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NOTE TO EDITORS

Under the new federal copyright law,
publication rights to this paper are
retained by the author(s),
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A muerbor of studies have been conductod to establish emission rates of
fugitive dust frem vehicular travel on dirt roads.  Most of these have
shown a relationship between Lhe Ltotal ammunt of dust emitled and variables
including soil silt content and vehicle speed,  Some have included
additional variahles such as misture content and {ype of velricle.

A 1973 study by PEDCO—Envirommental Specialists, e, ! delemined an
ol ssions equation from hi-volime measurement of the [foim:

(0.27) (1.068>" (H

E = Dust emissions
(1b/vehicle mile)

Vehicle speed (moh)

B

X

At 30 eph evaluation of this equation shows an emission rate of 1,94
Ib/vichicle mile due to vehicle travel. PEDCo then estirmled wind
crosion from roadways, and apporiioned this over the estimted vehicle
usage, arriving at a final estimate of 3.7 1b/vehicle mile.

Also in 1973, a study by the Puget Sound Air Dollution Control Agency
demenstrated an exponential- incrense in emissions with vehicle snecd®?
in the speed range of 10-30 lmlﬁ Faissions were found to vary from

3.5 1b/vehicle mite ab 10 mpli to 22 1h/vehicle mile at 30 mph.  Studies
of enissions at speeds higher than 30 mph were apparently not determined.

In 1974 Midwesi Research Institute (MR1) corroborated the findings of
emissions increases in wroportion to the square of the vehicle speed for
speeds below 30 moh." Between 30 mph and 49 mph the MRI report concluded
that the emissions-speed relationship was linear. MRI rde the
assumtion that most travel on dirt mads is at speeds ol 30-50 nph, and
a linear relationship wins derived in the form:

Conds 0.81 s(5/3) (2)

mission factor
(1hsfvehicle mile)

here: e

Silt content of road
suriace mterial (percent)

A
1]

8 = Average vehicle speed (rmh)

The results of the MR! sltudy were adapted by the Environmental Protection
Agency (EPA) with nationwide applicability for purposes ol estirnting
annual emissions for vehicle travel on dirt roads. The FPA assimed that
dirt road emissions were comletely suppressed on days with 0.01 inch of
rainfall or more. The IPA equation included a correction faclor for
rainfall data and vas published as:




ra

e
(0.81) (:5) (8730 (iﬁ‘jT“’) (1)

=
[t}

Where: w = HMean annunl noemboer of diys
with 0.31 inch or mre ol

rainfall

Turpose And Mothod O Study

Since the FPA cmissions estimate method was nol developed as o resalt of
investigations conducted in the desert Southwest, and since unbived roads
are believed Lo be o anjoir contributor to suspended particalate )
concentrations in Lhis arca, a further investiation of these onissions
Iram vehicular travel was Lisely.  An air sanpling program Lo deleming
aniszion lactors from vehicnlar travel over unpaved roads inand around
Toeson, Arizona was conducted during the stmer of 1977, Foriy-six
nesurenents were made at five sites in order to re-assess the
relationship between particulate omitssion rales [row vehicolar Cravel

and variables: vchicular speed, make up of road surface and misture.

Standard (GWT 2207) bhi-volume sanplers were placed at o heipght of two
moters Tifty feet upwind of the road center line Lo measure upwind
background particulzle concentrations, and at the same height, Tty feel
downwind of the roxd cenler.  The dilference in sample collecled from the
twoy hi-volume filters was atiributed to roadwny omissions.

Swmpling periods rangoed Trom Len minutes to Five hours.  During the longer
periods normal passing trallic was comnted and specds woere estimated by
clockimg the trallic over measured distances. This alflorded data for
speeds in the 30-35 mph ranges.  Tn order to gel emission measuroments for
other traflic speeds, one or two vehicles were driven by rambors of the
samling team, and passed the sarmling points repetitively at specilied
spoeds  ranging from 10 to 50 mph. I was found that approxtmately 50
vehicle passes gonerated sullicient swmple tor analysis at cven the slowest
specds. ‘o

Wind speed was measured using a Delfort Model 443 hand hetd instrument.

The senser height was approximately two melers above the surface.  Hlinimu
detectable wind speed was about 0.1 knot and the instrument’s accuracy for
speed measurements has been reported within +3%, and within +2% fordirection
measurements,  If, during the sanple period, the wind direction shifted to

more than 45" from perpendicular Lo the road, Sampling activity wasterminated.

