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Green Roof Stormwater
Treatment System Cistern
Design in Florida

By: Mike Hardin & Marty Wanielista

Why Use Green Roof Stormwater

Treatment Systems

* Aesthetically Pleasing
* Enhance Biodiversity

* Increase Energy
Efficiency
* Increase Roof Life

* Reduce Urban Heat
Island Effect

* [ncrease Pervious Area
(Post = Pre)

* Ability to Treat Additional
Impervious Areas
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Green Roof Design

PLANTS

GROWTH MEDIA
PEEMEABLE FABRIC
POLLUTION CONTROL MEDIA
PERMEABLE FABRIC
DRAINAGE LAYER
ROOT BARRIER

Variable ldentification

ffffffff w»j) * Mass Balance

- Tl — Precipitation
| [GreaBor 3| — Irrigation
103 ______‘; — Media Storage
F ! — Cistern Storage
— Evapotranspiration

Filtrate or filtrate factor
F=fP +7)

Overflow

Makeup Water
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Experimental Results

* Interested in ET and f
- P =P+
* Mass Balance:
dMg/dt=P +1-ET-F
* Assuming Finite Time
Step:
AMg/At=P +1-ET-F
AMg = At*(P + 1 -ET - F)
AMg=P +I'-ET' - F
— Where Prime is Indicative
of Volume

Experimental Results (Cont.)

« ET and Media Storage Cannot be
Measured Directly

— The Change in Media Storage can be
Approximated as 0

 ET can now be Solved for
—ET =P +I-F

» f can be calculated
—f=F/P +1)
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Experimental Results (Cont.)

ET Monthly Average Comparison of the Chambers [in/day]

Date TVO1 TVR1 TO1 TR1 c1 EVO1 EVR1 EO1 ER1
Jul-05 0.26 0.24 0.22 0.14 0.02 0.17 0.17 0.14 0.14
Aug-05 0.20 0.17 0.17 0.16 0.00 0.14 0.14 0.15 0.14
Sep-05 0.18 0.16 0.14 0.12 0.00 0.17 0.14 0.10 0.09
Oct-05 0.11 0.10 0.09 0.09 0.00 0.11 0.10 0.07 0.07
Nov-05 0.10 0.08 0.09 0.07 0.00 0.11 0.09 0.07 0.08
Dec-05 0.09 0.08 0.09 0.07 0.00 0.09 0.08 0.08 0.07
Jan-06 0.10 0.08 0.09 0.09 0.00 0.11 0.09 0.08 0.08
Feb-06 0.11 0.08 0.11 0.09 0.00 0.12 0.10 0.09 0.09
Mar-06 0.13 0.12 0.15 0.11 0.00 0.14 0.12 0.11 0.1
Apr-06 0.17 0.13 0.16 0.13 0.00 0.17 0.15 0.12 0.12
May-06 0.16 0.14 0.13 0.11 0.00 0.16 0.13 0.11 0.10
Jun-06 0.20 0.18 0.17 0.16 0.00 0.17 0.17 0.16 0.14
.
Experimental Results (Cont.)
.
f Factor Monthly Average Comparison of the Chambers

Date TVO1 TVR1 TO1 TR1 c1 EVO1 EVR1 EO1 ER1
Jul-05 0.54 0.42 0.61 0.50 0.96 0.64 0.52 0.70 0.50
Aug-05 0.46 0.24 0.52 0.35 0.94 0.62 0.39 0.67 0.39
Sep-05 0.58 0.44 0.69 0.50 0.98 0.63 0.52 0.70 0.56
Oct-05 0.71 0.60 0.75 0.60 0.97 0.71 0.55 0.81 0.67
Nov-05 0.67 0.46 0.70 0.49 0.94 0.62 0.40 0.76 0.51
Dec-05 0.74 0.59 0.74 0.61 0.98 0.73 0.58 0.77 0.61
Jan-06 0.70 0.49 0.72 0.47 0.86 0.65 0.45 0.75 0.52
Feb-06 0.65 0.51 0.68 0.46 0.98 0.62 0.45 0.72 0.48
Mar-06 0.54 0.19 0.49 0.24 - 0.54 0.19 0.62 0.25
Apr-06 0.47 0.25 0.50 0.26 0.97 0.49 0.14 0.62 0.28
May-06 0.50 0.26 0.58 0.37 0.99 0.52 0.27 0.66 0.41
Jun-06 0.56 0.42 0.62 0.48 0.99 0.62 0.44 0.65 0.55
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Experimental Results (Example
Calculation, No Cistern)

