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EXECUTIVE SUMMARY
This Limited-Hour Posted Route Study, Phase V of the City’s Targeted Aggressive Street Sweeping Pilot 
Program Report was designed to provide empirically derived answers to the programmatic questions. 
These questions (discussed below) were designed to be used to make informed decisions to optimize the 
City’s street sweeping program and to achieve a maximum recognition of benefits to water quality 
programs.

Sampling was conducted on Routes 402 and 407 with baseline conditions recorded from July 2013 until 
August 2014 and the implementation posted phase from September 2014 to October 2015. Data 
collected included date and time, miles swept, weight of debris, car counts, and parking tickets.

The follow are the four programmatic questions addressed in this study and the associated results:

How much more mileage is “sweepable” when there are street sweeping routes and times posted?
Using the average car count from pre-signage parking surveys and parking tickets from after signs 
were posted, the mileage lost from cars parked in the street sweepers’ path were calculated. Under 
baseline conditions, a total of 3.46 and 3.32 miles or 38.4% and 32.0% of Routes 402 and 407 
could not be swept due to parked cars. For the posted side of the experimental phase, an average 
of 0.70 and 0.56 miles or 7.8% and 5.4% were not able to be swept for Routes 402 and 407, 
respectively. This results in a total decrease of 79.8% and 83.1% of the curb not being swept due 
to parked cars. Therefore, there is a significant difference in mileage able to be swept when 
limited-hour parking signs are posted.

What is the quantity of debris removal gained by posting limited-hour “no parking” signs on 
traditionally non-posted street sweeping routes?
Baseline data shows the weight of debris removed over an entire route as an average of 11,136 
and 13,983 lbs. for Routes 402 and 407, respectively. In the experimental phase when signs were 
posted, a total average of 17,549 and 20,637 lbs. of debris were collected. This results in an 
increase of 6,413 and 6,654 lbs., or 58% and 48%, for Routes 402 and 407, respectively.
Similar results were obtained when comparing posted to nonposted sides of the implementation 
phase. The nonposted sides of Route 402 and 407 had an average of 6,983 and 7,584 lbs. of 
debris removed, whereas the posted sides of the two routes had 10,566 and 13,580 lbs. of debris 
removed. This is an increase of 51% and 79% in debris removal for Route 402 and 407.

What is the relative cost efficiency of integrating additional posted routes into the City street 
sweeping program?
Using estimated sweeper cost data from the Phase IV Final Report, costs were estimated to be 
$8.38 per route mile. When this route cost is divided by the actual curb mileage, the estimated cost 
per curb mile is $24.20 and $18.95 for the non-posted route, and $16.15 and $13.63 for the posted 
route for Routes 402 and 407, respectively. This is a total reduction of 33% and 28% in cost per 
curb mile.
Costs were also determined per 1000 lbs. of debris removed. The non-posted side of the route had 
an average cost of $19.20 and $17.68 per 1000 lbs. of debris removed and the posted side had an 
average of $12.69 and $9.87. This is an average decrease of 34% and 44% in cost per unit mass 
removed. Posting signs results in a higher cost efficiency of street sweeping than in existing 
conditions.
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Evaluation of the potential water quality benefits of posting limited-hour “no parking” signs along 
currently non-posted routes.
Street sweeping programs are known to have benefits ranging from chemical to biological to 
recently adopted statewide trash regulations. Based on data from earlier phases of the aggressive 
street sweeping study and published characterization studies estimated pollution removal benefits 
were calculated for the study. 

Fine sediments are known contain elevated levels of pollutants such as metals, pesticides and other 
organic chemicals of concern as well as contribute to TSS, VSS, and turbidity issues in receiving 
waters. Fine sediments are thus an important component which street sweeping’s removal from the 
system can directly impact improvements to water quality. It is estimated here that about 18% of 
the total debris load is made up of fine sediments less than 2mm large. Table 5-4 the report 
shows calculated removal estimates of important pollutants tied to regional impairments. These 
results are closely tied to and are on the magnitude of the observed increases in overall efficiency.  

It is also estimated that about 1% of sweeper debris is trash. For Route 402, this is an average of 
70 lbs. of trash on the non-posted side and 106 lbs. on the posted side. For Route 407, it is 76 lbs. 
and 136 lbs. This is an increase in 51% and 79% of trash collected over the non-posted side of the 
street on Routes 402 and 407. On a per mile basis, this accounts for added removal of 5.3 lbs. of 
trash. On a City wide street sweeping program basis, this would account for an extra 108,650 lbs. 
per year. These results represent an important finding which may impact the compliance strategy 
the City employs to comply with the statewide trash amendments. 

Based on the reported results as applied to the core programmatic study questions, posting of limited-
hour parking signs increases sweeper access to the curb, results in a higher debris removal, is more cost 
efficient, and has a significant positive impact on water quality.
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INTRODUCTION

Background
Storm water runoff is known to collect particulates and pollutants from roadways and other surfaces in 
urban areas and create water quality problems for local and regional receiving waters. A way to remove 
these pollutants from roadways is street sweeping, which is a common source control BMP used by many 
municipalities. The Municipal Separate Storm Sewer System (MS4) Permit specifically requires 
Copermittees to implement a schedule of operation and maintenance for public streets, unpaved roads, 
paved roads, and paved highways within their jurisdiction to minimize pollutants that can be discharged 
in storm water. The Water Quality Improvement Plans and Jurisdictional Runoff Management Plan 
coordinate the frequency of street sweeping throughout the City to meet various water quality goals and 
schedules.

The City of San Diego has conducted a multi-year Targeted Aggressive Street Sweeping Pilot Program 
with the overall goal to identify and implement the most cost-efficient combination of street sweeping 
practices and technology in order to optimize pollutant load reductions. Table 1-1 describes each of the 
five phases of the Targeted Aggressive Street Sweeping Pilot Program. This report details the results and 
findings of the Phase V, the final phase of the program. 

