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Medium Density Residential Area Biofiltration Example

This example illustrates a basic use of WinSLAMM. A simple medium density residential area
and several stormwater biofiltration controls, including a rain garden, are described and
evaluated with the model. The following screen dumps illustrate the steps to conduct this
analysis.

After installation, click on the WinSLAMM icon on the desktop and the following opening
screen appears:
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Version 8.6

by
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Copyrnight 1996 Robert FPitt and John Yoorhees

Exit Program Open Existing File Create New File

This is an example for a new file, so select the “create new file” option. After naming the new
file, the following screen appears to allow a site description to be entered. This description will
be printed with all program output, allowing better tracking of program files.
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Next, a series of small screens appear, allowing the selection of the program “parameter” files.
These files are previously created using either the DOS program MPARA66.EXE, or the
“utilities” drop down menu on the main WinSLAMM menu. These files contain much of the
information that SLAMM uses in its internal calculations, allowing modifications based on local
data, calibration, and verification activities.

The first file to be selected is the rain file. Most of the files listed here were created from
EarthInfo CDROMSs containing rainfall records from as early as 1948 to the late 1990s. The
MPARAG66.EXE program contains a utility to semi-automatically create the needed rain files
from the CDROMs, after minimal clean-up in a spreadsheet. Other rain information was
obtained during stormwater monitoring projects. The files contain the beginning and end dates
and times for each rain, plus the total rain depth for each event. Some of these files contain up to
five thousand separate rain events covering several decades of data.

In the following example screen, the SOURCE.RAN file is selected. This file contains data for a
short list of rains ranging from 0.01 to 4 inches in depth, with appropriate durations
corresponding to typical Birmingham, AL, rain conditions. This file is frequently used to quickly
visualize the changing sources of flows and pollutants for different rain depths, and to quantify
the benefits of source area and outfall controls in reducing stormwater discharges. After this file
is used, and any desired modifications in the input file are made (controls, development
characteristics, etc.), a long-term rain file can be selected to quantify the stormwater discharges
for more typical conditions.
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The next file to be selected is the “pollutant probability distribution” file. This file contains the
means and variability’s for the pollutants for different source area flows.
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An associated screen then appears requesting a seed value for the Monte Carlo random number
distribution calculations (only for pollutants other than suspended solids). Each rain event will
use a different set of pollutant characteristics reflecting the naturally occurring large variation
observed during field monitoring activities. This seed can be specified so the model will produce
identical runs, or a random seed can be selected to more accurately reflect natural conditions.
The use of a specified seed (or turning the random number calculations off) are used mostly
during program de-bugging operations or for comparing results from short lists of rains (as in
this example); in cases where several decades of rains are being evaluated, a value of 0 should be
used. In the following example, the default value of -42 is used (with apologies to Douglas
Adams).
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X
Enter the Seed [ 0] [Default = -42).

Enter 0 to uze a randomly generated seed. Errater

Enter Seed < 0 to dizable random pollutant generator
and to use mean pollutant strengths only

The next screen selects the runoff coefficient file. These files contain volumetric runoff
coefficients for different source areas for different rain depths, plus modifiers describing the
benefits of disconnecting impervious source areas. These values can be determined using any
model or assumptions desired. The values in the available files here are based on substantial field
monitoring in the upper Midwest, the Southeast, and Ontario, and have been verified in many
other locations in the US. They can also be easily changed reflecting observed local conditions
using the Utility drop down menu in WinSLAMM.
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The next file to be selected describes source area first flush characteristics for suspended solids.
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In many cases, high suspended solids concentrations are observed at source areas, but con-
current observations at outfalls from the same areas contain much lower concentrations. Two
likely causes for this include independent routing of flows from the different source areas, and



deposition of particulates in the drainage system. The following screens allows selection of the
“delivery” file that accounts for this reduction in suspended solids concentrations.

Typically, the high “first-flush” suspended solids concentrations observed at parking lots, for
example, are substantially reduced before reaching the outfall, while lower concentrations,
observed after substantial rain, are less affected. The initial very small flows (having high source
area concentrations) have substantially smaller flow energies, while the later flows (having lower
concentrations) can have much greater flows. Also, flatter slopes and grass drainages trap much
more of the suspended solids than steeper slopes and smooth channels or pipes. WinSLAMM
also contains a separate “street delivery” file option that can be modified to account for the
maximum rain energy available to wash off street dirt material. In all cases, if suspended solids
are not completely moved through the drainage system, the model adds this “wash on” for
subsequent rain events.
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The model needs to know the type of drainage system used. The following screen is used to
designate the fraction of each type of drainage in the study area. In this example, grass swales are
used throughout the area.
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Lifaiiraise Syaiag)

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

1. Grass Swales 1

=

2. Undeveloped Roadside: 0.000
3. Cuwrb and Gutters, Yalleys, or Sealed

Swales in poor condition or very flat 0.000
4. Curb and Gutterz, Yalleys, or Sealed

Swales in fair condition 0.000
%, Curb and Gutters, Valleys. or Sealed

Swales in good condition or very steep |0.000

L | The total must equal 1. Total: 1.000
LContinue

If any grass swales are used in the study area, the following screen is used to enter characteristics
describing the swales. The swale density (the linear length of swale per area served) can be



directly entered based on site specific measurements, or typical values can be selected based on
aerial photograph measurements from many areas. In addition, the infiltration rate for the soil
lining the swale can be directly entered, or the general soil type can be selected. The listed
infiltration rates are approximately half the values commonly used in ponded situations reflecting
the typical measured decrease in infiltration capabilities at flowing water sites. The wetted swale
width is used to calculate the area available for infiltration and is assumed to be the relatively flat
bottom of the swale.

STHS ST

1. Swale infiltration rate [infhr] : |I].25
., 2. Wetted swale width [Ft): |4|
{ 3. Swale density [ftfac): |35l].l]l]

v Select swale density by land use [+ - Select infiltration rate by soil type
" Sand-4ink
! (™ Low denzity regzidential - 160 ftfac ol Pk ;
- ; : S [ Loamy zand - 1.25 indhr
(¢ Medium denzity rezidential - 350 ft/ac 5 e DR
(" High denzity residential - 375 ftfac & Loam-0.28 in.-’.hr
™ Ship commercial - 630 ft/ac £ St loam : A5 indhe
(™ Shopping center - 280 ftlac ~ < i ;
1 : £ Sandy silt loarn - 0.7 indhr
1 (" |ndusztrial - 125 ftfac = :
| £ Clay loam - 0.05 indhr
! (™ Ereewayps [shoulder only] - 270 ftlac ok e L p
(™ Freeways [center and shoulder] - 410 ftiac :

