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SECTION 1

INTRODUCTION

The document "Compilation of Air Pollutant Emissions Factors" (AP-42) has
been published by the U.S. Environmental Protection Agency (EPA) since 1972.
Supplements to AP-42 have been routinely published to add new emission source

categories and to update existing emission factors. AP-42 is periodically updated by

“EPA to respond to new emission factor needs of EPA, State, and local air pollution

control programs and industry.

An emission factor relates the quantity (weight) of poltutants emitted to a unit of
activity of the source. The uses for the emission factors reported in AP-42 include:

1. Estimates of area-wide emissions.
2. Estimates of emissions for a specific facility.
3. Evaluation of emissions relative to ambient air quality.

The purpose of this report is to provide background information from test
reports and other information to support preparation of a consolidated AP-42 section
to replace existing Sections 11.2.5, "Urban Paved Roads," and 11.2.6, “Industrial

Paved Roads."

MAI-MAYT 1244, 14 . 1 -1




The principal pollutant of interest in this report is "particulate matter” (PM), with

~E special emphasis placed on "PM-10"—particulate matter no greater than 10 umA

(microns in aerodynamic diameter). PM-10 forms the basis for the current Nationai

]

7 Ambient Air Quality Standards (NAAQSSs) for particutate matter.

PM-10 thus represents the size range of particulate matter that is of the

greatest regulatory interest. Nevertheless, formal establishment of PM-10 as the

standard basis is relatively recent, and many emission tests have referenced other

particle size ranges. Other size ranges employed in this report are:

TSP Total Suspended Particulate, as measured by the standard high-volume

SP

MAI-MRA971244 .14

{hi-vol) air sampler. TSP was the basis for the previous NAAQSs for
particulate matter. TSP consists of a relatively coarse particle size
fraction. While the particie capture characteristics of the hi-vol sampler
are dependent upon approach wind velocity, the effective D50 (i.e., 50%
of the particles are captured and 50% are not) varies roughly from 25 to
50 umaA.

Suspended Particulate, which is used as a surrogate for TSP. Defined
as PM no greater than 30 umA. SP also may be denoted as *PM-30."

Inhalable Particulate, defined as PM no greater than 15 umA.
Throughout the late 1970s and the early 1980s, it was clear that EPA
intended to revise the NAAQSS to reflect a particle size range finer than
TSP. What was not clear was the size fraction that would be eventually
used, with values between 7 and 15 pmA frequently mentioned. Thus,
many field studies were conducted using IP emission measurements
because it was believed that IP would be the basis for the new NAAQS.
IP may also be represented by "PM-15."

1-2
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FP  Fine Particulate, defined as PM no greater than 2.5 umA. FP also may
be denoted as “PM-2.5."

This background report consists of five sections. Section 1 provides an
introduction to the report. Section 2 presents descriptions of the paved road source
types and emissions from those sources as well as a brief history of the current AP-42
emission factors. Section 3 is a review of emissions data collection and analysis
procedures; it describes the literature search, the screening of emission test reports,
and the quality rating system for both emission data and emission factors. Section 4
detaiis the development of paved road emission factors for the draft AP-42 section; it
includes the review of specific data sets and the results of data analysis. Section 5

presents the AP-42 section for paved roads.

MRAI-MRHT1244 14 1 __3
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SECTION 2

SOURCE DESCRIPTION

Particulate emissions occur whenever vehicles travel over a paved surface,
such as public and industriai roads and parking lots. These emissions may originate
from material previously deposited on the travel surface, or resuspension of material
from tires and undercarriages. In general, emissions arise primarily from the surface
material loading (measured as mass of material per unit area). Surface loading is in
turn replenished by other sources (e.g., pavement wear, deposition of material from
vehicles, deposition from other nearby sources, carryout from surrounding unpaved
areas, and litter). Because of the importance of the surface loading, available control
techniques either attempt to prevent material from being deposited on the surface or

to remove (from the travel lanes) any material that has been deposited.
2.1 PUBLIC AND INDUSTRIAL ROADS

While the mechanisms of particle deposition and resuspension are largely the
same for public and industrial roads, there can be major differences in surface loading
characteristics, emission levels, traffic characteristics, and viable control options. For
the purpose of estimating particulate emissions and determining control programs, the
distinction between public and industrial roads is not a question of ownership but

rather a question of surface loading and traffic characteristics.

Although public roads generally tend to have lower surface loadings than
industrial roads, the fact that these roads have far greater traffic volumes may result in

MAI-MRGT7 1244 14 2‘1
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a substantial contribution to the measured air quality in certain areas. In addition,
public roads in industrial areas can be often heavily loaded and traveled by heavy
vehicles. In that instance, better emission estimates might be obtained by treating
these roads as industriai roads. In an extreme case, an industrial road or parking lot
may have such a high surface loading that the paved surface is essentially covered
and is easily mistaken for an unpaved surface. in that event, use of a paved road
emission factor may actually result in a higher estimate than that obtained from the
unpaved road emission factor, and the road is better characterized as unpaved in

nature rather than paved.

2.2 REVIEW OF CURRENT PAVED ROAD EMISSION FACTORS

AP-42 currently contains two sections concerning paved road fugitive
emissions. The first, Section 11.2.5, is entitled "Urban Paved Roads" and was first
drafted in 1984 using test results from public paved roads.? Emission factors are

given in the form of the following equation:

E = k (sL/0.5)° (2-1)
where: E = particulate emission factor (g/VKT)
s = surface material content silt, defined as particles < 75 um in

diameter (%)

L = surface material loading, defined as mass of particles per
unit area of the travel surface (g/m?)

K = base emission factor {(g/VKT)

p = exponent (dimensionless)

MAI-MR97 124414 2‘2




The factors k and p are given by

Particle

& size fraction

TSP

= PM-15
PM-10
PM-2.5

k (o/VKT) p
5.87 0.9
2.54 0.8
2.28 0.8
1.02 0.6

The form of the emission factor model is reasonably consistent throughout all particle

size fractions of interest.

The urban paved road emission factors represented by Equation 2-1 have not

changed since their inclusion in the 4th Edition (September 1985). It shouid be noted

that these emission factors have not been quality rated "A" through "E." (See

Section 3 for an overview of the AP-42 quality rating scheme.)

Section 11.2.6, "Industrial Paved Roads," was first published in 1983° and was
slightly modified in Supplement B (1988) to the 4th Edition. Section 11.2.6 contains

three distinct sets of emission factor models as described below.

For TSP, the following equation is recommended:

E = 0022 | (_:_) S (

where: E =

1c) | =

~

L d
E[—m:)
1
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emission factor (kg/VKT)

industrial augmentation factor (dimensionless)

number of traffic lanes (dimensionless)

surface material siit content (%)

surface material loading across all traffic lanes (kg/km)
average vehicle weight (Mg)
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The basic form of Equation 2-2 dates from a 1979 report* and was originally
inciuded in Suppiement 14 to AP-42 (May 1983). The version currently in AP-42 was
slightly revised in that the leading term (i.e., 0.022 in Eq. [2-2]) was reduced by 14%.
The industrial road augmentation factor (I) was included to take into account for higher
emissions from industrial roads than from urban roads; it varies from 1to 7. The

emission factor equation is rated "B" for cases with i = 1 and "D" otherwise.

For smaller particle size ranges, models somewhat similar to those in Eq. (2-1)
are recommended:

E =k (sL/12)°® (2-3)
where E = emission factor (kg/VKT)
k = base emission factor (kg/VKT), see below
sL = road surface silt loading {g/m?)

The base emission factor (k) above varies with aerodynamic size range as follows:

Particle
size fraction kK (a/VKT
PM-15 0.28
PM-10 0.22
PM-2.5 0.081

These models represented by Equation 2-3 were first developed in 1984° from
15 emission tests of uncontrolied paved roads and they are rated "A."

During the development of Eq. (2-3), tests of light-duty traffic on heavily loaded

road surfaces were identified as a separate subset, for which separate single-valued

emission factors were developed. Section 11.2.6 recommends the following for

MAI-MAST 1244 14 2-4
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light-duty (less than 4 tons) vehicies traveling over dry, heavily loaded (silt loading
greater than 15 g/m?):

E=k (2-4)
where E = emission factor (kg/VKT)
Kk = single-valued factor depending on particle size range of

interest (see below)

Particle
size fraction kK (a/VKT)
PM-15 012
PM-10 0.093

The single-valued emission factors are quality rated “C."

Since the time that the current models first appeared in Sections 11.2.5 and
11.2.8, several users of AP-42 have noted difficulty selecting the appropriate emission
factor modei to use in their applications.>®” For example, inventories of industrial
facilities (particularly of iron and steel plants) conducted throughout the 1980s have
yielded measured silt loading values substantially lower than those in the
Section 11.2.6 data base. In extreme cases when the models were used with silt
loading values outside the range for which they were developed, estimated PM-10

emission factors were larger than the corresponding TSP emission factors.

Furthermore, the distinction between "urban” and "industrial" paved roads has
become blurred. For the purpose of estimating emissions, it was gradually realized
that source emission levels are not a question of ownership but rather a question of

surface loading and traffic characteristics. Confirmatory evidence was obtained in a

MAI-MAST 124414 2_5
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1989 field program® which found that paved roads at an iron and steel facility far more
closely resembled "urban" roads rather than "industrial' roads in terms of emission

characteristics.

Finally, it is unknown how well current emission factors perform for cases of
increased surface loading on public roads, such as after application of antiskid
materials or within areas of trackout from unpaved areas.® These situations are of
considerable interest to several state and iocal regulatory agencies, most notably in

the western United States.

The current update attempts to correct as many of those shortcomings as
possible. To that end, the update employs an approach slightly different than that
used in the past. In addition to reviewing test data obtained since the previous
update,® previous test data were also inciuded for reexamination in the final data set.
In assembling the data base, no distinction was made between public and industrial
roads or between controlled and uncontrolled tests, with the anticipation that the
reformulated emission factor will be applicable over a far greater range of source
conditions.

Inclusion of controlled tests represents a break with EPA guidelines for
preparing AP-42 sections.® Those guidelines present a ciear preference that only
uncontrolled tests be used to develop an emission factor. However, the principal
control measures for paved roads seek to reduce the value of an independent variaEIe

in the emission factor equation, i.e., the silt loading.

MAI-MIRS7 1244 13 2'6
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SECTION 3

GENERAL DATA REVIEW AND ANALYSIS

To reduce the amount of literature collected to a final group of references from

which emission factors could be developed, the following general criteria were used;

1. Emissions data must be from a primary reference:

a. Source testing must be from a referenced study that does not

reiterate information from previous studies.

b. The document must constitute the original source of test data.
For example, a technical paper was not included if the original
study was contained in the previous document. If the exact

source of the data could not be determined, the document was

eliminated.
2. The referenced study must contain test results based on more than one
test run.
“ 3. The report must contain sufficient data to evaluate the testing procedures

and source operating conditions.

A final set of reference materials was compited after a thorough review of the
g pertinent reports, documents, and information according to these criteria.

MEILMAST1244.14 3-1
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3.1 LITERATURE SEARCH AND SCREENING

Review of available literature identified three paved road testing programs
(presented later as Tabie 4-1) since the time of the last Section 11.2 update.® The
individual programs are discussed in detail in the next section. In addition, as
discussed at the end of Section 2, earlier controlled industrial road test data were
reexamined. The previous update® noted that Eq. {2-4) yielded quite good estimates
for emissions from vacuum swept and water flushed roads. Furthermore, it became
apparent that previous distinctions between "industrial” and "urban" roads had become
blurred as interest focused on heavily loaded urban roads (e.g., after snow/ice

controls) and on cleaner industrial roads (as the result of plant-wide control programs).
3.2 EMISSION DATA QUALITY RATING SYSTEM
As part of the analysis of the emission data, the quantity and quality of the

information contained in the final set of reference documents were evaluated. The

following data are to be excluded from consideration:

1. Test series averages reported in units cannot be converted to the
selected reporting units.

2. Test series representing incompatible test methods (i.e., comparison of
EPA Method 5 front-half with EPA Method 5 front- and back-half).

3. Test series of controlled emissions for which the control device is not
specified.

4, Test series in which the source process is not clearly identified and
described.

MAI-MAST 1244 14 3'2




5. Test series in which it is not clear whether the emissions were measured
o before or after the control device.
a Test data sets that were not excluded were assigned a quality rating. The

rating system used was that specified by EIB for preparing AP-42 sections.® The data

were rated as follows:

A Muitiple tests that were performed on the same source using sound
methodology and reported in enough detail for adequate validation.
T_hese tests do not necessarily conform to the methodology specified in
EPA reference test methods, although these methods were used as a

guide for the methodology actually used.

B Tests that were performed by a generally sound methodology, but lack
enough detail for adequate vaiidation.

C Tests that were based on an untested or new methodology or that facked

a significant amount of background data.

D Tests that were based on a generally unacceptable method but may

provide an order-of-magnitude value for the source.

The following criteria were used to evaluate source test reports for sound

methodology and adequate detail:

1. Source operation. The manner in which the source was operated is well

documented in the report. The source was operating within typical

parameters during the test.

MAI-MR97 1244 14 3_3




2. Sampling procedures. The sampling procedures conformed to a

generally acceptable methodology. If actual procedures deviated from
accepted methods, the deviations are well documented. When this
occurred, an evaluation was made of the extent such aliernative

procedures could influence the test results.

3. Sampling and process data. Adequate sampling and process data are

documented in the report, and any variations in the sampling and
process operation are noted. If a large spread between test results
cannot be explained by information contained in the test report, the data

are suspect and were given a lower rating.

4. Analysis and calculations. The test reports contain original raw data
sheets. The nomenclature and equations used were compared to those
(it any) specified by EPA to establish equivalency. The depth of review
of the calculations was dictated by the reviewer’'s confidence in the ability
and conscientiousness of the tester, which in turn was based on factors
such as consistency of results and completeness of other areas of the

test report.

3.3 EMISSION FACTOR QUALITY RATING SYSTEM

The quality of the emission factors developed from analysis of the test data was

rated utilizing the following general criteria:

A—Excellent: Developed only from A-rated test data taken from many
randomly chosen facilities in the industry population. The source category is
’ specific enough so that variability within the source category popuiation may be

minimized.
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B—Above average: Developed only from A-rated test data from a reasonable

number of facilities. Although no specific bias is evident, it is not clear if the
facilities tested represent a random sample of the industries. The source
category is specific enough so that variability within the source category
population may be minimized.