Table 1-1.  Phases of the Targeted Aggressive Street Sweeping Pilot Program 

Pilot Program Phase Description of Pilot Status

Phase I Sweeping Frequency Study Complete

Phase II Sweeping Machine Technology Study Complete

Phase III Median Sweeping Study Complete

Phase IV Speed Sweeping Study Complete

Phase V Posted/Non-posted Route Study Reported Here

Objective

The purpose of Phase V is to evaluate the feasibility, potential water quality benefits, and the cost-
effectiveness of posting limited-hour “no parking” signs along currently non-posted routes. Phase V 
addressed the following project-specific management questions:

How much more mileage is “sweepable” when there are street sweeping routes and times 
posted?
What is the quantity of debris removal gained by posting limited-hour “no parking” signs on 
traditionally non-posted street sweeping routes?
What is the relative cost efficiency of integrating additional posted routes into the City street 
sweeping program?
Evaluation of the potential water quality benefits of posting limited-hour “no parking” signs along 
currently non-posted routes.



Targeted Aggressive Street Sweeping Pilot Program
Limited-Hour Posted Route Study, Phase V

PPage 4

General Scope of Activities

Phase V of the City’s Targeted Aggressive Street Sweeping Pilot Program Report documents the sample 
and analysis activities that were performed for Phase V. This Report contains a description of the data 
collection efforts, a summary of collected field data, a comparison of baseline data to sample data,
interpretation of data to answer study questions, and recommendations for creating the most effective 
street sweeping program.

STUDY DESIGN AND SITE CHARACTERISTICS
Study Design

Phase V evaluates the effect of posting limited-hour “no parking” signs along traditionally non-posted 
residential routes on debris removal.  Posting signs will increase street sweeper accessibility to the curb 
and gutter on routes that are normally blocked by parked vehicles. Phase V routes were swept monthly 
with mechanical sweepers on their designated day by the O&M Section of the Storm Water Division. 
Routes were swept on both sides, treating each direction as a separate route.

Collected data for each route included:

Collection date and time
Miles swept
Non-routine pollutants encountered
Mechanical problems
Weight of debris collected

For this phase of the study, one side of the route was deemed the posted side, where limited-hour “no 
parking” signs were installed during the implementation stage, and the other side of the street remained 
the non-posted route. Samples collected during baseline analysis are labeled as baseline non-posted or 
posted samples, and those collected during the implementation phase are experimental non-posted or 
posted samples. This allowed for a direct comparison between the baseline sampling and Phase V Study 
sampling. 

Baseline Sampling

Baseline data provides general data on existing debris collected by street sweepers.  This data provides a 
basis of comparison for the Phase V study data. Baseline sweeping started in July 2013 until August 2014 
for Route 402 and in August 2013 until August 2014 for Route 407. Street sweepers removed debris that 
accumulated along curbs and gutters. Collected debris was taken to the City’s Chollas Operations Yard 
and dumped into labeled bins for the baseline sample of each route. Staff compiled data regarding the 
weight of collected debris.

Phase V Study Sampling

Study sampling started in September 2014 for both routes, when the posted route portion of Routes 402 
and 407 displayed limited-hour “no parking” signs. Similar to baseline sampling, street sweepers collected 
debris along curbs and gutters and hauled it to the same location, undergoing the same procedures as 
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that of baseline sampling. The non-posted route was swept between 7:00am and 10:00am, and the 
posted side was swept from 10:00am to 1:00pm. Data collection continued until October 2015.

Car Counts and Parking Tickets

Baseline vehicle counts were conducted for both routes in order to determine the increase or decrease in 
accessibility to curb and gutters after signs were posted. Car counts for Routes 402 and 407 were 
conducted from October 2013 to July 2014. After signs were posted, parking ticket data for both routes 
was obtained to compare to baseline vehicle counts.

SITE CHARACTERISTICS
Potential routes were chosen based on the following eight siting criteria:

Representativeness
Community Acceptance
Logistical Constraints
Geographic Location/Watershed
Adjacent/downstream Impaired Water Bodies
Adjacent Pollutant Sources
Council District

Final Site Selection

For Phase V, the representativeness criteria required the route to be a non-posted residential route that 
would allow conversion into a posted route. Routes 402 and 407 were ultimately chosen based on public 
acceptance, street size and access limitations, geographic distribution of previous pilot study routes 
throughout various communities within the City’s jurisdictional boundaries, and proximity to City 
operations yards. Initially, Route 402 was not considered because two streets within the route already 
had posted signs. However, the posted portion of the route was such a small percentage that it was 
determined to have an insignificant effect. 
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POSTED/NON-POSTED ROUTES
Below are the posted and non-posted directions for Routes 402 and 407.

Figure 2-1. Route 402 Posted Direction 
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Figure 2-2. Route 402 Non-posted Direction 
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Figure 2-3. Route 407 Posted Direction 
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Figure 2-4. Route 407 Non-posted Direction 
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DATA COLLECTION
Data was obtained from the following documents:

Sweeper Daily Reports
Daily Work Logs
Landfill Transaction Sheets
Baseline Parking Surveys
Parking Tickets

Sweeper Daily Reports

Sweeper Daily Reports were recorded by sweeper operators and included the date, route, mileage, dump 
location, time, water usage, and debris collected. The broom miles recorded in these reports were not 
used in the calculations because they include miles that the sweeper was spent off of the curb. Debris 
collected was a visual measurement and was not used in our calculations due to subjectivity.

Figure 3-1. Sweeper Daily Report 
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Daily Work Logs

Daily Work Logs were recorded by truck drivers and detailed the dump locations debris loads were taken 
to. The load in pounds for each side of a route is written at the bottom of each log. “1st load” 
corresponds to the non-posted side of a route and “2nd load” corresponds to the posted side of a route.
This load information was used to make calculations on the benefits of posting limited-hour parking signs.

Figure 3-2. Daily Work Logs 

 

Landfill Transaction Sheets

Landfill Transaction Sheets recorded the gross weight, tare weight, and net weight of the loads as well as 
the fees that were charged to dump at the landfill. Net weight and total fee correspond to the weight of 
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debris dumped and were used to calculate the potential increase in fees due to heavier loads. Fees are 
assumed to have stayed constant across the study and consistently represent the tonnage of debris.

