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1. EXECUTIVE SUMMARY

1.1 Project Background

Man-made floatable litter (MMFL) appears commonly in area rivers. The litter consists
of plastic containers, styrofoam, and other materials, It has been found along river
banks, at hydroelectric power plant intakes, and at other locations on the river. It is
expected that this litter is derived from recreational and commercial uses of the river
and from street litter which is transported to the river by storm sewers and creeks.

The goals of this project were to: estimate the volume of man-made floatable litter
which enters the Mississippi River from the Twin Cities Metropolitan Area, estimate the
portion of litter which is contributed by storm sewers, and evaluate possible techniques
for reducing the litter problem.

The project included three main work tasks, which were: a literature search, a telephone

survey of regulatory agencies in other parts of the country, and a field investigation.

1.2 Literature Search

An extensive computer database literature search was conducted, but very little
information was found which considered man-made floatable litter as a component of
urban runoff. Some information was found about past experience in the Mississippi
River and in New York Harbor. Other pertinent literature discussed street sweeping and
general litter reduction strategies.

A survey of on-site users of the Upper Mississippi River and the Lower St. Croix River
was conducted during the summer of 1977. Approximately 5 percent of the users said
the Mississippi River downstream of St. Paul had a litter or debris problem.

New York City identified a floating debris problem which was caused by solid waste
handling problems related to transport barges. The City contracted for the design and
construction of five boats that are able to skim floating litter from waterways.

Street sweeping has been shown by several studies to be ineffective for improving the
chemical guality of urban runoff.



A program called "Keep America Beautiful" has been implemented in many communities
across the United States aimed at area-wide litter reduction. Studies have shown that
the benefits of this program exceed the costs.

1.3 Regulatory Agency Survey

Regulatory agencies in 16 large cities along major waterways were contacted by
telephone to determine whether any work has been done to reduce the amount of
floatable litter in their waterways. Most of the agencies considered floatable litter to be
a problem, but only a few have taken steps to address the concerns.

Litter sources mentioned by the agencies included improper handling of solid waste,
commercial and recreational use of waterways, combined sewer overflows, storm sewers,
and inadequate wastewater treatment facilities. No contacts were familiar with any
study of the relative contributions from different litter sources.

Three general methods for litter control have typically been implemented, including: 1)
educating the public to reduce the volume of litter that is mishandled, 2) removing the
litter problem before it enters a waterway, and 3) removing the litter after it enters a
waterway.

Educational programs either focus on a specific group of people, such as commercial
users of a waterway, or on the whole population of an area. Control of litter before it
enters a waterway includes street sweeping, property clean-ups, and design changes in
wastewater collection and treatment systems. Water-borne litter collection has been
performed by volunteer groups, by mechanical methods in major port areas, or removal
of screened material at water intakes (for example: at power plants or municipal water
supplies). '

Laws and regulations regarding litter are common. These laws generally promote the
proper handling of solid waste and the responsibility of the individual land owner to
keep their property free of trash. Laws also restrict random placement of litter on
public property. Minnesota statutes apply to litter on public property but leave
jurisdiction for private property to individual municipalities.



1.4 Field Evaluation

The field investigation portion of this project included an inventory of litter traps along
the Mississippi River within the study area, a measurement of litter in the river, and
measurements of litter from storm sewers.

Approximately 1,700 square miles in the Twin Cities Metropolitan Area drain to the
Mississippi River within the study area. At least 50 square miles of this area is
connected directly to the river by storm sewers. The remainder of the area drains

through creeks before entering the river or drains direcily to the river without storm
SEWETS.

There are four dams across the Mississippi River within the study area. FEach can

temporarily stop floating debris before it continues downsiream, but they vary in their
effectiveness in trapping debris.

Litter in the Mississippi River was measured for one week after a significant rainstorm.
Based on the size of the pieces, about 57 percent, by volume, was transferred to the river
by storm sewers and combined sewer overflow systems. By weight, this same fraction
was 28 percent of the total litter collected. Combined sewer overflows contributed a
significant amount of litter to the river. Arrival time estimations showed that the peak

litter volumes probably entered the river in the central part of the metropolitan area.

Litter from storm sewers was measured at the outlets of four watersheds in the
metropolitan area. This monitoring found that industrial and commercial areas generate
more litter than residential areas. The time between rainfall evenis had a strong effect
on the volume of litter generated, but the intensity of any given rainfall event had only
a minor effect on the volume of litter.

1.5 Litter Countrol Strategies

The litter control concerns in the Twin Cities and the United States are related to
navigation, water intakes, and aesthetics. Of the three, litter from storm sewers

primarily affects aesthetics. Combined sewer overflow systems also affect aesthetics
primarily.

Street sweeping is a very expensive alternative for reducing litter transferred to the

river. Its effectiveness will be influenced by the timing of the sweeping around rainfall
events.



Public education and enforcement of litter regulations will encourage the public to
handle litter and trash more responsibly. The direct costs of these alternatives is less
than the cost of sweeping, but indirect costs are hard to predict. There is a good chance
that the benefits of these alternatives would exceed the costs.

Trapping litter at storm sewer outlets may be feasible for new storm sewers. The
configuration of the outlet will determine whether trapping is possible. The lowest cost
configuration would be to install trapping facilities within a storm water detention pond
or sediment control pond.

1.6 Conclusions and Recommendations

Storm sewers, combined sewer overflow systems and users of the river and its banks all
contribute man-made floatable litter to the Mississippi River.

Litter from storm sewers causes aesthetic problems in the Mississippi, but only has a
minor effect at power plant intakes and causes essentially no navigational hazards.
Navigational hazards and clogging of power plant intakes are primarily caused by
natural debris or man-made litter which is longer than could be passed by a storm sewer.

As combined sewers are separated, the types of litter discharged to the river will change.
Personal hygiene items which occur in sanitary sewers should be eliminated. The total
volume of litter to the river should not change significantly if the separated storm
sewers discharge directly to the river.

The recommended steps for reducing the aesthetic damage to the river caused by
floating debris from sewers includes: 1) public education programs should be
implemented to reduce the amount of street litter, 2) existing state and local litter
regulations should be enforced more aggressively, and 3) new storm sewers should
include litter trapping facilities at the outlet where possible.



2. PROJECT BACKGROUND

2.1 Problem Description

Man-made floatable litter appears commonly in area rivers, and some feel that the
problem is increasing. The litter consists of plastic containers, styrofoam, food
containers, sports equipment, construction materials, and other materials. It is found
along river banks, at hydroelectric power plant intakes, and at other locations on the
river. There are many sources of floating litter. One source is recreational and
commercial use of the river, including boating, picnicking, barge traffic, and other river
uses. Another source is street litter which is transported to the river by storm sewers

and creeks. However, the relative contributions from each of these sources is unknown,

In an effort to control floatable litter, the Minnesota Pollution Control Agency (MPCA)
has requested an evaluation of the potential to modify catch basins in storm sewer
separation programs to prevent the entrance of f[loatable litter into the storm sewers.
However, cities and counties have questioned whether storm sewers are a significant
source of the litter. This report is intended to provide some empirical information
which may help answer these questions,

The three primary goals of this project were: to provide a reasonable estimate of the
volume of man-made floatable litter which enters the Mississippi River from the Twin
Cities Metropolitan Area, to estimate the portion of litter which is contributed by storm
sewers, to evaluate possible techniques for reducing the litter problem.

2.2 Scope of Project

The goals of the project were addressed using three work tasks, which included: 1) a
literature search, 2) a survey of governmental agencies, and 3) a field investigation.

The literature search was conducted to determine what data are available in technical
journals and magazines pertaining to the issue. The project team searched for applicable
data using computerized databases of environmental literature then summarized their
findings.

Regulatory agencies were contacted to see if other cities have similar problems with
floating litter. The project team made telephone contacts with agencies in major cities
along waterways. If a contact person in the agency was found to have knowledge of a
similar problem, they were questioned further to sece if any corrective measures have
been taken.



Conditions in the Twin Cities Metropolitan Area were investigated by a field evaluation
procedure. The project team monitored flow and litter from four storm sewer networks
during the summers of 1987 and 1988. Litter in the Mississippi River was measured
after a rain storm in the summer of 1989,



3. LITERATURE SEARCH

A literature search was conducted to locate information relating to man-made floatable
litter or to floating debris in waterways. An extensive computer data base search was
conducted, but very little applicable information was found.

3.1 Methods

The literature search for this study used three database files within the computer search
system of DIALOG Information Services, Inc.

The first database was ENVIROLINE which is equivalent to the printed Environment
Abstracts. This data base provides indexing and abstracting coverage of more than 5,000
international primary and secondary source publications reporting on all aspects of the
environment. Included are such fields as management, technology, planning, law,

political science, economics, geology, biology and chemistry as they relate to
environmental issues.

The second database searched was POLLUTION ABSTRACTS which corresponds to the
printed Pollution Abstracts. This database is a leading resource for references to
environmentally related literature on pollution, its sources, and control. Subjects
included in the database include: water pollution, environmental quality, solid waste,
air pollution, noise pollution, and others.

The third data base was WATER RESOURCES ABSTRACTS which corresponds to the
printed Selected Water Resources Abstracts. This data base is prepared from materials
collected by over 50 water research centers and institutes in the United States. The file
covers a wide range of water resource topics including water resource economics, ground
and surface water hydrology, metropolitan water resources planning and management,
and water-related aspects of nuclear radiation and safety. The collection is particularly
strong in the literature on water planning, water cycle, and water quality. The database
was developed by the U.S. Department of the Interior, Office of Water Resource
Research and Technology.

