Note: This is a reference cited in AP 42, Compilation of Air Pollutant Emission Factors, Volume I Stationary
Point and Area Sources. APA42 is located on the EPA web site at www.epa.gov/ttn/chief/ap42/

The file name refers to the reference number, the AP42 chapter and section. The file name
"ref02_c01s02.pdf" would mean the reference is from AP42 chapter 1 section 2. The reference may be
from a previous version of the section and no longer cited. The primary source should always be checked.


EPA
Text Box
Note: This is a reference cited in AP 42, Compilation of Air Pollutant Emission Factors, Volume I Stationary Point and Area Sources.  AP42 is located on the EPA web site at www.epa.gov/ttn/chief/ap42/

The file name refers to the reference number, the AP42 chapter and section.  The file name "ref02_c01s02.pdf" would mean the reference is from AP42 chapter 1 section 2.  The reference may be from a previous version of the section and no longer cited.  The primary source should always be checked.



&y

. EPA-430/3-77-027

QUANTIFICATION
OF DUST ENTRAINMENT
FROM PAVED ROADWAYS

| . by
Chatten Cowherd, Jr., Chribtine M. Maxwell, and Daniel W. Nelson
. Midwest Research Institute

425 Volker Bivd., -
Kansas City, Missouri 64110

Contract No. 68-02-1403
Task Order No. 25

EPA Project Officer: Charles Mann

Prepared for

ENVIRONMENTAL PROTECTION AGENCY
Office of Air and Waste Management
Office of Air Quality Planning and Standards
Research Triangle Park, North Carolina 27711

July 1977 -




This report is issued by the Environmental Protection Agency to report
technical data of interest to a limited number of readers. Copies are
available free of charge to Federal employees, current contractors and
grantees, and nonprofit organizations - in limited quantities - from the
Library Services Office (MD-35), Research Triangle Park, North Carolina
27711; or, for a fee, from the National Technical Information Service,

5285 Port Royal Road, Springfield, Virginia 22161.

This report was furnished to the Environmental Protection Agency by

the Midwest Research Institute, 425 Volker Blvd., Kansas City, Missouri
64110, in fulfillment of Contract No. 68-02-1403, Task Order No. 25.

The contents of this report are reproduced herein as received from the
Midwest Research Institute. The opinions, findings, and conclusions
expressed are those of the author and not necessarily those of the
Environmental Protection Agency. Mention of company or product names
is not to be considered as an endorsement by the Environmental Protection
Agency. : ' :

Publication No. EPA-450/3-77-027

ii




%

ACKNOWLEDGEMENTS

This report was prepared for the Environmental Protection Agency's
Office of Air Quality Planning and Standards under EPA Contract Noe.
68-02-1403 (Task 25)s Mr. Charles O. Mann served as EPA Project Officer.

The program was conducted in MRI's Envirommental and Materials Sciences
Division under the supervision of Dre Larry J. Shannon, Directore. Dre Chatten
Cowherd, Jre, was the Principal Investigator for MRI. Dr. Cowherd was assisted

by Mse Christine Maxwell, Mre Daniel Nelson, Mre Nicholas Stich, Mre. Thomas
Cuscino, and several members of MRI's Environmental Measurements Sectione

Approved for:

MIDWEST RESEARCH INSTITUTE

L. Je Shannon, Director
Environmental and Materials
Sciences Division

July 19, 1977

iii



R



1}

Y

)

Introductione o « o o o ¢. 0 o »
Background. M L R I I
Field Test SiteSe o« o o ¢ o o o

Field MeasurementsSe e

Sampling Equipment

CONTENTS
. & * &
[ ] L] - -
. & & @
. & & @

Tests with Artificial Loadinge.
Sample Handling and Analysis

Calculation ProcedureSe e o » o

Isokinetic Corrections e« e
Particle Size Distribution

Test Resultse ¢ o o o«

[ ] [ ] L ] L ] L ]
37th Street Site o o » o o
Stillwell Avenue Sitee o o
Fairfax Trafficway e 8 o @

.

[ ]

Comparative Particle Size Distributions.
Computed Fmission FactorSe e« s o o o o &«

Corrections to Emission Factors e ¢ o o & o o

ReferencesSe o« ¢« o » ¢ ¢ o o & o ¢ 2 o & o & o @

Appendix A = Particle Size Distributions of Atmospheric
Unpaved ROads o o ¢« ¢ o ¢ @ 6 ¢ o ¢ & & o o & & 0 & & o ¢ » o ¢

Appendix. B -'Estimation of Suspénded Particulate Emissions Generated

Dust From

by Wind Erosion « ; % ® 4 & 6 & B 8 6 8 8 ® 8 0 8 9 0 8 & = 9

12
12

19

19
20

23
23
23
34
34
47
51

57

59

72




Figuré

10

11

12

13

FIGURES
Iitle

Diagram of Street/Atmospheric Exchange of Particulate

Mattere. L N L e e N A A R B > s e 0 0 @

MRI Exposure Pfofiler *® o & o o e 0 0 0 ; *« o o o o @

Location of Sampling Instruments at 37th Street Site=--

South Winde « e o ¢ ¢ ¢ ¢ o o *® » o 8 8 0 e s e e

Location of Sampling Instruments at 37th Street Sitew-

North Winde o « o o ¢ o ¢ ¢ ¢ ¢« o o 0o ¢ 8 0 ¢ ¢ & =

Location of Sampling Instruments at Stillwell Sitew=-
North or South Wind « ® 5 ® ¢ ® 8 @ B " B w8 8 @

Location of Sampling Instruments at Fairfax Trafficway~-

Side View o o o o o * 8 & o s 0 06 8 0 0 8 s 8 e s e

Location of Sampling Instruments at Fairfax Trafficway-e

Overhead View « o o o o « L L I I
Traffic Flow (37th Street). ® s 0 8 & & 8 8 0 v e e
Airborne Particle Size Distributionms (37th Street). «

Vertical Profiles of Particulate Concentration (37th

Street) ® ¢ 0 & 0 @ 0 6 8 0.8 s B 8 8 B e e st e s

Airborne Particle Size Distributions (Stillwell-

Pulverized TOpéOilj_c ® ® @ 0 & ® 0 " ° e 0 e " s e

Airbbrne Particle Size Distributions (Stillwell-Gravel

FiHES)- ® 2 9 8 6 ° s 6 2 s e s B B B e e e e s w

Vertical Profiles of Particulate Concentration
(stillwell-Pulverized Topsoil)e o o o o o ¢ « o o »

Page

11

13

14

15

16

17
25

27

29

32

33

" 36

n




o

-}

16

17

18

19

A=3

A=5

A-6

B=-2

. FIGURES (concluded)
itle

Vertical Profiles of Particulate Concentration
(StillWEll-GrﬂVEl FiHES)o ® & # ® & & & 8 & 0 8 6 0

Downwind Distribution of Dust Deposition (Stillwells
Pulverized']?olasoil).o.-'.............