Figure 3-3. Landfill Transaction Sheets 

 

Baseline Parking Surveys

Car counts were conducted from October 2013 to July 2014 to gather baseline parking data. The number 
and locations of cars on each street of the two routes were recorded visually on a map. The number of 
cars on each side of the routes (posted/non-posted) could then be counted. The parking survey data
served as the basis to estimate parking during the baseline phase of the study and the non-posted side of 
the study phase. These estimates were then used to calculate curb mileage unable to be collected.

Parking Ticket Data

Warning tickets were issued for the first month signs were displayed in September 2014. However, Route 
402’s first sweeping day fell on a holiday, so warning tickets were issued a month late, in October 2014.   
Parking tickets were issued the next month after warning tickets were issued: November 2014 for Route 
402 and October 2014 for Route 407. The total number of parking tickets over the study phase of the 
project were divided by the number of events to obtain an average distance of curb mileage unable to be 
swept on each route. 



Targeted Aggressive Street Sweeping Pilot Program
Limited-Hour Posted Route Study, Phase V

PPage 13

RESULTS
The entire Phase V data set can be found in Appendix A. A list of the sweeping events during the study 
phase are shown in Table 4-1. Only events with completed routes and complete data sets were used in 
the analysis. Below is a review of the completed route data used in the discussion section of this 
document to answer the core project questions. 

Table 4-1. Sweeping Events 

 

Load Data

The load is the amount of debris, in pounds, that is removed from a route from sweeping activities as 
recorded on the daily work logs and landfill transaction sheets. Table 4-2 shows the average combined 
weight for the entire route pre-signage and post-signage for each route. For Routes 402 and 407, during 
the baseline period prior to sign installation, an average of 11,136 lbs. and 13,983 lbs. were removed 
from both sides. During the experimental phase following sign installation, these loads rose to 17,549 and 
20,637 lbs. per route.

Table 4-2. Load Data—Baseline vs. Experimental 
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Table 4-3 shows the loads for the paired posted and non-posted sections of the routes during the 
experimental phase. The average loads captured on Route 402 for non-posted and posted were 6,983 
and 10,566 lbs., and for Route 407, 7,584 and 13,580 lbs., respectively.   

Table 4-3.  Load Data—Non-posted vs. Posted 

 

Parking Data and Parking Tickets

Parking surveys conducted during the baseline portion of the project counted cars on the posted and 
non-posted portions of the routes.  The ten surveys conducted on Route 402 showed an average of 413 
and 399 parked cars for the posted and non-posted sides of the street, giving an average of 406 per side 
for the route (Table 4-4). Eight surveys on Route 407 had an average of 378 and 401 parked cars,
respectively with an overall average of 390.  Examination of the monthly data for both routes shows a 
very small range of less than +/- 10% of the average. This is likely a result of the stable nature of a 
residential neighborhood and associated street parking use.   
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Table 4-4. Baseline Parking Data 

 

 

Parking ticket data was provided by monthly total, counting the number of tickets per posted side of the 
route for the months patrolled. Route 402 had a total of 652 tickets were issued over 8 months or an 
average of 82 tickets per month.  Route 407 had a total of 524 tickets issued over 8 months or an 
average of 66 tickets per month.
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Table 4-5. Parking Ticket Data 

 

DISCUSSION
As discussed earlier, the objective of this study is to evaluate the feasibility, potential water quality 
benefits, and the cost-effectiveness of posting limited-hour “no parking” signs along currently non-posted 
routes. As such, four project-specific management questions were designed to target specific information 
to aid policy decisions in order to make changes to the street sweeping program with the intention of 
increasing its overall effectiveness. Below is a discussion of each question in relation to the study results:

How much more mileage is “sweepable” when there are street 
sweeping routes and times posted?

Debris has been shown to be concentrated on streets along the curb, and thus the amount of time that a 
sweeper can spend against the curb is directly related to the amount of material collected over the course 
of a sweeping route.  The use of limited parking signs is a common tool used to increase the access to 
the curb, as seen in this study. City sweeper routes have been designed to have similar total mileage as 
shown in Sweeper Daily Reports, where total broom activity mileage is about 16 miles for both routes. 
However, due to areas in the route where there are no curbs, such as intersections, or areas where the 
sweeper must backtrack to access other parts of the route, the actual curb distance varies from route to 

Month Number of Tickets

November 2014 126
December 2014 14
February 2015 98
April 2015 113
May 2015 50
June 2015 94
July 2015 87
August 2015 70
Average 81.5

October 2014 66
November 2014 6
December 2014 55
April 2015 48
May 2015 91
June 2015 85
August 2015 86
October 2015 87
Average 65.5

Route 402

Route 407
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route. GIS analysis of the maximum curb area for each half of Routes 402 and 407 show 9.0 and 10.4 
miles of curb distance (18 and 20.8 miles including both sides of the street) respectively.  

To estimate the actual sweepable curb mileage for each route, parking survey and parking ticket data 
were utilized. The average car count from the parking surveys were used as the baseline parking 
estimates as well as the non-posted side of the experimental phase.  The monthly average parking ticket 
data was used to estimate the number of cars parked on the posted side of the route during the 
experimental phase.  The number of cars were then multiplied by the average distance the sweeper 
would miss by going around a parked car.  A distance of 45’ was used, assuming that the average length 
of a car in the US is 15’ and that one car length before and after the car is needed to clear the vehicle. 

Under baseline conditions and for the non-posted sides of the experimental phase, a total of 3.46 and 
3.32 miles or 38.4% and 32.0% of Routes 402 and 407 were not able to be swept due to parked cars
(Table 5-1). For the posted side of the experimental phase, an average of 0.70 and 0.56 miles or 7.8%
and 5.4% were not able to be swept due to parked cars. This represents a decrease of 79.8% and 
83.1% of the curb not being swept as a result of the signage for the routes, respectively. 