The search process started by selecting key words and searching each data base for
articles which apply to the important key words and key word combinations. The key
words used included: litter, floatable litter, float, urban runoff, storm sewer, trash, debris,

rubbish, river and various combinations of these.



The titles of articles found using the key word search were reviewed, and abstracts of
prospective articles were found. Based on the abstracts, pertinent articles were collected
and reviewed.

3.2 Summary of Findings

A large amount of literature was found relating to the water quality of urban runoff,
but no articles were found that included litter or floatable litter as a component of
water quality. Some pertinent information was found, including some historical

experience on the Mississippi River, suspected litter sources, and litter control methods.

3.2.1 Historical Experience

One reference mentioned fleoating debris in the Mississippi River downstream of the
Twin Cities Metropolitan Area (Becker, 1981). The main emphasis of the article was to
examine the shift in use between the Mississippi River and the St. Croix River based on
user density and satisfaction.

Approximately 2,500 questionnaires were distributed to on-site users of the Upper
Mississippi River (between St. Paul, Minnesota and Guttenberg, Iowa) and the Lower St.
Croix River during the summer of 1977. Analysis of the surveys showed that the users
of both rivers were equally satisfied with their experience. The St. Croix River had
approximately 800,000 visitor-days use over its 52 miles during the study period. The
Mississippi River had approximately 300,000 user-days over a 300+ mile length.

There were 224 respondents in the survey that were familiar with both rivers but
preferred one over the other. They were questioned further to determine the reason for
that preference. The questionnaires included a list of 16 possible responses and space
for other comments. Approximately 53 percent preferred the Upper Mississippi River.
Their reasons were generally related to user density, including the comments: "Too
crowded" (49 of 224), "Too few public beaches” (33 of 224), "Unsafe boat operation" (26
of 224) and "Too few facilities" (11 of 224).

Comments about the Upper Mississippi River were related to environmental quality, and
included: "water pollution” (20 of 222), "litter/debris problem"” (11 of 222), "barge
traffic" (11 of 222), and "unsafe swimming" (10 of 222). Based on the 224 respondents
who were familiar with both rivers, approximately 9 percent cited water pollution as
significantly affecting their opinion about the Mississippi River. Approximately 5
percent cited a litter/debris problem.



3.2.2 Litter Sources

No significant articles were found relating litter with urban runoff. Finnemore (1982)
only briefly mentions litter in a case study of street sweeping as a method for improving
the water quality of urban runoff. New York City has had a floatable litter problem in
various bays and waterways but has attributed it to solid waste handling problems on
transport barges (Anonymous, 1986).

3.23 Litter Control
New York City collects floating debris from its waterways using a "refuse skimmer boat"
which is a modified aquatic weed harvester (Anonymous, 1986). The boat sweeps

through areas with excess refuse and collects it in an 8-ton capacity storage area. The

refuse is removed from the vessel by a conveyor which lifts it into a barge. From the
barge the refuse is unloaded using normal methods.

Street sweeping was examined by some cities for its effectiveness at reducing chemical
pollutant loadings. A nationwide study by the U.S. Environmental Protection Agency
concluded: "Street sweeping is generally ineffective as a technique for improving the
[chemical] quality of urban runoff.” (U.S. EPA, 1983; Heany, 1986.) A study in San
Jose, California found that . . . frequent street cleaning (once or twice per day) on
smooth asphalt streets removed up to 50 percent of the total solids and heavy metal loads
from urban runoff; typical street cleaning programs (once or twice a month) remove less
than 5 percent . . ." (Finnemore, 1986). Other contaminants, such as organics and
nutrients are not significantly affected by street cleaning.

General litter reduction methods have been studied and implemented by the Keep
America Beautiful (KAB) System. In 1987, 469 communities in 39 states had
implemented parts of the KAB System methods (KAB, 1987). The program includes four
components: 1) updated waste-handling ordinances, 2) improved sanitation technology,
3) consistent public education, and 4) consistent education. A study of ten communities
which are certified by KAB as meeting the requirements of their program showed that
every one achieved benefits due to the program which exceeded the costs (APWA, 1982).
No correlation was made in these studies to the impact of the litter on waterways.

3.3 References
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4. REGULATORY AGENCY SURVEY

A telephone survey was conducted to determine if other metropolitan areas had worked
toward reducing the problem of man-made floatable litter in adjacent waterways. Many
of the agencies contacted expressed concern about the occurrence of floatable litter in

their area. Some are responding to the concern and others have not yet addressed the
problem.

4.1 Methods

The first step of the survey identified 41 large cities which are adjacent to major
waterways as potential contacts. The advisory committee examined this list and chose 16
cities as primary contacts and 11 cities as secondary contacts. Only the primary cities
were contacted in the survey; these are shown in Table 4.1. The regulatory agency
within each city was found in the local telephone directory as the state, city, or county
agency that seemed most related to the subject of floatable litter.

Each phone call began with exploratory guestions to find the most appropriate contact
person within the agency. When a knowledgeable person was found, the next questions
were: 1) "Is there a problem with floatable litter in the waterways in your area?" and 2)
"Has there been any work aimed at controlling this floatable litter?" The following
conversation varied depending on their response to these questions. In general, the
following topics were included: Who is dealing with the problem, what studies have
been conducted, what solutions have been tested, how effective they have been, and
what regulations are in place? Often a description of the purpose, methods, or goals of
this study were included in the conversation.

4.2 Survey Results

The agencies contacted had a wide variety of opinions concerning the significance,
source, and control of floatable litter in their local waterways. Of those agencies, ten
considered floatable litter to be a problem. Of those who did not see a problem, two
claimed that there are no points for litter to collect, one explained that litter problems
in the past have been caused by identifiable sources, and three did not have knowledge
of any concern related to floatable litter. The survey results are organized below
according to three categories: source, control, and regulation of litter. Each agency’s
comments are divided into the appropriate section.
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Table 4.1 Regulatory Agency Contact List

CITY WATERWAY AGENCY CONTACTED
Boston, MA Charles River Dept. of Environmental Quality Engineering
Massachusetts Bay Massachusetts Water Resources Authority

Camden, NJ Delaware River Environmental Protection Department
Delaware River Basin Commission

Chicago, IL Chicago River, Lake Michigan Illinois EPA - Maywood Regional Office

Cincinnati, OH Ohio River Coast Guard, Marine Safety Detachment
Environmental Control

Cleveland, OH Cuyahoga River, Lake Erie Ohio Environmental Protection Agency

Detroit, MI Detroit River, Lake St. Clair City Environmental Control

Kansas City, MO Missouri River Department of Natural Resources

Memphis, TN Mississippi and Wolf Rivers Shelby County Environmental Improvement
Commission

Clean Tennessee (TN - Keep American Beautiful)
State Department of Health and Environment

Milwaukee, WI Menomonee and Milwaukee Rivers, Wisconsin DNR
Lake Michigan Port of Milwaukee
Omaha, NE Missouri and Platte Rivers Weed & Litter (city dept.)

Corps of Engineers, Missouri River Basin Division
Omaha Public Power District

Pittsburgh, PA Allegheny, Monongahela, Ohio Rivers State Department of Environmental Resources
Portland, OR Willamett and Columbia Rivers Department of Environmental Quality
San Fransisco, CA San Fransisco Bay, Pacific Ocean l\;"e;ti:g; Quality Control Board San Fransisco Bay
Seattle, WA Puget Sound Puget Sound Water Quality Authority

Washington Sea Grant
Toronto, ON Lake Ontario, {many streams) Ontario Ministry of Environment
Washington, DC Potomac River Environmental Health Administration

4.2.1 Sources of Litter

None of the agencies contacted were familiar with any study that has been done to
quantify the relative contribution of various sources of floatable litter. Some of the
cities which are working to reduce the problem have an opinion about the most
important source of litter and focus their resources on reducing the litter from that
source. Others have the opinion that there are many contributing sources and have not
attempted to determine the most significant.

Memphis, Tennessee contacts (Shelby County Environmental Improvement Commission)
assume that all litter on the land surface will eventually reach a waterway either
through storm sewers or overland. They expect that 20 percent of litter is randomly
thrown by citizens, and that 80 percent of litter is caused by improper handling of solid
waste, which includes open trucks and dumpsters which allow wind to spread litter, and
intentional dumping in uncontrolled locations.
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Omaha, Nebraska Weed and Litter department agrees that improper handling of solid
waste is a large contributor to litter problems. In 1987, the department received 3500
complaints about excessive trash on private properties. They also cited random littering
in park areas to be a problem.

Seattle, Washington contacts (Washington Sea Grant) suspect that a large portion of the
floating litter in Puget Sound comes from commercial shipping, commercial fishing, and
recreational use since these are common activities.

Cleveland, Ohio contacts (Ohio Environmental Protection Agency) expect that all
metropolitan areas contribute floatable litter to waterways. Because of this, one contact
person suspected that the floatable litter problem in Cleveland is compounded by the
City of Akron, which is upstream of Cleveland on the Cuyahoga River. A specific
concern is the presence of combined sewer overflow (CSO) facilities in both Akron and
Cleveland. Under low-flow conditions, sanitary and storm sewers flow to the wastewater
treatment plant, but at high flow conditions after rain storms, excess water overflows
from the combined sewer at the CSO facilities and is discharged to a waterway. Any
floatable debris in the sewer can overflow with the excess water. Other ‘expected sources
of litter include storm sewers and river recreation.

Boston, Massachusetts contacts (Department of Environmental Quality Engineering)
consider the local wastewater treatment facilities and combined sewer overflow facilities
to be the primary sources of floatable litter in the local waterways. They also cite storm
sewers as contributors to the problem.

