


If You Don’t Use It...
You Lose It

Controlling + harnessing urban rainfall
Green roofs

Living walls and vine walls

Landscapes

Street trees

Utility uses

Water-based adiabatic cooling systems

Solar thermal systems
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Green Roofs are Composite Systems

Foliage

Growth Medium
Filtration Fabrics
Drainage Layer
Protection Layer

Waterproofing

of properties for each of component




Physical Properties of Green Roof Components +
Assemblies Poorly Understood

Effect of media matric potentials

Importance of capillary breaks in increasing moisture uptake

Potential for dense filter fabrics to reduce percolation and to inhibit root growth
Availability of free water captured in reservoir sheets to plants

Heat capacity of various media, as a function of moisture

Effect of basal fabrics in moderating moisture variability

S

foofmeadow



.'Il':::::oﬂ:‘lll'm \
1L RUST
TR r".'-
ST S

"

Aa 1
waliectn

Green Roofs as Dynamic
Detention Systems

Retention Function (semi-permanent storage):
15% by volume (field capacity)
Detention Function (delayed release):

25% by volume (maximum water capacity™*)

In warm months much of this water is
returned to the atmosphere via plant
transpiration

Detention Function (transient storage):

10% by volume (air-filled porosity)

Each Detention Process associated with a

first-order discharge rate constant (half-life)

* Maximum media water retention (ASTM E2399) =
maximum water capacity + field capacity
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Transmissivity for Simple
Drainage Layers

Measures the in-plane flow capacity at laminar or near-laminar flow

conditions [ASTM D4716 and ASTM E2396]

Typical geocomposite drain sheet: .050 - .200 m?/s
Typical 2 inch granular drainage layer: .001 - .004 m?/s
Typical synthetic mat (foam or fabric): .002 - .008 m?/s

Drainage layer typically 1,000s of times more permeable

than overlying media
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Understanding Hydraulic Residence Time:
The Key to Developing Useful Predictive Tools

The pathway through the drainage layer is 100s of times longer and

therefore of particular importance to the green roof designer




Curve Number:
One Measure of Moisture Uptake

Berghage, et al. (2010) (courtesy of Walmart and Pennsylvania State University)

1 walmart green roof runoff
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Long-Term Simulation Develops System Statistics

Continuous Modeling using 10-30 years of local rainfall data

Average antecedent moisture conditions

Average seasonal runoff volume reduction

Average peak runoff coefficient (i.e., Rational Coefficient or Runoff)
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mean

.

duration  number duration  duration  duration  height
name: inflows L Qin L Qin2W I Qov aoverflow  overflows T Qov,m  overflow  impound.  impound.  impound. Elood
[n'] [n'] In'] h I-] In'] h h Ini] ']
Reservair Catchment] 290047 290017 3575 0553 1 08 0553 1556 244 am o0
Largest events: ol x]
begin of event b 20 i
overflow  flooding
[rf] g [ [rrf] e ]
1NET— 4

17.08.19839 10:00:00 2309 3578 0.0 1168
06.07.1982 11:35:00 446 4 0o 0.0 446 4 atol
06.09.1982 03:30:00 4008 0o 0.0 4008
05.09.1986 12:00:00 I7EE 0o 0.0 ITEE sl
11.09.1983 09:05:00 740 0o 0.0 3740
23.09.1983 18:10:00 3425 0o 0.0 3425 sl
29.10.1982 04:40:00 3400 0o 0.0 3400
2807.198306:4000 2347 0.0 0,0 2947 aral v X
05.08.19839 20:55:00 288.1 0o 0.0 2881
24101954 11:10:00 2866 00 0.0 2865 e ) ) Trik: [2]
11.11.1986 02:0%:00 2863 040 0.0 286.3 0ot ! - Y
30.09.1957 22:00:00 2.3 040 0.0 283
08.05.1982 03:0%00 2524 00 0.0 2524 A 2 R . . o -
07.08.1984 02:5%00 2375 00 0.0 Jcrn
18.07.1989 21:00:.00 2342 00 0.0 2342 wiml | 2nT 43,2 496,0 | 5547 6005 | 4@ 5245
06.10.1980 20:25:00 2011 0.0 0o 2011
11.09.1982 03:15:00 193.3 0.0 0o 1933
06.12.1985 20:45:00 1915 0.0 0o 1915
29.08.1988 03:10:00 1857 0o 0.0 1857

| é |$§| @ |J @Unhenannt—Paint

| @ Rwin demo-version - Ma..., | [ C:4Dokumente und Einskel,..| = Flow balance data

