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Introduction

This module examines the Source Loading and Management Model (WinSLAMM)), especially as how it can
examine combinations of source controls, development options, and outfall treatment. The model will be initially
introduced by examining some simple control measure option scenarios. Since the current version of the model is
completely written in Visual Basic, the Window’s interface allows efficient use, even for new users. This section
also describes the WinSLAMM/SWMM Interface Program (SSIP) allowing WinSLAMM to be used in conjunction
with EPA’s SWMM model by replacing the RUNOFF module.

Source: The most detail on WinSLAMM attributes is given in Pitt’s dissertation:

Pitt, R. Small Storm Urban Flow and Particulate Washoff Contributions to Outfall Discharges, Ph.D. Dissertation,
Civil and Environmental Engineering Department, University of Wisconsin, Madison, WI, November 1987.
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Much of the material presented here was developed for the Humber River basin in Toronto as part of my dissertation
research and was included in the following report prepared for the Ontario Ministry of the Environment:

Pitt, R. and J. McLean. Humber River Pilot Watershed Project, Ontario Ministry of the Environment, Toronto,
Canada. 483 pgs. June 1986.

Some of the material was presented in Pitt (1986), in a general description of the Wisconsin Nonpoint Source
Program:

Pitt, R. “The Incorporation of Urban Runoff Controls in the Wisconsin Priority Watershed Program.” In: Advanced
Topics in Urban Runoff Research, (Edited by B. Urbonas and L.A. Roesner). Engineering Foundation and
ASCE, New York. pp. 290-313. 1986.

WinSLAMM and its source area treatment capabilities have also been described at EPA Region V/NIPC conferences
in Chicago, when some of the examples were prepared:

Pitt, R. and J. Voorhees. “Critical Source Area Controls in the SLAMM Water Quality Model.” 4 National
Symposium. Assessing the Cumulative Impacts of Watershed Developments on Aquatic Ecosystems and Water
Quality. U.S. EPA and Northeastern Illinois Planning Commission. Chicago, Illinois, March 1996.

Pitt, R. and J. Voohees. “The Source Loading and Management Model (SLAMM).” National Conference on Urban
Runoff Management. U.S. EPA, Chicago, I1l. March 1993.

Various attributes of WinSLAMM have also been published in Volumes 6 through 8 of the proceedings of the
stormwater user’s conference given annually in Toronto:

Pitt, R. and J. Lantrip. “Infiltration through disturbed urban soils.” In: Advances in Modeling the Management of
Stormwater Impacts, Volume 8. (Edited by W. James). Computational Hydraulics International, Guelph,
Ontario. 1999.

Pitt, R. “Small storm hydrology and why it is important for the design of stormwater control practices.” In:
Advances in Modeling the Management of Stormwater Impacts, Volume 7. (Edited by W. James). Computational
Hydraulics International, Guelph, Ontario and Lewis Publishers/CRC Press. 1998.

Pitt, R. “Unique Features of the Source Loading and Management Model (SLAMM).” In: Advances in Modeling the
Management of Stormwater Impacts, Volume 6. (Edited by W. James). Computational Hydraulics International,
Guelph, Ontario and Lewis Publishers/CRC Press. pp. 13 —37. 1997.

The WinSLAMM/SWMM interface program was developed as part of the following EPA research report:

Pitt, R., M. Lilburn, S. Nix, S.R. Durrans, S. Burian, J. Voorhees, and J. Martinson Guidance Manual for Integrated
Wet Weather Flow (WWF) Collection and Treatment Systems for Newly Urbanized Areas (New WWF Systems).
U.S. Environmental Protection Agency. 612 pgs. December 1999.

WinSLAMM was originally developed to better understand the relationships between sources of urban runoff
pollutants and runoff quality. It has been continually expanded since the late 1970s and now includes a wide variety
of source area and outfall control practices (infiltration practices, wet detention ponds, porous pavement, street
cleaning, catchbasin cleaning, and grass swales). WinSLAMM is strongly based on actual field observations, with
minimal reliance on pure theoretical processes that have not been adequately documented or confirmed in the field.
WinSLAMM is mostly used as a planning tool, to better understand sources of urban runoff pollutants and their
control.

Special emphasis has been placed on small storm hydrology and particulate washoff in WinSLAMM, common areas
of misuse in the SWMM RUNOFF block. Many currently available urban runoff models have their roots in drainage
design where the emphasis is with very large and rare rains. In contrast, stormwater quality problems are mostly
associated with common and relatively small rains. The assumptions and simplifications that are legitimately used
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with drainage design models are not appropriate for water quality models. WinSLAMM therefore incorporates
unique process descriptions to more accurately predict the sources of runoff pollutants and flows for the storms of
most interest in stormwater quality analyses. However, WinSLAMM can be effectively used in conjunction with
drainage design models to incorporate the mutual benefits of water quality controls on drainage design.

WinSLAMM has been used in many areas of North America and has been shown to accurately predict stormwater
flows and pollutant characteristics for a broad range of rains, development characteristics, and control practices. As
with all stormwater models, WinSLAMM needs to be accurately calibrated and then tested (verified) as part of any
local stormwater management effort.

WinSLAMM is unique in many aspects. One of the most important aspects is its ability to consider many
stormwater controls (affecting source areas, drainage systems, and outfalls) together, for a long series of rains.
Another is its ability to accurately describe a drainage area in sufficient detail for water quality investigations, but
without requiring a great deal of superfluous information that field studies have shown to be of little value in
accurately predicting discharge results. WinSLAMM also applies stochastic analysis procedures to more accurately
represent actual uncertainty in model input parameters in order to better predict the actual range of outfall conditions
(especially pollutant concentrations). However, the main reason WinSLAMM was developed was because of errors
contained in many existing urban runoff models. These errors were obvious when comparing actual field
measurements to the solutions obtained from model algorithms.

History of WinSLAMM and Typical Uses

The Source Loading and Management Model (WinSLAMM) was initially developed to more efficiently evaluate
stormwater control practices. It soon became evident that in order to accurately evaluate the effectiveness of
stormwater controls at an outfall, the sources of the pollutants or problem water flows must be known. WinSLAMM
has evolved to include a variety of source area and end-of-pipe controls and the ability to predict the concentrations
and loadings of many different pollutants from a large number of potential source areas. WinSLAMM calculates
mass balances for both particulate and dissolved pollutants and runoff flow volumes for different development
characteristics and rainfalls. It was designed to give relatively simple answers (pollutant mass discharges and control
measure effects for a very large variety of potential conditions).

WinSLAMM was developed primarily as a planning level tool, such as to generate information needed to make
planning level decisions, while not generating or requiring superfluous information. Its primary capabilities include
predicting flow and pollutant discharges that reflect a broad variety of development conditions and the use of many
combinations of common urban runoff control practices. Control practices evaluated by WinSLAMM include
detention ponds, infiltration devices, porous pavements, grass swales, catchbasin cleaning, and street cleaning.
These controls can be evaluated in many combinations and at many source areas as well as the outfall location.
WinSLAMM also predicts the relative contributions of different source areas (roofs, streets, parking areas,
landscaped areas, undeveloped areas, etc.) for each land use investigated. As an aid in designing urban drainage
systems, WinSLAMM also calculates correct NRCS (SCS) curve numbers that reflect specific development and
control characteristics. These curve numbers can then be used in conjunction with available urban drainage
procedures to reflect the water quantity reduction benefits of stormwater quality controls.

WinSLAMM is normally used to predict source area contributions and outfall discharges. However, WINSLAMM
has been used in conjunction with a receiving water model (HSPF) to examine the ultimate receiving water effects
of urban runoff (Ontario 1986).

The development of WinSLAMM began in the mid 1970s, primarily as a data reduction tool for use in early street
cleaning and pollutant source identification projects sponsored by the EPA’s Storm and Combined Sewer Pollution
Control Program (Pitt 1979; Pitt and Bozeman 1982; Pitt 1984). Additional information contained in WinSLAMM
was obtained during the EPA’s Nationwide Urban Runoff Program (NURP) (EPA 1983), especially the Alameda
County, California (Pitt and Shawley 1982), the Bellevue, Washington (Pitt and Bissonnette 1984), and the
Milwaukee (Bannerman, et al. 1983) projects. The completion of the model was made possible by the remainder of
the NURP projects and additional field studies and programming support sponsored by the Ontario Ministry of the
Environment (Pitt and McLean 1986), the Wisconsin Department of Natural Resources (Pitt 1986; Bannerman, et al.
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1996; Legg, et al. 1996), and Region V of the U.S. Environmental Protection Agency. Early users of WinSLAMM
included the Ontario Ministry of the Environment’s Toronto Area Watershed Management Strategy (TAWMS) study
(Pitt and McLean 1986) and the Wisconsin Department of Natural Resources’ Priority Watershed Program (Pitt
1986). Many WinSLAMM user’s have incorporated the use of the model with a GIS (Thum, et al. 1990; Kim, et al.
1993; Kim and Ventura 1993; Ventura and Kim 1993; Bachhuber 1996; Haubner and Joeres 1996). WinSLAMM can
now be effectively used as a tool to enable watershed planners to obtain a better understanding of the effectiveness
of different control practice programs.

A logical approach to stormwater management requires knowledge of the problems that are to be solved, the sources
of the problem pollutants, and the effectiveness of stormwater management practices that can control the problem
pollutants at their sources and at outfalls. WinSLAMM is designed to provide information on these last two aspects
of this approach.

WinSLAMM Computational Processes

Figure 1-1 illustrates the wide variety of development characteristics that affect stormwater quality and quantity.
This figure shows a variety of drainage systems from concrete curb and gutters to grass swales, along with directly
connected roof drainage systems and drainage systems that drain to pervious areas. “Development characteristics”
define the magnitude of these drainage efficiency attributes, along with the areas associated with each surface type
(road surfaces, roofs, landscaped areas, etc.). The use of WinSLAMM shows that these characteristics greatly affect
runoff quality and quantity. Land use alone is usually not sufficient to describe these characteristics. The types of the
drainage system (curbs and gutters or grass swales) and roof connections (directly connected or draining to pervious
area), are probably the most important attributes affecting runoff characteristics. These attributes are not directly
related to land use, but some trends are obvious: most roofs in strip commercial and shopping center areas are
directly connected, and the roadside is most likely drained by curbs and gutters, for example. Different land uses, of
course, are also associated with different levels of pollutant generation. For example, industrial areas usually have
the greatest pollutant accumulations due to material transfer and storage, and heavy truck traffic.
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Figure 1-1. Urban runoff source areas and drainage alternatives (Pitt 1986).

Figure 1-2 shows how WinSLAMM considers a variety of pollutant and flow routings that may occur in urban areas.
WinSLAMM routes material from unconnected sources to the drainage system directly or to adjacent directly
connected or pervious areas which in turn drain to the collection system. Each of these areas has pollutant deposition
mechanisms in addition to removal mechanisms associated with them. As an example, unconnected sources, which
may include rooftops draining to pervious areas or bare ground and landscaped areas, are affected by regional air
pollutant deposition (from point source emissions or from fugitive dust) and other aspects that would affect all
surfaces. Pollutant losses from these unconnected sources are caused by wind removal and by rain runoff washoff
which flow directly to the drainage system, or to adjacent areas. The drainage system may include curbs and gutters
where there is limited deposition, and catch basins and grass swales which may remove substantial participates that
are transported in the drainage system. Directly connected impervious areas include paved surfaces that drain
directly to the drainage system. These source areas are also affected by regional pollutant deposition, in addition to
wind removal and controlled removal processes, such as street cleaning. On-site storage is also important on paved
surfaces because of the large amount of participate pollutants that are not washed-off, blown-off, or removed by
direct cleaning (Pitt 1979; Pitt and Shawley 1982; Pitt 1984).
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Figure 1-2. Pollutant deposition and removal at source areas (Pitt 1986).

Figure 1-3 shows how WinSLAMM proceeds through the major calculations. There is a double set of nested loops
in the analyses where runoff volume and suspended solids (particulate residue) are calculated for each source area
and then for each rain. These calculations consider the affects of each source area control, in addition to the runoff
pattern between areas. Suspended solids washoff and runoff volume from each individual area for each rain are
summed for the entire drainage system. The effects of the drainage system controls (catch basins or grass swales, for

example) are then calculated. Finally, the effects of the outfall controls are calculated.
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Figure 1-3. WinSLAMM calculation flow chart.

WinSLAMM uses the water volume and suspended solids concentrations at the outfall to calculate the other
pollutant concentrations and loadings. WinSLAMM keeps track of the portion of the total outfall suspended solids
loading and runoff volume that originated from each source area. The suspended solids fractions are then used to
develop weighted loading factors associated with each pollutant. In a similar manner, dissolved pollutant
concentrations and loadings are calculated based on the percentage of water volume that originates from each of the
source areas within the drainage system.

WinSLAMM predicts urban runoff discharge parameters (total storm runoff flow volume, flow-weighted pollutant
concentrations, and total storm pollutant yields) for many individual storms and for the complete study period. It has
built-in Monte Carlo sampling procedures to consider many of the uncertainties common in model input values. This
enables the model output to be expressed in probabilistic terms that more accurately represent the likely range of
results expected.
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Monte Carlo Simulation of Pollutants Strengths of Runoff from Various Urban Source
Areas

Initial versions of WinSLAMM only used average concentration factors for different land use areas and source
areas. This was satisfactory for predicting the event mean concentrations (EMC, as used by NURP, EPA 1983) for an
extended period of time and in calculating the unit area loadings for different land uses. Figure 1-4 is a plot of the
event mean concentrations at a Toronto test sites (Pitt and McLean 1986). The observed concentrations are
compared to the WinSLAMM predicted concentrations for a long term simulation. All of the predicted EMC values
are very close to the observed EMC values. However, in order to predict the probability distributions of the
concentrations, it was necessary to include probability information for the concentrations found in the different
source areas. Statistical analyses of concentration data (attempting to relate concentration trends to rain depths and
season, for example) from these different source areas have not been able to explain all of the variation in
concentrations that have been observed. The statistical analyses also indicate that most pollutant concentration
values from individual source areas are distributed log-normally. Therefore, log-normally distributed random
concentration values are used in WinSLAMM for these different areas. The result is much more reasonable
predictions for concentration distributions at the outfall when compared to actual observed conditions. This provides
more accurate estimates of criteria violations for different stormwater pollutants at an outfall for long continuous
simulations.
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Figure 1-4. Observed and modeled outfall pollutant concentrations — Emery (industrial site) (Pitt 1987).

Use of WinSLAMM to Identify Pollutant Sources and to Evaluate Different Control
Programs

Table 1-1 is a field sheet that has been developed to assist users of WinSLAMM describe test watershed areas. This
sheet is mostly used to evaluate stormwater control retrofit practices in existing developed areas, and to examine
how different new development standards effect runoff conditions. Much of the information on the sheet is not
actually required to operate WinSLAMM, but is very important when considering additional control programs (such
as public education and good housekeeping practices) that are not quantified by WinSLAMM. The most important
information shown on this sheet is the land use, the type of the gutter or drainage system, and the method of
drainage from roofs and large paved areas to the drainage system. The efficiency of drainage in an area, specifically
if roof runoff or parking runoff drains across grass surfaces, can be very important when determining the amount of
water and pollutants that enter the outfall system. Similarly, the presence of grass swales in an area may substantially
reduce the amount of pollutants and water discharged. This information is therefore required to use WinSLAMM.
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Table 1-1. Study Area Description Field Sheet
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Location: Site number:
Date: Time:
Photo numbers: Roll number:
-us d a H
Residential: low medium high density single family

multiple family
trailer parks
high rise apartments
Income level: low medium high
Age of development:<1930 ‘30-'50 '51-'70 '71-'80 new
Institutional: school hospital other (type):
Commercial: strip shop. center downtown hotel offices
Industrial: light medium heavy(manufacturing) describe:
Open space: undeveloped park golf cemetery
Other: freeway utility ROW railroad ROW other:

Maintenance of building: excellent moderate poor
Heights of buildings: 1 2 3 4+ stories

Roof drains: wunderground gutter impervious pervious
Roof types: flat comp. shingle wood shingle other:
Sediment source nearby? No Yes (describe):

Treated wood near street? No telephone poles fence other:

5 H

quantity: None some much

type: deciduous evergreen lawn

maintenance: excessive adequate poor

leafs on street: none some much
Topography:

street slope: flat (<£%) medium (2-5%) steep (>5%)

land slope: flat (<B8%) medium (2-5%) steep (>5%)
Traffic speed: <25 mph 25-40 mph >40 mph
Traffic density: Light moderate heavy
Parking density: none light moderate heavy
Width of street: number of parking lanes:

number of driving lanes:

Condition of street: good fair poor
Texture of street: smooth intermediate rough
Pavement material: asphalt concrete unpaved
Driveways® paved unpaved

condition: good fair poor

texture: smooth intermediate rough
Gutter material: grass swale lined ditch concrete asphalt

condition: good fair poor

street/gutter interface: smooth fair uneven
Litter loadings near street: clean fair dirty
Parking/storage areas (describe):
condition of pavement: good fair poor
texture of pavement: smooth intermediate rough
unpaved
Other paved areas (such as alleys and playgrounds),describe:
condition: good fair poor
texture: smooth intermediate rough
Hotes:

The areas of the different surfaces in each land use is also very important for WinSLAMM. Figure 1-5 is an example
showing the areas of different surfaces for a medium density residential area in Milwaukee. As shown in this
example, streets make up between 10 and 20 percent of the total area, while landscaped areas can make up about
half of the drainage area. The variation of these different surfaces can be very large within a designated area. The
analysis of many candidate areas may therefore be necessary to understand how effective or how consistent the
model results may be for a general land use classification.
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Figure 1-5. Source areas — Milwaukee medium density residential areas (without alleys) (Pitt 1987).