C—Average: Developed only from A- and B-rated test data from a reasonable
number of facilities. Although no specific bias is evident, it is not clear if the
facilities tested represent a random sample of the industry. In addition, the
source category is specific enough so that variability within the source category

population may be minimized.

D—Below average: The emission factor was developed only from A- and

B-rated test data from a small number of facilities, and there is reason to
suspect that these facilities do not represent a random sample of the industry.
There also may be evidence of variability within the source category population.
Limitations on the use of the emission factor are noted in the emission factor
table.

E—Poor: The emission factor was developed from C- and D-rated test data,
and there is reason to suspect that the facilities tested do not represent a
random sample of the industry. There also may be evidence of variability within
the source category population. Limitations on the use of these factors-are
always noted.

The use of these criteria is somewhat subjective and depends to an extent on
the individual reviewer.

MRI-MAS7 1244 14 3_5
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3.4 METHODS OF EMISSION FACTOR DETERMINATION

Fugitive dust emission rates and particle size distributions are difficult to
quantify because of the diffuse and variable nature of such sources and the wide
range of particle size involved including particles which deposit immediately adjacent
to the source. Standard source testing methods, which are designed for application to
confined flows under steady state, forced-flow conditions, are not suitable for
measurement of fugitive emissions unless the plume can be draw into a forced-flow
system. The following presents a brief overview of applicable measurement

techniques. More detail can be found in earlier AP-42 updates.®'®

3.4.1 Mass Emission Measurements

Because it is usually impractical to enclose open dust sources or to capture the

entire emissions plume, only the upwind-downwind and exposure profiling methods are

suitable for measurement of particulate emissions from most open dust sources.’®

These two methods are discussed separately below.

The basic procedure of the upwind-downwind method involves the measure-
ment of particulate concentrations both upwind and downwind of the pollutant source.
The number of upwind sampling instruments depends on the degree of isolation of the
source operation of concern (i.e., the absence of interference from other sources
upwind). Increasing the number of downwind instruments improves the reliability in
determining the emission rate by providing better plume definition. In order to
reasonably define the plume emanating from a point source, instruments need to be
located at two downwind distances and three crosswind distances, at a minimum. The
same sampling requirérnents pertain to line sources except that measurement need

not be made at multiple crosswind distances.

MRI-MAS71244 14 3-6
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Net downwind (i.e., downwind minus upwind) concentrations are used as input

to dispersion equations (normally of the Gaussian type) to backcalculate the

particulate emission rate (i.e., source strength) required to generate the pollutant

concentration measured. Emission factors are obtained by dividing the calcuiated

emission rate by a source activity rate (e.g., number of vehicles, or weight of material

transferred per unit time). A number of meteorological parameters must be

concurrently recorded for input to this dispersion equation. At a minimum the wind

direction and speed must be recorded on-site.

While the upwind-downwind method is applicable to virtually all types of

sources, it has significant limitations with regard to development of source-specific

emission factors. The major limitations are as follows:

MRAI-MAS71244.14

in attempting to quantify a large area source, overlapping of plumes from
upwind (background) sources may preclude the determination of the

specific contribution of the area source.

Because of the impracticality of adjusting the locations of the sampling
array for shifts in wind direction during sampling, it cannot be assumed
that plume position is fixed in the application of the dispersion model.

The usual assumption that an area source is uniformly emitting does not

allow for realistic representation of spatial variation in source activity.

The typical use of uncalibrated atmospheric dispersion models introduces
the possibility of substantial error (a factor of three according to
Reference 11) in the calculated emission rate, even if the stringent
requirement of unobstructed dispersion from a simplified {(e.q., constant

emission rate from a single point) source configuration is met.

3-7




The other measurement technique, exposure profiling, offers distinct
advantages for source-specific guantification of fugitive emissions from open dust
sources. The method uses the isokinetic profiling concept that is the basis for
conventional (ducted) source testing. The passage of airborne pollutant immediately
downwind of the source is measured directly by means of simultaneous multipoint
sampling over the eftective cross section of the fugitive emissions plume. This
technigue uses a mass-balance calculation scheme similar to EPA Method 5 stack
testing rather than requiring indirect calculation through the application of a

generalized atmospheric dispersion model.

For measurement of nonbuoyant fugitive emissions, profiling sampiing heads
are distributed over a vertical network positioned just downwind (usually about 5 m)
from the source. If totai particulate emissions are to be measured, sampling intakes
are pointed into the wind and sampling velocity is adjusted to match the local mean

wind speed, as monitored by anemometers distributed over height above ground level.

The size of the sampling grid needed for exposure profiling of a particular
source may be estimated by observation of the visible size of the plume or by
calculation of plume dispersion. Grid size adjustments may be required based on the
results of preliminary testing. Particulate sampiing heads should be symmetricaily
distributed over the concentrated portion of the plume containing about 90% of the
total mass flux (exposure). For example, assuming that the exposure from a point
source is normally distributed, the exposure values measured by the samplers at the
edge of the grid should be about 25% of the centerline exéosure.

To caiculate emission rates using the exposure profiling technique, a
conservationt of mass approach is used. The passage of airborne particulate {i.e., the
quantity of emissions per unit of source activity) is obtained by spatial integration of

distributed measurements of exposure (mass/area) over the effective cross section of

MRAI-MRI71244 14 3'8
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the plume. The exposure is the point value of the flux (mass/area/time) of airborne
particulate integrated over the time of measurement.

3.4.2 Emission Factor Derivation

Usually the final emission factor for a given source operation, as presented in a
test repon, is derived simply as the arithmetic average of the individual emission
factors calculated from each test of that source. Frequently the range of individual
emission factor values is also presented.

As an alternative to the presentation of a final emission factor as a
single-valued arithmetic mean, an emission factor may be presented in the form of a
predictive equation derived by regression analysis of test data. Such an equation
mathematically relates emissions to parameters when characterize source conditions.
These parameters may be grouped into three categories:

1. Measures of source activity or energy expended (e.g., the speed and

weight of a vehicle traveling on an unpaved road).

2. Properties of the material being disturbed (e.g., the content of

suspendable fines in the surface material on an unpaved road).

3. Climatic parameters (e.g., number of precipitation-free days per year on
which emissions tend to be at a maximum).

An emission factor equation is useful if it is successful in "explaining" much of the
observed variance in emission factor values on the basis of corresponding variance
sin specific source parameters. This enables more reliable estimates of source

emissions on a site-specific basis.
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A generic emission factor equation is one that is developed for a source
operation defined on the basis of a single dust generation mechanism which crosses
industry lines. An example would be vehicular traffic on unpaved roads. To establish
its applicability, a generic equation should be developed from test data obtained in

different industries.

3.5 EMISSION FACTOR QUALITY RATING SCHEME USED IN THIS STUDY

The uncontrolled emission factor quality rating scheme used in this study is

identical to that used in two earlier updates®”’

and represents a refinement of the
rating system developed by EPA for AP-42 emission factors, as described in
Section 3.3. The scheme entails the rating of test data quality followed by the rating

of the emission factor(s) developed from the test data.

Test data that were developed from well documented, sound methodologies
were assigned an A rating. Data generated by a methodology that was generally
sound but either did not meet a minimum test system requirements or lacked enough

detail for adequate validation received a B rating.

In evaluating whether an upwind-downwind sampling strategy qualified as a
sound methodology, the following minimum test system requirements were used. At
least five particulate measuring devices must be operated during a test, with one
device located upwind and the other located at two downwind and three crosswind
distances. The requirement of measurements at crosswind distances is waived for the
case of line sources. Also wind direction and speed must be monitored concurrently

on-site.
The minimum requirements for a sound exposure profiling program were the

following. A one-dimensional, vertical grid of at least three samplers is sufficient for

measurement of emissions from line or moving point sources while a two-dimensional
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array of at least five samplers is required for quantification of fixed virtual point source
missions. At least one upwind sampler must be operated to measure background

concentration, and wind speed must be measured on-site.

Neither the upwind-downwind nor the exposure profiling method can be
expected to produce A-rated emissions data when applied to large, poorly defined
area sources, or under very light and variable wind flow conditions. In these
situations, data ratings based on degree of compliance with minimum test system

requirements were reduced one letter.

After the test data supporting a particular single-valued emission factor were
evaluated, the criteria presented in Table 3-1 were used to assign a quality rating to
the resulting emission factor. These criteria were developed to provide objective
definition for: (a) industry representativeness; and (b) levels of variability within the
data set for the source category. The rating system obvicusly does not include
estimates of statistical confidence, nor does it reflect the expected accuracy of fugitive
dust emission factors relative to conventional stack emission factors. It does,
however, serve as useful tool for evaluation of the quality of a given set of emission

factors relative to the entire available fugitive dust emission factor data base.

Minimum industry representativeness is defined in terms of number of test sites

and number of tests per site. These criteria were derived from two principles:

1. Traditionally, three tests of a source represent the minimum requirement

for reliable quantification.

2. More than two plant sites are needed to provide minimum industry

representativeness.
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TABLE 3-1. QUALITY RATING SCHEME FOR SINGLE-VALUED
EMISSION FACTORS

No. of No. of Total Test Adjustment

test tests No. of data for EF

Code sites per site tests variability® rating®
1 =23 >3 - < F2 0
2 =23 =23 - > F2 -1
3 2 =2 =25 < F2 -1
4 2 z2 23 > F2 -2
5 - - >3 <F2 -2
6 - - >3 > F2 -3
7 1 2 2 > F2 -3
8 1 2 2 > F2 -4
9 1 1 1 - -4

* Data spread in relation to central value. F2 denotes factor of two

® Difference between emission factor rating and test data rating.

The level of variability within an emission factor data set was defined in terms
of the spread of the original emission factor data values about the mean or median
single-valued factor for the source category. The fairly rigorous criterion that all data
points must lie within a factor of two of the central value was adopted. It is recognized
that this criterion is not insensitive to sample size in that for a sufficiently large test
series, at least one value may be expected to fall outside the factor-of-two limits.
However, this is not considered to be a problem because maost of the current
single-valued factors tor tugitive dust sources are based on relatively small sample

sizes.

Development of quality ratings for emission factor equations also required
consideration of data representativeness and variability, as in the case of single-valued
emission factors. However, the criteria used to assign ratings (Table 3-2) were

different, reflecting the more sophisticated model being used to represent the test
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TABLE 3-2. QUALITY RATING SCHEME FOR EMISSION
FACTORS EQUATIONS

No. of No. of Total Adjustment
o test tests No. of for EF
Code sites per site tests® rating®
1 >3 >3 > (9 + 3P) 0
2 >2 =3 > 3P -1
3 > 1 - < 3P -1

a

P denotes number of correction parameters in emission factor
equation.

® Difference between emission factor rating and test data rating.

data. As a general principle, the quality rating for a given equation should lie between
the test data rating and the rating that would assigned to a single-valued factor based
on the test data. The following criteria were established for an emission factor

equation to have the same rating as the supporting test data:

1. At least three test sites and three tests per site, plus an additional three

tests for each independent parameter in the equation.

2. Quantitative indication that a significant portion of the emission factor

variation is attributable to the independent parameter(s) in fhe equation.

Loss of quality rating in the translation of these data to an emission factor
equation occurs when these criteria are not met. In practice, the first criterion was far
more influential than the second in rating an emission factor equation, because
deveiopment of an equation implies that a substantial portion of the emission factor
variation is attributable to the independent parameter(s). As indicated in Table 3-2,
the rating was reduced by one level below the test data rating if the number of tests

did not meet the first criterion, but was at least three times greater than the number of
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independent parameters in the equation. The rating was reduced two levels if this

supplementary criterion was not met.

The rationale for the supplementary criterion follows from the fact that the
likelihood of including “spurious” relationships between the dependent variable
(emissions) and the independent parameters in the equation increases as the ratio of
number of independent parameters to sample size increases. For example, a four
parameter eguation based on five tests would exhibit perfect explanation (R? = 1.0) of
the emission factor data, but the relationships expressed by such an equation cannot
be expected to hold true in independent appiications.
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SECTION 4

AP-42 SECTION DEVELOPMENT

4.1 REVISIONS TO SECTION NARRATIVE

The draft AP-42 presented later in this background document is intended to
replace the current versions of both Section 11.2.5 "Urban Paved Roads" and Section
11.2.6 "Industrial Paved Roads" in AP-42. Both sections date from the mid-1980s and

only slight revisions have been made over the past 8 years.

As discussed earlier in this report, some AP-42 users have noted difficulty in
selecting the appropriate emission factor model to use in particular applications. For
example, field-measurement-based inventories have demonstrated that silt loading has
tended to decrease at industrial facilities throughout the 1980s, so that, at present, silt
loadings found on industrial roads often can be substantialiy lower than those in the
underlying data base. In extreme cases of silt oading outside the range supporting
the models, resuiting PM,, factors may be greater than corresponding TSP factors.
Due to the trend of lower silt loadings, the distinction made between "urban" and
"industrial" paved roads in AP-42 has not been found as clear-cut in real-world
situations.

Several investigators have also commented that the current emission factors for
public paved roads may not be applicable when the equilibrium between deposition
and removal processes is upset. This situation can occur for various reasons,

including (a) application of snow and ice controls, (b) trackout from construction
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activities in the area, and (c) wind and/or water erosion from surrounding unstabilized
areas.

4.2 POLLUTANT EMISSION FACTOR DEVELOPMENT

This update to Sections 11.2.5 and 11.2.6 was planned to address the
shortcomings described above. In order to achieve this goal, the following general
approach was taken

1. Assemble the available test data for paved roads in a single data base,
making no distinction between public and industrial roads or between
controlled and uncontrolled roads.

2. Conduct a series of stepwise linear regression analyses of the revised
data base to develop an emission factor mode! with:

silt loading,
mean vehicle weight,
mean number of wheels, and,
mean travel speeds
as potential correction parameters.

3. Conduct an appropriate validation study of the reformulated model.

4.2.1 Review of Specific Data Sets

Table 4-1 presents the specific test reports reviewed in this update. As can be

seen, test reports reviewed in the 1987 update were again reviewed to determine if
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TABLE 4-1. APPLICABLE TEST REPORTS

New reports since 1987 update:

L PE! Associates 1989. "Street Sanding Emissions and Control Study," EPA
Contract No. 68-02-4384, Work Assignment No. 27, prepared for U.S.
Environmental Protection Agency, Region 8. October 1989.

Il. Midwest Research Institute 1990. "Roadway Emission Field Tests at U.S.
Steel's Fairless Works." USX Purchase Order No. 146-0001191-0068,
prepared for United States Steel Corporation. May 1990.

