oI, ____;gre_c.en_roofs _
biofiltration/bioretention, por

Conservation Design Approach for
New Development

Better site planning to maximize resources of site
Emphasize water conservation and water reuse on
site

Encourage infiltration of runoff at site but prevent
groundwater contamination

Treat water at critical source areas and encourage
pollution prevention (no zinc coatings and copper,
for example)

Treat runoff that cannot be infiltrated at site

Watershed-Based Stormwater
Controls

Multiple names for a similar goal/design process:
* Low Impact Development (LID)
Conservation Design
Water Sensitive Urban Design (WSUDs)
Sustainable Urban Drainage Systems (SUDS)
Distributed Runoff Controls (DRC)

These approaches emphasize infiltration, however,
other stormwater treatment approaches will also
likely be required to meet the wide range of
beneficial use objectives of urban receiving waters.

Modeling examples in this module will use this basic medium
density residential area, based on the average of many actual
neighborhoods surveyed in Wisconsin, normalized to 100 acres.

SLAMM Data File:

class examples base. DAT

Cunrent Land Use: Residential

=2
—&T

Source Area: Driveways 1

dP rking/Storage 1
wved Parking/Storage 2
wved Parking/Storage 3

nnaved Prkng/Starage 1

Unpaved Prkng/Storage 2

ound

100.00 Acres
0.00 Acres
0.00 Acres
0.00 Acres
0.00 Acres
0.00 Acres

100.00 Acres

Exit Program

Press F1 for Help




The file descriptions can be exported to a file under the “file” option:
"B can® - Wordpa EEE

© Hams Bnlance:
0 VI_GECOL,PED

d ending dace: 12/31/81

fair Curb & Gutter

This is the list of data files used with these analyses (calibrated and
verified by the USGS, working with the WI DNR, using much
regional data): et riipais

SLAMM Data File Name

CA\Prgram =] 55 eamples baso dat
Sin Deserd LT MDRNA Medm Deraiy Residential No Abeps, far Cub
Edit | Send
Edit | Rsnfie [ Frogram [l WatSLAMM Han F ~Hadton WA 190 FAH

Edd | SteaDate [ OT01/80 Wikt Sason Flarge
Edit | [rd Dot [Tzmm

Edit | Polutant Probaby Disibution Fie: [EPRDGAEM FILESWNELAMMVWA_BEDTT PPO
Edit | Funcll Coslixan Fin EFopam Fie LAMMTWA_ 5108 Decle v
Edit | Faiticulate Solds Congeniistion Fie. [TUPROGRAM FILES WIS LAMM W_AVGOT PSL
Edit | Patculse Flasidos Defvesy Pl [EUPROGRAN FILES WWANSLAMMTWI_DLVO PRA

Edit [Selest LU| P WS LAMKIVWA_Fies rd Otfes Ulibars Docl 3l

& Residerballl  Inchustind LU
" Ingtiusional LI Othes Lirkuan LU (Charges ol Stest Dalrvary Fles bo Match the Cuman Fils

 Commarcisl LU Fieeways
Use Coat

Estimation

Dpiors

Edit | Dinnags Syssen [ DataErimed

The following is a summary of the source area descriptions for this
area:

00! ture accur
mediate texture accum

texture

ter body area 2 isolated area generating no runaff

The following is the basic drainage system. This is changed
automatically when swales are added as a drainage control practice.

Drainage System

Enter the fraction of each type of drainage
spstem serving the study area:

Grass Swales

Mote: The grazz swale drainage syztem fraction iz calculated from
the areas of the drainage system that are served by swales. Theze
areaz are entered in the Grazz Swale control practice

Undeveloped Roadside: 0.000)|
Curb and Gutters, ¥alleys. or Sealed
Swalesz in poor condition or very flat 0.000
Curb and Gutters. Yalleys. or Sealed
Swales in fair condition 1.000
Curb and Gutters, ¥alleys, or Sealed
Swales in good condition or very steep |0.000

C - The total must equal 1. Total: 1.000
— The balance left is: 0.000




This is a plot of the 1981 rain events used in the analyses:

= Rainfall Parameter File
File

Fain File Mame: ‘E'\PF\DEHAM FILES\wINSLAMMARAIM FILESYWISREG - MADISON Wi 1981.RAN PO rO u S Pave m e nt an d Pave r B IOC ks

a0

€ These have long been used in Europe to reduce flows

g entering combined sewers.

g They are most useful in areas having little traffic (overflow
00 seasonal parking, walkways and driveways)

a 100 200 eliln) 400 A e
Time (days) They should not be used in areas of de-icing salt

