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Presentation Overview

Why Street Sweeping?
I. Street Sweeping Science

A. A Quick Look Back: 80s to 00s
B. A Fresh Perspective: The Prior Lake, MN Street Sweeping Study

II. Application of  Street Sweeping Research
A. Estimating Potential Solids and Nutrient Recovery for Street Sweeping
B. Developing an Enhanced Street Sweeping Plan for Surface Water Quality Benefits

1. What information do you need?
2. Example: Forest Lake

III. Newer Research and Tools, and Guidance
A. Development of a TP Credit for Street Sweeping

IV.Questions



Source Control Makes Sense (when it makes sense)

Fertilizers containing 
phosphorus cannot be used 
on lawns and turf in 
Minnesota unless one of the 
following situations exists:
• A soil test or plant tissue test 

shows a need for phosphorus
• A new lawn is being established by 

seeding or laying sod.
• Phosphorus fertilizer is being 

applied on a golf course by trained 
staff.

We Can’t Control The Weather – but we do enact legislation 
and local ordinances to reduce pollution. Street Sweeping = 

a good housekeeping 
practice that prevents 

pollutants that collect on 
roadways from entering 
our waterways via the 
stormwater network. 



Highlights from Past Research

NURP Data on Sweeping (1983)
• Four (4) states, ten (17) sites, 322 rain 

events. 
• Compared EMCs in roadway runoff for 

swept/unswept conditions using either 
paired basins or treatment in serial.

• Could not demonstrate that sweeping 
produced statistically significant 
reductions in stormwater EMCs 

Modeling Studies (P8, WINSLAMM)

Initial Research Not Very Promising  Better Sweepers, Better Results?
• Use stormwater modeling tools along with 

measured sweeper pick-up efficiency, 
street dirt build-up, to estimate pollutant  
reductions.

• Generally discouraging results.  Many 
sweeps for little benefit.



• Phosphorus in runoff by source area for residential land use: 
e.g. – lawns, driveways, rooftops, roadways.

• Observed a linear relationship between overhead tree 
canopy cover density & TP concentration of roadway runoff. 

Highlights from Past Research

Waschbusch, Selbig, & Bannerman, 1999

Selbig & Bannerman, 2007
• Sweeping reduced street dirt yield for d > 63 m
• No significant reduction in pollutant loads (EMC x flow) 

even for weekly street sweeping with an air sweeper!
• Meticulous study – easier to ID what might be overlooked:

• Bias in traditional stormwater sampling methods
• Fate and transport of organic material

What‘s  getting 
past the 
sampler intake?



Research: Prior Lake, MN (2010-2013)

 Three (3)-Year Study with

 Two (2) – Year Field Study 
Component

 374 Sweepings Sampled

Looking at the influence of: 

 Street Corridor Tree Canopy 
Density and

 Sweeping Frequency

on the mass of solids and 
nutrients (TN, TP) recovered 
through street sweeping.



Research: Prior Lake, MN (2010-2013)

Unique Fractionation Scheme Suited to 
Focus on Nutrients

Coarse Organics (≥2mm)
Fines (<2mm)

Rocks (≥2mm)

TP, TN, TOC 
(Leached during separation process) TS, TP, TN, TOC, % OM TS, TP, TN, TOC, % OM

Sweeper Waste Sample



Key Findings from Prior Lake, MN (2010-2013)

#2 – Roadway tree canopy 
density is positively corelated 
with sweeper waste TP loads

#1 – Sweeper waste loads vary with season

#3 – Higher sweeping 
frequency resulted in 
greater mass recovery of 
solids and nutrients.



Key Findings from Prior Lake, MN (2010-2013)

Coarse Organic Material 
On Average Contained:

 About 60% or more of TN mass 
recovered in all months of the 
year.

 About 40% - 65% of TP mass 
during fall leaf drop season and 

 20% - 40% of the TP mass 
during spring and summer 
months.

For Canopy Cover Density Range = 
1% - 19% directly over the street

Data points shown represent study averages (all routes) for each month, or for routes with over-street tree canopy 
cover >10% (purple colored series). 



Key Findings from Prior Lake, MN (2010-2013)

Street Sweeping Can be Very Cost-effective!
 Cost of Sweeping Event =  

{Labor-related costs} + {Vehicle-related costs} 

 Cost of Sweeping Event =  
   Sweep time(hr)*$60/hr + Curb-mile Swept (mi)*$5.25/mi 

Labor-related Costs 

Labor  $20-40 /hr (wages + benefits+ overhead)  

Vehicle-related Costs  

Maintenance  

$15,000/year average  

 Replacement of all sweeping parts once over 
the vehicle life span plus addition  

 Annual Maintenance - engine, tires, vehicle 
systems  

Capital 
Depreciation  

[Total Cost of Vehicle + Refurbishment – 
Resale/Salvage]  ÷  Vehicle Life  

 8-10 year life of sweeping components  
 16-20 year life of vehicle  

Fuel  
4.8 gal/hr, brush on  

1.0 gal/hr, travel and idle mode  

 

Roughly 60% of sweepings  < $200  per lb-TP
Key times/Locations – as low as $24 per lb-TP



Research Products Prior Lake, MN (2010-2013)

Street Sweeping Planning Tool
 Compare sweeping scenarios, 

develop cost-benefit analysis
 Inputs: 

• Curb-miles swept 
• Month of sweeping
• Frequency of sweeping
• Over-street canopy cover density

*Use in combination with other models to 
Estimate Load Reductions

Massy =  βo +  β1(month) + β2(frequency) + β3(canopy)  Estimating Pollutant Load 
Recovery Potential using  
Regional Research:



Planning Sweeping for Water Quality

Planning - What You Need

1. Understanding of Water Quality Concerns

2. Mapped Drainage Networks

3. Road Centerline Data

4. Tree Canopy Data (Digital or Aerial 
Imagery)

5. Metrics for Estimating Solids and Phosphorus 
Recovery

Targeted Sweeping = Sweeping at specific times/locations, within particular drainage basins…for Water Quality

Municipal Streets

Streets WITHIN Drainage Area
Streets Outside 

Waterbody 
Drainage Area Drains Directly to 

Resource
Drains to a Water 
Quality BMP(s)

Right-of-Way Tree Canopy Cover
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Strategy

1. Extra Sweeping Late Spring

2. Extra Sweeping Early Fall

3. Add sweepings working from spring/fall into July

Identify areas within your city that are relatively homogenous 
with respect to stormwater treatment priorities and street 

corridor canopy cover.

*Prioritize sweeping where streets drain directly to a water resource 
and/or have dense street corridor canopy

Enhanced Sweeping = Sweeping more than 1X each spring and fall [OR using Tandem Sweeping]



Application of Research – Developing an Enhanced 
Street Sweeping Plan

2017 - CWF Accelerated Implementation Grant 
Grant: $36,000 CLFLWD: $9,000

2018 CWF Project and Practices Grant
Grant: $220,000 City of FL: $27,500

CLFLWD: $19,415 RCWD: $8,085

Study and Plan, Field Monitoring
Sweeper Purchase, Outreach and Education



Developing an Enhanced Street Sweeping Plan
Step 1: Define Sweeping Zones

Quantitative Assessments
• Canopy Cover
• Curb-miles (for load reduction estimates)

Qualitative Assessments
• Connectivity to Waterbodies, BMPs
• Street Type, Primary Land Use

GOALS: 1. Identify areas within which pollutant loading is relatively consistent (tree canopy characteristics)
2. Identify areas of higher and lower connectivity to downstream waterbodies 



Developing an Enhanced Street Sweeping Plan
Steps 2-3: Estimate Pollutant Load Recovery & Load Reductions

2. Use Planning Tool from Prior Lake Study to Estimate Solids and Nutrient Recovery

3a. Estimate Pollutant Capture Efficiency of Basin BMPs

3b. Apply Basin Pollutant Capture Rate to Load Recovery = ~Load Reduction to Water Body



Developing an Enhanced Street Sweeping Plan
Steps 4-5: Estimate Costs and Cost-Benefits of Proposed Sweeping

Developing an in-
house sweeping 
program would 
save $$

Recommendations based on spending for 
contract sweeping service in previous year.

Estimate costs for a City-
owned and operated 
sweeping program



Continued Research in Minnesota 2018 – 2022(?)

Credit Calculator Tool
MS4’s Receive TP Credit for Sweeping

Inputs: 
1. Fresh Mass of Sweepings

or
2. Curb-miles swept 



Validation through Additional Research

Forest Lake Watershed
TP Recovery Predictions & Estimates 

Predicted: Baseline Sweepings:  70 lb/yr

Enhanced Sweeps: 120 lb/yr

Monitored: Sweepings:  47 (of 55 enhanced)

TP Recovered, Enhanced = 142 lb  

Clear Lake Watershed
TP Recovery Predictions & Estimates 

Predicted: Baseline Sweepings:  31.9 lb/yr

Enhanced Sweeps: 47.8 lb/yr

Monitored: Sweepings:  23 (of 30 enhanced)

TP Recovered, Enhanced = 88 lb  



Example: Forest Lake, MN



Planning Sweeping for Water Quality

Planning - What You Need

1. Understanding of Water Quality Concerns

2. Mapped Drainage Networks

3. Road Centerline Data

4. Tree Canopy Data (Digital or Aerial 
Imagery)

5. Metrics for Estimating Solids and Phosphorus 
Recovery

Targeted Sweeping = Sweeping at specific times/locations, within particular drainage basins…for Water Quality

Municipal Streets

Streets WITHIN Drainage Area
Streets Outside 

Waterbody 
Drainage Area Drains Directly to 

Resource
Drains to a Water 
Quality BMP(s)

Right-of-Way Tree Canopy Cover
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Strategy

1. Extra Sweeping Late Spring

2. Extra Sweeping Early Fall

3. Add sweepings working from spring/fall into July

Identify areas within your city that are relatively homogenous 
with respect to stormwater treatment priorities and street 

corridor canopy cover.

*Prioritize sweeping where streets drain directly to a water resource 
and/or have dense street corridor canopy

Enhanced Sweeping = Sweeping more than 1X each spring and fall [OR using Tandem Sweeping]



Resources for Developing an Enhanced Street 
Sweeping Plan

Resources for Planning Sweeping are Available through the 
University of MN Clean Sweep Program:
https://wrc.umn.edu/clean-sweep-program



Example: Forest Lake, MN



Madison, WI Street Sweeping and Related Studies
William R Selbig, Research Hydrologist, USGS, Upper Midwest Water Science Center

Depth-Integrated Stormwater 
Sampling and PSD (~2013, 2019)

Partitioning of TP in Stormwater
(~2013-14)

!
Trees, phosphorus, and street sweeping, 
and more!

Using leaf collection and street 
cleaning to reduce nutrients in 
urban stormwater, 2019

Monitoring and predicting 
the impacts of trees on 
urban stormwater volume 
reduction, 2022

Particle-size distribution 
from urban land use and 
source areas, 2019



QUESTIONS?


