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Summary

m Buildings that use their landscaping as
stormwater management (in lieu of
conventional tanks)

or...

= If you've gotta do SGF, get the most out of it.
[
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Overview

m Introduction
s Why Urban Greening and Civil

Engineering?
m Seattle Green Factor
m LEED Site Credits
m Natural-Systems Drainage Design
m Case Studies
= Evolutions
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Architecturally Focused Civil Engineering

AN A
il

ASSOCIATES



Architecturally Focused Civil Engineering
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LEED Frontline Consultant
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Project Checklist

. .
Sustainable Sites 14 Possible Points
Y] Prereg 1 Erosion & Sedimentation Control Required
[0 credit 1 Site Selection 1
[_ 1 credit2  Urban Redevelopment 1
[ credits  Brownfield Redevelopment 1
[T credit 4.1 Alternative Transportation, Public Transporiation Access 1

C C C Credit 4.2 Alternative Transportation, Bicycle Storage & Changing Rooms 1
=== . .
T[] credit 4.3 Alternative Transportation, Aliernative Fuel Refueling Stations i

U
: : E Credit 4.4 Alternative Transportation, Parking Capacity 1
10 credit 5.1 Reduced Site Disturbance, Protect or Restore Open Space 1
[T [ credit 52 Reduced Site Disturbance, Development Footprint 1
[ [ credit 6.1 Stormwater Management, Rate or Quantity 1

[ Credit 62 Stormwater Management, Treatment 1

[ credit 7.1 Landscape & Exterior Design to Reduce Heat Islands, Nonkos! 1
I credit 7.2 Landscape & Exterior Design to Reduce Heat Islands, Roof 1
|| credits  Light Pollution Reduction 1

Water Efficiency 5 Possible Points
[0 €redit 1.1 Water Efficient Landscaping, Reduce by 50% 1
1L credit 12 Water Efficient Landscaping, No Potable Use or No Inigation 1
[0 [ credit 2 Innovative Wastewater Technologies 1
[ T[] credit 3.1 Water Use Reduction, 20% Reduction 1
1] credit 3.2 Water Use Reduction, 30% Reduction 1
Energy & Atmosphere 17 Possible Points
¥ Prereq 1 F ntal Building Systems Commissioning Required
¥ Prereq 2 Minimum Energy Performance Required
¥ prereq 3 CFC Reduction in HVAC&R Equipment Required
17 ciedit 1.1 Optimize Energy Performance, 20% New / 10% Existing 2
(11717 credit 1.2 Optimize Energy Performance, 30% New / 20% Existing 2
L | Credit 13 Optimize Energy Performance, 40% New / 30% Existing 2
[T credit 1.4 Optimize Energy Performance, 50% New / 40% Existing 2
[T 7] credit 15 Optimize Energy Performance, 60% New / 50% Existing 2
[0 credit 21 Renewable Energy, 5% 1
O D Credit 2.2 Renewable Energy, 10% 1
0[] credi 23 Renewable Energy, 20% 1
O E Credit 3 Additional Commissioning 1
][] credit s Ozone Depletion 1
[ credits  Measurement & Verification ] 1
[0 credite  Green Power 1

LEED™ Rating System 2.0

v

U § Green Building Council

vi

Materials & Resources 12 Possible Points
v Prereq 1 Storage & Collection of Recyclables Required
I credit 11 Building Reuse, Maintain 75% of Existing Shell 1
': : [ credit 1.2 Building Reuse, Maintain 100% of Shell 1
[1[] credit 1.3 Building Reuse, Maintain 100% Shell & 50% Non-Shell 1

