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INTEROFFICE COMMUNICATION

MIDWEST RESEARCH INSTITUTE
?W”’Jr 3, 1907 |

Februamy-4+4-4897
To: Ron Myers, EPA
From: Greg Muleski
Subject: Regression results for unpaved road PM10 emission tests

This memo summarizes the results of the stepwise regressions that you and | have talked
about over the past few months. As we discussed, | assembled the unpaved road PM10
emission factor data base without regard to the type of vehicle (e.g., haul trucks) as long
as the vehicle is moving along an unpaved surface. Thus, test results for public rural
roads with light-duty traffic would be included with tests of haul trucks at steel plants,
quarries and surface mines. Furthermore, scrapers in the "travel" mode (i.e., fully loaded
or unloaded and moving) would be included. The ranges of vehlcle welghtslspeeds are
shown below:

Vehicle Weight (tons) Vehicle Speed (mph)

Type of Road Geometric Range Geometric Range
Mean Mean

Industrial 40 2-280 20 5-43

Public . 1.8 1.5-25 36 15-55

The assembled data set is shown in Attachment A. Note that only tests of uncontrolled
and watered roads were considered. The assembled data sets comprises 203 individual
test results. This includes the 6 "total” PM10 tests | developed from the report to the
National Stone Association and presented in the set of comments that | sent you last
month. It also includes the Reno, NV unpaved road tests conducted as part of Bill
Kuykendal's PM2.5/PM10 study. On the other hand, the tests from Raleigh, NC and the
first tests that Chat conducted at our Field Station in Grandview, MO are not included
because those tests (BJ-1 through BJ-4 in Raleigh and BG-1 through BG-5 at the Field
Station) have not yet been formally reported. However, | did reserve the 9 tests for
validation purposes. This is discussed later in the memo.

Emission Factor Development

Stepwise multiple linear regression was used with the data set. The potentlal correction
factors include:

- surface silt content, s
- surface moisture content, M




#

- 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.

The data base was then sorted by whether the test represented uncontrolled or watered
conditions. The first analysis involved the stepwise regression of the uncontrolled tests
using the potential correction parameters of s, W, S, and w (silt, weight, speed and
number of wheels). Note that moisture content was not considered. In this case, W
entered the regression first, and silt on the second step. The resulting model is of the
following form:

eq 50.81\/\,0.36 (2)

(This first regression is roughly analogous to repeating how the unpaved road emission
factor was derived. As before, only uncontrolled tests were included in the data set. In
this case, however, the effort focused on the PM10 size fraction of emissions. The
resulting emission factor is roughly comparable to the current AP-42 unpaved road
emission factor equation. The silt content has almost a linear ("power of 1") relationship
with the emission factor. In addition, emissions follow a “less-than-linear" relationship with
vehicle weight. In Equation (1), however, the exponent for W is roughly half that in the
current AP-42 equation.

~ Next, uncontrolled and watered tests were considered separately, but this time with

moisture content included as a potential correction parameter. For the 137 uncontrolled
tests, weight and silt were again the first two variables to enter the regression. Moisture
entered on the third step and speed on the fourth, with the resulting model of the form:;

e 80.85 Vvﬂ.49 SD.ZQI M0.25 (2)

Inclusion of speed is somewhat tentative, in that its level of significance is just slightly
greater than 10%. Had the requirement for a variable to enter been tightened, speed
would not have entered.

For the 43 watered tests, only two correction parameters entered the regression, silt and
weight. The resulting model is of the form

e SO.?Z VVO.S? (3)

Finally, both uncontrolled and watered tests were considered as one data set, again with
M included as a potential correction parameter. In this instance, weight and silt again
entered first and second, with moisture entering on the third step. As before, speed S
entered on the fourth iteration. The resulting model is of the form

eaq 50'85 V\IO.SO 80.32 I’ MO.ZQ (4)

Again, inclusion of the variable S may be viewed as somewhat contingent. As opposed
to Equation (2), S enters at the 10% level of significance in this regression. Still, its
inclusion is definitely the product of the data set being used. For example, the exclusion
of only one or two certain low-speed tests from the data set would probably result in S not




entering the regression at all. On the other hand, dropping those tests would essentially
have not effect on the rest of the model.

Unlike vehicle weight (which spans two orders of magnitude), most speeds in the data set
lie in a fairly tight band between 15 and 35 mph. In addition, the emission factor is found
to have a reasonably weak (0.3 power) dependence on speed. Had the requirement for a
variable to enter the regression been tightened from 10% to 5% level of significance,
speed would not enter the equation, and the resulting model would have the form:

e S0.82 \No.ae l M0.2B (5)

Fairly strong cases could be argued for selecting either Equation (4) or Equation (5). |
first thought that (4) is preferrable for the following reasons:

1.  For the majority of cases when the average speed is roughly between 15 and 35
mph, the two equations have roughly the same predictive accuracy.

2.  Equation (4) would allow an AP-42 user to account for instances with either low- or
high-speed traffic. Equation (4) is likely to have greater accuracy in those cases.

However, in performing some of the validation studies, | found that, when part of the data
base was held back for validation purposes, the number of wheels rather than speed
would enter on the last step. It appears to me that the fourth variable is just a little too
much on the "ragged" edge. Equation (5) somewhat sidesteps the issue, but it is still
based on good science and allows one to perform more straightforward validation
analyses.

The unpaved road emission model | recommend incorporating into AP-42 is based on
Equation (5) and thus has the general form,

e = 1.6 (s/12)°8 (W/3)°8 / (M/1)°2 (6)

where

PM10 emission factor (Ib/vmt)
surface material silt content (%)

W= mean vehicle weight (tons)

M = surface material moisture content (%)

e
S

I

Note that the "normalizing factors" of 12% silt and 3 tons are the same as for the current
AP-42 model. This allows one to compare the leading term of 1.6 Ib/vmt in Equation (6)
to the factor of 2.1 Ib/vmt inherent in the current version of the unpaved road predictive
model. This is consistent with my earlier finding that "re-centering” the current factor to
PM10 data would require reducing the leading term by about 30%.

Validation Studies

The first validation study made use of a cross-validation analysis. In this approach, each
data point is eliminated one at a time. The regression obtained from the “reduced” data

base is used to estimate the missing data value. In this way, a set of “n” quasi-

independent observations is obtained from the data set of “n” tests.

The cross-validation (CV) shows that the model is fairly accurate for a very broad range of




source conditions. Table 1 indicates that, although the model may slightly under- or
overpredict emission for some specific subset of the data base, the general agreement is
quite good. The CV analysis further found that, for the quasi-independent estimates of
the measured emission factors,

52% are within a factor of 2
73% are within a factor of 3
90% are within a factor of 5
98% are within a factor of 10

In examining the residuals (i.e., the error between the predicted and observed emission
factors), | found that Equation (6) tends to overpredict the lowest and underpredict the
highest observed factors. In other words, the model appears to have a systematic bias at
the extremes of the parent data base. This is not believed to be overly restrictive, given
AP-42's goal to represent "average” conditions. No other significant relationship was
found for the residuals.

A limited second validation study involved reserving approximately 20 to 25% of the data
base for validation purposes. Test data were randomly selected for inclusion in either the
“development” or the “validation” data set. Two separate random selections were
performed. The development data set is used to develop the relationship which is used
to estimate tests in the validation set. The first development set led to the following
predictive model

e = 1.55 (s/12)°7® (W/3)*“ / (M/1)**°
and Development Set 2 led to the following model
e = 1.72 (s/12)°% (W/3)°# / (M/1)*#
Note that both development sets led to models very similar to that in Equation (6). When

the two models were used to predict data in the validation sets, the following summary
statistics resuit:

No. of Ratio of Predicted to Observed
Validation Set Cases Minimum Maximum Geo. Mean Geo. Std. Dev.
1 n=41 0.123 29.3 0.926 2.92
2 n=40 0.125 6.58 1.27 2.63

A final validation study involved the 9 emission tests that have not yet been formally
reported. Table 2 shows the results of the comparisons of predicted to observed PM10
emission factors. Predictions based on both Equation (6) and the current AP-42 model
are considered. In general, agreement is quite good for the new unpaved road model.

Summary

A revised unpaved road emission factor of the type presented in Equation (6)
satisfactorily predicts emissions from a broad range of vehicles traveling over unpaved
surfaces. It appears that this model could replace not only the “generic” unpaved factor
in Section 13.2 but also the haul truck factor in the surface coal mine section.




Table 2. Application of new model to Raleigh and Grandview data

Ratio of Predicted to

Observed
Measured ‘

Siit Moisture Weight Speed No.of PMI10EF Equ. Current
Run (%) (%) (tons) (mph}) Whis  (lbivmt) (6} AP-42
BJ-1 4.01 0.1 2 30 4 1.23 0.88 0.43
BJ-2 29 0.1 2 30 4 1.29 065 0.30
BJ-3 426 0.07 2 30 4 0.84 1.51 0.67
BJ-4 37 0.09 2 30 4 1.32 0.80 0.37
BG-1 7.2 7.2 2 30 4 0.503 0.95 1.89
BG-2 6.22 0.65 2 30 4 0.925 0.85 0.89
BG-3 6.07 0.54 2 30 4 1.12 .81 0.71
BG-4 7.56 1.38 2 30 4 0.118 6.95 8.44
BG-5 7.97 1.12 2 30 4 0.0884 10.30 11.88

NOTE: BG4 and -5 conducted under mist and rainy conditions.



Table 1. Results of Cross-validation

Ratio of quasi-independent estimate to

No. measured emission factor
Uncontrolled/ of )
Type of Vehicle/Road Watered/ Cases
(Geo. Mean Geo. Std. Dev.
Haul trucks U 39 0.98 2.44
wW 34 110 2.49
Overall 73 1.03 2.45
Light-medium duty U 29 1.09 2.85
traffic on industrial
roads
Light-medium duty U 43 0.97 2.36
traffic on public
roads
Overall 72 1.02 2.54
Heavy duty traffic on U 3 1.28 1.39
industrial roads
Scrapers in travel mode U 23 0.82 3.62
w 9 1.00 513
Overall 32 0.87 3.93
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for PM-10. Also, a reapplication of the petroleum resin had an estimated lifeime of 23,000 vehicle passes
for PM-10.

A cost effectiveness was calculated for each of the three controls as follows: the Petro Tac initial
application was $0.06/1b of PM-10 reduced; the Coherex?® initial application was $0.64/ 1b of PM-10
reduced; the Coherex® reapplication was $0.16/1b of PM-10 reduced; and the water application was

$1.30/1b of PM-10 reduced.

3,2.14 Reference 14

This study was conducted to develop emission factors for major surface coal mining activities
occurring in the western United States. Results are reported of testing conducted in 1979 and 1980 at three
-surface coal mines located in Wyoming, North Dakota, and New Mexico. Sampling was conducted on the
following mining operations: drilling, blasting, coal loading, bulldozing, dragline operations, haul trucks,
light- and medium-duty trucks, scrapers, graders, and wind erosion of exposed areas. Particulate sizes
measured include, TSP, IP, and PM-2.5,

Exposure profiling was used to measure emissions from line source activities such as vehicle traffic
on unpaved roads and from scraping and grading. Comparisons of data from profiling and upwind-
downwind methods were made for scrapers and haul roads. A modified exposure profiling methodology
was utilized for blasting emission measurements, and a wind tunnel was used to measure wind erosion
emissions. Area source emissions such as coal loading were tested with an upwind/downwind

methodology.

The exposure profiling method used a downwind profiler with four sampling heads located at
heights of 1.5 10 6.0 m. A standard hi-vol sampler (2.5 m), a hi-vol sampler fitted with a cascade impactor
(2.5 m), and two dichotomous samplers (1.5 and 4.5 m) were located downwind. Dust fall buckets were
placed upwind and downwind at a height of 0.75 m to measure the particle deposition, Upwind
concentrations were measured with one dichotomous sampler and one standard hi-vol sampler, both located
at a height of 2.5 m. Wind speed was measured with warm wire anemometers downwind at heights of 1.5
and 4.5 m.

4-13
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PREFACE

This report was prepared by Midwest Research Institute (MRI) for the Office of Air Quality
Planning and Standards (QAQPS), U. S. Environmental Protection Agency (EPA), under Contract
No. 68-D2-0159, Work Assignment No. 4-02. Mr. Ron Myers was the requester of the work.
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EMISSION FACTOR DOCUMENTATION FOR AP-42 SECTION 13.2.2
Unpaved Roads

1. INTRODUCTION
The document Compilation of Air Pollutans Emission Factors (AP-42) has been published by the

U. S. Environmental Protection Agency (EPA) since 1972, Suppléments to AP-42 have been routinely

published to add new emission source categories and to update existing emission factors. AP-42 is

routinely updated by EPA to respond to new emission factor needs of EPA, State and local air pollution

control programs, and industry.

An emission factor is a representative value that attempts to relate the quantity of a pollutant
released to th: atmosphere with an activity associated with the release of that poliutant. Emission factors
usually are expressed as the weight of pollutant divided by the unit weight, volume, distance, or duraton
of the activity that emits the pollutant. The emission factors presented in AP-42 may be appropriate o use
in a number of situations, such as making source-specific emission estimates for area wide inventories for
dispersion modeling, developing control strategies, screening sources for compliance purposes,
establishing operating permit fees, and making permit applicability determinati;'.ms. The purpose of this
report is to provide background information from test reports and other information to support revisions to
AP-42 Section 13.2.2, Unpaved Roads.

This background report consists of five sections. Section ] includes the introduction to the report.
Section 2 gives a characterization of unpaved road emission sources and a description of the technology
used to control emissions resulting from unpaved roads. Section 3 is a review of emission data collection
and emission measurement procedures. It describes the literature search, the screening of emission data
reports, and the quality rating system for both emnission data and emission equations and methods of
emission factor determination. Section 4 details how the revised AP-42 section was developed. It includes
the review of specific data sets, a description of how candidate the emission equation was developed, and a
summary of changes to the AP-42 section. Section 5 presents the AP-42 Section 13.2.2, Unpaved Roads.

Throughout this report, the principal pollutant of interest is PM-10—particulate matter (PM) no
greater than 10 umA (microns in aerodynamic diameter). PM-10 forms the basis for the current National
Ambient Air Quality Standards (NAAQS) for particulate mater. PM-10 thus represents the particle size
range that is of the greatest regulatory interest. Because formal establishment of PM-10 as the standar3

.. 1
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basis for the NAAQS occurred in 1987, many earlier emission tests (and in fact the current version of the

unpaved road emission factor) have been referenced to other particle size ranges, such as,

TSP  Total Suspended Particulate, as measured by the standard high-volume (hi-vol) air sampler. Total
suspended particulate, which encompasses a relatively coarse size range, was the basis for the
previous NAAQS for PM. Wind tunnel studies have shown that the particle mass capture
efficiency curve for the hi-vol sampler is very broad, extending from 100 percent capture of
particles smaller than 10 micrometers to a few percent captufé. of particles as large as

- 100 micrometers. Also, the capnure efficiency curve varies with wind speed and wind direction,

rcladve o oanf ::d;‘ Artantation 'I"I-me the hi.vnl eamnler does not nrnvlde definitive narncle size

information for emission factors. However, an effective cutpoint of 30 um aerodynamic diameter
is frequently assigned to the standard hi-vol sampler.

SP  Suspended Particulate, which is often used as a surrogate for TSP, is defined as PM with an
aerodynamic diameter no greater than 30 xmA. SP may also be denoted as “PM-30."

P Inhalable Particulate is defined as PM with an aerodynamic diameter no greater than 15 umA. IP
may also be denoted as “PM-15."

FP Fine Particulate is defined as PM with an aerodynamic diameter no greater than 2.5 umA. FP
may also be denoted as “PM-2.5."

As of this writing, the-EPA plans to promulgate new PM NAAQS based on PM-2.5.

1-2
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2. SOURCE DESCRIPTION

2.1 SOURCE CHARACTERIZATION!

Particulate emissions occur whenever vehicles travel on unpaved roads. Dust plumes trailing
behind vehicles on unpaved roads are a familiar sight in rural areas of the United States. Many industrial
areas also have active unpaved roads. When a vehicle travels an unpaved road, the force of the wheels on
the road surface causes pulverization of Mu material. Particles are lifted and dropped from the rolling

~wheels, and the road surface is exposed to strong air currents in turbulent shear with the surface. The
turbulent wake behind the vehicle continues to act on.the road surface after the vehicle has passed.

2.2 EMISSIONS'? s P Joss P 2,5 raicron? ™ cm’{fﬁﬁ
A w17 é e (/-9/’]—2,5‘)
The emis;sion of concern from unpaved/roads is partculate matter (PM) including PM less than
10 microns in aerodynamic diameter (PM-10). The quantity of dust emissions from a given segment of
unpaved road varies lincarly with the volume of traffic. Field investigations also have shown that
emissions depend on correction parameters that characterize (a) the condition of a particular road and
(b) the associated vehicle traffic, Parameters of interest in addition to the source activity (number of
vehicle passes) should include the vehicle characteristics (e.g., vehicle weight), the properties of the road
surface material being disturbed (e.g. silt content, moisture content), and the climatic conditions (e.g.,

2] ).26

frequency and amounts of precipitation).

Dust emissicns from unpaved roads have been found to vary directly with the fraction of silt in the
road surface material. Silt consists of particles less than 75 um in diameter, and silt content can be
determined by measuring the proportion of loose dry surface dust that passes through a 200-mesh screen,
using the ASTM-C-136 method.

2.3 HISTORY OF THE UNPAVED ROAD EMISSION FACTOR EQUATION IN AP-42

The current version of the AP-42 unpaved road emission factor equation for dry conditions has the

following form:!

2]
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E = Emission factor, pounds per ve_,hicle-mile—u'aveled, (b/VMT)

k = Particle size multiplier (dimensionless) '

~ s = Silt content of road surface material (%)

§ — maan vehicle cpesd kilometers per hour (km/hr) (miles per hour [mph])
mean vehicle weight, megagrams (Mg) (ton)

mein number of wheels (dimensionless)

g =
1

AP-42 discusses how Equation 2-1 can be extrapolated to annual conditions through the
simplifying assumption that emissions are present at the “dry” level on days without measurabie

precipitation and conversely, are absent on days with more than 0.1 in. (0.254 mm) of precipitation.

Thus, the emission factor for annual conditions is:
E=ks$9 s _i E 0.7, w 0.5 365'p
T L12)L 304 3 4 365

where all quantities are as before and:

p = number of days with at least 0.254 mm (0.01 in.) of precipitation per year

The particle size multiplier “k” for different particulate size ranges is shown below.

-1

(2-1a)

Aerodynamic Particle Size Multiplier (k) for Equation 2-1

<30um® <30um <15um s10um <Sum <2.5um
1.0 0.80 0.50 0.36 0.20 0.095

8Stoke’s diameter

2-2
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The earliest emission factor equation for unpaved roads first appeared in AP-42 in 1975. The
current version of the emission factor equation appeared in 1983 as part of Supplement 14 to the third
edition of AP-42.

The earliest version of the unpaved road emission factor equation included the first two correctuon
terms shown in Equation 2-1 (i.e., silt content and mean vehicle speed). However, the data base for that
version was limited to tests of publicly accessible unpaved roads travelled by light-duty vehicles and had a -
small range of average travel speeds (30 to 40 mph).} Subsequent emission testing (especially roads at
iron and steel plants) expanded the ranges for both vehicle weight and vehicle speed. In 1978, 2 modified
equation that included silt, speed, and weight was published in an EPA report.* In 1979, the current
version (Equation 2-1) was first published;s it incorporated a slight reduction in the exponent for vehicle
weight and afided the wheel correction term.

Although' the emission factor equation for unpaved roads has been modified over the past 20 years,
all versions have important common features. All were developed using muttiple linear regression of the
suspended particulate emission factor against correction parameters that describe source conditions. The
silt content has consistently been found 1o be of critical importance in the predncnve equation. The first
version of the predictive equation (and each subsequent refinement) included a roughly linear (power of 1)
relationship between the emission factor and the road surface silt content.®

In addition o the unpaved road emission factor equation discussed above, other studies have been
undertaken to model emissions from unpaved road vehicular traffic. For example, the 1983 background
document for this section of AP-42 lists three other candidate emission factor equations.® Equation 2-1
was recommended over the other candidates on the basis of its wider applicability.

Additional studies addressed emissions from restricted classes of unpaved roads. In particular, a
1981 report included separate emission factors for (a) light-to medium-duty waffic, and (b) haul trucks on
unpaved roads for use at western surface coal mines.” Neither equation bore resemblance to the generic
unpaved road emission factor (Equation 2-1}. A 1991 study (described in Section 4 of this report)

addressed emissions due to relatively high-speed traffic on publicly accessible roads in Arizona.?

*Note that during the 1970’s, the exponent for the silt content was rounded to unity because of the greacer
computational ease. Recall that this equation predated inexpensive calculators with “x to the y” capability.

2-3
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Furthermore, in response to Section 234 of the Clean Air Act Amendments, the western surface coal

mining emission factors were reexamined.®® Results from that study are also described in Section 4.

2.4 EMISSION CONTROL TECHNOLOGY!1%:1!

Controls to reduce particulate emissions from unpaved roads fall into three general categories as

follows: source extent reductions, surface improvements, and surface treatment. Each of the categories is

discussed below,

Scurse sxtent raductinne limit the amannt of traffic to reduce particulate emissions. The emissions
directly correlate to the vehicle miles traveled on the road. An example of limiting traffic is restricting road
use 1o certaim*vehicle types. The iron and steel industry, for example, has instituted some employee busing
programs to eliminate a large number of vehicle passes during shift changes.

Surface improvements offer 2 long term control technique. Paving is a surface improvement that is
a highly effective control, but can be cost prohibitive especially on low volume roads. From past
experience, paving has an estimated 99 percent control efficiency for PM-10. Control efficiencies
achievable by paving can be estimated by comparing emission factors for unpaved and paved road
conditions. The predictive emission factor equation for paved roads, given in AP-42 Section 13.2.1,
requires estimation of the silt loading on the traveled portion of the paved surface, which in tarn depends on
(a) the intensities of deposition processes that add silt to the surface, and (b) whether the pavement is
periodically cleaned.

Other surface improvements include covering the road surface with a new material of lower silt
content. For example a dirt road could be covered with gravel or siag. Also, regular maintenance
practices, such as grading, of gravel roads heip to retain larger aggregate sizes on the traveled portion of
the road and thus help reduce emissions. The amount of emissions reduction is directly tied to the reduction

in surface silt content,

Surface treatments include control techniques that require reapplication such as watering and
chemical stabilization. Watering increases the road surface moisture content, which conglomerates the silt
particies and reduces their likelihood to become suspended when a vehicle passes over the road surface.
The control efficiency of watering depends upon (a) the application rate of the water, (b) the time between
applications, (¢) wraffic volume during the period, and (d) the metecrological conditions during the period.

24
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Chemical stabilization attempts to change the physical characteristics of the road and its surface to
suppress emissions. Common chemical dust suppressants form a hardened cemcm-liké road surface. The
control effectiveness of chemical dust suppressants depends on the dilution rate, application rate, ime
between applications, and traffic volume between applications. Other factors that effect the performance of
dust suppressants include the vehicle characteristics (¢.g. average vehicle weight) and road characteristics
{e.g. bearing strength). The variabilities in the above factors and in individual products make the controt
efficiencies of chemical dust suppressants difficult to calculate, Past experience has shown that chemical

J

dust suppressants provide 2 PM-10 control efficiency of about 80 percent when applied at regular intervals.

~Figure 2-1 presents control efficiency relationships averaged over two common application intervals,

2 weeks and 1 month.
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3. GENERAL DATA REVIEW AND ANALYSIS PROCEDURES

3.1 LITERATURE SEARCH AND SCREENING

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 resuits 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 compiled after a thorough review of the pertinent reports,

documents, and information according to these criteria.
3.2 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 exciuded from
consideration:

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

2. Test series representing incompatible test methods.
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3. Test series of controlled emissions for which the control method is not specified.

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

Test data sets that were not excluded were assigned a quality rating. The rating system used was
that specified by EPA for preparing AP-42 sections.” The data were. rated as follows:

A Multiple tests that were performed on the same source using sound methodology and
- reported in enough detail for adequate validation. These tests do not necessarily conform
13 the methodolaoy enacified 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 validation.

C Tests that were based on an untested or new methodology or that lacked a significant

amount of background dara.

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.

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 alternative 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 resuits
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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 nomenclamre
and equations used were compared to those (if any) specified by EPA to establish equivalency. The depth
of review of the calculations were 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 duality of the emission factors developed from analysis of the test data was rated using the
following general criteria:

A—Excellent: Developed from A- and B-rated source 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 population may be minimized.

B—Above average: Developed only from A- or B-rated test data from a reasonable number of
faciliies. Although no specific bias is evident, it is not clear if the facilities tested represent 2 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-, B- and/or C-rated test data from a reasonabie 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-, B-, and/or C-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 tabie.
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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

footnoted.

The use of these criteria is somewhat subjective and depends to an extent upon the individual

reviewer. Details of the rating of each candidate emission factor are provided in Section 4.
—3.4 METHODS OF EMISSION FACTOR DETERMINATION?

Fugitive dust emission rates and particle size distributions are difficuit to quantify because of the
diffuse and vaHable natre 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 10 mnﬁned flows under steady state, forced-flow conditions, are not suitable for measurement of
fugitive emissions unless the plume can be drawn into a forced-flow system. The following presents a brief

- overview of applicable measurement techniques.

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 measurement of particulate
concentrations both upwind and downwind of the poltutant 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 requirements pertain to line sources

except that measurement need not be made at muitiple crosswind distances.

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
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strength) required 1o generate the pollutant concentration measured. Emission factors are obtained by
dividing the calculated 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 concurrenty reported

for input to this dispersion equation. At a minimum, the wind direction and speed must be recorded on-site.
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The other measurement technique, exposure profiling, offers distinct advantages for source-specific
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quantification 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
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over the effective cross section of the fugitive emissions plume. This technique uses a mass-balance
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calculation scheme similar to EPA Method 5 stack testing rather than requiring indirect calculation through

the application of a generalized atmospheric dispersion model.
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For measurement of nonbuoyant fugitive emissions, profiling sampling heads are distributed over a
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vertical network positioned just downwind (usually 5 m) from the source. If total particulate emissions are
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to be measured, sampling intakes are pointed into the wind and sampling velocity is adjusted to maich the

Baeyl dy 00

“)} f \ local mean wind speed, as monitored by anemometers dmnbuted over heaghrs above ground level.
Ly ref ,
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~ 12 i’\ may be required based on the results of preliminary testing. Particulate sampling heads should be
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\;\ '; i mass flux (exposure). For example, assuming that the exposure from a point source is normally distributed,
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To calculate emission rates using the exposure profiling technique, a conservation of mass approach
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3. Climatic parameters (e.g., number of precipitation-free days per year on which emissions tend
ani L} wan é*"‘ ¢ 74‘/‘7—
I ET5 €5 saccess Secbaz

1he resiolaz ?.)""‘k G?-up;‘m T4e

“explaining” much of the observed VE;"TCI‘eZ y
. &

to be at a maximum).

An emission factor equation is useful if it is successful i
variance in emission factor values on the basis of corresponding
This enables more reliable estirnates of source emissions on a site-specific basis. In general, an equation’s v )
success-in explaining variance is gauged by the R-squared valuef If an equation has an R-squared value of .

