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Bogota getting washed... Universidad de los Andes completed
stormwater planning and demonstrations using WinSLAMM

WinSLAMM - What is it?

* Source Loading And Management Model for Windows

e Calculates Urban Stormwater Pollutant Loads and
Quantifies their Reductions through the application of
Stormwater Control Practices

* Applicable to:
» Specific Control Practice Design
* Site Development Analysis
* Drainage Basin/MS4 Planning and Design
* TMDL Reduction Determination
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We will cover. ..

* WinSLAMM Purpose,
History and Unique
Features

* Model Applications
* Small Storm Hydrology

* Basic Program Structure
and Operation

* Model Calibration

* Treatment Practices

* Model Input/Output

WinSLAMM Can Answer These Types
of Policy Questions. ..

* What are the base level pollutant loadings for different
land uses with no controls?

* What flow and pollutant levels result from different
development scenarios?

* What are the critical sources of flows and pollutants?

* How effective and cost effective are treatment
practices in controlling pollutants and reducing flows?

* What combinations of stormwater controls will best
meet regulatory requirements?
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Background & History

« Development Began in mid-1970’s

Early EPA street cleaning and receiving water projects (San Jose and Coyote
Creek, CA)

Castro Valley (CA), Bellevue (WA), Milwaukee (WI) and other NURP projects
o Mid-1980’s - Model used in Agency Programs:
Ottawa bacteria stormwater management program
Toronto Area Watershed Management Strategy
Wis. Dept. of Natural Resources: Priority Watershed Program

« Intensive data collection started in WI in early 1990s.
o First Windows version developed in 1995.

o Current graphical interface released, after three years of work, in
2012.

o Continuously being updated based on user needs and new
research results.

Unique Features of WinSLAMM and
Why it was Developed

e WinSLAMM based on actual monitoring results at many
scales and conditions.

* Early research project monitoring results in the 1970s did
not conform to typical stormwater assumptions about
rainfall-runoff relationships and sources of pollutants.

* I|nitial versions of the model therefore focused on site
hydrology and particulate sources and transport, and on
public works practices.

* Other control practices added as data becomes available.
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We will cover. ..

* WinSLAMM Purpose,
History and Unique
Features

* Model Applications
* Small Storm Hydrology

* Basic Program Structure
and Operation

* Model Calibration

* Treatment Practices

* Model Input/Output

Model Applications

Model Can Be Applied on Multiple Scales —

o Large Scale, MS4/TS4 Analysis

o Site Development Analysis (Apartment Complex,
Shopping Center, Hospital Complex, Residential
Development, Highway Interchange)

o Analysis of Single Practice
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Model Applications

Large Scale, City-wide Analysis

Analysis Procedure -

« Inventory drainage basins and land uses

« Evaluate existing pollutant loads and runoff
volumes (base condition).

» Adjust base condition with existing
stormwater control practices.

 Evaluate additional practices to cost-
effectively achieve pollutant reduction
goals.

Model Applications

Large Scale, Regional Analysis
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Model Applications
Large Scale, Regional Analysis
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Large Scale/TS4 Stormwater Planning
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Model Applications

Site Development Analysis

Analysis Procedure -

« Inventory site characteristics (soil type,
percent imperviousness, etc.)

o Locate selected stormwater controls
throughout the site

o Determine volume and pollutant reduction
achieved with selected stormwater control
practices.
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Model Applications

Site Development Analysis

! ! Wet Ponds \Biinlters

T
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Volume and Pollutant
Reduction for Biofilters —
bioretention, rain gardens,
infiltration basins

Model Applications

Single Practice Analysis

Wet Detention Pond —
Analyze the performance of a
specific pond for a specific site

1/14/2022
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Model Applications

Cost Analyses
Capital Cost of Pond Achieving Different TSS Reductions at 100 Acre Mix of
40% Shopping Center and 60% Medium Residential

200000 — Cost-performance curves are usually not linear,
180000 +— with increasing unit costs as the overall
160000 — treatment objective increases. For some
L 140000 —— situations, it may therefore be more cost-
3 effective to apply moderate levels of multiple
o 120000 —
o controls.
— 100000 — _—
© /
-"é_ 80000 /
8 60000 /
40000 /¢ &
20000
0 T T T T
0 20 40 60 80 100

TSS Reduction, %

WinSLAMM can also calculate life-cycle costs that include land costs, capital costs, and operational and maintenance
costs, all adjusted for financing costs and inflation factors, and expected life of project.

We will cover. ..

* WinSLAMM Purpose,
History and Unique
Features

* Model Applications
* Small Storm Hydrology

* Basic Program Structure
and Operation

* Treatment Practices

* Model Input/Output

18




Tab 2 - WinSLAMM Theory and Practice

Small Storm Hydrology — Runoff Volume

Most of the pollutants in
stormwater runoff come
from small and moderate
size storms . ..

.. .in contrast to design storms, because the
smaller storms are much more frequent and
account for the majority of runoff water and

pollutants

Knowing the Runoff Volume is the Key to
Estimating Pollutant Mass

* There is usually a simple relationship between
rain depth and runoff depth in urban systems.

* Changes in rain depth affects the relative
contributions of runoff and pollutant mass
discharges:

— Directly connected impervious areas contribute most
of the flows during relatively small rains

— Disturbed urban soils may dominate during larger
rains

1/14/2022
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Monitored Milwaukee Rainfall and
Runoff Distributions
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Rainfall Sorts into Three Distinct
Categories

* Small Rains — Accounts for most events, by
number
— Typically can be easily captured for infiltration or on-
site beneficial uses
— Relatively low pollutant loadings, but frequent
discharges

bacteria and total recoverable heavy metals

— “Every” time it rains, some numeric discharge
concentration objectives may be exceeded.
Therefore, try to eliminate the small events

— Key rains associated with water quality violations, e.g.

Rainfall Sorts into Three Distinct
Categories

* Medium Rains — Responsible for most
pollutant mass discharges

— Smaller events in this category can be easily
captured and infiltrated or re-used

— Larger events in this category need to be treated.

— Typically responsible for about 75% of pollutant
discharges

1/14/2022
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Rainfall Sorts into Three Distinct
Categories

* Large Rains — Infrequent Large Events
— Not cost effective to treat all runoff
— Typically cause flooding and significant erosion

— Treatment practices designed for smaller storms
will mitigate impacts of larger events to some
extent

25

Controlled tests in small areas were used
in conjunction with long-term
rainfall/runoff monitoring at larger
parking lot areas to develop actual
hydrological relationships for paved areas,
the most significant source of runoff for
most urban areas during small to
intermediate-sized rains.

/ This is an example of a rainfall-
~t runoff plot from one of many

HMaximui tdtal 1ossas
Bl i . 1 controlled street washoff and
PRSI, / runoff tests. About 1/3 of the
3 rainfall is infiltrated through the
street pavement for many of these
events (up to 20 mm rains in this
plot). No further infiltration was
observed for larger events,
resulting in classical pavement Rv
values of 0.8 to 0.95 for large rains
of interest for drainage design.

