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SECTION 1.0
INTRODUCTION

The U.S. Enviromnmental Protection Agency (EPA) has revised the Naticnal
Ambient Air Quality Standard (NAAQS) for particulate matter (PM). The new
standard is based on PM with an aerodynamic diameter of Jess than or equal to
10 um (PM,,). Revision of this standard means that $tates must review their
PM emission inventories and State Implementation Plans (SIPs).

EPA publishes an Agency document, Compilation of Air Pollutant Emission
Factors (AP-42),! to provide the states with quality-rated emission factors for
use in preparing emission inventories and SIPs. However, PM, , emissicn
factors for some open dust sources are not presently contained in AP-42. The
purpose of this report is to fill gaps that exist in the PM,, emission factors
for those sources. PM,, factors have been derived using scientific and
engineering judgement and employing data transfer techniques.

The PM,, factors derived in this study represent uncontrolled emissions
(unless noted) and should be used cautiously to fill gaps in PM,, emission in-
ventories. The most reliable emission factors are based on source-specific
test data. The reader is cautioned to-use the gap filling factors only for
situations where the stated caveats and assumptions are valid and for those
sources where no direct test data are otherwise availabie.

1 Compilation of Air Pollutant Emission Factors (AP-42), Volumes [ and [I,
U.S. Environmental Protection Agency, Office of Air and Radiation, Research
Triangle Park, NC, Fourth Edition: September 1985 and Supplement A:
October 1986.



SECTION 2.0
DEVELOPMENT OF PROPOSED PM,, EMISSION FACTORS

In this study, the first step consisted of the review of current AP-42
factors for applicability, with particular emphasis on particie size informa-
tion. For some open area dust sources, AP-42 presents particulate emission
factors for total suspended particulates (TSP) or other particle size frac-
tions which can be used in estimating PM,,. The second step was to search for
other documents which could contribute applicable PM,, emission factor
information. Finally, all! technical information was evaluated and methods
were proposed and then used to develop PM,, emission factors for the sources
of interest.

In particular, three general techniques were used to develop PM,
factors. The first technique consisted of dividing a source activity into
generic components and then combining available emission factors for these
activities into a new emission factor for the source of interest. The second
technique involved the formulation of a new factor using marginally applicable
but related factors and size-specific data. The third technique was to base a
PM,, factor on field testing data not currently reported in AP-42.

The above procedures resulted in PM,, emission factors for the sources
presented in Table 1. Each source is identified by category and dust-emitting
activity. Related AP-42 emission factors are listed, if available, together
with the basis for the proposed PM,, emission factor. .

Table 2 summarizes and assigns guality ratings to the proposed PM,, emis-
sion factors for open area dust sources of interest and notes the relevant
section of this report for each source. The gquality ratings (A-E) are esti-
mates of the reliability of the factors and aoply only when amission param-
aters ire sithin stated limits. Sections 3.0 through 17.0 oresent detailed
dackground intormation and methodclogy faor each of the proposea °M,, factors,:
and state all assumptions and caveats. Background documents used as refer-
ences and to prepare the PM,, emission factors have been assembled and are on
file at the Criteria Emissions Section of EPA's Qffice of Air Quality Planning
and Standards.

(%]



TABLE 1.

PMy o EMISSION FACTOR DEVELOPMENT

Appiicabie
Source AP-42
Category Activity sections Basis for proposed PM;,; emission factor

Agricuitural tilling Titling (mechanical) 11.,2.2 Current AP-42 facTor s specific 7o PM. 4.,

Agricul fural harvesTing of cotton Harvesting, l!oading, 6.16 PMy o facTors are cigsalv repraesentad v M.
fieid transport factors in AP-42.

(mechanical)

Agricuiturai harvesting of grain Harvesting, lcading, 6.17 PM; o factors are ciosely represented 0y PM.

field transport factors in AP-42.
. (mechanical)

Waste di<josal by burning Burning (comoustion) 2.4 Current TSP factors in AP-42 are norad 31s Seing
mosTiy submicron and thus aiso rsprasaentative
of PMy 4 factors.

Airport runways (unpaved) Aircraftt landings and 11.2.1% Unpaved road "M, 4 facTor .5 used #1Th reoresentz
takeoffs (mechanical tive parameters for small aircraft rurways
and wingd ercsion) together with a wing erosion mulitipgtier.

Cattie faediotrs Surface disturbance 6.15 Current TSP factors are made soecific To °M. 4
(mechanical); exposad 11.2.2 using an aerodynamic particie size muitioiier
araodibie surface from agricul tural soils.

(wind erqgsion); traffic
(mechanical)

ConsTruction site praparation Traffic ang matarials 1.2 TSP factors back-caiculared using discersion
hand!ing (mechanical modei ing are made specific rQ PM;, using an
and wind erosion) average PM4 /TSP ratio measured .n fthe field,

Qemal tion of structures Building desftrucrion 11.2 Current AP-42 PM, 4 facTors for Jartch drop

Off-nignway venicie ftraffic

32, Expiosive datora-
tion

b. Mechanical impac*

Dedris cleanuo

3. Deor:s ‘'oading
(mechanicat and
wind erosion)

9. Truck ftraffic

Traffic (mechanical);
surfaca disturbance
(wind erasion)

(continued)

operations and ungaved ~0ag Truck Trivel 2re
used rogether with rfwo measured TSP facrtors
(corracted Tt PM,; using 3 gener:ic darticlae Sil:
myitiplier) for *truck f1iiing. The PM., factor-
are Zomoinedq ind ~2i3Teq -2 “he -'cQOr 3pacs I+

demol! isned Juiiding JSiAg r21aTIonsSNios tom 2
survey of damofisned duiidings.

Measured PM., facTors for venicle Travel on
natural desart *errain are uysed for ‘our-wnee:
vehicias ang are corracTed jer AP-42 for
mororcycie ~heetis and ~e:ght,



TABLE

(Continued)

Source

Caregory

AcTivity

Applicabie
AP-42
sections

Basis for proposed PMy, emission factor

Municipal solid <aste landgfills

Coarse, dry tailings ponds

Transpoctation tire wear
Transpor+Tation brake wear

‘

Road sanding/saiting

Jnpaved parking !QTs

Tratfic (mechan:icai);
dumping (mechanicai);
covering with soul
(mechantcai and wind
3rqesion)

Exposed arodibie
surface (wind
erosion)

Traftic (machanical)

Traftfic (mechanicail)

Traffic (mechanical)

Traffic (mechanicai);
exposed erodible
surface (wing
erasion)

11.2.5
11.2.5

11.2.5

11.2.1

Emission inventories for Two iandfiil studies ars
+the basis for emissions from unpaved rcad rrave!
handiing of fi1l mareriais, and Jozer acTiviITy.

Current AP-42 factors are Jsed =0 <OTain 3 M. 4
tactor for MSW jangfills dased on MSW voiume re-
ceip?s and on~-site travel d)srance o the dis-~
posai site.

PMy g factor is closeiy reorasented Dy measured
PM, 5 facgTor.

PMy g4 factor was deveioped by EPA from |aboratory
and field stTudies,

PMy g factor was deveiocoed by IPA from |aboratory
sfudies.

Entire PM, 4 fraction (contained in the silt frac
rion) of the sand mixTure is assumed ro Seccme
airborne. These fractions are hased on measurecd
vaiues for sang and for western sandy soils.
Five percent of t+he appiied sait is assumed *2
dry on roadway and 10 percent of This film is
assumed to be driven off as PM, , emissions.

PM) 4 factor is Dased on AP-42 uynpaved road
facTor with default values for silt, numoer of
wheeis, venicle weightT, and venicle speed.




TABLE 2. PROPOSED GAP FILLING EMISSION FACTORS

(continned)

Estimated Applicable report
Source category Estimated PM 4 emission factor rafting section
Agricultural tilling AP-42 Equation 1 in 11.2.2.1 3.0
Agricultural harvestTing of cotton AP-42 Table 6.16-2 4.0
Agricultural narvesting of grain  AP-42 Tabie 6.17-1 5.0
. Waste disposal by burning AP-42 Tabtes 2.4-1, 2.4-2, and 2.4-3 5.0
AirporT runways (unpaved) 75s g/LTO 7.0
0.19s (b/LTO
Cattie feedluts 70 kg/day/1,000~-head capacity 8.0
180 I1b/day/1,000-head capacity
or 15 metric ton/1,000-head throughput
17 tons/1,000-head throughput
) 1"[‘ Tu . . . R
Construction site preparation 5.7 kg/VKT ) topsoil removal 9.0
20 ib/VMT
1.2 kg/VKT ot and fil1 operations
4.3 1b/VMT
.8 kg/V
2.8 kg/VKT } fruck haulage
10 1b/VMT
Cemclition of structures 56 g/m2 of demoiished floor area 10.0
9.011 1b/¢72 af demo! ished floor area
f—hi .
Qff-highway vehicle ftravel 1.8 kg/VKT }4-whee! vehiclas
6.3 1b/VMT 11,0
.25 &
.25 kg/VKT } motorcyctes
0.89 Ib/WMT =
. ‘ N
Mynic; . . . | ; ,
unicipal solid wsaste iandfills 0.4 g/mS_mi (2.0
Q0
Coarse, dry ftaiiings ponds 50 TV mg/m% of exposed tailings area 13.0
4.8 TV mg/ffz of exposed tailings area
TransportaTtion Tire wear ! mg/VKT 14,0
2 mg/VMT
Transportat.on brake wear 7.8 mg/VKT 15.0
: 13 mg/VMT