. RTP Environmentai Associates 1890. “Street Sanding Emissions and Control
Study," prepared for the Colorado Department of Health. July 1990.

Reports® considered during 1987 update:

1. T. Cuscino, Jr., et al., fron and Steel Plant Open Source Fugitive Emission
Control Evaluation, EPA-600/2-83-110, U.S. Environmental Protection
Agency, Research Triangle Park, North Carolina, October 1983.

5. G. E. Muleski, Measurement of Fugitive Dust Emissions from Prilled Sulfur
Handling, Final Report, MRI Project No. 7995-L, Prepared for Gardinier, Inc.,
June 1984.

8. T. F. Eckle and D. L. Trozzg, "Verification of the Efficiency of a Road-Dust
Emission-Reduction Program by Exposure Profile Measurement,” Presented
at EPA/AISI Symposium on Iron and Steel Pollution Abatement, Cleveland,
Ohio, October 1984,

* Same numbers as in 1987 update.®
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controlied emissions data should be included in the final data set. Test reports |, Il,
and lll are new since the 1987 update. Test reports 1, 5, and 8 are those from the
1987 update that were re-reviewed.

Test Report |. This test program was undertaken to characterize PM-10

emissions from six streets that were periodically sanded for anti-skid control within the
Denver area. The primary objective was given as development of a predictive
algorithm for clean and sanded streets, with a secondary objective stated as defining

the effectiveness of control measures. Summary information is given in Table 4-2.

Sampling employed six to eight 8 PM-10 samplers equipped with volumetric
flow control. Sampiers were arranged in two upwind/downwind configurations. The
"basic" configuration consisted of six samplers arranged in identical patterns upwind
and downwind of the test road, with one sampler and one pair of samplers at nominal
distances of 20 and 5 m, respectively, from the road.

The second configuration was used for tests of control measure effectiveness.
The road segment was divided into two halves, corresponding to the treated and
experimental control (untreated) portions. Identical sampling arrays were again used
upwind and downwind on both halves, at nominal distances of 20 and 5 m. Because
this array employed all eight samplers available, no collocation was possible for the

second configuration.

In addition to the PM-10 concentration measurements, several other types of

samples were collected:
. Wind speed/direction and incoming solar radiation were collected on-site,

and the results were combined to estimate atmospheric stability ciass

needed to calculate emission factors.
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. Colorado Air Pollution Controi Division (APCD) representatives colliected
traftic data, including traffic counts, travel speeds, and percentage of

heavy-duty vehicles.

. Vacuums with disposable paper bags were used to collect the loose
materia! from the road surface. In addition to samples taken from the
travel lanes, the field crew took daily samples of material adjacent to

curbs and periodic duplicate samples.

The study collected PM-10 concentration data on 24 different days and
calculated a total of 69 different emission rates for baseline, sanded and conirolled
paved road surfaces. Emission factors were obtained by back-calculation from the
CALINES3 dispersion model' together with a series of assumptions involving mixing
widths and heights and an effective release height. Although data collected at the
20 m distance were used to evaluate results, the test report did not describe any
sensitivity analysis to determine how dependent the emission rates were on the

underlying assumptions.

The testing program found difficulty in defining "upwind" concentrations for
severai of the runs, including cases with wind reversals or winds nearly parallel to the
roadway orientation. A total of eight of the 69 tests required that either an average
concentration from other test days or a downwind concentration be used to define
"upwind" conditions. In addition, the test report described another seven runs as
invalid for reasons such as wet road surfaces, nearby dust sources or concentrations

increasing with downwind distance.
A series of stepwise regression analyses were conducted, with different

predictive equations presented for (a) baseline conditions, (b) sanded roads, and

(c) roads swept to remove the sand applied, and (d) all conditions combined. In each
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case, only one independent variable was included in the predictive equation: silt

loading, for cases (a) and (d); and time since treatment, for (b) and (c).

In general, Test Repont | is reasonably well documented in terms of describing
test conditions, sampling methodology, data reduction and analysis. A chief limitation
lies in the fact that neither sampling configuration fully met minimum requirements for
the upwind-downwind method presented in Section 3.4. Specifically, only two or three

samplers were used downwind rather than the minimum of four.

Furthermore, a later report® drawing upon the results from Test Reports | and il
effectively eliminated 24% of the combined baseline tests because of wind directions.
In addition, the later report® noted that the baseline data should be considered as
‘conservatively high" because roughly 70% of the data were calculated assuming the
most unstable atmospheric class (which results in the highest backcalculated emission
factor). Because of these limitations, the emission data have been given an overall

rating of between "B" and "C."

Test Report Il. This 1989 field program used exposure profiling to characterize
emissions from paved roads at an integrated iron and steel plant. In many respects,
this program arose because of uncertainties with paved road emission factor models
used outside their range of applicability. During the preparation of an alternative
emission reduction ("bubble") plan for the piant, questions arose about the use of
AP-42 equations and other EPA guidance'® in estimating roadway emissions involved
in the emissions trade. This program provided site-specific data 1o support the bubbie
plan. This testing program also represents the first exposure profiling data to
suppiement the AP-42 paved road data base since 1984. Table 4-3 provides
summary information.

The program involved two paved road test sites. The first (site "C") was along
the four-lane main access route to the plant. Average daily traffic (ADT) had been
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estimated as more than 4,000 vehicle passes per day, with most vehicles representa-
tive of "foreign" equipment (i.e., cars, pickups, and semi-trailers rather than plant haul
trucks and other equipment). Site “E," on the other hand, was located near the iron-
and steel-making facilities and had both lower ADT and heavier vehicles than site "C."
The plant regularly vacuum swept paved roads, and two cleaning frequencies (two

times and five times per week) were considered during the test program.

Depending on traffic characteristics of the road being tested, a 6 to 7.5 m high
profiling array was used to measure downwind mass flux. This array consisted of four
or five total particulate sampling heads spaced at 1.5 m heights and was positioned at
a nominal 5 m distance downwind from the road. Additional concentration and particle
size measurements were obtained from standard high volume ("hi-vol"} sampler and
cyclone/cascade impactor combination operated downwind as well as a standard hi-
vol/impactor combination operated upwind. The height for downwind sizing devices
(2.2 m) was selected after review of prior test results. It approximated the height in a
roadway dust plume at which half the mass emissions pass above and half below.

Additional samples included:

. Average wind speeds at two heights and wind direction at one height

were recorded during testing to maintain isokinetic sampling.

. Traffic data, including traffic counts, travel speeds, and vehicle class
were recorded manually.

. Vacuums with disposable paper bags were used to collect the loose
material from the road surface.

The sampling equipment met the requirements of a sound exposure profiling
methodotogy specified in Section 3.4 so that the emission test data are rated "A." The
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test report presents emission factors for total particulate (TP), total suspended
particulate (TSP) and PM-10, for the ten paved road emission tests conducted.

Test Repont Il found that the emission factors and silt loadings more closely
resembled those in the "urban” rather than the "industrial’ da{a base. That is to say,
emissions agreed more closely with factors estimated by the methods of AP-42 Sec-
tion 11.2.5 than by methods in Section 11.2.6. Given the traffic rate of 4000 vehicles
per day at Site “C," this finding was not terribly surprising. What was far more
surprising was that emissions at Site "E* were also more "urban” than "industrial.”
Although the TSP and PM-10 models in Section 11.2.5 showed a slight tendency to
underpredict, the Section 11.2.6 PM-10 mode! overestimated measured emissions by
at teast an order of magnitude. The performance of the industrial TSP model, on the
other hand, was only slightly poorer than that for the urban TSP model.

Test Report lil. This test program was quite similar to that described in Test

Report | and used an essentially identical methodology. In fact, the two test reports
are very similar in outline, and many passages in the two reports are identical. The
primary objective was given as expanding the data base in Test Report | to further
develop predictive algorithms for clean and sanded streets. Summary information is
given in Table 4-4. |

The test program employed the same two basic PM-10 sampling arrays as did
Test Report |. A third configuration was used for "profile" tests, in which additional
samplers were placed at 10 and 20 ft heights. (Analysis of results from elevated
samplers is not presented in Test Report Ill.)

As was the case in Test Report |, additional samples were coliected including:

. Wind speed/direction were collected on-site, and the results used in
estimating atmospheric stability class needed to calculate emission
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factors. (Unlike Test Report |, solar radiation measurements were not
collected.)

. Traffic data, including traffic counts, travel speeds, and percentage of

heavy-duty vehicles were collected.

. Vacuums with disposable paper bags were used to collect the loose
material from the road surface. The program developed an extensive set

of collocated samples of material along the edges of the roadway.

The study collected PM-10 concentration data on 33 days and calculated a total
of 131 different emission rates for baseline, sanded and controlied paved road
surfaces. Emission factors were obtained by back-calculation from the CALINE3
dispersion model'? together with essentially the same assumptions as those in Test
Report I. This report also noted the same difficulty as Test Report | in defining
"upwind® concentrations in cases with wind reversals or winds nearly parallel to the
roadway orientation. Unlike Test Report I, however, this report does not provide
readily available information on how many tests used either an average concentration
from other test days or a downwind concentration to define "upwind" conditions. Test
Report !l does, however, describe seven tests as invalid because of filter problems or

because upwind concentrations were higher than downwind values.

As with the Test Report | program, a series of stepwise regression analyses
were conducted. This test program combined data from Test Reports | and Il and
considered predictive equations for (a) baseline conditions, (b) sanded roads, and

(c) roads swept to remove the sand applied, and (d) all conditions combined.
Unlike Test Report |, however, Test Report |l appears to present silt loading

values that are based on wet sieving (see page 8 of the test report) rather than the
dry sieving technique (as described in Appendix E to AP-42) routinely used in fugitive
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dust tests. (MRI could not obtain any clarifying information during telephone calls to
the testing organization and the laboratory that analyzed the samples.) Wet sieving

disaggregates composite particles and results from the two types of sieving are not
comparable.

There is additional confusion over the silt loading values given in Test Report Il
for cleaning tests. Specifically, the same silt loading value is associated with both the-
treatment and the experimental control. This point could not be clarified during
telephone conversation with the testing organization. Attempts to clarify using test
report appendices were unsuccessful. Two appendices appear to interchange silt
loading with siit percentage. More importantly, it could not be determined whether the
surface sample results reported in Appendix D to Test Report Ill pertain to treated or
the experimental control segment, and with which emission rate a silt loading should
be associated.

Test Report 11l contains substantiai amounts of information, but is not
particularly well documented in terms of describing test conditions, sampling
methodology, data reduction and analysis. In addition, the same limitations mentioned

in connection with Test Report | are equally applicable to Test Report Ill, as follows:

. not meeting the minimum number of samplers.
. numerous tests conducted under variable wind conditions.
. frequent use (70% to 80% of the tests) of the most unstable atmospheric

stability class in the CALINE 3 model which will result in the highest

calculated emission rate.
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Because of these limitations, emission rate data have been given an overall rating of
"C." Furthermore, the silt loading data in this report are considered suspect for

reasons noted above.

Reexamination of Earlier Data Sets. As remarked earlier, it was decided to

assemble paved road test data distinguishing neither between public and industrial
roads nor between controled and uncontrolled tests. In addition to simply combining
the data bases supporting Sections 11.2.5 and 11.2.6, this involved reexamining
earlier reports for controlled test results. Specifically, the paved road Test Reports 1,

5, and 8 identified in the 1987 update (see Table 4-1) were reexamined.

Test Report 1 in 1987 update: This study evaluated paved road control

techniques at two different iron and steel plants. (See Tables 8 and 10 in

Reference 8.) Data were quality rated as "A," and uncontrolled test results were
incorporated into the data base for Section 11.2.6. The only use of the controlled test
results, however, has been the following addition to Section 11.2.6.4 in 1988:

“Although there are relatively few guantitative data on emissions from
controlled paved roads, those that are available indicate that adequate
estimates generally may be obtained by substituting controlled loading
values into .. [Equations (2-2) and (2-3)).... The major exception to this
is water flushing combined with broom sweeping. In that case, the
equations tend to overestimate emissions substantially (by an average

factor of 4 or more)."

In the current update, the controlled emission féctors have been used as part of
the overall data base to deveiop predictive models. Although PM-10 emission data
are not specifically presented in the report, appropriate values were previously
developed by log-normal interpolation of the PM-15 and PM-2.5 factors.®
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Test Report 5 in 1987 update: This was first report identified to suggest that

heavily loaded paved roads may be better considered as unpaved in terms of
emission estimates. The program produced three tests of emissions from end-loader
travel over paved surfaces. Two of the three tests were conducted on very heavily
loaded surface, while the third was on a cleaned paved surface. (See Tabies 20 and
21 of the 1987 update.)®

No PM-10 emission factors were reported; results were presented for total
particulate (TP) and suspended particulate (SP, or PM-30). Data were quality rated
"A" in the 1987 report.

Because no PM-10 data were given, Test Report 5 data were most directly
useful as independent data against which the TSP emission factor model (Eq. (2-2))
could be assessed. This comparison showed generally good agreement between
predicted and observed with agreement becoming better as source conditions
approached those in the underlying data base.

The 1987 update® developed PM-10 emission factors based on information
contained in the test report. When compared to the single valued factors
(Equation [2-4]), agreement for the first two tests was within a factor of approximately
two. The third test—that of the cleaned surface—could not be used to assess the
performance of either Eq. (2-1) or Eq. (2-3) because the surface loading value could

not be converted to the necessary units with information presented in the repon.

Test Report 8 in 1987 update: This paper discussed the development of an

exposure profiling system as weli as an evaluation of the effectiveness of a paved
road vacuum sweeping program. Because no reference is made to an eariier test
repon, this paper is considered to be the original source of the test data. Although ten
uncontrolled and five controlled tests are mentioned, test data are reported only in
terms of averages. (See Tables 24 and 25 in Reference 8.) Only TSP emission
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factors are presented. Although data were obtained using a sound methodology, data

Y were rated "B" because of inadequate detail in the paper.
i Averaged data from Test Report 8 were used in an independent assessment of
Eq. (2-2). Although oniy average emission levels could be compared, the data

suggested that TSP emissions could be estimated within very acceptable limits.

4.2.2 Compilation of Final Data Base

In keeping with the results from the data set review, a final data base was

compiled by combining the foliowing sets:
1. Data base supporting Section 11.2.5
2. Data base supporting Section 11.2.6
3. The controlied tests of Test Report 1 in the 1987 update
4. All data contained in Test Report Il

The final PM-10 data base is shown in Figure 4-1, with the origin of each of the 64
data points indicated by a key letter:

| - Data point used to develop the predictive equations in Section 11.2.6.
- Data point used in developing the single-valued factors in Section 11.2.6.

