; refer to Figure 8.26.

e C(Calculate V =1(s)wd = FQtm, and An = wl(s)

V = minimum hydraulic design volume, in cubic feet.

An=minimum horizontal area of the separator, in square feet.
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Maintenance

Without intense maintenance, oil-water separators may not be sufficiently effective in
achieving oil and TPH removal down to required levels. See Core Requirement #9 in
Chapter 2; Chapter 3, Section 3.3.3; and Chapter 10 for information on maintenance
requirements.

Coalescing Plate Separator Bay (Ecology BMP T11.11)
Coalescing Plate Design Criteria

Calculate the projected (horizontal) surface area of plates needed using the following
equation:

An=Q/Vi=Q/[0.00386* ((Sw- So)/(uw))]
Where:

Q = design flow rate (ft*/min)
Vi = Rise rate of the oil droplet

An = horizontal surface area of the plates (ft*; 0.00386 is unit conversion
constant)

Sw = specific gravity of water at the design temperature
So = specific gravity of oil at the design temperature

uw = absolute viscosity of the water (poise).

The above equation is based on an oil droplet diameter of 60 microns.

e Plate spacing should be a minimum of three-fourths of an inch (perpendicular
distance between plates) or as determined by the manufacturer. (ASCE and WEF
1998; U.S. Army Corps of Engineers 1994; Jaisinghani and Springer 1979).

e Select a plate angle between 45 to 60 degrees from the horizontal.

e Locate plate pack at least 6 inches from the bottom of the separator for sediment
storage.

e Add 12 inches minimum head space from the top of the plate pack and the bottom
of the vault cover.

e Design inlet flow distribution and baffles in the separator bay to minimize
turbulence, short-circuiting, and channeling of the inflow especially through and
around the plate packs of the coalescing plate separator. The Reynolds Number
through the separator bay should be less than 500 (laminar flow).
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8.11

e Include forebay for floatables and afterbay for collection of effluent (ASCE and
WEF 1998).

e The sediment-retaining baffle must be upstream of the plate pack at a minimum
height of 18 inches.

e Design plates for ease of removal, and cleaning with high-pressure rinse or
equivalent.

Maintenance

Without intense maintenance, oil-water separators may not be sufficiently effective in
achieving oil and TPH removal down to required levels. See Core Requirement #9 in
Chapter 2; Chapter 3, Section 3.3.3; and Chapter 10 for information on maintenance
requirements.

Manufactured Treatment Devices

8.11.1 Background

This section addresses manufactured treatment devices that have not been evaluated in
sufficient detail to be acceptable for general usage in new development or redevelopment
situations.

The City Stormwater Design Manual (SDM) is based on the 2019 Ecology Manual.
BMPs listed in the 2019 Ecology Manual are presumed to provide adequate runoff
treatment (see Chapter 1, Section 1.7.4), but in many situations traditional BMPs such as
wet ponds and biofiltration swales may not be appropriate or optimal (due to size and
space restraints, or inability to remove target pollutants). Because of this, the stormwater
treatment industry emerged to develop new stormwater treatment devices.

Manufactured treatment devices are emerging technologies that are new to the
stormwater treatment marketplace. These devices include both permanent and
construction site treatment technologies.

8.11.2 Evaluation of Manufactured Treatment Devices

Ecology has established the TAPE program to evaluate the capabilities of manufactured
treatment devices. Manufactured treatment devices that have been evaluated by TAPE are
approved at some level of use designation under specified conditions. Their use is
restricted in accordance with their evaluation as explained in Volume V, Section 10.3 of
the 2019 Ecology Manual. The recommendations for use of individual manufactured
treatment devices may change as we collect more data on their performance. Updated
recommendations on their use are posted to Ecology's TAPE web page:
<https://ecology.wa.gov/Regulations-Permits/Guidance-technical-assistance/Stormwater-
permittee-guidance-resources/Emerging-stormwater-treatment-technologies>.
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8.11.3

Applicability and Restrictions

The City has chosen to allow application of new technologies to be used to meet the
requirements of this manual when they reach General Use Level Designation (GULD).
The Director of Public Works has the authority to add additional requirements or
conditions to these technologies, beyond those required by Ecology. Note that the City
will not accept ownership of GULD BMPs without prior approval.

Additional general guidelines regarding the applicability and restrictions of manufactured
treatment devices are as follows:

In most retrofit situations where the requirements of this manual are not triggered,
manufactured treatment devices may be used, with prior approval by the City. The
assumption is that a manufactured treatment device is better than nothing.

The City may, in some circumstances, allow use of technologies receiving
Conditional Use Level Designation (CULD). Any application of CULD
technologies will be required to sign a maintenance agreement with the City,
stating that they will be responsible for maintaining these structures at all times, in
accordance with the manufacturer’s requirements or as outlined for the specific
CULD BMP by the City. This includes single-family residential applications. In
addition, all property owners using these technologies will be responsible for
upgrade/replacement of their systems in perpetuity. This includes upgrading or
replacing these systems when problems arise, standards change, or the technology
is ultimately rejected by the Board of External Reviewers (BER) or the City.

