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Stormwater Control Categories in the 
International Stormwater “BMP” Database:

Structural Controls:
•Detention ponds
•Grass filter strips
•Infiltration basins
•Media filters
•Porous pavement
•Retention ponds
•Percolation trenches/wells
•Wetland basins
•Wetland channels/swales
•Hydrodynamic devices

Non-Structural 
Controls:
•Education practice
•Recycling practice
•Maintenance practice
•Source controls
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WinSLAMM Treatment Practices
Infiltration 
Trenches

Biofiltrat-
ion/Rain 
Gardens

Cisterns/ 
rain 

barrels

Wet 
detention 

pond

Grass 
Drainage 

Swale

Street 
Cleaning

Catch-
basins

Porous 
Pavement

Drainage 
Discon-
nection

Roof
Paved 
parking/storage
Unpaved 
parking/storage
Playgrounds

Drivew ays

Sidew alks/w alks

Streets/alleys

Undeveloped 
areas
Small landscaped 
areas
Other pervious 
areas
Other impervious 
areas
Freew ay 
lanes/shoulders
Large turf areas

Large landscaped 
areas

Drainage system

Outfall

Plus, we now have 
upflow filters and 
hydrodynamic 
devices, and are 
working on other 
media filters and 
combination controls

WinSLAMM Summary Data Outputs
• Runoff Volume (ft3, percent reduction; and Rv, runoff coefficient), 
particulate solids (lbs and mg/L), for:
- source area total without controls
- total before drainage system
- total after drainage system
-total after outfall controls

• Total control practice costs:
- capital costs
- land cost
- annual maintenance cost
- present value of all costs
-annualized value of all costs

• Receiving water impacts due to stormwater runoff:
- calculated Rv with and without controls
- approximate biological condition of receiving water (good, fair, or poor)
- flow duration curves (probabilities of flow rates for current model run and 
without controls)
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Detailed Data Outputs for Each Event

Runoff Volume (ft3), source area contributions, 
particulate solids (lbs and mg/L), pollutants (lbs and 
mg/L)
- by source area for each rain event
- land use total
- summary for all rains
- total for land use and for each event
- outfall summary, before and after drainage system and 
before and after outfall controls
- Rv (runoff volume only)
- total losses (runoff volume only)
- calculated CN (runoff volume only)

Additional Details Available for Each Event 
(with summaries)

rain duration (hours), rain interevent period (days), runoff duration 
(hours), rain depth (inches), runoff volume (ft3), Rv, average flow 
(cfs), peak flow (cfs), suspended solids (lbs and mg/L)

The WinSLAMM batch editor can be used to 
automatically run a large number of files, usually for 
integration into a GIS-based map.

