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1. Soil amendment BMP 

2. Tree planting and retention 

3. Dispersion BMPs 

4. Infiltration BMPs 

5. Rainwater harvesting BMPs 

6. Alternative surface BMPs 

7. Detention BMPs 

8. Non-infiltrating BMPs 

Each section contains a chart identifying the functional categories to which the BMP can be 
applied (to meet a requirement) and a reference to the section within this volume containing 
additional information. 

2.2. Soil Amendment 
Site soils shall meet the minimum quality and depth requirement at project completion 
(Section 5.1). Requirements may be achieved by either retaining and protecting undisturbed 
soil or restoring the soil (e.g., amending with compost) in disturbed areas. 

2.3. Tree Planting and Retention 
Tree planting and retention provides interception and evapotranspiration of stormwater. 

BMP On-site Flow Control Water Quality Conveyance Reference 
Tree planting and 
retention 

a a   Section 5.2 

a On-site Performance and Flow Control Standards may be partially achieved. 

2.4. Dispersion BMPs 
Dispersion is a simple method of stormwater management that uses surface grading to avoid 
concentrating flows or to disperse flows over vegetation. 

The dispersion BMPs described in this volume include: 

BMP On-site Flow Control Water Quality Conveyance Reference 
Full dispersion a a   Section 5.3.2 
Splashblock downspout 
dispersion 

a a b  Section 5.3.3 

Trench downspout 
dispersion 

a a b  Section 5.3.4 

Sheet flow dispersion a a b  Section 5.3.5 
Concentrated flow 
dispersion 

a a b  Section 5.3.6 

Sidewalk/trail compost-
amended strip 

a    Section 5.3.7 

a On-site Performance and Flow Control Standards may be partially or completely achieved depending upon underlying soil type. 
b Meets Basic Treatment when additional design requirements for vegetated filter strips are met (refer to Section 5.8.4). 
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2.5. Infiltration BMPs 
Infiltration BMPs are designed to facilitate infiltration of stormwater into the ground. 
Infiltration is feasible only where sufficiently porous soils are available and where other 
site constraints are not limiting (e.g., steep slopes, high groundwater), as detailed under 
Section 3.2. 

The infiltration BMPs described in this volume include: 

BMP On-site Flow Control Water Quality Conveyance Reference 
Infiltration trenchesa   b, c  Section 5.4.2 
Drywellsa     Section 5.4.3 
Infiltrating 
bioretention 

d d c e Section 5.4.4 

Rain gardens f   e Section 5.4.5 
Permeable 
pavement facilities 

  c, g  Section 5.4.6 

Perforated stub-out 
connections 

f    Section 5.4.7 

Infiltration basins h  b  Section 5.4.8 
Infiltration 
chambers/vaults 

h  b  Section 5.4.9 

a Only applicable where the site measured infiltration rate is at least 5 inches per hour. PGHS or PGPS may only be directed to 
infiltration trenches and drywells if the soil suitability criteria for the subgrade soils is met (Section 4.5.2). 

b Soil suitability criteria for subgrade soils (refer to Section 4.5.2) and applicable drawdown requirements (Section 4.5.1) also 
apply. 

c Refer to Phosphorus treatment train options for infiltration BMPs included in Section 4.4.3.2. 
d For infiltrating bioretention with underdrain, On-site Performance and Flow Control standards may be partially or fully achieved 

depending upon ponding depth, degree of underdrain elevation, infiltration rate, contributing area, and use of orifice control. 
e Infiltrating bioretention and rain gardens may be connected in series, with the overflows of upstream cells directed to downstream 

cells to provide conveyance. 
f Included in the On-site List, but cannot be used to meet the On-site Performance Standard. 
g Underlying soil shall meet the treatment soil requirements outlined in Section 4.5.2 or a water quality treatment course shall be 

included per Section 5.4.6.5. 
h Not included in the On-site List, but can be used to meet the On-site Performance Standard. 

2.6. Rainwater Harvesting BMPs 
Rainwater harvesting BMPs capture and store rainwater for beneficial use. Roof runoff may be 
routed to cisterns for storage and non-potable uses such as irrigation, toilet flushing, 
mechanical equipment, and cold water supply to laundry with basic filtration. Additional 
filtration and disinfection is required for use of collected roof runoff for potable use. Using 
collected roof runoff for potable use is only allowed for single-family residential (SFR) 
projects. Design plans for use of harvested rainwater shall be prepared per Rainwater 
Harvesting and Connection to Plumbing Fixtures (Public Health — Seattle & King County 
2011). 
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The rainwater harvesting BMPs described in this volume include: 

BMP On-site Flow Control Water Quality Conveyance Reference 
Rainwater 
harvestinga 

    Section 5.5.1 

Single-family 
Residential (SFR) 
cisterns 

    Section 5.5.2 

a Rainwater harvesting is not approved for pollution-generating surfaces, so the water quality treatment standard is not applicable. 

2.7. Alternative Surface BMPs 
Alternative surface BMPs convert a conventional impervious surface to a surface that reduces 
the amount of stormwater runoff and also provides flow control. 

The alternative surface BMPs described in this volume include: 

BMP On-site Flow Control Water Quality Conveyance Reference 
Vegetated roof 
systems 

a a   Section 5.6.1 

Permeable 
pavement surfacesb 

 c, d c, d, e  Section 5.6.2 

a On-site Performance and Flow Control Standard may be partially achieved. 
b While similar to permeable pavement “facilities” (refer to Section 2.5), permeable pavement “surfaces” are designed to function 

as a permeable land surface and not intended to receive runoff from other surfaces. Therefore, they are not considered infiltration 
facilities and have less onerous siting and design requirements. 

c Infiltration testing is required to meet flow control and water quality treatment standards (refer to Appendix D). 
d Standard may be partially or completely achieved depending upon subgrade slope, infiltration rate of subgrade soil, and whether 

aggregate subbase is laid above or below surrounding grade. 
e Underlying soil shall meet the treatment soil requirements outlined in Section 4.5.2 or a water quality treatment course shall be 

included per Section 5.4.6.5. 

2.8. Detention BMPs 
Detention BMPs are designed to collect and temporarily store runoff and then release it over a 
period of time at a reduced rate. Detention BMPs have an outlet control structure designed to 
release flows at an attenuated rate to meet flow control standards. Detention BMPs can also 
be combined with non-infiltrating BMPs to provide water quality treatment as well as flow 
control benefits. For a summary of combined detention and wet pool BMPs refer to 
Section 2.9. 

The detention BMPs described in this volume include: 

BMP On-site Flow Control Water Quality Conveyance Reference 
Detention ponds a    Section 5.7.1 
Detention pipes a b   Section 5.7.2 
Detention vaults/ 
chambers 

a b   Section 5.7.3 

Detention cisterns  b   Section 5.7.4 
Other detention 
options 

    Section 5.7.5 

a Not included in the On-site List, but can be used to partially achieve the On-site Performance Standard for smaller contributing 
areas. 

b Standard may be partially or completely achieved depending upon contributing area and minimum orifice size. 









https://ecology.wa.gov/Regulations-Permits/Guidance-technical-assistance/Stormwater-permittee-guidance-resources/Emerging-stormwater-treatment-technologies
https://ecology.wa.gov/Regulations-Permits/Guidance-technical-assistance/Stormwater-permittee-guidance-resources/Emerging-stormwater-treatment-technologies
https://ecology.wa.gov/Regulations-Permits/Guidance-technical-assistance/Stormwater-permittee-guidance-resources/Emerging-stormwater-treatment-technologies






http://www.seattle.gov/sdci/codes/codes-we-enforce-(a-z)/stormwater-code
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Figure 3.1. Infiltration Feasibility.  





http://www.epa.gov/superfund/sites/index.htm
http://www.epa.gov/epawaste/hazard/correctiveaction/facility/index.htm
http://www2.epa.gov/cleanups/cleanups-my-community
https://ecology.wa.gov/Regulations-Permits/Guidance-technical-assistance/Site-Register-lists-and-data
https://ecology.wa.gov/Regulations-Permits/Guidance-technical-assistance/Site-Register-lists-and-data
https://ecology.wa.gov/Spills-Cleanup/Contamination-cleanup/Cleanup-sites/Toxic-cleanup-sites
https://ecology.wa.gov/Spills-Cleanup/Contamination-cleanup/Cleanup-sites/Toxic-cleanup-sites
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Table 3.1. Minimum Investigation and Testing Requirements for Shallow Infiltration BMPs. 

Impervious 
Area 

Infiltrated 
on the 
Sitea,h,j 

Step 3 Step 4 Step 6 
Subsurface 

Investigation Infiltration Testing 
Groundwater 
Monitoring 

Characterization 
of Infiltration 

Receptor 

Groundwater 
Mounding 

and Seepage 
Analysis 

Acceptance 
Testing 

Minimum 
Number Type 

Minimum 
Number Type 

Minimum 
Number 
of Wells 

Duration and 
Frequency 

<2,000 ft2 

1 per 
facility 
AND 

at least 
1 per 

150 linear 
feet of a 
facilityc,d 

Simple 
subsurface 

investigation 
1 per 
facility 
AND 

at least 
1 per 

150 linear 
feet of a 
facilityc,d 

Simple Infiltration 
Testi 0 NA No No No 

≥2,000 to 
<5,000 ft2 

Standard 
subsurface 

investigation 

Simple Infiltration 
Testi or Small 

PIT; 
if ≥2,000 ft2 of the 
site infiltration will 

occur within a 
single facility,e 
the Small PITf 

method is 
required 

0 NA 

No No 

No 

≥5,000 to 
<10,000 ft2 Comprehensive 

subsurface 
investigationh 

1 per 
facility 
AND 

at least 
1 per 

150 linear 
feet of a 
facilityc,d 

Small PITf 1 

Monthly for at 
least 1 wet 

season; 
monthly for at 
least 1 year if 
within 200 feet 
of a designated 

receiving 
waterb 

Yes 

≥10,000 ft2  
to <1 acre Small PITf 

3 Monthly for at 
least 1 yearb 

Yes, for infiltration 
basins Yesg Yes 

≥1 acre Large PITf,k 
Note: Deviations from the minimum requirements in this table, when recommended and documented by the licensed professional, may be approved by the Director. If the licensed 

professional determines continuity of subsurface materials based on site investigations or if acceptance testing will be done during construction then fewer tests may be 
approved. Designer shall be prepared to make allowances to the design during construction if site conditions differ than assumed for the design or if the acceptance test during 
construction determines that the infiltration rate is lower than assumed for the design. 

a Site is defined for SFR and Parcel projects as the project area; for Trail, Sidewalk or Roadway projects, it is defined by one intersection to the other and blocks may vary in length. 
b If the project site is within 200 feet of tidal waters, groundwater data capturing low/high tide fluctuation for one calendar year shall be collected to determine if groundwater at the 

project is influenced by tidal fluctuations. Groundwater monitoring is not required if available groundwater elevation data within 50 feet of the proposed facility shows the highest 
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measured groundwater level to be at least 10 feet below the bottom of the proposed infiltration facility or if the initial groundwater measurement is more than 15 feet below the 
bottom of the proposed infiltration facility. 

c For bioretention or rain gardens, a facility refers to either a single cell, or a series of cells connected in series, with the overflows of upstream cells directed to downstream cells to 
provide additional flow control and/or treatment and conveyance. 

d Preferably, the investigation is conducted at the location of the proposed infiltration facility, but it shall be within 50 feet of the facility location. 
e A single facility is defined as a facility that has at least a 10-foot separation distance from another infiltration facility, measured from the closest vertical extent of maximum ponding 

before overflow, or for bioretention and rain gardens, the maximum vertical extent of the top of the bioretention soil or compost amended soil. 
f The investigation and infiltration testing report shall be prepared by a licensed professional. 
g Groundwater mounding and seepage analysis is required where the depth to the seasonal high groundwater elevation or hydraulically-restrictive material is less than 15 feet below 

the bottom of the proposed infiltration facility. 
h For projects with infiltration facilities within 500 feet up-gradient or 100 feet down-gradient of a contaminated site or landfill (active or closed), analysis and approval by a licensed 

hydrogeologist is required if runoff from 5,000 square feet or more of impervious surface area will be infiltrated on the site. 
i The Simple Infiltration Test is not allowed for projects with no off-site point of discharge (Section 4.3.2). These projects shall use a Small PIT. 
j Permeable pavement not included in the impervious area total. 
k A small scale PIT may be substituted if the site has a high infiltration rate (>4 in/hr), making a large scale PIT difficult, and the site geotechnical investigations suggest uniform 

subsurface characteristics. 
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Table 3.2. Minimum Investigation and Testing Requirements for Deep Infiltration BMPs. 

Impervious 
Area 

Infiltrated 
on the 
Sitea,e 

Step 3 Step 4 Step 6 

Subsurface 
Investigations Infiltration Tests Groundwater Monitoring 

Characterization 
of Infiltration 

Receptor 

Groundwater 
Mounding 

and Seepage 
Analysis 

Acceptance 
Testing 

Minimum 
Number 

and 
Location Type 

Minimum 
Number 

and 
Location Type 

Minimum 
Number 
of Wells 

Duration and 
Frequency 

<10,000 ft2 One at 
every deep 
infiltration 
location 

Deep 
infiltration 

subsurface 
investigationd 

One at 
every deep 
infiltration 
location 

Deep 
Infiltration 

Test 
3 

Monthly for at least 
1 wet season; monthly 

for at least 1 year if 
within 200 feet of a 

designated receiving 
waterb 

No No Yes 

≥10,000 ft2 Monthly for at least 
1 yearb Yes Yesc Yes 

Note: Deviations from the minimum requirements in this table, when recommended and documented by the licensed professional, may be approved by the Director. If the licensed 
professional determines continuity of subsurface materials based on site investigations or if acceptance testing will be done during construction then fewer tests may be 
approved. Designer shall be prepared to make allowances to the design during construction if site conditions differ than assumed for the design or if the acceptance test during 
construction determines that the infiltration rate is lower than assumed for the design. 

a Site is defined for SFR and Parcel projects as the project area; for Trail, Sidewalk or Roadway projects, it is defined by one intersection to the other and blocks may vary in length. 
b If the project site is within 200 feet of tidal waters, groundwater data capturing low/high tide fluctuation for one calendar year shall be collected to determine if groundwater at the 

project is influenced by tidal fluctuations. Groundwater monitoring is not required if available groundwater elevation data within 50 feet of the proposed facility shows the highest 
measured groundwater level to be at least 10 feet below the bottom of the proposed facility. 

c Groundwater mounding and seepage analysis is required where the depth to the seasonal high groundwater elevation or hydraulically-restrictive material is less than 15 feet below 
the bottom of the proposed infiltration facility. 

d For projects where runoff from 5,000 square feet or more of impervious surface area will be infiltrated on the site, infiltration within 500 feet up-gradient or 100 feet down-gradient of 
a contaminated site or landfill (active or closed) requires analysis and approval by a licensed hydrogeologist. 

e Permeable pavement not included in the impervious area total. 
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3.3. BMP Selection for On-site Stormwater Management 
If the on-site stormwater management requirement is triggered, it can be met by using the 
On-Site List Approach or the On-site Performance Standard. The procedures for selecting 
BMPs under these options are provided in the following sections. Selection of BMPs shall build 
upon site assessment and planning information described in Volume 1, Chapter 7.2 and 
Volume 3, Sections 3.1 and 3.2. Flow control and water quality treatment requirements may 
also apply (refer to Sections 3.4 and 3.5). 

3.3.1. On-site List Approach 
If the on-site stormwater management requirement is triggered (per Volume 1, Section 4) and 
the On-site List Approach is selected as the method for compliance, follow the steps 
presented below to select the appropriate BMP(s) for a given project. The City has also 
prepared a spreadsheet tool (On-site Stormwater Management — List Approach Calculator) to 
help users document and implement the On-Site List Approach. Refer to SDCI’s Stormwater 
Code web page to download the latest version of the spreadsheet tool: 
www.seattle.gov/sdci/codes/codes-we-enforce-(a-z)/stormwater-code. 

Step 1: Determine if Dispersion and Infiltration are Feasible 

Refer to Section 3.1 and Section 3.2. 

Step 2: Calculate Areas by Surface Type 

For each project type, divide the project area into hard surface areas with distinct drainage 
pathways (e.g., downspouts, collection points, and grading toward leaving a project site) and 
conduct a BMP evaluation for each surface sub area. 

Step 3: Refer to Applicable On-site List(s) 

Identify the On-site List(s) in SMC, Section 22.805.070 or Volume 1, Section 5.2 for the 
project type(s) that apply to the project. The On-site Lists provide On-site BMPs prioritized by 
category, with Category 1 comprising the first priority BMPs. 

Step 4: Evaluate BMPs by Category 

For each hard surface area type (i.e., roof or non-roof [ground-related surface]), evaluate the 
On-site BMP(s) as described in Steps 5 through 7 below. Evaluate the feasibility of all On-site 
BMPs in the first category before moving on to the next category. Note that the On-site List 
Approach assumes each hard surface area may be evaluated separately. Proposals to use BMPs 
in series (i.e., multiple bioretention cells) may require modeling using the On-site 
Performance Standard. Refer to the General Design Requirements in Chapter 4 for additional 
requirements that may affect the design and placement of BMPs on the site. 
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Step 10: Evaluate/Select Category 4 BMPs (SFR and Parcel-based projects only) 

If there are remaining unmanaged hard surfaces, evaluate the On-site BMPs in Category 4 
using the same approach described in Steps 5 through 7. 

If all hard surfaces are managed, the BMP selection process for the On-site List Approach is 
complete. 

Step 11: Evaluate/Select Category 5 BMPs (SFR and Parcel-based projects only) 

If there are remaining unmanaged hard surfaces, evaluate the On-site BMPs in Category 5 
using the same approach described in Steps 5 through 7. 