’m m Rain  Julian Stating Starting | Starting | Ending En_ding F\ainfa_\l Duration In!ensity Interevent | = appl ICatIOﬂS, OI’ In Crlthal al’eaS that may Cause
Number Date Date Time: Date Time | Depthlin)  [hrs) linhr] | Time [daws] 9 q
i[> [a |4 1 021 o011 0500 0081 0800 003 300 000 483 | groundwater contamination
36 [F fa 8 10 |11 2 517 | O01/06/81  04:000 01/06/81 1200 006 800 o0 0.29
12 [13 |14 15 |18 [17 |18 3 579 O01/06/81  19:.000 01/06/81 2000 oo 100 oo 913
19 (200 |21 |22 |23 |24 |25 4 1496 0141541 22000 01416/81 0000 oo 100 oo 1596
26 |27 |26 |29 |30 |3 5 3056 01731481 2300 02/01/81 0500 011 E.00 ooz 450
[ /A 02/05/81 17:00 02/05/81 2300 005 E00 om 036
7 3692 0270681 22:00 02/07/81 0300 006 500 om 1.00
Redraw Graph a 3|13 02/08/81 03:00 02/08/81 0400 om 1.00 om 1.04
StaDate: [ gi/me 9 3921 02/09/81 0500 02/09/81 0RO oM 100 oo 0.83
10 4008 | 0240481 02:000 0210/81 2200 038 2000 002 11.00
EndDate: [T 12731581 il 51.92 | 02/21/81  22:000 0222/81 1700 158 1900 008 0.46
1 £21 o o« ngnn o FRRETT noc dE0n oan =

Wolfgang Geiger’s Porous Paver Test Rig, Essen, Germany

Porous pavement and paver blocks are used in _ TAustirT,"-'IiX
many locations to reduce runoff and for aesthetics ...

T

Singapore




Porous paver blocks have been used in many locations to reduce runoff

to combined sewer systems, thereby reducing overflow frequency and
volumes.

Not recommended in areas of heavy
automobile use due to groundwater
contamination (provide little capture of
critical pollutants, plus some manufactures
recommend use of heavy salt applications
instead of sand for ice control).

Madison,
Wisconsin

Modeling Porous Pavements

Porous pavement (or paver blocks or turf-reinforcers) can
be modeled at the source areas.

In this example, paver blocks are used for the directly
connected driveways.

The pavers are 3 inches thick and are on another 3 inches
of sand. That is in turn on 12 inches of an aggregate base
for storage.

Degradation in performance occurs with clogging. The
values used are described in the help file.

Porous paver blocks and grass
“ reinforcement material should not
® be used in areas having heavy
parking, as the grass cannot thrive
if parked on much of the time and
1 soil compaction is still likely.

Another way to reduce runoff is
to reduce the amount of paved
areas. However, make sure there
is sufficient parking and that the
streets can handle the expected
traffic load. In some cases of
heavy use, cars are parked on the
sidewalks, forcing pedestrians to
walk in the street.

Main input screen for porous pavement

Porous Pavement Control Device

Land Use: Residential Fatiin Skt
Source Area: Drivewaps 1 & A thmus Asphalt
Total Area: 5.6 acres  Porous Pavement Number 1 A;;:;t;e é'ed‘:;; H_\
Porous pavement area (acres): _ e
AR SR Porous
Inflow Hydrograph Peak to Average Flow Ratio [ 3.5 e (\)/,é 2 e
5 RN
, R Lot
Pavement Geometry and Properties —_ .\//\\y\ # TPl
T Pavement Thickness [ 30 i PRERR 5 Augregate
Pavement Porosiy [0-1) 030 4\:%//\\\//\\\4\ /A Bedding
2 - Aggregate Bedding Thickness (in] an ‘}Ef{‘é/
Aggregats Bedding Porosiy (0-1] 030 el
3- Agoregate Bass Reservoit Thickness (n] | 120 3 - ”
|Aguregate Base Reservai Porosiy (0-1) 030 i = &; e
) ! I AT : EReservoir
Dutlet/Discharge Options 4
[Perfarated Pipe Underdrain Dismeter, i used 00 | \/ I A I AT 1E A e Al BZF‘"B;"EI
inches) : o
4 Perforated Pipe Linderdrain Outlet Invert \/\/ \/\/\/\/\/
Elevation [inches above Datur) 0o /\/\ \/\/\/\/\/\/
S R A R N B A
urber of Pertorsted Pipe Underdraine 0 i )
Subgrads Sespage Rate (infhi) - sslect below B Restorative Cleaning Frequency
=
on entet Surface Pavement Layer Gl
52 Fiandom Number Generation to Account for s  Thiee Times per Year
Lincertainty in Seepage ate = e ]| C SemiAmmuall
By A Infial Infilvation Fate fin/fr X g i
Logjade erpage ok Parcent o Infation Fate dr 3 ears (100) | 600 | |~ pocsi
Fercent o Infiiation Fate Afer § Years 1000 500 | | ot Thrae Yours
Select Subgrade Seepage Rale Percent of riginal nfitraion Fiate Upon Cleaning o | e Eou Yours
 Sand- 8 infhr ® B e (0-100) @ o e b
© Loamy sand-25/h  © Siy oap loam - 0.05 infhr Tin Peiod Uni Complee Clogging Qecws bis) 100 | |~ poent oo 100
£ Sandyloam 100/~ 5angy clay - 0.05 invhe " Every Ten Years
(f: Loam - 0.5 in/hr Sl clay - 0.04 inthr
Sitloam-03WM  ~ Clag- 002 ke .
» i Continue Cancel Delete Control




