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Green Infrastructure Opportunity in DC
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Hypothesis

Washington, DC: 2005
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Grant Objectives

Quantify the city-wide contribution
that trees and green roofs could
make towards reducing stormwater
runoff and the frequency of
discharges to the rivers in DC

Identify policy recommendations to
facilitate implementation of trees and
green roofs as stormwater controls
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Background on Sewer Systems in
Washington, DC



Background

Two distinct systems
CSS (WASA)
MS4 (DC DOE)

Outfalls to Anacostia River,
Potomac River, Rock Creek

All waters impaired from
stormwater runoff and
CSOs, Upstream Sources

Many TMDLs

™ \nater Treatment Plant WASA has an approved
LTCP for CSOs

hunicipal Separate
Storm Sewer System
h54) Area

Combined Sewer
System (C55) Area
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Blue Plains Wastewater Treatment Plant

Largest advanced wastewater
treatment plant in the world

Capacity:
370 mgd annual average
1076 mgd wet weather
740 mgd full treatment

336 mgd excess flow
treatment
Current average flow is 334
mgd.

Serves about 2 million people
in DC, MD and VA.
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Existing Land Use In Washington, DC:

Intersections ~ Alleys
2% 2%

Other Impervious
<1%

Paved Drive
2%

5%

Pervious 59%

including parks, private
property, recreational areas

Total Pervious 59%
Total Impervious 41%

Parking Lots

Sidewalks

7%

Roads
10%

Buildings
13%
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Average Precipitation in Washington, DC

Average Monthly Rainfall Depth, DCA (1949-1998)
= Monthl

45 precipitation
fairly constant
from month to
month

= Annual
average
precipitation
~ 39 inches

Rain Depth, inches

r@ A Cae_tse‘)["l"}'ges.' I-rl hﬁﬁﬁ&lﬁﬁnﬂ

1111111111111



Precipitation: Cumulative Frequency

70% of rain events are less than 0.5 inches
85% of rain events are less than 1 inch

Rainfall Depth as Percentile of Typical Rainfall Conditions, 1989-1990
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Study Objectives
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Add Green Infrastructure to
Mike Urban Model
(MOUSE)

MS4 area

Green component

Quantify runoff reductions
at different coverage
scenarios
Intensive Greening Scenario
Physically possible
Moderate Greening Scenario
More practical
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Opportunities for Green Infrastructure
In Washington, DC



Opportunities Evaluated Under the Grant

Expand Tree Cover
Build Larger Tree Boxes
Retrofit More Green Roofs
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Tree Cover Over Streets
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Tree Hydrology

Precipitation = Interception + Stem Flow + Tiirougnfall -+ Canopy Drip
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Interception Storage

Difference between
precipitation above canopy &
precipitation below canopy

Includes
Precip stored on canopy
Evaporation

Varies with
Leaf type
Canopy structure
Wind speed
Radiation
Temperature

Generally, 10-35% of annual Humidity_
precipitation is intercepted Seasonality
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Casey Trees GIS Street Tree Map

CaseyTrees
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Width of map is 0.20 miles.

Getting Started

Search \ Legend \  hele

Select a tool by
clicking on the
icon and click on
map:

0 Identify Tree
Zoom In
Zoom Out
Recenter

HELP WITH TOOLS

Select All | Unselect All

_check 2nd box for label & refresh map
Trees

¥ ™ B Excellent/Good Condition (1-2)

Elm, American (p: cA-0666-100)
Scientific Mame: Ulmus armencana

Condition Rating: Condition 1 -2 Tree Value: § 4,584

W [T & FaifPoor Candition (3-4)
3 * Dead Tree

2 ' No Tree

Points of Reference

™ Buidings

¥ ™ ElPublic Schools

= Charter Schools

2 Metro Stations

M ==Metro Lines

M~ Roads

[= Alleys & Driveways

[ Parking Lot - paved

Fi Parking Lot - impervious
Ll Medians & Traffic Gircles
e Sidewalks & Stairs

¥ I Eparks

~ __ Elwoodland

[T ™ CJsMD Boundaries
[T ™ CJANC Boundaries
M ™ EWard Boundaries
Refresh Map

Elm, American (|D: CA-0BGE- 100}

Sciertific Marme: Cieus A enicans
Condition Rating: Condition 1- 2
Height : 40 feet OEBH: 17 inches