* Mass Balance for
EVR1

« dMy/dt=P +I-ET-F

© AMg/At=P +I|-ET-F

* AMg = At*(P + | —ET — F)

* AMg=P’' +I'—-ET -F

* As At gets Large AMg =0

Experimental Results (Example
Calculation, No Cistern)

* Mass Balance for
EVR1 Cont.
— 1 Year Period
— P’ =443 inches
— I'=48.4 inches
— ET =44.6 inches
f — F' =48.2 inches
* Note: More filtrate
than rainfall due to
irrigation
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Experimental Results (Example
Calculation, With Cistern)

e

Mass Balance for EVR1
System

.+ d(S+Mg)dt=P+Z-0
—ET

- AS+Mg)At=P+Z-0

- A(S+Mg)=At(P+Z-0
—ET)

* AS+Mg)=P' +Z2 -0 -
ET

* For Large Time Step
-~ AS+Mg)=0

Experimental Results (Example
Calculation, With Cistern)

e e e

* Mass Balance for
EVR1 System Cont.
— 1 Year Period
— P’ =44.3 inches
— Z'=11.02 inches
— ET’ =44.6 inches
— O’ =7.5inches

+ Efficiency = 83%
- Eff=[1- (20’1 ZP’)]
— Note: without cistern

overflow/filtrate was
48.2 inches
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Model Development

* Developed Based on a Mass Balance

— Determines Cistern Response to P and | on a
Green Roof

— Dynamically Solves for f for each Event

— Determines System Efficiency Based on
Historical and Measured Data

Model Development

 First Take System

Factor and
Develop Egn’s to
Describe Media
Storage

;@ 1 _13_ F_T_Q‘ Boundaries for 1
\ s s

| @: « Solve for the f

‘ o)

\

|
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Model Development

—AMg=P' +I'—ET' - F
—AMg =P + I —ET —f*(P" + 1)

—f=(AMg + P’ + ' —=ET)(P’ + ') [1]
—Mg, =M, —ET or [2]
—Mg, =Mg, +P' +I'-ET’ [3]

— These Equations are Solved at Each Time
Step

Model Development

» Next Take System

*********** o) .
® = -}’— 2-., Boundaries Around

|
} e &Il the Cistern
|
|
|

Describe Cistern
Behavir
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Model Development

dS/dt=F+Z-O-ET
ASIAt=F+Z-0O-ET
AS=At"(F+Z-O—-ET)
S1+f(P+IN+2Z -I'-0 =82 [4]
This Equation is Solved at Each Time Step
Simultaneously with Eqn 1

Efficiency Calc = [1 — (ZO’/ ZP’)]

Model Development

=loix|
Start Date |95/05/1974  Eng Date [12/29/2005 MSinit inches) |12
Green Roof Area (sf) Ground Irrigation Area (sf) Ground Rainfall Excess (sf)
\....Enterirrigation Data _ j Station ID: 6628
n Roof Area
Lan_~
ET S fin
finl fin ! L)
1
L2
L3 |
.
]
[3
7
B e *
L3 e i
(1o | 1 000
(S 2 050
(= 3 100
12 4 200
[ 14 | 5 3.00
|15 | 3 400
[ 16 | 7 5.00
17 I
18 o]
s | W
20 T 52
[z | o LI_I
22
23 Calculaty Report Done
24
25 | -
f| ’H Annual Efficien cy Al | Volum:




Model Development

» This Model Allows the User to Modify the
Following Variables
— Irrigation Rate
— ET Rate
— Precipitation Data
* All Factors Vary Regionally
* This Model Can also Incorporate
— Additional Impervious Areas as an Input
— Additional Pervious Areas as an Output

Model Development

&, Enter Irrigation and ET Data o =] ]
WManth Green Roof Gregn Hoof Landsqape & Day of Gregn Foof Landsqape o
Irrigation Irrigation _I ‘wieek Imigation Irrigation _I
111 nio 0.25 025 111 0.00 0.0a
2 |2 011 0.25 025 L2 |2 1.00 1.00
3|3 013 0.50 0.25 L3 (3 0.00 0.0o0
4 14 015 0.50 0.50 | 4 [4 0.00 0.0o
5 |5 017 0.75 0.50 | 5 |5 1.00 1.00
& |B 019 0.75 050 E |E 0.00 0.oo
i17 021 0.75 0.0 i 0.00 0.00 -
g |8 019 0.75 0.0 1 J Lr‘
3 |9 015 0.50 0.0
10 |10 nio 050 0.50
. 1 1J 11 nin noe nos LlJ

