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ABSTRACT

A REGIONAL PROBABILISTIC DUST EMISSION MANAGEMENT MODEL FOR
CONSTRUCTION ACTIVITIES

Denis Alexander David Clement Advisors:
University of Guelph, 2020 Dr. Bahram Gharabaghi

Dr. Amir A. Aliabadi

Fugitive dust emissions from active construction sites, without wind erosion and dust suppression
controls, can be orders of magnitude higher than pre-development background values. As the exact
location, size, and timing of construction activities within a region are difficult to forecast, a new
probabilistic dust emission management tool is proposed. This proposed Construction Induced Dust
Emission Management (CIDEM) probabilistic model incorporates both the spatial and temporal variation
of construction activities. Characterization of the construction phases provides the basis for the dust
emission calculations and for the selection/sizing of the wind erosion and dust suppression control measures
commonly used on construction sites, including watering, mulching, unpaved road dust suppressants, and
revegetation. The cost-optimization of the Best Management Practices (BMPs) is performed using a genetic
algorithm and linear programming called Evolver. However, to keep the cost reasonable, contractors
applying the wind erosion and dust suppression controls should target highly susceptible areas, prioritizing
unpaved roads, followed by areas with little-to-no boundary obstructions and flat bare soil surfaces that
would remain exposed for extended periods. This study highlights that construction sites should consider
modelling maximum daily dust emissions and use wind erosion and dust suppression controls if the site
footprint is larger than 5 ha or if the soil is of sandy nature as those soils have significantly higher dust

emission potential when disturbed and exposed for extended period of time than others.
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CHAPTER 1 - INTRODUCTION

It is vital for modern society to carefully evaluate the impact of anthropogenic activities on the
environment as these activities can cause irreversible damage that are unlikely to be completely
mitigated using remediation techniques. By focusing on the minimization of anthropogenic
activities and the prevention of their adverse effects, conservation of a healthy local and global
environment is more likely (Ehrlick & Mooney, 1983). Due to the global population increase, it is
inevitable that anthropogenic activities, like urban development, will continue to impact the
environment. Ontario, the most southern and populated province in Canada, has seen a 4.6%
increase in population from 2011 to 2016 and will continue to experience urban development for
years to come due to it’s continually increasing population (Statistics Canada, 2018). Construction,
an integral part of urban development, can be considered one of the most environmentally
degrading anthropogenic activities as processes cause land to be more vulnerable to erosion by
means of the removal of natural vegetation, displacement of soil, and change in drainage features

(Toronto and Region Conservation, 2009).

By modelling construction activities around Lake Simcoe, a freshwater body found in southern
Ontario and predicting the rate of construction annually; this research will develop a tool to
estimate dust emissions from construction sites in the area and optimize the relationship between

dust emission reduction and future investments in dust emission management practices on-site.

The degradation of lakes, rivers, and other natural inland water bodies can be attributed to
excessive nutrient loading, specifically phosphorus (Brown et al., 2011; Weiss et al., 2017).
Agriculture, construction, and transportation are examples of anthropogenic activities that

contribute to phosphorus loading through wind erosion and dust emissions (Tatarko et al., 2016;
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Liu et al., 2017). Airborne dust, which can be defined as particles of size <10 pm (PMio),
contributes to an excess of nutrient loading in surrounding water body loading from particulate

phosphorus in dry deposition and dissolved phosphorus in wet deposition (Leys, 1999).

ONTARIO, LAKE SIMCOE, AND PHOSPHORUS LOADING

Lake Simcoe, one of Ontario’s largest freshwater bodies excluding the great lakes is found
60 km north of Toronto and serves as a great socio-economic asset to the province due to it’s an
attraction to cottagers, fishers, and boaters alike (ILEC, 2019). The lake hosts many boating and
fishing events in the Summer. Lake Simcoe is well known for the annual Canadian Ice Fishing
Championship as its surface completely freezes during the Winter months (Town of Georgina,
2013). Many communities border the lake, including Barrie, Orillia, Durham, and others. The
surface area of the lake, at 725 km?, only represents about 25% of the catchment area, at 2840 km?.
The lake’s catchment basin has 35 rivers that drain into the lake, five of which drain 60% of the

catchment area into Lake Simcoe with an approximate volume of 11.6 km? (ILEC, 2019).

By monitoring cold-water fish communities, conservation authorities around Lake Simcoe
can get a reasonable sense of the overall health and water quality of the lake. As authorities have
seen a significant decrease in cold-water fish populations, including lake trout, herring, and
whitefish, the water quality of the lake has been declining over time (LSEMS, 2008). The
deteriorating water quality has been attributed to excessive nutrient loading, including phosphorus
(Ramkellawan et al., 2009; Brown et al., 2011). With an increase in phosphorus loading, the lake

experiences excessive algae growth, resulting in a decrease of dissolved oxygen concentrations in



the water which ultimately diminishes the abundance and diversity of the fish population in the

lake (Ramkellawan et al., 2009).
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Figure 1: The Lake Simcoe watershed (Evans et al., 1996)

Due to Lake Simcoe’s large surface area, atmospheric deposition of dust, both wet and dry,

is estimated to contribute 25-50% of phosphorus loading in the lake annually; phosphorus loading
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is fairly stable every year during the Fall and Winter months but variant during the Summer and
Spring months (Brown et al., 2011). Agricultural operations, especially in areas consisting of soils
with high erosion susceptability, have shown to emit dust due to wind erosion from operations that
disturb the soil and expose bare soils due to diminished vegetation in the Spring and Summer
months (Weiss et al., 2013). Similar to agricultural operations, construction projects have multiple
phases in which soils are disturbed or left exposed to the air, resulting in the potential for wind

erosion and dust emissions.