Table 5-1. Curb Mileage 

 

 

These estimates are expected to be representative of the average realistic conditions experienced during 
a sweeping route. However, these estimates do pose several caveats that should be noted. First, these 
estimates are based on cars being parked individually and the sweeper taking a safety distance of one 
car length on each side of the parked car.  Second, this assumes that parking tickets were temporally 
evenly distributed and did not decrease over time as residents adapted to the signage. Finally, this 
assumes a constant parking volume on the non-posted side during the experimental phase and that cars 
that would be otherwise parked on the posted side did not move to the non-posted side. 
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What is the quantity of debris removal gained by posting limited-
hour “no parking” signs on traditionally non-posted street 
sweeping routes?

The additional access to the curb where debris is most concentrated in posted areas results in increased 
collections per distance traveled on a route.  Experimental design allows for two methods of evaluating 
the increased debris removal. First, baseline data can be compared to experimental data.  Second,
experimental posted and non-posted sides of the route can be compared.  This cross comparison allows 
for a check of internal consistency to show that conditions are representative over multiple seasons and 
years. This also allows for a check to show that increased debris removal is not simply a function of the 
cars on the posted side of the route relocating to the non-posted side.  

During the baseline portion of the study Routes 402 and 407, an average of 11,136 and 13,983 lbs. of 
debris were removed over the entire route.  During the experimental stage these values increased to 
17,549 and 20,637 lbs. This equates to an increase of 6,413 and 6,654 lbs. or 58% and 48%,
respectively for the routes. The increase in debris removal shows the same trend of significant increase 
as seen in the estimated curb miles, but expresses almost a 50% greater benefit over what would be 
expected from the additional curb mileage as estimated. This could be a result of an underestimation of 
the curb mileage missed going around cars or an added efficiency of remaining against the curb for 
longer stretches at a time. 

A comparison of experimental phase data shows similar results, where the posted side of the routes had 
an average of 10,566 and 13,580 lbs. removed, as compared to the non-posted side where 6,983 and 
7,584 lbs. were removed. This represents an increased removal benefit of 51% and 79% for Routes 402 
and 407, respectively.  Again, this shows a considerable higher benefit than would be predicted by the 
increase in estimated curb miles swept based on parked cars. Another way to look at this data is the 
difference in the debris removal per curb mile. The non-posted side of Route 402 has a removal rate of 
776 lbs/mi of sweepable curb, while the posted side has a removal rate of 1,174 lbs/mi. When these 
calculations are conducted on actual curb mileage, a similar rate of 1,261 and 1,273 lbs/mi are calculated 
showing similar efficiencies of removal per distance against the curb for 402. Route 407 similarly has a 
significant increase in removal rates of 729 to 1,306 lbs/mi over the course of the route. 

If the debris removed on the non-posted side of the route during the experimental phase is compared to 
the average of the two sides in the control phase an increase of 25% and 9% is observed. This could be 
a result of either an increased debris load during the experimental phase or a decrease in parking on the 
non-posted side of the route.  As both phases included an entire calendar year and no special notation 
was made for added debris from events such as construction, it is unlikely that an increase of 25% would 
result from variability in the average loading.  Decreased parking on the non-posted side of the route is a 
possible explanation as drivers could have misinterpreted the limited parking signage to apply to both 
sides of the street and seek parking at a different location.  Under either scenario, the findings are 
internally consistent, and overall findings of significant increases in debris removal remains valid.   
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What is the relative cost efficiency of integrating additional 
posted routes into the City street sweeping program?

Sweeper routes are set to include similar distances to normalize the program for time commitments of 
equipment and labor. The costs associated with executing these routes are for labor, fuel, 
maintenance/support, and equipment-related expenses, thus, it is not dependent on the amount of time 
the sweeper is actively sweeping or the amount of debris removed.  The main variable on the cost side is 
dependent on the amount of materials removed and the charges associated with disposal fees. Since 
disposal fees scale directly with the amount of material collected, it will be a function of the increased 
efficiency of removal. Thus, the evaluation of cost efficiency should focus on an examination of monetary 
benefit associated with the increased removal per mile traveled.

The comparison of the relative gained efficiency in debris removal has been combined with the estimated 
sweeper usage and cost data (not including labor), which was presented in Phase IV Final Report (Table 
6-3). Phase V only utilized mechanical sweepers, thus mechanical sweeper data from the report presents
the most accurate estimate of related costs. Mechanical sweeper operational costs were estimated at 
$8.38 per route mile or an estimated cost of $134.08 per side of the routes (based on 16 mile routes). 
When this route cost is divided by the curb mileage, the estimated cost per curb mile is $24.20 and 
$18.95 for the non-posted route and $16.15 and $13.63 for the posted side results for Routes 402 and 
407, respectively. This represents a 33% and 28% reduction in cost per broom mile against the curb.  

The total mass of materials removed can also be compared to the route cost to give a cost per pound of 
debris removed. For Route 402 and Route 407, the non-posted side of the route had an average cost of 
$19.20 and $17.68 per 1000 lbs. of debris and the posted side had an average of $12.69 and $9.87.  This 
accounts for an average of 34% and 44% decrease in cost per unit mass removed.   

Table 5-2 shows similar calculations for the other sweeper methods in the fleet including vacuum-
assisted and regenerative air. These calculations follow the same trend, however direct comparisons are 
limited due to the methodologies used in the Phase IV report to calculate the operational costs per mile.  
This variability includes differences in the mile usage per sweeper on an annual basis and the age of the 
sweepers in the fleet which results in varying maintenance costs. While the estimates for the other 
sweeper methods are likely biased to reflect a lower cost per mile, it is clear that the posting of limited 
parking signage represents a similar increase in cost efficiency. When these cost estimates are looked at 
on a mass basis the vacuum-assisted and regenerative are sweeper could represent an even larger 
increase in efficiency particularly in relationship to removal of pollutants as the methods are more 
effective at removing the finest sediment fraction of street debris (discussed below).     