Cancel |
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Model Development

. REY Curve Analysis

i
| start Date |u1,'u1f1a75

~=lolx|

End Date |12/29/2005 MSinit (inches) |12

Ground Irrigation Area (sf) Ground Rainfall Excess (sf)

‘ Green Roof Area (sf) 10000

Enter Irrigation Data

Station ID: 6628

| Orlando Green Roof Cistern Design
| All units are inches over Green Roof Area urve
| G Roct Lan~ 10
| Date P’[ﬁf]‘p Mﬁr:]"‘t Imigation [EmT] Mﬁn;‘" Ini_| 0.8
I LI rosoia 06
1 [or/iTars 0.00 1.20 0.00 010 110 000 oy
| [ 2 |ovozram 0.0 1.10 028 010 1.10 050
[3 |oi/oanars 0.0 1.10 0.00 010 1.00 [ili] mz
[ |o1/0asars 0.0 1.00 0.00 .10 0.90 0.0 L - R
| 5 Jmmsnam 008 090 0.00 010 0.83 [ili] et e o
i [ & |o1/osa75 025 083 0.00 010 1.05 000
[ 7_|ovoznam 0.0 1.08 0.00 010 0.95 00 —
8 |01/08/1975 0.00 [iES 0.00 010 0.5 000 Storage el 5
! 9 |oarars 0.00 0es 025 010 .00 000 \/Dlun?aj ey ||| _
(10 |o1A0/576 0.00 1.00 0.00 010 0.90 000 7 = o0 538
11 |ornams 0.04 0950 0.00 010 0.84 [ian] B T8 058 1954
[[12 |o1n12nams 0.0 08 0.00 010 0.74 [ili] =R 1m0 0E7 1067
[13 |o1/13/1978 016 074 0.5 .10 1.05 0.0 ] 200 077 749
(14 |o1118n97s .00 1.05 0.00 010 0.3 [ili] = 3m 082 588
[15 |o1/15/1978 0.0 0.5 0.00 .10 0.8 0.0 ] w00 085 164
(16 |o1116na7s 0.0 iES 025 010 1.00 000 = S0 087 BTE]
[17_|o1A7Aams 0.0 1.00 0.00 .10 0.90 0.0 ]
(18 |o1n18nars 0.0 090 0.00 010 0.80 [ili] ]
[18 |o1A19/1978 0.0 .80 0.00 .10 0.7 0.0 Mo ]
(20 |o1/201578 0.0z 07 025 010 0.7 [ili] == J;l
[ |o1/21/1978 0.0 087 0.00 .10 0.7 0.0 4| L3
22 |01/22n978 0.0 077 0.00 010 067 [ili]
[23 |o1/23/1a78 0.00 067 0.25 010 0.6z 0.00 Calculate | Report | Done |
(24 |o1/2801575 0.0 082 0.00 010 0.72 [ili]
25 |01/251978 0.41 072 0.00 .10 1.03 oo . -
S R e g o - e o L'J Annual Eﬂl\:lem:yl Annual Yolume

Model Development

» Model allows for the calculation of average
efficiency over entire time period and

yearly efficiency

— Also for average makeup water required and
yearly makeup water required
» This allows user to see how yearly
precipitation volume effects both efficiency
and makeup water requirements
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Model Development

Reuse Curve: Station 6628 Orlando FL 1 in
Irrigation per week 30 years of data

1.0

0.9
Yearly 0.8
Fractional
Retention
as a

—

Function of 0.

/

Rainfall 0.5
0.4
0.3

0

1

2

3

4

Storage Volume [in/GR Area]