Appendix A contains coding sheets that have been prepared for WinSLAMM users. The information on these sheets
is used by WinSLAMM to determine the concentrations and loadings from the different source areas and the
effectiveness of different control practices. The first sheets contain general information describing the areas and the
characteristics of source areas. More information is required for some source areas than others, based upon
responses to questions. Other coding sheets are used to describe the types of control practices that are to be
investigated using WinSLAMM in a specific watershed area. Control practices evaluated by WinSLAMM include
infiltration trenches, seepage pits, disconnections of directly connected roofs and paved areas, infiltration ponds,
street cleaning, porous pavements, catchbasin cleaning, grass swales, cisterns and rain barrels, biofiltration devices
including rain gardens, and wet detention ponds. These devices can be used singly or in combination, at source areas
or at the outfalls or, in the case of biofiltration, grass swales, and catchbasin controls, within the drainage system. In
addition, WinSLAMM provides a great deal of flexibility in describing the sizes and other design aspects for these
different practices.

One of the first problems in evaluating an urban area for stormwater controls is the need to understand where the
pollutants of concern are originating under different rain conditions. Figures 1-6 through 1-9 are examples for a
typical medium density residential area showing the percentage of different pollutants originated from different
major sources, as a function of rain depth. As an example, Figure 1-6 shows the areas where water is originating. For
storms of up to about 0.1 inch in depth, street surfaces contribute about one-half to the total runoff to the outfall.
This contribution decreased to about 20 percent for storms greater than about 0.25 inch in depth. This decrease in the
significance of streets as a source of water is associated with an increase of water contributions from landscaped
areas (which make up more than 75% of the area and have clayey soils). Similarly, the significance of runoff from
driveways and roofs also starts off relatively high and then decreases with increasing storm depth. Figures 1-7, 1-8
and 1-9 are similar plots for suspended solids, phosphorus and lead. These show that streets contribute almost all of
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these pollutants for the smallest storms up to about 0.1 inch. The contributions from landscaped areas then become
dominant. Figure 1-9 shows that the contributions of phosphates are more evenly distributed between streets,
driveways, and rooftops for the small storms, but the contributions from landscaped areas completely dominate for
storms greater than about 0.25 inch in depth. Obviously, these are just example plots and the source contributions
would vary greatly for different land uses/development conditions, rainfall patterns, and the use of different source

area controls.

Beneficial uses of stormwater using SLAMM
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Figure 1-6. Flow sources for example medium density residential area having clayey soils (Pitt and

Voorhees 1995).
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Figure 1-7 Suspended solids sources for example medium density residential area having clayey soils (Pitt

and Voorhees 1995).
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Figure 1-8 Total lead sources for example medium density residential area having clayey soils (Pitt and
Voorhees 1995).
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Figure 1-9 Dissolved phosphate sources for example medium density residential area having clayey soils
(Pitt and Voorhees 1995).

A major use of WinSLAMM is to better understand the role of different sources of pollutants. As an example, to
control suspended solids, street cleaning (or any other method to reduce the washoff of particulates from streets)
may be very effective for the smallest storms, but would have very little benefit for storms greater than about 0.25
inches in depth. However, erosion control from landscaped surfaces may be effective over a wider range of storms.
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The following list shows the different control programs that were investigated in this hypothetical medium density
residential area having clayey soils:

¢ Base level (as built in 1961-1980 with no additional controls)
¢ Catchbasin cleaning

o Street cleaning

o Grass swales

¢ Roof disconnections

o Wet detention pond

o Catchbasin and street cleaning combined

e Roof disconnections and grass swales combined

o All of the controls combined

This residential area, which was based upon actual Birmingham, Alabama, field observations for homes built
between 1961 to 1980, has no controls, including no street cleaning or catchbasin cleaning. The use of catchbasin
cleaning in the area, in addition to street cleaning was evaluated. Grass swale use was also evaluated, but swales are
an unlikely retrofit option, and would only be appropriate for newly developing areas. However, it is possible to
disconnect some of the roof drainages and divert the roof runoff away from the drainage system and onto grass
surfaces for infiltration in existing developments. In addition, wet detention ponds can be retrofitted in different
areas and at outfalls. Besides those controls examined individually, catchbasin and street cleaning controls combined
were also evaluated, in addition to the combination of disconnecting some of the rooftops and the use of grass
swales. Finally, all of the controls together were also examined.

The following list shows a general description of this hypothetical area:

e all curb and gutter drainage (in fair condition)

® 70% of roofs drain to landscaped areas

® 50% of driveways drain to lawns

® 90% of streets are intermediate texture (remaining are rough)
* no street cleaning

® no catchbasins

About one-half of the driveways currently drain to landscaped areas, while the other half drain directly to the
pavement or the drainage system. Almost all of the streets are of intermediate texture, and about 10 percent are
rough textured. As noted earlier, there currently is no street cleaning or catchbasin cleaning.

The level of catchbasin use that was investigated for this site included 950 ft2 of total sump volume per 100 acres
(typical for this land use), with a cost of about $50 per catchbasin cleaning. Typically, catch basins in this area could
be cleaned about twice a year for a total annual cost of about $85 per acre of the watershed.

Street cleaning could also be used with a monthly cleaning effort for about $30 per year per watershed acre. Light
parking and no parking restrictions during cleaning is assumed, and the cleaning cost is estimated to be $80 per curb
mile.

Grass swale drainage was also investigated, assuming that swales could be used throughout the area, there could be
350 feet of swales per acre (typical for this land use), and the swales were 3.5 ft. wide. Because of the clayey soil
conditions, an average infiltration rate of about 0.5 inch per hour was used in this analysis, based on many different
double ring infiltrometer tests of typical soil conditions. Swales cost much less than conventional curb and gutter
systems, but have an increased maintenance frequency. Again, the use of grass swales is appropriate for new
development, but not for retrofitting in this area.

Roof disconnections could also be utilized as a control measure by directing all roof drains to landscaped areas. The
objective would be to direct all the roof drains to landscaped areas. Since 70 percent of the roofs already drain to the
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landscaped areas, only 30 percent could be further disconnected, at a cost of about $125 per household. The
estimated total annual cost would be about $10 per watershed acre.

An outfall wet detention pond suitable for 100 acres of this medium density residential area would have a wet pond
surface of 0.5% of drainage area to provide about 90% suspended solids control. It would need 3 ft. of dead storage

and live storage equal to runoff from 1.25” rain. A 90° V notch weir and 5 ft. wide emergency spillway could be
used. No seepage or evaporation was assumed. The total annual cost was estimated to be about $ 130 per watershed
acre.

Table 1-2 summarizes the WinSLAMM results for runoff volume, suspended solids, filterable phosphate, and total
lead for 100 acres of this medium density residential area. The only control practices evaluated that would reduce
runoff volume are the grass swales and roof disconnections. All of the other control practices evaluated do not
infiltrate stormwater. Table 1-2 also shows the total annual average volumetric runoff coefficient (Rv) for these
different options. The base level of control has an annual flow-weighted Rv of about 0.3, while the use of swales
would reduce the Rv to about 0.1. Only a small reduction of Rv (less than 10 percent) would be associated with
complete roof disconnections compared to the existing situation because of the large amount of roof disconnections
that already occur. The suspended solids analyses shows that catchbasin cleaning alone could result in about 14
percent suspended solids reductions. Street cleaning would have very little benefit, while the use of grass swales
would reduce the suspended solids discharges by about 60 percent. Grass swales would have minimal effect on the
reduction of suspended solids concentrations at the outfall (they are primarily an infiltration device, having very
little filtering benefits). Wet detention ponds would remove about 90 percent of the mass and concentrations of
suspended solids. Similar observations can be made for filterable phosphates and lead.

Table 1-2. WinSLAMM Predicted Runoff and Pollutant Discharge Conditions for Example1 (Pitt and Voorhees
1995)
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1/7/24, 5:.05 PM Beneficial uses of stormwater using SLAMM

Birmingham 1876 rains: Runoff Volume Suspended Solids Filterable Phosphate Total Lead

{112 rains, 55 in. total annual | flow-wig. | CN flow-wig. | annual flow-wig. | annual flow-wtg. | annual

0.01-3.84 in. sach) ft3facre | Rv range mgiL Ibs/acre pa'll Ibs/acre gl Ibs/acre

Base (no controls) 59800 0.3 Tr=-100 385 | 1430 157 0.58 543 2.0

Catchbasin cleaning 59800 0.3 T7-100 331 | 1230 157 0.58 458 1.7
resduction (Ibs or ft3) 0 200 0 0.29
resduction (%6) 0 14 14 4} o 14 | 14
cost (Rb or $M3) MIA, 0.43 MIA 283
($B5facrelyr)

Street cleaning 53800 | 0.3 TT-100 385 | 1430 i57 | 058 543 | 2.0
reduction (Ibs or ft3) 0 0 0 0.01
reduction (%) o 0 0 0 0 0 0.45
cost ($1b or $/M3) A NiA M/A 3000
{$30/acralyT)

Grass swales 23300 | 012 | 63100 380 | 554 151 | 022 §13 | 075 |
reduction (Ibs or ft3) 36500 876 0.36 1.28
reduction (%) 61 1 &1 4| B2 B| B3
cost ($1b or $M3) minimal minimal minimal rminirmal
(Sminimal'acratyr)

Roof disconnections £6000 0.28 76-100 410 | 1430 156 0.55 443 1.6
reduction (Ibs or ft3) 3800 Q 0.03 0.48
reduction (%) 6 & 0 1 5 18| 24
cost ($b or $MR3) 0 WA 333 3
(§10/acrefyr)

Wiet detention pond 59800 0.3 77100 49 | 185 157 0.58 B9 0.26
reduction (Ibs or ft3) o 1250 0 18
reduction (%) ] ar a7 ] o 87 | &7
cost ($b or &M3) NI 0.10 Mia 73
(5130 acralyr)

CB & street cleaning 59800 | 0.2 77-100 331 | 1230 157 | 058 468 | 1.7 |
reduction (Ibs or ft3) 0 200 0 0.29
reduction (%) 0 14 14 0 ] 14 | 14
cost ($4b or $M3) NIA 0.58 MiA 3ar
{$115/acrefyr)

Roof dis. & swales 20900 0.1 63-100 403 | 526 1398 0.18 352 0.46
raduction (lbs or ft3) 38500 904 0.40 16
reduction (%) 65 -5 63 11| 69 as| 77
cost ($1b or $M3) 0.00026 0.01 25 6.4
(%10/acrefyr)

All above contrals 20900 | 0.1 B3-100 42 | &5 139 | 0.18 3B | 005
reduction (Ibs or ft3) 38900 1375 0.40 1.98
reduction (%) 65 89 98 11| 69 g3 | a7
cost ($4b or §f3) 0.0066 0.18 638 129
($255/acralyr)

1 Medium density residential area, developed in 1951-1380, with clayey soils (curbs & gutters); new development controls (not
restro-fit)

Figures 1-10 through 1-13 show the maximum percentage reductions in runoff volume and pollutants, along with
associated unit removal costs. As an example, Figure 1-10 shows that roof disconnections would have a very small
potential maximum benefit for runoff volume reduction and at a very high unit cost compared to the other practices.
The use of grass swales could have about a 60 percent reduction at minimal cost. The use of roof disconnection plus
swales would slightly increase the maximum benefit to about 65 percent, at a small unit cost. Obviously, the use of

https://web.archive.org/web/20100612232808fw_/http://rpitt.eng.ua.edu/Class/Computerapplications/Module4/Module4.htm 15/83



1/7/24, 5:.05 PM Beneficial uses of stormwater using SLAMM

roof disconnections alone, or all controlled practices combined, are very inefficient for this example. For suspended
solids control, catchbasin cleaning and street cleaning would have minimal benefit at high cost, while the use of
grass swales would produce a substantial benefit at very small cost. However, if additional control is necessary, the
use of wet detention ponds may be necessary at a higher cost. If close to 95 percent reduction of suspended solids
were required, then all of the controls investigated could be used together, but at substantial cost.

0.007 I ] T T T T ' J :
® all

0.006 L caontrols
) -
g=l
S 0.005 | i
3
e
® 0.004 F )
o
L 0.003 F roof i
© disconnections
2 0.002 F i
]
:; 0.001

. grass roof dise. + swales ]
0.000 - | z L e g e ’

o 10 20 30 40 50 60 70 80 90 100
Maximum percentage runoff volume reduction

Figure 1-10. Cost-effectiveness data for runoff volume reduction benefits (Pitt and Voorhees 1995).
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Figure 1-11. Cost-effectiveness data for suspended solids reduction benefits (Pitt and Voorhees 1995).
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Figure 1-12. Cost-effectiveness data for dissolved phosphate reduction benefits (Pitt and Voorhees 1995).
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Figure 1-13. Cost-effectiveness data for total lead reduction benefits (Pitt and Voorhees 1995).

WinSLAMM Example

The following is a simple “hello world” WinSLAMM input file example. This will enable the user to become
familiar with the input portions of the program, and can form a basis for simple modifications. Table 1-3 is the site
characterization sheet for a 100 acre residential area, modeled after actual site surveys. The “acreage” used in the
model for each source area is simply the percentage of each area in the surveyed neighborhoods. This enables

relatively efficient “unit area” calculations, for annual discharge (ft3 of runoff/100 acre/study period) and yield (Ib of
SS/100 acre/study period). The area is relatively simple, comprised of the following areas:

Source Area % of land use
Roofs (pitched, directly connected) 9.03%
Driveways (directly connected) 2.57%
Streets (smooth texture, medium parking) 6.80%
Undeveloped areas 1.80%
Small landscaped areas (lawns, silty soils) (backyards) 56.50%
Small landscaped areas (lawns, silty soils) (frontyards) 23.30%

Total directly connected impervious area: 18.40

Pervious areas: 81.60

The filled out coding sheets in Table 1-3 also describe the area and several types of control practices that will be
evaluated in the next section.

Table 1-3a. Example WinSLAMM Site Characterization Data Sheet for the “hello world.dat” File
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WinSLAMM Site Characterization Data Sheets

1) Site description: Elg!,fh, Wellp wen'd eyel ugshd with codwls

2) Rain file (*ran) name: _SOuvee.  ( Edisem Jodkler yadhal v-cmm\
3) Starting date for the model run (default s the earliest rain afier 1952):@faulbbr:

4) Ending date for the model run (default is the last rain) (@efaulot:

5) Use winter scason (removes rain events during this period and begins each spring with elevated street dirt loading
after snow melt): ?e;@jfyﬁ: start of winter (mm/dd): and end of winter (mm/dd):

6) Pollutant probability file (* ppd) name: _eu 1)

7} Seed for random pollutant generator seed (specific value or 0 for random seed: or <0 to disable Monte Carlo

routing o use mean pollutant strengths only) (default is -42): @w: (watl\ c\ravge 4o
8) Runoff coefficient file (*rsv) name:  yrasnodd— %%a{:%ﬁmrt)

9) Particulate solids concentration file (* psc) name: a4
L

10) Particulate residug delivery file (*.prr) name (to account for deposition and later resuspension of particulates in
drainage system): Mty
L

11) Street delivery parameter file (*.std) name (to account for decreased energy availability during small rains
affecting street washoff along gutters):  s4—e-#-

12) Drainage system (enter fraction corresponding to each type) (Total must equal 1.0):
1. grass swales: 1+ ©
2. undeveloped roadside:
3. curb and gurters, valleys, or sealed swales in poor condition, or very flat:
4. curb and gutters, valleys, or sealed swales in fair condition:
5. curb and gutters, valleys, or sealed swales in good condition, or very steep:

13) If entered any swale component:

1. Swale infiltration rate (in'hr). Consider compaction (soil density) or seil amendments. Can select
according to soil type: sand (4), loamy sand (1.25), sandy loam {ﬂ.ﬁ)&]mnm loam (0.15), sandy silt loam
(0.1}, clay loam (0.05), silty clay loam (0.025), silty clay (0.02), or clay (0.01}, or

2. Wetted swale width (ft): 4

3. Swale density (ft/acre). Can select according to land use: low density residential (160) i i
residential (350), high density residential (375), strip commercial (630), shopping center (280), industrial (125),
freeways (shoulders only: 270 or center and shoulder: 410), or

The area served by swales is determined by WinSLAMM after the source areas are described.

14} File name: \nt llg worl J-

Output options (under “file” drop down menu):

I bource arcas by land use for each rain - complete | 6. Continuous hydrograph with 6 minute time increments
intout

2. Source area totals and outfall summaries 7. Continuous hydrograph with 15 minute time increments
3. Outfall data only for each rain 8. Continuous hydrograph with 60 minute time increments
4. Qutfall summaries only (default) Save walter balance summary of all detention ponds?

5. line per event runoff and flow summary Save outfall runoff and particulate loading for

will use s gobion w1t WinDETPOND analyses?