Table 5-2. Cost Estimates by Sweeper Type 
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Evaluation of the potential water quality benefits of posting 
limited-hour “no parking” signs along currently non-posted 
routes. 

Street sweeping provides a community service of cleaning city streets by keeping them free of plant 
material, trash, and other debris.  Street sweeping is also effective at removing sediments, which 
concentrate on roads and near curbs. These sediments can contain pollutants such as heavy metals, 
pesticides, herbicides, organics, and bacteria among others. During rain events sediments can be 
mobilized and transported into storm water systems, local streams, and ultimately, the ocean. It is for 
this reason that the removal of these sediments via street sweeping represents an important source 
control BMP in maintaining NPDES permit and TMDL requirements for water quality. Thus, increased 
street sweeping effectiveness achieved from limited-hour parking signs represents additional cost savings
by removing pollutants that would otherwise need to be treated by physical BMPs or LID infrastructure. 
Additionally, increased street sweeping efficiencies represent important measures in achieving new trash 
amendment requirements.

Debris collected by street sweepers have been shown to have varying composition as a function of size. 
Larger size fractions are dominated by trash and plant materials with the smaller fractions mainly 
sediments. Pollutants are generally associated with the smallest size fraction as they have larger surface 
to area ratios and a greater affinity for pollutants to be absorbed to their surfaces due to physical and 
chemical properties. The smallest fractions also have a higher portion resulting from anthropogenic 
sources such as combustion, tire and brake wear, and other sources deposited via Aeolian deposition. 
Phase II of the Aggressive Street Sweeping study looked at several common pollutants expected to be 
associated with street sediments including metals such as copper, lead, and zinc, and synthetic 
pesticides. 

The Phase II results are in agreement with a comprehensive study conducted in Contra Costa County,
which looked at a wide variety of pollutants from varying land use types.  The Contra Costa study made 
estimates of debris types, including trash, plant matter, sediment (<2mm) and fine sediments(<63 m),
as well as the content of pollutants including Metals (Al, As, Cd, Cr, Cu, Pb, Mg, Ni, Se, Ag, Zn, and Hg), 
PCBs, PBDEs, and pyrethroid pesticides. Due to the similar results between the Phase II results and the 
more comprehensive study in Contra Costa County, the Contra Costa County study will be used here to 
estimate the amount of pollutants removed resulting from the added sweeper access to the curb.  

Overall, the larger size fraction of the debris removed makes up the majority of the debris collected 
during sweeper activities in residential areas, at approximately 63%. Trash content made up an average 
of ~1% of the total load and plant matter about ~62% of the load. This translates into an average of 70 
lbs. of trash for the non-posted route and 106 lbs. for the posted side on Route 402, and 76 and 136 lbs.
for Route 407 (Table 5-3).  This constitutes an increase of 36 and 60 lbs. or 51% and 79% over the 
non-posted sides of the street. On a per mile basis, this accounts for added removal of 5.3 lbs. of trash.
On a City wide street sweeping program basis this accounts for an extra 108,650 lbs. per year. This 
additional removal represents an important reduction in the trash that could potentially be washed into 
storm drains, helping the city meet the trash capture rate under a “track two” approach, and possibly 
reducing the need to install full capture storm drain devices.



Targeted Aggressive Street Sweeping Pilot Program
Limited-Hour Posted Route Study, Phase V

PPage 21

Table 5-3. Load Composition 

 

 

Sediment has been shown to make up ~37% of the sweeper debris with fine sediments, or ~18% of the 
total load. The average concentrations in ppm are shown in Table 5-4 along with the average 
concentration per route.   The added benefit for each pollutant removal is shown as well with the percent 
benefit being driven by the loading difference and are thus the same as the trash estimates. The table 
also shows a calculated added removal rate per route mile. These estimates were used to calculate a 
projected added load removed per year for the entire City street sweeping program using an estimated 
20,500 miles swept per year.  

Table 5-4. Metal Composition of Debris <2 mm 

 

Phase II also examined the translation of sweeping activities to storm water runoff water quality.  These 
results showed clear benefits to the dissolved metals examined (Cu, Pb, and Zn) as well as TSS. While 
these results are not translatable in a quantifiable manner, it does strongly suggest qualitatively that 
proportional improvements would be expected based on increased debris removal rates.

Al As Cd Cr Cu Pb Mg Ni Se Ag Zn Hg % TOC % Fine
11366 3 1 30 132 43 421 37 0.3 0.5 344 0.2 7 18

402 Nonposted 29 0.008 0.001 0.077 0.34 0.11 1.1 0.10 0.0008 0.0013 0.9 0.0004 190 469
402 Posted 44 0.012 0.002 0.117 0.51 0.17 1.6 0.15 0.0013 0.0019 1.3 0.0006 288 709
402 Benefit 15 0.004 0.001 0.040 0.17 0.06 0.6 0.05 0.0004 0.0007 0.5 0.0002 98 241
407 Nonposted 32 0.01 0.002 0.08 0.37 0.12 1.2 0.10 0.0009 0.001 1.0 0.0004 207 509
407 posted 57 0.02 0.00 0.15 0.66 0.22 2.1 0.19 0.002 0.002 1.7 0.0008 369.8 911.6
407 Benefit 25 0.007 0.001 0.066 0.29 0.10 0.9 0.08 0.0007 0.0011 0.8 0.0004 163 403

2.0 0.00 0.00 0.01 0.02 0.01 0.1 0.007 0.0001 0.0001 0.1 0.00003 13.3 32.7

42013 11 2 110 487 160 1555 138 1 2 1270 1 272043 670603

Added removal per Mile

Projected added removal 
program wide per year

Daily 
Average 

(Load 
lbs)