Downwind Distributions of Dust Deposition (Stillwell-
Gravel Fines) « o I R T S T S S S S S S R S

Traffic Flow (Fairfax Trafficway) e e o o o ¢ o ¢ o o o

Airborne Particle Size Distribution (Fairfax Trafficway)e

Emission Factor Versus Average Silt Loading (Stillwell)

Location of Sampling Instruments at 207th Street Sitee=«

South Winde « o ¢« o o ¢ » o ¢ ¢ o o o ¢ s 6 2 0 4 8 »

Location of Sampling Instruments at 207th Street Site==
North Winde o o o« o o ¢ o ¢ ¢ o ¢ ¢ s o o @ LI I I

Location of Sampling Instruments at 167th Street-~South

Windo ® & ® & 9 & 9 & & % @ & & & B B 4 " " e

Location of Sampling Instruments at 167th Street--North

Wind....I..I.I..I........I...

Airborne Particle Size Distributions (207th Street=

Gravel) ® & 8 & ® ® & B & * & * " B B 4 S W " B e
Airborne Particle Size Distribution (167th Street=Dirt)
Map of PE Values for State Climatic Divisione « o o o

Mitigative Effect of Végetative Cover ® 9 5 8 s 0 & s

vii

Page

n

38

39

42

44

52

61

62

63

64

67

71

75

76



Table

10

11
12

13

14

15

Contaﬁinaﬁt Loadings on Street Surfaces.
Test Site CharacteristicSe « o o o o o o
Field Measurements=-=Paved RoadSe o o « «
Emissioﬁs Test Parametefs (37th Street).

Vehicle Mix (37th Street)e o o Q e e o

Suspended Particulate Concentration and Exposure

surements (37th Street)e o o o o o o o o o o .

Emissions Test Parameters (Stillwell)e o o o o o

Vehicle Mix (Stillwell). e & & 9 & " * B 0 8 " 0

Suspended Particulate Concentration and Exposure
surements (StillWEll). ® o & 9 o 8 0 5 0 8 s @

Surface Loading Intensities and Silt Content
(Stillwell)o s 8 8 & B B B * 8 v 8 & e e 8 e 8

Emissions Test Parameters (Fairfax Trafficway) .

Vehicle Mix (Fairfax Trafficway) o o o o o o o o

Suspended Particulate Concentration and Exposure

surements (Fairfax Trafficway) « o o o o« » o o o o o
Comparative Particle Size Data o « o o o o ¢ s ¢ o o o

Emission Factors (37th Street) ® @ ® 8 0 6 8 e e e e @

viii

Mea -

10
24

26

28
30

31

35

40

41

43

45

46



»

a4

Table
16
17
18

19

20
A-1
A=2
A-3
A-4
A=5

A-6

B=-2

TABLES (Concluded)
Title
Eﬁission Factors (Stillwell)s o o » c e s e e e .
Emission Factors (Fairfax Trafficway) e o o s 8 s s 0 e
Emission Proportionality FactorSe o o o o « s s o o o o

Comparison of Calculated Versus ProbaBle Surface Load-

ingSe ¢ ¢ ¢ o o a2 & & 4 o o 0 ¢ & 6 6 06 ¢ 0 08 0 0 8 0
Emission Factors for Major Land Use Categoriess « « « o
Emissions Test Parameters (207th Street)e o s o o o o @
Vehicle Mix (207th Street)s o o o o o o o o o o ¢ o o o
Suépended Particulate Concentrations at 207th Streets o
Emissions Test Parameters (167th Stfeet)o c e s e e s
Vehicle Mix (167th Street)e o « o o o ¢ ¢ ¢ « o ¢ o o @

Suspended Particulate Concentrations at 167th Streets .

Soil Erodibility for Various Soil Textural Classese. + «

Values of Equivalent Vegetative Cover for Common Field

Crops o ¢ « o o o o ¢ o o 0 0o ¢ & o 5 0 0 0 ¢ ¢ 0 00

ix

Page
48'
49

53

54
56
65
66
66
67

70

74

77







sy

L]

ABSTRACT

This report presents the results of a field testing program to de=~
velop emission factors for fugitive dust entraimment from paved urban
roadse Substantial evidence has been compiled which indicates that dust
emissions from city streets are a major cause of nonattaimment of national
air quality standards for total suspended particulates (TSP). Therefore,
the quantification of this source is necessary to the development of ef=-
fective attainment and maintenance strategiese

Field testing was conducted at representative sites in the Kansas

City areas At one location, controlled amounts of pulverized top soil and
gravel fines were applied to the road surfaces The basic measurements con-
sisted of isokinetic exposure and concentration profiles of airborne dust,
particle size distributions, dust deposition profiles, surface dust loading,
and traffic characteristicse In addition, conventional high~volume samplers
were used to determine attenuation of TSP concentration with distance from
the source.

Emissions are found to vary directly with traffic volume and surface
loading of silt (fines)e The dust emission factor for normally loaded ur~
ban streets ranges from 1 to 15 g/vehicle-km, depending on land use. Approx-
imately 90% of the emissions (by weight) is less than 30 pm in diameter and
50% less than 5 ym in diameter. ' '
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. the nonattaimment of the primary standarde.

INTRODUGTION

In a number of metropolitan areas of the country failure to attain
national primary air quality standards for total suspended particulates
(TSP) has spurred a detailed reexamination of the nature of the urban TSP
probleme. While TSP control strategy development has routinely included an
analysis of the contributions of conventional point and area sources super~
imposed on a constant "background' concentration, adequate consideration
has not been given to the contributions of local open dust sources and ad-
vection from both confined and fugitive sources in adjacent regions.

Microscopic analysis of filters from urban air sampling stations where
measured TSP levels are routinely higher than expected has yielded conclu-
sive evidence that dust emissions from paviigjtreets are a major cause of

Although emissions from paved
streets are generated primarily by wvehicular traffic, appreciable emissions
are added when the wind velocity exceeds the erosion threshold value of about
13 miles/hr, ieees, the observed limit of the ventilation flushing effect o
Figure 1 presents a diagram of particulate transfer processes occurring on
urban streetse. ' . :

Following a review of the published results of previous investigations
on the subject, this report presents the results of a field testing program
conducted by Midwest Research Institute to develop quantitative emission
factors for dust entraimment from paved urban roadse. Specific items dis-
cussed include field test sites, field measurements, calculation procedures,
test results and the relationship of resultant emission factors to traffic
volume and street surface dust loadingse Appendix A presents the results
of a separate series of field studies to determine particle size distribu-
tions of atmospheric dust generated by traffic on unpaved roadse.
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Figﬁre 1.i Diagfaﬁn of Street Surface/Atmospheric
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BAGKGROUND

In a comprehensive study of runoff from street surfaces as a source
of water pollution,4 the major constituent of street surface contaminants
was consistently found te be mineral-like matter similar to c¢ommon sand and
silte Typically, 78% of the material was located within 6 in. from the curb
and 88% within 12 in. from the curb. The silt content of the material (par-
ticles smaller than 75 micrometers (um) in diameter), fell in the 5 to 15%
range reported elsewher 32326/ for surface dust from paved streets and parke
ing lots and from gravel roads and parking lots. However, the silt size
fraction, which is readily suspendable in the atmosphere, was found to con-
tain a substantially larger than proportional percentage of the total heavy
metals and pesticides.