Runoff (mm)

Pitt 1987
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Tree Interception of Rainfall over Directly Connected
Paved Areas

Mature Tr%%s Over Paved Parking Areas for Significant Interception -

Photos from misc. Internet sources

27

Several years of monitoring of rainfall interception under large
and small urban trees with data incorporated into WinSLAMM

Rain gage under deciduous Water Oak:

28

1/14/2022
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Cumulative rain plots (3.32 inches, December 7 to 11, 2018)
The following plot is the cumulative rainfall at the background location
(surrounded by grass) vs. the cumulative throughfall measured under the
large pine and oak trees:
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It is obvious that the throughfall under the pines were little different compared to

the background rainfall, while the oak had substantial throughfall reductions.
29

WinSLAMM
calculated 180000
throughfall _ 1eoo
. & 140000
production =
A % 120000
c
functionsfor 5,
varying 2 80000
amounts of Lé 60000
large deciduous 3 “*%
20000
tree cover over ;
directly 11/2 12f22 2/10 3/31 5/20 7/9 8/28 10/17 12/6 1/25
connected accum runoff ———10% decid. 25% decid.
A 50% decid. ——100% decid.
paved parking
area.

Maximum 100% deciduous tree cover resulted in about 40%
runoff reduction from the paved area

15
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Tree Canopies of Smaller Japanese Maples for
Different Seasons

Spring (March) canopies Summer (July) canopies  Fall (October) canopies Winter (December) canopies

31

Scatterplot of Tree Throughfall vs. Rain Depths
for Japanese Maples
100.0
€
£ 100
%
o
=
g 1.0
'_
0.1
0.1 1.0 10.0 100.0
Rain (mm)
® rear maple throughfall (mm) o front maple throughfall (mm)
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Tree Interception Conclusions

Urban trees add substantially to the standard of living of residents and
are highly desirable.

Urban trees have been recommended as a solution for urban drainage
and flooding problems.

Few data are available quantifying these benefits under actual field
conditions, especially under a wide range of rain conditions for different
tree species and seasons.

Literature describing urban tree interception at many international
locations indicate that canopy interception benefits are limited.

During the measurements described above, tree specie type and rainfall
had the greatest effect on throughfall; the large deciduous tree (even
with few leaves during winter conditions) intercepted much more
rainfall than the large conifer tree, likely due to the massive branch
structure.

Small and/or immature trees have much smaller interception benefits.

We will cover. ..

WinSLAMM Purpose,
History and Unique
Features

Model Applications
Small Storm Hydrology

Basic Program Structure
and Operation

Model Calibration
Treatment Practices
Model Input/Output

1/14/2022

17



Tab 2 - WinSLAMM Theory and Practice

Calculate Runoff Volumes and
Particulate Loadings for each
Source Area

Apply Appropriate Source
Area Treatment Practices

!

Sum Resulting Source
Area Outputs

Route Totals to the
Drainage System

Basic Program Structure
WinSLAMM Calculation Process

Apply Appropriate Drainage

—> System Treatment Practices

l

Route Totals to the
Outfall for Volume and
Pollutant Discharge to
Receiving Waters

35

Storm Sewer
Drainage
System

Commercial Land Use

Grass Swale
Drainage
System

S\

Freeway Land Use

1/14/2022
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Modeled Drainage System from
Previous Slide

Lows Denzity Residential

Freeway 1

Fark

The Basic Program Structure Information is
Entered in the Land Development
Characteristic (.mdb) database file:

Appropriate Parameter Files
Land Use type and area
Size of all Source Areas

Source Area parameters and characteristics (soil type,
connected imperviousness, street texture, etc.)

s whnh e

5. Control Practice designs

1/14/2022
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Rainfall File (*.ran)
Runoff Coefficient File (v10*.rsv)

The model is driven through the use of
data files and calibrated parameter files:

Particulate Solids Concentration File (*.pscx)
Pollutant Probability Distribution File (*.ppdx)

Particle Size Parameter File (*.cpz)

Rainfall Information

. Rainfall Parameter File
File

Rainfall Parameter File — Can Include Many Years/Decades of
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e
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Runoff coefficient

SLAMM runoff coefficient file - .rsv

1/14/2022

1 =
—~
— —e— Connected flat roofs
0.9
—#- Connected Pitched
0.8 Roofs
Directly connected
0.7 impervious areas
Directly connected
0.6 unpaved areas
’ —*—Pervious areas - A
soils
0.5 —e—Pervious areas - B
soils
0.4 - —=— Pervious areas - C/D
soils
0.3 —— Smooth textured
J streets
0.2 —— Intermediate textured
. streets
b
P - - —— Rough textured
0.1 streets
0 === T ™ Clav soils T T T T
0.0 0.5 1.0 5 5.0

.0 2.5 3.0
Rainfall (in)

5 40 45
Sandy soils

Not much difference between the different “impervious” source areas for the
large, drainage design storms, but much larger differences for the small and

intermediate-sized rains.

41

Runoff Volume =

Mediiim Density

Runoff Volume (cf) =

Rainfall Depth (in) *

Source Area (ac) * R,
Coefficient * Unit

Residential Land Use -

Residential Land Use
Source Areas .

Driveways

Sl

Small Landscaped Areas

Storm Sewer
Drainage
System-

Conversion
| | I/ |

Rainfall Depth (in) ==> 0.26 0.71 0.41

Area Runoff Runoff Runoff
Source Area (ac) Rv (cf) Rv (cf) Rv (cf)
Residential Land Use
Roof - Connected 0.15(| 0.876 124 0.957 370/ 0.932 208
Roof - Disconnected 0.20(| 0.005 1 0.037 19| 0.020 6)
Driveway 0.15(| 0.692 98| 0.903 349| 0.761 17
Sidewalk 0.04{| 0.689 26 0.902 93| 0.756 45
Small Landscape Area 1.25/| 0.007 8 0.037 120 0.022 40|
Street 0.30[| 0.696 197 0.903 698 0.761 340
Total 2.09 454 1649| 809 2
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Street
cleaned

!

Street Dirt Washoff and Accumulation

Sawtooth Pattern Associated with Deposition and
Removal of Particulates on Urban Street

® Period of
street surface

Street
cleaned

l

f

sampling

Actual load

Residual loading
Clean street

Pitt 1979

* Depicts the pollutant
concentrations (and
variability) for source
areas and land uses.

* Regionally calibrated
files available, or may
be user-defined
based on local data.

¢ File extension:
* . ppdx

Pollutant Parameter File

Pollutant File

Select File |E APROGRAM FILESYWINSLAMMYw/I_GEOOT.PPD

File Description:

Particulate Pollutants

Update of the pollutant filz using USGS monitored number fiom several projecs.

Filterable Pollutants

O Lo . Safk C faaf Other Label
Al Lol %) Py © g
O Lo O Aty O Cadnien
(ol A fally /7 © Other 2 )
© coo © Other 3 © cop  Other3 Palltant Lrits
£ Other 4 £ Fecal Colform Bacteiia " Dther 4 & matka)
" Chiomium £ Other5 £ Chromium  Other 5
& o £ Other 6 £ G  Other &
Pollutant: Particulate Copper [mg/kg)
Land Use ==>] Residertial [Insfitutional |Commercial [Industisl | Other Uiban| _Freeway |=
Floofs - Mean 1.3 96.00) S600] 85500 3130 85 00]
Fioofs - COV 13| 101 1.01 .56 1.32] 0.56)
Paved Parking/Storage - Mean 54.20 ) EI 54.20 £4.00) 54.20 £4.00)
Paved Perking/Storage - COV 063 [ 063 0.50] 063 0.0
Unpaved Parking/Storage - Mean 6220 62 EI 6220 52 20] 6220 52.20)
Unpaved Parking/Storage - COV 1.04) 1.04) 1.04 1.04) 1.04 1.04]
Flayaiound - Mean 6220 62 EI 6220 62 EI 6220 52.20)
Flayground - COV 1.04) 1.0 1.04 1.0 1.04 1.04]
Driveways - Mean 6220 62 EI 6220 62 EI 6220 52.20)
riveways - COV 1.04 04 04 1 04
alks - Hean 62 £2.20) 62 62.20) 62 62.20)
alks - GOV 1.04 04 04 1 DTI
treet Areas - Mean 34, 105000 105 67.30) 34. 200.00] =
Print ta Text File Save File Save File As... | Cancel | Continue |
44

1/14/2022

22



Tab 2 - WinSLAMM Theory and Practice 1/14/2022

Pollutant Loading:

Particulate Pollutant Loading (lbs) =
Particulate Solids Loading (lbs) * PPD
Coefficient (mg/kg) * Unit Conversion

Dissolved Pollutant Loading (lbs) = Runoff
Volume (ft3) * PPD Coefficient (mg/L) * Unit
Conversion

Note: the PPDX file (containing the pollutant particulate strengths and

filterable pollutant concentrations) has an optional Monte Carlo component to
account for observed stormwater concentration variations.

