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This is the third of five volumes of the Green Stormwater Infrastructure (GSI) Manual for Capital 
Improvement Projects (GSI Manual). Please consult with other volumes for additional information: 

VOLUME: 

I Project Initiation / Partnering Framework 

II Options Analysis 

III Design Phase 

IV Construction, On-Boarding & Commissioning 

V Operations & Maintenance 

This GSI Manual supplements (not replaces) City and County project design guideline manuals. 

This document and its content were developed and prepared by MIG|SvR for Seattle Public 
Utilities (SPU) and King County Wastewater Treatment Division (WTD) for the GSI Program (SPU 
Contract C12-004). Additional contributors to this document included representatives from SPU, 
WTD and results from the City’s Interdepartmental Team Meetings in 2013 to 2019 and 
consultants. Input from PRR with SPU and WTD GSI Program communications team was provided 
for Section 6 – Public Engagement. Update to Section 10 Deep Infiltration was developed by joint 
SPU/WTD work group in 2019. 

For revisions or comments on this document, contact: 

Shanti Colwell, SPU: Shanti.Colwell@seattle.gov 
or Faon O’Connor, WTD: Faon.Oconnor@kingcounty.gov 

Initial draft issued January 23, 2014. Updated June 2015, October 2017, August 2018. Updates in February 
2020 were primarily in Section 6 Public Engagement, Section 10 Deep Infiltration and Appendices G, H, I, M 
and N. 
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Image: A series of bioretention cells (vegetated and grass lined) along a new Neighborhood Yield 
street in High Point neighborhood during heavy rainfall event on November 6, 2006. 
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List of Abbreviations* 
*See COS Standard Plan (COS Std Plan) 002 for other General Abbreviations used for Street 
Improvement Permitting plans in City’s ROW. 

Term Abbreviation Definition 

ADA Americans with Disability Act 
amsl above mean sea level 
AMP Asset Management Plan 
APWA American Public Works Association 
bgs below ground surface 
BMPs best management practices 
BOD Basis of Design 
BSM bioretention soil media 
BTP bioretention tree planting details (see Appendix D) 
CAD computer-aided design 
CB catch basin 
CEG Cost Estimating Guide (SPU) 
CIP Capital Improvement Project 
CMMS Computerized Maintenance Manual System (WTD) 
CO cleanout 
COS City of Seattle 
COS SWM City of Seattle Stormwater Manual 
CRZ critical root zone 
CSI Construction Specification Institute 
CSO combined sewer overflow 
CSECP Construction Stormwater and Erosion Control Plan 
CSS combined sewer system (combined stormwater and sanitary sewer flows) 
DSG Seattle Public Utilities Design Standards & Guidelines 
DSO Design Services Office (SPU) 
ECA environmentally critical areas 
Ecology Washington State Department of Ecology 
EOR Engineer of Record 
ESA environmental site assessment 
FAQ frequently asked questions 
FOM Facilities Operations Manager (SPU) 
ft foot (or feet) 
gpd gallons per day 
GDR Geotechnical Design Report 
GIS geographic information system 
GSI green stormwater infrastructure 
GV gate valve 
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Term Abbreviation Definition (Continued) 

H&H hydraulic and hydrologic 
IDT interdepartmental team 
IP  Integrated Plan (SPU) 
LEED Leadership in Energy and Environmental Design 
lf linear feet 
LID Low Impact Development 
LL lesson learned from past SPU/WTD projects 
LOB Line of Business (SPU) 
LTCP Long-Term Control Plan 
MAX. maximum 
MEF maximum extent feasible 
MEP maximum extent practicable 
MAXIMO  asset management tracking software (SPU) 
MH maintenance hole 
MOA Memorandum of Agreement 
MOU Memorandum of Understanding 
MUP Master Use Permit 
NDS natural drainage system (SPU) 
NG Neighborhood Greenways 
NPDES National Pollutant Discharge Elimination System 
O&M operations and maintenance 
OH overhead (i.e. utilities or tree branches) 
OPCC Opinion of Probable Construction Cost 
OPCD Seattle Office of Planning and Community Development 
PACT planning analysis coordination tool 
PC/PT point of curvature / point of tangency (on a horizontal curve) 
PDB Project Delivery Branch (SPU) 
PE Professional Engineer 
PEG Public Engagement Guidelines 
PEP Public Engagement Plan 
PIT pilot infiltration test 
PLA Professional Landscape Architect 
PMP Project Management Plan 
PROWAG Proposed Guidelines for Pedestrian Facilities in the Public Right-of-Way 
PS piped sewer 
PSD piped storm drain 
PSS piped sanitary sewer 
PSE Puget Sound Energy 
PS&E plans, specifications, and estimates 
QA/QC quality assurance/quality control 
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Term Abbreviation Definition (Continued) 

