13.2 Fugitive Dust Sources

Significant atmospheric dust arises from the mechanical disturbance of granular material
exposed to the air. Dust generated from these open sources is termed "fugitive" because it is not
discharged to the atmosphere in a confined flow stream. Common sources of fugitive dust include
unpaved roads, agricultural tilling operations, aggregate storage piles, and heavy construction
operations.

For the above sources of fugitive dust, the dust-generation process is caused by 2 basic
physical phenomena:

1.  Pulverization and abrasion of surface materials by application of mechanical force
through implements (wheels, blades, etc.).

2. Entrainment of dust particles by the action of turbulent air currents, such as wind erosion
of an exposed surface by wind speeds over 19 kilometers per hour (km/hr) (12 miles per
hour [mph]).

In this section of AP-42, the principal pollutant of interest is PM-10 — particulate matter (PM)
no greater than 10 micrometers in aerodynamic diameter (umA). Because PM-10 is the size basis for
the current primary National Ambient Air Quality Standards (NAAQS) for particulate matter, it
represents the particle size range of the greatest regulatory interest. Because formal establishment of
PM-10 as the primary standard basis occurred in 1987, many earlier emission tests have been
referenced to other particle size ranges, such as:

TSP Total Suspended Particulate, as measured by the standard high-volume ("hi-vol") air
sampler, has a relatively coarse size range. TSP was the basis for the previous
primary NAAQS for PM and is still the basis of the secondary standard. Wind tunnel
studies show that the particle mass capture efficiency curve for the high-volume
sampler is very broad, extending from 100 percent capture of particles smaller than
10 um to a few percent capture of particles as large as 100 pm. Also, the capture
efficiency curve varies with wind speed and wind direction, relative to roof ridge
orientation. Thus, high-volume samplers do not provide definitive particle size
information for emission factors. However, an effective cut point of 30 pm
aerodynamic diameter is frequently assigned to the standard high volume sampler.

SP Suspended Particulate, which is often used as a surrogate for TSP, is defined as PM
with an aerodynamic diameter no greater than 30 um. SP may also be denoted as PM-
30.

1P Inhalable Particulate is defined as PM with an aerodynamic diameter no greater than
15 um IP also may be denoted as PM-15.

FpP Fine Particulate is defined as PM with an aerodynamic diameter no greater than
2.5 um. FP may also be denoted as PM-2.5.

The impact of a fugitive dust source on air pollution depends on the quantity and drift
potential of the dust particles injected into the atmosphere. In addition to large dust particles that
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settle out near the source (often creating a local nuisance problem), considerable amounts of fine
particles also are emitted and dispersed over much greater distances from the source. PM-10
represents a relatively fine particle size range and, as such, is not overly susceptible to gravitational
settling.

The potential drift distance of particles is governed by the initial injection height of the
particle, the terminal settling velocity of the particle, and the degree of atmospheric turbulence.
Theoretical drift distance, as a function of particle diameter and mean wind speed, has been computed
for fugitive dust emissions. Results indicate that, for a typical mean wind speed of 16 km/hr
(10 mph), particles larger than about 100 um are likely to settle out within 6 to 9 meters (20 to 30 feet
[f]) from the edge of the road or other point of emission. Particles that are 30 to 100 pm in diameter
are likely to undergo impeded settling. These patticles, depending upon the extent of atmospheric
turbulence, are likely to settle within a few hundred feet from the road. Smaller particles, particularly
IP, PM-10, and FP, have much slower gravitational settling velocities and are much more likely to
have their settling rate retarded by atmospheric turbulence.

Control techniques for fugitive dust sources generally involve watering, chemical stabilization,
or reduction of surface wind speed with windbreaks or source enclosures. Watering, the most common
and, generally, least expensive method, provides only temporary dust control. The use of chemicals to
treat exposed surfaces provides longer dust suppression, but may be costly, have adverse effects on
plant and animal life, or contaminate the treated material. Windbreaks and source enclosures are often
impractical because of the size of fugitive dust sources.

The reduction of source extent and the incorporation of process modifications or adjusted work
practices, both of which reduce the amount of dust generation, are preventive techniques for the
control of fugitive dust emissions. These techniques could include, for example, the elimination of
mud/dirt carryout on paved roads at construction sites. On the other hand, mitigative measures entail
the periodic removal of dust-producing material. Examples of mitigative control measures include
clean-up of spillage on paved or unpaved travel surfaces and clean-up of material spillage at conveyor
transfer points.
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13.2.3 Heavy Construction Operations
13.2.3.1 General

Heavy construction is a source of dust emissions that may have substantial temporary impact
on local air quality. Building and road construction are 2 examples of construction activities with high
emissions potential. Emissions during the construction of a building or road can be associated with
land clearing, drilling and blasting, ground excavation, cut and fill operations (i.e., earth moving), and
construction of a particular facility itself. Dust emissions often vary substantially from day to day,
depending on the level of activity, the specific operations, and the prevailing meteorological
conditions. A large portion of the emissions results from equipment traffic over temporary roads at
the construction site.

The temporary nature of construction differentiates it from other fugitive dust sources as to
estimation and control of emissions. Construction consists of a series of different operations, each
with its own duration and potential for dust generation. In other words, emissions from any single
construction site can be expected (1) to have a definable beginning and an end and (2) to vary
substantially over different phases of the construction process. This is in contrast to most other
fugitive dust sources, where emissions are either relatively steady or follow a discernable annual
cycle. Furthermore, there is often a need to estimate areawide construction emissions, without regard
to the actual plans of any individual construction project. For these reasons, following are methods by
which either areawide or site-specific emissions may be estimated.

13.2.3.2 Emissions And Correction Parameters

The quantity of dust emissions from construction operations is proportional to the area of land
being worked and to the level of construction activity. By analogy to the parameter dependence
observed for other similar fugitive dust sources,! one can expect emissions from heavy construction
operations to be positively correlated with the silt content of the soil (that is, particles smaller than
75 micrometers [pum] in diameter), as well as with the speed and weight of the average vehicle, and to
be negatively correlated with the soil moisture content.