\owg ~ Hvwn viua 12 Edoon)

Table 1-3b. Example WinSLAMM Site Characterization Data Sheet for the “hello world.dat” File
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Table 1-3c. Example WinNSLAMM Site Characterization Data Sheet for the “hello world.dat” File
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Table 1-3d. Example WinSLAMM Site Characterization Data Sheet for the “hello world.dat” File
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Beneficial uses of stormwater using SLAMM

WinSLAMM Site Characterization Data Sheet (continued)

Infiltration Area or Trench (I):

1} Water percolation rate (in/hr). Can be selected from list based on soil type: sand (8), loamy sand (2.5),
sandy loam (1), loam (0. 5), silt loam (0.3), sandy silt loam (0.2), clay loam (0.1), silty clay loam (0.05), silty clay

(0.04), or clay (0.02), or

2) Area served by device (acres):
3) Surface area of the device (ft):
4) Width to depth ratio of the device:

Street Cleaning (S): S*rweed ovvea 1

Up to 10 street cleaning programs can be specified for the duration of the model run. These programs are described
in the following table. The street cleaning program maintains the specified cleaning frequency from the date shown
until the program is changed at a later date, or until the final cleaning period ending date. If the model run dates or

the rain file are changed, the street cleaning dates may also have to be changed to correspond to the same period.

Street cleaning date: Street cleaning frequency: 1) none, 2) 7 passes/week, 3) all weekdays, 4) 4

passes/week, 4) 3 passes/week, 6) 2 passes/week, 7) | passiweek, 8) every
2 weeks, 9) every 4 weeks, 10) every 8 weeks, or 11) every 12 weeks.

1o orqg @ F) 3 pays fweele

2 | (ati\ 4o >

3 OLID| /(6T wihdle

4 pad ZBE0AN, v )

5

[

7

]

9

10

Final cleaning period ending date (mm/ddiyy): \t/3 /9 9

Street cleaning productivity: d on street texture, parking density, and parking controls, or specified

M (=<1) sB=1):

Parking densities: 1) none, 2) ]ight,} extensive (short-term), or 5) extensive (long term)
Are parking controls imposed? Yc@

Porous Pavement (P) Sviwaieys 1
1) Infiltration rate of pa\rcmcnt,ba,sc or soil, whichever is the Itasr{mﬂ:r} 0.5,

2) Porous pavement area (acres):

wsesy Ot (a. ??-mb

Other Flow or Pollutant Reduction Control ()
1) Pollutant concentration reduction (fraction):
2) Water volume (flow) reduction (fraction):
3) Area served by other control (acres):

Table 1-3e. Example WinSLAMM Site Characterization Data Sheet for the “hello world.dat” File
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Catchbasin Control Device vesdouka ok wse
1) Total sump volume in test area (/): N
2) Area served by catchbasins (acres): avta QODscves
3) Percent of sump volume full at beginning of study period (0 to 100%): &
4) Sump depth below catchbasin outlet {ft). At least one foot is needed 1o prevent scour: Qﬁd""

5) Catchbasin cleaning dates. Enter specific dates, of select cleaning frequency from list: monthly, three
times per year, semi-annually, annually, every 2 )'ery 4 years, or every 5 years, Or enter
cleaning dates on the following table:

Catchbasin Catchbasin
Cleaning Mo. | Cleaning Date
(mm/dd'yy)

L | o | e | B | e

Biofiltration/Bioretention or Rain Barrel/Cistern (B) v23audvp0 \owmh usa
These controls can be located at individual source areas, at a land use receiving flows from multiple source areas,
along the drainage system receiving flows from all sources for an area, or at an outfall lecation. The following
information is needed for all devices, irrespective of their location:

Device Geometry
1) top area ('), €
2) bottom area (ft"): S0

3)depth (ft): 1
4) rock filled? Yes/no. If yes, fraction of total volume as voids (0-1%6): = [currently not available in
WinSLAMM]
seepage rate (in‘hr). Can be selected from list based on soil type: sand (8), loamy sand (2.5), sandy loam
(15Joam (0. 3), silt loam (0.3), sandy silt loam (0.2), clay loam (0.1, silty clay loam (0.05), silty clay .
{0.04), clay (0.02), rain barrel/cistern (0], or (16 gor lows, {i‘ﬂ@

Use random number generator to account for uncertainty in infiltration rate? ‘r’cycs, seepage rate
coefficient of variation (if selected seepage rate from list, a recommended COV is given):
6) number of biofiltration control devices {or rain barrels/cisterns) in source area of land use: Iﬂ F

Outlet'Discharge {must have at least one outlet):
1) sharp crested weir
1. weir crest length (ft):
2, number of end contractions: | or 2
3: height from datum to bottom of weir opening (ft):

2) broad crested weir
1. weir crest length (ft): T
2. weir crest width (ft): g‘:-'s"
3. Height of datum to bottom of wgir opening (ft): oF
4. Use default weir coefficients , or enter weir coefficient (English units):

3) vertical stand pipe
1. Pipe diameter {fi):
2. Distance of basin bottom to top of pipe (fi):

Table 1-3f. Example WinSLAMM Site Characterization Data Sheet for the “hello world.dat” File
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4) evaporation. Enter monthly average evaporation rate (in'hr) for each month:

Month Monthly average
evaporation rate
(in'day)

January
February
March
April

May

Jung

July

| August
September
October
Movember
December

S.J' rain barrel/cistern. An overflow (such as a sharp-crested weir) must also be designated if using one of
these devices. Enter the average monthly water use rate (gallons/day) for each month;

Maonth Monthly average
Waler use rate
(gallons/day)

January
February
March
April

May

June

July

| August
September
October
Movember
December

Inflow hydrograph peak to average flow ratio. Suggested valu

If a land use device, the source areas that are described for the model are listed. Select those that contribute flow to

the device:

Source Areas: Areas that
contribute runoff to
hiuﬁltration!ﬂﬂam:

—

Paved parking 1
Paved parking 2
Paved parking 3
Unpaved parking 1

Table 1-3g. Example WinSLAMM Site Characterization Data Sheet for the “hello world.dat” File
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Unpaved parking 1

Playground 1
| 2

Driveways [
i

Driveways 3

Sidewalks 1

Sidewalks 2

Streets/alleys 1

Streetsfalleys 2

Streets/alleys 3

Large landscaped areas 1

Large landscaped areas 2

Undeveloped areas

Small landscaped areas 1

Small landscaped areas 2

Small landscaped areas 3

Isolated areas

Other Pervious areas

Other directly connected areas

Other Disconnected areas

If land use, drainage, or outfall device, the fraction of runoff directed to the device is: ! .0

Wet Detention Pond (W) o vhk§all

Sketch the pond, showing the important features and measurements:

Jo 4

1} Particle size distribution file (*.cpz): W\ELW

2) Initial stage elevation (ft) (normally the elevation of the lowest invert, unless evaporation has lowered
the stage and the value is known):

3) Inflow hydrograph peak to average flow ratio. Suggested value @;‘

4) Stage area data (at least 5 well spaced values, including the top-most elevation corresponding to the brim
of the emergency spillway):

Stage (ft) Area (acres)
0.00 0.000

0.k
[T =

\

2
4 % 4
I8

*

2.5
3.0

& T
7 Az

e TR B A ) B =

Table 1-3h. Example WinSLAMM Site Characterization Data Sheet for the “hello world.dat” File
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10
11
12
13
14

5) Outlet descriptions:

The outlet rates for each device is calculated by the program. If multiple outlets are selected, the individual
rates for each stage are summed.

1) sharp crested weir
1. weir crest length (ft):
2. number of end contractions: | or 2
3: height from datum to bortom of weir opening (ft):

@’ -notch weirs

Select the weir angle: 1) l|.5°,213u4} 60°, 5) 90°, 6) 120°
1} height of bottom weir opening (in io the top of the weir (ft): &
2) height from datum to bottom of weir opening(ft): 3

3) Orifice
1) orifice diameter (ft):
2) invert elevation above datum (ft):

4) Seepage basin
1) infiltration fate (in'hr);
2) width of seepage basin (ft):
3) length of seepage basin (ft):
4) invert elevation of seepage basin inlet above datum (ft):

5) Natural seepage
Enter the seepage rate (in‘hr) for each stage previously entered:

Stage (1) | Seepage (in/hr):

0 0.00
1

2

3

4

5

6

7

8

9

10

Il

12

13

14

Table 1-3i. Example WinSLAMM Site Characterization Data Sheet for the “hello world.dat” File
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6) Evaporation. Enter monthly average evaporation rate {in'hr) for each month:

Month Monthly average
evaporation rate
{in/day)

January
February
March
April
May
June
July

| August
September
October
November
December

7} Other outflow
Enter the outflow rate (ft’/sec) (calculated for device not listed) for each stage previously entered:

Stage (ft) Qutflow (ft’/sec):

0 0.00
|

2

k]

4

5

6

1

]

9

10

11

12

13

14

§) Pumped outlet

Mot yet available in WinSLAMM

@n oad crested weir
1. weir crest length (ft): 30
2. weir crest width (ft):
3. Use default weir coefficients)(¥&3o, or enter weir coefficient (English units):
4. Height of weir opening (ft): _{
5. Height of datum to bottom of weir opening (ft): ()

10} vertical stand pipe

1. Pipe diameter (fi):
2. Distance of basin bottom to top of pipe (ft):
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This example illustrates a basic use of WinSLAMM. A simple medium density residential area having street
cleaning, catchbasins, grass swales, driveways having porous pavement, stormwater biofiltration controls (a rain
garden), and an outfall wet detention pond, are described and evaluated with the model. The following screen dumps
illustrate the steps to conduct this analysis.

Program Startup and Basic Data Entry
After installation, click on the WinSLAMM icon on the desktop and the following opening screen appears:

r -

_'_',I_ Fobb A i b e
SLAMM for Windows

Source Loading and Management Model

Version 8.6
by
it dohn 6 Voorhees PH. PE
£, 2 =z and Associales
E“[‘,'m"'","-,_,“ifm'““"" Madison. Wisconsin 53704

Tuscaloosa, Alabama 35487

Copyright 1996 Robert Pitt and John Voorhees

Exit Program Dpen Exitting File Croate Hew File | [Enter Main s=rmi'|

This is an example for a new file, so select the “create new file” option. Alternatively, one can select the “enter main
screen” and the edit (current file data) screen can be used to enter the information. The edit screen allows more
flexibility and maneuvering, but the new file sequence can be much faster. The following screen shows the “current
file data” screen. Each main data grouping can be accessed for entering the data or for editing by pressing the “edit”
buttons. The following is an example of a filled-out current file data screen for this example:

https://web.archive.org/web/20100612232808fw_/http://rpitt.eng.ua.edu/Class/Computerapplications/Module4/Module4.htm
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(Coentiieo -

SLAMM Data File Name:
‘C'!F;ngram Files\winSLAMMhello world dat

Edit | Ske Descrpt: ’Exampie hello woild evaluations with conlrols

Edit | Seed T

Edit | Fan Fls: ic;wnuﬁm*nmuswmsnuncam
Edit | Start Date: man/sa [~ ‘wirter Seazon Hange

Edit | EndDates [ 120298
& 1202/ — [r—

Edit | Folutant Probabiity Distribution File: F‘\FEDER&“I‘\MHSLMJH‘PDLLFPD

Edit | Runcif Coefficient File: FWDER&“I\MHSU}JH\RUNGFF.RS‘J

Edit | Paticulate Sobds Concentration File: i(:\FﬂEIERh"I\MHSWH\FﬁHTPEE

Edit | Patculsbe Ressdos Delnoedy File: FWDEM"I\MHEL&MHWELMW PRR

Edit | Strest Delvery Fle EEKFHUERA"I‘MHSL&HH\STHEET STD
Edit | Drainage System: [ DataEntered Cancel Conlinue

If the “create new file” option is selected, the following screen sequence begins. If an error is made, just continue to
the other screens. The “Current File Data” screen shown above can be used to verify and edit any entries. The first
screen is the site description. This description will be printed with all program output, allowing better tracking of
program files.

siteEsCriplion) 2l
Enter the Site Deccrption [230 chasacters masimum]: -UK
Cancel

|Example hello world evalustions vith controls

Next, a series of small screens appear, allowing the selection of the program “parameter” files. These files were
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 WinSLAMM 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 CDROMs

containing rainfall records from as early as 1948 to the late 1990s. The MPARA66.EXE program contains a utility to
semi-automatically create the needed rain files from the CDROMs, after minimal clean-up in a spreadsheet. Other
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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. In this
example, a rain file representing about 31 year of data for Edison, NJ, will also be used.

]

=i Fi e Worne

File M ame: Directones:

|5nuluu.FIAH CAPROGRA™T YW inS LAk
SEATH592. RAN A A CA
SF8391 _RAN ] .-3 PROGRA™1
SHORTTST.RAN
[_] Control Demo Files
SPOKAME.RAN [ Standard Land Uze Files
5TLO5292 RAM = 1w standard land uze Ffile:
SYRACRUSES499.RAN Lo

File Type: Dirive:

| Rain files (*.RAN) 7 |De -

oK E it

Stortine Dt [x]|

Eret the Stasting Date for the model s,
The date format must be [MM/DDAY) Cancal

Dt =]

Entes the Ending Date for the modal run
The date format must be (MM/DDAYY) Concel |
2702/33

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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(= Pallitant e None) Ix]
File Mame: Directornes: |
|PEILL.PPD CAPROGRA™TWinSLAMM

BHAM_PPD = [
MADISOMN?.PPD “YPROGRA™
Wwi_GEO01.ppd

_| Control Demo Files
1 Standard Land Use Files
1wl standard land use file: '

File Type: Drive:
| Pol files [~ PPD) | [Be |
oK Exit

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) is 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).

Fomte Gardosepi; 'al
Ener the Seed (> 0] [Default = -42),
Enter 0 to use a randomiy generated seed. Cancel

Erder Seed < 0 to dizable random pollutant gererston
and to use mean pollutant strengths only

ZE

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” dropdown menu in WinSLAMM.
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= SHOnOCoR ent e oo x|
File Mame: Directories:
RUMOFF.RSY CAPROGRA™T\WinSLAMM
ac
A PROGRA™

;] Control Demo Files
] Standard Land Uze Files
—1'Wl standard land use file:

File Type: Dive:
|RsubV files [~ RSV) x| |Se |
(115 Exit

The next file to be selected describes source area first flush characteristics for suspended solids.

(S 2Particalote Solis Con 3le Nome (x]
File Name: Directories: |
[PART PSC CAPROGRA™TMWinSLAMM
BHAM_PSC =
MADISON.PSC I Y PROGRA~
PART.PSC = WinSLAMM
WI_AVGD psc 1 Control Demo Files

] Standard Land Uze Files
Wl standard land uze file: :
|
File Type: Drive:
[Part Sol files (*PSC)  ~| [De K
o Bt |

In many cases, high suspended solids concentrations are observed at source areas, but concurrent 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” back to the streets for subsequent rain events.
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If o itesld Uz Wa = ey Bl i @

File Name: Directonies:

DELIVERY PRR CAPROGRA™1 WinSLAMM

DELIVERY.FRR i [

MADISON.PRR “JPROGRA™1

Wi_DLVDT. pre
(1 Control Dema Files
) 5tandard Land Use Files
1w standard land wse file:

File Type: Diive:

| Deliv fites (. PRA) = [=e =]

T
~JPROGRA™1

[_] Control Demo Files
1 Standard Land Use Files
1w standard land use File:

File Type: Drive:
|Street Delivery files [*STD =|  |Se =
oK Exit

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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['ir.lﬂug: '.'-}:ilﬂ_in "

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

1. Grasz Swales 1|
Undeveloped Aoadside: 0,000

3. Cuwb and Gutters, Valleys, or Sealed
Swales in poor condition or very flat {0.000

4. Cuwb and Gutterz, Valleys, or Sealed [——
Swales in fair condition | 0,000

5 Cwb and Gutters, Valleyz, or Sealed
Swales in good condition or very steep [B.I:III

Fantn The total must equal 1. Totak  1.000

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.

[l
JAspacE Syales |

1. Swale infillration rate (in/hi) - [D.25

2. Welled swale width [ft): 4

3. Swale densily [ft/ac) [350.00

¥ Select swale density by land use [v -~ Select infiltration rate by soil lype
™ Sand -4 infle

¢ " Lowe densily residential - 160 ft/.
1 e ac ™ Loamy sand - 1,25 ndhr
F (% Medum density resdential - 350 it/ac Sandy boam - 0.5 in/he
1 ™ High density residenitial - 375 t/ac Loam - 0.25 infhe

" Ship commercial - B30 ftac Silt boam - .15 in/he

£ Shopging centet - 280 ft/ac
L " Industnal - 125 i/ac

" Ereeways [shoulder only] - 270 ft/ac

" Freeways [center and shoulder] - 410 ft/ac

Sandy s loam - 0.1 in/hr
Clay loam - 0.05 inft
Silty clay loam - 0,0ES inf
Sandy clay - 0,025 in/he
Silty clag - 0.02 infhe

Clay - D.07 in/he

R e Ve i S A

08

Area served by swales [acres): 0

Delete Cancel Continue

e

At this point, the file should be named and saved and the output option selected. This file must be saved to a location
where writing/saving privileges are granted. This is an issue mainly in network installations where saving to the
main drive is restricted. In this case, a special directory is usually available (such as C:\temp) where the file can be
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saved. Alternatively, the file can be saved to a floppy drive. This also applies to any “parameter” files that may have
to be edited and re-saved. Obviously, the path to these new files would then be different than for other “standard”

Beneficial uses of stormwater using SLAMM

files that may be used. This is OK.