If all hard surfaces are managed, the BMP selection process for the On-site List Approach is 
complete. If none of the BMPs in the appropriate categories on the On-site List are feasible, 
then no further evaluation is required for that surface and the BMP selection process for the 
On-site List Approach is considered to be complete (refer to SMC, Section 22.805.070). 

3.3.2. On-site Performance Standard 
If the on-site stormwater management requirement is triggered and the On-site Performance 
Standard is selected as the method for compliance, follow the steps presented below to 
select the appropriate BMP(s) for a given project. 

Step 1: Determine if Dispersion and Infiltration are Feasible 

Refer to Section 3.1 and Section 3.2. 

Step 2: Select BMP(s) 

Select a BMP, or multiple BMPs, to meet the On-Site Performance Standard. Refer to the 
General Design Requirements in Chapter 4 for additional requirements that may affect the 
design and placement of BMPs on the site. Refer to Chapter 5 of this volume for BMP 
applicability, site suitability, and design criteria. Note that in order to meet the On-Site 
Performance Standard, the selected BMP(s) will most likely need to include infiltration. 

Step 3: Use Modeling Approach for BMP design 

The Modeling Approach for each BMP design shall be applied. Refer to Section 4.1.3 and 
Appendix F, Section F-4 for detailed information on modeling requirements/guidelines. 
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3.4. BMP Selection for Flow Control 
If the flow control minimum requirement is triggered, follow the steps presented below to 
select the appropriate flow control BMPs for a given project. All projects shall use On-site 
BMPs to the maximum extent feasible to meet Flow Control Minimum Requirements per 
SMC 22.805.080.B. In addition, On-site Stormwater Management and Water Quality Treatment 
Requirements may apply (refer to Sections 3.3 and 3.5). The City has also prepared a 
spreadsheet tool (Pre-Sized Flow Control Calculator) to help users document and implement 
the flow control BMP selection process for small sites (<10,000 square feet of new and 
replaced hard surface area). Refer to SDCI’s Stormwater Code web page to download the 
latest version of the spreadsheet tool: www.seattle.gov/sdci/codes/codes-we-enforce-(a-
z)/stormwater-code. 

Step 1: Determine if Dispersion and Infiltration are Feasible 

Refer to Section 3.1 and Section 3.2. 

Step 2: Determine if Water Quality Treatment requirements also apply 

If the minimum requirements for water quality treatment also apply to a project, look for 
opportunities to use flow control BMPs that can also meet water quality treatment 
requirements (refer to Chapter 2 and Chapter 5 in this volume). 

Step 3: Select Flow Control BMP(s) 

Select a flow control BMP, or multiple BMPs (refer to Chapter 2). Refer to the General Design 
Requirements in Chapter 4 for additional requirements that may affect the design and 
placement of BMPs on the site. Refer to Chapter 5 of this volume for applicability, site 
suitability, and design criteria. Select flow control BMPs that best integrate with on-site 
stormwater management to the maximum extent feasible. 

Step 4: Use Pre-sized or Modeling Approach for BMP Design 

For projects with 10,000 square feet or more new and replaced hard surface area, use the 
Modeling Approach for BMP design (Step 4b). For sites with less than 10,000 square feet of 
new and replaced hard surface area, either the Pre-Sized Approach or Modeling Approach for 
BMP design may be used (Steps 4a or 4b). 

Step 4a: Use Pre-sized Approach for BMP design 

Apply the Pre-sized Approach for BMP design (refer to Section 4.1.2). The designer may also 
choose to use the Modeling Approach (refer to Step 4b). 

Step 4b: Use Modeling Approach for BMP design 

Apply the Modeling Approach for BMP design. Refer to Section 4.1.3 and Appendix F for 
modeling guidelines. 



Volume 3 — Project Stormwater Control Chapter 3 — BMP Selection and Sizing Approach 

Stormwater Manual Directors’ Rule 10-2021/DWW-200 

July 2021 BMP Selection for Flow Control 3-19 

Table 3.4 summarizes flow control BMPs that can be used to meet Pre-developed Forested, 
Pre-developed Pasture, and/or Peak Control Standards. Refer to each BMP section in 
Chapter 5 for more specific information on modeling to meet flow control standards. 

Table 3.4. Flow Control BMPs and Applicable Standards. 

Flow Control BMP 

Applicable Flow Control 
Standards 

Section Reference Forested Pasture Peak 
Tree Planting and Retention A A A Section 5.2 
Full Dispersion B B  Section 5.3.2 
Splashblock Downspout Dispersion B B  Section 5.3.3 
Trench Downspout Dispersion B B B Section 5.3.4 
Sheet Flow Dispersion B B B Section 5.3.5 
Concentrated Flow Dispersion B B B Section 5.3.6 
Infiltration Trenches B B B Section 5.4.2 
Drywells B B B Section 5.4.3 
Infiltrating Bioretention without underdrain    Section 5.4.4 
Infiltrating Bioretention with underdrain C C C Section 5.4.4 
Permeable Pavement Facilities    Section 5.4.6 
Infiltration Basins    Section 5.4.8 
Infiltration Chambers/Vaults    Section 5.4.9 
Rainwater Harvesting    Section 5.5.1 
Vegetated Roof Systems A A A Section 5.6.1 
Permeable Pavement Surfaces D D D Section 5.6.2 
Detention Ponds    Section 5.7.1 
Detention Pipes E E E Section 5.7.2 
Detention Vaults/Chambers E E E Section 5.7.3 
Detention Cisterns E E  Section 5.7.4 
Non-infiltrating Bioretention C C C Section 5.8.2 
Combined Detention and Wet Pond    Section 5.8.9 
Combined Detention and Wet Vault E E E Section 5.8.9 
Combined Detention and Stormwater Wetland    Section 5.8.9 
 – Standard achieved. 
A – Standard may be partially achieved. 
B – Standard may be partially or completely achieved depending upon underlying soil type. 
C – Standard may be partially or completely achieved depending upon ponding depth, degree of underdrain elevation (if applicable), 

infiltration rate (if applicable), contributing area, and use of orifice control. 
D – Standard may be partially or completely achieved depending upon subgrade slope, infiltration rate of subgrade soil, and whether 

aggregate subbase is laid above or below surrounding grade. 
E – Standard may be partially or completely achieved depending upon contributing area and minimum orifice size. 
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Table 3.5 (continued). Zoning Categorization and TSS Characteristics. 

Zoning Categorization 

Total Suspended Solids 
Concentration (mg/L)a 

LCL UCL Mean 
● Parcels zoned as manufacturing/industrial 
● Non-arterial or arterial streets with adjacent property zoned as 

manufacturing/industrial 

58 177 118 

a Reference: SPU 2015. 
LCL = lower confidence limit 
UCL = upper confidence limit 
SFR = Single-family Residential 
MFR = Multifamily Residential 

Step 2: Select an Oil Control BMP if Oil Control is Required 

If oil control is required (refer to Volume 1, Section 5.4.2.1), select an Oil Control BMP using 
the list in Figure 3.2 and the information in Section 3.5.2.1. Refer to the General Design 
Requirements in Chapter 4 for additional requirements that may affect the design and 
placement of BMPs on the site (e.g., bypass). Refer to Section 5.8.9 of this volume for design 
information. 

Step 3: Select a Phosphorus Treatment BMP if Phosphorus Treatment is Required 

At the time this manual was developed, there were no established phosphorus-specific 
treatment requirements for project-scale treatment BMPs in Seattle. However, if phosphorus 
treatment is required (refer to Volume 1, Section 5.4.2.2), select a Phosphorus Treatment 
BMP using the list in Figure 3.2 and the information in Section 3.5.2.2 of this volume. If a 
project site is also subject to the enhanced treatment requirement, select a BMP or 
treatment train that is listed as providing both Enhanced Treatment and Phosphorus 
Treatment. Refer to the General Design Requirements in Chapter 4 for additional 
requirements that may affect the design and placement of BMPs on the site (e.g., bypass). 
Refer to Chapter 5 of this volume for BMP applicability, site considerations, and design 
criteria. Select water quality treatment BMPs that best integrate with the on-site stormwater 
management to the maximum extent feasible. 

Step 4: Select an Enhanced Treatment BMP if Enhanced Treatment is Required 

If enhanced treatment is required (refer to Volume 1, Section 5.4.2.3), select an Enhanced 
Treatment BMP using the list in Figure 3.2 and the information in Section 3.5.2.3 of this 
volume. Determine whether infiltration is feasible (refer to Section 3.2). If infiltration is 
feasible, select an infiltration BMP (refer to Figure 3.2). Determine whether presettling or 
pretreatment is required (refer to Section 4.4). Select water quality treatment BMPs that best 
integrate with the on-site stormwater management to the maximum extent feasible. 

If a project site is also subject to the phosphorus treatment requirement, select a BMP or 
treatment train that is listed as providing both Enhanced Treatment and Phosphorus 
Treatment. Refer to the General Design Requirements in Chapter 4 for additional 



Chapter 3 — BMP Selection and Sizing Approach Volume 3 — Project Stormwater Control 

Directors’ Rule 10-2021/DWW-200 Stormwater Manual 

3-22 BMP Selection for Water Quality Treatment July 2021 

requirements that may affect the design and placement of BMPs on the site. Refer to 
Chapter 5 of this volume for BMP applicability, site considerations, and design criteria. 

Step 5: Select a Basic Treatment BMP 

If the Water Quality Treatment Minimum Requirement is triggered (refer to Volume 1, 
Chapters 2 and 5) and the criteria for Phosphorus Treatment and Enhanced Treatment do 
not apply (refer to Volume 1, Section 5.4.2.2 and 5.4.2.3), then only basic treatment is 
required. Determine whether infiltration is feasible (refer to Section 3.2). If infiltration is 
feasible, select an infiltration BMP (refer to Figure 3.2). Determine whether presettling or 
pretreatment is required (refer to Section 4.4). Select treatment BMPs that best integrate 
with the on-site stormwater management to the maximum extent feasible. 

Select a Basic Treatment BMP using the list in Figure 3.2 and the information in 
Section 3.3.2.4. Refer to the General Design Requirements in Chapter 4 for additional 
requirements that may affect the design and placement of BMPs on the site. Refer to 
Chapter 5 of this volume for BMP applicability, site considerations, and design criteria. 

Step 6: Use Pre-sized or Modeling Sizing Approach for BMP Design 

For projects with 10,000 square feet or more new and replaced hard surface area, use the 
Modeling Approach for BMP design (Step 6b). For sites with less than 10,000 square feet new 
and replaced hard surface area, use either the Pre-sized Approach or Modeling Approach for 
BMP design (Steps 6a or 6b). 

Step 6a: Use Pre-sized Approach for BMP design 

Apply the Pre-sized Approach for BMP design (refer to Section 4.1.2). The designer may also 
choose to use the Modeling Approach (refer to Step 6b). 

Step 6b: Use Modeling Approach for BMP design 

Apply the Modeling Approach for BMP design. Refer to Section 4.1.3 and Appendix F for 
modeling guidelines. 

BMPs should be sized using either the water quality design storm volume or flow rate on an 
annual average basis. The performance goal applies on an average annual basis to the entire 
annual discharge volume (treated plus bypassed). The incremental portion of runoff in excess 
of the water quality design flow rate or volume can be routed around the BMP (offline 
treatment facilities), or can be passed through the BMP (on-line treatment BMPs) provided a 
net pollutant reduction is maintained (refer to Section 4.2). Other contributing areas shall 
bypass the facility, or the facility shall be sized to accommodate the additional contributing 
area. Where feasible, offline facilities are required to prevent resuspension and washout of 
accumulated sediment (and associated metals and phosphorus) during large storm events. 

Oil/water separators shall be located offline and bypass the incremental portion of flows that 
exceed the offline water quality design flow rate (refer to Section 4.2.1). If it is not possible 
to locate the separator offline (e.g., roadway intersections), use the on-line water quality 
design flow rate (refer to Section 4.2.1). 
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Figure 3.2. Water Quality Treatment BMP Selection Flow Chart. 
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4.5. Infiltration BMPs 
Infiltration BMPs have specific sizing guidelines and soil requirements that are summarized in 
the following subsections. 

4.5.1. Infiltration BMP Sizing 
Sizing for selected infiltration BMPs are provided in the BMP Sizing sections of Chapter 5. 
Below are the general procedures for sizing an infiltration BMP to: (A) infiltrate 100 percent 
of runoff; (B) meet the water quality treatment requirements; and (C) meet flow control 
standards. Infiltration BMPs shall be designed using an approved model. 

(A) For 100 percent infiltration (e.g., for project sites without a point of discharge): 

o Input dimensions of the infiltration BMP into an approved model 

o Input design infiltration rate (measured infiltration rate with correction factor 
applied) 

o Input a riser height and diameter to represent the BMP overflow conditions (any 
flow through the riser indicates that you have less than 100 percent infiltration and 
shall increase the infiltration BMP dimensions) 

o Run the model and review the model-reported percentage of runoff infiltrated. If 
less than 100 percent infiltrated, increase BMP dimensions until 100 percent 
infiltration is achieved. There is no need to check duration when infiltrating 
100 percent of the full continuous record runoff file. 

(B) For 91 percent infiltration (water quality treatment requirement): 

o The procedure is the same as option A, except that the target is to infiltrate 
91 percent of the influent runoff volume. In addition, to prevent the onset of 
anaerobic conditions, an infiltration BMP designed for water quality treatment 
purposes shall be designed to drain the water quality design treatment volume 
within 48 hours. The water quality design treatment volume is reported by the 
approved models. 

o The drawdown time can be calculated by using a horizontal projection of the 
infiltration basin mid-depth dimension and the design infiltration rate. Refer to 
Section 4.5.2 for soil requirements for water quality treatment. 

(C) To meet flow control standards with infiltration: 

o This design allows less than 100 percent infiltration as long as any BMP overflows 
meet the numerical peak and/or duration standards outlined in Volume 1, 
Section 3.2. Set up the model as explained for 100 percent infiltration (option A). 
Run the model and review the flow duration and flow frequency results to 
determine if the standard is achieved. 
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imported bioretention soil mix. Soil requirements for bioretention facilities are provided in 
Section 5.4.4.5. 

If permeable pavement is being designed to provide water quality treatment and the existing 
subgrade does not meet requirements for treatment soil provided in Section 4.5.2, a 6-inch 
water quality treatment course shall be included between the subbase and the storage 
reservoir. The course shall be composed of a media meeting the treatment soil criteria 
(Section 4.5.2) or the sand media material specification for sand filters in Section 5.8.5. 

 





http://www.buildingsoil.org/




http://www.buildingsoil.org/
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 After planting: apply 2 to 4 inches of arborist wood chips, medium compost, or 
coarse compost in the planting beds. Coarse bark mulch may be used but has 
lower benefits to plants and soil. Do not use fine bark because it can seal the 
soil surface. 

 

Figure 5.1. Cross-Section of Soil Amendment. 

3. Stockpile Soil: 

o Stockpile existing topsoil during grading and replace it prior to planting. Amend 
stockpiled topsoil if needed to meet the organic matter or depth requirements 
either at the default “pre-approved” rate or at a custom calculated rate (refer to 
the Building Soil manual [Stenn et al. 2018] or website (www.buildingsoil.org), for 
custom calculation method). Scarify subsoil and mulch planting beds, as described 
in option (2) above. 

4. Import Soil: 

o Import topsoil mix of sufficient organic content and install to meet depth 
requirements. Imported soils should not contain excessive clay or silt fines (more 
than 5 percent passing the No. 200 sieve) because that could restrict stormwater 
infiltration. The default pre-approved rates for imported topsoils are: 

 For planting beds: use a mix by volume of 35 percent compost with 65 percent 
mineral soil to achieve the requirement of a minimum 8 percent (target 
10 percent) organic matter by loss-on-ignition test. 

http://www.buildingsoil.org/
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5.2. Tree Planting and Retention 

5.2.1. Description 
New trees can be planted and/or existing trees can be protected and retained on a project 
site to achieve on-site stormwater management and/or flow control credits. 

5.2.2. Performance Mechanisms 
Trees provide flow control via interception, transpiration, and increased infiltration. 
Additional environmental benefits include improved air quality, carbon sequestration, 
reduced heat island effect, pollutant removal, and habitat. 

5.2.3. Applicability 
Retained and newly planted trees receive credits toward meeting on-site stormwater 
management and flow control requirements. The degree of flow control that can be provided 
depends on the tree type (i.e., evergreen or deciduous), canopy area, and whether or not the 
tree canopy overhangs hard surfaces. Retained and newly planted trees can be applied to 
meet or partially meet the requirements listed below. 
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Tree Planting and Retention  a a a a      

a Standard may be partially achieved. 

5.2.4. Site Considerations 
Trees can provide flow control benefits. On-site stormwater management and/or flow control 
credit is provided for retained or newly planted trees within 20 feet of ground level hard 
surfaces such as driveways, patios, and parking lots. Refer to Appendix C for additional 
infeasibility criteria for the On-site List Approach. 

Retained or newly planted trees may also count toward Green Factor, landscaping, and/or 
tree protection requirements. 

Site considerations specific to retained and newly planted trees are provided below. 

5.2.4.1. Retained Trees 
Setbacks of proposed infrastructure from existing trees are critical site-planning 
considerations. Tree protection requirements limit grading and other disturbances in 
proximity to the tree (refer to SMC Chapter 25.11, City of Seattle Standard 
Specification 1-07.16(2), 8-01.3(2)A and City of Seattle Standard Plan No. 132 and 133). 
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Tree Species 
Approved tree species are listed in the reference materials posted on SDCI’s website 
(www.seattle.gov/sdci/codes/codes-we-enforce-(a-z)/stormwater-code). Trees in the small 
category are not eligible for credit. Tree species not included in the reference materials 
posted on SDCI’s website may be given credit with the permission of the Director. 

Tree Size 
To receive on-site stormwater management and/or flow control credit, new deciduous trees 
with a single trunk shall be at least 1.5 inches in diameter measured 6 inches above the 
ground. New deciduous trees with a single trunk planted in the right-of-way shall be 2 to 
2.5 inches in diameter (e.g., caliper) measured 6 inches above the ground. Multi-stemmed 
deciduous trees shall have at least three stems and be at least 6 feet tall. New evergreen 
trees shall be at least 4 feet tall. 