Extensive help files (F1) are available that explain the controls and

input requirements
Lo

Conteriz] jnces | [Ew |

Porous Pavement Control Device

rce area, describe the peometry and other charactenistics of
noff volume, equal to the rainfall volume, and then c
o

vavermEnt conitrol device
0 the pavemant Suface ares

peak to average flow ratio value (a value of about 3B is suitable
is used to comvert the rainfall volume into a hydrograph. The duration of the hydrograph is the

Roof Runoff Control

Runoff disconnections
Rain gardens for roof runoff

Green roofs to reduce flows and to provide
benefits to the building

Capture of roof runoff for beneficial uses

Runoff volume summary for source areas showing complete
control for the driveways that have porous paver blocks. The
storage base can be reduced and re-analyzed, if desired.

Funoll Vokumn Pastculote Sobds 1 Pobutants
Funoll Vohuse feu ) 1 Sowne Avsa Flunol Vokume Conrbution |

Suararuaey fox A Ewrts
 Minimem:

[P

{usrage

Tolat

S0 2304E06 2

One of the simplest and most effective approaches for the control of
stormwater is to reduce the amount of impervious areas that are
directly connected to the drainage system. This can be accomplished
by using less paved and roof areas (hard to do and meet design
objectives), disconnect the impervious areas, or reduce the runoff from
the impervious areas by infiltration, or other, methods. Reducing the
runoff volume also reduces the pollutant discharges, reduces peak
flows, and reduces combined sewer overflows.

[ N

e

Disconnected roof drain Directly connected roof drain



Roof dram dlsconnectlons Calculated Benefits of Various Roof Runoff
: ; Controls (compared to typical directly
connected residential pitched roofs)

Annual roof runoff volume Birmingham, | Seattle, | Phoenix,
reductions Alabama . Arizona

(55.5in. (33.4in.) [(9.6in.)
annual rain)

Cistern for reuse of runoff for toilet 67
flushing and irrigation

(10 ft. diameter x 5 ft. high)

Planted green roof (but will need to 75 77
irrigate during dry periods)

Disconnect roof drains to loam soils --

Rain garden with amended soils
(10 ft. x 6.5 ft.)

On-going Millburn, NJ, Monitoring Project to
Evaluate Performance and Groundwater
Problems Assomated with Required Dry Wells




Green Roofing Benefits of Green Roofing

Extensive Green Roof |nten5'V_e Green Roof , .+ wr * Reduce Heat Island Effect
Lighter * Heavier _ B L ey ; Reduce Air Pollution and
<6” media depth * >12” media depth g 7 “. '4&  Greenhouse Gas Emission
Elanted with sedums ~ * Wider variety of : * "« Improved human health and

or native plant species plants which need e B S comfort
P P more care and : s e Enhanced Stormwater

Saturated weights irrigation R . il | Management and Water
from 12-50|bS/Sth o Saturated We|ght5 ‘ . s | Quality
from 80-100Ibs/sq.ft. : — B Improved Quality of Life

Information courtesy of the Environmental Protect Agency —  http://www.epa.gov/heatisland/mitigation/greenroofs.htm

http://www.coolflatroof.com/pics/green-roof-blocks.jpg

Urban Heat Island Effect — Atlanta, GA Green Roof Design

Can a green
roof make the ‘
Vegetation
urban look ot
like the : Drainage/Root Barrier
Suburban’7 Insulation

i % A Waterproof Barrier
Suburban Temp. - Day Roof
NEL

Suburban Temp. - Night Cross-section of a typical green roof illustrating
the key components

50 60 70 80 90 100 110

Tomptrstus Fabeantel) http://www.greensulate.com/green_roofs_intensive.php
Images Courtesy of NASA - -




Function of a Green Roof

sFR Gl

THE K%

bt FIELD CARALI]Y
+ PERMEABILIY

heph

s TRANSMIBENITY |
+ INJRRNAL PRA U Mu*..:e[o

The storage of water in
the substrate

Absorbing water in the
root zone

Capturing and holding
precipitation in the
plant foliage where it
is returned to the
atmosphere through
transpiration and
evaporation

MRECT RuNarr

Lo

i
TOHE IJ?TI!P\',‘,"-

(@ MDA P, Gphck upAke

UHGERE LOW

8 EVAPSTRANSPIRAT oM

http://www.lid-stormwater.net/greenroofs_benefits.htm

Slowing the velocity of
direct runoff as it
infiltrates through
layers of vegetated
cover

Central
Alabama

NEUITETY
February
March
April

May

June

July
August
September
October
November
December

Average daily ET,
reference conditions
(inches/day) (irrigated
alfalfa)

0.035
0.048
0.072
0.102
0.156
0.192
0.186
0.164
0.141
0.096
0.055
0.036

Evapotranspiration (ET) is the
major rain abstraction mechanism
available for green roofs, besides
some detention storage and
evaporation.

