13.2.1 Paved Roads
13.2.1.1 Generd

Particulate emissions occur whenever vehiclestravel over a paved surface, such asaroad or parking
lot. Particulate emissions from paved roads are due to direct exhaust from vehicles and resuspension of loose
material on the road surface. In general terms, particul ate emissions from paved roads originate from the
loose material present on the surface. Inturn, that surface loading, asit is moved or removed, is continuously
replenished by other sources. At industrial sites, surface loading is replenished by spillage of material and
trackout from unpaved roads and staging areas. Figure 13.2.1-1 illustrates severa transfer processes
occurring on public strests.

Various field studies have found that public streets and highways, aswell as roadways at industrial
facilities, can be major sources of the atmospheric particulate matter within an areal® Of particular interest
in many parts of the United States are the increased level s of emissions from public paved roads when the
equilibrium between deposition and removal processesis upset. This situation can occur for various reasons,
including application of snow and ice controls, carryout from construction activities in the area, and wind
and/or water erosion from surrounding unstabilized areas. In the absence of continuous addition of fresh
material (through localized trackout or application of antiskid material), paved road surface loading should
reach equilibrium values in which the amount of materia resuspended matches the amount replenished. The
equilibrium sL value depends upon numerous factors. It is believed that the most important factors are:
mean speed of vehicles traveling the road; the average daily traffic (ADT); the number of lanesand ADT per
lane; the fraction of heavy vehicles (buses and trucks); and the presence/absence of curbs, storm sewersand
parking lanes.

13.2.1.2 Emissions And Correction Parameters

Dust emissions from paved roads have been found to vary with what istermed the "silt loading"”
present on the road surface as well as the average weight of vehicles traveling the road. The term silt loading
(sL) refersto the mass of silt-size material (equal to or lessthan 75 micrometers [um] in physical diameter)
per unit area of the travel surface.*® The total road surface dust loading is that of loose material that can be
collected by broom sweeping and vacuuming of the traveled portion of the paved road. Thesilt fractionis
determined by measuring the proportion of the loose dry surface dust that passes through a 200-mesh screen,
using the ASTM-C-136 method. Silt loading isthe product of the silt fraction and the total loading, and is
abbreviated "sL". Additional details on the sampling and analysis of such material are provided in AP-42
AppendicesC.1 and C.2.

The surface sL provides a reasonable means of characterizing seasonal variability in a paved road
emission inventory.? In many areas of the country, road surface loadings are heaviest during the late winter
and early spring months when the residua loading from snow/ice controlsis greatest. Asnoted earlier, once
replenishment of fresh material is eliminated, the road surface loading can be expected to reach an
equilibrium vaue, which is substantially lower than the late winter/early spring value.
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Figure 13.2.1-1. Deposition and removal processes.



13.2.1.3 Predictive Emission Factor Equations!©

The quantity of dust emissions from vehicle traffic on a paved road may be estimated using the
following empirical expression:
E=k (sL/2)%65 (w/3)1° (1)
where:
E = particulate emission factor (having units matching the units of k)
k = base emission factor for particle size range and units of interest (see below)
sL = road surface silt loading (grams per square meter) (g/m?)
W = average weight (tons) of the vehicles traveling the road

It isimportant to note that Equation 1 calls for the average weight of all vehicles traveling the road.
For example, if 99 percent of traffic on the road are 2 Mg carg/trucks while the remaining 1 percent consists
of 20 Mg trucks, then the mean weight "W" is2.2 Mg. More specifically, Equation 1 is not intended to be
used to calculate a separate emission factor for each vehicle weight class. Instead, only one emission factor
should be calculated to represent the "fleet" average weight of all vehicles traveling the road.

The particle size multiplier (k) above varies with aerodynamic size range as shown in Table 13.2.1-1.
To determine particulate emissions for a specific particle size range, use the appropriate value of k shownin
Table 13.2.1-1.

Table13.2-1.1. PARTICLE SIZE MULTIPLIERS FOR PAVED ROAD EQUATION

Size range? Multiplier k°
g/VKT g/VMT lb/VMT
PM-2.5¢ 1.1 1.8 0.0040
PM-10 4.6 7.3 0.016
PM-15 55 9.0 0.020
PM-30¢ 24 38 0.082

a Refersto airborne particulate matter (PM-x) with an aerodynamic diameter equal to or less than
X micrometers.

b Units shown are grams per vehicle kilometer traveled (g/VK T), grams per vehicle mile traveled (¢/VMT),
and pounds per vehicle miletraveled (Ib/VMT). The multiplier k includes unit conversions to produce
emission factors in the units shown for the indicated size range from the mixed unitsrequired in
Equation 1.

¢ Ratio of PM-2.5 to PM-10 taken from Reference 22.
PM-30 is sometimes termed "suspendabl e particulate” (SP) and is often used as a surrogate for TSP.

