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Presentation Overview

= Overview of Green
Stormwater Infrastructure in
Stormwater Code

> Why

= What i1s GSI to the MEF

= How tree credits were
developed




What is GSI?




Green Stormwater
Infrastructure

“Green stormwater infrastructure means a drainage control
facility that uses infiltration, evapotranspiration, or stormwater
reuse.”

Tries to make ...function more
like this.




) Green Stormwater
Infrastructure BMPs

GSU Category GSI BMP
Runoff Reduction Methods Maintain Existing Trees
(low tech) Dispersion

Plant New Trees

Infiltrating and Reuse Facilities Bioretention
Permeable Pavement
Rainwater Harvesting

Impervious Surface Reduction Methods ~ Permeable Pavement Surfaces
Green Roofs
Bioretention Cells (with detention)

Non-infiltrating facilities Bioretention cells (with underdrain)
Detention Cisterns (part of GSI for SFR only)







Dispersion

o Likely only Parks will have
sites that qualify for this
credit




Runoff from Impervious Surface
with Tree Cover

@ Runof coefficient of 95% assumed

@ Transpired water may onginate
a3 runoff from adjacent areas

100% precipitation @ Thisisa Z7% reduction in the amount
of precipitation fhat becomes runoff

|

0% oss o _
frangpiration &/

5% loss™

. |68% precipitation D
) becomes runoff
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Bioretention Cells,
without Underdrain




ing

Rainwater Harvest




Permeable Pavement
Facilities




Permeable Pavement
Surfaces







Bioretention Cells, with
underdrain




Detention Cisterns

DOWNSPOUT OR OTHER INLET

DEBRIS SCREEN

SELF-CLEANING

INLET FILTER
ACCESS HATCH

FOR CLEANING

_ OVERFLOW PIPE,
4"MIN.

= VALVE

+ FLOW CONTROL
ORIFICE

OUTLETTO APPROVED
DISCHARGE POINT

SEDIMENT STORAGE,
3"MIN

FAUCET FOR

RAINWATER USE

DETENTION CISTERN
(SINGLE FAMILY RESIDENTIAL ONLY)




Why GSI ?




Synergies: The
~  Emerald City

-« 6,200 acres of parks
-+ Environmentally Critical
s Areas
-+ /2 community gardens
| | » Bike Master Plan
~« Pedestrian Master Plan




]

Synergies: '

Seattle Green
Factor

* Alandscape requirement intended
to Improve ecological function and
urban aesthetics

 Increases total landscaped area

while providing greater design cgrees P M
flexibilty. — . S23
* Adopted for Seattle’s commercial T R
zones in 2006. 1
TN /




Synergies: Seattle CIP projects

> Natural Drainage Systems used to
control 230-acres of creek watershed

b system Prajests

Rt hey




IP Priority iIs In

argeted CSO Basins

¢ Ballard
@ North Union Bay
@ Interbay
@ Evaluating additional basins
— Barton (lead by King County)
— (enesee
— Henderson
— Montlake
— Lake Union
— West Seattle
— Fremont/Wallingford

SEWER MODEL
BASINS
@ City of Seattle

SEWER BASINS

Ballard
|

Duwamish River/Diagonal
|

Fremont/Wallingford
Interbay

King Street Basin

Longfellow/Delridge
Madisan Park

Madison Valley
Montlake

North Lake Washington/
"!i:ld?"ﬂert

Puget Sound/Magnolia

|

Royal Brougham Basin
=i

South Lake Washington/
S Genesee St

South Lake Washington/
S Henderson 5t

University Street Basin
=

Vine Street Basin

West Seattle

Unnames d Basin

CSO NPDES POINTS
® wossm

KING COUNTY METRO
MAINLINES

OTHER
Stream

al.imit
F—r-e-:-waylﬂiymay
Arterial

Land

Water

Qutside City Limits




Nexus between Urban Forestry
goals and CSO goals| -

SEWER BASINS

Ballard

=

Duwamish River/Diagonal
L

Tree Canopy Cover 2007
Single Family Residential
Seattle, WA

Fremont/Wallingford I
|

Interbay

King Street Basin

Lake Union

Leschi
Longfellow/Delridge
Madison Park

Madison Valley
Montlake

North Lake Washington/
Windermere

=3

Puget Sound/Magnolia
-

Royal Brougham Basin
_—

South Lake Washington/

| BN 5 Genesee St

=
[[=-2

South Lake Washington/
-2

S Henderson St
- <o -
[ mo congie Famiy Landuse:
) cvoie Famiy mesientin canopy Cover < 20%