Plant Crop Root
Coefficient  Depth (ft)

Factor (Kc)

Cool Season 0.80 1
Grass (turfgrass)

Common Trees 0.70

Annuals
Common Shrubs

Warm Season
Grass

Prairie Plants
(deep rooted)

0.65
0.50
0.55

0.50

Cumulative Runoff from Different Roof Types - 7/18/07 to 7/31/07 .
35 October 25 Rain Event
307 Recent results showing green roof runoff
benefits compared to conventional Delayed Peak

£ 257 roofing (data from Shirley Clark, Penn Peak Intensity Reductioh
e State — Harrisburg) = —e—Rain Intensity
S 2.0+ <
x = —=— Runoff Rate
[ <
% 151 Greater than 65% volume reductions «E
E dueto ET <
S 1o E

05 T r

0 50 100 150 200 250 300 18
Time Since Start of Storm(hr) )
Time (hr)
Qovarced s Graph Courtesy of Al Jarrett, Penn State Center for Green Roof Research




Runoff quality from different roofing materials
_ | T T T ] Modeling Green Roofs
Zinc at 4 to 8 mg/L Phosphorus at 0.3
" Igiﬂfa%aa?e'ﬁi?smem | t0 0.5 mg/L from Green roofs are modeled in WinSLAMM by using the
g § green roofs. biofiltration/bioretention source controls.
s " . The device area is the area of the roofs (or less if only a
g : portion of the roofs are to be planted).
e —— == . = . - The broad crested weir outlet is needed to provide an overflow
T o P T P above a few inches of surface storage on top of the growing
) media
* Nitrate at 1 to 15 T . :
mg/L from cedar Evapotranspiration is the only rainfall abstraction and monthly
3 Copper at 5 to 25 3 wood shake roofs. average ET values are entered, along with “crop” factors and
: vagé 'a ?g’OT”:reatEd T root depths. According to recent USGS research, the crop
materials g ) factors for sr_naII u_rban area_plantings are greater than values
usually published in the agricultural research.
o -—— . . - There is obviously no “natural soil” infiltration.
i ol Shlrley Clark’ “Pen State” Harrlsburg

Green roof input using the biofiltration option (one unit per house).

Biofiltration Contral Device

v e The required broad crested weir outlet (the weir length is the
Souce Avea: lools | i i - r downslope edge of the building):

Device Proparties

TEHL i Oullel? Discharge 4 k i

Land Use: Residential
r r = Source Area: Roofs 1
r Biofiltration Device Number 1 Dutlet Number 1

Irii. i ate FractiorrBomom (041
Il Pate Fraction Sides 0-1]

[Fruck. Filled Depth 1] - -
01 . Wen Crest Length [ft]

Er 5 Edhl E gistieng Oublel = r

it - J= r . Wen Crest Width [ft)
E nginesesed Sod Depth [f) 0150} Selecled Uullels
Engrmesed ol Poosly (041) 03y 2

. Height from datum to bottom
Eldles liwomely Schematic of weir opening (ft]
Irficws Hpcengeagh Pesk 1o 200 .
Furesange Flow Rt = | 80,000 . Check to use Default Weir Coefficients v
(Humber of Dervices in Sowce o - — ] —
faea oo Land Use ‘-"| Change Gwomaliy
Copy Dicfie: Data Patte Biofiter Data T

Select Native Soil Infiltration MNate

" Sad - Bt "~ Clay boem - 11 it ot

™ Lomg tand-25inhe T Sty clap boan - 0.06 e T T [~ ~ TopdEngresedsad | i

£ Sarclyloom-10inke Sardy cly - 0.5 ke INI'pnvn-m nEr Cancel Continue Delete

™ Loam- 05 mie " Sty clay - 04 mh = G |

S kam - 0.3 ™ Clay - 0.02 in/be o b sy

~ Sancy 8 oam - 02t Hon BamelTCisten - (010 vt Infitration late

Urscstamdy

Satect Pasichs | [CProgeam FiestwwiSLAMMLOW.CFZ
o Birfsesh Schomoie Dednte Canced Lnnkinar




Evapotranspiration and plant information (see ET calculation paper Runoff volume results showing complete runoff reduction for the
for typical soil and plant information; as noted earlier, the crop factors green roofs. The substrate or storage volumes can be reduced, then
are likely larger for these harsh conditions compared to reported re-analyzed.

agriCUIrtUraI data). I WinSLAMM Model Output

1 Pisticulain Scids 1 Pttt
Aunall Yobanea (cu ft) 1 Source Ara Furoll Vokame Conbbuton |
Land Use: Residential Biofiltration Device Number 1 [Data il class enamoles e rock DAT
i i Wisfieg - Maxdion W 15581 Fiah
[Oste 110708 Tir: 050212
Sie Disseriptions SLUVSILT-MDRSA Mok Dtnsiy Residervisl, Ho Abeys. i Cutb & Guttee

Source Area: Roofs 1 Outlet Number 2

Evapotranspiration Area of Biofilter that is Yegetated [sf): 1634
Rale (in/day) essens s Funct Vo SN N
Root Depth (ft): 05 : ) pabe AT TN