U - Data point used to develop the predictive equation in Section 11.2.5.
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u-  Data point excluded during development of the urban paved road
equation (Section 11.2.5).

V.WF - Controlled industrial test in Test Report 1 corresponding to

vacuum swept, water flushed or flushed/broom swept.
N -  Data from Test Report |}

The "new" data, namely those in data sets (3) and (4), are shown in diamonds or
circles in the figure. Note that the new data sets function somewhat like "glue” in
combining the old industrial and urban data sets in the sense that the new data
effectively bridge the two older data sets.

Test data from Test Reports | and Il were excluded from the final data base for

the following reasons:

a. Only PM-10 emission factors were available, rather than a group of
particle size ranges.

b. Unresolved questions about the silt loading values in Test Report 11l

remain.
Note, however, that Test Report | data provide very useful information about the
accuracy of the revised emission factor model. Figure 4-2 presents the 43 data points

from Test Report | used in the validation study.

4.2.3 Emission Factor Development

Stepwise multiple linear regression' was used to develop a predictive model
with the final data set. The potential correction factors included:
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silt loading, sL

mean vehicle weight, W

mean vehicle speed, S

mean number of wheels, w

All variables were log-transformed in order to obtain a multiplicative model as in the
past. Figure 4-3 presents the correlation matrix of the log-transformed independent
and dependent variables, as well as the multiple regression results. The most notable
features of the correlation matrix are the high degree of interdependence between silt
loading, emission factors, and speed; and the low degree of interdependence between
sift loading and weight. This suggests that silt loading and weight may be effectively

used to derive an emission factor model.

Several points should be noted about the regression results. First, the
expression for PM-10 was always considered first so that a series of models
comparable over several size ranges would result. As Figure 4-3 shows, the models
for PM-30 and PM-15 are quite similar to that for PM-10; the expression for PM-2.5,
on the other hand, has substantially lower exponents for both sL and W.

Second, during an initial exploratory phase, it was found that models with
essentially equivalent accuracy could be developed using only the independent
variables of weight W and speed S. Nevertheless, those two variables cannot be
expected to vary substantially during the year. In other words, 2 model based on W
and S could not be expected to predict higher emission levels known to occur after
road sanding, etc. Models incorporating surface ioading values as an independent
variable were pursued because surface loading represents a reasonable means of
introducing seasonal variability.
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The following equation presents the final recommended emission factor models.

e=Kk (SL)O.GS (w)1.5

where e is emission factor in g/vehicle-mile traveied (g/VMT), sL is silt loading in g/m?,

W is mean vehicle weight in tons, and K is constant given in Table 4-5.

TABLE 4-5. RECOMMENDED EMISSION FACTOR MODELS

Size range Sample size K Multipie R®
PM-2.5 52 0.41 “NA
PM-10 64 0.90 0.761
PM-15 65 1.1 0.765
PM-30 18 4.7 0.752

All models, except that for PM-2.5, are quality rated “A." The expression for
PM-2.5 was based on a mean ratio of PM-2.5 to PM-10 because of slightly different
powers on the sL and W terms; the PM-2.5 factor is rated "B." The high R2 vailues for
the other size ranges indicate that approximately 75% of variability in emission factors

are "explained” by the predictive equation.

4.2.4 Validation Studies

Two sets of validation studies were undertaken to assess the predictive
capability of the revised paved road emission model for PM-10. The first employed a
standard cross-validation (CV) technique.’® Using this technigue, each point in the
underlying data base is excluded one at a time, and the equation generated from the
reduced data base is used to estimate the missing vaiue. The second evaluation

applied the new PM-10 expression to the independent data of Test Report I.
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By using a CV technique, "n" quasi-independent estimates are obtained from a

% data base of "n" tests, and the overall validity of using stepwise regression to obtain a
‘ model of the form
b"f/
e =k {sL)* (W)°
is evaluated. Summary information is shown in Table 4-6.
TABLE 4-6. RESULTS OF CROSS-VALIDATION STUDY
Variable Minimum Maximum Mean Std. deviation
Exponent of sL 0.63 0.67 0.649 0.009
Exponent of W 1.42 1.57 1.49 0.027
k  Leading term 0.79 1.07 0.90° 1.058°
Ratio of quasi- 0.050 30 1.004% 423
independent estimate
to measured emission
factor
* Geometric mean/standard deviation.

Figure 4-4 presents the cumulative frequency distribution of the ratio of the
quasi-independent estimate to the measured emission factor. A little over half of the
estimates are within a factor of 3 and approximately 70% are within a factor of 5. The
90% confidence interval corresponds to a factor of approximately 8.

The second validation study applied the recommended PM-10 emission factor
model to the data of Test Report | (see Figure 4-2). This represents an independent

» application of the equation in that none of the Test Report | data were used to develop
\ the equation. Summary information is given in Table 4-7:
LN
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TABLE 4-7. RESULTS FROM INDEPENDENT APPLICATION OF THE PM-10 MODEL

Ratio of predicted to observed PM-10 emission factor

Sample Geo. std.

size Minimum Maximum Geo. mean deviation
Baseline roads 23 0.23 1.59 0.528 1.69
Sanded roads 20 0.35 2.51 1.03 1.69
Overall 43 0.23 2.51 0.724 1.86

As can be seen, agreement is generally quite good, especially for sanded roads.

For baseline (unsanded) roads, the new PM-10 emission factor model tends to
underpredict emissions. Recall that a later report® making use of Test Reports | and
Il stated that the combined baseline data "should be considered to be conservatively

high.” If that is true, then the tendency of the new model to underpredict could be
expected.

One final examination compared performance of the new PM-10 versus the
current AP-42 factors and EPA guidance.” The document "Control of Open Fugitive
Dust Sources" (EPA-450/3-88-008) presented the following decision rule for paved
road emission estimates (Table 4-8).

TABLE 4-8. DECISION RULE FOR PAVED ROAD EMISSION ESTIMATES

Silt loading (sL) Average vehicle weight (W)
(g/m?) (tons) Use model given by
sL<2 W>4 Equation (2-3)
sL <2 W<4 Equation (2-1}
sL > 2° W>6 Equation (2-3)
2<sL <15 W<6 Equation (2-3)
sk > 15° W<6 Equation (2-4)

2 For heavily loaded surfaces (i.e., sL < ~ 300 to 400 g/m?) it is recommended
that the resulting estimate be compared to that from the unpaved road models.
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Table 4-9 presents the results from this comparison. As can be seen, in aimost
every data set comparison, results using the new model are comparable, if not better,
than those using the three different equations currently contained in AP-42, together
with the seiection method of Table 4-8.

4.3 DEVELOPMENT OF OTHER MATERIAL IN AP-42 SECTION

Concurrent with the development of the revised AP-42 section for paved roads,
a separate effort was conducted to assembile a silt loading data base for nonindustrial
roads. Over the past 10 years, numerous organizations have collected silt loading
samples from public paved roads. Unfortunately, uniformity—in sampling and analysis
methodology as well as roadway ciassification schemes—has been sorely lacking in

these studies.

Silt loading data were compiled in the following manner. Persons
knowledgeable about PM-10 at each EPA regional office were asked to identify sL
data for public roads. In many instances, the EPA representatives identified
state/local air regulatory personnel who were then asked to supply the data. Given
that the relative importance of PM-10 emissions from public sources is greater in the
western United States, it is not surprising that most of the data are from that area of
the country. What is surprising, perhaps, is that Montana has collected roughly two-
thirds of all data. Furthermore, only Montana had data collected from the same road

over extended periods of time, thus permitting examination of temporal variation.

The assembled data set did not yield any readily identifiable, coherent
relationship between silt loading and road class, average daily traffic (ADT), etc.
Much of the difficulty is probably due to the fact that not all variables were reported by
each organization. Further complicating the analysis is the fact that, in many parts of
the country, paved road silt loading varies greatly over the course of the year. Recall

that repeated sampling at Montana municipalities indicated a very noticeable annual

MRI-MRAST 1244 14 4'26
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cycle. Nevertheless, it is questionable whether the seasonal variation noted in the
Montana data base could successtully predict variations for many other sites. While
one could possibly expect similar variations for, say, Idaho or Wyoming roads, there is
far less reason to suspect a similar cycle in, say, Maine or Michigan, in the absence of

additional information.

Because no meaningful relationship could be established between sL and an
independent variable, the decision was made to directly employ the nonindustrial data
base in the AP-42 section. The draft AP-42 section presents the cumulative frequency
distribution for the sL data base, with subdivisions into (a) low-ADT (< 5000
vehicles/day) and high-ADT roads and (b) first and second halves of the year.
Suggested default values are based on the 50th and 30th percentile values.

The second use of the assembled data set recognizes that the end users of
AP-42 are the most capabie in identifying which roads in the data base are similar to
roads of interest to them. The draft AP-42 section presents the paved road surface
ioading values together with the city, state, road name, collection date (samples
collected from the same road during the same month are averaged), road ADT if
reported, classification of the roadway, etc. Readers of AP-42 are invited to review
the data base and to select values that they deem appropriate for the roads and

seasons of interest.
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Figure 4-1. Final data set. See text for key letters.
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Figure 4-2. Validation data from Test Report |. "B" represents a
baseline while "S" indicates a sand road test.
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- silt loading, sL

- mean vehicle weight, W
— mean vehicle speed, S

- mean number of wheels, w

All variables were log-transformed in order to obtain a multiplicative model as in the
past. Figure 4-3 presents the correlation matrix of the log-transformed independent

and dependent variables, as well as the multiple regression results. The most notable

features of the correlation matrix are the high degree of interdependence between silt

loading, emission factors, and speed; and the low degree of interdependence between

silt loading and weight. This suggests that silt loading and weight may be effectively
used to derive an emission factor model.

Several points should be noted about thé regression results. First, the
expression for PM-10 was always considered first so that a series of models
comparable over several size ranges would result. As Figure 4-3 shows, the models
for PM-30 and PM-15 are quite similar to that for PM-10; the expression for PM-2.5,
on the other hand, has substantially lower exponents for both sl and W.

Second, during an initial exploratory phase, it was found that models with
essentially equivalent accuracy could be developed using only the independent
variables of weight W and speed S. Nevertheless, those two variables cannot be
expected to vary substantially during the year. In other words, a model based on W
anc_i S could not be expected to predict higher emission levels known to occur after
road sanding, etc. Models incorporating surface loading values as an independent

variable were pursued because surface loading represents a reasonable means of
introducing seasonal variability.
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The following equation presents the final recommended emission factor models.

e=k (SL)O.GS (W)1.5

where e is emission factor in g/vehicle-mile traveled (@/VMT), sL is silt loading in g/m?,

W is mean vehicle weight in tons, and k is constant given in Table 4-5.

TABLE 4-5. RECOMMENDED EMISSION FACTOR MODELS

Size range Sample size k Multiple R?
PM-2.5 52 0.41 NA
PM-10 64 0.90 0.761
PM-15 65 1.1 0.765
PM-30 18 4.7 0.752

All models, except that for PM-2.5, are quality rated "A." The expression for
PM-2.5 was based on a mean ratio of PM-2.5 to PM-10 because of slightly different

powers on the sL and W terms; the PM-2.5 factor is rated “B." The high R2 values for -

the other size ranges indicate that approximately 75% of variability in emission factors

are "explained" by the predictive equation.

4.2.4 Validation Studies

~ Two sets of validation studies were undertaken to assess the predictive
capability of the revised paved road emission model for PM-10. The first employed a
standard cross-validation (CV) technique.' Using this technique, each point in the
underlying data base is excluded one at a time, and the equation generated from the
reduced data base is used to estimate the missing value. The second evaluation
applied the new PM-10 expression to the independent data of Test Report |.
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By using a CV technique, “n" quasi-independent estimates are obtained from a
data base of "n" tests, and the overall validity of using stepwise regression to obtain a

model of the form
e =k (sL)* (W)
is evaluated. Summary informat-ion is shown in Table 4-6.

TABLE 4-6. RESULTS OF CROSS-VALIDATION STUDY

Variable Minimum Maximum Mean Std. deviation .

Exponent of sl 0.63 0.67 0.649 0.009
Exponent of W 1.42 1.57 1.49 0.027
Leading term 0.79 1.07 0.90° 1.058% .
Ratio of quasi- 0.050 30 1.004° 4.23°

independent estimate
to measured emission
factor

2 Geometric mean/standard deviation.

Figure 4-4 presents the cumulative frequency distribution of the ratio of the
‘quasi-independent estimate to the measured emission factor. A little over half of the
estimates are within a factor of 3 and approximately 70% are within a factor of 5. The
90% confidence interval corresponds to a factor of approximately 8. |

The second validation study applied the recommended PM-10 emission factor
model to the data of Test Report | (see Figure 4-2). This represents an independent
application of the equation in that none of the Test Report | data were used to develop
the equation. Summary information is given in Table 4-7:
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TABLE 4-7. RESULTS FROM INDEPENDENT APPLICATION OF THE PM-10 MODEL

Ratio of predicted to observed PM-10 emission factor

Sample - Geo. std.

size Minimum Maximum Geo. mean deviation
Baseline roads 23 0.23 1.59 0.528 1.69
Sanded roads 20 0.35 2.51 1.03 1.69
Overall 43 0.23 2.51 0.724 1.86

As can be seen, agreement is generally quite good, especially for sanded roads.

For baseline (unsanded) roads, the new PM-10 emission factor model tends to -

underpredict emissions. Recall that a later report® making use of Test Reports | and

Il stated that the combined baseline data "should be considered to be conservatively

high." If that is true, then the tendency of the new model to underpredict could be

expected.

One final examination compared performance of the new PM-10 versus the

current AP-42 factors and EPA guidance.” The document "Control of Open Fugitive

Dust Sources" (EPA-450/3-88-008) presented the following decision rule for paved

road emission estimates (Table 4-8).

TABLE 4-8. DECISION RULE FOR PAVED ROAD EMISSION ESTIMATES

Silt loading (sL) Average vehicle weight (W)
(g/m?) (tons) Use model given by
sL<?2 W4 Equation (2-3)
sL<2 W<4 Equation (2-1)
sL>2° W=>6 Equation (2-3)
2<sL <15 W<6 Equation (2-3)
sL > 15% W<6 Equation (2-4)

2 For heavily loaded surfaces (i.e., sL < - 300 to 400=g/m2) it is recommended
that the resulting estimate be compared to that from the unpaved road models.

