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Example of Vacuum Street Sweeper Truck  
(Source: https://medium.com/@Haaker/why-construction-firms-should-get-

vacuum-trucks-andstreet-sweepers-for-sale-8e2fda01ded0) 
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Background - Definitions 

 
Streeping (or to streep) 

 
The act of removing 
debris from streets using 
various types of sweeping 
technologies.  

https://www.worldsweeper.com/History/AustinWestern.html 
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Background 

• Why is Street Sweeping Done 

– Aesthetics 

– Maintenance 

– Pollutant Removal 

– Nutrient Reduction 

– Help NPDES Permit Compliance 

– Help Meet TMDL Goals 
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Background 

• Florida FDEP provides pollutant removal 
credit through NPDES permit reporting of 
street sweeping mass collected 

• Florida Stormwater Association (FSA) 
funded a UF study in 2011 to develop 
statewide values of nutrient concentrations 
to be used in calculating load reductions 
– Examined the nutrient removal benefit of street 

sweeping  

– Sampled 14 different MS4s across the state 

– Developed collection rate data 

– Developed nutrient content data 

– Statewide median values recommended 

The more street sweeping  
debris mass you remove  
the more credit you get… 
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Background 

So the more street sweeping debris mass you remove the 
more credit you get… 

• Motivation for municipalities to look for ways to collect more 
street sweeping debris  

• Questions to ask when concerned about nutrient reduction: 
– Are we sweeping enough ?   

– Are we sweeping the right areas ? 

– Are we sweeping the areas with the most debris ? 

– Is the nutrient content of our street sweeping debris higher than 
statewide averages ? 

– Is the nutrient content of street sweeping debris higher in some areas 
than others ? 

– What characteristics impact the nutrient content of street debris ? 

– Is our tracking system accurately reporting mass?  

• Need for Program Optimization 
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Background – Why Optimize Your Street  
Sweeping Program 

Can you increase water quality benefit 
without increasing program costs ? 
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Lakeland Case Study 
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Study Objectives 

• Objectives: 
– Evaluate current street sweeping practices and available 

data to determine if nutrient (TN/TP) removal can be 
increased by performing additional analysis 

• Proper characterization of street debris nutrient content 
and mass generation rate for street segments with 
different characteristics (i.e., tree canopy and land use) 

• Optimize the street sweeping program 

– Frequency analysis 

– Cluster map analysis 

– Route optimization analysis 

– Tracking, data management, and reporting 
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Study Objectives 

• Objectives: 
– Characterize the street debris 

collected for street segments with 
different land use and tree canopy 
characteristics 

• Organic vs Inorganic 

• Nutrient content 

– Evaluate and optimize the street 
sweeping practices in the City of 
Lakeland 

• Streets currently being swept (all 
public curbed streets) 

• Divided into several zones 
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City Characteristics 

• Relevant Spatial Characteristics 
– Topography – to understand water movement  

– Drainage Infrastructure – to understand water movement 

– Land Use – Different land uses have different pollutant 
loading potential 

– Soils – Impact runoff potential and erosion potential 

– Impaired Waters – Target areas for load reduction 

– Contributing Areas – Detailed drainage patterns 

– Reclaimed Water Infrastructure – to understand where it is 
used and potential impact 

– Tree Canopy – Quantify where high tree canopy covers streets 
which contribute to debris generation 
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Program Benefit Evaluation 

• Potential Optimization Benefits 
– Nutrient Characterization – Nutrient content and generation rates vary 

widely across the state 
• Thorough characterization of data could result in significant increases in 

nutrient removal credit 

– Frequency Optimization – Current sweeping frequencies could be 
optimized to sweep some zones more frequently and others less 

• Results of other studies show that this could result in significant increases in 
the nutrient content of collected street debris 

– Zone Optimization – Grouping street segments into new zones based 
on similar characteristics 

• New zones would be optimized relative to frequency based on score of each 
zone 

– Seasonal Optimization – Sweeping street segments with high tree 
canopy more frequently during periods of high leaf drop 

• Results from other studies show that this could result in significant increases in 
both the mass of street debris collected and the nutrient content of that 
collected 

– Enhanced Tracking and Reporting – Develop methods to more 
efficiently track sweepers and report mass removals 
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Study Objectives 
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Variables of Interest 

• Several variables were identified as 
potentially impacting the nutrient 
content of street debris 
– Land use (limited to areas currently being 

swept by the City) 
• Residential 

• Commercial 

– Tree Cover (assessed using the 2011 NLCD 
tree canopy raster) 

• High cover – typically associated with 
residential areas 

• Low cover – typically associated with 
commercial areas 

– Seasonality 
• Normal conditions 

• High leaf drop conditions 

 

http://www.ianmcgillvrey.com/items/kauai-
maluhia-road-tree-tunnel/ 
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Variables of Interest – Land Use 
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Variables of Interest – Tree Cover 
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Sampling 

• Sampling was 
performed to evaluate 
the collected street 
debris for the following 
parameters 
– Phosphorus – TP and OP 

– Nitrogen – TN TKN, NOx, NH4 

– Solids – TS, TVS 

– Organic content, moisture 
content, bulk density 

– Particle size 

– Extractable analysis – TN and TP 
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Sampling 

• Total of 12 sampling runs completed (Phase I) 
– 3 sampling runs for each land use and tree cover combination 