Critical Particle Size Files

Used for devices using sedimentation such as wet
detention ponds, catchbasins, hydrodynamic devices,
biofilters, grass swales, grass filters, media filters, etc.

Particle Size Distribution File Comparison [} A number Of .sz flles
NS are included with the
MR
S R N program, or can be
: L \\-._ e created using locally
AR == available psd data
RN -
. ™ \' For 80% reduction,
“ “x& \. the particle size for
) i control is 3 um
Co3um® o 45
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Measured Particle Sizes, Including Bed Load Component,
at influent to the Monroe St. Detention Pond, Madison, WI
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Very few of the large particles that enter the drainage systems are transported to the outfalls
in typical urban drainage systems. Most (about 85% in this typical example) of the ou5f7all
particulates discharged are less than 100 um in size.

Mass balance measurements in the drainage system and at the outfall used to determine the
fate and transport of the urban particulates. Much of the larger particulates that are not
washed off are lost from the paved surfaces by fugitive dust by winds and traffic turbulence.

ii"—

Measured fugitive dust losses from
traffic (San Jose, Pitt 1979)

_ e Keyes, good 0.33 grams/vehicle-mi
v; ‘ A NALG - asphalt
=
Keyes, oil and 18 grams/vehicle-mi
; screens asphalt

Tropicana, good 2.5 grams/vehicle-mi
asphalt

24
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We will cover. ..

* WinSLAMM Purpose,
History and Unique
Features

* Model Applications
* Small Storm Hydrology

* Basic Program Structure
and Operation

* Model Calibration

* Treatment Practices

* Model Input/Output

49

7 Model Strength — Based on Extensive
Field Monitoring Data:

§ >Source Areas — Roofs, Streets, etc.

5 > End of Pipe — Many Land uses

{ >Stormwater Control Practices

Lawn Sheet Flow
Sampler: Tipping
Bucket for Flow and
Cone Splitter for Water
Sample

25
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End of Pipe
Monitoring: Mass
Balance

51

.
WinSLAMM Calculated Runoff vs. Observed Runoff for Several Areas
Observed vs. Predicted Runoff Superior Outfall Observed vs. Predicted Runoff at Syene Outfall
175 250
225
- 1.50 200
=125 Ens *
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E 1.00 E 150
o« o o @ 125 . o
H 078 2 10 o o
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-] 4
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Observed vs. Predicted Runoff at Madison Maintenance Yard
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0s0
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0.10 S 0.5 S
2
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National Stormwater Quality Database Information used to
Prepare Regional Calibrations with WinSLAMM

All models require calibration and verification. The NSQD data is a good place to start, but
additional locally collected information is necessary for the greatest reliability. 53

Total Suspended Solids (mg/L)

Nitrite plus Nitrate (mg/L as N)

1000 10
s
g E
B 5
E )
# Z
L 100 + 3 1
kS z
2 3
H ki
= 3
-]
s
10 041
10 100 1000 0.10 100 1000
Observed TSS (mg/L) Observed NO3+NO2 (mg/Las N)
Total Copper (NE /L] Fecal Coliform Bacteria (MPN/100 mL)
1000 1,000,000 .
5 g
g £ Loooo -
- 100 + g 9
S g
o 5
: : ¢
£ ow T 10000
i} 3 !
3 3 .
o )
H K
14 1] -3
1 10 100 1000 1,000
1,000 10,000 100,000 1,000,000

Observed Total Copper (ug/L)

Observed Fecal Coliforms (MPN/100 mL)

1/14/2022
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Calibrated and Set-up WinSLAMM for US Naval
Facilities (15 San Diego, Norfolk, and Puget Sound &
Bases) '

Calculated Total Zn Mass (lbs)

Total Zn (lbs)
100
10
*
*
) 3
)
1% ¢
*e 0’“
. PN
0.1 Q‘" £ d * *
e 0. *
0.01
/
4
0.001
/ ’
0.0001 /
0.00001
0.0000001 0.00001 0.001 0.1 10

Observed Total Zn Mass (lbs)

1/14/2022
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We will cover. ..

WinSLAMM Purpose,
History and Unique
Features

Model Applications
Small Storm Hydrology

Basic Program Structure
and Operation

Model Calibration
Treatment Practices
Model Input/Output

57

Basic Program Structure
Control Devices

Wet Detention Ponds
Porous Pavement

Street Cleaning

Catchbasin and HD Cleaning

Grass Swales and Grass
Filters

Biofiltration/bioretention
Green Roofs

Proprietary Controls
(media filters and
hydrodynamic devices)

Beneficial Uses

1/14/2022
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1/14/2022

Wet Detention Control Device
Pond Humber 1 s | e | Comiaie 2] Add | Shamp Crested Weir sdd | sdd |
Drainage System Control Practice Walume Wiater
e =y B | facres] Jac ) Month E“[‘m':ﬂf” Withdiaw Flate
0 000 00000 0.000 (eCHrR)
1. omi 03700 f.o0z bdd | V-Notch Weit
2 1.00 0.4200 0393
3 2.00 0.4700 0.a3s
4 300 0.5200 1.333
Mot needed - calculated by program 5 400 0.5300 1883
E 5.00 0.6400 2493
7 600 0.7000! 3163 Remove | Orifice Set 1
9 . 7.00 0.7700 3898 Orifice Diameter [ft] 1.00
Initial Stage Elevation (i [ 500 |2
9 8.00 0.8400 4703 Invert elevation above datum [ft] 5.00
Peak to Average Flow Ratioc | 380 [0 Mumber of orifices in set 1
b aximum Inflow into Pond (cfs] 11 .
Enler 0 or leave blank for no imit 12 Add_|Orifice Set 2
CopyPand Data | PastePandData | (12 - bd | add |
14 - Natural Other | =]
15 [;?E Seepage Aate | Outflow
Enter iraction [greater oo 18 4dd | Orifice Set 3 finfh) | Rate [cfs)
than 0] that you want to 17 - e
modify all pond areas by =
and then select 'Modify Modity Pond =
Pord Areas' button Areas Fiecaloulate Cumulative Yolume ‘
Vertical Dimension Cnly 10 Retatie Scale "
W 1000, Add | Stone Weeper
=
Rreve | oot Cesod W
Wieir crest length (1) 10.00
a0 Wieir crest width [ft) 10.00
Height from daturn to 250
500 bottom of weir apening [ft]
Add | Seepage Basin
Add  |Vertical Stand Pipe
Cancel Continue ‘ |
Control Practice #: 1 CPlndes #: 1

deep.