5 ; 5]
HNaw,,,
Enpui; Fibs L] Warshon 5,2
Esxit
Cusrent Fils Data. . |
To enlel source area data, zelect
Coment Pl tas | e e et
Lard Use Asaz
Residential Area: 0.00 Acies
Institutional Atea: 0.00 Acres
Commercial Area: 0.00 Acres
Industrial Asea: 0.00 Acres
Open Space Alsa: 0.00 Acies
Freeway Area: 0.00 Acres
Tolal Arca: 0.00 Actes
Exit Program
Pross F1 for Help
Savein: |3 WinSLAMM ~| « @ ek -
; a {E)Control Demo Fies 8] Street Cleaning 2 SCDates.dat |
; Chstandard Land Liss Files | 2] Strast Clearing 3 StDates.dat |
MyFRecent  Coywi standard land use files 2] streste.dat
Documents 3 Comem 1 from swales. dat 15 test of aug 2 2002.dat
__i]cnmn 2 from sweales, dat
ﬂm 3 from sweales. dat
Desktop | 2] Comm 4 swales.dat
: | 2] Comm Strests Only Curb & Gutter.dat
) ] Comm Streets Only Swales.dat
= ing.
My D . ﬂx::::'tﬁmm#
®]5LU Medium Densky Residential Mo Alleys Clay.dat
g’ %] SLU Medium Densty Residential With Aleys Clay,dat
' |B) 5L Park Clay.dat
Eﬂ'l'ﬂ.‘e! H
5 |#]5LU Schocls Clay dat
e v ] B
My Metwork.  File name: b wtle] - Save
o | 3 [ ]
Saveaslyps:  |SLAMM Files [DAT) - Cancel
r
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The form of the output information can be selected by using the “file\output options” dropdown menu. The
following screen lists the options. Option 1, the complete printout, is selected here because of the short list of rains
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in the source.ran file used and that the flow and pollutant sources for each source area are to be compared. Option 4,
“Outfall Summaries Only” is the default option. Option 5, “One line per event runoff and flow summary” is the most
useful option when a large rain file is being used.

SRR e il G A7 Dprarsy K Les W TSUA AR 1o gord ) dat ] AEG
Ui Landuse Poltants Options Run Utikies Help

Current File Data...

To enter source area dats, select

the Land Uze menu item, and select
Current File Status | the desired Land Use.
Land Uze Areasz
Rezidential Area: 0.00 Acres
Institutional Area: 0.00 Acres
Commeicial Area: 0.00 Acres
Industrial Area: 0.00 Acres
Open Space Areac 0.00 Acres
Freeway Area: 0,00 Acres
Total Areac 0.00 Acres
R T e
| Egit Program |

Prezs F1 for Help

Ot Format Ot

& [I._ Source Areas by Land Uze for Each Aain - Complete Printout

™ 2. Source Area Totals and Outfall Summaries

3. Dutfall Data Only for Each Rain

~ 4. Duitall Summaries Only

" 5 One Line per Event Runolf and Flow Summary

" . Continuous Hydrograph With & Minute Time Increments
7. Continuous Hydrograph With 15 Minute Time Increments

™ 8. Contnuous Hydrograph With B0 Minute Time Increments

o Water Balance Summary of All Detention Ponds

Save Dulfall Runoff and Particulate Loading Continue
™ for WinDETPOND Analysis 4|
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Land Use and Source Area Descriptions
The next step is to select the land use(s) in the study area. The following screen shows the selection of the residential
land use and the corresponding source areas.

For each source area, double click on the “area” cell and the following screen appears (roof area 1 for this example).

iU %]
s Eriler new area [acres)

_ Cancel J

4 [a03

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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u SSOUTCE PRI PATOTIEIETE M =) 331

Land Usze: Residential
Source Auea; Roofs 1 Total Area; 9,03 acres

Roofs: [~ Flat Roof [v Pitched Roof

Iz the Source Area:

[ Draining to a Pervious Area [parttially connected impervious area)
I o il

= B

j= [T N Continue

The following is an example screen describing runoff routing for typical paved areas. This example is for 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.

n - . P

_E.'l ST T PR ATaTELETE d ._li Eﬂﬂ

Land Use: Residential

Source Area: Driveways 1 Total Area: 2.5 acies

Iz the Source Area:
[ Directly Connected or Draining to a Directly Connected Area

[« Draining to a Pervious Area (partially connected impeivious area)
Soil Type: [T Sandy [ Silty ¥ Clayey

Building Density: [ Low [+ Medium or High

Alleys present: [~ Yes ¥ o

Continue

The following screen is 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 the high values
typically found after the winter season (usually several thousand pounds per curb-mile). This affects the washoff for
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the early spring rains, along with the effectiveness of the first several street cleaning activities of the year.

Beneficial uses of stormwater using SLAMM

WinSLAMM does not currently calculate snowmelt.

F

= S{rept SO e n PATATIFIET d L-?]Ial

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

Current Land Usze: Rezidential

Curmrent Source Area: Street Area 1 Total Area: 6.8 acies
Total street length in the The estimated sirest
study area [curb-miles) width, in feet, is: 324
Strieet Texture

i+ 1. Smooth 2. Intermediate

" 3. Rough " 4, Yery Rough [including oil and screens)

Street Dt Accumulation
& 1. Use value calculated by program based upon land use and street texture

™ 2. Enter accumulation equation coefficients

i 2. Specify value:
Siree! Dol Loading at End of Winle: Seazon [Ibelcurb-mi)

Cancel LContinue

soil type is needed for these areas.
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39/83



1/7/24, 5:.05 PM Beneficial uses of stormwater using SLAMM

§

= SSonTEE e DaTaETErE = h_ah’zi
Land Use: Residential
Source Area: Small Landscaped Area 1 Total Area: 565 acres

Soil Type: [T Sandy [ .

[~ Clayey

Flow T

I i I~ M Conlinue

Source Area and Outfall Controls
After this information is entered and “continue” is pressed, it is possible to select site specific control options
(besides the development characteristics reflected above).

Infiltration Devices and Porous Pavement

Porous pavement is becoming more common for driveways and sidewalks. The cell corresponding to porous
pavement (P) and the driveways 1 source area can be selected to bring up the following menu which shows the user
entered infiltration rate and the area to be treated by the device:

F'fﬂ..uuu: j-’u'}ajuaur'.r."uu!ru[ Lighled 1
Land Uze: Rezidential
Source Area: Driveways 1
1. Infiliration rate of pavement, o5
base, or zoil, whichever iz the
least (indhi):

2. Porous pavement area [acres]: 257
Total Area: 2.57 acres

Continue | Clear | Delete Control

L

After the information is entered, the letter corresponding to the control appears in the appropriate cell:
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N A T s T el P G T R e e | A= _1
Fis LardUse Polutants Ophiors Run  Lhilkies Help
Source! Area Source
SLAMM Data File: e Soucon freh tocres) | [WIP|O[S|B) Awma
r"'" world. DAT 1 |Aools 1 903 Entesed
2 |Roofs 2
Cunent Land Use: Residential 3 |RAool: 3
4 |Aoofs 4
5 Area: Diiveways 1 5 |Rool: 5
bl B |Paved Paking/Storage 1
T Paved Puking/Storage 2
) B |Paved Paking/Storage 3
Cunant Fibe Data... 9 | Unpaved Prkng/Stoage
10 Unpaved PrkngfStorage
11_| Plapground 1
Custeent File Status | 12_| Playground 2 ]
13| Dirveways 1 2.57 [F] Enteied
14| Duiveveays 2
15 | Drveways 3
Sl USS conn 16| Sidewalks/Walks 1
Rezidential Asoa: 10000 Acres 17| Sidewalks/Walks 2
Inztitulsonal Area: 000 Acres 18| Steest Area 1 .80 5 Entesed
Commatcial Area: 000 Acres 19 | Stret Area 2
Industial Area: 000 Acres _""_'?I] f‘"ﬂ' ::;imdk 1
Open Space Area: 000 Acres aAgs L
Freeway Aea; .00 Acres 22_|Large Landscaped Area 2
Total Aras: 100.00 Acres 23 | Undeveloped Avea 1.80 Entened
24| Small Landscaped Area 1 56.50 Enteed
25 | Small Landscaped Area 2 2330 Entered
26 | Small Landscaped Area 3
2? 1 1 sk, ‘.ﬁd“
Exk = ZB | Other Peraous Area
P F1 for H 29 | Dther Dir Crctd Imp Siea
et d i 30 | Other Part Cnctd lmp

More sophisticated procedures are available in the biofiltration menu option to model infiltration processes.

Street Cleaning

Street cleaning can also be simulated with WinSLAMM. The following screen is used to describe the street cleaning
program for a specific street area. Up to ten different street cleaning frequencies can be specified for the study area.
Each program lasts until the next one starts, or until the final cleaning period ending date. [note: in some cases, the
program may require the user to enter the final cleaning period ending date a second time after pressing the continue
button, sorry about that].
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| Land Use: Residential

Catchbasins can be selected from the “land use\catchbasin or drainage control\catchbasin” dropdown menu:

| Total Avea: 6.8 acres |~ Shreet Cleaner Productivity
| Sowce Area: Stieet Arca 1 @ 1, Coefficients based on street texturs,
- . - parking densily. and parking contiols
NLM SL’E’%EE”W S"F“t Cleaning " 2. Other [specify equation coefficients]
Equation coefficient M
e | R
2 = fintercept. B>1) o ]
5 =
£ s Parking Denzities
7 -
3 = 1. Hone
3 = i 2. Light
10 = i+ 3. Medium
i 4. Extensive [ghort term)
i~ 5. Extensive [long term]
Final cleaning per
ending date [uumn.rwl [T12/31/99
#Are Parking Controls Impozed?
Continue | Clear | Delete Control i Yes * Mo
Catchbasins

The following screen is used to describe the catchbasins in the study area, and their cleaning frequency:

'\-'\-\.l'l-\.' . e — ol r i
ﬁ# L f‘“".:"r.a_,ruur T e e e Al A=E8
m.-t Options Run Lkities Help
8 e Souoe
" [+
3L Inthutionad Jea Source Area l—ﬁ.‘:, I|w|FD|5|8 Asea
Conirsncial do. Parametess |
Inadustriad 1 |Roofz 1 903 Entened
Opan Space 2 Ruoaofs 2
Cur  Fresways 3 |Rools 3
4 |Roofz 4
Ggy Lendlise Bofitration P 5 |Rools 5
6 | Paved Parking/Storage 1
Pre-Devwslopenent Runoff Quantities ‘_-; Paved Pauhu.-l‘ﬁlmugu 2
Catchbemn or Dranaga Cortrel 0 L poungs 3
Cutfsl » rﬁ: :m:
- | cudtm
Cusrent File Status | | v Drainsge Control...
| Other Contral... 257 [p] Entered
T4 |1 T
15 | Duiveways 3
Land He frnas 16_| Sidewalks/Walks 1
Residential Asca: 100,00 Acres 17| Sidewalks walks 2
Instfutional Areac 000 Acres 18 | Street Area 1 [0 5 Entered
Commercial Area: 0,00 Acres 19 | Stieet Area 2
! e e g Eum ﬁﬂ d Area 1
DOpen Space Asea: 0.00 Acres | —5——{ 210" e trelon)
Freamap Area: 0.0 Acres 22 |Laige Landitaped Auea 2
Total Area: 100,00 Acres 23 | Undeveloped Aiea 1.80 Entered
’ ’ 24 | Small Landzcaped Area 1 50 Entered
25 | Small Landzcaped Area 2 2330 Entened
26 | Small Landscaped Area 3
P 27 |lzolated Ajea
s~ 28 | Dther Pervious Anea
Dther Die Cocid lmp Asea
P F1 H
g 1 for oo 30 | Dther Pat Coctd lmp
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Eepdegaiiz i Bon £ ru b U e

Tolal Batin Area: 100 acres
1.  Total sump volume [cw )
2. Avea served by calchbasing [acies):

3. Percent of sump volume full at
beginning of studyp period [0 to 100):
4.  Sump Depth below catchbazin

g
g

outlet (ftl:
Select
Catchbaszin oR Catchbasin Cleaning
Cleaning Dates Fregquancy
¥ Catchbasin Cleaning Frequency
. Catchbasn " Monthly
Calchbazin o
Clearang Mo. w# " Theee Times per Year
s Ll  Semi-Annually
2 " Annually
3 ™ Ewery Two Yeas
& [Every Thiee Years
4 =
5 i Ewery Four YWears
" Ewery Five Years
Continue Cleas | Cancel | Dedete Control

The output forms under particulate solids track the accumulation of solids accumulating in the catchbasins.
Catchbasins are only effective in trapping particulates when there is at least a foot of standing water over the trapped
sediment. WinSLAMM continues to accumulate solids in catchbasins until this level of sediment is reached. The
output forms can be used to estimate how rapidly the catchbasins likely accumulate sediment and when they are
likely to become full. The cleaning frequency can then be adjusted to better match the local accumulation rates for
the catchbasins in the study area.

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 the concurrent benefits of this combination of controls. 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 accumulate solids in
catchbasins originating from streets that are being swept. However, the catchbasins do accumulate solids from other
areas if there is street cleaning in the study area.

Biofiltration/Bioretention and Rain Gardens/Cisterns

These controls can be located at several locations simultaneously, or individually, in study areas. The most common
source areas to be treated by these devices would be roofs, where they can be configured as “rain gardens.” They
can also be situated along streets providing infiltration opportunities for street runoff (possibly in conjunction with
grass swales, or in median strips of divided roads). They can also be located so they accept flows from several
source areas in a land use, as in the following example where 197 units are used in the 100 acres to treat roof runoff
and the excess runoff (if any) from driveways paved with porous paver blocks. The land use biofiltration option is
selected using the “land use\land use biofiltration” option and selecting the appropriate land use:
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= 15[x]
e Source
Institutsonal fuea
EC Source Area I|W PID|SIB| Ameas
Sl commercal do. facres) Parameters
Indhstrial 1 _|Roofz 1 .03 Endered
Open Space 2 |RAools 2
Cur  Froswsys 3 |Roofs 3
‘4 |Rnnf=z 4
sod IETI T S
i ngd S torage 1
PFre-Dewelopment Runoff Cuantities : Ling/Storage 2
Catchbasin or Drainage Contral~ # singStorage 3
Cutfl v fng/Stosage
— | ) rkng/Storage
: : 5]
Cusrent Fille Status 12 | Plagground 2 |
13| Driveways 1 2.57 [F] Endered
14 | Driveways 2
15 | Driveways 3
S 16| Sidewolks/Walks 1
Residential Asea: 100.00 Acves 17| Sidewalks walks 2
Institutional Area: 0.00 Acres 18 | Strest Area 1 E.BO 5 Endered
Commercial Arsa: 0.00 Actes 19| Stieet Area 2
Industrial Area: 0.00 Acres | 20| Steet Area 3
. 21 |Lasge Landscaped Area 1
e e BEaSeed
Tutol Aveas:  100.00 Acves | 23| Undeveloped Area 180 Entered
24| Small Landscaped Area 1 56,50 Entered
25 | Small Landscaped Asen 2 23.30 Endered
26| Small Landscaped Area 3
27 |lsolsted Area
Program
i 28 | Dther Pervious Area
28 | Other Dir Crctd lmp Area
Press F1 fos H
i o 30| Dthes Part Cretd Imp
The following form is used to describe the units:
ki uii i ull
Land Use: Residential Select Seepage Aate Dutlet/Dizchaige
™ Sand - Bty fdd = |
" Loamy sand - 25 v
. Dutist/Dichaige Ophons
Biofier Mumbes 1 1: SI "”:‘;‘n:hn“"" 1, Shsg Ciested Wes
x 2R i Cresdod Wen
Device Geomety r‘: :mﬂnmﬂ.'Enﬂv 3 Vel Stand P
1. Top Asea 2] I [=0] ™ Cliloam- 01 infiv 4 Evaporation
2 B A {s0) Iisa - Sty elay loam - 005 indhe 5, Rom Banal/Ciglern
3. Depth (it) " Sandy clay - 0.05 it —

" I 1.00 ™ Gy clap - 004 b Edit Egisting Dutbet
[T 4 Rock Filled? " Clay - 002k toched Dutl
Frachion aof Total Volums I 1.00 ™ Ran BamelCigter - 000 rte 5 o
ae Voide [0 - 1] - 1 - Hrosd Crested Wer

: Uze Random Numbes
5. Seepage Rate fin/hi) B5 [ Gesstion fa Aot for
Saapags Rate TOV 10 Uncertainty in Infillyation Fate

Mulipher (0-1) Gottom: | 1 gg  Control Devices in

Seepage Rale  Side: | ] 6. Humber of Bialilration
1.00 i 197 Inflow Hpdrograph W
Souce Area or Land Use to Average Flow Ratio

Select Sowce Areaz from Land LUlse that Contribule
Runaodl to Bioliltiation Control Device(s]

Hbﬂlnpi I Uapovied Pikng/Slornge 2
Aoaltop # T Plapground 1

Hooltop A I PMapgraund &

illl-l.‘hl[l 4 W nlw 1

Haoaltop & I© Diveways 7

I Diveways 3

T Sidewalks,Walks |

I T Sidewalks/wWilks 2
Unpaved PrkmgMlorage 1 r- Shest Area 1

T Sheet Atga 2

i L e i

Fraction of Runoff From
Selocted Source Aisas Routed | 1
to Land Uze Biofilters (0 - 1]

I Stoeel Ajea 3 E*"

I~ Lage Landscoped Area _.]
I© Latge Landecaped Area 2

I Undeveloped Area Continue
[~ Small Landscaped Area 1 41
7 Small Landscaped Area 2

I Smalll antdecaped Area 3 Cancel

T Othes Pervious Area

r Otk B Crcid ||'.||h:r'.l

I~ Other Part Coctid Imp Ares
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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 £t of roof, plus driveway runoff. 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. The seepage variation should only be used for the long-term evaluation having many events,
not when the source.ran file is used. The added variation would be confusing when comparing separate rain
conditions.

