
Technical Memorandum 
To: Riverbend Landfill Company 

Cc: Tommy Brooks, Cable-Huston 

Date: June 29, 2020 

Subject: Windblown Litter Prevention Analysis for McPhillips Farm 

BACKGROUND DISCUSSION 
The original Farm Impacts Analysis prepared by CSA Planning Ltd. (CSA) in 2014 analyzed 
the proposed expansion of Riverbend Landfill and specifically evaluated litter as a potential 
farm impact in the vicinity of the landfill.  That analysis was updated based upon testimony 
and evidence provided during the Planning Commission review in 2014.  The Planning 
Commission update added a litter density analysis performed in the Yamhill County area to 
determine the baseline density of litter along highways in the broader farming area in Yamhill 
County and to assess the efficacy of Riverbend’s litter management programs.  The litter 
density analysis revealed that litter densities were lower near the landfill than on highways 
elsewhere in the County.   

CSA’s Farm Impacts Analysis updated for the Planning Commission in December 2014 also 
included an analysis of wind rose data from the McMinnville Airport.  The purpose of 
collecting that data was to determine the likelihood, if any, that litter escaping the landfill site 
would travel to nearby properties devoted to farm use. The analysis revealed that prevailing 
winds are such that it would be rare for litter to be carried to the west or southwest of the 
landfill because wind speed averages rarely exceed 8 miles per hour (mph)  in the range of 
directions from the southeast to northeast.  The analysis also concluded there was at least 
a potential for litter to be carried the opposite direction - northeast and east - based on other 
prevailing wind patterns and measurements.  The Farm Impacts Analysis therefore assessed 
further the potential impacts from litter on properties to the northeast and east of the existing 
landfill. 

CSA’s understanding is that, through the appellate review process, the landfill expansion 
application has been remanded to the County to address the potential for litter impacts from 
the landfill expansion.  CSA has been informed that litter issues on remand have been 
narrowed down specifically to the potential for litter to cause significant farm impacts on the 
McPhillips Farm.  The County previously imposed conditions of approval relating to litter 
when it approved the landfill expansion, but those conditions focused, in part, on mitigating 
litter impacts if litter travelled to the McPhillips Farm.  It is CSA’s understanding that, based 
on the appellate review process, acceptable conditions of approval are those that address 
operational or other factors on the landfill site to prevent litter from escaping to the McPhillips 
Farm.  In contrast, unacceptable conditions of approval are those employing “on-farm” 
mitigation measures to address litter that has already escaped.  

CSA was engaged to prepare this Technical Memorandum (Tech Memo) to present results 
of an analysis of windblown litter, and to make recommendations on wind speed thresholds 
– all with a focus on the environmental conditions that could result in litter actually escaping
the landfill site. These recommendations will be used by Riverbend to modify or suspend
landfill operations when wind velocity could cause windblown litter to escape onto the
McPhillips Farm.  The actual Litter Control Plan to implement these recommendations would
be developed by Riverbend.  The analysis herein assumes that all physical litter control
measures described in a Litter Control Plan are physically feasible and can be maintained in
working condition consistent with the plan.

REVIEW OF THE LITERATURE AND PRIOR RESEARCH 
CSA began this analysis with a review of the literature.  The literature review was focused 
on two primary areas of inquiry.  The first area of inquiry was scientific/academic research 
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that related wind speeds to the potential for litter transport.  Such research would help 
identify and explain wind speeds that have sufficient energy to transport litter off-site.  The 
second area of inquiry focused on management techniques and documentation to control 
windblown litter at landfills.  

Wind Speed vs. Litter Transport Potential 
CSA reviewed the literature in search of the best available scientific data on wind speed 
potential to transport litter at landfills.  Journals that were searched included:  Waste 
Management & Research, which is the Journal of the International Solid Waste Association, 
and Waste Management, which is the International Journal of Integrated Waste 
Management, Science and Technology.  CSA also performed general internet searches 
seeking useful data.  Blue Ridge Services, Inc. repeated similar searches in preparation of its 
own technical memorandum attached to the CSA analysis.   
 
The generally accepted scientific data on the subject that exists relates almost exclusively to 
the Beaufort Scale, which was created to help observers in the field properly estimate wind 
speeds.  Such estimates include identifying when loose debris, including paper, begins to 
move along the surface.  The Beaufort Scale descriptions provided below are from the 
National Weather Service regional office in Portland: 
 
Figure 1 – Beaufort Wind Scale Field Descriptions 
Source:  National Weather Service, Portland Regional Office website 
 

/ 
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According to these Beaufort Scale descriptions, the description of a “Moderate Breeze” 
(Beaufort Number 4) is important as it relates to litter transport conditions at a landfill.  Force 
3 and 4 winds 8 to 18 mph are the windspeeds at which loose paper, a low-density/high-
surface-area material common at landfills with characteristics similar to other loose materials, 
begins to be moved along the ground and can be carried by wind when landfill activities, 
such as tipping, suspend and those materials in the air and then they slowly settle back to 
the ground.  
 
In order to translate Beaufort Scale numbers to a landfill setting, CSA Planning engaged Blue 
Ridge Services, Inc. to apply this commonly used scale to observations at landfills.  Blue 
Ridge Services, Inc. has worked on hundreds of landfills in North America and the firm 
develops mitigation plans to prevent windblown litter for landfills.  Blue Ridge Services, Inc.’s 
full tech memo is provided as an attachment to this memo.  Blue Ridge Services, Inc.’s 
modified scale that includes landfill specific information for winds up to Force 5 (Fresh 
Breeze) are reproduced below: 
 

 
  

Beaufort 
Number 

Wind 
Description 

Wind Speed 
(MPH)

General Observational 
Characteristics

Municipal Solid Waste Categories       
(organized by surface area/mass)  

Estimated Litter Migration Impacts 

Plastic film and paper fragments, styrofoam 
granules, dry grass and leaves, fibrous 
material particles, dry ash and powdery 
substances.
Paper products and newsprint, small 
chipboard/corrugated cardboard pieces, 
empty plactic grocery bags and packaging 
film, 
Small/medium cardboard boxes, larger 
sheets of styrofoam, small beverage 
containers, heavy paper/plastic bags. 
Large cardboard pieces/boxes, vegetation 
pruning and trimmings,  
magazines/catalogs, large recyclable 
containers, construction material remnants, 
textiles. 
Large 
plastic/drywall/plywood/ferrous/non-
ferrous sheeting, heavy durable plastic 
items, bagged household waste, rolled 
carpet and heavy plastic film remnants, 
roofing shingles/material. 

Plastic film and paper fragments, styrofoam 
granules, dry grass and leaves, fibrous 
material particles, dry ash and powdery 
substances.

Wind can slowly carry the finer/lighter waste while 
it is being tipped from vehicles. As waste is churned 
and becomes airborne during tipping or when 
pushed with heavy equipment,  it quickly settles 
back to ground level. Waste that is on/near the 
tipping area and working face can slowly migrate at 
ground level until the wind is disrupted by slight 
depresions, changes in topography or other barriers. 

Paper products and newsprint, small 
chipboard/corrugated cardboard pieces, 
empty plactic grocery bags and packaging 
film, 
Small/medium cardboard boxes, larger 
sheets of styrofoam, small beverage 
containers, heavy paper/plastic bags. 
Large cardboard pieces/boxes, vegetation 
pruning and trimmings,  
magazines/catalogs, large recyclable 
containers, construction material remnants, 
textiles. 
Large 
plastic/drywall/plywood/ferrous/non-
ferrous sheeting, heavy durable plastic 
items, bagged household waste, rolled 
carpet and heavy plastic film remnants, 
roofing shingles/material. 

1 Light Air 1 to 3 

Direction of wind shown 
by smoke drift, not by 
wind vanes. Little if any 
movement with flags. 
Wind barely moves tree 
leaves. 

Wind does not carry waste while it is being tipped 
from vehicles. As waste is churned and becomes 
airborne during tipping or when when pushed with 
heavy equipment,  it immediately settles back to 
ground level. Waste that is on/near the tipping area 
and working face does not migrate at ground level 
or above it.  

Modified Beaufort Wind Table with MSW Categories and Estimated Litter Migration Impacts

0 Calm Calm to 1 
Calm wind. Smoke rises 
vertically with little, if any 
drift.  

Wind does not carry waste while it is being tipped 
from vehicles. As waste is churned and becomes 
airborne during tipping or when when pushed with 
heavy equipment,  it immediately settles back to 
ground level. Waste that is on/near the tipping area 
and working face does not migrate at ground level 
or above it.  
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Beaufort 
Number 

Wind 
Description 

Wind Speed 
(MPH)

General Observational 
Characteristics

Municipal Solid Waste Categories       
(organized by surface area/mass)  

Estimated Litter Migration Impacts 

Plastic film and paper fragments, styrofoam 
granules, dry grass and leaves, fibrous 
material particles, dry ash and powdery 
substances.
Paper products and newsprint, small 
chipboard/corrugated cardboard pieces, 
empty plactic grocery bags and packaging 
film, 
Small/medium cardboard boxes, larger 
sheets of styrofoam, small beverage 
containers, heavy paper/plastic bags. 
Large cardboard pieces/boxes, vegetation 
pruning and trimmings,  
magazines/catalogs, large recyclable 
containers, construction material remnants, 
textiles. 
Large 
plastic/drywall/plywood/ferrous/non-
ferrous sheeting, heavy durable plastic 
items, bagged household waste, rolled 
carpet and heavy plastic film remnants, 
roofing shingles/material. 

Plastic film and paper fragments, styrofoam 
granules, dry grass and leaves, fibrous 
material particles, dry ash and powdery 
substances.

Wind can steadily carry waste while it is being 
tipped from vehicles. As waste is churned and 
becomes airborne during tipping or when pushed 
with heavy equipment,  it slowly settles back to 
ground level or slightly above it.  Waste that is 
on/near the tipping area and working face can 
steadily migrate at ground level or slightly above it 
until the wind is disrupted by moderate depresions, 
changes in topography or other barriers. 

Paper products and newsprint, small 
chipboard/corrugated cardboard pieces, 
empty plactic grocery bags and packaging 
film, 

Small/medium cardboard boxes, larger 
sheets of styrofoam, small beverage 
containers, heavy paper/plastic bags. 

Large cardboard pieces/boxes, vegetation 
pruning and trimmings,  
magazines/catalogs, large recyclable 
containers, construction material remnants, 
textiles. 
Large 
plastic/drywall/plywood/ferrous/non-
ferrous sheeting, heavy durable plastic 
items, bagged household waste, rolled 
carpet and heavy plastic film remnants, 
roofing shingles/material. 

Modified Beaufort Wind Table with MSW Categories and Estimated Litter Migration Impacts

Wind does not carry waste while it is being tipped 
from vehicles. As waste is churned and becomes 
airborne during tipping or when when pushed with 
heavy equipment,  it immediately settles back to 
ground level. Waste that is on/near the tipping area 
and working face does not migrate at ground level 
or above it.  

3
Gentle 
Breeze 

8 to 12 

Leaves and small twigs in 
constant motion. Wind 
blows up dry leaves from 
the ground. Flags are 
extended out. 

Wind can slowly carry the finer/lighter waste while 
it is being tipped from vehicles. As waste is churned 
and becomes airborne during tipping or when 
pushed with heavy equipment,  it quickly settles 
back to ground level. Waste that is on/near the 
tipping area and working face can slowly migrate at 
ground level until the wind is disrupted by slight 
depresions, changes in topography or other barriers. 

Wind does not carry waste while it is being tipped 
from vehicles. As waste is churned and becomes 
airborne during tipping or when when pushed with 
heavy equipment,  it immediately settles back to 
ground level. Waste that is on/near the tipping area 
and working face does not migrate at ground level 
or above it.  

2 Light Breeze 4 to 7

Wind felt on face. Leaves 
rustle and small twigs 
move. Ordinary wind 
vanes move. 

Wind can slowly carry the finer/lighter waste while 
it is being tipped from vehicles. As waste is churned 
and becomes airborne during tipping or when 
pushed with heavy equipment,  it quickly settles 
back to ground level. Waste that is on/near the 
tipping area and working face can slowly migrate at 
ground level until the wind is disrupted by slight 
depresions, changes in topography or other barriers. 
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Beaufort 
Number 

Wind 
Description 

Wind Speed 
(MPH)

General Observational 
Characteristics

Municipal Solid Waste Categories       
(organized by surface area/mass)  

Estimated Litter Migration Impacts 

Plastic film and paper fragments, styrofoam 
granules, dry grass and leaves, fibrous 
material particles, dry ash and powdery 
substances.

Paper products and newsprint, small 
chipboard/corrugated cardboard pieces, 
empty plactic grocery bags and packaging 
film, 

Small/medium cardboard boxes, larger 
sheets of styrofoam, small beverage 
containers, heavy paper/plastic bags. 

Large cardboard pieces/boxes, vegetation 
pruning and trimmings,  
magazines/catalogs, large recyclable 
containers, construction material remnants, 
textiles. 

Large 
plastic/drywall/plywood/ferrous/non-
ferrous sheeting, heavy durable plastic 
items, bagged household waste, rolled 
carpet and heavy plastic film remnants, 
roofing shingles/material. 

Wind does not carry waste while it is being tipped 
from vehicles. As waste is churned and becomes 
airborne during tipping or when when pushed with 
heavy equipment,  it immediately settles back to 
ground level. Waste that is on/near the tipping area 
and working face does not migrate at ground level 
or above it.  

Plastic film and paper fragments, styrofoam 
granules, dry grass and leaves, fibrous 
material particles, dry ash and powdery 
substances.

Wind will continously carry waste while it is being 
tipped from vehicles. As waste is churned and 
becomes airborne during tipping or when pushed 
with heavy equipment,  it will continue to migrate 
above ground level. Waste that is on/near the 
tipping area and working face will continously 
migrate above ground level until the wind is 
disrupted by significant depresions, changes in 
topography or other barriers. 

Paper products and newsprint, small 
chipboard/corrugated cardboard pieces, 
empty plactic grocery bags and packaging 
film, 

Small/medium cardboard boxes, larger 
sheets of styrofoam, small beverage 
containers, heavy paper/plastic bags. 

Large cardboard pieces/boxes, vegetation 
pruning and trimmings,  
magazines/catalogs, large recyclable 
containers, construction material remnants, 
textiles. 