ROW rights-of-way (or also referred to as “right-of-way”) 
ROWIM Streets Illustrated, Seattle’s Right-of-Way Improvements Manual (also referred to in 

the text as “Streets Illustrated ROWIM”) 
RPM reflective pavement marker 
SCL Seattle City Light 
SDCI Seattle Department of Construction and Inspections 
SDOT Seattle Department of Transportation 
SEPA State Environmental Policy Act 
SERP State Environmental Review Process 
SFD Seattle Fire Department 
SG Stage Gate 
SI Streets Illustrated, Seattle’s Right-of-Way Improvements Manual 
SIP Street Improvement Permitting (SDOT) 
SMC Seattle Municipal Code 
SME subject matter experts 
SOP standard operating procedures 
SPD Seattle Police Department 
SPS Seattle Public Schools 
SPU Seattle Public Utilities 
SSD sub surface drain pipe (underdrain pipe) 
STD standard 
SWM Stormwater Manual for City of Seattle 
SWMMWW Washington State Department of Ecology’s Stormwater Management Manual of 

Western Washington 
SWPPP Stormwater Pollution Prevention Plan 
TESC temporary erosion and sediment control 
TM technical memorandum 
TVSPP Tree, Vegetation and Soil Protection Plan 
UIC Underground Injection Control (Ecology) 
UMH underdrain maintenance hole 
USM Utilities System Management (SPU) 
VE value engineering 
WM water meter 
WQ water quality 
WTD King County, Department of Natural Resources, Wastewater Treatment Division 
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Definitions 
These definitions are focused on  implementing green stormwater infrastructure in the City’s right-
of-way  (ROW)  as part of capital  improvement projects (as opposed to implementation on parcels).  

Bioretention:   
Bioretention refers to an engineered shallow earthen depression facility with engineered 
soil and plants to provide water quality treatment and either retain or detain the treated 
stormwater for flow attenuation. The facility is designed to mimic natural processes by 
filtering stormwater through the vegetation and into the imported bioretention soil mix 
(BSM). When designed with required BSM depth (at least 18 inches), bioretention facilities 
provide “enhanced” water quality treatment in accordance with COS Stormwater Manual, 
Volume 3, Section 5.4.4 (infiltrating bioretention) and Section 5.8.2 (non-infiltrating 
bioretention). 

In the ROW, stormwater enters the bioretention facility through sheet flow across 
landscape/pavement; through breaks in the curb along the roadway or sidewalk; and/or 
through a piped/culvert system daylighting into the facility. Individual depressions within a 
bioretention facility are called “cells”. For ROW applications usually, there are multiple 
bioretention cells in a series within a block. Because each cell is a depression, water 
ponds in the cell and infiltrates downward into the underlying soil as opposed to continuing 
to flow horizontally along the longitudinal profile like a conveyance swale. However, if the 
cell receives more water than it was designed for, the water ponds up and overflows out of 
the cell either through a drain curb cut or overflow pipe in the cell. 

Depending upon the rainfall event and intensity, stormwater may: 

• filter through the vegetation and BSM and infiltrate into the underlying soils; 
• filter through the vegetation and BSM and collect in an underdrain pipe that 

connects to the drainage/sewer system or is conveyed and infiltrates into the 
underlying soils via a deeper infiltration facility such as a screen well; or 

•  overflow out of the cell via a drain curb cut or overflow pipe and continue to flow 
down the road to the next bioretention cell or into the drainage sewer system. 