N

Stormwater Investigation 
City of Racine, Wisconsin

November, 2002

Critical Loading Rates
43247

RR07000

RR13000

NL03001

NL03002
Nonreg

Nonreg

NL02000

NL03000

NL03003NL03004

NL03006

IW01000

NL03005

NL01000

NL05000
NL08019

NL04000

NL06001

NL08018

NL08023

NL06002
NL06003

NL06000
NL06004

NL08017

NL08015
NL07000NL07001

NL08016

Nonreg

NL08000

NL08001

NL08004

NL08021

NL08022
NL08020

NL08002

RR06000

RR03000

NL08006

NL08003

Nonreg

RR01000

RR06000 NL09000

NL08007 NL08005

NL08014

RR02000

NL08008

NL10002
NL10001

NL10000

NL10003
RR04000 NL08010NL08011

NL08009

RR46003

NL08012

RR46002

RR47002NL08013

RR47001

RR46004

RR53000

RR47000

Nonreg RR61000

RR08000

RR50000
RR46001

RR22000

RR09000 NL11000

RR10000
RR48000

RR46000

RR49000

RR51000

RR11000
RR12003

RR15012
RR12000

RR22001

RR15014

RR45000

RR44000
RR57000RR21000 RR59000

SL12000
RR12002

RR15013

RR58000
RR14000

RR56000

RR16000

SL13000

RR55000

RR15005

RR52000
RR43000

Nonreg

RR33000RR12001
RR34000RR23000RR15000

RR17000

SL14000

RR54000

RR15006

RR15000

RR15010

RR24000

RR15011

RR25000

RR32000RR15001

RR18000RR15004 SL15000RR15002

RR15008
RR35000

RR26000 SL16000

RR36000

RR15003 RR31000
RR27000

RR19000

SL17000

RR15007

RR20000

RR36001RR20001RR15016

RR28000

RR15009

RR29000

RR38000
RR30000

RR37001

RR15017

RR60000

RR41000

RR40000

SL17001
RR42000

RR37002
RR39000RR37000

RR37003

RR36002
RR37004

SL17002

RR37005
RR37006 RR37007RR37008

SL19005

RR40001
RR37009

RR37010

SL19003

RR37011 SL25000

SL18000

RR37012

RR37013

SL19002

RR37014

RR37030

SL19004

RR37015 SL19000

RR37016
SL19001

SL19006

RR37017

SL23019

RR37018RR37019

PR12000

Nonreg

RR37021

SL20000

SL23004

SL22001SL23016 SL23015 SL21000

RR37022

SL23032
RR37023

RR37024

RR37025

SL23035

PR08001

SL23033

SL23017
RR37026

PR07000

SL23018

PR08001
SL23028

RR37027

RR37028

SL22000

SL23002
PR08002 SL23002

SL23000

SL23005

PR08000

SL23034
SL23002PR08003

SL23013

SL23036

SL23029 SL23006
SL23030

SL23014

SL23008

RR37029

SL23007

SL23012 SL23003

SL23001

SL23020SL23021
SL23001

SL23011
SL23027

SL23010
SL23011

SL23023

SL23024

SL23025

PR02000

SL23022

SL23023

SL23024
SL23024SL23026

PR01000

SL24001

PR06004PR06004

PR03000

PR06003

PR06000

SL23024

PR06001

PR06004

PR09000

Nonreg

Nonreg

PR06002PR10000

PR11000 PR05000

PR04000

Nonreg

1600 0 1600 3200 4800 Feet

Corporate Limits
Water
Subbasins

Critical Loading Rates
High
MH
Moderate
ML
Low

9 10

11 12



11/21/2023

Cost per 
lb 

Sediment 
Reduced

% 
Part. 

Solids 
Reduc.

Sub 
Basin 
Total 

Present 
Value 
Cost

Sub 
Basin 
Total 

Annual 
Cost

Sub 
Basin 
Maint. 
Cost

Sub 
Basin 
Land 
Cost

Sub 
Basin 

Capital 
Cost

Partic. 
Solids 
Yield 
(lbs)

Runoff 
Volume 

(cf)

File Name

n/a0%00000374135246545Cost 
Example -
Base Case 
No Controls

$ 1.2440%2325151865891000119109223413136146Cost 
Example - G

$ 8.7418%7243325812234220681686307614425257Cost 
Example - P 
20 percent

$ 8.7444%1810829145306855501704215207843193328Cost 
Example - P 
50 percent

WinSLAMM can also calculate life-cycle costs and compare 
different control programs to obtain unit removal costs with 
the batch processor: Decision Analysis

• With so much data available, and so many 
options that can be analyzed, how does one 
select the “best” stormwater control 
program?

• The least costly that meets the objective?

Possible, if only have one numeric standard:

If 80% SS reduction goal, 
the least costly would be 
wet detention. In this 
example, grass swales, 
street cleaning, and 
catchbasins cannot reach 
this level of control. If 40% 
SS reduction goal, then 
grass swales wins.