Wind can slowly carry the finer/lighter waste while 
it is being tipped from vehicles. As waste is churned 
and becomes airborne during tipping or when 
pushed with heavy equipment,  it quickly settles 
back to ground level. Waste that is on/near the 
tipping area and working face can slowly migrate at 
ground level until the wind is disrupted by slight 
depresions, changes in topography or other barriers. 

Large 
plastic/drywall/plywood/ferrous/non-
ferrous sheeting, heavy durable plastic 
items, bagged household waste, rolled 
carpet and heavy plastic film remnants, 
roofing shingles/material. 

Wind does not carry waste while it is being tipped 
from vehicles. As waste is churned and becomes 
airborne during tipping or when when pushed with 
heavy equipment,  it immediately settles back to 
ground level. Waste that is on/near the tipping area 
and working face does not migrate at ground level 
or above it.  

4
Moderate 

Breeze
13 to 18 

Wind moves small 
branches. Wind raises 
dust and loose paper 
from the ground and 
drives them along. 

Wind can steadily carry waste while it is being 
tipped from vehicles. As waste is churned and 
becomes airborne during tipping or when pushed 
with heavy equipment,  it slowly settles back to 
ground level or slightly above it.  Waste that is 
on/near the tipping area and working face can 
steadily migrate at ground level or slightly above it 
until the wind is disrupted by moderate depresions, 
changes in topography or other barriers. 

Wind can slowly carry the finer/lighter waste while 
it is being tipped from vehicles. As waste is churned 
and becomes airborne during tipping or when 
pushed with heavy equipment,  it quickly settles 
back to ground level. Waste that is on/near the 
tipping area and working face can slowly migrate at 
ground level until the wind is disrupted by slight 
depresions, changes in topography or other barriers. 

5 Fresh Breeze 19 to 24

Large branches and small 
trees in leaf begin to 
sway. Crested wavelets 
form on inland lakes and 
large rivers. 

Wind can steadily carry waste while it is being 
tipped from vehicles. As waste is churned and 
becomes airborne during tipping or when pushed 
with heavy equipment,  it slowly settles back to 
ground level or slightly above it.  Waste that is 
on/near the tipping area and working face can 
steadily migrate at ground level or slightly above it 
until the wind is disrupted by moderate depresions, 
changes in topography or other barriers. 

Modified Beaufort Wind Table with MSW Categories and Estimated Litter Migration Impacts
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Windblown Litter Management Literature 
There is substantial literature on windblown litter management at landfills.  Four relevant 
literature articles are attached to this Tech Memo for reference.  According to the research, 
“windblown litter” is the phrase each of the articles uses for the interaction between refuse 
and wind.   
 
The literature on managing windblown litter supports the theoretical discussion in the next 
section. 

THEORETICAL DISCUSSION 
When the air is calm, the ability for winds to transport litter at all is effectively zero.  As winds 
increase, litter transport becomes possible.  Lighter winds do not have adequate force to 
interact with topography to create vertical movements sufficient to carry litter up and over 
litter control fencing.  Strong winds, however, have the potential to move litter longer 
distances or to create updrafts with potential to carry litter over control fencing. 
 
As noted above, the primary issue to be addressed during remand proceedings for Riverbend 
Landfill concerns the McPhillips Farm to the northeast of the landfill site.  As such, only winds 
directed from the landfill toward the McPhillips Farm would be expected to transport litter 
toward the McPhillips Farm.  These winds are expressed as compass headings in this Tech 
Memo.   
 
Wind speed and wind direction are both variable.  In practical terms, windspeed is assessed 
over a period of time where some level of “average speed” can be determined.  Direction 
presents a similar phenomenon, as wind may back and veer over a short period of time, and 
a sufficient period of time must be considered to determine a prevailing direction.  Some 
locations have regular wind shift oscillations, whereas other locations may be more random. 
 
Logic and geometry require that only winds of an adequate speed to transport litter vertically, 
and from the relevant directions, could result in litter leaving the landfill site and arriving at 
the McPhillips Farm.  Based on the Beaufort scale information from the National Weather 
Service and modified by the Blue Ridge Services, Inc. Tech Memo, Force 3 and 4 winds of 8-
18 mph have the potential to move low density/high surface area material in the air where 
waste is churned that will slowly settle back to the ground and can move continuously along 
or just above the ground.  Force 5 winds of 19-24 mph have the potential to move low 
density/high surface area material through the air.   
 
Conservatively determining the directional and speed thresholds to avoid litter transport to 
the McPhillips Farm is the subject of the analysis in the next section. 

ANALYSIS 
This section analyzes wind speed data collected at Riverbend, as well as directional analysis 
and general wind conditions at the landfill site.  

Wind Rose Analysis and Site Wind Characteristics Discussion: 
Attached to this Tech Memo is the most recent wind rose data available from Iowa 
Environmental Mesonet, along with data collected from February 1997 to September 2019 
for the McMinnville Airport.  This data shows a similar pattern to the wind rose provided in 
the initial Farm Impacts Analysis, updated to include more recent data (additional data being 
data from 2015 to 2019).  The airport wind rose data is 5-minute average data. 
 
The McMinnville Airport is approximately 5.3 miles east north-east of Riverbend Landfill.  
Both the airport and the landfill site are on the valley floor.  The nearest significant topography 
to the landfill is approximately 1.75 miles to the west.  The nearest significant topography to 
the airport is about 4 miles to the south south-west.  Both sites are sufficiently separated 
from localized topography that topography is not likely to have a significant localized effect 
(like a localized Venturi effect) that would cause the general wind patterns at the airport to 
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be significantly different than at Riverbend Landfill.  As such, the wind rose data from the 
airport is expected to be generally representative of overall wind conditions at the landfill.1 
This conclusion is supported by site-specific data when compared to the data from the 
airport. 
 
Riverbend operates and maintains a Supervisory Control And Data Acquisition (SCADA) 
system for the landfill site.  This system includes an anemometer that records average 
windspeeds on 15-minute intervals and peak gusts during the 15-minute interval period. This 
weather station is located on the south side of the landfill.   
 
Wind roses were produced from the SCADA data for the site from data years 2018 and 2019 
as follows:2  
 
Figure 2:  Wind Rose from Riverbend Landfill SCADA 2018 Data 
Source:  Data from Riverbend Landfill Co.; Wind rose compiled by CSA Planning Ltd. 
 

 
 
Figure 3:  Wind rose from Riverbend Landfill SCADA 2019 Data 
Source:  Data from Riverbend Landfill Co.; Wind rose compiled by CSA Planning Ltd. 
 

 

 
1 Only the McMinnville Airport wind rose data was relied upon for wind conditions in and around 
the Riverbend Landfill in the previous land use proceedings. 
2 Wind roses are graphical charts that characterize the speed and direction of winds at a location. 
Presented in a circular format, the length of each "spoke" around the circle indicates the amount 
of time that the wind blows from a particular direction. Colors along the spokes indicate categories 
of wind speed.  Source: https://www.climate.gov/maps-data/dataset/wind-roses-charts-and-
tabular-data 
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The overall wind patterns measured at the SCADA anemometer site south of the landfill are 
similar to those measured at the McMinnville Airport.  The strongest winds tend to be from 
the southwest and then from the north.  Overall, the wind speeds measured at the Riverbend 
Landfill are lower than the airport location, but the SCADA logs data on 15-minute averages 
which is three times longer than the airport data.  Windspeed averages over longer periods 
of time tend to result in fewer measurement periods logging stronger winds, because 
sustained gusts are more likely to be cancelled out by a sustained lull within the longer data 
logging period. 
 
The airport data and the SCADA data show that the Riverbend Landfill is located in an area 
where sustained highspeed wind events are uncommon.  The airport wind rose data shows 
that the area is calm (i.e. measurable wind velocities below 2 mph) about 29% of the time.  
The airport data further shows that average wind speed only exceeds 7 mph 30% of the time 
from all directions.  The landfill site’s SCADA indicates the area was calm over 60% of the 
time over the last two years.  The Riverbend Landfill is located where highspeed wind events 
are not common and Beaufort Force 5+ winds (i.e., greater than 18 mph) are rare occurrences. 

Directional Analysis: 
CSA prepared a map to calculate the compass headings where litter carried in a straight line 
by the wind could potentially be transported from the landfill to the McPhillips Farm.  That 
map is attached as the Wind Pattern Map.  The map identifies an area that covers all of the 
McPhillips Farm property within one mile of the landfill.  That area is based on the extreme 
edges of the expanded working faces in closest directional proximity to the McPhillips Farm 
(the northwest corner and the far eastern corner) and direct angles of 208 degrees reverse 
azimuth to 290 degrees reverse azimuth. Those same angles provide a wide swath that 
includes all of the McPhillips Farm lands more than a mile away as you move to the southeast 
and southwest corners of the area proposed for landfill expansion. 
 
As mentioned above, wind direction oscillates.  This is why, for example, the airport wind 
rose directional data is plotted based upon data with 20-degree “bins” where each “bin” 
overlaps the neighboring “bin” by 10 degrees.  The shorter the time frame a wind direction 
is measured, the more appropriate it is to consider the direction as a “range” of directions.   
 
Using wind directional bin data ranging from 190 degrees to 310 degrees from the Iowa 
Environmental Mesonet and McMinnville Airport data,3 the below table shows directional 
wind data by speed. 
 
 
 
Table 1:  Wind Velocity Data from McMinnville Airport 
Source:  Data from Iowa Environmental Mesonet 
 

  
 

 
3 This is the data aggregated by IEM and used to produce the IEM wind roses. 

Compass Heading  2.0  to 4.9 mph  5.0 to 6.9 mph  7.0 to  9.9 mph 10.0 to 14.9 mph 15.0 to 19.9 mph     20.0+ mph
190-210  0.5530% 0.7070% 0.7030% 1.0130% 0.2740% 0.0900%
200-220  0.6180% 0.8260% 0.8020% 0.9780% 0.1590% 0.0420%
210-230  0.7380% 0.9840% 0.9740% 1.3260% 0.1700% 0.0390%
220-240  0.7970% 1.0400% 0.9470% 1.1160% 0.1530% 0.0250%
230-250  0.9060% 0.8910% 0.7100% 0.7510% 0.1450% 0.0420%
240-260  0.8880% 0.6680% 0.4550% 0.5900% 0.1290% 0.0270%
250-270  0.9560% 0.4440% 0.2500% 0.4020% 0.0920% 0.0180%
260-280  0.9580% 0.3600% 0.1480% 0.1790% 0.0420% 0.0070%
270-290  1.0520% 0.2800% 0.0790% 0.0920% 0.0130% 0.0030%
280-300  1.0110% 0.2080% 0.0600% 0.0720% 0.0120% 0.0010%
290-310  0.8410% 0.1710% 0.0470% 0.0640% 0.0110% 0.0020%

Totals 9.3180% 6.5790% 5.1750% 6.5830% 1.2000% 0.2960%
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While the airport wind rose data does show that the strongest winds in the area tend to blow 
from the southwest to the northeast, the data shows that strong winds from 208 degrees 
to 290 degrees compass heading (i.e. toward the McPhillips Farm) are still an infrequent 
occurrence.  Excluding the two bins on the directional fringes (190-210 and 290-310), the 
wind exceeds 15 mph only 1.12% of the time, which is a little less than 100 hours out of an 
entire calendar year. If data rows from those two bins are included, the percentage of time 
the wind exceeds 15 mph increases only to 1.5%, which is about 131 hours per year. 
 
In fact, the airport data indicates the wind only exceeds 7 mph at the site from 190 degrees 
to 310 degrees 13.25% of an entire year. 
 
The onsite SCADA data recorded fewer strong wind events at the Riverbend Landfill site with 
these compass headings.  For wind speeds of 7 mph or greater and with an average 15-
minute direction between 200 degrees to 300 degrees, the SCADA logged 106 hours during 
all of 2018, all of 2019, and through March 16, 2020.  This represents only 0.55% of the total 
time.  Thus, the SCADA  wind data in the area indicate that winds at the site are either 
Beaufort Force 2 or less or are not blowing toward McPhillips Farm ~99.45% of the time. 
 
In addition to the compass directions which are looking at the transport in 2-dimensions, 
there is an important 3-dimensional directional consideration.  Specifically, the working face 
of the expanded landfill will be located generally below the crest of the current landfill, on the 
windward side of the existing landfill, and facing into the wind.  Thus, there is approximately 
a quarter-mile of leeward slope of the existing landfill separating the new working face areas 
and McPhillips Farm.  This topography is important for litter transport because when wind 
passes over the working face and reaches the crest of the landfill, it will tend to slow and 
drop out suspended materials.4  This topographic change is a significant depression between 
the landfill and McPhillips Farm. 

Fieldwork Data Wind Speed Methodology 
Because of the limited published data on the windspeeds necessary to transport litter at 
landfills, an empirical approach for fieldwork data for analysis was taken.  Riverbend 
employees collected fieldwork data from April 13, 2020 through April 30, 2020.  The purpose 
of the fieldwork data was to collect wind readings using a Kestrel brand handheld 
anemometer with pictures and videos capturing effects of wind on refuse at the site.   
 
The fieldwork data collection was specifically targeted for higher wind events based upon 
forecasts for the Riverbend Landfill site.  NOAA forecasts and point predictions using the 
online resource www.windy.com were used to identify periods when stronger winds were 
likely to occur at the site.  As discussed above in the wind rose analysis, these are rare 
events.   
 
Our initial goal for the fieldwork was to capture higher wind events along with some 
moderate wind events in order to perform a quantitative analysis that showed windspeeds 
where litter transport occurred at the site.  The initial objective was to collect fieldwork data 
that showed, quantitively, the windspeeds at which litter began to be transported laterally 
along the ground and then the windspeeds necessary to cause vertical litter movement in 
the air column. 
 
The video and photo data were also expected to be valuable for qualitative analysis of the 
microclimate conditions at the site and the actual litter transport occurring at the site.  The 
data points were collected during regular hours and operations of the landfill.  The video data 
depicts normal landfilling operations occurring such as unloading (tipping) and compacting 
at the working face. 

 
4 This orographic phenomenon is well understood and accepted in snow science.  This is the same 
phenomena that creates snow-loaded wind slabs on leeward aspects in alpine terrain.  It is also 
supported by the Blue Ridge Services, Inc. Tech Memo that describes how depressions (negative 
change in topography relative to windflow) has the potential to settle out airborne refuse. 
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Fieldwork Data Wind Speed Results: 
The fieldwork data collection captured 55 photo images and 32 video images.  83 of the 87 
visual data points had average windspeeds embedded in or that could be attributed to the 
photo or video image.  The total duration of the video images is 00:09:31 and most of the 
video clips are 16 to 22 seconds long.  Windspeeds for the video data represent an estimate 
of the average speed based upon fluctuations on the video of the anemometer.  Descriptive 
statistics performed on the windspeed fieldwork data and a histogram are provided below: 
 
 
Figure 4:  Windspeed Descriptive Statistics from Riverbend Landfill Fieldwork Data 
Source:  Data from Riverbend Landfill Co.; compiled by CSA Planning Ltd. 
 