Tree Location 
Locate trees according to sun, soil, and moisture requirements. Select planting locations to 
ensure that sight distances and appropriate setbacks are maintained given mature height, 
size, and rooting depths. 

Trees used to receive the newly planted tree credit shall meet the tree location requirements 
listed in Section 5.2.5.1, Retained Trees. Refer to Section 5.2.4.2 for other setbacks 
applicable to new trees. 

To help ensure tree survival and canopy coverage, the minimum tree spacing for newly 
planted trees shall accommodate mature tree spread (refer to the reference materials posted 
on SDCI’s website). On-site stormwater management and/or flow control credit will not be 
given for new trees with on-center spacing less than 10 feet. 

New trees planted in planter boxes on site or specifically approved and permitted for public 
right-of-way are eligible for credit if the planters provide a minimum soil depth of 30 inches 
and meet the minimum soil volume standards presented in Table 5.1. 

Plant Material and Planting Specifications 
Recommended guidelines for planting materials and methods are provided in City of Seattle 
Standard Specifications 8-02 and 9-14, and Standard Plan No. 100a, 100b, and 101. 

5.2.6. BMP Credits 

5.2.6.1. Credit for On-site List Approach 
Hard surface areas managed by newly planted trees meet the On-site List Requirement (refer 
to Section 3.3.1). Trees shall meet the Design Criteria in Section 5.2.5. Retained trees 
meeting the requirements presented in this section may be also be used to meet the on-site 
list requirement. 
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On-site stormwater management credits for retained and newly planted trees are provided in 
Tables 5.2 and 5.3. These credits can be applied to reduce the hard surface area requiring on-
site stormwater management. 

Table 5.2. Pre-sized On-site Stormwater Management and Flow Control Credits 
for Retained Trees. 

Tree Type Credit 
Evergreen 20% of canopy area (minimum of 100 square feet/tree) 
Deciduous 10% of canopy area (minimum of 50 square feet/tree) 

Hard Surface Area Managed = Σ Canopy Area x Credit (%)/100. 

Table 5.3. Pre-sized On-site Stormwater Management and Flow Control Credits 
for Newly Planted Trees. 

Tree Type Credit 
Evergreen 50 square feet/tree 
Deciduous 20 square feet/tree 

Hard Surface Area Managed = Σ Number of Trees x Credit (square feet/tree). 

5.2.6.2. Pre-Sized Approach for Flow Control 
The Pre-sized Approach may be used for projects with new and replaced hard surface areas 
up to 10,000 square feet. Flow control credits for retained and newly planted trees are 
provided in Tables 5.2 and 5.3. These credits can be applied to reduce the hard surface area 
requiring flow control. 

To use these credits, the requirements outlined in Section 5.2.5 Design Criteria shall be met. 
The total tree credit for retained and newly planted trees shall not exceed 25 percent of the 
new plus replaced hard surface requiring mitigation. Tree credits are not applicable to trees 
located in native vegetation areas used for flow dispersion or other flow control or on-site 
stormwater management credit. 

5.2.6.3. Modeling Approach for On-site Performance Standard and Flow Control 
When using the Modeling Approach to meet the On-Site Performance Standard or flow control 
standards, the credits for retained and newly planted trees (Tables 5.2 and 5.3) can be 
applied as explained for the Pre-sized Approach for Flow Control. The hard surface areas 
credited by the retained and newly planted trees need not be entered into the continuous 
runoff hydrologic model when sizing other on-site stormwater management or flow control 
BMPs. 

5.2.7. Minimum Construction Requirements 
Install and maintain fence and protect the existing tree roots within the dripline and provide 
additional protection for trunk, structural branches, and full canopy extents during 
construction activities per SMC Tree Protection Chapter 25.11, City of Seattle Standard 
Specification 1-07.16(2), 8-01.3(2)A, and City of Seattle Standard Plan No. 132a and 133. 

Planting methods for new trees are provided in Section 5.2.5.2 New Trees. 
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5.3.2. Full Dispersion 
On-site stormwater management, flow control, and/or water quality treatment standards 
may be provided using full dispersion as presented in the Stormwater Management Manual for 
Western Washington (SWMMWW). The requirements for full dispersion are difficult to achieve 
in an urban setting. As an example, for the entire site of a residential development to be fully 
dispersed, it shall preserve 65 percent in a forested or native condition and limit the 
impervious site coverage to 10 percent. However, if the entire site cannot be fully dispersed, 
portions of it may be fully dispersed if there is a vegetated flow path of at least 100 feet 
downstream of the surface to be dispersed. Given the large extent of vegetative cover 
required for full dispersion, these credits will most likely only apply to Seattle Parks or large 
campus projects. 

Refer to BMP T5.30 in Volume V of the SWMMWW for full dispersion applicability, site 
considerations, design criteria, modeling requirements, and minimum construction 
requirements. 
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Figure 5.3. Typical Downspout Splashblock. 
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Table 5.4. Pre-Sized Flow Control Credits for Splashblock Downspout Dispersion. 

Dispersion Type 

Credit (%) 

Pre-developed Pasture Standard Peak Control Standard 
Splashblock Downspout Dispersion 74% 76% 

Hard Surface Area Managed = Hard Surface Area Dispersed x Credit (%)/100. 

The flow control credits outlined above are applicable only if downspout dispersion meets the 
minimum design requirements outlined in this section. Alternatively, dispersion can be 
evaluated using a continuous runoff hydrologic model as described below. 

Modeling Approach for On-site Performance Standard and Flow Control 
Continuous hydrologic modeling may be used to quantify the performance of splashblock 
downspout dispersion relative to the on-site and flow control performance standards using the 
procedures and assumptions listed in Table 5.5. 

Table 5.5. Continuous Modeling Assumptions for Downspout Dispersion. 

Variable Assumption 
Precipitation Series Seattle 158-year, 5-minute series 
Computational Time Step 5 minutes 
HSPF Parameters LSUR, SLSUR, NSUR shall be adjusted per Appendix F 
Flowpath Length 50 feet minimum 
Flowpath Width Match the width of the splash block or rock pad 
Flowpath Slope Proposed condition (15% maximum) 
Roof Area Dispersed Single Downspout (WWHM only): The connected roof area shall be modeled as a 

lateral flow impervious area over the underlying soil type (e.g., till). The lateral flow 
elements in WWHM are available on the Mitigated Scenario screen. The lateral flow 
impervious area element (roof area) should be connected to the lawn/landscape 
lateral flow soil basin element (the vegetated flowpath). 

Multiple Downspouts (WWHM or MGSFlood): The roof area can be modeled as 
50% landscaped (lawn in WWHM; grass in MGSFlood) and 50% impervious. 

Refer to Section 5.1.6 for modeling amended soils to partially meet the flow control and/or 
water quality treatment requirement when runoff is dispersed on amended soil. 

5.3.3.7. Minimum Construction Requirements 
Protect the dispersion flowpath from sedimentation and compaction during construction. If 
the flowpath area is disturbed during construction, restore the area to meet the Soil 
Amendment BMP requirements in Section 5.1, and establish a dense cover of lawn, landscape, 
or groundcover. 

5.3.3.8. Operations and Maintenance Requirements 
Splashblock downspout dispersion O&M requirements are provided in Appendix G 
(BMP No. 25). 
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Figure 5.4. Typical Downspout Dispersion Trench. 
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Modeling Approach for On-site Performance Standard and Flow Control 
Continuous hydrologic modeling may be used to quantify the performance of trench 
downspout dispersion relative to the on-site and flow control standards using the procedures 
and assumptions listed in Table 5.7. 

Table 5.7. Continuous Modeling Assumptions for Trench Downspout Dispersion. 

Variable Assumption 
Precipitation Series Seattle 2021 Precipitation Time Series 
Computational Time Step 5 minutes 
HSPF Parameters LSUR, SLSUR, NSUR shall be adjusted per Appendix F 
Flowpath Length 25 feet minimum 
Flowpath Width Width of the dispersion device (i.e., trench); 10 feet minimum 
Flowpath Slope Existing condition 
Roof Area Dispersed Single Downspout (WWHM only): The connected roof area should be modeled as a 

lateral flow impervious area over the underlying soil type (e.g., till). The lateral flow 
elements in WWHM are available on the Mitigated Scenario screen. The lateral flow 
impervious area element (roof area) should be connected to the lawn/landscape 
lateral flow soil basin element (the vegetated flowpath). 

Multiple Downspouts (WWHM or MGSFlood): The roof area can be modeled as 
50% landscaped (lawn in WWHM; grass in MGSFlood) and 50% impervious. 

Refer to Section 5.1.6 for modeling amended soils to partially meet the flow control and/or 
water quality treatment requirement when runoff is dispersed on amended soil. 

5.3.4.7. Minimum Construction Requirements 
Protect the dispersion flowpath from sedimentation and compaction during construction. If 
the flowpath area is disturbed during construction, restore the area to meet the Soil 
Amendment BMP requirements in Section 5.1 and establish a dense cover of lawn, landscape 
or groundcover. During construction confirm the dispersion trench surface is level (e.g., laser 
testing or flow test). 

5.3.4.8. Operations and Maintenance Requirements 
Trench downspout dispersion O&M requirements are provided in Appendix G (BMP No. 25). 
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Figure 5.5. Typical Sheet Flow Dispersion for Flat and Moderately Sloping Driveways. 

Contributing Area 
The hard surface area contributing sheet flow to the dispersion flowpath shall have a slope 
less than 15 percent. The cross slope towards the transition zone shall be a minimum of 
2 percent. 

Transition Zone 
A 2-foot-wide transition zone to discourage channeling shall be provided between the edge of 
the contributing hard surface area (or building eaves) and the downslope vegetation. This 
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Modeling Approach for On-site Performance Standard and Flow Control 
Continuous hydrologic modeling may be used to quantify the performance of sheet flow 
dispersion relative to the on-site and flow control standards using the procedures and 
assumptions listed in Table 5.9. 

Table 5.9. Continuous Modeling Assumptions for Sheet Flow Dispersion. 

Variable Assumption 
Precipitation Series Seattle 158-year, 5-minute series 
Computational Time Step 5 minutes 
HSPF Parameters LSUR, SLSUR, NSUR shall be adjusted per Appendix F 
Flowpath Length 10 feet minimum 
Flowpath Width Width of the dispersion device (i.e., sheet flow transition zone); 2 feet minimum 
Flowpath Slope Existing condition 
Hard Surface Area 
Dispersed 

The hard surface area should be modeled as a lateral flow impervious area over the 
underlying soil type (e.g., till). In WWHM, this option is available on the Mitigated 
Scenario screen. The lateral flow impervious area element (representing the area 
that is dispersed) should be connected to the lawn/landscape lateral flow soil basin 
element (the vegetated flowpath). 

Refer to Section 5.1.6 for modeling amended soils to partially meet the flow control and/or 
water quality treatment requirement when runoff is dispersed on amended soil. 

5.3.5.7. Minimum Construction Requirements 
Protect the dispersion flowpath from sedimentation and compaction during construction. If 
the flowpath area is disturbed during construction, restore the area to meet the Soil 
Amendment BMP requirements in Section 5.1 and establish a dense cover of lawn, landscape 
or groundcover. 

5.3.5.8. Operations and Maintenance Requirements 
Sheet flow dispersion O&M requirements are provided in Appendix G (BMP No. 25). 
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Table 5.10. Pre-sized Flow Control Credits for Concentrated Flow Dispersion. 

Dispersion Type 

Credit (%) 

Pre-developed Pasture Standard Peak Control Standard 
Concentrated Flow Dispersion 74% 76% 

Hard Surface Area Managed = Hard Surface Area Dispersed x Credit (%)/100. 

Modeling Approach for On-site Performance Standard and Flow Control 
Continuous hydrologic modeling may be used to quantify the performance of concentrated 
flow dispersion relative to the on-site and flow control performance standards using the 
procedures and assumptions listed in Table 5.11. 

Table 5.11. Continuous Modeling Assumptions for Concentrated Flow Dispersion. 

Variable Assumption 
Precipitation Series Seattle 158-year, 5-minute series 
Computational Time Step 5 minutes 
HSPF Parameters LSUR, SLSUR, NSUR shall be adjusted per Appendix F 
Flowpath Length 25 feet minimum  
Flowpath Width 6 feet for dispersion points (i.e., splashblocks or rock pads) or the width of the 

dispersion device (i.e., trench) 
Flowpath Slope Existing condition 
Hard Surface Area 
Dispersed 

Single Downspout or Area: The hard surface area should be modeled as a lateral 
flow impervious area over the underlying soil type (e.g., till). The lateral flow 
elements in WWHM are available on the Mitigated Scenario screen. The lateral flow 
impervious area element (representing the area that is dispersed) should be 
connected to the lawn/landscape lateral flow soil basin element (the vegetated 
flowpath). 
Multiple Downspouts (Option 1): In situations where multiple downspout dispersions 
will occur, a pad of crushed rock or dispersion trenches are used, and the flowpath 
is at least 50 feet, the hard surface area can be modeled as 100% landscaped (lawn 
in WWHM; grass in MGSFlood). 
Multiple Downspouts (Option 2): In situations where multiple downspout dispersions 
will occur, dispersion trenches are used, and the flowpath is at 25 to 50 feet, the 
hard surface area can be modeled as 50% landscaped (lawn in WWHM; grass in 
MGSFlood) and 50% impervious. 

Refer to Section 5.1.6 for modeling amended soils to partially meet the flow control and/or 
water quality treatment requirement when runoff is dispersed on amended soil. 

5.3.6.7. Minimum Construction Requirements 
Protect the concentrated flow dispersion flowpath from sedimentation and compaction during 
construction. If the flowpath area is disturbed during construction, restore the area to meet 
the Soil Amendment BMP requirements in Section 5.1 and establish a dense cover of lawn, 
landscape or groundcover. If a dispersion trench is used, confirm the trench surface is level 
(e.g., laser testing or flow test). 

5.3.6.8. Operations and Maintenance Requirements 
Concentrated flow dispersion O&M requirements are provided in Appendix G (BMP No. 25). 
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5.3.7. Sidewalk/Trail Compost-Amended Strip 

5.3.7.1. Description 
The sidewalk/trail compost-amended strip consists of a compost-amended, vegetated strip 
(amended per Section 5.1 Soil Amendment BMP) located continuously adjacent to a sidewalk 
or trail hard surface to be mitigated. The BMP provides runoff mitigation for sheet flow from 
an adjacent sidewalk or trail through infiltration and evapotranspiration. 

5.3.7.2. Performance Mechanisms 
Sidewalk/trail compost-amended strips can provide flow control via flow attenuation, soil 
storage, and losses to infiltration, evaporation, and transpiration. 

5.3.7.3. Applicability 
Sidewalk/trail compost-amended strips are designed to meet both the On-site List Approach 
using the provided sizing factors and the On-site Performance Approach, using the modeling 
assumptions provided in Section 5.3.7.6. Sidewalk/trail compost-amended strips may be 
constructed in conjunction with other stormwater BMPs to achieve mitigation requirements 
other than On-site Stormwater Management. When the sidewalk/trail compost-amended strip 
is used to help meet flow control or water quality treatment requirements, the designer shall 
prove performance by explicit simulation with an approved continuous simulation model. 
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Sidewalk/trail compost-amended 
strip   a a a b c    

a Standard may be partially achieved. 
b Shall meet additional design requirements for vegetated filter strips (refer to Section 5.8.4) to fully meet the water quality 

treatment requirement. 
c Shall meet additional design requirements for CAVFS (refer to Section 5.8.4) to fully meet the water quality treatment 

requirement. 

5.3.7.4. Site Considerations 
The sidewalk/trail compost-amended strip is applicable for pedestrian and multi-use trails 
and sidewalks. The target surface may consist of any hard surface (e.g., concrete, asphalt, 
and compacted gravel) that does not exceed the specified widths or longitudinal and lateral 
slopes. Likewise, the BMP location adjacent to the target surface shall not be overly steep, 
shall be compost-amended, and vegetated. Vegetation shall be dense and healthy, but 
specific vegetation is left to the designer (e.g., turf or dense ground cover). Shrubs and trees 
are acceptable in addition to the turf or dense ground cover. Refer to Appendix C for 
additional infeasibility criteria for the On-site List Approach. 
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Figure 5.7. Typical Sidewalk/Trail Compost-Amended Strip BMP. 
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Table 5.12. On-site List Sizing for Sidewalk/Trail Compost-Amended Strips. 

Sidewalk/Trail Hard Surface Width 
Subgrade Soil Design 

Infiltration Ratea 
Sizing Factor for Strip 

Widthb,c 

Less than 10 feet 0.15 inch/hour 42% 

0.3 inch/hour 29% 

0.6 inch/hour 21% 

Greater than or equal to 10 feetd 0.15 inch/hour 33% 

0.3 inch/hour 21% 

0.6 inch/hour and greater 13% 

a The subgrade soil design infiltration rate is based on site-specific infiltration rate measurement and safety factors as detailed in 
Section 3.2 and Appendix D. 

b The sizing factors meet both the Forested and Pasture On-site Performance Standard requirement. 
c Total BMP width (level spreader, if required, plus compost-amended strip) shall not be less than 1 foot. BMP width is measured 

perpendicular to the adjacent edge of hard surface. 
d A 1-foot-wide level spreader adjacent to the sidewalk or trail is required for sidewalk or trail widths greater than or equal to 

10 feet. The 1-foot length of the level spreader can be counted towards the required BMP width determined in the table. 

Modeling Approach for On-site Performance Standard 
Sidewalk/trail compost-amended strips can also be sized using the forested and pasture On-
site Performance Standard. Continuous runoff hydrologic modeling using the CAVFS element in 
WWHM may be used to quantify the performance of sidewalk/trail compost-amended strips 
relative to the On-site Performance Standard using the procedures and assumptions listed in 
Table 5.13. Modeling in MGSFlood is not currently allowed for this BMP. 