This screen 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. This form requires that the same portions of each source area be directed to the
land use biofiltration device. If this is not the case (such as if all the roofs, but only half of the driveways are to go
the biofilter), the best way to consider this situation would be to divide the source area into components, where one
would be completely directed to the biofilter, while the other component would not. The similar “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.

In all cases, the biofiltration devices must have an outlet. In this case, the required outlet is a broad-crested weir (the
most likely option for a rain garden):
Bl e ey e T R L R

Land Usze: Residential
Source Areac

Biofiltration Device Mumber 1 Cutlet Mumbes 1
1. Weir Crest Length (ft) 22

2. Weir Crest Width [ft) 3

3. Height from datum to boltom 07s

of wen openeng [Ft]
4. Check o uze Defaull Wen Coellicients W

Cancel Continue Delete:

Many biofilters, especially in commercial parking lot islands, may also have a vertical standpipe, where the
overflow into the standpipe is directed to a drainage system. In this case, a broad-crested weir is also necessary to
consider flows that are greater than the infiltration, plus standpipe capacity.

The ratio of the peak to average flows for the hydrographs for each event is suggested to be 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 than 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 then occurs with relatively low flows, while the very high flows occurring during the short periods can
usually be stored in the storage “pond” built as part of the biofiltration device. The following are several plots
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representing different ratios of peak to average flows. In all cases, the same runoff volume calculated for the
contributing area is used, but the flow rates are distributed according to the hydrograph shape.

-

Time [1.2 = Rainfall Duration) Vime: {12 * Radnfall Dusation) Time (1.2 * Rainfall Dusation]
Ratio =2.0 Ratio=3.8 Ratio =10

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 source areas 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 can be used to calculate the effects of beneficial uses of the runoff water (such as for toilet flushing,
irrigation, or other safe use).

R

I T CEETi il 1
i b RarEEt e Y R T o e i e

Land Usze: Rezidential
Soaumce Amea: Rools 1

Bindilvation Device Number 1 Oustbet Mumbe: 1
1. Weir Crest Length (i) 22
2 Wear Crest Width (i) 0.5

3. Height from datum to boltom 0.75
of weir opening (1] o7

4. Check to uze Default Weir Cosflicients  [»

-

Capcel Continue | Delete

Wet Detention Ponds

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, infiltration, 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 multiple-triangular hydrograph, as described above for biofiltration devices. 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.

An outfall wet detention pond is selected using the “land use\outfall\wet detention” dropdown menu:
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% Trestbions wiee| e
; : R
8L Commercial :r Source Area [acies) 1 L] P-'Aru S
F Tredustrisl 1_|Roofs 1 203 E:"""m
Open Spade 2 |Rools 2
Cur  Fresways 3 |Aoofs 3
5 4 | Foofs 4
Land Lise Biofikration v 5 |Rooks 5
Dok B |Paved Parking/Stosaga 1
2 Fousrtities 3| payed Packing/Stosage 2
Catchbosn or Dranage Contrel & %i““?mbrmz
L Bication P
= Inflration... otage
CotFegione | [
| Cther Control... 257 Enteved
14 | Dieveways £
1 Drveways 3
Land Use Areas 5| P
Residential Aea: 100,00 Actes SidemalksWalks 2
Institutional Area: 0.00 Acres Shioel Area 1 .80 Entesed
Commeicial Asea 0.00 Acres |19 | Stieet Avea 2
Industrial Aseac 0.00 Acres _ﬂ_ﬁm::;la —
Open Space Assa: 0.00 Actes |1 | Lorge caped Aea
Fieeway Area: 000 Acres | —tt| Latge Landscaped Area &

TotolAma: 10000 Acies  |—23— Undeveloped Asca 1.80 Entered
|24 | Small Landzcaped Area 1 5650 Entered
|25 _|Small Landscaped Area 2 2330 Enizsed
26| Small Landscaped Area 3

Exit Progras 27| lzolated Area
|__2B | Other Pervious Auea
Prezs | 23 | Dther Dir Cnctd Imp Area
A 30| Other Part Cnctd Imp

The following screen is then used to describe the pond:

Eﬁ .-.r! !j* =r! !‘5:“'51!-55»,!:'5!3' hﬂ_ ;

Dutfall Control

Total Area: 100 acies
Pond Mumber 1

Select J Paiticle Size Distribution File:

APROGRAM
LES\WNSLAMMAME DIUM.CPZ

Initial Stage Elevation [ft)

Peak to Average Flow Ralio | 3.8

Edit Stage Area Data

Save thiz Pond az a
WinDETPOMD File

Selected Dullets [Max. 5]
Double Click to Edit or Delete

Add Dutlet |
Cluitlest Cipsliceris
£ Sharp Crestod Wen
2.V - Notch Weu
-3 Orifice
" A Spepage Bann
5 Hataral Seepage
™. 6. Evaporation
T Dther Dot how
8 Pumped Dutlet
I_E € 9 Bioad Cresled Wen
10, Veitical Stand Pipe
| | Edit Existing Outlet

1 - ¥ Noleh Weir

Conlinue Delete Pond

Time {1.2 * Raintall Duration)

2 - Broad Crested Weir
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First, the particle size file is selected:

File N ame: Directories:

[_1 Control Demo Files
MURF.CPZ (] Standard Land Use Files
STRETDRT.CPZ 1wl standard land uge file:
File Type: Driive:
[Crit Part files .CPZ) =] |De =
oK Exit |

Then the pond shape is entered:

Dafal

Row 7 {42

Inget befoee
e e [ imetiow |

Diedete row rambar: [ Delets Flow |

Concel | Cogtine | Use Shit plus the amow keys 1o
mive thiough the god

And lastly, the water quality outlet control:

105 |

Dutfall

Pond Number 1 Outlet Humber 1
Weir Angla 1. Height from bottom of weir  [§
1. 22.5 degiees L openang [rowsit) bo tha &
2. 30 degrees of the we [it]) i
@ 3. 45 degrees 2. Height from datum to bottom  [§
4. 60 degees of weir opening (ft]
5. 90 degrees
B 120 degrees

and an emergency spillway are described:
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rg L pet e ey,

Dutiall

Pond Number 1 Dutket Humber 2
1. ‘Weir Crest Length [it] 30

2. ‘Weir Crest Width (i) [z

3. Dischaige Coeificient [Englizsh |
Unitz] /

« Delaull Dizcharge Coafficients

4. Height ol Weir Dpening [It) [1
5. Height liom Datum to Bottom
ol Weir Opening (1] |8
Cancel Continue Delete
Pollutant Selections

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 (particulate

solids) conditions for all cases. Additional parameters can be selected (or de-selected) by clicking on each available
box. The dissolved and 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.
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Particulate Dissolved Total

Solids
Phosphorus
Hitrates
TEN

CoD

11T "1+

Fecal Coliform Bacternia
Chromium

Copper

Lead

Zinc

171+

Ammonia [mg/L)
Other 2
Other 3
Other 4
Other 5
DOther B

-

TR R

The pollutants listed above are in the file

C:APROGRA-TAWINSLAMMAPOLL.PPD
Select a pollutant to evaluate it.

Continue |

The file can be saved at any time by selecting the “file\save”, or “file\save as” dropdown menu options.

Program Calculation and Output

WinSLAMM evaluates the file after selecting the “run\Windows Calculation Module” dropdown menu, as shown

below.
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D o s A0 aEg
Fie LandUse Pobtants Options L1 Ukities Help
'

D05 Parameter Modue s Arsa
SLAMM Data File: Run Estch Editor. ., [acies)

Purln world DAT

Current Land Use: Residential

Source
Area | lylplo|s|e| Awa
Parameters
Aools 1 9.03 Entered
Roofs 2
Roofs 3
Aools 4
Roolz 5
Paved Parking/Storage 1
Paved Paiking/Storage 2
Paved Paking/Storage 3
Current File Data... ‘ 9 |Unpaved Prkng/Storage
1 Unpaved Prkngt/Storage
11_| Playground 1 257 Entered
Cussent File Status | 12| Playground 2
13| Driveways 1
14 | Driveways 2
15 | Driveways 3
L Uy i 16| Sidewalks Walks 1
Residential Area: 100,00 Acies 17 | Sidewalkz W alks 2

Sowrce Aren: Small Landscaped
Area 2

A T e (Pt | =

Institutional Area: 000 Acies |18 | Stieet Areal E. 80 Entered
Commercial Area: 0.00 Acies 19 | Stieel Area 2
Industrial Area: 0.00 Acres g i:ﬂt Area 3 A1
Dpen Space Area: 0.00 Acres ge Landscaped Area
Freeway Anga: D00 Acier |—22|Lorge Landscaped Area 2
T otal Arsa: 100.00 Acres 23 | Undeveloped Area 1.80 Entered
24 | Small Landzcaped Avea 1 5650 Entered
2% | Small Landzcaped Area 2 | 2330 | Entered
26 | Small Landscaped Area 3
Exit Program 27 | Izolated Area
,ﬂ—‘ 28 | Other Pervious Area
29 | Othes Dw Crctd Imp Area
Presz F1 for H —td
eip 30 | Other Part Coctd Imp

Select the “Save File and Execute” option. The model has finished execution when the progress bar is filled:

. _
Bt D Mgl
E

[N NN E NN RN DN ERNENEND

Upon completion, the output is summarized in a series of user selectable tables for output options 1 through 4. The
opening screen displays a summary of the runoff volume, suspended solids concentrations and suspended solids
yields before the drainage system (before grass swales, or other drainage system features and catchbasins affect the
discharges), after the drainage system (so the effects of the drainage system can be directly examined), and after any
outfall controls reflecting the calculated discharged amounts (allowing the effects of any outfall controls, such as wet
detention ponds, to be directly examined).
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Fils Nt mmu

Part. Soids Paticulats
0 Corcerdration Sk Yield
i gL )

TotalBoloo Dumage System. [T 500008 [ @7 [ 9@ Hebop s
Totsl dfies Dianage System. [ 603045 | =: [ o
Tt Ao OisiCokc | gamde | @16 | 198

Selecting the tabs across the top displays detailed information for runoff volume, particulate solids, and the
pollutants.

Partculste Solids 1 Poltarts 1 Dutpat Summary
T Sowne Asms Runcll Vohess Conbibution |
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03/ 0 0 [ 127 0 a o 127 i (0] %49
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10417 P [ [ T L ) o TF] 194 724
1953 300 0 0 EAEE eEE PR W men 05 M fuk
L 400 1005 [ THM METR URST e 0 P T30
Rar | Fosle]  Devessiys | Soesl  Undewslops Sl Lardd Riv Totd  Caleulsbed
Totsl 1 Anal d Liss Lotaes (¥}
Ares dupa 1 Apea? | Tolsds nl
Surremary bor i Everts | | ] )
Misreu am i [ [ o a o [ 000 [iTi] HiA
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|msager 13 a3 [ 1904 SATET MBI 120 TF] (] &
Torsd I 1856100 0 BT W2 BRI ITTS 130 ] s
Tokal fuea, vith Diainage and Dutlal Controh - Flurof Yokume fou, )
St Flan Telal Totsd Toiad R Told  Coludsed  Pesh  Fushwey | Dot Basn PreDew
Dase Toesl Betoae At Altes Lowes CH* | Flsduction  Rahie Ou Seut  Fueal
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The above sheet shows the runoff volume contributions from each source area for each rain. This rain file
(source.ran) is a special rain file that only contains 12 events ranging in depth from 0.01 to 4 inches, and spaced
about a month apart. This allows direct evaluations of the effectiveness of source area, drainage system, and outfall
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controls. In this example, the biofiltration device (a rain garden collecting the roof runoff plus the excess runoff from
the driveways not infiltrated by the porous pavement) completely infiltrates all runoff from the driveways for all
rains and all runoff from the roofs for all but the largest rain. This example shows likely over-sized controls, but this
does illustrate how this information can be evaluated. The following screen (scrolled down from the prior screen)
summarizes the drainage system and outfall controls for this site:

Fie Wiew

Tea 1865, 106 U6 S 1T
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M i om L} a e} 1] o o 1] oo om A
M gy 400 VR L) e TI4 L4ETE RSTT AL LE 247 Ei
S aga: 1% an a HETS 1304 5457 24643 126000 2 k] B54
Todal ThEE LI a 33T fra1: e 5T 20T 1 3HEE 11,85
Tkl Aras, wath Diareges aref Ouall Confels - Furel Wolares [ou )
A Pl Tokal Total Tolal Rv Totd | Coloulsled Pask Fistang Dt Bwn PreDo,
[Dale Torad Eloie Bl e Lanes (= Aladiinn Aoy Dol Shuei Fusedl
fraches| [usnsge  Drsnage il nl Faxchics Pl @ Viokarse i)
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wmosm 190 e HE ;% am LB ns L L3
LR ey 200 13371 TIG3 T ot L.H B 133 (=3
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1240559 40 SEAELT 46D &g oxn Py BAS 046 in
Corrmary for Al Everse  Moter NRCS does rod recomnmend usieg CM methad for e < 05 in See PreDevelopement Aseas ared CN' Help kut moes rlo
Pl Total Total Tetal Riv Tetsl Paak Fralirs
Toksd Bslore Ahes Ahe Losaen =8 Aeduchions Rato Fiunct!
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g
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[

In this table, the drainage system control (grass swales) are able to completely infiltrate the runoff for all events up
to about the one inch rain. The outfall wet detention pond obviously has no effect on runoff volume (no pond
evaporation or seepage was included in this evaluation). The following is the table for particulate solids and
illustrates how the drainage system and outfall controls significantly reduce these discharges for each rain event.
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The wet pond is more than 90% effective, for even the largest rains. This is due to the large amount of runoff that
was infiltrated before the pond. This example illustrates how these different controls can be evaluated and how they
interact for different sized events. Source area controls can be easily evaluated by conducting special model runs
having parallel source areas, one with the control (such as street cleaning, or disconnected drainage) and the other
without the control, and directly comparing the results using the source.ran file and output option 1.

After the initial evaluations are conducted using this simple rain file and output option, it is reccommended that long-
term continuous simulations be used to compare alternative stormwater control programs. In this example, the
Edison.ran file (Edison, New Jersey) was used for a period from June 1968 to December 1999, a period of about
31.6 years. This period had 2,751 rains up to 9.8 inches in depth, and with a median rain of 0.26 inches. The rain file
can be viewed using the “utilities\parameter files\rainfall files” dropdown menu, and then selecting the rain file from
the program directory:
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(TR o

SLAMM Data File:

world with long term ram

ile. DAT

Cumrent Land Uze: Rezsidential

Cunent Source Area

Cunrent File Data... |
Cunent File Status |
Land Use Areas
Residential Area: 100.00 Acres
Inztitutional 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
T otal Area: 100,00 Acres
Exit Program

Roofs 5

Paved Parking/Storage 1

Paved Paiking/Storage 2
Paved Paiking/Storage 3

Unpaved Prkng/Storage

Unpaved Pikng/Storage

Playground 1
Playground 2

Divewaps: 1

Driveways 2

Diiveways 3

Sidewalk =z "wWalkz 1

Sidewalk s/ alks 2

Street Area 1

Street Area 2

Street Area 3 _
Large Landscaped Area 1

Large Landscaped Area 2

Undeveloped Atea

Small Landscaped Area 1

Small Landzcaped Area 2

Small Landscaped Area 3
lzolaled Area

Other Pervious Arca |
Other Dir Coctd lmp Area |

Dither Pait Cnctd Imp

Critical Particle Size Files
Street Debvery Filas
Funcff Cosfficient Files

Partaculate Solids Concentration Files
Particulate Residus Reduction Files

2.57 P

S8
g8

W

Source

Paramelers

E ntered

Entered

Entered

Entered
Enterad
Entered

Look i | 3 WinSLAMM

My Recent
Documents

[raskbop
My Dmtm

39

My Computer

My Netwerk
Plagas

{2 Control Demo Fies

x| «BcE-

=l eozsaaa.ran

(()standard Land Use Files | BUFG792.RAN

(W standard land use files | BURLINGT.RAN = MADSSZES RAN
ALBY4B95.RAN DALBA93.RAN = MIAMS292. RAN

= ATL4899.RAN DENYEZS0.RAN ] MIL WS ZES. RAN
ATLATIZ.RAN DLT1375.RAN = MINNS289.RAN
ALSTS292.RAN DLT198%.RAN = MKE 1968, RAN
BHAM76.RAN MKE 1969 RAN

= BHAMaETE. RAN =l cB1oso.raN MONROEDS FAN

= BHamsz7S RAN = cengez ran o MONTRELLRAN

BHAMSZE89, AN = HanovER RAN = mPs 1959 AN

BHAMBET95.RAN = manteven. RAN MPSE964.RAN

=] BHAMFLOD. RAN = Lavmant ran MSN 1968, RAN

= BHAMSRCE RAN = Lr0.ran MSN1981.RAN

BLAINE.RAN |=h e RN MSNTEST.RAN

File: name: [EDISON RaN | Open |

Files of type: | Rain Hes [ RAM) -] Cancel
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Fian File: Name: F\P‘HUEFHH FILES\WINSLAMMMNEDISON RAN

Fan | Julian Stating
Humbes Date

058

1283
1367
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2162
2208
2454
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225

:Emmﬂmmnmmd

=3 ____oozo | ormaswen. anon ooaano
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Date | Time
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| GENESE 1600
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| mErzeE 1500
| mezaE 020D
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DE/23%8 000
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Endng Ending Fanial  [uration Interaiy  Inberevend | =
[hate Tie  Depthfn] [s] | (] | Time fdege) |
AR 1500 [T T a8g2 [ |
BN 0600 295 400 02 25
515/E8 2200 010 200 005 075 |
05/16/58 1800 0 200 005 09 |
DENeRE  OR00 01 BO00 008 188 |
OB/ 0000 0o? 300 002 482 |
O6/2468 1700 010 200 005 0.38 |
(5/25/68 0400 Q2 200 010 23 |
05/28E8 000 Q15 1200 oM 03 |
O6/28/E8 1100 05 200 012 | 379 |
07028 0700 005 100 005 050 |
CiCa 01z Lo D0 LT ol

This screen shows the individual rains plotted by time and a scroll window displays the characteristics of the

individual rains.