Table 1 summarizes the results of field measurements of surface load=
ings at sites in 12 citiess®/ In addition to land use characteristics, dust
loadings were found to depend on:

» Time elapsed since the last cleaning by mechanical means or by
substantial rainfall (exceeding 0«5 ine accumulation).

o Street surface characteristics: Asphalt streets had loadings that
were 807 higher than concrete=surfaced streets; and streets in
fair=to=poor condition had loadings about twice as high as streets
in good«to=excellent condition.

» Public works practices: Average loadings were reduced by regular
street cleaning (as reflected by lower values for commercial areas),
and loadings were increased during winter in areas where sand and
salt were applied.



Table 1, CONTAMINANT LOADINGS ON STREET SURFACESE/

Mean initial Loading i =
accumulation rate _ Numerical Weighted
Land use (lb/mile/day) Minimum Maximum mean mean .
Residential ' 373 1,200
Low/old/single 120 1,900 850 -
Low/old/multi 31 1,300 890
Med/new/single 180 1,200 430
Med/old/single 260 1,900 -
Med/old/multi 140 6,900 1,400
Industrial ' 447 2,800
Light 260 12,000 2,600
Medium 280 1,300 890
Heavy 240 12,000 3,500
Commercial 226 290
Central business 60 1,200 290
district 63 640 290
Shopping center
Overall : 348 1,500

a/ There are 2 curb miles per_street mile.

o
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Although traffic speed and demsity were believed to be important factors,
effects of these parameters could not be separated from more dominant fac-
tors such as land use.

On the average, vehicular carry-out from unpaved areas (unpaved roads
and parking lots, construction sites, demolition sites) may be the largest
source of dust on paved streets. Maximm carry-out occurs in wet weather
when dust emissions from open sources are at a minimume. In a study conducted
in the Seattle area®s?/ a car driven at 10 miles/ hr on a wet gravel road
collected approximately 80 1lb of mud on tires and underbody, and carry-out
on tires from a wet unpaved parking lot averaged about 3/4 1b/vehicle.

An American Public Works Association study®/ found that 10.2 1b of
dust under 1/8 ine in size comes onto each 100 ft of curbless paved road

in Chicago each day; this amount is cut by a factor of four if curbs are
added.

~ As evidence of the importance of the carry=-out process, a positive
correlation has been observed between TSP concentration and the occurrence
of precipitation several days before sampling, i.e., after sufficient time
for the carry=-out residue to dry out

" ‘Other potentially significant sources of streetudust are:

« Water and wind erosion from adjacent exposed areas (sparsely
vegetated land, unpaved parking lots, etce)es

« Motor vehicle exhaust, lubricant leaks, tire and brake wear.

« Truck spills.

e« Street rebair.

e« Winter sanding and saltinge

« Atmospheric dustfall.

e Vegetation and litter.

In a recent field study of street surfacé contaminants in the Washington,
DsCo area,lQ/ roadway deposition of traffic related materials was found to
be directly proportional to the traffic volume, at a rate of about 10-3 1lb/

vehicle-miles The rate appeared to be independent of the loading already
presente. ‘




However, the accumulation of materials on the roadway has been found
to level off within a period of 3 to 10 days after a rain storm or street
cleaning.&algj This leveling=off occurs when traffic-related removal rates,
which increase with loading intensity, balance traffic-related deposition
ratese The equilibrium is established more rapidly with increasing traffic
speed.

Few data on directly measured dust emissions from paved streets are
available in the literature. An isolated study of dust emissions from a
paved road in the_Seattle area yielded an emission factor of 0,83 lb/vehicle~
mile at 20 mph.gal The test road was noticeably dusty, and had no curbs or
street cleaning program; it was located adjacent to gravel roads and unpaved
parking lots from which dirt was tracked. Dust emissions generated by vehic-
ular traffic with average daily traffic exceeding 200 vehicles was estimated
to equal the amount removed by sweeping every 2 weeks oL

In less populated areas of the country, particularly those areas with
a dry, windy climate, the advective portion of urban TSP originates largely
from wind erosiom of land with sparse vegetation, including tilled cropland.
Whenever the wind velocity exceeds the critical wind erosion threshold and
the exposed soil is sufficiently dry, wind forces cause soil movement by
three distinct mechanisms--surface creep, saltation (jumping), and suspension.

Although the total erosion of soil by wind has been studied in detail
and quantitatively related to soil, field, and wind properties, compara-
tively little is known about the proportion of suspended particulate gener=-
ated by wind erosion. Up to now, TSP generation by wind erosion has been
estimated by assuming that a fixed percentage of the total erosion, as
quantified by the Wind Erosion Equation,ll/ is transported as suspended
particulates This factor has ranged from 2.5 to 10%.12213/

An analysis of quantitative emissions of suspended dust generated by
wind erosion is presented in Appendix Be A mathematical expression, similar
to the Wind Erosion Equation, is derived which incorporates experimental
measurements of vertical fluxes of fine particles from wind eroding fields.

The remainder of this report describes a program of field testing of

fugitive dust emissions from paved roadways and the derivation of emission
factors from test resultse '
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FLELD TEST SITES

Three sites in the Kansas City area were selected for measurement of
fugitive emissions from paved roadwayse Two of the sites (37th Street and
Fairfax Trafficway) were on four=lane arterial streets in areas where at-
taimment of particulate standards has been a problem. The 37th Street test
roadway passes through an old residential neighborhood interspersed with
light-to-medium industrial activity. Medium industry surrounds the Fairfax

- Trafficway test sites The test pavement along 37th Street test was concrete,

but Fairfax Trafficway was surfaced with asphalts both streets were bordered
by unpaved parking arease. The Stillwell site, a local four-lane street in

an undeveloped area of a new industrial park, was chosen for testing with
artifically loaded surface materials. Table 2 summarizes the characteristics
of each test sites
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FIELD MEASUREMENTS

Field testing of dust emissions from paved roads was conducted at the
37th Street site in September and October 1975, at the Stillwell Avenue
site in October and November 1975, and at the Fairfax Trafficway site in
March 1976. To the extent possible, emission sampling was restricted to
periods with moderate crosswinds, 3 or more days after significant rain-
fall (accumulation exceeding 0.5 ine)e

Table 3 specifies the kinds and frequencies of field measurements
that were conducted during each run. "Composite' samples denote a set
of single samples taken from several locations in the area; "integrated"
samples are those taken at one location for the duration of the run.