Table 5.13. Continuous Modeling Assumptions for Sidewalk/Trail 
Compost-Amended Strips. 

Variable Assumption 
Precipitation Series Seattle 2021 Precipitation Time Series 
Computational Time Step 5 minutes 
HSPF Parameters LSUR, SLSUR, NSUR shall be adjusted per Appendix F 
Precipitation and Evaporation Applied to BMP Yes 
Minimum Pervious Strip Depth 8 inches 
Embankment Height Dependent on width of BMP. BMP surface slope shall not 

exceed 25 percent or be less than 2 percent. 
Compost-Amended Strip Slope Shall not exceed 25 percent or be less than 2 percent. 
Maximum Water Depth 1 inch 
Compost-Amended Soil Hydraulic Conductivity 1 inch per hour 
Compost-Amended Soil Porosity 30 percent 
Subgrade Soil Design Infiltration Rate Design infiltration rate (Section 3.2 and Appendix D). If no 

testing is conducted, assume an infiltration rate of 0.15 inch 
per hour. 

Refer to Section 5.1.6 for modeling amended soils to partially meet the flow control and/or 
water quality treatment requirement when runoff is dispersed on amended soil. 
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5.3.7.7. Minimum Construction Requirements 
Protect the flowpath from sedimentation and compaction during construction. If the flowpath 
area is disturbed during construction, restore the area to meet the Soil Amendment BMP 
requirements (refer to Section 5.1) and establish a dense cover of lawn, landscape, or 
groundcover. 

5.3.7.8. Operation and Maintenance Requirements 
O&M requirements for sidewalk/trail compost-amended strips are the same as the Filter Strip 
(Basic and CAVFS) O&M requirements provided in Appendix G (BMP No. 11). 
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5.4.1. General Considerations for Infiltration BMPs 
This section provides general requirements that are common to all infiltration BMPs included 
in this manual. Additional requirements specific to the different types of infiltration BMPs are 
provided in Section 5.4.2 through 5.4.9. 

Note that permeable pavement surfaces (Section 5.6.2) are not considered infiltration BMPs 
for the purpose of this manual because they do not receive significant (greater than 
10 percent) runoff from other areas and manage only the rain falling on the pavement 
surface. Although stormwater will infiltrate into the underlying soil, the volume infiltrated is 
similar to that infiltrated on vegetated permeable surfaces and do not necessitate the 
restrictions set forth in this section. Similarly, dispersion BMPs (Section 5.3) are not 
considered infiltration BMPs for the purposes of this manual. Although stormwater will 
infiltrate into the underlying soil, the stormwater is dispersed across a large area (subject to 
setbacks) making many of the restrictions set forth in this section unnecessary. The specific 
restrictions and setbacks that are applicable to permeable pavement surfaces and dispersion 
BMPs are provided in their respective sections in Chapter 5 of this volume. An exception is 
that infiltration testing is required for permeable pavement surfaces when hydrologic 
modeling will be conducted to evaluate performance relative to the flow control, water 
quality treatment, or the On-Site Performance Standard. Infiltration testing may also be used 
to demonstrate that permeable pavement surfaces are not feasible for the On-site List. 

In addition to shallow infiltration BMPs, Appendix D also covers provisions for deep infiltration 
BMPs, which may include Underground Injection Control (UIC) wells. Deep infiltration BMPs 
are typically used to direct stormwater past surface soil layers that have lower infiltration 
rates and into well-draining soil. The depth of the soil layers with lower infiltration rates can 
vary significantly, so the technique required to reach the well-draining soils will also vary. 

UIC wells are regulated by Ecology and the UIC Program (WAC 173-218). If UIC wells are 
considered, refer to Volume I, Chapter 4 of the SWMMWW (Ecology 2019). Information on the 
UIC program can also be found on Ecology’s website: https://ecology.wa.gov/Regulations-
Permits/Guidance-technical-assistance/Underground-injection-control-program.  

The person responsible for the infiltration facility (i.e., the property owner for private 
systems) shall determine whether the facility is a regulated UIC well and what requirements 
apply. 

https://ecology.wa.gov/Regulations-Permits/Guidance-technical-assistance/Underground-injection-control-program
https://ecology.wa.gov/Regulations-Permits/Guidance-technical-assistance/Underground-injection-control-program
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Ecology SWMMWW Language References 
The UIC program defines a UIC well as a well that is used to discharge 
fluids from the ground surface into the subsurface and is one of the 
following: 

● A bored, drilled or driven shaft, or dug hole whose depth is greater 
than the largest surface dimension; or 

● A dug hole whose depth is greater than the largest surface dimension, 
or 

● An improved sinkhole; which is a natural crevice that has been 
modified, or 

● A subsurface fluid distribution system which includes perforated pipes, 
drain tiles or other similar mechanisms intended to distribute fluids 
below the surface of the ground. 

● Volume I, Chapter 2, 
Section 1-2.14 of the 
SWMMWW (Ecology 2019) 

Examples of UIC wells or subsurface infiltration systems are the following: 
● Drywells 
● Drain fields 
● Infiltration trenches with perforated [or slotted] pipe 
● Storm chamber systems with the intent to infiltrate 
● French drains 
● Bioretention systems intending to infiltrate water from a [slotted] pipe 

below the treatment soil 
● Other similar devices that discharge to ground 

Note: Modifications from the SWMMWW are shown in brackets for design 
criteria specific to the City of Seattle. 

● Volume I, Chapter 2, 
Section 1-2.14 of the 
SWMMWW (Ecology 2019) 
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5.4.2. Infiltration Trenches 

5.4.2.1. Description 
Infiltration trenches are trenches backfilled with a coarse aggregate. Stormwater runoff can 
enter the trench as overland surface flow through a grate or exposed aggregate surface, or as 
concentrated flow delivered to the aggregate-filled trench using a perforated or slotted 
distribution pipe. 

Infiltration trenches are subject to state UIC regulations when perforated pipe is used. 
Provided that the design and O&M criteria in this section are met, only the registration 
requirement applies. Where perforated pipe is not used, the registration requirement does 
not apply. 

Ecology SWMMWW Language References 
All UIC wells must be registered except: UIC wells at single-family homes 
(or duplexes) receiving only residential roof runoff used to collect 
stormwater runoff from roof surfaces on an individual home (or duplex) or 
for basement flooding control. 

● Volume I, Chapter 4, 
Section 1-4.3 of the SWMMWW 
(Ecology 2019) 

The following are not UIC wells: 
● Infiltration trenches designed without perforated pipe or a similar 

mechanism 

● Volume I, Chapter 2, 
Section 1-2.14 of the 
SWMMWW (Ecology 2019) 

5.4.2.2. Performance Mechanisms 
Flow control occurs through temporary storage of stormwater runoff in the spatial voids of 
the aggregate material and subsequent infiltration of stormwater into the underlying soils. 
Pollutant removal mechanisms include infiltration, filtration, adsorption, and biodegradation. 

5.4.2.3. Applicability 
An infiltration trench can be designed to provide on-site stormwater management, flow 
control and/or water quality treatment. This BMP can be applied to meet the requirements 
listed below. 
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Infiltration Trenches a a a a a a, b a, b  a, c  

a Infiltration trenches are only applicable where the site measured infiltration rate is at least 5 inches per hour. PGHS or PGPS may 
only be directed to infiltration trenches if the soil suitability criteria for the subgrade soils is met (Section 4.5.2). 

b Soil suitability criteria for subgrade soils (Section 4.5.2) and applicable drawdown requirements (Section 4.5.1) also apply. 
c Refer to treatment train options for infiltration BMPs included in Section 4.4.3.2. 
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Subgrade 
The minimum measured subgrade infiltration rate for infiltration trenches is 5 inches per 
hour. If infiltration trenches are to be used to meet the water quality treatment requirement 
or if runoff from any PGHS is directed to the infiltration trench, underlying soil shall meet the 
soil requirements outlined in Section 4.5.2. 

During construction the subgrade soil surface can become smeared and sealed by excavation 
equipment. The design shall require scarification or raking of the side walls and bottom of the 
facility excavation to a minimum depth of 4 inches after excavation to restore infiltration 
rate. 

Flow Entrance and Presettling 
Trenches designed to receive concentrated stormwater flows (refer to Figure 5.8) shall 
include a small catch basin with downturned elbow (trap). Presettling requirements are 
provided in Section 4.4.5. 

For trenches designed to receive sheet flow (refer to Figure 5.9), the site shall be graded so 
that runoff is directed as sheet flow across a minimum 10-foot grass buffer strip to remove 
larger sediment particles prior to runoff entering the trench. Six inches of gravel shall be 
placed over the geotextile covering the trench aggregate to allow flows to enter the trench. 

Perforated Pipe 
Concentrated flows shall be distributed into the aggregate material using a perforated or 
slotted subsurface pipe with a minimum diameter of 4 inches. 

Observation Port 
Infiltration trenches that are designed to meet flow control and/or water quality treatment 
requirements and receive runoff from contributing areas of 2,000 square feet or more shall be 
equipped with an observation port to measure the drawdown time following a storm and to 
monitor sedimentation to determine maintenance needs. Observation ports shall consist of a 
4-inch minimum diameter perforated or slotted pipe that extends to the bottom of the trench 
(i.e., to the subgrade) and is equipped with a secure well cap. 

Overflow 
Trenches shall have an overflow designed to convey any flow exceeding the capacity of the 
facility unless designed to fully infiltrate all flows for the full, required simulation period. 
Plans shall indicate surface flow paths in case of failure of the BMP (refer to Section 4.3.3). If 
overflow is connected to the public drainage system with a pipe, a catch basin shall be 
installed prior to the connection to the public drainage system to prevent root intrusion into 
public drainage main lines. 

To prevent damage to overlying pavement, trenches located beneath pavement shall be 
constructed with a trench pipe overflow connected to a catch basin with a grate cover. 
Design shall be such that, if the trench infiltration capacity is exceeded, the trench pipe 
overflow would occur out of the catch basin to an approved point of discharge. The vertical 
elevation difference between the pavement surface and the trench pipe overflow invert shall 
be 1 foot minimum. 
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Figure 5.8. Typical Infiltration Trench Receiving Concentrated Flow. 
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Figure 5.9. Typical Infiltration Trench Receiving Sheet Flow. 

5.4.2.6. BMP Credits 

Credit for On-site List Approach 
Infiltration trenches can only be considered for compliance with the On-Site List Requirement 
(refer to Section 3.3.1 and Appendix C for infeasibility criteria) when the site measured 
infiltration rate is at least 5 inches per hour. The hard surface area managed with an 
infiltration trench sized according to Table 5.14 meets the requirement. Aggregate-filled 
trench shall be a minimum of 18 inches deep (as shown in Figures 5.8 and 5.9) and between 
24 and 48 inches wide. 

Table 5.14. On-site List Sizing for Infiltration Trenches. 

Subgrade Soil Design Infiltration Rate Sizing Factor for Infiltration Trench Areaa 
1 inch/hour 15% 

2.5 inches/hour 10.5% 
5 inches/hour 5.7% 

7.5 inches/hour 4.8% 
10 inches/hour 4% 

Infiltration Trench Area = Contributing Hard Surface Area x Factor (%)/100. 
Hard Surface Area Managed = Trench Area ÷ Factor (%)/100. 
a Sizing factors developed based on Ecology sizing requirements for T5.10A in Volume V of the SWMMWW (trench length as a 

function of soil type). Soil types were converted to initial infiltration rates based on Ecology’s Table 3.7 – Recommended 
Infiltration Rates based on USDA Soil Textural Classification from Ecology’s 2005 SWMMWW Volume III. Design infiltration rates 
were calculated by applying a correction factor of 2. Trench length was converted to a sizing factor. 
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Table 5.15. Pre-Sized Sizing Factors and Equations for Infiltration Trenches. 

Trench 
Depth 

Subgrade Soil 
Design 

Infiltration Rate 
Contributing 

Area (sf) 

Sizing Factor/Equation for Infiltration Trench Area 

Pre-developed 
Pasture Standard 

Peak Control 
Standard 

Water Quality 
Treatment 
Standarda 

1.5 feet 
1.0 inch/hour 

≤2,000 12.0% 
15.7% 5.0% 

2,001 – 10,000 [0.0764 x A] +56.3 
2.5 inch/hour ≤2,000 5.4% 

8.1% 2.2% 
2,001 – 10,000 [0.0311 x A] +47.2 

3.0 feet 
1.0 inch/hour 

≤2,000 8.4% 
10.1% 3.5% 

2,001 – 10,000 [0.0542 x A] +61.4 
2.5 inch/hour ≤2,000 3.8% 

5.5% 1.6% 
2,001 – 10,000 [0.0241 x A] +27.7 

A – contributing hard surface area; sf – square feet. 
For Sizing Factors: Infiltration Trench Area = Contributing Hard Surface Area x Factor (%)/100. 
  Hard Surface Area Managed = Trench Area ÷ Factor (%)/100. 
For Sizing Equations: Infiltration Trench Area (sf) = [Factor x A (sf)] + Integer. 
  Hard Surface Area Managed (sf) = [Trench Area (sf) – Integer]÷ Factor. 
a Pre-sized Approach may be used to meet basic or enhanced water quality treatment if soil suitability criteria are met (refer to 

Section 4.5.2). 

The infiltration trench facility area is calculated as a function of the area contributing runoff 
to the trench. As an example, to meet the Pre-developed Pasture Standard using a 1.5-foot-
deep infiltration trench for a contributing area between 2,000 and 10,000 square feet where 
the design subgrade infiltration rate of 2.5 or more inches per hour, the trench area would be 
calculated as: 0.0311 x contributing hard surface area + 47.2. All area values shall be in 
square feet. 

Alternatively, infiltration trench facilities can be sized using a continuous hydrologic 
simulation model as described in the subsequent section. 

Modeling Approach for On-site Performance Standard, Flow Control, and Water Quality 
Treatment 
When using continuous hydrologic modeling to size infiltration trenches, the assumptions 
listed in Table 5.16 shall be applied. It is recommended that infiltration trenches be modeled 
as a gravel-filled trench with infiltration to underlying soil and an overflow. The contributing 
area, trench area, and depth should be iteratively sized until the Minimum Requirements for 
On-site Stormwater Management, Flow Control, and/or Water Quality Treatment are met 
(refer to Volume 1) or where it has been determined by the Director that there is no off-site 
point of discharge for the project, the requirements of Section 4.3.2 are met. General sizing 
procedures for infiltration facilities are presented in Section 4.5.1. 
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5.4.3. Drywells 

5.4.3.1. Description 
Drywells are similar to infiltration trenches but are typically deeper and require less surface 
area. Stormwater is delivered to the drywell by pipe. 

Drywells are subject to state UIC regulations. Provided that the design and O&M criteria in 
this section are met, only the registration requirement applies. 

Ecology SWMMWW Language References 
All UIC wells must be registered except: UIC wells at single-family homes 
(or duplexes) receiving only residential roof runoff used to collect 
stormwater runoff from roof surfaces on an individual home (or duplex) or 
for basement flooding control. 

● Volume I, Chapter 4, 
Section 1-4.3 of the SWMMWW 
(Ecology 2019) 

5.4.3.2. Performance Mechanisms 
Flow control occurs through temporary storage of stormwater runoff in the spatial voids of 
the aggregate material, and subsequent infiltration of stormwater into the underlying soils. 

5.4.3.3. Applicability 
A drywell can be designed to provide on-site stormwater management and/or flow control. 
This BMP can be applied to meet the requirements listed below. 
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Drywell a a a a a      
a Drywells are only applicable where the site measured infiltration rate is at least 5 inches per hour. PGHS or PGPS may only be 

directed to drywells if the soil suitability criteria for the subgrade soils is met (Section 4.5.2). 
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Figure 5.10. Typical Infiltration Drywell. 
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Overflow 
Drywells shall have an overflow designed to convey any flow exceeding the capacity of the 
facility unless designed to fully infiltrate all flows for the full, required simulation period. 
Plans shall indicate surface flow paths in case of failure of the BMP (refer to Section 4.3.3). If 
overflow is connected to the public drainage system, a catch basin shall be installed prior to 
the connection to the public drainage system to prevent root intrusion into public drainage 
main lines. 

To prevent damage to overlying pavement, drywells located beneath pavement shall be 
constructed with a trench pipe overflow connected to a catch basin with a grate cover. 
Design shall be such that, if the drywell infiltration capacity is exceeded, the trench pipe 
overflow would occur out of the catch basin to an approved point of discharge. The vertical 
elevation difference between the pavement surface and the trench pipe overflow invert shall 
be 1 foot minimum. 

5.4.3.6. BMP Sizing 

Sizing for On-site List Approach 
Drywells can only be selected to meet the On-site List Requirement (refer to Section 3.3.1 
and Appendix C for infeasibility criteria) when the site measured infiltration rate is at least 
5 inches per hour. The hard surface area managed with a drywell sized according to 
Table 5.17 meets the requirement. 

Table 5.17. On-site List Sizing for Drywells. 

Aggregate Depth 
Subgrade Soil 

Design Infiltration Rate 

Sizing Factor for Facility Bottom Areaa 

On-site List 
4 feet 2.5 inch/hour 2.4% 

5 inches/hour 2.4% 
7.5 inches/hour 2.3% 
10 inches/hour 2.1% 

Drywell Area (sf) = Contributing Hard Surface Area x Factor (%)/100. 
Hard Surface Area Managed = Drywell Area ÷ Factor (%)/100. 
Drywell shall be a minimum of 48 inches in diameter. 
a Sizing factors developed based on Ecology sizing requirements for T5.10A in Volume V of the SWMMWW (drywell aggregate 

volume as a function of soil type). Soil types were converted to initial infiltration rates based on Ecology’s 
Table 3.7 – Recommended Infiltration Rates based on USDA Soil Textural Classification from Ecology’s 2005 SWMMWW 
Volume III. Design infiltration rates were calculated by applying a correction factor of 2. Drywell volume was converted to a sizing 
factor. 