Anthropogenic activities have affected the Lake Simcoe watershed for over 200 years;
urbanization has changed the natural landscape of the water shed, altered the composition of
vegetative cover, caused excessive nutrient loading, and imposed other environmental impacts.
Other human-induced pressures that have been compromising the integrity of the lake include the
introduction of the invasive zebra mussel species, which alter the natural equilibrium of the lake
and its ability to resist stress, climate change, which introduces longer droughts during the Summer
months, harsher Winters, and larger storms that cause heavy erosion and sedimentation, and

alteration of shorelines and other marine habitats (Ontario Ministry of the Environment, 2009).

The increase in anthropogenic pressures on Lake Simcoe over recent years could be
primarily attributed to the dense population in southern Ontario that continues to grow each year.
Over the next 24 years, the population of Ontario is expected to grow by 30.2 percent by July 1%,
2041, to 18.5 million. In 2006, 12.7 million Ontarians accounted for 40% of the Canadian
population, with nearly 98% of the population of Ontario found in the Grake Lakes Basin in

southern Ontario (Ontario Ministry of the Environment, 2009; Ontario Ministry of Finance, 2018).
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Figure 2: Historic land use in the Lake Simcoe Region (Evans et al., 1996)

With the increasing population in southern Ontario, it will be important to develop larger
communities to accommodate the extra residents. Net migration is expected to contribute 76% of
the total increase in population in Ontario, requiring even more new dwellings and complexes. The
population of seniors in Ontario is also expected to double from 2.4 million to 4.6 million over the
next 24 years (Ontario Ministry of Finance, 2018). As Lake Simcoe and its surrounding
communities are mostly rural areas, it can be expected that many of these seniors will migrate
towards the lake and invest their life’s earnings on new dwellings or dream homes, ultimately

increasing the overall rate of development in the area.



Due to the declining health of the lake, Ontarians have been on-board for a comprehensive
plan to rejuvinate Lake Simcoe’s watershed and begin recovering the natural state of health that
once was. In 1990, the Lake Simcoe Environmnetal Management Strategy (LSEMS) program
began in an effort to restore the lakes ecological health and return the water body to a self-

sustaining cold water fishery (Ontario Ministry of the Environment, 2009).

CONSTRUCTION SITES IN LAKE SIMCOE

Construction activity is inevitable toward urban development. It is a major
environmentally degrading anthropogenic activity since its processes increase soil erosion
susceptibility including natural vegetation stripping, altercation to soil structures, and changes to
drainage features (Flagg et al., 2014; Payus et al., 2017; Xing et al., 2018). Construction projects
can be challenging to summarize as each project is unique concerning the time of year it starts, the
proposed building or structure being worked on, unforeseen delays including weather, the phyiscal

properties of the site, and others.

Generally, the three processes that are most dust emission-intensive are the preliminary
phases of construction: grubbing, leveling, and servicing. Later phases in construction, such as the
building phases, can be considered insignificant concerning dust emissions as most of the
earthworks have been completed, so there are minimal soil disturbances, buildings and roads cover

exposed soils, and the revegetation of exposed soils has been well underway.

Grubbing, the first phase of construction, is the removal of rocks, stumps, trees, and other
pre-existing vegetation (Government of Manitoba, 2003). This is performed using heavy

machinary, causing significant disturbances in the soil and resulting in exposed soils. The leveling



phase of construction comes after grubbing. Leveling is performed by moving around pre-existing
or additional soils, depending on the project, to create and prepare a landscape for the upcoming
construction. Similar to grubbing, leveling uses heavy machinery to move and alter soil structures,
ultimately creating frequent soil disturbances and exposed soils. The servicing phase of
construction occurs after all leveling has been finished. This phase consists of implementing
foundations, water piping systems, electrical systems, and other objects that can be found below
grade level. Excavation of the soils is performed during this phase to put objects underground.
These excavation activities result in the disturbance of soils and exposed soils, increasing the

susceptability of wind erosion and fugitive emissions on a construction site.

During the three phases mentioned above, frequently exposed soils generally result in
unacceptable rates of erosion (Benik et al., 2003). Soil erosion is a re-occuring problem with
construction sites and the increase in the rate of erosion can cause the equivalent of decades of
natural erosion to occur in a single year from construction activities (Wolman & Schick, 1967;
Kaufman, 2000). As soil erosion is a significant contributor of non-point source pollution in many
countries, it is important to consider ways that we can incorporate science-informed policy into

construction activities in an effective manner (Faucette et al., 2006).

EROSION AND SEDIMENT CONTROL REGULATIONS

Because of the negative environmental impacts of construction over time, many regulations
and legislations have been enacted to mitigate these impacts. The Constitution Act, established in
1867, gave the federal government total jurisdiction over the protection of Canada’s coasts, inland
water bodies, and fisheries under section 91, the Fisheries Act (Government of Canada, 2013). The
main function of this Act, with respect to construction, is to protect fish and fish habitats from the
negative impacts of construction activities (Toronto and Region Conservation, 2009). The Act also
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restricts the emission of deleterious substances, a substance that degrades water quality affecting
fish and fish habitats, and requires the owner of that substance to report it to officials (Toronto and
Region Conservation, 2009). When a contractor wishes to perform construction activities that may
violate the Fisheries Act in Ontario, the Department of Fisheries and Oceans Canada (DFO) must
be contacted. Inspections can be performed by Fishery Officers and other DFO officials to ensure
compliance with the Fisheries Act is warranted (Toronto and Region Conservation, 2009). The
Canadian Environmental Assessment Act (CEAA), first passed in 1992, also pertains to
construction activities as it requires that potential environmental threats are identified and
mitigated appropriately (Government of Canada, 2016). The Act permits the Canadian
Environmental Agency to review the evaluation of projects from other agencies to decide if the
project can proceed as is, proceed with additional conditions to mitigate environmental impacts
further, or cease work on the project altogether (Toronto and Region Conservation, 2009). It is
essential, then, that contractors planning on conducting any work that may damage fish habitats
seek guidance or approval from the appropriate agencies about the nature of their work, and its

potential impacts as not to violate these Acts (Fisheries and Oceans Canada, 2019).