Sampling Equipment

The primary tool for quantification of emission rate was the MRI ex-
posure profiler (see Figure 2), which was developed under EPA Contract No.
68=02~0619,2216/ The profiler (modified for this study) consists of a por-
table tower (4 m height) with four sampling heads. Each sampling head was
operated as a directional exposure sampler (with automatic separation of
settleable dust), iees, in the "exposure mode" illustrated in Figure 2.

In addition to airborne dust passage (exposure), fugitive dust param-
eters that were measured included suspended dust concentration, particle
size distribution and deposition (dustfall)s. Conventional high-volume fil=-
tration units were operated at breathing height (2 m above ground) upwind
and downwind of the test street. Deposition rates were measured with dust=-
fall buckets at ground level and elevated locations downwind of the street.

A Sierra Instruments high-volume parallel-slot cascade impactor with
a 40 cfm flow controller was used to measure particle~size distribution
at 2 m above ground along side of the exposure profiler. The impactor unit
was equipped with a Sierra cyclone preseparator to remove coarse particles
which otherwise would tend to bounce off of the glass fiber impaction sub-
strates, causing fine particle measurement bias. By means of a pivotal
bearing and wind vane, the cyclone sampling intake was directed into the
wind, resulting in isokinetic sampling for a wind speed of 10 mph.

9 .
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Other types of parameters that were measured during each test included
prevailing meteorology and vehicular traffic. Wind speed and direction were
monitored with a recording wind instrument. Traffic counters were used to
record traffic volume during each test at the 37th Street and Fairfax sites,
while manual counts were made during the tests at the Stillwell site.

Figures 3 through 7 show the locations of sampling imstruments at the

37th Street, Stillwell, and Fairfax sitese Distances from curbings are speci-
fied.

Tests with Artificial loading

As indicated previously; the Stillwell site was selected for testing
 of emissions from an artificially loaded test stripe This necessitated
closing the street to nommal traffic for a period of 3 weeks.

On October 21, 1975, a salt/sand spreader was used to spread pulver-
ized topsoil over an 85 m test strip; on October 30, 1975, limestone gravel
fines were spread on a 105 m test strip. Four runs were conducted with each
material, the loading being reduced for each successive run. No rainfall
occurred during either series of runse Prior to application of the gravel
fines, the road was cleaned with wet brushing equipment.

Tmmediately before and after each run at the Stillwell site, compos-
ite samples of in-place road dust were removed from l-ft wide lateral
strips of road surfaces First, loose material was manually swept from the
15-ine. curbing areas and then from the rest of the strip and placed in poly-
ethylene bagse This step was followed by dry vacuuming of the stripe. Samples
were returned to MRI for determmination of mass and textures

Traffic at Stillwell was provided by test vehicles which traveled back
and forth over the test strip at a speed of 30 mphe Each of the four traffic
lanes was utilized to the same extent during a run. Vehicle spacing was main-
tained to minimize vehicle interaction effects.

Sample Handling and Analysis

At the end of each run, the collected samples of dust emissions were
carefully transferred to protective containers within the MRI instrument
van; to prevent dust losses. High-volume filters (from the MRI exposure
profiler and from standard high-volume units) and impaction substrates were
folded and placed in individual envelopes. Dust that collected on the in-
terior surfaces of each exposure probe was rinsed with distilled water into
separate glass jarse The contents of the deposition samplers were also

rinsed into glass jarse Dust was transferred from the cyclone precollector
in a similar manner.
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Dust samples from the field tests were returned to MRI and analyzed
gravimetrically in the laboratory. Glass-fiber filters and impaction sube
strates were conditioned at constant temperature and relative humidity for
for 24 hr prior to weighing (the same conditioning procedure used before
taring)s Water washes from the exposure profiler intakes, cyclone precol-
lector and dustfall buckets were filtered, after which the tared filters
were dried, conditioned at constant humidity, and reweighed.

Samples of road dust from Stillwell were dried and screened to deter-

- mine the weight fraction passing a 200-mesh screen, which corresponds to a
74 um particle sizee A conventional shaker was used for this purpose.

18
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CALCULATION PROCEDURES

Dust entrainment from a paved roadway may be quantified by measuring
the total passage of airborne dust (after subtraction of background) at
some distance downwind of the roadway. Total dust passage (per unit length
of roadway) is determined by integration of vertically distributed measure=-
ments of exposure obtained with the MRI exposure profiler (described earlier).
Exposure is defined as the horizontal flux of airborne dust (mass of sam=
pling intake area per time) integrated over the time of measurement.

Isokinetic Corrections

If it is necessary to sample at a nonisokinetic flow rate (for example,
to obtain sufficient sample under light wind conditions), the following mul-
tiplicative factors should be used to correct measured exposures and concen-
trations to corresponding isokinetic wvalues:

Fine Particles Coarse Particles
(d <5 um) (d> 50 um)
Exposure Multiplier U/u 1
Concentration Multiplier 1 u/U

where = sampling intake wvelocity at a given elevation

u
U = wind velocity at same elevation as u
d = aerodynamic (equivalent sphere) particle diameter

For a particle-size distribution containing a mixture of fine, intermediate,
and coarse particles, the isokinetic correction factor is an average of the
above factors, weighted by the relative proportion of coarse and fine par-
ticlese. For example, 1f the mass of fine particles in the distribution

equals twice the mass of the coarse particles, the weighted isokinetic cor=
rection for exposure would be

1/3 [2(U/u) + 1]

19



Particle Size Distribution

As stated above, a cyclone preseparator was used in conjunction with
a high-volume cascade impactor to measure airborne particle size distri=
butione The purpose of the preseparator was to remove coarse particles
which otherwise would tend to bounce through the impactor to the backe=up
filter, thereby causing fine-particle~measurement biasae

Although the cyclone precollector was designed by the manufacturer
to have a 50% cutoff diameter of 7.6 um (particle demsity of 2.5 g/cm3),
laboratory calibration of the cyclone, reported in May 1976, indicated the
effective cutoff diameter to be 3.5 pme Because this value overlapped the
cutoff diameter of the first impaction stage (644 pm), it was decided to
add the first stage catch to the cyclone catch, in calculatlng the parti-
cle size distributione.

As indicated by the simultaneous measurement of airborne particle-
size distribution, one impactor being used with a precollector and a second
without a precollector, the cyclone precollector is very effective in re-
ducing fine particle measurement biase. However, the following observations
indicate that additional correction for coarse particle bounce is needed:

le There is a monotonic decrease in collected particulate weight on
each successive impaction state, followed by a several=fold increase in
weight collected by the back=-up filter.

2+ Because the assumed value (0.2 pm) for the effective cutoff die
ameter of the glass fiber back=up filter fits the progression of cutoff
diameters for the impaction stages, the weight collected on the back-up
filter should follow the particulate weight progression on the impactor
stagese

The excess particulate on the back-up filter is postulated to consist
of coarse particles that penetrated the cyclone (with small probability)
and bounced through the impactor.