Pre-sized Approach for Flow Control 
The Pre-sized Approach may be used for projects with new and replaced hard surface areas 
up to 10,000 square feet. Under the Pre-sized Approach (refer to Section 4.1.2), pre-sized 
drywells may be used to achieve Pre-developed Pasture and Peak Control Standards. Sizing 
factors and equations for drywells receiving runoff from a hard surface are provided in 
Table 5.18. Factors are organized by flow control standard, drywell depth, subgrade soil 
design infiltration rates and contributing area. A 4-foot or 6-foot aggregate storage reservoir 
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Figure 5.11. Infiltrating Bioretention Facility with Sloped Sides (without Underdrain). 
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Figure 5.12. Infiltrating Bioretention Facility with Vertical Sides (without Underdrain). 
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Figure 5.13. Infiltrating Bioretention Facility with Sloped Sides (with Underdrain). 











Volume 3 — Project Stormwater Control Chapter 5 — BMP Design 

Stormwater Manual Directors’ Rule 10-2021/DWW-200 

July 2021 Infiltrating Bioretention 5-69 

Table 5.19 (continued). Presettling Requirements for Bioretention Facilities 
in Roadway Projects. 

Longitudinal Length of Street (L) or 
Impervious Areaa (A) Contributing Runoff 

to a Single Flow Entrance Presettling Requirements 
Arterial Streets  

L ≤ 360 linear feet of gutter 
OR 

A ≤ 9,000 square feet of ROW impervious area 

At a minimum, the bottom of the first 2 feet in length (for a 
total area of 2.5 square feet) of the upstream bioretention 
cell (at the flow entrance) shall be designated the 
presettling zone. This bottom area shall be constructed of a 
roughened concrete pad surrounded by cobbles per City of 
Seattle Standard Plan No. 299. 

360 < L ≤ 660 linear feet of gutter 
OR 

9000 < A ≤ 16,500 square feet of ROW  
impervious area 

The full length of the first cell (in a series), which should 
have a bottom length of 8–10 feet designated as the 
presettling zone. At a minimum, the bottom of the first 
2 feet in length (for a total area of 5 square feet) of this 
presettling zone shall have a roughened concrete pad. This 
initial bottom area should be followed by a porous weir that 
allows water to be temporarily detained and slowed down, 
such as a row of boulders set low (a few inches above the 
bottom of bioretention cell).  

L > 600 linear feet of gutter 
OR 

A > 16,500 square feet of ROW impervious area 

Presettling requirements are project specific, to be 
determined by designer and approved by the Director. 

a All ROW impervious area contributing runoff to the facility shall be included (e.g., roadway, sidewalk, driveways). Runoff from 
ROW pervious surfaces need not be included. Runoff from adjacent non-ROW impervious areas can be considered incidental 
and need not be included unless assessment of the site determines that the adjacent area that contributes runoff is greater than 
10% of the total ROW impervious area. 

Table 5.20. Presettling Requirements for Bioretention Facilities in 
Non-Roadway Projects. 

Impervious Area (square feet) 
Contributing Runoff to a 

Single Flow Entrance Presettling Requirements 
<5,000 No presettling is required. Designer to determine if site specific presettling 

is needed based on upstream area conditions. 
≥5,000 and <10,000 The bottom of the first 2 to 3 feet of the upstream bioretention cell (at the 

flow entrance) shall be designated the presettling zone. This bottom area of 
the cell shall be constructed of cobbles, concrete open celled paving grids, 
plastic lattices filled with gravel or groundcover vegetation, a roughened 
concrete pad, or similar material for collection of sediment for maintenance. 
Alternatively, a catch basin (such as City of Seattle Standard Plan No. 240 
or 241) with a minimum 2-foot sump may be used as the presettling zone. 
Where the pipe (from the catch basin) daylights into the bioretention cell, 
provide energy dissipation within the cell. 

≥10,000 Presettling requirements are project specific, to be determined by designer 
and approved by the Director. 

 



















http://www.kingcounty.gov/weeds
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Table 5.22 (continued). Pre-sized Sizing Factors and Equations for Infiltrating 
Bioretention Without Underdrains. 

Bioretention 
Configuration 

Average 
Ponding 

Depth 

Subgrade 
Soil Design 
Infiltration 

Rate 

Contributing 
Area 
(sf) 

Sizing Factor/Equation for 
Facility Bottom Area 

Pre-developed 
Pasture 

Standard 

Peak 
Control 

Standard 

Water Quality 
Treatment 
Standarda 

Vertical sides 6 inches 0.15 inch/hour ≤2,000 
NAb NAb NAb 

2,001 – 10,000 
0.3 inch/hour ≤2,000 15.8% 

16.8% 6.6% 
2,001 – 10,000 [0.0957 x A] + 126 

0.6 inch/hour ≤2,000 10.7% 
13.3% 4.5% 

2,001 – 10,000 [0.0671 x A] + 81.2 
1.0 inch/hour ≤ 2,000 9.3% 

11.9% 4.0% 
2,001 – 10,000 [0.0585 x A] + 70.5 

2.5 inch/hour ≤2,000 4.1% 
6.6% 2.0% 

2,001 – 10,000 [0.0280 x A] + 24.6 
12 inches 0.15 inch/hour ≤2,000 

NAb NAb NAb 
2,001 – 10,000 

0.3 inch/hour ≤2,000 
NAb NAb NAb 

2,001 – 10,000 
0.6 inch/hour ≤2,000 8.1% 

9.7% 3.6% 
2,001 – 10,000 [0.0518 x A] + 57.6 

1.0 inch/hour ≤2,000 7.0% 
8.6% 3.2% 

2,001 – 10,000 [0.0454 x A] + 49.4 
2.5 inch/hour ≤2,000 3.0% 

4.6% 1.6% 
2,001 – 10,000 [0.0237 x A] + 10.9 

NP – sizing factors not provided; NA – not applicable; A – contributing hard surface area; sf – square feet. 
For Sizing Factors: Bioretention Facility Bottom Area = Contributing Hard Surface Area x Factor (%)/100. 
  Hard Surface Area Managed = Bioretention Facility Bottom Area ÷ Factor (%)/100. 
For Sizing Equations: Bioretention Facility Bottom Area (sf) = [Factor x A (sf)] + Integer. 
  Hard Surface Area Managed (sf) = [Bioretention Bottom Area (sf) - Integer]÷ Factor. 
a Pre-sized Approach may be used to meet basic water quality treatment. Enhanced water quality treatment may be achieved if 

soil suitability criteria are met (refer to Section 4.5.2). 
b Ponding depth and infiltration rate combination do not achieve drawdown requirements.  
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Modeling Approach for On-site Performance Standard, Flow Control, and Water Quality 
Treatment 
When using continuous simulation hydrologic modeling to size bioretention cells, the 
assumptions listed in Table 5.24 shall be applied. Refer to the Approval Status of Continuous 
Simulation Models section of the SWMMWW for a list of currently approved models. 
Infiltrating bioretention can be modeled as a layer of soil (with specified design infiltration 
rate and porosity) with ponding, infiltration to underlying soil and overflow. The contributing 
area, cell bottom area, and ponding depth should be iteratively sized until the Minimum 
Requirements for On-site Stormwater Management, Flow Control and/or Treatment are met 
(refer to Volume 1 — Project Minimum Requirements) or where it has been determined by the 
Director that there is no off-site point of discharge for the project, the requirements of 
Section 4.3.2 are met. General sizing procedures for infiltration facilities are presented in 
Section 4.5.1. 

Table 5.24. Continuous Modeling Assumptions for Infiltrating Bioretention. 

Variable Assumption 
Precipitation Series Seattle 158-year, 5-minute series  
Computational Time Step 5 minutes 
HSPF Parameters LSUR, SLSUR, NSUR shall be adjusted per Appendix F 
Inflows to Facility Surface flow and interflow from total drainage area (including impervious and 

pervious contributing areas) routed to facility 
Precipitation and 
Evaporation Applied to 
Facility 

Yes. WWHM and MGSFlood both apply precipitation and evaporation to the facility 
automatically. If model does not apply precipitation and evaporation to facility 
automatically, then modelers shall add the facility area to the post developed 
impervious contributing area to account for this additional precipitation and 
evaporation (note that this will underestimate the evaporation of ponded water). 

Bioretention Soil Infiltration 
Rate 

The design infiltration rate shall be 6 inches per hour. 

Bioretention Soil Porosity A 30% porosity shall be assumed for facility sizing. 
Bioretention Soil Depth For facilities without underdrains, the soil shall have a minimum of 12 inches for flow 

control and minimum of 18 inches for water quality treatment. For facilities with 
underdrains, the soil shall have a minimum depth of 18 inches. 

Subgrade Soil Design 
Infiltration Rate 

Design infiltration rate (Section 4.5.2, Appendix D) 

Liner The horizontal footprint of a liner shall be excluded from the infiltration area (bottom 
area and/or side slopes) 

Underdrain (if required) If the underdrain is elevated above the bottom extent of the aggregate layer, water 
stored in the aggregate below the underdrain invert may be modeled to provide 
storage and infiltrate to subsurface soil. 
For the purposes of this manual, underdrains meeting the bedding requirements 
shown in Figures 5.13 and 5.14 are considered “elevated” by 6 inches. In order to 
model the underdrain with underlying storage and infiltration, the aggregate gravel 
reservoir shall extend across the bottom of the facility. The underdrain pipe could be 
further elevated for improved flow control performance. 







http://county.wsu.edu/mason/nrs/water/Documents/Raingarden_handbook.pdf
http://county.wsu.edu/mason/nrs/water/Documents/Raingarden_handbook.pdf
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5.4.6. Permeable Pavement Facilities 

5.4.6.1. Description 
Permeable pavement is a paving system that allows rainfall to infiltrate into an underlying 
aggregate storage reservoir, where stormwater is stored and infiltrated to the underlying 
subgrade or removed by an overflow drainage system. Two categories of permeable pavement 
BMPs are included in this manual: permeable pavement facilities (provided in this section) 
and permeable pavement surfaces (provided in Section 5.6.2). 

The main difference between permeable pavement facilities and permeable pavement 
surfaces is that permeable pavement surfaces are not intended to have a significant amount 
of run-on from other surfaces and they have an aggregate base with a depth as little as 
3 inches where permeable pavement facilities are sized to infiltrate drainage from impervious 
run-on areas that are 2 to 5 times the area of the BMP and require an aggregate base storage 
reservoir with a minimum depth of 6 inches. The deeper reservoir course allows permeable 
pavement facilities to more easily meet performance standards for a larger percentage of the 
project because it can infiltrate runoff from other hard surfaces such as roofs. Also, in this 
manual, permeable pavement facilities are considered infiltrating facilities, while permeable 
pavement surfaces are considered a surface runoff reduction method, which makes the on-
site stormwater management infeasibility criteria different. 

A permeable pavement facility consists of a pervious wearing course (e.g., porous asphalt, 
pervious concrete) and an underlying storage reservoir. 

Due to the permeable nature of a permeable pavement facility, future application of an 
impervious surface (e.g., fog seal, chip seal or other types of impervious overlay) over top of 
the facility is prohibited. 

While not explicitly addressed in this section, infiltration galleries may be allowed under 
impermeable pavements in lieu of permeable pavement. 

5.4.6.2. Performance Mechanisms 
Flow control occurs through temporary storage of stormwater runoff in the voids of the 
aggregate material and subsequent infiltration of stormwater into the underlying soils. 
Pollutant removal mechanisms include sedimentation, infiltration, filtration, adsorption, and 
biodegradation. 

5.4.6.3. Applicability 
Permeable pavement facilities can be designed to provide on-site stormwater management, 
flow control and/or water quality treatment. This BMP can be applied to meet or partially 
meet the requirements listed below. 
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Figure 5.17. Permeable Pavement Facility. 







http://www.seattle.gov/sdci/codes/codes-we-enforce-(a-z)/stormwater-code
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Table 5.26. Pre-sized Sizing Factors and Equations for Permeable Pavement Facilities 
without Underdrains. 

Ponding 
Depth in 
Storage 

Reservoir 

Subgrade 
Soil Design 
Infiltration 

Rate 
Contributing 

Area (sf) 

Sizing Factor/Equation for Permeable Pavement 
Facility Areaa 

Pre-developed 
Pasture Standard 

Peak Control 
Standard 

Water Quality 
Treatment 
Standardb 

6 inches 0.15 inch/hour ≤2,000 132.6% 
342.1% 26.9% 

2,001 – 10,000 [0.4842 x A] + 1651.1 
0.3 inch/hour ≤2,000 99.8% 

247.4% 24.6% 
2,001 – 10,000 [0.375 x A] + 1223.9 

0.6 inch/hour ≤2,000 34.1% 
58.0% 20.0%c 

2,001 – 10,000 [0.1568 x A] + 369.4 
1.0 inch/hour ≤2,000 29.2% 

50.6% 20.0%c 
2,001 – 10,000 [0.1349 x A] + 314.9 

2.5 inch/hour ≤2,000 20.0%c 
22.7% 20.0%c 

2,001 – 10,000 [0.053 x A] + 110.7 
12 inches 0.15 inch/hour ≤2,000 71.4% 

113.9% 20.0%c 
2,001 – 10,000 [0.3236 x A] + 785.9 

0.3 inch/hour ≤2,000 55.5% 
88.1% 20.0%c 

2,001 – 10,000 [0.2573 x A] + 600.3 
0.6 inch/hour ≤2,000 23.8% 

36.6% 20.0%c 
2,001 – 10,000 [0.1247 x A] + 229.2 

1.0 inch/hour ≤2,000 20.5% 
33.1% 20.0%c 

2,001 – 10,000 [0.1076 x A] + 198.2 
2.5 inch/hour ≤2,000 20.0%c 

20.0%c 20.0%c 
2,001 – 10,000 [0.0435 x A] + 81.7 

A – contributing hard surface area; sf – square feet. 
For Sizing Factors: Permeable Pavement Facility Area = Contributing Hard Surface Area x Factor (%)/100. 
  Hard Surface Area Managed = Permeable Pavement Area ÷ Factor (%)/100. 
For Sizing Equations: Permeable Pavement Area (sf) = [Factor x A (sf)] + Integer. 
  Hard Surface Area Managed (sf) = [Permeable Pavement Area (sf) – Integer]÷ Factor. 
a Maximum run-on ratios apply which may require larger permeable pavement facilities than those sized using the Pre-sized 

Approach. 
b Pre-sized Approach may be used to meet basic water quality treatment. Enhanced water quality treatment may be achieved if 

soil suitability criteria are met (refer to Section 4.5.2). 
c The minimum sizing factor is 20 percent because the contributing area to a facility is limited to 5 times the permeable pavement 

facility area. 

The required permeable pavement facility area is calculated as a function of the hard surface 
area routed to it. As an example, to meet the Pre-developed Pasture Standard using a 
permeable pavement facility with an average water depth in the storage reservoir of 6 inches 
for a contributing area less than 2,000 square feet, the permeable pavement area would be 
equal to 34.1 percent of the hard surface area routed to it when the subgrade infiltration rate 
is between 0.6 and 0.99 inch per hour (Table 5.24). If the contributing area is a non-pollution 
generating surface (e.g., roof, sidewalk), a sizing factor of 34.1 percent is acceptable 
because it is greater than 20 percent (corresponding to a run-on ratio less than 5:1). 
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Table 5.27. Continuous Modeling Assumptions for Permeable Pavement Facility. 

Variable Assumption 
Precipitation Series Seattle 158-year, 5-minute series 
Computational Time Step 5 minutes 
HSPF Parameters LSUR, SLSUR, NSUR shall be adjusted per Appendix F 
Permeable Pavement Facility 
and Contributing Area 

Option 1: WWHM and MGSFlood have a modeling element specifically developed 
for permeable pavement that simulates run-on from other contributing drainage 
areas, precipitation falling on the pavement, infiltration through the pavement 
section, storage in the aggregate beneath the pavement, and infiltration into the 
underlying soil. 
Option 2: If a permeable pavement modeling element is not available in the 
selected model, represent the permeable pavement area as an impervious basin 
with runoff routed to a gravel-filled trench (of the same size as the permeable 
pavement area) with infiltration to underlying soil. Other drainage areas 
contributing runoff to the pavement (surface flow and interflow), if any, are also 
routed to the gravel trench. 

Precipitation Applied to Facility If using Option 1, precipitation is applied to the pavement area. 
If using Option 2, do not apply precipitation to the trench bed because precipitation 
is already applied to basin before routing to trench. 

Evaporation Applied to Facility If using Option 1, evaporation is applied to the pavement area. 
If using Option 2, evaporation is applied to the impervious basin before routing to 
the trench. 

Storage Reservoir Depth Average subsurface water ponding depth in the pavement aggregate courses 
(average across the facility) before check dam overtopping or overflow. 

Storage Reservoir Porosity Assume maximum 25 percent unless test is provided showing higher porosity (up 
to 35 percent) for aggregate compacted and in place. 

Subgrade Soil Design 
Infiltration Rate 

Design infiltration rate (Section 4.5.2, Appendix D). 

Infiltration Across Wetted 
Surface Area 

No, if subgrade sidewalls are steeper than 2H:1V (infiltration on bottom area only). 

Outlet Structure Unless the selected model represents surface sheet flow when pavement section 
is saturated, the overflow can be simulated as overtopping an overflow riser. 
Overflow riser elevation is set at average maximum subsurface ponding depth. 
Flow may be modeled as weir flow over riser edge. Freeboard modeled within the 
storage reservoir shall be sufficient to allow the water surface elevation to rise 
above the weir or overflow pipe elevation to provide head for discharge. 
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Figure 5.21. Perforated Stub-Out Connection. 
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Figure 5.22. Typical Infiltration Chamber/Vault. 

Liner 
Non-woven geotextile fabric, a low permeability liner, or an impermeable liner shall be 
placed at the sides of a stackable, modular infiltration chamber where the chamber abuts soil 
or other in situ material. Refer to the specifications presented in Appendix E. 