4.2.2 Litter Control

Although most of the contact agencies considered floatable litter to be a problem, not all
have implemented a program to reduce the problem. A general reason for this is that
the aesthetic concern related to litter is less important than the health concerns related
to the chemical quality of the water. Of the cities which have implemented or plan to
implement measures to reduce the floatable litter problem, there are three general
opinions of the most appropriate method, including: 1) educating the public to reduce
the amount of litter which is improperly handled, 2) cleaning the litter problem before it
enters a waterway, and 3) cleaning the litter problem after it enters a waterway.

The most common educational program for reducing litter in the United States is the
Keep America Beautiful (KAB) system which, in 1987, included 469 communities in 39
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states. Of the cities contacted, KAB programs had been established in Chicago,
Cincinnati, Kansas City, Memphis, Milwaukee, Omaha, and Pittsburgh. The KAB system
develops public education programs and school curriculums with the goal of increasing
community awareness of the litter problem and the need for reducing litter. Recycling
of appropriate trash is also promoted.

In Seattle, Washington, a program is currently being developed by Washington Sea Grant
which will focus on increasing the awareness of the commercial and recreational users
of Puget Sound to the problem of floatable litter.

Street sweeping is a common method of cleaning litter before it enters waterways,
although none of the contact agencies claimed an extraordinary frequency of sweeping
in their city.

Omaha, Nebraska established a program for requiring property owners to clean excessive
debris from their property. In addition, workers in the Weed and Litter department
clean litter from public parks in the city.

Boston, Massachusetts is working toward reducing the amount of floatable debris which is
discharged from wastewater treatment facilities by constructing modifications at the
existing facilities and requiring special provisions for trapping floatable debris at new
facilities. In addition, four of the CSO facilities in the area have screening to catch
floatable materials. These four facilities are being examined to establish guidelines for
modifying other CSO facilities. The contact agency had limited jurisdiction over storm
sewers, but asserted that regulating storm sewer discharges would be very difficult.

Three of the agencies contacted mentioned measures for cleaning litter from the
waterway. One contact person expressed the opinion that cleaning litter from the
waterway would be the only complete method since no methods of reducing the litter
sources could be completely effective.

Near Camden, New Jersey, concerned citizens, small watershed districts, Boy Scouts, and
canoe rental companies have joined together to clean litter from the Delaware River and
its banks. The upper Delaware River is designated as a scenic river, and there has been
public concern about excessive litter. Some examples of clean up efforts include
scouting groups picking up litter, canoe rental operators supplying bags for canoers to
pick up litter, and in some cases, free canoe rental for people going to pick up litter.
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The Port of Milwaukee, Wisconsin has purchased a river skimmer to clear floating debris
from the harbor. They are primarily concerned with large floating items that would
cause navigational hazards. The river skimmer is a floating vessel with a wide
collecting head at the front and conveyors for unloading litter. In October of 1987 the
skimmer cost approximately $150,000. The contact person stated that this cost was
higher than the base model price due to modifications which allow the skimmer to pass
under low bridges and to drive onto a trailer more efficiently.

In Cleveland, Ohio, the Lake Erie Office of the Ohio EPA is considering a river skimmer
as an idea for cleaning up the Cuyahoga river as it flows into Lake Erie. A Remedial
Action Program has been established by the International Joint Commission (IJC) for
improving many aspects of water quality in the Cuyahoga River. The 1JC is a group of
representatives of Canada and the United States that work toward the mutual concerns
on the border between the nations; in this case, the water quality in Lake Erie.

Omaha, Nebraska Public Power District (OPPD) has had problems with floating debris
clogging the cooling water intakes of their nuclear power plants. In the past they were
required to landfill all of the debris that was removed from their screens. This caused
staffing problems because the debris accumulates at widely varying rates. Current
operations deflect floating debris before it is trapped by the screens. One method OPPD
uses is to place skimmer plates at the water level. A second method uses water jets to
deflect debris around the intakes.

423 Laws and Regulation ncerning Litter
Only a few of the contacted agencies were familiar with the details of their state litter
laws, but most assumed that laws restricting littering were in place.

Omaha, Nebraska Weed and Litter Department distinguished between criminal and civil
codes controlling litter. The criminal code says that a police officer can charge a person
with a misdemeanor for dropping litter on the ground. The civil codes are part of local
zoning ordinances and restrict property owners from having excessive trash on their
property. If a complaint is made about litter on a specific property, the Weed and Litter
Department can require the owner to clean the problem. If the owner does not respond,
the Department can clean the problem and place a special assessment on the property.
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Detroit, Michigan City Environmental Control indicated that a city ordinance requires an
owner to be responsible for litter on their property and the adjacent street.

Portland, Oregon has specific litter laws that prohibit litter from being placed on beaches
where it may wash into a water body.

Memphis, Tennessee and the Shelby County Health Department described laws against
throwing litter and improperly handling solid waste. They extend the law by allowing
private citizens or police officers to initiate prosecution for a litter violation. Secondly,
an Environmental Court, with a single judge, meets weekly in the City of Memphis.
This court deals with litter laws and all other environmental violations. Third, a state
"Bottle Bill" raises funds for roadside clean-ups.

4.2.4 Minnesota Statutes Concerning Litter

Below is a summary of Minnesota state statutes related to litter. These laws pertain to
public lands and do not apply to private property. Some city ordinances apply to litter
on private property.

It is a misdemeanor to deposit garbage or litter on any public land, water, or
ice, and any private land without the owner’s consent (MN Statute 609.68).

The maximum penalty for a misdemeanor is $700 (MN Statute 609.033).

In a state park, no person shall drain, throw or deposit anything that would

adversely affect land or water. Vehicle operators are responsible for litter -
thrown from their vehicle. Violators are guilty of a misdemeanor. Jail

sentence can be imposed or the violator can be required to clear debris from

any state park under the direction of the DNR (MN Statute 85.20).

The Fire Marshal can require combustible material to be removed from private
property if that material is unsafe. If the owner does not remove the material
within 24 hours, the owner is guilty of a misdemeanor, and the Fire Marshal
can remove the material at the owner’s expense, then "maintain all necessary
actions for the recovery thereof." (MN Statute 299F.18.)

It is a misdemeanor to allow any litter to land on a street, highway or adjacent
land, except private property with the owner’s consent. The definition of
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litter is deliberately broad enough to encompass anything of little or no value.
If a person drops anything, they should immediately remove it. Convictions
are recorded on the individual’s driving record. Second offenses have a
minimum fine of $100. Judges may order offenders to pick up litter along
any public road for 4 to 8 hours, or issue a jail sentence (MN Statute 169.42).

Any person or government body that is damaged by litter can bring a civil
action against the offender to recover the actual costs of removal and disposal
of the litter plus exemplary damages (maximum $100) and attorney’s fees. A
public agency cannot bring both civil and criminal actions against an
offender. The agency elects which action to take (MN Statute 169.421).

No vehicle shall be operated on a highway unless the load is secured against
dropping, shifting, leaking or otherwise escaping therefrom (MN Statute
169.81). Violation is a misdemeanor. This does not apply to farmers hauling
their produce (MN Statute 169.80).

A private person may arrest another person for a public offense that is
committed or attempted in the arresting person’s presence. The arresting
person must inform the person to be arrested of the cause of the arrest and
require him or her to submit. The arresting private person must deliver the

arrested person to a judge or peace officer without unnecessary delay. (MN
Statutes 629.37, 629.38, 629.39)
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5. FIELD EVALUATION
5.1 River and Area Inventory

The Twin Cities Metropolitan Area (TCMA) includes the Counties of Anoka, Hennepin,
Ramsey, Washington, Carver, Scott, and Dakota as shown in Figure 5.1.1. The project
generally focused on the area between the Cities of Coon Rapids and Inver Grove
Heights.

The Mississippi River splits the TCMA as it flows from northern Minnesota south toward
Iowa. The Minnesota River enters the Mississippi River in the southern part of the
metropolitan area. The St. Croix River joins the Mississippi at the eastern edge of the
TCMA.

Approximately 1700 square miles of the TCMA drains to the Mississippi River within
the study area. There are 13 watersheds connected to the Mississippi River as listed in
Table 5.1.1 which cover 1000 square miles. There are 16 watersheds connected to the
Minnesota River as listed in Table 5.1.2 which encompass 700 square miles. The
Minnesota River watersheds contain more vacant énd undeveloped land than those
connected to the Mississippi River.

Approximately 50 square miles of land drain directly to the Mississippi River via storm
sewers. These areas are generally within two miles of the river. This does not include
St. Paul since they did not respond to our request for information. Other storm-sewered
areas in the TCMA drain to creeks and streams before entering the Mississippi River.

Table 5.1.1 Mississippi River Watersheds Within the Study Area

East Side of River: West Side of River:
Coon Creek Eim Creek
Rice Creek Upper Mississippi River
St. Paul - Ramsey Shingle Creek
Ramsey-Washington Metro Bassett Creek
Cottage Grove Middle Mississippi River
Cottage Grove Ravine Minnehaha Creek

Lower Mississippi River
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Table 5.1.2 Minnesota River Watershed Within the Study Area

North Side of River: South Side of River:
Bevens Creek Robert Creek
Carver Creek Upper Minnesota River
Chaska Creek Sand Creek
Hazeltine-Bavaria Middle Minnesota River
Bluff Creek Credit River
Riley Creek Black Dog Lake
Purgatory Creek Gun Club Lake

Nine Mile Creek
Lower Minnesota River

Land use in the area is most dense near the center with industrial and commercial areas
along the Mississippi River. The dense areas are surrounded by areas which are largely
residential with scattered commercial and industrial portions. The edges of the TCMA
are vacant or agricultural lands. Open spaces are scattered within the residential,
commercial, and industrial areas.