£ Sandy clay - 0.025 indhr
£ Silby clay - 0.02 indhr

Area served by swales [acres): 0 B

Delete Cancel Continue

A ——

The next step is to select the land use(s) in the study area, on the following screen.
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File Pollutants  Options  Run  Utilities  Help
ol wrce Source
S, Inst|tut|o|.1a| Jea Source Area [:::EZ] | Area
Commercial lo. Parameters
’7 Industrial |1 |Roofs 1
Open Space |2 |Roofs 2
Cur  Freeways 3 |Roofs 3
4 |Roofs 4
Curl  Land Use Biofiltration * 5 |Roofs5
- b |Paved Parking/Storage 1
Pre-Development Runoff GQuantities 7| Paved Parking/Storage 2
Catchbasin or Drainage Control y |8 |Paved Parking/Storage 3
outal P 9 |Unpaved Prkng/fStorage
= 10 |Unpaved Prkng/Storage
11 | Playground 1
Current File Status 12 | Playground 2
13 |Driveways 1
14 | Dniveways 2
15 |Driveways 3
Landdisaftaas 16| Sidewalks/walks 1
| Residential Area: 0.00 Acres 17 | Sidewalks/Walks 2
Institutional Area: 0.00 Acres 18 |Street Area 1
Commercial Area: 0.00 Acres 19 | Street Area 2
Industrial Area: 0.00 Acres 20 |Steet Area 3
Open Space Area: 0.00 Acres 21 | Large Landscaped Area 1
Eferwatii s 0.00 Acres 22 |Large Landscaped Area 2
Total Area: 0.00 Acres 23 |Undeveloped Area
24 | Small Landscaped Area 1
25 | Small Landscaped Area 2
26 |Small Landscaped Area 3
27 |lzolated Area
L »' 28 | Other Pervious Area
Press F1 for Help 29 | Other Dir Cnctd Imp Area
30 |Other Part Cnctd Imp

For each source area, double click on the “area” cell and the following screen appears (roof area

1 for this example).
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The following screen then appears after the area value is entered. This screen describes the basic
roof slope and if the roof drainage is directly connected to the drainage (as in this example), or
allowed to drain to the pervious area. If draining to the pervious area, the soil type is needed. If
the soil is clayey, then the building density is needed (not needed for sandy or silty soils). If
medium or high density, then the model asks about the presence of backyard alleys. Clayey soils,
higher building densities, and alleys all decrease the benefits of disconnecting roof runoff.
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Source Area: Roofs 1 Total Area: 9.03 acres

Hoofz: [ Flat Roof v Pitched Roof

Iz the Source Area:
v Directly Connected or Draining to a Directly Connected Area;

|~ Draining to a Pervious Area [partially connected impervious area)
= [= [

= =

[ e = Continue

After this information is entered and “continue” is pressed, it is possible to select site specific
control options (besides the development characteristics reflected above). In the following
example, the “B” option (for biofiltration) is selected for the roof 1 area, bringing up the
following biofiltration device screen. This screen can be used to describe many different types of
stormwater control devices. This example is for “rain gardens” located at each of the 197 homes
in this 100 acre area. Each rain garden is about 60 ft* in area, serving each 2,000 ft* of roof. A
loam soil having a 0.5 in/hr seepage rate (but with a seepage rate coefficient of variation of 1.0,
reflecting typical storm-to-storm variability in soil infiltration rates) is used for each device in
this example.
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Land Use: Residential Select Seepage Rate TAdd Outlet/Discharge
| Source Area: Roofs 1 " Sand- 8in/hr S
Total Area: 9.03 acres Loamy zand - 2.5 indhr
Sandy loam - 1.0 /e

Outlet/Discharge Dptions

Biofilter Humber 1 " 1. Sharp Crested Wenr

~
~
s | -0.5inh
~ Sﬁfl:am ; DmS inra’hr (" 2. Broad Crested Weir
Device Geometry S sl Inlam 02 ik (™ 3. Yertical Stand Pipe
1. Top Area [sf] BD a0 in.f'iﬁr " 4. Evaporation
: ~ 3 :
2. Bottom Area [sf] 50 " Silty clay laam - 0.05 indhr s el S
" Sandy clay - 0.05 inthr
A RERIvIL 100 | Sy clay - 0.04 inch
r " Clay - 0.02 inthr
" Rain Barrel/Cistern - 0.00 inhr
1 L= Usze Random Humber
3. Seepage Rate [(in/hr) 0.5 [v Generation to Account for
Seepage Hate COY 1.0 Uncertainty in Infiltration Aate
Seepage Rate Side: 1.00 6. Number of Biofiltration
Multiplier [0-1]  Bottom: | 1op  Control Devices in 197  Inflow Hydrograph P?akW
z Source Area or Land Usze to Average Flow Ratio '

Delete
Continue
Cancel

The inflow hydrograph for each rain is calculated based on the total runoff volume and using a
complex triangular hydrograph. The default ratio of the peak to average flows for the
hydrographs for each event is 3.8, a typical value based on monitoring. A simple triangular
hydrograph corresponds to a ratio of 2.0 and may be representative of large areas during
relatively small rains. For small source areas and for moderate to larger rains, higher values in
this ratio are appropriate. WinSLAMM can be used to describe the sensitivity of the biofiltration
device design to these variable inflow hydrograph shapes. In most cases, large ratios actually
result in better performance as most of the runoff occurs with relatively low flows, while the
very high flows occurring during the short periods can usually be stored in the pond built as part
of the biofiltration device. The following are several plots representing different ratios of peak to
average flows. In all cases, the runoff volume calculated for the contributing area is used, but the
flow rates are distributed according to the hydrograph shape.

Flow Flow

Time (1.2 * Rainfall Duration) Time [1.2 = Rainfall Duration) Time (1.2 = Rainfall Duration)

Ratio=2.0 Ratio=3.8 Ratio =10
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The outlet structures for the biofiltration devices can be simply described as broad-crested weir
overflows, with the approximate downstream perimeter as the weir length and several inches for
the width. The model routes the flows from the roofs through the biofiltration devices using the
modified puls routing procedure (and the above described hydrograph shape), incorporating
infiltration, evaporation, and overflows, as described. A rain barrel or cistern is used when
calculating the effects of beneficial uses of the runoff water (such as for toilet flushing,
irrigation, or other safe use).

srual Cpssiar Wale Biufiiizye Ll |
! Land Use: Residential

| Source Area: Roofs 1
Biofiltration Device Humber 1 Outlet Humber 1

1. Weir Crest Length [ft) Iﬂi
2. Weir Crest Width (ft] 025

. 3. Height from datum to bottom 0.75

of weir opening [ft]

. 4. Check to use Default Weir Coefficients |

—

Cancel ‘ Continue ‘ Delete ‘

The following is an example screen describing runoff routing for typical paved areas. This
example is for the driveways, showing that the runoff is disconnected (flowing to the pervious
land), and that the ground has a clayey texture, the building density is high, and no alleys are
present. High building densities, or the presence of alleys, all decrease the benefits of
disconnections of the source areas by effectively decreasing the flow path length before the water
enters the drainage system.