TABLE 2 (Continued)

Estimated Appiicable report
Source category Estimated PM; o emission factor rating section
Road sanding/salting 13s g/metric ton of applied sand E 16.0
0.03s Ib/ton of applied sand
4.3 kg/metric ton of applied salt
10 tb/ton of applied salf
iy (SSS‘D) t, f -
Unpaved parking (oTs 0.2 (L + W) a/venicle parked 0 7.3
365 .
(English unit not suitable) '
1
s = Siit content (3)
L70 = Landing/tTakeoff cycles
VMT = Vehicgie miles traveled
YKT = VYehicle kilometers ftraveled
Q = MSW volume (m>)
] = Distance between Jate and MSW disposal site (mi).
T = Number of minutes that wind velocity exceeds 19 m/s (42 mph) at 10 m above surface during specific

time period of interest

L = Dimension of parking lot perpendicular fo aisles (m)
= Dimension of parking lot parallel to aisles (m)



SECTION 3.0
AGRICULTURAL TILLING

3.1 BACKGROUND
The mechanical tilling of agricultural land injects dust particles into
the atmosphere as the soil is loosened or turned under by plowing, disking,
harrowing, one-waying, etc. There is a predictive emission factor equation in
AP-42, §11.2.2 for the estimation of dust emissions from agricultural tilling.
0.6
E = k(5.38)(s) kg/ha

E = k(4.80)(s)""° 1b/acre

where s = silt content (percent) of surface soil (default value of
18 percent)
k = particle size multiplier (dimensionless)

3.2 DERIVATION QOF PM,, EMISSION FACTOR

Field measurement tests are cited in AP-42 §11.2.2, "Agricultural Till-
ing," and provide the basis for deriving the PM,, emission factor. In this
instance, AP-42 provides an aerodynamic muitipiier to convert total suspended
particulate value to a PM,, value. The particle size multiplier, k, is given
as 0.21 for PM,,.

3.3 RECOMMENDED PM,, EMISSION FACTOR(S)

If a silt value can be obtaired, the emission factor =sgquation (with an
AP-42 rating of 3) fs:

m
i

(0.21)(5.38)(s) """ kg/ha

10

1.1¢s)""° kg/ha

l.O(s)o's 1b/acre

If a silt value cannot be obtained, a derauit value of 18 percent is
used, and the emission factor equation (with a C rating) is:

E (0.21)(5.38)(18)°"° kg/ha

10

6.4 kg/ha

5.7 1b/acre
7



The‘above equations-are based solely on information currently contained in
AP-42. Silt content of tested soils ranged from 1.7 to 88 percent.

3.4 REFERENCE DOCUMENTS
AP-42, 8§11.2.2 (with its references), including

Cuscino, T. A., Jr., et al., The Role of Agricultural Practices in Fugitive
Dust Emissions, California Air Resources Board, Sacramento, CA, June 1981.



SECTION 4.0
AGRICULTURAL HARVESTING OF COTTON

4.1 BACKGROUND

Mechanical harvesting of cotton involves three unit operations: harvest-
ing, trailer loading (basket dumping), and transport of trailers in the
field. Particulate emission factors from these operations were developed by
sampling downwind concentrations and then applying atmospheric diffusion
models. These emissions factors are shown in AP-42. Emissions are related to
machine speed, basket and trailer capacity, 1lint cotton yield, free silica
content, and transport speed. The particulates are composed mainly of raw
cotton dust and solid dust, which contains free silica.

4.2 BASIS FOR DERIVATIQON OF PM,, EMISSION FACTCR

Field measurement tests are cited in AP-42, §6.16. These tests produced
the particulate emission factors presented in Table 3 (AP-42 Table 6.16-2).
Emission factors are for total respirable particulate < 7 um mean aerodynamic
diameter.

4.3 RECOMMENDED PM,, EMISSION FACTOR(S)

PM,, factors are closely represented by the factors presented in Tabie 3
(< 7 uym mean aercdynamic diameter). The factors are based on average machine
speed of 1.34 m/s (3.0 mph) for pickers and 2<25 m/s (5.03 mph) for strippers,
on a basket capacity of 109 kg (240 1b), on a trajler capacity of six baskets,
on & lint cotton yield of 63.0 metric tons/km2 (1.17 bales/acre) for pickers
and 41.2 metric tons/km2 (0.77 bale/acre) for strippers, and on a transport
speed of 4.47 m/s (10.0 mph).

4.4 REFZRENCZ 0OOCUMENTS
AP-42, §6.16, including
Snyder, J. W., and T. R. Blackwood, Source Assessment: Mechanical Harvest-

ing of Cotton - State of the Art, EPA-600/2-77-107d, U.S. Environmental Pro-
tection Agency, Research Triangle Park, NC, July 1977.



TABLE 3. PARTICULATE EMISSION- FACTORS FOR COTTON HARVESTING OPERATIONS?
(Table 6.16-2 from AP-42)
EMISSION FACTOR RATING: - C

Trailer
Harvesting loading Transport Total
kg 1b kg 1b kg 1b kg 1b
Type of harvester km2 mi2 km2 mi?2 km2 mi 2 km2 mi 2
Picker®
Two-row, with basket 0.46 2.6 0.070 0.40 0.43 2.5 0.96 5.4
Stripperd
Two-row, pulled trailer 7.4 42 b - 0.28 1.6 7.7 44
Two-row, with basket 2.3 13 0.092 0.52 0.28 1.6 2.7 15
Four-row, with basket 2.3 13 0.092 0.52 0.28 1.6 2.7 15
Weighted average® 4.3 24 0.056 0.32 0.28 1.6 4.6 26

&mission factors are from Snyder, 1977 for particulate of < 7 um mean diameter.
bNot applicable.

gFree silica content js 7.9%: maximum content of pesticides and defoliants is 0.02%.
Free silica content is 2.3%: maximum content of pesticides and desiccants is 0.2%.

€The weighted stripping factors are based on estimates that 2% of all strippers are
four-row models with baskets, and of the remainder, 40% are two-row models with
pulling trajlers and 60% are two-row models with mounted baskets.

10



SECTION 5.0
AGRICULTURAL HARVESTING OF GRAIN

5.1 BACKGRQOUND

Mechanical harvesting of grain includes three operations: {1) crop han-
dling by harvest machine, (2) Toading of harvested crop into trucks, and
(3) transport by trucks on the field. Particulate emission rates from these
operations were developed by sampling downwind concentrations and then apply-
ing atmospheric diffusion models. These emission rates/factors are given in
AP-42 Table 6.17-1. Emissions are related to combine speed, combine swath
width, field transport speed, truck loading time, truck capacity, and truck
travel time, ' ‘

5.2 DERIVATION OF PM,, EMISSION FACTOR

Field measurement tests are cited in AP-42 §6.17. These tests produced
the particulate emission factors/rates in Table 4 (AP-42 Table 6.17-1) Emis-
sion factors are for total respirable particulate of < 7 um mean aerodynamic
diameter and also are estimates of PM,, factors.

5.3 RECOMMENDED PM,, EMISSION FACTOR(S)

PM,, factors are closely represented by the factors presented in AP-42
Table 4 (< 7 um mean aerodynamic diameter). Assumptions are an average com-
bine speed of 3.36 m/s, combine swath width of 6.07 m, a field transport speed
of 4.48 m/s, & truck loading time of 6 min, a truck capacity of 0.52 km2 for
wheat and 0.029 km?2 for sorghum, and a filled truck travel time of 125 s per
load.

5.4 REFERENCE JQCUMENTS
AP-42, §6.17, including
Wachter, R. A., and T. R. Blackwood, Source Assessment: Harvesting of Grain.

State of the Art, EPA 600/2-79-107f, U.S. Environmental Protection Agency,
Research Triangle Park, NC, July 1977.

11



EMISSION RATES/FACTORS FROM THE HARVESTING GRAINZ
(Table 6.17-1 from AP-42)
EMISSION FACTOR RATING: D

TABLE 4.

b

Emission rate Emission factor®
Wheat Sorghum Wheat Sorghum

Operation  1b/h mg/s 1b/h mg/s Ib/mi2z  g/km2  1b/mi? g/km?2
Harvest

machine 0.027 3.4 0.18 23.0 0.96 170.0 6.5 1,100.0
Truck - ,

loading 0.014 1.8 0.014 1.8 0.07 12.0 0.13 22.0
Field

transport 0.37 47.0 0.37 47.0 0.65 110.0 1.2 200.0

a
b

From Wachter, 1977 for particulate of < 7 uym mean aerodynamic diameter.
~Assumptions from Wachter, 1977 are an average combine speed of 3.36 m/s.

combine swath width of 6.07 meters, and a field transport speed of 4.48 m/s.
CIn addition to Note b, assumptions are a truck loading time of 6 min, a truck
capacity of 0.052 km2 for wheat and 0.029 km2 for sorghum, and a filled truck

travel time of 125 s/load.