Upstream of the Twin Cities, many small and medium-sized cities are adjacent to the
Mississippi River. Local users of the river are primarily recreational since there are no
locks to allow large vessels upstream of the Coon Rapids dam. Downstream of the
TCMA there are small, medium, and large cities where river users are a mix of
commercial and recreational types.

5.1.1 Litter Traps

There are four dams across the Mississippi River in the study area (see Figure 5.1.1).
The first, starting upstream (river mile 866), is the Coon Rapids dam. This dam has a
series of tainter (radial) gates with a hydroelectric generation facility on the east edge
of the river. Some floatable litter can be trapped by the gates but will be released when
the gates are raised or lowered. The intake of the hydroelectric turbines is below the
water level, so only minimal floating debris is caught by them.

St. Anthony Falls has two dams. The upper dam (river mile 854) has an overflow type
primary spillway, a hydroelectric plant, and a lock. The overflow area of the dam does
not trap floatable litter. The hydroelectric plant has a sluice gate to control flow and a
mechanically cleaned bar screen to prevent debris from entering the turbines. The
screened material is transferred to an overflow channel which transfers the material
back into the river. The spacing between the bars of the screen is approximately 2.5
inches. The lock on the opposite side of the river can temporarily trap litter, but will
pass it as boats are locked through.
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The lower dam has tainter gates and may or may not stop floatable litter depending on
how the gates are operated. This dam also has a lock on the west side of the river.

Lock and Dam No. 1 (river mile 848) is the next dam downstream. It has an overflow
type primary spillway, a hydroelectric plant, and two locks. The overflow area of the
dam does not trap floatable litter. The hydroelectric plant has a guard at the normal
water level to deflect floating debris away from the water intakes.

Observations at the dams revealed some information about the "hydraulic” behavior of
floating debris. A barrier which allows flow to pass beneath it does not necessarily stop
floating material. Often the debris will be caught in vortices and pulled under the
barrier. The material may then be temporarily trapped by turbulence downstream of the
barrier, but will eventually float downstream.

5.2 Total Floatable Litter from Metropolitan Area

Experience has shown that floating litter appears often in the Mississippi River. The
litter has been both natural and man-made. River litter collections were conducted to
estimate how much man-made floatable litter (MMFL) appears in the river after a

rainfall. The project examined specific aspects of the litter in an attempt to estimate
the sources of the litter.

5.2.1 Theory

There are many possible sources of the man-made floatable litter which enters the
Mississippi River. These sources include storm sewers, combined sewer overflow systems,
recreational activities on or along the river, commercial river users, and river bank land
owners. Collecting and classifying the litter from the river will not definitely reveal the
primary source of the litter, but may give clues. The clues examined in this study were:
1) type of litter, 2) size of the pieces, and 3) travel time in the river.

Some types of litter can enter the river by any of the sources described above. Other
types of litter can only be generated by one or two sources. For example, candy bar
wrappers could come from any of the sources. On the other hand, pieces of dock
floatation styrofoam would probably be from river bank land owners. Further,

combined sewers will tend to discharge items which would not be expected from the
other sources.

The size of the litter pieces will also tell something about the source. The inlets of
storm sewers and combined sewers will limit the size of the litter which can be carried
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to the river. Since people on and along the river can deposit items directly into the
river, larger pieces are likely from these sources.

. Estimating the travel time of litter in the river may tell about the location where it
entered the river. This study assumed that the collected litter entered the river during a
rain storm. Three mechanisms could cause this to occur. First, litter on streets washes
to the gutter and into storm sewers. Second, floating material in combined sewer
overflow systems is discharged to the river when the flow in the sewer, due to runoff,
increases beyond the capacity of the sewer. Third, litter on the river banks can be lifted
of f the bank when the water level rises.

To estimate travel times in the river, this study examined the variation in litter over a
period of time near the downstream end of the metropolitan area. Assuming the travel
time for the river through the area to be 1 to 2 days, litter was collected over one week.
The first litter arriving at the collection point was likely from areas along the river,
from storm sewers discharging to the river, and from combined sewer overflows. The
later arriving litter either entered the river upstream of the metropolitan area or was
carried to the river by the creeks and streams in the area.

5.2.2 Field Monitoring

At the beginning of this investigation, specific criteria were established to determine
what type of rain storm should occur before litter was collected in the Mississippi River.
The criteria assumed there must be adequate time between storms for litter to collect,
and that the storm at the end of the dry spell must be intense enough to wash litter
from the streets into storm sewers. The minimum values set were one half inch of rain
after a week without a storm.

The collection schedule consisted of a series of 2 hour periods. Litter was collected
twice per day, morning and afternoon, for the first four days after the rainstorm. On
the seventh day after the storm litter was again collected in the morning and afternoon.

The specified rain storm sequence occurred in June 1989. According to our daily
monitored rain gage in Hopkins, one half inch of rain fell on June 12th. Sampling
started on June 13th. Another storm occurred in the early morning of June 14th. Table
5.2.1 shows a schedule of the related rain and sampling events.
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Table 5.2.1 River Litter Collection Schedule

Day Elapsed
of Time
Date Week Time (hours) Event
5/29/89 Monday Rainfall event, 0.58 inches total
maximum intensity 0.33 in/hr
5/30/89 Tuesday Rainfall event, 0.07 inches total
maximum intensity 0.05 in/hr
6/07/89 Wednesday 12:03 PM to 4.3 Rainfall event, 0.23 inches total
4:40 PM maximum intensity 0.21 in/hr
6/12/89 Monday 2:13 AM to 6.0 Rainfall event, 0.14 inches total
8:10 AM maximum intensity 0.06 in/hr
6/12/89 Monday 11:25 AM to 1.0 Rainfall Event, 0.05 inches total
12:55 PM maximum intensity 0.05 in/hr
6/13/89 Tuesday 11:30 AM to 0.7 Sample Litter
12:10 PM
6/13/89 Tuesday 1:40 PM to 1.3 Sample Litter
3:00 PM
6/13/89 . Tuesday 3:30 PM to 0.5 Sample Litter
4:00 PM
6/13, Wednesday 10:22 PM to 11.3 Rainfall event, 1.30 inches total
14/89 9:40 AM maximum intensity 0.42 in/hr
6/14/89 Wednesday 11:00 AM to 2.0 Sample Litter
1:00 PM
6/14/89 Wednesday 2:30 PM to 1.5 Sample Litter
4:00 PM
6/14/89  Thursday 9:40 AM to 2.0 Sample Litter
11:40 AM
6/15/89  Thursday 2:00 PM to 1.2 Sample Litter
3:10 PM
6/16/89 Friday 9:35 AM to 2.0 Sample Litter
11:35 AM
6/16/89 Friday 2:00 PM to 2.0 Sample Litter
4:00 PM
6/19/89 Monday 10:15 AM to 2.0 Sample Litter
12:15 PM
6/19/89 Monday 2:00 PM to 2.0 Sample Litter
4:00 PM
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Litter was collected in the Mississippi River just upstream of the Highway 1-494 bridge.
On Figure 5.1.1 the collection point appears near the northern border of Newport. The
point is near the downstream end of the developed part of the Twin Cities Metropolitan
Area.

One year before this collection period, a significant clean-up effort occurred on the
River in the metro area called the Mississippi River Revival. The Revival is a project in
which many volunteers canoe along specified parts of the river, gather trash, transport it
in barges, and dispose of it a landfill. The event has occurred annually during the last
week of June for several vears. It occurred again after these project sampling events on
June 24, ‘1989. The trash collected by the Revival in 1989 included litter, scrap metal,
mattresses, tires, plastic bottles, and other debris.

5.2.3 Procedures

Man-made floatable litter was collected by a 3-person crew in a power driven 16-foot
fishing boat. One member of the crew collected litter using a net. The second member
watched for litter and assisted in collections. The third member of the crew primarily
drove the boat but also searched for litter. A fishing dip-net was used to collect litter.
The loop of the net was approximately triangular with the end being flat and the sides
rounded slightly convex. The loop measured 24 inches wide and 24 inches long. The
handle was 36 inches long. Figure 5.2.1 is a photo of the net.

The boat crew crossed the river many times during each sampling period. In general,
each crossing lasted 5 to 10 minutes. All crossings were approximately along the same
line, perpendicular to the river flow. Most crossings included a pass along the river
banks. During the crossings, if litter was spotted, the boat paused long enough to catch
each piece of litter. The crew continuously watched wind direction and river currents.
More time was spent in the areas where litter tended to float toward.

After each collection period, the litter was classified and measured by volume and
weight. Volume was measured to the nearest tenth of a cubic foot by randomly dumping
each class of litter into a box. Litter was weighed in the field to the nearest ounce.
Containers holding water were drained before weighing. If only a small amount of a
classification was collected during an event, minimum values were assigned as one half
ounce and 0.05 cubic feet.
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Figure 5.2.1 Litter Collection Net and Measuring Box
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Man-made floatable litter (MMFL) was classified by size and by original use of the
material. Notes were also taken to list individual items collected during each sampling
event. A piece of litter was designated as small or large based on whether it would fit
into a standard curb inlet of a storm sewer. The nominal dimensions considered were 4
inches wide or 24 inches long. Litter was also divided into the following original use

categories.
® Food and Health Items: packaging, cups, plates, personal hygiene items, etc.
* Recreational Items: toys, sports equipment, pleasure boating equipment, etc.
%

Construction Materials: lumber, insulation, plastic sheets, dock floatation, etc.
* Miscellaneous Debris: litter not in any other category.

