Unique Features of WinSLAMM (and
“Low Impact Development” why it was developed!)

CaICUIationS USing the Source e WinSLAMM based on actual monitoring results at many
Loading and Management scales and conditions.

. Early research project results in the 1970s did not
Model (WI“SLAM M) conform to typical stormwater assumptions (especially
rainfall-runoff relationships and sources of pollutants; way
Robert Pitt before we had long lists of control practices too!).
Department of Civil, Construction, and Environmental Engineering Initial versions of the model therefore focused on site
The University of Alabama, Tuscaloosa, AL 35487 hydrology and particulate sources and transport (and
public works practices). Other control practices added as

Sl YERmEES ST Gl EVE)r they were developed and data become available.

PV& Assoc., Madison, Wl 53704

Stormwater Infiltration Controls
Included in WinSLAMM Grass Swales

Bioretention/biofiltration
areas

Rain gardens

Porous pavement

Grass swales and grass filters
Infiltration basins

Infiltration trenches

Green (and blue) roofs

Disconnections of paved areas
and roofs from the drainage = ;
system ! Sy v Hybrid grass swales in Cross Plains, WI

Also considers — -
evapotranspiration and “SEA” (Street Edge Alternative) Street, Seattle, WA

stormwater beneficial uses




Pollutant Control in Grass Swales and
Grass Filters

Runoff from
Pervious/
impervious Trapping sediments

Reducing runoff and associated pollutants
velocity

Reduced volume and treated
runoff

Particulate Removal Calculations

For each time step -

Calculate flow velocity,
settling velocity and flow
depth

Determine flow depth to
grass height, for particulate
reduction for each particle st
size increment using Nara T

Percent reduction (%)

Date: 10/11/2004

—
TSS: 30 mg/L

8
TSS: 35 mg/L

TSS: 84 mg/L

O University of Alabama

Tss: 102mg/L SWale test site at
Tuscaloosa City Hall

WinSLAMM Road Swale Description:

& Pitt researc h soo00n 00001 001 01

Setting froquency

Check particle size group limits

Not exceed irreducible
concentration value by particle size

Scour adjustment by
Flow velocity
Impervious area

G

Grass Swale Data
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Porous Pavement Temporary parking or access roads supported

» Use for walkways and overflow parking areas, and service by geogrids, turf meshes, or paver blocks
roads (alleys); not used in areas of material storage or for 5 >
extensive parking or traffic to minimize groundwater
contamination potential.

Singap’oré

Recommendations to Reduce Continuous Simulations of Porous Pavement
. . . Installations using the 1976 Birmingham rain
Groundwater Contamination Potential

' ' ) : record (a typical rain period)
when using Infiltration in Urban Areas _
About 100 rains, 55

s . . . inches total, maximum
!nflltrat!on deV|ce§ should not be used in most rain depths of about 4
industrial areas without adequate pretreatment.

inches.
Runoff from critical source areas (mostly in
commercial are_as) ngec_j to receive adequate Input screen of the
pretreatment prior to infiltration. Source Loading and

" c Management Model g S

Runoff from residential areas (the Iar'g.est . (WinSLAMM) for St e
component of urban runoff in most cities) is porous pavement B - Sty
generally the least polluted and should be e

considered for infiltration.

Rainfall Depth ()




Modeling Findings for Porous
Pavements in Central Alabama Area

Green Roofs

Soils having at least 0.1 in/hr infiltration rates can totally
remove the runoff from porous pavement areas, assuming
about 1 ft coarse rock storage layer. Porous pavement areas
can effectively contribute zero runoff, if well maintained.

However, slow infiltrating soils can result in slow drainage
times of several days. Soils having infiltration rates of at least

Green roofs can contribute to energy savings
in operation of a building, can prolong the life
of the roof structure, and can reduce the
amount of roof runoff.

They can be costly. However, they may be
one of the few options for stormwater volume
control in ultra urban areas where ground—
level options are not available.

Irrigation of the plants is likely necessary to
prevent wilting and death during dry periods.

0.5 in/hr can drain the pavement structure and storage area
within a day, a generally accepted goal.

These porous pavements can totally reduce the runoff during
the intense 2-year rains.

Good design and construction practice is necessary to
prolong the life of the porous pavements, including restricting
runon, prohibiting dirt and debris tracking, and suitable
intensive cleaning.

Total Area: 1 acres
Biofter Number 1

e Annual Roof Runoff Reductions for Local

Continuous simulations
were also conducted for Green ROOfS
green roofs and

Birmingham conditions,

using WinSLAMM ] : e

T
a1l a1l s{nl el
RV R Sy St U =1

(s atwt

Evapotranspiration

(%)

Runoff (%)

Arca of Bifilerthat s Vegetated (1} [ 80 The main roof runoff removal
RUMGREIER 1 cchanism for green roofs is
Soi Fek M v [ ow evapotranspiration. These are
i central Alabama monthly ET values
and the plant and substrate

characteristics used in these

Reduction in Annual Roof

20
Green Roof as a Percentage of Total Roof Area

analyses.
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Rain Gardens for Roof and Paved

Area Runoff Different types of rain
gardens for a residential

» Simple rain gardens with extensive excavations or roof, a commercial parking ;\
underdrains can be used near buildings for the control of lot, and a curb-cut biofilter.
roof runoff, or can be placed in or around the edges of
parking areas for the control of runoff from parking areas.