If multiple goals, then possibly not as clear and need a more 
flexible approach. Consider the following example (a 
conservation design industrial park in Huntsville, AL):
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This site was divided into four subareas, one area has 13 industrial 
lots (about 2.6 acres each), plus a large undeveloped area (60.2 acres) 
and isolated sinkholes (4.6 acres). The developed area is divided into 
the following:

• Roofs plus paved parking: 20.7 acres
• Streets (1.27 curb-miles): 3.1 acres 
• Small landscaped areas (B, or sandy-loam soils, but 

assumed silty soils due to compaction): 10.0 acres

Conventional drainage system costs (5% over 20 yrs) were estimated 
to be:

Capital cost of project = $296,400 (2005)
Annual maintenance cost = $2,960/year (2005)
Annual cost of conventional drainage = $26,850 per year

Biofilters to drain site runoff (paved parking 
and roofs) to regional swales:

•Top area: 4400 ft2

•Bottom area: 2000 ft2

•Depth: 2 ft
•Seepage rate: 2 in/hr
•Peak to average flow ratio: 3.8
•Typical width: 10 ft
•Number of biofilters: 13 

(one per site)

Parking lot 
biofilter example, 
Portland, OR

WinSLAMM Input Screen for Biofilters Regional swales to 
collect site runoff and 
direct to wet detention 
ponds:

•Length: 1653 ft 
•infiltration rate in the swale: 
1 in/hr 

•swale bottom width: 50 ft 
•3H:1V side slopes 
•longitudinal slope: 0.026 ft/ft 
•Manning’s n roughness 
coefficient: 0.024
•typical swale depth: 1 ft

WI swale having 
conventional curbs and 
gutters

Large swale at MS 
industrial site
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WinSLAMM Input Screens for Grass Swales

Full-Sized Pond 
Area (acres)

Pond 
Elevation 

(ft)
0.151
0.252
0.53
0.754
1.0 (normal pool elevation, and invert elevation of 
30o v-notch weir)

5

1.56
27
2.5 (invert elevation of flood flow broad-crested 
weir). Normal maximum elevation during one and 
two year rains.

8

3.0 (approximate maximum pond elevation, or as 
determined based on flood flow analysis). Additional 
storage and emergency spillway may be needed to 
accommodate flows in excess of the design flood 
flow.

9

Wet Detention Pond to Treat Runoff from Area

WinSLAMM Input Screens for 
Wet Detention Ponds

Outlet Devices Available 
in WinSLAMM:

1.  Sharp Crested Weirs
2.  V-Notch Weir
3.  Orifice
4.  Seepage Basin
5.  Natural Seepage
6.  Evaporation
7.  Other Outflow
8.  Water Withdrawal
9.  Broad Crested Weir
10.  Vertical Stand Pipe
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Reduc
in SS 
Yield 
(%)

Part. 
Solids 
Yield 

(lbs/yr)

Runoff 
Volume 
(cf/yr)

Land 
Needs 
for SW 

mgt 
(acres)

Total 
Annual 

Cost 
($/yr)

Annual 
Addit. 
Drain. 

System 
Cost 
($/yr)

Annual Total 
SW Treat.  

Cost
($/yr)

Stormwater Treatment 
Option

n/a71,3755,600,000064,23064,2300Base, No Controls

8610,1925,507,0004.583,36464,23019,134Option 1
Pond

5532,2312,926,000030,00826,8503,158Option 2
Reg. Swale

168,8902,705,000069,71037,38032,330Option 3
Site Biofilter

7319,5525,557,0002.374,43964,23010,209Option 4
Small pond

944,1332,844,0004.549,14226,85022,292Option 5
Pond and reg. swale

972,1831,203,0004.554,622054,622Option 6
Pond, swale, biofilter

906,9372,887,0002.340,21726,85013,367Option 7
Small pond and swale

944,1251,253,0002.345,698045,698Option 8
Small pond, swale and 
biofilter

Batch Processor Data for Combinations of Above Controls

Zn 
conc. 
(µg/L)

Part. P 
conc. 
(mg/L)

SS 
conc. 
(mg/L)

% of 
time 

flow >10 
cfs

% of time 
flow >1 

cfs

Volum. 
Runoff 

Coeff. (Rv) 
(est. bio. 
cond.)