Stonge 1

January 004

February 0.05

March 0.07 e 2o . s o

0
i T Soil Field Moisture Capacity [Fraction, 0-1]: | 0.34 ; e
Ta 3 B 18N b cen) 1M 15789

:‘Iay g}g Permanent Wilting Point (Fraction, 0-1): 0.04

une
July 019 ET Adjustment Factor for Actual Crop [decimal): 1.2 ,Lfvt:?«f.'ﬂ';"" J:I'ar:l':_s';;‘-:lr:;v:v::\c:"ﬂlc Tu methed o rana ¢ (15 . See Prelieveiopment Aueas and CH Melp bor more i
jos | os AFAEEEE GG

eptember A G nches] s i - ] Factor
October 0in -
Naovember 0.06

Drecember 0.04

Delete Cancel |

Ancient temple site at top of hill that had roof runoff ciste
Rhodes (ancient Greece, 71 century BC)




Regular citizens had to hand carry water from the cistern at the top
of the hill back down i homes 4 s

Cistern tank, Kamiros, Rhodes, Steps alongside cistern
collected roof runoff from adjacent allowing jugs to be filled

temple located at top of the hill. from holes in wall to cistern.

The water tank cisterns modeled for the Kansas City area were about
10 ft in diameter and 10 ft tall. The expected per household water use
(gallons/day) from cisterns for toilet flushing and outside irrigation
(ET deficit only) for the KC study area is:

January 113 gal/day  July 428
February 243 August 479
March 126 September 211
April 175 October 71
149 November 71
December

Beneficial use of stormwater as a local resource needs
to be serlousl con51dered

Prinke George’s County photo

Number of water tanks and annual flow
volume reductions for Kansas City test area

[N
~

Percentage annual runoff reduction
(o)) [ee]
° ‘*-..

Percentage reduction of annual flows wi

10 ft diameter by 10 ft tall cisterns (numbers
per acre) for housenold toilet flushing and
outside irrigation (roof runoff only).

= =
o N

The maX|mum control that is expected is about 13% (at
about.3 erns-per-a a na ne ac n alla ne
annual flow that is expected to orlglnate from the roofs.
l 0 esponad 0. dD0 d IO‘A-‘ dNnK .Il
diameter and 5 ft tall per household. More tanks will not
help, but small “rain barrels” are obviou yay too sma

ESN

N

o

1 p) 3 4 5
Number of 5900 gal water tanks per acre

11



i o k.
7 : = | i vy

Birmingham Southern College Campus
(map by Jefferson County Stormwater Management Authority)

Supplemental Irrigation

Inches per Average Use for
month 1/2 acre
(example) (gal/day)

Late Fall and Winter |1 to 1-1/2 230 - 340
(Nov-March)

Spring (April-May) 460 - 680
Summer (June- 4 910
August)

Fall (Sept-Oct) 460 - 680

Total: 28 (added to 54
inches of rain)

Birmingham Southern College
Fraternity Row (new construction at
existing site)

w0z ey

Capture and Reuse of Roof Runoff
for Supplemental Irrigation

Tankage Volume (ft3) per
4,000 ft? Building

Percentage of Annual Roof
Runoff used for Irrigation

12



Modeling Beneficial Uses with a Cistern

In this example, the beneficial uses of the roof runoff are
toilet flushing and irrigation of the lawns and gardens
surrounding the homes.

The toilet flushing use was determined to be 71 gal/day per
household based on regional census and water use data.

Irrigation was calculated to supply the deficit between the
monthly ET and rainfall values for turf grass. Additional
discharges to the landscaping is possible if enhanced
infiltration is desired.

A simple tank 10 ft in diameter and 5 ft tall per house was
used in this example.

The cistern/rain barrel option was selected under the native
soil infiltration rates (this turns all infiltration off,
obviously!).

Cistern modeling using the biofiltration control option:

Larsl Uzm: Roceidorilual
Source Asea: Rools 1

Device Proparties

Total Areac 45 acins
Bawliller Number 1

t] (ot mel. orie)
InfRigton Fiate (vt

F ngineesrd Snd Type

3 ol S0 I aion et
|

€ ragneearst Sod Diegth 1]

£ rgrmsesed Sod Pososdy (1)

Irficws Mpcengraph Pk o

i Dutlet? Discharge

Edil E ity Uutlel

Selecled Udllels

Bruldlen ivomoliy Schemabic

The broad crested weir is always required to provide an overflow
from the tank. In actual cases, overflows will be through an
overflow pipe. In this example, the weir length is the circumference
of the tank. The total tank height must extend several inches above
the bottom of the weir opening.