Rain gardens provide greater groundwater contamination
protection compared to porous pavements as the
engineered soil fill material should contain significant
organic material that hinders migration of many
stormwater pollutants. This material also provides much
better control of fine sediment found in the stormwater.

Rain gardens can be sized to control large fractions of the
runoff, but maintenance to prevent clogging and to
remove contaminated soils is also necessary.

Biofiltration/Infiltration

Precipitation /22~
") Evapotranspiration

Examples from “65%” plans prepared by
URS for project streets. Plans reviewed
and modeled by project team, and
construction will occur in spring and
summer of 2011 in Kansas City for Green
Infrastructure demonstration project.




Annual Runoff Reductions from Paved Areas
or Roofs for Different Sized Rain Gardens

WinSLAMM was also used to model rain

gardens for local conditions
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Clogging Potential for Different Sized Rain
Gardens Receiving Paved Parking Area Runoff
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Clogging Potential for Different Sized Rain
Gardens Receiving Roof Runoff

¢ years to 10 kg/m2

= years to 25 kg/m2

* years to 10 kg/m2

Years to Clogging

= years to 25 kg/m2

1 10 100
Rain Garden Size (% of paved parking area)

1 10
Rain Garden Size (% of roof area)




Results from Modeling Local Rain
Gardens

* Local rain gardens should be located in areas having soll
infiltration rates of at least 0.3 in/hr. Lower rates result in
very large and much less effective rain gardens, and the + Clogging of the rain garden may occur from
likely clay content of the soil likely will result in premature particulates entering the device, or from clay in the
clogging. engineered soil mix.
Rain gardens should be from 5 to 10 percent of the Roof runoff contains relatively little particulate matter
drainage area to provide significant runoff reductions and rain gardens at least 1% of the roof area are not
(75+%). likely to clog (estimated 20 to 50 years).
Rain gardens of this size will result in about 40 to 60% Paved area runoff contains a much greater amount of
reductions in runoff volume from the large 4 inch rain. particulate matter and would need to be at least 10%
Rain gardens would need to be about 20% of the of the paved area to have an extended life (>10
drainage area in order to approach complete control of years).
these large rains.

Rain Garden Results (cont.)

Water Harvesting Potential of Roof Runoff Household water use (gallons/day/house) from rain
Evapotranspiration per Week Supplemental Irrigation Needs barrels or water tanks for outside irrigation to meet ET
(typical turfgrass) per Week (typical turfgass) requ irements:
January July 357
February August 408
March September
April October
November

0.00
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

] Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Irrigation needs for the
landscaped areas surrounding
the homes were calculated by
subtracting long-term monthly
rainfall from the regional
evapotranspiration demands for
turf grass.

Monthly Rainfall (per week) December

0 g
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec




Water Use Calculations in WinSLAMM Reductions in Annual Flow Quantity from Directly
Connected Roofs with the use of Rain Barrels and

WinSLAMM duct ti t .
n conducts a continUious water mass Water Tanks (Kansas City CSO Study Area)

balance for every storm in the study period.

For rain barrels/tanks, the model fills the tanks during
rains (up to the maximum amount of runoff from the
roofs, or to the maximum available volume of the
tank).

roof runoff

Between rains, the tank is drained according to the
water demand rate. If the tank is almost full from a
recent rain (and not enough time was available to use
all of the water in the tank), excess water from the
event would be discharged to the ground or rain
gardens after the tank fills.

Percentage reduction in annual

0.001 0.01
Rain barrel/tank storage (ft? per ft2 of roof area)

0.125 ft of storage is needed for use of 75% of the total annual runoff from On_going Mi”burn, NJ, Monitoring Project to
these roofs for irrigation. With 945 ft? roofs, the total storage is therefore 118

ft3, which would require 25 typical rain barrels, way too many! However, a Evaluate Performance and GrOU ndwater
relatively small water tank (5 ft D and 6 ft H) can be used instead. PrOblemS ASSOClated Wlth Requ”-ed Dry We”S

rain percentage
barrel/tank reduction # of 35 tank height tank height
storage per inannual gallon rain size required size required if
house (ft3) roof runoff barrels if 5 ft D (ft) 10 ft D (ft)

1] (0] 0] 0 0

4.7 20 Y 0.24 0.060

9.4 31 [ 0.45 0.12

19 i 4 0.96 0.24

a7 58 | 24 0.60
)




Home restoration using
underground water
storage tanks for
landscaping irrigation
instead of dry wells

1010212009
10122009

08/0212009

08/06/2009
8 07/3112009
I 022009

077292009

Time (hr)

