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KING COUNTY, WASHINGTON, SURFACE WATER DESIGN MANUAL

CHAPTER 6
WATER QUALITY DESIGN

This chapter presents the King County approved methods, criteria, and details for analysis and design of
water quality facilities pursuant to Core Requirement #8, discussed in Section 1.2.8, and Special
Requirement #5, discussed in Section 1.3.5.

Chapter Organization

The information in this chapter is organized into the following seven main sections.

Section 6.1, "Water Quality Menus" (p. 6-3), details the area-specific water quality menus referred
to in Core Requirement #8 of Chapter 1, and the High-Use Menu referred to in Special Requirement
#5, also in Chapter 1.

Section 6.2, "General Requirements for WQ Facilities” (p. 6-17), presents general design
requirements and details pertinent to all water quality facilities.

Section 6.3, "Vegetated Flowpath Facility Designs” (p. 6-41), presents the details for analysis and
design of bioswales and filter strips.

Section 6.4, "Wetpool Facility Designs" (p. 6-71), presents the details for analysis and design of
wetponds, wetvaults, stormwater wetlands, and combinations of these facilities with detention
facilities.

Section 6.5, "Filtration Facility Designs™ (p. 6-105), presents the details for analysis and design of
sand filters.

Section 6.6, "Oil Control Facility Designs” (p. 6-133), presents the details for analysis and design of
catch basin inserts and coalescing-plate oil/water separators.

Section 6.7, "Proprietary Facility Designs” (p. 6-153), discusses general considerations for
proprietary manufactured facilities, including summary notes regarding County requirements for
approval for use of these systems. This section points to Reference 14-A, which is reserved for
applicability and design considerations for those proprietary facilities which have been granted
blanket adjustments after meeting the County’s criteria. Reference 14-B is reserved for public domain
facilities approved between SWDM publication cycles.

Required vs. Recommended Design Criteria

Both required and recommended design criteria are presented in this chapter. Criteria stated using "shall”
or "must" are mandatory, to be used unless there is a good reason to deviate as allowed under the
adjustment process in Section 1.4. These criteria are required design criteria and generally affect facility
performance or critical maintenance factors.
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CHAPTER 6

WATER QUALITY DESIGN

Sometimes options are stated as part of the required design criteria using the language "should"” or *"may."
These latter criteria are really recommended design criteria, but are so closely related to the required
criteria that they are placed with it. In some cases recommended design features are presented under a
separate heading in the "Design Criteria" sections.

Design Criteria Applicable To All Facilities
All facilities must be designed and constructed to allow inspection and maintenance.

Use of Chapter 6 Figures: The figures provided in Chapter 6 each illustrate one example of how the WQ
facility design criteria may be applied. Although the figures are meant to illustrate many of the most
important design criteria, they may not show all criteria that apply. Narrative text and dimensions in the
main body of text in the Manual and differing from drawings take precedence over any text and
dimensions in the drawings. Where the main body of text in the manual is silent regarding any aspect of
design that is given in a drawing, those elements in the drawing become de facto design standards unless
superseded by updates, errata-fixes, or clarifications posted at King County's Surface Water Design
Manual web site™.

Water Quality Facility Sizing Worksheets

To make the water quality facility sizing methods more standardized for plan review purposes, sizing
worksheets are included in Reference Section 8-C for the major water quality facilities. These worksheets
are based on the step by step sizing methods given for the water quality facilities in this Chapter. Most
design criteria that are not required for facility sizing are omitted from the worksheets. It is the designer's
responsibility to make sure that all the required design criteria for each water quality facility are provided
on submitted plans. Facility sizing credits for water quality facilities may be used as allowed and specified
in Chapter 1, Section 1.2.9.3 “Requirements for Use of BMP Credits”.

Please note that the worksheets are dated in the footer of each page. It is the designer's responsibility to
ensure that any Manual updates affecting the sizing procedure or design criteria after that date are
incorporated into the worksheet. Updates, errata, and clarifications are posted at King County's Surface
Water Design Manual web site.

If there are instances in which the worksheet differs from the Design criteria in the text of this Chapter, the
criteria as given in this Chapter, and as modified by subsequent updates, shall be considered the governing
criteria.

1 http://www.kingcounty.gov/environment/water-and-land/stormwater/documents/surface-water-design-manual/2009-errata.aspx
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KING COUNTY, WASHINGTON, SURFACE WATER DESIGN MANUAL

6.1 WATER QUALITY MENUS

This section identifies facility choices and, in some cases, non-structural options that comprise the water
quality (WQ) menus referred to in Chapter 1. The menus covered in this section are as follows:

"Basic Water Quality Menu," Section 6.1.1 (p. 6-4)
"Enhanced Basic Water Quality Menu," Section 6.1.2 (p. 6-7)
"Sensitive Lake Protection Menu," Section 6.1.3 (p. 6-9)
"Sphagnum Bog Protection Menu," Section 6.1.4 (p. 6-13)
"High-Use Menu," Section 6.1.5 (p. 6-15).

Guide to Applying Water Quality Menus
1.

Determine the WQ treatment area in which your project is located by consulting the Water Quality
(WQ) Applications map adopted with this manual and found online at
http://www.kingcounty.gov/environment/water-and-land/stormwater/documents/surface-water-design-
manual.aspx or viewed via King County’s iMap Interactive Mapping Tool at
http://www.kingcounty.gov/operations/G1S/Maps/iMAP.aspx . The map also lists some of the
inventoried sphagnum bog wetlands using the numbering convention of the King County wetlands
inventory.

Read Core Requirement #8 to determine if any exemptions apply to your project.

If the map indicates your project is within a Sensitive Lake WQ Treatment Area or a Sphagnum Bog
WQ Treatment Area and no exemptions apply, determine if the project site will actually drain to the
sensitive lake or bog. For instance, projects near drainage boundaries, especially in areas with
underground storm drains, may drain in a direction different from the surface topography. If the project
site does not drain to the sensitive lake or bog, it is located within the Basic WQ Treatment Area.

Check the detailed threshold and exceptions information in Section 1.2.8.1 to determine which WQ
menu applies to all or part of your project. On some sites, more than one menu may apply depending on
proposed land cover, soil characteristics, and how runoff from developed surfaces will be collected.

Find the WQ menu in this section that applies to your project. Each menu presents two or more water
quality treatment options; select one. Since all options are sized to provide equivalent removal of the
target pollutant, the choice will depend only on the constraints and opportunities of your site. (If
detention requirements apply, it will usually be most economical to use the combined WQ/detention
pond option). Detailed facility designs for the option selected are given in Sections 6.3 (p. 6-41), 6.4 (p.
6-71), and 6.5 (p. 6-105). Information about non-structural options is included in the menu itself.

Read the implementation requirements in Chapter 1 (Section 1.2.8.2) that address pollution-generating
pervious surfaces. For some WQ menus, and in some situations, the facility requirements for these
surfaces are eased.

Determine if your project fits the definition of a high-use site (see Special Requirement #5 in

Chapter 1). If it does, or if you elect to provide enhanced oil pollution control, choose one of the options
presented in the High-Use menu, Section 6.1.5. Detailed designs for oil control facilities are given in
Section 6.6 (p. 6-133).

General water quality facility requirements (see Section 6.2, p. 6-17) apply to all menus and may affect
the placement of facilities on your site.

2016 Surface Water Design Manual 4/24/2016
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SECTION 6.1 WATER QUALITY MENUS

6.1.1 BASIC WATER QUALITY MENU

Where applied: The Basic Water Quality menu is generally applied to areas outside the drainage basin of
sensitive lakes, sphagnum bog wetlands, and for land uses not requiring Enhanced Basic treatment. For
precise details on the application of this and other water quality menus, refer to Section 1.2.8, "Core
Requirement #8: Water Quality Facilities".

Treatment goal: The Basic Water Quality menu facility choices are designed to remove 80 percent of
total suspended solids? (TSS) for flows or volumes up to and including the WQ design flow or volume
(defined in Section 6.2.1, p. 6-17). Flows and volumes in excess of the WQ design flow or volume may be
routed around the WQ facility or may be passed through untreated.

Basis:
"The use of TSS as an "indicator" pollutant for sediment is well established".®

“The control of TSS leads to indirect control of other pollutants of concern that can adhere to suspended
solids in stormwater runoff."®

"80% TSS removal level is reasonably attainable using properly designed, constructed and maintained
structural stormwater BMPs (for typical ranges of TSS concentration found in stormwater runoff)".®

For higher removal rates, there are diminishing returns, and relatively less treatment is gained for
incremental increases in facility size.

WA Ecology's TAPE* guidance finds 80% removal to be achievable by and a suitable criterion for
proprietary 'emerging' technologies.

BASIC WQ OPTION 1—BIOSWALE

A bioswale is a long, gently sloped, vegetated ditch designed to settle out pollutants from stormwater.
Grass is the most common vegetation used. Design details are given in Section 6.3.1 (p. 6-41). The wet
bioswale (see Section 6.3.2, p. 6-57) is a variation of the basic bioswale for use where soils drain poorly,
the longitudinal slope is slight (1.5 percent or less), water tables are high, or continuous base flow is likely
to result in saturated soil conditions. Under such conditions, healthy grass growth is not possible and
wetland plants are used instead. The lateral inflow bioswale (see Section 6.3.3, p. 6-60) may be used in
situations such as roadways and parking lots where water enters the swale along the side rather than at one
discrete inflow point at the head of the swale. Table 6.1.1.A summarizes when the bioswale and its
variations are to be applied.