Provincially, the Ministry of the Environment, Conservation and Parks (MOECP) and the
Ministry of Natural Resources (MNR) are the regulatory bodies for different acts and legislation
that may pertain to construction activities. The Lakes and Rivers Improvement Act, established in
1990 and regulated by the MNR, was created to help manage and protect the water and land under
lakes and rivers in Ontario (Government of Ontario, 2017). The Ontario Water Resources Act,
established in 1990 and regulated by the MOECP, aims to protect and manage ground and surface
water quality. Similar to the Fisheries Act, the Ontario Water Resources Act prohibits the release

of substances that may degrade surface or groundwater (Toronto and Region Conservation, 2009).



Municipal regulations are mandated by two groups: Conservation Authorities and
respective municipal workers. Conservation Authorities in the Greater Golden Horseshoe Area,
where Lake Simcoe can be found, have signed into a memorandum of understanding (MOU) with
their respective municipalities to allow their staff to review site plans and Erosion and Sediment
Control plans (ESCs) while providing municipalites the oppurtunity to officially approve ESCs.
The Planning Act, mandated by municipalities, passes “Sediment and Erosion Control” bylaws,
which regulate activities that affect soil profiles or other natural ground conditions (Toronto and

Region Conservation, 2009).

RESIDENT EXPOSURE AND ENVIRONMENTAL COMPLIANCE

Particulate Matter (PM) air-quality standards in Ontario are only based on a 24-hour
averaging time. The Ambient Air Quality Criteria (AAQC) for PM2s and PMjgp are 30 and 50 pg
m, respectively (MOECP, 2012). The value for PM, s is the Canada-Wide Standard (CWS). It
was developed in collaboration with other provinces and the Federal government as a long-term
blanket goal to reduce exposure to Canadian residents and the environment. To try and achieve
this CWS, single sources should not release more than 25 ug m= (24 hr) to try and reduce ambient
concentrations. There is less information on the AAQC for PM o, other than that “This value of
50 pg m (24 hr) is an interim AAQC and is provided here as a guide for decision making (with

no conversion to other averaging times)” (MOECP, 2012).

In the United States of America, the United States Environmental Protection Agency
(USEPA) first developed general air quality standards for PM in 1971, but were thoroughly revised

in 1987 to change the indicator to PMio, which are particles equal to or smaller than 10 microns;



these particles were considered “inhalable particles” (USEPA, 2019). After various amendments
in 1997, 2006, 2009, and 2012, the USEPA finalized their Ambient Air Quality Standards to an
annual standard of 12 pug m™ for PM»s and a 24-hour standard of 35 pg m™ and 150 pg m> for
PMb s and PM o, respectively. There is no annual PM g standard as the USEPA deemed there was
“a lack of evidence establishing a link between long-term exposure to coarse particles and health

problems” (USEPA, 2019).
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CHAPTER 2 - OBJECTIVES

The primary purpose of this research, and the case study on Lake Simcoe, is to develop a
simple design tool that can be used by contractors to calculate an estimate of potential dust
emissions from construction sites. Then, using this tool, a probabilistic model, and a transport
model, generate a prediction of how much dust will be deposited into Lake Simcoe annually from
these construction sites and identify where investments can be made to more effectively manage
dust emissions, as well as identifying key factors to reduce emissions for nearby residents. Four
primary objectives are identified below with several associated goals. These objectives are

summarized below:

1) Conduct a critical literature review on proposed tools for completing the research project, tools
used to quantify the performance of common best management practices, and published research

projects which have explored parts of the proposed itinerary. This includes:

A) Critiquing published research works that pertain to the negative impacts of dust

emissions, phosphorus loading in water bodies, and others.

B) Discussing published tools and methodologies that are currently being used to quantify
dust emissions from construction sites and evaluate the performance of best management

practices.

C) Identifying probabilistic models, optimization models, spatial computer programs

which can be used to complete the Lake Simcoe focused case-study portion of this project.
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2) Develop a simple tool that can be used by anyone that wishes to estimate dust emissions from

any construction site found in the Greater Golden Horseshoe area. This includes:

A) Characterizing construction so that all construction projects around Lake Simcoe can
fall into representative categories to be modelled. This includes identifying standard best

management practices used in the area and modelling them appropriately.

B) Identify tools that can be used to create the model based on construction processes and
best management practices, then developing the new simple tool for estimating dust

emissions from construction sites by integrating results into a pre-existing model.

3) Generate an estimate of projected deposition of dust from construction sites onto Lake Simcoe

using a pre-existing transport model.

A) Develop a spatially accurate probabilistic model for projected urban development rates

in the area of interest.

B) Use the simple estimation tool, in conjunction with the transport model and probabilistic
model, to generate an estimate for the annual deposition of dust from construction sites

onto Lake Simcoe.

4) Determine where future investments are most valuable for managing dust emissions from

construction sites using best management practices.