13.2.3.3 Emission Factors

Only 1 set of field studies has been gerformed that attempts to relate the emissions from
construction directly to an emission factor.!? Based on field measurements of total suspended
particulate (TSP) concentrations surrounding apartment and shopping center construction projects, the
approximate emission factors for construction activity operations are:

E = 2.69 megagrams (Mg)/hectare/month of activity
E = 1.2 tons/acre/month of activity

These values are most useful for developing estimates of overall emissions from construction
scattered throughout a geographical area. The value is most applicable to construction operations with:
(1) medium activity level, (2) moderate silt contents, and (3) semiarid climate. Test data were not
sufficient to derive the specific dependence of dust emissions on correction parameters. Because the
above emission factor is referenced to TSP, use of this factor to estimate particulate matter (PM) no
greater than 10 pm in aerodynamic diameter (PM-10) emissions will result in conservatively high
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estimates. Also, because derivation of the factor assumes that construction activity occurs 30 days per
month, the above estimate is somewhat conservatively high for TSP as well.

Although the equation above represents a relatively straightforward means of preparing an
areawide emission inventory, at least 2 features limit its usefulness for specific construction sites.
First, the conservative nature of the emission factor may result in too high an estimate for PM-10 to be
of much use for a specific site under consideration. Second, the equation provides neither information
about which particular construction activities have the greatest emission potential nor guidance for
developing an effective dust control plan.

For these reasons, it is strongly recommended that when emissions are to be estimated for a
particular construction site, the construction process be broken down into component operations.
(Note that many general contractors typically employ planning and scheduling tools, such as critical
path method [CPM], that make use of different sequential operations to allocate resources.) This
approach to emission estimation uses a unit or phase method to consider the more basic dust sources
of vehicle travel and material handling. That is to say, the construction project is viewed as consisting
of several operations, each involving traffic and material movements, and emission factors from other
AP-42 sections are used to generate estimates. Table 13.2.3-1 displays the dust sources involved with
construction, along with the recommended emission factors.3

In addition to the on-site activities shown in Table 13.2.3-1, substantial emissions are possible
because of material tracked out from the site and deposited on adjacent paved streets. Because all
traffic passing the site (i. e., not just that associated with the construction) can resuspend the deposited
material, this "secondary” source of emissions may be far more important than ail the dust sources
actually within the construction site. Furthermore, this secondary source will be present during all
construction operations. Persons developing construction site emission estimates must consider the
potential for increased adjacent emissions from off-site paved roadways (see Section 13.2.1, "Paved
Roads™). High wind events also can lead to emissions from cleared land and material stockpiles.
Section 13.2.5, "Industrial Wind Erosion", presents an estimation methodology that can be used for
such sources at construction sites.

13.2.3.4 Control Measures*

Because of the relatively short-term nature of construction activities, some control measures
are more cost effective than others. Wet suppression and wind speed reduction are 2 common
methods used to control open dust sources at construction sites, because a source of water and material
for wind barriers tend to be readily available on a construction site. However, several other forms of
dust control are available.

Table 13.2.3-2 displays each of the preferred control measures, by dust source.>* Because
most of the controls listed in the table modify independent variables in the emission factor models, the
effectiveness can be calculated by comparing controlled and uncontrolled emission estimates from
Table 13.2.3-1. Additional guidance on controls is provided in the AP-42 sections from which the
recommended emission factors were taken, as well as in other documents, such as Reference 4.
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Table 13.2.3-1. RECOMMENDED EMISSION FACTORS FOR CONSTRUCTION OPERATIONS?

Construction Phase

Dust-generating Activities

Recommended Emission Factor

Comments

Rating
Adjustme:ntb

1. Demolition and
debris removal

. Demolition of buildings or

other (natural) obstacles

such as trees, boulders, etc.

a. Mechanical
dismemberment
("headache ball") of
existing structures

b. Implosion of existing
structures

c. Drilling and blasting of
soil

d. General land clearing

. Loading of debris into

trucks

. Truck transport of debris

4. Truck unloading of debris

NA

NA
Drilling factor in Table 11.9-4

Blasting factor NA

Dozer equation (overburden) in
Tables 11.9-1 and 11.9-2
Material handling factor in
Section 13.2.2

Unpaved road emission factor
in Section 13.2.2, or paved road
emission factor in

Section 13.2.1

Material handling factor in
Section 13.2.2

Blasting factor in

considered appropriate for

May occur offsite

Tables 11.9-1 and 11.9-2 not

general construction activities

l'__é;'

NA
-1/-2°

-0/-1°

-0/-1°

-0/-1°
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Table 13.2.3-1 (cont.).

Rating
Construction Phase Dust-generating Activities Recommended Emission Factor Comments Adjusl:mentb
II. Site Preparation . Bulldozing Dozer equation (overburden) in -1/-2¢
(earth moving) Tables 11.9-1 and 11.9-2
. Scrapers unloading topsoit Scraper unloading factor in -1
Table 11.9-4
. Scrapers in travel Scraper (travel mode) expression -0/-1¢
in Tables 11.9-1 and 11.9-2
. Scrapers removing topsoil 5.7 kg/vehicle kilometer traveled g4
(VKT) (20.2 Ib/vehicle mile
traveled [VMT])
. Loading of excavated material | Material handling factor in -0/-1¢
into trucks Section 13.2.2
. Truck dumping of fill Material handling factor in May occur offsite -0/-1¢
material, road base, or other Section 13.2.2
materials
. Compacting Dozer equation in Emission factor -1/-2¢
‘ Tables 11.9-1 and 11.9-2 downgraded because of
differences in operating
equipment
. Motor grading Grading equation in Tables 11.9-1 -1/-2¢

and 11.9-2
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Table 13.2.3-1 (cont.).

3.

Other operations

Section 13.2.2

Factors for similar material/operations
in Chapter 11 of this document

Ratin
Construction Phase Dust-generating Activities Recommended Emission Factor Comments Adjustrnintb
III. General 1. Vehicular traffic Unpaved road emission factor in -0/-1¢
Construction Section 13.2.2, or paved road emission -0/-1¢
factor in Section 13.2.1
2. Portable plants
a. Crushing Factors for similar material/operations -1/-2°¢
in Chapter 11 of this document
b. Screening Factors for similar material/operations -1/-2¢
in Chapter 11 of this document
¢. Material transfers Material handling factor in -0/-1°

2 NA = not applicable.
b Refers to how many additional letters the emission factor should be downrated (beyond the guidance given in the other sections of AP-42)
for application to construction activities. For example, "-2" means that an A-rated factor should be considered of C quality in estimating
construction emissions. All emission factors assumed to have site-specific input values; otherwise, additional downgrading of one letter

should be employed. Note that no rating can be lower than E.
© First value for cases with independent variables within range given in AP-42 section; second value for cases with at least 1 variable outside

the range.

d Rating for emission factor given. Reference 5.
€ In the event that individual operations cannot be identified, one may very conservatively overestimate PM-10 emissions by using

Equation 1.