The influent concentration range for demonstrated pollutant removal is 100 to 200 mg/L. For influent concentrations lower than
100mg/l the effluent goal is equal to or less than 20 mg/l. For influent concentrations greater than 200 mg/l, the goal is greater
than 80% TSS removal.

Source: Knox County Tennessee Stormwater Management Manual, Volume 2, Technical Guidance. Date unknown.
Accessed 2014/02/14.

Ecology, WA. 2011. Technical Guidance Manual for Evaluating Emerging Stormwater Treatment Technologies: Technology
Assessment Protocol — Ecology (TAPE). In Publication No. 11-10-061, 1-73. Lacey, WA: Washington State Department of
Ecology. https://fortress.wa.gov/ecy/publications/summarypages/1110061.html ;
https://fortress.wa.gov/ecy/publications/publications/1110061.pdf
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6.1.1 BASIC WATER QUALITY MENU

Q0 BASIC WQ OPTION 2—FILTER STRIP

A filter strip is a gently sloped grassed area which treats stormwater runoff from adjacent paved areas
before it concentrates into discrete channels; see Section 6.3.4 (p. 6-61) for design details. TSS removal is
achieved by particle settling. The narrow area filter strip may be used along a roadway or parking lot in
limited space situations as specified in Section 6.3.5 (p. 6-69).

0 BASIC WQ OPTION 3— WETPOND

Wetponds are stormwater ponds that maintain a pool of water for most of the year. Stormwater entering
the pond is treated during the relatively long residence time within the pond. Wetpond volume described
in Section 6.2.1 for the Basic treatment menu is determined directly by the approved continuous runoff
model. Alternatively, the manual sizing method provided for use in this manual calculates the wetpond
volume based on a method developed by the Natural Resources Conservation Service (NRCS, formerly
the Soil Conservation Service (SCS)). See Section 6.4.1 (p. 6-71) for design details.

Q BASIC WQ OPTION 4 —WETVAULT

An underground vault may be used to comply with the Basic Water Quality menu. The treatment volume
is the same as for the basic wetpond; see Section 6.4.2 (p. 6-86) for design details.

Q0 BASIC WQ OPTION 5— STORMWATER WETLAND

A stormwater wetland uses biological processes of plant uptake and bacterial degradation as well as
physical and chemical processes, e.g. stilling, and gravity settling to remove pollutants. The footprint of
the stormwater wetland is sized based on the wetpond sizing, but the depth of water in the second cell is
reduced to encourage plant growth; see Section 6.4.3 (p. 6-92) for design details.

Q0 BASIC WQ OPTION 6— COMBINED DETENTION AND WETPOOL FACILITIES

This option allows the wetpond, wetvault, or stormwater wetland to be placed under the detention facility
live storage. Where site conditions permit its use, this option occupies less space than separate siting of
detention and water quality facilities. The basic wetpond portion of the combined facility is sized using
the same method as the wetpond in Option 3; see Section 6.4.4 (p. 6-98) for design details.

0 BASIC WQ OPTION 7— SAND FILTER

A sand filter is a land depression, pond, or vault, with a bed of sand near the bottom. Stormwater is
treated as it percolates downward through the sand layer. Removal efficiency for sand filters is much less
sensitive to particle density distribution as compared to that of particle settling facilities (e.g. ponds, vaults,
bioswales), which include an assumption that the particle density is close to that of silica sand.

Sand filters may be built as open ponds, underground vaults or linear perimeter trenches; see Section 6.5.2
(p. 6-106) for basic and large sand filters, Section 6.5.3 (p. 6-123) for sand filter vaults, and Section 6.5.4
(p. 6-128) for linear sand filters. A sand layer may also be installed above an infiltration pond or vault to
treat stormwater before it infiltrates. Note: Presettling is required prior to sand filtration as described in
Section 6.5.1.

Q BASIC WQ OPTION 8 — PROPRIETARY MEDIA AND MEMBRANE FILTERS

Most proprietary filters for basic treatment are cartridge filters, although there are some media filter
designs that do not involve cartridges. A cartridge filter system is a flow-through stormwater filtration
system comprised of a manhole or vault that houses one or more media-filled or porous membrane
cartridges through which stormwater is filtered. Note: a presettling cell or facility is required for both
cartridge filters and for non-cartridge media filters.

2016 Surface Water Design Manual 4/24/2016
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SECTION 6.1 WATER QUALITY MENUS

Currently, StormFilter™ systems with ZPG™ (zeolite/perlite/granular activated carbon) is the only
proprietary facility approved by King County DNRP for meeting the Basic water quality treatment
requirements. Additional proprietary facilities approved subsequent to publication of the SWDM will be
found in Reference 14-A. Section 1.4 of Chapter 1 and Reference 8 provide relevant information on the
process necessary to obtain approvals of other proprietary media and membrane filters.

TABLE 6.1.1.A SELECTION OF BIOSWALE TYPE APPROPRIATE FOR SITE

Site Circumstances

Bioswale Type

Flow enters at head of swale
¢ Longitudinal slope 1.5% or less OR

e Located downstream of a Level 2 or 3 detention
facility

Wet bioswale (Section 6.3.2, p. 6-57)

Flow enters at head of swale
¢ Longitudinal slope between 1 and 2%
¢ Soil saturation or base flows likely in wet season

EITHER wet bioswale (Section 6.3.2),
OR basic bioswale (Section 6.3.1, p. 6-
41), depending on site; may require
underdrain or low-flow drain.

Flow enters at head of swale
¢ Longitudinal slope between 2% and 5%
¢ Base flows may or may not be likely in wet season

e Not downstream of Level 2 or 3 detention.

Basic bioswale (Section 6.3.1, p. 6-41);
may require low-flow drain, depending
on site

Along a roadway or parking lot with:
¢ Sheet inflow into the bioswale, OR
¢ Numerous discrete inflows with no single inflow

contributing more than about 10% of total swale flow.

Lateral inflow bioswale (Section 6.3.3,
p. 6-60)

4/24/2016
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6.1.2 ENHANCED BASIC WATER QUALITY MENU

6.1.2 ENHANCED BASIC WATER QUALITY MENU

Where applied: The Enhanced Basic Water Quality menu® is applied where an enhanced level of
treatment is required for those development sites with land uses that generate the highest concentrations
of metals in stormwater runoff and drain by surface flows to a fish-bearing stream. Metals including but
not limited to copper and zinc are toxic to fish and other aquatic biota®. For precise details on the
application of this and other water quality menus, refer to Section 1.2.8, "Core Requirement #8: Water
Quality Facilities."

Note: The Enhanced Basic menu is a stand-alone menu. It integrates the Basic menu level of protection
(TSS removal) and the additional measures needed to achieve a higher level of metals removal. When this
menu is required in Basic WQ Treatment Areas per Section 1.2.8.1.A of Core Requirement #8, it is
intended to replace the Basic WQ menu on development sites or portions of development sites that
generate the highest concentrations of metals in stormwater runoff. When this menu is required in
Sensitive Lake WQ Treatment Areas per Section 1.2.8.1.B, it is intended to be combined with the Sensitive
Lake Protection Menu such that a facility design option common to both menus must be used.

Treatment goal: The Enhanced Basic WQ menu is designed to achieve > 30% dissolved copper removal
and > 60% dissolved zinc removal; in addition to Basic treatment (80% TSS removal) for flows up to and
including the WQ design flow or volume (defined in Section 6.2.1, p. 6-17). The goal assumes that
dissolved copper concentrations for untreated runoff are between 5 and 20 micrograms per liter (u/L), and
that dissolved zinc concentrations for untreated runoff are between 20 and 300 micrograms per liter
(ug/L).”

Basis: The treatment goal is expressed in terms of dissolved copper and zinc removal. Copper and zinc
are reliable indicators of a wider range of heavy metals and are typically found in stormwater runoff from
industrial, commercial, and high density residential land uses at levels that are toxic to fish and other
aquatic biota. Many metals are readily adsorbed onto particulates in the runoff, usually the finer fraction
of the particulates. Facility combinations that remove more of the particulate load than the Basic menu,
including the finer fraction, are specified by the Enhanced Basic menu. Facilities providing organic
binding sites that enhance metal adsorption are also specified. The treatment goals have been found by
WA Ecology to be achievable.

Q0 ENHANCED BASIC OPTION 1—LARGE SAND FILTER

This option includes use of a large sand filter, large sand filter vault, or large linear sand filter. Sizing
specifications for these facilities can be found in Sections 6.5.2 (p. 6-106), 6.5.3 (p. 6-123), and 6.5.4 (p.
6-128), respectively. Note: Presettling is required prior to sand filtration as described in Section 6.5.1.

0 ENHANCED BASIC OPTION 2— STORMWATER WETLAND

Provision of a stormwater wetland (see Section 6.4.3, p. 6-92) or combined detention and stormwater
wetland (see Section 6.4.4, p. 6-98) satisfies the Basic (TSS) and Enhanced Basic (dissolved copper and
zinc) removal goals without additional facilities.

5 The Enhanced Basic WQ menu targets different pollutants than the lake or bog protection menus. It does not necessarily
provide a higher level of treatment except for the target pollutant, metal contaminants.

6 Other metals, e.g. lead, are toxic to humans and may build up in sediments.

7 This goal assumes total zinc concentrations for untreated runoff are between 0.10 and 0.25 milligrams per liter (mg/L).