12



SECTION 6.0
WASTE DISPOSAL BY BURNING

6.1 BACKGROUND

Open burning is used to dispose of both industrial and agricultural
wastes. Various burning emission factors are reported in AP-42, §2.4, but
there is no indication .of "exact" particle size. Dominant activities in-
fluencing emission levels are firing techniques, moisture content, and "fuel"
type.

6.2 BASIS FOR DERIVATION OF PM,, EMISSION FACTOR

Total particulate values for open and agricultural burning in AP-42
Tables 2.4-2 and 2.4-3 are footnoted as being mostly submicron, and thus
should represent PM,, emission factors well.

6.3 RECOMMENDED PM,, EMISSION FACTOR(S)

[t is assumed that all emission factors given in Tables 5 to 7 (AP-42
Tables 2.4-1 to 2.4-3) are < 10 umA. As a result, the attached AP-42
Tabies 2.4-1, 2.4-2, and 2.4-3 are representative also of PM,, emission
factors.

6.4 REFERENCE DOCUMENTS

AP-42, 82.4 (with its references).

13



TABLE 5. EMISSION FACTORS FOR OPEN BURNING OF NONAGRICULTURAL MATERIAL
(Table 2.4-1 from AP-42)
EMISSION FACTOR RATING: B

Sulfur  Carbon VOCa Nitrogen
Source Particulate oxides monoxide Methane Nommethane  oxides

“Municipal refuse®

kg/Mg 8 0.5 42 6.5 15 3

1b/ton 16 1 85 13 30 6
Automobile

components®

kg/Mg 50 Neg. 62 5 16 2

1b/ton 100 Neg. 125 10 32 4

dpata indicate that VOC emissions are approximately 25% methane, 8% other
saturates, 18% olefins, 42% others (oxygenates, acetylene, aromatics, trace

formaldehyde).

bReferences 2, 7 from AP-42,

CReference 2 from AP-42, §2.4.

together.

§2.4.
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TABLE 6. EMISSION FACTORS AND FUEL LOADING FACTCRS FOR

OPEN BURNING OF AGRICULTURAL MATERIALS®
(Table 2.4-2 from AP-42)
EMISSION FACTOR RATING: 8

b Carbon voc® Fuel loading factors
Particulate maonox i de Methane NonmeThane (waste production)
Reruse category kg/Mg ip/Ton kg/Mg 1b/ton xg/Mg ibston  kg/Mg  ib/fon  Mg/ha Tons/acre
Field :r‘or::sd
Jnspecifiead i 21 38 117 2.7 5.4 9 '8 1.3 2
3urn. g recnn:ques
1ot significantT

AsSparagus 20 40 75 150 10 20 33 66 3.4 )

3ariey 1 22 78 157 2.2 4.5 7.5 15 3.8 v7

Corn 7 14 34 108 2 4 6 12 3.1 1.2

Cot*on 4 8 38 176 0.7 1.4 2.5 5 3.8 1.7

Grasses 8 16 S0 101 2.2 4.5 7.5 15

Pineappie 4 8 36 112 1 2 3 6 .

Rice' 4 9 41 83 1.2 2.4 4 8 6.7 3.0

Safflower 9 18 72 144 3 6 10 20 2.9 1.3

Sorghum 9 18 38 77 1 2 3.5 7 6.5 2.9

Sugar cane' 2.5-3.5 6-8.4 30-41 60-81 0.6-2 1.2-3.8 2-6 4-12 8-46 3=17

Feaqaf i re Surningd
Aifalfa 23 45 53 106 4.2 8.5 14 28 1.8 2.3
3ean (red) 22 43 33 186 5.5 1 18 36 5.6 2.5
Hay (wild) 16 32 70 139 2.5 5 8.5 17 2.2 1.0
Oats 22 44 68 137 4 7.8 13 26 3.6 1.6
Pea 16 N 74 147 4.5 9 15 29 5.6 2.5
Aheat 1 22 64 128 2 4 6.5 13 3.3 1.9
Backfire burningk
Alfalfa 14 29 60 119 4,5 9 14 29 1.8 0.8
3ean (red), pea 7 14 72 148 3 6 10 19 5.6 2.5
~Hay (wiid) 8 17 75 150 2 4 6.5 13 2.2 1.0
lars 1 21 68 136 2 4 7 14 3.6 1.6
vheat 8 13 34 1c8 1.3 2.6 4.3 3 1.3 1.9
Vv e crops 3 5 26 51 0.8 1.7 3 5 3. 2.5
Aeeds
insoecified 3 13 12 85 1.5 3 1.5 2 7.2 3.2
Jussian "histle

‘~umoieweed) i 22 14 309 0.2 2.5 0.3 3 0.2 P

Tuies (wiid reeds) 3 5 17 34 3.2 5.5 10 2

CT~tnara :r:osj’!’"
Tspec: - 24 B 3 25 s2 2 2.z B 3 0.3 .3
-vrond 2 3 2z <6 2 Z 3 I3 .3
~00te 2 4 21 42 0.3 i T3 3 2.2 2.3
~or . coT 3 [} z4 19 | 2 3 A B .8
1vocago 10 21 s 1°6 3.8 7.3 12 25 3.4 1.5
lnerry 3 3 22 14 1.2 2.5 4 3 2.2 .0
Zi*trus (orange,

“2mon ) 3 3 1 31 1.5 3 3 2 2.2 .0
Jate paim 5 10 28 36 0.8 i.7 3 5 2.2 ]
g 4 7 28 57 1.2 2.5 4 8 4.9 2.2
Nec=arine 2 3 16 33 0.3 | i3 5 4.5 2.0
Jtive 6 12 37 1d 2 4 7 14 2.7 1.2
Seacn 3 & 21 42 0.6 1.2 2 4 5.6 2.5
Saar 3 9 28 57 1 2 3.5 7 5.8 2.6
Srune 2 3 21 42 0.4 G.7 1 2 2.7 1.2
Aalnut 3 6 24 47 ! 2 3 6 2.7 .2

(continued)
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TABLE 6 (continued)

b Carbon voc® Fue! loading factors
Particulate monoxi de Methane Nonmethane (waste production)

Refuse category kg/Mg Ib/tfon  kg/Mg Ib/fton kg/Mg Ibs/fon  kg/Mg 1b/fon  Mg/ha tons/acre
Forest residues”

Unspecified 8 17 70 140 2.8 5.7 9 19 157 70

Hemiock, Douglas

fir, cedar 2 4 45 90 0.6 1.2 2

Ponderosa pined 8 12 98 195 1.7 3.3 3.5 i

Note: References below are cited in AP~42, §2.4. ¢

bExpressed as weight of pollutant emitted/weight of refuse material burned.

Re.erence 12, Particulate matter from most agricultural refuse burning has been found to be in the
suomicrometer size range. :

Data indicate that VOC emissions average 22% methane, 7.3% other saturates, 17% oiefins, 15% acetylene,

38.5% unidentified. Unidentified VOC are expected to include aidehydes, ketones, aromatics,
cycloparaffins.

dReferences 12-13 for emission factors; Reference 14 for fuel loading factors.

For these refuse materials, no significant difference exists between emissions from headfiring or
birckfiring.

Factors represent emissions under typical high moisture conditions. |f ferns are dried to < 15}

o

moisture, particulate emissions will be reduced by 30%, CO emissions 233, vOC 74%.

Reference 1. When pineappie is allowed to dry to < 20% moisture, as it usually is, firing technique is
not important, When headfired at 20% moisture, particutate emissions will increase to 11.5 kg/Mg

(23 tb/ton) and VOC willi increase to 6.5 kg/Mg (13 1b/ton).

Factors are for dry (15% moisture) rice straw, If rice straw is burned at higher moisture levels,
particulate emissions will increase to 14.5 kg/Mg (29 Ib/ton), CO emissions to 80.5 kg/Mg (181 Ib/ton),

.and VOC emissions to 11.5 kg/Mg (23 ib/ton).

‘Reference 20. See Section 8.12 for discussion of sugar cane burning. The following fuel loading
factors are fo be used in the corresponding states: Louisiana, 8-13.6 Mg/ha (3-5 fons/acre); Florida,
11-19 Mg/ha (4-7 tons/acre); Hawaii, 30-48 Mg/ha (11-17 tons/acre). For other areas, values generally

increase with length of growing season. Use the larger end of the emission factor range for |ower
.loading factors,

4See text for definition of headfiring.

kSee text for definition of backfiring. This category, for emission estimation purposes, 1ncludes
another technique used occasicnally fo limit emissions, called intfo-the-wind strioiighting, wnich is
fighting fields in strios into the wind at 100-200-m (300-600-ft) intervals.
Orchard prunings are usuaitly burned in piles. There are no significant differences in emissions
between burning a "coid oile” and using 2 roli-on tacnnique, where prunings are bulldozed onto the
empers of a preceding fire.
"if orchard removal 1s The purpose of 3 surn, 66 Mg/ha (30 tons/acre) of waste will be arcduced.
Reference 10. NO_ emissions estimated at 2 kg/Mg (4 ib/ton).
Refersnce 15. X
SReferance 16.
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TABLE 7.