0 47, then it is said to “explain” 47 percent of the variance in the set of emission factors. e, t;{)wever ot

%Jfﬂ" -&m a high value of R? may sometimes prove misleading in developing an emission factor equation, fora * Cos, b

ieTion ™M m/’-‘-’mc/e_
Mdataset.w/ll(4 15647‘7(44'1‘4(1 ‘)’)-1:.// tﬁ",aa.@h varsie
T&N’"‘Zt’f' a @ Map 25 excessine it 1 oM prezsmerens

in specific source parameters. "a/.u
c.;,'
Vi

For example, an equation may be “fine tuned” to the deveiopmental data set by including an
additional correction parameter, but in a manner that is contrary to the physical phenomena of the dust
generation proces-s. This was illustrated in a field study conducted for the Arizona Department of
Environmental Quality (as described in Section 4) that found that inclusion of moisture and silt content as
correction parameters would require that they enter into the equation in a manner opposite to common
sense. That is to say, emissiﬁns would increase with increasing moisture content and would decrease with
increasing silt content. In that instance, it is important to recognize that the goal of an emission factor
equation is not to provide a near-perfect fit to the emission measurements in the developmental data base,
but rather to provide reasonably reliable estimates of emissions for situations where no test data are

available.

A generic emission factor equation is one that is developed for a source operation defined on the
basis of a singie dust generation mechanism that 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. As will be discussed in Section 4, the approach taken to develop a new
unpaved road equation has been to combine (to the extent possible) all emission tests of vehicles traveling
pver an unpaved surface. The combination is made without regard to previous groupings in AP-42. In
particular, tests at surface coal mines are combined with tests of unpaved roads within other industries and

tests of publicly accessible unpaved roads.

3.7
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3.5 EMISSION FACTOR QUALITY RATING SCHEME USED IN THIS STUDY?

ehing
b

The uncontrolled emission factor quality rating scheme used in this sﬁdy 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, as described below.
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Test data that were developed from well documented, sound méthodologies are assigned an A
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raing. Data generated by a methodology that was generally sound but either did not meet minimum test
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sysigin requiremcnts or lacksd snough demil for adequate validation receives a B rating.
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In eviluating whether an upwind-downwind sampling strategy qualifies as a sounrd methodology, the
following minimum test requirements are used. At least five particulate measuring devices must be
operated during a test, with one device located upwind and the others located at two downwind and three

crosswind distances. The requirement of measurements at crosswind distances is waived for the case of
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line sources. Also wind direction and speed must be monitored concurrently on-site.

The minimum requirements for a sound exposure profiling program are 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 array of at least five samplers is required for quantification

f!’ﬂfl;’!

of fixed virtual point source emissions. At least one upwind sampler must be operated to measure
background concentration, and wind speed must be measured on-sits. whz? abonf wmd C/'I’“.
- W H)cios f“!(‘fee?ffj 4@ ,74757-_ sm};/gay‘; q_/....m//mnwm/st
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
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system requirements were reduced one letter.
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After the test data supporting a particular single-valued emission factor are evaluated, the criteria
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presented in Table 3-1 are used to assign a quality rating to the resuiting emission factor. These criteria

were developed to provide objective definition for (a) industry representativeness; and (b) levels of
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variability within the data set for the source category. The rating system obviously does not include
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estimates of statistical confidence, nor does it reflect the expected accuracy of fugitive dust emission factors
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elative to conventional stack emission factors. It does, however, serve as a useful tool for evaluation of the
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* \. quality of a given set of emission factors relative to the entire available fugitive dust emission factor data

L n
{0 base.
FALE:
N O
r"\ Wi
<" f :&' )? N Minimum industry representativeness is defined in terms of number of test sites and number of tests
‘t' NN i per site. These criteria were derived from two principles:
¥Ry s &
S x‘@ ,
:\5 -1. Traditionally, three tests of a source represent the minimum requirement for reliable
j .
hal

quantification.
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2. More than two plant sites are needed to prévide minimum industry representativeness.
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” k’i\'\\? The ltvel of variability within an emission factor data set is defined in terms of the spread of the
35 < %9 original emission factor dat values about the mean or median single-valued factor for the source category.
3o 2 J\} The fairly rigorous criterion that all data points must lie within a factor of two of the central value was

L= X .

o .:)\\:: adopted. It is recognized that this criterion is not insensitive to sample size in that for a sufficiently large

W
S §~ iyl test series, at least one value may be expected to fall outside the factor-of-two limits. However, this is not
E c‘? < 9 considered to be a problem because most of the current single-valued factors for fugitive dust sources are
O b\?‘\- based on reladvely small sample sizes.
;’\v\ Development of quality ratings for emission factor equations also requires consideration of data
RN
f M representativeness and variability, as in the case of single-value emission factors. However, the criteria
[ 8
X . }“ used to assign ratings (Table 3-2) are different, reflecting the more sophisticated model being used to
h
‘3\“{: ‘§ represent the test data. -As a general principle, the quality ratdng for a given equation should lie between the
h \
,f Wy test data rating and the rating that would be assigned to a single-valued factor based on the test data. The

RS Y

“ I following criteria are used to determine whether an emission factor equation has the same rating as the

X i supporting test data:

§o
A% |
‘Q I E 1. Atleast three test sites and three tests per site, plus an additional three tests for each
\‘1\2 o independent parameter (P) in the equation.
A
.

2. Quantitative indication that a significant portion of the emission factor variation is atributable to
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the independent parameter(s) in the equation.
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Loss of quality rating in the wranslation of thess data to an emission factor equation occurs when
these criteria are not met. In practice, the first criterion is far more influential than the second in rating an
emission factor equation, because development 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 is reduced by one level below the test data rating if the number of tests does not meet the first
criterion, but is at least three times greater than the number of independent parameters in the equation. The
rating is reduced two levels if this supplementary criterion is not met.

- The rationale for the supplementary criterion follows from the fact that the likelihood of including
false relaticnching batisen tha denendent variable (e.!;n_issinn_e) and the indenpendent parameters in the
equation increases as the ratio of the number of independent parameters to sample size increases. For
example, a four parameter equation based on five tests would exhibit perfect explanation (R? = 1.0) of the
emission factor di_na, but the relationships expressed by such an equation cannot be expected to hold true in

independent applications.
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TABLE 3-1. QUALITY RATING SCHEME FOR SINGLE-VALUED EMISSION FACTORS
No. of test No. of tests Total No. of Test data Adjustmnent f;ﬂ
Code sites per site tests variability® EF rating”
1 23 23 - < F2 0
2 23 23 - > F2 -1
3 2 22 25 <F2 -1
| 4 2 22 25 > F2 -2
5 - - 23 < F2 2
6 - - 23 >R -3
7 1 2 2 > F2 3
g = 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.
TABLE 3-2. QUALITY RATING SCHEME FOR EMISSION FACTORS EQUATIONS
No.ofwssper | | Adjustment for EF|
Code No. of test sites site Total No. of tests® rating®
1 23 >3 2(9 + 3P) 0
2 22 23 3P -1
3 ] 21 - <3p -1

bDifference between emission factor rating and test data rating.

31

2P denotes the number of correction parameters in the emission factor equation.
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4. REVIEW OF SPECIFIC TEST REPORTS

4.1 INTRODUCTION

A total of 12 field test reports were identified as being either potentally directly useful data on
PM-10 emissions from unpaved roads or data that could be used to interpolate the necessary PM-10

information. ‘These reports are described in Section 4.2 of this report.

4.2 REVIEW OF SPECIFIC DATA SETS

This letter report presents results of sampling of an unpaved road and a paveci road in Washoe
County, Nevada, in May and June of 1996. The study was undertaken to provide site-specific test data to
supplement a yearlong road surface sampling program. Also, the study supported ongoing EPA reviews of
the PM-2.5 fraction of PM-10 emissions from paved and unpaved roads.

Exposure profiling was employed downwind to measure particulate emissions. For the unpaved
road tests, three hi-vol samplers each fitted with a cyclone preseparator were located downwind of the test
road at heights of 1, 3, and S m. Reference methed PM-10 samplers were located upwind and downwind

of the roadway as well. 0 recorded at heights of 1, 3 and 5 sl
kst war Ha f}nd Wil s ert Ae / &t - s b ¥ %“" fos
dMnu.w M”w/ ;.,?;,-!- wmmp?;-t ol dses Ve 9eipk g T fis

< L.
» e Four \.{p:;:rcd road te?t; iarﬁ tﬁr/ee’ :" ed road tests were complcted The unpaved road tests used
only lightweight captive vehicles at low vehicle speeds. The test data were assigned an “A" rating.

Table 4-1 presents summary test data and Table 4-2 presents detailed test information.

A.(‘O'me‘} aéﬂ‘/ 7R -’Z“*/éa/z e 7S el
4*70!'57(%.'4’ c'dl’l)@-w/’ S‘édr‘/é/ be Eo/&éb/, 7@7444;7,%(_
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4.2.2 Reference 2

This study developed improved particulate emission factors for construction activities and paved

roads in'western States. Sampling results are reported from testing in June and July, 1995, at three
construction sites located in Nevada and California. Also, surface silt loading measurements were taken

—from paved roads in four separate areas in Nevada and California.

Exposure profiling was employed for the emission measurements. The downwind profiling arrays
contained threg high volume air samplers fitted with cyclone preseparators at heights of 1, 3, and 5 m. One

high volume air sampler with a cyclone preseparator measured upwind concentrations at a 2 m height.

Warm wire anemagmeters, located at heights of 1 S5m Teafux;:dmndspeed
w-hat w25 Hao itk g Fhe 7=.r:.r’w§§f av:;% i Bl s p s hepsh (e;,)] ore TR

oyl oond dovnt Lind drstocbomces withiog o< ibilly oritans
The unpaved road testing focused on particulate emissions from scraper travel and light-duty

vehicles. Six uncontrolled scraper tests and three uncontrolied light duty vehicle tests were completed. In
addition, watering was utilized as a control for two controlled scraper tests. The test data were assigned an

“A” rating. Table 4-3 presents summary test data and Table 4-4 presents detailed test information,
woere. PM-2,5 d:]& oa//fc/l‘/? bzt @ T nrnf Brra cFi e
W-¢e-e -741/ af/u,«, A=z ¢ 0//967(‘/! l?‘c-n—qwﬁ«jﬁ‘fo»#é-c ;qué f/u/
4.2.3 Reference 3 becaure & e u.zﬁ,‘é'?{f‘n'ff NP0/ SFA< By
vedicle (,.,4.\;979 Mf@fﬁﬂ‘ Is toaside~ed Yo be ¢ Yese

This test program presents the results of sampling at two stone crushing plant quarries in August

1995. This study was undertaken to accurately measure PM-10, PM-2.5, and PM-] emissions from a
controlled haul road at a stone quarry. Testing occurred at Martin Marietta’s Garner and Lemon Springs
quarries in North Carolina,

The study used an upwind-downwind profiling technique that varied from the more commonly used
exposure profiling method. Downwind samples were drawn into 10 sample nozzles 8 to 10 inches in
diameter that joined a single downcomer connected to an 18 in. horizontal duct. Sampling occurred along

the 18 in. horizontal duct using EPA Method 201 A for in-stack measurements of PM-10. Particle
whelwss i paod wid . whot wys the mitia/ dispersidne 4 ey*(‘aa)-
whal wes 74 1191;67‘?. FAL yehiclesd2
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distribution for downwind measurements were collected with a cascade impactor and a nephelometer.
Upwind measurements were made using a hi-vol sampler at a height of 15 ft, a cascade impactor, and a
nephelometer. Analysis included polarizing light microscopy (PLM) that measured particles of combustion
products.

Three emission tests were completed at both Garner and Eemon Springs. All samples were
considered controlled through water application during the test periods. Specific water application rates
were not reported, although the watering is said to have occurred api:rdxima!ely every 2.5 to 3 hours.

= Table 4-5 presents summary test data and Table 4-6 presents detiled test information. Noncombustible
particulate emissions are presented in Table 4-5 as reported in the study, however, the emissions calculation
in the study did not adjust for noncombustible particles in the upwind measurements. For the development
of the AP-42"emission equation, combustible material was factored into the emissions.

At the G;arner test location, a large rock wall that stood immediately behind the downwind sampling
site may have interrupted natural wind flows and/or created a local recirculation event. The potential wind
obstruction and the variation in methodology from common exposure profiling methods accounted for a “B*
rating of the test da(apu‘bl‘ e Carafer f'w:-'ff::f, TAa Lesspn 5#/‘/\»;-1 resr wzs asﬂ/m:l

con A rafing

This test report presents results of sampling during September and October 1992 at a surface coal
mine near Gillette, Wyoming. This study was undertaken to address issues identified in the Clean Air Act
Amendments of 1990 regarding the potential overestimation of the air quality impacts of western surface
coal mining. The principal objective was to compare field measurements against available emission factors

for surface coal mines and revise the factors as necessary.

The study focused on characterizing particulate emissions from line sources such as haul roads and
scrapers at a surface mining site. Four haul road sites (No. 1, 1B, 2, and 4) and one scraper site (No. 5)
were characterized using downwind exposure profilers for PM-10 fitted with cyclone preseparators, a
Wedding PM-10 sampler, and two hi-vol samplers for TSP. The exposure profiling arrays consisted of

four samplers located from | m to 7 m in height. Upwind concentrations were monitored with a Wedding
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PM-10 sampler and one cyclone preseparator. Wind direction at one height (3 m) and wind speed at three
heights (1 m, 3 m, and 5 m) were recorded at the downwind sites. Additional sampling studies included

measuring the near-source particle size distributions using a combination cyclone preseparator and 2

whsl was e ro2d widFh] whsT wmar 1L heishF 5 i

cascade impactor. 4 2l o Az ~
A 0 oV Gu T Bym ?f"‘} [N ﬂ
4-,,.«(9? Give >0 inolicalyo ncds 2-€ ;ao’o.,tf-x., %, udm‘ wonid be g
o bt 2R TR T B () R rlis
. 777 At the five sites a to of 36 PM-10 emission were omplcted A ma_;orxty of the tests
(34 PM-10 tests) were performed on haul roads. The haul road tests spanned 2 large range of wind speeds
from 4.5 mph to 22 mph. Approximately half of these tests were controlled by use of water/surfactant.
=The water/surfactant provided a control efficiency from 40 to 70 percent for PM-10 and from 30 w0
60 percent for TSP, A summary of emissions data are presented in Table 4-7 and detailed test information
is presented in Table 4-8. e hot.
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The sudy evaluated the independent haul road test data against theAAP-42 Western Surface Coal
« Mine, the AP-42 Unpaved Road, and the Wyoming Department of Environmental Quality emission factor
models and found none to adequately estimate independent emissions. With the exception of the generic
AP-42 unpaved road emission factor (i.e., Equation 2-1) for PM-30, each model considered exhibited a

systematic bias toward over- or under-prediction. It is important to note that the AP-42 Section 8.24 (now
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Section 11.9) haul road emission factor equation generally performed no better in predicting the
independent haul road emission factor results than did the “generic” unpaved road equation in AP-42

/ﬂrés‘ufm

Section 11.2 (now Section 13.2).

The 1992 field study also provided new independent test data against which the performance of the
Section 8.24 (now Section 11.9) factor for light- to medium-duty traffic could be assessed. That same
model was found to be capable of providing unacceptable estimates in some cases. This is believed to be
the result of the model’s dependence on the fourth power of moisture content. Again, the generic AP-42
unpaved road emission factor equation (Equation 2-1) performed at least as well as the equation in the
surface coal mining section. As noted in Section 4.3 of this report, these findings prompted thinking to

combine all unpaved travel emission tests into one large data set for emission factor development.

The test data were assigned a rating of A. The report included adequate detail and the methodology

meets the requirements for a sound exposure profiling system.
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4.2.5 Referepce 5

This test report presents test data from measurements at a granite quarry in Knightdale, North
Carolina. The testing program occurred in October 1994 and focused on PM-10 emissions from an

unpaved haul road.

-

The testing protocols followed what the repoﬁ termed a “push-pull method.” Four 36-inch diameter
circulating fans were utilized on the upwind side of the road and large hoods were located downwind to
capture partictilate emissions. Two sets of two hoods stacked vertically were collocated, A set of hoods
consisted of two hoods each four ft high by seven ft wide with one located 2 ft and the other seven ft above
the ground. Emjs;sions captured in a set of hoods were drawn through a common 12 inch duct and sampled
for PM-10 using EPA Method 201A. One hi-vol PM-10 ambient sampler was located upwind of the
circulating fans. Wind speed and wind direction were aiso monitored.

Three controlled tests and four uncontrolled tests were performed. All seven tests utilized both sets
of hoods and the results from both sets were averaged for the emission factor calcutations. Testing was
discontinued when wind speeds exceeded 3 mph. Controlled tests utilized water as the dust suppressant.
For the controlled tests, watering occurred on average every 3.6 hr, however, the water application rate

was noj reported. Table 4-9 presents test data and Table 4-10 presents detailed test information.
whz”‘ was ro:jw"?e w‘t:iuz! e Pn-'fii”a’iy,aenw'm Aei;&/‘ (Sa0).

Ang i wdi calirp 9. velicl hetyt (2 10#4)
The “push-pull method” used for this study is not considered an accepted methodology for

measuring open source particulate emissions. Strong evidence of recirculation of emissions to the upwind
sampler is provided by the fact that the upwind concentrations increased by roughly an order of magnitude
from the controlled to the uncontrolled tests. The low sampling height at relatively low wind conditions
used for this test program potentially allows the particulate plume to pass over the sampling device without
capture. The test data were assigned a “D" rating and were not used in the development of the AP-42

emission factor equation. }4 ls0 o1 a-y"j‘im M A L ran f;jf‘.,! /,j 3/ '-s,;g 7

r u('lL 'Fo"“ M’ ‘
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4.2.6 Reference 6

This study performed field sampling on Arizona rural roads in Pima, Pinal, and Yuma counties.
The study also recommended a mathematical model to estimate emissions from unpaved rural roads for arid
and semiarid regions, based on a review of historical data as well as Arizona-speciﬁc field sampling results.

~Particle emission sizes of interest in this study were TSP and PM-10. Contrary to expectation, the
caaminaticn of the historical data haee did not find a systematic underprediction of emissions from unpaved
roads in the arid portions of the Western United States.

Exposure profiling formed the basis of the measurement technique used at the Arizona sampling
sites. For this study, two downwind arrays were deployed 5 m from the road. Each array had three
sampling heads located at heights of 1, 3, and 5 m. One downwind unit was fitted with cyclone
preseparators. The other downwind unit was equipped with cyclones for half the sampling periods and with
standard high volume roofs for the other sampling periods. In addition, one pair each of high volume and
dichotomous samplers were operated at a 100 ft downwind distance. Upwind measurements were obtained
with a vertical array containing two sampling heads, a standard hi-vol sampler, and a dichotomous sampler.

Wind speed was measured with warm wire anemometers at two heights (1 and 5 m), and wind direction
was measured ata single height, 21 s ? F ol wickth T what- is $o et rmated
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A total of 27-PM-10 and 9 TSP emission tests were conducted duﬁng May and June 1990. Vehicle
passes were controlled during testing periods and three vehicle speeds were tested (35, 45, and 55 mph).
The test data were assigned an “A” rating. Table 4-11 presents summary test data and Table 4-12 presents
detailed test information. The report examined how well the data developed in the field tests agreed with

the current version of the AP-42 emission factor.

Although the AP-42 equation provided reasonably accurate results when applied to the field tests
conducted in this study, another eﬁxission factor model was developed. Common trave! speeds on rural
unpaved roads in Arizona generally fall outside E]é range of values in the AP-42 model’s underlying data
base. As a result of the numerous industrial road tests, the data base genemlly reflected heavier vehicles
than are common on rural roads. Given the interest in rural unpaved road emissions in Arizona,

development of an empirical relationship specific to that situation was warranted.
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4.2.7 Reference 7

This testing program focused on paved and unpaved road particulate emissions at an integrated iron |
and steel plant near Philadeiphia, Pennsylvania, in November 1989. Exposure profiling was used to
characterize one unpaved road (Site “X™) located near the center of the facility and used principally as a

—“shortcut” by light-duty vehicles.

Two tests were conducted using a profiling array, with sampie heights from 1.5 m t0 6.0 m, that
measures downwind mass flux. A high-volume, parallel-slot cascade impactor was employed to measure
the downwind particle distribution and a hi-vol sampler was utilized to determine the downwind TSP mass

fraction. The up‘.wind particle size distribution was determined with a standard high-volume/impactor
combination. U,ha‘f' was e roeol width? what was e initial /,‘;/w;m
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The unpaved %ahgwaus’ ;:;ted wi ggglgl gppressams prior to and throughout the testing
period. Therefore, the results of this test program were not included in the development of an uncontrolled
unpaved road emission equation. The data may be used to estimate the degree of dust control provided by
the chemicai suppressants. The control efficiencies for PM-10 were estimated to be 80 to 90 percent.
Control efficiencies for TSP were estimated at 70 percent to 80 percent for the unpaved road chemical
suppressants. Table 4-13 presents summary information and Table 4-14 presents detailed test information.
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This study obtained data on the control effectiveness of common dust suppressants used in the iron
and steel industry. Tests were conducted from May through November, 1985, at LTV’s Indiana Harbor
Works in East Chicago, Indiana, and at Armco’s Kansas City Works in Missouri. The testing program
measured control performance for five chemical dust suppressants including two petroleum resin products

(Coherex® and Generic 2), a emulsified asphalt (Petro Tac), an acrylic cement (Soil Sement), and a calcium

chloride solution.
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The exposure profiling methodology was utilized for all testing. The downwind exposure profiler
contained sampling heads at 1.5, 3.0, 4.5, and 6.0 m. Particle size distribution was determined both

upwind and downwind with high volume cascade nmpactors Wind speed was monitored at two heights and

whzl wzs e poag] width? ‘V‘Aaf‘
wind direction was itored at a single height. "
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A total of 6«? tests wére completed with seven ungonu-oll tests and 57 controiled tests.
Suppressants tested at Indiana Harbor Works were initially applied as follows: Petro Tac at0.44 galiyd?®,-
Coherex® at 0.56 gal/yd?, and calcium chloride at 0.25 gal/yd®. All five suppressants were tested at the

E = Kansas City Works facility and were initially applied at the following rates: Petro Tac at 0,21 gal/yd?,
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Colisrex™ ai 2.21 22! .:}.52, Soil Camant 2t 0 16 aallvdz Generic at ). 14 szall\.rf:l2 and calcium chloride at
0.2

4 gal/yd®. A rating of “A” was assigned 1o the data. Testing followed an acceptabte methodology and

®
2
\é the test reporTwas well documented.
3
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Total particulate, IP, PM-10, and PM-2.5 were measured during this study. A control efficiency
of 50 percent or greater was measured for all chemicals tested. Reapplication of the suppressant resulted in
a notably higher level of control. A cost-effectiveness comparison found little variation between
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suppressants under the test conditions with the exception of 2 nonfavorable comparison of calcium chloride.
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: Y Table 4-15 presents summary test data and Table 4-16 prescnts detailed test information. )7/
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This study inciuded seven tests of controlled, unpaved surfaces and four tests of uncontrolled,
unpaved surfaces at a power plant. Data were given an “A” rating. Airborne particle size fractions of
interest in this study are total particulate, TSP, IP, PM-10, and PM-2.5. A section of road within the
facility’s coal yard was tested in August 1985. The road was a permanent ramp up the main stockpile and
is used by scrapers for both stockpiling and reciaiming operations.

Particulate emissions were characterized using three downwind exposure profilers, each consisting
of four profiling heads at heights of 1.5, 3.0, 4.5 and 6.0 m. (The use of three profiling systems allowed
continuous testing after water application by staggering the operation of the samplers.) Three high-volume,

arallel-slot cascade impactors e. with cyclone preseparators were to characterize the
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downwind particle size distribution at a height of 2.2 m. One cyclone/impactor combination was used ‘Q
characterize the upwind particle size distribution and total particulate concentration. Wind speed was N

measured with warm-wire anemometers at two heights (3 and 6 m) and wind direction was measured ata_ N: \\

single height (4.5 m). Also, incoming solar radiation was measured with a mechanical pyranograph.

For the controlled tests, the road and surrounding areas were watered for approximately 30 minutes
before the start of air sampling. Water was applied to the surface at a mean rate of 0.46 gal/yd® and found
to provide effective control for 3 w0 4 bours with 35 vehicle passes/hr. The contrel efficiency for TSP Q

~averaged 74 percent over the 3 hours and the PM-10 coatrol efficiency a;reraged 72 percent over 3 hours. h }
The control efficiency closely correlated to the surface moisture content, with a higher moisture content ﬁ
increasing the control efficiency. Summary of emissions data are presented in Table 4-17 and detailed test
information iS"presented in Table 4-18. A 54125775 057 P L jae HiS cses £or d/f/z My
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This report presents test results from a June, 1984, test at U.S. Steel’s Gary Works in Gary,
Indiana. The smdy was conducted to compare exposure profiling methodologies as used by five
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‘E‘ - _ independent testing organizations to characterize fugitive emissions originating from vehicular traffic. The
~ N _
Fé "\;“% source tested was a paved road simulated as an unpaved road through the addition of exceptionally high
g{ 3 3‘\3{\‘ road surface loading-(600,000 Ib/mile).
LY 13 \‘é .
<& 3 o g\ An exposure profiler with 5 sampling heads (located at heights of 1.5, 3.0, 4.5, 6.0, and 7.5 m)
v 5\‘: ~ 1 was used to characterize downwind emissions. Particle sizing was determined using cyclone/impactors
JE\ ~ E E‘ 3 located alongside the exposure profiler. Particle sizes of interest in this study included total particulate
§ 31: N by ’:{ (TP), <30 xm, <15 um, <10 um, and <2.5um in aerodynamic diameter. One cyclone/impactor and
‘\\\ ,“ 3:\ E\-‘i‘ one cyclone were deployed upwind for background measurements. Warm wire anemometers measured
W
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This test program was not included in the development of the unpaved road emission factor

tevs
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equation because the source was a “simulated” unpaved road that was formed by artificially loading a paved
road. The particle size information from this study was inciuded in the data set to develop the mean
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PM-2.5/PM-10 ratios discussed in Section 4.3, Table 4-19 presents summary test data and Table 4-20

presents detailed test information.

4.2.11 Reference 11

This study 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 stone crushing facility in

. 2 ;..,.:li.}. in Kaneae and a conner emeltine facilitv in Arizona. The

- wppr-- e LLL AL 02 L 2

TP a mmed mwmad 1 -~
DaAl»ADd, & DAL QLR BLAYwi M

rural unpaved road testing occurred in Colorado, Kansas, and Missouri. The swdy was conducted to
increase the existing data base for size-specific particulate emissions. The following particle sizes were of
specific interest fqr the study: IP, PM-10, and PM-2.5.