The above equation is based on aregression analysis of numerous emission tests, including 65 tests
for PM-10.1% Sources tested include public paved roads, aswell as controlled and uncontrolled industrial
paved roads. All sources tested were of fregly flowing vehicles on relatively level roads and at constant
speed. No tests of "stop-and-go" traffic or vehicles under load were available for inclusion in the data base.
The equations retain the quality rating of A (B for PM-2.5), if applied within the range of source conditions
that were tested in devel oping the equation as follows:
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Silt loading: 0.02 - 400 g/m?
0.03 - 570 grains/square foot (ft?)

Mean vehicle weight: 1.8 - 38 megagrams (Mg)
2.0-42tons
Mean vehicle speed: 16 - 88 kilometers per hour (kph)

10 - 55 miles per hour (mph)

To retain the quality rating for the emission factor equation when it is applied to a specific paved
road, it is necessary that reliable correction parameter values for the specific road in question be determined.
With the exception of limited access roadways, which are difficult to sample, the collection and use of site-
specific sk datafor public paved road emission inventories are strongly recommended. Thefield and
laboratory procedures for determining surface material silt content and surface dust loading are summarized
in Appendices C.1 and C.2. Inthe event that site-specific values cannot be obtained, an appropriate value for
apaved public road may be selected from the values given in Table 13.2.1-2, but the quality rating of the
equation should be reduced by 2 levels. Also, recall that Equation 1 refersto emissions due to freely flowing
(not stop-and-go) traffic at constant speed on level roads.

During the preparation of the background document (Reference 10), public road silt loading values
from 1992 and earlier were assembled into adata base. This database is available in the file “ oldsldat.zip”
located at the Internet URL *“ http://www.epa.gov/ttn/chief/ap42back.html” on the World Wide Web.
Although hundreds of public paved road sL measurements had been collected, there was no uniformity in
sampling equipment and analysis techniques, in roadway classification schemes, and in the types of data
reported. Not surprisingly, the data set did not yield a coherent relationship between sL and road class,
average daily traffic (ADT), etc., even though an inverse relationship between sL and ADT has been found
for a subclass of curbed paved roads in urban areas. Further complicating the analysisisthe fact that, in
many parts of the country, paved road sL varies greatly over the course of the year, probably because of
cyclic variations in mud/dirt carryout and in use of anti-skid materials. Although there were strong reasons to
suspect that the assembled data base was skewed towards high values, independent data were not available to
confirm the suspicions.

Since the time that the background document was prepared, new field sampling programs have
shown that the assembled sl data set is biased high for “normal” situations. Just as importantly, however,
the newer programs confirm that substantially higher than “normal” silt loadings can occur on public paved
roads. Asaresult, two sets of default values are provided in Table 13.2.1-2, one for “normal” conditions and
another for worst-case conditions (such as after winter storm seasons or in areas with substantial mud/dirt
trackout). The newer sL database isavailable asin the file “newsldat.zip” located at the Internet URL
“http://www.epa.gov/ttn/chief/ap42back.html” on the World Wide Web.
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Table 13.2.1-2 (Metric Units). RECOMMENDED DEFAULT SILT LOADING (g/m?)
VALUES FOR PUBLIC PAVED ROADS?

High ADT roads” Low ADT roads
Normal conditions 0.1 04
Worst-case conditions® 0.5 3
2 Excluding limited access roads. See discussion in text. 1 g/nf isequal to 1.43

graing/ft?

b High ADT refersto roads with at least 5,000 vehicles per day.

¢ For conditions such as post-winter-storm or areas with substantial mud/dirt
carryout.

Therange of sL vauesin the data base for normal conditionsis 0.01 to 1.0 for high-ADT roads and
0.054 t0 6.8 for low-ADT roads. Consequently the use of a default value from Table 13.2.1-2 should be
expected to yield only an order-of-magnitude estimate of the emission factor. Public paved road silt loadings
are dependent upon: traffic characteristics (speed, ADT, and fraction of heavy vehicles); road characteristics
(curbs, number of lanes, parking lanes); local land use (agriculture, new residential construction) and
regional/seasonal factors (snow/ice controls, wind blown dust). Asaresult, the collection and use of site-
specific silt loading data is highly recommended. In the event that default sL values are used, the quality
ratings for the equation should be downgraded 2 levels.