A) Accumulate costs associated with each best management practice

12



B) Using an optimization tool, the Lake Simcoe case study, and the costs of each best
management practice, determine where making investments in best management practice

technology is most effective for contractors and regulatory authorities.
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CHAPTER 3 — CRITICAL REVIEW AND DISCUSSION OF PUBLISHED RESEARCH
WORKS THAT PERTAIN TO IMPACTS OF DUST EMISSIONS AND PHOSPHORUS
LOADING

As mentioned in the introduction, construction activities are a major concern when it comes
to sediment deposition into water bodies because of their negative impacts on water quality and
aquatic life habitats. Significant damage is brought upon the environment from neglected water
and wind erosion due to construction activities as the effluent sediment pollutes water bodies and
alters the natural state of streams, rivers, lakes, and others (Clyde, et al., 1978). Dust emissions not
only negatively impact surrounding water bodies, but they also generate health concerns to
humans, safety issues, and generate excessive on- and off-site costs (Hagen & Skidmore, 1977;

Huszar, 1989;)

WATER BODIES AND LAKE SIMCOE

As the main concern with respect to this research is the well-being of Lake Simcoe’s
ecology, water quality, and residents, it is important to provide background on what sorts of
research have been conducted with respect to dust emissions, phosphorus loading in Lake Simcoe,
and water bodies in general. As environmental protection continues to gloom over society and
more strict environmental laws are being implemented, effectively communicating the extensive
research that has been put into understanding water quality degradation is important for lay-

persons and specialists alike.

Many research articles suggest that a decrease in water quality can be directly attributed to
excessive phosphorus loading. This can result in excessive algae growth, which, at the end of the

Summer, depletes dissolved oxygen to levels that are fatal to fish, as seen in Lake Simcoe (Evans,
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2007; Ramkellawan et al., 2009). The decrease in dissolved oxygen can be attributed to a process
called eutrophication where, after the phosphorus has been used for excessive algae growth,
bacteria and other organisms consume the dead algae and use up the dissolved oxygen, eventually

suffocating aquatic life (Minnesota Pollution Control Agency, 2007).

Specifically, lake trout have been observed to be impacted by effects of hypoxia, the
deficiency of oxygen to muscle tissue, influencing their ability to perform daily activities which
are critical to their survival. A study showed that there was a direct correlation between the
concentration of dissolved oxygen in the water and the ability of fish to perform life-sustaining
activities and that a concentration > 7 mg L™ is recommended for the protection of lake trout

(Evans, 2007).

Evans et al. also published a research article, in 1996, aiming to establish relationships
between phosphorus loading due to human land-use activities, hypolimnetic dissolved oxygen
depletion, and loss of fish habitats in Lake Simcoe. As the population in Lake Simcoe’s watershed
increased from 50 000 residents in 1960 to over 250 000 residents in 1990, an increase in point
source loading of phosphorus increased 10-fold over that period of time. It was also noted that,
during the late Summers of 1975 to 1993, 10-50% of the cold-water habitat volume in Lake Simcoe

dropped below 3 mg L™, the lethal threshold for lake trout (Evans et al., 1996).

Atmospheric deposition of dust into water bodies can occur from two main mechanisms:
gravity and precipitation. Murphy and Doskey (1976) prepared and analyzed precipitation samples
from six locations surrounding Lake Michigan to determine the concentrations of phosphorus, in
different forms, found in the precipitation. It was concluded that roughly 1.0 x 10® kg, or 18%, of
the present phosphorus in Lake Michigan was deposited into the lake, per year, from precipitation.
It was also noted that dissolved reactive phosphates made up greater than 40% of the total
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phosphorus found in the precipitation and that roughly 60% of the annual deposition of phosphorus

from precipitation becomes available to organisms in the lake (Murphy & Doskey, 1976).

HEALTH AND VISIBILITY CONCERNS

The USEPA regulates dust, and specifically PMio, at 150 pg m™ of 24-hour average
concentration, as per the National Ambient Air Quality Standards “to protect and enhance the
quality of the Nation’s air resources to promote the public health and welfare and the productive
capacity of its population” (USEPA, 2019). As expected, many research projects have been

conducted to try and connect health and safety to air-suspended dust particles.

In 1987, Dockery et al. presented results from the Six Cities Study of Air Pollution and
Health, showcasing the association of chronic respiratory health of children and a variety of
commonly found urban air pollutants including total suspended particles (TSP), PM 19, PM2 5, fine
fraction aerosol sulphate (FSO4), SO2, O3, and NO». The results indicated that there was a strong
correlation between chronic cough, bronchitis, and chest illness in children during the 1980-1981
school year and particulate pollution concentrations of TSP, PM s, PMs, and FSO4 during that time

(Dockery et al., 1989).

Kanatani et al. conducted a study from February to April 2005 to 2009, relating airborne
desert dust particle concentration to increased incidences of asthma in children. These children,
ages 1 to 15 years, had their visits recorded from eight hospitals in Toyama, Japan, which borders
the Japanese sea. Measurements were conducted using a Light Detection And Ranging (LIDAR)

instrument to distinguish mineral dust particles from others and showed a significant association
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between asthma hospitalization and particle concentration, especially during a heavy dust storm

(Kanatani, et al., 2010).

Particles in Our Air, a book written by Spengler and Wilson at Harvard University,
suggests that airborne dust not only degrades human health and air quality in general, but is also
felt by other animals and vegetation. A study from Pope et al., published in 1991, found that PMo
concentrations higher than 150 ug m were connected to a 3-6% decrease in overall lung function
as well as increased use of asthma medications and higher rates of emerging respiratory disease
symptoms. Ultrafine particles, particles with diameters less than 0.1 um, can also initiate alveolar
inflammation and concentrations in ambient air are heavily influenced by soil disturbances

(Penttinen et al., 2001).