12
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Land Use: Residential

Source Area: Driveways 1 Total Area: 2.57 acres

Iz the Source Area:
|~ Directly Connected or Draining to a Directly Connected Area

¥ Draining to a Pervious Area [partially connected impervious area)
Soil Type: [ Sandy [ Siltp |[v Clayey
Building Density: 7 Low v Medium or High

Alleys present: ™ Yes v Nu Continue

The following screen is the screen used to describe street areas. This screen contains information
about the street length (the model calculates the corresponding street width as a check) and the
street texture. The model can use the built-in street dirt accumulation rates (based on land use)
and initial loading values (based on street texture), or the user can enter specific locally measured
values. The initial street dirt loading can be increased to reflect the very large values typically
found after snowmelt in the spring, for example. One of the options when entering the rain file is
to designate a snow season. During that period, all runoff calculations are ceased. If that option is
used, the street source area form then requires the user to designate a street dirt loading value
corresponding to high values typically found after the winter season (usually several thousand
pounds per curb-mile). This affects the washoff for the early spring rains, along with the
effectiveness of the first several street cleaning activities of the year. WinSLAMM does not
currently calculate snowmelt.

13
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Current Land Use: Residential

Current Source Area: Street Area 1 Total Area: 6.8 acres
Total street length in the The estimated street 35 4
study area [curb-miles]: width, in feet, is: i
Street Texture

" 1. Smooth (+ 2 Intermediate

(" 3. Rough " 4. ¥ery Rough [including oil and zcreens]

Street Dirt Accumulation

f¢ 1. Uge value calculated by program based upon land use and street texture

(" 2. Enter accumulation equation coefficients

1i

Imitial Street Dirt Loading [Ibs/curb-mi)

{« 1. Use value calculated by program based upon land use and street texture:

" 2. Specify value: |235 40

—

Cancel Continue

In this example, the last area to be described is for small landscaped areas. The following screen
shows that only the soil type is needed for these areas.

£33 Suiiyes My Mg .__J ._J ;,31

Land Uze: Residential

Source Area: Small Landscaped Area 1 Total Area: 565 acres
=
[

Soil Type: [~ Sandy [ Silty v |

= =

= = LContinue
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The user can also select the specific pollutants to be analyzed. The following screen shows the
pollutants available, based on the previously selected ppd file. The model calculates runoff
volume and suspended solids conditions for all cases. Additional parameters can be selected (or
de-selected) by clicking on each available box. The dissolved, or particulate-associated, forms of
the selected pollutants can be evaluated independently from the total forms, if desired.
Depending on the Monte Carlo option previously selected, the concentrations of runoff will vary
for each rain from each source area.

MulliiipeSa et
Particulate Dissolved Total

Sohds n n
Phosphorus
Mitrates
TEH

¢ COD

R

i

Fecal Coliform Bacteria
Chromium

Copper

Lead

Zinc

LB

U B B U U BB
LB

Ammonia [mg/L)
Other 2
Other 3
Other 4
Other 5
Other b

The pollutants listed above are in the file

CAPROGRA™1VWINSLAMMAPOLL.PFD
Select a pollutant to evaluate it

LContinue

Finally, the form of the output information can be selected by using the “file, output options”
drop down menu. The following screen lists the options. Option 4, “Outfall Summaries Only” is
the default option. In the following screen, option 5, “One line per event runoff and flow
summary” has been selected. This is the most useful option when a large rain file is being used.

15
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~ 1. Source Areas by Land Use for Each Rain - Complete Printout
(" 2. Source Area Totals and Outfall Summaries

(~ 3. Outfall Data Only for Each Rain

(~ 4. Outfall Summaries Only

(* 5. One Line per Event Runoff and Flow Summary

(~ 6. Continuousz Hydrograph With & Minute Time Increments

{~ ¥. Continuousz Hydrograph With 15 Minute Time Increments

(~ 8. Continuous Hydrograph With 60 Minute Time Increments

B Water Balance Summary of All Detention Ponds

— Save Outfall Bunoff and Particulate Loading . Continue :
for WinDETPOMD Analvsis

The file can be saved at any time during this process by selecting the “file, save”, or “file, save
as” pull-down menu options.

W LA 80 & =1E3
| LandUse  Pallutarkts Options Run  Utilities  Help
Mew, ..
Source ren Source
BIpBIT Area Source Area 1|wW P|D|S|B Area
Save... e —— MNo. (Hctes] Parameters
Save As.., b cure T 1 [Roofs 1 9.03 B Entered | |
Input Filz b Mersion 8.2 2 |Roofs 2 |
Output Options. .. :sidential 3 |Roofs 3
4 |Hoofs 4
Exit e eaned 5 |Roofsh ;
Area 2 6 |Paved Parking/Storage 1
Fi Paved Parking/5torage 2
8 Paved Parking/Storage 3
Cument File Data. .. | 9 |Unpaved Prkng/Storage
10 |Unpaved Prkng/Storage
11 |Playground 1
Current File Status | 12 |Playground 2
13 |Driveways 1 257 Entered
14 |Driveways 2
15 | Driveways 3
Land Use Areas 16| Sidewalks/Walks 1
Residential Area: 100.00 Acres 17 |Sidewalks/walks 2
Institutional Area: 0.00 Acres 18 |Street Area 1 6.80 Entered
Commercial Area: 0.00 Acres 13 |Street Area 2
Industrial Area: 0.00 Acres 20 |Steet Area 3
Open Space Area: 0.00 Acres 21 |Large Landscaped Area 1
Freeway Area: 0.00 Acres 22 Lan_i]e Llandscaped Area 2
Total Area: 100.00 Acres 23 b ped Area 1.80 Entered
24 | S5mall Landscaped Area 1 56.50 Entered
25 |5mall Landscaped Area 2 § Entered
26 |Small Landscaped Area 3
Exit Program 27 |lsolated Area
28 | Other Pervious Area
Press F1 for Help 29 | Other Dir Cnctd Imp Area
30 |Other Part Cnctd Imp

16
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Savein; |__; Control Diemo Filez
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Documents
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Deszktop
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hy Documents
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by Computer
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Places

El
j Af detpond with peak to avg option.dat

!J biofilt hydro shape demo smaller pool.dat

ﬂ bicfilk hydro shape demo.dat

iﬂ B5C base conditions. dat

J B3 parking area biofiltration. dat

ﬂ BSC swales and porous pavers For walks bioret roofs and parking.dat
H CatchbasinDerno, dat

ﬂ CatchbasinDemnoBharn76.dat

J CatchbasinDemoBham52 76, dat

:J CatchbasinDemaoladal . dat

ﬂ DetentionDema. dat

_ﬂ DetentionDemoBham?e. dat

J DetentionDemolMadsl. dat

ﬂ InfiltDerno with perc pond clavey soil Bham7e, dat

_ﬂ InfiltDermo with perc pond clavey soil Mad&1.dat

s

= cf BE-

| &) IrfikDema itk
B IrfiltDemo witt
|#] IrfikDema itk
| =] IrfitDema witt
[= StreetCleaning
d StrestCleaning
:ﬂ StreetCleaning
|®] streetwwidthe
| &) streetwidthe
|B] streetiwidthie
J SwaleDemoCla
|®] swaleDemoCla
|#) swaleDemodla
ﬂ SwaleDemoSar
ﬂ SwaleDemoSar

File narne: |bi0fi|tration examplel

Save az lype:

El
5

| SLAMM Files [.DAT]

Save |
Cancel

WinSLAMM evaluates the file by selecting the “run, Windows Calculation Module” pull-down
menu, as shown below.