For the “one line per event output option” the “utilities\view file\use notepad” dropdown menu can be used to select

the output file for viewing, as shown below:
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SLAMM DataFile: Wy use vew woow... || |*]"[°|°|® e orameters
oy wib long o 138 | 1 [Roote ) I Entored
2 |Roofs2 ]

Cusrent Land U ze: Residential 3 |Roofs 3
4 |Roofz 4
5 |Rools5
Source Area: Street Area 1 = Paved Paki e
7__|Paved Parking/Storage 2
8 | Paved Parking/Storage 3
Cusrent File Dala... [ 9 | Unpaved Prkng/Storage
10 |Unpaved Prkng/Storage
11_| Playground 1
Current File Status | 12_| Playground 2
13 | Driveways 1 2.57 P Entered
14 | Driveways 2
15 | Dri 3
Lo Uzo fvozs 16 |5 id:wml:walu 1
Residential Area: 100.00 Acres 17 | Sidewalks/Walks 2
Institutional Area: 0.00 Acres 18_|Sueet Area 1 . 680 ~ [§]  Entered
Commercial Area: 0.00 Acres 19| Street Area 2
Industrial Area: 0.00 Acres |20 | Street Area 3
Dpen Space Area: 0.00 Acres 21_|Laige Landscaped Area 1
Fiseway Asaa: 0.00 Acres 22 |Large Landscaped Area 2
Totol Avea: 100,00 Acres | 23| Undeveloped Area 180 Entered
24 | Small Landscaped Area 1 56.50 Entered
25 | Small Landzcaped Area 2 23.30 Entered
26 | Small Landscaped Area 3
P 27 _|Isolated Area
EFowes | .
29 | Other Dir Coctd Imp Area
Frass 1 for Helo 30 | Other Part cmtd'r:p

Desklop
\.I >
My Documents

My Commpatet

Look it | (3 WinSLAMM -] «@Ect B

L [ Contred Demo Files
Iy standard Land Use Fies
MyRecent "W standard land use files

Documents g NS ———r—
=] test of 2ug 2 2002,0UT

My Network  File name:
Flaces
Flesoftype:  |Oulput Files [OUT) =

[ et workd with long term rain fle.OUT =]

|ﬂ|:m|
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The following is a partial screen dump of this output file. There are 15 columns of data generated, and, as the name
implies, each line represents an individual event. When scrolled to the bottom, column statistics are given, as shown
below.

Event Rain STArt  RAln STACT Julvan Ratn Rain Runat? RAaTn Rura?r Rosub v B
Humber SLAFE STAFC  STAFT Dace Ouration  Interevent puracion pepth volume =1
pate Time & Time (hrs)  Pericd(days) Chrs] £in) (e}
1 06,/03 /68 1400 5,998, 58 1,00 8,62 1.10 @.08 o 0,00
: 06/12/68 0500 5,007,215 24.00 2.58 28.80 2,98 196,640 0.18
] 06/15 /58 0:00 %, 000,83 2.00 0.7% .40 0,10 0.00
4 06/16/68 16:00 ,081,67 2.00 0.3 .40 0,10 0.00
5 06/17 /68 16500 &,002.67 2,00 1.88 2,60 0,61 7,189 0,04
H 06/13,/68 1:00 6, 004,85 3.00 s 2.60 0.07 0.00
7 D6/ T4,/68 15:00 5,019,632 2.00 0.38 7,40 0.10 o 0.00
8 06/75 /68 02500 6,020.08 2,00 2.37 .40 0,20 o 0,00
3 DE/27 58 12100 6,022.54 12.00 0.33 14,40 0,18 o 0.00
10 Di/TE 68 03100 6,023, 38 2.00 3.73 .40 Q.28 o 0,00
11 07 /02768 06100 §,027.25 1.00 B.50 1.20 Q.08 o 0,00
12 a7 702 /68 15100 §,027.7% 5,00 16.79 3.60 0.17 o 0,00
13 07/15,/¢8 22100 ,044,92 1.00 4,58 1.20 0.1 o 0.00
14 a7 468 13100 6,049, 54 7.00 B.04 .40 0.5a 1,590 0.01
18 GBOL S 21:00 6,057 88 5.00 6.79 4.60 a.40 2,617 001
1L QLS00 ooz0d &, 059, 00 .00 4.1 7.0 a.5% £, 100 o.63
17 QBLO7 L6 11109 6,083, 48 2.00 3. .40 0.3 49, ror 0.1¢
18 ABL1E S0 11:00 107254 1.00 6.33 1.20 Q.08 a .00
1% ABLLE %0 22100 T 1.00 0. 4% .40 0,08 a .00
0 QBLLTFEN 12:00 6, 073,50 2,00 1.31 .40 Q.90 4,171 0.1%
i1 081850 100 6,074, TR 1.00 14.7% 1,10 Q.08 o LR
i QR0 S50 15:00 5,089,632 1,00 7.58 1.20 .05 79,950 0,21
3 0305568 0600 5,092, 25 2,00 4,00 10,80 0.31 0,00
i+ 03/10,/68 15:00 6,037, 62 13.00 15.67 15,60 0,98 iF, 368 0,04
5 005/ 0500 6,122,823 12.00 17.50 14,40 0,88 2,043 0,03
% 10/24,/68 I0:00 6,141,832 11.00 3.46 12.20 0.38 o 0,00
17 10,/28,/58 18:00 6,145, 75 2.00 E.50 .40 0,04 0 0,00
8 11,504,768 08:00 6,152,373 2.00 2.58 .40 Q.04 o 0.00
3 11,07 768 00: 00 %, 155,00 20,00 1.58 36,00 1.27 o 0.00
0 11,/05/68 20:00 &,157,83 15,00 1.50 18,00 0,932 4,021 0,04
1 11718768 22:00 ,159,9¢ 23.00 4,25 27.60 1.75 46,150 0.07
12 1117768 04100 6, 165,17 2.00 0.79 .40 0.04 o 0.00
33 1118768 01500 6, 166,04 23.00 5,88 27.40 0,88 o 0,00
14 1174768 21500 6,172.88 7.00 3.42 .40 0.28 0 0,00
3 1128568 14100 6, 176,58 3.00 D.2% 3,60 Q.08 o 0,00
1% 1128768 23100 6, 176,96 7.00 2.6 #.40 0.18 a 0,00
37 13700768 21100 6,173, 88 B.00 1.79 5,60 0.35 o 0,00
T3 1270468 o0z 00 6, 182,00 17.00 5,38 20,40 1.70 58,575 0,03
1% 11714768 02100 6,137, 08 33.00 ENT 19,460 0,63 a .00
a0 1E22008 17100 200,71 14.00 4,04 16,80 0.8 a 0,00
a1 L R Ll &, 20003 i1 o. 08 B.48 0.1z a o.08
4z 1228588 12100 6, 206,50 11.00 3.8 13.20 0.10 a 0,00
43 12730560 1%:00 &,209,7% 5,00 £.7% 10,80 a,10 a 0,00
a4 G106 60 23500 G 2if. 92 11.00 11.04 1.3 0.1F o 0.00
45 118569 1000 6 237,43 7,00 4,39 8,40 0.04 a 0,00
% QL3060 [TH ] 238,00 .00 1.13 7o10 2,40 [ 0,00
&7 LAT4E 02100 &,232.78 2.00 4,71 .40 0,07 a 0,00
i Q1/T69 04:00 6, 238,17 13.00 0.33 1% .60 0,08 o 0,00
43 Q130468 01300 Gy i 38,04 £0.00 1.il 24,00 .42 0 0,00
50 D2SOLET 02:00 241,08 10.00 1.54 17.00 0,11 o 0,00
51 02,/03469 01:00 6, 343,04 1%.00 §.32 27.80 0.31 o 0,00
£z 0210469 04300 §,250.17 1.00 13.2% 1.20 1.08 20,116 0.21
53 0223769 11:00 6 26T 46 20.00 5.75 24,00 0,80 0.00
T4 020276 01:00 6,270, 04 £.00 0.37 7.20 0,10 o 0.00
55 02,/02 /69 165040 ,270.67 13,00 4,25 15,60 0.20 o .00
tE 02,407 769 11:00 T 1.00 12.50 1.20 0.31 5,483 0.08 [
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E.711 QES1TSPY 185090 17, 134,75 .00 .21 .40 Q.04 a o.00 D
1,752 o ® a1:00 a7,738,04 7.0 0.81 [ .18 a 0.00
1,713 QE/TIS00 04:00 a7, 738,17 1.0 £.75 1.2 0. 06 o 000
I,714 QE/TASBD 1300 A7, 745,96 0. %8 0.54 1.18 0.0 471 001
2,715 0E/TS50 12:00 A7, 146,54 1.07 13.25 1.k 0.04 a o.00
1,716 07 A1/ 88 T0:00 17,358.83 1.%8 EN i.38 0.0 [ .00
1,747 OF ST B0 14500 A7, TER. 58 .98 17.88 1.58 0.75 16, 46 0.13
T, 718 BF05 /58 14500 17, 787,58 0. 58 .67 1.18 0. 30 5, 005 0.05
1,718 OB/TE/ 59 0700 A7, 386,19 €08 1.4z r.2 0. 20 [} 0.00
T, 720 OB/05/58 1200 17, 387,96 5,98 4.50 7.18 1,85 144,081 oL
1,721 0B/14,55% 17500 A7, 352,71 8,98 5.38 10,78 0,30 a 0. 00
B, 22 O8/20,/58 11z 00 A7, 258,46 11,98 5.38 26.38 .58 150,115 0.1&
1,723 O8/TES38 18:00 A7, 404,75 5.00 5.75 10,80 0.8 1F, 485 0,05
1,724 908,759 2100 47, 414,88 5,00 1.21 .00 0.1% [} o.08
3,725 Q9707 /5% 070 A7, 416,29 1.0 0.28 1.22 0.0% o o.00
EW T Q30758 15200 17,416, 62 2.00 0.83 140 0.4 [ 0.00
1,707 [Eh ] 1% 47,487,854 £.0 0. 83 6.0 0.3 [l .08
3,728 QEF05 55 14200 A7, 41858 1,98 4.78 4,38 1.05 [ 0.08
1,718 O3F15 /58 oFi0 A7, 424,29 N 1.50 a4.42 B.E7 1,341,716 038
3,730 QI L0 B0 08z 00 47,428.13 T 071 £.98 .10 [} 0.00
2,781 QISR IS Oz 00 17,430.28 .00 o.6r .60 0,18 a o.00
3,712 OBF22./ 80 s :o0 ar,a31, 21 i.%8 roar .38 0.4% a 0.00
3,713 QRS0 B a4z 00 47,439,217 L0z 4. Y82 0. &4 44, 248 o.18
2,704 100459 oFzpd A7, A4F. 2% .07 o.1F T4 Q.17 11,61 o.0%
715 1040458 17:00 17,443, 71 .90 Fo00 1198 0.7 170 o.01
P06 1010098 0300 A7, 4402 12.00 1.3 14,40 Q. &0 a o.00
&,70r 10710790 300 A7, 45208 1.88 1.7 .78 a.11 a o.00
1,710 10417080 19200 17,456, 79 10,02 1.08 .02 Q.44 [ 000
2,719 10419799 07iga 47,450,213 2.0 0.8 .42 2,07 a 0,00
1,740 103080 QEE00 17,459, 15 7.00 I.i9 B.40 .40 a 0.00
T,741 L0/ 80 000 A7, 481,83 &.90 10.37 a.18 Q.42 a o.00
(AT 1170298 11:00 A7, 4TE. 46 7,50 1. 88 11.98 1.47 59,008 0.11
1,743 11718599 18500 A7, 485,75 5.00 3.7% 5,00 0,15 [ 0.00
744 11723098 17500 17,437.71 1.58 1.1k i.18 0.0 [} 0.00
1,745 L1 2498 2100 A7, 454,82 17,02 06T 0.4 0,47 o o.00
1,746 117267538 07 00 L7496, 2% 4.0 Eal7 28,82 1.0% a 000
T, 747 12/03,/99 11500 a7, 500, 46 0,58 1.75 1.18 0,06 a 0.00
I, 748 L3 /TES58 0500 47,506,215 18,00 3.50 21.60 0.57 o 0,00
7,749 A1E/1059% 1z:00 17, 580,50 €.00 3.54 7.0 0.35 [ .00
3,750 12414098 07:00 47,504, 2% 1.0% 0. 56 1.2 0.55 27,135 014
2,751 12715058 0700 17,585, 2% 1.0 €. 00 1.k2 0. 50 £, 961 0.0
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Normally, the “equivalent annual total” discharges are used for comparison. These are the summed values from each
column divided by the total time period.

Case Study for Source Area Controls in the Birmingham, AL, Area

Tables 1-4 and 1-5 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. 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.
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Table 1-4. Summary of Runoff and Suspended Solids Control for Different Rain Depths

Rain depth Rv with no Rv with % runoff Suspended Suspended % suspended
(inches) controls and all | biofiltration volume solids with no solids with solids
pavement and controls and with reductions controls and all biofiltration reductions
roofs are disconnected with controls pavement and controls and with | with controls
directly pavement and roofs are disconnected
connected roofs directly pavement and
connected roofs (Ibs/acre)
(Ibs/ac)
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 25 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).

Table 1-5 summarizes these results for several alternatives. The “as-built” condition is based on actual conditions in
the Birmingham, AL, 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 had amended soils in the swales and roof gardens to
increase the infiltration rates to about 0.5 in/hr (loamy soil conditions).

Table 1-5. Runoff and Suspended Solids Annual Discharges for Different Control Options

Flow-weighted Rv Suspended solids
discharges (Ib/aclyr)

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%

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.
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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.

Case Study for Biofiltration and Reuse Options for Birmingham Southern College Fraternity
Row Construction

The new “fraternity row” area at Birmingham Southern College offers several opportunities for stormwater
management, including the beneficial reuse of this water for later irrigation of landscaped areas. The following table
lists the approximate areas associated with each surface in the drainage area that includes the new buildings, and
parking area:

Drainage Area Surface
Characteristics

Acres % of Total
Roadways 0.24 6.6%
Parking 0.89 245
Walks 0.25 6.9
Roofs 0.58 16.0
Landscaping 1.67 46.0
Total: 3.63 100.0

The WinSLAMM analysis used local soil information from the Jefferson County Soil Survey, and the NOAA rain
data extracted from EarthInfo CDROMS. The 1976 rain year was used in this analysis, as that year has been shown
to be reasonably similar to long-term average rain conditions. The March 29, 1999 Site Grading and Drainage Plan,
prepared by Nimrod Long and Associates, landscaped architects for the project, was used for area and slope
measurements. The following discussion examines several options, specifically targeting roof runoff and parking
area runoff, the major sources of runoff from this area. In addition, the use of grass swales and porous walkways was
also examined to provide further runoff reductions.

1) Roof Runoff Storage and Rain Garden Areas
The runoff from the rooftops are estimated to contribute about 30% of the annual runoff volume for this drainage

area. Each building has about 4,000 ft of roof area. A recommended approach is to capture as much of the rainwater
as possible, using underground storage tanks. Any overflow from the storage tanks would then flow into rain
gardens to encourage infiltration, with any excess entering the conventional stormwater drainage system. The
storage tanks can be easily pumped into currently available irrigation tractors, which have 500 gal tanks. The total

roof runoff from the six buildings is expected to be slightly more than 100,000 ft> (750,000 gal) water per year. With
a cost of about $1.50 per 100 ft3, this would be valued at about $1,500 per year. It is expected that the storage tanks

would have a useful life of at least 20 years, with a resultant savings of at least $30,000. One source for plastic
underground water storage tanks (Chem-Tainer, New York; http://www.chemtainer.com/new/prices/dynamic-

prices.asp) lists their cost at about $1500 for 300 ft> units.