(Table 2.4-3 from AP-42)
EMISSION FACTOR RATING: B

EMISSION FACTORS FOR LEAF BURNING?

voc®
Particu]ateB Carbon monoxide Methane Nonmethane

Leaf species kg/Mg 1b/ton kg/Mg b/ton kg/Mg 1b/ton kg/Mg 1b/ton
8lack Ash 18 36 63.5 127 5.5 11 13.5 27
Modesto Ash 16 32 81.5 , 163 5 10 12 24
White Ash 21.5 43 57 113 6.5 13 16 32
Catalpa 8.3 17 44.5 89 2.5 5 6.5 13
Horse

Chestnut 27 54 73.5 147 8 17 20 40
Cottonwood 19 38 45 90 6 12 14 28
American Elm 13 26 59.5 119 4 8 9.5 19
Eucalyptus 18 36 45 90 5.5 11 13.5 27
Sweet Gum 16.5 33 70 140 5 10 12.5 25
Black Locust 35 70 65 130 11 22 26 52
Magnolia 6.5 13 27.5 55 2 4 5 10
Silver Maple 33 66 51 102 10 20 24.5 49
American

Sycamore 7.5 15 57.5 115 2.5 5 5.5 11
California

Sycamore 5 10 52 104 1.5 3 3.5 7
Tulip 10 20 38.5 77 3 6 7.5 15
Red QOak a6 92 68.5 137 14 28 34 69
Sugar Maple 26.5 53 54 108 8 16 20 40
Unspecified 19 38 56 112 6 12 14 28

~ %References 18-19 from AP-42, §2.4.

resylts
ignited
4ingrow

either at the

Factors are an arithmetic average of
obtained by burning high and Tow moisture content conical piles,
top ar around the periphery of the battom.
irrangement w»as anly *tested on Modesto Ash, Catalpa, imericin Zim,

The

Sweet Gum, Silver Mapie, and Tulip, and results dare inciuded in the iver-
_ages for these species.
OThe majority of particulates is submicron in size.
CTests indicate that VOC emissions average 29% methane, 11% other satu-

rates, 33% olefins, 27% other (aromatics, acetylene, oxygenates).
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SECTION 7.0
AIRPORT RUNWAYS (UNPAVED)

7.1 BACKGROUND

Emissions from aircraft landings and takeoffs are caused by mechanical
entrainment of soil by aircraft wheel/surface contact and by wind erosion from
the aircraft wake. There is no directly applicable emission factor in
AP-42. However, unpaved road emissions are quantified in AP-42, §11.2.1, and
are believed to be appropriate for estimating emissions from unpaved airport
runways. Runways are a minor source (i.e., compared to rural unpaved
roads). Emissions vary with geographic area as reflected in dry days and soil
texture.

7.2 BASIS FOR DERIVATION QF PM,, EMISSION FACTOR

The unpaved road equation from AP-42, §11.2.1, should be used:

- ___S_ __S— __\i_ 0.7 !/_ 0.5 (365~
-kt () (@) (7)) 7T (D) e
_ s\ (_S) (W) °-7 (w\ 0.5 (365-p
£ = «(5.9) (3) () (3) @) " (G5t torwmr
where E = emission factor
k = particle size multiplier (dimensionless)
s = silt content of road surface material (%)
S = mean vehicle speed, km/h (mph)
W = mean vehicle weight, Mg (ton)
W = mean number aof wheals
3 = numper of days with at ‘east 2.2%4 mm {0.01 in) of zrecipitation

per year

A wind erosion multiplier of 2 should be added to the abave ecquation as
recommended in the MRI national ~“survey of fugitive dust sources
(EPA-450/3-74-085).

7.3 RECOMMENDED PM,, EMISSION FACTOR
The proposed emission factor is based on aircraft landing/takeoff cycles
(LTO):
E,, =86 s g/LTO (0.19 s 1b/LTO)

18



where

s = silt content of runway surface material (default value of 12%)

This factor applies to dry dirt airstrips only. DOefault values are:

7.4

LTO average speed
LTO runway length
Plane weight = 1 ton

Number of wheels = 3
Precipitation days = 0

Wind erosion multiplier = 2

40 mph
1 mi

REFERENCE DOCUMENTS
AP-42 311.2.1 (with its references), and
Cowherd, C. Jr., et al., Emissions Inventory of Agricultural Tilling, Unhpaved

Roads and Airstrips, and Construction Sites, EFA-450/3-74-085, U.S. Environ-
mental Protection Agency, Research Triangle Park, NC, November 1974.
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SECTION 8.0
CATTLE FEEDLOTS

8.1 BACKGROUND

Particulate emissions from cattle feedlots result from surface distur-
bance (mechanical), exposed eradible surface (wind erasion), and vehicle traf-
fic (mechanical). The current AP-42 emission factor in §6.15 is based on
either feedliot capacity or feedlot throughput:

280 1b/day/1,000-head capacity (TSP)
27 ton/1,000-head throughout (TSP)

Emissions are related to climate, soil texture, season, cattle density, nat-
ural mitigation of cattle in holding pens, and pen cleaning cycle.

8.2 BASIS FOR DERIVATION OF PM,, EMISSION FACTOR

The AP-42 TSP emission factors (Rating E) for cattle feedlots are made
specific to PM,, using an aerodynamic particle size multiplier (PM,,/TSP) for
agricultural tilling found in AP-42, §11.2.2, assuming that TSP is equivalent
to PM,,. Mechanical disturbance of loose soil causes emissions for both
cattle feedlots and agricultural tilling. The emission factor is derived as
follows:

TSP

‘where the ratio, _ 0.21

8.3 RECOMMENDED PM,, EMISSION FACTOR(S)

The following calculated values represent emissions for cattle feedlots:

€0 = 0.21/0.33 x 280 1b/day/1,000-head capacity = 180 1b/day/1,000-head
capacity (70 kg/day/1,000-head capacity)
or = 0.21/0.33 x 27 tons/1,000-head throughput = 17 tons/1,000-head

throughput (15 metric tons/1,000-head throughput)

20



8.4 ASSUMPTIONS AND CAVEATS

Suspended particulate from cattle feedlots is assumed to be of same
particle size distribution as from "generic" agricultural soil with 18 percent
silt fraction. In addition, TSP 1is assumed to bLe equivalent to PM,,.
Emissions are related to climate and natural mitigation of cattle and cattle
density.

8.5 REFERENCE DQCUMENTS
AP-42, §6.15 and §11.2.2.

Cuscino, T. A., Jr., et al., The Role of Agricultural Practices in Fugitive
Dust Emissions, California Air Resources Board, Sacramento, CA, June 1981.

Peters, J. A., and T. R. Blackwood, Source Assessment: Beef Cattle

Feedlots, EPA-600/2-77-107, U.S. Environmental Protection Agency,
Research Triangle Park, NC, June 1977.
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SECTION 9.0
CONSTRUCTICON SITE PREPARATION

9.1 BACKGROUND

The current AP-42 emission factor (related to particles < 30 umS) is
1.2 tons/acre/month for an entire construction site. However, three different
source activities usually comprise construction site preparation: topsoil re-
moval (generally with scrapers), earthmoving (cut and fill operations), and
truck haulage. These are represented separately in the sections below to
praduce estimated PM,, emission factors for each activity.

The most applicable reference document (Kinsey, 1983) indicates that the
ambient PM,, concentration (C) downwind of road construction activity is
related to surface silt content. (s), traffic density (T,4), and surface
moisture (M) by:

0.88

C =60 (s) X (Td)"°“ x (M)

—0.40

at & downwind distance of 50 m. Therefore, PM,, emission factors should also
be related to similar parameters.

9.2 BASIS FOR DERIVATION OF PM,, EMISSION FACTORS.

The PM,, emission factors were determined from TSP emission factors
(back-caiculated using dispersion modeling) and an average PM,,/7SP ratic
~ measured in the field.| ' ‘

3.2.. Measured Imission Factors for Tonstruction Si=a2 Jrangration

The data in Table 8 were presented by J. S. Kinsey et ai. in Study of
Construction Related Dust Control.

Three different construction activities were tested and are separated
oelow' by run number:

. Run Nos. AH-1 and AH-2 = Topsoil removal
. Run Nos. AH-4, AH-5, AH-7, and AH-10 = Earthmoving (cut and fill)

. Run Nos. AH-11 and AH-12 = Aggregate hauling (on dirt)