Lowest Invert Elevation

and Scour

Water Quality “Live” Storage

Scour Protection
“Dead” Storage

Conceptual Issues — Pond Geometry

Additional Storage for Emergency Spillway and Freeboard

3 ft minimum

Sediment Storage

2 ft minimum

The “dead” storage is needed to prevent scour of previously
deposited material and should be at least 3 ft. deep over the
sediment. Sediment storage volume is also needed and can
be estimated using the program, or should be at least 2 ft.
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Tab 2 - WinSLAMM Theory and Practice

Porous Pavement Control Device

First Source Area Contiol Practice Surface Pavement Layer
Land Use: Commercial 1 Infiltration Rate D ata Restorative Cleaning Frequency
Source Area: Paved Parking 1 Initial | nfiltration Fate fin/hr] 100,00 (f: Never Cleaned
) Surface Favement Fercent Solids Fiemoval Upon Three Times per Year
Total Porous and Impervious Pavement Area: 1.000 ac. Cleaning [0-100] 50.0 " Semi-Annually
& Annually
Porous pavement area [acres): 0.400 Enter either these three values: " Every Two Years
Inflow Hydrograph Peak to Average Flow Ratio| 3.8 Fercent of Infilration Fiate After 3 Years [0-100] ' Every Thiee Years
Percent of Infiltration Rate After 5 Years (0-100] " Every Four Years
Pavement Geometry and Properties Time Period Until Complete Clogging Occurs [yrs) " Every Five Years
1 - Pavement Thickness [in] 30 @i vl " Every Seven Years
Pavement Parosity [>0 and <1] 0.25 [Surfsce Cogaing Losd (67] 0] " Every Ten Years
2 - dggreqate Bedding Thickness (in) 90
Aggregate Bedding Porosity [»0 and <1] 0.25
4 - Apgregste Base Reservol Thickness in] a0 Select Particle Size Distribution File

Aggregate Baze Reservoir Parosity (>0 and <1] 0.25

Porous Pavement Area to Agg Base Area Ratio 1.00 ot nesdsd - calculated by program

QuieuDischaigelUplions Porous Pavement Geomeliy Schematic

Eerlorated Pipe Underdrain Diameter. if used 200

finchec] Percent of Total Area Pavement Sutace

4 - Perforated Pipe Underdiain Oullet Invert e0 that is Porous Pavement ,

Elevation (inches above Datum] - 2 e ——
Mumber of Perfarated Pipe Underdraing [¢250) 1 40.0 %

Subgrade Seepage Rate [indhr] - select below

or enter aos0

Use Random Number Generation to &ccount for a0 Aggregate Bed Layer

Uncettsinty in Seepage Fiate

|
21o o
Subgrade Seepage Rate COV 1.60 30—
Undeidrain Discharge Percent T55 Reduction
(0-100]) ar leave blank far pragram to caloulate
ao Aggregate Base Layer
60"

Select Subgrade Seepage Rate

" Sand - &in/hr " Clay loam - 0.1 inshr

" Loamy sand - 25in/ht & ity clay loam - 0,05 infhr Copy Porous Paste Porous Subarad,

" Sandyloam-1.0inthr ¢~ Sandy clay - 0.05 indhr Pavement Pavement el

" Loam- 05 infhe Sy clay - 0.04 infhe De D

 Siltloam - 0.3 in/hr € Clay - 0.02 in/h .

1 in/hr

 Sandy sit loam - 0.2 infhr Delete Control Cancel LContinue

Control Practice #: 1 Land Use 3: 1 Souce Areat: 13 Porous Pavement D evice Number 1

TSS Removal Processes - Subsurface Clogged
nfluent_M

influent

vV,

effluent =

M

clogging ~ Viawegion ~ Msetting ‘ Porous Pavement Layer ‘

Vinfluent
M

M M

effluent —

Perforated Pipe Underdrain

influent

Veffluent

M

effluent

e S S S S S S S R S S S S S S S
LIPRLIPILIPILIFILIFILEFE BV B S S e S S B B S B e B S e B B e e B S B B B e e e T
b LI B B e I e A B R e B A B e B B R B R U B B B B N B B B B B B | II
"5 IS 0 e e e I e e e | 1
b v

-

0

Vititration =
infiltration Msettling

M 0

infiltration —

Clogging Sediment Depth for Zero Subsurface Infiltration = 0.25 in.

1/14/2022
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1/14/2022

Street
Cleaning

Full-scale street
cleaning tests using
conventional and high-
energy street cleaners
(street dirt loading and
washoff monitoring
and outfall water
quality monitoring)

Street Cleaning Control Device

Land Use: Residential
Source Area: Shieet Area 1

Select

£ Sheet Cleaning Dates

Total Arear 3.92

OR  # Street Cleaning Frequency

Line  Steet Cleaning
Humber Date

1

3
10

" 7 Passes per Week

5 Passes per Week

(" 4 Passes per Week

 FPasses ver Week!

(" 2 Passes per Week

" Dne Pass per Week

(" Dne Pass Every Two Weeks

€ Dne Pass Every Four Weeks

" Dne Pass Every Eight Weeks

£ Dne Pass Every Twelve Weeks
Two Passes per Year [Spring
and Fall

£ Dne Pass Each Spring

Street Clearning
requency

Qe L4 e s

Model Run Start Date: 03/01,/81

Final cleaning period

Continue: Clear

Model Run End Date: 11/20/21

ending date (MM/DD/YY]: r

Cancel Edits Delete Control ‘

7/15/2005

Type of Street Cleaner
& Mechanical Broom Cleaner
(~ Yacuum or Regenerative Air
Cleaner
Street Cleaner Productivity
1. Coefficients based on strect
& testure. parking density and
parking contrals
(~ 2. Dther (specily equation
coefficients]

Equation coefficient M
slope. M<1) [ose |

Equation coefficient B l:l

(intercept, B>1)

Parking Densities
© 1. None

2. Light

© 3. Medium

4 Estensive (short term)
& 5. Extensive (long term]

Are Parking Controls Imposed?
o Yes

« No

63

Measured Versus Modeled Street Loads With Mechnical Broom Street

Cleaning - Residential 2004

2,500

2,250
2,000 1

1,750 1

—_
[3.]
(=3
o

1,250 1

Ib/curb-mile

-

[2.]

o
L

[3.]

(=3

o
L

250

—a&— Pre Sweeping
Post Sw eeping
—&— Modeled
1,000 N A
W x
38047 38077 38107 38137 38167 38197 38227 38257 38287
64
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Tab 2 - WinSLAMM Theory and Practice 1/14/2022