MRI-M\RS71244. 14 4-25




Table 4-9 presents the results from this comparison. As can be seen, in almost |
every data set comparison, results using the new model are comparable, if not better, |
than those using the three different equations currently contained in AP-42, together
with the selection method of Table 4-8.

4.3 DEVELOPMENT OF OTHER MATERIAL IN AP-42 SECTION

Concurrent with the development of the revised AP-42 section for paved roads,
a separate effort was conducted to assemble a silt loading data base for nonindustrial
roads. Over the past 10 years, numerous organizations have collected silt loading |
samples from public paved roads. Unfortunately, uniformity—in sampling and analysis
methodology as well as roadway classification schemes—has been sorely lacking in |
these studies.

Silt loading data were compiled in the following manner. Persons
knowledgeable about PM-10 at each EPA regional office were asked to identify sL
data for public roads. In many instances, the EPA representatives identified
state/local air regulatory personnel who were then asked to supply the data. Given
that the relative importance of PM-10 emissions from public sources is greater in the
western United States, it is not surprising that most of the data are from that area of
the country. What is surprising, perhaps, is that Montana has collected roughly two-
thirds of all data. Furthermore, only Montana had data collected from the same road
over extended periods of time, thus permitting examination of temporal variation.

The assembled data set did not yield any readily identifiable, coherent
relationship between silt loading and road class, average daily traffic (ADT), etc. |
Much of the difficulty is probably due to the fact that not all variables were reported by ‘
each organization. Further complicating the analysis is the fact that, in many parts of |
the country, paved road silt loading varies greatly over the course of the year. Recall
that repeated sampling at Montana municipalities indicated a very noticeable annual
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cycle. Nevertheless, it is questionable whether the seasonal variation noted in the
Montana data base could successfully predict variations for many other sites. While
one could possibly expect similar variations for, say, ldaho or Wyoming roads, there is
far less reason to suspect a similar cycle in, say, Maine or Michigan, in the absence of |

additional information.

Because no meaningful reiationship could be established between sL and an
independent variable, the decision was made to directly employ the nonindustrial data -
base in the AP-42 section. The draft AP-42 section presents the cumulative frequency -
distribution for the sL data base, with subdivisions into (a) low-ADT (< 5000
vehicles/day) and high-ADT roads and (b) first and second halves of the year.
Suggested default values are based on the 50th and 90th percentile values.

The second use of the assembled data set recognizes that the end users of
AP-42 are the most capable in identifying which roads in the data base are similar to
roads of interest to them. The draft AP-42 section presents the paved road surface
loading values together with the city, state, road name, collection date (samples
collected from the same road during the same month are averaged), road ADT if
reported, classification of the roadway, etc. Readers of AP-42 are invited to review
the data base and to select values that they deem appropriate for the roads and

seasons of interest.
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1.0 BACKGROUND DOCUMENTATION--PAVED ROADS SECTION 13.2.1

This document is an addendum to Emission Factor Documentation for AP-42, Sections 11.2.5 and

11.2.6, Paved Roads, EPA Contract No. 68-D0-0123, Assignment 44, dated March 8, 1993 and prepared
for the Office of Air Quality Planning and Standards, U. S. Environmental Protection Agency (EPA).
Since the preparation of the 1993 document, the Fifth edition of AP-42 incorporated Sections 11.2.5,
Paved Urban Roads, and 11.2.6, Industrial Paved Roads, into Section 13.2.1, Paved Roads. An update to
AP-42 Section 13.2.1 is warranted to address the U, S. EPA’s recent focus on particulate matter (PM)
emissions less than 2.5 um in aerodynamic diameter (PM-2.5) and to permit the reexamination of test
information on public road surface silt loadings.

Information in this Addendum includes descriptions of the test reports used to develop the current
emission factor equation in AP-42, Section 13.2.1; a narrative of the reexamination of the road surface silt
loading data base; and a summary of changes included in the AP-42 Paved Road Section including the new
emission factor equation multiplier for PM-2.5. The format for this Addendum is as follows:

(a) Section 1.1 - Test Report Descriptions, (b) Section 1.2 - Revision of the Public Paved Road Silt
Loading Default Values, (c) Section 1.3 - Summary of Changes to AP-42 Section 13.2.1, (d) Section 2 - a
copy of the revised AP-42 Section 13.2.1, (e) Attachment 1 - Comments/Response Logs for external
review comments on the March 8, 1993 Paved Road Background Document , {f) Attachment 2 - Public
Paved Road Surface Loading AP-42 data base from March 8, 1993, and (g) Attachment 3 - New Silt
Loading Data Set..

1.1 Section 1--Test Report Descriptions

Test reports containing data used to develop the paved road emission factor equation in the
March 8, 1993, Paved Road Background Document, are discussed in the following subsections. Summary
emission data and detailed test data from each of the four test reports are provided along with a brief
description of each test site and test methodology.

Profiling methodologies are used for these test reports and include the following test parameters:
(a) downwind test equipment should be located approximately 5 meters from the source, (b) background
equipment should be located approximately 15 meters upwind of the source, (¢) and no disturbances
should exist immediately upwind or downwind of the testing location. For wind conditions to remain
acceptable during an exposure profiling test, 5- to 10-minute averages of speed and direction are examined.
If the mean wind direction moves out of an arc within 45 degrees of the line perpendicular to the road
centerline for two consecutive averaging periods, testing is suspended. Similarly, if the mean wind speed
falls outside the acceptable range (typically 4 to 20 mph) for two consecutive periods, testing is suspended.
While sampling is suspended, mean wind speed and direction are still monitored. To restart a test,
analogous criteria are used. That is to say, if the mean wind direction lies within 45 degree of the
perpendicular for two consecutive averaging periods, testing can be reinitiated. Likewise, if the average
wind speed falls in the acceptable range for two consecutive periods, sampling may resume.

When following standard testing methodologies some vehicle heights may exceed the height of the
sampling equipment; however, the fact that the emissions originate at the road curve and the emission
plume can be characterized as decreasing with height indicates the total plume can be estimated. Vehicle
heights are not generally reported in the source test reports. Analyses for silt content of the road surface
follow methodologies described in Appendix C.1 and Appendix C.2 of AP-42. Moisture content was
reported for several of these paved road studies. Variations from the generally accepted test methodology
stated above or any other nontraditional methodology are discussed within the individual test report
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reviews. Test reports were not down graded on their qualities ratings due to unreported data if it was not
significant to the paved road emission factor equation development.

1.1.1 Reference | - Midwest Research Institute, Roadway Emissions Field Tests at US Steel’s Fairless
Works, for U.S. Steel Corporation, May 1990.

This testing program focused on paved and unpaved road PM emissions at an integrated iron and
steel plant near Philadelphia, Pennsylvania, in November 1989, Exposure profiling was used to
characterize emissions from two paved roads. Site C-1 was located along the main access route and had a
mix of light- and medium-duty vehicles. Site E-2 was located near the southwest corner of the plant and
the traffic consisted mostly of plant equipment.

Tests were conducted using a profiling array, with four sampling heights from 1.5 m to 6.0 m, for
measuring the downwind mass flux of airborme PM. A high-volume sampler with a parallel-slot cascade
tmpactor and a cyclone preseparator (cutpoint of 15 umA) was employed to measure the downwind
particle size distribution, and a standard high-volume sampler was utilized to determine the downwind
mass fraction of total suspended particulate matter (TSP). The upwind (background) particle size
distribution was determined with a high-volume cyclone/ impactor combination. Warm wire anemometers
at two heights measured wind speed.

Eight tests were conducted at Site C-1 and four tests were conducted at Site E-2. The paved road
test sites were considered uncontrolled. The road width, moisture content, and mean number of wheels
were not reported. The test data are assigned an A rating. Table Al-1 presents summary information and
Table A1-2 presents detailed test information. Warm wire anemometers at two heights measured wind
speed.

1.1.2 Reference 2 - Midwest Research Institute, Paved Road Particulate Emissions - Source Category
Report, for U.S. EPA, July 1984

This document reports the results of testing of paved roads conducted in 1980 at sites in Kansas
City, MO, St. Louis, MO, Tonganoxie, KS, and Granite City, [L. Paved road test sites included
commercial/industrial roads, commercial/residential roads, expressways, and a street in a rural town. The
expanded measurement program reported in this document was used to develop emission factors for paved
roads and focused on the following particle sizes: PM-15 (inhalable particulate matter [IP]), PM-10, and
PM-25.

Total airborne PM emissions were characterized using an exposure profiler containing four
sampling heads. High-volume samplers with size selective inlets (SSI) having a cutpoint of 15 pmA were
used to characterize upwind and downwind PM-15 concentrations. A high-volume sampler with a SSI and
a cascade impactor was also located downwind to characterize particle size distribution within the PM-15
component. Upwind and downwind standard high-volume samplers measured TSP concentrations. Warm
wire anemometers at two heights measured wind speed.

A total of 19 paved road emission tests were conducted in four cities. These included four tests of
commerctal/industrial paved roads, ten tests of cormmercial/residential paved roads, four expressway tests,
and one test of a street in a rural town. Additionally, as part of this study, 81 dust samples were collected in
12 cities. The mean number of vehicle wheels was not reported. The test data are assigned an A rating.
Table A1-3 presents summary test data and Table A1-4 presents detailed test information.
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1.1.3 Reference 3 - Midwest Research Institute, Size Specific Particulate Emission Factors for
Uncontrolled Industrial and Rural Roads, for U. §. EPA, January 1983

This document reports the results of testing conducted in 1981 and 1982 at industrial unpaved and
paved roads and at rural unpaved roads. Unpaved industrial roads were tested at a sand and gravel
processing facility in Kansas, a copper smelting facility in Arizona, and both a concrete batch and asphalt
batch plant in Missouri. The study was conducted to increase the existing data base for size-specific PM
emissions. The following particle sizes were of specific interest for the study: PM-15, PM-10, and
PM-2.5.

Exposure profiling was utilized to characterize total PM emissions. Five sampling heads, located
at heights of up to 5 m, were deployed on the profiler. A standard high-volume sampler and a high-volume
sampler with an SSI (cutpoint of 15 pmA) were also deployed downwind. In addition, two high-volume
cyclone/impactors were operated to measure particle size distribution. A standard high-volume sampler, a
high-volume sampler with an SSI, and a high-volume cyclone/impactor were utilized to characterize the
upwind TSP and PM-135 concentrations and the particle size distribution within the PM-15 fraction. Wind
speed was monitored with warm wire anemometers.

A total of 18 paved road tests and 21 unpaved road tests are completed. The test data are assigned
an A rating. Industrial paved road tests were conducted as follows: three unpaved road tests at the sand
and gravel processing plant, three paved road tests at the copper smelting plant, four paved road tests at the
asphalt batch facility, and three paved road tests at the concrete batch facility. The industrial road tests
were considered uncontrolled and were conducted with heavy duty vehicles at the sand and gravel
processing plant and with medium duty vehicles at the asphalt batch, concrete batch, and copper smelting
plants. Table A1-5 presents summary test data and Table A1-6 presents detailed test information.

1.1.4 Reference 4 - Midwest Research Institute, fron and Steel Plant Open Source Fugitive Emission
Control Evaluation, for U. S. EPA, August 1983

This test report centered on the measurement of the effectiveness of different control techniques
for PM emissions from fugitive dust sources in the iron and steel industry. The test program was
performed at two integrated iron and steel plants, one located in Houston, Texas, and the other in
Middletown, Ohio. Control techniques to reduce emissions from paved roads, unpaved roads, and coal
storage piles were evaluated. For paved roads, control techniques included vacuum sweeping, water
flushing, and flushing with broom sweeping. Particle emission sizes of interest in this study were total
PM, PM-15, and PM-2.5.

The exposure profiling method was used to measure paved road particulate emissions at the Iron
and Steel plants. For this study, a profiler with four or five sampling heads located at heights of 1 to 5 m
was deployed. Two high-volume cascade impactors with cyclone preseparators (cutpoint of 15 umA), one
at 1 m and the other at 3 m, measured the downwind particle size distribution. A standard high-volume
sampler and an additional high-volume sampler fitted with a SSI (cutpoint of 15 umA) were located
downwind at a height 2 m. One standard high-volume sampler and two high-volume samplers with SSIs
were located upwind for measurement of background concentrations of TSP and PM-15.

Twenty-three paved road tests of controlled and uncontrolled emissions were performed. These
included 11 uncontrolled tests, 4 vacuum sweeping tests, 4 water flushing tests, and 4 flushing and broom
sweeping tests. For paved roads, this test report does not present vehicle speeds, mean number of wheels,
or moisture contents. Because vehicle speeds and moisture content do not figure into the emission
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equation, the test data are assigned an A rating. Table A1-7 presents summary test data and Table A1-8
presents detailed test information. The PM-10 emission factors presented in Table A1-8 were calculated
from the PM-15 and PM-2.5 data using logarithmic interpolation.

After vacuum sweeping, emissions were reduced slightly more than 50 percent for two test runs
and less than 16 percent for two test runs. Water flushing applied at 0.48 gal/yd2 achieved emission
reductions ranging from 30 percent to 70 percent. Flushing at 0.48 gal/yd“ combined with broom
sweeping resulted in emission reductions ranging from 35 percent to 90 percent.
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References for Section 1

1.

Roadway Emissions Field Tests at U.S. Steel’s Fairless Works, U.S. Steel Corporation, Fairless
Hills, PA, USX Purchase Order No. 146-0001191-0068, May 1990.

Paved Road Particulate Emissions—Source Category Report, U. S, Environmental Protection

Agency, Research Triangle Park, NC, EPA Contract No. 68-02-3158, Assignment 19, July 1984,

Size Specific Particulate Emission Factors for Uncontrolled Industrial and Rural Roads, U.S.
Environmental Protection Agency, Research Triangle Park, NC, EPA Contract No. 68-02-3158,
Assignment 12, January 1983.

Iron and Steel Plant Open Source Fugitive Emission Control Evaluation, U.S. Environmental
Protection Agency, Research Triangle Park, NC, EPA Contract No. 68-02-3177, Assignment 4,
August 1983.

Emission Factor Documentation for AP-42, Sections 11.2.5 and 11.2.6—Paved Roads, EPA
Contract No. 68-D0-0123, Midwest Research Institute, Kansas City, MO, March 1993.
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1.2 Revision of the Public Paved Road Silt Loading Default Values

During the preparation of the March 8, 1993 Paved Road Background Document', the available
public road silt loading (*sL") values from test reports dated 1992 and earlier were assembled into a data
base. Appendices C.1 and C.2 to AP-42 describe the sampling and analysis procedures, respectively, used
to determine sL values. This "old" data set was originally presented as Appendix X in the March 8, 1993
background report. Subsequently, EPA requested that the sL data set be moved into the AP-42 Section. In
response, MRI prepared the current Table 13.2.1-2. (An electronic version of the old sL data set has been
supplied with this addendum.)