2

Broad Crested Weir Biofilter Outlet

Land Use: Residential
Source Area: Roofs 1
Biofiltration Device Number 1

Outlet Humber 1
- Weir Crest Length [ft]
. Wen Crest Width [ft]

. Height from datum to bottom
of weir opening (ft)

. Check to use Default Weir Coefficients [

Cancel | Continue

Fuormage Flow Raw |
e e 12| Chungn Gosmsty —— N r
Copy Dicher Data Patte Biofiter Dats |
s_dm Nn.liu Soil Infilration I'Ial.e
e R
LS CSbdyObion [ bt
St loam - 0.3 inv Clay - 0.02 rvhe Pt o
" Sarcy o loam - 012 Fan BamelCistesn - (100 by :?:.’::TE“
Land Usze: Residential
Source Area: Roofs 1
Biofiltration Device Humber 1 These are the month|y
Outlet Humber 2
calculated water use rates,
Month | o %t e based on household
January population and water use
Fcbay 24308 for toilet flushing, and the
Apiil 175.00 monthly average deficits
May 149.00
e S be_tween the _ET ano! _
July 428.00 rainfall. Again, additional
August 479.00 H= H H H H
T irrigation is possﬂ_)le l_f
October 71.00 enhanced infiltration is
Movember 71.00 H
December 71.00 deS”ed.
Cancel ‘ Conlinue ‘ Delete |
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The cisterns at the homes associated with the directly connected
roofs (roof 1 category) were able to use all of the roof runoff for
toilet flushing and irrigation in this example.

In WinSLAMM, there are many additional detailed output options that
can be accessed with the program options menu. The detailed biofilter
output allows one to see how much water is in the cistern at any time,
amongst much other information:

[T— 1 Pariculate Sobds | Pobtarts
Runall Volume fcu fi] T Soupe Aves Funell Vohme Conmtuon | = Program Uplions F..__ El

Dabaled Oulpul Fide Optsaons 1 I 4 Diefnit Custert i Dats

A adurn Denty Rlendactisl Ho Abtys. fae Curb § Gusser Grass Swabes Street Cleaning
q Hydimdes e Comcoiration by et [ et Dt Plot
2 Dovovssys | Orrvoways  Sudowals!  Slomaks/  Sheed 5 Sk el o LU A O Hychonacss Dlasdod Oty Shiet Dol Revrureal
x T > s

waksl | waka?  Aseal dres 2 dot T Faticulsts Reduction Duput I Incosmantal Perfoimance Dulput I~ Watholl or Street Cleaning Detad

[ SiagwOution I Inedhaciis Corvantration Datibed Outpt

I Stochast: Seepage Rate Detal I Paricubate Fledustion Quiput Wt Detention Ponds

M Wale Baarce I~ Ditaled Duput

: Hyshedynamis: Devices

[~ Evapotanapsstion Detal A, W Dutsl Dischatge Hydesach

(e d {hoe Flowe-Duration Curves|
Perfoanance By Event [ Pond Stage-AsesVokame Data

I~ Pretomance by Event Duput I Stagednfiow
Slage-Dutficn

S0 PrDivopment Arsi and O Help e s il B oo e I Storse Weeper Detaled Ouiput

o fxs " e Fonus Pavement Wiatee Balarcn Sy of A Poreds
[ Otaed utput

Flow Durstion Cusve Dala (e

ﬁ:“." 5 . % 3 ™ Dietaled Data ™ Stochaitic Seepage Rate Detod

™ Ploming Calculatiors: ™ Suface Seepage Rate

Mirituan [
[ T 255 = w5 i
I Wster Dslance
[verson 3 3 Fieoway Data
Totet R0 ZIAEE TR0 LI [ Fintway Washall Delsd
Uncheck All Detaded Dutput File Options
I Cikical Pavicls Size Cakcudstion Detaled Outpna Fie ¢ Chack AR Distasdod Dulpul Fie Oplions

Fibe Update Options Lmcial I Save NI File

The following is an example of the detailed biofilter output, showing the details for
each time step in the calculations (every 6 minutes in this example). The depth of the
water in the cistern (stage above ground) is high-lighted below for a 2.59 inch rain:

The help files describe the information provided in each output
option. Selecting an output high-light expands the descriptions.
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Detailed model options allow you to supress or enable detailed output files created by the medel during a model run or
change selected delaull oplions in the program, Each of the oulput oplions listed on the Torm provide detailed sutput Tor

seme aspect of the medel, The default for all eptions is not to create a file. To create any of the detailed output option files,
check the appropriate box. All files are comma.separated value [_csv) files that, if selected, are created In the directory that
the .dat file is in. Ta implement your selections, select the 'Save (NI File” button. This will madify the WinS1LAMM.INI file to
reflect your selections. This file will not change until you make addilonal madificatlons.

The detalled output eptions includa:

Biofilters
Bioliller #lage-oulllow oulpul - Lists the discharge ol each slage elevation lor each biolilter outllow device,
Datailed Diofilter output - Hydraulic and stage data for each time increment in the medel run.
Bloflliter stachagtlc seepage rates - Lists the seepage rate for each event If the randam Infiliration rate generator option =
selected.

Blofliter water balance <I.n<\ I‘rovhle! Inﬂaw outflow, and velume and solids reductlon fraction values for each event.

Parlicy leulations that the particulate solids concentration lor sach
panicle size,in each rainfall awm

Ieducible Concentration Detailed Qutput - lissts the i i ticufate sofids fration for each parficle

size in each rainfall event.