][] Credit 2.1 Construction Waste Management, Diven 50% 1

|1 | Credit 2.2 Construction Waste Management, Divent 75% 1

[ ] credit 31 Resource Reuse, Specify 5% 1

Credit 3.2 Resource Reuse, Specify 10% i

[[] credit 4.1 Recycled Content, Specify 25% 1

| Credit 4.2 Recycled Content, Specify 50% 1

1] credit 5.1 Local/Regional Materials, 20% Manufacured Locally 1

[ | [] credit 5.2 Local/Regional Materials, of 20% Above, 50% Harvested Locally 1
][ credit6  Rapidly Renewable Materials 1
[0 credit 7~ Certified Wood 1
Indoor Environmental Quality 15 Possible Points
¥] Prereq 1 Minimum 1AQ Performance Required
I¥] prereq 2 Environmental Tobacco Smoke (ETS) Control Required
(1] [] credit 1 Carbon Diexide (CO,) Monitoring 1
0[] creditz Increase Ventilation Effectiveness 1
[0 [ credit 3.1 Construction IAQ Management Plan, During Construction 1
[T credit 3.2 Construction IAQ Management Plan, Before Occupancy 1
10 [T Credit 4.1 Low-Emitting Materials, Adhesives & Sealants 1
1[][7 Credit42 Low-Emitling Materials, Paints 1
T[] credita3 Low-Emitting Materials, Carpet 1
E [ Credit 4.4 Low-Emitting Materials, Composite Wood 1

L _1 Credit 5 Indoor Chemical & Pollutant Source Control
| [ ] credit 61 Controllability of Systems, Perimeter

[__H—

1
[[] credit6.2 Controllability of Systems, Non-Perimeter 1
|:, E credit 7.1 Thermal Comfort, Comply with ASHRAE 55-1992 1
D [J[[] credit 7.2 Thermal Comfort, Permanent Monitoring System 1
._' L D Credit 8.1 Daylight & Views, Daylight 75% of Spaces 1
[ 1] credit 8.2 Daylight & Views, Views for 90% of Spaces 1

Innovation & Design Process 5 Possible Poins

[ Credit 1.1 Innovation in Design: Specific Tile 1
(][] credit 1.2 Innovation in Design: specific Tile 1
D D D Credit 1.3 Innovation in Design: specific Title i
1 1[] credit 1.4 Innovation in Design: Specific Title 1
O[] creditz  LEED™ Accredited Professional 1

Project Totals
[CJ[C][] certified 26-32 points ~ sitver 33-38 points  Gold 39-51 points ~ Platinum 52-69 points

69 Possible Points
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PLANT PALETTE
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Common Approach to Urban Development

5 iab sed
Pre-Settlement Historical Urban Common
Conditions Development Redevelopment |
MAGNUSSON
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LEED Frontline Consultant

“Right building...wrong site...wrong building”
or
“LEED Platinum with no site credits?”
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nt Obligation
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CANOPY INTERCEPTION
AND EVAPORATION

Urban Green

LITTER INTERCEPTION
AND EVAPORATION

NET RAINFALL
ENTERING THE SOIL

MAGNUSSON
KLEMENCIC




Site Hydrology and Urban Development

Urban Green MAGRTSSON
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Combined Sewer Journey
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Stormwater Management 101

__~Roof Drain

«— Building

[ | Plumbing

b i

%= Public Sewer

Detention Tank—>@— —o<— Pump System

CONVENTIONAL APPROACH
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Green Roof Stormwater Benefits

Rainfall
|

I 5 s
(0, l . Evapotranspiration

Volume
«— Reduction:
Community

P — —|— — 1 Benefit

Other:

m Temperature
= Water Quality

' Public
Red UC"O“ Conventional o

Detennon , Detention

Developﬂ_i Volyme v _‘ _rilll_‘:’olume
Benefit

ECO-ROOF SYSTEM SCHEMATIC ! -
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Leveraging “Mother Nature” Management

PRECIPITATION
= (R3]

£

m Greenery
| SO”
m The Elements

ENTERING THE S0 I
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Forget the Property Lines

m 60% Private/40% Public
m Sidewalks = 30% increase

¥ //,, _ //../'// /z
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Urban Greening Funding Sources

Agency incentives

33%

Engineering: Eco-roof
hydrologic benefits

34%

Owner/Developer

33%
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Berlin Green Roofs and More
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“Tango” Project in Malmo, Sweden

“Green Space Factor” = 0.50
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Seattle Green Factor



Berlin Biotope Area Factor
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Berlin Biotope Area Factor (BAF)

Berlin BAF
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Example BAF Calculation

Sample Project - Total Site Area 43,200 sf? Weighting Factors

Roof, non-permeable: 0

Roof and other non-permeable

) Vegetation on ground: 1
21,600 sf

Semi-permeable: 0.5

Semi-
permeable
8,640 sf?