• Seasonality required an additional 6 runs (Phase II) 
– 3 sampling runs for each land use, ONLY high tree cover was sampled 
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Results – Phase I Constituent Analysis 



GEOSYNTEC CONSULTANTS 

Results – Particle Size Analysis 



GEOSYNTEC CONSULTANTS 

Street Sweeping Optimization 

• Utilized cluster map analysis and spreadsheet 
simulation model 

• Evaluated several scenarios 
– Historic NPDES average values 

– Existing practice 

– Alternative 1: Utilizing concentrations observed in the 
current study 

– Alternative 2: Utilizing concentrations observed in the 
current study and modified sweeping frequency of existing 
street sweeping zones 

– Alternative 3: Utilizing concentrations observed in the 
current study and creation of new, optimized street 
sweeping zones and sweeping frequency 
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Street Sweeping Optimization 

• Cluster map analysis 
– Applied weighting to variables of interest 

• Level of tree canopy 

• Land use type 

• Impaired waterbody 

• Curbed streets 

– Weightings applied spatially and “hot spots” identified 

• New sweeping frequencies of existing zones recommended 
based on this (Alternative 2) 

• New street sweeping zones and frequencies recommended 
based on this (Alternative 3) 
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Street Sweeping Optimization 



GEOSYNTEC CONSULTANTS 

Street Sweeping Optimization 
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Street Sweeping Optimization 
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Outcome 

• Lakeland received 
approval from 
FDEP to use site 
specific nutrient 
concentration 
data in future 
NPDES reporting. 
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Route Optimization 

• Optimize routes by 
zones and trips to 
minimize travel time 
and save fuel costs 

• Spatial and Network 
Analyst GIS Tools 
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Data Tracking and Management 

• Web based data entry and reporting 
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Lakeland Conclusions 

• Land use and density of tree canopy were shown to 
be important variables impacting the nutrient 
content of street debris. 

 
• Use of GIS spatial tools can provide highly useful 

information to support programmatic optimization 
 
• Optimization shows that the City can decrease the 

cost per pound of TN or TP removed utilizing new 
zones and frequencies 
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Largo Case Study 
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Current Program Review 

• Currently sweeps City owned streets and other 
areas (parking lots) during high leaf drop periods 

• City has 3 vacuum sweepers 
• City sweeps 284.9 curb miles 
• No set frequency - sweep all streets in zone and 

then start over 
• Street segments divided into 18 different zones 
• Challenge meeting TMDL load reduction goals  
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Current Program Review 
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City Characteristics – Impaired Waters 
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Attribution of Street Sweeping GIS Feature Class  
Contributing Area to Impaired Water 
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Largo Conclusions 

• It was recommended that the City move forward with 
additional evaluation of the following: 

– Nutrient Characterization to better quantify the nutrient content of 
city specific street debris 

– Frequency Optimization to sweep street segments based on the 
City’s spatial characteristics that have been shown to impact the 
nutrient content of street debris 

– Zone Optimization to group street segments together based on 
similar characteristics and optimize the frequencies of new zones 

– Seasonal Optimization to maximize the nutrients collected during 
high leaf drop periods 

– Enhanced Tracking and Reporting to more efficiently track and 
report nutrient mass removal due to street sweeping 
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Seminole County Case Study 
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Objectives and Goals 

• The County’s current street sweeping program includes 
efforts to sweep select arterial/collector roads four times per 
year and select subdivision (local) roads two times per year  

• The County desired to develop an improved street 
sweeping program to increase the amount of pollutants 
collected, which in turn could result in higher TMDL and 
NPDES permit credits. 

• Leverage available spatial data to determine target areas 
for additional street sweeping (high tree canopy, etc.) to 
recommend an enhanced program with the goal of 
increasing the amount of pollutant mass removed.  

• Increase the frequency of target street segments that are 
currently swept as well as the sweeping of additional target 
street segments that are not currently swept.  
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Street Sweeping Areas 
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Street Sweeping Uncurbed Roads 

• Examples of uncurbed roads swept – “grass curbs” 
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Leveraging Tree Canopy Data 
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Recommended Program 
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Benefit Cost Analysis 
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Summary 
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Street Sweeping Program Benefit Evaluation 

• Potential Optimization Benefits 
– Nutrient Characterization – Nutrient content and generation rates vary widely 

• Thorough characterization of data could result in significant increases in nutrient 
removal credit 

– Frequency Optimization – Current sweeping frequencies could be optimized 
to sweep some zones more frequently and others less 

• Results of studies show that this could result in significant increases in the nutrient 
content of collected street debris 

– Zone Optimization – Grouping street segments into new zones based on 
similar characteristics 

• New zones could be optimized relative to frequency based on score of each zone 

– Seasonal Optimization – Sweeping street segments with high tree canopy 
more frequently during periods of high leaf drop 

• Results from studies show that this could result in significant increases in both the 
mass of street debris collected and the nutrient content of that collected 

– Enhanced Tracking and Reporting – Develop methods to more efficiently 
track sweepers and report mass removals 

– Optimization could be applied without increasing overall program cost 
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Thank You! 
 
Questions? 

Mark Ellard, PE, CFM, D.WRE, ENV SP – Senior Principal 
mellard@geosyntec.com  
 
Mike Hardin, PhD., PE, CFM – Senior Engineer 
mhardin@geosyntec.com 
 
Geosyntec Orlando, Florida Office 
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