Residential Avg ppb
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CONCLUSIONS 
The added benefit of posting limited parking restrictions on the efficiency and cost effectiveness of the 
City’s street sweeping program is observed in all four metrics examined in this study. The first metric 
examined the added access to the curb to street sweeper units. Under the non-posted conditions a total 
of 3.46 and 3.32 miles or 38.4% and 32.0% of Routes 402 and 407 were not able to be swept due to 
parked cars. A clear and significant impact is seen for the posted side of the route where an average of 
0.70 and 0.56 miles or 7.8% and 5.4% were not able to be swept due to parked cars.  This represents a 
decrease of 79.8% and 83.1% of the curb not being swept as a result of the signage for the routes, 
respectively. The second metric examined the added amount of debris removed. Results show similarly 
large increases in efficiency with 58% and 48% (Routes 402 and 407) increased removal by weight for 
the same routes. This translates to an increase of 51% in trash collected per route mile. The third metric 
showed the relative cost effectiveness gained through the addition of the limited parking signage. A 
decrease in the cost per broom mile was shown to be 35% and 29%, respectively, as well as a decrease 
of 34% and 44% per unit mass debris removed.  The final metric looked at the potential impacts on the 
removal of specific pollutants including trash, metals, sediments, and vegetative material.  The pollutant 
removal estimates were driven by increased debris removals, but show the magnitude of the potential 
benefits on a city or watershed basis.  
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Parking Tickets
Date Complete Post/Nonpost Stop Miles Start Miles Total Miles Broom Stop Miles Broom Start Miles Total Broom Miles Stop Time Start Time Total Hours Debris (yds) Gross Weight Tare Weight Net Weight Tip Fee Total 1st Load (lbs) 2nd Load (lbs) Posted Nonposted Total Montly Total
7/1/2013 yes nonposted 7246 7202 44 7222 7206 16 9:30 6:55 2:35 1.5 14.64 13.32 1.32 28 41 - - - - - -
7/1/2013 yes posted 7246 7202 44 7243 7227 16 1:00 10:20 2:40 2 15.25 14.4 0.85 19 20 - - - - - -
8/5/2013 yes nonposted 8361 8322 39 8341 8326 15 9:50 7:10 2:40 2.5 16.78 14.4 2.38 50 74 2000 2320 - - - -
8/5/2013 yes posted 8361 8322 39 8358 8342 16 12:35 10:00 2:35 2.5 16.78 14.4 2.38 50 74 2000 2320 - - - -

10/7/2013 yes nonposted 11057 11005 52 11023 11008 15 9:45 7:10 2:35 4.5 17 14.13 2.87 60 89 2420 3480 412 380 792 -
10/7/2013 yes posted 11057 11005 52 11040 11024 16 12:35 10:00 2:35 4.5 17 14.13 2.87 60 89 2420 3480 412 380 792 -
11/4/2013 yes nonposted 12450 12412 38 12430 12415 15 10:00 8:25 1:35 2.5 16.34 14.16 2.18 46 68 6740 8820 406 394 800 -
11/4/2013 yes posted 12450 12412 38 12446 12432 14 12:10 10:05 2:05 2.5 16.34 14.16 2.18 46 68 6740 8820 406 394 800 -
12/2/2013 yes nonposted 13807 13768 39 13787 13771 16 10:00 7:40 2:20 2.5 16.02 14.02 2 42 62 6360 8380 360 371 731 -
12/2/2013 yes posted 13807 13768 39 13804 13787 17 1:00 10:10 2:50 2.5 16.02 14.02 2 42 62 6360 8380 360 371 731 -
1/7/2014 yes nonposted 36397 36377 20 36394 36379 15 12:15 9:45 2:28 2.5 15.77 14.4 1.37 29 43 5920 - 480 416 896 -
1/7/2014 no posted 36397 36377 20 - - - - - - - 15.77 14.4 1.37 29 43 5920 - 480 416 896 -
1/7/2014 yes nonposted - - - 36497 36483 14 12:50 10:45 2:05 3 15.77 14.4 1.37 29 43 - - 480 416 896 -
2/3/2014 yes nonposted 49802 49766 36 49785 49769 16 10:00 7:30 2:30 2.5 17.42 14.4 3.02 63 93 7240 - 405 394 799 -
2/3/2014 yes posted 49802 49766 36 49802 49785 17 12:30 10:00 2:30 2.5 17.42 14.4 3.02 63 93 7240 - 405 394 799 -
3/3/2014 yes nonposted 15509 15473 36 15491 15475 16 9:40 7:05 2:35 2 16.41 14.4 2.01 42 62 6740 6280 404 419 823 -
3/3/2014 yes posted 15509 15473 36 15507 15491 16 12:10 9:40 2:30 2 16.41 14.4 2.01 42 62 6740 6280 404 419 823 -
4/7/2014 yes nonposted 15035 14997 38 15015 15000 15 9:30 7:30 2:00 2.5 15.35 13.95 1.4 29 43 5380 - 432 413 845 -
4/7/2014 yes posted 15035 14997 38 15032 15015 17 12:30 9:30 3:00 3 15.35 13.95 1.4 29 43 5380 - 432 413 845 -
5/5/2014 yes nonposted 19840 19504 36 19522 19507 15 9:15 6:50 2:25 2.5 20.64 18.8 1.84 39 57 11440 3560 429 382 811 -
5/5/2014 yes posted 19840 19504 36 19537 19522 15 11:30 8:15 2:15 2.5 20.64 18.8 1.84 39 57 11440 3560 429 382 811 -
6/2/2014 yes nonposted 15971 15935 36 15952 15938 14 9:50 7:15 2:35 2.5 15.98 13.84 2.14 45 66 6100 8160 401 407 808 -
6/2/2014 yes posted 15971 15935 36 15968 15952 16 12:10 9:50 2:20 3 15.98 13.84 2.14 45 66 6100 8160 401 407 808 -
7/7/2014 yes nonposted 21715 21677 38 21694 21687 13 10:00 7:30 2:30 2.5 15.92 14.4 1.52 36 51 6100 7540 404 418 822 -
7/7/2014 yes posted 21715 21677 38 21712 21696 16 12:45 10:30 2:15 2.5 15.92 14.4 1.52 36 51 6100 7540 404 418 822 -
8/4/2014 yes nonposted 17579 17545 34 17562 17547 15 9:00 7:00 2:00 2.5 15.92 13.84 2.08 50 71 5720 7860 - - - -
8/4/2014 yes posted 17579 17545 34 17577 17562 15 12:00 9:10 2:50 3 15.92 13.84 2.08 50 71 5720 7860 - - - -