TABLE 8. CALCULATED EMISSION FACTORS FOR CONSTRUCTION-RELATED FUGITIVE DUST3
(Table 5-4 from Kinsey, 1983)

virtual Mean

distance Oispersion wind Net downwind Vehicle
Run Control Stahility (g_ in coefficient speed concgnfra ion passes/ TSP emission factor? ¢
No. scenario classification mePers) (cz) (m/s) (107° g/m”) minute Kg/venskm 10/YMT
AH=1 Uncontrolied D 83.7 6.01 4.4 13,292 1.03 21.3 75.5
AH-2  Uncontroliled D 83.7 6.01 5.1 16,996 1.57 20.7 73.4
AH-3  Uncontro!led C 50.8 7.49 3.1 585 0.47 2.37 8.31
4H-4  Uncontralleg 8 35.1 9.12 3.1 7,642 I 1.7 1.3
AH=3 Uncontrol led o 83.7 6.01 3.8 3,281 1,26 3.7 '3.2
AH-6  Uncontrotled o] 83.7 6.01 8.0 292 0.94 0.932 3.30
AH=7  Uncontrolled c 50.8 7.49 4.9 124 0.07 3.98 14,4
AH-9  Uncontrolled 8 35.1 9.12 2.8 676 0.86 1.21 1,29
AH-10 Uncontrolled D 83.7 6.01 6.7 977 0.88 2.78 3.36
AH-11 Uncontrolled c 50.8 7.49 5.5 604 0.21 7.26 25.8
AH=-12 Uncontrolled c 50.8 7.49 5.8 2,448 0.38 17.2 61.0
AH-13 Controiled D 83.7 6.01 3.1 249 0.51 0.567 2.01
AH=-14 Uncontrolled c 50.8 7.49 3.4 845 0.68 1.94 6.88
AH-15 Controlled D 83.7 6.01 5.6 159 0.39 0.857 3.04
AH-16 Controlled c 50.8 7.49 6.2 1,472 Q.54 7.74 27.3
AH=17 Controiled ] 35.1 9.12 4.6 564 0.359 2.42 8.58
AH-18 Controlled D 83.7 6.01 8.0 384 0.60 1.92 6.81
AH=-19 Contreolled o 50.8 7.49 8.4 219 0.74 .14 4,04
Average uncontrolled emission factor 7.92 28.1
Average controlled emission factor 2.44 8.66
3TSP = particles < ~ 30 umA

VMT = vehicle miles traveled.
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The TSP emission factors were calculated from test data obtained at a distance
of 50 m downwind of the construction activity. Ratios of PM,,/TSP were also
cbtained during the AH-test.series and are presented in Table 9.

9.2.2 Calculation of PM,, Emission Factors

For topsoil remova],'Tests AH-1 and AH-2 are applicable. The following
calculations were made to obtain estimated PM,, emission factors for this
activity:

21.3 + 20.7 kg/VKT = 21 kg/VKT'

Average TSP emission factor = 5

0.26 + 0.27 = 0.27

Average PM,,/TSP ratio = >

Therefore for topsoil removal:

Average PM,, emission factor = 0.27 x 21 kg/VKT = 5.7 kg/VKT

For earthmoving (cut and fil1), Tests AH-4, AH-5, AH-7, and AH-10 are
applicable. The following calculations were made to obtain estimated PM,,

emission factors for this activity.

11.7 + 3.71 + 3.98 + 2.78 Kg/VKT _ 5 54 kg VKT
4 ~ e

Average TSP emission factor =

Average PM,,/TSP ratio = 3:22 + 0.23 - 0.19 + 0.25 _ g5 22

Therefore for earthmoving (cut and fill):
Average PM,, emission factor = 0.22 x 5.54 kg/VKT = 1.2 kg/VKT

For aggregate hauling (on dirt), Tests AH-11 and AH-12 are applicable.
The following calculations were made to obtain estimated PM,, emission factors
for this activity:

(%]

7.26 + 17.2 xq/NKT _
7

™~

dverige TSP =2mission factor = g /NKT

Average PM,,/TSP ratio = 9;g§_§_g;gg = 0.23

Therefore for aggregate hauling (on dirt):

Average PM,, emission factor = 0.23 x 12.2 kg/VKT = 2.8 kg/VKT
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TABLE 9. NET PARTICULATE CONCENTRATIONS AND RATIOS
(Tabie 4-3 from Kinsey, 1983)

Ratios (net Ratios (net
Net concenfrafgon . Net concentration. concentrarion) concenTrartion) R
at 25 m (ug/m ) at 50 m (ug/m~) at 25 m at 30 m

V4 PM10/ Fr/ 4 PM}O/ TR/

Test 1D TSP P PM10 FP TSP P F’M10 FP TSP TSP TSP TSP TSP TSP
AH= 1 19,781 5,505 4,338 1,467 13,292 4,303 3,444 1,194 0,28 0.22 C.07 §.,32 0,26 0.ce
AH=2 36,639 12,115 9,514 3,295 16,996 3,799 4,577 1,658 Q.33 0.26 0.09 0.34 0.27 0.'0
AH=3 1,285 232 171 39 595 119 81 It 0.18 0,13 0.03 0.2 0.2 0.02
AH~4 3,104 3,321 2,648 769 7,642 2,517 1,591 721 Q.36 0.29 0.08 0.33 0.22 7.28
AH=3 4,419 1,226 986 344 3,281 965 758 288 0.28 0.22 0.08 0.26 0.23 0.C9
AH=8 230 98 80 37 292 107 39 ° 36 0.43 0.35 0.'6 0.37 0.30 0.12
AH=7 192 56 45 17 124 33 24 6 0.29 0.23 0.09 0.27 0.19 0.05
AH=9 1,260 27 236 176 676 146 94 62 0.8 0.19 0.14 0.22 0.4 0.09
AH=~10 2,915 782 627 214 977 298 242 79 0.27 0.22 0.07 0.30 0.25 0-.08
AH=11 692 239 192 78 604 166 137 48 0.34 0.28 0.11 0.27 0.23 0.08
AH=12 3,267 746 51 177 2,448 706 340 178 0.23 0.17 0.05 0.29 0.22 0.07
AH~13 755 259 212 96 249 51 40 13 0.34 0.28 0.13 0.20 0.6 0.05
AH-14 ,136 309 24) 106 845 218 178 84 0.27 0.22 0.09 0.26 0.21 0.10
AH-15 933 235 167 60 159 94 43 15 0.25 0.18 0.06 0.39 0.27 0.09
AH~16 1,845 401 3N 121 1,472 281 217 78 0.22 0.!'7 0.07 0.19 0,15 0.27
AH-17 835 147 112 40 564 95 62 14 0.18 0.13 0.05 0.17 Q.11 0.05
AH-138 303 39 78 29 384 76 56 9 0.33 0.26 0.10 0.20 0.14 g.i0
0.19 0.05 0.32 0.23 0.05

. AH-19 295 77 55 16 219 70 50 14 Q.26
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9.3 RECOMMENDED PM,, EMISSION FACTORS
Based on the above calculations, the estimated PM,, emission factors are:
. E1o = 5.7 kg/VKT (20 1b/VMT) for topsoil removal

The above factor applies only to: 15 m3 capacity pan scrapers; topsoil with a
< 56 percent silt; and surface moisture in range of 1.4 to 1.9 percent.

. Eio = 1.2 kg/VKT (4.3 1b/VMT) for earthmoving (cut and fill opera-
tions)

The above factor applies only to: 15-m3 capacity pan scrapers; soil with silt
content in range of 13 to 34 percent; and surface moisture in range of 2 to
11 percent.

. E.o = 2.8 kg/VKT (10 1b/VMT) for truck haulage
The above factor applies only to 9- to 13-m3 capacity dump trucks having three
to five axles; surface silt content in range of 17 to 20 percent; and surface
moisture of 1.3 percent.
9.4 REFERENCE DQCUMENTS

AP-42, 8§11.2 (with references), and

Kinsey, J. S., et al., Study of Construction Related Dust Control, Contract

No. 32200-07976-01, Minnesota Pollution Control Agency, Roseville, MN,
April 19, 1983.
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SECTION 10.0
DEMOLITION OF STRUCTURES

10.1 BACKGROUND

The demolition of structures involves two primary sources of emissions:
destruction by explosion or wrecking ball and site removal of debris. There
is no AP-42 factor for the first category, but PM,, emissicn factor equations
are available for on-site materials handling and vehicle traffic.

10.2 BASIS FOR DERIVATION OF PM,;, EMISSION FACTOR

Current AP-42 equaticns can be used for the dismemberment and transport
of debris. Also available are two measured TSP factors for truck loading with
crushed limestone using a front-end Toader. These emission factors can be
related to structural floor space as shown in the fo11ow1ng sections and then
combined to produce a composite factor.

10.2.1 PM,, Emission Factor Calculations for Demolition of Structures

Three operations are necessary in demolishing and removing structures
from a site:

. Mechanical or explosive dismemberment
Debris Toading
On-site truck traffic

L]

10.2.?7 Mechanical or Explosive Dismemberment

The first operation 1s addressed through the use of the AP-12 materiais
nandling aguation, sinc2 no 2missicn factor data are avaiiabie “or 2iasting or
wracking a building.

The proposed emission factor for dismemberment and collapse of a
structure can be estimated using the AP-42 equation for batch drop operations:

= k(0.0032) 1b/ton



where k = 0.35 for PM,,
U = mean wind speed (default = 5 mph)
M = material moisture content (Default = 2%)
and Ep = 0.0011 Tb/ton (with default parameters)

This factor can be modified for waste tonnage related to structural floor
space. The following relationships were determined from a 1976 analysis by
Murphy and Chatterjee of the demolition of 12 commercial brick, concrete, and
steel buildings:

1 ft2 floor space = 10 ft3 original builiding volume
1 ft3 building volume = 0.25 ft3 waste volume

1 yd3 building waste = 0.5 ton weight

Mean truck capacity = 30 yd3 haulage volume

From these data, 1 ft2 of floor space represents 0.046 ton of waste mate-
rial, and a revised emission factor related to structural floor space can be
obtained:

0.046 ton
fr

m
|

0= 0.0011 1b/ton -

0.000051 1b/ft’
10.2.3 Debris Loading

The proposed emission factor for debris loading is based on two tests of
the filling of trucks with crushed limestone using a front-end loader, part of
the test basis for the batch drop equation in AP-42, §11.2.3. Crushed
limestone was considered closest in composition to the brcken brick and
plaster found in demolished commercial buildings. The measured emission
factors for crushed Timestone were 0.053 and 0.063 1b/ton TSP. To convert the
average TSP factor, 0.058 lb/ton, to a PM,, factor with source extent of
structural floor space, the previcusly determined estimate of 0.046 ton/ft2
and a particle size multiplier must be usad. The result is the emission
factor for debris loading:

B

<(0.058) Tb/ton . 2:046 ton
] Fr
0.30093 1b/ft "

1}

where k = 0.35 is taken from the new recommended particle size multipliers
developed by Muleski (1987).