SMEINFORMATION:

Cherhead Wires: None
Curb: Fermanent

Tres Grate: Hone
Sidewd k: Permanent

TREE CONDITION INFORMATION: C ondition 1 - 2

Tree has <5% deadwood with 3 lean of <5 degraes

Wounds = <10% circumterance,
Decay & Absent

Stem corks are absent and root conks are abs ent.
Stem girdling roots = <15% stem circumference

ENVIRONMENTAL AND ECONOMIC YALUE:

Carbon Storage: AT1T2 kg
Carbon Sequestration: 1271 kghyear
Carbon Monoxide Remowed: 500059 ghyear
Ozone Remoyed: 425850 gfyear
Hitrogen Oxide Remowed: 146,232 afyear
Paticulae Matter Removed: 305458 ghyear
Sulfur Dioxide Remowed: 14474 afyear
Tatd Pollution Remowved: FO5884 vear
Tree Yalue: F 4534

Tree data & of August, 2002

Casey Trees interactive “Tree Map”
www.caseytrees.org

Tres Value: 4534

Crown Radius: 20 fest

Click here for Tree Map home.



Tree Cover Over Streets
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Tree Cover Over Parking Lots
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GIS Allows us to Focus 1n on Parking Lots
Wheeee N SRR

Parking lots in red
In Neighborhood
surrounding a
reservoir




Tree Cover Over Parking Lots
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Build Larger Tree Boxes

Building larger tree boxes
reduces impervious area
and gives trees a better
chance to survive.

The average tree box in
much of DC is 3 feet by 5
feet.

Increase tree box size in
downtown area from 3x5 to
6x20.

Changes 105 sf of
Impervious area to pervious :
area per tree space. -
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Retrofit More Green Roofs
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GIS Allows us to Focus in on Building
Footprints

Buildings in red are
greater than 5,000 sq ft
In area.




Land Use Example: Impervious Surfaces
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Land Cover Example: Trees
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The Green Build-out Model



The Green Build-out Model

GOOD IDEAS

EVALUATION of GREEN

INFRASTRUCTURE
SCENARIOS

IMPLEMENTATION

Detailed H&H

Detailed GIS Model




Basic Runofif Equation

R=P-PET-S-1I
R = Runoff
P = Precipitation
PET = Potential Evapotranspiration
S = Storage (trees, green roofs, etc)
| = Infiltration (for pervious areas only)
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The Green Build-out Model

|dentified Rainfall
|dentified Potential Evapotranspiration

Adjusted Hydrologic inputs to mimic green
infrastructure (Particularly Storage)

Made assumptions concerning coverage
(distribution) of green infrastructure across DC

Applied Green Build-out Model to moderate and
iIntensive greening scenarios

GaseyTrees lenoTech
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Rainfall: Model Input

Annual Rainfall Depth, DCA (1949-1998)

Rainfall drives the H&H
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Model input was hourly
time series for three years

Rain Depth, inches
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1988 — dry year (green)
1989 —wet year (red) o
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Potential Evapotranspiration: Model Input

025

020

0.15

FPET (inches/day)

]
.
]

0.0%

0.00 -

Potential Evapotranspiration, DCA

“ PE served as loss
mechanism for
rainfall stored in
tree canopy.

= The seasonal
pattern mimicked
loss of tree cover
during the winter.



Storage: Model Input

Storage on tree leaves developed with Leaf Area
Index.

Storage on roof tops depends upon roof medium.
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Infiltration: Model Input

No infiltration on impervious surfaces (streets,
sidewalks, parking lots, etc.)

Infiltration on pervious areas varies according to
NRCS Soil Type (A,B,C, etc.)
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Modeled Scenario

Baseline: Existing condition that represents
current tree cover and absence of green roofs.