2016 Surface Water Design Manual 4/24/2016



SECTION 6.1 WATER QUALITY MENUS

0 ENHANCED BASIC OPTION 3— TWO-FACILITY TREATMENT TRAIN

This option uses one of the basic water quality treatment options listed in Table 6.1.2.A (p. 6-8) followed
by a basic sand filter (see Section 6.5.2, p. 6-106), sand filter vault (see Section 6.5.3, p. 6-123), or a linear
sand filter (see Section 6.5.4, p. 6-128). Note: At time of publication of this version of the SWDM, no
proprietary media or membrane filters are approved by King County as the second element in a treatment
train for enhanced basic treatment. Any such future approvals will appear in SWDM Reference 14-A.
Proprietary facilities that are listed in gray text in Table 6.1.2.A are only allowed if they are cited in
Reference 14-A as approved for this use, or where a given proprietary facility has been approved for a
specific project via an experimental design adjustment.

TABLE 6.1.2.A
PAIRED FACILITIES FOR ENHANCED BASIC TREATMENT TRAIN, OPTION 3
First Basic WQ Facility: Second WQ Facility:

Bioswale (Sections 6.3.1, 6.3.2, and 6.3.3) Basic sand filter or sand filter vault (Section 6.5.2

or 6.5.3)
8

Filter strip (Sections 6.3.4 and 6.3.5) Linear sand filter (Section 6.5.4) with no
presettling cell needed

Linear sand filter (Section 6.5.4) Filter strip (Sections 6.3.4 and 6.3.5)

Basic wetpond (Section 6.4.1) Basic sand filter or sand filter vault (Section 6.5.2
or 6.5.3) or I

Wetvault (Section 6.4.2) Basic sand filter or sand filter vault (Section 6.5.2
or 6.5.3) or !

Basic combined detention and wetpool facility Basic sand filter or sand filter vault (Section 6.5.2

(Section 6.4.4) or 6.5.3) or

8

Basic sand filter or sand filter vault

(Sections 6.5.2 or 6.5.3). A presettling cell is
required if the sand filter is not preceded by a
detention facility.

8 Basic sand filter or sand filter vault (Section 6.5.2
or 6.5.3) or

8 The filter must be a type approved for specific treatment use by both Ecology and King County. See Reference 14-A for
approved proprietary filters. At time of publication of this manual, the only approved proprietary filter for stand-alone Basic
treatment or as the first facility in a 2-facility treatment train is the StormFilter® with ZPG™ media.

4/24/2016 2016 Surface Water Design Manual
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6.1.3 SENSITIVE LAKE PROTECTION MENU

6.1.3 SENSITIVE LAKE PROTECTION MENU

Where applied: The Sensitive Lake Protection menu is applied to the watersheds of lakes that have been
determined to be particularly sensitive to phosphorus and that are being managed to reduce water quality
impacts. This menu applies to stormwater conveyed to the lake by surface flow as well as to stormwater
infiltrated within one-quarter mile of the lake in soils with high infiltration rates (i.e., measured rate
exceeding 9 inches per hour). If stormwater is infiltrated further than one-quarter mile from the lake, then
the Basic WQ menu is applied unless the project is exempt from Core Requirement #8 per Section 1.2.8.
For precise details on the application of this and other area-specific water quality menus, refer to Section
1.2.8, "Core Requirement #8: Water Quality."

Note: The Sensitive Lake Protection menu is a stand-alone menu. It integrates the Basic WQ menu level
of protection (TSS removal) and the additional protection needed to achieve lake protection goals in the
options described below. When this menu is required as specified in Core Requirement #8 (see Section
1.2.8), it is intended to replace the Basic WQ menu in the watersheds of sensitive lakes.

Treatment goal: The Lake Protection menu is designed to achieve a goal of 50 percent total phosphorus
(TP) removal for the WQ design flow or volume (defined in Section 6.2.1, p. 6-17), assuming typical
forms and concentrations of phosphorus in untreated stormwater runoff.®

Basis: The Lake Protection menu will result in removal of more of the TSS load, including more of the
finer fraction of TSS, than the Basic menu. The additional increment of solids removal will also provide
enough phosphorus removal to meet the TP goal stated above.

QO LAKE PROTECTION OPTION 1—LARGE WETPOND

The 50 percent TP removal goal can be satisfied by use of a large wetpond or large combined detention
and wetpond sized so that the wetpond volume is 1.5 times the Basic water quality volume as determined
either by the approved continuous runoff model or as calculated using the manual method described in
Section 6.4.1. See Section 6.4.1.1 (p. 6-72) for the large wetpond design, and Section 6.4.4.1 (p. 6-98) for
the large combined pond design. Note: A large wetvault option is not included in this menu since the
biological processes thought to remove phosphorus do not take place in underground vaults.

0 LAKE PROTECTION OPTION 2— LARGE SAND FILTER

This option includes use of a large sand filter, large sand filter vault, or large linear sand filter. Sizing
specifications for these facilities can be found in Sections 6.5.2 (p. 6-106), 6.5.3 (p. 6-123), and 6.5.4 (p.
6-128), respectively. Note: Presettling is required prior to sand filtration as described in Section 6.5.1.

QO LAKE PROTECTION OPTION 3— TWO-FACILITY TREATMENT TRAIN

This option involves use of one of the basic water quality treatment options, listed in Table 6.1.3.A,
followed by either a basic sand filter (Section 6.5.2, p. 6-106) or basic sand filter vault (Section 6.5.3, p. 6-
123). For dispersed flows, a linear sand filter may be used as the second facility. Note: At time of
publication of this version of the SWDM, only one proprietary media filter and no membrane filters are
approved by King County for the first Basic WQ facility. See Reference 14-A.

Typical TP concentrations in untreated Seattle-area runoff are considered to be between 0.10 and 0.50 mg/L. For projects
that are expected to generate higher levels of TP, such as animal husbandry operations, a higher treatment goal may be
appropriate.

2016 Surface Water Design Manual 4/24/2016
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SECTION 6.1 WATER QUALITY MENUS

TABLE 6.1.3.A
PAIRED FACILITIES FOR LAKE PROTECTION TREATMENT TRAIN, OPTION 3
First Basic WQ Facility Second WQ Facility

Bioswale (Sections 6.3.1, 6.3.2, and 6.3.3) Basic sand filter or sand filter vault
(Section 6.5.2 or 6.5.3)

Filter strip (Sections 6.3.4 and 6.3.5) Linear sand filter (no presettling cell needed)
(Section 6.5.4)

Linear sand filter (Section 6.5.4) Filter strip (Sections 6.3.4 and 6.3.5)

Basic wetpond (Section 6.4.1) Basic sand filter or sand filter vault
(Section 6.5.2 or 6.5.3)

Wetvault (Section 6.4.2) Basic sand filter or sand filter vault
(Section 6.5.1 or 6.5.3)

Stormwater wetland (Section 6.4.3) Basic sand filter or sand filter vault
(Section 6.5.2 or 6.5.3)

Basic combined detention and wetpool facility Basic sand filter or sand filter vault

(Section 6.4.4) (Section 6.5.2 or 6.5.3)

10 Basic sand filter or sand filter vault

(Section 6.5.2 or 6.5.3)

Q0 LAKE PROTECTION OPTION 4 —BASIC MENU PLUS PHOSPHORUS CREDIT

This option provides credit to developments that integrate land use and site design measures to prevent or
reduce the levels of phosphorus leaving the site. Credit is also given for the voluntary use of extra levels
of onsite detention, since less in-stream erosion is likely to take place with more highly controlled
stormwater releases. This reduction in in-stream erosion and bank failure translates directly into control of
the phosphorus load delivered to downstream lakes.

The measures for which credit is given are detailed below, along with the point values assigned to each of
the actions. Providing any combination of these measures equaling 10 points or more earns this credit. The
credit excuses the applicant from the requirement to provide a second water quality facility. Thus, even
though the development is located in the watershed of a sensitive lake, the water quality requirements can
be fully met with the provision of a single water quality facility from the Basic Water Quality menu.

Credit-Earning Actions

Several land use actions and source controls are particularly effective in reducing phosphorus. These
actions are not required by this manual or other regulations; they are an alternative to end-of-the-pipe
treatment of stormwater. Credit options for phosphorus-reducing actions are described below.

1. Leaving at least 65 percent of the site undisturbed, including undevelopable land. Full credit, or
10 points, is awarded for leaving 65 percent of a site in undisturbed native vegetation or allowing
native vegetation to re-establish. Critical areas and their buffers may be counted. All areas for
phosphorus credit must be in tracts dedicated to the County or protected by covenant (one example of

10 The filter must be a type approved for specific treatment use by both Ecology and King County. See Reference 14-A for
approved proprietary filters. At time of publication of this manual, the only approved proprietary filter for stand-alone Basic
treatment or as the first facility in a 2-facility treatment train is the StormFilter® with ZPG™ media.
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6.1.3 SENSITIVE LAKE PROTECTION MENU

covenant language to protect vegetated tracts from disturbance is shown in Reference section 8-0). A
descending scale of points applies where lower percentages of the site are left undisturbed. Possible
credit = 1 to 10 points.

2. Providing extra flow control. Credit for providing extra flow control applies only in cases where site
runoff travels via stream or open drainage system to the sensitive lake. Voluntary use of the Level 2
flow control standard when the Level 1 standard would be required = 5 points. Voluntary use of the
Level 3 flow control standard when the Level 1 standard would be required = 8 points. Voluntary use
of the Level 3 flow control standard when the Level 2 standard would be required = 3 points. Possible
credit = 3 to 8 points.