Overflow 
Infiltration chambers/vaults shall have an overflow designed to convey any flow exceeding 
the capacity of the facility unless designed to fully infiltrate all flows for the full, required 
simulation period. Plans shall indicate surface flow paths in case of failure of the BMP (refer 
to Section 4.3.3). If overflow is connected to the public drainage system, a catch basin shall 
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Modeling Approach for On-site Performance Standard, Flow Control, and Water Quality 
Treatment 
When using continuous hydrologic modeling to size infiltration chambers/vaults, the 
assumptions listed in Table 5.29 shall be applied. It is recommended that infiltration 
chambers/vaults be modeled as a pond with vertical side walls and a depth (controlled in the 
model by the height of the outlet structure) set equal to the effective depth of the 
chamber/vault. For a given chamber/vault type and size, the effective depth (i.e., the 
equivalent chamber/vault storage depth assuming 100 percent voids) can be estimated based 
on the chamber/vault storage volume (chamber/vault plus aggregate storage — typically 
obtained from the chamber/vault manufacturer) and chamber/vault footprint area (including 
aggregate spacing between chambers/vaults). Storage volume provided by the manufacturer 
should assume 30 percent aggregate porosity unless test showing higher porosity is provided. 
For example, for a 4-foot-wide by 7-foot-long chamber/vault with 6-inch chamber/vault 
spacing and a manufacturer provided storage volume of 70 cubic feet (assuming 30 percent 
aggregate porosity), the effective depth would be calculated as follows: 

Effective Storage Depth = Storage Volume (70 cubic feet — per manufacturer) ÷ 
Chamber/Vault Area where, 

Chamber/Vault Area = Chamber/Vault Width including Spacing 
(4 feet + 3 inches + 3 inches) x Chamber/Vault Length (7 feet). 

Once the effective depth for a given chamber/vault system is established, the chamber/vault 
area or length should be iteratively sized until the Minimum Requirements for Flow Control 
and/or Water Quality Treatment are met (refer to Volume 1) or where it has been 
determined by the Director that there is no offsite point of discharge for the project, the 
requirements of Section 4.3.2 are met. General sizing procedures for infiltration BMPs are 
presented in Section 4.5.1. 

Table 5.29. Continuous Modeling Assumptions for Infiltration Chambers/Vaults. 

Variable Assumption 
Precipitation Series Seattle 158-year, 5-minute series 
Computational Time Step 5 minutes 
HSPF Parameters LSUR, SLSUR, NSUR shall be adjusted per Appendix F 
Inflows to Facility Surface flow and interflow from total drainage area (including 

impervious and pervious contributing areas) routed to facility 
Precipitation and Evaporation Applied to Facility No 
Total Depth Effective storage depth plus freeboard 
Subgrade Soil Design Infiltration Rate Design infiltration rate (Section 4.5.2, Appendix D) 
Infiltration Across Wetted Surface Area No (bottom area only) 
Outlet Structure Specify riser diameter and riser height (set equal to the 

effective storage depth) 
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5.4.9.7. Minimum Construction Requirements 
During construction, it is critical to prevent clogging and over-compaction of the subgrade. 
Refer to the minimum construction requirements for infiltration trenches in Section 5.4.2.7. 

5.4.9.8. Operations and Maintenance Requirements 
General O&M requirements for infiltration facilities provided in Appendix G (BMP No. 2) apply 
to infiltration chambers/vaults. Manufacturers of specific infiltration chambers/vaults may 
have additional O&M recommendations. 

Document a plan for cleaning and maintenance access for any equipment and personnel 
required for chambers and for vaults that are not as shown in Figure 5.22. If personnel will be 
entering the facility, a 24-inch-diameter ring and cover and 36-inch-diameter vertical pipe is 
required. 

 







http://www.seattle.gov/sdci/codes/codes-we-enforce-(a-z)/stormwater-code
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Table 5.30. Typical Assumptions for Non-Potable Rainwater Demand Calculations. 

Use Assumptions Source 
Commercial Building Uses for Employees 
Number of employees Actuala  
Employees that are male 50% Assumed 
Water closet (toilet) uses per male 
employee 

1 use/day LEED Reference Guide 

Urinal uses per male employee 2 uses/day LEED Reference Guide 
Water closet uses per female 
employee 

3 uses/day LEED Reference Guide 

Toilet and urinal fixture flow rates Actual (gallons per use) Manufacturer’s data 
Commercial Building Uses for Visitors 
Number of visitors Actualb  
Water closet (toilet) uses per male 
visitor 

0.2 use/day LEED Reference Guide 

Urinal uses per male visitor 0.1 use/day LEED Reference Guide 
Water closet (toilet) uses per female 
visitor 

0.1 uses/day LEED Reference Guide 

Toilet and urinal fixture flow rates Actual (gallons per use) Manufacturer’s data 
Residential Building 
Water closet (toilet) uses per 
resident 

5.1 uses per day per person Rainwater Catchment Systems 
(ARCSA/ASPE/ANSI 63-2013) 

Toilet and urinal fixture flow rates Actual (gallons per use) Manufacturer’s data 
Cold water leg of laundry 80% DeOreo and Mayer (2012) 
Laundry usage 0.31 loads/day/capitac Residential End Uses of Water 

Executive Report, Version 2 
(WRF 2016) 

Residents per bedroom 2 for the first bedroom and 1 for 
each other bedroom per unit 

Assumed 

a Typically not more than 1 employee per 2,000 sf of retail or 1 employee per 150 sf of office. 
b Typically not more than 150 visitors per day for commercial uses. 
c Derived from 31 gallons/load and 9.6 gallons per day per person from the Residential End Uses of Water Executive Report 

(WRF 2016). 

  



http://www.allianceforwaterefficiency.org/resources/residential
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Step 2: Calculate the “Infiltration Rate” Equivalent to the Rainwater Demand 

In order to represent the daily rainwater demand in the continuous simulation model, the 
equivalent cistern “infiltration rate” is calculated as follows: 

Equivalent Cistern “Infiltration Rate” (inch/hour) = D x (12 inches/foot)/A, where: 

D = Average Daily Rainwater Demand (cubic feet per hour) 
A = Cistern Footprint Area (square feet) 

Step 3: Determine Contributing Roof Area 

The actual roof area draining to the cistern is the contributing roof area. 

Step 4: Integrate Rainwater Harvesting into Development Site Model 

In an approved continuous hydrologic model, runoff from the contributing roof area is 
directed to a storage element (e.g., vault, cistern) with an infiltration routine to represent 
the cistern with rainwater use (refer to Table 5.32). The equivalent “infiltration rate,” 
calculated as shown above, is applied to the bottom area of the storage element. The size of 
the storage element and/or the equivalent “infiltration rate” (rainwater use rate) are 
adjusted to achieve the desired level of performance. Note that when the storage element 
size is modified, the equivalent “infiltration area” shall be updated based on the new cistern 
footprint area (refer to the equation in Step 2). 

If rainwater harvesting does not achieve the applicable stormwater performance standard(s), 
overflow from the storage element can be routed to a downstream stormwater management 
practice (e.g., detention, bioretention) that can be sized to meet the standard(s). 

Table 5.32. Continuous Modeling Assumptions for Rainwater Harvesting. 

Variable Assumption 
Precipitation Series Seattle 158-year, 5-minute series 
Computational Time Step 5 minutes 
HSPF Parameters LSUR, SLSUR, NSUR shall be adjusted per Appendix F 
Inflows to Cistern Surface flow from drainage area (roof area) routed to facility 
Storage in Cistern Storage element (e.g., vault, cistern) 
Rainwater Demand Represent rainwater demand as an equivalent “infiltration rate” applied to the 

bottom of the storage element 
Outlet Structure Overflow elevation set at live storage depth. May be modeled as weir flow over 

riser edge. Note that freeboard shall be sufficient to allow water surface 
elevation to rise above the overflow elevation to provide head for discharge. 
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5.5.2.8. Operations and Maintenance Requirements 
SFR cistern O&M requirements are provided in Appendix G (BMP No. 24). 

The home owner shall open the valve to engage the flow control orifice during the non-
growing season (approximately October through April or May). If the valve is not opened 
during this time, the cistern will fill and overflow, eliminating the detention benefits of the 
system. A plan shall be submitted demonstrating how the O&M requirements will be met. 











http://www.seattle.gov/sdci/codes/codes-we-enforce-(a-z)/stormwater-code
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5.6.1.6. BMP Credits 

Credit for On-site List Approach 
A vegetated roof system may be selected to meet the On-site List Requirement (refer to 
Section 3.3.1 and Appendix C for infeasibility criteria). The hard surface area covered by a 
vegetated roof system meets the requirement. To account for roof areas that cannot feasibly 
be covered by a vegetated roof system (e.g., access ways, roof vents), the entire roof area 
meets the On-site List Requirement if 80 percent of the roof is covered by a vegetated roof. If 
a smaller portion of the roof is covered by a vegetated roof, only the covered portion of the 
roof meets the On-site List Requirement and an additional BMP is required for the remaining 
area. 

Pre-sized Approach for Flow Control 
The Pre-sized Approach may be used for projects with new and replaced hard surface areas 
up to 10,000 square feet. Under the Pre-sized Approach (refer to Section 4.1.2), flow control 
credits towards meeting the Pre-developed Pasture and Peak Control Standards may be 
partially achieved by vegetated roof systems. Credits for vegetated roofs are provided in 
Table 5.34, organized by performance standard and growth media depth. These credits can 
be applied to reduce the hard surface area requiring flow control. Since the credits for 
vegetated roofs are less than 100 percent, the standard is not completely achieved and 
additional flow control measures will be required. As an example, for a site subject to the 
Peak Control Standard, a vegetated roof would receive an 80 percent credit. Therefore, 
86 percent of the impervious area covered by the vegetated roof can be excluded from 
drainage calculations. The impervious area used to size the downstream flow control facility 
would be calculated as 20 percent of the impervious area covered by the vegetated roof. 

Table 5.34. Pre-sized Flow Control Credits for Vegetated Roofs. 

Vegetated Roof Type 

Credit (%) 

Pre-developed Pasture Standard Peak Control Standard 
Single or Multi-Course/ 

4 inch minimum media depth 
16% 80% 

Impervious Area Managed = Vegetated roof Area x Credit (%)/100. 

The flow control credits outlined above are applicable only if the vegetated roof meets the 
minimum design requirements outlined in this section and the minimum media depth 
specified in Table 5.34. 

Alternatively, vegetated roofs can be sized using a continuous model as described below. 

Modeling Approach for On-site Performance Standard and Flow Control 
When using continuous simulation hydrologic modeling to quantify the on-site stormwater 
management and/or flow control performance of vegetated roof systems, the assumptions 
listed in Table 5.35 shall be applied. It is recommended that vegetated roofs be modeled as 
layers of aggregate with surface flows, interflow, and exfiltrating flow routed to an outlet. 
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Table 5.35. Continuous Modeling Assumptions for Vegetated Roof Systems. 

Variablea Assumption 
Precipitation Series Seattle 158-year, 5-minute series 
Computational Time Step 5 minutes 
HSPF Parameters LSUR, SLSUR, NSUR shall be adjusted per Appendix F 
Inflows to Facility None 
Precipitation and Evaporation 
Applied to Facility 

Yes 

Depth of Material (inches) Growth media/soil depth (minimum of 4 inches). 
Currently, MGSFlood and the Western Washington Hydrology Model (WWHM) 
are not capable of representing the flow control benefits of the drainage layer or 
other storage beneath the growth media. 

Vegetative Cover Ground cover or shrubs. Shrubs are appropriate only when growth media is 
6 inches or greater. 

Length of Rooftop (ft) The average surface flowpath length from the most upstream point to the roof 
drain 

Slope of Rooftop (ft/ft) The slope of the vegetated roof 
Discharge from Facility Surface flow, interflow and exfiltrated flow from vegetated roof module routed to 

downstream BMP or point of compliance. Note that the exfiltrated flow (flow 
infiltrated through the media and collected by the drainage layer) is tracked as 
groundwater in MGSFlood and WWHM. 

a Depending upon the hydrologic model used, some inputs may not be requested. 

The media depth can be modified to achieve various degrees of flow control. Because the on-
site stormwater management and flow control standards cannot typically be achieved using a 
vegetated roof, additional downstream flow control measures may be required. 

5.6.1.7. Minimum Construction Requirements 
The growth media shall be protected from over compaction during construction. 

5.6.1.8. Operations and Maintenance Requirements 
Vegetated roof system O&M requirements are provided in Appendix G (BMP No. 28). A 
Landscape Management Plan shall be developed and implemented for vegetation O&M. 
Irrigation shall be provided for a minimum of five growing seasons. An Irrigation Design and 
Operation Plan shall be included in the Vegetated Roof Maintenance Plan. 
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5.6.2. Permeable Pavement Surfaces 

5.6.2.1. Description 
Permeable pavement is a paving system which allows rainfall to percolate into the underlying 
subgrade. Two categories of permeable pavement BMPs are included in this manual: 
permeable pavement surfaces and permeable pavement facilities. A comparison of these 
BMPs is provided in Section 5.4.6. 

A permeable pavement surface consists of a pervious wearing course (e.g., porous asphalt, 
pervious concrete) and an aggregate subbase installed over subgrade soil. The aggregate 
subbase is designed to manage only the water that falls upon it. Because permeable 
pavement surfaces are designed to function as a permeable land surface and not intended to 
manage runoff from other surfaces, they are not considered infiltration facilities and have 
less onerous siting and design requirements. 

5.6.2.2. Performance Mechanisms 
Flow control occurs through temporary storage of stormwater runoff in the voids of the 
aggregate material and subsequent infiltration of stormwater into the underlying soils. 
Pollutant removal mechanisms include infiltration, filtration and sedimentation, 
biodegradation, and soil adsorption. 

5.6.2.3. Applicability 
Permeable pavement surfaces can be designed to provide on-site stormwater management, 
flow control and/or water quality treatment. This BMP can be applied to meet or partially 
meet the requirements listed below. 
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On-site Flow Control Water Quality 

Conveyance Li
st

 

St
an

da
rd

 

Fo
re

st
 

Pa
st

ur
e 

Pe
ak

 

B
as

ic
 

En
ha

nc
ed

 

O
il 

C
on

tr
ol

 

Ph
os

ph
or

us
 

Permeable Pavement Surface   a a a a, b a, b    
a Standard may be partially or completely achieved depending upon subgrade slope, infiltration rate of subgrade soil, and whether 

aggregate subbase is laid above or below surrounding grade. 
b Underlying soil shall meet the treatment soil requirements outlined in Section 4.5.2 or a water quality treatment course shall be 

included per Section 5.4.6.5. 

5.6.2.4. Site Considerations 
Since permeable pavement surfaces are not designed to receive runoff from other surfaces 
and are designed to function as a permeable land surface, they are not considered infiltration 
facilities. Therefore, the restrictions related to infiltration facilities (e.g., restrictions, 
setbacks, separation from groundwater) are not applicable. An exception is that infiltration 
testing is required for permeable pavement surfaces when hydrologic modeling will be 
conducted to evaluate performance relative to the flow control, water quality treatment or 
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5.6.2.6. BMP Sizing 

Sizing for On-site List Approach 
Permeable pavement surfaces shall be selected to meet the On-site List Requirement (refer 
to Section 3.3.1 and Appendix C for infeasibility criteria). The area of permeable pavement 
surface meets the requirement. 

Pre-sized Approach for Flow Control 
The Pre-sized Approach may be used for projects with new and replaced hard surface areas 
up to 10,000 square feet. Under the Pre-sized Approach (refer to Section 4.1.2), pre-sized 
permeable pavement surfaces receive credits toward meeting the Pre-developed Pasture and 
Peak Control Standards. Credits for permeable pavement surfaces are provided in Table 5.36, 
organized by performance standard and subgrade slope. These credits can be applied to 
reduce the hard surface area requiring flow control. If partial credit (less than 100 percent) is 
received, the standard is not completely achieved and additional measures will be required. 
As an example, for a site subject to the Peak Control Standard, a permeable pavement 
surface on subgrade with a slope exceeding 2 percent would receive a 71 percent credit. 
Therefore, 71 percent of the permeable pavement surface can be excluded from drainage 
calculations. The impervious area (the area used to size the downstream flow control facility) 
would be calculated as 29 percent of the permeable pavement surface area. 

Table 5.36. Pre-Sized Flow Control Credits for Permeable Pavement Surfaces 
with and without Check Dams. 

 
Subgrade 

Slope 

Credit (%) 

Pre-developed  
Pasture Standard 

Peak Control 
Standard 

Water Quality 
Treatment Standarda 

Without 
Check Dams 

Up to 2% 25% 7% 88% 
>2% 0% 0% 6% 

With Check 
Dams 

Up to 2% 100% 63% 100% 
>2% 99% 68% 100% 

Impervious Area Managed = Permeable Pavement Surface Area x Credit (%)/100. 
a Pre-sized Approach may be used to meet basic water quality treatment. Enhanced water quality treatment may be achieved if 

soil suitability criteria are met (refer to Section 4.5.2). 
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Table 5.37. Modeling Methods for Permeable Pavement Surfaces. 

Subbase 
Wearing 
Course 

Subgrade 
Slope Modeling Representation Performance 

Subbase 
below (or 
partially 
below) the 
surrounding 
grade 
without 
internal 
dams within 
the base 
materials 

Any 0–2% Model subbase storage and infiltration into 
underlying soil explicitly. The aggregate 
subbase depth should be set at the depth of 
the aggregate below the surrounding grade. 
Refer to Table 5.38. 

The aggregate subbase 
depth may be sized to 
meet performance 
standards. 

>2% Model subbase storage and infiltration into 
underlying soil explicitly with an infiltration 
rate and a total effective depth of 1 inch. 
The dimensions of the simulated permeable 
pavement shall be equal to the below grade 
base materials. If required for simulation, an 
overflow riser shall have a height of 0.5 inch 
and a diameter of 1,000 inches (to ensure 
there is minimal head on the riser). 
Refer to Table 5.38. 