5% L 6 ™ =3
File LandUse Pollutants Options I Utiities  Help
R Source
[0S Parameter Module Area
SLAMM Data File: RA AL i acres) || |W|F|D|5]8)  Area
; 1 Roofs 1 9.03 E Entered
2 |Roofs 2
Current Land Use: Residential 3 |Roofs 3
4 |Roofs 4
Source Area: Small Landscaped 3 [Roofsd
Area ? & |Paved Parking/Storage 1
¥ | Paved Parking/Storage 2
8 |Paved Parking/Storage 3
Current File Data... ‘ 9 |Unpaved Prkng/Storage
10 | Unpaved Prkng/Storage
11 | Playground 1
Cumrent File Status ‘ 12 |Playground 2
13 | Driveways 1 257 Entered
14 | Driveways 2
15 |Driveways 3
hondittse Areas 16| Sidewalks/Walks 1
Residential Area: 100.00 Acres 17 | Sidewalks/Walks 2
Institutional Area: 0.00 Acres 18 |Street Area 1 6.80 Entered
Commercial Area: 0.00 Acres 13 | Street Area 2
Industrial Area: 0.00 Acres 20 | Street Area 3
Dpen Space Area: 0.00 Acres 312 Il:alge Iian:scape: :rea ;
- arge Landscaped Area
Fleew;ﬁt:;i?;ga_ 1 I]ggg :E::: 23 |Undeveloped Area 1.80 Entered
. ) 24 |Small Landscaped Area 1 53.50.\ Entered
25 | Small Landscaped Area 2 Entered
26 | S5mall Landscaped Area 3
Exit Program 27 |lzolated Area
i 28 | Other Pervious Area
Press F1 for Help 29 | Other Dir Cnctd Imp Area
30 |Other Part Cnctd Imp
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Select the “Save File and Execute.” The model has finished execution when the progress bar is
filled:

BB B T

For the “one line per event options” the “utilities, view file” pull down options can be used to
select the output file for viewing, as shown below:

5% WINSLAM Uatn Filu [ M ynuyay FilssiWinSanie ol Lnrn Filastulufile s tinn seiiing. _J MJLE
File LandUse Pollutants Options  Run Help
Parameter Flas  F
) M5-DOS Prompt L aoo freal [l lnlal e SA":‘;ge
SLAMM Data File: ¥ Us=e Yiew Window. .. oy
biofiltration example. DAT 1 Roofs 1 w : B Entered
2 |Roofs 2
Current Land Uze: Reszidential i 200:3 3
oofz
Curnrent Source Area 3 |Roofs 3
b Paved Parking/Storage 1
7 Paved Parking/Storage 2
8 |Paved Parking/Storage 3
Cumrent File Data... ‘ 9 |Unpaved Prkng/Storage
10 | Unpaved Prkng/Storage
11 | Playground 1
Current File Status | 12 |Playground 2
13 | Drniveways 1 257 Entered
14 | Driveways 2
15 | Driveways 3
b b ieas 16| Sidewalks/Walks 1
Residential Area: 100.00 Acres 17 | Sidewalks/ W alks 2
Institutional Area: 0.00 Acres 18 |Street Area 1 6.80 Entered
Commercial Area: 0.00 Acres 19 |Street Area 2
Industrial Area: 0.00 Acres ;ﬂ El'BEl I‘?'e: 3 =
Open Space Area: 0.00 Acres arge Landscaped Area
F:aewa::hlea: 0.00 Acres 22 |Large Landscaped Area 2
Total Area: 100,00 Acres 23 |Undeveloped Area 1.80 Entered
; ) 24 | 5mall Landscaped Area 1 56.50 Entered
25 | Small Landscaped Area 2 23.30 Entered
26 | Small Landscaped Area 3
EE!“ Program 27 | Isolated Area
S 28 | Other Pervious Area
Press F1 for Help 29 | Other Dir Cnctd Imp Area
30 | Other Part Cnctd Imp
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Look in: IE Cantrol Dema Files j = ¥ EF-
-_-,;2 o|biaFitration example. OUT
Iy Recent
Docurnents

@

Dezkiop

-
!

My Documents

@

tdy Computer

L

Places
Files of type: | Output Files (0UT) Cancel |

: Z

Py Metwaork. File: narne: |biu:u[i|tratiu:un exarnple.OUT j Opeh I
~|

The following is a partial screen dump of this output file. In this example, the “annual” values
have no meaning, as this example is only intended to illustrate variations for different rain
depths.
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_:EL Dfofilera g e ule OUT otz el JJ@
| File Edt Format Wiew Help

Event Rain Start Rain Start Julian Rain Rain Runoff Rain Runoff R sub w
| Humber Start Start Start Date Duration Interevent Duration Depth Wil ume
Date Time & Time fhrs)  Period(days) Chrsl {ind et
1 01/01,/99 ao:oo 17,1&67.00 3.00 30,88 3.60 0.01 u} 0.0o0
2 0z,/01/99 oo:oo 17,1598.00 J.00 27.71 .40 0.0% u} 0.0o0
3! 03,/01/99 ao:oo 17,226.00 8.00 30,67 9.60 0.10 u} 0.00
| B3 04,/01,/99 ao:oo 17,257.00 i0.00 29.58 1z.00 0.25 u} 0.00
is 05 ,/01,/99 oo:oo 17,287.00 1z.00 30.50 14.40 0.50 u} 0.0o0
& 06/01,/99 oo:oo 17,3218.00 14.00 29.42 16.80 0.75 15,09E 0.0&
7 07 /01,99 oo:oo 17,3248.00 1&.00 30,232 19.20 1.00 32,751 0.09
g 08,/01,/99 ao:oo 17,379.00 1g.00 30,25 21.60 1.50 79,662 0.1t
| 02,/01,/99 ao:oo 17,410.00 20.00 29.17 24.00 2.00 142,262 0.z0
[1in 10/01,/99 oo:oo 17,440.00 24.00 30,00 258.80 2.50 212,002 0.22
F1l 11/01/99 ao:oo 17,471.00 3o.o00 28.75 3c.00 3.00 276,929 0.2%
1z 12,/01,/99 ooz oo 17,501.00 3e.00 0.00 43.20 4.00 SE5,536 0.39
Summary Statistics Rain Rain Runoff Rain Runoff R sub w
Duration Interewvent Duratiaon Depth wol ume
fhrsl)  Period(days) Chrsl find et
Humber of Ewvents 11 11 7 11 7 7
Total 138.0 3z27.2 189.6 1E. 66 1.224E+06 nsa
Equiwalent Annual Total 216.4 357.8 207.2 17.11 1.447E+08 nfa
Minimum 3.000 u} 16.80 1.000E+07 150395 0.0554E
Maximum 36,00 30,88 43.20 4.000 GEEE3E 0.285E5
Average of A1T Ewvents 16.50 27.27 27.03 1.205 183177 0.1350
Median 14.00 29.58 24.00 0.7500 142262 0.13¢0
stnd. Dewiation 9.756 8.635 5.571 1.2132 190978 0.11232
oo 0.59132 0.2167 0.3524 1.00& 1.010 0.57E7