    

  Speed (mph) 

N  83  

Missing  0  

Mean  8.38  

Median  7.94  

Standard deviation  2.77  

Minimum  3.10  

Maximum  15.7  

 
 
 
 
A summary matrix of the fieldwork data is provided on the next page and the raw digital files 
are enclosed as a data dvd to this tech memo: 
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Table 2:  Summary Matrix of Riverbend Landfill Co.  Fieldwork Data  
Source:  Data from Riverbend Landfill Co.; compiled by CSA Planning Ltd. 
 

 

File  Name File Date File Time File Type Location Speed (mph) Sky Cover Litter Movement Decription Duration
loc 5 video 4/13/20 2:55 PM mp4 Perimeter Fence No Data clear none observed- fence clear 0:00:17

loc 4 pic 4/13/20 3:02 PM jpg North Haul Road 9.9 clear none observed
loc 4 video 4/13/20 3:03 PM mp4 North Haul Road 10.9 clear none observed 0:00:17

loc 3 pic 4/13/20 3:06 PM jpg Top of Landfill west end 12.8 clear none observed
loc 3 video 4/13/20 3:07 PM mp4 Top of Landfill west end 12.8 clear none observed 0:00:12

loc 2 pic 4/13/20 3:10 PM jpg Haul road above working face (north of WF) 7.6 clear none observed
loc 2 video 4/13/20 3:11 PM mp4 Haul road above working face (north of WF) 7.6 clear none observed 0:00:20

loc 1 pic 4/13/20 3:13 PM jpg Working face 6.5 clear none observed
loc 1 video 4/13/20 3:14 PM mp4 Working face 6.5 clear none observed 0:00:17
IMG_1708 4/16/20 10:25 AM jpg haul road above plant No Data clear none observed
IMG_1709 4/16/20 10:28 AM jpg Top of Landfill middle No Data clear none observed
IMG_1710 4/16/20 10:28 AM jpg Top of Landfill middle 7.5 clear none observed
IMG_1711 4/16/20 10:28 AM jpg Top of Landfill middle 7.5 clear none observed
IMG_1712 4/16/20 10:28 AM jpg Top of Landfill middle 7.5 clear none observed
IMG_1713 4/16/20 10:31 AM jpg Top of Landfill middle 7.5 clear none observed
IMG_1714 4/16/20 10:32 AM jpg Top of Landfill middle 7.5 clear none observed
IMG_1715 4/16/20 10:34 AM jpg Top of Landfill middle 7.5 clear none observed
IMG_1716 4/16/20 10:34 AM jpg Top of Landfill east end 11.4 clear none observed
IMG_1717 4/16/20 10:34 AM jpg Top of Landfill east end 14.0 (max) clear none observed
IMG_1718 4/16/20 10:35 AM MOV Top of Landfill east end 11.4 clear none observed 0:00:09
IMG_1719 4/16/20 10:36 AM jpg Top of Landfill east end 11.4 clear none observed
IMG_1720 4/16/20 10:38 AM jpg Top of Landfill east end 11.4 clear none observed
IMG_1723 4/16/20 10:55 AM jpg Top of Landfill west end 10.4 clear none observed
IMG_1725 4/16/20 11:17 AM jpg South flank landfill 9.1 clear none observed
IMG_1726 4/16/20 11:18 AM jpg South flank landfill 9.1 clear none observed
IMG_1727 4/16/20 11:18 AM jpg South flank landfill 9.1 clear none observed
IMG_1728 4/16/20 11:18 AM jpg South flank landfill 9.1 clear none observed
IMG_1729 4/16/20 11:18 AM jpg South flank landfill 9.1 clear none observed
IMG_1730 4/16/20 11:25 AM jpg South flank landfill 9.1 clear none observed
IMG_1732 4/16/20 11:25 AM MOV South flank landfill 9.1 clear none observed 0:00:17

IMG_1736 4/16/20 11:29 AM MOV west of working face 7.5 clear

Yellow bag (looks to be paper or 
plastic) travelling east 20 yards in 

3 seconds never gets more than 2 
feet above ground at most; wind 

blowing from the east 0:00:21
IMG_1737 4/16/20 11:30 AM jpg west of working face 7.5 clear none observed
IMG_1738 4/16/20 11:30 AM jpg west of working face 7.9 clear none observed
IMG_1739 4/16/20 11:30 AM jpg west of working face 4.8 clear none observed
IMG_1740 4/16/20 11:30 AM MOV west of working face 7.4 clear none observed 0:00:16
IMG_1741 4/16/20 11:31 AM jpg west of working face 10.0 clear none observed
IMG_1724 4/17/20 8:53 AM MOV Top of Landfill west end 10.8 clear none observed 0:00:15

20200417_121614 4/17/20 12:15 PM jpg Perimeter Fence 3.1 clear none observed- fence clear
20200417_121622 4/17/20 12:16 PM mp4 Perimeter Fence 3.1 clear none observed- fence clear 0:00:18

IMG_1742 4/17/20 12:24 PM MOV Working face 7.9 clear none observed 0:00:16
20200417_122641 4/17/20 12:26 PM jpg top of landfill north side 5.7 clear none observed
20200417_122650 4/17/20 12:27 PM mp4 top of landfill north side 5.7 clear none observed 0:00:19
20200417_123049 4/17/20 12:30 PM jpg haulroad above plant 6.5 clear none observed
20200417_123052 4/17/20 12:31 PM mp4 haulroad above plant 6.5 clear none observed 0:00:21
20200417_123404 4/17/20 12:33 PM jpg Haul road above working face (north of WF) 7.3 clear none observed
20200417_123416 4/17/20 12:34 PM mp4 Haul road above working face (north of WF) 7.3 clear none observed 0:00:22
20200417_123747 4/17/20 12:37 PM jpg Working face 3.6 clear none observed
20200417_123755 4/17/20 12:38 PM mp4 Working face 3.6 clear none observed 0:00:21

IMG_1575 4/22/20 9:44 AM MOV SE top of landfill 15.7 clear none observed 0:00:21
IMG_1577 4/22/20 9:44 AM MOV SE top of landfill 14.5 clear none observed 0:00:19
IMG_1578 4/22/20 9:44 AM MOV Working face 6.6 clear none observed 0:00:29
IMG_1581 4/22/20 9:45 AM MOV Working face 9.0 clear none observed 0:00:24

20200428_145258 4/28/20 2:51 PM jpg Perimeter Fence 4.6 high broken clouds none observed- fence clear
20200428_154632 4/28/20 3:45 PM jpg North Haul Road 8.3 high broken clouds none observed
20200428_154644 4/28/20 3:47 PM mp4 North Haul Road 8.3 high broken clouds none observed 0:00:16
20200428_155416 4/28/20 3:53 PM jpg Top of Landfill west end 6.4 high broken clouds none observed
20200428_155422 4/28/20 3:54 PM mp4 Top of Landfill west end 6.4 high broken clouds none observed 0:00:18
20200428_155817 4/28/20 3:57 PM jpg Haul road above working face (north of WF) 4.9 high broken clouds none observed
20200428_155828 4/28/20 3:58 PM mp4 Haul road above working face (north of WF) 4.9 high broken clouds none observed 0:00:18
20200428_160147 4/28/20 4:01 PM jpg Working face 5.0 high broken clouds none observed
20200428_160213 4/28/20 4:02 PM mp4 Working face 5.0 high broken clouds none observed 0:00:18

SW @ pt 1 (13) 04/29/20 2:33 PM jpg Working face 6.2 partly sunny none observed
SW @ pt 1 (1) 04/29/20 2:34 PM jpg Working face 8.6 partly sunny none observed
SW @ pt 1 (2) 04/29/20 2:35 PM jpg Working face 6.6 partly sunny none observed
SW @ pt 1 (4) 04/29/20 2:37 PM jpg Working face 8.7 partly sunny none observed
SW @ pt 1 (3) 04/29/20 2:37 PM jpg Working face 8.7 partly sunny none observed
SW @ pt 1 (5) 04/29/20 2:38 PM jpg Working face 9.3 partly sunny none observed
SW @ pt 1 (6) 04/29/20 2:39 PM jpg Working face 7.9 partly sunny none observed
SW @ pt 1 (7) 04/29/20 2:42 PM jpg Working face 10.4 partly sunny none observed

SW @ pt 1 (10) 04/29/20 2:43 PM jpg Working face 13.6 partly sunny none observed
SW @ pt 1 (8) 04/29/20 2:43 PM jpg Working face 11.5 partly sunny none observed
SW @ pt 1 (9) 04/29/20 2:43 PM jpg Working face 13.6 partly sunny none observed

SW @ pt 1 (11) 04/29/20 2:58 PM jpg Haul road above working face (north of WF) 15.0 partly sunny none observed
SW @ pt 1 (12) 04/29/20 2:58 PM jpg Haul road above working face (north of WF) 15.1 partly sunny none observed

20200430_153322 04/30/20 3:30 PM jpg Perimeter Fence 5.8 mostly sunny none observed
20200430_154419 04/30/20 3:43 PM jpg North Haul Road 11.7 mostly sunny none observed
20200430_154428 04/30/20 3:44 PM mp4 North Haul Road 11.7 mostly sunny none observed 0:00:16
20200430_154957 04/30/20 3:49 PM jpg Top of Landfill west end 8.3 mostly sunny none observed
20200430_155006 04/30/20 3:50 PM mp4 Top of Landfill west end 8.3 mostly sunny none observed 0:00:17
20200430_155526 04/30/20 3:54 PM jpg Haul road above working face (north of WF) 6.8 mostly sunny none observed
20200430_155534 04/30/20 3:55 PM mp4 Haul road above working face (north of WF) 6.8 mostly sunny none observed 0:00:22
20200430_155914 04/30/20 3:58 PM jpg Working face 8.1 mostly sunny none observed

SW @  PT 1 vid (3) 04/30/20 4:58 PM MOV Haul road above working face (north of WF) 9.0 partly sunny none observed 0:00:34
SW @  PT 1 vid (4) 04/30/20 4:58 PM MOV Haul road above working face (north of WF) 7.2 partly sunny none observed 0:00:29
SW @  PT 1 vid (2) 04/30/20 4:59 PM MOV Haul road above working face (north of WF) 8.7 partly sunny none observed 0:00:01
SW @  PT 1 vid (3) 04/30/20 4:59 PM MOV Haul road above working face (north of WF) 7.5 partly sunny none observed 0:00:01
SW @  PT 1 vid (5) 04/30/20 4:59 PM MOV Haul road above working face (north of WF) 5.5 partly sunny none observed 0:00:10

EXHIBIT A   
Page 11 of 53



 

 
 
Tech Memo Page 12  

The fieldwork data collection process indicates that forecasting tools tended to overestimate 
the actual measured microclimate windspeeds observed on the site.  This finding was 
consistent with the SCADA data wind roses which show patterns similar to the airport data, 
but with lower windspeeds overall. 
 
There was only one instance where video or photos showed litter being transported.  This 
was a video image on April 16, 2020, with a measured windspeed of approximately 7.5 mph.  
The litter being transported was off in the distance and appeared to be a yellow plastic or 
paper bag.  It moved approximately 15 to 20 yards along the ground in 3 to 4 seconds of 
video.  It remained close to the ground and just “tumbled along the ground”.  For all the 
fieldwork data collection effort, this was the only observation of actual wind transport of 
litter at the site, despite the fact that higher windspeeds were recorded during the field data 
collection time periods. 

Fieldwork Data Wind Speed Results Analysis: 
As indicated by the Beaufort scale descriptions modified by the Blue Ridge Services, Inc. 
analysis, winds of Force 3 and 4 (8-18 mph) can cause low-density/high-surface-area 
materials (i.e. loose paper) to be moved along the ground and stay suspended when churned 
but it will slowly settle out of the air column.  This was not observed during the field work 
because of the light wind nature of the site (even though the field data collection targeted 
data collection during stronger wind forecasts).  Nevertheless, the fieldwork data analysis 
revealed valuable information in relation to the broader inquiry, such as the following: 
 

 The fieldwork data is further indication that the site is rarely windy.  A couple of the 
fieldwork data collection periods were targeted for times when the European Centre 
for Medium-Range Forecast (ECMWF) model, the North American (NAM) model and 
the Global Forecast System (GFS) models all predicted sustained winds in excess of 
12 mph and gusts in excess of 20 mph.  Even when “stronger winds” were predicted 
by the forecast tools, the wind events tended to fall on the “low-end” of the forecast 
range. 

 Wind events strong enough to transport significant amounts of litter based upon 
fieldwork data collection were targeted towards “stronger wind events”.  Multiple 
video segments and photos at, and directly above, the working face do not show 
litter transport.  For example, video file “loc 1 video” on April 13, 2020 was taken 
directly at the working face and no litter transport is apparent; the windspeed 
recording photo “loc 1 pic” recorded the windspeed 6.5 mph.  The working face in 
this video is open and being actively used.  Similarly, file 20200417_123416 is looking 
directly down on the working face with a recorded speed of 7.3 mph while the face 
is being actively worked and no material is visible being transported.   

 Even though the site does not appear to have strong winds on a regular basis, the 
data does indicate even relatively light winds can transport an errant low-
density/high-surface-area material along the ground, but not vertically.  The one bag 
that was observed being blown around was moving somewhat swiftly in a 7.5 mph 
wind.  Winds at the site get strong enough for this to occur.   

CONCLUSIONS AND RECOMMENDATIONS 

Several conclusions and recommendations can be reached based upon the theoretical 
discussion combined with the wind rose analysis, directional analysis and fieldwork data 
analysis in the previous sections. 
 

 The site rarely encounters strong winds that are Force 5 or greater that would be 
capable of creating vertical and lateral flows of sufficient strength to transport large 
volumes of litter significant distances, then through or over properly designed and 
maintained litter control fencing.  Based upon the observations that showed the far 
perimeter litter fence completely clear of litter for each data collection at that location, 
there is further evidence that litter transport is a rare event.    