10.2.4 On-Site Truck Traffic

The proposed emission factor for cn-site truck traffic is based on the
unpaved road equation from AP-42:

£ = k(5.9) (3)(s)(Y)
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0.36 for PM,

where K =
s = silt content (default = 12%)
S = truck speed (default = 10 mph)
W = truck weight (default = 22 tons)
w = truck wheels (default = 10 wheels)
p:

number of days with precipitation (default = 0 days)

For a demolition site, 10-wheel trucks of mean 22-ton gross weight are
estimated to travel 1/4 mile on-site for each round trip to remove dry
debris. With this information and default values for the unpaved road
equation, the proposed emission factor for on-site truck traffic becomes:

e - (0.36)(5.9) (2)(39)(&)

To convert this emission factor from 1b/VMT to 1b/ft2 of structural floor
space, it is necessary to use the previously described relationships obtained
from a study by Murphy and Chatterjee.

)
N

2

3 3
i 2
0.25 mi . __yd waste . 10 yd volume o _yd ~ - 0.0023 mi/ft

2
30 yd3 waste 4 yd3 volume yd floor space 9 ft

and By = 4.5 1b/VMT x 0.0023 mi/ft2
= 0.010 1b/ft2

10.3 RECOMMENDED PM,, EMISSION FACTOR

The combined emission factor for building demolition, debris loading, and
truck traffic is thus:

Eio = Ep + B + E7

0.000051 + 0.00093 + 0.010 1b/ft2

56 g/m2 (0.011 1b/ft2) of demolished floor area

12 ‘s =23sily seen that emissions from on-site %ruck -raffic constitute <he
averwnelming portion of PM,, emissions from duilding cemoiition ana removai.

10.4 REFERENCE DOCUMENTS
AP-42, §11.2 (with associated references), and
Muleski, G., C. Cowherd, Jr., and P. Englehart, Update of Fugitive Dust
Emission Factors in AP-42 Section 11.2, Final Report prepared by Midwest

Research Institute for U.S. Environmental Protection Agency, EPA Contract
No. 68-02-3891, Assigmment No. 19, July 14, 1987.
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Murphy, K. S., and S. Chatterjee, Development of Predictive Criteria for
Demolition and Construction Solid Waste Management, Final Report prepared
by Battelle Columbus Laboratories for the U.S. Army Corps of Engineers,
NTIS ADA 033646, October 1976.



SECTION 11.0
OFF-HIGHWAY VEHICLE TRAVEL

11.1 BACKGROUND

Travel on'natural unpaved surfaces by two- and four-wheel vehicles fis
generally related to unpaved road traffic, but the current emission factor in
AP-42 is not deemed applicable. The mechanisms of dust generation are similar
to those for unpaved roads but the travel surface is not compacted.

11.2 BASIS FOR DERIVATION OF PM,, EMISSION FACTOR

A field study of vehicle travel on natural desert terrain in kern County,
California, produced the data in Table 10.

TABLE 10. COMPARISON OF EMISSION FACTORS FOR ROAD 2
(Table 2 from Muleski et al., 1982)

Emission factor (1lb/veh-mi)
< 50 umA < 30 umA < 10 umA < 5 umA < 3 umA

1 Predicted value & .- T.67 6.06 2.83 1.53 0.929
2 Preliminary field value? 10.0 8.52 3.76 2.01 1.13
?  Revised fﬁe1d va1ué 16.6 14.2 6.256 3.35 1.38
2atio of 2 o 10 1.30 1.40 1.23 1.1 1.22
Ratio of 3 to 12 2.16 2.34 2.21 2.19 2.02

dyalues taken from Table 1 of cited report.
Cimensionless.

Per the above table, a PM;, emission factor for 4-wheeled light-duty vehicle
traveling over essentially natural desert terrain was obtained by:

E,, = 6.26 1b/VMT x 0.454 kg/Tb x i‘%ﬁgiiﬁ'

1.77 kq/VKT
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For off-road motorcycles it can be assumed that:

. The emission factor for 4-wheeled vehicles can be corrected for the
number of wheels and weight as in MRI unpaved road equation.

. Motorcycle weight = 400 1b (vehicle : rider).
. Pick-up truck weight = 4000 1b.

Theraefore:
0.7 0.5

Eio = 1.77 kg/VKT x(94§> X (%)

0.25 kg/VKT

11.3 RECOMMENDED PM;, EMISSION FACTORS
The tentative PM,, emission factors for off-highway vehicle travel are:
. Eio = 1.8 kg/VKT (6.3 1b/VMT) for 4.wheel vehicles
. Ei0 = 0.25 kg/VKT (0.89 1b/VMT) for motorcycles

The above emission factors appiy oniy to: soil silt = 28 to 31 percent; and
soil moisture = 0.5 to 1.0 percent.

11.4 REFERENCE DOCUMENTS
AP-42, §11.2.1 and
Muleski, G. E., and C. Cowherd, Jr., Measurement of Fine Particle Fraction

of Road Dust Emissions, Final Report Addendum, MRI Project No. 7267-L,
Kernridge 0i1 Company, McKittrick, CA, April 23, 1982.
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SECTION 12.0
MUNICIPAL SOLID WASTE LANDFILLS

12.1 BACKGROUND

Municipal solid waste (MSW) landfills emit particulates due to traffic,
materials handling, and covering waste with soil. Although no single emission
value for landfills is given in AP-42, many of the unit operations in MSW
landfilling practice fall into the generic operations discussed in Sec-
tion 11.2. Traffic is the most important source of particulate emissions.

12.2 BASIS FOR DERIVATION OF PM,, EMISSION FACTOR

In 1987 PM,, emission inventories were prepared for two landfills in the
Chicago area. Unit operations of interest in this study were travel on un-
paved roads, materials handling of cover and other fill materials, and dozer
activity (both on the access area proximate to the 1ift and in spreading
cover). Current AP-42 equations were used in these inventories. Handling and
compaction of MSW were deemed negligible in terms of dust emissions because cf
the generally wet and/or containerized nature. Wind erosion of all materials
considered was found to be insignificant. The two landfills were adjacent to
one another, and thus no large variation in soil/surface characteristics was
noted.

Summary information is shown below:

Landfifl 1 Landfill 2

Average daily receipts (yd3) ‘

—_MSW z,aog 2,200
--Caver ind Jther matar-a. 2,30 200
Cover material (yd3) used 750 1,200
daily

One-way travel distance (mi) 1.0 0.33

from gate to dispcsal area

Uncontrolled PM;, emission 1,400 1,000
rate (1b/day)

Fraction of uncontrolled emis- 82% 84%
sion rate due to unpaved road
trave]l

(98]
(98]



Because the major portion of emissions is due to unpaved road traffic
(i.e., exclusive of dozer movement), it appears reasonable to obtain a rough,
preliminary estimate of emissions based on travel distance to the MSW disposal
site:

Landfill 1: (1,400 1b/day)/(2,400 yd3/day)/(1.0 mi)
or, 0.6 1b/yd3/mi

Landfiil 2: (1,000 1b/day)/(2,000 yd3/day)/(0.33 mi)
or, 1.5 1b/yd3/mi

Average: 1 1b/yd3/mi

12.3 RECOMMENDED PM,, EMISSION FACTOR (PRELIMINARY)

The recommended preliminary emission factor is:

m
|

3, .
10 = 0.4 kg/ms/m1
(1 1b/yd /mi)

where the source extent is expressed as the product of: (1) the volume of MSW
disposed and (2) the distance between the gate and the disposal area. Note

that (2) may vary dramatically over the life of the facility, as the active
disposal area changes with time,

This preliminary emission estimate is subject to considerable uncer-
tainty. Major sources of uncertainty are discussed below:

a. The above estimate assumed that surface and traffic conditions,
operating practices, travel routes, excavated earth characteristics,
etc., at two adjacent landfills in the Chicago area are representa-
tive of MSW site conditions throughout the United States.

b. Because there are no applicable PM,, emissions data for dozer mave-
ment at landfills, the AP-42 TSP dozer equation for overburden
removal at western surface cgal mines was used. This introduces
considerable uncertainty because of: (1) the vastly different oper-
ating characteristics (e.qg., speed, travel distance) between surface
coal mines and landfills and (E) use of a TSP model to estimate PM,,
smissions.

C. Both inventoried landfills regularly apply water to control dust and
thus improve visibility. (Control efficiency values of rcughly 80
percent were found.) Common practice in the geographic area of
interest should be determined prior to using the estimate.