University Street Basin
=

Vine Street Basin

West Seattle

Unnamed Basin

CSO NPDES POINTS

® woeso
KING COUNTY METRO
MAINLINES

——

0 05 1 2 Mi2s
OTHER

Stream

City Limit

Freeway/Highway

osFauntlerny
~Creek

Arterial
Land
Water

Outside City Limits




GSl to MEF




Seattle Stormwater Manual
Requirements - What
projects trigger GSI to MEF?

2 Any Single Family Residential Parcels (<10,000sf
new plus replaced impervious surface). GSI to MEF

2 Any project >2000sf new plus replaced impervious
surface: GSI to MEF

> All parcel-based projects, roadway projects, and
joint projects that trigger minimum requirements for
flow control or treatment. These projects must fulfill
flow control requirements. GSI to MEF then
traditional infrastructure may need in addition to
achieve performance thresholds
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What i1s “Feasible”?

2 Physical limitations of the site

2 Practical considerations of engineering
design

= Reasonable considerations of financial
COStS




.‘I\ |
Q’I» Tree specific portion

26



o

result in significantly more
vegetated controls for
stormwater




City of Seattle Green Stormwater Infrastructure Requirement Calculator (041 -04-10)

Project Type ——* | |

Project Area —»
Mew plus Replaced Impervious Area —»

Area Requiring Mitigation —
{1,500 sf credit for SFR. projedts)

sf

sf

sf

1. Singie famiy resigential projects are Not requiked 1o evalusts tis BMP.
2. Average subsurtace pondng depth In aggregate storage resenvolr.

3. Cisterm area must be mundad up to next commercially avallable product. Clstam nead not have more than 3 feef of Ive storage volume above orfica.
This C3lcul0r d0es NOE Provide COMVEYanGe TIow calculations.

Runofi Reduction Methods Facility Sze Credit Airea Mitigated
Fetain=g Trees
Extsting Evergreen #Trees E Total Canopy AractTrees [0 J&  x 20% {or min 100 slitres] - o
Existing Deciduous # Trees Total Canopy Area of Trees | | 2 | 10% {or min 50 siiee) - =
By Trees
MNew Evergrean #Trees |_I X 50 57 = s
Mew Declauous. #Tress | | % 2057 - Es
Dispercion |
Downspout oF Shest Fiow Dispersion Dispersed Impanious Arsa I |sr X 86.0% = =
Iinfiltrating and Reuse Facilities Facility Size Sizing Factor Farea Mitigated
|irfiTazng Faciizes
Bloretention Cail (without Uindendrain
Ponding Depth In Bloretention Botiom Ar2a I [ - Salact Deptn - Es
Deslgn Inflitration Rate Inihr
Pammeable Pavement Fagl (may recelve NF—O{']
Ponding Deptn In Permeanie Pavement Arsa I [« - Salact Daptn - S
Design Infiilration Rate Inihr
Feuse Faciiies *
Ralnaater Harvasting Applicant must provide documentation of misgation :[s'
[Impervious Surface Reduction Methods Facility See Tredit Tirea Mitigated
A=l e Favement Suraces
Pamaabie Pavement Surtacs (Subgrade Siope <2%) Permeable Pavement Area = =« 100.0% - o
Pameabie Pavement Surace (Subgrade Slope 2-5%) Pameanis Pavemant Area | | 2 | 60.0% - =
Alternative Roof Surfaces *
Zreen WISJFQ&CXH.IEE { 4 Growh Mediumi) Zreen ool Area s X H55.0% - &
Graen Roof (Mutl-Course / 47 Growth Medum) Green Roof Area X 55.0% - o
Graen Roof (Mutl-Course | E” Growth Medum) Green Roof Area & X 70.0% - Es
|Parial imliliration
Eloretantion Cell with Detengion (wthout Undendrain)
Contributing Area 57
Ponding Depth In Bloretention Botiom Ar2a &t Salact Deptn - Es
Deslgn Inflitration Rate Inihr
|Fcn-Infiltrating Facibes Facility Size Bizing Facionredi Taea Mimigated
Eloretantion Pianter fwith undemrin)
Contributing Area 5t
Ponding Deptn In Bloretention Botiom Ar=a S Select Deptn - Ed
Ditention Clstem with Haness =
Coninbating Area ﬂh‘f Min Clsbem Area &l - s
Min Live Clstem Volume gal
Total Area Mitigated - 0 sf
Area Requiring Mitigation — sf
% Impervious Area Mitigated — kS
G51 Requirement Achieved? —»
Notes:
G3] - Green Stommedlsr Infrasiuciure 57 - square Test n - Inch & - not applicatle eqn - equation
i - inimum fi-fast rvhr - Inch per hour gal - gailors