 Based upon the fieldwork data collection, almost no litter transport was apparent with 
sustained 6-8 mph windspeeds over an open working face; this is consistent with 
the predictions in the Beaufort scale as applied by Blue Ridge Services, Inc.  Other 
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data collected where windspeeds were higher also did not show litter blowing in the 
air or across the ground.  Based upon the fieldwork data, it appears that sustained 
15-minute average windspeeds of at least 10 mph would be necessary to transport 
moderate amounts of low-density/high-surface-area materials along the ground.  
Again, the fieldwork data is consistent with the predictions in the Blue Ridge Services, 
Inc. applying the Beaufort Scale to a landfill setting.  The Beaufort scale information 
indicates stronger winds still would be required to move loose paper and similar low-
density/high-surface-area materials vertically in the air column. 

 Errant low-density/high-surface-area materials can be transported along the ground 
in winds as low at 6.5 mph.  This windspeed is somewhat common at the site. 

 The wind rose data from the airport and the SCADA anemometer show strong wind 
events capable of  litter transport occurring at the site are rare, but most of the 
strongest wind events do tend to blow in the direction of the McPhillips Farm. 

 Winds blowing from 200 to 300 degrees on the compass is where transport toward 
McPhillips Farm properties can occur.  Within that range, there is approximately a 
quarter mile of leeward slope on the existing landfill where any materials that are 
transported off the working face will deposit out and reattach to the ground surface 
as winds crest the landfill and the wind flow slows.   

Based upon the above conclusions and the foregoing analysis, CSA makes the following 
recommendations planning at the site to prevent litter transport onto McPhillips Farm: 
 

 A litter control fencing system with regular maintenance should prevent any off-site 
escape of litter at the site for those periods when winds may be strong enough to 
cause errant low-density/high-surface-area litter to be blown along or near the 
ground.  Force 3 and 4 winds in the 8 to 18 mph range can move litter along the 
ground, but this is also the windspeeds where physical capture methods can have 
high degrees of effectiveness. 

 Develop a plan that uses the SCADA anemometer to alert management at the site to 
take specific actions when wind events do occur: 

o In an abundance of caution, set windspeed actions to be triggered for wind 
directional readings between 190 degrees and 310 degrees. 

o Sustained 15-minute average windspeeds above 7 mph (low-end of Beaufort 
Force 3) should institute the first action alert. 

o Plan progressive management actions at pre-defined 15-minute average 
windspeed increase levels. 

o Identify an upper wind limit that will trigger a decision to temporarily suspend 
landfill operations, based upon fieldwork observable criteria, and require 
periodic re-evaluation until the 15-minute windspeed averages decrease below 
the identified upper wind limit. 

 Because the SCADA anemometer will be the triggering instrument for the action plan, 
the plan should include regular instrument maintenance and calibration in accordance 
with the manufacturer’s recommendation and recordkeeping with associated 
documentation. 

 Establish a reporting and documentation system so that the management plan can be 
evaluated and improved upon over time.   

 
 
CSA Planning, Ltd. 
 
 
_______________________________________ 
Jay Harland 
President 
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Map Attachment: 
Wind Pattern Map, Litter Prevention Analysis 
 
Professional Article Attachments and Blue Ridge Services, Inc. Tech Memo: 
 

1. Bolton, Neal. “Litter Control at Landfills: Think Close.”  MSW Management, April 15, 
2014 

2. Martel, Christopher M. P.E. and Helm Robert J.  “Prevention, Control and Collection: 
Techniques for Managing Landfill Litter.”  Waste Management World 

3. NEPC Service Corporation.  “Guidelines for Management of Plastic Bag Litter at 
Landfill Sites.” 

4. Bolton, Neal. “Landfill Manager’s Notebook:  Engineering Your Litter Control Efforts: 
Part 1” MSW Management, December 9, 2019 

5. Blue Ridge Services, Inc. Tech Memo, “Modified Beaufort Wind Table with MSW 
Categories and Estimated Litter Migration Impacts.”  

 
Enclosures: Data DVD with on-site video and phots of wind readings and litter activity at 
Riverbend Landfill. 
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Litter Control at Landfills: Think 
Close 
https://www.mswmanagement.com/collection/article/13012519/litter-control-at-landfills-think-close 

Neal Bolton 
Aug 15th, 2014 
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All traditional MSW landfills produce litter. But not all landfills control it 
effectively. The difference between those that do-and those that don’t-is 
in the approach. 

There are many possible sources of litter, starting the moment a route 
truck dumps a customer’s can or an individual loads his pickup for a trip 
to the dump. But today we’ll be focusing on the airborne litter that 
originates at the tipping pad and active face. 

In simple terms, two things are required for litter to blow: wind and 
debris. Some things, such as plastic shopping bags or dry-cleaner plastic 
bags, require very little wind and can move considerable distance when 
wind is almost imperceptible. But as the wind velocity increases, a 
greater volume and range of materials will blow. 

This list shows the relative impact of increasing wind speed on various 
types of materials. This generally makes sense…but mattresses? Read on. 

Most of the ranking comes from observation, some from more direct 
experience. Many years ago, two of us were conducting a compaction 
density test at the Durham Road Landfill. This was a large landfill 
located on the shore of the San Francisco Bay, near Silicon Valley. We 
had just one more day of surveying to finish up. 

We’d set up the Topcon total station on the edge of the tipping pad and, 
because of the high wind, had anchored it quite firmly. I’d filled a large 
plastic shopping bag with about 20 pounds of soil and hung it from a 
hook located at the center of the tripod, the legs of which I’d spread wide 
to increase stability. I’d even staked down the upwind leg of the tripod to 
keep the instrument from blowing over. It was windy…very windy. 

All of this effort to anchor the instrument wasn’t so much to keep the 
crosshairs from jiggling around-that was a given. Rather, it was to keep 
the darn thing from blowing completely over. Clearly, it was not a day for 
doing high-accuracy surveying, but still feasible for checking elevations 
over a small area. 
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Anyway, I was focused on taking shots and really not much of anything 
else. It was a rugged day for surveying, and we just wanted to finish 
quickly. We’d set up to the side of the unloading area, so as not to be 
downwind of vehicles that were unloading trash-even an engineer has 
some sense. The only vehicle upwind of us was a large box truck with a 
load of mattresses. 

Suddenly, there was a shout, and I turned around just in time to see a 
mattress tumbling toward me-and the instrument. There was no box 
spring, no headboard, not even a small nightstand-just the mattress, so I 
guess it could have been worse. Using my best blocking move, I dropped 
my shoulder and leaned into the impact just as the mattress hit the 
instrument and me. The mattress stopped, and the tripod and I both 
stayed on our feet. 

Coach Bill was right: The skills I learned in high school football had 
become useful in later life. 

Anyway, that’s a roundabout explanation of why I listed -mattresses in 
the table. Oh, and you may be wondering how hard the wind was blowing 
that day? It was gusting up to around 50 miles per hour. 

But let’s get back to more normal conditions, where the heaviest 
windblown material you’ll be dealing with is cardboard. And let’s look at 
the type of control that is most effective. 

Establish Litter Control Zones 
Most landfills have several types of litter screens, each intended to 
control litter within a different zone, typically: 

Zone 1-This is the area closest to the source, and which is most often 
controlled with portable litter screens. These are the backstop-type 
screens, the ones that can be pulled, pushed, or carried into place as 
needed. Some landfill operators build their own screens, 

but a good number purchase manufactured screens. Among -
manufactured fences, Bull Fence (manufactured by Metta -Technologies) 
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is an excellent choice. These purpose-built fences are durable…and they 
work. 

Zone 2-This area includes the bulk of the landfill footprint, where litter 
is typically controlled with temporary fencing. The most common design 
is also the simplest: T-posts and chicken wire. These types of fences are 
main fighting force in the war on litter. 

Zone 3-Zone 3 is the perimeter fence around your landfill, which often 
serves double duty as site security and litter control fence. This fence is 
the defensive safety in your litter control effort. It’s there in case 
everything else fails. 

So now, this zone 1-2-3 thing sounds pretty basic, and in a way it is. But 
simple as it might be, there is room to think. Along that line, think close. 

Think Close-Think Zone 1 
Basic geometry tells us that while distance is a linear function, area is a 
squared function. So what, exactly, does that have to do with landfill 
litter? Plenty. 

The distance from the source (of litter) to the point where it is stopped 
(i.e., the litter fence) can be measured in feet, a one-dimensional 
measurement. However, the intervening area where litter is distributed 
is a squared function. What’s more, as the length distance from the 
sources increases, the disbursement of litter broadens into an ever-
widening downwind fan. 

Consider for example, a landfill that uses a single tipper to unload 
transfer trailers. The discharge area of the tipper, where waste is 
airborne, can be considered a single-point source of litter. If you 
controlled litter at the source, you would need several portable screens-
and, admittedly, there is a cost. But if you did a good job of containing it 
in this small zone, your cleanup area might be 5,000 square feet-or 
10,000 square feet-which might be considered large, as far as houses go, 
but a very small footprint in terms of litter cleanup. 
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But if you aren’t aggressive in terms of controlling litter at the source, 
allowing it to move into Zone 2 or 3, you may still be in compliance in 
regard to containing litter onsite…but just think about how much more it 
will cost to clean it up! 

Like an infected cut on your hand, aggressive response/control in the 
early stage is much better than allowing it to spread into a more serious 
condition. 

Want to spend less money on litter control-and do a better job? Focus on 
controlling it as close to the source as possible. Don’t let that infection 
spread across the entire landfill. 

Think close-think Zone 1.  
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Waste	Management	World	
	
Prevention,	control	and	collection		
Techniques for managing landfill litter 
 
Recycling Biological Treatment  
Show all 4 keywords  

Techniques for managing landfill litter 

Litter isn"t just an issue for urban waste management. Landfill sites also have to 

ensure that litter is kept under control - and this requires careful management at all 

stages of the process.  

Litter is an issue faced by almost every municipal solid waste landfill, regardless of 

its size or location. Essentially, there are three main ways in which landfill operators 

can minimize litter: prevention, control and collection. Prevention techniques, such 

as load management, compaction, soil covers and other suppression systems, are 

used to minimize the amount of litter generated. Litter control then involves various 

different types of fencing, and is used to stop "blowing litter" getting off the site. 

Finally, litter collection methods, including manual picking and mechanical 

collection devices, are used when there is any litter that has not been prevented or 

controlled. 

Landfill-related litter 

Landfill litter has been defined as any waste which is blown or washed away from 

the active face of the landfill. 1 In practical terms, this includes any uncovered or 

undisposed waste at a landfill, whether it came from the active face or not.  

Although many state regulations do not specifically define landfill litter, US Federal 

Landfill Regulations (40 CFR 258) address litter control through a requirement for 

cover material to be placed at the end of each operating day, or at more frequent 
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intervals if necessary. This is to ensure that blowing litter is minimized, in addition 

to controlling disease vectors, fires, odours and scavenging. Many state regulations 

go further than this, and require landfills to develop a litter control plan; this can 

entail patrolling the facility daily, refusing litter from uncovered vehicles or vehicles 

without tarpaulins, and implementing steps to minimize blowing litter (e.g. 

screens). 

Other countries, such as England and Wales, also require measures to be taken so 

that any nuisance caused by wind-blown materials is minimized, though these 

regulations leave site-specific planning to the operators of the landfill itself. 

Australian guidelines, being somewhat more comprehensive than those of other 

countries, do provide recommendations on how to approach litter control, as well as 

some technologies for consideration. 

Of course, it is not only legislation that influences landfill control. Other reasons for 

proper litter management include keeping the site aesthetically pleasing, 

minimizing additional disease vectors, and preventing potential blockage of 

drainage (such as smaller culverts).  

Litter prevention techniques 

The most effective approach to litter management is prevention. Preventative 

techniques commonly used at landfills include: 

load management 

compaction 

soil cover 

alternative suppression materials. 

Load management 

Staff at the active face of a landfill (which includes load spotters and landfill 

operators) must make sensible decisions about how to minimize blowing litter, a 
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process referred to as "load management". Staff should evaluate waste loads based 

on how likely these are to generate litter. For instance, loads with large quantities of 

loose paper and plastic should be directed to areas protected from the wind, 

perhaps between two larger loads or at the base of a slope. 

Having soil readily available to cover potentially high piles of waste is another load 

management method, while minimizing the size of a landfill"s active face will greatly 

influence the amount of wind-blown litter. A water truck can also be used to spray 

loads as they are being dumped and spread, to minimize litter during heavy winds. 

On excessively windy days, operations should be adapted as necessary. This might 

mean moving the active face, limiting waste tipping, and possibly even halting 

operations temporarily.  

For example, at the City of Salina, Kansas Municipal Solid Waste Landfill in the US, 

winds can often exceed 40 miles/hour (64 km/hour). Consequently, operators used 

to struggle with controlling blowing litter. One of the measures they took to combat 

wind-blown litter was to enact a set of guidelines for load management based on 

wind speeds. Now, at winds greater than 20 miles/hour (32 km/hour), portable 

fences are moved closer to the active face. At winds greater than 35 miles/hour (56 

km/hour), staff make extra efforts to ensure that litter control fences do not become 

clogged, as this could result in fencing being bent over or becoming permanently 

damaged. When winds are over 45 miles/hour (72 km/hour), loads are often 

covered with soil immediately rather than being spread and compacted, as this can 

be done once wind speeds have decreased. Other landfills commonly close their 

gates at higher wind speeds, typically at 35-45 miles/hour, although Salina chooses 

not to. 

Compaction 
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When loads are being dumped at the active face, waste piles present a greater risk of 

blowing litter than "pushed" piles. Loads should be pushed and compacted as soon 

as possible, as this will effectively anchor loose materials from the load. 

Soil cover 

Soil cover is the time-proven standard for preventing blowing litter, and as such 

requires little discussion. However, when this approach is used constantly, its cost-

effectiveness is questionable, as it reduces available disposal capacity. Excessive use 

of soil cover throughout the day, above and beyond a single layer of daily cover, may 

also impact the soil balance at a "dirt poor" site. In other words, overuse could mean 

that a landfill with just enough soil on-site to meet operational and closure 

requirements might eventually have to purchase more.  

If soil cover is used for litter prevention during the day, it is best to partially close 

areas of the landfill, thus decreasing the size of the active face; removing previously 

placed cover soils before additional waste is dumped is also an option. 