Limited access roadways pose severe logistical difficultiesin terms of surface sampling, and few sL
data are available for such roads. Nevertheless, the available data do not suggest great variation in sL for
limited access roadways from one part of the country to another. For annual conditions, a default value of
0.015 g/m? is recommended for limited access roadways.®22 Even fewer of the available data correspond to
worst-case situations, and elevated |oadings are observed to be quickly depleted because of high traffic
speeds and high ADT rates. A default value of 0.2 g/m? is recommended for short periods of time following
application of snow/ice controls to limited access roads.?2

The limited data on silt loading values for industrial roads have shown as much variability as public
roads. Because of the greater variation of traffic conditions, the use of preventive controls and the use of
mitigative controls at industrial roads, the data probably do not reflect the potential extent of this variation.
However, the collection of site specific silt loading datafrom industrial roadsis easier and safer than for
public roads. Therefore, the collection and use of site-specific silt loading datais preferred and is highly
recommended. In the event that site-specific values cannot be obtained, an appropriate value for an industrial
road may be selected from the mean values given in Table 13.2.1-3, but the quality rating of the equation
should be reduced by 2 levels.

13.2.1.4 Controlst23

Because of the importance of the surface loading, control techniques for paved roads attempt either
to prevent material from being deposited onto the surface (preventive controls) or to remove from the travel
lanes any material that has been deposited (mitigative controls). Regulations requiring the covering of loads
in trucks, or the paving of access areasto unpaved lots or construction sites, are preventive measures.
Examples of mitigative controls include vacuum sweeping, water flushing, and broom sweeping and flushing.
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Table 13.2.1-3 (Metric And English Units). TYPICAL SILT CONTENT AND LOADING VALUES FOR PAVED ROADS AT
INDUSTRIAL FACILITIES

Silt Content (%) No. Of Total Loading x 103 Silt Loading (g/n?)
No. Of | No. Of Travel
Industry Sites | Samples Range Mean Lanes Range Mean | Units Range Mean
Copper smelting 1 3 15.4-21.7 19.0 2 12.9-195 159 kg/lkm | 188-400 292
45.8-69.2 554 [b/mi
Iron and steel
production 9 48 1.1-35.7 125 2 0.006-4.77 0495  kg/km | 0.09-79 9.7
0.020-16.9 1.75 [b/mi
Asphalt batching 1 3 2.6-4.6 3.3 1 12.1-18.0 149 kglkm | 76-193 120
43.0-640 528 [b/mi
Concrete batching 1 3 5.2-6.0 55 2 14-1.8 17 kg/km 11-12 12
5.0-6.4 5.9 [b/mi
Sand and gravel
processing 1 3 6.4-7.9 7.1 1 2.8-55 3.8 kg/km 53-95 70
9.9-194 133 [b/mi
Municipal solid
waste landfill 2 7 — — 2 — — — 1.1-32.0 7.4
Quarry 1 6 — — 2 — — — 24-14 8.2

aReferences 1-2,5-6,11-13. Vaues represent samples collected fromindustrial roads. Public road silt loading values are presented in

Table-13.2.1-2. Dashesindicate information not available.
b Multiply entries by 1000 to obtain stated units; kilograms per kilometer (kg/km) and pounds per mile (Ib/mi).




It is particularly important to note that street sweeping of gutters and curb areas may actually increase the silt
loading on the traveled portion of theroad. Redistribution of loose material onto the travel laneswill
actually produce a short-term increase in the emissions.

In general, preventive controls are usually more cost effective than mitigative controls. The cost-
effectiveness of mitigative controlsfalls off dramatically asthe size of an areato be treated increases. The
cost-effectiveness of mitigative measuresis also unfavorable if only a short period of timeisrequired for the
road to return to equilibrium silt loading condition. That isto say, the number and length of public roads
within most areas of interest preclude any widespread and routine use of mitigative controls. On the other
hand, because of the more limited scope of roads at an industrial site, mitigative measures may be used quite
successfully (especially in situations where truck spillage occurs). Note, however, that public agencies could
make effective use of mitigative controls to remove sand/salt from roads after the winter ends.

Because available controls will affect the sL, controlled emission factors may be obtained by
substituting controlled silt loading values into the equation. (Emission factors from controlled industrial
roads were used in the devel opment of the equation.) The collection of surface loading samples from treated,
aswell as basdine (untreated), roads provides a means to track effectiveness of the controls over time.
13.2.1.5 Changes since Fifth Edition

The following changes were made since the publication of the Fifth Edition of AP-42:

1) The particle size multiplier was reduced by approximately 55% as a result of emission testing
specifically to evaluate the PM-2.5 component of the emissions.

2) Default silt loading values were included in Table 13.2.1-2 replacing the Tables and Figures
containing silt loading statistical information.

3) Editorial changes within the text were made indicating the possible causes of variationsin the silt
loading between roads within and among different locations. The uncertainty of using the default silt
loading value was discussed.
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AP-42 Section 13.2.1 - Paved Roads
Additional files

Paved road silt | oading data bases that are nost appropriate for typical road
conditions on the CD under \prograns\msc\r13s02-1la.zip

Paved road silt | oading data base for areas with attai nnent problens rel ated
to road sanding and wi nd bl own dust are on the CD under \prograns\m sc\r13s02-
1b.zip
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