Table 13.2.3-2. CONTROL OPTIONS FOR GENERAL CONSTRUCTION
OPEN SOURCES OF PM-10

Emission Source Recommended Control Method(s)
Debris handling Wind speed reduction
Wet suppression®
Truck transportb Wet suppression
Paving

Chemical stabilization®

Bulldozers Wet suppressiond
Pan scrapers ' Wet suppression of travel routes
Cut/fill material handling Wind speed reduction
Wet suppression
Cut/fill haulage Wet suppression
Paving

Chemical stabilization

General construction Wind speed reduction
Wet suppression
Early paving of permanent roads

2 Dust control plans should contain precautions against watering programs that confound trackout
problems.

Y | oads could be covered to avoid loss of material in transport, especially if material is transported
offsite.

¢ Chemical stabilization usually cost-effective for relatively long-term or semipermanent unpaved
roads. _

d Excavated materials may already be moist and not require additional wetting. Furthermore, most
soils are associated with an "optimum moisture" for compaction.

References For Section 13.2.3

1. C. Cowherd, Jr., et al., Development Of Emissions Factors For Fugitive Dust Sources,
EPA-450/3-74-03, U. S. Environmental Protection Agency, Research Triangle Park, NC,
June 1974.

2. G. A. Jutze, et al., Investigation Of Fugitive Dust Sources Emissions And Control,
EPA-450/3-74-036a, U. S. Environmental Protection Agency, Research Triangle Park, NC,
June 1974.

3. Background Documentation For AP-42 Section 11.2.4, Heavy Construction Operations, EPA
Contract No. 69-D0-0123, Midwest Research Institute, Kansas City, MO, April 1993.

4. C. Cowherd, et al., Control Of Open Fugitive Dust Sources, EPA-450/3-88-008,
U. S. Environmental Protection Agency, Research Triangle Park, NC, September 1988.
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M. A. Grelinger, et al., Gap Filling PM-10 Emission Factors For Open Area Fugitive Dust
Sources, EPA-450/4-88-003, U. S. Environmental Protection Agency, Research Triangle Park,
NC, March 1988.
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13.2.4 Aggregate Handling And Sterage Piles
13.24.1 General

Inherent in operations that use minerals in aggregate form is the maintenance of outdoor
storage piles. Storage piles are usually left uncovered, partially because of the need for frequent
material transfer into or out of storage.

Dust emissions occur at several points in the storage cycle, such as material loading onto the
pile, disturbances by strong wind currents, and loadout from the pile. The movement of trucks and
loading equipment in the storage pile area is also a substantial source of dust.

13.2.4.2 Emissions And Correction Parameters

The quantity of dust emissions from aggregate storage operations varies with the volume of
aggregate passing through the storage cycle. Emissions also depend on 3 parameters of the condition
of a particular storage pile: age of the pile, moisture content, and proportion of aggregate fines.

When freshly processed aggregate is loaded onto a storage pile, the potential for dust
emissions is at a maximum. Fines are easily disaggregated and released to the atmosphere upon
exposure to air currents, either from aggregate transfer itself or from high winds. As the aggregate
pile weathers, however, potential for dust emissions is greatly reduced. Moisture causes aggregation
and cementation of fines to the surfaces of larger particles. Any significant rainfall soaks the interior
of the pile, and then the drying process is very slow.

Silt (particles equal to or less than 75 micrometers [um] in diameter) content is determined by
measuring the portion of dry aggregate material that passes through a 200-mesh screen, using
ASTM-C-136 method.! Table 13.2.4-1 summarizes measured silt and moisture values for industrial
aggregate materials.

13.2.4.3 Predictive Emission Factor Equations

Total dust emissions from aggregate storage piles result from several distinct source activities
within the storage cycle:

Loading of aggregate onto storage piles (batch or continuous drop operations).

Equipment traffic in storage area.

Wind erosion of pile surfaces and ground areas around piles.

Loadout of aggregate for shipment or for return to the process stream (batch or continuous
drop operations).

.J:.w!\.)-—

Either adding aggregate material to a storage pile or removing it usually involves dropping the
material onto a receiving surface. Truck dumping on the pile or loading out from the pile to a truck
with a front-end loader are examples of batch drop operations. Adding material to the pile by a
conveyor stacker is an example of a continuous drop operation.
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Table 13.2.4-1. TYPICAL SILT AND MOISTURE CONTENTS OF MATERIALS AT VARIOUS INDUSTRIES?

Silt Content (%) Moisture Content (%)
No. Of No. Of No. Of
Industry Facilities Material Samples | Range | Mean | Samples Range Mean
Iron and steel production 9 Pellet ore 13 1.3-13 43 11 064-40 22
Lump ore 9 28-19 9.5 6 1.6 - 8.0 5.4
Coal 12 20-77 4.6 11 2.8-11 4.8
Slag 3 30-73 5.3 3 0.25-20 092
Flue dust 3 27-23 13 1 — 7
Coke breeze 2 44-54 49 2 64-92 7.8
Blended ore 1 — 15 1 — 6.6
Sinter 1 — 0.7 0 — —
Limestone 3 04-23 1.0 2 ND 0.2
Stone quarrying and processing 2 Crushed limestone 2 13-19 1.6 2 03-11 0.7
Various limestone products 8 0.8-14 39 8 046 -50 2.1
Taconite mining and processing 1 Pellets 9 22-54 34 7 005-20 09
Tailings 2 ND 11 1 — 04
Western surface coal mining 4 Coal 15 34-16 6.2 7 28-20 6.9
Overburden 15 38-15 7.5 0 — —
Exposed ground 3 51-21 15 3 0.8-64 34
Coal-fired power plant 1 Coal (as received) 60 0.6 -438 2.2 59 27-74 4.5
Municipal solid waste landfills 4 Sand 1 — 2.6 I . 7.4
Slag 2 30-47 38 2 23-49 3.6
Cover 5 50-16 9.0 5 89-16 12
Clay/dirt mix l — 9.2 1 — 14
Clay 2 45-74 6.0 2 89-11 10
Fly ash 4 78 -81 80 4 26-29 27
Misc. fill materials 1 — 12 1 — 11

2 References 1-10. ND = no data.




The quantity of particulate emissions generated by either type of drop operation, per kilogram

(kg) (ton) of material transferred, may be estimated, with a rating of A, using the following empirical
expression:

U )‘ 3
E =k(0.0016) _(L (kg/megagram [Mg])

(1)

U )‘ 3
5
E =k(0.0032)

o1

(pound [Ib}/ton)

where:

E = emission factor
k = particle size multiplier (dimensionless)