Alternative suppression materials 

Alternative suppression can involve spray-applied substances, or other materials 

based on waste or processed waste. Numerous manufacturers have developed 

products from various combinations of foam, post-consumer paper, wood and 

proprietary adhesive chemicals. These materials are typically very successful in 

meeting litter control requirements, and they also minimize airspace consumption 

when used as an alternative daily cover. However, they do add to operational costs, 

and this must be considered prior to purchasing necessary equipment and supplies. 

Other alternative cover materials available include processed construction and 

demolition material, shredded tyres and chipped wood. All of these have a proven 

record of controlling blowing litter. While it would be impractical to try to identify 

EXHIBIT A   
Page 24 of 53



all of the various materials that can be used for landfill cover, some form of suitable 

material is always needed to cover deposited waste. 

Litter control techniques 

No matter how well a landfill implements the litter prevention techniques listed 

above, there is always going to be blown litter outside the active face. This litter 

needs to be contained for quick recovery and prevented from leaving the site (or 

going any further than necessary, for that matter). To control blowing litter, landfill 

operators typically use the following methods: 

portable fencing 

temporary/permanent fencing 

perimeter netting. 

The key to a successful litter control plan is the use of multiple rows of fencing 

and/or netting, so that any litter not intercepted by the first line of fencing is 

stopped by a second or third line. Regardless of the configuration and fencing or 

netting materials used, even the best fences need to be cleaned to prevent 

accumulation of litter. Otherwise, they will act like a wall, and wind could blow litter 

up and over the top.1 

Portable fencing 

The first line of litter control should usually involve portable fencing. While designs 

and costs for this vary greatly, according to manufacturers and operators" 

preferences, portable fencing should be constructed in an appropriately sturdy 

fashion. Fences are usually around 20 feet tall (6 metres), and are heavily ballasted. 

By its nature, portable fencing is frequently moved to prevent litter at the active face 

of the landfill. 

The useful life of portable fencing is extended significantly when it is properly 

reinforced and constructed with hook rings and push plates. Rings allow chains to 
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be properly attached when the fence is being pulled, and plates mean that the fence 

can be pushed by landfill equipment while minimizing wear and tear. Some 

manufacturers have also designed portable fencing that can be lifted and moved 

using typical landfill equipment, such as bulldozers, without the need for operators 

to get out of their cab. 

Temporary and permanent fencing 

Temporary fencing is typically used as the next line of defence, followed by more 

permanent fencing. In contrast to portable fencing, both temporary and permanent 

forms use conventional types of fencing, and are in place for a longer period of time. 

Temporary fencing usually lasts about a year, and permanent fencing longer.  

All forms of conventional fencing have been used for landfill litter fences, including 

chain link, chicken wire, wooden snow fence, plastic construction fence and golf 

fencing; but whichever type is used, it is typically supported by wood or steel posts. 

How often the fence is to be relocated as the active area moves, and how close the 

fence will be to the active area, are both factors that should be considered when 

choosing fence material. For instance, frequent relocation of fencing, and close 

proximity to an active face in heavy use, will clearly require a more durable product. 

Temporary fencing, although attached to posts driven in the ground, often has a 

useful life as short as a year due to relocation of the active face. Permanent fencing, 

meanwhile, is generally constructed of more durable chain link materials and is 

often located at the site boundary, or at least sufficiently distant from the active 

operations that it does not have to be moved for a much longer period of time.  

Netting 

Although litter nets can be more expensive than average height chain-link fence, 

they can provide greater litter control efficiency, and are also extremely cost-

effective (when bearing possible future labour costs in mind). Due to the cost, 

EXHIBIT A   
Page 26 of 53



netting is typically deployed at the perimeter of the landfill or property as a 

permanent measure. Nets are highly recommended when the landfill is immediately 

adjacent to the property boundary or to trees or waterways; if litter gets into such 

environments, removal is a costly process.  

Perimeter netting is typically mounted on wooden or steel poles, and extends 20-40 

feet (6-12 metres) above ground. Poles should generally be mounted so that they 

are raked to the inside (i.e. towards the landfill), so that captured litter can drop 

when winds are slower.  

Netting materials vary, although a more durable net is generally recommended due 

to the wide range of materials in contact with it and the heavy wear along the base 

during litter collection. 

Litter collection techniques 

Where litter remains, however, there is really no choice but to pick it up. Regardless 

of the approach chosen, this is typically the most arduous, time-consuming, and 

often the most expensive litter management method. Litter collection usually 

requires manual labour, although some landfills and manufacturers have developed 

mechanical vacuum devices, so that litter can be recovered in a less physically 

intensive manner. 

Manual picking 

Manual removal of litter is currently the most common method of litter collection. 

Labourers walk along the fence lines and remove the litter that has accumulated 

there. 

Litter removal should be performed as required at each area of the site to prevent 

significant accumulation, as this renders fencing ineffective. A fair estimate of litter 

removal frequency is:  
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close to working face - remove daily, or as needed 

perimeter - remove at least weekly, or as needed 

off-site - remove after periods of high winds, or as needed. 

If managed appropriately, litter removal can be performed by landfill staff, although 

periods of high winds typically require temporary workers to be contracted. Some 

landfills utilize prison inmates, or those on work release or community service, for 

low- or no-cost assistance with litter collection, as well as community groups. 

Mechanical vacuum devices 

Equipment such as litter vacuum devices can often increase collection efficiency. 

Manufacturers have responded to the needs of landfill operators, and numerous 

mechanical, pneumatic and blower-operated systems are available.  

The Salina Landfill designed its own mechanical litter collection system. Having 

looked at other manufactured systems, the landfill operators were conscious of the 

critical design needs for their site; they needed something with a large diameter 

opening for larger pieces of litter, a large bin for holding more litter between 

dumping, and an open holding bin for spraying the litter with water before dumping 

it, to prevent it from being blown away when the device was emptied. The device 

they designed (seen in the photograph above), cost only US$15,000 to construct, 

$12,000 of which was for the compressor. With little maintenance, it has served the 

operators" needs for over seven years. 

Landfill litter considerations 

A landfill litter management plan needs to utilize a three-prong approach, 

comprising litter prevention, control and collection. Preventing litter from the active 

face reduces the need for later collection, and any litter that does escape should be 

contained within multiple layers of control, rather than a single row of fencing. 

Collection also needs to be carried out frequently, especially during periods of high 
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winds, as this will prevent damage to fencing and other control measures. But, most 

importantly, the plan should be kept simple, as it will be used every day of the 

landfill"s active life. 

Christopher M. Martel, P.E., works for Camp Dresser & McKee, Inc., Chicago, Illinois, 

US. 

e-mail: MartelCM@cdm.com 

Robert J. Helm is at the Department of Public Works, City of Salina, Kansas, US. 

e-mail: bob.helm@salina.org 
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Guidelines for Management of Plastic Bag Litter at Landfill Sites 1 

 
GUIDELINES FOR MANAGEMENT OF 

PLASTIC BAG LITTER AT LANDFILL SITES 
 
INTRODUCTION 
On 23 December 2002, the Environment Protection and Heritage Council agreed to a package 
of measures to reduce the environmental impact of plastic bags and asked that specific 
proposals be developed for national action, including ways of reducing the impact of plastic 
bags as litter. The Guidelines for Plastic Bag Litter Management have been developed as a 
small part of the overall response to the plastic bag litter issues.  
 
High consumption rates of plastic bags have led to increased inappropriate disposal of bags. 
Plastic bag litter can negatively impact on the community’s perception of and use of public 
areas. It can also seriously harm or kill wildlife and domestic animals.  
 
Approximately 2% of all litter items are plastic bags, which are particularly prone to 
becoming litter due to their low weight and ability to ‘balloon’ and travel in wind. Plastic 
bag litter can be accidental – arising during management of an intended disposal site 
(whether a bin or landfill) - or may be due to intentional littering behaviour.   
 
The following guidelines have been developed to help managers of unattended and attended 
landfills reduce generation of plastic bag litter and aim to protect residents and the 
environment from the off-site effects arising from landfills receiving municipal waste. They 
are complemented by similar guidelines developed for managers of outdoor public places 
such as shopping precincts and parks.  
 
These Guidelines are not designed to be prescriptive and are based on the premise of shared 
responsibility. They should be disseminated to all stakeholders associated with design and 
management of landfills. The Guidelines are not intended to be onerous for landfill 
managers and consideration should be given to the appropriateness of the guidelines for 
each site as well as the resources available. The Guidelines specify desired outcomes as well 
as providing suggested means of achieving litter reduction goals.  
 
It is recognised that in many cases the underlying principles and guidelines will already be 
in place. It is intended that voluntary implementation of the Guidelines by local 
governments, state and territory governments, landfill managers and enforcement agencies 
will assist a national approach to best practice litter management.  
 
Although focused on plastic bag litter, the guidelines provide advice that may have a 
broader litter reduction impact. However, the Guidelines are not intended to replace the 
wider range of existing policies that may impact on litter. Rather they are intended to 
complement existing litter management and prevention policies, including educational 
activities of local governments, state and territory governments and enforcement agencies 
and other landfill managers.   
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Guidelines for Management of Plastic Bag Litter at Landfill Sites 2 

LANDFILL LITTER MANAGEMENT: 
Landfill disposal contributes to the inadvertent litter problem with loose bags becoming 
windblown litter. To be effective, litter control strategies should include both engineering 
solutions and management options. Litter at landfill sites is largely associated with delivery 
and unloading of waste rather than with compaction and burial operations as the 
compaction and burial process generally punctures the plastic bags and covers the waste 
material making bags less likely to become windblown.  
 
ATTENDED LANDFILL SITES: 
Acceptable Outcome 
Landfill operators should take all reasonable steps to: 
• Prevent the generation of litter. 
• Prevent litter accumulation on the premises. 
• Prevent litter leaving the site. 
• Prevent off-site litter accumulation within the vicinity of the premises. 
• Regularly clean up litter both on and in the vicinity of the site. 
 
Recommended Controls to Achieve the Outcome 
Currently some licences do not require effective litter management for litter control but do 
include conditions prohibiting the burning of litter and ensuring litter does not build up on 
fences, screens or in the surrounding area. Appropriate procedures should be developed and 
amendments added to landfill licence conditions and operating contracts for the 
management, acceptance and placement of wastes to prevent inadvertent off-site 
transportation of loose and lightweight material.  
 
Litter controls employed at the landfill site should include the following as a minimum: 

a) Mobile litter screens that are easily erected, at least 1.8 metres high, highly portable and 
able to withstand local wind conditions whilst loaded with litter. In some areas screens of 
up to 4 metres may be necessary to allow for local wind conditions. 

b) Litter screens should be constructed in such a way as to retain litter onsite even during 
variable wind conditions. Use of suitable material for screens that allows litter to be 
retained against the screen should be considered, particularly in areas of strong and 
variable winds. 

c) Mobile litter screens should be located downwind of the working face and relocated as 
necessary in accordance with wind changes.   

d) All site fencing, gates and litter screens should be regularly cleared of litter. Fences in 
close proximity to the tipping area and in prevailing wind directions may require more 
frequent attention.  

e) Establishment of an appropriate contingency plan to deal with extreme events that could 
cause gross litter problems. 

f) Regular inspection of the disposal site and surrounding areas should be conducted to 
identify any litter for manual removal. Such inspection may be conducted by the landfill 
operator or by a regulator. Litter outside the tipping area should be regularly collected 
and action taken to prevent its recurrence. 

g) Landfill operators should incorporate into their maintenance work program regular 
retrieval of litter that has escaped the site.  
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Guidelines for Management of Plastic Bag Litter at Landfill Sites 3 

h) Litter must not be deposited or allowed to accumulate in waters or leachate dams. 

i) It is preferable that landfill tip face management: 

• be managed to minimise wind dispersal of litter (for example through orientation that 
minimises the effect of prevailing wind conditions) and landfill operations managed to 
ensure that, as far as practicable, litter is retained on site.  

• use high performance waste compaction equipment to tightly consolidate the surface 
of the working area where operational activities allow this. 

• involve progressive application of cover material during the course of the day of 
operations to ensure that the minimum surface area of waste is exposed at any one 
time. 

• Should minimise the size of the working tip face. 

j) Independent audits of the litter control system on site should be conducted to ensure 
effectiveness of the litter management programs in place. These audits could be 
incorporated into other regular environmental audits of the site. 

k) An appropriate communication strategy should be implemented to ensure that all users of 
the landfill site understand the necessity for the covering of loads. Appropriate and timely 
enforcement of such regulations should be undertaken by the appropriate authority to 
ensure suitable levels of compliance. 

l) The public should be provided with a phone number for reporting litter matters to the 
landfill manager or another appropriate authority. This may include a local number 
and/or a state territory based enforcement agency number. 

 
UNATTENDED LANDFILL SITES: 
Attended landfill sites are preferable to unattended sites, as staff are able to more frequently 
and effectively take action to manage the landfill, including undertaking litter prevention 
and control activities on or near the site. There will be many sites, however, that are not 
attended and these guidelines are provided for unattended sites.   
 
Acceptable Outcome 
Landfill managers must take all reasonable steps to: 
• Prevent litter generation. 
• Minimise litter leaving the site. 
• Regularly clean up litter. 
 
Recommended Controls to Achieve the Outcome 
Appropriate procedures need to be developed and written into landfill licence conditions for 
the management of wastes to prevent off-site transportation of loose and lightweight 
material.  
 
Litter controls employed at the landfill site should include as a minimum: 

a) Appropriate regulations that require the covering of all loads delivered to landfill should 
be implemented, communicated and enforced to minimise the number of vehicles 
transporting uncovered loads of waste to the landfill. Appropriate and timely 
enforcement of such regulations should be undertaken by an appropriate authority to 
ensure suitable levels of compliance. 
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Guidelines for Management of Plastic Bag Litter at Landfill Sites 4 

b) Transportable litter fences should be installed at all sites. Such fences should be at least 1.8 
metres high, be easily portable (i.e. able to be re-sited when the tipping area is relocated) 
and able to withstand local wind conditions whilst loaded with litter.  

c) Perimeter fences and on-site litter screens should be constructed so as to retain litter 
onsite even during strong and variable wind conditions. 

d) Use of litter nets above and around the tipping area could be considered to prevent litter 
generation from uncovered material.  

e) Landfill managers should incorporate regular (e.g. weekly, or in conditions of high winds, 
daily) retrieval of all litter, from all site fencing, gates and litter screens as well as removal 
of litter transported offsite, into a regular maintenance work program. 

f) The tipping face and disposal operations should be orientated to minimise the effects of 
prevailing weather conditions and minimise wind dispersal of litter.  

g) The size of the working tipface should be reduced to the minimum size possible. 

h) Maintenance programs should include regular compaction and covering of waste 
material.  

i) The public should be provided with a phone number for reporting litter matters to the 
landfill manager or another appropriate authority. This may include a local number 
and/or a state territory based enforcement agency number. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This document is available from: 
www.ephc.gov.au 
 
NEPC Service Corporation 
Level 5  81 Flinders Street 
ADELAIDE  SA  5000 
 
Phone:  (08) 8419 1200 
Facsimile: (08) 8224 0912 
 
Email: exec@ephc.gov.au 
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TECHNOLOGY HAS BROUGHT many changes to the waste industry.