To correct the measured particle size distribution for the effects
of residual particle bounce, the following procedure was used:

l, The calibrated cutoff diameter for the cyclone preseparator was
used to fix the upper end of the particle-size distribution.

2 - At the lower end of the particle-size distribution, the particu-
late weight on the back-up filter was reduced to fit the particulate weight
distribution of the impactor stages, thereby extending the monotonic de-
crease in particulate weight observed on the impactor stages).

20



wh

-

One effect of these corrections was to reduce substantially the mass
median diameter determined for a given field test site.
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TEST RESULTS

37th _Street Site

Table 4 gives information on the time of each run, prevailing mete=
orological conditions, and vehicular traffic for three of six runs at the
37th Street sitee Wind conditions during Runs 1, 2 and 4 were not accept-
able for test purposes. Figure 8 shows the variation of traffic flow for

each run, and Table 5 gives a typical vehicle mix observed over a period
of 75 min.

Because of the combination of relatively low airborne dust concen-
trations and low wind speeds, it was mecessary to obtain profiler samples
at highly over=isokinetic sampling ratese Based on the adjusted aerodynamic
particle size distributions (solid lines) shown in Figure 9, measured ex-
posures and concentrations were corrected to corresponding isokinetic val~
ues, as described under Calculation Procedures.

Table 6 gives the results of exposure and concentration measurements
at the 37th Street sites Vertical profiles of isokinetic concentration at
3 to 5 m downwind from the edge of the roadway are shown in Figure 10. For
a sampling height of 2 m, there is good agreement between the profiler mea-
surements and standard hi-volume measurements of particulate concentration
obtained at approximately the same distance downwind.

Stillwell Avenue Site

Table 7 gives information on the time of each run, prevailing mete-
orological conditions, and controlled vehicular traffic at the Stillwell
sites The vehicle mix for each test is given in Table 8.

Figures 11 and 12 show the aerodynamic particle size distributions
for Stillwell. The adjusted distributions (solid lines) were used to cal-
culate isokinetic correction factorse Results of Run 7 are suspect because
of sampler overloading.

23
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Table 5, VEHIGLE MIX (37th Street)

Observation period: 1445 to 16002/

No. of No. of | Percentage
Vehicle type axles vehicle passes qf total
Car o 2 ' "472 : 70.0
Bus 2 2 3.1
Pick=-up truck ' 2 123 18.2
Small cargo truck 2 45 ' XY
Tractor trailers 6 11 1.6
Other 2 __E_}_ 0.4
| Total 675

Note: Run: 6 :
~ Sampling Period: 1400 to 1830
Noe of Vehicle Passes: 2440 (2=-axle equivalent)
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Figure 9. Airborne Particle Size Distributions

(37th Street)

27

R S U SRR S — - 100
-1 Site: 37th Street =
MMD* %< %< -
80 (pm) 30 um 54m-{%
ORUN3 5.5 87 A8
ORUN5 3.3 97 64
20 - J 20
|aARUNG6 2.8 98.6 70
Solid Line Indicates Adjusted
o Particle Size Distribution
o Dotted Line Indicates
g Raw Dataq
(&
Zs
§ 1
(=1
d 2 s
£ ¢
o
1
. F
03 o —la
. [ ]
RANF
o2
BT oS T S N 0 WM T 0 90 H;-.L.g'




*0*1 = 030BJ UOTIDAIIOO--DTI2UTHOST /¥

Z10°0 0°9 . 1144 0s§¢ LST 19¢ - Let 9
020’0 0°S L0¢ 18¢ %8¢ £6c 0T S
S10°0 . : S L %91 1i¢ LST $6¢ a1 £
_ 7R  TEELT: TOR=TH @orS  TO9T  pooispeT wy
\mchnmomxm ¢1oyryoad 9peI8BD pIepueilsg mnvaﬁmoym
paaeal8eug © I0J OI3BX
DTISUTHOST

(I°°138 YILE) SINIRTENSVAH
TINSOIXT NV NOIIVILNADNOD HIVINOILHEVAd QEANAdSNS *9 2198l




(392135 y3j/g) uwoTIeajUIOUC) IJEINITIALJ JO BITTIOIJ [8DTII) Q] 2an3ii

punaiBoiong aroqy (w/B67) NOILVEINIONOD ILVINDILEVd DILININOSI

.0SZ 1002 1051 1001 08 .0
[ T T T 1 g _O
-~ %
. . - -
/O -] -4il
; . : 1=
o
=5 _ﬁ
ERL:
o 1'c i3 |
12
sjuswaINsDa . —
{OA - IH PJopuDjs - 0.9 . - 1v
.;24p21pu} sjoquis pijos _ NN \
o _ , : NN\ \
9 uny A : //
guy O Jd
guy o “

193415 Yi/€ 304§



27qe39 L7ewOIIXD 03 2IQPIE = 3

27

a1qe3s L18y(s =8
1eaIne = @

qeisun £1148118 =9
a1qeyeu] =@

21qEIsun LI2WRIINT = ¥ xm.nnwmam.nu £31119838 11Tbesg /T
speOl Syl WOIF IOUBISFP aenoypusdasd o3 aSuBISTP IFFIP [BRIOE Jo ofIeE ST
«Suypeea opIuler ¥

009 4] s> 511 ot - 0TE 0°L i) 06 0ey1 11714 SLIET/TT 1
0sZ a 02 95°T : o o.nn 0°Ll 1 3 05 jatrd | 01Tt cLiiciol ET

ooe 2 ) 1] 90°1 114 081 ool L 0t 0191 cZel SLIOESOT FAS

001 o= [ 201 ol 081 £*6 69 112 8Pl E1el SLAOESOT 1
i 4 a 0 51°1 o : 06T 0°t1 s 09 1661 1 SLfTTSOT o1

081 b) o 1€°1 oy 0o¢ 0°Z1 : 13 ot el Z0ET sLjeeion 6
001 3 o 95°1 . 08 - [ ¥4 501 ol 0 9¢11 9011 sLigzion ]

712 g 4] ot o1 OLT oy 59 9¢ 1691 5191 sLf12/01 £
BWET ST Bt I o (8] () B ¢c o e 7% —wmr . g Teas ) oy
30 *oON 11Inbseg 39407 UOTIORIICD aenogpuadied \.mﬂo TI023RQ paeds zanysiade] Supiduss Ly 4

T opnord aouRleIp 03 a18ur —pumR U FQUY sangodxe Jo
3313q TOFIVRITP uoFITING
i . PUTH
(TT®A11T38) SHIIEHVAVd 1531 SNOISSINA *L 3198L

30




Table 8. VEHICLE MIX (Stillwell)

Number of vehicle pagses. -
Run ‘Passenger car Station wagon - Van/truck Total

7 108 54 52 214
8 65 0 35 100
9 112 0 38 150
10 - 145 0 55 200
11 75 25 0 100
12 9% 54 52 200
13 102 ' 0 148 250
14 275 191 134 600
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Table 9 gives the results of exposure and concentration measurements
at the Stillwell sitee Vertical profiles of isokinetic concentration mea-
sured at 5 m downwind of the roadway are shown in Figures 13 and l4.