3. Directing runoff from target pollution-generating surfaces to grassy areas with level spreading.
Directing runoff from target pollution-generating areas to grassy areas that are not routinely fertilized
or to areas of native vegetation results in pollutant removals similar to those obtained in swales while
also providing an increased opportunity for infiltration. To use this option, flows must remain
unconcentrated and be spread uniformly over the intended area. (Flow spreader details are given in
Section 6.2.6.)

In general, the vegetated area receiving dispersed flows should be at least 25 percent as large as the
area contributing flow. The receiving area should be increased by one percent for each percent
increase in slope over four percent. The area should be configured so that the length of the flow path
is no longer than the width over which flows are dispersed.

Example:

Assume a parking lot is 100" x 600', or 60,000 sf. Flows will be dispersed through an adjacent area
of native vegetation with a slope of 8 percent.

The area of vegetation must be at least 17,400 sf (i.e. 25% + 4% (for the 8% slope) x 60,000 sf).
Assuming runoff is dispersed continuously along the wider edge of the parking lot, the flow path
would need to be at least 29 feet (17,400' + 600"). If the water were dispersed along the shorter
edge, flow path would be 174 feet (17,400' + 100"). However, this flow path would be longer than
the width over which flows were dispersed (100", and would not be a satisfactory option. The
parking lot could be graded, however, so that flows would be dispersed at both of the 100 foot
ends, making each flow path 87 feet, which would be acceptable.

Credit is proportional to the total volume of runoff diverted; one point is earned for every 25 percent
of total volume so directed. Possible credit =1 to 4 points.

4. Providing covered vehicle washing areas connected to the sanitary sewer system. This credit
applies to commercial, industrial, and multifamily sites excluding commercial car washes or other
operations where this action is already required by other regulations. Frequent car-washing can
contribute significant amounts of phosphorus to stormwater. Note that sewer districts may have
pretreatment requirements before allowing connection to the sanitary sewer. Possible credit =3
points.

Table 6.1.3.B (p. 6-12) details the credit options and associated point totals.

Credit may be applied to the whole site or to a natural discharge area within the site. It may be
advantageous for a developer to concentrate only on a natural discharge area if the point total for that
particular area could equal 10. For example, assume a particular natural discharge area is one half the
total site area. If 65 percent of the land area in the natural discharge area will remain undisturbed, that
natural discharge area is eligible for 10 points (see Table 6.1.3.B). The stormwater from that natural
discharge area could be treated with a single water quality facility from the Basic WQ menu; the second
facility could be waived. The rest of the site would still have the two-facility requirement.

2016 Surface Water Design Manual 4/24/2016
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SECTION 6.1 WATER QUALITY MENUS

Alternatively, if the entire site were considered, the undisturbed area decreases to 35 percent, eligible for
only 3 points. In this case, the developer would need to implement other controls worth 7 points in order
to waive the second water quality facility for the entire site.

If the credit option is used, it shall be applied for during initial drainage review by the King County
Department of Permitting and Environmental Services (DPER). The application shall include a written
request for credit based on either the site plan or the grading plan for the project, and the threshold
discharge areas shall be delineated on the plans. The request shall outline where the credit would be
applied and how the point totals are to be achieved. DPER staff would then evaluate the request and may
waive the second water quality treatment requirement for the site or threshold discharge area based on
point totals outlined in Table 6.1.3.B (below). Credit is not given unless requested.

TABLE 6.1.3.B WATER QUALITY CREDIT FOR
PHOSPHORUS CONTROL

Credit Option

Points

vegetation. .

Leaving site undisturbed, in native

At least 65 % = 10

60% = 9
50%= 7
40%= 5
30% = 3
20% =1

Directing road runoff to pervious, non-
pollution-generating vegetated area.

100 % of volume =4
75 % of volume = 3
50 % of volume = 2
25 % of volume = 1

Covered car wash area connected to
sanitary sewer (multifamily,
commercial, or industrial sites, except
for commercial car-wash businesses)

Extra detention with next most
restrictive release rate (if discharge to
stream)

Level 1—» Level 2= 5
Level 1—» Level 3= 8
Level 2— Level 3= 3

4/24/2016
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6.1.4 SPHAGNUM BOG PROTECTION MENU

6.1.4 SPHAGNUM BOG PROTECTION MENU

Where applied: The Sphagnum Bog Protection menu! covers sphagnum bog wetlands*? greater than
0.25 acres in size.'® It applies to stormwater conveyed by surface flow to the sphagnum bog vegetation
community. If stormwater is infiltrated by the project per Section 5.2, then the Basic WQ menu is applied
unless the project is exempt from Core Requirement #8, "Water Quality." For precise details on the
application of this and other area-specific water quality menus, refer to Section 1.2.8.

Note: The Sphagnum Bog Protection menu is a stand-alone menu. It integrates the Basic WQ menu level
of protection and the additional measures needed to achieve bog protection goals in the options described
below. When this menu is required as specified in Core Requirement #8 (see Section 1.2.8), it is intended
to replace the Basic WQ menu in areas draining to sphagnum bogs.

Treatment goal: If surface water must be discharged to a bog, the treatment goal is to reduce total
phosphorus by 50 percent, reduce nitrate + nitrite by 40 percent, maintain alkalinity below 10 mg/L,
calcium concentrations should be less than 2 mg/L, and maintain pH below 6.0,

Basis: In their undeveloped condition, bogs are isolated from surface water, being supplied almost solely
by rainwater. The best strategy for protection of bog water quality is to infiltrate the water quality design
volume while routing high flows around the bog. Although it is not known whether alkalinity or nitrogen
can be reduced sufficiently by the options outlined below, there are no other technologically-feasible
alternatives at this time. An experimental design adjustment (see Section 1.4) could be pursued as
additional technology becomes available.

0 SPHAGNUM BOG PROTECTION OPTION 1—
LARGE WETPOND FOLLOWED BY LARGE SAND FILTER

This option uses a large wetpond (see Section 6.4.1, p. 6-71) or a large combined detention and
wetpond (see Section 6.4.2, p. 6-86), sized so that wetpond volume is 1.5 times the Basic water quality
volume as determined either by the approved continuous runoff model or as calculated using the manual
method described in Section 6.4.1. A large sand filtration facility (see Section 6.5.2, p. 6-106, or 6.5.3, p.
6-123) must follow the pond. In order to ensure that algae and sources of alkalinity from the pond are not
washed from the pond into the bog, the sand filter must be the last facility. The sand used for
filtration must be silica-based sand rather than an aragonite®® sand.

0 SPHAGNUM BOG PROTECTION OPTION 2 —
STORMWATER WETLAND IN SERIES WITH A LARGE SAND FILTER

This option uses a stormwater wetland (see Section 6.4.3, p. 6-92) or combined detention and
stormwater wetland (see Section 6.4.4, p. 6-98) to remove solids and enhance the concentration of
organic acids, and a large sand filter (see Section 6.5.2, p. 6-106) to remove the finer sediment for

2 The Bog Protection menu targets a different set of pollutants than the Sensitive Lake or Enhanced Basic menus. Since the
targeted pollutants are more difficult to remove, use of larger and/or additional water quality facilities is required.

2 A sphagnum bog wetland is defined as a wetland having a predominance of sphagnum moss creating a substrate upon which
a distinctive community of acid-loving plants is established (see Section 1.2.8.C and "Definitions" for more detail).

5 The size of a sphagnum bog wetland is defined by the boundaries of the sphagnum bog plant community.

14 Calcium, alkalinity, and pH values are from : Kulzer, L., S. Luchessa, S. Cooke, R. Errington, F. Weinmann, and D. Vitt. 2001.
Characteristics of the low-elevation sphagnum-dominated peatlands of western Washington: A community profile. King
County, WA: King County Water and Land Resources Division.

% Aragonite is the second most common type of sand, and is composed of calcium carbonate from biota including but not
limited to coral and shellfish. (Sand. (2014, April 12). In Wikipedia, The Free Encyclopedia. Retrieved 20:38, April 15, 2014,
from http://en.wikipedia.org/w/index.php?title=Sand&oldid=603938376 )
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SECTION 6.1 WATER QUALITY MENUS

alkalinity and nutrient reduction. The sand used for filtration must be silica-based sand rather than
an aragonite sand. The order of facilities is interchangeable since there are both advantages and
disadvantages to having the sand filter last in the train. Note: Presettling is required prior to sand
filtration as described in Section 6.5.1.

SPHAGNUM BOG PROTECTION OPTION 3—LARGE SAND FILTER IN SERIES WITH A
STORMFILTER WITH CSF MEDIA

This option uses a large sand filter or large sand filter vault followed by a StormFilter with CSF
media. Sizing specifications for the large sand filters can be found in Sections 6.5.2 (p. 6-106) and 6.5.3
(p. 6-123). StormFilters are detailed in Reference Section 14-A. The sand used for filtration must be
silica-based sand rather than an aragonite sand. Note: Presettling is required prior to sand filtration
as described in Section 6.5.1.

SPHAGNUM BOG PROTECTION OPTION 4 —
THREE-FACILITY TREATMENT TRAIN

This option uses one of the basic water quality treatment options followed by two other facilities.
Table 6.1.4.A lists the possible choices of facilities for this option.

TABLE 6.1.4.A FACILITY COMBINATIONS FOR BOG PROTECTION TREATMENT TRAIN,
OPTION 4

First Facility Second Third Facility
Facility

Bioswale (Sections 6.3.1, 6.3.2, and 6.3.3)

Filter strip (Sections 6.3.4 and 6.3.5)

Basic wetpond (Section 6.4.1)

Basic sand filter StormFilter®* with

Basic combined detention and wetpool facility (Section 6.4.4) (Sections 6.5.2 CSE16

Wetvault (Section 6.4.2) 6.5.3, or 6.5.4) (Reference 14-A)

Stormwater wetland (Section 6.4.3)

Proprietary media or membrane filter approved b;/ both WA
Ecology and King County (see Reference 14-A)!