Moderate Greening: added trees and green roofs
where it was practical and reasonable to do so.

Intensive Greening: added trees and green roofs
wherever it was physically possible.
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Tree Cover Assumptions

Land Cover Type Existing Tree| Moderate Intensive
Cover Greening Greening

Impervious

Streetscapes (roads, sidewalks,

intersections) 22% 25% 35%

Parking lots 7% 30% 50%

Paved drives 23% 50% 80%

Alleys 26% 35% 50%

Median islands, traffic islands,

hidden medians, other 23% 30% 40%

Pervious

Includes parks, open space,

recreational areas, golf courses,

soccer fields, cemeteries, front &

back yards, school yards, etc 53% 57% 80%

TOTAL Tree Cover 35% 40% 57%




Types of Green Roofs

GREEN ROOF
Extensive
Medium <6 inches

3-4 inches, typical, in
northeastern USA

ROOF GARDEN
Intensive, semi-intensive
Medium >6 inches
10-12 inches, typical
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Protfile of Green Roof
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Plants
Interception Storage
Evapotranspiration
Soil media
Infiltration
Storage
Drainage course
Storage
Drainage
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Green Roof Storage and Area Assumptions

1 inch storage

2 All roofs = 3-4 inch
growing media
depth

2 75% rooftop cover

u Existing greenroof
coverinDC =0

I

il
CTe
WILE

i

1
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Evergreen State College, Olympia, WA
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Building Coverage

Existing
Rooftop

Green roofJ

(75% of Existing Rooftop)

J ) ~.CaseyTrees

Green Roof Ready area

Space needed for
HVAC, access, and
maintenance

Total bldg footprint area
= 260 million sf

Green Roof Ready area
= 194 million sf
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Distribution of Buildings in DC

180,000

160,000

140,000

120,000

100,000

80,000

Number of Buildings

60,000

40,000

20,000

61% of #
of bldgs;
1 22% of

bldg area

29% of #
of bldgs;
24% of

7% of # of bldgs;
13% of bldg area

3% of # of bldgs,
41% of bldg area

/

Number of all buildings: 161,830
Area of all buildings: 259,413,441 sf

0 1,000

2,000

3,000 4,000 5,000 6,000 7,000

Individual Building Area (square feet)

8,000

9,000

10,000

11,000




Mike Urban: GIS integration

= MIKE URBAN - [Q:WMIKELURBAN_models\C3_NEBflooding\C3_NEBflooding.mup [Base]]
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Green Roof Coverage Assumptions

Roof Type (size) Existing Moderate Intensive
Coverage Greening Greening
Scenario? Scenario?
< 1,000sf 0% 2% 10%
1,000sf — 2,000sf 0% 6% 30%
2,000sf — 5,000sf 0% 10% 50%
> 5,000sf 0% 18% 90%
TOTAL 0% 10.5% 53%
20 million sf | 103 million sf
Notes

1. These percentages are based on the building area (not the number of buildings)
2. The scenarios represent the building area that is “green roof ready”.
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Benefits and Key Findings



Summary of Stormwater Runoff and
Sewer System Discharge Reductions

Moderate Greening

Intensive Greening

Scenario Scenario
MG % MG %
Stormwater Runoff Reductions
CSS | 170 2.2 634 8.3
MS4 | 141 1.6 581 6.6
Entire Sewer System | 311 1.9 1,216 7.4
Sewer System Discharge
Reductions
CSS | 141 6.1 514 22.0
MS4 | 141 1.6 581 6.6
Entire Sewer System | 282 2.6 1,095 10.0




Reduction in CSO and Stormwater
Discharge to All Waterbodies

1,200 1,095 MG
’ Baseline Annual Discharge = 11,046 MG ‘ (10.0%)
g 1,000 4— O Moderate Greening Scenario
= . . . 877TMG
o O Intensive Greening Scenario 0
£ (8.0%)
=
0
> 800 -
o
=
©
<
[}
n
A 600 -
=
c
0o
S 400 -
° 292 MG
- (2.6%)
[ 193 MG 184 MG
1.7%
€ 200 - (1.7%) (1.7%)
< 73 MG
25 MG 25 MG (0.7%)
(0.2%) (0.2%)
T —
0
Treeboxes Only Trees Only Green Roofs Only Treeboxes/Trees/Green
Roofs