The City may allow pilot level applications of new technologies in order for
manufacturers to obtain data to help fulfill the requirements of the TAPE approval
process. These projects must be approved in advance by the Director of Public
Works, have an approved monitoring plan from the BER or Ecology, and provide
a financial bond to provide cleanup and replacement in the event of failure.
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Appendix 8A — Geotextile Specifications

Table 8A.1. Geotextile Property Requirements for Underground Drainage.?

Low Survivability

Moderate Survivability

Geotextile Property Test Method Woven/Nonwoven Woven/Nonwoven
Grab Tensile Strength, in ASTM D4632 180 Ibs/115 Ibs min. 250 Ibs/160 Ibs min.
machine and x-machine
direction
Grab Failure Strain, in ASTM D4632 < 50%/ >=50% < 50%/ >=50%
machine and x-machine
direction
Seam Breaking Strength (if ASTM D4632 160 Ibs/100 Ibs min. 220 Ibs/140 Ibs min.
seams are present) with
seam located in the center
of 8-inch long specimen
oriented parallel to grip
faces
Puncture Resistance ASTM D6241 370 Ibs/220 Ibs min. 495 Ibs/310 Ibs min.
Tear Strength, in machine ASTM D4533 67 Ibs/40 Ibs min. 80 Ibs/50 Ibs min.
and x-machine direction
Ultraviolet (UV) ASTM D4355 50% strength retained min., 50% strength retained
Radiation stability after 500 hrs. in a xenon arc min., after 500 hrs. in a

xenon arc device

[

values shown in the table).

All geotextile properties are minimum average roll values (i.e., the test result for any sampled roll in a lot shall meet or exceed the

Table 8A.2. Geotextile Property Requirements for Underground Drainage Filtration.?

Geotextile Property Test Method Class A Class B Class C
AOSP ASTM D4751 No. 40 max. No. 60 max. No. 80 max.
Water Permittivity ASTM D4491 0.5 sec *' min. 0.4 sec *' min. 0.3 sec *' min.

@ All geotextile properties are minimum average roll values (i.e., the test result for any sampled roll in a lot shall meet or exceed the

values shown in the table).

b A0S = Apparent Opening Size (measure of diameter of the pores in the geotextile).
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Table 8A.3. Geotextile Strength Property Requirements for
Impermeable Liner Protection.

Geotextile Property

Test Method

Geotextile Property
Requirements?

Grab Tensile Strength, ASTM D4632 250 Ibs min.

min. in machine and x-machine direction

Grab Failure Strain, ASTM D4632 > 50%

in machine and x-machine direction

Seam Breaking Strength ASTM D4632 and ASTM D4884 220 Ibs min.

(if seams are present) (adapted for grab test)

Puncture Resistance ASTM D4833 125 Ibs min.

Tear Strength, ASTM D4533 90 Ibs min.

min. in machine and x-machine direction

Ultraviolet (UV) Radiation ASTM D4355 50% strength stability retained

min., after 500 hrs. in xenon arc
device

@ All geotextile properties are minimum average roll values (i.e., the test result for any sampled roll in a lot shall meet or exceed the

values shown in the table).

Applications

1. For sand filter drain strip between the sand and the drain rock or gravel layers,
specify Geotextile Properties for Underground Drainage, moderate survivability,
Class A, from Tables A.1 and A.2 in the Geotextile Specifications.

2. For sand filter matting located immediately above the impermeable liner and
below the drains, the function of the geotextile is to protect the impermeable liner
by acting as a cushion. The specification provided in Table A.3 should be used to
specify survivability properties for the liner protection application. Table A.2,
Class C should be used for filtration properties. Only nonwoven geotextiles are
appropriate for the liner protection application.

3. For an infiltration drain, specify Geotextile for Underground Drainage, low
survivability, Class C, from Tables A.1 and A.2 in the Geotextile Specifications.

4. For a sand bed cover, a geotextile fabric is placed exposed on top of the sand
layer to trap debris brought in by the stormwater and to protect the sand,
facilitating easy cleaning of the surface of the sand layer. However, a geotextile is
not the best product for this application. A polyethylene or polypropylene geonet
would be better. The geonet material should have high UV resistance (90 percent
or more strength retained after 500 hours in the weatherometer, ASTM D4355),
and high permittivity (ASTM D4491, 0.8 sec. -1 or more) and percent open area
(CWO0-22125, 10 percent or more). Tensile strength should be on the order of
200 1bs grab (ASTM D4632) or more.

From Allen (1999).

Reference for Tables A.1 and A.2: Section 9-33.2, Geotextile Properties, WSDOT
Standard Specifications for Road, Bridge, and Municipal Construction.
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Appendix 8B — Wellhead Protection and Critical
Aquifer Recharge Area Maps
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