Hagen and Skidmore (1977) were interested in quantifying the reduction in visibility given
suspended dust particles in the air. They found that wind erosion events generally created hazards
for vehicles, especially near highways and airports, because of the abundance of particles that are
suspended in the air during the events. Though the concentration and size distribution of the
particles are a function of the severity of visibility reduction, in typical conditions, they found that
visibility is reduced even further (50-75%) when there is overcast and even more so when facing

the sun (Hagen & Skidmore, 1977).

ON- AND OFF-SITE COSTS

Erosion from construction activities, and lack of erosion control, contribute to extra costs
for contractors and conservation authorities. When best management practices for erosion and

sediment control are not appropriately employed, or better yet, at all, extra construction costs,
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including delays, can often be a consequence of preventable or better-managed erosion (Clyde et
al., 1978). Other reasons for dust emission and erosion control include lowered maintenance and

housekeeping costs on-site (Herron, 2011).

Dust emissions due to wind erosion also contribute to high off-site costs. As mentioned
previously, airborne dust particles have been shown to pose negative impacts on respiratory health
in humans and animals, which would increase healthcare costs. Like on-site, dust emissions
increase the amount of cleaning and maintenance that must be done while reducing production

opportunities (Huszar, 1989).
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CHAPTER 4 - REVIEW OF TOOLS USED TO MODEL DUST EMISSIONS, DUST
EMISSIONS FROM CONSTRUCTION SITES, AND BEST MANAGEMENT
PRACTICES

Since dust emissions have been proven to have negative impacts on the environment, it is
essential to be able to effectively model these emissions so that a relative contribution can be
understood. Quantifying the contribution of activities can help policymakers make more well-
informed decisions when redefining legislation to improve upon the conservation of natural

resources.

DUST EMISSION MODELS AND RELATED WORKS

Wind erosion modelling can be stemmed from the Wind Erosion Equation (WEQ)
developed by the United States Department of Agriculture (USDA) and first reported by Woodruff
and Siddoway (1965). This equation relates several independent variables to the total suspended

particulate (TSP) fraction, E, in ton ac”' yr'! from an agricultural field as follows:
E=f K C'WL,V)
Where:

I’= soil erodibility index

K’= soil ridge roughness factor
C’= climate factor

L’= field length

V= vegetative cover
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The WEQ has had various improvement recommendations by Woodruff and Armbrust

(1968), Bondy et al. (1980), Fryrear et al. (1998), and many others.

The Wind Erosion Prediction System (WEPS) was developed as a process-based model to
understand wind erosion susceptibility on a daily-time step basis by incorportating management
effects from common machinery usage and other soil disturbance effects on agricultural sites
(Tatarko et al., 2016). Previous works using WEPS to assess wind erosion on agricultural sites
include L.J. Hagen, 1991, Skidmore & Van Donk, 2003, Coen et al., 2004, Weiss et al., 2013, and
Chen et al., 2013. In addition, various WEPS validation works are offered by Funk et al., 2004,
Feng & Sharratt, 2007, and Buschiazzo & Zobeck, 2008. Jarrah et al., 2020, completed an

extensive review of critical wind erosion models, including WEPS.

TRANSPORT AND DEPOSITION MODELS

Transport and deposition of dust is another critical aspect concerning construction site dust
emissions. CALMET uses meteorological information, digitized terrain maps, and land use data
to develop 3D windfields in a specified modeling domain. Then, using CALMET windfield
modeling results as input, CALPUFF, a Lagrangian Gaussian long-range transport model, can be
used to determine wet and dry deposition (Weiss et al., 2014). Chapter 15 of the book “Air
Dispersion Modeling: Foundations and Applications”, written by De Visscher, provides a detailed

description of CALPUFF and CALMET.

Weiss et al., 2014, used this methodology to develop Location Reduction Factors (LRFs):
conversion factors that take point source dust emission estimations from different regions around

Lake Simcoe and convert them into deposition estimates. Chong-Bum et al., 2009, conducted an
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evaluation of the CALPUFF model using measured data. Oleniacz & Rzeszutek, 2014, generated

spatial databases for Poland using CALMET and CALPUFF.

AERMOD and AERMET are used in conjunction to develop atmospheric dispersion
models. AERMET is used to determine the critical calculation of surface heat, stability, friction
velocity, and Obukov length to be used as input into AERMOD, a Gaussian plume model, as per
De Visscher’s detailed description in Chapter 14 of “Air Dispersion Modeling: Foundations and

Applications.”

Sang-Jin, 2011, estimates odour emissions from industrial sources and their transport to
surrounding residents using AERMOD. Chea-Hyun et al., 2015, models dispersion of a hazardous
chemical accident using AERMOD, while Boadh et al., 2015, determined the dispersion of NOx
over Visakhapatnam, India using the Weather Research and Forecasting (WRF) model and

AERMOD.

CONSTRUCTION SITE DUST EMISSIONS MODELS AND RELATED WORKS

CONSTRUCTION SITE DUST EMISSIONS MODELS AND WORKS

Various studies have focused on estimating or measuring dust emissions from construction
sites. Weiss et al., 2014, used the USEPA AP-42 Guide for PM o to developed a rough estimate of
PM,o emissions around Lake Simcoe from construction. As these estimates were low resolution,

this research was designed to gain further insight into construction site emissions.

Muleski et al., 2005, developed a series of emission factors from on-site testing on

construction site activities from 1998-2001; their focus was on earthmoving operations given its
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high-intensity nature concerning dust emissions. They found that emissions were up to an order of

magnitude higher than estimates found in studies predicted by AP-42 emission factors.

Im et al., 2018, developed a methodology for estimating dust emissions from construction
sites using digital image information. Using a Digital Single-Lens Reflex (DSLR) camera, dust
from a dust generator is measured at specific illuminance values and related to the images to derive

a correlation.