Partial credit towards 
performance standard 
may be achieved. To 
fully meet performance 
standards on sloped 
subgrade, use 
permeable pavement 
facility (refer to 
Section 5.4.6). 

Subbase 
below (or 
partially 
below) the 
surrounding 
grade with 
internal 
check dams 
within the 
base 
material  

Any Any Model subbase storage and infiltration into 
underlying soil explicitly. Model each cell of 
permeable pavement that is separated by 
internal dams separately as a gravel-filled 
trench. The dimensions of each simulated 
cell shall be equal to the below grade base 
materials with a storage depth equal to the 
average depth of water behind the 
downstream check dam. If required for 
simulation, an overflow riser shall have a 
height equal to the storage depth and a 
diameter of 1,000 inches (to ensure there is 
minimal head on the riser). 

Each cell should have an appropriate 
tributary drainage area equal to the 
permeable pavement area above. Refer to 
Table 5.38. 

Partial credit towards 
performance standard 
may be achieved. 

  













https://ecology.wa.gov/Water-Shorelines/Water-supply/Dams
https://ecology.wa.gov/Water-Shorelines/Water-supply/Dams
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5.7.2. Detention Pipes 

5.7.2.1. Description 
Detention pipes are underground storage facilities for stormwater. Detention pipes can be 
combined with rainwater harvesting (refer to Section 5.5.1). 

5.7.2.2. Performance Mechanisms 
Detention pipes provide peak flow attenuation by slowly releasing low flows through an 
orifice. 

5.7.2.3. Applicability 
Detention pipes can be applied to meet or partially meet the requirements listed below. 
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Detention Pipe  a b b b      
a Standard may be partially achieved for smaller contributing areas. 
b Standard may be partially or completely achieved depending upon contributing area and minimum orifice size. 

5.7.2.4. Site Considerations 
The primary site considerations for detention pipes include conflicts with existing 
underground utilities, building foundation and steep slopes and landslide prone areas. While 
there are no specific setback requirements for detention pipes from buildings, detention pipe 
location and pipe material approval is required and may require geotechnical analysis. 

Detention pipes are not allowed within steep slopes, known landslide areas, and their 15-foot 
buffers as defined by the regulations for ECAs (SMC, Section 25.09.012). For detention pipes 
within a setback equal to the height of the slope to a maximum of 50 feet from the top of 
steep slope and known landslide area, a slope stability assessment shall be completed by a 
licensed geotechnical engineer or engineering geologist considering the effects on slope 
stability due to a leaking or damaged detention BMP. More stringent watertightness/ 
exfiltration field testing of detention pipes within a 50-foot setback from the top of the steep 
slope and known landslide area may be required. 

Additionally, pipe systems that do not provide a watertight seal (e.g., CMP pipe) are not 
allowed within 200 feet from the top of an ECA steep slope, landslide prone area, or known 
landslide area or under buildings or other structures. 

Grading and drainage collection on the site are important site considerations that can impact 
flow control effectiveness. Special care may be necessary, particularly with roadway 
projects, to match BMP sizing to actual runoff collected and conveyed to the facility. 



http://www.seattle.gov/sdci
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Figure 5.26. Typical Private Property Detention Pipe. 
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The pipe length is calculated as a function of the hard surface area routed to it. As an 
example, for the Pre-developed Pasture Standard, the pipe length for a 24-inch-diameter pipe 
receiving runoff from between 2,000 to 10,000 square feet of hard surface would be 
calculated as: 

0.0571 x contributing hard surface area (square feet) + 49.5 feet 

All area values shall be in square feet and length values shall be in feet. Alternatively, 
detention pipes for small sites can be sized using a continuous model as described in the 
subsequent section. 

Table 5.39. Pre-sized Sizing Equations for Detention Pipe. 

Detention 
Pipe 

Diametera Contributing Area 

Sizing Equation for Pipe Length 

Pre-
developed 

Pasture 
Standard 

Pre-Developed 
Pasture 

Standard 
Orifice 

Diameter for 
Construction 

Peak Control 
Standard 

Peak Control 
Standard 

Orifice 
Diameter for 
Construction 

24 inches 2,000 – 5,000 sf [0.0571 x A] 
+ 49.5 

0.5 [0.0475 x A] + 27 0.5 
5,001 – 6,000 sf 
6,001 – 8,500 sf 0.625 

8,501 – 10,000 sf 0.75 
36 inches 2,000 – 5,000 sf [0.0733 x A] - 

220.95 
0.5 [0.0236 x A] + 

6.75 
0.5 

5,001 – 7,000 sf 

7,001 – 10,000 sf 0.625 
A – contributing hard surface area; ft – feet; sf – square feet. 
For Peak Control Standard: Pipe Length (ft) = Factor x [A (sf) ^ Integer]. 
   Hard Surface Area Managed (sf) = [Pipe Length (ft) ÷ Factor] ^ (1 ÷ Integer). 
For Pre-developed Pasture Standard: Pipe Length (ft) = [Factor x A (sf)] + Integer. 
  Hard Surface Area Managed (sf) = [Pipe Length (ft) - Integer] ÷ Factor. 
a Detention pipe diameter refers to live storage depth (i.e., does not include freeboard or sediment storage requirements). 

Modeling Approach for On-site Performance Standard and Flow Control 
When using the continuous runoff model for pipe sizing, the assumptions listed in Table 5.40 
shall be applied. It is recommended that pipes be modeled as horizontal cylinders with an 
outlet structure that includes a low flow orifice. The contributing area, pipe diameter, pipe 
length and orifice configuration should be iteratively sized until the Minimum Requirements 
for Flow Control are met (refer to Volume 1, Section 5.3). 

For smaller contributing areas, the minimum diameter for the low flow orifice (0.5 inch) will 
be too large to meet standard release rates, even with minimal head. Refer to Section 4.1.3.2 
for contributing area thresholds and an alternative modeling approach for smaller 
contributing areas. The designer is advised to evaluate other detention BMPs, including 
vaults, since the required pipe slope, minimum orifice size, and contributing area may make 
the detention pipe BMP impractical. Evaluation of a detention pipe diameter less than 
18 inches is not advised. Refer to Section 4.1.3.2 for additional flow control modeling 
guidance. 
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5.7.3. Detention Vaults/Chambers 

5.7.3.1. Description 
Detention vaults/chambers are underground storage facilities for stormwater. Detention 
vaults/chambers can be combined with rainwater harvesting (refer to Section 5.5.1). 
Stackable, modular detention chambers can also be used. 

5.7.3.2. Performance Mechanisms 
Detention vaults/chambers provide peak flow attenuation by slowly releasing low flows 
through an orifice. 

5.7.3.3. Applicability 
Detention vaults/chambers can be applied to meet or partially meet the requirements listed 
below. 
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Detention Vault/Chamber  a b a, b b      
a Standard may be partially achieved for smaller contributing areas. 
b Standard may be partially or completely achieved depending upon contributing area and minimum orifice size. 

5.7.3.4. Site Considerations 
Detention vaults/chambers are typically shallower than detention pipes, since they can utilize 
a greater area. Primary site considerations for a detention vault/chamber include providing 
sufficient access points for maintenance, incorporating the access requirements into a site, 
conflicts with existing underground utilities, and site setback requirements. While there are 
no specific setback requirements for detention vaults/chambers from buildings an utilities, 
detention vault/chamber location and vault/chamber material approval is required, and may 
also require geotechnical analysis. 

Detention vaults/chambers are not allowed within steep slopes, known landslide areas, and 
their 15-foot buffers as defined by the regulations for ECAs (SMC, Section 25.09.012). 

An impermeable liner is required for detention chambers with open bottoms or sides when 
the facility is within the horizontal setbacks and site constraint areas that are required for 
infiltrating BMPs per Step 2 of Section 3.2. However, detention facilities that include 
chambers with open bottoms or sides (e.g., modular, stackable chambers, open-bottom arch 
pipe, etc.) are not allowed within 200 feet from the top of an ECA steep slope, landslide 
prone area, or known landslide area or under buildings or other structures even if an 
impermeable liner is provided. 
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Figure 5.27. Typical Detention Vault. 
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Figure 5.28. Detention Cistern. 

Contributing Area 
The area contributing runoff to a detention cistern shall not be pollution generating (e.g., 
surfaces subject to vehicular traffic are not acceptable). 

To protect the water quality of the rainwater harvested, avoid collecting runoff from roof 
surfaces composed of materials such as copper or zinc that may release contaminants into the 
system. Also avoid collecting runoff from roof materials treated with fungicides or herbicides. 

Collection System 
Collection systems include gutters and downspouts, as well as piping and any other 
conveyance needed to route runoff from the roof to the cistern. 

Screens/Debris Excluder 
A filter screen or other debris barrier is required to prevent insects, leaves, and other larger 
debris from entering the system. A self-cleaning inlet filter is recommended. 
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Table 5.44. Non-infiltrating BMP Placement in Relation to Detention BMP. 

Non-infiltrating BMP Preceding Detention BMP Following Detention BMP 
Basic Biofiltration Swale  
(Section 5.8.3) 

Allowed Allowed—prolonged flows may reduce vegetation 
survival. Consider wet biofiltration swale instead. 

Wet Biofiltration Swale  
(Section 5.8.3) 

Allowed Allowed. 

Filter Strip 
(Section 5.8.4) 

Allowed Not allowed—shall be installed before flows 
concentrate; cannot effectively be re-dispersed. 

Basic or Large Sand 
Filter or Sand Filter 
Vault 
(Section 5.8.5) 

Allowed—presettling and 
control of floatables needed 

Allowed—sand filters downstream of detention BMPs 
may require field adjustments if prolonged flows cause 
sand saturation, anoxic conditions, and phosphorus 
release. 

Basic or Large Wet 
Pond 
(Section 5.8.6) 

Allowed Allowed—less water level fluctuation in ponds 
downstream of detention may improve aesthetic 
qualities and performance. 

Wet Vault 
(Section 5.8.7) 

Allowed Allowed. 

Stormwater Treatment 
Wetland/Pond  
(Section 5.8.8) 

Allowed Allowed—less water level fluctuation and better plant 
diversity are possible if the stormwater wetland is 
located downstream of the detention BMP. 

Proprietary and 
Emerging Water Quality 
Treatment Technologies 
(Section 5.8.11) 

Allowed Allowed—depending on the type of technology. 
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5.8.2.3. Applicability 
Non-infiltrating bioretention can be designed to provide on-site stormwater management, 
flow control, and/or water quality treatment. These facilities can be applied to meet or 
partially meet the requirements listed below. 
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Non-Infiltrating Bioretention  a a a      b 
a Standard may be partially or completely achieved depending upon ponding depth, contributing area, and use of orifice control. 
b Non-infiltrating bioretention facilities may be connected in series, with the overflows of upstream cells directed to downstream 

cells to provide conveyance. 

5.8.2.4. Site Considerations 
Because typically non-infiltrating bioretention facilities do not infiltrate water to surrounding 
soils (water discharges via an underdrain and surface overflow), these BMPs are not subject to 
infiltration facility requirements. However, some infiltration requirements apply if a liner is 
not used (refer to Volume 3, Section 5.8.2.5 below). 

Non-infiltrating bioretention is not permitted if the underdrained water would be routed to a 
nutrient-critical receiving water. Non-infiltrating bioretention is also not permitted within a 
setback equal to the height of the slope to a maximum of 50 feet from the top of steep slope 
or known landslide area. 

Non-infiltrating bioretention is allowed in the side, front, and rear yard/setbacks that are 
required by the Land Use Code (SMC Title 23) in certain land use zones. However, if the 
facility extends above grade (e.g., a non-infiltrating bioretention planter that is partially or 
completely above the surrounding grade), then the amount of the yard/setback that it can 
cover may be restricted if the facility is over a certain height or width. Height is measured 
from the lowest adjacent grade. Width is the outside width and is measured perpendicular to 
the setback line. 

Refer to the Land Use Code (SMC Title 23) for the specific heights and widths that trigger 
yard/setback coverage limitations for GSI features. Note: The requirements vary based on 
zoning and are not required in all zones. 

Note: The “total storage capacity” mentioned in these code sections does not apply to non-
infiltrating bioretention. Also, larger non-infiltrating bioretention planters may be permitted 
without restriction of the amount of yard/setback coverage if they meet the standards for 
retaining walls within a required yard/setback. 

Refer to Appendix C for additional infeasibility criteria for the On-site List Approach. 
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5.8.2.5. Design Criteria 
Typical components of non-infiltrating bioretention facilities with sloped sides and vertical 
sides are shown in Figures 5.29 and 5.30, respectively. 

 

Figure 5.29. Non-infiltrating Bioretention Facility with Sloped Sides. 
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5.8.3. Biofiltration Swales 
5.8.3.1. Description 
A biofiltration swale is an open, gently sloped, vegetated channel designed to treat 
stormwater. Biofiltration swales are designed so that stormwater will flow evenly across the 
entire width of a densely vegetated channel. The four biofiltration swales described in this 
section are: 

1. Basic biofiltration swale: a swale with a densely vegetated channel, with all runoff 
entering at the head of the swale. 

2. Wet biofiltration swale: similar to the basic swale, but due to site conditions and/or 
influent conditions, this swale is designed to accommodate saturated soil conditions. It 
is appropriate for locations where the longitudinal slope is very low, water tables are 
high, or continuous low base flow is present. 

3. Continuous inflow biofiltration swale: similar to the basic swale, but runoff enters at 
multiple locations along the length of the swale. The basic swale design is modified by 
increasing the swale length to achieve an equivalent average residence time. 

4. Compost-amended biofiltration swale: same as the basic swale, but with a 3-inch 
compost blanket within the channel of the swale. 

5.8.3.2. Performance Mechanisms 
Pollutant removal occurs by filtration as stormwater moves through the vegetation, enhancing 
sedimentation, and trapping pollutants within the compost or vegetation. 

5.8.3.3. Applicability 
A swale can be designed for water quality treatment and conveyance of stormwater flow. This 
combined use can reduce development costs by eliminating the need for separate conveyance 
and treatment systems. Biofiltration swales are typically configured as flow-through systems, 
with little or no detention or storage. This BMP can be applied to meet the requirements as 
summarized below. 
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Basic Biofiltration Swale       TT-A or TT-B  TT-A  
Wet Biofiltration Swale       TT-A or TT-B  TT-A  
Continuous Inflow 
Biofiltration Swale 

      TT-A or TT-B  TT-A  

Compost-amended 
Biofiltration Swale 

          

TT-A = Treatment Train A (shall be followed by a Basic Sand Filter or Sand Filter Vault (Section 5.8.5) 
TT-B = Treatment Train B (shall be followed by an approved Proprietary and Emerging Water Quality Treatment Technology 

(Section 5.8.11) 
Refer to Section 3.5.2.2 for more information on Two-BMP Treatment Trains. 
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criteria developed by Ecology and WSDOT, the City has also developed specific design criteria 
for several design elements which are summarized below. 

 

Figure 5.31. Biofiltration Swale Plan and Profile. 

Level Spreaders 
Refer to BMP T9.10 — Basic Biofiltration Swale, BMP T9.20 — Wet Biofiltration Swale, 
and BMP T9.30 — Continuous Inflow Biofiltration Swale in Volume V of the SWMMWW for 
biofiltration swale design considerations. 

In addition, the City of Seattle requires level spreaders at the toe of vertical drops (check 
dams). Design guidelines and example design figures for level spreaders are provided in 
Appendix E. 

Underdrains 
Refer to BMP T9.10 — Basic Biofiltration Swale, BMP T9.20 — Wet Biofiltration Swale, 
and BMP T9.30 — Continuous Inflow Biofiltration Swale in Volume V of the SWMMWW for 
design considerations. 

In addition, the City of Seattle requires underdrains for swales less than 1.5 percent 
longitudinal slope on till soils. 
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5.8.3.8. Operations and Maintenance Requirements 
Basic, wet, and continuous inflow biofiltration swale O&M requirements are provided in 
Appendix G (BMPs No. 9 and 10). Compost-amended biofiltration swale O&M requirements can 
be found in the WSDOT Highway Runoff Manual under BMP RT.04 — Biofiltration Swale. 
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5.8.4. Filter Strips/Drains 

5.8.4.1. Description 
A filter strip is a grassy slope that receives unconcentrated runoff from adjacent hard 
surfaces such as a parking lots, driveways, or roadways. Filter strips are graded to maintain 
sheet flow over their entire width. Compost and other amendments can be incorporated into 
filter strips designs to provide enhanced treatment (refer to Section 3.5.2.3). The following 
three types of filter strip BMPs are described in this section: 

1. Vegetated filter strip: a flat filter strip with no side slopes. Polluted stormwater is 
distributed as sheet flow across the inlet width of the filter strip. 

2. Compost-amended vegetated filter strip (CAVFS): An enhanced treatment option, 
similar to the vegetated filter strip, but the filter area is compost-amended to 
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. Compost-amended systems have 
somewhat higher construction costs due to more expensive materials, but require less 
land area for water quality treatment, which can reduce overall costs. 

3. Media filter drain (MFD): Previously referred to as the ecology embankment, a linear 
flow-through stormwater treatment device that can be sited along roadway side-slopes 
(conventional design) and medians (dual MFD), borrow ditches, or other linear 
depressions. Cut-slope applications may also be considered. MFDs have four basic 
components: a gravel no-vegetation zone, a vegetated filter strip, the MFD mix bed, 
and an optional gravel-filled underdrain trench or layer of crushed surfacing base 
course (CSBC). The layer of CSBC shall be porous enough to allow treated flows to 
freely drain away from the MFD mix. 

5.8.4.2. Performance Mechanisms 
Filter strips remove pollutants primarily by filtration as stormwater moves through the grass 
blades. This enhances sedimentation and traps pollutants which adhere to the grass and 
thatch. Pollutants can also be adsorbed by the underlying soil when infiltration occurs, but 
the extent of infiltration depends on the type of soil, the density of grass, and the slope of 
the filter strip. The MFD removes suspended solids, phosphorus, and metals from roadway 
runoff through physical straining, ion exchange, carbonate precipitation, and biofiltration. 