U = mean wind speed, meters per second (m/s) (miles per hour [mph])
M = material moisture content (%)

The particle size multiplier in the equation, k, varies with aerodynamic patticle size range, as follows:

Aerodynamic Particle Size Multiplier (k) For Equation 1

<30 pm < 15 ym < 10 pm <5 um < 2.5 pm
0.74 0.48 0.35 0.20 0.11

The equation retains the assigned quality rating if applied within the ranges of source
conditions that were tested in developing the equation, as follows. Note that silt content is included,
even though silt content does not appear as a correction parameter in the equation. While it is
reasonable to expect that silt content and emission factors are interrelated, no significant correlation
between the 2 was found during the derivation of the equation, probably because most tests with high
silt contents were conducted under lower winds, and vice versa. It is recommended that estimates

from the equation be reduced 1 quality rating level if the silt content used in a particular application
falls outside the range given:

Ranges Of Source Conditions For Equation 1

. ) Wind Speed
Silt Content Moisture Content
(%) (%) m/s mph
044 - 19 0.25-4.8 0.6 -6.7 13-15
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To retain the quality rating of the equation when it is applied to a specific facility, reliable
correction parameters must be determined for specific sources of interest. The field and laboratory
procedures for aggregate sampling are given in Reference 3. In the event that site-specific values for
correction parameters cannot be obtained, the appropriate mean from Table 13.2.4-1 may be used, but
the quality rating of the equation is reduced by 1 letter.

For emissions from equipment traffic (trucks, front-end loaders, dozers, etc.) traveling between
or on piles, it is recommended that the equations for vehicle traffic on unpaved surfaces be used (see
Section 13.2.2). For vehicle travel between storage piles, the silt value(s) for the areas among the
piles (which may differ from the silt values for the stored materials) should be used.

Worst-case emissions from storage pile areas occur under dry, windy conditions. Worst-case
emissions from materials-handling operations may be calculated by substituting into the equation
appropriate values for aggregate material moisture content and for anticipated wind speeds during the
worst case averaging period, usually 24 hours. The treatment of dry conditions for Section 13.2.2,
vehicle traffic, "Unpaved Roads", follows the methodology described in that section centering on
parameter p. A separate set of nonclimatic correction parameters and source extent values
corresponding to higher than normal storage pile activity also may be justified for the worst-case
averaging period.

13.2.4.4 Controls!?13

Watering and the use of chemical wetting agents are the principal means for control of
aggregate storage pile emissions. Enclosure or covering of inactive piles to reduce wind erosion can
also reduce emissions, Watering is useful mainly to reduce emissions from vehicle traffic in the
storage pile area. Watering of the storage piles themselves typically has only a very temporary slight
effect on total emissions. A much more effective technique is to apply chemical agents (such as
surfactants) that permit more extensive wetting. Continuous chemical treating of material loaded onto
piles, coupled with watering or treatment of roadways, can reduce total particulate emissions from
aggregate storage operations by up to 90 percent.12

References For Section 13.2.4

1. C. Cowherd, Jr., et al., Development Of Emission Factors For Fugitive Dust Sources,
EPA-450/3-74-037, U. S. Environmental Protection Agency, Research Triangle Park, NC,
June 1974,

2. R. Bohn, et al., Fugitive Emissions From Integrated Iron And Steel Plants, EPA-600/2-78-050,

U. S. Environmental Protection Agency, Cincinnati, OH, March 1978.

3. C. Cowherd, Jr., et al., Iron And Steel Plant Open Dust Source Fugitive Emission Evaluation,
EPA-600/2-79-103, U. S. Environmental Protection Agency, Cincinnati, OH, May 1979.

4, Evaluation Of Open Dust Sources In The Vicinity Of Buffalo, New York, EPA Contract
No. 68-02-2545, Midwest Research Institute, Kansas City, MO, March 1979.

5. C. Cowherd, Jr., and T. Cuscino, Jr., Fugitive Emissions Evaluation, MR1-4343-L, Midwest
Research Institute, Kansas City, MO, February 1977.
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T. Cuscino, Jr., ef al., Taconite Mining Fugitive Emissions Study, Minnesota Pollution Control
Agency, Roseville, MN, June 1979.

Improved Emission Factors For Fugitive Dust From Western Surface Coal Mining Sources,
2 Volumes, EPA Contract No. 68-03-2924, PEDCo Environmental, Kansas City, MO, and
Midwest Research Institute, Kansas City, MO, July 1981.

Determination Of Fugitive Coal Dust Emissions From Rotary Railcar Dumping, TRC,
Hartford, CT, May 1984.

PM-10 Emission Inventory Of Landfills In the Lake Calumet Area, EPA Contract
No. 68-02-3891, Midwest Research Institute, Kansas City, MO, September 1987.

Chicago Area Particulate Matter Emission Inventory — Sampling And Analysis, EPA Contract
No. 68-02-4395, Midwest Research Institute, Kansas City, MO, May 1988.

Update Of Fugitive Dust Emission Factors In AP-42 Section 11.2, EPA Contract
No. 68-02-3891, Midwest Research Institute, Kansas City, MO, July 1987.

G. A. Jutze, et al., Investigation Of Fugitive Dust Sources Emissions And Control,
EPA-450/3-74-036a, U. S. Environmental Protection Agency, Research Triangle Park, NC,
June 1974.

C. Cowherd, Jr., et al., Control Of Open Fugitive Dust Sources, EPA-450/3-88-008,
U. S. Environmental Protection Agency, Research Triangle Park, NC, September 1988.
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13.2.5 Industrial Wind Erosion
13.2.5.1 General!?

Dust emissions may be generated by wind erosion of open aggregate storage piles and exposed
areas within an industrial facility. These sources typically are characterized by nonhomogeneous
surfaces impregnated with nonerodible elements (particles larger than approximately 1 centimeter [cm]
in diameter). Field testing of coal piles and other exposed materials using a portable wind tunnel has
shown that (a) threshold wind speeds exceed 5 meters per second (m/s) (11 miles per hour [mph]) at
15 cm above the surface or 10 m/s (22 mph) at 7 m above the surface, and (b) particulate emission
rates tend to decay rapidly (half-life of a few minutes) during an erosion event. In other words, these
aggregate material surfaces are characterized by finite availability of erodible material (mass/arca)
referred to as the erosion potential. Any natural crusting of the surface binds the erodible material,
thereby reducing the erosion potential.