First Rain Date: 01701799
Last Rain Date: 1z/01/99
Total Time Period (yrs): 0.9150&655

An example of printout option 2 is shown below. This option is best for short rain files (such as
for this rain example) if detailed information for each rain and source area is desired. In this case,
it is possible to see how effective each source area control is in reducing runoff discharges for
different types of rains. The output is automatically displayed in a small spreadsheet form that
automatically appears when the calculation is completed:
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:| AT B AT LR Ll P

File  View
Funoff Yolume T Particulate Solids T Paollutants T
File: Mame: |C:AProgram Files'winS LAMMAContiol Dema Fileshbicfitration exarnple.dat
Funoff Val Part, Salids Particulate
HE f':' MME - Concentration Solids ield
feu ft] (masL) [Ibs]
Tatal Before Drainage System [ 1.854E+06 | 4663 | 53932 Sfr:.:p;a?},uttopl::tue
Total After Drainage Svstern [ 1.237E+06 | 405 | 36726
Total After Dutfall Contrals | 1.337E+06 | 405 | 36726

The various tabs can be selected to show more detailed information, such as the following that
presents the source area particulate solids (suspended solids) relative contributions:

21



[ SRR O T M=
File  Wiew
Funoff Yolume T Particulate Solids T Pollutants T Output Summary
Concentration T Yield T i it
[ata File: biofiltration example DAT -
Rain File: SOURCE RaM LI
Date: 08-05-03 Time: 230317
Site Descrption: example biofiltration evaluation
Fiesidential - Source Area Percentage Contribution of Particulate Solids Yield
Start Rain Foofs 1 Diriveways Street Undevelope Srnall Srnall Land
Date Tatal 1 Area ] d Landscaped Landscaped Use
Area Areal Area 2 Totals
01/01./49 oo 0.0 on oo oo oo 0.0 oo
0240149 nns 0.0 on 100.0 oo oo 0.0 100.0
0340149 oin 0.0 on 100.0 oo 0o 0.0 100.0
0401 /499 025 0.0 03 1.8 22 EV 8 28.0 100.0
0501 /499 0a0 0.0 nz 27 21 E7.2 207 100.0
0501 /99 07h 0.0 03 3T 21 BG4 274 100.0
070149 1.00 0.0 03 4.4 21 ER.0 272 100.0
0a3/01./49 150 0.0 03 24 21 ER.3 274 100.0
09/01./499 200 0.0 03 27 21 EV.2 20T 100.0
10/01./99 250 0.0 03 14 22 E7.7 279 100.0
110199 300 0.a 03 15 22 B30 28.0 100.0
120199 4.00 0.2 0.3 0.9 2.2 E2.3 28.1 100.0
Surnmay for Runoff Producing Events
Rain Foofs 1 Diriveways Street Undevelope Srnall Srnall Land
Tatal 1 Area ] d Landscaped Landscaped Use
Area Areal Area 2 Totals
P irirmLarn: oo 0.z nz 04 21 EG.0 272 100.0
b i 4.00 0.z 03 100.0 22 E33 281 100.0
FIWE A 1.30 0.1 03 14 22 EVE 274 ool
<] | v

There are many other control options available in WinSLAMM that were not used in this
example. The following screens are examples of the information requested for some of these
other options.

The following screens show biofiltration controls for a complete land use. It is similar to the
source area biofiltration screen, except that it also lists the available source areas in the bottom
area of the form. It is therefore possible to combine some of the source areas together for control,
such as rooftop and driveway runoff combined. In addition, it is possible to designate only a
fraction of the combined flows to the biofiltration areas. As an example, a fraction of the roof
runoff and driveway runoff can be directed to a cistern for storage of runoff for later use during
dry weather for on-site irrigation (or toilet flushing, etc.). In the rain barrel/cistern
“outlet/discharge” option, monthly water uses are entered so the model can track water use and
re-filling of the tanks during storms.
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e e SR 2 s T T = o T P : 7 |
I stat Deire Files [ M ypo s FileswiinsLest ool Uy Filestoiufilos o sy, i Jd

File nd Lise. Pollutants  Cptions  Run Ukilities  Help
v Residential =
= urce ource
Institutional Pty Corce Atea Area I slm e
S_L‘ Commercial do. (acres] Parameters
’H Industrial 1_|Roofs 1 9.03 B Entered
Open Space 2 |Roofs 2
Cur  Freeways 3 [Roofs 3
| 4 i Bonfs 4
Cur t FrealEt 4
N iing/Storage 1
Pre-Development Runoff Quankities [ing#Storage 2
Zatchbasin or Drainage Control iing/Storage 3
outfal rkng/Storage
= e rkng/Storage
1
Current File Status 12 [Playground 2
13 [Driveways 1 2.57 Entered
14 [Driveways 2
15 [Driveways 3
bandtler Soa 16_| Sidewalks/Walks 1
Residential Area: 100.00 Acres 17 | Sidewalks W alks 2
Institutional Area: 0.00 Acres 18 |Street Area 1 6.80 Entered
Commercial Area: 0.00 Acres 19 [Street Area 2
Industrial Area: 0.00 Acres 20 |Street Area 3
Open Space Area: 0.00 Acres 21 [Large Landscaped Area 1
% 22 |Large Landscaped Area 2
F Area: 0.00 A
IEE“TaﬂlaI"::ea' 100.00 AE::z 23 |[Undeveloped Area 1.80 Entered
) ) 24 [Small Landscaped Area 1 5h6.50 Entered
25 [Small Landscaped Area 2 23.30 Entered
26 [ Small Landscaped Area 3
%it Program 27 |lIsolated Area
28 | Other Pervious Area
Press F1 for Help 29 | Other Dir Cnctd Imp Area
30 | Other Part Cnctd Imp
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- — -
lufilerai il Copnirnl e
Land Usze: Residential Select Seepage Rate
| [ Sand - 8 inthr
" Loamy sand - 2.5 inthr
L. £ Sandy loam - 1.0 inhr i
Biofilter Number 2 ~ Loam- 05 indhr :ﬁ
i £ Silt lnam - 0.3 in/hr
Device Geometry : 2 &
1. Top Area [sf) = I Sandy zilt loam - 0.2 inhr =
gk | || ¢ Clayloam - 01 indh =
2. Bottom Area (sf) | " Silty clay loarm - 0.05 in/hr
" Sandy clay - 0.05 inhr
SRR By | Sty clay - 0.04 invhe
- : — £ Clay - 0.02 in/hr
| " Rain Barrel/Cistern - 0.00 infhr
] j . —_— Usze Random Mumber
3. Seepage Rate (in/hr) [~ Generation to Account for
Uncertainty in Infiltration Rate
Seepage Rate Side: | 1.00 6. Number of Biofiltration T e
Multiplier (0-1] Bgttom: Control Devices in nilow Hydrograph Feal ’—
| 100 Source Area or Land Use to Average Flow Ratio 3.8
Select Source Areas from Land Usge that Contribute Fraction of Runoff From
Runoff to Biofiltration Control Device[s] Selected Source Areas RHouted | 0
to Land Uze Biofilterz [0 - 1]
[~ Hooftop 1 [ [ Delete
= [~ =
- [ [~ Lar i
[ F [~ Driveways 1 [ Undeveloped Area Canhinue
=i = [~ Small Landscaped Area 1 —
B B [~ Small Landzcaped Area 2
= = r - Cancel
= [~ =
B [~ Street Area 1 B
= =