28




Trees In CSO control?

$50.00

Residential Rainwise

$45.00

$3/Gal \

$40.00

J STREET STORAGE \

$35.00

e Downspout Disconnection AN

$30.00

——Inline Storage
=1/l Reduction
———Offline Storage
——Wet Weather
—Street Storage

—e— Downspout

—A— Cisterns

== Bioretention
Raingarden

—e— Permeable Pavement

I/l REDUCTION

$25.00

BIORETENTION

$9-$10/gal \\\\

«
VET WEATHER

s CISTERNS

AN N

$20.00 +

PERMEABLE PAVEMENT

N e

100-Yr LifeCycle Cost/gallons ($/gal)

RAIN GARDEN
$15.00

S N\ S

e Remove Impervious

$10.00

$5.00

N
=

Gl

OFFLINE STORA

m

$17-23/gallon

DOWNSPOUTS

$0.00

0.01 1.00

e Cisterns
e Raingardens
e (Trees)

10.00

Control Volume, mgal

100.00

Assumptions and Estimated Unit Costs per SF of Managed Impervious Area
for Decentralized CSO Control Measures
(With Allowances for Environmental and Ancillary Benefits)

Cost Calculation Residential | Residential ROW ROW Alley/Sidew alk Remove | Commercial | Alley/Sidewalk

Assumption Downspout | Rain Harvest | Bioretention | Bioretention | Rain Garden [ Perm Paving Impervious | Green Roof, [ Perm Paving [Funding Tree Planting

or Parameter Disconnect Cistern NDS Curb Bulb Retrofit Areas New Roof New Project
Construction Cost $0.85 $55.60 $85.88 $32.39 $32.39 $8.00 $2.04 $10.25 $1.85 $126.00

Capital Cost per SF Managed | $1.15 $1.50 $7.83 $5.44 $5.44 $6.39 $2.75 $13.84 $1.38 $2.54




Runoff from Impervious Surface
with Tree Cover

@ Runoff coefficient of 35% assumed

@ Transpired water may onginale
&3 runoff from adacent areas

@ Thisisa 2% reduchon in fhe amount
of precipitation fhat becomes runoff

_ ,[68% precipitation

10%loss o
franspiration @

5% loss

T L becomes runoff

Runoff from Impervious Surface
with Tree Cover

(Cﬁﬁ Department Of Ecology devalues
w trees role Iin mitigating runoff

@ Runoff coeficient of 95% assumed

@ Transpwed water may onginale
a3 runoff from adiacent areas

@ Thisis 20%  dclion in the amount
of pretymauon vt becomes runoff

oz o
franspiration ®

5% loss ™

79% “precipiation | o

T T | becomes runaff
b B g Al ARe e




precipitation

mineral soil

' net rainfall entering

canopy
interception
and evaporation
i,

ey,
o

B

litter
interception
and
evaporation

the soil

The forest
| hydrologic

cycle

Source: Federal
Interagency Stream
Restoration Working
Group, 1998




Flow Control Credits

Flow Control Credit

Facility Type | Design Creek Standard Capacity

Variable Standard
Retained Trees | Evergreen 20% canopy area (min 100 sf/tree)