Evapotiamspiration Detail - Lists the evapotianpiration (ET) calculations for each time step of the model wn, il ET has
been selected as an output eption and if there s engineered seil in the biofilter.
Catchbasins

in stage-outflow data - Lists the di at each stage el far tflow device.
In parfarmance by event output - Provides inflow, sutflow, and uonlme and solids reduction fraction values far

vach event,
tchb asl if 2 by step cutput - Hydraullc, stage and panticulate control data for each time Increment in the
madel mun.
Stage inflow data - Lists the flow rate, for inflow and bypass, inte the catchbasin for each stage elevation of the device.

Porous Pavement
Porous pavement water balance data - Lists the water surface elevation and volume data from the perouse pavement
device far each rainfall event.

3 - Lists the discharge at cach stage elovation for the seepage rate and the -




The context-sensitive help files explain each column header: RElT Gl Jesgmeel oy Complete IriFIEEEn ©F [Res] Runoff
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Detailed Output - Biofilter Output by Time Step

The detailed autput far the biofilter control practice demanstrates the changes in the biafilter far each time step of the
maodel run. The file name s always <dat flle name> BF Detall for BF# <blofilter numbers CSV, which fs a
commaseparated file. The file can be very large because there may be many time steps in a bioliller analysis. The
columns of data are defined as follows.

mAFNm Riafilter number in the .dat file.

Raln# Raln number of the event in the model run.

Date Julian date of the event in the model run.

Rain Rain depth of the event in the moedel run.

Incre. Increment number. The number stars at ‘1" for each event in the model run. If the increment restans at 1
during an event, that means that the fime step has been reduced ta prevent routing calculation instablilty

Timelne {miny The time step for the event.

TimeStep The fime siep number of the model .

Stage DG The stage, in feet, of the water in the biofiilter for each step of the medel run below ground, within the
rock fill and engineered soil layer,

Stage AG Tha stage, in fast, of the water in tha biofilter for aach step of the modal run above ground, or abova the
top of the engineerad soll layer, if present.

MaxStage BG The maximum stage, in leel, for each time step of the model run below ground, within the rock fill and
engineared soil layers,

MaxStage AG The maximum stage, in feer, for each time step of the madel run above ground, or above the rock fill and
engineeted soil layer, if present.

Wolume BG  The volume of water, In cubin the blofilter for each time step of the model run within the rock fill and
engineered soil layers.

Volume AG  The volume of water in the bicfilter for each time step of the model run within the reck fill and engineered
ol layers.

Baea BG The surface area, in square feet, of th, in the biofilter for each time step of the model run
between the bottom of the device and the top of the rock fill ared soil.

Area AG The surface area, in square feet, of th ¥ In the Biofilter for each time step of the madel run
above qround, or abave the rock fill and engineered soil layer, if present,

TilHydGOut BGThe belew ground (keneath the top of the enginesred sell layer) hydraulle outflow (cfs) frem the blofiler

for ewach time step of the model run. If the orifice oullet is below the top of the rock in the biofilter, then the below ground w

Burnsville, Minnesota, Rainwater Gardens

pro-Gonszston et o Rain Garden Modeling

0.50" Rainfall

— Gorero: - 47,009
| Sy - 38,973 o

Rain gardens are also modeled using the biofilter option.

?“ Rain gardens are usually very simple devices, constructed by
= excavating a 1 to 3 feet deep hole near the downspout of a building.
. [ VW A The depth and area for the rain garden is usually determined by
AN TAM 9 LAM 1P SPM 5P TEM OPM T1EM 1AM 3 AM S landscaping considerations, but should also be based on the soil
97% Runoff Voliime Reduction infiltration rate and the roof area.
Post-Construction Runoff Data R . . . .
oF 1~ Rsindat The excavated hole is then partially back-filled with an amended soil.
ez [ Native soils are not usually recommendgd due to the likely presence of
ot il clays. Most states now recommend a mixture of sand and an organic
e ;’ "U"\ 1 amendment. The excavated soil can be used to build up the downslope
o [ 1 T edge of the area to provide additional storage.
e = J \ l\‘ LK Surface storage is also needed above the amended soil; a depression of
- RAMBAMAAM sAm oM aw wmem o zew at least several inches for a small rain garden to about a foot for a
An example of the dramatic runoff volume reductions possible larger device is needed.
through the use Of Conservation design prlnciples (17 rain gardens’ at RE gardens -are.also-usua”y planted with deep-rooted native plants to
about $3,000 each, at 14 homes in one neighborhood) IS ICUEEA L ERN)
Land and Water, Sept/Oct. 2004

15



Input screen for a simple rain garden (2 per house in this example) in

_an area having marginal silt loam soils (0.3 inches/hr infiltration rate):

Disfiliration Control Device

The required broad-crested weir is just the downslope overflow, the
only other water discharge is infiltration into the native soil. With
: " r marginal soils, greater surface storage is needed:

Land Usa: Mesidantial Tatal Asma: 4.5 scies
Source Areac floofs 1 Hrliltor Humbm 1