Model Development

fficiency Calculations for Each Year Based on Storage ¥olume

000 _| 050 [ 100 [ 200 [ 300 [ 400 [ so0 -

.45 158 [ 073 077 073 n8z| _|
C 1 (e [i] ] 07 0.8z 084 085
C 1 0.48 0Es 074 078 081 [ife] it
1 0.47 i) 081 0.9z 0.9 [itE] 1.00
1 039 055 054 078 083 e 087
1 036 055 N4 [ 088 032 034
1 143 s 07 08 034 iE] 100
C 038 [ i3 [ 083 083 032
C a7 i) [iT=e] 076 083 i 083
C 1 0.42 ] ] 084 090 0.94 0.9
C 1 0.41 [il<] 075 084 0.8 093 057
1 .44 [ 071 080 084 [itE] 090
1 037 058 057 080 085 [iEH] 094
1 034 048 055 [ie] 5] [ik] 07
1 037 [ 068 078 084 030 032
1 033 163 073 sz 083 [iE) 034
C 150 073 084 057 100 100 100
C 035 052 [ 071 07 076 077
C 1 0.39 [ [} 07 07 084 087
C 1 .42 054 i 085 092 09 09
C 1 037 054 i =] 070 [ike] 073
C 1 .44 0Es 07 0.8 0.92 094 057
1 035 i) i) 074 082 087 it
1 035 [ie] 0E0 [} 071 [ik7) 07
1 .42 01 070 081 08 09 094
1 034 054 163 073 078 082 it
1 148 ] 081 051 i) 100 100
C 033 054 161 s 070 07z 074
C a7 053 [ =S =] il 07
C 140 [i=0] 071 083 e 051 053
C 1 034 051 [i] 070 07 [ife] 085

0.39 052 i 057 073 077 07 -

(I LIJ

Copy

Print

4

Done |
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Model Development

(Fraction Retention as a Function of Cistern Volume)

* .. . .
no irrigation at zero cistern volume

Cistern Storage Volume [in/GR Area]

Location 0* 1 2 3 4 5
Belle Glade 0.5 0.72 0.8 0.84 0.87 0.89
Boca Raton 0.42 0.61 0.69 0.73 0.77 0.79
Brooksville 0.45 0.66 0.74 0.78 0.81 0.83

Daytona Beach 0.42 0.66 0.74 0.79 0.82 0.85

Ft. Myers 0.44 0.65 0.72 0.76 0.79 0.81
Gainesville 0.42 0.67 0.76 0.8 0.83 0.86
Homestead 0.44 0.64 0.71 0.75 0.77 0.79
Jacksonville 0.4 0.65 0.73 0.77 0.8 0.82

Key West 0.51 072 038 085 0.88 0.9

Lakeland 0.42 0.67 0.75 0.8 0.83 0.85

Miami 0.42 0.63 0.69 0.73 0.76 0.78

Niceville 0.33 057 0.65 0.69 0.71 073

Orlando 0.40 0.67 0.78 0.82 0.85 0.87
Panama City 0.33 0.57 0.66 07 073 0.76
Tallahassee 0.35 0.58 0.66 07 072 0.74

Tampa 0.44 0.69 0.77 0.82 0.84 0.86

Venice 0.47 0.7 0.78 0.83 0.86 0.88
West Palm 0.42 0.62 0.69 0.73 0.76 0.78

Example Problem

» Design an 800 square foot green roof to be
located on the new stormwater lab addition at
the University of Central Florida. The roof drains
via an interior drain system routed to a cistern
for storage and irrigation. The desired yearly
hydrologic efficiency of the system is 80%. The
green roof is to be a passive roof and consist of
a water proof membrane, drainage layer, 2
inches of pollution control media, 4 inches of
growing media, and vegetation.

5/7/2007
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Example Problem (Cont.)

« Irrigation required to ensure plant survival

— Surface drip irrigation to be used
* 1.5 inches per week for the summer months
* 1 inch per week for the spring and fall months
* 0.5 inches per week for the winter months

« Native ground cover to be used
— Depth restrictions
« Size cistern using Orlando design curve

Example Problem (Cont.)

« Efficiency needed is 80%
— Cistern to store 2.5 inches over the green roof
area (80% volume reduction)
* volume of 1250 gallons
» Based on average year precipitation is 50
inches

— Volume off a control roof is about 24,500
gallons

5/7/2007
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Example Problem (Cont.)

Mass Comparison Green Roof vs. Control Roof

70%
50 Reduction
93% (PC)
N Reduction Bl
© 47% 45%
92% Reduction Reduc
35 Reduction
0
- (PC) 7% .
g 2 Reduction
:? 92% (PC)
£ Reduction ]
? 20
g 89%
s+—Reduction
10 (PC)
5 «{
0
Ammonia Nitrate Ortho-phosphorus Total Phosphorus

tion

@ Control Roof

m Green Roof

0 Green Roof with Pollution
Control Media

Example Problem (Cont.)

» This green roof stormwater treatment
system design meets all of the design
criteria set forth by this problem.

be used.

If further nutrient removal is required a

larger cistern or a treatment train should

5/7/2007
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Thank You For Your Time

" e 2= 9" Biennial Conference on Stormwater
Stormwater S Research and Watershed Management
Management =

ACADEMY

Questions?

www.stormwater.ucf.edu
mhardin@mail.ucf.edu
wanielis@mail.ucf.edu

@Llnivcr&;ily of

Central
Florida
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