10/6/2014 yes nonposted 15767 15730 37 15748 15733 15 10:20 8:00 2:20 5 16.17 13.84 2.33 56 79 6400 8520 - - - -
10/6/2014 yes posted 15767 15730 37 15763 15749 14 1:25 10:25 3:00 4.5 16.17 13.84 2.33 56 79 6400 8520 - - - -
11/3/2014 yes nonposted 31203 31165 38 31183 31168 15 10:05 7:50 2:15 3.5 16.89 14.16 2.73 66 93 6220 - - - - 126
11/3/2014 yes posted 31203 31165 38 31199 31184 15 12:45 10:10 2:35 3.5 16.89 14.16 2.73 66 93 6220 - - - - 126
12/1/2014 no nonposted 1913 1900 13 1907 1902 5 9:45 8:15 1:30 1 - - - - - - - - - - 14
12/1/2014 no posted 1913 1900 13 1915 1907 8 11:50 10:00 1:50 3 - - - - - - - - - - 14
1/5/2015 no - - - - - - - - - - - - - - - - - - - - - -
2/2/2015 yes nonposted 889 853 36 871 855 16 9:50 7:10 2:45 4.5 17.74 13.95 3.79 91 129 8080 11540 - - - 98
2/2/2015 yes posted 889 853 36 885 871 14 12:45 10:00 2:45 4.5 17.74 13.95 3.79 91 129 8080 11540 - - - 98
3/2/2015 no - - - - - - - - - - - - - - - - - - - - - -
4/6/2015 no nonposted 31165 31112 53 31140 31132 8 10:00 8:35 1:25 2 17.18 13.88 3.3 79 112 6941 10640 - - - 113
4/6/2015 no posted 31165 31112 53 31161 31152 9 1:05 11:20 1:45 1.5 17.18 13.88 3.3 79 112 6941 10640 - - - 113
5/4/2015 yes nonposted 37904 37864 40 37882 37868 14 9:15 7:00 2:15 3.8 18 14.02 3.98 96 136 7760 12240 - - - 50
5/4/2015 yes posted 37904 37864 40 37899 37883 16 12:25 10:00 2:25 4 18 14.02 3.98 96 136 7760 12240 - - - 50
6/1/2015 yes nonposted 188 151 37 170 154 16 9:30 7:15 2:15 2.5 15.39 13.95 1.44 35 49 7080 7020 - - - 94
6/1/2015 yes posted 188 151 37 185 170 15 12:05 10:00 2:05 3 15.39 13.95 1.44 35 49 7080 7020 - - - 94
7/6/2015 yes nonposted 36055 36012 43 36029 36014 15 9:10 7:10 2:00 2.5 17.53 14.4 3.13 85 119 8100 11080 - - - 87
7/6/2015 yes posted 36055 36012 43 36052 36035 17 12:35 10:00 2:35 3 17.53 14.4 3.13 85 119 8100 11080 - - - 87
8/3/2015 yes nonposted 2306 2268 38 2287 2270 17 9:30 7:10 2:20 2.5 18.42 14.16 4.26 115 162 4520 12920 - - - 70
8/3/2015 yes posted 2306 2268 38 2302 2287 15 12:30 10:00 2:30 3.5 18.42 14.16 4.26 115 162 4520 12920 - - - 70
9/7/2015 no - - - - - - - - - - - - - - - - - - - - - -

10/5/2015 yes nonposted 6216 6194 22 6213 6197 16 9:15 7:10 2:05 2.5 15.33 13.95 1.38 37 52 6920 - - - - -
10/5/2015 no posted - - - - - - - - - - 15.33 13.95 1.38 37 52 6920 - - - - -

Baseline Car Counts
Route 402

Sweeper Daily Report Landfill Transaction Sheet Daily Work Log



Parking Tickets
Date Complete Post/Nonpost Stop Miles Start Miles Total Miles Broom Stop Miles Broom Start Miles Total Broom Miles Stop Time Start Time Total Hours Debris (yds) Gross Weight Tare Weight Net Weight Tip Fee Total 1st Load (lbs) 2nd Load (lbs) Posted Nonposted Total Montly Total

8/19/2013 yes nonposted 31341 31319 22 31341 31325 16 10:00 7:00 3:00 7 16.58 14.4 2.18 46 68 2140 2040 - - - -
8/19/2013 yes posted 31361 31341 20 31355 31343 12 12:00 10:30 1:30 4 16.58 14.4 2.18 46 68 2140 2040 - - - -
9/16/2013 yes nonposted 42450 42428 22 42450 42433 17 10:00 7:00 3:00 7 17.65 14.02 3.63 76 112 2800 3660 - - - -
9/16/2013 yes posted 42470 42450 20 42464 42450 14 12:00 10:00 2:00 6 17.65 14.02 3.63 76 112 2800 3660 - - - -