Exposure profiling was utilized to characterize particulate emissions. Five sampling heads, located
" at heights of up t0 5 m, were deployed on the downwind profiler. A standard hi-vol sampler and a hi-vol
sampler with a 15 um size selective inlet (ssi) were also deployed downwind. In addition, two cyclone
impactors were operated to measure particle size distribution. A hi-vol sampler, a hi-vol sampler with an

ssi, and a cyclone impactor were utilized to characterize the upwind particulate concentrations. Wind speed
was monitored with ire anemometers. V//137L were A road widthsfuhat mee

e rd s LU T e
to f#urmaw 0r donnwmd 8/t cz] 9o
A'toral of 18 paved road tests and 2] unpaved road tests were completed. The test data were
assigned an “A” rating. Eleven industrial unpaved road tests were conducted as follows: five unpaved road
tests at the stone crushing plant, three unpaved road tests at the sand and gravel processing plant, and three
unpaved road tests at the copper smelting plant. For rural unpaved roads, six tests were conducted on roads
with a crushed limestone surface in Kansas, four tests were conducted on dirt roads in Missouri, and two
tests were conducted on gravel roads in Colorado. Rural road tests only measured emissions from light
duty vehicles at speeds from 25 to 40 mph. The industrial road tests were conducted with medium duty
vehicles at the stone crushing and copper smelting plants and heavy duty vehicles at the sand and gravel
processing facility. Table 4-21 presents summary test'data and Table 4-22 presents detailed test
information. 714-6(4/5 fo [P annef PM-R.5 5 it o Mi"/ .
7‘39/‘9 Cormpmends shordsl b€ P “ﬂ"’f'/a/mcé?zw“’f .
/Tféwfé'/he }qeﬂﬁme/ﬂ M ;%M;/ﬁ 1> eﬁ—nwg/&w?(ﬁl
Seven Fests du ety variahioms rn yehicle €lph7, mo/sfnre ool s/l
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4.2.12 Reference 12

This test report centered on the measurement of the effectiveness of different control techniques for '
particulate emissions from open 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. Water and petroleum resin were used to reduce emissions from traffic on unpaved
roads. Control techniques to reduce ¢missions from paved roads and coal storage piles were also evaluated.
Particle emission sizes of interest in this study were total particulate (TP), IP, and PM-2.5.
- /s Az Cohehex 7

The exposure profiling method was used to measure unpaved road emissions at Armco's
Middletown Iron _a.nd Steel plant. For this study, one downwind profiler with four or five heads located at
heights of 1 to 5 m was deployed. Two high volume parallel slot cascade impactors samplers, one at im
and the other at 3m, measured the downwind particle size distribution. A standard hi-vol sampler and an
additional hi-vol sampler fitted with a size selective inlet (SSI) were located downwind at a height 2 m. One

standarg hi-vol sampler and two hi-vol samglers wi SSIs were located upwind for background collections.
wh; wer 7% g (idihs Tkt se e vehicle fohs | dot o s RN
€ ,...¢4f ] e /e -t }‘o(ﬂt..a-?,
dier 2 ,} ’ > M}’a vuwwﬁv/czﬂ‘/ca/ z e5f

d_,- $ 'f‘ﬂ- ~havice
Nineteen unpaved ro( d tests for com:rolled and uncontrolled emissions were performed. Testing

included 10 runs of heavy-duty traffic (> 30 tons) and 9 runs of light-duty traffic (<3 tons). Six heavy
duty traffic tests were controlled and four were uncontrolled, whereas, the light-duty traffic had five
controlled tests and four uncontrolied tests. The test data were assigned an “A" rating. Table 4-23 presents

summary test data and Table 4-24 presents detailed test information. ]%4_ = f; for TF 1/7
DU DS shonded he rncludid pa /A Tab o5 et Covt You I e
et fegst- fAu wrteovtfro oo anel fAe o gfer f/fcﬂ“ )"'fmh/ée adlet Fop,
For heavy-duty traffic, a 17 percent solution of Coherex® in water applied at a rate of 0.19 gal."yd2

provided an average control efficiency of 95.7 percent for TP, 94.5 percent for IP, and 94.1 percent for
PM-2.5 over a 48 hr period. Water was applied at a rate of 0.13 gnl!ydz and, ' hour after application,
was found to decrease emissions by 95 percent for all particles. Control efficiencies 4.4 hours after the
water applicafions were 55.0 percent for TP, 49.6 percem for IP, and 61.1 percent for PM-2

(/UITJ g Gl JW /75;}— CLA g %42% M@ﬂ(

s /
2
A 17 percent solution of Coherex® in water was the only control applied during testing for the light-

duty traffic. The Coherex® solution was applied at a rate of 0.19 gal/yd® and, 51 hr after application,

provided a control efficiency of 93.7 percent for TP, 91.4 percent for IP, and 93.7 percent for PM-2.5.
/q‘evé‘/f/kc?)[r{\/tyj— méeﬁ{‘ﬂ.— 5"/,C‘°‘1:?£Lff;wc(;,,g,;ﬂar{ %zﬁ_;
Jdd ﬂeg;;u,fef?’- GO"’?h’r’k er[{{c-ﬂ; wChes? faﬂf“ )LM M
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4.2.13 Reference 13

This study centered on the reduction of particulate emissions for various dust suppressants used on
unpaved roads in the iron and steel mdustxy Long-term control effectiveness of the dust suppressants was
determined through testing at iron and steel plants located in East Chicago, Indiana and Kansas City,

~Missouri. Water, an emulsified asphait, and a petroleum resin were the dust suppressants used. Particle
Al latanane u\ dlnc ﬂnr‘" wars TQD TP pM-‘n' L“d_ PM‘;:S-

UUH”I.ULI. mZ-'.'-S Ui Aiieers e

The exposure profiling method was used to measure unpaved road emissions at the Jones and
Laughlin’s (J&L’s) Indiana Harbor Works and Armco’s Kansas City Works. For this study, one downwind
profilier, with four sampling heads at heights of 1.5 to 6 m, was deployed during all testing. High volume
cascade impactors located at heights of 1.5 and 4.5m measured particle sizes. A high volume cascade

" impactor was also used to characterize the upwind particle distribution. Warm-wire anemometers at two

heights °““°f°d“’mﬂspeedandamnd monitored horizonl wind direction, /% 7.0 m
W M ,rec; J/iuwé{ {z%. WhalF was U povd w)d®. Whel-wlre

y vekiele heiph s ¥ ket war He beifial d tspers) o helsht enmpered ty 4’/"’*
¢k Twenty-mne controlled and uncontrolled unpaved road tests were performed in this study. Three A, ,J

o

k o™ *':S::, % uncontrolled tests and eight controlled tests were conducted at J&L's Indiana Harbor Works; and three L; N
'y

MV,JN uncontrolled tests and 15 controlled tests were completed at Armco’s Kansas City Works. All tests have dowmwny 7/

"
-1 [
V}* '\4‘1', been ass1gned an “A” rating. Table 4-25 presents summa.ty test data and Table 4-26 presents detailed e'”g:::f ,!?

4 = /ﬂ /P ,,;7/ 'AM- 2 ;/wvéré{ M cfudld i
‘—f‘%\-'v Pt

Oy p Iz o o W /. :'f‘n-?s-n'f Fho b be pr¢ fnles 97 T St 2,
:!lh controlled conditions in this study included a 20 percent solution of emulsified asphalt
(Petro Tac) applied at 0.7 gal/yd?, water applied at 0.43 gal/yd?, and a 20 percent solution of petroleum

resin (Coherex®) applied at 0.83 gah’ycl2 folloyed by repeat application of 12 percent solution 44 days

w7 Formtiet o AR L T L e

ot T wrs -t be rMc /AM
The control effectiveness was reported as the number of vehicle passes that occurred as the control

efficiency decayed to zero. The initial asphalt emulsion application had an estimated lifetime of

91,000 vehicle passes for PM-10, the initial petroleum resin application had an estimated [ifetime of

7,700 vehicle passes for PM-10, and the water application had an estimated lifetime of 560 vehicle passes

4-12
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for PM-10. Also, a reapplication of the petroleum resin had an estimated lifetime of 23,000 vehicle passes
for PM-10.

A cost effectiveness was calculated for each of the three controls as follows: the Petro Tac initial
application was $0.06/1b of PM-10 reduced; the Coherex® initial application was $0.64/ ib of PM-10
reduced; the Coherex® reapplication was $0.16/lb of PM-10 reduced; and the water application was

SL30b of PM-10 teduced.  cententy

=4.2.14 Reference 14

This snu'ly was conducted to develop emission factors for major surface coal mining activities
occurring in the western United States. Results are reported of testing conducted in 1979 and 1980 at three
surface coal mines located in Wyoming, North Dakota, and New Mexico. Sampling was conducted on the
following mining operations: drilling, blasting, coal loading, bulldozing, dragline operations, haul trucks,
light- and medium-duty trucks, scrapers, graders, and wind erosion of exposed areas. Particulate sizes
measured include, TSP, IP, and PM-2.5.

Exposure profiling was used to measure emissions from line source activities such as vehicle traffic
on unbaved roads and from scraping and grading. Comparisons of data from profiling and upwind-
downwind methods were made for scrapers and haul roads. A modified exposure profiling methodology
was utilized for blasting emission measurements, and a wind tunnel was used to measure wind erosion
emissions. Area source emissions such as coal loading were tested with an upwind/downwind

methodology.

The exposure profiling method used a downwind profiler with four sampling heads located at
heights of 1.5 'to 6.0 m. A standard hi-vol sampler (2.5 m), a hj-vol sampler fitted with a cascade impactor
(2.5 m), and two dichotomous samplers (1.5 and 4.5 m) were located downwind. Dust fall buckets were
placed upwind and downwind at a height of 0.75 m to measure the particle deposition. Upwind
concentrations were measured with one dichotomous sampler and one standard hi-vol sampler, both located

ata height of 2.5 m. Wind speed was measured with warm wire anemometers downwind at heights of 1.5

and 4.5 m. Fre ;e—,n)f' 7 f,‘fmzr}f/‘m mema/a/ifédf(}m Chr 2297 ,‘,/7@

‘_/ ’.7[]\ ; rbuh; were N:/w.‘ch(/wr. kgl et ve/ll"r/é
P e e o Ak s i
satplom] bozs ot v disTarkngce. wi ty 1A oy i nel. o sl o2

BMer




J:\dms\460402\unpvbkgd Tabrnd TH oy, f'd.xnnaié >t user ot
a2 b e S e,

A total of 256 tests were performed in the sudy. Fifty-six of the tests were used in the
development of the AP-42 emission factor equation. The source activity distribution for unpaved road tests
was as follows: 20 uncontrolled haut road tests, 8 controlled haul road tests, 10 uncontrolled light- and
medium-duty vehicle tests, 2 uncontrolled light- and medium-duty vehicle tests, and 15 uncontrolied scraper

tests. Table 4-27 presems test data and Table 4-28 presents demled mformanon

o T3/, //e/mﬁe”gf;;; @ ( /‘*M‘dfmzfrn

o what ('Mfré//e?p/ 9}‘3 (CAG@J s-ds s
4.3 DEVELOPMENT OF CANDIDATE EMISSION FACTOR EQUATION

- For unpaved roads, an emission factor equation is much more successful than a single-valued

average in predicing particulats smissions at diffarent sites with varving source parameters. This sectuon

describes the development of the emission factor equation that will be pro;:;sed for fﬂ,z updated AP-42
regd et v/ G/ WS, -
Unpaved Road secti fé sicol 1(2 ~re ity aéfe-a:ff remgoid S ]{2, ;M
/ '/'044 explenz ” ﬂZ} se ex/% Gurs el 2nze €55 Sea Ao Conta®Te
sof relz197 41 /%, AL )‘e- reloirm sH Y- /mefe-a‘ﬁ?,
7 ¢ The developmg. of a revised unpaved road emission factor equation was built upon findings from Fx//em .

~Specrfc jssues 7(1 ::;/a//'q,
the reviewed data sets. First, the decision was made to include all tests of vehicles traveling over unpaveg e % %
22w P~ 5

- surfaces. For example, tests of scrapers in the “travel mode” between cut and fill areas were included.an A /£ /4
Ae2¥ gl

Also, tests of very large off-road haul trucks used in the mining industry were also included inthe "/ o Mﬁf

developmental data set. On the other hand, graders blading an unpaved road were not included because of A Jm‘_’ i

— the low speed involved. This decision had the effect of greatly expanding the historical data base. Not only a:/ ~cf
}Ssru\

/XL few is far more data available, but 2 wider range of vehicle weights and travel speeds is available. The """‘/ Mk

5 eed, ’ [ m »4/ Ie,(
;l,% . I[”(L decision was based on findings from Reference 4, which dealt with the western surface coal mining ,;.,,(,‘,,,,z
2 F ez
7\’13 ot industry. It was found that the general unpaved road emission factor equation (Equation 2-1) performed A u.fek
ot
re? well in estimating emissions from haul truck and light- to medium-duty vehicles as did factors developed ™ X7 &y
ﬁr::’”# e specifically for those sources within western surface coal mines PPNt
exf? ) ‘ O3, fo 00 Fwhich
cf“'ﬁ’quzf’"" 5’&7‘,;)‘,(:,/ mmeﬁw}
+ o2 J Next, the decision was made to add tests of watered roads to tests of uncontrolled roads. {Note that
r L
Ur f'b' chemically controlled unpaved roads were not considered because those treatments cause lasting physical
,.,;!
5 qu changes to the road surface.) This decision also was based on findings in the Reference 4 smudy. That (/i d’ "“2

study and a later review included moisture as a potential correction parameter in developing a predictive H+ ch’""f&
/-f. wm»-i/ equation for unpaved roads. It was found that both the old (Reference 14, circa 1980) and new ij:( izs‘z: i;;’
be ede b Reference 4, 1992) haul truck data could be successfully fitted with one equation that applied to bo C b, ’; s g

by s i ! I ,ﬁatered and uncontrolied surfaces. The decision was also supported by a similar approach taken in m‘fai P f-fla

)
s gy developing the current AP-42 paved road equation. In that case, controlled and uncontrolled tests were “hesly e

me7?!

‘rf’d}?[ Lt corrlblned. 4’»—;7,3 e5 /?fmz// 2 ”’97{"
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Inclusion of watered surfaces in the data base recongizes a fundamental difference in how the
addition of water controls emissions (as opposed to the addition of other types of suppressants). First, the
addition of water is a short-term control measure. In addition, it causes no permanent change in the road

/ surface characteristics. To an extent, one could argue that a road subject to frequent rain is no different

I M than a road which is routinely watered.~ M‘f‘“"ﬁﬁw

Qwh},‘hpﬂf]— (_bv‘ﬁ’ 5’(6/{‘-(0:!“’ C‘M-m"-% (//4-*2,7"

'
5¢ i~ 16" o - Finally, the decision was made to focus on PM-10 emission tests. Because Equation 2-1 was

Tﬁ" e{“ developed earlier than the 1987 promulgation the PM-10 NAAQSs, ‘this represents a major departure from
fu = the way in which the current AP-42 factor was developed. The focus on PM-10 was also the approach

taken in developing the newest AP-42 emission factor for paved roads. The approach requires that the
models developed for different particle size ranges be “consistent,” in the sense discussed below.
Asa ﬁrst step, the “developmental” data base was prepared from the test reports discussed in the

prewous section, with the following exceptions:
Q/?{/ 1. No test data were included from Reference 5. As noted earlier, these data were rated “D."

2. No data were included from Reference 7, because the unpaved road considered had been

}
NJQJJ prevmusly treated with a chemical dust suppressant, i} a9r¢ et ’M j‘ F ’13 3"’”’"‘/"?/
| do N on e 12 S 0 M
M e f,*, ol 10 70% wrZfe2/ 15 maf-( .w/:,»« M
3. No emission data were inciuded from Referencz— 0 because the source tested was a “simulated”

\‘
\\ CJE;&‘ unpaved road formed by artificially loading a paved road. Note, however, that ratios of different
o8 \ paruculate size rangss were included for the purpose of developing PM-15 and PM-2.5 emission factors.
A “’ﬁ ,
)QY Finally, some additionzl preparation of the data base was required. For example, References 12
:;\‘9} « and 14 did not present PM-10 emission factors; values were developed by log-normal interpolation of the
® £ PM15 and PM2.5 rasos 1 wal particulate missions. In additon, References 1, 12, and 13 id ot

/ /} report individua] surface moisture contents. However, because silt content is determined after oven drying,
{\

Y

WX
-
X

~—~
\?6.,

C e

%g

’}E‘ x? the necessary information was readily available for Reference 1, which was being prepared at the same
ﬂf‘ 4;\1’ time that the current work was being undertaken. In Reference 12, some individual tests had moisture

,2 contents reported and a few additional tests were associated with moisture contents as well. Furthermore,
¢ the data from Reference 3 had been corrected for “combustible” content (although upwind concentrations

.had not). Using information contained in the report, “total” (i.e., without regard to chemical composition)

PM-10 emission factors were calculated for inclusion in the developmental data set.

© 415
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Model development relied on the stepwise iincar regression routine coniained in the SYSTAT,
Version 4 set of statistical routines, The default level of significance used by SYSTAT for a variable to -
“enter” the stepwise linear regression is 0.15 (15 percent). In this context, “level of significance™ refers to
the probability of making a so-called Type I error. The possibility of making this kind of error arises
because we are dealing with samples drawn from a parent population. That is 10 say, under the default
sening, samples drawn from two completely independent populations would be found to have a significant
relation purely due 10 chance 15 times out of 100. The 15 percent level of significance was used for

exploratory data analysis; refined analysis relied on specifying a 5 qf 10 percent significance level.

- /f& Ser /0/4/(‘-;;#—5'1‘ 'n/?c'('?/?’(( /CVG/“//"‘/”'”?)Q
Ror am egmzlirn Fhat-neess /ess pr€cis/im For eaam/:/z
Stzpwice mmltinle linsar regression was used to develop a predictive emission factor cquation from

/ fL / d’”ﬁ GVEH")‘/& ERnriss,
7» be "";7"(‘""’ 2074,-; ™M ayenn
Cz2y & /eff 5"7‘/')';;;4-,7‘5,1‘ .
. Surface silt content, s; Veve! be wsed? (S, ﬁr‘n-,r:

the data set. Five potential correction parameters were included:

L —

1
2. Surface moisture contents, M;
3. Mean vehicle weight, W;
4. Mean vehicle speed, S; and
kel é’-f?(‘-c?/;

: 5. Mean number of wheels, w. : & éz,-e/ay/m e expec
/ -/-F; (?ﬁM / e s 2 /“/,“2, . ‘ '
/ ;;Z/:’v[y-;fw/f::‘e:’ Q’é?‘r‘;; )‘7;: ﬂwi:w‘ﬁ'f 14L ecac /L0 cz/ ne fzfacwf4;/'$)

r All variabies were log-transformed in order to obtain a multiplicative model as in the past. The dependent

variable of interest was the log-transformed PM-10 emission factor. L 77<L /zg?é ‘5 M)'L
AL pogpro~Tom 7} Yang, TR

M/arfqu-} Fous 2-e Fle
In addition to the emission factor and correction parameter values, the data base also contained codes ¢

o ; €%
dare - )g—'ri&’ 5ot
an,, 5 g (’c?q_c-(
1. Whether the test was of an uncontrolled or a watered surface; );"q,/@ /0 ‘.e’;/k . ! ﬁLFU!
2. The type of road; “s "zgé,é?‘;//é* P
a. publicly accessible unpaved road % -
b. unpaved travel surface at an industrial facility Yy

c. “simulated” unpaved road
. The predominant type of vehicle traveling the road;
. Light or medium-duty vehicles;
. Haul trucks;

!

. Scrapers in the travel mode; and

~%
)
~3 O th b W

. Heavy-duty, over-the-road trucks.
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For the initial analyses, the data base was sorted by whether the test represented uncontrolled or
watered conditions and by the type of road {industrial vs. public unpaved road). There were two main

objectives in this step. The first objective was to determine simply whether the different portions of the

data base could be successfully combined. The second objective was to determine whether an emission
factor model resulting from the large combined data would be consistent. The term "consistent” refers to

(2) whether or not the same basic set of correction parameters could be used to estimate emission leveis and

(b) whether or not the relationships were similar between different subsets in the data base.

- For example, suppose that stepwise regression of one portion () of the data base (e.g.,
uncontrolled industrial roads) showed that emissions v;ere highly dependent on variable X but independent
of variable Y. If stepwise regression of another portion (ZI) of the data base, on the other hand, indicated
that emissions were very dependent upon Y but not on X, then the results for the two portions would not be
viewed as consistent. The consistency in the relationships between independent and dependent variables is

also important. To continue the example, suppose that regression of portions / and I/ both showed that the
emission levels depend on variable X. I, however, for portion J, emissions depended on the 0.5 power of
X while in portion /I, emissions varied with the second power of X, then the relationships would again be

viewed as “inconsistent.” . hec é

S'én-/y!ﬂe ider e s f'/““*;?a-ne.-e/

#ﬂﬁ— 5; 51, e e/z‘ll)M{ﬁ S, €2 esrission e rezSE it
A)'lo' .(‘,d:; ;42 %4({ M/’%‘ﬁé{w 9/,4(64 ‘é;LS‘M rc-n),(f_;,,we;)

eererst iV
Sl P oistirl,

A7 #€€"" " Given that the individual sets within the data base do not necessarily contain many test results,

evaluation of consistency cannot always follow hard and fast rules. For example, one would reasonably

expect that the emissions from watered tests would depend on the surface material moisture

content. The

fack of a discernibie relationship between moisture and emissions from the uncontrolled tests in the data

base would not necessarily indicate inconsistency. Furthermore, determining how “close” two relationships

are, requires considerable judgment as well. For example, both a power of 0.86 and power of 1.1 indicate

a roughly linear relationship.

The analysis began by stepwise regression of only uncontrolled tests in the data base, using the

potential correction parameters of silt, weight, speed and number of wheels. Note that moisture content

was not included. In this case, mean vehicle weight entered the regression first, and surface silt content on

the second step. This first regression was roughly equivalent to repeating how the current AP-42 unpaved

road emission factor was derived. Unlike the past, however, the effort focused on PM-10.

The resulting

emission factor for PM-10 exhibited an almost linear (power of 1) relationship with silt content.

Furthermore, emissions were shown to follow a "less-than-linear” relationship with vehicle

although the exponent was roughly half of that contained in the current AP-42 equation. )

weight, MJH’
YAt

. d
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Next, uncontrolied and watered tests were considered separately, but this time with moisture
content inciuded as a potential correction parameter. For the 137 uncontrolled tests, weight and silt were
again the first two variables to enter the regression. The exponents for both these variables were consistent
with the values obtained for only the uncontrolled tests. However, two additional varizbles entered the

stepwise regression in this case. Surface moisture content entered on the third step and mean vehicle speed

on the fourth. ﬂ-g;yﬂhl’j"(t eg-u.zfr'mﬁ Ggd § 0L }gpg/wt’fg g~ 7 F i Ay

Inclusion of speed was somewhat tentative, in that its level of significance was just slightly greater

= than 10 percent. The default significance level for a variable to enter the regression was 15 percent. If the

requircmaent for @ variable to enter hed heen tightened to the 10 percent level of significance, speed would

not have entered the relationship.

-

For the 43 watered tests, only two correction parameters entered the regression—silt and weight.
The powers for siit and weight were reasonably consistent with the results obtained when the uncontrolled
tests were considered separately. The reasonably consistent relationships for both silt and weight suggested
that the two uncontrolled and watered portions of the data base could be successfully combined.®

When both uncontrolled and watered tests were considered as one data set, weight and silt again
entered first and second, with moisture entering on the third step. Speed entered on the fourth iteration.
The resulting emission factor equation has the form

8 ,%fz‘f ey wd 2,;,,8 oy ve”
H Na[:* raphf v A e feol vr €
% Fo¢ /‘f:ax/d be 07"-,\2/‘” 7_ .,-eé/

bThe relationships for both of these variables are also reasonably consistetfbwiﬂl the relationships in the
current AP-42 model (Equation 2-1).

“Working versions of the emission factor equation are presented. In this context, the term “working”
refers to factors that require that weight be expressed in tons, speed in mph, and sift and moistre contents
in percent. Furthermore, the emission factor must be expressed in 1b/VMT. In this case, the constant of
proportionality has a complicated set of dimensions. The model recommended later in Equation 4-3 has
been “normalized” by dividing, for example, weight by a default vehicle weight of 3 tons. In that case, the
constant of proportionality has the same dimensions as the emission factor itself and can be readily
converted from one set of units to another.

418
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An alternative 10 Equation 4-1 results éom tightening the significance requirement, from 10 percent to

z)g'hr.

£k
| ,vc/::ﬂ'?’

,t 5 percent, for a variable to enter the regression. In this case, speed does not enter the equation, and the f\
S equation has the form: M@m 9 $ )

& o ] TR RN

< e = k082 Wo46  \028 o€ i s €f p Wt (4‘2)‘\\“ ?\15

re 204 4

i !, M“( . “\\ﬁ Ry

= R

x & n Equations 4-1 and 4-2 represent the two candidate emission factor equations considered in this study. ' § “ig:
‘g ‘;.\'g A Initially, preference was given to Equation 4-1 because the inclusion of speed was viewed as providing v ? "t'\ti

R

\}}3 f\\‘ w= additional predictive accuracy for instances involving very slow or very fast traffic. Furthermore, the \YQ ‘; -
Y

h ‘;’}\2\§\ resulting equation would (like the current AP-42 model) allow one to gauge the effect of speed reduction E\? i@
g\f\ «, 2 control technique. Equation 4-1 was initially chosen and validation of that mode! proceeded. E M "
e Q w

However, in performing the next step, it was found that speed did not always enter the regression

Gl

~L LS Py 7%‘4”,.’_‘&’

FAL
onhe 4

when part of the data set was held back for validation purposes. When roughly 25 percent of the data set

Yot
o
Z

&

was reserved for validation purposes (as described in the next section), weight, silt and moisture entered
first, but at times the number of wheels, rather than speed, entered on the fourth step. It was judged that, "
A

with a 15 percent level of significance set as the criterion for a variable entering the regression, the

P

fo ke
2N e
Py Gy
e loX
et penl

is .

i d

Our 5BEchiires rmadi@ale TH ¥
L7

::J 9 resulting model could be too close to being unstable. Although vehicle speed entered at the 10 percent leveks \\:\ é\ﬁs

u i of significance in Equation 4-1, the inclusion of speed was highly dependent on the data set being used. qu&' l: .\\:.
'g‘ i} example, exclusion of only one or two low-speed tests from the data resulted in speed not entering the Qf § t é
\\ N regression at even the 15 percent level of significance. On the other hand, dropping those tests had no \g, \\\‘j ~
‘\L\ﬁ;'\; effect on the other terms in the model. Thus, the four-parameter model (Equation 4-1) appeared to be ® &\g
.k\u > relatively unstable. - 3 }é n
L 1KY

Further justification in selecting the “no-speed” model expressed as Equation 4-2 was based on a
comparison of the power of .32 to exponents developed in other test programs designed to directly
consider the effect of vehicle speed. For example, Reference 6 test data support a relationship between
emissions and speed raised to the 1.86 power. Other studies have developed models with powers of speed
ranging from roughly 1 to 2. The inconsistency between the result found here and that found in other
studies appears to be a result of “fine tuning” the other models 1o the specific data sets,
J f“{";'CZjéf” §4W£e brood m f,{‘,//eo/,-c%o/ v gﬂ‘v?é
wad! ‘ £ Ao el Hlso ann ex:-—»-:mz%&
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In summary, the following emission factor equation is recommended for estimating PM-10

emissions from vehicles traveling over unpaved surfaces:

e10 = 1.6 (s/12)°8 (Ws3)04/M03 . (4-3)

where:

W

, | PM-10 emission factor (Ib/VMT)

0
= surface material silt content (%)

\(4
s
N x \ \ "\”\Q\r W = mean vehicle weight (tons)
n/&] ‘—.‘“—. | ¥ -
0 4
ks

6#’ (MJX ce material moisture content (%)

i¥Lh — :I:l&ll;w
\'jf }0 Note that the "normalizing factors™ of 12 percent silt and 3 tons are the same as for the current
QV ,{’N ‘r AP-42 model. This allows one to compare the leading term of 1.6 1b/VMT in Equation 4-3 to the factor of
\\ k 2.1 Ib/VMT inherent in the current version of the unpaved road predictive modet.? This agrees with an
;f \(:t" earlier finding that "re-centering” the current factor to available PM-10 data would require reducing the

QA;' '« \ leading term by about 30 percent.
I\
S

V \)& The development of emission factor equations for other PM size ranges depended upon the how
) F dﬂ many tests were available for the purpose. The preferred approach relied on the same type of stepwise
ﬂ} ‘)‘ regression used to obtain the PM-10 model. For TSP (considered as PM-30), stepwise regression of the
\b

92 available tests led to the following model

ersp = 5.3 (/128 (Wr3)*% vr1)°4 (4-4)

c eg

where all the variables are the same as be:?rc and
S i3 et R i

ersp = TSP emission factor (Ib/vmt)

3

ﬂ S Zvanl
At o
s/,
;/A,
/‘7.._2'5__

JoAr-re
Ares Loy

The form of the TSP emission factor equation is clearly consistent with the form of PM-10 model.
?)n the other hand, stepwise regression of the emission tests for PM-2.5 and PM-15 did not lead to models
of the same form as for PM-10. For PM-15, silt entered on the first step and weight on the second; powers

That is, the leading value of 5.9 (in Eguation 2-1) times the aerodynamic particle size multiplier of 0.36
for PM-10.