Although hundreds of public paved road sL measurements had been collected from 1980 until
1992 10 the paved road sL data base was limited in its usefulness for various reasons:

1. Almost two-thirds of the available data had been collected in one state (Montana).

2. Only Montana had collected extensive data that addressed temporal varation of sL.. While this
provided very useful information on the annual cycle of silt loadings, the data were not generally
transferable to most regions in the United States.

3. There had been no uniformity in either the sampling/analysis methods used to generate sL
values or in schemes used to report roadway classifications. Similarly, the different sampling programs do
not all report the necessary information to develop a coherent data set. For example, the following items
are not always reported: whether the road is curbed; the posted speed limit; if surrounding land use would
lead to trackout from unpaved shoulders or parking lots; or, if anti-skid materials were recently applied.
These unknowns result from the lack of uniform reporting.

4. Examination of the data base did not reveal any meaningful relationship between silt loading
and other variables (such as average daily traffic [ADT], road class, etc.). For example, a significant
negative correlation was found between sL and ADT for roads with ADTs of 5,000 or more. However, on
further investigation of that road class, it was found that there was a significant positive and a significant
negative correlation over the first and second halves, respectively, of the calendar year.

5. There were strong reasons to suspect that the assembled data base was skewed towards high
values:

-- The majority of measurements were collected during the first calendar half (which was found
to have substantially higher values than the second half).

- There was anecdotal information that at least some of the sampling programs focused on
suspected trouble spots that were heavily loaded (such as after snowfice storms, near
construction sites, etc.).

Note that the assembled data base was composed of “point values” of silt loading. Here the term
“point value” is used to denote samples collected at a specific point along a roadway and at a single point
in time. In this sense, the term is contrasted with “composite” samples, for which increments from
different roadways and/or from different times are aggregated in a single vacuum bag. The resulting
composite sample thus represents a spatially or temporally averaged value of silt loading. At the time the
data base was assembled, two sets of spatial averages were available —one set covering the South Coast Air
Quality Management District (REF 11) and another from three study areas in Oregon (REF 12). Because
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of their composite nature, these measurements were not included in the data base assembied for the 1993
background document.

Although there were strong reasons to suspect that the assembled data base was biased towards
high values, independent data were not available to confirm the suspicions. Since the time that the
background document was prepared, a number of field sampling programs have been undertaken; the
references that document these programs are shown in Table A1-9.

TABLE A1-9. PAVED ROAD SILT LOADING
STUDIES SINCE THE 1993 BACKGROUND REPORT

Reference Study description

13 A characterization of control measures to reduce mud/dirt carryout onto paved roads
from a construction site in Kansas City

14 Collection of late winter/early spring silt loadings in the Pocatello, Idaho area,
emphasizing post-storm conditions

15 A yearlong study to define temporal variations of silt loading on roads in the Reno,
Nevada area.

16 Collection of sets of spatially averaged silt loadings in four study areas of the desert
southwest: South Coast, Coachella Valley, Las Vegas, Bakersfield

17 An ongoing study to track silt loading trends over a yearlong period in the Pocatello,
Idaho area

Note that the first two studies in Table A1-9 were directed to higher values of sL due to their focus
on mud/dirt carryout and post-winter storm conditions. As such, results from these two studies were
excluded from further consideration in revising the public road silt loading values. Data from the second
Pocatello study (Reference 17) were not available at the time of this addendum.

Results from References 15 and 16, together with results from the composite samples in
References 11 and 12 and the silt loading values from the recent PM-2.5/PM-10 study!8 for baseline road
surface conditions (i.e., not immediately after road sanding), formed the basis for revising the default
values for public paved road silt loading. An electronic version of the new sL data set has been supplied
with this addendum. Table A1-10 presents summary statistics for the new data set.

TABLE A1-10. SUMMARY STATISTICS FOR RECENT PAVED ROAD SILT
LOADING STUDIES

Silt loading, g/m?
90th
Data set Sample size Range Geo. mean | Geo. std. dev. | Median | percentile
High ADT? 50 0.01-1.02 0.093 3.13 0.086 0.38
Low ADT 103 0.054 - 6.82 0.41 2.64 0.39 1.52
Overall 169° 0.01 - 6.82 0.26 3.34 0.27 1.05

%In this context, high ADT refers to roadways with at least 5,000 vehicles per day.
®The overall data set includes 16 spatially average samples that included increments from both high and
low ADT roads.
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When the results in Table A1-10 are compared to those presented in Table 13.2.1-2 of AP-42, it
becomes immediately apparent that the current default guidance in Section 13.2 leads to overly
conservative values for silt loading. Values in the newer data set are roughly 5 times lower than those in
the data set compiled for the 1993 background document. Consequently, it is recommended that AP-42
Table 13.2.1-2 be modified to include the (rounded) median values from Table A2-2 for “normal”
conditions. However, the newer data set also indicates that substantially higher or lower than “normal” silt
loadings may occur on public paved roads. As a result, it is further recommended that the modified AP-42
table present the former median values for the January-to-June period as suitable for use when estimates of
elevated silt loading (e.g., after snow/ice controls or near trackout areas) are desired.

Additional revisions are recommended for default values for limited access roads. Reference 18
presents the results from not only baseline sampling, but also samples collected immediately after sanding
an interstate highway in Denver:

Baseline: 0.0127 g/m?
After sanding: 0.184 g/m2

After averaging the baseline with the older data for limited access roads, the recommended default
for limited access roads under “normal” conditions is 0.015 g/mz‘ Furthermore, the section text has been
revised to suggest a default value of 0.2 glm2 for short periods of time following the application of
snow/ice controls (antiskid abrasives) to limited access roads.

References for Section 1.2

1. Emission Factor Documentation For AP-42, Sections 11.2.5 and 11.2.6 — Paved Roads, EPA
Contract No. 68-D0-0123, Midwest Research Institute, Kansas City, MO, March 1993,

2. Cowherd, Jr,, and P. J. Englehart, Paved Road Particulate Emissions, EPA-600/7-84-077, U.S.
Environmental Protection Agency, Cincinnati, OH, July 1984.

3. Montana Street Sampling Data, Montana Department Of Health And Environmental Sciences,
Helena, MT, July 1992,

4. Street Sanding Emissions And Control Study, PEI Associates, Inc., Cincinnati, OH, October 1989.

5. Evaluation Of PM-10 Emission Factors For Paved Streets, Harding Lawson Associates, Denver, CO,
October 1991.

6. Street Sanding Emissions And Control Study, RTP Environmental Associates, Inc., Denver, CO,
July 1990.

7. Post-storm Measurement Results — Salt Lake County Road Dust Silt Loading Winter 1991/92
Measurement Program, Aerovironment, Inc., Monrovia, CA, June 1992.

8. Written communication from Harold Glasser, Department of Health, Clark County (NV).

9. PM-10 Emissions Inventory Data For The Maricopa And Pima Planning Areas, EPA Contract No.
68-02-3888, Engineering-Science, Pasadena, CA, January 1987.




10.

1.

12,

13.

14,

15.

16.

17.

18.

Characterization Of PM-10 Emissions From Antiskid Materials Applied To Ice- And Snow-covered
Roadways, EPA Contract No. 68-D0-0137, Midwest Research Institute, Kansas City, MO, October
1992,

Open Fugitive Dust PM 10 Control Strategies Study, South Coast Air Quality Management District
Contract No. 90059, Midwest Research Institute, Kansas City, MO, July 1990.

Oregon Fugitive Dust Emission Inventory, EPA Contract No. 68-D0-0123, Work Assignment No. 24,
Midwest Research Institute, Kansas City, MO, January 1992.

Characterization of Mud/Dirt Carryout onto Paved Roads from Construction and Demolition
Activities, EPA Contract No. 68-D2-0159, Work Assignment No. I-04, Midwest Research Institute,
Kansas City, MO, December, 1995.

Letter Report to Doug Cole, Idaho Operations Office, EPA Region 10, dated April 30, 1993, EPA
Contract 68-D0-0123, Work Assignment II-76.

Personal communication with Andy Goodrich of Washoe County Department of Health, Reno, NV.

Improvement of Specific Emission Factors (BACM Project No. 1), South Coast Air Quality

Management District Contract No. 95040, Midwest Research Institute, Kansas City, MO, March 1996.

Personal communication with J. Light, c/o Bannock Planning Organization, Pocatello, ID.

Fugitive Particulate Matter Emissions, EPA Contract No. 68-D2-0159, Work Assignment No. 4-06,
Midwest Research Institute, Kansas City, MO, April 1997.
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1.3 Summary of Changes to AP-42 Section 13.2.1

Although the equation for particulate emissions from paved roads remains unchanged, the PM-2.5
multiplier has been updated based on findings in Reference 22. The PM-2.5 multiplier update is reflected
in the list of particle size multipliers for the paved road equation. Also, the default silt loading (sL) values
for public paved roads have been updated. Table 13.2.1-2 has been revised along with associated text to
reflect this new analysis. The silt loading data base, formerly presented as Table 13.2.1-3, will only be
available as an electronic file. (The new sL data set is also available as an electronic file.)

Section 13.2.1 follows with text removed from the old AP-42 version striked out and new text in
bold. Although not shown here, no changes were made to Figure 13.2.1-1, and Figures 13.2.1-2 through
13.2.1-7 (showing the silt loading frequency distribution) have been removed from the AP-42 section.

13.2.1 Paved Roads
13.2.1.1 General

Particulate emissions occur whenever vehicles travel over a paved surface, such as a road 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, the resuspended particulate
emissions from paved roads originate from the loose material present on the surface. In tum, that surface
loading, as it 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 several transfer processes occurring on public streets,

Various field studies have found that public streets and highways, as well as roadways at industrial
facilities, can be major sources of the atmospheric particulate matter within an area.!"> Of particular
interest in many parts of the United States are the increased levels of emissions from public paved roads
when the equilibrium between deposition and removal processes is 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 material 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 lanes and ADT per lane; the fraction of heavy vehicles (buses
and trucks); and the presence/absence of curbs, storm sewers and parking lanes.

13.2.1.2 Emissions And Correction Parameters

Dust emissions from paved roads have been found to vary with what is termed the "silt loading”
present on the road surface as well as the average weight of vehicles traveling the road. The term silt
loading (sL) refers to the mass of silt-size material (equal to or less than 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. The silt
fraction is 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 is the 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 Appendices C.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 earty spring months when the residual loading from snow/ice controls is greatest. As noted
earlier, once replenishment of fresh material is eliminated, the road surface loading can be expected
to reach an equilibrium value, which is substantially lower than the late winter/early spring value.

13.2.1.3 Predictive Emission Factor EquationsIO

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 (wy3)! 3 (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,lmz)
W = average weight (tons) of the vehicles traveling the road

It is important 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 cars/trucks while the remaining 1 percent
consists of 20 Mg trucks, then the mean weight "W" is 2.2 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 foltows: shown in
Table 13.2.1-1. To determine particulate emissions for a specific particle size range, use the appropriate
value of k shown in Table 13.2.1-1. .

The above e(t)]uation is based on a regression analysis of numerous emission tests, including
65 tests for PM-10.'% Sources tested include public paved roads, as well as controlled and uncontrolled
industrial paved roads. No tests of "stop-and-go" traffic 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 developing the equation as follows:

Silt loading: 0.02 - 400 g/m?

0.03 - 570 grains/square foot (ft?)
Mean vehicle weight: 1.8 - 38 megagrams (Mg)

2.0- 42 tons
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 sL data for public paved road emission inventories are strongly
recommended. The field and laboratory procedures for determining surface material silt content and
surface dust loading are summarized in Appendices C.1 and C.2. In the event that site-specific values
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Table 13.2.1-1. PARTICLE SIZE MULTIPLIERS FOR PAVED ROAD EQUATION

Size range® Multiplier kP
g/VKT g/ VMT Ib/VMT
PM-2.5¢ 2+ I3 88673
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

4 Refers to airborne particulate matter (PM-x) with an aerodynamic diameter equal to or less than

X micrometers.

Units shown are grams per vehicle kilometer traveled (g/VKT), grams per vehicle mile traveled
(g/VMT), and pounds per vehicle mile traveled (Ib/VMT). The muliplier k includes unit
conversions to produce emission factors in the units shown for the indicated size range from
the mixed units required in Equation 1.

¢ Ratio of PM-2.5 to PM-10 taken from Reference 22.

©d PM-30 is sometimes termed "suspendable particulate” (SP) and is often used as a surrogate for TSP.

cannot be obtained, an appropriate value for an industrial road may be selected from the mean values given
in Table 13.2.1-2, but the quality rating of the equation should be reduced by 1 level.
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During the preparation of the background document (Reference 10), public road silt loading

values from 1992 and earlier were assembled into a data base. This data base is available as

. Although hundreds of public paved road sL measurements had been collected, there
was no uniformity in sampling equipment and analysis techniques, in roadway classification
schemnes, 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 analysis is the 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 substantiaily higher than ‘“normal” silt
loadings can occur on public paved roads. As a result, 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 data base is
available as

The range of sL values in the data base for normal conditions is 0.01 to 1.0 for high-ADT roads
and 0.054 to 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 (snowfice controls, wind blown dust). As a resuit, the
collection and use of site-specific silt loading data is highly recommended.
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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 0.4

Worst-case conditions® 0.5 3

2 Excluding limited access roads. See discussion in text. 1 g/m? is equal

to 1.43 grains/ft?

High ADT refers to roads with at least 5,000 vehicles per day.