The lay term “rain garden” may be used to describe the system to the public; however, 
rain gardens are defined as different type of facility from bioretention in the City’s code and 
have different design criteria as noted in the City of Seattle Stormwater Manual and 
Washington State Department of Ecology’s Stormwater Management Manual for Western 
Washington. See “rain garden” in this section for definition. The lay term “Natural Drainage 
System” or “NDS” may also be used to describe bioretention in public outreach materials 
for CIPs led by SPU. 
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Definitions (Continued) 

Biofiltration Swale: 
An open, gently sloped, vegetated earthen channel designed to treat stormwater by evenly 
distributing stormwater flows across the entire width of a densely vegetated channel that 
has a minimum length of 100 feet (or greater depending upon project design). Stormwater 
runoff flows into the facility at the head of the swale. The bottom width (2 ft to 10 ft) of the 
channel is to be constant along the entire length. Longitudinal slope ranges from 1.5% to 
2.5%. Basic biofiltration swales provide “basic” water quality treatment in accordance with 
COS Stormwater Manual Volume 3, Section 5.8.3. 

Block: 
Refers to a street length from intersection to intersection. A block includes the street and 
adjacent private/public parcels (residential, commercial, parks etc.). A City block can 
range from 300-feet to 800-feet long, varying widths, surrounded on four corners by public 
street right-of-way and may/may not include a public alley through the block. 

Cells: 
See “bioretention” in this section. 

Conveyance Swale: 
Conveyance swale refers to shallow vegetated earthen channel to convey stormwater 
runoff (as opposed to a piped system). See COS Standard Plan 294 for cross section of a 
vegetated conveyance swale that is not for water quality treatment. 

Natural Drainage System: 
A term used by SPU for a bioretention facility. See definition for “bioretention” in this 
section. 

Permeable Pavement Facilities: 
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 (for larger storms where it cannot infiltrate) removed by an overflow drainage 
system (such a perforated pipe) that discharges into the drainage system. Permeable 
pavement consists of a wearing course (e.g. porous asphalt, pervious concrete) and an 
underlying aggregate storage reservoir/subbase, which is designed to both temporarily 
store water and provide structural support for intended loads. Facilities that are pollution 
generating (road or alley) or receive runoff from pollution generating surfaces also can 
provide “basic” water quality if the underlying subgrade soils meet the water quality 
treatment requirements. Otherwise a treatment layer within the pavement section is 
required. See City of Seattle Stormwater Manual Volume 3, Section 5.4.6. 
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Definitions (Continued) 

Permeable Pavement Surfaces: 
See COS Stormwater Manual, Volume 3, Section 5.6.2. 

Rain Garden: 
Rain gardens are non-engineered shallow landscape depressions with compost-amended 
native soils and adapted plants that ponds and temporarily stores stormwater runoff from 
adjacent areas. Rain gardens are not defined as a water quality treatment or flow control 
facility as described in the COS Stormwater Manual, Volume 3, Section 5.4.5, and 
Washington State Department of Ecology’s Stormwater Management Manual for Western 
Washington. Rain gardens are typically small scale or a singular facility. Rain gardens 
may be used to manage runoff from new sidewalks to meet “On-Site Stormwater 
Management” requirements described in COS Stormwater Manual and SPU’s Client 
Assistance Memo (CAM) 1190. 

Road: 
The road or also referred to as roadway is the portion of a street improved, designed, or 
ordinarily used for vehicular travel and parking, exclusive of the sidewalk or shoulder. 
Where there are curbs, the roadway is the curb to curb width of the street. Definition from 
Glossary in Streets Illustrated, Seattle’s Right-of-Way Improvements Manual. In this 
document the general rule is to use “street” when referring to the full right of way or 
elements within the right of way and “road” when being specific regarding the vehicular 
surface area. The roadway may or may not have a curb along the road edge. 

Street: 
A public right-of-way that includes a roadway, shoulder, planting strips and/or sidewalk(s) 
along other public infrastructure and utilities. For full definition, see Glossary in Streets 
Illustrated ROWIM. See also above definition for “road”. “Travelled way” refers to just the 
portion of the street that receives vehicular traffic. 