Deciduous 10% canopy area (min 50 sf/tree)
New Trees Evergreen 50 sf / tree

Deciduous 20 sf / tree
Green Roof 4 inch depth 46% 71%

8 inch depth 54% 79%
Dispersion NA 90% 100%
Permeable Slope < 2% 100% 100%
Surtace (1" Slope 2% - 45% 70%
subbase) °%




o

Regulatory Protection for Trees

LAND USE CODE (SMC 23.43-50)

Establishes Development Requirement for Street Trees

MUP (SMC 23.76) & DESIGN REVIEW / APPROVAL PROCESS
Required for most Commercial, Mixed Use, & Multi-Family Developments

SDOT ROW MANUAL (On Line Section 4.14) /STREET TREE
ORDINANCE (SMC 15.42)

Establishes SDOT Requirements for Street Trees
--Protection of Existing Street Trees

--Layout, Selection & Planting of New Street Trees
GREEN FACTOR (SMC 23.47A.016)

Establishes Credit for Trees —High to Low: Preserved Trees /New Trees
Large, Med, Small

(INTERIM) TREE PROTECTION ORDINANCE & ECA CODE (SMC 25.09
& 25.11)

Establishes Protection for Existing Trees on Developed Lots (Exceptional/ 3
max per yr). x



Does Size Really Matter?

Small . Large
Medium Columnar All Tree
At 10 years Canopy Canopy
CanopyTree Evergreen Average
Tree Tree
Dripline radius* 9 11.75 15 8.5 11.1
SF Canopy Area 254.3 433.5 706.5 226.9 405.3
Cost per tree $126.00 $126.00 $126.00 $126.00 $126.00
Cost per SF S0.50 S0.29 S0.18 S0.56 S0.38
Cost per SF of Managed
impervious- DOE Assumed no $4.95 S2.91 S1.78 S2.78 S3.11
infiltration
Costs per SF managed omittin
i . . $2.91 $1.78 $2.78 $2.49
small trees from funding.
Costs per SF managed with
likely tree preference (50% $2.91 $1.78 $2.78 S2.54
Med,30% large, 20% Conifer)
34




Canopy
credit may
undervalues
the role of
columnar
evergreens
by 2X.




Urban Tree’s
Stormwater

Function:
How iIs It Measured?

ability to intercept and store rainfall and runoff
llity to moderate stream flow

ability to hold on to and recycle nutrients

solls are protected from erosion

supports a healthy aquatic systems

has the capacity for self-repair

QD
—




i), Soil BMP’s can hold and infiltrate
~— more
stormwater

Ci .

@ “3 year study of organic farming vs. |
conventional saw 40% less annual runoff in
organic soll.”(Strock, 2005)

9 Oréganic landscape management at Harvard
re

uces annual irrigation by 30% (Barker, 2009)




.
. Strategic Tree Selection And Soil

Stewardship May Be Essential

To Getting ....

This ...to function more
Iike this.




Questions?




S
. By the numbers...

Rainfall Interception
— 10 - 40% of annual rainfall (Zinke, 1967)
— Canopy interception ave. 35-40% (Calder 1990, 2003)
— Even in winter? Yes!
* 15% for a deciduous tree (Xiao et al 2000).
« 27% for an evergreen species (Xiao et al 2000).

o Infiltration
o 12.4 in/hr for forest, 4.4 in/hr for lawn
e 1.9 in/hr for suburban development (Kays, 1982)

o Disturbed soils show only 35% of the infiltration rate of soils
with intact profiles (Kelling et al, 1975)
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