Vegetation on ground
12,960 sf?

= BAF=(21,600x0 + 12,960x1+ 8640x0.5)/43,200 = 0.40
= Compare to Minimum Target Level (e.g. 0.50) I

————
u

MAGNUSSON
KLEMENCIC
—_—————————— w3 ASSOCIATES



eoretical BAF Result
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Biotope Area Foctor
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Berlin BAF for Recent Projects

(*LEED Silver certified or targeted)
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Example Audit — Seattle Central Library

[— TREE GRATE (1A401) CONTMUOUS PLANTING SO TRENCH, SEE
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Seattle Green Factor — A Landscaping
Requirement

The Green Factors
SEATTLExgreen factor

Maximizes vegetation potential in rights-of-way
Rewards layering of plant material

Rewards tree preservation

Rewards larger species of lrees

Rewards low water use

Rewards landscapes visible to passersby

Provides flexibility for developer to meet the code

W(ﬁz A :r1|f‘£(a,/ria

Agphalt Lawn Ground Grass Taller Shrubs Small to Medium Protected Parmaable Green Roofs Vertical Green Walls

I Cover Pavers Medlum Trees io Large Trees Trees Paving

Concrete Plantings under 3' Open Water Feature
with Deeper Soils

Conventional

Roof

Bonus +0.1: For drought tolerant landscapes and for landscapes visible from the right-of-way.
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Seattle Green Factor

Types of Area™ Square Feet Factor
A Vegetation planted with a soll depth of lass than 24

1 Lawn or grass p s OF ground covers

Plants and shrubs 3" and higher at maturity
Vagetation planted with a soll depth of more than 24%
Lawn, grass pavers or other plants less than 3 tall at maturity

Shrubs taller than 3' at maturity - calculated
at 16 sq ft per plant (typically planted no closer than 18” on center)

Tree canopy for "small trees” in SDOT's Strest Tree Planting Schedule
of equivalent canopy spread of 15 - calculated at 50 sq ft per tre.

Trea canopy for “smallimedium trees” in Street Tree Planting Schedule
or equivalent canopy spread of 20 at 100 sq ft por trea

opy for "mediumiarge trees” in Stroet Tree Planting Schedule r 5,700.0

i canopy spread of 25' - calculated at 150 sq ft per tree

for "large trees” in in Street Tree Planting Schedule
t canopy spread of 30' - calculated at 200 sq ft per ree
Tree canopy for preservation of "excepticnal rees” or trees with
i * at four and one half feet above the ground.
calculated a1 250 =g fi per tree

Permeable paving that drains only itseif. It must be at grade. - calculated
per square foot

Green roofs - 4" minimum soil depth al ime of planting

D Vegetated walls

Wister features (fountains) or rain gardens (where allowed by

Bonuses

F Landscaping using drought tolorant plants or where at
least 50% of annual irrigation neads are met from non-potable sources

G Landscaping visible to pas: by from adjacent
public right of way or public open spaces

* Do nod count public rights of way in parcel sire calculation.

** To calculate your green factor score, you may count the landscape efements that are in public rights of way if they are

contiguous with the parcel. -
doarbom greon factor calc Pag

MAGNUSSON
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Example of Layering Factors

Component

SGF Factor

Cumulative

Base
Irrigation Bonus
Visibility Bonus
Trees

Shrubs

0.70
0.10
0.10
0.22
0.48

0.70
0.80
0.90
1.12
1.60

MAGNUSSON
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Comparison of Factors and ROM Costs

SGF Factor
Base Max /st S/point
Stormwater Planter 0.70 1.00 20 20.00
Green Roofs 0.70 0.70 10 14.29
Green Walls 0.70 0.80 11 13.75
Permeable Pavers 0.60 0.60 5 8.33
Green on Ground 0.70 1.12 5 4.46
Green on Ground 0.70 1.60 1.5 4.69

MAGNUSSON
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Seattle Green Factors

0.07 — Interurban Exchange 3

LN |

.t

0.12 - Alcyone Apartments 0.47 - SLU Discovery Center e
MAGNUSSON
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SGF/BAF Comparison

SGF/ BAF Comparison for Recent Projects
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Getting to 0.30