Part. Phos 
Yield 

(lbs/yr)

Stormwater Treatment 
Option

3590.502040.34.50.29 (poor)174Base, No Controls

1280.073300.0540.29 (poor)25Option 1
Pond

3900.431780.120.15 (fair)79Option 2
Reg. Swale

6961.04080.220.14 (fair)172Option 3
Site Biofilter

1510.12480.240.29 (poor)41Option 4
Small pond

2030.05723020.15 (fair)10Option 5
Pond and reg. swale

3860.0732900.50.06 (good)5.5Option 6
Pond, swale, biofilter

2200.095390.0520.15 (fair)17Option 7
Small pond and swale

3900.135300.80.07 (good)10Option 8
Small pond, swale and 
biofilter

Additional Batch Processor Data (cont.)

1) Specific criteria or limits that must be met.

It is possible to simply filter out (remove) the options 
that do not meet all of the absolutely required criteria. 
If the options remaining are too few, or otherwise not 
very satisfying, continue to explore additional 
options. The above examples only considered 
combinations of 3 types of stormwater control 
devices, for example. There are many others that can 
also be explored. If the options that meet the absolute 
criteria look interesting and encouraging, then 
continue. 

Decision Analysis Approaches

Rank based 
on annual 

cost

Meet 80% 
particulate solids 
reduction goal?

Reduction in 
SS Yield (%)

Total Annual 
Cost ($/yr)

Stormwater Treatment 
Option

5Yes8683,364Option 1
Pond

n/aNo5530,008Option 2
Regional Swale

n/aNo169,710Option 3
Site Biofilter

n/aNo7374,439Option 4
Half-sized pond

3Yes9449,142Option 5
Pond and reg. swale

4Yes9754,622Option 6
Pond, reg. swale and biofilter

1Yes9040,217Option 7
Small pond and reg. swale

2Yes9445,698Option 8
Small pond, reg. swale and 
biofilter

Control Options Meeting 80% SS Reduction 
Requirement, Ranked by Cost
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2) Goals that are not absolute (based on methods developed 
by Keeney, R.L. and H. Raiffa. 1976. Decision Analysis with 
Multiple Conflicting Objectives. John Wiley & Sons. New 
York.)

Utility curves and tradeoffs can be developed for the remaining 
attributes, after all the absolutely required goals are met. The 
above example includes attributes of several different types:

- costs
- land requirements
- runoff volume (volumes, habitat responses, and
rates)

- particulate solids (reductions, yields and 
concentrations)

- particulate phosphorus (reductions, yields and 
concentrations)

- total zinc (reductions, yields and concentrations)

Trade-offs 
between 

remaining 
attributes

Attribute 
ranks for 
selection 

(after absolute 
goals are met)

Range of 
attribute value 
for acceptable 

options

Attribute

0.202$40,217 to 83,364Total annual cost 
($/year)

0.0852.3 to 4.5 acresLand needs (acres)
0.3010.06 to 0.29Rv 
0.0570.5 to 4 %% of time flow >1 cfs
0.1830 to 0.05 %% of time flow >10 cfs
0.0762,183 to 10,192 

lbs/yr
Particulate solids yield 
(lbs/yr)

0.1245.5 to 25 lbs/yrPart. Phosphorus yield 
(lbs/yr)

Sum = 1.0

Attribute Value Ranges, plus Example Ranks and Trade-offs
(ranks and trade-offs could vary for different interested parties)

• Volumetric runoff coefficient (Rv) as an indicator of 
habitat quality and aquatic biology stress:

Attribute Expected Utility
Value Habitat Value

Condition

<0.1 Good 1.0
0.1 to 0.25 Fair 0.75
0.26 to 0.50 Poor 0.25
0.51 to 1.0 Really lousy 0

Utility Curves for Different Attributes (technically 
based, would not vary for different interested parties)
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Relationship Between Directly Connecting 
Impervious Area (%) and the Calculated Rv for Each 

Soil Type

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

1 10 100
Directly Connected Impervious Area (%)

R
v

Sandy Soil Rv Silty Soil Rv Clayey Soil Rv

Good
Fair

Poor

• Total annual cost: straight line, with $83,364 = 0 
and $40,217 = 1.0. 