• Tractors that utilize GPS guidance systems and cellular-based reporting of machine diagnostics
• Drones that can create topographic maps, or that use infrared sensors to identify subsurface landfill fires
• Landfill gas wellheads that are automated and linked to a central (automated) control system
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But despite the many technological advances that landfills have enjoyed, some things just haven’t changed all that much. When the wind blows, litter 
goes with it…and your sanitary landfill ends up looking like a dump. And while some facilities admittedly have more wind to deal with than others, 
virtually no sites are exempt.

For as long as I can remember—which is longer than I care to admit—landfills have focused on litter control. That’s not a bad thing, because there will 
always be some amount of wind-blown litter that needs to be controlled.

Let’s start by dissecting this broad topic of litter control, which could more accurately be described as control and collect.

Trash becomes litter when it starts moving away from its intended place in the truck, at the face, etc.

CONTAINMENT
Perhaps the first level of containment is within the load itself. Litter that spills from an un-tarped pickup or boils up from an open top transfer truck is a 
common source of roadside litter near waste facilities. This type of litter is easily controlled by establishing specific policies for workers and for 
customers—a fee or fine for uncovered loads…and then having the fortitude to enforce them.

A far more challenging issue is litter that originates at the tipping pad or the active face—more challenging because:

1. The tipping pad and active face are constantly moving, thus requiring the litter screens to move too.
2. This represents a much larger source of litter, with new loads being dumped, pushed, and spread continually.
3. Slight changes in wind direction will require that screens be relocated, or additional screens be installed.

Containment includes litter screens, fences, and any other type of infrastructure that can catch and hold litter. Sounds simple…but we all know it’s not. 
If it were, then every landfill with a litter screen would have solved their litter problem long ago.

There is a science to catching and holding litter. It’s not rocket science, but even if it was…we can send a rocket to Mars, as long as we understand the 
underlying principles of gravity, force, acceleration, etc. Same ideas apply when solving litter problems.

Given:

• Litter can be transported by the wind.
• It’s a direct relationship: higher wind velocity generates more litter.
• Litter moves along the ground, unless acted upon by abrupt topography that can create uplift winds.
• Litter can be contained by a porous screen that essentially filters the litter out of the air.
• Fences that are perpendicular to the wind are most effective.
• When a screen becomes partially filled, wind and litter will flow toward gaps in the fence.
• When a fence becomes saturated with litter, it stops filtering the air, and deflects it.
• When the wind goes over/around a saturated fence, it takes the litter with it.

These are the basic principles of litter. And in order to effectively control litter, you must erect litter fences, keep them clean, and minimize gaps that 
can allow litter to leak through the fence.

There are three basic types of litter fences: portable fences that can be quickly positioned around the active fill area, temporary fences that are located 
downwind of the active area, and permanent fences that are typically erected along the perimeter of the landfill.

PORTABLE LITTER SCREENS
These units resemble a small backstop, like the ones around a Little League baseball field. The best ones are durable, portable, tall enough to catch 
most blowing litter, but short enough to be stable when saturated in a strong wind.

Many landfills build their own fences, using metal tubing, drill pipe, chain-link fencing, or whatever is available from the metal scrap pile.
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There are also a number of manufactured portable screens that work very well. The Bull Litter Fence, made by Metta Technologies, is a well-built 
fence that is popular because of its durability, and the fact that it is adjustable-frame allows it to adapt to many different types of tractors.

An increasing number of landfills have portable litter screens, but incorrect deployment makes them ineffective at most sites.

There are three common problems:

1. The fence panels are simply not moved into position downwind of the active area.
2. The fence panels are not butted together or otherwise patched to prevent gaps between panels (see photo).
3. There are not enough fence panels to provide full downwind containment.

Litter fences work along the same line as that SuperGym gathering dust in your spare bedroom. You know—the one you bought so you can get back 
into shape. The one that you never use. Having portable screens is only part of the solution. The other part is using them effectively.

TEMPORARY LITTER FENCES
The classic temporary litter fence is built with metal T-posts and chicken wire. Yes, there are many variations of homemade and manufactured systems 
available. The type of fence is important, but less perhaps than you might think. Temporary fences must be set up perpendicular to the wind, and they 
must be kept relatively clean. A plugged litter fence is not a screen—it’s a wall, and its effectiveness will decrease in direct proportion to its level of 
(litter) saturation.

To be effective, temporary fences must be set up perpendicular to the prevailing wind direction, but because even a slight shift in wind direction will 
cause litter to migrate along the fence, there must be stub fences or other catchments spaced regularly along the fence. If you think of the fence as a 
line, those stub fences are short segments placed every 50 feet or so. These can help minimize the tendency of litter to migrate along the fence if they 
happen to be not exactly perpendicular to the wind direction. Taking this concept one step further, we sometimes see cages that are integrated into the 
fence to create pockets or catch-points, with a top or awning of wire vertical to the fence to keep litter from blowing up and over the fence.

The concept of creating pockets or storage built into these fences can be enhanced by constructing the fences in a zigzag pattern, with a strip of fencing 
stretched across the top of every zig...or is it every zag? Anyway, the point is to create storage capacity in the fence. This picture shows temporary litter 
fence with a top and a pocket. This particular landfill is operated by Riverside County (California). These guys do a great job in regard to containing 
litter.

PERIMETER LITTER SCREEN
Perimeter screens serve two important roles: First, they provide a secure line of defense to catch any litter that made it past the portable or temporary 
screens, and second, they present a visible, public statement of making every effort to control litter.

Most perimeter litter fences are 10–30 feet high and are located along an all-weather access road. It’s important to provide access for a manlift or 
cherry-picker because if/when litter gets caught on the fence, you’ll want some way to clean it. Plastic bags, or paper that gets caught and subsequently 
wetted by rain or snow, will become stuck on the fence. A clean perimeter fence projects a positive image, but a litter-strewn fence does just the 
opposite. If you build it, you must maintain it.

Some progressive landfills use a vacuum truck to collect litter along a perimeter litter screen. The Lewis and Clark County (Montana) Landfill does a 
standout job of combining perimeter fencing with a vacuum truck (see photo). Again, this requires that you provide good, all-weather access along the 
fence alignment. But with careful planning, integrating a vacuum into your litter control system can be a real time-saver.

KEYS TO AN EFFECTIVE LITTER FENCE
Over the years, we have seen hundreds of variations of litter fences, and all too often, they aren’t as effective as they could be. Remember, once a litter 
fence becomes completely plastered with litter, it becomes a wall and the wind goes over the fence and carries the litter with it. If the fences aren’t 
cleaned regularly, you will see fences plugged and then a significant drift of litter beyond the fences.

LITTER PICKUP
Once litter has been controlled—caught or trapped by a fence—your crew will have to go and pick it up. Or worse, if you don’t have any fences or an 
adequate number of fences, the litter will be strewn downwind from your landfill for some distance, and again, it must be picked up by hand…one 
piece at a time.

I say “by hand,” meaning it must be done manually. But rather than use bare hands, litter pickers should use leather gloves, or even better, a mechanical 
grabber. This is an important safety consideration, especially in areas where snakes, scorpions, tarantulas, or other creepy crawlies might hide 
underneath a piece of litter.

There is a science to controlling and collecting litter, but I’d like to leave you with another thought—and that is Litter Prevention. Sure, you can be 
very efficient at controlling and collecting litter, but wouldn’t it be better if we could simply prevent litter from blowing in the first place? Join us right 
here next month as we dive into litter prevention.
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June 26, 2020 
 
Jay Harland - President 
CSA Planning Ltd.  
4497 Brownridge, Suite 101 
Medford, Oregon 97504 
 
Re: Modified Beaufort Wind Table with MSW Categories and Estimated Litter Migration Impacts.  
 
As a subcontractor to CSA Planning Ltd (CSA), Blue Ridge Services, Inc. (BRS) was tasked with 
providing anecdotal modifications to a standard Beaufort wind table. We accomplished this by 
adding additional columns to the table that included Municipal Solid Waste (MSW) categories and 
estimated litter migration impacts at various wind speeds.  We were also asked to research and 
provide any available documentation or studies that supported or were related to the subject matter. 
We approached and based our modifications (Attachment A.) to the Beaufort wind table with the 
following in mind: 
 

• Our team has extensive experience working on landfill litter projects throughout North 
America and abroad. Many of these projects included extensive on-site observation, 
computer based - wind flow modeling and litter control and/or containment 
recommendations and/or implementation. We have applied these observations, our unique 
experience, and operational perspective to all aspects of this project.  
 

• To understand how different types of MSW are affected by varying wind speeds, we 
analyzed a typical MSW stream and created 5 distinct categories. We referenced an online 
document (Attachment B.) published by CalRecycle that listed the numerous types of 
waste that are within a typical MSW stream. We then selected and organized representative 
waste types by their estimated surface area in relation to their mass. The surface area in 
relation to mass is important to understand since these factors will dictate the speed, 
elevation and distance in which waste will be carried by varying wind speeds.  

 

• We extensively researched our internal library of past projects to locate reference material 
regarding estimating litter migration impacts. Within our library, we were able to locate a 
brief excerpt (Attachment C.) written by RWDI Wind Consultants, who were fellow sub-
consultants on a landfill litter project we worked on in Western Canada. Unfortunately, the 
study that RWDI referenced was approximately thirty years old and for our purposes the 
study was somewhat incomplete.   
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• We also extensively researched online sources for reference material or past studies relating 
to litter migration impacts. Other than a Landfill Litter Blog (Attachments D&E.) written 
and maintained by Jim Lapp of Edmonton, Alberta, we were not able to locate any other 
useful information or relevant studies. Jim Lapp’s Blog did contain several narratives and 
tables relating to landfill litter impacts. The narratives were useful and corroborated many of 
our viewpoints on landfill litter. For our purposes, like the RWDI table, the tables within the 
blog were somewhat incomplete and dated.  
 

• Given the limited amount of relevant reference material or past studies that we were able to 
locate within the given timeframe/budget, one can assume that extensive documentation 
does not exist or has simply not been published. Given the absence of conclusive material, 
we relied heavily on our anecdotal experience to summarize the estimated litter migration 
impacts within the modified Beaufort wind table that we were tasked with developing.   
 

We enjoyed working on this project with you, feel free to reach out to our team if you have any 
questions or feedback.  
 
Sincerely, 
 

 
 
Jason Todaro  
Solid Waste Operations Consultant III. 
Blue Ridge Services, Inc.  
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Attachment A.  

 

 

 

Beaufort 

Number 

Wind 

Description 

Wind Speed 

(MPH)

General Observational 

Characteristics

Municipal Solid Waste Categories                   

(organized by surface area/mass)  
Estimated Litter Migration Impacts 

Plastic film and paper fragments, styrofoam 

granules, dry grass and leaves, fibrous 

material particles, dry ash and powdery 

substances.

Paper products and newsprint, small 

chipboard/corrugated cardboard pieces, 

empty plactic grocery bags and packaging 

film, 

Small/medium cardboard boxes, larger 

sheets of styrofoam, small beverage 

containers, heavy paper/plastic bags. 

Large cardboard pieces/boxes, vegetation 

pruning and trimmings,  

magazines/catalogs, large recyclable 

containers, construction material remnants, 

textiles. 

Large 

plastic/drywall/plywood/ferrous/non-

ferrous sheeting, heavy durable plastic 

items, bagged household waste, rolled 

carpet and heavy plastic film remnants, 

roofing shingles/material. 

Plastic film and paper fragments, styrofoam 

granules, dry grass and leaves, fibrous 

material particles, dry ash and powdery 

substances.

Wind can slowly carry the finer/lighter waste while 

it is being tipped from vehicles. As waste is churned 

and becomes airborne during tipping or when 

pushed with heavy equipment,  it quickly settles 

back to ground level. Waste that is on/near the 

tipping area and working face can slowly migrate at 

ground level until the wind is disrupted by slight 

depresions, changes in topography or other barriers. 

Paper products and newsprint, small 

chipboard/corrugated cardboard pieces, 

empty plactic grocery bags and packaging 

film, 

Small/medium cardboard boxes, larger 

sheets of styrofoam, small beverage 

containers, heavy paper/plastic bags. 

Large cardboard pieces/boxes, vegetation 

pruning and trimmings,  

magazines/catalogs, large recyclable 

containers, construction material remnants, 

textiles. 

Large 

plastic/drywall/plywood/ferrous/non-

ferrous sheeting, heavy durable plastic 

items, bagged household waste, rolled 

carpet and heavy plastic film remnants, 

roofing shingles/material. 

1 Light Air 1 to 3 

Direction of wind shown 

by smoke drift, not by 

wind vanes. Little if any 

movement with flags. 

Wind barely moves tree 

leaves. 

Wind does not carry waste while it is being tipped 

from vehicles. As waste is churned and becomes 

airborne during tipping or when when pushed with 

heavy equipment,  it immediately settles back to 

ground level. Waste that is on/near the tipping area 

and working face does not migrate at ground level 

or above it.  

Modified Beaufort Wind Table with MSW Categories and Estimated Litter Migration Impacts

0 Calm Calm to 1 

Calm wind. Smoke rises 

vertically with little, if any 

drift.  

Wind does not carry waste while it is being tipped 

from vehicles. As waste is churned and becomes 

airborne during tipping or when when pushed with 

heavy equipment,  it immediately settles back to 

ground level. Waste that is on/near the tipping area 

and working face does not migrate at ground level 

or above it.  
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Attachment A. (continued)  

 

Beaufort 

Number 

Wind 

Description 

Wind Speed 

(MPH)

General Observational 

Characteristics

Municipal Solid Waste Categories                   

(organized by surface area/mass)  
Estimated Litter Migration Impacts 

Plastic film and paper fragments, styrofoam 

granules, dry grass and leaves, fibrous 

material particles, dry ash and powdery 

substances.