Downwind distributions of umit dust deposition as a function of mean
drift time are shown in Figures 15 and 16. Mean drift time equals drift
distance divided by mean wind speed; for example, a drift time of 1 sec
represents a distance of 4.5 m for a wind speed of 10 mph (4«5 m/sec)s As
indicated, the deposition intensity decays rapidly over the first few sec=
onds of drift time.

Table 10 summarizes measurements of loading intensity and silt con-
tent of pulverized topsoil and gravel fines which were artificially ap-
plied to the test stripe As expected, loadings decayed with traffic (and
wind erosion during periods between tests); surface material tended to be
depleted much more rapidly in the traveled areas than along the curbse

Fairfax Trafficway

Table 11 gives information on the time of each run, prevailing mete=-
orological conditions, and vehicular traffic for the runs at the Fairfax
sites Figure 17 shows the variation of traffic flow for each run, and Table

12 gives a typical vehicle mix observed over a period of 10 min.

Based on the adjusted aerodynamic particle size distributions (solid
lines) shown in Figure 18, measured exposures and concentrations were cor-
rected to corresponding isokinetic values, as described under CGalculation
Procedures.

Table 13 gives the results of exposure and concentration measurements
at the Fairfax sitees There is fairly good agreement between the profiler
measurement of particulate concentration for particles less than 30 pm in
diameter, and the standard hi-vol measurement of particulate concentration,
obtained at about the same distance downwind. The complexity of this site
is evidenced by the high background concentrations, possibly due to inter=
ference from Sunshine (see Figuxe 7).

Comparative Particle Size Distributions

Table 14 compares particle-size distributions of atmospheric dust gen-
erated by vehicular traffic on paved and unpaved roads. (Testing results
for paved roads are presented in Appendix A.) With the exceptions of Run
Nose 7 and 23, for which samplers were overloaded, particle-size data are
consistent from site to site. Emissions from dirt roads or paved roads with
topsoil loading exhibit the largest mass median diameter, while dust en=-
trainment from normal city streets consists of the smallest particles. For
emissions from unpaved roads and heavily loaded paved roads, there is a
consistent ratio (approximately 0e3) between fine particles (less than 5
pm in diameter) and particles less than 30 pm in diameter, the effective
cutoff diameter of the standard hi-vol sampler.
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TRAFFIC (Equivalent 2= Axle Vehicies Per Hour)
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‘Figure 17.. Traffic Flow (Pairfax Trafficway)
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Table 12, VEHICLE MIX (Fairfax Trafficway)

Observation Period: 1447 to 1457

No. of No. of
Vehicle_ type axles vehicle passes
Car 2 229
Pick-up truck : T2 ' 71
Small cargo truck 2 13
Tractor trailers | 6 11
Total . | ' 324

Notet Run: 15
Sampling Period: 1330 to 1730
No. of Vehicle Passes: 3791 (2-axle equivalent)

43

Percentage

of total

70.7
21.9
hIO

3.4




PARTICLE DIAMETER {MICRONS)

| WEIGHT % GREATER THAN STATED SIZE
e e e s e s s e S s e g o e e
' Site: Fairfox Trafficway
MMD* %< %<
s0 . (pem) 30 am 5pum-{e
—
ORUN15 - 6.5 & 41

‘ORUN 16 53 92 42
20 Solid Line Indicates Adjusted {20
Particle Size Distribution
Dotted Line Indicates
Raw Data

os 7 : -

02 _ op

HEes . 20 3040 500 70 80 90 95 96 9 %'
W%LESSJHM STATED SIZE
* MMD = Mass Median Diameter

. Figure 18. Airborne Particle Size Distribution
' (Fairfax Trafficway)
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Computed Emission Factors

The environmental impact of dust emission from unpaved roads varies
greatly with particle size. Large particles (d > 75 pm) drift short dis=
tances from the road during the settling process, and create mainly a
nuisance problem. On the other hand, fine particles (d < 5 pm), which
represent a potential health hazard and which effectively reduce atmo=-
spheric visibility, may remain suspended for long periods of time and be

~ dispersed over distances of regional scale. Thus, it is imperative that

emission factors be developed for specific particle-size ranges.

The upper particle~size limit for total suspended particulates is
about 30 um for a particle demsity of 2 to 2.5 g/cm3. This is the effec-
tive cutoff diameter for the capture of fugitive dust by a standard highe
volume filtration sampler.5

The total emission factor for fugitive dust from a test road is equal
to the vertically integrated exposure divided by the number of wvehicle
passese This excludes particles which settle out between the edge of the
street and the exposure profiler. Emission factors for specified size
ranges are calculated by multiplying the total factor by the measured
(isokinetic) fraction of particles in the particular size range of interest.
Computed emission factors for the 37th Street, Stillwell, and Fairfax sites
are presented in Tables 15 through 17, respectively.
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Table 15. EMISSION FACTORS (37th Street)

Measured emission factoréj
(g/vehicle-km) (1b/vehicle-mile)
Run Total < 30 pm <5 pm Total <30 ym <5 pm
3 4.2 3.7 2.0 0.015 0.013 0.007 )
5 5.6 5.4 3.7 ©0.020 0.019 0.013 .
6 3.4 3.3 2.3 0.012 0.012 0.008

a/ Isokinetic.

Table 16, EMISSION FACTORS (Stillwell)

Measured emission factora-‘-/
(kg/vehicle-km) ' (1b/vehicle-mile)

Run Total - <30 pm <3 m Total < 30 ym €5 pm

7 9.8 5.5 1.8 34.7 19.4 6.2

8 7.5 2.7 0.90 26.7 9.6 3.2
9 3.4 1.0 0.31 12.2 3.7 1.1
10 1.9 0.59 0.17 6.9 2.1 0.62
i1 2.8 1.4 0.45 10.0 4.8 1.6
12 1.9 1.0 0.27 6.8 3.7 0.95
13 1.5 0.62 0.21 5.3 2.2 0.74
1w - 0.31 0.13 0.039 1.1 o6 0.14 .

o

a/ Isokinetic. - |
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Table 17. EMISSION FACTORS (Fairfax Trafficway)

Measured emigsion factorg-/
(g/vehicle-km) (1b/vehicle-mile)
Run Total < 30 pm < 5 pm Total < 30 pm <5 pm
15 5.4 4.8 2.3 © 0,019 0.017 0.008
16 2.8 2.6 1.2 0.010 0.0092 0.0042

a/ Isokinetic.
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CORRECTIONS TO EMISSION FACTORS

As indicated in Figure 19, a nearly linear relationship between the
computed total emission factor and the measured silt loading for silt loade
ings (excluding curbs) below about 20 g/m? (280 kg/km or 1,000 lb/mile)
can be assumed for the Stillwell site. Based on this representation of the
data, the following functiomal relationship is proposed:

e = KlLs

where e = Emission factor (kg/vehicle=km)
: = Proportionality constant (vehicle™!l)
L = Surface loading excluding curbs (kg/km)
s = S5ilt content of the surface material (fraction)

The curb area extended 15 ine. from the curb toward the center of the street.