12.4 REFEREMCE OOCUMENTS

Muleski, G., and D. Hecht, PM,, Emission Inventory of Landfills in the Lake
Calumet Area, MRI Final Report, EPA Contract No. 68-02-38391, Work
Assignment 30, September 23, 1987.
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SECTION 13.0
COARSE, DRY TAILINGS PONDS

13.1 BACKGROUND

Wind erosion of coarse, dry tailings ponds is currently not addressed in
AP-42. However, the discussion of wind erosion of storage piles in AP-42
§11.2.3.3 notes that factors influencing emissions are silt and moisture
content of the erodible surface and the threshold wind velocity.

13.2 BASIS FOR DERIVATION QF PM,, - EMISSION FACTQR

A 1983 study produced an average emission factor measured for particles
< 12 umA. This PM,, factor is specific to a particle size very close to PM,,
and can thus be used to estimate PM,, emissions. Table 1l presents emission
factor test results for PM;, for an uncontrolled tailings pond.

TABLE 11, WIND EROSION EMISSION FACTOR TESTING
(Table 7 from Bohn, 1983)

Tailings Threshoid Test Zmission factor (x 0.001)
Tes+t ProducTt and (moisture) (silt) veliocity velocity < 2 um < 2.7 um
No. Date dilution {2 (% (i0 m herght-mph) (grams/minure/squarse merar)
1 5/28 Coherex 12:1 0.26 0.05 33 50 2.02 23
2 5/28 Ccherex 93:1 0.38 0.03 33 30 2.53 1.28
3 3/28 Lignosulfonate 8:i 0.32 4.4 50 S0 2.38 2.358
4 6/19 Coherex 12:1 Q.46 1.8 32 40 77.2 7.6
3 2/1%  Zonerex '2:° .46 .8 32 =0 6.2 2,03
3 3/78 Ignerex 3:. 3.28 L3 i6 =0 J.381 T.296
5/ Lignosulfonarte 3:! 0.35 2.3 3i <0 .20 Q.80
'3 7/27 Lignosulfonate 4-1 0.28 5.3 43 30 282 54.0
16 7/27 Lignasulfonate 8:1 0.30 0.30 46 50 1360 216
18 7/28 Naico 853 0.10 1.30 45 50 116 18.2
) 7/28 Magnesium chioride 0.57 6.350 3 10 1500 213
(tested cn dry
section)
42a 9/22 Uncontroiled 0.37 0.50 40 45 73.8 17.2
43 9/22 Uncontrollied 0.35 1.0 43 50 25.6 3.10
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The average PM,, emission factor -and threshold wind velocity can be
calculated from Tests 42a and 43 by:

. Average PM,, emission factor = 73.8 + 25.6 mg/m;/min of erosion time

= 49.7 mg/m2/mir

. Average threshold velocity = 40 + 43 mph _ 47 mpn x 0.447 TLS
2 . mph

= 19 m/s

Assuming PM;, = PM,4 and rearranging in equation form:

E!.O = 49,7 TV
where E,, = PM,, emission factor per unit surface ar-. of exposed tailings
(mg/m2) per time period of interest
Ty = number of minutes wind velocity exceeds 19 m/s at 10 m above

surface during time period of interest

Application of the above equation requires detailed site-specific data
for both source parameters and meteorology. An acceptabie procedure to
estimate the wind velocity term (T,) would involve use of historical data from
a nearby operating weather station operated by the Nationa! Weather Service.
These data are available for many locations in the U.S. from the National
Climatic Data Center, Asheville, North Carolina. The actual procedure would
involve ordering the individual data points from lowest to highest wind speed
and then simply determining the percentage of observations that exceed the
calculated threshold velocity.

[f the data are reported for 3-h periods and by the mean number of days
per year that winds exist in each period, the above equation could be modified
as follows: |

|
|

z - 10 7 " = ; min No. of days _ -
Ty 7 49.7 7, = 49.7 x 180 Seriog © ear = 3,350 " A
where Eio = PM,, emission factor per unit surface area of exposed tailings
(mg/m2)
TVA = No. of days per year that winds exceed 33 knots (as indicated

by NCDC data) for each 3-h period

Due to the nature of how the Wind data are collected and reported, it i3
expected that ve:y small (if any) Tya values will be shown for most reporting
stations and thus severely limit application of the above equation.



13.3 RECOMMENDED PM,, EMISSION FACTOR

The following tentative emission factor is proposed for coarse, dry
tailings.

Eig = 50 T, mg/m2 (4.6 mg/ft2) of exposed tailings surface per unit
time period

where T, = number of minutes wind velocity exceeds 1% m/s (42 mpn) at
‘ 10 m above surface during time period of interest (e.qg.,
annual)

The assumptions which underlie the above estimate of PM,, emissions: are:
1. The emission factor for < 12 umA particles is essentially egqual to
2. ZMég;face moisture content of 0.35 to 0.37 percent (dry conditions).
3.° A surface silt content of 0.5 to 1.0 percent (coarse tailirgs).

13.4 REFERENCE DOCUMENTS _
AP-42, §11.2.3.3 (with its references), and

Bohn, R. R., and J. D. Johnson, Dust Control of Active Tailings Ponds,
Contract No. J0218024, U.S. Bureau of Mines, Washington, 0C, February
1983.
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SECTION 14.0
TRANSPORTATION TIRE WEAR

14.1 BACKGROUND

The particles emitted from vehicle tires are known to be related to
traffic type and use (roadway classification). AP-42 currently does not
report any factors to estimate tire wear emissions.
14.2 BASIS FOR DERIVATION OF PM,, EMISSION FACTOR

Several 1laboratory. and roadway studies have been made of particles
emitted from rubber tires of 1light-duty vehicles. After review of these
studies, the EPA developed a PM,, factor in a 1985 document, EPA 460/3-85-
005.
14.3 RECOMMENDED PM,, EMISSION FACTOR

The estimated PM,, emission factor is:

Eio = 1 mg/VKT (2 mg/VMT)

The above factor was developed for light-duty vehicles.
14.4 REFERENCE DOCUMENTS

Site Specific Total Particulate Erﬁission Factors for Mobile Sources, EPA 460/3-

85-005, Prepared for EPA, Ann Arbor, MI, by Energy and Environmental
Analysis, Inc., August 1985.
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SECTION 15.0
TRANSPORTATION BRAKE WEAR

15.1 BACKGROUND

The use of brakes in vehicle traffic causes emissions of asbestos-
containing brake material as the brake pads are worn away with each brake
application. Emissions are related to vehicle type, number of stops/mile and
to severity of braking. Currently no emission factor exists in AP-42.
15.2 BASIS FOR DERIVATION OF PM,, EMISSION FACTOR

Airborne particulate emissions have been determined as related to braking
action and corrected to PM,,. These laboratory-derived factors are reported
in a 1985 report, EPA 460/3-85-005.
15.3 RECOMMENDED PM,, EMISSION FACTOR

The estimated PM,, factor is:

Eio = 7.8 mg/VKT (13 mg/VMT)

and applies to light-duty vehicles.
15.4 REFERENCE OGCCUMENTS

Site Specific Total Particulﬁte Emission Factors for Mobile Sources, EPA 460/3-

85-005, Prepared for EPA, Ann Arbor, MI, by Energy and Environmenta’
Analysis, Inc., August 1985.
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SECTION 16.0
ROAD SANDING/SALTING

16.1 BACKGROUND

After sand/salt mixtures are applied to roads to increase traction on
snow and 1ice, vehicle traffic serves .to reentrain the particuiate,
particularly the siit fraction deposited in active lanes. Some additional
silt is formed by grinding. Emissions are much greater under dry road
conditions. A current AP-42 emission factor equation for loaded (industrial)
paved roads is relevant for short-term periods (hours to days) only, as the
sand/salt mixture is quickly depleted from the travel surface.

16.2 BASIS FOR DERIVATION OF PM,, EMISSION FACTOR

The following table presents typical mixtures of salt and sand for road
sanding:

Locality Parts NaCl Parts Sand
Colorado 1 10 to 20
Kansas 1 0 to 4
Kansas City, MO 1 3to 4
Overland Park, KS 1 3

The above discussion is presented to show that road sand commonly in-
cludes a significant salt fraction. For purposes of emission factor deveicp-
ment, the salt and sand rcad loadings are treated separataly below.

16.2.1 PM,, Emissions from Sand

The 2ntire M, fraction contained ‘n the siit of the 3ippiieg sand is
assumed to become airborne. The mass of emissions reentrained by road trafrfic
is related to sand quantity and size distribution. According to a Kansas City
road sand supplier, river sand is washed, with > 99.5 percent then being re-
tained on a 200-mesh (75-um) screen. Missouri State sample analysis has shown
0.2 to 0.5 percent < 75 uym. A calculated mean silt has been reported at
0.35 percent. An analysis of PM,,/PM,. ratios for western sandy soils gives
an average ratio of 0.0026. See Table 12.
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The estimated PM,, emissions from road sanding are calculated as follows:

E,o = 2,000 f (s/100) 1b/ton of sand applied

I

7.5 g/metric ton (0.018 1b/ton)

where f is the proportion of PM,, in the silt fraction of sand (default frac-
tion of 0.0026), and s is the silt content (percent) of the sand (default of
0.35 percent). ’

16.2.2 PM,, Emissions from Salt

Both calcium chloride and sodium chloride are used for -treating icy
roads. Only PM,, emissions from sodium chloride (rock salt) will be estimated
since the amount of applied calcium chloride is usually quite small.