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

" b the EF ent that sk-vatues arc takem from-any of the cumuiative _f"q"c"c’ distribution-frgures; the

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 difficulties in 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 1 part of the country to another. For annual conditions, a default value of
802 0.015 glm2 is recommended for limited access roadways.9’22 Even fewer of the available data
comrespond to worst-case situations, and elevated loadings are observed to be quickly depleted because of
high ADT rates. A default value of 8-+ 0.2 g/rn2 is recommended for short periods of time following
application of snow/ice controls to limited access roads. 22

13.2.1.4 Controls®22 23

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 areas to unpaved lots or construction sites, are preventive
measures. Examples of mitigative controls include vacuum sweeping, water flushing, and broom sweeping
and flushing. It is particularly important to note that street sweeping of gutiers and curb areas may actually
increase the silt loading on the traveled portion of the road. Redistribution of loose material onto the
travel lanes will actually produce a short-term increase in the emissions.
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In general, preventive controls are usually more cost effective than mitigative controls. The cost-
effectiveness of mitigative controls falls off dramatically as the size of an area to be treated increases. The
cost-effectiveness of mitigative measures is also unfavorable if only a short period of time is required for
the road to return to equilibrium silt loading condition. That is to 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 development of the equation.) The collection of surface loading samples from
treated, as well as baseline (untreated), roads provides a means to track effectiveness of the controls over
time.
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2.0 PROPOSED AP-42 SECTION 13.2.1

The proposed AP-42 Section for paved roads is presented on the following pages as it would appear
in the document.

2-1




13.2.1 Paved Roads
13.2.1.1 General

Particulate emissions occur whenever vehicles travel over a paved surface, such as a road 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, particulate emissions from paved roads originate from
the loose material present on the surface. In turn, that surface loading, as it 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 several transfer
processes occurring on public streets.

Various field studies have found that public streets and highways, as well as roadways at industrial
facilities, can be major sources of the atmospheric particulate matter within an area.!® Of particular
interest in many parts of the United States are the increased levels of emissions from public paved roads
when the equilibrium between deposition and removal processes is 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 material 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 lanes and ADT per lane; the fraction of heavy vehicles (buses and trucks); and the
presence/absence of curbs, storm sewers and parking lanes.

13.2.1.2 Emissions And Correction Parameters

Dust emissions from paved roads have been found to vary with what is termed the "silt loading”
present on the road surface as well as the average weight of vehicles traveling the road. The term silt
loading (sL) refers to the mass of silt-size material (equal to or less than 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. The silt
fraction is 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 is the 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 Appendices C.1 and C.2.

The surface sL provides a reasonable means of characterizing seasonal variability in a paved road
emission invemory.9 In many areas of the country, road surface loadings are heaviest during the late
winter and early spring months when the residual loading from snow/ice controls is greatest. As noted
earlier, once replenishment of fresh material is eliminated, the road surface loading can be expected to
reach an equilibrium value, which is substantially lower than the late winter/early spring value.

Miscellaneous Sources 13.2.1-1




13.2.1.3 Predictive Emission Factor Equations10

The quantity of dust emissions from vehicle traffic on a paved road may be estimated using the

following empirical expression:
E=k (sL/2)63 (w/3 )15 )

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/mz)
W = average weight (tons) of the vehicles traveling the road

It is important 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 cars/trucks while the remaining 1 percent
consists of 20 Mg trucks, then the mean weight "W" is 2.2 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 caiculated 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 shown in Table 13.2.1-1.

Table 13.2-1.1. PARTICLE SIZE MULTIPLIERS FOR PAVED ROAD EQUATION

Size range? Multiplier k°
g/VKT g/VMT h/VMT
PM-2.5¢ 1.1 1.8 0.0040
PM-10 4.6 73 0.016
PM-15 55 9.0 0.020
PM-30¢ 24 38 0.082

? Refers to airborne particulate matter (PM-x) with an aerodynamic diameter equal to or less than
X Thicrometers.

® Units shown are grams per vehicle kilometer traveled (g/VKT), grams per vehicle mile traveled
(&/VMT), and pounds per vehicle mile traveled (Ib/VMT). The muliplier k includes unit conversions to
produce emission factors in the units shown for the indicated size range from the mixed units required
in Equation 1.

¢ Ratio of PM-2.5 to PM-10 taken from Reference 22.

4 PM-30 is sometimes termed "suspendable particulate” (SP) and is often used as a surrogate for TSP.

The above equation is based on a regression analysis of numerous emission tests, including 65 tests
for PM-10.!% Sources tested include public paved roads, as well as controlled and uncontrolied industrial
paved roads. No tests of "stop-and-go" traffic 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 developing the equation as follows:

13.2.1-2 EMISSION FACTORS
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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 -42 tons
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 sL data for public paved road emission inventories are strongly recommended. The
field and laboratory procedures for determining surface material silt content and surface dust loading are
summarized in Appendices C.1 and C.2. 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 13.2.1-2, but
the quality rating of the equation should be reduced by 1 level. Also, recall that Equation 1 refers to
emissions due to freely flowing (not stop-and-go) traffic.

During the preparation of the background document (Reference 10), public road silt loading values
from 1992 and earlier were assembled into a data base. This data base is available as
Although hundreds of public paved road sL measurements had been collected, there was no umforrmty 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 analysis is the 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. As a result, 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 data base is available as

Table 13.2.1-2 (Metric Units). RECOMMENDED DEFAULT SILT LOADING (g/m?)
VALUES FOR PUBLIC PAVED ROADS?

High ADT roads? Low ADT roads
Normnal conditions 0.1 0.4
Worst-case conditions® 0.5 3

3 Excluding limited access roads. See discussion in text. 1 g/m? is equal to 1.43
g q

grains/ft®
High ADT refers to roads with at least 5,000 vehicles per day.

For conditions such as post-winter-storm or areas with substantial mud/dirt
carryout.
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The range of sL values in the data base for normal conditions is 0.01 to 1.0 for high-ADT roads
and 0.054 to 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). As a result, 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 difficulties in 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 llmlted access roadways from 1 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 avaitable data correspond
to worst-case situations, and elevated loadings are observed to be quickly depleted because of 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.”

13.2.1.4 Controls®23

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). Reguiations requiring the covering
of loads in trucks, or the paving of access areas to unpaved lots or construction sites, are preventive
measures. Examples of mitigative controls include vacuum sweeping, water flushing, and broom sweeping
and flushing. 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 the road. Redistribution of loose material onto the
travel lanes will 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 controls falls off dramatically as the size of an area to be treated increases. The
cost-effectiveness of mitigative measures is also unfavorable if only a short period of time is required for
the road to return to equilibrium silt loading condition. That is to 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 development of the equation.) The collection of surface loading samples from
treated, as well as baseline (untreated), roads provides a means to track effectiveness of the controls over

time.
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Figure 1. PLOT OF AVERAGE VEHICLE SPEED vs. SILT LOADING IN THE
AP-42 PAVED ROAD EMISSION FACTOR DATA BASE (Fully logarithmic)
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Plot of LIn (Speed) vy. ln (Silt Loading)
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Figure 2. PLOT OF AVERAGE VEHICLE SPEED vs. SILT LOADING IN THE
PEI BASELINE EMISSION FACTOR DATA BASE (Fully logarithmic)
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Attachment 2.

Public Paved Road Surface Loading
Presented as Appendix X in March 8, 1993
Paved Road Background Document
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TABLE A2-2. PUBLIC PAVED ROAD SURFACE LOADING DATA BASE
STATE | CLASS DATE ADT SL SILT TL SAMT’LES
MT 1 Apr-78 50 0.6 18.5 34 1
MT 2 Apr-78 115 0.5 14.3 35 1
MT 2 Apr-78 4000 8.4 33.9 24.9 1
MT 2 Apr-78 679 24.6 10.6 232.4 1
MT 2 Apr-78 60 103.7 7 1480.8 l
MT 3 Apr-78 6453 1.6 19.1 13.05 2
MT 3 Apr-78 3328 7.7 7.7 99.5 1
MT 3 Apr-78 3655 26 62.9 6 L
MT 4 Apr-78 | 22849 1.9 5 37.3 1
MT 4 Apr-78 | 18870 1.9 55.9 33 1
MT 4 Apr-78 | 13529 0.8 6.6 11.9 1
MT 2 Apr-83 140 13.1 43 305.2 1
MT 5 Apr-83 780 4 13.6 29 1
MT 3 Apr-83 2700 8.2 9.4 86.6 1
MT 3 Apr-83 1360 4.7 8.4 55.3 1
MT 5 Mar-88 1310 14.8 1
MT 5 Mar-88 331 16.5 1
MT 3 Mar-88 800 . 27.5 . 1
MT 3 Mar-88 5900 7 16 43.5 1
MT 3 Mar-88 536 61 20.4 299.2 !
MT 3 Mar-88 4500 12.1 1
MT 4 Mar-88 | 10850 . 12.3 . 1
MT 2 Apr-88 562 2.1 109 19.3 1
MT 4 Apr-88 5272 0.9 10.1 8.8 1
MT 2 Jun-89 562 1 8.7 11.2 1
MT 2 Jun-89 60 2.8 10.9 25.5 1
MT 4 Jun-89 5272 7.2 36 197.6 1
MT 5 Aug-89 250 1.7 6.8 24.6 1
MT 3 Aug-89 2316 0.7 4.1 17 1
MT 4 Aug-89 7900 2.1 12.5 16.5 1
MT 2 Mar-90 390 . 9.5 . 1
MT 2 Mar-90 - 400 18.8 14.3 131.5 1
MT 2 Mar-90 50 14.3 1
MT 2 Mar-90 1720 5.4 1
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TABLE A2-2. (continued)

STATE | cLASS | DATE | ADT SL SILT TL SAM’;’LES
MT 5 Mar-90 240 16.3 I
MT 3 Mar-90 1510 8.8 i
MT 3 Mar-90 1945 . 7 . 1
MT 3 Mar-90 4730 15.4 10 153.9 1
MT 3 Mar-90 316 6.2 1
MT 3 Mar-90 1764 . 4.2 . 1
MT 4 Mar-90 | 13110 2.7 18.7 14.6 1
MT 2 Jul-90 250 1.6 17 9.3 1
MT 3 Jul-90 2316 5.6 10.6 52.5 1
MT 4 Jul-90 790 32 15.4 20.9 L
MT 5 Aug-90 400 1.5 4 37.7 1
MT 3 Aug-90 530 2.4 17.9 132 1
MT 3 Aug-90 5730 0.8 5.3 16 1
MT 4 Aug-90 | 13039 0.2 7 2.9 1
MT 5 Oct-90 250 3.4 10.2 33.6 1
MT 3 Oct-90 2316 45 5.6 81.3 1
MT 4 Oct-90 7900 0.6 139 43 1
MT 3 11/6/90 5670 5.2 13.5 38 1
MT 4 11/6/90 | 15890 1.7 24.1 7.2 1
MT 4 12/8/90 | 10000 21.5 | 9.6 2239 1
MT 3 12/9/90 530 13.6 27.1 50.3 1
MT 3 12/13/90 | 3070 1 15.4 6.4 1
MT 5 Jan-91 75 1 3.4 30.6 1
MT 5 Jan-91 425 12 1.8 666.5 1
MT 5 Jan-91 250 14.1 3.5 402.3 1
MT 3 Jan-91 2316 36.7 12.1 303.4 1
MT 4 Jan-91 7900 0.8 14 5.6 1
MT 5 1/23/91 920 9.2 9.9 93 1
MT 3 1/23/91 5000 333 272 122.2 1
MT 5 Feb-91 150 21.6 7.1 304.7 1
MT 3 Feb-91 2140 19.2 9 213.4 1
MT 3 Feb-91 850 74.4 7.7 966.8 1
MT 3 2/14/91 530 33.3 18.7 178.2 1
MT 4 2/17/91 | 10000 69.3 21 330.3 1
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TABLE A2-2. (continued)

STATE | CLASS | DATE | ADT SL SILT TL SAM#;’LES
MT 3 2/21/91 3070 1.2 1 10.9 1
MT 4 212191 | 22849 2.9 7.9 36.6 1
MT 3 2/24/91 2653 30.5 24.8 122.9 1
MT 4 2124191 | 14730 17.4 20.4 85.2 1
MT 5 225191 920 35.7 17.9 199.6 !
MT 3 2/25/91 5000 66.8 17.8 375.3 1
MT 4 Mar91 | 21900 15.4 6.2 248.3 1
MT 3 3/9/91 2653 39.1 29.1 134.5 1
MT 3 Mar-91 5670 30.1 17 174.6 2
MT 4 3/9/91 14730 17.6 24.7 71.4 1
MT 5 Mar-91 920 4.4 8.3 51 2
MT 3 Mar-91 5000 43 15.5 28.9 2
MT 3 Mar-91 530 14.8 33.1 449 2
MT 4 Mar-91 | 11963 20 19.5 111.9 3
MT 5 Apr-91 250 43 8.8 487 1
MT 4 Apr-91 7900 0.5 8.7 5.7 1
MT 5 Apr-91 920 1.2 15.7 6.3 4
MT 3 4/4/91 5000 2 13.4 14.7 2
MT 3 Apr-91 530 3.5 44 7.8 2
MT 4 Apr-91 | 12945 11.8 20.5 57.2 4
MT 3 4/14/91 2653 15.1 37.1 409 1
MT 3 Apr-91 5670 9 19.8 476 1
MT 4 4114/91 | 14730 13 4.5 29.4 1
MT 3 May-00 5670 24 17.5 15.9 4
MT 4 50 14712 5.5 20.7 24.8 5
MT 3 5/19/91 530 1.7 31 5.7 1
MT 3 6/27/91 530 1.7 24.3 7.1 1
MT 4 6/27/91 | 10000 3.8 12.6 306 1
MT 5 Jul-91 250 1.7 11.4 15.3 1
MT 3 Jul-91 2316 8.8 11 79.7 1
MT 5 719/91 920 10.9 11 98.7 1
MT 3 7/9/91 5000 2.1 8.1 25.9 1
MT 4 717/91 | 21900 0.9 4.7 19.4 1
MT 3 7/26/91 3070 2.5 282 8.9 1
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TABLE A2-2. (continued)