13.2.5.2 Emissions And Correction Parameters

If typical values for threshold wind speed at 15 cm are corrected to typical wind sensor height
(7 - 10 m), the resulting values exceed the upper extremes of hourly mean wind speeds observed in
most areas of the country. In other words, mean atmospheric wind speeds are not sufficient to sustain
wind erosion from flat surfaces of the type tested. However, wind gusts may quickly deplete a
substantial portion of the erosion potential. Because erosion potential has been found to increase
rapidly with increasing wind speed, estimated emissions should be related to the gusts of highest
magnitude.

The routinely measured meteorological variable that best reflects the magnitude of wind gusts
is the fastest mile. This quantity represents the wind speed corresponding to the whole mile of wind
movement that has passed by the 1 mile contact anemometer in the least amount of time. Daily
measurements of the fastest mile are presented in the monthly Local Climatological Data (LCD)
summaries. The duration of the fastest mile, typically about 2 minutes (for a fastest mile of 30 mph),
matches well with the half-life of the erosion process, which ranges between 1 and 4 minutes. It
should be noted, however, that peak winds can significantly exceed the daily fastest mile.

The wind speed profile in the surface boundary layer is found to follow a logarithmic
distribution:

u* z
uz)=— In 2 Z>7 1
(2) T (z>z,) 1
where:
u= wind speed, cm/s
u = friction velocity, cm/s
z = height above test surface, cm
z, = roughness height, cm

0.4 = von Karman’s constant, dimensionless
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The friction velocity (u*) is a measure of wind shear stress on the erodible surface, as determined from
the slope of the logarithmic velocity profile. The roughness height (z,) is a measure of the roughness
of the exposed surface as determined from the y intercept of the velocity profile, i. €., the height at

which the wind speed is zero. These parameters are illustrated in Figure 13.2.5-1 for a roughness
height of 0.1 cm.

Arithmetic Representation Semi-Logarithmic Representation

10m » 10m »

Lleight, Z

Wind Speedat Z
Wind Speed at 10 m

Figure 13.2.5-1. Illustration of logarithmic velocity profile.

Emissions generated by wind erosion are also dependent on the frequency of disturbance of the
erodible surface because each time that a surface is disturbed, its erosion potential is restored. A
disturbance is defined as an action that results in the exposure of fresh surface material. On a storage
pile, this would occur whenever aggregate material is either added to or removed from the old surface.
A disturbance of an exposed area may also result from the turning of surface material to a depth
exceeding the size of the largest pieces of material present.

13.2.5.3 Predictive Emission Factor Equation4

The emission factor for wind-generated particulate emissions from mixtures of erodible and
nonerodible surface material subject to disturbance may be expressed in units of grams per square
meter (g/mz) per year as follows:

N
Emission factor=k Y P, 2)
i=1
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where:

k = particle size multiplier

N = number of disturbances per year

P, = erosion potential corresponding to the observed (or probable) fastest mile of wind for
the ith period between disturbances, g/m2

The particle size multiplier (k) for Equation 2 varies with aerodynamic particle size, as follows:

Aerodynamic Particle Size Multipliers For Equation 2

30 um <15 pm <10 pm <2.5 pym
1.0 0.6 0.5 0.2

This distribution of particle size within the under 30 micrometer (um) fraction is comparable to
the distributions reported for other fugitive dust sources where wind speed is a factor. This is
illustrated, for example, in the distributions for batch and continuous drop operations encompassing a
number of test aggregate materials (see Section 13.2.4).

In calculating emission factors, each area of an erodible surface that is subject to a different
frequency of disturbance should be treated separately. For a surface disturbed daily, N = 365 per year,
and for a surface disturbance once every 6 months, N = 2 per year.

The erosion potential function for a dry, exposed surface is:

T
1]

58 (u*- ut*)2+25(u* - ut*)
3)

o]
il

*
0 for u’<u,

where:

*

u = friction velocity (m/s)
u, = threshold friction velocity (m/s)

Because of the nonlinear form of the erosion potential function, each erosion event must be treated
separately.

Equations 2 and 3 apply only to dry, exposed materials with limited erosion potential. The
resulting calculation is valid only for a time period as long or longer than the period between
disturbances. Calculated emissions represent intermittent events and should not be input directly into
dispersion models that assume steady-state emission rates.

For uncrusted surfaces, the threshold friction velocity is best estimated from the dry aggregate
structure of the soil. A simple hand sieving test of surface soil can be used to determine the mode of
the surface aggregate size distribution by inspection of relative sieve catch amounts, following the
procedure described below.
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FIELD PROCEDURE FOR DETERMINATION OF THRESHOLD FRICTION VELOCITY
(from a 1952 laboratory procedure published by W. S. Chepil):

1. Prepare a nest of sieves with the following openings: 4 mm, 2 mm, 1 mm, 0.5 mm,
and 0.25 mm. Place a collector pan below the bottom (0.25 mm) sieve.

2. Collect a sample representing the surface layer of loose particles (approximately 1 cm
in depth, for an encrusted surface), removing any rocks larger than about 1 em in
average physical diameter. The area to be sampled should be not less than 30 cm by

30 cm.
3. Pour the sample into the top sieve (4-mm opening), and place a lid on the top.
4, Move the covered sieve/pan unit by hand, using a broad circular arm motion in the

horizontal plane. Complete 20 circular movements at a speed just necessary to achieve -
some relative horizontal motion between the sieve and the particles.

5. Inspect the relative quantities of catch within each sieve, and determine where the
mode in the aggregate size distribution lies, i. e., between the opening size of the sieve
with the largest catch and the opening size of the next largest sieve.

6. Determine the threshold friction velocity from Table 13.2.5-1.

The results of the sieving can be interpreted using Table 13.2.5-1. Alternatively, the threshold friction
velocity for erosion can be determined from the mode of the aggregate size distribution using the
graphical relationship described by Gillette.>® If the surface material contains nonerodible elements
that are too large to include in the sieving (i. ., greater than about ! cm in diameter), the effect of the
elements must be taken into account by increasing the threshold friction velocity.lo

Table 13.2.5-1 (Metric Units). FIELD PROCEDURE FOR DETERMINATION OF
THRESHOLD FRICTION VELOCITY

Tyler Sieve No. Opening (mm) Midpoint (mm) u:‘ (cm/s)
5 4
9 2 3 100
16 I 1.5 76
32 0.5 0.75 58
60 0.25 0.375 43

Threshold friction velocities for several surface types have been determined by field
measurements with a portable wind tunnel. These values are presented in Table 13.2.5-2.