Street Typology: 
See Streets Illustrated, Seattle’s Right of Way Improvements Manual. 
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Image: Map of Seattle from SPU’s DSO maps. 
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Introduction 

Overview 
Seattle Public Utilities (SPU) has been in the forefront of Green Stormwater Infrastructure (GSI) 
with public installations as early as 1999. GSI helps our city manage rain naturally. Like a forest, 
GSI solutions such as roadside bioretention facilities filter out pollution and help rain soak into 
the ground rather than rush over yards, parking lots, and streets, washing pollutants into the 
regions living waterways (e.g. rivers, lakes, creeks, streams, ponds, bays). The early projects 
established the basis for the interdisciplinary and interdepartmental teamwork necessary for 
success in the urban context. Over the years Seattle has actively participated in the national 
forum where ideas and practices are shared to encourage broader applications for GSI. 

GSI facilities  have been installed within the public right-of-way (ROW) for  stormwater  code 
compliance, creek basin projects, combined sewer overflow control projects,  and/or  capital  
retrofit projects.  As its multi-functional value became apparent, using GSI  techniques  has  
become a baseline code requirement under the  City’s National Pollution Discharge Elimination 
System Permit (NPDES) with  Washington  State Department of 
Ecology  (Ecology) as described in Ecology’s  Stormwater  
Management Manual  for Western Washington (December 2014)  
for “on-site stormwater  management”.  GSI bioretention facilities  
are now a key component of Seattle’s formal utility infrastructure 
like watermains, stormwater pipes and structures.  In addition to 
meeting Ecology permit(s) and other regulatory requirements, 
GSI supports SPU’s and King County Wastewater Treatment Division’s (WTD) strategy of 
solving problems at the source. Seattle has prioritized the use of GSI where feasible because it 
is  effective, cost-comparable with conventional approaches, and high value.  GSI through 
plantings and providing healthy conditions for urban trees,  greens neighborhoods, provides  
immediate access  to nature, calms traffic, improves pedestrian safety, and as needed captures  
rain for reuse.  

GSI is a  community  
centered utility solution 
that  helps  make Seattle 
a sustainable and 
resilient city.  

This manual is a compilation of protocols and practices based on shared ideas and lessons 
learned that were developed following observation of various GSI installations over time. The 
guidance included in this document was developed and reviewed through interdepartmental and 
interagency  collaboration between SPU, Seattle Department of 
Transportation (SDOT), Seattle Department of Construction and 
Inspection (SDCI), WTD, Urban Forestry, Field Operations and 
Maintenance and others. The purpose and intent of this document 
is to provide design guidance and lessons learned to shift GSI 
from a prototype to a commonly used infrastructure.  

The primary audience 
for this manual is City of  
Seattle and King County  
WTD staff.  
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Purpose 
The purpose of the Green Stormwater Infrastructure Manual for Capital Improvement Projects 
(GSI Manual) is to provide technical design guidance and standard procedures from a project’s 
Initiation through Operations and Maintenance. This manual is structured for staff use on Seattle 
Public Utilities (SPU) or King County Wastewater Treatment Division (WTD) led capital 
improvement projects (CIP) that implement GSI technologies along streets in the City of Seattle 
(City) right-of-way (ROW). The end users of this manual may include SPU, WTD and/or their 
design consultants. 

The GSI technologies described in Volume III: Design Phase of the GSI manual focus on the 
more commonly used bioretention facilities retrofitted into the public ROW along Neighborhood 
Yield and Neighborhood Curbless streets (see Streets Illustrated, Seattle’s Right-of-Way 
Improvements Manual (ROWIM) for street typology descriptions). As bioretention facilities 
provide the most effective performance of the GSI technologies, this volume is focused on 
bioretention facilities that manages road runoff, provides flow attenuation, and provide water 
quality treatment. Volume III also includes general design 
guidance for permeable pavement in the public  street/alley. 
Based on joint discussions with SPU, WTD and the Seattle 
Department of Transportation (SDOT), permeable pavements  
remain an infrequently used drainage management tool for City  
led CIPs. Permeable pavements are often used for sidewalks  
and private installations  as a tool for  mitigating small areas of 
hardscape or areas with low traffic volume (see Section 9).  