Device Properdes
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200 T r

1000 r

[ET r
R 1 :';: .[ Land Use: Residential
' 1 : [
Frec ,A-c L’l;;huu i f.00) r r Source Area: Roofs 1
Flcck Fill Pecciy (01 .00 r r Biofiltration Device Number 1 Outlet Number 1
Engeered 5ol Type CompostSand = | r T
Engreered Sol Infiration B N Edit Existing Outhet r :

A e 219 8 r r . Weir Crest Length [ft)
1,004 Selected Dutlats
= . Weir Crest Width [ft) 05
) Biotilles Gimomeliy Schemals:

I\l'\:l::‘:;?rtfao:.:e& (] el |»10m . Height from datum to bottom 1.75
fumbe of Devices in 5, N - T of weir opening [ft)
e Lt 0 Change Gromsty | N, /

Check to use Default Weir Coefficients v
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Reduced runoff occurs from the roof areas having rain gardens. In this example, overflows
occurred several times a year during the largest storms (under the “view” drop down menu,
select output option 1 to see results for each rain individually). Only 13,000 ft® was discharged
from these roofs during this period, compared to over 120,000 ft3 with no controls. This could
be reduced further, if desired, by using larger, or more, rain gardens, and re-analyzed using the
model.
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Particulate Removal in Shallow Flowing
Grass Swales and in Grass Filters

Cumulative mass (%)

Runoff from
Pervious/
impervious Trapping of sediments

Reducing velocity of lllnd associated pollutants
runoff

Sediment
particles

Reduced volume and treated
runoff

Synthetic turf@@, i T ... Bluegrass

Total Suspended Solids “Bluegrass”

Modeling equations based on ratio of depth of flow to grass height, and settling
frequency:  Ratio: 0-1.0 Y = 2.101 *[log( X )]? + 6.498 *log( X ) + 76 .82

1000 T T T T T T T T T T T T T T T  iope flowrate Ratio: 1.0-1.5 Y =8.692*log(X)+80.94

900 e T Ratio: 1.5-4.0 Y =2.382*[log(X)]? +15.47*log(X ) + 67.46
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Date: 10/11/2004 Conventional curbs with inlets directed to site swales

o

TSS: 20 mg/L

TSS: 35 mg/L

TSS: 63 mg/L

— Bl TSS: 84 mg/L
p University of Alabama
TSS: 102 mg/L swale test 5|te_ at

Tuscaloosa Citv Hall

Swales Designed to Infiltrate Large Fractions of Runoff A ’ Bl_ocke_d Swale Problems
(Alabama). 4 with Fill
Shallow

if
», Groundwater

Erosive

Channel
= B

Also incorporate
grass filtering before
infiltration




Modeling Grass Swales

The main input screen for grass swales is under the “land use” drop down
menu under the “catchbasin or drainage control” option, and then select
ainage control.”

In this example, the swale density is selected based on the land use. The
total length of the swales is automatically calculated, along with the
average swale length to the outfall (based on the total service area).

The swale bottom width, side slope, and longitudinal slope are entered
based on the area to be served. Residential areas usually have relatively
narrow swale widths, while industrial areas have larger widths. These
dimensions are determined in concert with the drainage design
requirements for the area.

The swale grass retardance factor is from USDA research and is usually
D for urban areas. The grass height is a function of maintenance, but 3
inches may be suitable.

The swale dynamic infiltration rate is about half of the normal infiltration
rate for most swales, but is equal to the soil infiltration rate for relatively
flat swales. See the help files for more information.

Context-sensitive grass swale help file:
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Main grass swale input screen:

Resideniinl  Inctibional Commercial | Industiol | Dhes Uiban Fienswoy
LandUse LandUte LandUse LandUte LasdUse LandUse
Tolsl fuma m Land Ups [2] T
s Served by Swales [ac) 100 00
Swals Dencity i/ac) oo

Grass Swale Dota

Auverage Swale Length to Qutiet 1]
Boom Wickh (1]

IH 1]
)

=l =l =l =l =]
(Svesbe yrisni Il stvon Flale (rve]
Typical Swwake Depth (1] for Cst Analyss [Dpsional)

— Use Toaal Swale Length Instead of Swale Use Dre Sveale System Foo All Lard Uses
Diensity boe Infilration Calcudstions

Total aenn snaved by swunlns [scrs} 10000

Total e [acros} 100,00
Slect Cibical

Paiticle Size e | Paaticle Size Distibution File Data Grid

Select infilration rate hy 20d type
Residoniil LU £:\Progiam Fies\WinSLAMM\NLIRP [F7

Instiuhonal LU C\Fiogram FlesWnSLAMM\NURP.CFZ

Apply the Flesidential Land Use Particle Size File to Al Active Land Uses

Select Swale Density by Land Use

Detete. Concel | Continue
L

Output summary after grass swale analysis. The difference between the “total
before drainage system” and “total after drainage system” shows the effects of the
swales. In this example, about 47% runoff volume and 53% particulate solid

discharge reductions were calculated:
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The runoff volume detailed output also shows the benefits of the swale. This is the
expanded output showing the effects for each individual rain, available by
selecting the full output option 1 under the “view” drop down menu.
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