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These grouped box-whisker 
plots sort all of the data by land 
use. Kruskal-Wallis analyses 
indicate that all constituents 
have at least one significantly 
different category from the 
others. Heavy metal differences 
are most obvious.

Residential area 
concentrations grouped by 
EPA rain zones. Zones 1-4 
are east half of country, 
zones 5-9 are western half 
of country. Zones 3 and 7 
are the wettest zones.

Description of Eight WI DNR 
Study Areas

# EVENTSACRESLAND USESITE
5541ResidentialHarper
75232ResidentialMonroe
55964ResidentialCanterbury
64288Resid/Com.Marquette
9122CommercialSuperior
6640CommercialWest Town
108114IndustrialSyene Rd.
404Maint. YardBadger Rd.
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Source Area Monitoring to 
Predict Sources of Runoff 

Pollutants

• Controlled washoff tests
• Small area sheetflow sampling
• Large area sheetflow sampling
• Outfall monitoring
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Role of Modeling to Identify 
Stormwater Pollutant Sources and to 

Evaluate Controls
• Need to sort issues in complex systems.
• Use of Geographical Information Systems 

(GIS) allows efficient data management and 
presentation of information.

• GIS can integrate data from many sources 
and interface with watershed and receiving 
water models.

• Can focus on critical source areas and land 
uses.

The Source Loading and 
Management Model (SLAMM)

• Developed during past 25 years during EPA, 
state, and Canadian funded research.

• Identifies pollutant sources during different 
rain and climatic conditions.

• Prioritizes subwatersheds and critical source 
areas.

• Evaluates alternative development scenarios, 
pollution prevention, and combinations of 
source area and outfall control options.
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SLAMM Inputs and Outputs

SLAMM

Soil Type

Landuse Area

Rainfall

Development Characteristics

Description of Practices

Volume 
and 
Pollutant 
Load 
Mass 
Balance

Medium Density Residential 
Development Characteristics

Source              % Area
• Roofs 15%
• Driveways 8%
• Sidewalks 2%
• Streets 13%
• Lawns 62%

Other Characteristics
Roofs: Pitched; % connected 

= 30%; Sandy Soils.
Driveways: % connected = 

70%; Low/Med. Density
Streets: Texture = smooth; 

Length = 2 mi.; Dirt 
Accumulation = default 
value.

Observed vs. Predicted Runoff at Monroe Outfall
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Residential Particulate P Values 
Used in SLAMM
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Total P Sources to Lake Mendota
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Sample Processing: Sieve Analyses

Sample Processing: Organo-
Metallic Complexes Sample Processing: Metal 

Binding Strength
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Metal Associations
• Co-precipitation of iron and sulfate-reducing 

bacteria with stormwater heavy metals.
• Retention of stormwater pollutants to media 

under extended anaerobic and aerobic 
conditions.

• Stormwater pollutant associations with different 
particle sizes.

• Metal “binding strength” for different pH 
conditions.

• “Dissolved” metal associations with colloids.
• “Dissolved” Metal associations with organic 

compounds.

Behavior of Nitrate-N under Aerobic and 
Anaerobic Conditions
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Behavior of Copper under Aerobic and Anaerobic 
Conditions Colloidal and Ionic Form Analyses

• The Chelex-100 resin (5 g of resin mixed with 
100 mL of filtered stormwater sample and 
shaken for 1 hr) separates ionic forms of 
metals from metals strongly bound to the 
metal-ligand complexes or those strongly 
adsorbed to colloidal particles.

• After the Chelex exposure, the sample is 
filtered again to remove the newly bound 
material (the ionic forms) and the Chelex. The 
filtered sample is then irradiated with UV to 
separate the colloidal and organo-metallic 
associations.

Minocqua, WI, MCTT Installation
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Pilot-Scale Test Results Wisconsin Full-Scale MCTT Test Results
Minocqua (7 
events)

Milwaukee (15 
events)

(median % reductions 
and median effluent 
quality)

85 (10 mg/L)98 (<5 mg/L)Suspended Solids

>80 (<0.1 mg/L)88 (0.02 mg/L)Phosphorus

65 (15 g/L)90 (3 g/L)Copper

nd (<3 g/L)96 (1.8 g/L)Lead

90 (15 g/L)91 (<20 g/L)Zinc

>75 <0.1 g/L)>95 (<0.1 g/L)Benzo (b) fluoranthene

>65 (<0.2 g/L)99 (<0.05 g/L)Phenanthrene

>75 (<0.2 g/L)98 (<0.05 g/L)Pyrene

Development of other 
Control Devices

• Multiple treatment processes can be 
incorporated into other stormwater 
treatment units sized for various 
applications.
– Gross solids and floatables control 

(screening)
– Capture of fine solids (settling or filtration)
– Control of targeted dissolved pollutants 

(sorption/ion exchange)

Uses sedimentation 
(22), gross solids and 
floatables  screening 
(28), moderate to fine 
solids capture (34 and 
24), and sorption/ion 
exchange of targeted 
pollutants (24 and 26). 
Upflow significantly 
reduces clogging of 
media common to 
most stormwater 
filters.

Upflow filter insert for 
catchbasins

Upflow FilterTM patent pending
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Pelletized Peat, Activated Carbon, and Fine 
Sand
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Successful flow tests using prototype unit and mixed 
media as part of EPA SBIR phase 1 project. Phase 2 
awarded and further tests will start shortly, including ETV.

Zinc Control with Upflow FilterTM Unit
• The MS4 NSQD indicates an overall averaged filtered 

zinc stormwater concentration of about 52 g/L. 
• WERF metal removal project (Johnson, et al. 2003) 

uptake experiments found that one of the mixtures of 
media that can be used in the Upflow FilterTM

(activated carbon, pelletized peat, and fine sand) has 
an uptake capacity equal to the amount of filtered zinc 
in about 600 cubic meters of runoff.

• This would correspond to about 0.4 acres of pavement 
and 0.5 m of rainfall before the uptake capacity would 
be exceeded.

• This corresponds to about a 2 acre residential or 0.5 
acre commercial area, with maintenance of once or 
twice a year.

Conclusions

• The bench-scale treatability tests conducted 
during the development of the MCTT showed that 
a treatment train was needed to provide 
redundancy because of frequent variability in 
sample treatability storm to storm, even for a 
single sampling site.

• Possible to develop other stormwater controls that 
provide treatment train approach. Available 
research reports describe stormwater 
characteristics for critical source areas and 
treatability requirements. 
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