* Other treatment options may be pursued through an experimental design adjustment per Section 1.4
and Reference 8-F.

16 csFis not approved at all by Ecology or generally by King County at the time of publication of this manual. However, need to

provide organic matter replacement to a sphagnum bog necessitates allowing a compost filter with a putative relatively low
nitrate and phosphate contribution compared to conventional compost. At such time as King County determines that another
facility or treatment train is suitable, CSF could be removed from this menu. Basis: need to feed organic matter to the bog
wetland.

Y The filter must be a type approved for specific treatment use by both Ecology and King County. See Reference 14-A for

approved proprietary filters. At time of publication of this manual, the only approved proprietary filter for stand-alone Basic
treatment or as the first facility in a treatment train is the StormFilter® with ZPG™ media.
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6.1.5 HIGH-USE MENU

6.1.5 HIGH-USE MENU

Where applied: The High-Use menu is applied to all new development and redevelopment projects that
have high-use site characteristics, as defined in Chapter 1 (see "Special Requirement # 5, Oil Control™).
Oil control devices are to be placed upstream of other facilities, as close to the source of oil generation as
practical.

Note: Where this menu is applicable, it is in addition to the area-specific WQ menus.

Treatment goal: Oil control options given in the High-Use menu are designed to meet the goals of no
visible sheen or less than 10 mg/L total petroleum hydrocarbons (TPH) leaving the site.

O OIL CONTROL OPTION 1— CATCH BASIN INSERT

Catch basin inserts (see Section 6.6.1, p. 6-133) are allowed to be used to meet the oil control
requirements for new or redeveloped high-use sites where new plus replaced pollution generating
impervious surfaces are less than 5,000 square feet AND new pollution generating pervious surfaces are
less than ¥ acres in a threshold discharge area. High use sites exceeding the aforementioned threshold
must use other oil control options. For new development, the criteria for flow capture given in "Design
Criteria” (p. 6-136) must be met. The flow capture criteria apply to the high-use area only, provided that
flows not subject to high use are shunted around the insert. For redevelopment sites, additional flow may
be routed through the insert if it is not possible for the site to meet the flow capture criteria without
installing new catch basins. Up to 40 percent additional flow may be directed to the insert in these cases.

All catch basin inserts must be fitted with oil sorbent media, to be changed at least monthly in wet weather
(generally October through May) and whenever the surface of the media is covered with sediment.
Acceptable sorbent media include wood fiber products, such as Absorbent W or SuperSorb; whole, green
fibrous moss such as that supplied by floral shops (must not be ground peat moss); or polymers such as
Petrolok and Streamguard™. These media have been investigated and found to retain captured oil fairly
effectively. Cedar Grove compost was tested and found unacceptable for oil retention. Stormwater
Management's patented CFS® mix was also tested, and although it performed fairly well, it did not retain
oil as well as the other products tested. Therefore, the CFS® shall not be used in catch basin inserts for oil
control.

Alternative media may be used if it can be shown they are substantially equivalent to the media listed
above. The method that should be used to demonstrate oil retention is given in the decision paper entitled
"Oil leachate tests for various adsorbent filter media,” May 1994, King County Surface Water
Management Division (now Water and Land Resources Division).

0 OIL CONTROL OPTION 2—BAFFLE OIL/WATER SEPARATOR

Baffle oil/water separators (see Section 0, p. 6-140) may be used to treat stormwater runoff from high-use
developments and facilities that produce relatively high concentrations of oil and grease. Baffle separators
historically have been effective in removing oil having droplet sizes of 150 microns or larger. If sized
properly, they can achieve effluent concentrations as low as 10 to 15 mg/L.

O OIL CONTROL OPTION 3— COALESCING PLATE OIL/WATER SEPARATOR

Coalescing plate separators (see Section 0, p. 6-140) may be used to treat stormwater runoff from high-use
developments and facilities that can produce relatively high concentrations of oil and grease. Current
technology and design of coalescing plate separators achieve effluent concentrations as low as 10 mg/L
with removal of oil droplet sizes as small as 20 to 60 microns.
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SECTION 6.1 WATER QUALITY MENUS

0 OIL CONTROL OPTION 4—LINEAR SAND FILTER

The linear sand filter (see Section 6.5.4, p. 6-128) is used in the Core Requirement #8 water quality menus
(i.e., the Basic, Enhanced Basic, Sensitive Lake, and Sphagnum Bog menus), as well as for oil control in
the High-Use menu (Special Requirement #5). However, if used to satisfy Core Requirement #8, the same
facility shall not also be used to satisfy the oil control requirement (Special Requirement #5) unless
enhanced maintenance is assured. This is to prevent clogging of the filter by oil so that it will function for
suspended solids, metals, and phosphorus removal as well. Quarterly cleaning is required at a minimum
unless more frequent cleaning is specified otherwise by the designer.

OIL CONTROL OPTION 5—WETVAULT WITH BAFFLE
A wetvault may be modified to fulfill requirements for oil control provided the following are true:

1. The criteria given at the end of Section 6.4.2.2 for modification of wetvaults for use as a baffle
oil/water separators shall be met, and

2. Assurance is provided that the maintenance frequency and oil removal frequency for baffle oil/water
separators will be followed (see Section 0, p. 6-140).

OIL CONTROL OPTION 6— PROPRIETARY FACILITY DESIGN

Section 6.7, "Proprietary Facility Designs" (p. 6-169), discusses general considerations for proprietary
manufactured facilities. Note: At time of publication of this version of the SWDM, no proprietary oil
control facilities are approved by King County for use. Any such future approvals will appear in SWDM
Reference 14-A.

OIL CONTROL OPTION 7— COMPLIANCE WITH OTHER AGENCY REQUIREMENTS

If the site has a National Pollutant Discharge Elimination System (NPDES) industrial stormwater permit
that specifically addresses oil control for the target pollution-generating impervious surface of the site,
compliance with NPDES permit conditions may be adequate to comply with the oil control requirements
of Special Requirement #5. Copies of the site’s NPDES permit requirement and the best management
practices specifically addressing oil control shall be submitted to determine adequacy.

If the area under the covered fueling island drains to the sanitary sewer, then only the remaining high-use
area actually draining to the storm drainage system (normally ingress and egress routes) need comply with
the High-Use menu.

Note: Ecology requires that fueling islands be paved with Portland cement concrete (or equivalent, not
including asphaltic concrete) and must drain to a dead-end sump or spill control separator in compliance
with the UFC or IFC, and recommends draining from the sump to a sanitary sewer. An alternative to
discharge to a sanitary sewer is to collect stormwater from the fuel island containment pad and hold for
proper off-site disposal.

Drains to treatment facilities must have a normally closed shutoff valve. The spill control sump must be
sized in compliance with Section 7901.8 of the Uniform Fire Code (UFC). Alternatively the fueling island
must be designed as a spill containment pad with a sill or berm raised to a minimum of four inches
(Section 7901.8 of the UFC) to prevent the runoff of spilled liquids and to prevent run-on of stormwater
from the surrounding area. (See Ecology's Stormwater Management Manual for Western Washington,
Volume 1V, Section 2.2, S409 BMPs for Fueling At Dedicated Stations. These BMPs are also required by
the King County Industrial Waste Section for new construction.
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KING COUNTY, WASHINGTON, SURFACE WATER DESIGN MANUAL

6.2 GENERAL REQUIREMENTS FOR WQ FACILITIES

This section presents general requirements and other information applicable to the design of water quality
(WQ) facilities. Topics covered include the following:

e "Water Quality Design Flows," Section 6.2.1

e "Sequence of Facilities," Section 6.2.2 (p. 6-20)

e "Setbacks, Slopes, and Embankments," Section 6.2.3 (p. 6-23)
e "Facility Liners," Section 6.2.4 (p. 6-27)

e "Flow Splitter Designs," Section 6.2.5 (p. 6-32)

e "Flow Spreading Options," Section 6.2.6 (p. 6-36).

When detail in the WQ designs is lacking, refer to Chapter 5 for guidance. In cases where requirements
are extremely costly, a less expensive alternative that is functionally equivalent in terms of performance,
environmental effects, health and safety, and maintenance may be sought through the adjustment process
(see Section 1.4).

New Facility Designs

New proprietary and public domain facility designs may be reviewed through an Experimental Design
Adjustment per Section 1.4. Any new proprietary designs must be approved through the state Department
of Ecology's TAPE program?® before they can be approved by King County. Once a facility has been
shown to meet pollutant removal goals, King County may at its discretion allow use of that facility through
a blanket adjustment per Section 1.4. New facility designs may be limited to use only on projects that will
be privately owned and maintained. Blanket adjustments will specify design and maintenance criteria.

Use of Materials

Galvanized metals leach zinc into the environment, especially in standing water situations. High zinc
concentrations, sometimes in the range that can be toxic to aquatic life, have been observed in the
region.'® Therefore, use of galvanized materials in stormwater facilities and conveyance systems is
discouraged. Where other metals, such as aluminum or stainless steel, or plastics are available, they shall
be used.