Shortfall Green on Ground Green Roof
"numerator" sf S sf S
Interurban Exchange 3 10,128 6,330 47 475 14,469 144,686
Seattle Central Library 7,735 4,834 36,258 11,050 110,500
Alcyone 6,233 3,896 29,217 8,904 89,043
Seattle City Hall 3,921 2,451 18,380 5,601 56,014

MAGNUSSON
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LEED Site Credits
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Sustainable Site Credits

m SSpl: Construction Activity and Pollution Prevention

m $Scl: Site Selection

m $5¢2: Development Density and Community Connectivity
m $Sc3: Brownfield Redevelopment

m SSc4: Alternative Transportation

§S¢5: Site Development

$5¢6: Stormwater Management

$Sc7: Heat Island Effect

§$S¢8: Light Pollution Reduction

MAGNUSSON
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SS¢5: Site Development

n Formerly known as “Reduced Site Disturbance”

= 5.1: Habitat

m 5.2: Open Space

m Only LEED credits directly related to site greening
= Green roofs count now (if getting $5¢2)

= Ped hardscape = openspace (if getting $5¢2)

= First of several credits demanding a site definition
= Suburban/Urban tension

MAGNUSSON
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Glossary

m LEED: “Site Area” = “synonymous with
property area”

m LEED: “Property Area” = “The total area

within the legal property boundaries of a site
and encompassing all areas of the site,

including constructed areas and non-
constructed areas.”

m Clear? Not necessarily!
[

MAGNUSSON
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Ifes

Suburban S
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Urban Sites
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SS¢5: Site Development Summary

= Hard to inturpret for urban projects
= Easy to give up on

performance buildings on low performance

m Contributes to the problem of high
’ sites

= Needs improvement!

MAGNUSSON
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SSc7.1: Heat Island Effect: Non-roof

m Urban site definition...sidewalks

MAGNUSSON
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SS¢/7.2: Heat Island Effect: Roof

= Green roofs still count
= But so do certain non-green roofs

MAGNUSSON
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5S¢6: Stormwater Management

m 6.1: “Quantity Control” (rate and volume)
m 6.2: Quality Control

MAGNUSSON
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The Volume Conundrum or the Infiltration
Fallacy

m 6.1 is not a gimme due to its volume
requirement

m Rate is almost always requlated; Volume is
almost never regulated

m LEED is infiltration-centric
= Good infiltration is hard to come by

MAGNUSSON
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Tumwater Office Building




Tumwater Office Building
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Tumwater Office Building
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Tumwater Office Building
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Tumwater Office Building
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http://www.ga.wa.gov/RES/TOB/images/progress/05-05-B.JPG

Other Infiltration Projects
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rologic Processes

PRECIPITATION
= 2

o

LITTER INTERCE

AND EYAPOR
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SSc6.1: Quantity Control Summary

m Reducing Volume is a good thing
= Infiltration is not always available

m Other volume reduction strategies also heal
’ the hydrologic cycle

= These need to be rewarded; if not they will
not be implemented

MAGNUSSON
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§S¢6.2: Quality Control

m Code compliance gets this credit

m Combined sewer doesn’t count
’ m This credit can be yours for $20,000!

MAGNUSSON
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Natural Drainage Systems



Stormwater Management 101

__~Roof Drain

«— Building

[ | Plumbing

b i

%= Public Sewer

Detention Tank—>@— —o<— Pump System

CONVENTIONAL APPROACH
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Drainage Code Site Definition
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Green Roof Stormwater Benefits

Rainfall
|

I 5 s
(0, l . Evapotranspiration

Volume
«— Reduction:
Community

P — —|— — 1 Benefit

Other:

m Temperature
= Water Quality

' Public
Red UC"O“ Conventional o

Detennon , Detention

Developﬂ_i Volyme v _‘ _rilll_‘:’olume
Benefit

ECO-ROOF SYSTEM SCHEMATIC ! -
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Seattle Flow Control Manual

Flow Control Technical
Requirements Manual

City of Seattle

Title 22.800 Stormwater, Grading & Drainage Control Code I

‘ Volume 3: Flow Control Technical Requirements Manual

MAGNUSSON
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Green Roof Modeling Tool

Precipitation
- Y ]
“Run-On" b éf:"f‘

Evapatranspiration

4
2 ¥
Depressions |
P f

. Retention >

o= N b buimpe o~

|
\— Structure

Total Roof Runoff

SETUP

Design Storm Event

TIME SERIES ANALYSIS

Initial Losses
[———

Surfoce

=

ributary Area

Compute Eco-Roal
Inflow

'

Soil Moisture Relention

.Sui! Depth

Inifial
Saturation

nfilivaficn Ra

Sail Percolation

pare Infow
to Infiliration

Inflow = Infil.

nflow = Infil.