Computed total Kevalues for Stillwell are given in Table 18, These
values, which are based on total silt loading excluding curbs (Ls), apply
to the loading range normally observed on urban streets (Ls < 280 kg/kn or
1,000 1b/mile)s Table 18 also shows the Kevalues as a function of particle=
size for 37th Street and Fairfax Trafficway, based on the uniform applica=-
tion of the average total K-value for Stillwell Avenue.

To check the consistency of the emissions data between sites, the
average total Kevalue determined for Stillwell was used to calculate the
silt loading excluding curbs for 37th Street and Fairfax, yielding the
results shown in Table 19. As indicated in Table 19, the calculated silt
loadings for 37th Street and Fairfax compare well with the silt loadings
found by Sartor and Boydﬂ/ based on the assumption that the 10% of the
total loading between curb areas has a 10% silt contents

As a further check on the validity of these factors, a comparison may
be made with the factors of 1 to 3 x 1075 per axle estimated in a previously
cited study of contaminant loadings on paved urban streets. -Assuming two
axles per vehicle and 10% silt in the surface material, these estimated fac=
tors are transformed to 20 to 60 x 10*5 vehicle™!l,

51




(T1oM11T38) BuTpeol ITTS a8e12Ay SNSadp 103108 UOIBETHT 61 2andt g

squny Bugpnjaxg (w /wB) ONIGVOT LNS IOVIIAY _
ozl otl 001 06 08 0L 09 05 or 0t 0z 01
L 1

' " pp uny

fLuny

anusAy [|PM[ILS A1

£ uny

ot

() -3[0149A /B%) YOLIV NOISSIW

52




-l

Table 18.

EMISSION PROPORTIONALITY FACTORS

Site

Stillwell Avenue
Pulverized topsoil
Gravel fines

Average

37th Street
Run 3
Run 5
Run 6
" Average

Fairfax Tratficway
Run 15
Run 16
Average

Average KrFactorhj

K-Factor (x 105)

Total

125
71
98

98

98
98
98

98
98
98

98

< 30 pm
of _
a/

85
95
97
96

85
90
87

91

<5 pm

el

47
63
69
60

40
41
40

50

a/ Stillwell entrained dust size distributions are not representative
of paved urban roadways (see Table 14).
b/ -Average of 37th Street average and Fairfax Trafficway average.
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Table 19, COMPARISON OF CALCUIATED VERSUS
PROBABLE SURFACE LOADINGS '

Silt loading excluding curbs Skg[kmz

Calculated . Sartor
Site using K = 98 x 105 and Boydd/
37th Street residential=low/old/single
Run 3 4.3 408
Run 5 ' 5.7 b8
Run 6 345 448
Fairfax Trafficway industrial-medium
Run 15 545 " 540

Run 16 249 : 2458/

a/ Table 1 gives loading intemsities measured by Sartor and Boyd for
various land usese. :

b/ Assuming half the normal loading following thorough street cleaning
on the day priore
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The time-average silt loading on a paved street is a complicated func=-
tion of trafficerelated and other parameters as discussed earlier. Perhaps
these are best related to land use, as given in Table l. To the extent that
traffic-related deposition is the major source of surface material, emissions
become independent of traffic speed after the deposition-reentrainment equi=
librium is reached.

Therefore, in calculating an emission factor for dust emissions from
paved roadways, with the equation e = KLs, the following parameter values
should be used (based on the data in Table 18):

Calculated emission factor (kg/vehicle-km)

98 x 1073 vehicle™l for total emissioms

91 x 10=5 vehicle™l for particles < 30 ym in diameter

50 x 10~ vehicle™! for particles < 5 ym

L = Surface loading excluding curbs (kg/km) estimated as a function
of land use (Table 1)

s = S8ilt content of the surface material (10%)

e
K

Il

Table 20 shows calculated emission factors as a function of land use,
based on 10% (the noncurb portion) of the surface loadings given in Table 1
and a 107 silt content.
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APPENDIX A

PARTICLE SIZE DISTRIBUTIONS OF ATMOSPHERIG DUST FROM
UNPAVED ROADS
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This Appendix presents the results of a separate series of field stud-
ies to &etermine particle=size distributions of atmospheric dust generated
by vehicular tfaffic on unpaved.roads. Field tests were conducted in an
agricultural area (Soﬁtherﬁ Johnson County, Kansas) characterized by relé-
tively flat, open terrain. Testing at the gravel road site (207th Street)
took place iﬁ September 1976, and testing at the dirt road site
(167th Street) in October 1976.

Figures A=l through A-4 show the layout of sampling equipment used
for each run. As in ghe case of paved roads, the primary device for mea-
surement of particle-size distribution was a Sierra Instruments high-volume
cascade impactor equipped with a cyclone preseparator.

Gravel Road Results

Table A-1 gives information on the time of each run, prevailing me-
' teorological conditions and vehicular traffic for the three tuns at the
207th Street site. Table A-2 gives the vehicle mix for each run. Measured
particulate conéenﬁrations are listed in Table A-3.

Figure A=5 shows the aerodynamic particle size distributions measured
downwind of the‘test gravel road. The solid lines are the distributions
adjusted to eliminate bias caused by residual coarse particle bounce, fol=-

lowing the procedure outlined in the body of this report.
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Table A-2. VEHICLE MIX (207th Street)

No., of vehicle passes

Run Passenger car  Van/truck Total
20 52 | 54 106
21 . 50 50 100
22 50 - | 50 100

Table A-3. SUSPENDED PARTICULATE CONCENTRATIONS AT 207th STREET

Particulate concentration (EEZ 3 at 2 m above ground
Downwind, excluding background

Casacade _
‘ _ o impactor Standard
Run ~ Background ~ with cyclone : Hi-Vol
20 1,484 3,250 4,958
21 76 2,486 © 3,258
22 18 3,127 ' 3,790
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WEIGHT %, GREATER THAN STATED SIZE

: 998 99 96 98 o) 0
Site: 207th Street -
Surface: Gravel ]
s MMD* %< %< -
(um) 30 um 5um_
ORUN 20 13 69 29
20 ORUN 21 19 62 20
ARUN 22 24 54 20
Solid Line Indicates Adjusted
o Particle Size Distribution
] Dotted Line Indicates ]
é Raw Data §
o
oo
S
d e
-
7 .
VL
08 / z/ ..:
02
UaGEBE 1 T 3 K M B WW T #' "

Figure A-5.