The following “drainage system” biofiltration control screen allows infiltration and routing of
stormwater as part of the drainage system for the complete area, such as for perforated pipe.
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' |
slufiliraiinn Copirnl Ueyes

Land Use: Drainage System Select Seepage Rate e harae ‘
| " Sand - 8 inshr
[ Loamy gand - 2.5 indhr
e I Sandy loam - 1.0 indhr :
Biofilter Humber 2 ; (&
£ -
L_oam 0& |n.n"hr ~
Hedits Betai £ Silt lnam - 0.3 indhr =
oy ["  Sandy sit lnam - 0.2 inhe i
e tueail | C Clay loam - 01 inhe ~
2. Bottom Area [sf] | £ Silty clay loam - 0.05 indhr
" Sandy clay - 0.05 inthr
& Denth i) | £ Sty clay - 0.04 infhr
~ - |7 I Clay - 0.02 inthr
; [ Rain Barrel/Cistern - 0.00 in/hr
i ) . =~ Usze Random Mumber
5. Seepage Rate (in/hr) |~ Generation to Account for
Uncertainty in Infiltration Rate
Seepage Hate Side: | 1.00 6. Number of Biofiltration T S
Multiplier [(0-1] Bottom: Control Devices in nflow Hydrograph Fea ’_
! L0 Source Area or Land Use to Average Flow Ratio |3-8
Fraction of Runoff from Drainage System | 0

Routed to Drainage Svstem Biofilters [0 - 11

Delete
Lontinue
Cancel

Catchbasin sumps have been shown to capture large particulate matter that enter the storm
drainage system. Some communities also have used perforated catchbasins allowing some of the
water to percolate. The following screens are used to describe these functions.
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1L sl Lt Flles [C g e Filas S Tnsl salad Cun ol Mearny Filesblufilia o s

aER]

Pollutants  Options  Run Utilities  Help

v Residential
Institutional
5L commercial

lmf Industrial
Open Space
Cur|  Freeways

Cur Land Ise Biofiltration 3

Pre-Development Funoff Quantities

Cat Bifilkr ation
CQutfall

= Catchbasin... |area data, select
Current File Status | w Drainage Control... Er;_'l'l Sem encisclect
= se.

Cther Contral...

Land Use Areas

Residential Area: 100.00 Acres

Institutional Area: 0.00 Acres
Commercial Area: 0.00 Acres
Industrial Area: 0.00 Acres
Open Space Area: 0.00 Acres
Freeway Area: 0.00 Acres

Total Area: 100.00 Acres

Press F1 for Help

nfileysilug Guntyul Usglee '

1. Water percolation rate [in/hr): (000

. 3. Surface area of device [zq ft): 0.00

Catchbagin or Drainage Control I Select Fetft:l.llatlon fate:by-sailivne

2. Area served by device [acres): 11|]|]_|]|]

4. width to depth ratio of device:
" Spreading Area
(+ Rock-filled pit or trench width to depth ratio:

[0

Total Area: 100 acres

ot et e e o

Continue Delete Control

Coar |
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| Cuteniasio Cyyirol s ics

| Total Basin Area: 100 acres

1. Total sump volume [cu Ft]:
I 2. Area served by catchbasins [acres]: 100.00

et of sk vt {3 19 100
4 Ell:::]; [I)':?::llh below catchbasin
Select
Catchbasin OR Catchbasin Cleaning

Cleaning D ates Frequency

[~ —Catchbasin Cleaning Frequency

i Catchbazin Eﬁ‘;ﬁgg‘ﬁge e
i fi

Cleaning Mo, TerAielfon] 5

1 r

z fit

3 =

4 c

5 fit

LContinue Clear ‘ Cancel ‘ Delete Control

Street cleaning can also be simulated with WinSLAMM. The following screen is used to
describe the street cleaning program in for a specific street area.

Szt Clegping Cunirol Vayles

Land Uze: Residential

Total Area: 6.8 acres

Source Area: Street Area 1

Line
Mumber

Street Cleaning
Frequency

Street Cleaning
Date

1 |

MHare

7 Pazzesfifl
All'weekdays
4 Pazzaziawdk
3 Pazzesiwik
2 Pazzesiwfl
1 Pazzfwik
Ewvery 2 'Wks
9] Ewery 4 wks
10] Ewvery 8'Whks
11] Evem 12 'Wks

[Ta R RN RN FRNE, R SR Y
d2s]

—_
=

[ ]
[ ]
Parking Densities

1. Hone
2. Light
3. Medium

Final cleaning period
ending date [MM/DD /YY)

—

LContinue ‘ Clear |

Delete Control

4_ Extensive [short term]
5. Extensive [long term)

R EE)

Are Parking Controls Imposed?

™ Yes ™ No
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Evaluations of concurrent use of catchbasins and street cleaning may be misleading for study
areas that are mostly streets, as little field data is available to document this combination of
controls for these areas. In these cases, extensive street cleaning removes most of the larger
particulates that would be trapped in the catchbasins, reducing the predicted effectiveness of the
catchbasin. Therefore, WinSLAMM doesn’t allow the simultaneous use of these two controls.

The following screens are used to describe wet detention ponds at source areas and at outfalls.
The particle size distribution is selected (by selecting from a list of pre-developed parameter
files) and the pond geometry is entered. Finally, pond outlets are also described from the list,
including weirs, percolation, evaporation, pumps, and seepage basins located after the pond. The
inflow hydrograph is developed based on the total runoff volume entering the pond and using a
standard triangular hydrograph. Any upland infiltration/biofiltration device located prior to the
pond reduces the flow entering the pond. The standard modified-puls method for routing the
flows through the ponds are used, in conjunction with the surface overflow rate procedure for
routing suspended solids.