Design guidance for non-
bioretention GSI facilities 
in ROW  

For the design of other  GSI 
technologies, see COS  
Stormwater  Manual (COS  
SWM), Streets Illustrated, 
Seattle’s  Right-of-Way  
Improvements Manual  
(ROWIM), COS Standard 
Plans and Specifications. 
Design guidance for rain  
gardens  for sidewalk  
mitigation is  described in  
SPU Client Assistance 
Memo 1190.  

The intent of this manual is to provide consistent designs that 
meet performance requirement using bioretention. There are 
other GSI tools that may be used with specific agency  
approval.  

For  WTD-led  projects,  the project goal is to use  GSI  
technologies  (such as roadside bioretention cells  and/or  
permeable pavements)  to  reduce  combined sewer overflow  
(CSO) events  in combined sewer basins where the overflow  is  
managed by  WTD.   

For SPU-led projects, the target will vary depending upon the basin. Bioretention facilities may 
be used for providing creek protection, water quality treatment, flow mitigation, CSO control 
and/or other citywide stormwater performance targets along with community streetscape and 
habitat enhancements. 

February 2020 

1-2 



GSI Manual: Volume III – Design Section 1. Introduction 

This volume is the third of 5 volumes of the GSI Manual. Consult with other volumes for 
additional information: 

Volume I:  Project Initiation / Partnering  
Framework  

Volume II:  Options Analysis   

Volume III:   Design Phase  

Volume IV:  Construction, On-Boarding  & Commissioning  

Volume V:  Operations & Maintenance  

 How  to Use this Volume of  the GSI Manual  
The GSI Manual and information in this design volume supplements but does not replace 
City and County standard design guidelines and manuals for capital improvement 
projects. 

It is intended that, at a minimum, the Design Phase Project Team’s  Project Manager,  Agency’s  
Project Engineer, Landscape Architect of Record, and Engineer of Record read the entirety of 
this Design Volume  and conduct a meeting with the SPU/WTD Project Manager  to go over the 
multidisciplinary integrated approach and establish expectations  for outc omes.  It is also required 
that this volume be available to the designers and other agency staff on the Project Team for  
designing city/county  assets.   

The design of roadside bioretention in the public  ROW  requires  
an integrated  multidisciplinary team  of outreach  professionals, 
modelers, maintenance staff, landscape architects, civil  
engineers, geotechnical  engineers,  and  hydrogeologists.  The 
team  carefully locates  and designs facilities that  consider  
project-specific conditions, site and community  context, mobility  
and access,  along with technical  function and  long-term  
operations  and maintenance.  

Definitions &  
Abbreviations  

Definitions and descriptions  
for GSI technologies are  
described in the COS  
Stormwater Manual.  

Definitions and descriptions  
for street typologies and 
other ROW elements are 
described in Streets  
Illustrated ROWIM.  

A list of abbreviations used 
in this volume is included  
after this volume’s Table of 
Contents.  

This design volume incorporates lessons learned  and  input  
from  the City’s Interdepartmental Team (IDT), SPU, SDOT and 
WTD staff and their consultants, suppliers, contractors, 
installers,  and contract O&M  staff. Along with this volume, 
standards and requirements for designing bioretention facilities  
and/or associated infrastructure in the City’s right-of-way  are 
found in published City  documents (see “Resources” in this  
Section). Note the following:  

• Where the guidance in this volume differs from other 
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City resources and documents and/or is not provided in those documents, the 
information provided herein was developed and reviewed through the IDT 
(interdepartmental) coordination with SPU, SDOT, SDCI and WTD staff, and is an 
“approved deviation” for consideration for use in the 
right-of-way for SPU/WTD CIPs. 

• Where the guidance in this volume is more restrictive 
than requirements noted in other City documents, the 
guidance in this volume takes precedence for 
SPU/WTD CIP retrofits in the ROW. 

City Standards 

Where this  manual does  
not indicate a deviation to 
the City’s design standard, 
users are to use the other  
City published documents  
for  referencing the 
requirements. This is  
intentional to minimize 
duplicate (and possibly  
conflicting) information in 
multiple City documents.  