& Apply|
Routing 4
Foder

Surloce
Choracteristics

n, slope, poth

Surfoce
Characteristics
n, slope, path
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Scandinavian G

reen Roof Institute
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Test Plot Configuration

Planting
Medium

Drainage
Material

=

—..«—— Weather Station

Roofing
Membran
o i — ! - L Existing
F=E BNED, oo \ - g e Roof
: Surface

eat
Measurements

1 Solar Radiation uitlow

2 Wind Speed

3 Rainfall

4 Humidity and
Temperature

5 Soil Moisture

N W P i T N LR A
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Evaluation Plot

II'EE'EEEE
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nstallation Day — February 2005
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Volume Reducdtion

RAIN/RUNOFF COMPARISON
B 65% of measurable runoff mitigated by plot

= 94% of measurable runoff mitigated by plot

Rainier Tower - 2" GreenGrid
Rainier Tower - 4" GreenGrid
Stadium Center - 4" Garland

== \/ulcan - 6" Roofscapes
Sellen - 8" Garland

Wy
0
=
U
c
[
>
=
=
D
=
=
O

0 — 1]
N9 nn a5 N :
2005 .
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Runoft Reduction Rebound

NOVEMBER 2006 DATA FOR 8-INCH SELLEN PLOT

1 Predpitation, inches W Runoff, inches = Soil Maisture %

R LRI

11-M 11| 10 11-07 11-0% 11-n 11-13 11-15 1-17 11-1% 11-21 11-13 N-15




Soil Moisture Shedding

SOIL MOISTURE DURING PERIOD OF NO RAIN IN FEBRUARY 2006

= 20
Ll
518 s | Rainier Tower 2"
= % 2 Rainier Tower 4"
L Less than 0.1" Stodium Center 4"
E 14 == \ulcan 6"
o 12 Sellen 8"
= :
= 1.0 '
2 08 0.2'-0.5" (Range
> for these four plots)
< 0.6
g 0.4
& 0.2
< 0.0
2/15/06 2/16/06 2/17/06 2/18/06 2/19/06 2/20/06
MAGNUSSON
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Stormwater Detention Reduction

Green Roof Detention Reduction

GR Only | Total Project

Roofscapes 6" | 53% 20%

Optimal 6" 100% 45%

Property Line — Roof Line

MAGNUSSON
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Green Roof Evaluation Summary

= Volume reduction exceeded expectations
= Detention reduction smaller than hoped
m Permitting ready

’ m Lacking applicants

m We're still not building green roofs in
Seattle!

MAGNUSSON
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Top 10 Green Roof Cities for 2006

Chicago, IL
Washington D.C.
Wildwood Crest, NJ
Dulles, VA

Kansas City, MO
Phoenix, AZ
Milwaukee, WI
New York, NY
Portland, OR
Columbus, OH

SO O~ S B W N

—
=

Based on square footage installed in 2006. Source: Green Roofs for Healthy Cities
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Storm Water Planters

FLOW CONTROL TECHNICAL REQUIREMENTS MANUAL

2.3 Stormwater Planter

Figure 2. Stormwater Planter

l Plantings

[ e
existing soil
Pipe to main
storm system Section Not to Scale

Chapter 2: Design Specifications for Detention Facilities

Building

Downspout

Gravel/
Splash block

18” loamy sand
topsoil

12" pea gravel
(3/4” to 1-1/2”)

Perforated pipe

Waterproof
building as
needed

Foundation drains
as required
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Storm Water Planters
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Self Mitigating Sidewalks
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Self Mitigating Sidewalks
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From Green Streefs to Eco-Streefs