4-20
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for both variables were comparable to those in the PM-10 model. The differences between the results for
PM-10 and PM-15 were due mainly to difference in the size of the available data base for PM-15. Not ail

tests were associated with moisture content, and the dependence of PM-15 emissions on moistire content

could not be discerned.

For PM-2.5, however, stepwise regression of the emission tests ted to a result different from that
for PM-10, PM-15 and PM-30. Silt, weight, number of wheels, moisture content, and average speed
entered the regression (in that order). The powers for silt, weight and moisture were fairly comparable to
= the corresponding powers in the PM-10 model. Nevertheless, despite the five parameters, the resulting
model has a low R-squared value and thus would be expected to have limited predictive accuracy .

A -¢$
H ]
t,l/j( v _M" EmisSion factors for PM-2.5 and PM-15 were developed by multiplying the PM-10 model by the {-,' r
ean measured ratio of that size range to PM-10 in the available data base: f-r
. : :M/

A5 AU p
"‘\/ﬂ(li yy { 3 Geometric mean ratio ﬁ 69‘4 ve" ’/f

op
‘ PM-2.5 / PM-10 PM-15 / PM-10
v ,a.f ‘f‘ s o
e P

- \.}’ Uncontrolled (n = 108) 0.140 1.53
Watered (n=20) 0.196 1.46
Overall (n=128) 0.148 1.52

No significant difference was found between the for watered versus uncontrolled conditions, so the
overall meanwasapplied. (A(}w Zéw;;s wé;/é% 7- "’54’5/" F
/F /r,ve/ o speed o i A e
In summary, the following emission factor eqtﬁ%on is ng?%ndei fot inclusion in AP-42:
i e Aatn ChE +

e = k (s/12)® (W/3)® qM/1)° M_];f‘bfv £ /) Z/‘ ’L(‘fs

A ot T Ky Pr

Fue ot
where: k, a, band ¢ are empirical constants given below and &mr‘"*”%m’ o re v “d Lo )

- b
| /4~Nmﬂ(/ﬂﬂ€wzg¢ﬁ
/ prd e
¢ = size-specific emission factor (Ib/vmt) 4, ﬂ""’
s-= surface material silt content (%)
W = mean vehicle weight (tons)

M = surface material moisture content (%)

4-21
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The parameters for size-specific emission factors in Equation 4-5 are given below:

Empirical constant | PM-2.5 | PM-10 | PM-15 | PM-30
k 0.24 1.6 2.4 53
a 0.8 0.8 0.8 0.8
b 1 04 0.4 0.4 0.5
¢ {03 0.3 | 03 0.4
- Based on the rating system given in Section 3.5, both the PM-10 and PM-30 emission factors are

rated "A.” ‘I'ne remaining factors are dowigraded one letisr because thsy we
A-rated model.

-

4.3.1 Yalidation Smdies

A series of validation studies were undertaken to examipe the predictive accuracy of the various
" emission factors recommended in the preceding section. Validation focused on the PM-10 model.

The first two PM-10 validations used the data base assembled for developing the model. The first
made use of a cross-validation analysis of the PM-10 data set. In this approach, each data point is
eliminated one at a time. The regression obtained from the “reduced” data base is used 10 estimate the
missing data value. In this way, a set of “n" quasi-independent observations is obtained from the data set of

“n" tests.

The PM-10 cross-validation (CV) shows that the model is fairly accurate for a very broad range of
source conditions. Table 1 indicates that, although the model may slightly under- or overpredict emission
for some specific subset of the data base, the general agreement is quite good. The CV analysis further
found that, for the quasi-independent estimates of the measured emission factors, ﬁ

N0 fonia 15 2 cm/-" @ st
2. 73 percent are within a factor of 3; #1&17}%‘%3/ V;[wt’o"’%‘

3. 90 percent are within a factor of 5; and q—- n‘ka_ kﬂf" me%/" Teo /N¢

4. 98 percent are within a factor of 10. / / %‘ 1.141 } “’&" “w
Ak J ediomn e,
st €, Lond /

)“‘. who (4 .4 u./a'fl”l

¢ 2veraye, £ Ler
dr 12 ,r't - fjwh&” el kr owfw e o awfﬂaé f*‘o
*1,f! I_Ilfl' ’J' A./z h'aw J'C e ﬁ Arﬁv'f, /G.l' T J“_,gr;%

flf 1\0' f“‘ VS/I"‘" / costo
Lﬁ & ;0 (S ed weigh? ﬂ/'f/ 1“05}7‘""( V"l"’- ¢ i ¥ )
r’:’#&c f“ if, /‘ Y ALl

& et g.r'.’tf )

1. 52 percent are within a factor of 2;
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In examining the PM-10 residuals (i.e., the error between the predicted and cbserved emission
factors), it was found that Equation 4-5 tends to overpredict the lowest and underpredict the highest
observed factors. In other words, the model appears to have a systematic bias at the exwremes of the parent
data base. This tendency is expected of most models developed from regression techniques and is not

believed to be overly restrictive, given that AP-42's goal is to represent "average”™ conditons.
Vi ; ﬁ") r'i/ﬁnfie// Frne, /wa-wi/r»-m e eﬁ-uz?‘/ny Fe realic T TR Fver 2ot 7
AL @regis 3/ rms /-m/v/' @ brozd r¥npe g e parame Sy a.fﬁsfﬁ‘ St/ 5SS

- The only other significant relationship found for the residuals in the PM-10 cross-validation
involved the tendency of the equation to overpredict emissions for v-ery slow speeds. The equation does
= not exhibit this bias for mean vehicle speeds I5 mph and higher. Because roughly 90 percent of the tests in
the PM-10 data base have speeds at least 15 mph, the; tendency should not be overly restrictive.

Nevertheless, AP-42 Section 13.2.2 contains an advisory to the reader. é- m A /- #';‘7 L
f sechn we ExcnirIge Covalleag?itres /iy f-q..u?‘im; o whaHtooly,

ry=i ¥t
/‘::/::3 &'Aeﬁ/fepew?‘mf- hv?”;.a.e’; n how Tv addoass M;ﬁ;f,m

4

A limited second validation of the PM-10 factor reserved approximately 20 to 25 percent of the
data base for validation purposes. Test data were randomly selected for inclusion in either the “deveiop-
ment” or the “validation” data set. Two separate random selections were performed. The development data
set is used to develop the relationship which is used to estimate tests in the validation set. The first
development set led to the following predictive equation for PM-10:

e = 1.55 (s/12)%78 (wr3)04 y M0-3S (4-6)
and Development Set 2 led to the following equation for PM-10:
- e = 1.72 (s/12)%80 (w/3)043 ; MO-26 @7

Note that both development sets led to equations very similar 1o that in Equation 4-3. When the two ‘e
models were used to predict data in the validation sets, the following summary statistics resulted;

2(
U""t m ,A,Q" "
Pl 4t
Ratio of predicted to observed A fb‘
Validation set | No. of cases Minimum Maximum Geo. rnean7 Ge::n std.dev.
1 n=4] 0.123 29.3 0.926 2.92
2 n = 40 0.125 6.58 1.27 2.63

Unlike the quasi-independent estimates obtained in the cross-validation, the above truly represent

independent applications of an emission factor model developed through stepwise regression technigue.

423
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For that reason, this limited validation leads to 2 slight bias in the resulting estimates, underpredicting in
the first set by 7 percent and overestimating by roughly 30 percent in the second. Nevertheless, the spread
(variation) in the estimates is quite comparable to that found in the cross-validation and the estimates

generally agree well with the measured values in the validation data set.

A final PM-10 validation study involved the nine emission tests that had not been formally reported
when the study began (Reference 15). Table 4-29 shows the results of the comparisons of predicted to
observed PM-10 emission factors. Predictions based on both Equation 4-5 and the current AP-42 equation

—are considered. In general, agreement is quite good for the new unpaved road equation.

Limited validaton of the PM-30 and other emission factors was undertaken. For the PM-30, a
cross-validatiéh led to results very comparable to those in the PM-10 cross-validation. Interestingly,
however, there was no significant relationship between the residuals and speed for the PM-30 equation. In
other words, unlike the PM-10 equation, the PM-30 equation does not appear to systematicaily
overpredict/underpredict at very fast/slow travel speeds. :

For the emission factors scaled against the PM-10 model, application of Equation 4-5 to the
available PM-2.5 and PM-15 data sets lead to the following results:

For PM-2.5

45 of 94 (48 percent) are within a factor of 2
57 of 94 (61 percent) are within a factor of 3
73 of 94 (78 percent) are within a factor of §

Eor PM-15
42 of 94 (45 percent) are within a factor of 2
62 of 94 (66 percent) are within a factor of 3
82 of 94 (87 percent) are within a factor of 5

Because these are essentially independent applications of the predictive equation (i.e., the individual
test results were not directly used in the development of the equation), a broader spread of the predicted-to-
observed is to be expected. Nevertheless, both the PM-2.5 and PM-15 factors in Equation 4-5 provide very

acceptable estimates of measured emission factors.

4-24
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4.4 DEVELOPMENT OF DEFAULT VALUES FOR ROAD SURFACE MATERIAL PROPERTIES

As noted earlier, all previous versions of the AP-42 unpaved road emission factor have included the
road surface silt content as an input variable. The predictive equations recommended in the last section are
no exception. AP-42 Section 13.2 has aiways stressed the importance of using site-specific input
parameters to develop emission estimates. Recognizing that not all users will have access to site-specific
information, AP-42 has included methods to allow readers to determine default values appropriate to their
situation.® '

Table 13.2.2-1 currently in AP-42 contains default silt information for various applications. As
part of this update, the table was modified to (a) include updated inforamtion on construction sites and log
yards and (b)reformat the information for publicly accessible roads. Item (a) was a relatively
straightforward process. On the other hand, item (b) required a thorough reexamination, as described
below.

Furthermore, it was necessary to develop default information for moisture content. Because
mosture content is raised to such a low power (exponent of 0.3 in Equation 4-3), the use of default values
should not result in unacceptable levels of uncertainty in the resulting emission esimates. For example,
when the recommended default value of 1 percent moisture is used for uncontrolled industrial roads, then

. 96 percent of the resulting emisison factor estimates are within a factor of 2
. 72 percent of the resulting emission factor estimates are within a factor of 1.5
. 52 percent cf the resulting emission factor estimates are within a factor of 1.25

of the emission factor estimate based on the site-specific moisture content. Similarly, when a default value
of 0.5 percent is used for publicly accessible roads in the developmental data set, all 43 of the resulting

emission factor estimates are within a factor of 2 of the value based on site-specific moisute content.

“The inclusion of the surface moisture content as an input variable is not considered to represent an undue
burden on the users of AP-42. In particular, the methods presented in AP42 Appendix C.2 require oven
drying before sieving. In other words, determination of the silt content of a road surface sample requires
that the moisture content of the sample aiso be determined. Thus, users of AP-42 who have already
determined site-specific values for road surface siit content should have corresponding moisture content
information available as well.

" 425
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wﬁ w1 dzkpipy, it )é":; e Y
“: § In order to develop default information for publicly accessible unpaved roads, a data set of
N ‘i available silt and moisture contents was assembled. The 78 dam points were collected either as part of 2
3 :\ $ field emission testing program or as input necessary to prepare emission inventories. Note that several of
g\ &E § § the inventory-type samples were aggregated from subsamples collected from different road segments within
‘12“ 'i "8 some portion of the study area.
}K\E “ ‘Data are classified as being fromlcither an “eastern” or a “western” location, based on the common

aisﬁcnﬁon between “pedatfer” and "pedocal” soils. For pedalfer soils common in the eastern U.S.,
= precipication exceeds evaporation. Conversely, evaporaﬁon is greater than precipitation in the West and the

ll_..J--..l L o Sy i to mavsmhliv antmaidant writh d-- Aunr‘-nn ‘lﬂ- "\"’l‘l”ﬂ Mdn‘far
sulls s isrmed “pedocal.” Ihe 974 menidias is IOUZLLy SCINCILSaL Widd VIGIng ans 1=

and pedocal soils. Also, to the extent practical, data were classified as being from a “gravel” or “dirt” type
of unpaved rdad surface.

Statistical analysis of the data set was undertaken to examine whether significant differences exist
between the characteristics of eastern vs. western and gravel vs. dirt roads. Because the available data set
had not been developed for this use, i.e., specifically to explore how unpaved road surface characteristics
vary because of different road surface materials or different locations in the country, the data set contains
unequal subsets of data. The 78 data points are distributed as shown below:

Locatiop
Surface Type East West
Dirt 10 14
Gravel 15 31
Unknown 0 8

The unequal sample sizes make it difficult to efficiently examine differences, First, the choice of
statistical tests becomes limited. Generally, the most powerful methods to examine treatment and interation
effects rely on having equal number of observations per cell. On an even more fundamental basis, there is
a question whether the available data represent a reasonably representative, random sample from publicly

accessible unpaved roads. That assumption would underlie any statistical test undertaken.
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Because of the data limitations, a series of pairwise comparisons such as,
. eastern gravel vs. eastern dirt roads
. eastern vs. western roads

. gravel vs. dirt roads

were undertaken to determine if there existed significant differences in either moisture or silt content. The:

small-sample comparison of means test was used with the level of sig-niﬁcancx set at 10 percent. When

=~ appropriate, a one-sided alternative hypothesis was used. For example, one could reasonably expect, on an

a_priori basis, that on average
. gravéi roads have lower silt contents than dirt roads
. moisture contents are lower in the western U.S. than in the East

When there was no a priori reason available, a two-sided alternative hypothesis was selected. For example,
there was no reason to suspect that one set of gravel roads would have higher silt contents than the other.

In that case, the alternative hypothesis seiected was that the mean silt contents for eastern vs. western gravel

roads are not equal.

Given the limitations on the available data set, it is not particularly surprising that the pairwise
comparisons led to somewhat contradictory findings. For example, although the data set indicated that
eastern dirt roads had a higher average moisture contznt than eastern gravel roads, that result was not found
for western roads or-for roads overall. Similarly, gravel surfaces were found to have a lower mean silt
content than dirt when (a) only eastern roads and (b) all roads were compared. That is, no significant
difference was found for silt contents between western gravel and dirt roads.

Results from the pairwise comparisons are summarized below. In the table, “S" and *M” indicate
that a significant different (10 percent level of significance) in the mean value of the silt and moisture

content, respectively, was found in the comparison.

Comparison of Comparison of

Gravel vs. Dint Eastvs, West
East S M Gravel - -
West s - Dirt - M
Overall S - Overall - -

427
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In keeping with the findings summarized above, it was decided to provide separate default silt values for
gravel and dirt roads, for use throughout the United States (i.e., no distinction between east and west).
Furthermore, only one default moisture content would be provided for use on any type of publicly
accessible unpaved road in the country. The default values for silt content are based on the corresponding

mean values in the assembled data set:

Mean

Silt Comtent

Gravel Roads 6.4 percent
Dirt Roads 11 percent

The mean overall moisture content for the data set is 1.1 percent. However, this value substantially differs
from the mean moisture content of 0.6 percent for tests of emissions from public unpaved roads. Itis
recommended that this not serve as the basis for a default value in AP-42. Instead, a default value of

0.5 percent is recommended for publicly accessible unpaved roads.

4.5 SUMMARY OF CHANGES TO AP-42 SECTION

4.5.1 Section Narrative

Changes 1o the text in Section 13.2.2 had several blocks within the section updated to describe the
new unpaved road equation. Many of the changes are the result of the addition of moisture as an equation
parameter and the removal of speed, mean number of wheels, and precipitation as parameters. Also,
Table 13.2.2-1 was modified and updated to provide default silt content and moisture contents from various
locations within the continental United States. Section 13.2.2 follows with text removéd from the old
AP-42 version striked out. New wording added since the last version is in bold between brackets { ]. The

figures are not presented here, but are included in Section § of this report.
13.2.2 Unpaved Roads
13.2.2,1 General

Dust plumes trailing behind vehicles traveling on unpaved roads are a familiar sight in rural

areas of the United States. When a vehicle travels an unpaved road, the force of the wheels on the
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road surface causes pulverization of surface material. Particles are lifted and dropped from the
rolling wheels, and the road surface is exposed to strong air currents in turbulent shear with the

surface. The turbulent wake behind the vehicle continues to act on the road surface after the
vehicle has passed.

13.2.2.2 Emissions Calculation And Correction Parametcrsu‘ﬂ

The tity of dust "ss' from a given segment of ved road varies lincarly with
ﬁ:’ff’ guantity 0 emissions g g unpa e.arrck;k. y!m_%

= g ‘)"the volume of traffic, Field invesﬁgaﬁ}(n?]so haf\zvshown that emissil;ms d?ond}un.cﬁmm
- -~ . n o~ "
Mé&jmeenyyn Hoer np;{ ;5367" ¢es C /by MO inF v " cufa T3 /e

rests yerl 4 ﬂr(-c 5

XE " .y ﬁ-. ‘_.. are 1
v G'Jc ,rc -::.. ponditon-¢ pa.nicularroad

buﬂ emissions from unpaved roads have been found to vary indmrectproportionto
[directly with) silt (particles smaller than 75 micrometers [um] in diameter) in the road surface
materials.? The silt fraction is determined by measuring the proportion of loose dry surface dust
that passes a 200-mesh screen, using the ASTM-C-136 method. Table 13.2.2-1 summarizes
measured silt values for industrial and rurat [public] unpaved roads.

;.

PV INPRY oy Ay 7
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(/’CZ‘:;Z:/“//”‘:

Since the silt content of a rural dirt road will vary with [geographic] location, it should be
measured for use in projecting emissions. As a conservative approximation, the silt content of the

parent soil in the area can be uscdj'rcsts, however, show that road silt content is normally lower

e 1./(-

#e m)"{/a/d/ﬂ'?f
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a
A

than in the surrounding parent soil, because the fines are continually removed by the vehicle traffic,

leaving a higher percentage of coarse particles.

Ciraey A" 3gatrne)
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[Draft] Table 13.2.2-1. TYPICAL SILT CONTENT VALUES OF SURFACE MATERIAL
ON INDUSTRIAL AND RURAL UNPAVED ROADS®

Silt Content (%)
Rozd Use Or Plant No. Of
Industry Suriace Maieriai Siies Samipies Range | Mean
Copper smelting Plant road 1 3 16-19 | 17
Iron and steel production | Plant road 19 135 02-19 | 6.0
Sand and gravel processing ( Plant road 1 3 4.1-6.0 1 4.8
Vard grea 1 1 - 7.1]
Stone quarrying and
processing Plant road 10 24-16 | 10
Haratroacd 1 10 5015 | 96
[Haul road 20 50-15 | 8.3)
Taconite mining and
processing Service road 1 8 24-71 ] 43
Haul road 1 12 39-97| 58
Western surface coal
mining Haul road 3 21 2.8-18 8.4
) Access road 2 2 49-53 ¢ 5.1
Scraper route 3 10 72-25 | 17
Haul road
(freshly graded) 2 5 18-29 | 24
[Construction sites Scraper routes 7 20 0.56-23 8.5)
[Lumber sawmills Log yards 2 2 4.8-12 8.4)
Ruratroxds Gravettcrushed 3 9 5013 89
‘ —hmestone
Pirt 32 668 | 2
Muntcipatroads Ynspecifred 3 26 64~—1i3 b
Municipal solid waste
landfills Disposal routes 4 20 22-2] 6.4
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Silt Content (%)
Road Use Or Plant No. Of
Industry Surface Material Sites Samples Range | Mean
[Publicly accessible roads Gravel/crushed
limestone 9 46 0.10-15 6.4
Dirt 8 24 0.83-68 | 11]
& References 1,5-16.
wirere:
’ E = emrssiom-factor ]
N - - ’ . - l - |- EI- . ! E
s = stit wmcm-of-rmd-mrfzccmmiﬂ'{%')
5 _ . i .
W _ l'l“'l ””.‘Hffff r T trphi)
w— = mean-number-of-wheets
P - . - . ) : . l- -

+36pm" =30-pm =t5pm s10zm =5pm =2-5pm
® Stokesdrameter:

[The following empirical expression may be used to estimate the quantity of size-specific
particulate emissions from an unpaved road, per vehicle mile traveled (VMT):

e = k (s/12)* (W/3)® M© 43

where K, 2, b and c are empirical constants (REF 6) given below and

e =  size-specific emission factor (Ib/vmt)

s = surface material silt content (%)

W = mean vehicle weight (tons)

M = surface material moisture content (%)

The constants for Equation 1 based on the stated aerodynamic particle size are as follows:

4-31




J:\dms\460402\unpvbkgd
412197

Constant PM-2.5 | PM-10 | PM-15 | PM-30
k (lb/VMT) 0.24 1.6 2.4 5.3

a 0.8 0.8 0.8 0.8

b 0.4 0.4 0.4 0.5

¢ 0.3 03 | 03 | -04
Quality rating B A B A

The above table also contains the quality ratings for the various size-specific versions of
Equation (1). The equation retains the assigned quality rating, if applied with the ranges of
source conditions that were tested in developing the equation:

Range of source conditions for Equation 1
Mean Mean
. vehicle vehicle Road
Road silt weight, Mean, speed, Mean No. moisture
content, % | Mean, Mg ton km/hr mph of wheels | content, %
1.2-35 1.4-260 1.5-290 8-88 §-55° 47 0.03-20

iSee discussion in text.

Even though mean vehicle speed and the mean number of wheels do not explicitly
appear in the predictive equation, these variables should be considered when determining
quality ratings. During the validation of Equation 1, it was found that the predictive
equation tends to overpredict emissions for very low mean vehicle speed. The equation does
not exhibit this bias for mean vehicle speeds of at least 15 mph. The equation’s predictive
behavior should be remembered if the emission factor is used for an instance with mean
vehicle speed less than 15 mph. Although the mean number of wheels was not found to
exhibit a systematic bias, thé reader is similarly advised of the equation’s predictive behavior
outside the range of mean number of wheels given above,

Equation 1 was developed by the stepwise regression of the results from field
measurements of PM-10 emissions and TSP emissions (or its surrogate - PM-30 emissions)
from vehicles traveling over unpaved surfaces. Both uncontrolled and watered roads were
included in the data base of 180 PM-10 and 92 TSP tests. The values given for the remaining
particle size ranges were developed from mean measured PM-2.5 to PM-10 ratios and PM-13
to PM-10 ratios.
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It is important to note that Equation 1 calls for the average characteristics of all
vehicles traveling the road. For example, if 98 percent of traffic on the road are 2-ton cars
and trucks while the remaining 2 percent consists of 20-ton trucks, then the mean weight is
2.36 tons. More specifically, Equation 1 is not intended to be used to calculate_ a separate
emission factor for each vehicle class. Instead, only one emission factor should be calculated
that represents the "fleet" average of all vehicles traveling the road.]

Road-5iit-Content- MreanrNo:
() Mz ton kwfhr mph Of-Whreels
4+=3~29 2-F142 57 2 el 1+3—40 13

Moreover, to retain the quality rating of the equation when addressing a specific unpaved
road, it is necessary that reliable correction parameter values be determined for the road in
question. The field and laboratory procedures for determining road surface silt content are given in
AP-42 Appendices C.1 and C.2. In the event that site-specific values for correction parameters
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cannot be obtained, the appropriatz mean values from Table 13.2.2-1 may be used, but the quality
rating of the equation is reduced by | letter.

[As noted earlier, Equation 1 was developed from tests of trafTic on unpaved surfaces,
either uncontrolled or watered. Unpaved roads have a hard, generally nonporous surface
that usually dries quickly after a rainfall or watering. The quality ratings given above pertain

.to uncontrolled (dry) conditions. To estimate annual or seasonal conditions, one should

determine an appropriate valﬁe for the average surface moisture content, taking into account
natural precipitation and any anthropogenic watering. Recognizing that this may not always
be practical Eauation 1 can he evtrapalated to annual or seasanal ennditions under the
simplifying assumption that emissions occur at the estimated rate on days without measurable
precipitation and, conversely, are abhsent on days with measurable (more than 0.254 mm
[0.01 inch]) precipitation. In other words, when the simplifying assumption is made, the
ani.ssion.factor for uncontrolled (dry) conditions should be multiplied by the ratio

365 - p
365

where p = number of days with at least 0.254 mm (0.01 inch) of precipitation per year.
Figure 13.2.2-1 gives the geographical distribution for the mean annual number of “wet” days
for the United States.

Clearly, the effect of water/natural mitigation depend on not only how much
precipitation falls, but also on factors afffecting the evaporation rate, such as ambient air
temperature, wind speed, humidity, and traffic rates. When the simplifying assumption is
applied to annual/seasonal estimates, the quality rating should be downgraded by 1 letter.)

For caiculating annual average emissions, the equation is to be multiplied by annual vehicle
distance traveled (VDT). Annual average values for each of the correction parameters are to be
substituted for the equation. Worst-case emissions, corresponding to dry road conditions, may be
calculated by setting p = 0[.] intheequation-(equivatent-todropping-the-tastterm-fronrthe
tquationy: A separate set of nonclimatic-correction parameters and a higher than normal VDT
value may also be justified for the worst-case average period (usually 24 hours). Similarly, in

using the equation to calculate emissions for a 91-day season of the year, replace the term
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(365-p)/365 with the term (91-p)/91, and set p equal to the number of wet days in the 91-day
period. Use appropriate seasonal values for the nonclimatic correction parameters and for VDT.

13.2.2.3 Controls™#2H17-21]

Common control techniques for unpaved roads are paving, surface treating with penetration

- chemicals, working stabilization chemicals into the roadbed, watering, and traffic control
regulations. [The effect that moisture addition has on emissions can be evaluated by use of
Equation 1 if the cycle of moisture content is known.] Chemical stabilizers work either by
binding the surface material or by enha.ncing-moisnuc retention. Paving, as a control technique, is
often not economically practical. Surface chemical treatment and watering can be accomplished at
modérate to low costs, but frequent treatments are required. Traffic controls, such as speed limits
and traﬂ_'ac volume restrictions, provide moderate emission reductions, but may be difficult to

The control efficiencies achievable by paving can be estimated by comparing emission
factors for unpaved and paved road conditions, relative to airborne particie size range of interest.
The predictive emission factor equation for paved roads, given in Section 13.2.4, requires
estimation of the silt loading on the traveled portion of the paved surface, which in turn depends 05
whether the pavement is periodically cleaned. Unless curbing is to be installed, the effects of
vehicle excursion onto shoulders (berms) also must be taken into account in_estimating [the] control -

efficiency {of paving].