Paper products and newsprint, small 

chipboard/corrugated cardboard pieces, 

empty plactic grocery bags and packaging 

film, 

Small/medium cardboard boxes, larger 

sheets of styrofoam, small beverage 

containers, heavy paper/plastic bags. 

Large cardboard pieces/boxes, vegetation 

pruning and trimmings,  

magazines/catalogs, large recyclable 

containers, construction material remnants, 

textiles. 

Large 

plastic/drywall/plywood/ferrous/non-

ferrous sheeting, heavy durable plastic 

items, bagged household waste, rolled 

carpet and heavy plastic film remnants, 

roofing shingles/material. 

Plastic film and paper fragments, styrofoam 

granules, dry grass and leaves, fibrous 

material particles, dry ash and powdery 

substances.

Wind can steadily carry waste while it is being 

tipped from vehicles. As waste is churned and 

becomes airborne during tipping or when pushed 

with heavy equipment,  it slowly settles back to 

ground level or slightly above it.  Waste that is 

on/near the tipping area and working face can 

steadily migrate at ground level or slightly above it 

until the wind is disrupted by moderate depresions, 

changes in topography or other barriers. 

Paper products and newsprint, small 

chipboard/corrugated cardboard pieces, 

empty plactic grocery bags and packaging 

film, 

Small/medium cardboard boxes, larger 

sheets of styrofoam, small beverage 

containers, heavy paper/plastic bags. 

Large cardboard pieces/boxes, vegetation 

pruning and trimmings,  

magazines/catalogs, large recyclable 

containers, construction material remnants, 

textiles. 

Large 

plastic/drywall/plywood/ferrous/non-

ferrous sheeting, heavy durable plastic 

items, bagged household waste, rolled 

carpet and heavy plastic film remnants, 

roofing shingles/material. 

Modified Beaufort Wind Table with MSW Categories and Estimated Litter Migration Impacts

Wind does not carry waste while it is being tipped 

from vehicles. As waste is churned and becomes 

airborne during tipping or when when pushed with 

heavy equipment,  it immediately settles back to 

ground level. Waste that is on/near the tipping area 

and working face does not migrate at ground level 

or above it.  

3
Gentle 

Breeze 
8 to 12 

Leaves and small twigs in 

constant motion. Wind 

blows up dry leaves from 

the ground. Flags are 

extended out. 

Wind can slowly carry the finer/lighter waste while 

it is being tipped from vehicles. As waste is churned 

and becomes airborne during tipping or when 

pushed with heavy equipment,  it quickly settles 

back to ground level. Waste that is on/near the 

tipping area and working face can slowly migrate at 

ground level until the wind is disrupted by slight 

depresions, changes in topography or other barriers. 

Wind does not carry waste while it is being tipped 

from vehicles. As waste is churned and becomes 

airborne during tipping or when when pushed with 

heavy equipment,  it immediately settles back to 

ground level. Waste that is on/near the tipping area 

and working face does not migrate at ground level 

or above it.  

2 Light Breeze 4 to 7

Wind felt on face. Leaves 

rustle and small twigs 

move. Ordinary wind 

vanes move. 

Wind can slowly carry the finer/lighter waste while 

it is being tipped from vehicles. As waste is churned 

and becomes airborne during tipping or when 

pushed with heavy equipment,  it quickly settles 

back to ground level. Waste that is on/near the 

tipping area and working face can slowly migrate at 

ground level until the wind is disrupted by slight 

depresions, changes in topography or other barriers. 
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Attachment A. (continued)  

Beaufort 

Number 

Wind 

Description 

Wind Speed 

(MPH)

General Observational 

Characteristics

Municipal Solid Waste Categories                   

(organized by surface area/mass)  
Estimated Litter Migration Impacts 

Plastic film and paper fragments, styrofoam 

granules, dry grass and leaves, fibrous 

material particles, dry ash and powdery 

substances.

Paper products and newsprint, small 

chipboard/corrugated cardboard pieces, 

empty plactic grocery bags and packaging 

film, 

Small/medium cardboard boxes, larger 

sheets of styrofoam, small beverage 

containers, heavy paper/plastic bags. 

Large cardboard pieces/boxes, vegetation 

pruning and trimmings,  

magazines/catalogs, large recyclable 

containers, construction material remnants, 

textiles. 

Large 

plastic/drywall/plywood/ferrous/non-

ferrous sheeting, heavy durable plastic 

items, bagged household waste, rolled 

carpet and heavy plastic film remnants, 

roofing shingles/material. 

Wind does not carry waste while it is being tipped 

from vehicles. As waste is churned and becomes 

airborne during tipping or when when pushed with 

heavy equipment,  it immediately settles back to 

ground level. Waste that is on/near the tipping area 

and working face does not migrate at ground level 

or above it.  

Plastic film and paper fragments, styrofoam 

granules, dry grass and leaves, fibrous 

material particles, dry ash and powdery 

substances.

Wind will continously carry waste while it is being 

tipped from vehicles. As waste is churned and 

becomes airborne during tipping or when pushed 

with heavy equipment,  it will continue to migrate 

above ground level. Waste that is on/near the 

tipping area and working face will continously 

migrate above ground level until the wind is 

disrupted by significant depresions, changes in 

topography or other barriers. 

Paper products and newsprint, small 

chipboard/corrugated cardboard pieces, 

empty plactic grocery bags and packaging 

film, 

Small/medium cardboard boxes, larger 

sheets of styrofoam, small beverage 

containers, heavy paper/plastic bags. 

Large cardboard pieces/boxes, vegetation 

pruning and trimmings,  

magazines/catalogs, large recyclable 

containers, construction material remnants, 

textiles. 

Wind can slowly carry the finer/lighter waste while 

it is being tipped from vehicles. As waste is churned 

and becomes airborne during tipping or when 

pushed with heavy equipment,  it quickly settles 

back to ground level. Waste that is on/near the 

tipping area and working face can slowly migrate at 

ground level until the wind is disrupted by slight 

depresions, changes in topography or other barriers. 

Large 

plastic/drywall/plywood/ferrous/non-

ferrous sheeting, heavy durable plastic 

items, bagged household waste, rolled 

carpet and heavy plastic film remnants, 

roofing shingles/material. 

Wind does not carry waste while it is being tipped 

from vehicles. As waste is churned and becomes 

airborne during tipping or when when pushed with 

heavy equipment,  it immediately settles back to 

ground level. Waste that is on/near the tipping area 

and working face does not migrate at ground level 

or above it.  

Modified Beaufort Wind Table with MSW Categories and Estimated Litter Migration Impacts

5 Fresh Breeze 19 to 24

Large branches and small 

trees in leaf begin to 

sway. Crested wavelets 

form on inland lakes and 

large rivers. 

Wind can steadily carry waste while it is being 

tipped from vehicles. As waste is churned and 

becomes airborne during tipping or when pushed 

with heavy equipment,  it slowly settles back to 

ground level or slightly above it.  Waste that is 

on/near the tipping area and working face can 

steadily migrate at ground level or slightly above it 

until the wind is disrupted by moderate depresions, 

changes in topography or other barriers. 

4
Moderate 

Breeze
13 to 18 

Wind moves small 

branches. Wind raises 

dust and loose paper 

from the ground and 

drives them along. 

Wind can steadily carry waste while it is being 

tipped from vehicles. As waste is churned and 

becomes airborne during tipping or when pushed 

with heavy equipment,  it slowly settles back to 

ground level or slightly above it.  Waste that is 

on/near the tipping area and working face can 

steadily migrate at ground level or slightly above it 

until the wind is disrupted by moderate depresions, 

Wind can slowly carry the finer/lighter waste while 

it is being tipped from vehicles. As waste is churned 

and becomes airborne during tipping or when 

pushed with heavy equipment,  it quickly settles 

back to ground level. Waste that is on/near the 

tipping area and working face can slowly migrate at 

ground level until the wind is disrupted by slight 

depresions, changes in topography or other barriers. 
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Attachment A. (continued)  

Beaufort 

Number 

Wind 

Description 

Wind Speed 

(MPH)

General Observational 

Characteristics

Municipal Solid Waste Categories                   

(organized by surface area/mass)  
Estimated Litter Migration Impacts 

Plastic film and paper fragments, styrofoam 

granules, dry grass and leaves, fibrous 

material particles, dry ash and powdery 

substances.

Paper products and newsprint, small 

chipboard/corrugated cardboard pieces, 

empty plactic grocery bags and packaging 

film, 

Small/medium cardboard boxes, larger 

sheets of styrofoam, small beverage 

containers, heavy paper/plastic bags. 

Large cardboard pieces/boxes, vegetation 

pruning and trimmings,  

magazines/catalogs, large recyclable 

containers, construction material remnants, 

textiles. 

Large 

plastic/drywall/plywood/ferrous/non-

ferrous sheeting, heavy durable plastic 

items, bagged household waste, rolled 

carpet and heavy plastic film remnants, 

roofing shingles/material. 

Wind can slowly carry the finer/lighter waste while 

it is being tipped from vehicles. As waste is churned 

and becomes airborne during tipping or when 

pushed with heavy equipment,  it quickly settles 

back to ground level. Waste that is on/near the 

tipping area and working face can slowly migrate at 

ground level until the wind is disrupted by slight 

depresions, changes in topography or other barriers. 

Plastic film and paper fragments, styrofoam 

granules, dry grass and leaves, fibrous 

material particles, dry ash and powdery 

substances.

Wind will carry a significant quantity of waste while 

it is being tipped from vehicles. As waste is churned 

and becomes airborne during tipping or when 

pushed with heavy equipment,  it will continue to 

freely migrate above ground level. Waste that is 

on/near the tipping area and working face will freely 

migrate above ground level until the wind is 

disrupted by substantial  depresions, changes in 

topography or other barriers. 

Paper products and newsprint, small 

chipboard/corrugated cardboard pieces, 

empty plactic grocery bags and packaging 

film, 

Small/medium cardboard boxes, larger 

sheets of styrofoam, small beverage 

containers, heavy paper/plastic bags. 

Large cardboard pieces/boxes, vegetation 

pruning and trimmings,  

magazines/catalogs, large recyclable 

containers, construction material remnants, 

textiles. 

Wind can steadily carry waste while it is being 

tipped from vehicles. As waste is churned and 

becomes airborne during tipping or when pushed 

with heavy equipment,  it slowly settles back to 

ground level or slightly above it.  Waste that is 

on/near the tipping area and working face can 

steadily migrate at ground level or slightly above it 

until the wind is disrupted by moderate depresions, 

changes in topography or other barriers. 

Large 

plastic/drywall/plywood/ferrous/non-

ferrous sheeting, heavy durable plastic 

items, bagged household waste, rolled 

carpet and heavy plastic film remnants, 

roofing shingles/material. 

Wind can slowly carry the finer/lighter waste while 

it is being tipped from vehicles. As waste is churned 

and becomes airborne during tipping or when 

pushed with heavy equipment,  it quickly settles 

back to ground level. Waste that is on/near the 

tipping area and working face can slowly migrate at 

ground level until the wind is disrupted by slight 

depresions, changes in topography or other barriers. 

Modified Beaufort Wind Table with MSW Categories and Estimated Litter Migration Impacts

Wind can steadily carry waste while it is being 

tipped from vehicles. As waste is churned and 

becomes airborne during tipping or when pushed 

with heavy equipment,  it slowly settles back to 

ground level or slightly above it.  Waste that is 

on/near the tipping area and working face can 

steadily migrate at ground level or slightly above it 

until the wind is disrupted by moderate depresions, 

7 Near Gale 32 to 38 

Whole trees in motion. 

Inconvenience felt when 

walking against the wind. 

Wind will continously carry waste while it is being 

tipped from vehicles. As waste is churned and 

becomes airborne during tipping or when pushed 

with heavy equipment,  it will continue to migrate 

above ground level. Waste that is on/near the 

tipping area and working face will continously 

migrate above ground level until the wind is 

6
Strong 

Breeze 
25 to 31

Large branches in 

continuos motion. 

Whistling sounds heard 

in overhead or nearby 

power and telphone lines. 

Umbrellas used with 

difficulty. 

Wind will continously carry waste while it is being 

tipped from vehicles. As waste is churned and 

becomes airborne during tipping or when pushed 

with heavy equipment,  it will continue to migrate 

above ground level. Waste that is on/near the 

tipping area and working face will continously 

migrate above ground level until the wind is 

disrupted by significant depresions, changes in 
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Attachment A. (continued)  

 

Beaufort 

Number 

Wind 

Description 

Wind Speed 

(MPH)

General Observational 

Characteristics

Municipal Solid Waste Categories                   

(organized by surface area/mass)  
Estimated Litter Migration Impacts 

Plastic film and paper fragments, styrofoam 

granules, dry grass and leaves, fibrous 

material particles, dry ash and powdery 

substances.

Paper products and newsprint, small 

chipboard/corrugated cardboard pieces, 

empty plactic grocery bags and packaging 

film, 

Small/medium cardboard boxes, larger 

sheets of styrofoam, small beverage 

containers, heavy paper/plastic bags. 

Large cardboard pieces/boxes, vegetation 

pruning and trimmings,  

magazines/catalogs, large recyclable 

containers, construction material remnants, 

textiles. 

Large 

plastic/drywall/plywood/ferrous/non-

ferrous sheeting, heavy durable plastic 

items, bagged household waste, rolled 

carpet and heavy plastic film remnants, 

roofing shingles/material. 

Wind can steadily carry waste while it is being 

tipped from vehicles. As waste is churned and 

becomes airborne during tipping or when pushed 

with heavy equipment,  it slowly settles back to 

ground level or slightly above it.  Waste that is 

on/near the tipping area and working face can 

steadily migrate at ground level or slightly above it 

until the wind is disrupted by moderate depresions, 

changes in topography or other barriers. 

Plastic film and paper fragments, styrofoam 

granules, dry grass and leaves, fibrous 

material particles, dry ash and powdery 

substances.

Paper products and newsprint, small 

chipboard/corrugated cardboard pieces, 

empty plactic grocery bags and packaging 

film, 

Small/medium cardboard boxes, larger 

sheets of styrofoam, small beverage 

containers, heavy paper/plastic bags. 

Large cardboard pieces/boxes, vegetation 

pruning and trimmings,  

magazines/catalogs, large recyclable 

containers, construction material remnants, 

textiles. 