6.2.1 WATER QUALITY DESIGN FLOWS AND TREATMENT VOLUMES

Water Quality Design Flow
The water quality design flow is defined as follows:

o Downstream of detention: The full 2-year release rate from the detention facility, determined
using the approved continuous runoff model.

e Preceding detention, or when detention facilities are not required: The flow rate from the drainage
basin at or below which 919% of the total runoff volume will be treated. Design criteria for
treatment facilities are assigned to achieve the applicable performance goal at the water quality design

8 TAPE stands for Technology Assessment Protocol — Ecology. For more information, see Ecology's website at
http://www.ecy.wa.gov/programs/wg/stormwater/newtech/index.htmi.

19 Finlayson, 1990. Unpublished data from reconnaissance of Metro Park and Ride lot stormwater characteristics.
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SECTION 6.2 GENERAL REQUIREMENTS FOR WQ FACILITIES

flow rate (e.g., 80 percent TSS removal). At a minimum, 91% of the total runoff volume, as estimated
by an approved continuous runoff model with 15-minute time steps calibrated to site conditions, must
pass through the treatment facility(ies) at or below the approved hydraulic loading rate for the
facility(ies).

Design flow rates for water quality facilities designed using this manual are calculated using a
continuous simulation model. Most of the performance research on biofiltration BMPs has been
conducted on facilities that used event-based designs. The volume of treatment runoff can be
predicted from a 24-hour storm with a 6-month return frequency (a.k.a., 6-month, 24-hour storm).
However, the 91st percentile flow event (as calculated by the continuous model) tends to be less than
the estimated 6-month, 24-hour event flow rate in most cases. To maintain sizing comparable to the
performance research, Ecology has developed a correlation between the 91* percentile flow event
calculated using the approved models and the single-event predicted flow event. This correlation is
used in sizing water quality flow-based facilities in Section 6.3 and is presented in Table 6.2.1.A
below. Intermediate values of the ratio k for WWHM are calculated by linear interpolation.

(Note: This table does not apply to flow-based non-water quality BMPs; see relevant flow rate
requirements for flow-based non-water quality BMPs in Appendix C.)

TABLE 6.2.1.A
ADJUSTMENT FACTOR k FOR CALCULATING MODIFIED WATER QUALITY
FLOW RATE FROM MODELED ON-LINE/OFF-LINE RATES

SBUH Peak/WWHM On-Line 15-min WQ SBUH Peak/WWHM Off-Line 15-min WQ
Flow Ratio vs 6-month Precipitation for 0% Flow Ratio vs 6-month Precipitation for 0%
to 100% Impervious Areas to 100% Impervious Areas
6-month, 24-hr 6-month, 24-hr
precipitation (72% of Ratio, k precipitation (72% of Ratio, k
the 2-yr), Inches the 2-yr), Inches
0.80 1.01 0.80 1.95
1.00 1.30 1.00 2.44
1.50 2.02 1.50 3.68
2.00 2.74 2.00 4,92
2.50 3.45 2.50 6.16
2.90 4.03 2.90 7.15

Intermediate values of k for WWHM are calculated by linear interpolation

SBUH Peak/MGSFlood On-Line and Off-Line 15-min WQ Flow Ratio vs 6-month
Precipitation for 0% to 100% Impervious Areas

For on-line facilities: k=1.41 (P72%, 2-yr.) — 0.052 (Eq. 6-1)
For off-line facilities: k=2.50(P72%, 2-yr.) — 0.052 (Eqg. 6-2)
where:  P72%, 2-yr = 72% of the 2-year, 24-hour precipitation depth (in.)

Note: If the 6-month, 24-hour precipitation depth (in.) is known for the project
site, that value may be used instead of P72%, 2-yr.

The ratio between the 91st percentile flow event and the estimated 6-month, 24-hour flow rate varies
with location and percent of impervious area in the modeled drainage basin. The correlations in the
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6.2.1 WATER QUALITY DESIGN FLOWS AND TREATMENT VOLUMES

table account for these variations. When designing bioswales and other flow rate based facilities,
multiply the on-line or off-line water quality design flow rate determined with the approved model by
the coefficient k (off-line or on-line) determined from the associated table (see Methods of Analysis
for guidance on selection of on-line or off-line flow rate and application of the associated correlation).
Unless amended to reflect local precipitation statistics, the 6-month, 24-hour precipitation amount may
be assumed to be 72 percent of the 2-year, 24-hour amount determined either with the approved model
or by interpolating between isopluvials for the 2-year, 24-hour precipitation. Isopluvials for 2-year,
24-hour amounts for Western Washington are reprinted in Section 3.2.1, Figure 3.2.1.A.

Flow Volume to be Treated

When water quality treatment is required pursuant to the core and special requirements of this manual, the
water quality design storm volume, when using an approved continuous runoff model, shall be equal to the
simulated daily volume that represents the upper limit of the range of daily volumes that accounts for 91%
of the entire runoff volume over a multi-decade period of record.

Alternatively, the water quality design volume of runoff can be predicted from a 24-hour storm with a 6-
month return frequency (a.k.a., 6-month, 24-hour storm). Wetpool facilities are sized based upon use of
the NRCS (formerly known as SCS) curve number equations for the 6-month, 24-hour storm?°. Treatment
facilities sized by this simple runoff volume-based approach are the same size whether they precede
detention, follow detention, or are integral with the detention facility (i.e., a combined detention and
wetpool facility).

The approved model calculates the water quality design volume directly. Alternatively, the NRCS method
described in Section 6.4.1.1 may be used. Unless amended to reflect local precipitation statistics, the 6-
month, 24-hour precipitation amount may be assumed to be 72 percent of the 2-year, 24-hour amount.
Interpolating between isopluvials for the 2-year, 24-hour precipitation and multiplying by 72% yields the
appropriate storm size. Isopluvials detailed for 2-year, 24-hour amounts for western King County are
reprinted in Section 3.2.1, Figure 3.2.1.A. For locations east of the figure limits, precipitation amounts are
more variable; use the 2-year, 24-hour isopluvial map located on the National Oceanic and Atmospheric
Administration (NOAA) website at
http://www.nws.noaa.gov/oh/hdsc/PF_documents/Atlas2_Volume9.pdf .

Note that facilities which are sized based on volume and which include routing of flows through a
detention facility, such as the detailed sand filter method, are significantly smaller when located
downstream of detention, even though the same volume of water is treated in either situation. This is
because the detention facility routing sequence stores peaks within the pond and releases them at a slow
rate, reducing the size of the sand filter pond subsequently needed (the volume needed to store the peaks
need not be provided again in the sand filter pond).

Treatable Flows

As stated in Chapter 1, only runoff from target pollution-generating surfaces must be treated using the
water quality facility options indicated in the applicable water quality menu. These surfaces include both
pollution-generating impervious surface and pollution-generating pervious surface. "Target" means
that portion from which runoff must be treated using a water quality facility as specified in Chapter 1.
Pollution-generating impervious surfaces are those impervious surfaces which are subject to vehicular
use, industrial activities, or storage of erodible or leachable materials, wastes, or chemicals; and which
receive direct rainfall or the run-on or blow-in of rainfall. For subdivisions, target pollution-generating
impervious surfaces typically include right-of-way improvements (roads), parking areas and driveways
that are not fully dispersed as specified in Section 1.2.3.2. Metal roofs are also considered to be pollution-

20 For more information, see Urban Hydrology for Small Watersheds,Technical Release 55 (TR-55), June 1986, published by the
NRCS. See Table 6.4.1.1.xx for CN values to be used with this manual.
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generating impervious surface unless they are coated with an inert, non-leachable material (see Reference
11-E); or roofs that are subject to venting significant amounts of dusts, mists, or fumes from
manufacturing, commercial , or other indoor activities. Pollution-generating pervious surfaces are those
non-impervious surfaces subject to use of pesticides and fertilizers, loss of soil, or the use or storage of
erodible or leachable materials, wastes, or chemicals. For subdivisions, target pollution-generating
pervious surfaces typically include lawns and landscaped areas that are not fully dispersed and from
which there will be some concentrated surface discharge in a natural channel or man-made conveyance
system from the site.

The following points summarize which site flows must be treated and under what circumstances:

o All runoff from target pollution-generating impervious surfaces is to be treated through the water
quality facility or facilities required in Chapter 1 and specified in the Chapter 6 menus.

¢ Runoff from lawns and landscaped areas often overflows toward street drainage systems where it is
conveyed to treatment facilities along with the road runoff. However, sometimes runoff from
commercial areas and residential backyards drains into open space or vegetated buffer areas. In these
cases, buffers may be used to provide the requisite water quality treatment provided:

1. Runoff sheet flows into the buffer or a dispersal trench is provided to disperse flows broadly
into the buffer, and

2. The flow path through the pollution-generating area is limited to 200 feet, and

3. The buffer contains only native vegetation and is not itself subject to application of any
fertilizers or pesticides.

o Drainage from impervious surfaces that are not pollution-generating (such as patios, walkways, and
some roofs) or are not target pollution-generating surfaces may bypass the water quality facility.
However, this allowance to bypass does not excuse target impervious surfaces from, meeting the flow
control requirements per Core Requirement #3. Note that metal roofs are considered pollution-
generating unless they are treated to prevent leaching (see Reference 11-E), as are roofs that are
subject to venting significant amounts of dusts, mists, or fumes from manufacturing, commercial, or
other indoor activities.

o 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.

e  Where runoff from non pollution-generating impervious areas (non-PGIS), areas in native vegetation,
or any other area not targeted for water quality treatment reaches a water quality facility, flows from
those areas must be included in the sizing calculations for the facility. Once runoff from non-
pollution-generating areas and non-target pollution-generating areas is combined with runoff from
target pollution-generating areas, it cannot be separated before treatment.