I Hydrodynamic Device X

First Source Area Control Practice

Hydrod, ic Device Mumber 2 - - -
BRIER LB MEED LT For Device Cleaning, Select Either
Land Use: Industrial 1 _
B Model Hydrodynamic
Source Area: Paved Parking 1 Dovice with Lamedls ] )
' Plates or Settiing Device Cleaning [ - Device Cleaning Frequency
Hydrodynamic Control Device General Tubes = -
Information - Enter for Both Single Device Devics b Manthly
Chamber and Proprietary Devices Fraction of device area 075 Cleaning  Cleaning Date Thiee Times per Year
with plates or tubes [ [mm/dd/) © Sem-Annualy
Device Drainage Area (ac) 1.000 1 OR & Annually
Fraction of Drainage Area Served by 1.000 Awerage tube diameter 5 © Every Twa Years
Device [0-1] i f‘sta[g]ce betieen os0 5 € Every Thiee Years
Murmber of Devices 1 plates 4 " Every Four Years
Device Density [units/ac) | 1.000) Humber of plates or " Every Five rears
tubes & verical line wil 3 5 -
intersect Never
Single Chamber Device Ch | Eo Or Use Proprietary
1 - Awverane Sump Depth below Device 200 2 500" I” Hydrodynamic Control
Dutlet It () ) Device Information
Depth of Sediment in Device at Beginning 000
of Study Period [ft] ) Eatﬂﬂvfs Dwerflow Manufacturer - Model
2 - Typical Dutlet Pipe Diameter [f) 1.00 JE— § =
Typical Outlet Pipe Manring's n 0.0mz] 4 I _I
3 - Typical Dutlet Pipe Slope [ft/f) 0.0100] Desdce Flow |
Typical Device Sump Suface Area [5f) 5000 .
4 - Divice Depth om Sump Bottom to Hyd rodynam ic
Street Level [ff 10.00
Inflow Hychograph Feak to Average Flow 18 Devices/Catchbasins with
Patio
5 - Minimum Allowable Scour Depth i
B i onatle 10 Lamella Plates or Settling
7 e Tubes
G - Diameter of Orifice that Controls Flaw 1.00
to InLine Sump [f) -
7 - Inflove Orifice Irevert Elevation (ft] £.00] -
& - Length (ft] of Overflow Stucture 500 Copy Hydrodynarmic | Paste Hydiodynamic
|A\cting a5 a Sharp-Crested Weir . Device Dats Device Data
9 - Elevation of Overflow Structure to Delete -
Eppass Ir-Line Sump [ft above sump 2.00 Control Cancel Continue
base)

Control Practice #: 2 [LandUse#t: 1 [Source deaft: 13

Scour of Captured Sediment in
Storm Drain Catchbasin Inlets

Three flow rates: 10, 5, and 2.5 LPS (160, 80, and 40 GPM)
Velocity measurements (Vx, Vy, and Vz)
Five overlying water depths above the sediment: 16, 36, 56, 76, and 96 cm

© 155 total points per test
30 velocity measurements at each point

66
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Tab 2 - WinSLAMM Theory and Practice

CFD Modeling to Calculate Scour/Design Variations

Used CFD (Fluent 6.2 and Flow 3D) to determine scour from stormwater controls;
results being used to expand WinSLAMM analyses after verification with full-scale

physical model

This is an example of the effects of the way that water enters a sump on the depth

of the water jet and resulting scour

Calibrated CFD Model with Air
Entrainment

Uncalibrated CFD Model without Air

Entrainment

G Grass Swales

S|

Drainage System Control Practice

r Use Total Swale Length Instead of Swale
Density for Infiltration Calculations

Grass Swale Data
Total Drainage Area (ac)
Fraction of Drainage Area Served by Swales [0-1] 1.00
Swale Dengity [ft/ac] 350
10800
Average Swale Length to Qutlet [ft] 1715
Typical Battomn “idth (ft) 4
|| Typical Swale Side Slope [__ftH: 1 1Y) 4
| | Typical Longitudinal Slope [/, W AH] 02
|| |Swale Retardance Factar D -
|| | Typical Grass Height [in) 4
|| | Swale Dynamic Infiltration Rate (inhr) 01
I | Typical Swale Depth [ft] for Cost Analysis [Dptional] 0.0
|
[
|
|

Select Particle Size
Distribution Fils Particle Size Distribution File Name

Grass Swale Number 1

Select infiltration rate by soil type
Sand - 4 infhr

Loarmy sand - 1.25 in/hr

Sandy loam - 0.5 in/hr

Loam - 0.25 infhr

Silt loam - 0.15 infhr

Clay loam - 0.05 in/hr

Silty clay loam - 0.025 in/hr
Sandy clay - 0.025 in/hr
Silty clay - 0.02 in/hr

Clay - 0.071 indhr

aEeRe ReRalONe R he Re Ne

Total area served by swales (acres): 30,000

Total area [acres): 30.000

Wiew
Retardance

|C: WWinSLAMM Files\NURP.CPZ

Select Swale Density by Land Use

oo liele;
& N N N

| Copy Swale Data Paste Swale Data

Cantrol Practice #: 1 CPElement #: 1

Table

‘ Cancel ‘ Continue

Grass Swale
Data Entry
Form

1/14/2022
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Tab 2 - WinSLAMM Theory and Practice

Low Flow vs. Historical Stillwater, OK,
Retardance Curves (can’t use conventional VR-n
curves for small urban swales)

Indoor Channel Trendlines in Comparision to Stillwater Curves

T
\ 4 Outdoor Swals Data

0.70

0.60

0.50

~ ~
~, N o .
Dy N, . Retardance Classes (A - E)
0.40 A

Manning's"n"

Bluegrass D

0.00
1.00E-04 1.00E-03 1.00E-02 1.00E-01 1.00E+1O

YR (ma2isec) Kirby 2006

Swale and grass filter hydraulic characteristics can be predicted on the
basis of flow rate, cross sectional geometry, slope, and vegetation type.

Filter Strip Control D “"'
liter strip Control Device

. .

G ra S S F I Ite r S t rI S Land Use: Commercial 2 Total Area: 4.000 acres
Source Area: Paved Parking 2 Filter Strip No. 1
Fitst Source Area Conlrol Praclice

Device Properties

: |
Assumptions: e -

Total Filker Stip Width [ft] 400

Effective Flow Length (ft] 20

Infiltration Rate (in/hi) 0.050:

*Flow over surface modeled as sl ool Spe (01) 0100
Typical Grass Height (in] 40

sheet flow Grass Retardance Factor b -

Use Stochastic Analysis to account for
Infiltration F ate Uncertainty

M ative Sl Infilration Fate COY

'A” partIC|e SIZGS are treated Surlace Clogging Load (Ibs/sf] 350

Filter Strip Area to Drainage &rea Ratio = 0,092
This ratio must be greater than 0.05 to activate the filker stip.

Effective treatment length reduced

based upon slope yrrys

» <0.02 ft/ft — 3 ft reduction SelectParick Sisfie |

C:\Program Files [x86)\wWinSLAMM w10\MURP.CPZ

« >(0.05 ft/ft — 10 ft reduction Select Native Soil Infiltration Rate

" Sand - &inshr " Clay loam - 0.1 inthr
" Loamy sand - 2.5 inthr " Silty clay loam - 0.05 in/hr

=

. © Sandyloam-10indhr " Sandy clay - 0.05 in/hr
« else — 6 ft reduction € Loam- 05 inthe £ Sity clay - 0.04 infhe
St loam - 0.3 in/hr © Clay - 0.02 inhe

" Sandy silt loam - 0.2 infhe

*Irreducible concentration a R _—
; ) ; opy Fiter Gtip Data | Paste Filter Stip Dala |
function of particle size petie | [ Corosi_| | Goviown |

Conbiol Practice #: 1 Land Use f: 3 Source Area ft: 14

1/14/2022
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Tab 2 - WinSLAMM Theory and Practice 1/14/2022

Runoff Volume Reduction in
Filter Strips

Runoff Volume Reduced in Each Time Step
as Water Flows Over Filter

Biofilter Data Entry Form

5 oot =

First Source Area Conlrol Practice 4dd | Sharp Crested Weir 4dd | Other Outlet Evapor Add |
Device Propetties Biofilter Number 1 angth 1) - ‘ ] | her D - Evapolians-
Top Area 5f] 120 | 7| Re Honth [DV/E;\O"\]
Battom Area (sf) 100 S (-
Totsl Depth [f) 400 FRemove | Broad Crested Weir ol FZ:
Typical Width [f) Cost est. only) 10.00| [wer crest length 1) o
Mative Sa Infiltrafion Rate (infhr] 0] [wer crest width () 20000 A‘*" i