13.2.5-4
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Table 13.2.5-2 (Metric Units). THRESHOLD FRICTION VELOCITIES

Threshold Threshold Wind Velocity At
Friction 10 m (m/s)
Velocity Roughness

Material (m/s) Height (cm) z, = Act z,= 0.5 cm
Overburden® 1.02 03 21 19
Scoria (roadbed material)? 1.33 0.3 27 25
Ground coal (surrounding 0.55 0.01 16 10

coal pile)?

Uncrusted coal pile? 1.12 0.3 23 21
Scraper tracks on coal pilea’b 0.62 0.06 15 12
Fine coal dust on concrete pad® 0.54 0.2 11 10

2 Western surface coal mine. Reference 2.
b | ightly crusted.
¢ Eastern power plant. Reference 3.

The fastest mile of wind for the periods between disturbances may be obtained from the
monthly LCD summaries for the nearest reporting weather station that is representative of the site in
question.” These summaries report actual fastest mile values for each day of a given month. Because
the erosion potential is a highly nonlinear function of the fastest mile, mean values of the fastest mile
are inappropriate. The anemometer heights of reporting weather stations are found in Reference 8, and
should be corrected to a 10-m reference height using Equation 1.

To convert the fastest mile of wind (u™) from a reference anemometer height of 10 m to the

equivalent friction velocity (u*), the logarithmic wind speed profile may be used to yield the following
equation:

u®= 0.053 u, @

where:

u" = friction velocity (m/s)

ul+ o = fastest mile of reference anemometer for period between disturbances (m/s)

This assumes a typical roughness height of 0.5 cm for open terrain. Equation 4 is restricted to
large relatively flat piles or exposed areas with little penetration into the surface wind layer.

If the pile significantly penetrates the surface wind layer (i, ¢., with a height-to-base ratio
exceeding 0.2), it is necessary to divide the pile area into subareas representing different degrees of
exposure to wind. The results of physical modeling show that the frontal face of an elevated pile is
exposed to wind speeds of the same order as the approach wind speed at the top of the pile.
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For 2 representative pile shapes (conical and oval with flattop, 37-degree side slope), the ratios
of surface wind speed (uy) to approach wind speed (u,) have been derived from wind tunnel studies.’
The results are shown in Figure 13.2.5-2 corresponding to an actual pile height of 11 m, a reference
(upwind) anemometer height of 10 m, and a pile surface roughness height (z,) of 0.5 cm. The
measured surface winds correspond to a height of 25 cm above the surface. The area fraction within
each contour pair is specified in Table 13.2.5-3.

Table 13.2.5-3. SUBAREA DISTRIBUTION FOR REGIMES OF ug/u?

Percent Of Pile Surface Area
Pile Subarea Pile A Pile B1 Pile B2 Pile B3
0.2a 5 5 3 3
0.2b ’ 35 2 28 25
0.2¢ NA 29 NA NA
0.6a 48 26 29 28
0.6b NA 24 22 26
09 12 14 15 14
f.1 NA NA 3 4

4 NA = not applicable.

The profiles of u/u, in Figure 13.2.5-2 can be used to estimate the surface friction velocity
distribution around similarly shaped piles, using the following procedure:

1. Correct the fastest mile value (u*) for the p+eriod of interest from the anemometer
height (z) to a reference height of 10 m u, using a variation of Equation 1:

- In (10/0.005) )
Tn (/0.005)

where a typical roughness height of 0.5 cm (0.005 m) has been assumed. If a site-
specific roughness height is available, it should be used.

2. Use the appropriate part of Figure 13.2.5-2 based on the pile shape and orientation to
the fastest mile of wind, to obtain the corresponding surface wind speed distribution

(uy)

+ u +
w80 ©
I
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Pile B3

Plie B2
Figure 13.2.5-2. Contours of normalized surface windspeeds, u/u..
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3. For any subarea of the pile surface having a narrow range of surface yvind speed, use a
variation of Equation 1 to calculate the equivalent friction velocity (u ):

ut = 2% o0y

25 (7
In0.5
From this point on, the procedure is identical to that used for a flat pile, as described above.

Implementation of the above procedure is carried out in the following steps:

1. Determine threshold friction velocity for erodible material of interest (see

Table 13.2.5-2 or determine from mode of aggregate size distribution).

2. Divide the exposed surface area into subareas of constant frequency of disturbance (N).
3. Tabulate fastest mile values (u") for each frequency of disturbance and correct them to

10 m (u*) ysing Equation 5.5

4, Convert fastest mile values (u;,) to equivalent friction velocities (u*), taking into
account (a) the uniform wind exposure of nonelevated surfaces, using Equation 4, or
(b) the nonuniform wind exposure of elevated surfaces (piles), using Equations 6 and
7.

5. Fgr elevated surfaces (piles), subdivide arcas of constant N into subareas of constant
u (i. e., within the isopleth values of u/u, in Figure 13.2.5-2 and Table 13.2.5-3) and
determine the size of each subarea.

6. Treating each subarea (of constant N and u*) as a separate source, calculate the erosion
potential (P,) for each period between disturbances using Equation 3 and the emission
factor using Equation 2.

7. Multiply the resulting emission factor for each subarea by the size of the subarea, and
add the emission contributions of all subareas. Note that the highest 24-hour (hr)
emissions would be expected to occur on the windiest day of the year. Maximum
emissions are calculated assuming a single event with the highest fastest mile value for
the annual period.

The recommended emission factor equation presented above assumes that all of the erosion
potential corresponding to the fastest mile of wind is lost during the period between disturbances.
Because the fastest mile event typically lasts only about 2 minutes, which corresponds roughly to the
half-life for the decay of actual erosion potential, it could be argued that the emission factor
overestimates particulate emissions. However, there are other aspects of the wind erosion process that
offset this apparent conservatism:

1. The fastest mile event contains peak winds that substantially exceed the mean value
for the event.

2. Whenever the fastest mile event occurs, there are usually a number of periods of
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slightly lower mean wind speed that contain peak gusts of the same order as the fastest
mile wind speed.

Of greater concem is the likelihood of overprediction of wind erosion emissions in the case of
surfaces disturbed infrequently in comparison to the rate of crust formation.

13.2.5.4 Example 1: Calculation for wind erosion emissions from conically shaped coal pile

A coal burning facility maintains a conically shaped surge pile 11 m in height and 29.2 m in
base diameter, containing about 2000 megagrams (Mg) of coal, with a bulk density of 800 kilograms

per cubic meter (kgm3) (50 pounds per cubic feet [lb/ﬂ3]). The total exposed surface area of the pile
is calculated as follows:

@ S=nrVr +h?
= 3.14(14.6) (14.6)> + (11.0)
= 838 m?