 oryeE— 7
S WS LAAL Ll Filas [ e ya g Filas TSl npini iy ul Uapn Filastiniufiliva iy s, .. __j __J \,3
=W Land L Pollutants  Cphtions Run  Utiliies  Help

v Residertial S
L urce ource
s Institutional \rea Source Area [:cl::;] I |W| P|D|S|B Area
L Comrmercial lo. Parameters
’m Industrial 1 Roofs 1 9.03 B | Entered
Cpen Space 2 |Roofs 2
Cur|  Fresways 3 |Roofs 3
4 |Roofs 4
Sou Land Use Biofiltration * ' 5 |[Roofs 5
= & |Paved Parking/Storage 1
Pre-Development Runoff Quantities 7 Paved Parking/Storage 2
Catchbasin or Drainage Contral r ﬁ Eaved P.a'k'"g"'s torage 3
e /Storage
ikFall BioFiltration
kot /Storage
—  Infiltrakion..,
Current File Status | = Detentian. .,
| Cther Contral... 2.57 Entered
14 |Dnveways /
15 |Dnveways 3
Ll 16| Sidewalks/Walks 1
Residential Area: 100.00 Acres 17 |Sidewalks/wWalks 2
Institutional Area: 0.00 Acres 18 |Street Area 1 6.80 Entered
Commercial Area: 0.00 Acres 19 |Street Area 2
Industrial Area: 0.00 Acres 20 |Street Area 3
Open Space Area: 0.00 Acres 21 |Large Landscaped Area 1
B ermmiees 0.00 Acres 22 |Large Landscaped Area 2
TalalAven: 100.00 Acres 23 |Undeveloped Area 1.80 Entered
i ) 24 | Small Landscaped Area 1 56.50 Entered
25 | Small Landscaped Area 2 23.30 Entered
26 | S5mall Landscaped Area 3
Exit Program 27 |lsolated Area
T 28 | Other Pervious Area
Press F1 for Help 29 | Other Dir Cnctd Imp Area
30 | Other Part Cnctd Imp
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Wt Lata g Cuntinl ayine

7 Outfall Control Add Dutlet

i Total Area: 100 acres

" Pond Number 1

— Dutlet Options

. Sharp Crested Wen
. ¥ - Hotch Weinr

. Onifice

. Seepage Basin

1
2
Particle Size Distribution File: 3
4
5. Natural Seepage
B
7
8
9
1

. Evaporation

_ Other Dutflow

. Pumped' Outiet

. Broad Crested Weir
0. Yertical Stand Pipe

Gy A A R e U A e |

4 Imitial Stage Elevation [ft] I

Il Peak to Average Flow Ratio I 3.8

Bt otane kiehData | Edit Exizting Qutlet

Selected Dutlets [Max. 5]

7 Double Chck to Edit or Delete
Save thiz Pond az a

WinDETPOMD File

LContinue Delete Pond

Time [1.2 * Rainfall Duration]

The following tables illustrate the outputs for a typical analysis, comparing source area
biofiltration controls to a similar analysis having no controls and all paved and roof areas being
connected.
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Data File: biofilt example but all connected and no control

Rain File: BHAMSRCE.RAN

Date: 04-30-01 Time: 15:25:33
Site Description: example biofiltration evaluation

Residential Areas - Runoff Volume (cu. ft)

Start Date Rain Total
01/01/1999 0.01
02/01/1999 0.05
03/01/1999 0.1
04/01/1999 0.25
05/01/1999 0.5
06/01/1999 0.75
07/01/1999 1
08/01/1999 1.5
09/01/1999 2
10/01/1999 25
11/01/1999 3
12/01/1999 4

Summary for All Events

Minimum: 0.01

Maximum: 4

Average: 1.31

Total: 15.66

Roofs 1

21
578
2277
7143
15419
23554
31822
48185
64902
81128
97353
129804

21
129804
41849
502186

0

143
431
1314
2899
4648
6295
11009
15703
20221
24976
34355

0
34355
10166

121994

Driveways 1 Street Area 1 Area

0

378
1141
3477
7672
12298
16657
29128
41548
53503
66084
90900

0
90900
26899

322786

30

Small
Undeveloped Landscaped
Area 1
0 0
0 0
0 0
185 5820
561 17597
971 30472
1377 43234
2236 70173
3429 107634
4909 154078
6394 200706
10293 323098
0 0
10293 323098
2530 79401
30355 952812

Small

Landscaped Area Land Use

2

0

0

0
2400
7257
12566
17829
28939
44387
63540
82769
133242

0
133242
32744
392929

Totals

20.81
1098
3850

20339
51405
84509
117214
189670
277603
377377
478282
721694

20.81
721694
193588

2.32E+06

0.01
0.06
0.11
0.22
0.28
0.31
0.32
0.35
0.38
0.42
0.44

0.5

0.01
0.5
0.41

0.01
0.05
0.09
0.19
0.36
0.52
0.68
0.98
1.24
1.46
1.68
2.01

0.01
2.01
0.77
9.27

Total Losses Calculated

99.6
98.6
97.8
96.4
94.2
92.1
90.1
86.7
84.4
82.7
81.1
79.3

79.3
99.6
90



Total Area, with Drainage and Outfall Controls - Runoff Volume (cu. ft)

Start

Date

01/01/1999
02/01/1999
03/01/1999
04/01/1999
05/01/1999
06/01/1999
07/01/1999
08/01/1999
09/01/1999
10/01/1999
11/01/1999
12/01/1999

Number of
Rains:

Minimum:

Maximum:

Average:

Total:

Rain Total
(inches)

0.01
0.05
0.1
0.25
0.5
0.75
1
1.5
2
2.5
3

4

0.01

1.31
15.66

Total Before
Drainage
System

20.81
1098
3850

20339
51405
84509
117214
189670
277603
377377
478282
721694

12

20.81
721694
193589
2.32E+06

Total After
Drainage
System

20.81
1098
3850

20339
51405
84509
117214
189670
277603
377377
478282
721694

12

20.81
721694
193589
2.32E+06

Total After
Outfall
Controls

20.81
1098
3850

20339
51405
84509
117214
189670
277603
377377
478282
721694

12

20.81
721694
193589
2.32E+06

Rv

0.01
0.06
0.11
0.22
0.28
0.31
0.32
0.35
0.38
0.42
0.44

0.5

0.01
0.5
0.41

Total Losses

(in) *

31

0.01
0.05
0.09
0.19
0.36
0.52
0.68
0.98
1.24
1.46
1.68
2.01

0.01
2.01
0.77
9.27

Calculated CN
99.6
98.6
97.8
96.4
94.2
92.1
90.1
86.7
84.4
82.7
81.1
79.3

79.3
99.6
90



Data File: bilfiltration example.DAT
Rain File: BHAMSRCE.RAN

Date: 04-30-01 Time: 15:19:16
Site Description: example biofiltration evaluation

Residential Areas - Runoff Volume (cu. ft)

Start Date Rain Total
01/01/1999 0.01
02/01/1999 0.05
03/01/1999 0.1
04/01/1999 0.25
05/01/1999 0.5
06/01/1999 0.75
07/01/1999 1
08/01/1999 1.5
09/01/1999 2
10/01/1999 25
11/01/1999 3
12/01/1999 4