Height from datum ta s s i a0
Infil Rate Fraction-Batiom [0-1) 1.00| |bottom of weir apening [ Fierove | Evapotranspiration i :‘ e
il Rate Fraction Sides 0:1) 1.00] SO T (st aion o o b
Fiack Filed Depth () 1.00 maisture content, 0-1] T 08000
Fiock Fill Porosity (0-1] 0.40 Sail field moisture capacity (0-1] | 0115 Sep 06000
Engineered Soi Type Soi Data Pemmanert wiling point [0-1) 0.037 Det 0.4000
Enginested Sol Inflrstion Rate fin/hr] .40 Supplemental imgation used? 1 N 0

Fractian of available capacity D”V |
Engineered Soil Depth () wehen inigation starts (0-1) eC
Enginesred Sol Poresily (0-1) Fraction of avalable capacity Plant Types
" 2 when irigation stops (011 1 2 3 4
Femove | Drain Tile/Underdiain _ [F action of bicfier that is vegetated 0.90 010
Inflow Hydrogiaph Peak to Average 2 g0l | uice Diamete, 1] 0.2500| |Plart type Praitie P_ [ Anruials = | | =]
Flow Fatio Inwet elevation above datum (i) 0.7000 |Root depth ) 60 1.0 [
Mumber of Devices in Source Area or 1| [Mumberof foes i set 1] |ET Ciop Adjustment Factor 050 085
Land Use i 7
Biofilter Gieometry S chem:
T Activae Pipeor Box Storage. C o € oo - poooraen Rumber
smete I Iniitration Rate Uncertainty
- Irital W/ ater Surace
=) = 0.00 i vation (1) i
= 5 5
Apply il ource Areas. e e e e
T »mpmﬁna Lpstieam Land Lse Top of Enginesred Soil

~Select Native Soil Infiltration Rate
Sand - &inhr Clay loam - 01 in/hr

Loamy sand - 2.5 infhe Sty clap loam - 0.05 infhr
Sandy loam - 1.0 infhe Sandy olay - 0.05 inhr

Loam - 0.5 infhr Silty clay - 0.04 infhr

Silt loam - 0.3 inhr Clay - 0.02 infhr

Sandy sikloam - 02in/he " Rain BanelCistem - 0.00 invhr

Change
Geomeliy a0y 200
3
Copy Biofter
Data
Paste isfier ‘
Dats 100
Select Particle AP FilestwinS LAMMINURP CFZ
Size Fie I ogrem s Refresh Schematic Delete Cancel | Continue

Control Practice #: 1 [LandUse#: 1 [Soucedwea#: 5 |TotalAiea: 4.000 acies| Land Use: Residential 1] Souce Aea Aoof 5

(@ i 1 i T
o Be e Be e B0}
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Tab 2 - WinSLAMM Theory and Practice

Up-flo® Filter Incorporated into WinSLAMM Based on
Lab and Field Tests

(= Hydro International Up-Flo Filter = =
First Source Area Control Practice
Device Geometry
7 I
Area Fraction Served by Up-Flo Filters (0-1) 1.000
& - Height from Outlet Invert ta Structure Top (ft) 3.00
l—2a B - Sump Depth () 3.00
Peak to Average Flow Ratio 3.80

A3.00

Total Basin drea; 0 acres

_E] " - Area Served by Upflow Filker (ac]: 10,000

Contact Hydio
International web — Cleaning Frequency
Site [~ Have hiodel Deteming Clesring/Replscement Frequency
B 3.00'
&~ Saobve for Given Condition:
’7 Murnber of Filter Modules 5 Tank Area =126 sf
o Select Particle Size Distribution Fil

- Solve Interatively for Desired Percent Reduction or Effluent Concentration e o

' Treatment Gioal - Percent T35 (04575 um) Remaved Copy Media Mot nieeded - calculated by program

 Treatment Goal - Percent S5C (>0.45 um) Removed Filter D ata

' Treatment Goal - Effluert TSS Concentration [madL)

Paste Media Pz -
€ Treatment Goal - Efflusnt 55T Concentration (marL) Fiter Data I ]

Cancel | Continue |

Delete

\ Control Practice #: 1 | LandUse #: 1 \ Source Area #: 13 \ Total Area: 10.000 acres | Land Use: Commercial 1 | Source Area: Paved Parking 1 v

1/14/2022
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Flow rate has only a small effect P 11Ot-Scale Tests, Controlled Tests and

on effluent quality. Effluent Three Years of Actual Runoff Events
quality is relatively constant over

. Performance Plot for Mixed Media on Suspended Soilds for Influent
broad range of influent Concentrations of 500 mg/L, 250mg/L, 100 mg/L and 50 mg/L
concentrations and flows. 600
—— High Flow 500|
TSS Probability Plot of Influent and Effluent —— Mid Flow 500
Normal - 95% CI 500
- Low Flow 500]
i Vaable El
E )
= Sy E 00 High Flow 25
o e —— Mid Flow 250
© 3 — Low Flow 250
b @ 300
e H —— High Flow 100|
i3 H Mid Flow 100
© _
t3 8 200 1d Flow
. 2 —— Low Flow 100
10 i —
. 100 High Flow 50
Mid Flow 50
500 -250 0 250 500 750 0 — Low Flow 50
Sediment Concentration (mg/L)
Influent Conc. Effluent Conc.
Performance durlng actual rains over a 10 month monitoring perlod:
Probability Plot of Concentr;tinn Tor Particle Range 0.45-3 um Probability Plot of Concentration for Particle Range 60-120 um
ormal Normal
iable Variabi
—e mrent (o)t D —e— infuent (mo/)_6
—®— Effluent (mg/L)_1 —m— Effluent (mg/L)_6
Mean StDev N AD P 99.99 Mean StDev N AD P
936 7.604 12 0942 0011 1996 1623 12 0942 0011
5215 3384 12 0500 0.167 06858 09493 12 1.699 <0.005
" 99
-4 & 80
50
20
5
' 5 0 15 20 2 !
—_— -20

The Contech StormFilter is Incorporated into WinSLAMM
based on Field and Lab Data
m somwateMagemen Somfe® Gy Coeey - 7B

Drainage System Conticl Practics

Media Type  [2PG >

Cartridge Height
C 12inches @ 18inches ¢ 27 inches

@ ~Solve for Given Conditions:

Murber of Cartridges 5 Chamber Dimension = &' dia

Hot needed - caloulated by program

OR [~ Have Model Determine
Cartidge Specific Flow Rate " - Solve Interalively for Desired Percent Redudlion or Effluent Congsntration Cleaning/Replacement Frequency
@ 1gpmisl O 2 gpmdsf
&> &> (2] Copy Media
Head Difference (] Between Inlet and (o] Fiter Data
Outiet Inverts [Minfmum Diference =2.3) | 5.00 p — Pacte Media Cancel
Fiter Dt
5 —
Bypass Stiucture Losation Continue
" Drline - Within cartidge charrb
rine - Wi Saiogs Sharber Contact Cortech Wb Site
@ Dffine - Upstieam of cartidge chamber
Carlridge Flow Fiate = 7.50 gpm External Eppass Weir Height = 45 1 Tank Height =651t
[ Activate Upstream Storags Gallery
¢ | Yolume Based Chamber Size
Funoff Depih in]
Storage Chamber Depth (1)
sTomELTE
oveass_|] CARmDGE
oWt

o STORAGE
% ~Pipe Storage

Sterage Pipe Diameter [ft) | ﬁ
LET PpE

Storage Pipe Length [f)

Charber Surp Depth [f]