The traveling velocity of litter as it floated down the river was measured during the
week of collection. Near the collection site, two navigational buoys served as markers
for measuring the float velocity. A variety of floating items were placed across the
main flow channel of the river upstream of the buoys. A stopwatch was started when
the items passed the first buoy. Times were recorded when each item floated past the
second buoy, then the items were removed from the river. The floating items used to
measure the velocity were recreational items found earlier in the project. They were
highly visible items. Some floated low in the water. Others floated with most of their
volume above the water surface. The navigational buoys were about 840 feet apart. The
flow channel was reasonably wide near the buoys.

A similar velocity test was taken at a narrower part of the river near downtown St. Paul.
The travel time was measured in the main channel between the Wabasha Street bridge
and the Robert Street bridge. These are about 1200 feet apart.

Litter amounts collected were compiled and plotted. The total volume collected during
the week was calculated by a trapezoidal integration between sampling events.

5.24 Results
Tables 5.2.2 and 5.2.3 summarize the quantity of litter collected during the week of

sampling for each category of litter. Figure 5.2.2 shows a graphical representation of the
data.

Large MMFL showed peak quantities on June 13, 15, and 19. The June 13 peaks
appeared 30 to 35 hours after the rainfall mid-point on June 12. The June 15 peaks
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appeared 30 to 35 hours after the rainfall on June 13 and 14. The peak on June 19

occurred 180 hours after the June 12 storm and 130 hours after the June 13 and 14
storm,

Small MMFL showed peak quantities on June 13, 15, and 16. On June 13, the third
sample period showed a peak 35 hours after the mid-point of the June 12 rainfall. On
June 15, the first sample event was a peak about 31 hours after the rain storm on June
13 and 14 (78 hours after June 12 storm). The peak on June 16 was 106 and 59 hours
after the two storms, respectively.

Table 5.2.2 Small MMFL Collected During River Sampling - 1989

Food/ TFood/ Recr'tn Recr'tn Constr Constr Total Small Litter
Health Health Toys Toys Mat'ls Mat'ls Mise Misc

Date  Mid-Time (cu.ft) {oz) (cu.ft) (oz) {cugt)  (om) {cudt) (oz) (cuft) (ci/br) (oz) (oz/hr)

13-June 11:50 AM 0.10 1.0 0.10 0.18 1.0 1.5
13-June 02:20 PM 010 - 2.0 0.20 19.0 0.10 5.0 0.40 0.30 26.0 19.5
13-June 03:45 PM 0.20 5.0 0.05 0.5 0.10 16.0 0.86 0.70 21.5 43.0
14-June 12:00 PM 0.20 3.0 0.10 1.0 0.10 4.0 0.40 0.20 8.0 4.0
14-June 03:15 PM 0.10 2.0 0.05 0.6 0.20 18.0 0.3 0.23 20.5 13.7
15-June 10:40 AM 0.80 32.0 0.20 16.0 0.50 1140 1.50 0.76 162.0 81.0
15-June 02.358 PM 0.10 2.0 0.10 1.0 0.10 8.0 0.30 0.26 9.0 7.7
16-June 10:35 AM 0.30 10.0 0.20 17.0 0.10 i1.0 0.60 0.30 38.0 19.0
16-June  038:00 PM 0.80 32.0 0.20 18.0 0.30 80.0 1.30 0.68 130.0 65.0
19-June 11:15 AM 0.30 28.0 0.10 3.0 0.10 4.0 0.50 0.25 35.0 17.5
19-June  03:00 PM 0.20 5.0 0.10 170 0.10 5.0 0.40 0.20 27.0 13.5
Integrate over time: 81.82 4,993.6
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Table 5.2.3 Large MMFL Collected During River Sampling - 1989

Food/ Food/ Recr'tn Recr'tn Constr Constr Total Large Litter
Health Health Toys Toys Mat’ls Mat'ls Misc Misc
Date  Mid-Time (cu.ft) (o) {cu.ft) (oz)  (cuft) (oz) (cuft) (oz) (cu.ft) {cf/hr) (o2} (oz/hr)

13-June 11:50 AM 0.80 11.0 0.80 1.20 11.0 18.5
13-June 02:20 PM 0.00 0.00 0.0 0.0
13-June 03:45 PM 0.30 96.0 0.30 0.60 96.0 192.0
14-June 12:00 PM 0.00 0.00 0.0 0.0
14-June 08:15 PM 0.30 1280 0.30 0.20 128.0 85.3
15-June 10:40 AM 0.30 32.0 1.70 §76.0 2.00 1.00 608.0 304.0
15-June 02:35 PM 0.10 4.0 2.10 576.0 2.20 1.80 580.0 497.1
16-June 10:35 AM 0.20 1.0 0.20 0.10 1.0 0.5
16-June  03:00 PM 0.00 0.00 0.0 0.0
19-June 11:15 AM 0.00 0.00 0.0 0.0
19-June 03:00 PM 0.30 3.0 1.00 144.0 1.30 0.65 147.0 73.5
Integrate over time: 46.93 12,704.00

Considering the amount collected of each size (integrated over time), small litter was
about 57 percent of the total by volume and 28 percent by weight.

Food and health items were the most common type of MMFL found during the sampling.
All of the items were small. The second most common type of MMFL found was
construction materials. These items ranged from small to large. Recreational items also
were large and small. Table 5.2.4 shows a list of some specific items found in each
category.

Items commonly appearing in sanitary {(combined) sewers, specifically personal hygiene
items, were found in 8 of the 11 sampling events.

Many times during the collection, several pieces of floating litter were found close to
each other. These "clumps" of litter often had foam or grass clippings surrounding the
MMFL. These groupings of floating debris appeared to have been placed in the river at
one point over a short period of time. They could have been related to the short-term
discharge to the river from a combined sewer overflow system.

The floating velocity of the tested items varied between 0.30 and 1.05 miles per hour.
The high floating objects were strongly affected by wind, so they were not considered as
reliable. In addition, almost all of the MMFL collected was low-floating. The average
velocity of the low-floating test objects was 0.44 miles per hour at the collection point,
Near downtown St. Paul, where the flow channel was narrower, the average velocity was
0.77 miles per hour.
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Table 5.2.4 Types of MMFL Collected from Mississippi River

Small MMFL ‘ Large MMFL

Food and Health Items

candy wrappers none
plastic soda bottles
plastic bottle caps
beverage cans
drinking straws

food wrappers, bags
tampon applicators
condoms

tampons, wrappers
cigarette, cigar butts
styrofoam plates
styrofoam cups

paper cups

plastic bags

wine work

styrofoam burger box
plastic bowl

Recreational Items

rubber balls dock floatation
plastic balls plastic bucket
balloons plastic buoy
frisbee parts plastic bottle

plastic pieces

dock floatation
racquetball packaging
tennis ball packaging
plastic bucket pieces
aerosol can caps

pens

golf balls

Tope pieces

plastic bottle

Construction Materials

sawn lumber sawn lumber
styrofoam insulaiton plywood

ear plug wrappers sheet of plastic
red plastic flags fence post
plastic sheets duct tape wad

plastic straps
carpet pieces
plastic netting

Miscellaneous

paper/tape wad car tire with rim
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The expected entry point for the peak litter quantities appeared to be in the reach from
Lock and Dam #I to St. Anthony Falls. The variability of the data, however, allows the
assertion that the majority of MMFL enters the river between downtown St. Paul and the
reach upstream of St. Anthony Falls. This reach has the most extensive development of
any areas along the river.

Based on the range of float velocities between 0.44 and 0.77 miles per hour, the two-hour
sampling events probably saw litter which entered the river over a reach of 0.9 to 1.5
miles. Therefore, estimates of peak litter time may have missed the actual peak source.

5.2.5 Discussion

Storm sewers are not the only source of man-made floatable litter in the Mississippi
River. Collections in the river after a storm showed that significant amounts of litter
enter the river by combined sewer overflow systems and by other river users. At least
three observations support this claim. First, some MMFL found was too large to pass
through a typical curb opening of a storm sewer. The larger litter must enter the river
by another mechanism. Second, personal hygiene items were found floating in the river
that must have come from a combined sewer. Third, the "clumps" of MMFL mixed with
foam and grass clippings point to a short-term discharge which would be typical of a
combined sewer overflow system.

The arrival time estimations support the assumption that most of the MMFL enters the
river from the developed part of the Twin Cities area, rather than from points upstream
of the Twin Cities. There is evidence that most litter enters the river between
downtown St. Paul and North Minneapolis. Some later litter peaks may have been
caused by sources upstream of the Twin Cities or in creeks which flow to the river.

The float velocity and arrival time estimations seemed to be reasonable, but did not
allow a precise location of major litter sources. More detailed testing would be required
to refine entry point predictions. This might include measurement of float velocities at
more points along the river and more precise tracking of arrival times. The detailed
testing may or may not yield valuable results since litter probably enters the river at
very many points.

Future river monitoring should consider more detailed tracking of clues which
distinguish MMFL which would obviously be from combined sewer overflow systems.
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5.3 Floatable Litter from Storm Sewers

Floatable street litter can enter a body of water through storm sewer networks during
rain events. Field testing was conducted to estimate how much litter is carried to the
river by storm sewers.

3.3.1 Theory

A number of variables can affect the amount of man-made floatable litter (MMFL) that
enters storm sewer networks during a rain event. The variables expected to cause the
greatest effect are land use, rainfall intensity, and the time interval between storms,
Land use is expected to affect the MMFL due to the amount and type of activity in an
area. Industrial and commercial areas are expected to generate a larger quantity of
MMFL than residential areas. Rainfall intensity is expected to increase MMFL as it
increases from zero to some significant quantity, but any additional increase in intensity
should have only a small effect. The storm intensity will control the flow in the gutter.
That flow must be large enough to transport litter to the storm sewer inlets. The time
between storms should have a linear relationship with the MMFL generated, since
additional time will allow more litter to accumulate in a watershed area.