Corrections for wind angles up to 45" wore incorporated in the ealemintions
in the mnner suggested Ly Turner. &

Nipo tests woere run using the upwind hi-volume monitor af, the usual Tweisht
and distance, and positioning [onr samplerson the downwind side al heights
of 1, 2, and 3 meters alove the pround.  Results Trom these measurorsents
wore used as an indicator of the verticnd distribution of plune
coneent.ration,

Soil wurinee sumples were Laken representalive of both on-rond and
off-road soil al nine sanple sites. The silt fraction hy weipght and
the poreonl, moistore of each samle were detomined by standard
laboradory melhods.

Near the ond of the project, Five series ol tests were performed with
Sierra mpactors in an attempt Lo determine e sive distreibution of Lhe
particulates sapled, and Lthe rate of deposition ol these partienliates,
The s ler arrangomend, at bhis Lime was camprised of a hi-volume and a
Sierra sapler 50 leel from the conter tine on the upwind side, plas a
Vike pair on Lhe dowawind side, plus a Sierrn sanpler at 150 Teot
dosmwind and anolher ol 250 feel downwind from the road centor line.

Several probloms were noted with the impactor samles during Lhe course
of this analysis which did not allow collection of meanimelful data.  Not
all the samle wns collected on Lhe ribbon filters, and narticulate had
collected in easily visible amounts on the supporting metal plates,
Additionally, substantial “skipping” of the dry roadway particles was
evidont, and under microscopic examination, particles as large as 20-30
microds were found on the backup filter, where particles no larger than
0.5 microns should e collected,  Similar problems wilh inertial particle
sizing devices have been noted in other recent reports.*:?

Rtexsul ks

Make Up OF foad Surface

(Sm'l':l(:u saumles Prom each Lest site were collected and the size classified.

The silt fraction-is that which passes through a 200 mosh screen. Thesoe
are the particrlates less than 74 ym in diameter and represent the (raction
ol the road surface which easily becomes airborne due to passing vehj.clesi>
Road silt. was found to vary lram 5% through 16%, for an averape of 9% at

12 sampl ingz locations.

Surlace soil sanples were akso col tected from undisturbed desert adjacent
Lo the Lest sites, and a considerably higher silt froction was found.  The
undisturbed desert conlained an average of 2.6 times pgrealer silt fraction
than the adjacent road. This wonld suggest that it would not be good
practice to usc Lhe percentape silt in area soils maps to estimate

roudway silt percentages.

The cmission rales found at each test site were plotted agatnst the rond

511t {raction, and the relationship between emissions and soil swrface
silt was found Lo bo approximately linear.

Varintion OF Dnissions With vehicle Specd

Firissions variation wilth vehicle speed showed a substantial difference

I'rom Lhat which would be predicted by the FPA calculations. Figure 1 shows
a plot ol emissions data [rom all live stations adjusted proportionally to
10 silt. Line mmber 1 is based on the FPA formula.” This plots as a-
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straight line and does not. fit the experinental curve, 1f the
coxflicient. in the FIPA formida were changed from 0.81 to 0.3 as shown
in 1ine 2, then thestraight line Tits well at 30 mph, but becomes a
ponter it as the specd departs from 30 mph,  Curve number 3 mkes o
better approximtion of the experimental data. It is expressed as:

E = (si1t) () (aphf (1)

Where: E = Imission rate
{(Ibs/vehicle mile)

silt = Silt content of road surface
expressed as a fMaction

¢ = Coeflicient = 0.035H

mph = Traffic speed in miles
per hour

e principal finding here is that the dust emissions rate varies as
square of the speed, rather Lhan directly with the speed sunportive of
rindings of earlier reports.” %"

»

Method Of Calculation

Studies of emission factor estimites have frequently eoployed diffusion
mdeling concepts o estimate source emission strength, although the MRI
study employed a mass balance estimation technique.® The diffusion
technique used in this study was based on the assumption of 2 continuously
emilting infinite line source. Pmissions strenglh is described by the
equation: ®

_ 2 2l z (5)
X = Smd viF o e""["“oz’ ]
Where: X = Particulate concentration
due Lo road tralfic (g/m®)
q = Emission vate per length
of line source {(g/scc-m)
0z = Standard deviation in the
vertical of the plume
concentration distribution
u = Wind sneed (m/sec)
¢ = Angle between wind divection
and line source
il = Fffective heipght of emission {m)
q = (1.25) (X) (vz) (u) (sin ¢)
".»
e, -0, (=
. 2 [0.5G07]
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e variables in this cquation lncorporating the greatost degrees of
unceriainty are H, the height of pollutant release, and gz. H was
measured by eonmarimgr the height of the visible dust cloud at the

50 fool downwind sanpler with a reference marker, and correlating

Lthis heisht with venicle specd,  Assuming a vertical dispersion
stabilily equivalent to class B (Turper)® Lhe dust cloud height at

50 fect was then traced back to the point of origin. The helght at

the point. of origin was then constdered to be the cifective heipht of
omission. This varied from 0.2 meters {0,7 feet) with 20 miles—per-hour
traflfic, to 3.2 metons (1] feet) with 50 miles-per-hour traffic, The
varintion with traflic speed ts likely due to the vehicle wake vurbulence -
which increases with speed.  This estimate range conpares with estimtes
in other studies'"? where relomse heights of 1.0 m to 1.4 m were assuned.