Ku & Park, 2013, used an inverse analysis of satellite and ground PMio emission
measurements to estimate large scale dust emissions from deserts in East Asia. There was a
contrast in results when comparing the Gobi Desert and the Taklamakan Desert. Limitations and

suggestions for improvement of their methodology are provided and discussed.

Payus et al.,, 2017, collected various particulate sizes during two early phases of
construction of a five-story building in Kota Kinabalu, Malaysia. It was found that meteorological
factors, including temperature, relative humidity, and wind speed were influential on the

distribution of particle size and the rate of PM emission.

The work by Liu et al., 2017, has similarities to the proposed research. It used WEPS and
AP-42 to evaluate wind-blown dust emissions from construction of a railway project focusing on
the beginning, active, and ending phases of construction. It was deemed that various construction
BMPs can be modelled after agricultural BMPs found in WEPS. It also noted that soils of sandy

nature are most susceptible to erosion.

BEST MANAGEMENT PRACTICES
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A review of the effectiveness of standard best management practices that have been tested
in the laboratory or in-situ follows. Many of the in-situ best management practice tests were
conducted for an agricultural application; however, based on the similarities in best management
practices used, bare soil exposure, and soil disturbances patterns, it was deemed appropriate to
assume that standard best management practices in agricultural settings will perform similarily in

construction sites.

EROSION BLANKETS AND MULCHING

Sutherland (1998) performed a critical review on rolled erosion control systems and found
that tacked straw performed at a mean of 40.6% reduction with a maximum and minimum of 72%
and 14.4%, respectively, while mulch blankets performed at a mean of 69% with a maximum and
minimum of 84.8% and 52.4%, respectively. Laboratory experiments were also conducted which
found that straw-mulch covers emitted 2-27% of the sediment obtained from bare soil conditions
(Jennings & Jarrett, 1985). When testing the role of geotextile blankets on soil erosion, Rickson

(1990) found that erosion was reduced to 10%.

Chang et al. (2007) performed wind tunnel work with woven straw erosion blankets on
bare soils to generate a simple model that can estimate the efficiency based on percent coverage,
silt content, wind velocity, moisture content, exposure time, and soil surface roughness. They
determined that maximum reduction from a woven straw erosion blanket is 42%. Su et al. (2008)
investigated the reduction efficiency of woven straw erosion blankets on construction sites and

found that PMo emission can be reduced by 40%.
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WATERING

Watering is a common best management practice for reducing dust emissions in
construction and roads. Countess Environmental developed the WRAP Fugitive Dust Handbook
for the Western Regional Air Partnership (WRAP) in 2006 and summarized that watering unpaved
roads in construction settings can reduce PM 1o emissions by 10-74%, while watering bare soils
before high wind events reduce PM o emission by 90%. Watering has also been found to reduce

dust emissions from construction sites by 75-95% (XCG Consultants, 2013).

Watering techniques have also been used in reducing dust emissions from cement cutting
processes. A wet scrubbing cleaner was found to reduce particulate emissions during cement and
expanded clay cutting by 30% (Koshkarev et al., 2016). Fitz & Bumiller (2000) found that dust
emissions can be decreased by 90% using water applications to increase moisture content in the

soil.

Other literature that has explored the effectiveness of dust suppressants in construction-
type activities includes: investigating the efficacy of different dust suppressing agents when cutting
different kinds of concrete (Boudreaux et al., 1997), creating a dump truck-mounted spray system
which can reduce water consumption by 30% while achieving the same amount of dust emission
suppression (Gambatese & James, 2001), and testing three different dust suppressants on

radioactive waste site for dust emission reduction (Ligotke et al., 1993).

SILT FENCES

Various studies have been conducted on the effectiveness of silt fences and other

windbreak efforts at reducing shear velocities downwind and, therefore, decreasing soil
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erodability. Billman & Arya (1985) conducted a wind tunnel study on wind erosion from different
shaped soil piles and how different fence porosities, heights, and distances from the piles reduce
dust emissions downwind. At 50% porosity and a distance from the pile equal to the height of the
fence, there was a 53% reduction in dust emissions compared to the bare pile. Additionally, with
10 trials varying pile heights and distances from the fence to the pile, a mean of 52.2% in dust

emission reduction was measured (Billman & Arya, 1985).

Golder Associates released a Literature Review of Current Fugitive Dust Control Practices
within the Mining Industry in 2010. They noted that artificial wind barriers could reduce fugitive
dust emissions by 4%-88% in general, but they may reduce dust emissions from a storage pile by

75% (Golder Associates, 2010).

In-situ dust emission monitoring was performed to access dust emissions from coal
stockpiles and the ability for wind fences to reduce fugitive dust emissions due to high winds. It
was concluded that practically, the reduction of dust emissions from wind fences is 40+/-10%, but
when optimally placed, could reduce dust emissions up to 75+/-10%, though this is difficult due
to impossibilities such as restriction due to vehicular access (King, 1997). Cowherd & Kinsey
(1986) found that wind fences with a 50% porosity can reduce total suspended particulates by 64%

on average.

Windbreak technology is very common in agricultural settings, so various studies have
been performed to access the effectiveness of these windbreaks at reducing dust emissions from
agricultural fields, which can be closely related to construction sites due to their bare soil nature.
Brandle et al., (2004) tested wind speed reductions from a single row conifer, with porosities of
40-60%, similar to the porosity of a standard silt fence in the GGHA (Toronto and Region
Conservation, 2009). Their work concluded that wind speed reductions at five times and 30 times
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the windbreak height were 70% and 5%, respectively, with an average of 34% reduction over the

whole distance.