Summary for All Events

Minimum: 0.01

Maximum: 4

Average: 1.31

Total: 15.66

Roofs 1

o O o

0
4315
7426

20416
37271
44645
66320
79308
124036

0
124036
31978
383737

Driveways 1

279
822
1412
1992
3239
5032
7169
9315
14919

0
14919
3682
44179

Street Area 1 Undeveloped Small

378
1141
3477
7672

12298
16657
29128
41548
53503
66084
90900

0
90900
26899

322786

Area

Landscaped Landscaped Totals

Area 1

0 0

0 0

0 0

185 5820
561 17597
971 30472
1377 43234
2236 70173
3429 107634
4909 154078
6394 200706
10293 323098
0 0
10293 323098
2530 79401
30355 952812

32

Small Land Use
Area 2
0 0
0 377.5
0 1141
2400 12162
7257 38223
12566 65146
17829 101505
28939 170986
44387 246675
63540 349518
82769 444577
133242 696489
0 0
133242 696489
32744 177233
392929 2.13E+06

Rv

0
0.02
0.03
0.13
0.21
0.24
0.28
0.31
0.34
0.39
0.41
0.48

0.48
0.37

Total Losses Calculated

(in.)*

0.01
0.05

0.1
0.22
0.39
0.57
0.72
1.03
1.32
1.54
1.78
2.08

0.01
2.08
0.82
9.81

CN

N/A

N/A

98.2
96.8
95.2
92.8
90.4
88.8
85.5
82.7
81.4
79.6
78.4

98.2
89



Total Area, with Drainage and Outfall Controls - Runoff Volume (cu. ft)
Start Date

01/01/1999
02/01/1999
03/01/1999
04/01/1999
05/01/1999
06/01/1999
07/01/1999
08/01/1999
09/01/1999
10/01/1999
11/01/1999
12/01/1999

Number of Rains:

Minimum:

Maximum:

Average:

Total:

Rain Total

(inches)

0.01
0.05
0.1
0.25
0.5
0.75
1
1.5
2
2.5
3

4

0.01

1.31
15.66

Total Before
Drainage
System

0

377.5
1141
12162
38223
65146
101505
170986
246675
349518
444577
696489
12

0
696489
177233
2.13E+06

Total After
Drainage
System

o O o

0

1313
22521
58881
128361
204050
306893
401952
653865
12

0
653865
148153
1.78E+06

Total After
Outfall
Controls

o O o

0

1313
22521
58881
128361
204050
306893
401952
653865
12

0
653865
148153
1.78E+06

Rv

o O o o

0.01
0.08
0.16
0.24
0.28
0.34
0.37
0.45

0.45
0.31

Total Losses Calculated

(in)*
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0.01 N/A
0.05 N/A
0.1 N/A
0.25 N/A
0.5
0.69
0.84
1.15
1.44
1.65
1.89

22

0.01 N/A
2.2
0.9
10.77

82.9
84.2
84.5
82.2

80
79.2
77.6
76.9

84.5
87.1



As shown in the following summary table, runoff occurs during all rains, even during the
smallest 0.01 inch event (although the Rv for this event is only 0.01), when all areas are directly
connected to the drainage system and no infiltration or biofiltration controls are used. When the
infiltration devices are used, runoff only occurs for rains greater than about 0.5 inches. The
runoff volume is even reduced during the largest 4 inch rain by about 10 percent when using
these controls. The control benefits for suspended solids mass discharges are similar. They are
greater than the benefits for runoff volume for the moderate rains (0.50 to 1.50 inches), but the
suspended solids reductions are actually slightly less than the volume reductions for the larger
rains. This is likely because of the infiltration of relatively clean roof runoff in the “rain gardens”
compared to infiltration of runoff from other areas, and the significantly increased suspended
solids discharges from landscaped areas during these large rains. It is therefore reasonable to
expect about 80%, or greater, runoff and suspended solids reductions for all rains up to about
0.75 inches in depth with this example control scenario.

Rain depth Rv with no Rv with biofiltration | % runoff Suspended Suspended % suspended
(inches) controls and all controls and with volume solids with no solids with solids
pavement and disconnected reductions with | controls and all biofiltration reductions
roofs are directly | pavement and controls pavement and controls and with | with controls
connected roofs roofs are directly | disconnected
connected pavement and
(Ibs/ac) roofs (Ibs/acre)
0.01 0.01 0.00 100% <0.1 0 100%
0.05 0.06 0.00 100% <0.1 0 100%
0.10 0.11 0.00 100% 0.15 0 100%
0.25 0.22 0.00 100% 3.6 0 100%
0.50 0.28 0.01 96% 10 0.12 99%
0.75 0.31 0.08 74% 16 2.5 84%
1.00 0.32 0.16 50% 23 8.6 63%
1.50 0.35 0.24 31% 40 27 33%
2.00 0.38 0.28 26% 61 49 20%
2.50 0.42 0.34 19% 87 76 13%
3.00 0.44 0.37 16% 110 100 10%
4.00 0.50 0.45 10% 180 170 6%

This area was further evaluated using a continuous series of rains over a 37 year period (1953
through 1989) that contained 4,011 separate rains ranging from 0.01 to 13.58 inches in depth.
The minimum rain duration was 1 hour (by definition), while the maximum duration was 93
hours (the median was 4 hours). The interevent times ranged from 6 hours (used to define
separate rain events) to 44 days (the median was 1.9 days).

The following table summarizes these results for several alternatives. The “as-built” condition is
based on actual conditions in the Birmingham area derived from neighborhood surveys and
aerial photographic measurements. The “totally connected” condition is this same area, but
assuming that all roofs and driveways are directly connected to the drainage system, while the
“totally disconnected” condition assumes that these paved and roof areas all drain to the clayey
soils. The “skinny street” option reduces the measured street widths from 35 to 20 ft, keeping the
same street lengths, and increasing the landscaped areas by the reduction in street area. The
swales and roof garden option is similar to the above evaluation, but the last option shown also
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had amended soils in the swales and roof gardens to increase the infiltration rates to about 0.5
in/hr (loam conditions).

The current (partially connected) conditions produce about 10% less runoff and about the same
amount of suspended solids compared to totally connected conditions. If the current conditions
were built with skinny streets, the runoff reductions would slightly improve to about 13%.
Substantial runoff and suspended solids reductions (about 60 to 65%) would occur for totally
disconnected conditions, plus the use of rain gardens to improve roof runoff and the use of
amended soils in both the rain gardens and swales to improve infiltration in the clayey soils.

Flow-weighted Rv | Suspended solids
discharges (Ib/ac/yr)

Totally connected 0.34 1390

As built and surveyed 0.31 1380

% reduction 9% 0%

As built, but with “skinny” streets 0.30 1430

% reduction 13% 3% increase
Totally disconnected 0.27 1380

% reduction 21% <1%

Totally disconnected with swales 0.25 1060

% reduction 26% 24%

Totally disconnected, swales, roof rain gardens, and amended soils 0.12 590

% reduction 65% 58%

Obviously, these are only predictions for a single area and the specific results would vary
substantially for other areas having different rains, soils, and development characteristics.
However, this example does illustrate how WinSLAMM can be used to calculated expected
benefits of different types of biofiltration controls in a typical medium density residential area.
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