(" Box Storage
Chamber Footprint Area [sf
Chamber Depth (f
Charber Surp Depth [f]

i
) CUTLETPIPE

—
—
—
—
—

Not To Scale
Control Practice #: 1 | CPIndex#: 1 |Upstream Drainage Arez

1/14/2022
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Tab 2 - WinSLAMM Theory and Practice

Contech StormFilter Performance Data

8
h
DRAIN
6
H
347
(]
FILL
2
0 T T T T T T T T StormFilter Performance (SSC Removal)
0 2 4 6 8 10 12 14 16 18 100
Driving Head (in) \ I\
g8 %
g -
&S 60
58 I t 2
c o S
o5
2 E 40 - .
o 8 sand loamy sand sandy loam silt loam silt
o
&= < > >
& 20
% Silt
0 t t t t t t t t t
0 10 20 30 40 50 60 70 80 90 100
Specific )
flow rate 2 gpm/ft’ 1 gpm/ft

[ ADS StormTech Isolator Row

Drainage Systern Control Practice DS Isolator Row # 1

Available Height from Chamber

Total Avalable System Length (1) [ 700 ARl

Total Available System Width (ft) 50 Murber of [solatar Fows

Select Either of These Sizing Options

Use All ¢~ Enter Required
Available Area Storage Volume

Enter Number
¢ of Rows and
Row Length

Select Product

The ADS StormTech Isolator Row System is Incorporated
into WinSLAMM based on Field and Lab Dat

500 Native Sol Infiliation Fiate inhr) | 0,000

o

Assumed Stone Porosity 040

Copy Data Paste Data

Update Graphics

Shiow Cross Section Detail

Chamber S Di Calculated System Size Cross Section
Final ) Tad | Tod et Orfice
Prouct Mgkt With | Lengh | | i C, Mumber || pind gy Homberof DUl Elevaton i Diemete 1
(i) i) )| fygme (e FO% T Length ) Width (1 "% | Guerflow Wier 100 N/
[sc180LP 12 25 B854 Drifice 1 0.00 0.00
Clscan 16 34 854 Drifice 2 0.00 0.00
|sc740 0 5| 54
{pC780 0 5| 84 385 | 10 | 881 | 840 475 120
| MC-3500 a7 86 Top of Pavement
ClMcasio 60 100 483 —
Min Req. Cower of 1807
[ ‘ Press F1' 500
| | for Help
_ L
100 | Apn
" P
| |8 Configuation |
\77777777777777\J Cancel Cortinue
Control Practice #: 1 CPlndex #: 1

78

1/14/2022
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Tab 2 - WinSLAMM Theory and Practice

ADS Isolator Row Performance Data

Critical Particle Size (um) and %
Reduction for OK-110
g

0 2 4 6 8 10
Hydraulic Loading Rate in Isolator Row (gpm/ft2)

calcd (um) % reduction of OK-110

Broxbum Field Interceptor Row Data

.
800
[ ]
]
L] 600

° -+ ;I

Effiuentss (mg/L)
e
Suspended Solids (mglL)
H

Influent 55 (me/L) 1 2

Influent and Effluent Samples

Inches per month

Cisterns and Beneficial Uses in WmSLAMM

Main Features of Cisterns/Water Tank Storage and

Beneficial Use Calculations in WinSLAMM:

* Mass balance calculations using long-term
rainfall data.

* Calculations for different tank volumes and
source areas.

* Geographical location affects water needs

(conservation approach to meet

evapotranspiration (ET) requirements or

maximum use to minimize discharges to

combined sewers or receiving waters).

6 — | Deficit irrigation need (in/mo)

B Average monthly rain (in/mo)

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

1/14/2022
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Tab 2 - WinSLAMM Theory and Practice

Cistern Data Entry Form and Example Modeled
Production Function

Cistern Control Device
+=% roof runoff reduction

First Source Area Control Practice Total Area: 0.660 acres
Land Use: Residential 1 Cistern No. 1 9% tfall ff reducti
- «=% outfall runoff reduction
Source Areac Roofs 1 Source Area Water Use Rate Multiplier = 100 - *
Device Properties Apply Rate Multipher g
Top Surface Area (sf) 80 Water Use Rate 'g 90 1
Bottom Surface Area [sf) 80 Water Use Rale | Source Area S &
Height to Overflow (ft) 4.00 Month perCistem  Water Use Rate - »
Fock Filed Depth (f] 0.00 [gal/day) (gal/day) [
Rock Fil Porosity (0-1) 0.00 Jaruaty 0.00 0.00 x 70
Inflow Hychograph Peak to 160 February 0.00 0.00 Q &
(Average Flow iatio March 0.00 0.00 E 601
Humber of Devices in Source 2 April 39.06 124392 e
Area of Land Use May 39.06 1249.92 g 50 - *
Runoff Fraction Entering 1.00 June 3906 1249.92 -
Devices (01) July 33.06 124392 T 401 pe
Drainage Area per Cisterm = 835 f August 33.08 124392 <
September 3306 1249.92 c 30 .
Dctober 0.00 000 < po
November 0.00 0.00 & 2 ‘
Copy Cistein Data December 0.00 0.00 8
c 10 4
Paste Cisterm Data Delete Cancel Continue 8 ‘
= 0 t
Control Practics # : 1 LandUse #: 1 Source Area #: 1 g 0.001 0.01 L 1

Volume of Cistern/Water Tank (ft3
storage per ft2 of roof area)

One of the Most Important WinSLAMM
Features is its’ Ability to Route Hydrographs and
Particle Size Distributions through Successive
Control Practices

* Upgradient hydrograph modifications usually improve the
performance of downgradient controls mostly due to
decreased peak treatment flow rates.

* Particle size distribution routing through control practices
provides more accurate overall performance calculations
(e.g., errors associated with double counting due to
removal of larger particles removed by preceding controls).

* These enhancements result in an improved ability to
accurately model treatment trains and to select and size
complementary control practices throughout an area.
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We will cover. ..

* WinSLAMM Purpose,
History and Unique
Features

* Model Applications

* Small Storm Hydrology

* Basic Program Structure
and Operation

* Model Calibration

* Treatment Practices

* Model Output

Model Output

Output Summary

Receiving Water Impacts

Land Uses and Source Area Detail
Control Device Detail

Analyzed as a single file or in batch mode

Many output options
i. Control Device Detailed Output

i. Hydrograph and Particle Size Distribution at each
Control Practice, Land Use and Junction

AN L T o
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File: Name:

C:WWinSLAMM FileshS outhwesthMavyiFeb 2012 files\OFINAE Cu all rains mdb

OutputSummary

Percent
Runoff Wolume  Percent Runoff - HL;PD.” " Particulate Solids  Particulate Solids  Particulate
fou 1t Reduction el Conc. [ma/L) YVield [Ibs] Solids
[Rv] Fieduction
Total of &l Land Uses without Contrals £72284 | 045 | 4160 17458
Outfall Total with Controls | Erzzeg | o00x [ 04 | 3407 | 14293 | 1810
Bl D“tp“,ﬁngngﬂﬁflfgomﬁls 112458 Years in Modsl Rur: 5og R
Concen- Concen- | Concen- y ., Pollutant ) =
Folutant tration - No | tration - with | tration Pﬂ“tant el (PR L) Percert Yield
Contiols Cantrols Units | - No Contrals |- With Contrals| |y o Reduction
Farticulate Copper 110.0 90.05 ug/L 4817 3779 b 18.15 %!
Filkerable Copper 80,04 80.04 ugsL 3,358 3,359 b 0% _|
Total Copper 1901 1701 ugdl 7.976 7.138 |bs 1051 % -

Prirt Dutput Surnmary to Text Total Area Modeled (ac]
File 5334

Drainage System and Outfall
Results:

Perfarm Outfall
Flovs Duration
Curve Calculations

Receiving Water Impacts
Due To Stormwater Runoff

[CWF Impervious Cover Maodel]

Approximate
Calculated  Urhan Stream
Ry Clazsification

‘without Controls 0.45 Poar

‘wiith Controls 0.45 Poaor

Flow Duration Curve for Current Model Run

Dichiage [P
GiserTn
Bt

i
(]

Model Output
Receiving Water Impacts

R

R R

Junclions

T cooireees

I

e T O sy

Percent Greater Than a Discharge Rote

Flow Durafion Curve for Current Model Run Without Controls

oy

MW LAMM 1 O\Cutrert W Evample for Documertation b

Drainage System and Outfall Output Summary

i | e | i ouput: Amsized

[Tas0m
ofelfun 007
Good

Summary to Test
Fie.