Wind will continously carry waste while it is being 

tipped from vehicles. As waste is churned and 

becomes airborne during tipping or when pushed 

with heavy equipment,  it will continue to migrate 

above ground level. Waste that is on/near the 

tipping area and working face will continously 

migrate above ground level until the wind is 

disrupted by significant depresions, changes in 

topography or other barriers. 

Large 

plastic/drywall/plywood/ferrous/non-

ferrous sheeting, heavy durable plastic 

items, bagged household waste, rolled 

carpet and heavy plastic film remnants, 

roofing shingles/material. 

Wind can steadily carry waste while it is being 

tipped from vehicles. As waste is churned and 

becomes airborne during tipping or when pushed 

with heavy equipment,  it slowly settles back to 

ground level or slightly above it.  Waste that is 

on/near the tipping area and working face can 

steadily migrate at ground level or slightly above it 

until the wind is disrupted by moderate depresions, 

changes in topography or other barriers. 

Modified Beaufort Wind Table with MSW Categories and Estimated Litter Migration Impacts

9 Strong Gale 47 to 54

Structural damage 

occurs, such as chimney 

covers, roofing tiles 

blown off, and television 

antennas damaged. 

Ground is littered with 

many small twigs and 

broken branches. 

Wind will carry a significant quantity of waste while 

it is being tipped from vehicles. As waste is churned 

and becomes airborne during tipping or when 

pushed with heavy equipment,  it will continue to 

freely migrate above ground level. Waste that is 

on/near the tipping area and working face will freely 

migrate above ground level until the wind is 

disrupted by substantial  depresions, changes in 

topography or other barriers. 

8 Gale 39 to 46

Wind breaks twigs and 

small branches. Wind 

generally impedes 

walking. 

Wind will carry a significant quantity of waste while 

it is being tipped from vehicles. As waste is churned 

and becomes airborne during tipping or when 

pushed with heavy equipment,  it will continue to 

freely migrate above ground level. Waste that is 

on/near the tipping area and working face will freely 

migrate above ground level until the wind is 

disrupted by substantial  depresions, changes in 

Wind will continously carry waste while it is being 

tipped from vehicles. As waste is churned and 

becomes airborne during tipping or when pushed 

with heavy equipment,  it will continue to migrate 

above ground level. Waste that is on/near the 

tipping area and working face will continously 

migrate above ground level until the wind is 

disrupted by significant depresions, changes in 
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Attachment A. (continued)  

 

 

 

 

 

Beaufort 

Number 

Wind 

Description 

Wind Speed 

(MPH)

General Observational 

Characteristics

Municipal Solid Waste Categories                   

(organized by surface area/mass)  
Estimated Litter Migration Impacts 

Plastic film and paper fragments, styrofoam 

granules, dry grass and leaves, fibrous 

material particles, dry ash and powdery 

substances.

Paper products and newsprint, small 

chipboard/corrugated cardboard pieces, 

empty plactic grocery bags and packaging 

film, 

Small/medium cardboard boxes, larger 

sheets of styrofoam, small beverage 

containers, heavy paper/plastic bags. 

Large cardboard pieces/boxes, vegetation 

pruning and trimmings,  

magazines/catalogs, large recyclable 

containers, construction material remnants, 

textiles. 

Large 

plastic/drywall/plywood/ferrous/non-

ferrous sheeting, heavy durable plastic 

items, bagged household waste, rolled 

carpet and heavy plastic film remnants, 

roofing shingles/material. 

Wind will continously carry waste while it is being 

tipped from vehicles. As waste is churned and 

becomes airborne during tipping or when pushed 

with heavy equipment,  it will continue to migrate 

above ground level. Waste that is on/near the 

tipping area and working face will continously 

migrate above ground level until the wind is 

disrupted by significant depresions, changes in 

topography or other barriers. 

Plastic film and paper fragments, styrofoam 

granules, dry grass and leaves, fibrous 

material particles, dry ash and powdery 

substances.

Paper products and newsprint, small 

chipboard/corrugated cardboard pieces, 

empty plactic grocery bags and packaging 

film, 

Small/medium cardboard boxes, larger 

sheets of styrofoam, small beverage 

containers, heavy paper/plastic bags. 

Large cardboard pieces/boxes, vegetation 

pruning and trimmings,  

magazines/catalogs, large recyclable 

containers, construction material remnants, 

textiles. 

Large 

plastic/drywall/plywood/ferrous/non-

ferrous sheeting, heavy durable plastic 

items, bagged household waste, rolled 

carpet and heavy plastic film remnants, 

roofing shingles/material. 

Modified Beaufort Wind Table with MSW Categories and Estimated Litter Migration Impacts

11 Storm Force 64 to 75

Widespread damage 

occurs. Larger trees 

blown over and uprooted. 

Wind will carry a significant quantity of waste while 

it is being tipped from vehicles. As waste is churned 

and becomes airborne during tipping or when 

pushed with heavy equipment,  it will continue to 

freely migrate above ground level. Waste that is 

on/near the tipping area and working face will freely 

migrate above ground level until the wind is 

disrupted by substantial  depresions, changes in 

topography or other barriers. 

10 Whole Gale 55 to 63

Considerable structural 

damage occurs, especially 

on roofs. Small trees 

blown over and uprooted. 

Wind will carry a significant quantity of waste while 

it is being tipped from vehicles. As waste is churned 

and becomes airborne during tipping or when 

pushed with heavy equipment,  it will continue to 

freely migrate above ground level. Waste that is 

on/near the tipping area and working face will freely 

migrate above ground level until the wind is 

disrupted by substantial  depresions, changes in 

topography or other barriers. 
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Attachment A. (continued)  

 

Beaufort 

Number 

Wind 

Description 

Wind Speed 

(MPH)

General Observational 

Characteristics

Municipal Solid Waste Categories                   

(organized by surface area/mass)  
Estimated Litter Migration Impacts 

Plastic film and paper fragments, styrofoam 

granules, dry grass and leaves, fibrous 

material particles, dry ash and powdery 

substances.

Paper products and newsprint, small 

chipboard/corrugated cardboard pieces, 

empty plactic grocery bags and packaging 

film, 

Small/medium cardboard boxes, larger 

sheets of styrofoam, small beverage 

containers, heavy paper/plastic bags. 

Large cardboard pieces/boxes, vegetation 

pruning and trimmings,  

magazines/catalogs, large recyclable 

containers, construction material remnants, 

textiles. 

Large 

plastic/drywall/plywood/ferrous/non-

ferrous sheeting, heavy durable plastic 

items, bagged household waste, rolled 

carpet and heavy plastic film remnants, 

roofing shingles/material. 

Modified Beaufort Wind Table with MSW Categories and Estimated Litter Migration Impacts

12
Hurricane 

Force
over 75

Severe and extensive 

damage. Roofs can be 

peeled off. Windows 

broken. Trees uprooted. 

RV's and small mobile 

homes oveeturned. 

Moving automobiles can 

be pushed off of 

roadways. 

Wind will carry a significant quantity of waste while 

it is being tipped from vehicles. As waste is churned 

and becomes airborne during tipping or when 

pushed with heavy equipment,  it will continue to 

freely migrate above ground level. Waste that is 

on/near the tipping area and working face will freely 

migrate above ground level until the wind is 

disrupted by substantial  depresions, changes in 

topography or other barriers. 
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Attachment B. 
https://www2.calrecycle.ca.gov/WasteCharacterization/PubExtracts/2014/SigTableFig.pdf 
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Attachment B. (continued)  
 
 

 
 
 
 

EXHIBIT A   
Page 48 of 53



Attachment C. 

“3.3.3 Threshold Wind Speeds 

In the early 1990’s, RWDI conducted wind tunnel tests on actual samples of residential and 
commercial waste to determine the threshold speeds for windblown litter. The threshold wind speed 
for some litter to be displaced was found to be approximately 22 km/h, as measured at 2 m above 
the surface in the wind tunnel. Corrected to 10 m height in an open setting such as the XYZ 
Landfill, the threshold speed was approximately 21km/h. Note that this should be considered as a 
gust speed, rather than a 1-hour mean wind speed. Gusts will sometimes exceed a threshold for brief 
periods when the 1-hour mean wind speed is below the threshold. It should be further 
noted that the tests were based on the prevalent waste stream at the time, which included a 
significant amount of paper and cardboard products that are now largely diverted from landfills. It 
also included less of the very light grades of plastic bag that are used at present day for grocery bags, 
etc. RWDI is not aware of any similar detailed wind speed testing for blowing litter that has been 
conducted more recently. 
 
The 1990’s study included further categorization of the amount of blowing litter as a function of 
wind speed, as summarized in Table 1. The speeds in Table 1 should be considered as approximate 
guidelines for gust speeds associated with light, moderate and heavy blowing litter. 
 
Table 1: Threshold Speeds for Blowing Litter 

 
Note: * Gust speeds are based on a measurement height of 10 m above grade 

(corrected from the original wind tunnel measurement height of 2m).” 
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Attachment D. 
http://landfilllitter.blogspot.com/2011/07/landfill-impact-assessment.html 

“Landfill Impact Assessment 

I was just reading Landfill Impact Assessment report.  The report went to great lengths evaluating 
dust, noise, landfill gas, and odours.  It included a brief discussion on litter impact.  The study effort 
included a great deal of work using dispersion models that used climate and wind data, topography 
and so on to determine what impact, if any, there would be on nearby receptors. The authors took 
great efforts to determine waste quantities for the next 35 years, modelled landfill gas emissions, 
conducted traffic flow assessments, and measured odour emissions from the existing landfill.  

 
The Blowing Litter Impact Assessment reported the following information: 
 

Distance from landfill perimeter Finding Impact category 

0 - 500m 50% of escaping litter 
remains in this area 

Medium 

500 – 1000 m Remaining 50% retained 
in this area 

Low 

Beyond 1000 m Very little escapes 
beyond this distance 

None 

 
This information was said to have been taken from a 'previous report' by RWDI (2002).  I did an 
internet search in an attempt to find the original source of this information but was unsuccessful (so 
far).  I could not determine if this referenced report was related to the existing landfill at this 
location.   
 
A second table that was referenced to RWDI (2002) is said to be a study conducted in wind tunnels 
on "threshold speeds for various categories of wind-blown litter".   Again, I tried to find the original 
source of this information, so I don't know how this study was done.  Did it replicate waste in a pile, 
or did it replicate waste dropping from an unloading vehicle?  I would assume that we would see 
different results between the two scenarios.  

Wind speed range Litter description Impact category 
0 – 22 km/h No blowing litter None 
22 – 33 km/h Newsprint, tissue, paper 

towel, some light bond 

paper 

Light 

33 – 47 km/h All the above plus plastic 

bags, small boxes, small 

cardboard tubes, paper 

bags, plastic sheets. 

Moderate 

Above 47 km/h All the above plus extensive 

heavy bond paper 
heavy 
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The authors of the report suggested that the average annual wind speed 10 metres above the ground 
is 8.6 km/hr, and that it would be about 2.3 km/hr at the 2 metre level.  The authors then 

concluded that for the majority of wind velocities at the landfill, blowing litter would not 
occur.  This conclusion was based on the following table. 

 

 

Table L2.34 - Frequency of Occurrence of Blowing Litter with Wind Speed 

 

Speed range 

km/h 

 

Annual frequency (%) 

 

0 – 22 

 

94.0 

 

22 – 33 

 

5.8 

 

33 – 47 

 

0.2 

 

47+ 

 

<0.1 

 
One can see if you connect all the dots using this information, you would come to a similar 
conclusion.    The authors further concluded that because most of the landfill operations will be 
below ground, this would further reduce wind-blown litter.   Recommendations suggested the litter 
mitigation should include, covering waste haul vehicles, daily cover of the working face, portable 
wind fences, improving vegetated lands buffering the landfill, educate the public about plastic bags, 
regular inspections and litter clean up.  
 
This evaluation is probably fairly typical of impact assessment studies. Litter issues usually don't get 
the same level of effort as other 'emissions' from landfills, even though litter is probably the most 
visible immission.  This may be because it is assumed that litter controls are very basic, such as 
cover, fencing, and cleaning up, that there's little need to do a complete evaluation.  Granted, 
because litter is visible and accessible, it is easier to respond to that a groundwater or gaseous 
emission impact.   I do think that landfill planners and engineers do need to give more attention to 
litter control and prevention.  They usually leave that up to the landfill manager and operators.    
 
I will admit, there may be more information available on specific litter controls in detailed operation 
plans. At this time, I don't have that information.  
 

You can see the original report by going to the following link.” 

https://muskoka.civicweb.net/Documents/DocumentDisplay.aspx?ID=5002 
 

EXHIBIT A   
Page 51 of 53

https://muskoka.civicweb.net/Documents/DocumentDisplay.aspx?ID=5002


Attachment E. 
http://landfilllitter.blogspot.com/2011/10/how-strong-is-wind.html 

“How Strong is the Wind 

 
Wind Km/Hr Wind Blown Litter 
Calm Up to 10  light film and paper 
Light 10 -  20 crumpled dry paper, empty plastic bags 
Moderate 20 - 40 light weight empty boxes, flat cardboard, paper products 
Strong 40 - 60 corrugated cardboard boxes, sheets of Styrofoam, plastic containers 
Gale 60 - 90 large boxes, sheets of ridge plastic, carpet, brush 
Storm 90 - 117  construction materials (e.g. plywood sheets)  
Hurricane over 118  almost anything that is not secured 
Tornado (F1 - F5) 105 - 322 dangerous winds  
 
This table was derived from a litter study project for the Lethbridge Regional Landfill (Salbro 
Consulting).  Much of the information was adopted from a litter study that was done for the Pincher 
Creek Regional Landfill in the late 1970's.  The concept is that if was was dropped in these wind 
conditions, what litter would be carried by the wind away from the working face. In the original 
Pincher Creek study, various materials were dropped from a 1.5 meter height in various wind speeds 
to observe what is carried in these winds.  
 
This reasoning was based on the idea that when waste is unloaded from customer vehicles at the 
working face, it is the point where the waste is most exposed to the wind.    

 
 
You may find in actual wind conditions that materials not identified in this table are carried by the 
wind and that some materials may not necessarily be carried by the wind, but may drift along the 
ground surface.  This table can be used as a general guide for different wind conditions, but 
shouldn't be thought of as a definitive description of what litter will blow in different winds.   
 
One thing that is clear though, "the stronger the wind, the bigger the objects that will be blown by 
the wind".   
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Also, keep in mind that two other factors that will have an influence on wind blown litter are 
turbulence and wind direction.   
 

Jim” 
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