STATE CLASS DATE ADT SL SILT TL SAM’{;’LES
MT 4 7/26/91 22849 1.6 28.2 58 1
MT 3 8/3/91 2653 5.8 23 25.3 1
MT 4 8/3/91 14730 4 21 19.3 1
MT 4 8/11/91 15890 0.1 5.6 23 1
MT 3 8/3/91 5270 1.6 83 19.3 1
MT 4 8/3/91 7900 7 20.5 343 1
MT 3 10/3/91 3070 1 17.7 5.4 1
MT 4 10/3/91 22849 2.1 23.1 9.1 1
MT 3 10/6/91 2653 10 31.3 319 1
MT 4 10/6/91 14730 4.3 21.7 15.7 1
MT 5 10/16/91 250 1.8 31 5.9 1
MT 3 10/16/91 2316 1.6 20.5 1.7 1
MT 4 10/16/91 7900 1 6.7 14.9 1
MT 3 10/20/91 5670 1.9 13.9 13.3 1
MT 4 10/20/91 15890 1.2 11.3 10.2 1
MT 3 11/6/91 2653 2.2 12.3 17.8 1
MT 4 11/28/91 14730 2.7 8.6 30.8 i
MT 5 12/17/91 920 4 18.1 225 1
MT 3 12/17/91 5000 1.5 13.2 11.6 1
MT 3 2/2/92 3070 19.1 11.6 164.5 1
MT 4 2/2/92 22849 83 12 69.3 1
MT 5 2/3192 250 78.3 9.5 824.7 I
MT 5 2/3/92 350 36.3 56.3 64.5 1
MT 3 2/3/92 530 10.7 499 214 1
MT 3 2/3/92 2316 57.9 14.8 391 1
MT 3 2/3/92 3670 29.2 20.1 1454 1
MT 4 Feb-92 12945 513 322 143.1 2
MT 4 2/3/92 7900 29 14.3 20.7 1
MT 5 Feb-92 920 0.5 18 2.6 1
MT 3 2/22/92 5000 1.2 14.6 8.1 1
MT 5 3/15/92 450 40.2 11.9 338 1
MT 3 3/15/92 2653 81.1 373 217.3 1
MT 4 3/15/92 14730 16.5 321 51.3 i
MT 5 Apr-92 920 0.43 14.9 3.2 1
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TABLE A2-2. {continued)

STATE CLASS DATE ADT SL SILT TL SAM#;’LES
MT 3 Apr-92 5000 0.8 i8.2 4.7 3
MT 5 4/26/92 450 20.9 458 45.5 1
MT 3 4/26/92 2653 19.2 50.9 37.7 1
MT 4 4/26/92 14730 10.7 33.5 32.1 1
MT 5 May-92 450 8.3 356 23.5 3
MT 3 May-92 2653 8.5 324 25.8 3
MT 4 May-92 14730 5.1 23.6 217 3
MT 3 5/11/92 350 13.4 56.5 23.7 1
MT 3 5/11/92 530 5.6 589 9.4 1
MT 4 May-92 12945 10.4 25.6 29.4 1
MT 5 5/15/92 250 6.9 6.7 103 1
MT 3 5/15/92 2316 6.4 10.2 62.8 1
MT 4 5/15/92 7900 1.2 6.9 17 1
MT 3 5/25/92 5670 1 217 4.5 1
MT 5 6/4/92 500 1 17.4 56 1
MT 3 6/4/92 5270 15.2 14 108.4 1
MT 4 6/4/92 12000 2 13.1 15.7 ;
CcO 6 Mar-89 1994 0.21 2 19.9 4
co 6 Apr-89 2228 0.73 1.7 106.7 18
Co 6 Apr-89 780 0.86 1.2 74.8 2
Cco 6 Apr-89 . 0.07 4.2 2 3
CO 7 Apr-89 4731 0.02 3.6 0.4 3
co 6 May-89 1905 0.76 1.9 74 11
CO 6 Jun-89 1655 0.71 1.2 66.1 12
CO 8 Jun-39 515 0.14 4.66 35 5
CcO 8 Oct-90 1.44 6
Cco 3 1/24/90 2.24 1
Co 7 1/30/90 0.56 2
CO 7 2/1/90 1.92 4
CO 6 2/3/90 1.64 2
CO 5 217190 2.58 3
CO 6 Feb-90 0.5 16
CcoO 7 Mar-90 7
CO 8 3/10/90 3
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TABLE A2-2. (continued)

STATE CLASS DATE ADT SL SILT TL SAM#;’LES
cO 6 Mar-90 1.27 5
CcO 6 Mar-90 0.41 21
co 5 Apr-90 0.05 6
CO 6 Apr-90 03 6
CcO 6 4/18/90 . 0.21 . . 1
uT 4 42340 0.137 11.5 1.187 4
uT 3 27140 0.288 17 1.692 4
Ut 9 77040 0.023 214 01 5
uT 9 146180 0.096 235 0.419 6
UT 5 . 5000 1.967 4.07 46.043 14
NV 10 7/15/87 0.81 12.4 6.51 1
NV 5 7/15/87 2.23 31.2 7.14 1
NV 3 7/15/87 1.64 26.1 63, 1
NV 10 9/29/87 0.38 24 1.63 3
NV 5 9/29/87 1.38 23 6.32 3
NV 3 9/29/87 0.52 15.8 34 3
NV 10 10/7/87 0.19 14.9 1.26 2
NV 5 10/7/87 1.5 319 4.76 2
NV 3 10/7/87 0.9 24.1 3.74 2
AZ 4 0.127 12.2 1.071 1
AZ 4 0.085 5 1.726 1
AZ 4 0.035 31 1.021 1
AZ 4 0.042 39 1.049 1
AZ 4 0.0%9 8.2 1.183 1
AZ 4 0.099 8.9 1.085 1
AZ 4 0.014 17 0.092 |
AZ 3 0.028 13.4 0.232 1
AZ 3 0.07 11.8 0.627 1
AZ 3 0.528 11.1 479 i
AZ 3 0.282 6.4 4.367 I
AZ 3 0.035 23 1.479 1
AZ 3 1.282 6.417 19.961 1
AZ 4 0.401 8.117 4937 1
AZ 4 0.028 16.529 0.176 1
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TABLE A2-2. (continued)

STATE CLASS DATE ADT SL SILT TL SAM#;’LES
AZ 3 0.014 5.506 0.197 1
AZ 4 0.113 3.509 3.268 1
AZ 4 0.014 1.556 0.725 1
AZ 4 0.021 18.756 0.127 i
AZ 4 0.162 21.989 0.725 i
AZ 4 . 0.106 .3.975 2.571 1
KS 4 Feb-80 0.29 6.8 4.2 3
MO 4 Feb-80 0.67 20.1 3.5 3
MO 4 Feb-80 0.68 217 i3 1
KS 3 Mar-80 2.5 14.5 17.1 1
KS 4 Mar-80 0.29 12.2 24 1
MO 7 May-80 0.02 . . 4
MO 3 May-80 0.08 10.9 0.7 3

IL 4 May-30 0.78 6.4 12.3 2

IL 3 May-80 0.93 8.6 10.8 1
MN 11 3/19/92 5000 0.23 28 1.94 8
MN 11 2/26/92 5000 0.24 134 23 5
CcO 5 3/18/92 3.56 24 14.81 1
Co 3 3/30/92 12.05 24 50.23 1
CoO 4/1/92 5.97. 211 29.16 8
co 10 4/6/92 6.1 12 50.08 2
co 5 4/1/92 7.9 8 96.01 2
CcoO 10 4/2/92 7.68 21.7 359 3
CO 3/30/92 2.07 9 23.03 1
CO 4/1/92 2.78 8.9 30.35 7
CO 4/1/92 9.05 25 36.21 1
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Attachment 3

New Silt Loading Data Set Used to Develop Revised Default Silt Loading Values
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SECTION 5

DRAFT AP-42 SECTION

A proposed new AP-42 section for paved roads is presented on the following
pages as it would appear in the document.

MRI-M\R971244.14 5-1
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11.2.x GENERIC PAVED ROADS

11.2.x.1 General

Particulate emissions occur whenever vehicles travel over a paved surface such as a road or
parking lot. In general terms, particulate emissions from paved roads originate from the loose material
present on the surface. In turn, that surface loading 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 11.2.x-1 illustrates several transfer processes occurring on public streets.

Various field studies have found that public streets and highways as well as roadways at
industrial facilities can be major sources of the atmospheric particulate matter within an area. Of
particular interest in many parts of the United States are the increased levels of emissions from public
paved roads when equilibrium between deposition and removal processes is upset. This situation can
oceur 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.

11.2.x.2 Emissions And Correction Parameters

Dust emissions from paved roads have been found to vary with what is termed the "silt
loading" present on the road surface as well as the average weight of vehicles traveling the road. The
term "silt loading" refers to the mass of silt-size material (equal to or less than 75 microns in physical l
diameter) per unit area of the travel surface. The total road surface dust loading consists of loose
material which can be collected by broom sweeping and vacuuming of the traveled portion of the
paved road. The silt fraction is determined by measuring the proportion of the loose dry surface dust -
that passes a 200 mesh screen, using the ASTM-C-136 method. The product of the silt fraction and
the total loading constitutes the "silt loading" and is abbreviated as "sL." Additional details on the
sampling and analysis are provided in Appendices D and E.

The surface silt loading provides a reasonable means of introducing 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 residual loading from snow/ice controls is
greatest.

11.2.x.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 (SU2)0'65 (WB)LS (1)

= Particulate emission factor |

where: E
k = base emission factor for particle size range and units of interest (see below)
sL = road surface silt loading (g/m®) :
w = average weight (tons) of the vehicles traveling the road
3/93 xxxx Paved Roads 11.2.x-1
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The particle size multiplier (k) above varies with aerodynamic size range as follows:

Size Multiplier k°
Range® g/VKT g/VMT 1b/VMT
PM-2.5 2.1 3.3 0.0073
PM-10 4.6 7.3 0.016
PM-15 5.5 9.0 0.020
PM-3(F 24 38 0.082

* Refers to airborne particulate matter (PM-x) with an aerodynamic diameter
less than or equal to X microns.

® Units shown are grams per vehicle kilometer traveled (2/VKT), grams per
vehicle mile traveled (g/VMT), and pounds per vehicle mile traveled
(Ib/VMT).

¢ PM-30 is sometimes termed "suspendable particulate” (SP) and is often used
as a surrogate for TSP. '

To determine particulate emissions for a specific particle size range, use the appropriate value of
k above.

The above equations are based on a regression analysis of numerous emission tests, including
65 tests for PM-10. Sources tested include public paved roads as well as controlied and uncontrolled
industrial paved roads. 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 developing the equation as follows:

Silt loading: 0.02 - 400 g/m’
0.03 - 570 grain/ft?

Mean vehicle weight: 2 - 42 tons
1.8 - 38 Mg

Mean vehicle speed: 10 - 55 mph
16 - 88 kph

To retain the quality rating for the emission factor equation when applied to a specific paved
road, it is necessary that reliable correction parameter values for the specific road in question be
determined. The field and laboratory procedures for determining surface material silt content and
surface dust loading are given in Reference __ and are summarized in Appendices D and E. 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 11.2.x-1, but the quality ratings of the equation should
be reduced by one level.
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With the exception of limited access roadways which are difficult to sample, collection and
use of site-specific sL data for public paved road emission inventories are strongly recommended.
Although hundreds of public paved road silt loading measurements have been made since 1980, ‘
uniformity has been lacking in sampling equipment and analysis techniques, in roadway classification -
schemes, and in the types of data reported. The assembled data set (described below) does not yield
any readily identifiable, coherent relationship between silt loading and road class, average daily traffic -
(ADT), etc. Further complicating the analysis is the fact that, in many parts of the country, paved
road silt loading varies greatly over the course of the year. For example, repeated sampling of the
same roads over a period three calendar years at four Montana municipalities indicate a noticeable
annual cycle, with a decline in sL during the first two calendar quarters together with an increase
during the fourth calendar quarter.

Figures 11.2.x-2 and 11.2.x-3 present the cumulative frequency distribution for the public
paved road sL data base assembled during the preparation of this AP-42 section. The data base
includes samples taken from roads that have treated with sand and other snow/ice controls. Roadways
are grouped into high and low ADT sets, with 5000 vehicles per day being the approximate cutoff.
Figures 11.2.x.-2 and 11.2.x.-3 present the cumulative frequency distributions for high and low ADT
roads, respectively.

In the absence of site-specific sL data to serve as input to a public paved road inventory, one
may obtain conservatively high emission estimates by using the following values taken from the
figures. For annual conditions, one may use the median sL values of 0.4 g/m’ for high-ADT roads
(excluding limited access roads, which are discussed below) and 2.5 g/m’ for low-ADT roads. One
may estimate worst-case loadings for high-ADT (excluding limited access roads) and low-ADT roads 1
with the 90th percentile values of 7 and 25 g/m’, respectively, Figures 11.2.x-4 through 11.2.x-7
present similar cumulative frequency distribution information for high- and low-ADT roads, except
that the sets have been divided based on whether the sample was collected during the first or second
half of the year. Information on the 50th and 90th percentile values are summarized in Table 11.2.x-2.

TABLE 11.2.X-2. PERCENTILES FOR NONINDUSTRIAL SILT LOADING
(¢/m? DATA BASE

High ADT Low ADT
Averaging period 50th 90th 50th 90th
Annual 0.4 7 2.5 25
January-June 0.5 14 3 30
July-December 0.3 3 1.5 5

In the event that sL values are taken from any of the cumulative frequency distribution figures, the
quality ratings for the emission estimates should be downgraded two letters,

As an alternative method of selecting sL values in the absence of site-specific data, users may

review the public paved road sL data base (presented in Appendix ) and select values that they
deem appropriate for the roads and seasons of interest.
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The appendix presents paved road surface loading values together with the city, state, road name,
collection date (samples collected from the same road during the same month are averaged), road ADT
if reported, classification of the roadway, etc. Recommendation of this approach recognizes that end
users of AP-42 are the most capable in identifying roads in the data base that are similar to roads in
the area being inventoried. In the event that sL values are developed in this way and the selection
process is fully described, then the quality ratings for the emission estimates should be downgraded
only one letter,

Limited access roadways pose severe logistical difficulties in terms of surface sampling, and
few sL data are available. Nevertheless, the data that are available 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 0.02 g/m’ is recommended for limited access roadways. Even fewer of the available data
correspond to worst-case situations, and elevated loadings are observed to be quickly depleted because
of high ADT rates. A default value of 0.1 g/m? is recommended for short periods of time following
application of snow/ice controls to limited access roads.

11.2.x.4 Controls

Because of the importance of the surface loading, control techniques for paved roads either
attempt 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 covered loads in trucks or paving access areas to unpaved lots or construction sites are
examples of preventive measures. Examples of mitigative controls include vacuum sweeping, water
flushing, and flushing combined with broom sweeping.

In general, preventive controls are usually more cost-effective than mitigative controls; the
cost-effectiveness for mitigative controls falls off dramatically as the size of an area to be treated
grows. That is to 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, due to 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 winter.

Because available controls affect the silt loading, controlled emission factors may he obtained
by substituting controlled loading values into Equation 1. (Emission factors from controlled industrial
roads were used in the development of the equation.) The collection of surface loading samples from
the treated as well as baseline (untreated) roads thus provides a means to track effectiveness of the
controls over time.

References for Section 11.2.x

[TO BE PROVIDED]

11.2.x-12 EMISSION FACTORS - 3/93