The very finest screenings of rock salt of 98 to 99 percent purity con-
tain relatively large concentrations of anhydrite grains. A considerable
amount of this material is assumed to dry on the road and eventually to become
airborne as PM,,, i.e., 0.2 percent of the total salt applied.

An estimate of PM,, emissions from the 98 to 99 percent pure salt is
based on an estimate of 5 percent of the salt remaining as a dried film on the
road pavement, and 10 percent of this salt film driven off as particles of
< 10 ym physical diameter. This Tlatter number is based on a sonic sieve

analysis of powdered NaCl. PM,, emissions from salt applied to roads are cal-
culated as follows:

E.o = (0.05)(0.10)(2,000 1b)/ton of salt applied

10 lb/ton.of salt appiied

16.2.3 Example Calculation of Annual PM,, Emissions from Sand/Salt
Application

An example calculation of yearly PM,, emissions from the State of Icwa

demonstrates the use of the sand and salt emission factors. In Icwa, the
typical application rate of salt per snow day is known to be 510 1b/mi; the
joplication ~ate for sand s =2stimated 3t 1.000 ‘h/mi. Mean innual snow 13avs

for [owa are 10 4ays with 13,100 mi =reatad witn sait/sana “apie .2). 7M.,
emissions are calculated as follows:

1,000 1b sand 0.018 1b PM , ‘
2-1are mi_ * 2,000 15 sand < L0 snow days

E,o = 13,100 L-Tane mi x

10 15 PM
. 510 Tb salt —
+ 13,100 1-Tane mi x —m x 10 snow dayS X 2,000 *lb sand

167,615 1b/yr
84 ton/yr

As is shown above, the emissions from salt predominate.
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TABLE 13.

MILEAGE OF TREATED HIGHWAYS AND TOLLWAYS,
AND MEAN ANNUAL SNOW DAYS BY STATE
(Table H-2 from McElroy, 1976)

Single-lane

Single-lane

kilometers miles
treated treated Mean annua’
State x 1,0002 x 1,0002 snow days®
Northeastern States
Maine 12.1 - 7.5 30
New Hampshire 11.3 7.0 30
Vermont 7.4 4.6 20
Massachusctts 15.1 9.4 18
Connecticut 15.1 9.4 15
Rhode Island 8.4b 5.20 12
New York 59.4 36.9 20
Pennsylvania 89.0 55.3 18
New Jersey 12.9 8.0 7
Delaware 1.3 0.8 5
Maryland 10.8 6.7 8
Virginia 22.2 13.8 5
North-Central States
Ohio 173.10 107.6° 10
West Virginia 27.2 16.9 12
Kentucky 34.9 21.7 5
Indiana 25.3 15.7 8
I11inais 62.9 39.1 9
Michigan 37.8 23.5 20
Wisconsin 40.0 25.0 13
Minnesota 186.00 115.6° 15
North Dakota 111.8P 69.50 10
Southern States
Arkansas NA NA 3
Tennessee NA NA 3
North Carolina 12.2 7.6 3
Mississippi 5.3 3.3 1
Alabama 0.1 0.1 1
Georgia 7.2 4.5 1
South Carolind NA NA 1
Louisiana NA NA 1
Florida 0.0 0.0 0
(continued)
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TABLE 13 (Continued)

Single-lane Single-lane

kilometers miles
treated treated Mean annual
State x -1,0009 x 1,000 snow days®
West-Central States
[owa 21.1 13.1 10
Missouri 51.5 32.0 7
Kansas 41.7b 25.9b 7
South Dakota 96.9b 60.2b 10
Nebraska 123.9 77.0 10
Colorado " 3.9 2.4 20
Southwestern States
Ok lahoma NA NA 3
New Mexico 11.7 7.3 1C
Texas NA NA 3
Western States
Washington 24.6 15.3 15
Idaho- 16.1 10.0 20
Montana 3.2 2.0 20
Cregon 29.8 18.5 20
Wycming 20.3 12.6 20
California 9.7 6.0 5
Nevada NA NA 10
Utah 20.4 12.7 2
Arizona NA NA 10
District of Columbia 1.3 0.8 7
~1asKa A NA 23
Hawaii 0.0 0.0 0

3Source: Hanes, R. E., L. W. Zelazny, and R. E. Blaser, Effects of Deicing
Salts on Water Quality and Biota, Highway Research Board, National Cooperative
Highway Research Program Report 91 (1970).

DyRT estimates. '

“Source: U.S. Department of the Interior, Geological Survey, The National Atlas
of the United States (1970). '

NA = Not available.
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16.3 RECOMMENDED PM, EMISSION FACTOR(S)
The recommended PM,, factor for sand application to roads is:

EIO

2,0n0 f (s/100) 1b/ton of sand applied

7.5 g/metric ton (0.018 1b/ton)

where f is the proportion of PM,, in the silt fraction of sand (default value

of 0.0026), and s is the silt content (percent) of the sand (default of
0.35 percent).

The recommended PM,, factor for salt application to roads is:
Eio = 4.3 kg/metric ton (10 1b/ton)

The above factors apply to typical application scenarios of river sand
and salt mixtures applied to snow and ice covered travel lanes. Emissions of
road sand mixture < 10 um occur over long periocds of time (weeks) following
road sanding. Runoff of PM,, fraction in melted ice and snow is assumed to be

offset by traffic grinding of the sand and salt mixture and creation of new
PM,, fractions.

16.4 REFERENCE DOCUMENTS
AP-42, 8§11.2.6 (with associated references), and

Cowherd, C. Jr., and M. A. Grelinger, Prediction of I[nhalation Exposure to
Particulates for New Chemical Review, Final Report prepared for EPA,
Washington, D0.C. by Midwest Research Institute, October 1987.

Kaufmann, 0. W., editor, Sodium Chloride: The Production and Properties of
Salt and Brine, American Chemical Society Mcnograph Series, Hafner Pub-
lishing Co., New York, NY, 1968.

Kinsey, J. S., Mineral Characterization of Selected Soil Samples, Final Repor?®
prepared by Midwest Research Institute foir New Mexico University Physicai
Sciences Laboratory, Las Cruces, NM, January 1986.

McE roy, A. J., =t ai., Llading Funciicns for Assessment oF Watar 29i1lu-

tion from Nonpoint Sourcas, EPA-600/2-76-151, Preparsd ror £PA,
Washington, DC, by Midwest Research Institute, May 1976.
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SECTION 17.0
UNPAVED PARKING LOTS

17.1 INTRODUCTION

Particle emissions are produced by vehicle traffic on any unpaved sur-
face, inciuding parking Tots. Average vehicle characteristics (such as speed,
weight, etc.) are dependent upon the size and purpose of lot. Source extent
(i.e., distance traveled in the lot) is also dependent upon those factors, as
well as the average fraction of the lot in use over an averaging time, driver
preference, orientation of entrance/exit(s), and ultimate destination(s),
etc.

17.2 BASIS FOR DERIVATION OF PM,, EMISSION FACTOR

The AP-42 PM,, unpaved rocad predictive emission factor equation was used
to estimate travel emissions from vehicles in parking lots. This unpaved road
equation is:

£ =061 (f) (gg) (27) 77 (3) "7 (D) ke

E=2.1 (%) (—2—0-) (g) RS e (%g—gﬁ) 1b/VMT

silt content of aggregate or road surface material (%
average vehicle speed, kph (mph)

average vehicle weight, Mg (tons)

average number of vehicle wheels .

number of wet days (> 0.254 mm or 0.0l in of precioization)

where:

S
S
W
W
D

(U TS T | B 1]

The emission factor is based on assumed values of:
Silt = 12 percent
Avg. No. of wheels = 4
Avg. weight = 3 tons (2.7 Mg)

and an assumed speed of 10 mph (16 kph) in the Tot. Ten miles per hour was’
assumed here to restrict attention to parking lots only.

The source extent used in the proposed emission factor equation, L+W
meters, assumed that the average one-way trip consists of driving between the
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middle of the lot and the exit. [t is further assumed that the one-way dis-
tance is (L+W)/2 (i.e., the vehicle travels halfway down the perpendicular
dimension and halfway down the parallel dimension). Because each vehicle
parked must travel both legs of (L+W)/2, the total distance traveled by each
vehicle parked is 2 x (L+W)/2 = L+W.

17.3 RECOMMENDED PM,, EMISSION FACTOR

E,o = 0.2 3%%%2 (L + W) g/vehicle parked (in time period of interest)

where number of days/year with rain (Figure 11.2.1-1 in AP-42)
dimension of parking lot (m) perpendicular to aisles

p
L
W = dimerision of parking lot (m) parallel to aisles

Several assumptions were made in obtaining the preliminary estimate.
These were described in Section 17.2. In addition, several caveats should be
noted: )

a. The emission factor and the source extent may be very site-specific
in that use of the lot may be by heavier vehicles, or may be shared
by a number of facilities (thus resulting in clusters, each with
their own source extent). In addition, driver preference may result
in substantially higher travel speeds or in longer travel dis-
tances.

b. The equation recommended earlier will require that the total number
of vehicles parked per unit time be determined by counting or other
means. This may not be practical in all instances.
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