Green Infrastructure Type



Runoff Reduction By Sewershed:
Moderate vs. Intense Greening

Mo derate Greening Scenario for All Green Infrastructure Intensive Greening Scenario for All Green Infrastructure
Percent Reduction in Storm Water Runoff Percent Reduction in Storm Water Runoff

Percent SW Reduction
B v 05%
I o5t 1
[ RES T
I 1515 -0%
[ J20t%-an
[ Jao%-e%
I 5015 -6
[ 5015 - 10%
B 001%-20%
I o0 - a0

Percent SW Reduction
B o 05%
I o519 - 1%
[ 1015 15%
I 151%-2%
[ ] 201%-4%
[ Janms-sn
[ soi%-a%
I so1%-10%
Il 001% - 20%
I z0.01% - 30%

N

1:100,000 A
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Hydrologic Relationships:
Unit Area Reduction Factors

Type of Greening

Stormwater
runoff volume
reduction per

Acres required

to achieve a one
MG reduction in
stormwater over

unit area
(MG/acrelyear) an (:\::;Zﬂ; é)e ar
Green roofs 0.38960 2.5667
Trees over impervious areas 0.11117 8.9952
Trees over pervious areas (NRCS Soil Type D) 0.02210 45.249
Trees over pervious areas (NRCS Soil Type C) 0.00276 362.32
Trees over pervious areas (NRCS Soil Type A/B) 0.00008 12,500

Can be used for quick planning calculations in the Washington, DC
area or for other urban areas with similar climate conditions and rainfall

distribution patterns




Peak Shaving: Best Case

Runoff rate (MGD)

3.5

3.0
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Potential Operational Savings for
DC Water and Sewer Authority

|

Operational costs assumed
to decrease proportionally
for every gallon avoided
Utility costs for pumping
(electricity)
Treatment costs

Exploratory review of
literature = $0.01/gallon

Savings approximately $1.4
- $5.1 million/year




Pollutant Loading Benefits (reductions)

Pollutant

Intensive Greening Scenario

Ibs
reduced/year

%
reduction

Total Suspended

Solids 77,000 0.8%
Biochemical

oxygen demand 34,000 1.5%
(BOD)

Total phosphorous 340 0.6%
Total Kjeldahl

ni(’::ce)]ge#e(?'?(N) 11,000 4.6%
Ammonia 3,400 4.1%
Copper 120 2.3%
Lead 180 1.8%
Zinc 3,100 | 16.1%

Green roofs

Replaces pollutant
contributions from
conventional roofs

Highly effective at storing
and filtering pollutants

Conservative estimate
of expected pollutant
load reduction

Does not include pollutant
scouring reductions from
peak shaving



Overall Key Findings

Substantial reduction in runoff & discharge

volumes (Green Roofs are much more effective than
Trees)

Limited reduction in CSO frequencies
Reduction in stormwater peak flow & velocity
Operational savings in CSS

Less volume to be stored, pumped and treated

Multiple other benefits for same investment

Air quality, urban heat island effect, energy, climate
change, public health, social capital, economic
development, aesthetics, urban ecology, etc
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Grant Products

Data Results Display Tool
Mini-Model

Final report documentation
www.caseytrees.org

Project won award from the
American Society of Landscape Architects
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http://www.caseytrees.org/

Ongoing/Future Work

Addition of other Green Infrastructure practices to Mike
Urban Model for WASA (rain barrels, infiltration, porous
pavement, bioretention, etc.)

Development of guidance on incorporation of Green
Infrastructure practices to existing SWMM applications
Incorporation of other benefits assessments

Air quality

Urban heat island

Carbon

Aesthetics

Etc.
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The End
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