Coal is added to the pile by means of a fixed stacker and reclaimed by front-end loaders
operating at the base of the pile on the downwind side. In addition, every 3 days 250 Mg
(12.5 percent of the stored capacity of coal) is added back to the pile by a topping off operation,
thereby restoring the full capacity of the pile. It is assumed that (a) the reclaiming operation disturbs
only a limited portion of the surface area where the daily activity is occurring, such that the remainder
of the pile surface remains intact, and (b) the topping off operation creates a fresh surface on the entire
pile while restoring its original shape in the area depleted by daily reclaiming activity.

Because of the high frequency of disturbance of the pile, a large number of calculations must
be made to determine each contribution to the total annual wind erosion emissions. This illustration
will use a single month as an example.

Step 1: In the absence of field data for estimating the threshold friction velocity, a value of
1.12 m/s is obtained from Table 13.2.5-2.

Step 2: Except for a small area near the base of the pile (see Figure 13.2.5-3), the entire pile
surface is disturbed every 3 days, corresponding to a value of N = 120 per year. It will be shown that
the contribution of the area where daily activity occurs is negligible so that it does not need to be
treated separately in the calculations.

Step 3: The calculation procedure involves determination of the fastest mile for each period of
disturbance. Figure 13.2.5-4 shows a representative set of values (for a 1-month period) that are
assumed to be applicable to the geographic area of the pile location. The values have been separated
into 3-day periods, and the highest value in each period is indicated. In this example, the anemometer
height is 7 m, so that a height correction to 10 m is needed for the fastest mile values. From Equation

% + _ + (In(10/0.005)
ulo u7 — e
In (7/0.005)

uj, = 1.05 uy
Step 4: The next step is to convert the fastest mile value for each 3-day period into the
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Prevailing

Wind
Direction Circled values
refer to u, fu,
-——-‘—

* A portiom of Gy ia diaturbed daily by reclaiming activities.

rces ay Mz
1D . X Area (n“)
A 0.9 —_I-Q_ 101
B .6 48 412
G + Gy 0.2 40 232
Total 8§38

Figure 13.2.5-3. Example 1: Pile surface areas within each wind speed regime.
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Local Climatological Data
Monthly Summary

Wind

Fastest

Mile
5 | ,
sl E| & | &
i1 E=2| 5,1 3| £
-4 & ) < = ) [a] a
13 14 15| 16 | 17 22
30| 53 6.9 9 | 36 {
o1 | 105 10.6 01 2
10| 24 60 | 10 | 02 3
13 | 110 14 | 16 | 13 4
2] 13 o | 15| 1 5
20| 11 | 190 [ Q9] 30 6
20| 196 | 198 [ (G| 30 7
20 | 109 12 | 17 | 30 8
2| 3 81 | 15 9
14 | 146 151 | 23 | 12 10
29 | 225 | 233 |G)| 2 1
17 79 135 | 23 | 17 12
21 77 155 | 18 | 18 13
10 45 96 | @] 13 14
0] e7 38 | 13 | 1 15
ot | 137 | 138 | QD] 36 6
33| 12 154115 | 34 17
27 | 43 58 [ 12 | 31 18
2| 93 102 {14 | 35 19
24| 75 7.8 24 20
22| 103 106 | 1o | 20 21
321 171 173 | @) | 32 22
20 | 24 85 | 14 | 13 23
07 59 88 | 15 | 02 24
34| 113 11.7 @ 2 25
3| 121 122 | le | 32 26
0| 83 85 | 16 | 26 27
30 22 83 | )| 32 28
33 5.0 66 | 10 | 32 29
34 | 3.1 52 9 | 3 30
20 | 49 55 8 | 25 31

For the Month:

30| 33 1M1 | 31 | 29

Date: 11

Figure 13.2.5-4. Example daily fastest miles wind for periods of interest.
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equivalent friction velocities for each surface wind regime (i. €., u/u, ratio) of the pile, using
Equations 6 and 7. Figure 13.2.5-3 shows the surface wind speed pattern (expressed as a fraction of
the approach wind speed at a height of 10 m). The surface areas lying within each wind speed regime
are tabulated below the figure.

The calculated friction velocities are presented in Table 13.2.5-4. As indicated, only 3 of the
periods contain a friction velocity which exceeds the threshold value of 1.12 m/s for an uncrusted coal
pile. These 3 values all occur within the u/u = 0.9 regime of the pile surface.

Table 13.2.5-4 (Metric And English Units). EXAMPLE 1:
CALCULATION OF FRICTION VELOCITIES

u* = 0.1u" (m/s)
W ¥ s

3-Day Period mph m/s mph m/s u/u.: 0.2 u/u.: 0.6 u/u;: 0.9
I 14 6.3 15 6.6 0.13 0.40 0.59
2 29 13.0 31 13.7 0.27 0.82 1.23
3 30 134 32 14.1 0.28 0.84 127
4 31 3.9 33 14.6 0.29 0.88 1.31
5 22 9.8 23 10.3 0.21 0.62 0.93
6 21 94 22 99 0.20 0.59 0.89
7 16 72 17 7.6 0.15 0.46 0.68
8 25 11.2 26 11.8 0.24 0.71 1.06
9 17 7.6 18 8.0 0.16 0.48 0.72
10 13 5.8 14 6.1 0.12 0.37 0.55

Step 5: This step is not necessary because there is only 1 frequency of disturbance used in the
calculations. It is clear that the small area of daily disturbance (which lies entirely within the u/u, =
0.2 regime) is never subject to wind speeds exceeding the threshold value.

Steps 6 and 7: The final set of calculations (shown in Table 13.2.5-5) involves the tabulation
and summation of emissions for each disturbance period and for the affected subarea. The erosion
potential (P) is calculated from Equation 3.

For example, the calculation for the second 3-day period is:

P - 58u”- u) + 250~ u)
P, = 58(1.23 - 1.12)% + 25(1.23 - 1.12)

= 0.70 +2.75 = 3.45 g/m?
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Table 13.2.5-5 (Metric Units). EXAMPLE 1: CALCULATION OF PM-10 EMISSIONS?

. . Pile Surface
. DEERIN Area kPA
3-Day Period | u” (m/s) (m/s) P (g/m?) ID (m?) )
2 1.23 0.11 345 A 101 170
3 1.27 0.15 5.06 A 101 260
4 1.31 0.19 6.84 A 101 350
TOTAL 780

3 Where u: = 1.12 m/s for uncrusted coal and k = 0.5 for PM-10.

The emissions of particulate matter greater than 10 pm (PM-10) generated by each event are
found as the product of the PM-10 multiplier (k = 0.5), the erosion potential (P), and the affected area
of the pile (A).