The efficiency of these storage units is based on their expected use. The following table lists the assumed average
water use, in gal per day, for the roof runoff for each house. This was calculated assuming pumped irrigation near
the buildings, with each house irrigating about 'z acre of turf. If the above mentioned tanker tractors were used so
water could be delivered to other locations on campus, the water use would be greater, and the efficiency of the
system would increase.
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Irrigation (inches Average use for
per month on turf)  ': acre (gal/day)

January 1 230
February 1 230
March 1.5 340
April 2 460
May 3 680
June 4 910
July 4 910
August 4 910
September 3 680
October 2 460
November 15 340
December 1 230
Total 28

The following table shows the estimated fraction of the annual roof runoff that would be used for this irrigation for
different storage tank volumes per building (again assuming pumped irrigation to Y4 acre per building):

Tankage Volume Fraction of Annual

per Building Roof Runoff used
(ﬂS) for Irrigation
1,000 56%

2,000 56

4,000 74

8,000 90

16,000 98

With this irrigation schedule, there is no significant difference between the utilization rates for 1,000 and 2,000 ft3 of
storage tankage per building. Again, with the tractor rigs, the utilization could be close to 100% for all tank sizes,
depending on the schedule for irrigation for other campus areas: larger tanks would only make the use of the water
more convenient and would provide greater reserves during periods of dry weather. Also, small tanks would

overflow more frequently during larger rains. For this reason, at least 1,000 £t of tankage (3 or 4 of the 300 3
tanks) per building is recommended for this installation.

Any overflow from the underground storage tanks should be directed to small bioretention areas in relatively flat

ground. Each bioretention area (“rain gardens’) should be about 100 to 200 ft% in area, and 2 to 4 separate units
should be provided for each of these building. The internet links at the end of this discussion have many diagrams
and photos of these facilities. Each roof runoff rain garden should be a depression about 1 ft deep, with a 6 inch
diameter standpipe about 9 inches above the bottom to capture the overflow and direct it to the storm drainage
system. The downslope edge of the rain gardens should be slightly lower in elevation than the other edges, to allow
overflow of the water towards surface channels. In order to enhance infiltration in the rain gardens, and to protect
groundwater, the soil should be excavated to a depth of at least 1-1/2 ft below the bottom of the rain garden. A 50/50
mixture of sand and peat moss should be placed in the excavation up to the bottom of the rain garden (Clark, et al.
1999; Pitt, et al. 1996 and 1999).

Many rain gardens are show cases for native plants that can tolerate wetter conditions. However, successful rain
gardens can also be constructed with simple turf covers.

2) Parking Area Bioretention Areas

There are two main areas available for treating the runoff from the parking area. The drainage from this area is split,
with about half being directed to each end. The water then enters an inlet where a pipe carries the water down the fill
slope. On the north end of the parking area, the pipe exits the bottom of the slope in a small depression at the bottom
of the hill, as shown in the following photograph. This area can be easily converted to a bioretention area, with
amended soils. This unit could be about 700 fi? at the top, tapering down to about 250 ft> ata depth of 3 ft. A
vertical pipe riser would extend up by about 2.5 ft from the planned inlet location. The soil should be further

https://web.archive.org/web/20100612232808fw_/http://rpitt.eng.ua.edu/Class/Computerapplications/Module4/Module4.htm 63/83



1/7/24, 5:.05 PM Beneficial uses of stormwater using SLAMM

excavated by another 1-1/2 to 2 ft and replaced with an amended soil mixture of 50/50 sand and peat moss (or
compost). In this location, a perforated drain pipe should be placed at the bottom of this replaced fill, connected to
the stormwater inlet.

The stormwater from the southern half of the parking lot drains towards an inlet near a new flat area behind the
parking area, above the fill slope, as shown in the following photograph. It is recommended that a biofiltration area
be constructed on this flat area to treat this parking area runoff. The surface area of this rain garden could be about

500 ft2, with a depth of about 3 ft and a bottom area of about 450 ft2. Again, the soil should be excavated to 1-1/2 to
2 ft and replaced with an amended soil. The excavated soil should be placed towards the uphill side to level the
current depression. A subsurface drain should be placed at the bottom of this fill and connected to the drainage
system. A 2-1/2 ft stand pipe would also direct any excess water to the drainage system. Water would enter this area
by a pipe connected to the current manhole containing the downslope pipe. This new pipe would be located below
this downslope pipe to preferentially direct water to the biofiltration area. Any excess water would cause a
backwater into the manhole, which would then enter the existing pipe directed down the slope.
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Originally, additional bioretention devices were considered for the islands in the parking areas. However because of
the existing curb lines, this was not considered practical, especially considering the other suitable bioretention areas
described above.

These two main bioretention areas for the parking area are expected to provide between 65 to 95% reductions in the
annual stormwater volume, depending on how successful the soil amendments can be incorporated in the fill
material.

3) Combinations of all Controls

The following tables summarize the annual stormwater runoff volume and suspended (particulate) solids reductions
expected for different stormwater control options on this site. Several grass swales will be used for on-site
stormwater conveyance that will provide additional treatment. The following tables also consider the use of porous
paver walkways. If these are not possible, then the walkways should be slightly sloped to direct the runoff away
from the paved areas and towards the grass swales, or the turf areas. The use of the underground storage tanks for
roof runoff irrigation use, plus rain gardens, should result in almost complete removal of this flow source. The
parking area bioretention areas should result in about 75% reductions compared to no controls, and porous pavers
(or re-directing their runoff to grass areas) should result in almost complete control from that source. The overall
runoff volume reduction for all of these controls is expected to be slightly greater than 80% for the annual series of
rains. These controls will also reduce larger peak flows during rarer design storms. With no controls, the annual
flows would be about 8 times larger than before site development. With these controls, the increased runoff volumes
would be reduced to about 1.4 times as large.

The suspended solids (SS) discharges are somewhat different. The roofs only produce a very small fraction of the
total site SS discharges, with most coming from the parking areas, landscaped areas, and the streets. The use of all
controls would lower the annual SS discharges to a value less than for predevelopment conditions. Without controls,
the SS discharges would be about 15% greater than prior to development. Unfortunately, construction site erosion is
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likely to produce a very large increase in SS discharges compared to conditions either before development, or after
the site is stabilized.

Birmingham Southern College Fraternity Row Stormwater Management Options

Runoff Volume (cubic feet per year)

Base condition
(natural soil,
Bodine,
Fullerton,
urban, "B")
with grass
swales

Developed
with no
controls

% contribution
for source
area

Grass swales
(half of site)
and porous
pavers for
walks

% contribution
for source
area

% reduction
compared to
no controls

Grass swales
(half of site)
and porous
pavers for
walks and roof
disconnections
% contribution
for source
area

% reduction
compared to
no controls

Grass swales
(half of site)
and porous
pavers for
walks and
bioretention
for roofs and
parking

% contribution
for source
area

% reduction
compared to
no controls

roofs

110583

29

110583

32

7371

93

89

100

parking

173859

46

173859

51

173859

73

44275

44

75

walks

37292

10

100

100

100

streets

35795

35795

10

35795

15

35795

35

Land-
scaped

46138

21226

21226

21226

21226

21

total before
drainage

46138

378747

100

341461

100

10

238243

100

37

101382

100

73

total after
drainage

46138

378747

100

257661

75

32

166359

70

56

65653

65

83
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33
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Base condition
(natural soil,
Bodine,
Fullerton, urban,
"B") with grass
swales

Developed with
no controls

% contribution
for source area

Grass swales
(half of site) and
porous pavers
for walks

% contribution
for source area
% reduction
compared to no
controls

Grass swales
(half of site) and
porous pavers
for walks and
roof
disconnections
% contribution
for source area
% reduction
compared to no
controls

Grass swales
(half of site) and
porous pavers
for walks and
bioretention for
roofs and
parking

% contribution
for source area
% reduction
compared to no
controls

roofs

parking

34 915
1 38
34 915
2 41
0 0
2 915
0 41
93 0
0 166
0 1
100 82

Beneficial uses of stormwater using SLAMM

Suspended Solids (Ibs/year)

Land-
walks streets scaped

1758

173 482 809
7 19 34

0 482 809

0 22 36
100 0 0
0 482 809

0 22 37
100 0 0
0 482 809

0 33 56
100 0 0

total before
drainage

1758

2386

100

2241
100

2208

100

1457

100

39

Selected Internet Links for Bioretention Facilities and Conservation Landscaping

The following are current internet links showing examples, design guidance, and general information on ways to
reduce stormwater problems through better site design and utilization of on-site resources. This is not a complete
list, as many locations throughout the world are very excited about these options and new resources are appearing

constantly.

“Low impact development,

99 ¢

smart growth,” etc. information

http://www.lid-stormwater.net/intro/background.htm

http://www.stormwatercenter.net/

http://www.dnr.state.md.us/smartgrowth/greenbuilding/wec.html

http://www.cwp.org/

total after
drainage

1758

1991

83

1368
61

31

1249

57

37

842

58

58
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Minneapolis/St Paul, MN, descriptions and design guidance
http://www.mninter.net/~stack/bassett/gardens.html
http://www.thegreenguide.org/gardening/rain.php
http://www.startribune.com/stories/418/715639.html
http://www.metrocouncil.org/environment/Watershed/bmp/CH3_STInfilOnLot.pdf

Grand Rapids and Detroit, MI, descriptions, photos, and design guidance
http://www.raingardens.org/
http://www.therouge.org/Pl/rain_gardens.htm

Virginia, photographs and plant selections, and design guidance
http:/state.vipnet.org/dof/rfb/riparian/rain_gardens.htm
http://www.co.fairfax.va.us/nvswcd/yyl-beyondyard.pdf

General article on rain gardens
http://www.consciouschoice.com/environs/raingardens1405.html

Wisconsin articles, brochures, and construction information for rain gardens
http://unisci.com/stories/20022/0425026.htm
http://www.jsonline.com/news/state/sep01/garden11091001a.asp
http://www.news.wisc.edu/view.html?get=7385
http://clean-water.uwex.edu/pubs/raingarden/
http://www.poynette.net/rowan/raingarden/
http://www.dnr.state.wi.us/org/water/wm/dsfim/shore/documents/raingarden.pdf

EPA article on Maryland rain gardens
http://www.epa.gov/OWOW/info/NewsNotes/issue42/urbrnf.html

Chicago area rain gardens
http://chicagowildernessmag.org/issues/spring2001/raingardens.html

Chesapeake Bay rain gardens, with many other links
http://www.watershedradio.org/march2002/032702raing.htm
http://www.lowimpactdevelopment.org/lid%20articles/sunspot_febl.pdf
http://www.porttowns.com/special/rain.html
http://www.anacostiaws.org/ecogarden.html

North Carolina new release on conservation landscaping
http://www?2.ncsu.edu/ncsu/univ_relations/news_services/press_releases/01_05/134.htm

Kansas, design and construction guidance
http://www.ci.lenexa.ks.us/cityhall/watershed/wherenottouse.html

WinSLAMM/SWMM Interface Program

Introduction. The purpose of the WinSLAMM-SWMM Interface Program (SSIP) is to allow the user to replace
SWMM'’s RUNOFF Block with WinSLAMM. This allows WinSLAMM to provide the runoff and pollutant loads
for input into the TRANSPORT or EXTRAN Blocks of SWMM, instead of using results from the RUNOFF Block.
Using WinSLAMM better accounts for small storm processes and adds greater flexibility in evaluating source area
flow and pollutant controls. The interface program manipulates the output from WinSLAMM so that it is acceptable
for SWMM. The principal manipulation is to convert the event volumes and loads into event hydrographs and
pollutographs.
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The version of the WinSLAMM-SWMM Interface Program presented here is Version 1. 1. This version has not
reached the full potential envisioned for the program. This is discussed later. It is assumed that the reader is familiar
with both WinSLAMM and SWMM and has the appropriate documentation.

SSIP Version 1.0. An early version of the WinSLAMM-SWMM Integration Program was developed to work with
SWMM Windows provided by the US Environmental Protection Agency (based on SWMM Version 4.3). This was
used to create SSIP Version 1.1, which is deigned for use with all SWMM 4 sub-versions.

SSIP Version 1.1. SSIP Version 1.1 takes hydrographs and pollutographs from WinSLAMM and partially prepares

input hydrographs for use in the SWMM EXTRAN Block and input hydrographs and pollutographs for the SWMM
TRANSPORT Block. At this time SSIP has only been tested in the preparation of hydrographs for SWMM, version
4.4 EXTRAN.

WINSLAMM currently has the option of producing source area hydrographs and pollutographs over continuous
periods. Each location is produced as a separate file. The format for these files is as follows:

o First Line = subcatchment number (defined in WinSLAMM)
e Second Line = labels for each column in “quotation marks”, separated by commas
o Third Line = Values separated by commas, no spaces (e.g., time,flow,pollutant,pollutant,)

o NOTE: The time increments used in each file must be identical (e.g., 1, 1.5, 2, ... must be the same for
each file).

These files are converted into files appropriate for SWMM. However, at this time, the user must manually
manipulate some of these converted files for actual use in SWMM. The WinSLAMM/SWMM Interface Program
Version 1.1 is Windows-based and is programmed in Visual Basic. A new version is currently being prepared that
will further minimize the needed user manipulation.

How SSIP Works.
1. SSIP goes through each WinSLAMM hydrograph/pollutograph file, one at a time, in the directory chosen by the
user. These files have the extension *.hyd.

2. SSIP then creates the files for SWMM (*.hp1, *.hp2, and*.hp3 for TRANSPORT and *.hp4 for EXTRAN).

3. Next, it reads the second hydrograph/pollutograph file and appends the information to the first files that were
created. This will be done for all files with the extension *.hyd. So it is important that only the files desired are
located in the directory.

4. When there are no more WinSLAMM files left, the user gets a message that the file conversions are completed.

Interface Program Instructions. The instructions below are illustrated with a series of files provided with the disk
that accompanies this report. These files are referred to throughout this section in order to illustrate the process for
executing SSIP and creating useable hydrograph files for SWMM EXTRAN. (Recall that this is the only application
of SSIP that has been tested to date.) All of the needed WinSLAMM and SSIE files are installed in a single directory
when the files are installed (from the attached disks having zipped filed).

1 . The user begins by opening the file “Interfacel.exe” provided on the disk. A series of dialog boxes will then
appear. Instructions for each dialog box appear with that box. The dialog boxes are discussed below:

o A start-up box. This box starts the program.

o A file location box (to identify where the WinSLAMM files are and where the SWMM files are to be
placed.) At this time, SSIP seems to work best if all file operations (including the execution of SIPP) are
carried out under the same directory. Set the WinSLAMM file locator to the directory to which you placed
the contents of the supplied disk (this is where the WinSLAMM files are located). For this application there
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are three files, associated with each of three locations for which WinSLAMM produced hydrographs and
pollutographs. These three locations will be input to SWMM. Set the SWMM file locator to the same
directory.

e A SWMM Block selection box (i.e. for which SWMM Block files are to be produced). The TRANSPORT
option has not been tested. Use only the EXTRAN option at this time. Select the EXTRAN option.

o A “process complete” box informing the user that the SWMM files have been created.

2. Once the processing is complete, as many as four files (*.hp 1, *.hp2, and *.hp3 for TRANSPORT and *.hp4 for
EXTRAN) will have been produced. These files need to be manually placed in a SWMM system input file produced
by the user. (The term “system input file” is meant to describe the file that describes the drainage system.) An
example system input file is included on the disk as “extrn001.run”. This file is associated with Example 1 in the
SWMM EXTRAN Block users manual (Roesner, ef al. 1988). Be sure it is on the directory you created on your hard
drive.

The SWMM system input file will need to be modified before SWMM can be executed. For the most part, this
requires the user to modify and then merge the file created by SSIP with the SWMM system input file. Open the file
named “usehp001.hp4” with any text editor. (The “001” indicates that this is the first time a file was created. If you
repeated this operation, a file called “usehp002.hp4” would be produced.) Then do the following:

e Remove the first line that simply says “3”.

¢ On the line labeled “K2”, replace the three alphanumeric labels (in quotes) with 82309, 80408, and 81009
(no quotes), respectively. These are the three locations in SWMM to which the WinSLAMM produced
flows are being directed (see Example 1 in the SWMM EXTRAN users manual).

¢ Resave this file.

Open the example SWMM system input file “extrn001.run” with any text editor. Then do the following:

¢ Optional: change the value 1440 to some other appropriate value. This is the number of time steps. The
number of time steps multiplied by the computational time step length (the value 20 to the right of the
number of time steps), in seconds, must be equal to or shorter than the time represented by the flow history
provided by WinSLAMM. In this case, the example WinSLAMM files covers 365 hours, or 1,314,000
seconds. The hydrograph time step is 2.5 minutes. (The computational time step and the flow time step do
not have to be the same.)

e Replace the lines labeled “K3” with the file “usehp001.hp4”. Be sure that the “SENDPROGRAM?” line is
the last line in the resulting file. The K3 lines in EXTRAN are the hydrographs to input to the sewer
system, with each line representing a different point in time.

e Resave this file.

3. Execute SWMM with the modified “extrn001.run” file. You can follow this process with any sub-version of
SWMM Version 4.

Limitations and Caveats. SSIP takes all the WinSLAMM files from the directory chosen by the user and converts
them. If there are WinSLAMM files (i.e., those with the extension *.HYD) in the directory chosen by the user that
are not to be included in the conversion, it is suggested that the user delete or move these files before running the
Interface Program.