* MMD = Mass Median Diameter.

Airborne Particle Sige Distributioms

(207th Street=-Gravel)
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Dirt Road Results

Table A=4 gives information on the time of each run, prevailing me-
teorological conditions and Vehiculaf traffic fof the three runs at the
167th Street site. Table A=5 gives the vehicle mix for each run. Measured
particulate concentrations-are listed in Table A-6.

Figure A~6 shows the aerodynamic.particle size distributions measured
dowhwind of the test dirt road. The solid lines are the distributions ad-
| justed to eliminate bias caused by residual coarse particle bounce, fol-

lowing the procedure outlined in the body of this report.
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Table A-5, VEHICLE MIX (167th Street)

Run Passenger car Van/Truck Total
23 50 50 100 ’
2, | 5 25 | 50 .
25 25 | 25 ' 50

Table A-6. SUSPENDED PARTICULATE CONCENTRATIONS AT 167th STREET

. Particuiate concentration ggg[m3) at 2 m above ggpund
' - Downwind, excludiﬁg_backg;ound

Cascade Standard Hi-Vol
‘ impactor With Without
Run Background with cyelone ~ Cascade impactor Cascade impactor
- 23 2188/ 12,658 7,565 10,120
2 2188/ 13,062 6,784 | 11,058
25 191 5,383 - 6,348

a/ Average over both Runs 23 and 24.
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WEIGHT % GREATER THAN STATED S\TE

‘ ‘ S L. e s - .“
' Site: 167th Street
Surface: Dirt )
50 . Nﬂ“ﬁ‘_96<: %< %0
(ptm) 30 um 5m.
_ ORUN 23** 11 78 27 -
20| ORUN24 84 30 7 Ja»
‘ARUN25 66 35 10
0 Solid Line Indicates Adjusted ] .
. Particle Size Distribution _ 7
% Dotted Line Indicates - .,
3] Raw Data .
L )
: i Ve
2 [ ) L) 2
C
g $VARE
: : .
L /4
VAVE & a
4 l . .
os : —v o3
o @ »
£
0.2 LY

mmbéo.ﬁl 2 s © annuému %i—lﬂ.

WEIGHT % 1LESS THAN STATED SI26

* MMD = Mass Median Diameter .

** Sampler Overloaded on Run 7
Figure A-6. Airborne Particle Size Distribution

(167th Street=Dirt)
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APPENDIX B

ESTIMATION OF SUSPENDED PARTIGULATE EMISSIONS
' GENERATED BY WIND EROSION
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Recently Gilletteiﬁl measured vertical fluxes of suspended dust
smaller than 20 pm in diameter generated by wind eroding fields in West
Texas. As expected, emissions increased sharply with increésing friction
velocity, above the threshold value of about 25 cm/sec. In addition, the
vertical flux was significantly higher for one of eight soils which had
a substantia;ly highefnfgypent of S;EE (particles between 2 and 50 um.
in diameter)e This finding confirmed Gillette's previously developed theory
that the generation of suspended dust by wind erosion is a function of the
silt content of the eroding soil, in addition to the total rate of wind
erosione

The Wind Erosion Equationil/ relates the total rate of wind erosion
to the following field and climatic parameters:

. Soil erodibility - potential annual loss rate for a wide, un-

 sheltered, isolated field with a bare, smooth surface.

« Ridge roughne#s - a function of ridge (clod) height and spacing.

. Climate factor - contains in addition to wind' speed, Thornthwaites
Precipitation~Evaporation Indexlg/ as a measure of average soil
moisture content.

.  Vegetative cover - expressed as equivalent small grain stubble.

. Field length - distance along which erosion builds to its maxi-

mum (equilibrium) value.
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Soil erodibility for various soil texture classesd/ is given in
Table B~le Erodibility is related to the percentage of erodible dry
aggregates (particles smaller than 0.84 mm in diameter) in the surface

soil. . $

Table B-l. SOIL ERODIBILITY FOR VARIOUS SOIL TEXTURAL CLASSES *
Predominant soil Erodibility, I
textural class (tons/acref/vear)
Sandél 220
Loamy sandﬂl 134
Sandy loam& 86
Clay ' 86 !
silty clay 86 "
Loam 56 ' 1
Sandy clay 1oamd/ 56 ' |
Sandy clay@ 56 . 1
8ilt loam ' 47 ' f
Clay loam 47
S8ilty clay loam 38
Sile 38

. al Very fine, fine, or medium sand.

Figure B-1 shows a map of P-E values for the United Statescél These
values were calculated from annual precipitation and temperature data,

using the relationship developed by Thornthwaitealgl
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The reduction in wind erosion due to vegetative cover==

11/

is given

in Figure B=2. The conversion of measured residue density to equivalent

flat small-grain stubble is described elsewhere.Ll/ Typical values of

equivalent vegetative cover for common field cropsél are given in Table

B"Z.

WIND EROSIGN WITH COVER (TONS/ACRE/ANNUM)
]

- //G’
1O /
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WIND EROSION WITHOUT COVER (TONS/ACRE/ANNUM)

Figure B-2. -Mitigative Effect of Vegetative Cover

Based on the above information, the following equation is proposed

for the calculation of emissions of suspended dust (particles smaller

than 30 pm in diameﬁer) from wind erosion:

where

= 0, 0089 —""—""2'(]? /509

Emissions of suspended dust in toms/acre/year

Soil erodibility in tons/acre/year

'$ilt content of surface soil im percenat
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Table B-2+« VALUES OF EQUIVALENT VEGETATIVE COVER
FOR COMMON FIELD CROPS

Crop v (1b e
Alfalfa 3,000
Barley 1,100
Beans 250
Coxn 500
GCotton 250
Grain Hays 1,250
Oats 1,250
Peanuts 250
Potatoes 400
Rice 1,000
Rye 1,250
Safflower 1,500
Sorghum 900
Soybeans 250
Sugar beets 100
Vegetables 100
Wheat 1,350
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£ = Fraction of time wind exceeds the threshold value for
wind erosion (12 mph)
r = Mitigative fractional reduction in wind erosion due to
vegetative cover, éalculatéd from Figure Be2.
PE = Thornthwaite's Precipitation-Evaporation Index
The proportionality constant in fhe above equation was derived from
the previously cited field measurementsulgl The s0il erosion parameters
for the test field were as follows:
S8ilt content = 8.57%
Potential erodibility = 100 tons/acre/year
Ridge roughness = 2.5 cﬁ
Precipitation=Evaporation Index = 40
Vegetative cover = 33 lb/acre
Field length = 1.6 km
The above value for ridge roughness is an average value for a plowed field,
and the vegetative cover is negligible. In addition, a factor of 0.85 has
been inserted into the proportionality constant to reflect a typigal field

length of 2/3 km.
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