As project teams review and apply  the guidance and 
information in this Volume,  be aware that there are always  
lessons to learn.  As we move toward using natural elements  
and natural designs to clean our waters, it is important to 
observe  the function and condition of installed facilities through 
all seasons  and weather events.  It is also important to observe 
how facilities are understood by the public and the people that 
live and walk along them.  

 Design Phase Flow Chart  
A flow chart of the Design Phase has been developed to provide an overview of the sequence 
of tasks (see Figure 1-1 at the end of this section). The chart highlights tasks specific to internal 
processes of SPU and WTD GSI design projects. 

For flow charts for other phases, see Volumes I, II, IV and V of the GSI Manual. 

Resources 
The following are documents and resources to use for the Design Phase: 

General Primary Resources 

SPU- or WTD-led CIP: 

• City of Seattle 
o Right-of-Way Improvement Manual - Seattle Streets Illustrated (current edition) 
o SDOT’s Right-of-Way Opening and Restoration Rules (current edition) 
o City of Seattle Standard Plans (current edition) 
o City of Seattle Standard Specifications (current edition) 
o City of Seattle Stormwater Manual (current edition) 
o SDOT Street Tree Manual 
o SPU & SDOT CAD Resources for Plan Preparation 
o SPU Survey Requirements, CAM 1401, for Plan Review 
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o Traffic Control Manual for In-Street Work (City of Seattle, current edition) 
o SPU Communications and Public Engagement Guidelines, Sewer and Stormwater 

Pollution Prevention (See Appendix B) 

• GSI Program 
o GSI Manual, Volume I: Project Initiation / Partnering Framework 
o GSI Manual, Volume II: Options Analysis 
o GSI Manual, Volume IV: Construction & Commissioning 
o GSI Manual, Volume V: Operations & Maintenance 
o Green Stormwater Infrastructure Modeling Methods (see Appendix H) 

SPU-led CIP: 

• SPU Design Standard & Guidelines (DSG) (current edition) 
• SPU Project Management Manual 

WTD-led CIP: 

• WTD Design Standards 
• WTD Sustainability Score Card Process 
• WTD Guide Specifications 
• WTD Community Engagement Guide 

Secondary Resources (project-specific) 

SPU- or WTD-led CIP: 

• Guidance on when to repair side sewers as part of GSI CIPs (Appendix L) 
• Ecology Guidance for UIC Well Registration 
• Ecology Guidance for UIC Wells that Manage Stormwater (current publication) 
• Other regulatory compliance or legal documents, such as a copy of the agency's 

Consent Decree 
• Funding/Grant requirements (such as WAC for State Revolving Funds, grants, or loans) 

SPU-led CIP: 

• Seattle’s Cost Estimating Guide 
• SPU/SDOT Interdepartmental CAD Standard (updated 4/29/2015) 

WTD-led CIP: 

• WTD CAD Standards 
• WTD Project Management Manual 
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• Completion tasks required for SPU / WTD’s respective Stage Gates prior to start of 
design 

• Other elements described in Volume II of the GSI Manual 

Selection of Streets and GSI technology(s) for Design Phase Scope 

Upon completion of Options Analysis (i.e. approval of the 
Business Case for SPU and approval of the Recommended 
Alternative for WTD), it is assumed that the agency has 
selected the specific streets to move to Design for the CIP. 

Sufficient analysis (as noted in this Section) will have been 
completed to provide a small “buffer” in the number of streets 
that are (~110 percent of streets selected) needed to meet 
design targets (performance) for the final design. The type of 
GSI technology for retrofit on each street (bioretention with 
shallow infiltration vs bioretention with deep infiltration) will also 
have been selected. As the project goes through the Design 
Phase, this “buffer” allows for implementing GSI to be 
adaptable so that the affected communities (new streets) will 
not increase during the Design Phase and, if anything, would 
decrease within the “buffer” of the street selection for the 
preferred alternative from Options Analysis. 

TIP 

if a project is to reassess 
new streets for GSI during 
the Design Phase (i.e. add 
new streets to the Design 
Phase scope) and/or if 
portions of the work noted 
in this Section was not 
completed for Options 
Analysis (approval of 
SPU’s Business 
Case/WTD’s 
Recommended 
Alternative), then see GSI 
Manual, Volume II for 
guidance. 
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