The control efficiencies afforded by the pericdic use of road stabilization chemicals are
much more difficult to estimate. The application parameters that determine control efficiency
include dilution ratio, application intensity, mass of diluted chemical per road area, and application
frequency. Other factors that affect the performance of chemical stabilizers include vehicle
characteristics (e. g., traffic volume, average weight) and road characteristics {(e. g., bearing
strength).

Besides water, petroleum resin products historically have been the dust suppressants most
widely used on industrial unpaved roads. Figure 13.2.2-2 presents a method to estimate average
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control efficiencies associated with petroleum resins apptied t0 unpaved roads. 1% Several items

should be noted:

1. The term "ground inventory” represents the total volume (per unit area) of petroleum

resin concentrate (not solution) applied since the start of the dust control season.

2. Because petroleum resin products must be periodically reapplied to unpaved roads, the

use of a time-averaged control efficiency value is ippropﬁam. Figure 13.2.2-2

wEEKS aidl

— al. Ml

* R L e T L -
i WOnUi. Uit appudalion WiSivass Wis 1

s w  maln
-

presents control efficiency values averaged over 2 common application intervals, 2

H e e te Tane]
Abdviw i prurseh wiwsas,.

* 3. Note that zero efficiency is assigned until the ground inventory reaches 6-2iterper
squarc-meter-(#m®0.05 gallon per square yard {eatyd®}r-i(gal/yd?)].

As an example of the application of Figure 13.2.2-2, suppose that the equation was used to
estimate an emission factor of 2-6-kgAVKT([7.1 1b/VMT] for PM-10 from a particular road.
Also, suppose that, starting on May 1, the road is treated with +-E/m>{0.221 gal/yd2] of 2 solution
(1 part petroleum resin to 5 parts water) on the first of each month through September. Then, the

following average controlled emission factors are found:

Average controlled
Ground inventory, Average control emission factor,

Period Efm?[gal/ydY] efficiency, %° kgAICTTIb/VMT)

May - 6-17{0.037] 0 2:0[7.1]

June ©:33{0.073] 62 8-76(2.7)
July 6-50[0.11] 68 6-64(2.3]
August 6-67(0.15) 74 8-52(1.8]
September 6-8310.18] 80 ©:40[1.4]

*From Figure 13.2.2-2, <10 um. Zero efficiency assigned if ground inventory is less than

824Am’—(B-05-gaityd

3-[0.05 gal/yd?

. 11b/VMT = 281.9 kg/VKT. 1 gallyd® = 4.531 Lim?.)

Newer dust suppressants are successful in controlling emissions from unpaved roads.

Specific test results for those chemicals, as well as for petroleum resins and watering, are provided

in References +8-through21+-[17 through 20].
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4.5.2 Emission Factors

Analysis of the test data exhibited an emission factor equation appropriate for average conditions.

The equation no longer contains speed and mean number of wheels as parameters. The current dam base
shows a correlation of emissions to the surface moisture content, which was added as a parameter. The
addition of surface moisture content to the new equation nullifies the need to account for annual
precipitation, which was removed from the equation. As with the old equation, the new equation allows for
the emission calculations of different paﬁiclc sizes (PM-2.5, PM-10, PM-15, and PM-30) with the use of

— appropriate constants. The old Section 13.2.2 Equation (1) is presented below (striked out) followed by the
new Section 13.2.2 Equation (1).

Old Equation= (1) . kS OHHRAS BN T twi) P B65pI365)
wirere:
sestont G
k = particie size multiplier (dimensionless)
. roadsarf 53
5 =——mean-vehicie-speed{mites-per-rourfmph})
W = mean-vehrcte-weight,-megagrams-(vigi-{tom
w— = nrexrmumber-of-wireels

. _ berof-davs-withat-teast- -6 H-in—of-precivit

e -
- Constam—PMe PO PV -PIVE30
AP ——6-895———0-36- 8:56 9-80——
New Equation (1) e = k (s/12)* (W/3)> M®

where k, a, b and c are empirical constants given below
e = size-specific emission factor (lb/vmt)

s =  surface material silt content (%)

W = mean vehicle weight (tons)

M =  surface material moisture content (%)
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Constants for Equation 1 based on the stated aerodynamic particle size
Constant EM-2.5 BM-10 PM-15 BM-30
k (Ib/VMT) 0.24 1.6 2.4 53
a 0.8 0.8 0.8 0.8
b 0.4 0.4 0.4 0.5

¢ 0.3 0.3 -0.3 0.4
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TABLE 4-1. SUMMARY INFORMATION - REFERENCE 1
PM-10 emission factor, Ib/VMT
Control Test | No. of
Operation method | Test run State date tests Geom. mean Range
Unpaved road | None BK1-BK4 | Nevada | 5/96 4 0.820 . 0.309-2.65
Paved road None - Nevada | 5/96 3 0.0025 0.0022-0.0028

1 Ib/VMT = 281.9 g/VKT

TABLE 4-2. DETAILED INFORMATION FOR UNPAVED ROAD TESTS - REFERENCE 1

Meteorology Vehicle information
= | PM-10 Mean Mean
emission Avg. No. of | wvehicle Mean vehicle
Unpaved road |. factor, | Duration, | Temp., | wind, | vehicle | weight, { No. of speed,
test runs Ib/VMT min. °F mph | passes ton wheels mph silt, %
BK-1 0.375 59 2 6.0 138 1.5 4 15 72
BK-2 0.309 29 70 6.5 150 1.5 4 15 52
BK-3 1.48 47 70 6.6 100 2.0 4 15 59
BK-4 2.65 27 T 6.6 80 2.0 4 15 6.6
TABLE 4-3. SUMMARY INFORMATION - REFERENCE 2
No. PM-10 emission factor, b/VMT
Control Unpaved road Test of
Gperation | method” test runs State date | tests Geom. mean Range
Scraper None BAl-BA2 Nevaia 6/95 | -2 8.19 6.05 -11.1
Scraper None BA3-BA6 Califorpia | 6/95 4 0.838 0.550-1.32
Scraper Watering BAB-BA9 California | 6/95 2 0.174 (.090-0.340
Light duty Nore BA10-BA12 | California | 7/95 3 7.24 333125
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TABLE 4-4. DETAILED INFORMATION FOR UNPAVED ROAD TESTS - REFERENCE 2
Vehicle information
PM-10 Mean Mean
Unpaved emission No. of | vehicle vehicle
road test factor, Duration, | Temp., | vehicle | weight, | Mean No. | speed, _ Moisture,
runs Ib/VMT min °F passes ton of wheels | wph |Silt, % %
BA-1 6.05 43 91 19 548 | 42 88 | 769 | 116 )
BA-2 11.1 ) 91 12 58.5 4.0 9.5 | 7.69 1.16 _
BA-3 1.32 40 74 17 86.5 4.0 14 | 6.04 741
BA-4 0.580 40 74 17 86.5 4.0 14 | 6.04 7.41
BA-5 1.17 56 74 14 7.0 4.0 14 | 6.04 7.41
BA6 0.550 56 % 16 77.0 4.0 14 | 604 | 741 V
BA-8 0.340 13 70 42 6.7 4.1 16 | 411 414 )
BA-9 0.090 16 70 74 79.6 4.1 16 | 3.35 5.69 )
BA-10 3.33 29 105 n 2.8 4.3 25 | 155 0.27 ]
BA-i1 5.10 35 105 29 2.0 4.0 25 | 155 0.27
BA-12 12.5 28 105 31 2.0 4.1 25 | 155 0.27
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J:\dms\460402\unpvbkgd

4/2/97
TABLE 4-9. SUMMARY INFORMATION - REFERENCE 5
PM-10 emission factor,
b/ VMT
Control Test | No. of
Operation method Tests State date tests | Geom. mean Range

Stone quarry | Watering | W-201A-1to | North Carolina 8/95 3 0.112 0.0553-0.217
bant truck W-201A-3

Stone quarry | None D-201A-1to. | North Carclina | 8/95 4 1.74 0.528-4.70
haul truck D-201A4

1 B/VMT = 281.9 g/VKT
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TABLE 4-26. DETAILED INFORMATION FOR UNPAVED ROAD TESTS FOR REFERENCE 13
PM-10 Meteorology Vehicle information
Unpaved | emussion Avg. No. of Mean
road test factor, Duration, | Temp., | wind, vehicle vehicle Mean No. | Mean vehicle
runs Ib/VMT min. °F mph passes weight, ton | of wheels | speed, mph | Silt, %
AG-1 134 31 3 4.2 27 27} 9.8 15 7
AG2 5.55 106 6 7.4 30 25 7.3 17 5.8\
AG3 3.82 99 70 5.8 2 28] 6.6 16 72
AG4 0.097 107 52 2.7 79 bx] 9.2 15 0.2
~| AG-S 0.248 128 69 4.8 120 32 10 14 0.29
AG-6 0.035 166 87 | 66 160 304 13 15 s.of!
AG-7 0.136 202 7 2.2 34 34 10 16 4.
AG-8 0.610 100 70 32 93 31 9.1 14 5.5]
AG-9 154 75 69 63 kI 28 6.1 13 8.2
AG-10 1.11 76 65 3.4 49 3l [ 8.1 13 8.5 2
AG-11 0.335 62 74 2.6 62 26 5.8 14 13
AJ-1 4.17 a8 Yy 33 45 54‘] 6.0 15 6
AJ2 2.62 46 % 2.0 47 52 ) 6.0 15 7.4
A3 2.14 50 30 4.2 50 50 7.1 15 7.1/
Al4 0.060 79 90 6.1 86 a8 {2 6.1 15 49
Al-S 0.560 67 85 5.6 n 50 6.0 15 532
Al-6 0.493 46 78 4.4 49 438 59 15 -
A7 0.490 ] 66 6 68 49 ) 59 15 19 ¢
Al-8 0.022 89 70 5.8 120 34 7.2 15 ss|”
AL 1.05 126 69 53 120 s0 & 6.4 15 713
AJ-10 1.49 50 62 2.3 44 29] |60 20 6.1
Al-11 0.904 65 65 3.1 61 27 6.0 19 43+
Al-12 2.23 68 61 7.7 60 a4 6.0 21 5.7 X
Al-13 0.006 190 57 8.2 150 38t 4 6.0 18 ND
Al-14 0.183 240 42 12 250 56 6.0 2 0.034
AJ-15 0313 131 49 8.8 107 54 6.0 17 1.6
Al-16 0.098 140 55 49 140 32 6.0 23 2.1
AJ-17 0.066 125 65 7.9 120 34} ! 6.0 20 1.5
‘AJ-18 0.373 119 43 5.0 115 31 6.0 2 1.7,
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TABLE 4-29. PREDICTED VS. OBSERVED RATIOS FOR NEW UNPAVED ROAD EQUATION
USING REFERENCE 15 TEST DATA

Measured
PM-10 Predicted vs. observed
emission
Weight, Speed, No. of factor, Current
Run |[Silt, % {Moisture, % tons mph wheels b/ VMT Equation 4-5 AP-42
BRI-I1- ] 4.01 0.10 2 30 4 1.23 0.88 0.43 -
B2 | 2.5 0.10 2 30 4 129 0.65 0.30
BJ-3 4.26 0.07 2 30 4 0.840 1.51 0.67
BRi4 3.0 (TRT) z 1] 4 1.32 0.80 0.37
BG-1 1.20 7.2 2 30 4 0.503 0.95 1.89
s
BG-2 6.22 0.65 2 30 4 0.925 0.95 0.89
BG-3 6.07 0.54 2 3¢ 4 1.12 0.81 0.71
BG4 7.56 i.s 2 an 4 0.118 ) 6.95 8.4
BG-5 7.97 1.1 2 30 4 0.088 10.3 11.¢

*These tests were conducted during misty conditions.
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TABLE 4-30. RESULTS OF CROSS-VALIDATION
_ Ratio of Quasi-Independent estimate ©
Uncontrolled/ No. of ed emission factor
Type of vehicle/road watered cases Geo. mean Geo. sud. dev.
Haul trucks U 39 0.98 2.44
w 34 1.10 2.49
Overall 73 1.03 2.45
_ | Light-medium duty/traffic on U 29 1.09 2.85
industrial roads
Light-medium duty/traffic on U 43 0.97 2.36
public roads
= Overall 72 1.02 2.54
Heavy duty/traffic on U 3 1.28 1.39
industrial roads
Scrapers in travel mode U 23 0.82 3.62
w 9 1.00 5.13
Overall 32 0.87 3.93
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5. PROPOSED AP-42 SECTION

The proposed AP-42, Section 13.2.2 Unpaved Roads, is presented on the following pages as it would
appear in the document.

s




DRAFT

This is preliminary material, in draft form, for purposes of review. This material must not be
quoted, cited, or in any other way considered or used as final work.

13.2.2 Unpaved Roads

13.2.2.1 General

Dust plumes trailing behind vehicles traveling on unpaved roads are a familiar sight in rural areas
_of the United States. When a vehicle travels an unpaved road, the force of the wheels on the road surface
causes pulverization of surface material. Particles are lifted and dropped from the rolling wheeis, and the
road surface is exposed to strong air currents in turbulent shear with the surface. The turbulent wake
behind the vehicle continues to act on the road surface after the vehicle has passed.

13.2.2.2 Emissions Caiculation And Correction Parameters!~

The quantity of dust emissions from a given segment of unpaved road varies linearly with the
volume of traffic. Field investigations also have shown that emissions depend on correction parameters
that characterize the condition of a particular road and the associated vehicle traffic.

Dust emissions from unpaved roads have been found to vary directly with the fraction of silt
(particles smaller than 75 micrometers {um] in diameter) in the road surface materials.! The silt fraction
is determined by measuring the proportion of loose dry surface dust that passes a 200-mesh screen, using
the ASTM-C-136 method. Table 13.2.2-1 summarizes measured silt values for industrial and public
unpaved roads.

Since the silt content of a rural dirt road will vary with geographic location, it should be measured
for use in projecting emissions. As a conservative approximation, the silt content of the parent soil in the
area can be used. Tests, however, show that road silt content is normally lower than in the surrounding
parent soil, because the fines are continually removed by the vehicle traffic, leaving a higher percentage of

coarse particles.

Miscellaneous Sources 13.2.2-1
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Draft Table 13.2.2-1. TYPICAL SIL.T CONTENT VALUES OF SURFACE MATERIAL

ON INDUSTRIAL AND RURAL UNPAVED ROADS®

Silt Content (%)
Road Use Or Plant No. Of
Industry Surface Material Sites Samples Range Mean
Copper smelting Plant road 1 3 16-19 17
Iron and steel production Plant road 19 135 02-19 6.0
Sand and gravel processing Plant road 1 3 41-60 | 48
Yard area 1 1 - 7.1
Stone quarrying and
PIOGESSIGE Plant road 2 10 24-16 10
Haul road 4 20 5.0-15 8.3 -
Taconite mining and
processing Service road 1 8 24-17.1 4.3
Haul road 1 12 39-9.7 58
Western surface coal '
mining Haul road 21 28-18 8.4
| Access road 2 2 49-53 5.1
Scraper route 3 10 7.2-25 17
Haul road
1 (freshly graded) 2 5 18-29 24
Construction sites Scraper routes 7 20 0.56-23 8.5
Lumber sawmills Log yards 2 2 4.8-12 84
Municipal solid waste
landfills Disposal routes 4 20 2.2-21 6.4
Publicly accessible roads Gravel/crushed
limestone 9 46 0.1-15 6.4
Dirt 24 0.83-68 il

®References 1,5-16.
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The following empirical expression may be used to estimate the quantity in pounds (Ib) of

size-specific particulate emissions from an unpaved road, per vehicle mile traveled (VMT):
e = k (s/12)® (W/3)® M®

where Kk, a, b and ¢ are empirical constants (Reference 6) given below and

e=
s =
W=
M=

size-specific emission factor (Ib/VMT)
surface material silt content (%)

mean vehicle weight (tons)

surface material moisture content (%)

(O

The metric conversion from lb/VMT to grams (g} per vehicle kilometer traveled (VMT) is as follows:

The constants:for Equation 1 based on the stated acrodynamic particle size are as follows:

1 Ib/VMT = 281.9 g/VKT

Constant | PM-2.5 | PM-10 | PM-15 | PM-30
k (Ib/VMT) 024 | 16 2.4 5.3
a 0.8 0.8 0.8 0.8
b 0.4 0.4 0.4 0.5
¢ 03 | 03| 03| 04
Quality rating B A B A

The above table also contains the quality ratings for the various size-specific versions of Equation 1. The
equation retains the assigned quality rating, if applied within the foliowing ranges of source conditions that

were tested in devel;piilg the equation:

Range of Source Conditions for Equation 1

Mean
Vehicle Mean
Road Silt Mean, Weight, Mean, Vehicle Mean No. Road Moisture
Content, % Mg ton kon/hr Speed, mph | of Wheels Content, %
1.2-35 1.4-260 1.5-290 B-88 5-55% 4-7* 0.03-20

8 See discussion in text,

Although mean vehicle speed and the mean number of wheels do not explicitly appear in the

predictive equation, these variables should be considered when determining quality ratings. During the

Miscellaneous Sources
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validation of Equation 1, it was found that the predictive equation tends to overpredict emissions for very
low mean vehicle speeds. The equation does not exhibit this bias for mean vehicle speeds of at least

15 mph. The equation’s predictive behavior should be remembered if the emission factor is used for an
instance with mean vehicle speed less than 15 mph. Although the mean number of wheels was not found
to exhibit a systematic bias, the reader is similarly advised of the equation’s accuracy outside the range of

mean number of wheels given above.

Equation 1 was d'eveloped by the stepwise regression of the results from field measurements of
PM-10 emissions and TSP emissions (or its surrogate - PM-30 cmissions) from vehicles traveling over
unpaved surfaces. Both uncontrolled and watered roads were included in the data base of 180 PM-10 and
92 TSP tests. -The values given for the remaining particle size ranges were developed from mean
measured PM-2.5 to PM-10 ratios and PM-15 to PM-10 ratios.

It is important to nots that Equation 1 calls for the average speed, weight, and number of wheeis
- of all vehicles traveling the road. For example, if 98 percent of traffic on the road are 2-ton cars and
trucks while the remaining 2 percent consists of 20-ton trucks, then the mean weight is 2.36 tons. More
specifically, Equation 1 is not intended to be used to calculate a separate emission factor for each vehicle
class. Instead, only one emission factor should be calculated that represents the "fleet” average of all

vehicles traveling the road.

Moreover, to retain the quality rating of the equation when addressing a specific unpaved road, it
is necessary that reliable correction parameter values be determined for the road in question. The field
and laboratory procedures for determining road surface silt content are given in AP-42 Appendices C.1
and C.2. In the event that site-specific values for correction parameters cannot be obtained, the
appropriate mean values from Table 13.2.2-1 may be used, but the quality rating of the equation is reduced
by I letter.

As noted earlier, Equation 1 was developed from tests of traffic on unpaved surfaces, either
uncontrolled or watered. Unpaved roads have a hard, generally nonporous surface that usually dries
quickly after a rainfali or watering. The quality ratings given above pertain to uncontrolled (dry)
conditions. To estimate annual or seasonal conditions, one should determine an appropriate value for the
average surface moisture content, taking into account natural precipitation and any anthropogenic
watering. Recognizing that this may not always be practical, Equation 1 can be extrapolated to annual or

seasonal conditions under the simplifying assumption that emissions occur at the estimated rate on days

13.2.24  EMISSION FACTORS
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DRAFT

without measurable precipitation and, conversely, are absent on days with measurable (more than 0.254
mm [0.01 inch]) precipitation. In other words, when the simplifying assumption is made, the emission
factor for uncontrolled (dry) conditions should be multiplied by the rato

(365 - p)
365

where p = pumber of days with at least 0.254 mm (0.01 inch) of precipitation per year.
— Figure 13.2.2-1 gives the geographical distribution for the mean annual number of “wet” days for the
United States.

Cleatly, the effect t;f water/natural mitigation depend on not only how much precipitation falls, but
also on factors affecting the evaporation rate, such as ambient air temperature, wind speed, humidity, and
traffic rates. When the simplifying assumption is applied o annual/seasonal estimates, the quality rating
should be downgraded by 1 letter.

For calculating annual average emissions, the equation is to be muitiplied by annual vehicls
distance traveled (VDT). Annual average values for each of the correction parameters are to be
substituted for the equation. Worst-case emissions, corresponding to dry road conditions, may be
calculated by setting p = 0. A separate set of correction parameters and a higher than normal VDT value
may also be justified for the worst-case average period (usually 24 hours). Similarly, in using the equation
to calculate emissions for a 91-day season of the year, replace the term (365-p)/365 with the term
(91-p)/91, and set p equal to the number of wet days in the 91-day period. Use appropriate seasonal
values for the nonclimatic correction parameters and for VDT. s Liverz 71»’ 9 ]'A o tral
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effect that moisture addition has on emissions can be evaluated by use of Equation 1 if the cycle of e é:‘ ;w'
moisture content is known. Chemical stabilizers work either by binding the surface material or byps e
enhancing moiswre retention. Paving, as a control technique, is often not economically practical. %urfa ,)/'Z_”/
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The control efficiencies achievable by paving can be estimated by comparing emission factors for
unpaved and paved road conditions, relative to airborne particle size range of interest. The predictive
emission factor equation for paved roads, given in Section 13.2.4, requires estimation of the silt loading on
the traveled portion of the paved surface, which in turn depends on whether the pavement is periodically
cleaned. Unless curbing is to be installed, the effects of vehicle excursion onto shoulders (berms) also

must be taken into account in estimating the control efficiency of paving.

- The control efficiencies afforded by the periodic use of road stabilization chemicals are much
more difficult to estimate. The application parameters that determine control efficiency include dilution
ratio, application intensity, mass of diluted chemical per road area, and application frequency. Other
factors that affect the performance of chemical stabilizers include vehicle characteristics (e. g., traffic

volume, average weight) and road characteristics (e. g., bearing strength).

Besides water, petroleum resin products historically have been the dust suppressants most widely
used on industrial unpaved roads. Figure 13.2.2-2 presents a method to estimate average control
efficiencies associated with petroleum resins applied to unpaved roads. 19 Several itsms should be noted:

I. The term "ground inventory” represents the total volume (per unit area} of petroieum resin

concentrate (not solution) applied since the start of the dust control season.

2. Because petroleum resin products must be periodically reapplied 10 unpaved roads, the use of
a time-averaged control efficiency value is appropriate. Figure 13.2.2-2 presents control
efficiency values averaged over 2 common application intervals, 2 weeks and | month. Other

application intervals will require interpolation.

3. Note that zero efficiency is assigned until the ground inventory reaches 0.05 gallon per square
yard (gal/yd?).

Miscellaneous Sources 13-.2.2,7
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As an example of the application of Figure 13.2.2-2, suppose that the equation was used to
estimate an emission factor of 7.1 1b/VMT for PM-10 from a particular road. Also, suppose that, starting
on May 1, the road is treated with 0,221 ga.llyd2 of a solution (1 part petroleum resin to 5 parts water) on
the first of each month through September. Then, the following average controlled emission factors are

found:
' Average Controlled
Ground Inventory, Average Control Emission Factor,
Period __galiyd? Efficiency, %* Ib/VMT
May 0.037 0 7.1
June 0.073 62 2.7
July 0.11 68 2.3
August 0.1 74 1.8
September 0.18 80 1.4

®From Figure 13.2.2-2, 510 um. Zero efficiency assigned if ground inventory is less than 0.05 gal/yd®.

1 1b/VMT = 281.9 g/VMT. | galiyd®

= 4,531 Lim?,

Newer dust suppressants are successful in controlling emissions from unpaved roads. Specific test

results for those chemicals, as well as for petroleum resins and watering, are provided in References 17

through 20.

References For Section 13.2.2

1. C. Cowherd, Jr., er al., Development Of Emission Factors For Fugitive Dust Sources,
EPA-450/3-74-037, U. S. Environmental Protection Agency, Research Triangle Park, NC,
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2. R.J. Dyck and J. ]. Stukel, "Fugitive Dust Emissions From Trucks On Unpaved Roads”,

Environmental Science And Technology, 1((10):1046-1048, October 1976.

3 R. O. McCaldin and K. J. Heidel, *Particulate Emissions From Vehicle Travel Over Unpaved
Roads", Presented at the 7]1st Annual Meeting of the Air Pollution Control Association, Houston,

TX, June 1978.

4, C. Cowherd, Jr, eral., Iron And Sieel Plant Open Dust Source Fugitive Emission Evaluation,
EPA-600/2-79-013, U. S. Environmental Protection Agency, Cincinnat, OH, May 1979.

Phoenix, AZ, March 1991,
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C. Cowherd; Jr. ez al., Control Of Open Fugitive Dust Sources, EPA-450/3-88-008,
U. S. Environmental Protection Agency, Research Triangle Park, NC, September 1988.
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1986.
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Environmental Protection Agency, Research Triangle Park, NC, September 1992,

13.2.2-10 EMISSION FACTORS




Minnesota Pollution Control Agency

2
Sl

October 29,1997

Mr. Ronald E. Myers
U.S. Environmental Protection Agency (MD-14)
Research Triangle Park, North Carolina 27711

RE: Comments on Draft AP-42 Section 13.2.2, Unpaved Roads, and the Associated Draft Report

Dear Mr. Myers:

The Minnesota Pollution Control Agency (MPCA), Air Quality Division would like to comment
on the draft AP-42 Section 13.2.2, Unpaved Roads, and Emission Factor Documentation for AP-42
Section 13.2.2 (Draft Report).

We appreciate the efforts of the U.S. Environmental Protection Agency (EPA) on revising
fugitive emission factors from unpaved roads. We realize the importance of these emission
factors to our air quality programs in Minnesota. Table 1 summarizes the findings of the MPCA
staff in a thorough review on statistical analysis of the emission data provided by the EPA.

Table 1. Empirical Constants from Statistical Analysis of Uncontrolled Particulate Emission Factors'

EM2.5 EMI10 PMIi3 EM3Q
Constant’ DraftAP42  MPCA’  Draft AP42 MPCA Dmft AP42 MEPCA Draft AP42 MECA
k, Ib/VMT 0.24 3.57 1.6 1.72 24 341 53 6.08
a 0.8 0.67 0.8 0.77 08 0.72 0.8 0.97
b 0.4 0.24 0.4 0.43 0.4 0.29 0.5 0.52
c -0.3 -0.55 -0.3 -0.24 0.3 -0.06 -0.4 -0.45
Cases, n ? 77 180 141 ? 77 92 65
R-squared ? 0.125 0.345 0.384 ? 0.255 ? 0.512
Adj. R-sq ? 0.089 ? 0.371 ? 0.224 ? 0.488
Q. Rating B ? A ? B 7 A ?
Regression ? Forced Stepwise Stepwise ? Forced Stepwise Stepwise

Notes: 1. Unpaved.dat (July 31,1997) posted on TTN web site was used by the MPCA staff for statistical analysis. Accordin
to Greg Muleski of Midwest Research [nstitute, some tests results were missing from this posted file. However,
our comments do not rely significantly on the completeness of the test results in this data file.

2. Constants k, a, b, and c are obtained from fitting the emission data (item 1 above) with the following equation:
E =k (s/12)* (W/3)" (MN1)°
where E is the size-specific emission factor in 1b/VMT; s is the road surface material silt content in percent; W is
the mean vehicle weight in tons; and M is the road surface material moisture content in percent.
3. SPSS for MS Windows Release 6.1 was used in the MPCA's statistical analysis. Draft AP-42 data resulted from
statistical analysis completed with SYSTAT Version 4. Little difference in the results is expected due to software.
4. Section 3.3 of the Draft Report provides the basis for the letter rating, which is not related to the goodness of fit
that may be judged with statistics such as R-squared, adjusted R-squared, and so on.