5.3.2 Field Monitoring

Four storm sewer networks were monitored in the Twin Cities Metropolitan Area during
August through September 1987 and July through September 1988. Monitoring included
trapping floatable litter at the outlet of the storm sewer, continuous flow recording in

the storm sewer during the rain events, and rainfall measurements.

The sampled watersheds were categorized as residential, commercial, and industrial.
Two watersheds were considered residential, one in Roseville and one in Brooklyn
Center. Two watersheds were a blend of commercial and industrial uses. The first was
in the industrial district of North Minneapolis and the other in a commercial and

residential area of Roseville. Table 5.3.1 shows the land use and drainage area of each
watershed.

Figure 5.3.1 shows the location of the four watersheds within the Twin Cities
Metropolitan Area. The two Roseville storm sewers discharge to a storm water treatment
pond upstream of McCarron’s Lake. The residential watershed is between County Roads
B and B-2, and between Dale Street and Western Avenue. The commercial watershed has
similar north-south boundaries and extends west to Victoria Avenue.
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Table 5.3.1 Watershed Land Use

Residential Commercial Industrial Total
Watershed Area Area Area Area
(acres) (acres) (acres) (acres)
Roseville 118 46 0 164
Commercial
Minneapolis 80 43 70 193
Industrial
Brooklyn Center 254 12 0 266
Residential
Roseville 107 8 0 115
Residential

The Brooklyn Center storm sewer discharges to the Mississippi River at 59th Avenue

North, and drains the area between Highway 100 and the river from 57th Avenue North
to Highway 694,

The Minneapolis storm sewer discharges to the river at 30th Avenue North. It drains the

area west of the river to Fremont Avenue between 26th Avenue North and Lowry
Avenue.

5.3.3 Procedures

Rainfall depth for each storm was measured in a non-recording rain gauge mounted in
an open area of each watershed. The rain gauges were cylindrical, constant-cross-section
type and were mounted approximately three feet from the ground. Measurements were
taken within 12 hours of each storm event and recorded to the nearest 0.1 inch.

Flow in the storm sewers was measured and recorded using a bubbler-type level
recording instrument (ISCO Model 1870) which was placed in the nearest convenient
manhole upstream of the outlet. Depth of runoff in the watershed was calculated as the
total flow volume divided by the drainage area upstream of the flowmeter. However,
“the bubbler-type level recording equipment was drastically effected by water velocity in
the storm sewers and did not seem to provide reasonable data.

As a result of the difficulty in obtaining accurate flow data, litter correlations were

developed using hourly rainfall intensity data as recorded by the National Weather
Service at the Minneapolis-St. Paul International Airport.
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Man-made floatable litter was collected at the outlet of each storm sewer using a vinyl
safety fence. The fence was mounted in the receiving water at a ten to twenty foot
radius from the outlet. The fence extended approximately one foot below the water
surface, but allowed water to flow beneath it. Individual openings in the fence were
oval-shaped and measured approximately 1.5 inches by 3 inches. Photos of typical
fences are shown in Figures 5.3.2 and 5.3.3.

After each rainfall event, the rain and runoff measurements were recorded, and the
collected litter was classified and measured by volume and weight. Volume was
measured to the nearest tenth of a cubic foot by randomly dumping each class of litter
into a box. Litter was weighed to the nearest ounce in the field immediately after
removing it from the water., Containers holding water were drained before weighing.
Small pieces of litter were assigned a weight of one half ounce, and a volume of 0.05
cubic feet.

Man-made floatable litter (MMFL) was divided into the following classifications.

Food Containers: packaging, cups, plates, etc.

Recreational Items: toys, sports equipment, etc.

Construction Materials: lumber, insulation, etc.

Miscellaneous Debris: litter not included in any other category.

The data were examined and two correlations were developed using multiple linear
regression. These included 1) maximum rainfall intensity vs. total MMFL generated, and
2) time since previous rain vs. total MMFL generated.

5.3.4 Results

Six rainfall events were monitored during the test period in 1987 and fourteen events
were monitored in 1988. The amount of rain varied from 0.1 to 3.6 inches, and the time
between events ranged from 1 to 24 days. Tables 5.3.2 and 5.3.3 show rainfall amounts
and intensity, time between storms, and MMFL. Figures 5.3.4 through 5.3.7 are graphs of
time since previous rainfall versus total MMFL generated. Figures 5.3.8 through 5.3.11
show the relationship between rainfall intensity and total MMFL generated. The points
on the figures represent litter collected during each storm event.

Multiple linear regression was used to develop correlations between total MMFL and the
two independent variables of time and rainfall intensity. The correlation lines shown on
Figures 5.3.4 through 5.3.11 are based on fixed values of the opposite independent
variable. For example, on a Rainfall Intensity vs. MMFL graph, three correlation lines
are drawn based on 1, 10, and 20 days since the previous rainfall.
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Table 5.3.2 MMFL Collected During Storm Sewer Monitoring - 1987

Litter Collected

Rain  Storm  Days Maximum Food Food Recr’'tn  Reer’'tn  Constr Constr TOTAL TOTAL
Depth Date since Intensity Contain Contain Toys Toys Mat’ls Mat'ls Misec. Misc. LITTER LITTER
{inch) rain (in./hr.y (cu.ft) (og) {cu.ft) (oz) (cu.ft) (o2) (cu.ft) (oz) {cu.ft) (oB)

Roseville Commercial Watershed

0.8 8-15 3 0.44 0.08 0.5 0 0 0 0 0 0 0.08 0.5
0.2 8-27 11 0.12 0.3 8 0 0 0 0 0 0 0.3 8
0.2 9-10 13 0.12 0 0 0 0 0 0 4] 0 0 0
0.3 9-12 2 0.28 0.05 0.5 0 0 0 0 0 o] 0.05 0.5
0.3 9-16,18 B 0.06 0.08 0.5 0 0 0 0 0 0 0.05 0.5
0.3 9-18,20 2 0.07 0.06 0.5 0 0 0.05 0.5 0 0 0.1 1
Total 0.6 i0 o] 0 0.08 0.5 o] 0 0.55 10.5
Minneapolis Industrial Watershed
0.4 8-27 11 0.12 0.5 12 0.1 2 0.5 128 0 0 1.1 142
0.3 9-10 12 0.12 0.8 8 0.1 8 0 0 0 0 0.4 11
0.5 9-12 28 0.2 0.1 0.5 0 0 0.1 13 0 0 0.2 13.5
0.5 9-16,18 B 0.06 0.5 10 4] 0 0.1 1 0 0 0.6 11
0.4 9-18,20 2 0.07 0 0 0 0 0 0 0 0 0 0
Total 1.4 30.5 0.2 3 0.7 142 0 0 2.3 177.5
Brooklyn Center Residential Watershed
1.1 8-15 3 0.44 0 0 0 4} 0 0 0 0 0 0
0.2 8-27 i1 0.12 0 0 0 0 0 0 0 0 0 0
0.1 9-10 12 0.12 0 0 0 0 0 0 0 0 0 0
0.2 9-12 2 0.28 0.1 0.5 0 0 0 0 0 0 0.1 0.5
0.6 9-16,18 B 0.06 0.06 0.5 0 0 0 0 0 0 0.08 0.5
04 9-18,20 2 0.07 0 0 0 0 0 0 0 0 0 0
Total 0.15 1 0 0 0 0 0 0 0.15 1
Roseville Residential Watershed
0.8 8-15 3 0.44 0.06 0.5 0 0 0 0 0 0 0.05 0.5
0.2 8-27 11 0.12 0 0 0 0 0 0 0.2 32 0.2 32
0.2 9-10 13 0.12 0.1 1 0 0 0 0 4] o] 0.1 1
0.3 9-12 2 0.28 0 0 0 0 0 4} 0 0 0 0
0.3 9-16,18 & 0.08 0.05 0.5 0 0 0 0 0 0 0.05 0.5
0.3 9-18,20 2 0.07 0.08 0.5 0 o 0.1 0.8 o} 0 0.15 1
Total 0.25 2.5 0 0 0.1 0.5 0.2 32 0.55 35
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Table 5.3.3 MMFL Collected During Storm Sewer Monitoring - 1988