Interaction Benefits of Rain Barrels and Rain Gardens in

the Kansas City CSO Study Area One of the most

In cooperation with the Wisconsin Department of Natural Resources CO m p re h e n S iVe fu | | -
A Comparison of Runoff Quantity and Quality from Two sca | e stu d ies com pa ri ng
Small Basins Undergoing Impl ion of Conventional

A advanced stormwater
controls available.

and Low-Impact-Develop (LID) Str
Wisconsin, Water Years 1999-2005

9

Available at:
http://pubs.usgs.gov/sir/
2008/5008/pdf/sir_2008
-5008.pdf

Reduction in annual roof runoff (%)
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# of rain gardens per house Scientific Investigations Report 2008-5008

Two 35 gal. rain barrels plus one 160 ft? rain garden per house can reduce s, eprment o e i
the total annual runoff quantity from directly connected roofs by about 90%

35 36
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Runoff Volume

Conventional

+ Swales

Roof & 1 Sidewalk

[+ Infiltration Basin

+ Narrow Streets
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Reductions in Runoff Volume for
Cedar Hills (calculated using WinSLAMM and
verified by site monitoring)

Type of Control Runoff Expected Change

Volume, (being monitored)
inches

515% increase

Swales + . 78% decrease,
Pond/wetland + compared to no
Infiltration Basin controls
15% increase over pre-
development

Monitored Performance of Controls at Cross
Plains Conservation Design Development

Construction Rainfall Volume Percent of
Phase (inches) Leaving Volume
Basin (inches) | Retained
Water Year

Active construction
Active construction

(site is
approximately 75%
built-out)

n Active construction

WI DNR and USGS data

10
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NORTH HUNTSYILLE CONSERVATION DESIGN INDUSTRIAL PARK
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Aerial Photo of
Site under
Construction
(Google Earth)

* On-site bioretention
swales

* Level spreaders

* Large regional swales
* Wet detention ponds
* Critical source area
controls

* Pollution prevention
(no Zn!)

* Buffers around
sinkholes

*Extensive trail system
linking water features
and open space

Runoff Volume (ft3)

Runoff Volume for Different Rain Depths

2500000

2000000

1500000

1000000

500000

Conventional

A 1 4+ /
DTV UlUplllcy

Design

2 3 4
Rain Depth (inches)
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Volume and Sediment Reductions for Different RECEiVing Water ImpaCtS
Rain Depths =

Flow Duralion Curve for Current Model Run

= A Hodel Output BEX]
e Gt Th Do | f RunolVome T Parcosoits | Poliarts Y Gwpusema )
el || Fetine TiGace o o 28
TR
EE
Drainage System and Outfall Output Summary
Funat Paicise  Paiouse  Pataln
< Coofot  Same  SoyHe e
2 ion [ gL} s Rec
=
© = == Pecen Fedutin
3 9 El « E 39157 ¢mm Basic Value
o PeconGretrThm  Dischorge Rt
@ Curtent Fie Ouput: Total Before Diamage System | 7684E+06 | 2660% | o048 7008 32
o Cunent File Output: Total After Drainage System |7 §56E+06 | 84i6% | 010 o 7%
e\D ‘Cunent File Output: Total After Outall Contiols | 76586406 | 8416% | 010 I e I [ emx
O g Outl ot | TEIER0 I
oo Moo () [ 5555 Yomsnoc R [ 655
o Summsyo T
20 - — B— — File
N Receiving Water Impacts
Control Practice Costs Due To Stormwater Runoff.
10 . B T (O et Cove M)
+ — sgpinse
2 § S0 Caadted U Sheam
] tensce Lot [ 1595 Ao s
0 & G 81Coss [ 20 Wit Conos [ 085 [ Foor
T »dValue of Al Costs [~§ 220502 Calcualions ‘with Controls 010 Good
P - 0 250 o o
Rain Depth (inches) Wo oo ot
Tmpervious Cover

Appropriate Combinations of Controls

No single control is adequate for all problems

Only infiltration reduces water flows, along with soluble
and particulate pollutants. Only applicable in conditions
having minimal groundwater contamination potential.

Wet detention ponds reduce particulate pollutants and

may help control dry weather flows. They do not options that meet the new city and

I | state regulations for commercial
sites that require re-building. Will
= develop fast track design manual,
do site designs, and review plans.
Starting with commercial buildings
" to maximize volume reductions;

consistently reduce concentrations of soluble
pollutants, nor do they generally solve regional drainage
and flooding problems.

A combination of biofiltration and sedimentation
practices is usually needed, at both critical source areas
and at critical outfalls.

most all were not in compliance
and City will not allow them to
duplicate what was there before
the tornadoes.




A clean slate at terispy Créme location... total destruction of bui
was totally impervious and will now have to meet new stormwater
regulations with volume reductions. Serkeuéing:eestroyed

neighborhoods will also receive atteftiongalthoughindividualihomes
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