10/21/2013 yes nonposted 44825 44803 22 44825 44807 18 10:00 7:30 2:30 8 - - - - - - - 336 384 720 -
10/21/2013 yes posted 44841 44825 16 44836 44826 10 12:00 10:00 2:00 4 - - - - - - - 336 384 720 -
11/18/2013 yes nonposted 46589 46565 24 46589 46571 18 10:00 7:00 3:00 8 16.04 14.4 1.64 34 50 8060 - 433 402 835 -
11/18/2013 yes posted 46603 46589 14 46599 46590 9 11:30 10:30 1:00 4 16.04 14.4 1.64 34 50 8060 - 433 402 835 -
12/16/2013 yes nonposted 7317 7299 18 7317 7302 15 10:20 8:00 2:20 3 16.05 14.4 1.65 35 51 8140 - 331 408 739 -
12/16/2013 yes posted 7335 7317 18 7331 7317 14 12:00 10:20 1:40 4 16.05 14.4 1.65 35 51 8140 - 331 408 739 -
12/16/2013 yes nonposted 7343 7335 8 7343 7339 4 12:30 1:10 0:40 1 16.05 14.4 1.65 35 51 8140 - 331 408 739 -
3/17/2014 yes nonposted 20602 20579 23 20602 20584 18 10:30 7:30 3:00 8 21.31 14.4 6.91 145 214 13280 10820 450 415 865 -
3/17/2014 yes posted 20618 20602 16 20610 20602 8 12:30 10:30 2:00 4 21.31 14.4 6.91 145 214 13280 10820 450 415 865 -
4/21/2014 no nonposted - - - - - - - - - - - - - - - - - 390 403 793 -
5/19/2014 yes nonposted - 54785 - 54818 54790 28 12:00 7:30 4:30 12 19.05 14.16 4.89 103 152 11480 14120 385 406 791 -
5/19/2014 no - - - - - - - - - - 3 19.05 14.16 4.89 103 152 11480 14120 385 406 791 -
6/16/2014 yes nonposted 23495 23473 22 23495 23479 16 10:00 7:00 3:00 7 17.15 14.13 3.02 63 93 8160 10212 373 412 785 -
6/16/2014 yes posted 23513 23495 18 23506 23497 9 11:30 10:00 1:30 3 17.15 14.13 3.02 63 93 8160 10212 373 412 785 -
7/21/2014 yes nonposted 26759 26741 18 26759 26745 14 9:30 7:00 2:30 6 17.23 14.02 3.21 77 109 6341 10460 326 379 705 -
7/21/2014 yes posted 26779 26759 20 26774 26759 15 12:30 10:00 2:30 4 17.23 14.02 3.21 77 109 6341 10460 326 379 705 -
8/18/2014 yes nonposted 58427 58410 17 58427 58414 13 9:30 7:00 2:30 6 17.46 14.4 3.06 73 104 - - - - - -
8/18/2014 yes posted 58452 58432 20 58449 58433 16 12:30 10:00 2:30 4 17.46 14.4 3.06 73 104 - - - - - -
9/15/2014 yes nonposted 60778 60731 47 60766 60736 30 12:00 7:00 5:00 8 16.89 14.02 2.87 69 98 6100 9520 - - - -
9/15/2014 no - - - - - - - - - - 6 16.89 14.02 2.87 69 98 6100 9520 - - - -

10/20/2014 yes nonposted 62710 62660 50 62694 62664 30 12:30 7:00 5:30 8 17.19 14.16 3.03 73 103 - 10660 - - - 66
10/20/2014 no - - - - - - - - - - 2 17.19 14.16 3.03 73 103 - 10660 - - - 66
11/17/2014 yes nonposted 64924 64906 18 64924 64911 13 9:30 7:00 2:30 4 16.96 14.13 2.83 68 96 5280 9860 - - - 6
11/17/2014 yes posted 64944 64924 20 64939 64925 14 12:30 10:00 2:30 4 16.96 14.13 2.83 68 96 5280 9860 - - - 6
12/15/2014 no nonposted 21623 21582 41 21612 21587 25 12:30 7:00 5:30 12 24.42 14.02 10.4 250 354 18340 25100 - - - 55
12/15/2014 no - - - - - - - - - - 8 24.42 14.02 10.4 250 354 18340 25100 - - - 55
1/19/2015 no - - - - - - - - - - - - - - - - - - - - - -
2/16/2015 no - - - - - - - - - - - - - - - - - - - - - -
3/16/2015 no nonposted 70715 70703 12 70715 70707 8 8:30 7:00 1:30 4 16.44 13.95 2.49 60 85 8940 - - - - -
4/20/2015 yes nonposted 71656 71639 17 71656 71642 14 9:30 7:00 2:30 6 21.75 13.81 7.94 191 270 10220 17220 - - - 48
4/20/2015 no posted 71683 71656 27 71672 71658 14 12:30 10:00 2:30 8 21.75 13.81 7.94 191 270 10220 17220 - - - 48
5/18/2015 yes nonposted 39078 39062 16 39078 39066 12 9:30 7:00 2:30 4 19.39 13.95 5.44 131 185 7840 14900 - - - 91
5/18/2015 yes posted 39105 39078 27 39094 39078 16 12:30 10:00 2:30 7 19.39 13.95 5.44 131 185 7840 14900 - - - 91
6/15/2015 yes nonposted 40665 40647 18 40665 40652 13 9:30 7:00 2:30 6 20.07 14.4 5.67 136 193 9040 16220 - - - 85
6/15/2015 yes posted 40687 40665 22 40681 40665 16 12:30 10:00 2:30 5 20.07 14.4 5.67 136 193 9040 16220 - - - 85
7/20/2015 no nonposted 38909 38891 18 38909 38895 14 9:00 7:00 2:00 4 26.2 13.7 12.5 338 476 7080 - - - - -
8/17/2015 yes nonposted 3419 3373 46 3409 3377 32 12:30 7:00 5:30 7 19.78 14.16 5.62 152 214 8360 15680 - - - 86
8/17/2015 no - - - - - - - - - - 6 19.78 14.16 5.62 152 214 8360 15680 - - - 86
9/21/2015 no nonposted 18024 18015 9 18024 18019 5 10:00 9:00 1:00 3 16.74 14.16 2.58 70 98 5540 9700 - - - -
9/21/2015 no posted 18036 18024 12 18032 18027 5 11:30 10:00 1:30 3 16.74 14.16 2.58 70 98 5540 9700 - - - -

10/19/2015 yes nonposted 5319 5283 36 5315 5284 31 11:55 7:20 4:35 4 18.58 13.95 4.63 125 176 4280 13540 - - - 87

Route 407
Sweeper Daily Report Landfill Transaction Sheet Daily Work Log Baseline Car Counts
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