Litter Collected

Rain Storm Days Maximum Food Food Recr’tn  Recr'tn  Constr Constr TOTAL TOTAL
Depth  Date since Intensity Contain Contain Toys Toys Mat’ls Mat’ls Misec. Misc. LITTER LITTER
(inch) rain (in./th (cu.ft) (oz) (cu.ft) {oz) (cu.ft) (og) (cu.ft) {oz) (cu.ft) (oz)
Roseville Commercial Watershed
0.2 6-19 24 0.07 0.8 8 0 0 0 0 0 0 0.8 8
0.2 7-7 18 0.01 1.1 30 0 0 0.1 14 0 0 1.2 44
1.2 7-9,13 ] 0.58 0.3 18 0.05 0.5 0.3 10 0.05 0.5 0.7 29
1.0 7-20 5 0.25 0.3 4 0.2 3 0 0 0 0 0.5 7
0.5 8-2 13 0.15 1 32 0.1 9 1] 0 0 0 1.1 41
3.6 8-3 1 0.60 a a
b 8-7 3 0.58 a a
0.7 8-11,12 8 0.28 0.2 10 0 0 0.2 i1 0 0 0.4 21
0.3 8-22 10 0.07 0.2 2 0.05 0.5 0.05 0.5 0 0 0.3 3
0.1 8-27 & 0.17 0.2 3 0 0 0.05 0.5 0 0 0.25 3.5
0.7 9-1 5 0.25 0.6 13 0.1 12 0.05 0.5 0 0 0.75 25.5
0.1 9-4 4 0.10 0.05 0.5 0 0 0.05 0.5 0 0 0.1 1
2.0 9-16,19 14 0.29 0.4 10 0.1 1 0 0 0 0 0.5 11
Total 5.18 130.5 0.6 26 0.8 37 0 0 6.6 194
Minneapolis Industrial Watershed
0.1 6-19 24 0.07 0.5 11 0.1 6 0 0 0 0 0.6 17
0.1 7-7 18 0.01 0.3 6 0 0 0 0 0 0 0.3 ]
0.7 7-9,13 [ 0.58 0.3 10 0.05 0.5 0.1 9 0 0 0.45 i9.5
1.2 7-20 5 0.25 a a
0.4 8-2 13 0.15 1 80 0.1 3 0.1 1 0 0 1.2 84
2.0 8-3 1 0.60 0.3 186 0.1 4 0.1 13 0 0 0.5 33
1.3 8-7 3 0.568 0.3 19 0.1 3 0.1 11 0.1 4 0.6 37
0.2 8-11,12 6 0.28 0.1 9 0 0 0.1 12 0 0 0.2 21
0.1 8-22 i0 0.07 0.2 4 0.1 3 0.08 0.5 0 o] 0.35 7.5
0.1 8-27 B 0.17 0.2 § 0 0 0.2 2 0 0 0.4 7
0.8 9-1 ) 0.25 0.7 26 0.2 4 0.1 9 0 0] 1 38
0 9-4 4 0 0 o 0 0 0 0 0 o] 0 0
2.0 9-16,19 14 0.29 a a
Total 8.9 185 0.76 23.5 0.85 57.8 0.1 4 5.6 270

a - Litter trap damaged, no litter collected
b - Equipment damage or theft
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Table 5.3.3 MMFL Collected During Storm Sewer Monitoring - 1988, continued

Litter Collected

Rain  Storm Days Maximum Food Food  Recr'tn Recr’tn Constr Constr . TOTAL TOTAL
Depth  Date since Intensity Contain Contain Toys Toys Mat'ls Mat'ls Misc. Mise. LITTER LITTER
(inch) rain  (in./hr.}) (cu.ft) (os) (cu.ft) (oz) (cu.ft) {oz) {cu.ft) {oz) (cu.ft) (og)

Brookiyn Center Residential Watershed

0.2 6-19 24 0.07 0.4 [} 4] 0 0 0 0 0 0.4 [
b 7-7 i8 0.01 0.06 0.6 0 0 0 0 0 0 0.05 0.5
0.5 7-9,13 ] 0.58 0.3 10 0.1 4 0.08 0.6 0.1 2 0.55 16.5
0.6 7-20 5 0.26 0.1 1 0 0 0.1 7 0 o] 0.2 8
0.4 8-2 i3 0.18 0.4 15 0.1 S 0.0 0.5 0 0 0.55 18.5
2.2 8-4 1 0.60 0.06 0.6 0 0 ] 0 o] 0 0.05 0.5
1.2 8-7 3 0.68 0.1 4 0 0 0 0 0 0 0.1 4
0.4 8-11,12 8 0.28 0.1 2 0 0 0.1 1 (1} 0 0.2 3
0.1 8-22 10 0.07 0.06 0.5 0 0 0 0 0 0 0.05 0.5
0.1 8-27 & 0.17 0.1 1 0 0 0 0 0 1} 0.1 1
0.6 8-1 3 0.25 0.2 7 0.1 1 0.1 b3 0 0 0.4 9
0 94 4 0 4} 0 0 0 0 0 0 0 0 0
2.0 9-16,19 14 0.29 0.1 2 0 0 0.06 0.5 0 0 0.15 2.5
Total 1.86 49.6 0.3 8 0.46 105 0.1 2 2.95 70
Roseville Residential Watershed
0.2 8-19 24 0.07 0.7 11 0.1 8 0.05 0.5 (4] 0 0.85 17.5
0.2 7-7 18 0.01 [+] 0 0 [} 0.06 0.5 0 0 0.05 0.5
1.2 7-9,13 [} 0.68 0.1 3 0.1 8 0.1 2 0 0 0.8 8
1.0 7-20 [ 0.28 a8 a
0.5 8-2 13 0.15 0.06 0.5 0 0 0 ] 1] 0 0.05 0.5
3.6 8-3 1 0.6 8 8
b 8-7 8 0.568 a 8
0.7 8-11,12 [} 0.28 0 0 0 o} 0.08 0.6 0 0 0.05 0.5
0.3 8-22 10 0.07 0.06 0.6 0 0 0.06 0.5 0 [s] 0.1 1
0.1 8-27 5 0.17 0.1 1 0 0 0.1 4 0 0 0.2 13
0.7 9-1 3 0.25 0.1 3 0 0 0.06 0.5 0.2 [} 0.35 9.5
0.1 9-4 4 0.1 0.3 8 0 0 0.2 28 o [ 0.5 36
20 9-16,19 14 0.29 0.08 0.5 0 0 4] [} 0 0 0.05 0.5
Total 1.45 27.8 0.2 9 0.85 36.85 0.2 8 2.5 79

a - Litter trap damaged, no litter collected
b - Equipment damage or theft
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On the Time vs. MMFL graph, correlation lines are drawn based on the maximum
rainfall intensities of 0.1, 0.35, and 0.6 inches per hour.

Land Use

Land use had a strong effect on the MMFL generated. The residential areas generated
less litter than industrial or commercial areas during both 1987 and 1988. The average
volume of litter collected per storm was 0.06 cubic feet in 1987 and 0.2 cubic feet in
1988. The litter generated in the residential area was primarily paper cups, aluminum
cans, and wrappers which were classified as food containers. There was also some
styrofoam and small pieces of wood that were classified as construction materials.

The commercial area generated an average of 0.1 cubic feet per storm in 1987 and an
average of 0.6 cubic feet per storm in 1988. The commercial arca generated essentially

the same type of litter as the residential areas, but had greater amounts of food
containers.

The industrial area generated an average litter volume of 0.5 cubic feet per storm in
1987 and 0.6 cubic feet in 1988. Food containers and construction materials were the
most common type of litter found. The food containers came primarily from nearby
fast food restaurants and work sites. Construction materials probably came from
maintenance activities rather than from new construction since the area is fully
developed.

Time Between Storms

The time between storms showed a direct correlation to the amount of litter collected, as
illustrated in Figures 5.3.4 through 5.3.7. The amount of floatable litter generated
increases with time since previous rainfall. This correlation was expected since
additional time between storms allows more litter to collect in the watersheds.

Rainfall Intensity

In general, the rainfall intensity data were extremely variable. Figures 5.3.8 through
5.3.11 show that there is very little correlation between litter generated and rainfall

intensity., The correlations show a slight increase in litter with increasing rainfall
intensity.

5.3.5 Discussion

The field monitoring results confirmed the original expectations. The residential areas
produced the least litter, and the industrial watershed generated the most litter in both
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1987 and 1988. The commercial watershed had a low amount of litter in 1987, but
nearly equalled that generated by the industrial watershed in 1988.

Overall, the watersheds produced less litter in 1987 than in 1988. This variation may
have been caused because the 1987 collection was primarily during September compared
to 1988 when collections were during July through September. The months of July and
August likely produce more litter since people are spending more time outdoors.

Figures 5.3.4 through 5.3.7 show that as the time between storm events increases, there is
an increase in the amount of litter generated. In addition, the time between storm
events has a stronger effect on litter generated than rainfall intensity. The regression
lines on the graphs show that, even though there is wide scatter in the data, there is still
a strong positive slope between litter generation and time between storms. The slope of
the regression lines where litter is related to intensity is almost flat to slightly positive.

Increasing rainfall intensity does not always show a drastic increase in litter amounts.
However, some points that are far from the correlation lines can find some explanation
when the opposite variable is examined. For example, on the Roseville Residential
Watershed figures, the two points of high MMFL and short time between storms (Figure
5.3.7) occurred when the rainfall intensity was very high (greater than 0.4 inches per
hour, see Figure 5.3.11). The very intense storms apparently can transport floating litter
from a greater distance along the gutter.

In conclusion, litter generation increases with the time between rainfall events, but it is
somewhat less dependent of the rainfall intensity. Residential areas produce less litter
than commercial areas and industrial areas produce the most litter. Seasonal changes
have shown that summer months produce more litter than early autumn months.

5.4 Relative Litter Contribution from Storm Sewers
One of the primary goals of this project is to estimate the fraction of the total man-

made floatable litter problem that is contributed by storm sewers. This section will
compare the data in Sections 5.2 and 5.3 to make that estimate.
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The information found during the investigation described in Section 5.2 showed that
part of the man-made floatable litter entering the Mississippi River was too large to be
transferred to the river by typical storm sewers. Of the small litter, some expectedly
was transferred to the river by storm sewers and some by combined sewer overflows.

Section 5.3 showed predicted volumes of MMFL discharges from storm sewers based on
land use, time between storms, and maximum rainfall intensity during a given storm.
Predictions were made using these data applied to the rain storms which occurred just
before the river monitoring. Land use in the area directly storm-sewered to the river
was estimated to be 12 square miles (sq.mi.) industrial, 8.6 sq.mi. commercial, and 26.1
sq.mi. residential, for a total of 46.7 sq.mi. upstream of the collection point. Using seven
days since the last storm and a maximum rainfall intensity of 0.42 in/hr, the predicted
MMFL was 59 cubic feet. Integration of the small litter in Section 5.2 showed a volume
of 62 cubic feet. Notice that the prediction methods found in Section 5.3 do not appear
very reliable due to wide scatter in the data.