SSIP does not run on Windows NT because of file permissions. It is designed to run under Windows 95 or Windows
98. SSIP may work under other operating systems, but these have not been tested or supported.

Future Versions. Work is continuing on making SSIP much more user friendly and efficient. In its present form, the
user is far too involved in file manipulation. Future versions will also transfer information through the more efficient
and automated interface mechanisms found in SWMM (see Section 2 of the SWMM user's manual, Huber, et al.
1988) rather than through the user-prepared system input files. Location matching will also be part of SSIP (as
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opposed to the manual matching done now). These changes will make the interface effort much more seamless for
the user.

Assignment

1) Estimate the water uses for your neighborhood area, school area, or some other area (such as your home town)
that you know reasonably well. Determine the amount of water consumed, used for washing and cooking, and for
other major water use categories (including outside uses, such as irrigation). Predict how these may change for
different seasons of the year. Present all references used for these estimates and show your calculations.

2) Use WinSLAMM to estimate the amount of stormwater runoff generated from this area, from the different major
categories of source areas.

3) How can stormwater be used to satisfy some of these water use needs? What type and size of storage facilities
could be used to effectively use this “wastewater?” What effect would this have on the annual stormwater
discharges from the area?
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Appendix A. Blank Site Characterization Data Sheets

WinSLAMM Site Characterization Data Sheets

1) Site description:

2) Rain file (*.ran) name:

3) Starting date for the model run (default is the earliest rain after 1952): default or:

4) Ending date for the model run (default is the last rain): default or:

5) Use winter season (removes rain events during this period and begins each spring with elevated street dirt loading
after snow melt): Yes/no, if yes: start of winter (mm/dd): and end of winter (mm/dd):

6) Pollutant probability file (*.ppd) name:

7) Seed for random pollutant generator seed (specific value or 0 for random seed; or <0 to disable Monte Carlo
routine to use mean pollutant strengths only) (default is -42): default or:

8) Runoff coefficient file (*.rsv) name:

9) Particulate solids concentration file (*.psc) name:

10) Particulate residue delivery file (*.prr) name (to account for deposition and later resuspension of particulates in
drainage system):
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11) Street delivery parameter file (*.std) name (to account for decreased energy availability during small rains
affecting street washoff along gutters):

Beneficial uses of stormwater using SLAMM

12) Drainage system (enter fraction corresponding to each type) (Total must equal 1.0):
1. grass swales:

2. undeveloped roadside:

3. curb and gutters, valleys, or sealed swales in poor condition, or very flat:
4. curb and gutters, valleys, or sealed swales in fair condition:

5. curb and gutters, valleys, or sealed swales in good condition, or very steep:

13) If entered any swale component:
1. Swale infiltration rate (in/hr). Consider compaction (soil density) or soil amendments. Can select
according to soil type: sand (4), loamy sand (1.25), sandy loam (0.5), loam (0.25), silt loam (0.15), sandy silt loam
(0.1), clay loam (0.05), silty clay loam (0.025), silty clay (0.02), or clay (0.01), or
2. Wetted swale width (ft):
3. Swale density (ft/acre). Can select according to land use: low density residential (160), medium density

residential (350), high density residential (375), strip commercial (630), shopping center (280), industrial (125),

freeways (shoulders only: 270 or center and shoulder: 410), or
The area served by swales is determined by WinSLAMM after the source areas are described.

14) File name:

15) Output options (under “file” drop down menu):

1. Source areas by land use for each rain —
complete printout

6. Continuous hydrograph with 6 minute time increments

2. Source area totals and outfall summaries

7. Continuous hydrograph with 15 minute time increments

3. Outfall data only for each rain

8. Continuous hydrograph with 60 minute time increments

4. Outfall summaries only (default)

Save water balance summary of all detention ponds?

5. One line per event runoff and flow summary

Save outfall runoff and particulate loading for
WinDETPOND analyses?

WinSLAMM Site Characterization Data Sheet (continued)

Land Use: Residential/Institutional/Commercial/Industrial/Open Space

Source Area Area Directly Soil Building Alleys Sourc
(acres) connected or density (only present? area

disconnected needed if (only needed | contrc
to drainage clayey soils) if high
system density)

Roofs 1 Flat/pitched | Dir Sandyr/silty/clayey | Low/med/high | Yes/no I/W/O
con/discon

Roofs 2 Flat/pitched | Dir Sandy/silty/clayey | Low/med/high | Yes/no I/W/O
con/discon

Roofs 3 Flat/pitched | Dir Sandyr/silty/clayey | Low/med/high | Yes/no I/WIO
con/discon

Roofs 4 Flat/pitched | Dir Sandy/silty/clayey | Low/med/high | Yes/no I/W/O
con/discon

Roofs 5 Flat/pitched | Dir Sandyr/silty/clayey | Low/med/high | Yes/no I/W/O
con/discon

Paved Dir Sandy/silty/clayey | Low/med/high | Yes/no I/W/P,

parking 1 con/discon

Paved Dir Sandyr/silty/clayey | Low/med/high | Yes/no I/WIP,

parking 2 con/discon

Paved Dir Sandy/silty/clayey | Low/med/high | Yes/no I/W/P,

parking 3 con/discon
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Unpaved parking 1 Dir con/discon Sandy/silty/clayey Low/med/high Yes/no 1/W/O/B
Unpaved parking 1 Dir con/discon Sandy/silty/clayey Low/med/high Yes/no 1/W/O/B
Playground 1 Dir con/discon Sandy/silty/clayey Low/med/high Yes/no I/W/P/O/B
Playground 2 Dir con/discon Sandy/silty/clayey Low/med/high Yes/no 1/W/P/O/B
Driveways 1 Dir con/discon Sandy/silty/clayey Low/med/high Yes/no P/O/B
Driveways 2 Dir con/discon Sandy/silty/clayey Low/med/high Yes/no P/O/B
Driveways 3 Dir con/discon Sandy/silty/clayey Low/med/high Yes/no P/O/B
Sidewalks 1 Dir con/discon Sandy/silty/clayey Low/med/high Yes/no P/O/B
Sidewalks 2 Dir con/discon Sandy/silty/clayey Low/med/high Yes/no P/O/B
Streets/alleys 1 curb-mi Texture: smooth/inter/rough/very rough Accum: Initial load: o/s/B
default/other: default/other:
Streets/alleys 2 curb-mi Texture: smooth/inter/rough/very rough Accum: Initial load: o/s/B
default/other: default/other:
Streets/alleys 3 curb-mi Texture: smooth/inter/rough/very rough Accum: Initial load: o/s/B
default/other: default/other:
Large landscaped areas 1 Sandy/silty/clayey 1/W/O/B
Large landscaped areas 2 Sandy/silty/clayey 1/W/O/B
Undeveloped areas Sandy/silty/clayey 1/W/O/B
Small landscaped areas 1 Sandy/silty/clayey 1/10/B
Small landscaped areas 2 Sandy/silty/clayey 1/10/B
Small landscaped areas 3 Sandy/silty/clayey 1/10/B
Isolated areas B
Other Pervious areas Sandy/silty/clayey 1/W/O/B
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Other directly connected I/W/P/O/B
areas
Other Disconnected areas Sandy/silty/clayey Low/med/high Yes/no 1/W/P/O/B

Total:

*I: Infiltration trenches; W: Wet detention ponds; P: Porous pavement; O: Other (user designated); B: Bioretention/biofiltration and cisterns/rain barrels;
S: Street cleaning

Land Use: Freeways

WinSLAMM Site Characterization Data Sheet (continued)

Source Area Area (acres) Texture Average daily traffic Highway length | Initial load (Ibs) Source area
(ADT) (miles) controls*

Paved lanes/shoulders Smooth/inter/rough/very rough vehicles/day miles Default/ Ibs I/W/O

1

Paved lanes/shoulders Smooth/inter/rough/very rough vehicles/day miles Default/ Ibs I/W/O

2

Paved lanes/shoulders Smooth/inter/rough/very rough vehicles/day miles Default/ Ibs I/W/O

3

Paved lanes/shoulders Smooth/inter/rough/very rough vehicles/day miles Default/ Ibs I/W/O

4

Paved lanes/shoulders Smooth/inter/rough/very rough vehicles/day miles Default/ Ibs I/W/O

5

Large turf areas Soil: sandy/silty/clayey I/W/O

Undeveloped areas Soil: sandy/silty/clayey I/W/O

Other pervious areas Soil: sandy/silty/clayey I/W/O

Other directly I/W/P/O/B

connected areas

Other disconnected Soil: sandy/silty/clayey Density: Alleys: yes/no I/W/P/O/B

areas

low/medium/high

Total:

*I: Infiltration trenches; W: Wet detention ponds; P: Porous pavement; O: Other (user designated); B: Bioretention/biofiltration and cisterns/rain barrels

Selection of Pollutants for Calculations:

Always calculates runoff volume and suspended solids concentrations and yields. Other pollutants available are dependent on the selected pollutant probability

file. This drop down menu shows pollutants available, including particulate, dissolved, and total options:

Pollutant

Particulate Dissolved

Total

Solids

X
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Other Control Available (under “land use” drop down menu):
1) Land use biofiltration (enables combined flows from multiple source areas in a single land use to be directed to a bilfiltration or cistern device)

2) Catchbasin or drainage controls: biofiltration/infiltration/catchbasins/drainage controls/other controls
3) Outfall controls: biofiltration/infiltration/wet detention ponds/other controls

WinSLAMM Site Characterization Data Sheet (continued)

Infiltration Area or Trench (I):

1) Water percolation rate (in/hr). Can be selected from list based on soil type: sand (8), loamy sand (2.5), sandy loam (1), loam (0. 5), silt loam (0.3),
sandy silt loam (0.2), clay loam (0.1), silty clay loam (0.05), silty clay (0.04), or clay (0.02), or

2) Area served by device (acres):

3) Surface area of the device (ftz):
4) Width to depth ratio of the device:

Street Cleaning (S):

Up to 10 street cleaning programs can be specified for the duration of the model run. These programs are described in the following table. The street cleaning
program maintains the specified cleaning frequency from the date shown until the program is changed at a later date, or until the final cleaning period ending date.
If the model run dates or the rain file are changed, the street cleaning dates may also have to be changed to correspond to the same period.

Street cleaning date: Street cleaning frequency: 1) none, 2) 7 passes/week, 3) all weekdays, 4) 4
passes/week, 4) 3 passes/week, 6) 2 passes/week, 7) 1 pass/week, 8) every 2
weeks, 9) every 4 weeks, 10) every 8 weeks, or 11) every 12 weeks.
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Final cleaning period ending date (mm/dd/yy):

Street cleaning productivity: coefficients based on street texture, parking density, and parking controls, or specified
MEl): __ ;BCI):

Parking densities: 1) none, 2) light, 3) medium, 4) extensive (short-term), or 5) extensive (long term)

Are parking controls imposed? Yes/No

Porous Pavement (P)
1) Infiltration rate of pavement, base, or soil, whichever is the least (in/hr):
2) Porous pavement area (acres):

Other Flow or Pollutant Reduction Control (0)
1) Pollutant concentration reduction (fraction):
2) Water volume (flow) reduction (fraction):
3) Area served by other control (acres):

Catchbasin Control Device

1) Total sump volume in test area (ft3 ):

2) Area served by catchbasins (acres):

3) Percent of sump volume full at beginning of study period (0 to 100%):

4) Sump depth below catchbasin outlet (ft). At least one foot is needed to prevent scour:

5) Catchbasin cleaning dates. Enter specific dates, or select cleaning frequency from list: monthly, three
times per year, semi-annually, annually, every 2 years, every 3 years, every 4 years, or every 5 years. Or enter
cleaning dates on the following table:

Catchbasin Catchbasin Cleaning
Cleaning No. Date (mm/dd/yy)

1

2

3

4

5

Biofiltration/Bioretention or Rain Barrel/Cistern (B)

These controls can be located at individual source areas, at a land use receiving flows from multiple source areas,
along the drainage system receiving flows from all sources for an area, or at an outfall location. The following
information is needed for all devices, irrespective of their location:
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Device Geometry

1) top area (ftz): -

2) bottom area (ftz):

3) depth (ft):

4) rock filled? Yes/no. If yes, fraction of total volume as voids (0-1%): [currently not available in
WinSLAMM]

5) seepage rate (in/hr). Can be selected from list based on soil type: sand (8), loamy sand (2.5), sandy loam
(1), loam (0. 5), silt loam (0.3), sandy silt loam (0.2), clay loam (0.1), silty clay loam (0.05), silty clay
(0.04), clay (0.02), rain barrel/cistern (0), or

Use random number generator to account for uncertainty in infiltration rate? Yes/no. If yes, seepage rate
coefficient of variation (if selected seepage rate from list, a recommended COV is given):

6) number of biofiltration control devices (or rain barrels/cisterns) in source area of land use:

Outlet/Discharge (must have at least one outlet):
1) sharp crested weir
1. weir crest length (ft):
2. number of end contractions: 1 or 2
3: height from datum to bottom of weir opening (ft):

2) broad crested weir
1. weir crest length (ft):
2. weir crest width (ft):
3. Height of datum to bottom of weir opening (ft):
4. Use default weir coefficients? Yes/no, or enter weir coefficient (English units):

3) vertical stand pipe

1. Pipe diameter (ft):
2. Distance of basin bottom to top of pipe (ft):

4) evaporation. Enter monthly average evaporation rate (in/hr) for each month:

Month Monthly average
evaporation rate
(in/day)

January
February
March
April

May

June

July
August
September
October
November
December

5) rain barrel/cistern. An overflow (such as a sharp-crested weir) must also be designated if using one of
these devices. Enter the average monthly water use rate (gallons/day) for each month:
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Month

Monthly average
water use rate
(gallons/day)

January

February

March

April

May

June

July

August

September

October

November

December

Inflow hydrograph peak to average flow ratio. Suggested value is 3.8, or:

If a land use device, the source areas that are described for the model are listed. Select those that contribute flow to

the device:

Source Areas:

Areas that contribute
runoff to
biofiltration/cistern:

Roofs 1

Roofs 2

Roofs 3

Roofs 4

Roofs 5

Paved parking 1

Paved parking 2

Paved parking 3

Unpaved parking 1

Unpaved parking 1

Playground 1

Playground 2

Driveways 1

Driveways 2

Driveways 3

Sidewalks 1

Sidewalks 2
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Streets/alleys 1

Streets/alleys 2

Streets/alleys 3

Large landscaped areas 1

Large landscaped areas 2

Undeveloped areas

Small landscaped areas 1

Small landscaped areas 2

Small landscaped areas 3

Isolated areas

Other Pervious areas

Other directly connected areas

Other Disconnected areas

If land use, drainage, or outfall device, the fraction of runoff directed to the device is:

Wet Detention Pond (W)

Sketch the pond, showing the important features and measurements:

1) Particle size distribution file (*.cpz):
2) Initial stage elevation (ft) (normally the elevation of the lowest invert, unless evaporation has lowered

the stage and the value is known):

3) Inflow hydrograph peak to average flow ratio. Suggested value is 3.8, or:

4) Stage area data (at least 5 well spaced values, including the top-most elevation corresponding to the

brim of the emergency spillway):

Stage (ft) Area (acres)

0 0.00 0.000
1

2

3

4

5

6

7

8

9

10

11
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12
13
14

5) Outlet descriptions:
The outlet rates for each device is calculated by the program. If multiple outlets are selected, the individual
rates for each stage are summed.

1) sharp crested weir
1. weir crest length (ft):
2. number of end contractions: 1 or 2
3: height from datum to bottom of weir opening (ft):

2) V-notch weirs
Select the weir angle: 1) 11.5°, 2) 30°, 3) 45°, 4) 60°, 5) 90°, 6) 120°
1) height of bottom weir opening (invert) to the top of the weir (ft):
2) height from datum to bottom of weir opening(ft):

3) Orifice
1) orifice diameter (ft):
2) invert elevation above datum (ft):

4) Seepage basin
1) infiltration fate (in/hr):
2) width of seepage basin (ft):
3) length of seepage basin (ft):
4) invert elevation of seepage basin inlet above datum (ft):

5) Natural seepage
Enter the seepage rate (in/hr) for each stage previously entered:

Stage (ft) Seepage (in/hr):
0.00
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https://web.archive.org/web/20100612232808fw_/http://rpitt.eng.ua.edu/Class/Computerapplications/Module4/Module4.htm 81/83



1/7/24, 5:.05 PM Beneficial uses of stormwater using SLAMM

6) Evaporation. Enter monthly average evaporation rate (in/hr) for each month:

Month Monthly average
evaporation rate
(in/day)

January
February
March
April

May

June

July
August
September
October
November
December

7) Other outflow

Enter the outflow rate (ft3/sec) (calculated for device not listed) for each stage previously
entered:

Stage (ft) Outflow (ft’/sec):
0.00
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11
12
13
14

8) Pumped outlet
Not yet available in WinSLAMM

9) broad crested weir
1. weir crest length (ft):
2. weir crest width (ft):
3. Use default weir coefficients? Yes/no, or enter weir coefficient (English units):

4. Height of weir opening (ft):
5. Height of datum to bottom of weir opening (ft):

10) vertical stand pipe

1. Pipe diameter (ft):
2. Distance of basin bottom to top of pipe (ft):
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