5.8.4.3. Applicability 
A filter strip can be designed for both treatment and conveyance of stormwater flow. This 
combined use can reduce development costs by eliminating the need for separate conveyance 
and treatment systems. Vegetated filter strips, CAVFS, and MFDs are typically configured as 
flow-through systems, with little or no detention or storage. This BMP can be applied to meet 
the requirements as summarized below. 
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5.8.5. Sand Filters 

5.8.5.1. Description 
Sand filters are used to provide water quality treatment. The following three sand filter BMPs 
are described in this section: 

1. Sand filter basins: Like an infiltration basin, the sand filter basin is an impoundment 
that temporarily stores stormwater runoff so that it can infiltrate, but instead of 
infiltrating through the underlying soil, stormwater passes through a constructed sand 
bed. Sand filters can be sized as either a basic or a large facility to meet different 
water quality objectives. Sand filter basins are designed with underdrains to collect 
and route runoff following treatment to the downstream conveyance system. 

2. Sand filter vaults: A sand filter vault is similar to a sand filter basin, except that the 
entire facility is installed below grade in a vault. It typically consists of a presettling 
cell (if pretreatment is not already provided) and a sand filtration cell. Like a sand 
filter basin, a vault can be sized as either a basic or a large facility to meet different 
water quality objectives. 

3. Linear sand filters: Linear sand filters are similar to sand filter vaults, except the 
vault is configured as a long, shallow, linear system. The vault contains two cells or 
chambers, one for removing coarse sediment and the other containing sand overlying 
an underdrain. Runoff usually enters the settling chamber as unconcentrated flow 
from an adjacent area and overflows to a central weir into the sand portion of the 
vault. 

5.8.5.2. Performance Mechanisms 
Sand filters treat stormwater primarily via physical filtration. As stormwater passes through 
the sand media, pollutants are trapped in the small spaces between sand grains, or adhere to 
the sand surface. Over time, soil bacteria may also grow in the sand bed and some biological 
removal may occur. 

Sand filter media can also be amended with steel fiber and crushed calcitic limestone to 
increase dissolved metals removal. Use of amended sand filters is allowed with the permission 
of the Director. 
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Because the site is located in Seattle, the “regional scale factor” (refer to Step 1) is 1.0. 
Multiply 2,760 square feet by the 0.7 adjustment factor (refer to Step 4). 

2,760 sf x 1.0 x 0.7 = 1,930 sf 

The required sand bed area is therefore 1,930 square feet. 

Note: Find the total facility area by adding 3H:1V side slopes for the 3-foot ponding depth 
plus extra vertical height to convey the 100-year flow. For example, if the total pond depth is 
3.5 feet, the sand filter will require a total land area of (44 feet + 10.5 feet) x 
(44 feet + 10.5 feet) = 2.970 square feet, plus access and setback requirements. 

Modeling Approach 
When using continuous modeling to size a sand filter, apply the assumptions listed in 
Table 5.50. 

Table 5.50. Sand Filter Design and Sizing Criteria. 

Variable 
Basic Sand 
Filter Basin 

Large Sand 
Filter Basin 

Sand Filter 
Vault 

Linear Sand 
Filter 

Precipitation Series Seattle 158-year, 5-minute series 
Computational Time Step 15 minutes 

HSPF Parameters LSUR, SLSUR, NSUR shall be adjusted per Appendix F 
Inflows to Facility Continuous model output for applicable water quality design flow rate and volume 
Ponding Depth Maximum water depth over the filter media Maximum of 1 foot 

Precipitation Applied to 
Facility 

Yes No Yes (grated cover) 
No (solid cover) 

Evaporation Applied to 
Facility 

Yes No Yes (grated cover) 
No (solid cover) 

Media depth 18 inches or other as designed Minimum of 
12 inches of sand 
and 8 inches of 

drain rock 
Sand Media 

Hydraulic Conductivity 
1 inch per hour 

Use Wetted Surface Area Only if side slopes are 3H:1V or flatter No No 

5.8.5.7. Minimum Construction Requirements 
Refer to BMP T8.10 — Basic Sand Filter Basin, BMP T8.11 — Large Sand Filter Basin, 
BMP T8.20 — Sand Filter Vault, and BMP T8.30 — Linear Sand Filter in Volume V of the 
SWMMWW for sand filter minimum construction requirements. 

5.8.5.8. Operations and Maintenance Requirements 
Sand filter O&M requirements are provided in Appendix G (BMPs No. 15 and 16). 
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5.8.6. Wet Ponds 

5.8.6.1. Description 
Wet ponds are constructed stormwater ponds that retain a permanent pool of water (i.e., a 
wet pool or dead storage) at least during the wet season. 

As an option, a shallow marsh area can be created within the permanent pool volume to 
provide additional treatment for nutrient removal. Peak control can be provided in the live 
storage area above the permanent pool. 

5.8.6.2. Performance Mechanisms 
The volume of the wet pool, which slows down the velocity of incoming stormwater, allows 
particulates and particulate-bound pollutants to settle and is a key factor in determining wet 
pond effectiveness. Biological uptake also acts as a secondary pollutant removal mechanism. 

5.8.6.3. Applicability 
Wet ponds can be applied to meet the requirements as summarized below. Wet ponds can be 
combined with detention storage to provide flow control (refer to Section 5.8.9). 
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Basic Wet Pond       TT-B  TT-A  
Large Wet Ponda           

TT-A = Treatment Train A (shall be followed by a Basic Sand Filter or Sand Filter Vault (Section 5.8.5) 
TT-B = Treatment Train B (shall be followed by a Sand Filter or Sand Filter Vault (Section 5.8.5) or an approved Proprietary and 

Emerging Water Quality Treatment Technology (Section 5.8.11) 
Refer to Section 3.5.2.2 for more information on Two-BMP Treatment Trains 
a A large wet pond requires a wet pool volume at least 1.5 times greater than for a basic wet pond. 

5.8.6.4. Site Considerations 
Site considerations for wet ponds are the same as those outlined for detention ponds under 
Section 5.7.1.4. Wet ponds require a larger area than a biofiltration swale or a sand filter, 
but can be integrated into the contours of a site fairly easily and function well for any size 
project. 

Wet ponds work best when the water already in the pond is moved out en masse by incoming 
flows; a phenomenon called “plug flow.” Because treatment works on this displacement 
principle, 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 shall be above the seasonal high groundwater level. 
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Figure 5.32. Typical Wet Vault. 
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5.8.8. Stormwater Treatment Wetlands 

5.8.8.1. Description 
Stormwater treatment wetlands are similar to wet ponds, but also provide a shallow marsh 
area to allow the establishment of emergent wetland aquatic plants, which improves 
pollutant removal. 

5.8.8.2. Performance Mechanisms 
Stormwater treatment wetlands remove sediment, metals, and pollutants that bind to humic 
or organic acids primarily through settling and biological uptake. Secondary performance 
mechanisms include filtration and soil adsorption. Phosphorus removal in stormwater 
wetlands is highly variable; therefore stormwater treatment wetlands are not expected to 
provide phosphorus control. 

In land development situations, wetlands are usually constructed for two main reasons: to 
replace or mitigate impacts when natural wetlands are filled or impacted by development 
(mitigation wetlands); and to treat stormwater runoff (stormwater treatment wetlands). 
Mitigation wetlands may not be used as stormwater treatment facilities, because stormwater 
treatment functions are not compatible with normal wetland function. 

5.8.8.3. Applicability 
A stormwater treatment wetland can be applied to meet the requirements as summarized 
below. Stormwater treatment wetlands can be combined with detention storage to provide 
flow control (refer to Section 5.8.9). 
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Stormwater treatment wetland         TT-A  
TT-A = Treatment Train A (shall be followed by a Basic Sand Filter or Sand Filter Vault (Section 5.8.5). 
Refer to Section 3.5.2.2 for more information on Two-BMP Treatment Trains. 

5.8.8.4. Site Considerations 
Refer to BMP T10.30 — Stormwater Treatment Wetlands in Volume V of the SWMMWW for site 
considerations. Additional site considerations may apply depending on site conditions and 
other factors. Refer to Volume V of the SWMMWW for stormwater treatment wetland setback 
requirements. 

5.8.8.5. Design Criteria 
The following provides a description and requirements for the components of stormwater 
treatment wetlands. Some or all of the components may be used for a given application 
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5.8.9.3. Applicability 
Combined detention and wet pool facilities can be applied to meet the requirements as 
summarized below. 

BMP 

On-site Flow Control Water Quality 
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Combined detention and 
wet pond       TT-B  TT-A  

Combined detention and 
wet vault   a a a  TT-B  TT-A  

Combined detention and 
stormwater wetland       TT-B  TT-A  

a Standard may be partially or completely achieved depending upon contributing area and minimum orifice size. 
TT-A = Treatment Train A (shall be followed by a Basic Sand Filter or Sand Filter Vault (Section 5.8.5). 
TT-B = Treatment Train B (shall be followed by a Basic Sand Filter or Sand Filter Vault (Section 5.8.5) or an approved Proprietary 

and Emerging Water Quality Treatment Technology (Section 5.8.11). 
Refer to Section 3.5.2.2 for more information on Two-BMP Treatment Trains. 

5.8.9.4. Site Considerations 
Refer to BMP T10.40 — Combined Detention and Wet Pool Facilities in Volume V of the 
SWMMWW for site considerations and setback requirements. Additional site considerations 
may apply depending on site conditions and other factors. 

5.8.9.5. Design Criteria 
Refer to BMP T10.40 — Combined Detention and Wetpool Facilities in Volume V of the 
SWMMWW for design criteria. 

Combined Detention and Wet Vault 
The design criteria for detention vaults/chambers and wet vaults shall both be met, except 
the modifications included in BMP T10.40 — Combined Detention and Wetpool Facilities in 
Volume V of the SWMMWW. 

Combined Detention and Stormwater Wetland 
The design criteria for detention ponds and stormwater wetlands shall both be met, except 
the modifications included in BMP T10.40 — Combined Detention and Wetpool Facilities in 
Volume V of the SWMMWW. 

5.8.9.6. BMP Sizing 
Refer to BMP T10.40 — Combined Detention and Wetpool Facilities in Volume V of the 
SWMMWW for BMP sizing. 
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5.8.9.7. Minimum Construction Requirements 
Construction requirements are the same as for Wet Ponds (Section 5.8.6.7). 

5.8.9.8. Operations and Maintenance Requirements 
Detention and wet pool O&M requirements are provided in Appendix G (BMPs No. 1, No. 3, 
No. 12, No. 13. and No. 14). 
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5.8.10. Oil/Water Separators 

5.8.10.1. Description 
Oil/water separators rely on passive mechanisms that take advantage of oil being lighter than 
water. Oil rises to the surface and can be periodically removed. The two types of oil/water 
separators typically used for stormwater treatment described in this section are the baffle 
type or American Petroleum Institute (API) oil/water separator and the coalescing plate (CP) 
oil/water separator: 

1. Baffle type separator (API): Baffle (API) oil/water separators use vaults that have 
multiple cells separated by baffles extending down from the top of the vault. The 
baffles block oil flow out of the vault. Baffles are also commonly installed at the 
bottom of the vault to trap solids and sludge that accumulate over time. In many 
situations, simple floating or more sophisticated mechanical oil skimmers are installed 
to remove the oil once it has separated from the water. 

2. Coalescing plate (CP) separator: CP separators are typically manufactured units 
consisting of a baffled vault containing several inclined corrugated plates stacked and 
bundled together. The plates are equally spaced (typical plate spacing ranges from 
0.25 to 1 inch) and are made of a variety of materials, the most common being 
fiberglass and polypropylene. Efficient separation results because the plates reduce 
the vertical distance oil droplets shall rise in order to separate from the stormwater. 
Once they reach the plate, oil droplets form a film on the plate surface. The film 
builds up over time until it becomes thick enough to migrate upward along the 
inclined plate. When the film reaches the edge of the plate, oil is released as large 
droplets which rise rapidly to the surface, where the oil accumulates until the unit is 
maintained. Because the plate pack increases treatment effectiveness significantly, 
CP separators can achieve a specified treatment level with a smaller vault size than a 
simple baffle separator. 

5.8.10.2. Performance Mechanisms 
Oil/water separators are designed to remove free oil and are not generally effective in 
removing oil that has become either chemically or mechanically emulsified or dissolved in the 
stormwater. 

5.8.10.3. Applicability 
Oil/water separators can be applied to meet the requirements listed below. 
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API oil/water separator           
CP oil/water separator           
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Figure 5.34. Typical Coalescing Plate Separator. 













https://ecology.wa.gov/Regulations-Permits/Guidance-technical-assistance/Stormwater-permittee-guidance-resources/Emerging-stormwater-treatment-technologies
https://ecology.wa.gov/Regulations-Permits/Guidance-technical-assistance/Stormwater-permittee-guidance-resources/Emerging-stormwater-treatment-technologies
https://ecology.wa.gov/Regulations-Permits/Guidance-technical-assistance/Stormwater-permittee-guidance-resources/Emerging-stormwater-treatment-technologies
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Piping 
Inlet, outlet and interior piping shall have a minimum size of 6 inches. To the extent feasible, 
piping should be straight with as few bends and turns as possible to reduce headloss and 
minimize the potential for sediment to accumulate in the piping system. 

Access 
Access for lifting equipment to remove and replace filter cartridges is required. For filter 
cartridge systems in a vault or maintenance hole configuration where individual cartridges are 
not directly below the lid or cover of the structure, a plan for the safe removal and 
replacement is required. 

Manufacturer Review 
Design review with the manufacturer of the proprietary technology is required to check 
grading and variables that are specific to the proposed installation. Sizing requirements in 
Section 5.8.11.6 are in addition to the manufacturer’s requirements. 

5.8.11.6. BMP Sizing 
The City has developed sizing criteria for a subset of the proprietary treatment systems that 
are most commonly used in Seattle. The sizing criteria are based on a target level of once-a-
year maintenance to ensure meeting the operations and maintenance requirements 
established in the Ecology use level designations for each technology. Facilities would not be 
inspected multiple times during the first year as required by TAPE, but would be designed to 
perform for 1 year under normal circumstances before maintenance is required. 

The sizing criteria were developed using information from each manufacturer regarding how 
much solid material can be removed before the hydraulic capacity of their system is reduced 
to the point where it can no longer treat the required design storm without bypassing flow. 
Solids loading capacity information is fairly limited and each manufacturer uses different 
methods to evaluate. In the absence of standardized testing protocols, the City has used data 
currently available from the manufacturers. TSS loading was as shown in Table 3.5. It is 
anticipated that sizing criteria may be modified as more manufacturer testing information 
becomes available in the future. 

For the subset of proprietary technologies in Section 5.8.11.3, application of the mass loading 
ratios will satisfy these requirements for basic treatment. For requirements other than basic 
treatment, or for other proprietary technologies, separate calculations demonstrating that 
they meet the annual maintenance goal for mass loading typical for the land use in Seattle 
are required. 

Step 1: Determine the water quality design flow rate 

Use an approved continuous model to determine the on-line water quality design flow rate 
using the following assumptions. 
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Variable Assumption 
Precipitation Series Seattle 158-year, 5-minute series 

Computational Time Step 15 minutes 
HSPF Parameters LSUR, SLSUR, NSUR shall be adjusted per Appendix F 
Inflows to Facility Surface flow from total drainage area (including 

impervious and pervious contributing areas) routed to 
facilities. 

Step 2: Adjust the water quality design flow rate 

For basic treatment requirements for the subset of proprietary technologies in 
Section 5.8.11.3, adjust the water quality design flow rate using the mass loading ratios 
below. Multiply the flow rate determined in Step 1 by the mass loading ratio. 

Zoning Categories 

Mass Loading Ratiosa,b 

Filter Cartridge 
Systemsc 

Vertical Flow 
Media Filter 
Systemsd 

● Parcels zoned as SFR or MFR 
● Non-arterial streets adjacent to properties zoned as SFR or 

MFR 

2.5 1.6 

● Parcels zoned as neighborhood/ commercial, downtown, 
major institutions, master planned community, or residential/ 
commercial 

● Arterial streets with adjacent property zoned as 
neighborhood/commercial, downtown, major institutions, 
master planned community, or residential/commercial 

2.6 1.6 

● Parcels zoned as manufacturing/industrial 
● Non-arterial or arterial streets with adjacent property zoned as 

manufacturing/industrial 

3.7 2.3 

a Mass loading ratios were developed for this limited set of proprietary technologies using a mean total suspended solids 
concentration (Refer to Table 3.5) and assumed use of an offline water quality design flow rate. Use of this table is restricted to 
uses that match those assumptions. For other proprietary technologies, or other assumptions, refer to Section 3.5. 

b When applicable, designer shall round up to the nearest whole cartridge or next largest vault size. 
c  Filter cartridge systems approved for use in the City of Seattle include: 

● BayFilter® (BaySaver) 

● FloGard PerkFilter® (Oldcastle) 

● Kraken® (Bio Clean Forterra) 

● MWS-Linear Modular Wetland® (Bio Clean Forterra) 

● StormFilter® (Contech) 
d  Vertical flow media filter systems approved for use in the City of Seattle include: 

● BioPod® (Oldcastle) 
  Filterra® (Contech) 



https://ecology.wa.gov/Regulations-Permits/Guidance-technical-assistance/Stormwater-permittee-guidance-resources/Emerging-stormwater-treatment-technologies
https://ecology.wa.gov/Regulations-Permits/Guidance-technical-assistance/Stormwater-permittee-guidance-resources/Emerging-stormwater-treatment-technologies
https://ecology.wa.gov/Regulations-Permits/Guidance-technical-assistance/Stormwater-permittee-guidance-resources/Emerging-stormwater-treatment-technologies
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