The fitting constants’ quality ratings, the potential dual role of road surface material moisture
content, the annual adjustment for precipitation, and the disappearance of vehicle speed are the
major concerns to the MPCA. We believe, however, that the PM, emission factor equation
(Ib/VMT) with the fitting constants is acceptable from the statistical analysis standpoint.

520 Lafayette Rd. N.; St. Paul, MN 55155-4194; (612) 296-6300 {Voice); (612) 282-5332 (TTY)
Regional Offices: Duluth » Brainerd * Detroit Lakes * Marshall « Rochester
Equal Opportunity Employer » Printed on recycled paper containing at least 20% fibers from paper recycled by consumers,
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Quality Rating Scheme

Emission Factor Documentation for AP-42 Section 13.2.2 (Draft Report) describes in section 3.3
emission data and emission factor quality rating scheme used for unpaved roads source category.
It states, “(t)he uncontrolled emission factor quality rating scheme used for this source category
represents a refinement of the rating system developed by EPA for AP-42 emission factor. The
scheme entails the rating of test data quality followed by the rating of the emission factor(s)
developed from the test data....”

The quality control and quality assurance efforts in the development of emission factors for this
source category are important. However, we believe that the final quality rating, as seen in Table
1 for PM,, should also be more related to the goodness of fit of the regression model. In plain
words, we think the ratings of A and B in Table 1 should be lower, e.g., C and D.

To further explain cur conccrn with factor ratings, let’s look at another rating and the
assumptions we make about it. An emission factor rating of A is given to the SO, emission
factor for No. 6 oil fired, normal firing utility boilers in the current AP-42 Table 1.3-1. People in
the regulatory and regulated communities are very confident in using such an emission factor.
Now, when an emission factor rating of A is given to the uncontrolled PM,, emission fitting
constants, it has some profound implications. First, it implies that the predicted uncontrolled
PM,, emission for unpaved roads from the regression model is the best (true), however it also
implies it is directly comparable to that of the SO, emission factor for No. 6 oil fired, normal
firing utility boilers in the current AP-42 Table 1.3-1 (not true). People using these factors, who
tend to take a number out of a table without carefully reading the context, will assume these
factors are of equally high quality. Second, when people realize that less than 40 percent of the
total variance in the emission data is explained by the regression model (see PM; column in
Table 1) and rating A still is given to the regression model, they are going to seriously doubt the
reliability of all the emission factors from AP-42 -- stack emissions and fugitive emissions.

We believe that people can be satisfied with the notion that, because of inherent variability,
fugitive emission factors can never achieve the same level of quality rating. Therefore, we would
urge you to lower the factor ratings associated with the proposed AP-42 for unpaved roads.

Road Surface Material Moisture Content

The efficiency of water application to control particulate emissions is not analyzed statistically in
this study, although equation (3) is presented in the Draft AP-42 for estimating control efficiency
for water applications. Input parameters for this equation include water application parameters

and pan evaporation rate, all of which to a great extent determine road surface material moisture
content.
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There is a potential for double-counting the road surface material moisture content and watering
control efficiency. If road surface material moisture content resulted from a control technology
application, the road surface material moisture content before the application should be used to
establish the regression equation with fitting constants shown in Table 1. We would like
confirmation from the EPA that this was done correctly.

The inclusion of road surface material moisture content makes sense in reflecting the reality, if
data collection to establish the equation in Table 1 was done correctly. However, users of the
equation still may double count the moisture contribution by using post-application moisture
value in the equation to predict uncontrolled emissions and adding control efficiency due to
water application to get the “controlled” fugitive emissions. Of course, we realize that each
regulatory agency just needs to guard against dual use of moisture.

Table 2 presents moisture content data associated with PM,, emissions, uncontrolled, watered,
and the combined data set. There is a significant overlap between the uncontrolled data and the
watered data, suggesting the difficulty in preventing dual usage of moisture from happening.

Table 2. Road Surface Material Moisture Content for PM10 Emission Data

Number of valid observations 145 37 182
Missing observations 27 4 31
Mean 1.611 4.751 2.249
Standard deviation 2.049 4.099 2.879
Skewness 1.786 2,170 2.621
Range 85 9.8 20.1
Minimum 0 0.3 0
Maximum 8.5 20.1 20.1

Annual Adjustment for Precipitation

Section 2.4 of the Draft Report (page 2-4) indicates the control efficiency of watering depends
upon (a) the application rate of the water, (b) the time between applications, (c) traffic volume
during the period, and {d) the meteorological conditions during the period. This suggests the
annual simplifying assumption of (365-p)/365, which reflects only first term, is an over
simplification on the effects of natural precipitation, which is equation (2) in the drafit AP-42
Section 13.2.2.

In our experience with mining operations, 0.01 inches of precipitation in a 24-hour period cannot
achieve 100 percent control of particulate emissions from unpaved roads. A multi-tier approach
would be better such as minimal controi for 0.01 inches, moderate control for 0.10 inches, near-
maximum control for 0.50 inches, and maximum control for 1.00 inches or more. This could be
done by developing four maps similar to Figure 13.2.2-1 using current monthly climatological
data such as that in the enclosed Climatological Data, Minnesota, February 1997.




ANY

Mr. Myers ‘.
Page 4

Vehicle Speed

Section 4.3 of the Draft Report (page 4-27) states, “it is obvious to any one who has driven on an
unpaved road that vehicle speed affects emissions, with faster vehicles generating more dust than
slower ones. For this reason, it was decided to incorporate the findings of the captive traffic
studies into the AP-42, independent of the emission factor equation.” Unfortunately, the
corresponding section of the draft AP-42 Section 13.2.2 (page 13.2.2-8) is unclear on how this
should be calculated.

The MPCA staff did confirm the apparent difficulty with vehicle speed in our statistical analysis
of the data file, unpaved.dat (July 31, 1997). We are unable at this point of time to propose any

better way of dealing with this variable in a statistically acceptable manner. As for the emission
factor adjustment for vehicle speed reduction in the draft AP-42 Section 13.2.2, we strongly

suggest that some examples be provided to clarify how this adjustment should be calculated for
regulatory purposes. The text on page 13.2.2-R alludes to a 30 percent reduction in emissions for
a vehicle speed reduction from 50 mph to 35 mph; however, it is unclear why 50 mph is the
appropriate reference vehicle speed when (1) the proposed emission factor equation lacks any
reference vehicle speed, and (2) the SYSTAT regressions indicate vehicle speed adds little to the

2
R“-values.

In closing this letter, the MPCA would like to be informed of future changes to the draft AP-42
Section 13.2.2. We also are willing to assist the EPA in any additional statistical analysis, if
needed. Please contact Hongming Jiang, of my staff, for the detail of our review.

Sincerely,

Michael J. Sanddsky
Acting Division Manager
Air Quality Division

MIS:yma

Enclosure

cc:  Todd Biewen, Air Quality Division
Dennis Becker, Air Quality Division

Paul Kim, Air Quality Division
Hongming Jiang, Air Quality Division
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IDAHO DEPARTMENT
GF HEALTH AND WELFARE

DIVISION OF
ENVIRONMENTAL QUALITY

1410 North Hilton, Boise, 1D 83708-1255, (208) 373.0502

December 31, 1997

MEMORANDUM

TO:

U. S. Environmental Protection Agency
Office of Air Quality Planning and Standards
Emission Factor and Inventory Group
Research Triangle Park, NC 27711
Attention. Mr. Ron Myers (MD-14)

E-mail: myers.ron@epamail.epa.gov

FAX: (919) 541-0684

Philip E. Batt, Governor

FROM: Val Bohdan

Idaho Division of Environmental Quality

Technical Services Bureau

1410 N. Hilton

Boise, Idaho 83706

FAX: (208) 373-0417
SUBJECT: Comments on AP-42 Draft, Section 13.2.2 (Unpaved Roads)
Summary

The Idaho Division of Environmental Quality (DEQ) appreciates the opportunity to provide
comment on changes to Section 13.2.2 (Unpaved Roads). We respectfully request these
comments be incorporated in the document.

General Comments:

1) We would like to compliment EPA for the undertaking to update the unpaved road
emission-factor section of AP-42. This section is particularly useful for Idaho’s many rural
and farming area roads.




2) It is very commendable that EPA is proposing in the draf
factor formulas but also to simplify them. Both of these r
enlisting better partnerships and cooperation among indt
environmental groups to improve the environmental conc

3) The backup studies cited in this draft appear to have no r
cement/concrete industry-- a significant number of which
contrast, much data backup originated as studies of the ¢
existing in Idaho. This raises the question of eventual ap
emissions formulas in terms of country regional fit.

4) The issue of control efficiency factoring which can be atf:
reduction is very confusing and needs to be resolved mor
reduction, especially on the lower range, needs to be incc
emissions reduction.

5) We would like to suggest the use of clear statements in ti
13.2.2. Instead of “should be, ™ the direction needs to be
give some assurance to the eventual user of this section.

6) Notwithstanding the derivation process for the formulas,
should be mathematically simplified for the eventual user
can intimidate those not acquainted with higher math and
by placing the exponent as a positive number in the deno:
numerical constants should be carried out as far as possit
ease for the user.

7 Concerning the default moisture content value of 0.5%: |
which is considered “high desert” area, the 0.5% default
glean this value from the 1996-1997 “Pocatello Road Dust :
which was performed, however, on an unpaved MgCl treate
of this study indicated the moisture content value of 0.6%.

Specific Comments:

Comments pertaining to the Section 13.2.2 Draft
(a) Page 13.2.2-3, The first equation should be simplified to b
E = (k/7.03) (s)** (W/3)® (1/M°)

Notice that “a” factor has been replaced by 0.8. This is proper si
for all the particulate sizes considered in the equation. Also notic
is positive. Thus, Table 13.2.2-2 supporting Equation 1 needs a!
“a” (since the constant remains the same for all particulate sizes)
for “c” factor to a plus sign (or better yet, no sign in front of'it a




(b) Page 13.2.2-4; At the bottom of this page, the formula should be changed to read $/15 not
(15-S/15) if you intend the factor to drop linearly from 15 to zero vehicular speed “S”. It needs to
be stated more clearly that the emissions factor remains constant at speeds above 15 mph.

In Table 13.2.2-3, (Range of Source Conditions for Equation 1) on this page, we recommend that
column headings also contain the appropriate letter symbols (s, W, S, and M-- in that order) from
Equation 1. This will aid all users, especially the infrequent users.

(c) Page 13.2.2-5; The equation on this page should also be simplified to become
E = (k/7.03) (s)°* (W/3)* (1/M,°) [(365-p)/365] )

The issues identified in Paragraph “a” (just above) also apply to this equation. Moreover, your
use of the term M/1 appears overly simplistic and should be shortened to just M.

Page 13.2.2-6; Insert the word “directly” at the sign of * in the third sentence from the bottom,
which reads: “Although vehicle speed does not appear * as a parameter, it is obvious...”

(d) Page 13.2.2-8; The second paragraph (control efficiency afforded by speed reduction) is
very confusing and should be either clarified or deleted. The use of a power factor for vehicular
speed “S” is very misleading and counters earlier statements. However, the power factor $*? may
best represent the emissions factor relationship for speeds below 15 MPH. If that is the case, then
it should be so stated. A simple graph may be the best way to explain and clarify this point.

The above comments represent a summary response by DEQ about the proposed changes to
Section 13.2.2 (Unpaved Roads). We appreciate the opportunity to comment. As always, the
public review process will result in improved guidance documents. We thank EPA for its efforts
regarding this important issue and look forward to continuing to work with you on the revision of
this guidance document.




DEQ is pleased to offer comments on the Emission Factor Documentation for AP-42, Section
13.2.2 (the front portion which details the documentation and reasoning for the proposed
changes; pages 1-1 to 4-90) to EPA in the Attachment which follows these pages. We hope you
accept this detailed constructive criticism as a reasoned contribution toward the creation of an
improved eventual document.

Sincerely,
ﬁ %1/\__
Val A. Bohdan, PE

Senior Engineer
Technical Services Bureau

VB/ibb (g:\ahw\rsiegel\data\wp61ival.2)

Attachment

ce! Matt Stoll
Robert Wilcosz
COF
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Attachment to Review and Comments on the Draft AP-42 Section 13.2.2, Unpaved Roads
from the Idaho Division of Environmental Quality (IDEQ)

The following are the comments/suggestions compiled by the Technical Services Bureau, Air and
Hazardous Waste Section, Idaho DEQ, in response to the invitation to comment on the Draft AP-
42 Section 13.2.2. The cover letter addresses the AP-42 draft section whereas the following
comments are more broad-based and address the background document and the overall
methodology for the study.

General comments:

In making such sweeping changes to a set of equations which govern the emission estimation
process from a major source category for the next decade(s), more icsiing aid studies are
warranted. The much touted ease of use is achieved by sacrificing the fine dependencies afforded
by specific governing parameters, such as number of wheels and speed. The moisture term is a
definite improvement but can be already enhanced in its application and by reference from other
studies already performed. It is strongly recommended that this equation be implemented in a
test-mode for one or two years before finalizing it. This would allow more time to analyze and
study the effects of these proposed changes.

1) What were the basic guidelines used to select studies used in the background document?
The IDEQ is aware of two other studies, performed in Idaho with guidance from the
Midwest Research Institute (MRI) that meets established screening criteria, which could
have been used as background information for developing this emission factor. As those
studies were conducted in Idaho, they would have provided some regional representation,
a more extensive database, and made the factors more robust and applicable to regions
like Idaho.

2) The studies chosen have no representation from the cement/concrete industry. Are the
differences accounted by the silt content adequate to characterize emission factor
dependence on significant parameters? The cement/concrete industry constitutes a
significant number of sources in Idaho.

3) The document seems to primarily focus on PM,,. Is there a similar study planned for
PM, , to decipher the relationships between significant parameters that contribute to fine
particle emissions? This is especially relevant in light of the fact that geologically dernived
material and agricultural impacts contribute to regional contributions of fine particles from
studies in the west. This is also an issue of focus since the promulgation of the new PM,
standards in mid-1997.

4) There appears to be a preference to test unpaved roads in iron and steel industries in the
east and coal industry in the west. Are these thought to be major contributors of
emissions form this source category? Is there any test that was reviewed from unpaved
roads in agricultural rural areas? IDEQ feels that such information is key to have in the
database as most western states have agriculturally-dependant areas from which emissions
have to be quantified, as accurately as possible, if any sort of control scenario is desired to
be achieved.
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3)

6)

7

8)

The IDEQ is aware of several studies to characterize emissions from paved and unpaved
roads by the Washington State University in Pullman from 1994 to 1997 using tracers
(The Measurement of Roadway PM,, Emission Rates using Tracer Techniques,
Washington State Department of Transportation, Technical Report # WAR 397.1). This
study had important findings related to road emissions compared to relative humidity.
There seems to be no mention of the same.

The Columbia Plateau PM,, study reports a number of wind erosion studies, and
techniques to address them. Specifically, the soil erosion factor, and the surface
roughness factor, are mentioned as key parameters for wind erosion. Would this also not
be a major factor in emissions from unpaved roads? (See related comment beginning of
next section).

As there seem to be key omissions in the literature search conducted, to compile the
database for the study, IDEQ is skeptical as to the comprehensiveness and soundness of
the proposed equation to adequately provide an accurate emission factor for every region
in the country.

IDEQ is also concerned that the use of this forum to review and provide comment is
instituted at a stage later than at which key directional changes to the study can be
implemented. What procedures are followed at each phase of the study to ensure
participation and encourage input from state and local agencies, to make the study more
robust and applicable to all regions? This process would also foster confidence in the final
product.

Specific comments:

Chapter 2, Background Document:

Is it not intuitive that over time, over a given surface area, that the suspendable particulate
loading would decrease (by advection, carry-out, etc.), provided new material is not
significantly added to the road surface (relates to erosion factors)? Is there, then, any
decay factor, or parameter (added or planned) to be added to the equation as a correction
for this effect? The effect of not having this correction would be an assumption that
constant surface loading is available for re-suspension over an infinite amount of time
resultingin gross overestimates - as compared to realistic measurements.

How is the effect of relative humidity in the friction layer of the planetary boundary layer
on characteristics of suspended particles accounted for? Although there may be no
measurable precipitation on the ground surface, high relative humidity associated with
high pressure events and associated inversions may result in decreased circulation events
in the surface friction layer closest to the ground and cause suppression of dust, as in a fog
with some precipitable water content.

vii




Chapter 3, background document:

. In the last paragraph of page 3-7 the comments suggest, that tests from various sources
have been combined to derive the new equation. This approach suggests that a large
amount of testing was conducted to come up with gross average. As explained elsewhere
in the document, a mathematica! fit needs not always imply a reality fit. A log-normal
distribution conveniently encompasses a wide range. This approach is good as screening
criteria but not for further refined purposes as is applied from the AP-42 for permitting,
PSD, and SIP purposes. For refined purposes, an industry-by-industry equation should be
considered. Although the final equation may or may not differ much, the approach makes
the study more robust and increases user confidence as the database would be broad. At
the very least, a comparative study should be undertaken to establish the applicability and
usefulness of industry specific equartions.

Chapter 4, background document:

. It is interesting to note that tests continue to be accepted as approved even as the emission
factor values spread over 2-3 orders of magnitude without further investigation as to this
extensive spread. The final caicuiations of emissions and ihie discretion, as {6 which order
of magnitude to choose, is left to the field operator or engineer in the absence of any
further supporting documentation on application of such ranges of values. In a practical
regulatory sense this scenario leaves emissions from certain categories in “grey areas.”

. Please correct table columns on Table 4-8.

. The comment on page 4-20 that Equation 2-1 performed as well in estimating emisstons as
did factors for specific sources in the coal industry could also mean that the specific
industry factors were somehow biased. It does not necessarily mean the general Equation
2-1 1s adequate and correct. It seems a fundamentally gross over-generalization to then
lump all the tests, in all studies reviewed, to come up with one large data set for the
emission factor development. Is this the only specific industry factor test that provided the
impetus to lump all the test data?

. It is not clear whether reference 12 was used in the final equation development as it did
not have moisture content or PM,, factors listed. What is the exact meaning of “data was
used in the expanded data analysis, they were not included in equation development™?

. If as mentioned in page 4-26 the effect of speed could not be isolated due to unavailability
of speed segregated data. Such data should probably be obtained to study the effects of
speed on emission factors. This leads to the conclusion that if a model does not simulate
reality to some extent then, perhaps, the fundamental assumptions that went into creating
the model are flawed, and are unable to be verified. It could lead to serious errors if the
equation is used in this manner. The speed correction factor seems like an extreme ad hoc
measure to solve this problem.
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. Different size fractions may have different influences and effects, as related to the
determined significant parameters, in that multiplication of PM,, emission factors by
appropriate size fraction would only be applicable as a rule-of-thumb calculation.

. It is interesting to note that a high measure of reliability is established using equation 4-5,
as established by Table 4-32 without inclusion of speed in the equation! It is also
particularly worrisome that the emissions increase with decreasing speed. This table also
demonstrates the effect of high humidity {misty conditions) on the suppression of
emissions.

The attached graph demonstrates the effect that speed multiplier will have on the emission
factor. The emission increases linearly with decreasing speed from 15 mph to O mph, and
also causes an anomaly of having emissions from a stationary vehicle with a ‘B’ rating!
The text implies the need for an inverse effect. So, the multiplier has to be inversed, as
mentioned in the cover letter.

. What is the rationale for using 12, 3, and 1 as the norms’ for silt content, mean vehicle
weight, and moisture content, respectively?

Chapter 5, Proposed AP-42 section:

. It is possible for the end-user of the equation to obtain daily precipitation totals and
relative humidity readings from the National Weather Service (NWS), Local
Climatological Data (LCD’s). It should be made feasible to incorporate short term
relative humidity and precipitation data into daily or hourly estimates of emissions.
Annual data can then be very accurately totaled from this equation. This approach is
preferred to the national precipitation data map provided.

. The number of samples in determining silt content values in the Table should be at least 10
or more to provide an adequate level of confidence in the data.

These comments are complementary to the comments that are provided in the cover letter to this
attachment. [DEQ would greatly appreciate your consideration of the comments/suggestions, and
hopes that these will further the quality of the new equation.
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PORTLAND CEMENT ASSOCIATION

5420 Old Orchard Road, Skokie, 1llinois 60077-1083 847/966-6200
Telex 9102407163 ESL UQ * Facsimile 847/966-9781

November 14, 1997

Mr. Ronald E. Myers

Emission, Monitoring, and Analysis Division
Emission Factor and Inventory Group

United States Environmental Protection Agency
Mail Drop 14

Research Triangle, NC 27711

Comments on the Draft Unpaved Road Emission Factor Document

Dear Mr. Myers:

The Portland Cement Association (PCA) has the following comments on the September 1997
draft version of the following U.S. Environmental Protection Agency (EPA) report:

Emission Factor Documentation for AP-42, Section 13.2.2 Unpaved Roads, (the "AP-42
Unpaved Road Document”),

PCA appreciates the opportunity to review this document.

All portland cement manufacturing facilities require large amounts of limestone and other
naturally occurring materials such as slate, shale, etc. Because of this fact, each cement plant
operates quarries and crushing operations to provide these materials to the manufacturing
facility, and therefore, constructs and maintains unpaved haul roads for the transportation of
these materials.

The quarries are developed so that the most efficient transportation as possible of raw materials
from the source to the cement plant can be accomplished. To move the volume of limestone and
other materials required by the manufacturing facility, only large dump trucks or similar vehicles
are used, and the trucks are operated at fairly consistent speeds from the quarry operation to the
crushing and screening machinery. Smaller vehicles, such as pickup trucks or cars, are a limited
percentage of the vehicles traveling the unpaved roads within the facility.

Due to the availability of limestone and similar materials, the unpaved roads at the quarry and
manufacturing facility are constantly constructed and maintained with the raw materials being
extracted. Overall, cement plants are very similar to limestone quarries that provide crushed
stone to the road-building and construction industries.
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Mr. Ronald E. Myers
November 14, 1997
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Although several studies of unpaved roads related to the stone industry are included in the AP-42
Unpaved Road Document, some very dissimilar industries are also included in the development
of the emission factor equations. Industries such as coal mining, copper smelting, and the iron
and steel industry may require different types of vehicles, have variations in the traffic patterns,
and use other materials in the construction of the their unpaved haul roads. For example,
multiple types of aggregate may be used at the above industries due to0 the lack of the availahility
of road-building materials.

The emission factor equations in the AP-42 Unpaved Road Document are also dependent on data
collected from unpaved roads used by pickup trucks and cars. The use of these vehicles results
in great variations in possible dust generation due to the differences in tires, vehicle speeds, and
vehicle aerodynamic effects.

Therefore, PCA requests that the EPA consider including the emission factor equations
developed by the National Stone Association (NSA) in the AP-42 Unpaved Road Document.
PCA believes that the NSA equations are more representative of the unpaved roads found ar a
cement facility. The inclusion of the NSA equations will allow a cement manufacturing facility
to select the equation that best represents the possible emissions from the haul roads related o us
operations. For vour reference, a copy of the cover page of the report summarizing the NSA
findings is attached.

If you have questions or comments regarding this matter, please contact me by telephone at
(847) 966-6200, ext. 319 or by electronic mail at garth_hawkins@portcement.org.

Sincerely,

Garth J. Hawkins, P.E.
Environmental Engineer
Environmental/Process Technology

Enclosure

Copy to: A. Dougherty, A.T. O'Hare
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Portland Cement Association
5420 Old Orchard Road
Skokie, lllincis 60077-1083

TO: Ronald E. Myers U.S. Environmental Protection Agency (919) 541-0684

ccC: Andrew T. O'Hare American Portland Cement Alliance (202) 408-0877
Ann Dougherty PCA

FROM: Garth J. Hawkins

DATE: November 17, 1997

PAGES: 4 (Including this cover)

Comments on the AP-42 Unpaved Road Emissions Document

Attached please find cormments on the USPEA's Section 13.2.2 Unpaved Roads, Emission Factor
Documentation for AP-42.

Sincerely,

ol

Phone: (847) 966-6200, Ext. 319 Email: garth_hawkins@portcement.org
Fax: {847) 966-5272
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542b Qld Orchard Road, Skokie, !linois 60077-1083 847/966-6200
Telex 9102407163 ESL UQ » Facsimile 847/966-3781

November 14, 1997

Mr. Ronald E. Myers

Emission, Monitoring, and Analysis Division
Ewmission Factor and Inventory Group ’
United Siates Environmentai Protection Agency
Mail Drop 14

Research Triangle, NC 27711

Comments on the Draft Unpaved Road Emission Factor Document

Dear Mr. Myers:

The Portland Cement Association (PCA) has the following comments on the September 1997
draft version of the following U.S. Environmental Protection Agency (EPA) report:

Emission Factor Documentarion for AP-42, Secrion 13.2.2 Unpaved Rouads, (the "AP-42
Unpaved Road Document"),

PCA appreciates the opportunity to review this document.

All portland cement manufacturing facilities require large amounts of limestone and other
naturally occurring marerials such as slate, shale, etc. Because of this fact, each cement plant
operates quarries and crushing operations to provide these materials to the manufacturing
facility, and therefore, constructs and mainrains unpaved haul roads for the transporrtation of
these materials.

The quarries are developed so that the most efficient trunsportation as pessible of raw marerials
from the source to the cement plant can be accomplished, To move the volume of limestone and
other rnaterials required by the manufacturing facility, only large dump trucks or similar vehicles
are used, and the trucks are operated at fairly consistent speeds from the quairy operation to the
crushing and screening machinery. Smaller vehicles, such as pickup trucks or cars, are a limited
percentage of the vehicles raveling the unpaved roads within the facility.

Due to the availability of limestone and similar marerials, the unpaved roads at the quarry and
manufacturing facility are constantly constructed and maintained with the raw materials being
extracted. Overall, cement plants are very similar o limestone quarries that provide crushed
stone 1o the road-building and construction industries,
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Although several studies of unpaved roads related to the stone industry are included in the AP-42
Unpaved Road Document, some very dissimilar industries are also included in the development
of the emission factor equarions. Industries such as coal mining, copper smelting, and the iron
and steel] industry may require different types of vehicles, have variarions in the traffic patterns,
and use other materials in the construction of the their unpaved haul roads. For example,
multiple types of aggregate may be used at the above industries due to the lack of the availability
of road-building materials.

The emission factor equations in the AP-42 Unpaved Road Docwnenr are also dependent on data
collected from unpaved roads used by pickup trucks and cars. The use of these vehicles results
in great variations in possible dust generation due to the differences in tires, vehicle speeds, and
vehicle aerodynamic cffects,

Therefore, PCA requests that the EPA consider including the emission factor equarions
developed by the Narional Stone Association (NSA) in the AP-42 Unpaved Road Documen.
PCA believes that the NSA equartions are more representative of the unpaved roads found at a
cement facility. The inclusion of the NSA equations will allow a cement manufacturing facility
to select the equation that best represents the possible emissions from the haul roads related o its
operations. For vour reference, a copy of the cover page of the report summarizing the NSA
findings is artached.

If you have questions or comments regarding this matter, please contact me by telephone at
(847) 966-6200, ext. 319 or by electronic mail at garth_hawkins@poricement.org.

Garth J. Hawkins, P.E.