6.2.2 SEQUENCE OF FACILITIES

As specified in the water quality menus, where more than one water quality facility is used, the order is
often prescribed. This is because the specific pollutant removal role of the second or third facility in a
treatment train often assumes that significant solids settling has already occurred. For example,
phosphorus removal using a two-facility treatment train relies on the second facility (sand filter) to remove
a finer fraction of solids than those removed by the first facility.

There is a larger question, however, of whether water quality facilities should be placed upstream or
downstream of detention facilities. In general, all water quality facilities may be installed upstream of
detention facilities, although presettling basins are needed for sand filters and infiltration basins. Not all
water quality facilities, however, can be located downstream of detention facilities. Those facilities that
treat sheet flows, such as filter strips and narrow-area filter strips, will seldom be practical downstream of
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detention facilities. Other facilities present special problems that must be considered before placement
downstream is advisable.

Two facilities that fall into this latter category are the basic bioswale (see Section 6.3.1, p. 6-41) and the
sand filter or sand filter vault (see Sections 6.5.2 or 6.5.3). For these facilities, the prolonged low flows
resulting from Level 2 or 3 flow control may interfere with facility operation. In the case of basic
bioswales, prolonged flows, generally in excess of about two weeks, will cause the grass to die. This can
be dealt with by using the wet bioswale design.

In the case of sand filters, prolonged flows may result in the sand being saturated for long periods.
Saturated sand can become hypoxic or anoxic (lose most or all oxygen) when dissolved oxygen in the pore
water becomes depleted. Under these conditions, some previously trapped phosphorus can become
soluble and be released®, resulting in phosphorus releases in excess of influent concentrations. 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, allowing them to drain completely. If saturated conditions are present
after facility operation, adjustments to the design shall be required. It may also be possible to employ a
different alternative that uses facilities less sensitive to prolonged flows. Table 6.2.2.A summarizes
placement considerations of water quality facilities in relation to detention.

Oil control facilities must be located upstream of water quality facilities and as close to the source of oil-
generating activity as possible. They should also be located upstream of detention facilities, if possible.

2 Bicudo, D. D. C., et al. (2007). "Undesirable side-effects of water hyacinth control in a shallow tropical reservoir." Freshwater
Biology 52(6): 1120-1133.
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TABLE 6.2.2.A WATER QUALITY FACILITY PLACEMENT IN RELATION TO DETENTION

Water Quality Facility

Preceding Detention

Following Detention

Basic bioswale OK OK if downstream of Level 1

(Section 6.3.1) detention. However, prolonged
flows may cause soil saturation
and injure grass. If downstream of
a Level 2 or 3 flow control pond,
the wet bioswale may be needed.
(See Section 6.3.2.)

Wet bioswale (Section 6.3.2) OK OK

Lateral inflow bioswale (Section OK No—must be installed before flows

6.3.3) concentrate.

Filter strip or roadway filter strip OK No—must be installed before flows

(Sections 6.3.4 and 6.3.5) concentrate.

Basic or large wetpond OK OK—Iless water level fluctuation in

(Section 6.4.1)

ponds downstream of detention
may improve aesthetic qualities.

Basic or large combined detention
and wetpond (Section 6.4.4)

Not applicable

Not applicable

Wetvault (Section 6.4.2)

OK

OK

Basic or large sand filter or sand filter
vault (Section 6.5.2 or 6.5.3)

OK, but presettling and
control of floatables
needed

OK—sand filters downstream of a
Level 2 or 3 flow control pond may
require field adjustments if
prolonged flows cause sand
saturation and resultant hypoxic,
anoxic or anaerobic conditions,
interfering with the phosphorus
removal mechanism and likely
resulting in episodic phosphorus
releases in excess of influent
concentrations.

Stormwater wetland/pond
(Section 6.4.3)

OK

OK—less water level fluctuation
and better plant diversity are
possible if the stormwater wetland
is located downstream of the
detention facility.
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6.2.3 SETBACKS, SLOPES, AND EMBANKMENTS

6.2.3 SETBACKS, SLOPES, AND EMBANKMENTS

This section presents the general requirements for water quality facility setbacks, side slopes, fencing, and
embankments.

When locating water quality facilities near wetlands and streams, there is a potential that the wetland or
stream water level may be lowered by draining to the facility. Care in the design and siting of the facility
or conveyance elements associated with the facility is needed to assure this impact is avoided. Sufficient
setback of the facility from the water body is one method to prevent impact.

When locating water quality facilities near steep slopes, there is a potential for slope erosion or
destabilization as a result of seepage, infiltration or overflow.

0 SETBACKS FROM TRACT LINE

Water quality facilities that are maintained by the County must be in tracts dedicated to the County.
Different water quality facilities and different types of side slopes (bermed vs. cut) have somewhat
different requirements for setback from the tract line or setbacks for structures on adjacent tracts; these
various requirements are given in Table 6.2.3.A (p. 6-25).

Most setbacks from tract lines are for maintenance equipment maneuverability. Setback requirements do
not apply to water quality facilities that are privately maintained, but adequate room for maintenance
equipment shall be considered during site design. Restrictions on the placement of structures on adjacent
internal lots, as specified for infiltration facilities in Sections 5.2.2, 5.2.3, and 5.2.4, do however apply to
privately maintained facilities.

Q SIDE SLOPES, FENCING, AND EMBANKMENTS

Side slopes for water quality facilities should not exceed a slope of 3H:1V. Moderately undulating slopes
are acceptable and can provide a more natural setting for the facility. In general, gentle side slopes
improve the aesthetic attributes of the facility and enhance safety. Fencing may be required for public
safety and/or protecting the integrity and function of the facility.

Intent:

The requirements for slopes, fencing, and embankments are intended to accomplish the following
objectives:

e To prevent persons from inadvertently slipping into the pond, either by providing gentle interior side
slopes (3H:1V or gentler) or by fencing or other barrier

e To allow easy egress from the pond (gentle side slopes, safety benches, etc.) when access is not
restricted by a fence or other barrier

e To ensure interior and exterior slopes or embankments are stable and will not create a hazardous or
damaging situation.

Water quality facilities must meet the following requirements for side slopes, fencing, and embankments:

1. If the water quality facility (wetpond, sand filter, stormwater wetland, etc.) will hold standing water
deeper than 2 feet, fencing is required for interior slopes steeper than 3H:1V. If only sections of the
slope are steeper than 3:1, barrier shrubs, such as barberry, may be used rather than fencing for
sections shorter than 20 feet. Planting climbing vines at the base of a fence can enhance its aesthetic
qualities.

2. All open (uncovered) sand filters require fencing. The intent is to prevent sand filters from being
used recreationally and to exclude domestic animals.
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3.

Where required, fencing shall be placed at or above the overflow water surface. Side slope and
attendant fencing requirements are not applicable to slopes above the overflow water surface. The
specific fencing requirements given in Chapter 5 (see Section 5.1.1) also apply to WQ facilities.

Except for sand filters, if non-residential commercial or industrial facilities are privately owned and
maintained, the fencing requirements of this manual are recommended rather than required.
However, the site must still comply with any fencing requirements in other codes or regulations.

For facilities owned and maintained by the County, and all residential facilities owned by private
parties or homeowners' associations, at least 25 percent of the facility perimeter shall have interior
sides no steeper than 3H:1V, even if fenced, to minimize safety risks. Access to the side slopes shall
be provided for maintenance. For private non-residential commercial and industrial facilities, the
same is recommended rather than required.

Facilities landscaped and developed for passive recreation opportunities must comply with Detention
Ponds in Recreational Tracts in Section 5.1.1,.

Interior side slopes may be retaining walls, provided that the design is prepared and stamped by a
civil engineer. A fence shall be provided along the top of the wall.

Exterior side slopes shall not be steeper than 2H:1V unless confirmed stable by a geotechnical
engineer.

Water quality facilities with embankments that impound water must comply with Washington State
dam safety regulations (WAC 173-175). The cited language below is as of February 2012 and is
excerpted verbatim from the Washington Administrative Code except for substitution of Department of
Ecology for department. When reading, substitute facility for dam, and overflow water surface for
crest:

e (1) These regulations are applicable to dams which can impound a volume of ten acre-feet or more
of water as measured at the dam crest elevation. The ten acre-feet threshold applies to dams which
can impound water on either an intermittent or permanent basis. Only water that can be stored
above natural ground level or which could be released by a failure of the dam is considered in
assessing the storage volume.

The ten acre-feet threshold applies to any dam which can impound water of any quality, or which
contains any substance in combination with sufficient water to exist in a liquid or slurry state at the
time of initial containment.

e (2) For a dam whose dam height is six feet or less and which meets the conditions of subsection (1)
of this section, the Washington Department of Ecology (Ecology) may elect to exempt the dam
from these regulations.

The decision by Ecology to exempt a dam will be made on a case-by-case basis for those dams
whose failure is not judged to pose a risk to life and minimal property damage would be expected.