Computer simulations have also been conducted to assess the effectiveness of trees as
windbreaks. After determining the drag coefficient of a Black Pine tree, computational fluid
dynamics (CFD) simulations were run and concluded that wind speeds were reduced by 50% at
15 times the tree height (Bitog, et al., 2012). He et al., (2017) developed and validated a simple
windbreak model for reducing wind speeds to help mitigate windchill from sheep. They concluded
that to achieve a maximum wind speed reduction of 27%, a porosity of 0.5 is ideal, which
reinforces the decision by the Toronto Regional Conservation Authroity (TRCA) to have silt

fences with a porosity of 0.5.

MULTI BARRIER APPROACH

While investigating visibility issues due to suspended dust particles, Hagen & Skidmore
(1977) concluded that though reducing dust emissions at the source or diffusing/trapping particles
may reduce particle concentrations in air, a combination would be most appropriate during high

wind erosion events or where soils are most susceptible (Hagen & Skidmore, 1977).

Lemly (1982) also noted during his research on stabilization treatments at urban and
highway construction sites on red clay soils that a multi-barrier would significantly improve
erosion control, yet economical and construction policy seems to deter contractors from taking this

Initiative.
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DUST EMISSIONS AND DUST SUPPRESSANTS ON UNPAVED ROADS

Construction projects are riddled with unpaved roads during the early stages of
construction. These unpaved roads act as a source of fugitive dust emission and disturbed dust
emission from vehicles travelling over the roads. In section 13.2.2 of the AP-42: Compilation of
Air Emissions Factors, developed by the United States Environmental Protection Agency
(USEPA), a simple empirical equation is described for estimating dust emissions from unpaved

roads on industrial construction sites from vehicle disturbances:

S\ (WP
E=k() (3) &
Where:
E = size-specific emission factor [kg VMT']
s = surface material silt content [%]
W = mean vehicle weight [tons]
k,a,b=0.7,0.9, 0.45 (respectively; for PM o)
Ep, = (N-P) N'!
N = # days month™!

P = # days with precipitation >0.25 mm month™!

Kinsey et al., 2005, conducted a variety of in-situ field tests and determined an emission
of 3.1 kg PMio VKT (given similar conditions as those estimates from the AP-42 equations
mentioned above) while noting that equations used in section 13.2.2 of the AP-42 underpredict

their own findings by a factor of three (Muleski & Cowherd, 1999).

Other works that have explored dust emissions from vehicle travel and its respective BMP

suppression performance include Goossens et al., 2012, who conducted wind erosion
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measurements with off-road vehicles, Edvardsson et al., 2012, looking at dust suppressant
performance on gravel roads in Sweden, Amato et al., 2010, a review on dust emission reduction
strategies from urban PM emissions, Edvardsson & Magnusson, 2009, developed a methodology
for monitoring dust emissions from gravel roads, Vernath et al., 2003, conducted fieldwork and
analytic models for fugitive dust transport from vehicles, and Etyemezian et al., 2003, who

determined influencing factors for vehicle-based road emissions in Treasure Valley, ID.

SCARIFICATION

Scarification is another common best management practice that can be used on
construction sites. This process is a tillage operation that increases the random roughness of a soil
structure using tracks of large machinery. In the book Environmental Benefits: Status and
Knowledge (Baker et al., 2006), the authors concluded that this could achieve a 25 percent
reduction in the rate of wind erosion. Appendix C of Alberta’s Ministry of Transportation’s Design
Guidelines for Erosion and Sediment Control advise operators to use this method on exposed

slopes, large flat surfaces, and stockpile areas to achieve 30-50% reduction in emissions.

DISCONNECT BETWEEN ENVIRONMENTAL PROTECTION, ECONOMICS AND
POLICY

After conducting the literature review, it was noted that many of the researchers expressed
a disconnect between expected environmental protection requirements, available economics, and

policies regarding wind sediment and erosion control. During the telecommuncations interviews,
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many contractors and city workers expressed the lack of consideration or requirement to include
wind erosion and atmospheric dust emission BMPs in erosion and sediment control plants on-site.
Lemly (1982) concluded that though best management practices can significantly decrease dust
erosion, economic and construction policies make it difficult for contractors to take the initiative.
The Utah Water Research Laboratory, out of Utah State University, published the “Manual of
erosion control principles and practices” in 1978 and included that even though the implementation
of best management practices for erosion control has improved significantly, it is still a significant
problem. The lack of readily available knowledge to improve erosion control and resistance to
implementing these improvements because of lack of familiarity are likely reasons why it has been

challenging to continue to improve the solution to the problem (Clyde et al., 1978).
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CHAPTER 5 - METHODOLOGY USING THE CONSTRUCTION INDUED DUST
EMISSIONS MANAGEMENT (CIDEM) MODEL

Using the Wind Erosion Prediction System (WEPS, Tatarko et al., 2016), bare soil
emissions, BMP performance, and construction activity effects were modelled to estimate PM o
emissions of various soil types during the typical construction project timeline. Previous works
using WEPS to assess wind erosion on agricultural sites include L.J. Hagen, 1991, Skidmore and
van Donk, 2003, Coen et al., 2004, Weiss et al., 2013, and Chen et al., 2013. In addition, various
WEPS validation works are offered by Funk et al., 2004, Feng and Sharratt, 2007, and Buschiazzo
and Zobeck, 2008. Jarrah et al., 2020, completed an extensive review of critical wind erosion

models, including WEPS.

