


Appendix F
(includes Attachments A, B, C, and D)

Equations and Background Information from AP-42



ATTACHMENT A
BACKGROUND INFORMATION USED IN
ESTIMATING EMISSIONS FROM WIND EROSION*

“U.S. Environmental Protection Agency, 1995. Compilation of Air Pollutant Emission Factors, Volume I: Stationary and Area
Sources, AP-42 Fifth Edition, U.S. Environmental Protection Agency, Research Triangle Park, NC, Section 13.2.5, pp. 13.2.5-1
to 13.2.5-14. )



13.2.5 Industrial Wind Erosion

13.2.5.1 Generall?

Dust emissions may be generated by wind erosion of open aggregate storage piles and
exposed aréas 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/area) 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:

us z
uz)=— In_ >z ¢))
¢4) 03 Zo ( o)
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. e., 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.
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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 Equation*
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/m?) per year as follows:

N
Emission factor =k ) P; )
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/m?

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 pym . <25um
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
ilustrated, 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:

P=58@u*-u, )2+25u* -y,
(u u, ) (u u, ) 3

)
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.

1/95 : Miscellaneous Sources 13.2.5-3



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 cm 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.5 If the surface material contains nonerodible
elements that are too large to include in the sieving (i. e., greater than about 1 cm in diameter), the
effect of the elements must be taken into account by increasing the threshold friction velocity.!?

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

Tyler Sieve No. Opening (mm) Midpoint (mm) u’(cmvs) -
5 4 '
9 2 3 100
16 1 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.
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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,=05cm
Overburden®* 1.02 0.3 21 19
Scoria (roadbed material)* 1.33 0.3 27 25
Ground coal (surrounding 0.55 0.0} 16 10

coal pile)*

Uncrusted coal pile* 1.12 0.3 23 21
Scraper tracks on coal pile**? 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 Lightly 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)

“;0 = 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. e., 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 (u,) 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 u/u?

Percent Of Pile Surface Area
Pile Subarea Pile A Pile Bl 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
0.9 12 14 15 14
1.1 NA NA 3 4

2 NA = not applicable.

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

1. Correct the fastest mile value (u*) for the period 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)
ulo =u ————————————
In (z/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

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

0.4y
* = s =0.10y
N 75 's Y]
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
MN).
3. Tabulate fastest mile values (u*) for each frequency of disturbance and correct them

to 10 m (u;) using Equation 5.5

4. Convert fastest mile values (u,o) to equivalent friction velocities (u*), taking into
account (2) 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.

S. For elevated surfaces (piles), subdivide areas of constant N into subareas of constant
u® (i. e., within the isopleth values of ug/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.

1. 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.
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2. Whenever the fastest mile event occurs, there are usuaily a number of periods of

slightly lower mean wind speed that contain peak gusts of the same order as the
fastest mile wind speed.

Of greater concern 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, conta.lmng about 2000 megagrams (Mg) of coal, with a bulk density of 800 kilograms

per cubic meter (kg/m 3 (50 pounds per cubic feet (Ib/f3]). The total exposed surface area of the pile
is calculated as follows:

S=zr(+1h?
= 3.14(14.6) (14.6)> + (11.0)2
= 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 velocxty, 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 13.2.54 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 §,

+ + [ln(lO/0.00S)
U = U

7 In (7/0.005)

1.05 us

-
Uo
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Prevailing

Wind
Direction Circled valuesa
refer to ug/u,.
———>

* A portion of Cy is disturbed daily by reclaiming activities.

——Pile Suxface

M;;‘ _:;s:_ p 4 Area (m?)
A 0.9 12 101
B 0.6 . 48 402
C + G 0.2 40 33
Total 838

Figure 13.2.5-3. Examplé 1: Pile surface areas within each wind speed regime.
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Figure 13.2.5-4. Example daily fastest miles wind for periods of interest.
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Step 4: The next step is to convert the fastest mile value for each 3-day period into the
equivalent friction velocities for each surface wind regime (i. e., 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 13.2.54. 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 13.2.54 (Metric And English Units). EXAMPLE 1:
CALCULATION OF FRICTION VELOCITIES

uy uly u* = 0.1ud (ws)
3-Day Period mph m/s mph m/s u/u.: 0.2 | u/u:0.6 | ufu: 0.9
1 14 6.3 15 6.6 0.13 - 0.40 0.59
2 9 130 | 31 13.7 027 082 1.23
3 30 134 | 32 141 0.28 0.84 1.27
4 31 139 | 33 146 0.29 0.88 1.31
5 2 98 | 23 103 0.21 0.62 0.93
6 21 94 | 22 99 0.20 0.59 0.89
7 16 7.2 17 7.6 0.15 0.46 0.68
8 25 112 | 26 118 0.24 0.71 1.06
9 17 76 | 18 8.0 0.16 0.48 0.72
10 13 58 | 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 =58t~ u') +25u"- 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-§ (Metric Units). EXAMPLE 1: CALCULATION OF PM-10 EMISSIONS?

Pile Surface
u'-u’ Area kPA
3-Day Period | u” (m/s) (mv/s) P (g/m?) ID (m?) ®)
2 1.23 0.11 3.45 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

* Where u,” = 1.12 m/s for uncrusted coal and k = 0.5 for PM-10.

The emissions of particulate matter greater than 10 um (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 = lyr.

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, uy = 1.05u7, so thatu}, = 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 S: 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') +25u" - u)

P = 58(0.77 - 0.54) +25(0.77 - 0.54)
= 3.07 + 5.75

= 8.82g/m?

Thus the PM-10 emissions for the 1-month period are found to be:

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

= 3.0kg
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13.2.4 Aggregate Handling And Storage Piles

13.2.4.1 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).

£ W N e

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 95 6 16-80 54
Coal 12 20-77 46 11 28-11 4.8
Slag 3 30-73 53 3 025-2.0 092

Flue dust 3 27-23 13 | — 7
Coke breeze 2 44-54 49 2 64-92 178
Blended ore 1 - 15 1 — 6.6
Sinter | — 0.7 0 — —
_ Limestone 3 04-23 1.0 2 ND 0.2
Stone quarrying and processing 2 Crushed limestone 2 1.3-19 1.6 2 03-11 07
' Various limestone products 8 08-14 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 2.8-20 6.9
Overburden 15 38-15 175 0 — —
Exposed ground 3 5.1-21 15 3 08-64 34
Coal-fired power plant 1 Coal (as received) 60 06-48 22 59 27-74 45
Municipal solid waste landfilis 4 Sand 1 — 2.6 1 — 1.4
Slag 2 30-47 38 2 23-49 136

Cover 5 50-16 9.0 5 89-16 12

Clay/dirt mix 1 — 9.2 1 — 14

Clay 2 45-74 6.0 2 8§9-11 10

Fly ash 4 78 - 81 80 4 26-29 27

Misc. fill materials 1 - 12 1 — 11

* 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:}!
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emission factor

particle size multiplier (dimensionless)

mean wind speed, meters per second (m/s) (miles per hour [mph])
material moisture content (%)
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The particle size multiplier in the equation, k, varies with aerodynamic particle size range, as follows:

Aerodynamic Particle Size Multiplier (k) For Equation 1

< 30 um < 15 um < 10 um < 5um < 2.5 um
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

Wi
Silt Content Moisture Content ind Speed
(%) (%) : m/s mph
044 -19 0.25-4.38 06-6.7 1.3-15°

1/95 , Miscellaneous Sources 13.2.4-3



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
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