As shown in Table 13.2.5-5, the results of these calculations indicate a monthly PM-10
emission total of 780 g.

13.2.5.5 Example 2: Calculation for wind erosion from flat area covered with coal dust

A flat circular area 29.2 m in diameter is covered with coal dust left over from the total
reclaiming of a conical coal pile described in the example above. The total exposed surface area is
calculated as follows:

s = % d? = 0.785 (29.2)* = 670 m?

This area will remain exposed for a period of 1 month when a new pile will be formed.

Step 1: In the absence of field data for estimating the threshold friction velocity, a value of
0.54 m/s is obtained from Table 13.2.5-2.

Step 2: The entire surface area is exposed for a period of 1 month after removal of a pile and
N = l/yr.

Step 3: From Figure 13.2.5-4, the highest value of fastest mile for the 30-day period (31 mph)
occurs on the 11th day of the period. In this example, the reference anemometer height is
7 m, so that a height correction is needed for the fastest mile value. From Step 3 of the previous
example, u‘;O = 1.05 u", so that ut 55 33 mph.

Step 4: Equation 4 is used to convert the fastest mile value of 14.6 m/s (33 mph) to an
equivalent friction velocity of 0.77 m/s. This value exceeds the threshold friction velocity from Step 1
so that erosion does occur.

Step 5: This step is not necessary, because there is only 1 frequency of disturbance for the
entire source area.
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Steps 6 and 7: The PM-10 emissions generated by the erosion event are calculated as the

product of the PM-10 multiplier (k = 0.5), the erosion potential (P) and the source area (A). The
erosion potential is calculated from Equation 3 as follows:

P = 58u”- u) +25(*- u,)

P = 58(0.77 - 0.54)% +25(0.77 - 0.54)

3.07+ 5.75

]

8.82 g/m?

Thus the PM-10 emissions for the {-month period are found to be:

E = (0.5)(8.82 g/m?)(670 m?)

=3.0kg
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13.2 Fugitive Dust Sources

Significant atmospheric dust arises from the mechanical disturbance of granular material
exposed to the air. Dust generated from these open sources is termed "fugitive" because it is not
discharged to the atmosphere in a confined flow stream. Common sources of fugitive dust include
unpaved roads, agricultural tilling operations, aggregate storage piles, and heavy construction
operations.

For the above sources of fugitive dust, the dust-generation process is caused by 2 basic
physical phenomena:

1. Pulverization and abrasion of surface materials by application of mechanical force
through implements (wheels, blades, etc.).

2.  Entrainment of dust particles by the action of turbulent air currents, such as wind erosion
of an exposed surface by wind speeds over 19 kilometers per hour (km/hr) (12 miles per
hour [mph]).

In this section of AP-42, the principal pollutant of interest is PM-10 — particulate matter (PM)
no greater than 10 micrometers in aerodynamic diameter (umA). Because PM-10 is the size basis for
the current primary National Ambient Air Quality Standards (NAAQS) for particulate matter, it
represents the particle size range of the greatest regulatory interest. Because formal establishment of
PM-10 as the primary standard basis occurred in 1987, many earlier emission tests have been
referenced to other particle size ranges, such as:

TSP  Total Suspended Particulate, as measured by the standard high-volume ("hi-vol") air
sampler, has a relatively coarse size range. TSP was the basis for the previous
primary NAAQS for PM and is still the basis of the secondary standard. Wind tunnel
studies show that the particle mass capture efficiency curve for the high-volume
sampler is very broad, extending from 100 percent capture of particles smaller than
10 um to a few percent capture of particles as large as 100 pm. Also, the capture
efficiency curve varies with wind speed and wind direction, relative to roof ridge
orientation. Thus, high-volume samplers do not provide definitive particle size
information for emission factors. However, an effective cut point of 30 um
aerodynamic diameter is frequently assigned to the standard high volume sampler.

Sp Suspended Particulate, which is often used as a surrogate for TSP, is defined as PM
with an aerodynamic diameter no greater than 30 um. SP may also be denoted as PM-
30.

1P Inhalable Particulate is defined as PM with an aerodynamic diameter no greater than
15 ym [P also may be denoted as PM-15.

FP Fine Particulate is defined as PM with an aerodynamic diameter no greater than
2.5 ym. FP may also be denoted as PM-2.5.

The impact of a fugitive dust source on air pollution depends on the quantity and drift
potential of the dust particles injected into the atmosphere. In addition to large dust particles that
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settle out near the source (often creating a local nuisance problem), considerable amounts of fine
particles also are emitted and dispersed over much greater distances from the source. PM-10
represents a relatively fine particle size range and, as such, is not overly susceptible to gravitational
settling.

The potential drift distance of particles is governed by the initial injection height of the
particle, the terminal settling velocity of the particle, and the degree of atmospheric turbulence.
Theoretical drift distance, as a function of particle diameter and mean wind speed, has been computed
for fugitive dust emissions. Results indicate that, for a typical mean wind speed of 16 km/hr
(10 mph), particles larger than about 100 um are likely to settle out within 6 to 9 meters (20 to 30 feet
[ft]) from the edge of the road or other point of emission. Particles that are 30 to 100 pm in diameter
are likely to undergo impeded settling. These particles, depending upon the extent of atmospheric
turbulence, are likely to settle within a few hundred feet from the road. Smaller particles, particularly
IP, PM-10, and FP, have much slower gravitational settling velocities and are much more likely to
have their settling rate retarded by atmospheric turbulence.

Control techniques for fugitive dust sources generally involve watering, chemical stabilization,
or reduction of surface wind speed with windbreaks or source enclosures. Watering, the most common
and, generally, least expensive method, provides only temporary dust control. The use of chemicals to
treat exposed surfaces provides longer dust suppression, but may be costly, have adverse effects on
plant and animal life, or contaminate the treated material. Windbreaks and source enclosures are often
impractical because of the size of fugitive dust sources.

The reduction of source extent and the incorporation of process modifications or adjusted work
practices, both of which reduce the amount of dust generation, are preventive techniques for the
control of fugitive dust emissions. These techniques could include, for example, the elimination of
mud/dirt carryout on paved roads at construction sites. On the other hand, mitigative measures entail
the periodic removal of dust-producing material. Examples of mitigative control measures include
clean-up of spillage on paved or unpaved travel surfaces and clean-up of material spillage at conveyor
transfer points.
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