If the storage capacity is less than 10 acre-feet above natural ground level, then the facility is
exempt from Ecology review.
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TABLE 6.2.3.A SETBACK REQUIREMENTS *

SETBACK FROM TRACT LINE

22

property line

WATER QUALITY FACILITY At Grade or If Facility Slope is If Slope is an
Underground Cut into Grade Embankment
Bioswale N/A See conveyance 5 feet from toe of
system require- exterior slope
ments (Section 4.1)
Filter strip 5 feet from toe 5 feet from toe N/A
Wetpond N/A 5 feet from emer- 5 feet from toe of
gency overflow exterior slope
water surface (WS)
Combined detention and wetpond N/A 5 feet from emer- 5 feet from toe of
gency overflow WS | exterior slope
Stormwater wetland N/A 5 feet from emer- 5 feet from toe of
gency overflow WS | exterior slope
Wetvault or sand filter vault 5 feet from N/A N/A
property line
Sand filter ponding area N/A 5 feet from emer- 5 feet from toe of
gency overflow WS | exterior slope
Linear sand filter 5 feet from N/A N/A
property line
5 feet from N/A N/A

* Greater setback distances are required whenever expressly stated or referenced in this

manual or when required by other County codes or other agencies. Steep slopes, land slide
areas, open water features, springs, wells, and septic tank drainfields are features that often have
additional setback requirements.

Geotechnical Setbacks: Except for tanks, vaults, and pipes:

1. Facilities are not allowed on slopes greater than 25% (4:1). A geotechnical analysis and report
is required if located within 200 feet of a steep slope hazard area or landslide hazard area OR if
the facility is located within a setback distance from top of slope equal to the total vertical height
of a slope area that is steeper than 15%. The geotechnical analysis must consider cumulative
impacts from the project and surrounding areas under full built-out conditions.

2. The facility design water surface shall be a minimum of 200 feet from any steep slope hazard
area or landslide hazard area. Upon analysis and approval of a licensed geotechnical engineer
or engineering geologist, this setback may be reduced to 50 feet. The geotechnical analysis
must consider cumulative impacts from the project and surrounding areas under full built-out
conditions.

3. The facility design water surface shall be set back a minimum distance from top of slope equal
to the total vertical height of a slope area that is steeper than 15%. Upon analysis and approval
of a licensed geotechnical engineer or engineering geologist, this setback may be reduced to 50
feet. The geotechnical analysis must consider cumulative impacts from the project and
surrounding areas under full built-out conditions.

22 gee Reference 14-A for approved proprietary vault filters.
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SECTION 6.2 GENERAL REQUIREMENTS FOR WQ FACILITIES

TABLE 6.2.3.A SETBACK REQUIREMENTS *

Public Health Minimum Setbacks for all facilities:

Some typical setback distances imposed by the Seattle-King County Department of Public Health
include the following:

e Open water features: 100 feet
e Wells: 100 feet
e Springs used for potable water: 200 feet

e Septic tanks: 50 feet, and drainfields: 100 feet, tanks or vaults must not be located so that they
could impede septic drainfield flows.

WA Ecology Stormwater Facility Setback Requirements for Public Health

e Stormwater infiltration systems shall be set back at least 100 feet from open water features and
200 feet from springs used for drinking water supply. Infiltration facilities up-gradient of drinking
water supplies must comply with State Health Department requirements (Washington Wellhead
Protection Program, Department of Health, 12/93).

e Stormwater infiltration systems, and unlined wetponds and detention ponds shall be located at
least 100 feet from drinking water wells and septic tanks and drainfields.

Where one agency's setback requirements are more or less restrictive than another's, the more
restrictive setback is required.
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6.2.4 FACILITY LINERS

Water quality facilities, detention facilities, and open conveyance systems in which untreated water is in
direct contact with the soil may require liners for any of three reasons: groundwater quality protection,
steep slope or building protection, and/or stormwater treatment facility performance.

Liners are intended to:

1. Reduce the likelihood that pollutants in stormwater will reach ground water by transmission through
soil from earthen facilities and conveyances.

2. Prevent infiltration where underflow could cause problems with steep slopes or nearby structures.

3. Ensure permanent wet pools for proper functioning of wetponds, treatment wetlands, and pre-settling
ponds.

4. Ensure wet conditions in the second cell of stormwater treatment wetland sufficient to maintain
wetland plant vegetation.

Types of Liners

Low permeability liners

Low permeability liners reduce infiltration to a very slow rate, generally less than 0.02 inches per hour
(1.22 cm/day). Low permeability liners may be fashioned from compacted till, clay, geomembrane, or
concrete as detailed in Section 6.2.4.1.

Treatment liners

Treatment liners are soil layers meeting specific quality criteria. Depending on design requirements,
treatment liners may include in-place native soils, amended soils, or imported soils. Treatment liners are
assumed to treat infiltrating stormwater before it reaches more freely draining soils. Treatment liners have
slow rates of infiltration; the initial measured rate should be less than 2.4 inches per hour (1.7 x 10 cm/s),
but rates are not as slow as with low permeability liners. See Section 6.2.4.2 for details.

Where Liners Are Required for Groundwater Protection

Outside of Groundwater Protections Areas

A liner is required for facilities and conveyances handling untreated water that is in direct contact with the
soil if the soil has an initial infiltration rate® greater than 9 inches per hour (0.15 inches per minute) and
the soil suitability criteria for groundwater protection given in Chapter 5, Section 5.2.1 is not met.

Inside Groundwater Protections Areas

A liner is required for facilities and conveyances handling untreated water that is in direct contact with the
soil when the soil infiltration rate exceeds an initial infiltration rate®” of 2.4 inches per hour (0.04 inches
per minute) and the soil suitability criteria for groundwater protection given in Chapter 5, Section 5.2.1,
is not met.

Where Liners are Required to Ensure Permanent Pools and Wet Conditions

1. Both cells of a two-cell wetpond and the single cell of a one cell wetpond must retain a permanent
pool of water throughout the wet season. A wetpond is considered non-compliant if the pond level
drops more than 12” in any 7 day measurement period. A low permeability liner will be required to
achieve this standard in infiltrative soils.

22 Infiltration rates can either be measured in the field using methods given in Chapter 5 or inferred from the USDA soil textural triangle

included in “Groundwater Protection “, Section 5.2.1 .
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2. Presettling ponds must retain a permanent pool of water throughout the wet season. A presettling
pond is considered non-compliant if the pond level drops more than 12 in any 7 day measurement
period. A low permeability liner will be required to achieve this standard in infiltrative soils.

3. Both cells of a stormwater wetland shall be lined in infiltrative soils as follows:

a) The first cell of a treatment wetland must retain a permanent pool of water throughout the wet
season. It is considered non-compliant if the pond level drops more than 12” in any 7 day
measurement period. A low permeability liner will be required to achieve this standard in
infiltrative soils.

b) The second cell must retain water for at least 10 months of the year. A low permeability liner will
be required to achieve this standard in infiltrative soils. A treatment liner is an alternative where
groundwater levels and/or existing soil infiltration rates are sufficient to achieve the standard.

General Design Criteria

1. Table 6.2.4.A (p. 6-29) identifies the type of liner for use with various water quality treatment
facilities. If a facility requires a liner, a treatment liner shall be provided, except where a low
permeability liner is noted in Table 6.2.4.A.

2. Liners shall be evenly placed over the bottom and/or sides of the treatment area of the facility as
indicated in Table 6.2.4.A. Areas above the treatment volume that are required to pass flows greater
than the water quality treatment flow (or volume) need not be lined, except in groundwater protection
areas which must be lined to the 2 year water surface in a combined facility or overflow water surface
in a non-combined facility. Note: if the liner cannot be anchored at the required elevation, the lining
must be extended to the top of the interior side slope and anchored.

3. For low permeability liners, the following criteria apply:

a) Where the seasonal high groundwater elevation is likely to contact a low permeability liner, liner
buoyancy may be a concern. A low permeability liner shall not be used in this situation unless
evaluated and recommended by a geotechnical engineer.

b) Where grass must be planted over a low permeability liner per the facility design, a minimum of 6
inches of good topsoil or compost-amended?* native soil (2 inches compost?* tilled into 6 inches
of native soil) must be placed over the liner in the area to be planted. Twelve inches is preferred.

c) If an identification sign is required for the facility (see detention pond requirements in
Section 5.1.1), the face of the sign shall bear a note indicating the facility is lined to protect water
quality. In addition, the back of the sign shall include information indicating which facilities are
lined, the extent of lining, the liner material used, the liner thickness (if clay or till), and the type
and distance of the marker above the liner (if a geomembrane). This information need only be
readable by someone standing at arms-length from the sign.

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

See Sections 6.2.4.1 and 6.2.4.2 for more specific design criteria on the various options for low
permeability liners and treatment liners.

24 Compost must meet the compost quality requirements in Reference 11-C.
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TABLE 6.2.4.A LINING TYPES FOR WQ FACILITIES

WQ Facility Areato be Lined Type of Liner
Bioswale Bottom and sides Treatment liner
Wet bioswale Bottom and sides Low permeability liner (If the swale will

intercept the seasonal high groundwater
table, a treatment liner is recommended.)

Lateral inflow bioswale

Bottom and sides

Treatment liner

Filter strip, narrow-area filter
strip

Bottom

Treatment liner

Presettling pond or basin

Bottom and sides

Low permeability liner (If the cell will
intercept the seasonal high groundwater
table, a treatment liner is recommended.)

Wetpond

First cell: bottom and sides to WQ
design water surface,( except in
groundwater protection areas which must
be lined to the overflow water surface

Low permeability liner (If the cell will
intercept the seasonal high groundwater
table, a treatment liner is recommended.)

Second cell: bottom and sides to WQ
design water surface,( except in
groundwater protection areas which must
be lined to the overflow water surface

Low permeability liner (If the cell will
intercept the seasonal high groundwater
table, a treatment liner is recommended.)

Single cell: bottom and sides to WQ
design water surface, ( except in
groundwater protection areas which must
be lined to the overflow water surface

Low permeability liner

Com