The value of 0z is the standard deviation in the vertical of the plume
concentration distribution. If all the conditions for a norml Gaussian
distribution were met, then 66% of all values would be found within one
standard deviation., As a practical approach it was assumed that at the

50 foot distance, 6G% of the plume was stitl visible and the rominder

had been mixed by ndpe eddies to the point where it was no longer visible.
On this basis the vhsorved visible plume was considered equal to cz. Plume
heiphts were determined hy comaring the observed dust cloud height against
a1 marked reference pole.

The form ol the dispersion cquation used in this analysis was designed for
use in estimating ground level concentrations resulting from emissions from
an infinite line source. thanver, due to the significant backwash of
filtered air from the nntor, hi-volume samplers can generate suspended
particulate if monitors are located too close to the groumd. EPA guidelines

for location of hi-volume monitors specify a minimum elevation of two meters.

The possibility of a significant difference in concentration due tovariation
in the monitoring height was considered. Sanplers were run at elevationsof
1, 2, and 3 meters above the surface. Nine such tests were run in order to
get some idea as to the plume vertical distribution, and specifically to
determine whether or not a sannler at a standard two-meter elevation
accurately rellects the source emission concentration.

In Figure 2 the average relative concentration (proportional to 2 meter
cancentration) was plotted apainst samler height. The figure shows that
between the two and three meter elevation the variation in concentration is
rather simll, while differences between the measured concentration at one
and two meters s significant. Suspended particulate concentrations one
meter above the surface were approxtmately 1.4 times larger than the
measured concentrations at two meters.,  Also plotted in Figure 2 is a
curve representing calculated varlation in relative concentration with
height.  Concentrations were calculated assuming a uniform oy of four meters
and averaging concentration contributions from emitters at four heights
0.2m, 1.2m 2.2 m, 3.2 m) ohderved during field tests. It ¢an be seen
that while measured relative concentration variation with height betwsen
two and three meters closely approximates calculated variations, the
observed variation between one and two meters far exceeds that variation
which one would normlly expect. For this reason, it was concluded that
conceniration measurements taken at one meter were unrepresentatively high,
possibly due to the backwash mentioned earlier.
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Calceulation of concentration distribut.ion with height also served to
verifly the assumption inplicit in the emission [actor calculation that
concentration measurcments taken ot a height of two meters were reasoniably
representative of actunl ground level concentrations. Inthe example
caleulation, ground level concentrations arc only 10 higher than
concentrations at twoe meters. ‘This possible 1% variation is well within
limits of error encounted for other caleulation variables.

Sumnry And Conclusions

A scries of field tests were conducted in the Tucson area in order Lo
determine the most suitable emission rate figures lor fugitive dust
resulting from vehicular travel over unpaved roads, Hi-velume air samplors
were used upwind and downwind from the roadway in «question. The diflerence
between these values was considered to be due to the source, and a
diffusion mxlel was used to calculate the source strength.

S0il samples were collected (rom 12 unpaved roads, and the averayge silt
content was Tound to be 9%. The silt content of adjacent undisLurbed
desert soils was considerably higher, 23%. Emission rates appear Lo vary
directly with road silt content. Tests taken the third day after heavy
rains showed no difference in emission rates when compared to days prior
to rain.

Five roads were sampled with a total of 46 emission rate measurements
covering traffic speeds from 10 to 50 miles per hour. At 30 mph the

average emission rate for a road with 10% silt was about 3 lbs/vehicle mile,

The emission rates appear to vary exponentially with traffic speed, and
the equation which best approximates the experimental data is:

(silt) (c) (mph)? (6)

<]
n

S
3
3
=

Emission rate
{1bs/vehicle mile)}

silt = Silt content of road
expressed as a fraction

Fimpirically derived
coefficient = 0.035

mph = Traffic spced in miles
per hour

Q
1]

8 76-14.2

EMISSION RATES vs TRAFFIC SPEED
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