The comparison shows that more litter was collected from the river than expected from
storm sewer monitoring. The additional MMFL is caused by combined sewers and other
sources. However, due to the extreme variability in the limited data set of this study,
the comparison is only approximate.

5.5 General Evaluation Procedure

The procedures used in this study may be applied to other rivers and communities. The
level of detail for each study must be dictated by the available resources. Additional
evaluations will be valuable both locally and on a broader scale. Local benefits will be
achieved by examining the structures in that area. Wide-scale benefits will be a more
reliable data set for predicting litter volumes.

1. Conduct a river and area inventory similar to Section 5.1. Observe points
along the river where litter collects and measure the area draining to the river.
Determine the critical size of litter pieces which will cause problems at each
collection point. For example, the spacing between the bars of a screen at a
water intake may indicate that small pieces are not significant.
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Collect floating litter in the river over some period of time as described in
Section 5.2. Classify the litter according to original use and size. The size
classification will help determine whether the litter was contributed by storm
sewers. Also observe the clues which indicate litter from combined sewers.

Collect litter at storm sewer outlets in the area similar to the methods
described in Section 5.3. For comparing different land use types, choose two
watersheds which are close in proximity and have a similar size.

Another possible method of field evaluation would be to examine the litter
which collects at a litter trap. Classifications of the litter should include
distinctions between natural and man-made, sizes, and original functions of
the debris.
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6. LITTER CONTROL STRATEGIES

The purpose of this report was to examine the significance of storm sewers as a partial
cause of man-made floatable litter in waterways. This chapter will consider the need
for litter control in storm sewers and alternative methods for that control

In the Twin Cities and other parts of the United States, there have been three primary
goals for litter control. The most commonly considered goal has been to reduce
navigational hazards caused by floating debris. The next goal has been related to water
intakes at hydroelectric dams and other large facilities. Floating debris is screened from
the incoming water to limit damage to equipment and for other reasons. Screening
debris at water intakes can cause clogging, but more commonly raises the question of
how to dispose of the material collected on the screen. The third goal of litter reduction
is simply to minimize the unacceptable appearance of floating debris in waterways.

Of the three concerns, navigation, water intakes, and aesthetics, the litter from storm
sewers only has a significant affect on aesthetics. Litter transported to waterways by
storm sewers is not large enough to cause navigation hazards. Likewise, most of the
litter capable of being transported to and through a storm sewer is not large enough to
affect water intakes. For éxample, the openings of the screen protecting the
hydroelectric plant intake at St. Anthony Falls will allow a majority of the items found
in storm sewer litter to enter the plant.

The floating debris which causes navagational hazards and water intake problems is
most often from sources other than storm sewers. Aesthetic problems can be caused by
any source of litter. Storm sewers and combined sewer overflow systems have been
shown to cause a noticeable portion of the MMFL which is aesthetically displeasing.

6.1 Altermative Control Methods

The litter control methods that were evaluated for reducing the volume of litter
transported to the river included street sweeping, public education methods, enforcement
of litter regulations, trapping litter at storm sewer outlets, and no action. It was not
part of the scope of this study to examine the option of design modifications for
catchbasins, Some research has been conducted by others on this subject, and more may
be conducted.
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6.1.1 Street Sweeping

This alternative would consist of increasing the number of times per year that streets
are swept. The ideal frequency would be to sweep the streets just before each rainfall
event, so that all litter would be swept instead of cleared by runoff. This would be very
difficult to accomplish in large areas.

The cost of sweeping will keep it from being used as a means for controlling litter.
Weekly sweeping may only be nominally effective based on the data from storm sewer
monitoring in Section 5.3. Many cities in the metropolitan area sweep in the spring and
fall of each vyear. Some sweep more often in high traffic areas. As a basis for
discussion, sweeping costs in the City of Roseville have averaged about $200 per mile of
street sweeped. If this cost is applied to the 50 square miles which drains directly to the
Mississippi, weekly sweeping would cost at least $1,700,000 per year. (Assuming 10 miles
of street per square mile and 17 weeks of sweeping.)

6.1.2 Public Education Methods

This alternative would encourage the public to reduce street litter and therefore reduce
the MMFL transported to the river. The most common public education method in the
United States is the "Keep America Beautiful” (KAB) system described previously in this
report (Section 3.2.3). The cost of implementing the program in a community varied
from $20,000 to $100,000 in the late 1970’s. One study showed that the benefits of the
program consistently exceeded the cost (APWA, 1982). Volunteer help seems to be very
important in KAB efforts.

6.1.3 Enforcement of Litter Regulations

This alternative would include stricter enforcement of the state and local litter laws.
Litter occurs due to improper handling of materials that have little or no value.
Regulations are reasonably comprehensive in promoting proper handling of litter.
Stricter enforcement may encourage the public to act more responsibly to reduce street
litter.

6.14 Trapping Litter at Storm Sewer Qutlets

Trapping litter at the outlet of a storm sewer system would require a constructed facility
which could separate litter from runoff. Traps could be located in ponds, at river
banks, or on lake shores. Litter would need to be removed periodically from the traps.

Possible methods for trapping litter include screening and skimming. Screening would

capture litter by placing a mesh across the entire flow path. Fence or other material
could be used as a mesh. Skimming would intercept floating litter by a plate across the
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flow area at the water surface. The plate would need to move as the water surface

varied or be configured to block litter at all water levels. Several materials could be
used as the plate.

Design Considerations

The behavior of litter traps was observed during the watershed sampling portion of this
study. These observations resulted in a few principles which should be considered in the
design of litter traps.

* Water velocity at the screen or skimmer should be minimized. Excessive velocities
at skimmers will cause vortices which will pull floating materials under the plate.
Extreme forces could also result from high water velocities against a plate or
clogged screen.

Wide variation of water elevations should be considered in the design of trapping
methods. Rivers and ponds commonly rise and fall drastically during runoff events.
Litter traps should be designed to be effective for all expected water elevations.

Clogging of screens must be considered. One of the largest sources of clogging will
be caused by fallen leaves in the autumn. Special observations may be necessary
during autumn or spring. Design of the trap should verify that extensive clogging
will not cause flooding of property.

Maintenance

Removal of trapped litter and debris should also be considered in the design and
operation of litter traps. Access to the trap structure and the litter collection area will

be necessary. Maintenance will be simplest if the litter and debris can be reached from
land.

The volume of litter collected will vary depending on land use in the watershed. Based
on watershed monitoring, between 5 and 15 cubic feet of man-made litter per square
mile will be generated each year by a residential watershed. Commercial or industrial
watersheds may generate between 10 and 30 cubic feet of man-made litter per square
mile each year. Natural debris, such as leaves and twigs, may far exceed the volume of
man-made litter. Predicting the volume of natural debris was not included in this study.
The estimates of man-made litter above are based on 5 months of litter depositing on the
streets, which would be typical of the climate in Minnesota.
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Feasibility

The configuration of an outlet will determine whether litter trapping is possible. Most
of the existing storm sewers which discharge into the Mississippi River have an outlet
pipe projecting from the river bank. Construction of litter traps at these outlets may be
difficult. Litter trapping facilities for new storm sewer systems may be more feasible.

An effective location for litter traps would be in ponds used for sediment control or
storm water detention. These ponds are typically placed upstream of rivers, lakes, or
streams. New storm sewers that are constructed within the Twin Cities very commonly
include these types of ponds. Modification of these ponds to trap litter would be a
method for reducing litter in waterways.

6.1.5 No Action

Litter transported to the river by storm sewers is only a portion of the total litter in the
Mississippi River. If the alternatives for controlling storm sewer litter are very costly
with only nominal success, it may be more prudent to spend money on controlling litter
from sources that are more easily affected.

6.2 Evaluation of Alternatives

Of the alternatives discussed, the only omne that is not reasonable is increased street
sweeping. Public education and enforcement may be difficult to implement, but would
most likely be effective. Trapping litter at storm sewer outlets should be implemented
where it is reasonable.

Further research may be appropriate to determine possible alternatives for storm sewer
modifications or combined sewer overflow modifications that would reduce the volume
of litter discharged to the river.

The Cities of St. Paul, Minneapolis, and South St. Paul, which currently have combined
sewer overflows, are in the process of separating the storm sewers from sanitary sewers.
The separation process should eliminate the personal hygiene items from being

discharged to the river. (See Section 5.2.) Street litter would continue to be discharged
from the storm sewers involved.
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7. CONCLUSIONS AND RECOMMENDATIONS
The primary conclusions developed during this study are summarized below,

. Man-made floatable litter (MMFL) which accumulates on streets and sidewalks of
developed areas is commonly transferred to the Mississippi River and other
waterways via storm sewers and combined sewer overflow systems.

2. Man-made floatable items which normally occur in sanitary sewage, such as personal

hygiene products and packaging, are transferred to waterways via combined sewer
overflow systems.

3. Man-made floatable litter enters the Mississippi River from recreational,
commercial, and industrial use of the river and its banks.

4. The primary concern related to MMFL from storm sewers and combined sewers is

aesthetic. Typical storm sewer inlets only permit small items to enter the systems.

5. Larger MMFL, caused by sources other than sewers, and natural floating debris,
create concern as navigational hazards, at water intakes, and aesthetically.

Based on the information found during the study, the following steps should be
considered or implemented.

a. Continue the process of separating storm sewers from sanitary sewers where
they are connected.

b. Since the sewer separation process will take many years to complete, it may be
valuable to research alternatives for modifying combined sewer overflow

systems to trap floating debris. Some research has been conducted in Boston,
MA on this topic (Section 4.2.2).

c. Consider implementation of public education programs.

d. Increase the enforcement of litter regulations.

e. New storm sewer construction should include litter trapping facilities where
possible.
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