Environmental Engineer
Environmental/Process Technology

Sincerely,

Enclosure

Copy to: A. Dougherty, A T. O'Hure
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November 24, 1997

U.5. Environmental Protection Agency
Research Triangle Park, NC 27711

Re: Comments Concerning the Proposed Revisions to AP42,
Section 13.2 Unpaved Roads

Dear Mr, Myers:

Thank you for the opportunity to submit constructive technical comments concerning
the proposed revisions to AP-42, Section 13.2.2, “Unpaved Roads”. These comments
concern Sections 4.2.3 and 4.2.5 of the report titled, “Emission Factor Documentation for
AP-42, Section 13.2.2, Unpaved Roads (Draft)”. This report was prepared by Midwest
Research Institute in accordance with EPA Contract 68-D2-0159, Work Assignment No.
4-02. Sections 4.2.3 and 4.2.5 concern stone crushing plant haul road emission factor
tests sponsored by the National Stone Association (NSA). Recommendations for
changes in the Emission Factor Documentation report are provided as part of this
submittal.

NS5A is also working with Air Control Techniques, P.C. concerning comments on Draft
Section 13.2.2. These comments are being provided in a letter from Air Control
Techniques, P.C.

NSA will be glad to meet with you to discuss these comments and those provided in the
letter from Air Control Techniques, P.C. We look forward to continuing to work with
EPA in a cooperative manner to develop accurate and representative PMyp and PM;s
emissjon factors for the aggregates industry.
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Technical Comments Concerning Sections 4.2.3 and 4.2.5 of
Emission Factor Documentation for AP-42, Section 13.2.2, Unpaved Roads (Draft)

" TECHNICAL COMMENTS CONCERNING
SECTIONS 4.2.3 AND 4.2.5 OF THE REPORT TITLED,
"EMISSION FACTOR DOCUMENTATION FOR AP-42, SECTION 13.2.2
UNPAVED ROADS (DRAFT)"

1. BACKGROUND INFORMATION

1.1 Scope of Comments

This document presents technical comments concerning Sections 4.2.3 and 4.2.5 of the report titled,
"Emission Factor Documentation for AP-42, Unpaved Roads, (Draft Report).” This report, dated
September 1997, was prepared by the Midwest Research Institute (MRI) for the U.S. EPA, Emission
Factor and Inventory Group under Contract 68-D2-0159, Work Assignment No. 4-02. The comments
and recommendations prepared by the National Stone Association (NSA) and Air Control Techniques,
P.C. primarily concern the following two sections of the MRI report.

e Section 4.2.3: Reference 3 titled, "Air Control Techniques; PM,q, PM; s, and PM, Emission
Factors for Haul Roads at Two Stone Crushing Plants.”

e Section 4.2.5: Reference 5 titled, "Entropy; PM,o Emission Factors for a Haul Road at a
Granite Stone Crushing Plant.”

Recommendations for changes in the MRI report are provided in Section 2. The basis for these
recommendations is provided in Sections 3 and 4.

2. RECOMMENDATIONS

The National Stone Association requests the following changes conceming the material presented in
Sections 4.2.3 and 4.2.5 of the draft MRI report.

2.1 Recommendations Concerning Section 4.2.3
e The "B" rating assigned to the Garner test should be changed to "A."

o MRI should remove the sentence that states, "Specific water application rates were not
reported, although the watering is said to have occurred approximately every 2.5 to 3 hours.
2.2 Recommendations Concerning Section 4.2.5

o MRI should remove the sentence stating that, "Two sets of hoods stacked vertically were
collocated.

o MRI should remove the sentence stating that, "Testing was discontinued when wind speeds
exceeded 3 mph."

National Stone Association 1 November 24, 1997




Technical Comments Concerning Sections 4.2.3 and 4.2.5 of
Emission Factor Documentation for AP-42, Section 13.2.2, Unpaved Roads (Draft)

e MRI should remove the sentence stating that, "The colocated hoods showed an order of
magnitude difference between the left and right hoods in the concentrations sampled in three
out of the seven tests.,

e MRI should remove the sentence stating, "For the controlled tests, watering occurred on
average every 3.6 hr, however, the water application rate was not reported,

3. COMMENTS CONCERNING SECTION 4.2.3

3.1 Adequacy of the Testing Methodology

The first sentence of paragraph 2 of Section 4.2.3 makes an implied statement that the methodology was
not adequate., .

n

"The study used an upwind-downwind profiling technique that varied from the more commonly
used exposure profiling method."”

A similar statement was included in the fourth paragraph of Section 4.2.3. This statement goes on to

declare that a large rock wall created unrepresentative iestiilg conditions,

"At the Garner test location, a large rock wall that stood immediately behind the downwind
sampling site may have interrupted natural wind flows and/or created a local recirculation
event. The potential wind obstruction and the variation in methodology from common exposure
profiling methods accounted for a "B" rating of the test data at the Garner quarry. The Lemon
Springs test wus assigned an "A” rating."”

It is apparent that MRI has assigned a "B" rating to this test report due to the presence of the "large rock
wall" and due to the testing methodology. NSA objects to these statements and to the "B" rating.

The clearly expressed intent of the NSA sponsored studies was to evaluate fugitive particulate emissions
from quarry haul roads. A major fraction of a quarry haul road at stone crushing plants is in the quarry
pit that varies in depth from 50 feet to more than 300 feet.

One of the testing locations selected for this test program was a portion of the haul road at the Garner NC
quarry of Martin Marietta. As shown in the photographs included with the test report, this location was
approximately 100 feet below the top of the quarry and next to a "large rock wall." The Gamer site is
highly representative of quarry haul roads in the stone crushing industry. The other test location selected
for this test program was at the top of the Lemon Springs NC quarry of Martin Marietta. This site is
representative of the portion of the quarry haul road outside of the quarry pit. NSA believes that the
selection of these two sites was technically correct and justifiable.

There is, in fact, air recirculation due to the close proximity of the face of the quarry wall to the
downwind side of the quarry haul road. This is the natural wind flow condition that exists in a deep
quarry pit, and it must be taken into account during emission factor testing. This recirculation condition
makes the emission profiling technique referred to by MRI difficult to apply for the following reasons.

® The haul road and its "shoulder” are not sufficiently wide for the fifteen meter upwind and
five meter downwind spacing of the monitortng instruments

National Stone Association 2 November 24, 1997




Technical Comments Concerning Sections 4.2.3 and 4.2.5 of ‘
Emission Factor Documentation for AP-42, Section 13.2.2, Unpaved Roads (Draft)

¢ The downwind particulate matter concentration does not necessarily approach ambient levels
at the 21 foot elevation. Accordingly, there is no clear limit to the concentration profile
integration.

Due to the proper selection of the test sites at the Garner and Lemon Springs quarries, the emission
factor data are highly representative of stone crushing plant haul roads. The "B" rating is entirely
inappropriate for the Garner tests. Exclusive use of the "commonly used emission profiling technique"
outside of the quarry where there was sufficient room for the monitoring towers would have clearly been
non-representative of quarry pit haul roads.

3.2 Adherence to the Test Program Protocol

NSA and its contactor, Air Control Techniques, P.C., fully adhered to the test protocol. The first version
of this protocol was submitted by NSA to EPA on May 8, 1995. Based on EPA comments, the protocol
was revised and re-submitted by NSA on July 20, 1995. Both of these versions included the following
statement.

"Due to the short distances between the downwind side of the haul road and the edge of the
quarry cliff, the ambient PM;o monitors may be influenced by PM,, emissions from the quarry
itself or PMp particles formed due to the turbulent eddies that exist at the edge of the cliff."

This comment was included in a section of the protocol explaining why the "commonly used emission
profiling technique” was not applicable. NSA believes that this statement also clearly indicates our
intent to test in the quarry pit itself, not just on the upper portion of the quarry haul road. During an
extended negotiation in the three month period prior to the beginning of these tests in late August 1995,
EPA personnel, at no time, indicated that the proposed test location in the quarry pit or the testing
methodology described in the July 20, 1995 version of the protocol was inadequate. The tests were
conducted under the belief that EPA personnel had every opportunity to review the testing approach and
that all EPA concerns had been fully satisfied. Accordingly, NSA is surprised that MRI has taken the
position on behalf of EPA that the Garner tests should be rated "B" due to the test location and the test
methodology. NSA have done everything in our power to work in a fully cooperative manner with EPA.
Furthermore, we have conducted these tests in complete adherence to the test protocols. The rating of
"B" for the Garner test is completely inappropriate.

3.3 Water Application Rates
The second sentence of paragraph 3 of Section 4.3.2 of the MRI report states the following.

"Specific water application rates were not reported, although the watering is said to have
occurred approximately every 2.5 10 3 hours.”

Appendix D of the emission test report for Gamer and Lemon Springs (pages 100 through 124)
specifically lists the exact time that every haul truck, water truck, pickup truck, tractor, car, and van
passed the sampling assembly. This MRI comment seems to imply that Air Control Techniques omitted
an important variable and was careless in test documentation. This is not correct.

NSA and Air Control Techniques, P.C have fully reviewed the May 8, 1995 and July 20, 1995 test
protocols submitted to EPA prior to the tests. It is clear in these protocols that we did not intend to
record the water application rates. Furthermore, it was not our intent to analyze the data in any manner
that might involve EPA's wet suppression efficiency equation. To our knowledge, this is the only
equation that uses the water application rates as an independent variable. Accordingly, we are surprised
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Technical Comments Conceming Sections 4.2.3 and 4.2.5 of
Emission Factor Documentation for AP-42, Section 13.2.2, Unpaved Roads (Draft)

that MRI has taken the position that we failed to include these data. This MRI criticism is even more
surprising considering that MRI and EPA have not included water application rate data in the revised
haul road equations. If the water application rate data had been present, it is clear that it would have
been ignored by MRI and EPA. This MRI criticism is clearly unnecessary.

NS A would like to emphasis that we adhered fully to the revised test protocol that we submitted to EPA
more than a month before the tests began. At no time during the pretest negotiations did EPA personnel
request these data. NSA requests that MRI's criticism regarding the water application rate data be
removed from their document.

4. COMMENTS CONCERNING SECTION 4.2.5

- | n PPy N - - - P
41 Tha llee of Colocated Push-Pull Hoods

Paragraph five of Section 4.2.5 states the following.

"The 'push-pull’ method used for this study is not considered an accepted methodology for
measuring open source particulate emissions."

Paragraph 4 of Section 4.2.5 states the following.

"The low sampling height at relatively low wind conditions used for this test program potentially
allows the particulate plume to pass over the sampling device without capture.”

After reviewing the Entropy emission test report (Reference 5), NSA and Air Control Techniques, P.C.
believe that the emission factor calculation procedures have not been clearly described, and we
understand how MRI could have misinterpreted these results. Actually, the "push-pull” method
described in the Entropy emission test report is a straight-forward adaptation of the of upwind-downwind
concentration monitoring often used for measurement of fugitive dust emissions. Entropy did not
calculate the emissions based solely on the quantity of air captured by the hoods. It was also not
necessary for the hoods to capture 100% of the haul road emissions in order to facilitate an accurate
measurement of the downwind concentration. It is clear from the sample emission factor calculation
shown on page 12 of the Entropy report that the average wind velocity (not the hood capture velocity)
through the entire testing zone was used to calculate the emission factor. Accordingly, this test used a
conventional upwind-downwind concentration measurement technique.

Entropy used the hoods simply to gather a sufficient gas stream sample to measure the downwind
concentration. As shown in Figure 2-3 of the Entropy report, the hoods were located approximately

1 meter from the side of the haul road. This is considerably closer than the 5 meter position used in MRI
tests. Accordingly, there is considerably less vertical dispersion from the point of dust release next to the
haul road surface to the monitoring site in the Entropy tests as compared to MRI tests. Due to the
extremely close position of the Entropy hoods, a representative sample of the downwind concentration
was obtained

NSA and Air Control Techniques, P.C. do not believe that significant quantities of dust escaped over the
top of the hoods. Almost all of the particulate matter is emitted close to the road surface. This belief is
consistent with the particulate matter emission mechanism described in draft Section 13.2.2.1 of AP-42,
"Particles are lifted and dropped from the rolling wheels, and the road surface is exposed to strong air
currents in turbulent shear with the surface.” The hoods used at Knightdale extended up to ten feet
above the road surface, and smoke tracer tests confirmed that during truck passage, the large majority of
the emissions remained at less than the 10 foot elevation and were sampled by the hoods. 1t should also
be noted that hoods were located immediately adjacent to a 60 foot cliff that was part of the quarry pit
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wall. The 60 foot cliff less than 4 meters from the edge of the haul road also precluded the use of an
emission profiling tower located 5 meters from the haul road.

It should also be noted that the fans on the upwind side of the haul road were used to enhance particie
capture and reduce vertical dispersion of the plumes from the wakes of the haul road trucks. These fans
increased the average wind speed across the road surface and drove the particulate toward the hoods.

4.2 Adherence to the Emission Test Protocol

The "push-pull” upwind-downwind concentration test procedure used at the Knightdale quarry was first
proposed in a series of meetings attended by EPA personnel and NSA personnel in the fall of 1993. It
was described in an emission testing protocol dated December 3, 1993 and submitted to the Emission
Measurement Branch by NSA. EPA personnel did not raise any objections to this test procedure over the
ten month period proceeding the test program. The only comments received was a telephone call from
Dr. Chatten Cowherd of MRI on the first day of testing. NSA and Air Control Techniques believe that
more than an adequate opportunity was provided to EPA and MRI to review the test procedure and raise
any issues necessary. It was clearly unreasonable to delay the comments for over ten months and then
raise issues after the equipment was set-up and testing was underway. It is also unreasonable to declare
that the testing procedure is not an accepted methodology.

4.3. Co-located Hoods
Paragraph 4 of Section 4.2.5 states the following.

"The co-located hoods showed an order of magnitude difference between the left and right hoods
in the concentrations sampled in three out of seven tests."

It is important to note that the side-by-side hoods were not used in a co-located manner. The emissions
data from the two sets of hoods were combined. This is entirely different than the procedures used for
co-located ambient monitors. The term "co-located” was pot used in the Entropy report.

The term "order of magnitude” means a factor of 10. A review of the left and right hood concentrations
at Knightdale indicates that MRI is exaggerating with respect to these differences. The data shown in the
Table below have been taken from Entropy Table 3-3. One of the tests (Uncontrolled Run 4) was a
factor of seven different, and two of the tests (Controlled Runs 1 and 2) were approximately a factor of
five different.

NSA and Air Control Techniques, P.C. have reviewed the Entropy data and believe that the difference is
caused primarily by the location of the left hood relative to an intersection of two haul roads and the
quarry pit haul road near the test site. It was sometimes necessary for haul road trucks to stop and idle
while another vehicle passed through the intersection. The stopping point for vehicles exiting the pit and
approaching the primary crushers was close to the left hood. Air Control Techniques, P.C. believes that
the high concentrations observed in the left hoods during the first two runs were due to the capture of
these idling emissions.
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Technical Comments Conceming Sections 4.2.3 and 4.2.5 of
Emission Factor Documentation for AP-42, Section 13.2.2, Unpaved Roads (Draft)

Comparison of Left and Right Hoods, Knightdale Quarry Pit Tests
Test Left Hood Right Hood Difference
Concentration Concentration Left/Right
grains/DSCF Erains/DSCF
Controlled Run 1 1.05x 10* 2.06 ¢ 10” 51
Controlled Run 2 1.35x 10™ 2.83x 10” 48
Controlled Run 3 2.99x 10* 1.85x 10™ 1.6
Uncontrolled Run 1 5.94x 10* 2.83 x 10° 2.1
Uncoitoiied Run 2 .29 % i0° 1.37 x 107 0.94
Uncontrolled Run 3 2.18 x 10° 2.53x 10° 0.86
Uncontrolled Run 4 7.38 x 10” 5.18 x 107 0.14
Quarry
Unpaved Access Road To Haul Road
Quarry Haul Road
Upwind PM10 Left Hood __....--
Monitor S~ = \[M&....----"""77
0 Right Hood
Degrees '
N .
X Quarry
270 90 . Haul Road
Degrees Degrees ., N
60 Foot Cliff
s
180
Degrees
Primary
Crusher

Figure 1. Arrangement of Test Equipment at the Knightdale Quarry

National Stone Association 6

November 24, 1997



wh

Technical Comments Concerning Sections 4.2.3 and 4.2.5 of
Emission Factor Documentation for AP-42, Section 13.2.2, Unpaved Roads (Draft)

NSA and Air Control Techniques can not find any indications of the possible cause for the difference in
the Left and Right Hood during Uncontrolled Run 4. However, we do not believe that Uncontrolled Run
4 should be treated as an outlier and discarded. Also, it should be noted that more than a factor of seven
variability was described in many of the references used by MRI in developing the proposed unpaved
road equation. The following examples illustrate the extent of differences in these other tests.

Variability of Particulate Emission Factor Data
(MRI Conducted Emission Factor Tests)
MRI Run # Lbs./VMT Difference Silt, % | Moisture, %
Reference

BA-9 0.090 3.35 5.69

2. BA-3 1.32 14.6 6.04 7.41
BB-47 78.2 14.0 5.11

4 BB-46 8.14 9.6 12.7 4.88
AQ7-G 0.390 7 1.2

8 AQ6-C 2.43 6.23 12 1.4

All three studies were conducted by MRI, and all three sets of runs were conducted at similar moisture
and silt levels as indicated in the table above. MRI chose not to discuss the factor of 6 to 14 variability
in their tests runs but was highly critical of the factor of five to seven variability in the Entropy data.

In fact, variability is a common problem in the large majority of fugitive emission testing projects.

4.4. Recirculation Air Flow
The fourth paragraph of Section 4.3.5 states the following.

"Strong evidence of recirculation of emissions 10 the upwind sampler is provided by the fact that
the upwind concentrations increased by roughly an order of magnitude from the controlled to the
uncontrolled tests.”

There is no technical basis for the criticism. The upwind concentrations increased "...roughly an order
of magnitude..." because the upwind ambient air sampler had to be located close to a portion of the
unpaved quarry haul road (see Figure 1). During the uncontrolled tests, this section of the road was not
watered.

Air Control Techniques has recalculated the uncontrolled emission factors by ignoring the contribution
of the upwind dust concentrations to the measured downwind concentrations. By taking this approach,
the data are biased to higher-than-true levels. It is apparent that the revised emisston factors (ignoring
upwind dust concentrations) are only slightly higher than the emission factors reported in the test report.

The order of magnitude increase in the ambient air concentrations upwind of the test location did not

have a significant impact on the reported uncontrolled emission factors as indicated in the table below.
Except for one of the four runs, ignoring the contribution of the upwind air concentration entirely results

in an increase of only 7% to 20% in the calculated emisston factor.

It is important to note that a quarry haul road has an entirely different configuration than a public
unpaved road and haut roads at iron and steel plants. The quarry haul road inherently has a swirl pattern
necessary to allow heavy duty trucks to descend several hundred feet into the pit. Furthermore, there
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Emission Factor Documentation for AP-42, Section 13.2.2, Unpaved Roads (Draft)

must be one or more approach roads to allow the heavy duty trucks, graders, and water trucks to reach the
swirling quarry pit road. In most quarries, an ideal upwind ambient air monitoring site is hard to find due
to the complex road pattern in a compact industrial site. Air Control Techniques believes that Entropy
properly selected a monitoring site and accurately measured the actual upwind dust concentration

approaching the portion of the haul road tested. There is no basis for the "...recirculation " criticism
expressed by MRI.
Re-calculated Emissions Factors Based on Zero Upwind Dust Concentrations
Test Upwind Original PM;o Emission | Revised PMn Emission | % Difference in
Ambient Dust Factor (Taking Into Factor (Subtracting out Emission
Concentration |  Account the Upwind the Upwind Factors,
Concentration) Concentration) Revised/Original
Uncontrolled 1 2.28x10* 0.528 1.10 2.08
Uncontrolled 2 | 2.28x 10* 1.57 1.89 1.20
Uncontrolled 3 | 2.28 x 10* 2.34 2.59 111
Uncontrolled 4 1.75x 10 4.70 5.01 1.07

4.5 Testing Was Discontinued During Certain Wind Conditions.
The third sentence of the third paragraph of MRI Section 4.2.5 states the following.

“Testing was discontinued when sp eeds exceeded 3 miles per hour.”

This statement is a misinterpretation of the comments and data provided in the Entropy report. As stated
in the Entropy report: "Furthermore, the test was delayed if winds in excess of 3 miles per hour shifted
and came from the North or East. As indicated in Figure 1, the hoods were located directly west of the
portion of quarry pit haul road tested. The testing was conducted whenever the winds were from the west
or northwest. Furthermore, testing was conducted during all low wind speed conditions (< 3 mph)
because the upwind side fans generated a west-to-east air flow of approximately 3 mph. Accordingly, the
testing continued during all conditions when the air was flowing in the proper direction.

The testing was interrupted whenever there were strong winds that were not in the proper direction. The
testing was restarted when the winds shifted back to the acceptable direction. Winds from the north or
east that exceeded 3 mph would have caused a bias to lower-than-true emisstons because the hoods were
not in a proper downwind orientation during these time periods. The procedures used by Entropy were
correct. Furthermore, these procedures are entirely consistent with those used by MRI in tests of
unpaved roads.
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Control Techniques, P.C.

301 East Durham Road
Cory, Nerth Caroling 27513

Cffice (919) 460.7811
Fax (919) 460-78%97

November 24, 1997

Mr. Ron Myers
U.S. Environmental Protection Agency
Research Triangle Park, N.C. 27711

Re: Draft AP-42 Section 13.2.2, Unpaved Roads

Dear Ron,

Thank you for the opportunity to comment on Draft AP-42 Section 13.2.2 concerning unpaved roads.
Air Control Techniques, P.C. is providing comments in two separate submittals. This letter provides
constructive comments on the following two aspects of this material included specifically in the Draft
AP-42 Section 13.2.2.

e Applicability of the equation to stone crushing plant haul roads
e General comments concerning the use of the equation

A separate submittal prepared by the National Stone Association and Air Control Techniques, P.C.
provides comments concerning Sections 4.2.3 and 4.2.5 Emission Factor Documentation Report prepared
by Midwest Research Institute for EPA. These sections concern the emission factor tests conducted by
Air Control Techniques, P.C. and Entropy, Inc. for the National Stone Association.

1. Applicability of the Draft Unpaved Road Equation to Stone Crushing Plants

We believe that the predictive equation developed based strictly on emission factor tests at stone
crushing plants is a better predictor of PM,, and PM; 5 emissions than the general emission factor
equation for all types of unpaved roads. This position is consistent with the following statement included
on page 3 of the Fifth Edition of AP-42.

"If representative source-specific data cannot be obtained, emissions information from ... actual
test data from similar equipment, is a better source of information for permitting decisions than
an AP-42 emission factor. When such information is not available, use of emissions factors may
be necessary as a last resort.”

The predictive equations developed based on NSA sponsored tests at stone crushing plants located at
Knightdale, Gamer, and Lemon Springs, N.C. are shown below as Equation 1 and 2.

Epmio = (s/ 3)0'8(M/ 2)709 Equation 1
Epma.s = 025(s/3)°8(M /2™ Equation 2
Where:

Ermio = PM,o Emissions, Lbs./VMT

Epmzs = PM, ¢ Emissions in Lbs./VMT

) = Silt content, %

M = Moisture content, %




Mr. Ron Myers
November 24, 1997
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The use of the precipitation factor from Section 13.2.2 can be used to adapt this equation for predicting
annual emissions. This results in Equations 3 and 4.

365-
Epmio =(s/ 3)0'8 (M/ 2)_0'9 |:(—p):| Equation 3
P

(365~ p)]
p

Epma.s =0.25(s/ 3)0'8 (M/ 2)h0'9|: Equation 4

We believe that these equations are more representative of the PM,o and PM; 5 emissions from stone
crushing plant haul roads for the following reasons.

All tests were conducted on quarry haul roads representative of the stone crushing industry.

e One of the three tests was conducted in the quarry pit.
The vehicle weights and speeds during the test program were representative of the stone
crushing industry.

e The silt and moisture contents of the road surfaces were representative of the stone crushing
industry.

o The surface characteristics of stone crushing plant haul roads are different from other types
of unpaved roads due to the frequent watering, the compaction caused by the heavy duty
trucks, and the high degree of road maintenance provided by plant operators.

A comparison of Equation 1 with the measured PM;oemission factors at the three stone crushing plants is
shown in Figure 1. The R® correlation coefficient for this equation is approximately 59%. A comparison
of the measured PM,, emission factors with the draft unpaved road equation is shown in Figure 2. The
R? correlation coefficient is 54%, slightly lower than for NSA's Equation 1. This means that the NSA
equation explains the variability of the data slightly better than the EPA equation.

The EPA unpaved road equation appears to have a significant bias to higher-than-observed PM;o
emissions for stone crushing plant plants having high haul road moisture levels. This bias is indicated by
the intercept of the linear regression line with the y-axis at a value of approximately 2.0 lbs/VMT. We
believe that this bias is due to the fact that the material present in the silt at stone crushing plants is
inherently more weitable than the silt present on rural unpaved roads (e.g. clay), westemn surface coal
mines (e.g. coal dust and clay), and iron & steel plants (e.g. stag). Use of the new unpaved road equation
may penalize the operators of stone crushing plants that are the most conscientious in maintaining high
moisture levels on their haul roads.

The emission factor data obtained in the NSA sponsored tests appear to be more representative of PM,o
and PM» s emissions from stone crushing industries. This is indicated by the more reasonable form of the
relationship shown between the predicted and observed emission factor data shown in Figure 1.
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2. General Comments

Road Surface Moisture Levels

We believe that the EPA draft equation in its present forrn underestimates the benefits of moisture.
Extrapolation of the curve defined by the equation to the 20% moisture level yields predicted PM,,
emission factors in the range of 1.0 Ibs/VMT as shown in Figure 3. Air Control Techniques, P.C.
believe that the new equation over-predicts PM,; emnissions at high moisture levels,

10.00 i ] .
9.00
8.00
7.00
6.00
5.00
4.00
200 1\
2.00 -

1.00 e ————— AT
0.00

PM10 Emissions, Lbs./VMT

0 5 10 15 20
Moisture Level, %

Figure 3. PM,o Emissions Predicted by the Draft Section 13.2.2 Unpaved Road Equation
as a Function of the Moisture Content (Table 13.2.2-3 Specified Range: 0.03% to 20%)

The curve generated by the equation should approach very low emission factor values at twenty percent
moisture levels. The particulate emissions from essentially all unpaved road surfaces should be very low
at this very high moisture level. The mathematical form of the equation should be reviewed to determine
if there is a more appropriate exponent for moisture that provides a better representation of emissions
from highly moist unpaved road surfaces.

Despite the apparent deficiencies at high moisture levels, the equation appears to have the proper form
for low moisture levels. As indicated in Figure 3, the predicted emissions have an asymptotic
relationship with moisture at levels below approximately 0.3%. We have observed the same relationship
in tests conducted for the National Stone Association.

Precipitation Factor

We agree with the inclusion of the precipitation factor, [(365-p)/365] in Equation 2 of Draft Section
13.2.2, and with the statement that, "...all roads are subject to some natural mitigation because of
rainfall and other precipitation.” However, it would be helpful to add a statement that the precipitation
days should include all days that the road surface is covered by snow or ice, irregardless of the amount of
precipitation occurring on each specific day.
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Vehicle Speed and Other Factors

It is apparent in the Emission Factor Documentation report and in the draft Section 13.2.2 that the EPA
and MRI authors are not entirely confident in the form of the new unpaved road equation. For example,
the following statement is included in Section 13.2.2.3.

"Although vehicle speed does not appear as a correction parameter, it is obvious to anyone who
has driven on an unpaved road that (visible) emissions increase with vehicle speed. "

Air Control Techniques, P.C. agrees with this comment regarding the importance of the speed factor.
Furthermore, we believe that there are a number of other important factors that have a direct and
significant impact on PM,p and PM, semissions. A partial list of these factors include the following.