[ [Lom
| [Racom

RWS Program, IFS-Hannover

100

| T S N
1985 1966 1BET

1984 S 1665 1b8g 1080 16% 1862 1593

T
1

L e B
5 10 15 20 25 30 35 40 45 50




Resulted in Unexpectedly Low Estimates
for Runoff Rate Coefficients

10-years of Boston area rainfall data
4 inch thick dual media assembly
Computer simulation using RWS program

Rational Coefficient

Cr, =0.37
Cr, =0.39
Cry = 0.42

500 —
450 -
400 —
350
300 -
250

200 1'
150 |

100 -|
50

1

rrrrrrrrrrrrrrrrTrrr T T T T TrrrrTT
10 15 20 25 30 35 50

5 40 45

Witho

ut a green roof

500
450 -
400
350
300
250 ~!I
200 -
150
100 -
50 -

|‘l“l“lillIIIIIII||I||||||||||1||||||||||mm
rrrrrrrrr1rr1rr1r1r7r1r1rrrrrrrrrrrrrrrrrrrTTrrrrTrrrrr T TrTTd

1

5 10 15 20 25 30 35 40 45 50

With a

4 inch thick green roof




Corroborated by Field Measurement

of Large Green Roofs

Berghage, et al. (2010) (courtesy of Walmart and Pennsylvania State University)
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The Missing Piece of the Puzzle:
Time of Concentration Was Ignored

Berghage, et al. (2010) (courtesy of Walmart and Pennsylvania State University)
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Time to Peak

Berghage, et al. (2010) (courtesy of Walmart and Pennsylvania State University)
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Walmart Store #5402
Conclusions

Roof size matters
Flow path length matters

Time of concentration critical to hydrologic

response

Very thin assemblies can be very effective *

* Other lines of inquiry suggest that media
thickness has a comparatively minor role in

reducing runoff RATES
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Benefits of Longer
Hydraulic Residence Times

More efficient retention of rainfall

(media absorption + real-time plant uptake)
Peak runoff delay
Runoff peak rate reduction

Improved water treatment
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Factors Influencing

Performance

Seattle Public Utilities Green Roof Retrofit
Study, Magnuson Klemencic (2007)

Categorization of green roof systems on basis

of media thickness alone may not be useful
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Field Scale Measurements

St. Joseph’s Green Roof Experiment Station, Philadelphia, PA
Green Roof Performance Investigation (Ongoing; funding by DOE), Michael McCann, PhD

Runoff volume and rate estimated using load cells, rain gauge, and evapotranspiration estimate
Data collected from four 500 sf gravimetric lysimeters
Lysimeters are fully integrated into four distinct green roof areas

(sample moisture movement through a much larger adjacent green roof area)
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Green Roof Assembly Types

St. Joseph’s Green Roof Experiment Station,
Philadelphia, PA, Michael McCann, PhD

Identical media with 3” thickness n

Same plant community (mixed Sedum
and perennials)

Same surface area

Drainage layer design is the only B
design variable

Notes: A & C have low-transmissivity

drainage layers C

B & D have high-transmissivity
drainage layers

D includes reservoir water
capture of 0.2 inches in plastic
cup receptacles D
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Example Results

St. Joseph’s Green Roof Experiment Station,
Philadelphia, PA, Michael McCann, PhD

Lysimeter € Runaff, Early Summer Season
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Comparison of Different Assembly Types

St. Joseph’s Green Roof Experiment Station, Philadelphia, PA, Michael McCann, PhD