• % of time flow >10 cfs Utility value

<0.05 1.0
0.05 - 1 0.75
1.1 – 2.5 0.25
>2.5 0

Example Utility Values for Other Attributes:

• Part. Phosphorus yield (lbs/yr): straight line, with 25 
lbs/yr = 0 and 5.5 lbs/yr = 1.0

• Land needs (acres): straight line, with 4.5 acres = 0 and 
2.3 acres = 1.0

• Particulate solids yield (lbs/yr): straight line, with 
10,192 lbs/yr = 0 and 2,183 lbs/yr = 1.0

• % of time flow >1 cfs Utility value
<1 1.0
1 – 3 0.75
3.1 – 10 0.25

>10 0

Example Utility Values for Other Attributes (cont):

Phos.
utility

Part. 
Phos. 
Yield 

(lbs/yr)

Part. 
Solids 
utility

Part. 
Solids 
Yield 

(lbs/yr)

Land 
utility

Land 
Needs 
for SW 

mgt 
(acres)

Cost 
utility

Total 
Annual 

Cost 
($/yr)

Stormwater 
Control Option

0.120.070.080.20Tradeoff Value
025010,19204.5083,364Option 1

Pond
0.77100.764,13304.50.7949,142Option 5

Pond and reg. 
swale

1.05.51.02,18304.50.6754,622Option 6
Pond, reg. swale 
and biofilter

0.41170.416,93712.3140,217Option 7
Small pond and reg. 
swale

0.77100.764,12512.30.8745,698Option 8
Small pond, reg. 
swale and biofilter

Attribute Values and Associated Utilities for Example
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High flow 
utility

% of time 
flow >10 

cfs

Mod 
flow 

utility

% of 
time 

flow >1 
cfs

Rv utilityVolumetric 
Runoff 

Coefficient 
(Rv)

Stormwater Control 
Option

0.180.050.30Tradeoff Value
0.750.050.2540.250.29Option 1

Pond
1.000.7520.750.15Option 5

Pond and reg. swale
1.001.00.51.00.06Option 6

Pond, reg. swale and 
biofilter

0.750.050.7520.750.15Option 7
Small pond and reg. 
swale

1.001.00.81.00.07Option 8
Small pond, reg. swale 
and biofilter

Attribute Values and Associated Utilities for Example 
(cont.)

Phos 
factor

Phos. 
utility

Part. 
factor

Part. 
utility

Land 
factor

Land 
utility

Cost 
factor

Cost 
utility

Stormwater 
Control Option

0.120.070.080.20Tradeoff Value

00000000Option 1
Pond

0.0920.770.0530.76000.1580.79Option 5
Pond and reg. 

swale
0.121.00.071.0000.1340.67Option 6

Pond, reg. swale 
and biofilter

0.0490.410.0290.410.0810.201Option 7
Small pond and 

reg. swale
0.0920.770.0530.760.0810.1740.87Option 8

Small pond, reg. 
swale and 

biofilter

Calculation of Factors for Each Option
(Attribute Utility times Attribute Trade-off)

Over-
all 

Rank

Sum of 
factors

High 
flow 

factor

High 
flow 

utility

Mod 
flow 

factor

Mod 
flow 

utility

Rv 
factor

Rv 
utility

Stormwater 
Control 
Option

0.180.050.30Tradeoff 
Value

50.22250.1350.750.01250.250.0750.25Option 1
Pond

4 0.74550.181.00.03750.750.2250.75Option 5
Pond and 
reg. swale

20.85400.181.00.051.00.301.0Option 6
Pond, reg. 
swale and 
biofilter

30.75550.1350.750.03750.750.2250.75Option 7
Small pond 
and reg. 
swale

10.92900.181.00.051.00.301.0Option 8
Small pond, 
reg. swale 
and biofilter

Calculation of Factors for Each Option (cont.), Sum of Factors, 
and Overall Rank Conclusions

• Calibrated and verified stormwater models can be 
used to develop a great deal of information 
concerning many different stormwater management 
options.

• Regulations and criteria also need to have different 
formats to acknowledge site specific problems and 
objectives.

• The use of clear and flexible decision analysis 
techniques, as outlined in this presentation, is 
therefore important when selecting the most 
appropriate stormwater control program for a site.
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