Pipe Under
Driveway

Public
Storm |
Drain b G i : ullet SIDEWALK SECTION

SIMPLE ECO-STREET PLAN B I

MAGNUSSON
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SEA Streets
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SEA Streets
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SEA Streets
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Washington D.C. Canal Park
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Washington D.C. Canal Park
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Washington D.C. Canal Park
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Project Case Studies
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outh Lake Union Discovery Center
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South Lake Union Discovery Center
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South Lake Union Discovery Center
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South Lake Union Discovery Center
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South Lake Union Discovery Center
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South Lake Union Discovery Center
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Cascade Park
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South Lake Union Discovery Center
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Discovery Center Summary

SGF - 0.468

LEED 6.1 - Yes

LEED 6.2 - Maybe

Detention - All Natural for New Development
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Final “Site” Plan: Self Mitigatin
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Veer Lofts Summary

SGF - 0.161

LEED 6.1 - No

LEED 6.2 - No
Detention - All Natural
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The Sedona
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Two Distinct Streetscape Languages
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Self Mitigating Building with Eco-street

Conventional Roof — — Green Roof

«— Unmitigated Stormwater
— Mitigated Stormwater

The Sedona project’s storm water design is self-mitigating,
with no need for a detention tank.
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The Sedona Summary

SGF - 049

LEED 6.1 - Yes

LEED 6.2 - Maybe
Detention - All Natural
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Colman Center
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Colman Center
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Original Landscape Vision
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SMB with Urban Eco-Street
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2" depth

2" depth 2" depth

12th floor
detained on
Sth 1l
Roo‘ l-lll:'
]
— 6" depth
detained on
12th floor
bt 12th floor Sth Floor
6" depth 30" bioretention

Sth floor
detained at
Marion Stroeet

12th floor
detained on

Tth floor

2nd Floor 30" bioretention

3o”
bioretention

Tth floor
detained on
2nd floor

Znd floor terrace
detained at
Columbia Street

To city

COLEMAN CENTER

EBIORETENTION DIAGRAM
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Colman Center Summary

SGF - 0.322
LEED 6.1 - Yes

LEED 6.2 - Maybe
Detention - All Natural
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ree Box Filter (Root Canal)
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Baseline SGF

Distribution of "Baseline" SGF =0.116

9%
1%

\\

1%,

4%

@ Greenery-S/C

m Greenery-Res

0O Shrubs

0O Trees

| Tree Preservation
@ Water Features

m Water Use Bonus

O Visibility Bonus
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Distribution of 0.30 SGF

ltem SGF Portion
Component | Cumulative
Baseline 0.116 0.116 39%
Permeable Paving (35,860 sf) 0.049 0.165 16%
Green Walls (18,908 sf) 0.030 0.195 10%
Additional Visibility Bonus 0.004 0.199 1%
Green Roof (65,000 sf) 0.101 0.300 34%
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Distribution of 0.30 SGF

Distribution of Cost for Iltems Beyond Baseline

$207,988.0, $179,300.0,
20% 17%

@ Permeable Pavement
m Green Roof
0O Green Wall

$650,000.0
63%
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Adding Neighborhood Streets

ltem SGF Portion
Component | Cumulative
Baseline 0.116 0.116 39%
Permeable Paving (35,860 sf) 0.049 0.165 16%
Green Walls (18,908 sf) 0.030 0.195 10%
Additional Visibility Bonus 0.004 0.199 1%
Green Roof (20,000 sf) 0.032 0.231 11%
Neighborhood Streets (20,000 sf) 0.069 0.300 23%
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Revised Distribution

Distribution of Cost for Iltems Beyond Baseline

$150,000.0, $179,300.0,
20% 24%
O Permeable Pavement
m Green Roof
0O Green Wall

$207,988.0 , O Neighborhood Streets
29% $200,000.0 ,

27%
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Dearborn Street Summary

SGF - 03
LEED 6.1 - Yes
LEED 6.2 T (-1
Detention - Some Natural/Some Conventional
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Evolutions

= Serving the building and the street (40% of the land
is being ignored)

m City Street Retrofits

= Incentives for Distributed Infrastructure

m SGF Improvements
s Permeable paving
m Rain garden bonus

» Mid-sized shrubs
= Coming to Other Zones
= More High Performance SGF Projects
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Back to Basics

Drew Gangnes, P.E. _
dag@mbka.com 1
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