Figure 3 provides a conceptual flow diagram for the CIDEM model used to evaluate

construction sites for dust emissions.
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Figure 3: Conceptual flow diagram for the CIDEM model

Using a table of agricultural land use developed by Weiss et al., 2013, with a similar
methodology using WEPS, pre-development emissions were estimated to compare to mid-
development emissions and BMP performance. Combined, these features create the basis for the
new Construction Induced Dust Emissions Model (CIDEM), a regional probabilistic dust
emissions management model to estimate PM o emissions from construction sites and to optimize

BMPs. CIDEM is also capable of estimating regional dust emissions for larger-scale applications
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while including probabilistic construction data to better estimate trends in construction site effects

on regional PMio emissions.

THE WIND EROSION PREDICTION SYSTEM (WEPS)

WEPS, a process-based model using daily time-steps, estimates soil loss from agricultural
sites using a combination of weather, hydrology, management, crop, residue decomposition, soil,
and erosion sub-models (Tatarko et al., 2016). This field-scale prediction model was used in this
study, similar to Hagen (2004) and Weiss (2012), assuming a 1 ha field with non-erodible
boundaries to predict bare emissions from the 11 soil types that comprise the topsoil layer
surrounding Lake Simcoe. By modifying the management files to represent typical timelines,
processes, best management practices used in construction, and using the pre-development
conditions, the change in PMio emission from pre-development to mid-development can be

predicted.

BARE EMISSIONS AND MANAGEMENT IN WEPS

Modelling scenarios for mid-development emissions were developed using WEPS. Using
wind and weather files acquired from Weiss et al., 2013 that represent weather conditions
surrounding Lake Simcoe (Rochester weather files found in WEPS were used and validated for
Lake Simcoe; standard meteorological parameters were compared by Weiss et al., 2013, as per
Figures A.1, A.2, and A.3, found in the Appendix), bare emission estimates were generated for
each 11 soil types found in the region. A Lake Simcoe soil map was provided by the Lake Simcoe

Conservation Authority as Figure A.4 in the Appendix. Similar calculations were generated for
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managed land, or construction induced land, with management files generated and integrated by
the National Resource Conservation Services (NRCS) that represent each construction activity or
BMP being modelled. Bare emissions were then split into three classes based on soil composition
and erosion susceptibility: Highly susceptible (High), Sand, Loamy Sand, Sandy Loam, Fine
Sandy Loam; Moderately susceptible (Medium), Silt, Organic Soil, Silt Loam; Less susceptible

(Low), Clay Loam, Silty Clay Loam, Loam, Clay.

THE CONSTRUCTION PROCESS IN ONTARIO

Interviews were conducted with construction and city workers in the Lake Simcoe region
to develop the following information about construction in the surrounding area and can be found
in Appendix A. These telephone interviews with 10 contractors, city workers, or construction
company representatives categorize construction activities and achieve a better understanding of
the relationship between PMo emissions and construction activities in Ontario. A generalization
and breakdown of the construction schedule with the activities that are most susceptible to PM o
emissions are described below. The first three processes of construction, grubbing (removal of
trees and other debris), levelling, and servicing, were deemed the most susceptible to dust
emissions due to the soil’s constant exposure to the wind, removal of pre-existing vegetation, and
disturbances to the soil during these processes. One process must be completed before the next

can begin.

When construction sites become larger (greater than 1 ha), contractors may be required to

phase their sites to reduce the instantaneous workload, requiring fewer vehicles and reducing
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equipment and personnel costs (Gharabaghi et al., 2006). The area of the construction phases is

unique from site to site.

Building Reports and Statistics from Barrie from January 2014 to December 2017 are
summarized in Figure 8, influencing the way the construction activity breakdown was developed
as dust emissions are strongly related to weather patterns. Using the average of the surface area
of contracts for each month found in the Barrie Building Reports and Statistics, it is understood
from Figure 8 that construction in the Lake Simcoe area occurs primarily in two seasons: Spring

(April, May, June) and Fall (August, September, October).

A PROBABILISTIC APPROACH TO A DUST EMISSIONS MODEL FOR CONSTRUCTION SITES

As the exact location, size, and timing of future construction activities within a region can
be difficult to predict, a probabilistic approach is incorporated into the regional scale in this
methodology. This includes incorporating the spatial and temporal variation of construction within
the region to the model estimation results. As future construction sites have not been developed,
data pertaining to previous construction site can be used to achieve a more educated prediction of
future annual construction activity distribution as the impact of PMio emissions is seasonally

variable within the region.

THE CONSTRUCTION INDUCED DUST EMISSIONS MANAGEMENT (CIDEM)
MODEL
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Contractors need to minimize the environmental impact of PM1o emissions from active
construction sites (mid-development phases) by incorporating best management practices (BMPs)
to try and reduce dust emissions down to the pre-development emission levels. All equations found
in this study, other than the unpaved road emissions, were generated in the development of the

CIDEM as part of this study. The general form of the CIDEM model is then:

APM10 Emissions From Construction Activites (PM10)[PM10 kg ha™! month™1]
= Mid Development Emissions (MDE) [PM10 kg ha™! month™1]
— Pre Development Emissions (PDE) [PM10 kg ha™! month™1]

MID DEVELOPMENT EMISSIONS (MDE)

To determine the impact of construction activities on bare soil emissions, model runs with
modified management files were run for each phase of construction for each soil class and

compared to bare soil emissions to create conversion factors.

MDE = Bare Emissions
X (Mid Development Factor (MDF)

+ Untreated Emissions Factor(UEF)) + Unpaved Roads @)

Depending on the division of sections within each phase, a fraction of the phase surface

area may have different activities or BMPs in each section.
MDF = Construction Factor (CF) 3)

X Best Management Practice Factor (BMPF)

THE CONSTRUCTION FACTOR (CF)
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(1