Sensitive

Impacted

100  25% 400 60% 100%

=
Impervious Cover

Percent
Furolt Petcent Funo Fartculate Prlcete  Paticulate
Volume Funofl Coeficent Soids Conc. Soiids Yield Soids
feuft) Reieren [G) (/L) (bs) Reduction
andl Uses without Carirols e [0z ~ s 671
OutalTotdlwin Corils | 62608 | 1ape% [ 0z [ @z [ i@ [ 2%
utal Carirls BETES

7468

Perform Qutal
o Duration
Curve Caleulations

Receiving Water Impacts
Due To Stormwater Runoff
(CWP Imperviaus Cover Modell
Approinate
Caated Uipan St
Classiication

Without Corrols [ 0.29 Foar
With Coniols | 023 Poar
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Model Output
1

Land Uses | Juncions 1 Conirol Practices Dufall |

File: Name:
FileshS LAM M InS LaMM w1 INCunent\Map Brample for Documentation. mdb

Drainaje System and Oupfall Qutput Summay
P t
Percent Fiunoff Particulfts Particulate Paz;fil:te
Runoff Coefficient Solids Chnc. Solids Yield Solids
Reduction (Rv] (Ibs] Reduction
Total of &ll Land Use L 15671
[ [‘28039 [ 19.04% [ o023 [ I31 ) [ 1244 [ sz0ex%
Current File Output: 551 7E+06 17466

Total Area Modeled (ac)

“Years in Model Run:

oumsen DELAIlEd Output Information
File

Receiving Water Impacts

Due To Stormwater Runoff
(CWF Impervious Cover Modsl)

Apprcsimate
Calculated  Urban Stream
Ry Classification

ool Wihoul Contols [ 028 Poor

Curve Caloulations

With Contrals 0.3 Foor

87
Land Uses 1 Junctions 1 Control Practices 1 Outtal 1 Ouput Summary
Runoff Volume I Paticulats Solids T Polutants ]
Runoff Yolume [cu. ft.) I Source Area Runaff Contiibution (%)
Data File: T \Files\SLAMMYWIPSLAMM\1 OhCurentbap E xample for Documentation. mab =
Rain Fie: WisRen - Madison W1 1981 Fibly
Dale: 021812 Time: 2:55.47 PM
Site Description
Insfitufional 1 Aveas - Runcf Volume [cu. i
Statt Fsn  Roofs1 Land Fiv Totsl | Calculated
Date Total Use Losses -
Totals (in]
06/02/81 o 0 0 [T on N/A
06/03/81 o 0 0 00 [ili} HiA
06/08/51 oo 0 0 0.0 [ili} H/A
06/08/81 03 a2 8720 073 0 1
06/09/81 007 0 2965 1 0s %5
06/12/81 043 1208 20 o £
.2 :Runoff Volume Ta
06/20/81 034 3 [ o E
06/21/81 032 28 8379 072 00 %1
06/23/81 051 1447 1447 078 on %3
06/25/81 013 2259 .48 0.0 91
06/26/81 024 562 E 6.1
Summary for All Events
Fian  Foofs1 Land 2 Totel | Colotlated ]
Total Use Losses N
Totals (in)
Mirimum o 0 0 oo, o N/A
Marimum: 259 8664 8664 03 [iFi] 91
Average 042 1343 1343 [ [ili] 5
Total 498 14 4 [
Institutional 2 Aveas - Funcif Valume [ou. ]
Start Fiain Payed Land R Total  Caloulated
Dale Tolal  Paking/ | Use Losses [
torage 1| Tolals (i)
06/02/81 o 0 0 [l [ili} HiA
06/03/81 om 0 0 00 [ilu} N/A
06/08/81 o 0 0 [l [ilt} HiA
06/08/81 033 0 0 00 03 NiA
06/03/81 007 0 0 00 il N/A
06/12/81 043 0 0 [l 043 HiA
06/15/81 259 4104 4104 044 1.46 1
06/20/81 034 0 0 00 034 N/A
06/21/81 032 0 0 [l 03 HiA
06/23/81 051 0 0 00 051 NiA
06/25/81 013 0 0 00 013 N/A
06/28/81 024 0 0 [l 02 HiA
Surnmary for &Il Events
Ran  Paved | Land Ry Total | Caloulsted J -, 88
. +[]

44



Tab 2 - WinSLAMM Theory and Practice

Control Practice Summary Table

Land Uses T Junctions T Contiol Practices T Outfall T Quput Summary
Fiunoff Volume i Fail. Solics Yield [Ibs) [ Pail. Soiids Cone. (mg/L) | Summary Table
Diata File: C:4FileshS LAMMAWIRS LAMM Y1 D\Cuirent\Map Example for Documentation.mdb -~

Rain File: ‘WisReg - Madizon wl 1981 RAN
Date: 02-1812 Time: 2:39:53 PM
Site Description;

Contral Contral Contral Total Inflow Total Percent Total Tatal Percent Flaw
Praclice Practice Practice Yolume [cf]  Dutflow Yolume Influent Effluent Load ‘weighted | 4
Mo. Type Narne Volume [cf) | Reducton | Load[lbs]  Load(lbs] = Aeduction Influent
or Location Conc [malL) Co
1 Catchbasin Cleaning | Catchbasing 1 4.834E+06  4.834E+06 1] E428 5798 9.792 21.30
2 Catchbasin Cleaning | 54 Device, LUH T 54813 71678 T1E7E 0 1114 9363 16.31 250.0
3 Street Cleaning Sh Device, LUA 1 SAR 37 820200 520200 0 12895 5491 57.42 2514
4 ‘w/et Detention Pond et Pond 1 5.070E+0E  5.878E+06 0 26335 14548 42.58 £9.04
5 Grass Swales Grass Swales 1 4.834E+06  2.273E+06 3229 5798 3727 B2 1921
[ Bicfilter Bicfilters 1 2E3E+0E 2 B0BE+06 0.9a72 21825 21603 0.9916 1324
7 Porous Pavement SA Device, LUH 3 58813 71678 1} 100.0 5817 1} 100.0 1300
8 Street Cleaning SA Device, LUH 4 SAH 38 1.303E+08 1.383E+06 0 16312 13988 17.23 196.48
9 Catchbasin Cleaning |54 Device, LUH 4 S48 38 1.303E+06  1.383E+06 0 13988 13522 3332 1620
10 Filter Strips SA Device, LUH 4 SA# 25 163344 1635944 0 1578 1676 0 1540 |
" | =l e
89

Model Output
Similar Output for -

* Particulate Solids Concentration

* Particulate Solids Yield o
* Pollutant Concentration T
* Pollutant Yield

90
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= o=

For additional model information, go to www.winslamm.com

Remember to Press the “F1” to access the Help File

91
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