Preliminary conclusions based on one year of data

Results seasonally averaged and comparisons normalized to performance of assembly ‘B’

Assembly Comparative Comparative Comparative
Type ET Efficiency Runoff Volume vs. Runoff Peak
‘crop coefficient’ Rainfall Volume Lag Time
(%) (%) (%)

A ~200 ~80 ~300

B ~100 ~100 ~100

C ~250 ~70 ~350

D ~150 ~90 ~260

ET a runoff retention a lag time



Green Roofs as Shallow
Groundwater Systems

Miller (1999), ASCE Seattle

SRR
VA eV
SNV

%4

R

2R
R

LTAY:

XK
v Vav v
SRR

AT RN
IOV

<IN
L uv:‘ VAVAu$
RO
R L
S D
RSETILIR I OSSR
A IS AV AV AY A ANV YA
R X RIS RIS IIIE AR
RS I RISEIZINT
SRR LR X
< ROCKILE RIS
CRSERSS)

SOOORRIRD
VAVATATAVAVAVAVAAYA K]
AVAVAVAVAVAVAVA AVAN
A S A Zava!

E vy
KPREOOE
2000

Y arata

2 AAVA

KOS \S2S7615Ex

R ORI N
SR

2K ORER?
S RARRIGIIRIRS
ValVaXzZav,val

SO TAVAVAY e
e S AVAVAY. 5%

4
VAVALTS

>

Results of finite element analysis

Figure 3b.
Influence of Growth Media Soil Water Retention

(Note: no runoff from first
storm when n = 1.5)
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Influence of Drainage Layer Transmissivity
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How to Understand Green Roofs




Metrics for Dynamic Behavior

Which bench-scale measurements (existing or future) likely to provide best predictions for:
Lag to peak
Hydraulic residence time for percolated water (or half-life)

Seasonal ET uptake = Runoff Reduction

Rational Runoff Coefficient




Systems Approach to Performance Testing
Green Roof as Black Box

Green roof assemblies as input-output systems
Focus on dynamic responses to applied stimuli

Measure simple parameters that are good indicators of field performance

INPUT

OUTPUT
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Anticipating Performance Changes Over Time

Moisture Uptake
Hydrologic Response

Soil Chemistry and Runoff Water Quality

Plant Type and Diversity




Five-Part Coordinated Strategy
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Contact Us

\ info@roofmeadow.com

e

p | 215.247.8784
f | 215.247.4659

, Facebook

Blog, Twitter



SPARE SLIDES



Load Evaluation is Critical for Retrofit Projects

Wet and compressed soil

Stored free water

Mature plants

Miscellaneous fabrics

ASTM E2397)

No stable media is less dense than 50 pcf

Do the math!
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AN ROSE IOT DEPLAY
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Metrics




ANSI/SPRI Root-Resistance Standard




Grain-size Distribution Range for
Vegetation Substrates

grit screened material -
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Implications of Load

Dry Density Wet Density Thickness System System Relative
pcf pcf in Dry Weight Wet Weight System Cost
Psf psf
55 75 3 15 22 1

45 65 3 13 20 1.2
35 55 3 10 * 17 1.4

* Minimum accepted ballast weight for green roof cover systems
(SPRI/ANSI)

Typical green roof media has a wet density of 75-80 pcf
Moisture retention of green roof media is 35-40%
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Drainage Layer
Detention Volume

Moisture Holding Capacity

ASTM E2399 and E2397

Growth media: 30 - 45% of thickness
Reservoir sheet: 10 - 25% of thickness
Granular drainage layer: 5 - 15% of thickness

Synthetic mat™: 5 - 50% of thickness

* Typically only %" thick



Drainage Layer
Detention Volume

Moisture Holding Capacity

ASTM E2399 and E2397

Growth media: 30 - 45% of thickness
Reservoir sheet: 10 - 25% of thickness
Granular drainage layer: 5 - 15% of thickness

Synthetic mat™: 5 - 50% of thickness

* Typically only 74” thick