¢ Vehicle road clearance and the associated magnitude of the turbulent wake as a function of
the vehicle speed

e The tire tread characteristics with respect to the tendency to pick-up and entrain particles into
the turbulent wake of the vehicle

e The tire tangential velocity with respect to the tendency to release particles from the tire into
the turbulent wake of the vehicle

e The actual pressure exerted by the vehicle tire on the road surface that causes pulverization
of silt particles to form PM,, and PM, 5 particles ‘
The grindability of the silt particles
The extent of compaction of the road surface under various wet suppression and/or natural
precipitation conditions

e The extent to which tailpipe exhaust contributes to particle entrainment into the turbulent
wake of the vehicle

Obviously, neither EPA nor NSA has the budget necessary to accurately analyze the possible impact of
all of these important variables. Accordingly, Air Control Techniques, P.C. recommends that EPA
conduct a fundamental particle formation and emission study using modern computational fluid dynamic
modeling (CFD) techniques. These are "First Principle” models that are being actively used in a wide
variety of aerospace design projects, automotive design projects, process equipment design projects, and
air pollution control equipment optimization projects. We have had the opportunity to work on a number
of projects involving CFD, and we are very impressed with the capability and accuracy of this
technology. CFD would provide an economical way to provide a sound technical basis to the unpaved
road equation. For too long, this equation has been based simply on layer after layer of empirical studies
concerning only a few of the important variables affecting emissions. There is now a readily available
technology to provide improved emission factor equations.

I hope that these comments are helpful in finalizing draft Section 13.2.2.

il

it Richards, Ph.D., P.E. and Todd Brozell, P.E.
Air Control Techniques, P.C.




State of North Carolina
Department of Environment,
and Natural Resources
Division of Air Quality

James B. Hunt, Jr., Governor
Wayne McDevitt, Secretary
Alan Klimek, P.E., Director

October 22, 1997

Mr. Ronald E. Myers

U.S. Environmental Protection Agency
Emission Factors & Inventory Group
Mail Drop 14

Research Triangle Park, NC 27711

Dear Ron:

As usual, the state of North Carolina, Division of Air Quality appreciates the opportunity
to provide technical comments on proposed revisions to emission factors and other inventory
guidance. These comments are specifically addressed toward Section 13.2.2 of AP-42 regarding
proposed revisions to “Unpaved Roads.” The first comments below are addressed toward the
Draft Section itself with some additional comments directed toward the background document.
First, let me say that even during this electronic age, it would facilitate review to have a hard
copy provided to eliminate with the retrieval and printout hassle.

I have enclosed a copy of my mark-up {marked pages only), but these are some of the
major comments. The opening sentence of the section has little relevance and should be stricken.
To strengthen the opening and to make it clear as to the revised coverage of this section (i.e., to
aggregate, coal and other industries), this should be explicitly stated along with a summary of
what sections are replaced. The revision should also include instructions to remove the sections
replaced or updates of those sections, if applicable. See further comments on this in the general
comments at the end of this letter.

Table 13.2.2-1 could use some additional clarity. For example, “yard area” should clearly
state that this is the storage area, “Haul” and “Access” should clearly indicate that these are to the
pit or wherever. Is “mean” in the header an arithmetic or geometric variety? Can more
definition be given to the road surface “dirt?” Again, additional explanation of what the new
information in the table are as opposed to old, etc. should be added to provide clarity to the user
who might be familiar with using the old tables in separate sections.

Page ---3: The first paragraph does not seem to describe satisfactorily what was done.
Additional detail and clarity with a reference to the further discussions in the background report
might be helpful. Also on same page, I suggest writing out each equation (PM-30, PM-10, PM-
2.5) separately for clarity, Footnote meaning or equivalence of PM-30, and drop PM-15 as it has
little relevance/meaning. Ido not believe these resulting equations technically merit the “A” and
“B” ratings and should be downgraded at least a letter due to the statistics in the background
report and personal judgement.

Page ---5: The discussion talks about defaults but stops short of a “presumptive default”
equation or expression for crude approximations. Since this is likely to be done anyway, I
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suggest providing such an equation with calculated extremes that can occur if applied without
regard to real input data.

Page ---8: The first full Paragraph discusses collecting new road samples after 6 months
of use. I'sincerely doubt that anyone will likely do this. It is difficult to even get a facility to take
samples at all to estimate emissions.

Page ---10: The section does not explain “Class A pan cvaporauon " and it should. Some
other word changes recommended on enclosed copies.

Page ---12: How does one determine “ground inventory?” Is there a rule of thumb for
default?

Background Report:

Page 1-1: The Second Edition of AP-42 was published in 1972, The earlier “Duprey”
edition was in 1968 or ‘69. Earlier versions of similar documents were issued in 1265 or so.
However, 1 don’t believe fugitive dusts were addressed until the Third Edition, or perhaps a
supplement to the Second or Third Edition.

In the definitions section, “filterable particulate” should be included for completeness. I
would suggest dropping the IP or PM-15 as it is not now used and could be confusing.

In Section 3, measurement methods are discussed. However, the “stone association”
method seems avoided somewhat. Since it has been used and the data evaluated, it should be
inciuded in the descriptions. Here and in Section 4, the evaluations seema bit biased against data
not collected by MRI. Their data may be better or not, but “outside” tests seem more rigorously
critiqued than the other tests. Comments may be valid, but need to be equal and balanced in
presentation so as to not give this impression. For example, “unacceptable” is a judgement given
without any documentation of reasons. Also, it is not reasonable that road widths and such basic
information not included in test reports, even by the same contractor, are not recoverable in some
fashion.

Page 4-29 and thereabouts: Would it not make sense to view the data bases for PM-30,
PM-10 and PM-2.5 separately and independently? There may likely be forces (e.g. static) acting
upon the different sized particles that would best be represented by this treatment. With the
statistics presented on page 4-30&31, the “A” rating on page 4-29 does not seem warranted!

Mid-page 4-37: 0.5 percent” seems to materialize out of the air. Explain “pan
evaporation” and its relevance on the next page. :

General Observations:

There continues to be a generally insufficient level of information and detail for
confidently estimating emissions from fugitive dust sources of all types. This includes
information which would assist in relating sources more closely with their ambient impact. The
parameters upon which the emissions should be based are fairly intuitive and the existing
equations seem to address those. However, there is a gap of acceptance of these emissions as
being part of the “real world” of sources which are emitting into the ambient air and for which
we are comfortable with emissions being well correlated with their ambient impact. The
complexity of resulting equations generally precludes a majority of facilities from estimating
their emissions in this manner. The availability of a simple, stable, defensible and usable (user
friendly) computerized model to accomplish this would be of assistance, but perhaps be only a
partial solution. It might be helpful to develop several (based on aridity, soil characteristics, etc.)
models which could represent different parts of the country and types of facilities and make the
calculations simpler, although somewhat more crude. Facilities and agencies are somewhat
geared to permit conditions, so this might provide a means to categorize further the estimation of
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emissions, application of controls and operations.

Reading the section, I could not help but wonder if some future reviews and updates
should not address this problem a little differently. For example, would an approach to separate
the mechanical lifting forces and the air turbulent forces in the analysis be productive? Also, for
PM-10 and PM-2.5, I doubt if it is still appropriate to look at just silt analysis. I am sure silt is
still a crude and somewhat commonly availablae indicator, but the size particles being simulated
are so much smaller than silt that one can not help but wonder if there is not a finer delineation
within “silt” that is necessary before a determination of this sector can be appropriately made.

This report on fugitives from unpaved roads does not sufficiently show the comparison of
old parameters and results with the newer ones. Irecommend that each estimation process,
including those for aggregate operations, coal mines, paved roads, etc. be examined in a case
study comparison approach so the reader can view them side by side and evaluate the impacts of
the revisions. One is understandably reluactant to adapt and apply a new set of numbers without
having some concern about and evaluation for what this will do to the existing data structure and
integrity built up over the previous years of application. A clear concise compariscn detailed in
the background report and summarized in the sections themselves would facilitate this level of
confidence. A cross reference to any applicable (EIIP) estimation methods would be helpful.

Again, thanks for the opportunity to review and provide input to this process.

Sincerely,
~

Jimi Southerland, Engineer I

cc: Laura Butler, Chief, Permits Section
Brock Nicholson, Chief, Planning Section
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EMISSION FACTOR DOCUMENFATION FOR AP-42 SECTION 13.2.2
Unpaved Roads
-7
1. INTRODUCTION \o@ '

The document Compilation of Air Pollutant Emissjon Factors (AP-42) has been published by the
U. S. Environmental Protection Agency (EPA) since @ Supplements to AP-42 have been routinely
published to add new emission source categories and to update existing emission factors. AP-42 is routinely

updated by EPA to respond to new emission factor needs of EPA, State and local air poliution control

programs, and industry.

An emission factor is a ue that attemnpts to relate thékmantity of a pollutant released

to the atmosphere with an activity associated with the release of that pollutant. Emission factors usually are

expressed as the weight of pollutant divided by the unit weight, volume, distance, or duration of the activity
that emits the pollutant. The emission factors presented in AP-42 may be appropriate to use in a number of
situations, such as making source-specific emission estimates for area wide inventories for dispersion
modeling, developing control strategies, screening sources for compliance purposes, establishing operating
permit fees, and making permit applicability determinations. The purpose of this report is to provide
background information from test reports and other information to support revisions to AP-42

Section 13.2.2, Unpaved Roads.

This background report consists of five sections. Section 1 includes the introduction to the report.
Section 2 gives a characterization of unpaved road emission sources and a description of the technology used
to control emissions resulting from unpaved roads. Section 3 is a review of emission data collection and
emnission measurement procedures. It describes the literature search, the screening of emission data reports,
and the quality rating system for both emission data and emission equations and methods of emission factor
determination. Section 4 details how the revised AP-42 section was developed. It includes the review of
specific data sets, a description of how candidate the emission equation was developed, and a summary of

changes to the AP-42 section. Section 3 presents the AP-42 Section 13.2.2, Unpaved Roads.

Throughout this report, the principal pollutant of interest is PM-10—particulate matter (FM) no
greater than 10 umA (microns in aerodynamic diameter). PM-10 forms the basis for the current National
Ambient Air Quality Standards (NAAQS) for particulate matter. PM-10 thus represents the particle size

‘ range that is of the greatest regulatory interest. Because formal establishment of PM-10 as the standard basis
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for the NAAQS occurred in 1987, many earlier emjssion:tests (and in fact the current version of the unpaved

road emission factor) have been referenced to other particle size ranges, such as,

TSP  Total Suspended Particulate, as measured by the standard high-volume (hi-vol) air sampler. Total
suspended particulate, which encompasses a relatively coarse size range, was the basis for the
previous NAAQS for PM. Wind tunnel studies have shown that the particle mass capture efficiency
curve for the hi-vol sampler is very broad, extending from 100 percent capture of particles smaller
than 10 micrometers to a few percent capture of particles as large as 100 micrometers. Also, the
capture efficiency curve varies with wind speed and wind direction, relative to roof ridge orientation.
Thus, the hi-vol sampler does not provide definitive particle size information for emission factors.

However, an effective 0 um aerodynamic diameter is frequently assigned to the standard

hi-vol sampler.

SP Suspended Particulate, which is often used as a surrogate for TSP, is defined as PM with an
aerodynamic diameter no greater than 30 umA. SP may also be denoted as “PM-30.”

i Inhalable Particulate is defined as PM with an aerodynamic diameter no greater than 15 umA. 1P
may also be denoted as “PM-15."”

FP Fine Particulate is defined as PM with an aerodynamic diameter no greater than 2.5 umA. FP may
also be denoted as “PM-2.5.”

The EPA promulgated new PM NAAQS based on PM-2.5, in July 1997.
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3. GENERAL DATA REVIEY; AND ANALYSIS PROCEDURES

3.1 LITERATURE SEARCH AND SCREENING

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 \lscument vas-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 compiled after a thorough review of the pertinent reports, !

documents, and information according to these criteria. ‘
3.2 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 ernissions unless the plume can be drawn into a forced-flow system. The following presents a bref

overview of applicable measurement techniques.

3-1
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1. In attempting to quantify a large area squree,joperlapping of plumes from upwind (background)

sources may preclude the determination of the specific contribution of the area source,

2. 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.

3. The usual assumption that an area source is uniformly emitting does not allow for realistic

representation of spatial variation in source activity.

4. The typical use of uncalibrated atmospheric dispersion models introduces the possibility of
substantial error (a factor of three according to Reference 4) in the calculated emission rate, even if the
ctrinant va
uulllbvlll

requiremicni of unobsiiucied dispersion from a simplified (e.g., constant emission rate from a single

point) source configuration is met.

On an even more fundamental level, typical traffic volumes on unpaved roads are far too low to
represent the road as a steady, uniformly emitting line source for dispersion analysis purposes. A far better
representation (but one which, unfortunately, is not available at this time) would view the unpaved road source

as a series of discrete moving point sources.

Just as importantly, it is not clear that “cosine correction” used to account for the effect that an
oblique wind direction has on line sources is applicable to the case of an unpaved road. As the plume is
released, dispersion occurs in all three cartestian coordinate directions. Only dispersion in the direction parallel
to the plume centerline would be negligible. Depending on the direction a vehicle is traveling, an oblique wind
would appear to dilute or "concentrate” the plume mass seen by the samplers, as compared to the case of a
perpendicular wind. Correction for each plume depends upon the magnitude and direction of the wind relative
to vehicle velocity vector.

o

The other measurement technique, exposure profiling, offersl distinct advantages for source-specific
quantification 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 effective

cross section of the fugitive emissions plume. This technique uses a mass-balance calculation scheme similar

3-3
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To characterize emissions from unpaved rqags; pne could use the geometric mean emission factor
(i.e., the arithmetic mean of the log-transformed data). However, attempting to characterize emissions from
data spanning several orders of magnitude, from extremely large mine haul trucks to light-duty vehicles on

county roads, with a single valued emission factor is futile. As an alternative to a single valued mean, an

emission factor may be presented in the form of a predictive equation derived by regression analysis of test

data.

The general method employed in regression anlaysis is to first examine the physical forces that affect
the dependent variable, to construct an empirical model reflective of those forces, then to use regression to
provide a best fit. Such an equation mathematically relates emissions to parameters which characterize those
measurable physical paramefers having the most affect on the emissions. Possible parameters considered may

be grouped into three categories:

1. Measures of source activity or energy expended (e.g., the speed, number of wheels, and weight of
vehicles traveling on an unpaved road). As a practical matter useful vehicle-related parameters should be
observable at a distance under normal traffic conditions. Most secondary parameters such as tire size,
pressure, etc., are correlated with gross vehicle characteristics such as vehicle weight as related to the type of

vehicle (light duty automobile, tractor trailer, etc.).

2. Properties of the material being disturbed (e.g., the content of suspendable fines in the surface

material on an unpaved road or the moisture content of the surface material).

3. Climatic parameters (e.g., number of precipitation-free days per year during 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 variances in specific source parameters. This enables
more reliable estimates of source emissions on a site-specific basis. In general, an equation’s success in
explaining variance is gauged by the R-squared value. If an equation has an R-squared value of 0.47, then it is

said to “explain” 47 percent of the variance in the set of emission factors.

It should be noted, however, that a high value of R? may sometimes prove misleading in developing an

emission factor equation for a particular data set. For example, an equation may be “fine tuned” to the

3-6




DRAFT

CA\CHIERTEMP\D13502B.WPD -

9/3/97

developmental data set by including an additional qg@_qign parameter, but in a manner that is contrary to the
physical phenomena of the dust generation process. This was illustrated in a field study conducted for the
Arizona Department of Environmental Quality (as described in Section 4) that found that inclusion of moisture.
and silt content as correction parameters would require that they enter into the equation in a manner opposite
to common sense. That is to say, emissions would increase with increasing moisture content and would
decrease with increasing silt content. In that instance, it is important to recognize that the goal of an emission
factor equation is not to provide a near-perfect fit to the emission measurements in the developmental data
base, but rather to provide reasonably reliable estimates of emissions for situations where no test data are

available.

A generic emission factor equation is one that is developed for a source operation defined on the basis
of a single dust generation mechanism that crosses industry lines. Clearly, vehicle travel over unpaved roads is
aot only a coinunon operation in aimost all industries but also represents a general, public source of particulate

emissions.

Unpaved road source conditions encompass extreme variations. For example, average vehicle
weights on unpaved roads (ranging from country roads to mining haul roads) easily span two orders of
magnitude. Furthermore, there is also a wide range in surface material properties. Silt and moisture contemf’
for the available test data span one and two orders of magnitude, respectively. Not surprisingly, these
correction parameters (like the emission factor values) are better characterized by a log-normal rather than

(arithmetic) normal distribution.

Furthermore, normal and log-normal distributions appear to fit other vehicle-related variabies (speed
and number of wheels) equally well. Because standard tests of significance assume normal parent populations,
regression of log-transformed data is far more appropriate than regression of untransformed vaiues. The log-

linear regression results in a multiplicative model.

To estabiish its applicability, a generic equation should be developed from test data obtained in
different industries. As will be discussed in Section 4, the approach taken to develop a new unpaved road
equation has been to combine (to the extent possible) all emission tests of vehicles traveling over an unpaved
surface. The combination is made without regard to previous groupings in AP-42. In particular, tests at
surface coal mines are combined with tests of unpaved roads within other industries and tests of publicly

accessible unpaved roads.




i ]

DRAFT

CACHIERTEMP\D13502B.WPD
9/3/97

3.3 EMISSION DATA AND EMISSION FACTQR, QUALITY RATING SCHEME USED FOR THIS
SOURCE CATEGORY!?**

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 uncontrolled emission factor quality rating scheme
used for this source category represents a refinement of the rating system developed by EPA for AP-42
emission factors. The scheme entails the rating of test data quality followed by the rating of the emission
factor(s) developed from the test data, as described below.

In the past, test data that were developed from well documented, sound methodologies were viewed
equally and assigned an A rating. Although side-by-side studies would better define the differences in
precision between upwind/downwind and profiling methodologies, historical experience has granted a greater
degree of confidence in the ability of profiling to characterize the full particulate emissions plume. In this
document, test data using sound, well documented profiling methodologies were assigned an A rating. Test

data using sound, well documented upwind/downwind methodologies were assigned a B rating.

In evaluating whether an upwind-downwind sampling strategy qualifies as a sound methodology, the
following minimum test requirements are used. At least five particulate measuring devices must be operated
during a test, with one device located upwind and the others 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.

For upwind/downwind testing, it is generally assumed wind speed and direction are constant. To
maintain a likeness of constant conditions, the downwind sampler should be shut down when the wind speed
drops below 75 percent or raises above 125 percent of the predetermined design speed for periods longer than
3 minutes. Once the wind speed has retumed to the acceptble range of 90 percent to 110 percent for
2 minutes, the downwind sampler should be restarted. Samplers should also be shut down when the wind
direction varies by 10° or more from the predetermined design direction for longer than 3 minutes. Once the
wind direction has returned to the acceptable range for two minutes, the samplers should be restarted. General

procedure includes shutting down the upwind sampler during the same periods the downwind samples are shut

.,w (W Tt Samflioy opfreect ]

The minimum requirements for a sound exposure profiling program are the following. A one-

dimensional, vertical grid of at least three samplers is sufficient for measurement of emissions from line or
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high volume air sampler v/ a cyclone preseparatqrgmeasured upwind concentrations at 2 2 m height. Warm

wire anemometers, located ... heights of 1 and 5 m, measured wind speed. Road widths were not reported.

The unpaved road testing focused on particulate emissions from scraper travel and light-duty vehicles.
Six uncontrolled scraper tests and three uncontrolled light duty vehicle tests were completed. In addition,
watering was utilized as a control for two controlled scraper tests. The test data were assigned an “A” rating.

Table 4-3 presents summary test data and Table 4-4 presents detailed test information.

4.2.3 Reference 3

This test program presents the results of sampling at two stone crushing plant quarries in August

1995. This study was undertaken to accurately measure PM-10, PM-2.5, and PM-1 emissions from a

controiled haul road at a stone quarry. Testing occurred at Martin Marietta’s Garner and Lemon Springs 7
quarries in Noith Carolina. : e _ e
ot o L C&WC@"B%%!

The study used an upwind-downwind profiling teEhnique varied from the more commonly used

exposure profiling method. Mwere drawn into 10 sample nozzles 8 to 10 inches in diameter

that joined a single downcomer connected to an 18 in. horizontal duct. The vertical sampling occurred

approximately 3 m downwind of the source. The system maintained a total gas flow rate of approximately
2,500 acfm. Sampling occurred along the 18 in. horizontal duct using EPA Method 201A for in-stack
measurements of PM-10. Particle distribution for downwind measurements were collected with a cascade
impactor and a nephelometer. Upwind measurements were made using a hi-vol sampler at a height of 15 ft, a
cascade impactor, and a nephelometer placed only a few meters upwind. The roads were 30 ft wide at both
test sites. Analysis included polarizing light microscopy (PLM) that measured particles of combustion

products. Wind direction was required to be +60° of perpendicular to the line source.

Three emission tests were completed at both Garner and Le...on Springs. All samples were
considered controlled through water application during the test periods. Specific water application rates were
not reported, although the watering is said to have occurred approximately every 2.5 to 3 hours. Table 4-5

presents summary test data and Table 4-6 presents detailed test information. Noncombustible particulate
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for PM-10 and from 30 to 60 percent for TSP. A symmary of emissions data is presented in Table 4-7 and

detailed test information is presented in Table 4-8.

The study evaluated the independent haul road test data against the AP-42 Westemn Surface Coal
Mine (Fourth Edition, Section 8.24, September 1988), the AP-42 Unpaved Road (Equation 2-1), and the
Wyoming Department of Environmeatal Quality emission factor models and found none to adequately
estimate independent emissions. With the exception of the generic AP-42 unpaved road emission factor (i.e.,
Equation 2-1) for PM-30, each model considered exhibited a systematic bias toward over- or under-prediction.
It is important to note that the AP-42 Section 8.24 (now Section 11.9) haul road emission factor equation
{Equation 4-1) generally performed no better in predicting the independent hau! road emission factor results
than did the “generic” unpaved road equation (Equation 2-1) in AP-42 Seétion 11.2 (now Section 13.2).

AP-42, Section 8.24, Haul Truck Emission Equation (now Section 11.9)

E,, = 0.0019 (w)** (L)°2 Equation 4-1
where:
E,; = TSP emissions
w = mean number of wheels
L = land surface silt loading (g/m?)
AP-42, Section 8.24 Vehicle Traffic (light/medium duty) Equation (now Section 11.9)
Eos 1.63 4
g th -
M) S Equation 7
where: | - {
Q\r \ 3 W \j S
M = material moisture content (%) " 5

P

The 1992 field study also provided new independent tesy data against which the performance of the

Section 8.24 (now Section 11.9) factor (Equation 4-2) for lig o medium-duty traffic could be assessed.

|

That same model was found to be capable of providing{unacceptable dstimates-in some cases. This is believed
‘to be the result of the model’s dependence on the fourth power of moisture content. Again, the generic AP-42

unpaved road emission factor equation (Equation 2-1) performed at least as well as the equation in the surface
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coal mining section (Equation 4-2). A Segtiond;3 of this report, these findings prompted thinking to

combine all unpaved travel emission tests into one large data set for emission factor development.

The test data were assigned a rating of A. The report included adequate detail and the methodology

meets the requirements for a sound exposure profiling system.

4.2.5 Reference 5

The testing protocols followed what the report termed a “push-pull method.” Four 36-inch diameter
circulating fans were utilized on the upwind side of the road and large hoods were located downwind to capture
particulate emissions. Two sets of two hoods stacked vertically were collocated. *A set of hoods consisted of
two hoods each four ft high by seven ft wide with one located 2 ft and the other seven ft above the ground.

The road width was 40 ft. Emissions captured in a set of hoods were drawn through a common 12 inch duct
and sampled for PM-10 using EPA Method 201A. One hi-vol PM-10 ambient sampler was located upwind of
the circulating fans. Wind speed and wind direction were also monitored.

Three controlled tests and four uncontrolled tests were performed. All seven tests utilized both sets of
hoods and the results from both sets were averaged for the emission factor calculations. Testing was
discontinued when wind speeds exceeded 3 mph. Controlled tests utilized water as the dust suppressant. For
the controlled tests, watering occurred on average every 3.6 hr, however, the water application rate was not

reported. Table 4-9 presents summary test data and Table 4-10 presents detailed test information.

Need 30 show Jechurens P M0 mf“

, Nt Copg)

The “push-pull method” used for this study is not considered an accepted methodology for measuring

f
open source particulate emissions. The colocated hoods showed an order of magnitude difference between the
left and right hoods in the concentrations sampled in three out of seven tests. Suéng evidence of recirculation

7
of emissions to the upwind sampler is provided by the fact that the upwind concentrations increased by
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roughly an order of magnitude from the controlled jg;theyuncontrolied tests. The low-sampling height at
relatively low wind conditions used for this test program potentially allows the particulate plume to pass over
the sampling device without capture. The test data were assignec{ a“D"” mﬁngknd were not used in the

development of the AP-42 emission factor equation. L :

4.2.6 Reference 6 | lMWQ

This study performed field sampling on Arizona rura] roads in Pima, Pinal, and Yuma counties. The
study also recommended a mathematical model to estimate emissions from unpaved rural roads for arid and
serniarid regions, based on a review of historical data as well as Arizona-specific field sampling résults.
Particle emission sizes of interest in this study were TSP and PM-10. Contrary to expectation, the
examination of the historical data base did not find a systematic underprediction of emissions from unpaved

roads in the arid portions of the Western United States,

Exposure profiling formed the basis of the measurement technique used at the Arizona sampling sites.
For this study, two downwind arrays were deployed 5 m from the road. Each array had three sampling heads
located at heights of 1, 3, and 5 m. One downwind unit was fitted with cyclone preseparators. The other

downwind unit was equipped with cyclones for half the sampling periods and with standard high volume roofs

for the other sampling periods. In addition, one pair eac e and dichotomous samplers were

operated at a 100 ft downwind distance. No road widths were reported. [Jpwind measurements were obtained
with a vertical array containing two sampling heads, a stan i-vol sampler, and a dichotomous sampler.

Wind speed was measured with warm wire anemometers 4t two heights (1 and 5 m), and wind direction was

3w’¢9"'\ PR kaws {

A total of 27 PM-10 and 9 TSP emission tests were conducted during May and Jﬁne 1990. Vehicle

measured at a single height.

passes were controlled during testing periods and three vehicle speeds were tested (35, 45, and 55 mph). The
test data were assigned an “A” rating. Table 4-11 presents summary test data and Table 4-12 presents
detailed test information. The report examined how well the data developed in the field tests agreed with the

current version of the AP-42 emission factor.
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Although the AP-42 equation provided reasgnally accurate results when applied to the field tests
conducted in this study, another emission factor model was developed. Common travel speeds on rural
unpaved roads in Arizona generally fail outside the range of values in the AP-42 model’s underlying data base.

As a result of the numerous industrial road tests, the data base generally reflected heavier vehicles than are

con roads. Giventhe i mpaved road emissions in Arizona, development of an
empirical relationship specific to that situation was warranted. . ) ‘\ /)

‘ Jj TV AT o7 L
4.2.7 Reference 7 N \ N I . o
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This iesiing program focused on paved and unpaved road particulate emissions at an integrated iron
and steel plant near Philadelphia, Pennsylvania, in November 1989. Exposure profiling was used to
characterize one unpaved road (Site “X") located near the center of the facility and used principally as a
“shortcut” by light-duty vehicles.

Two tests were conducted using a profiling array, with sample heights from 1.5 m to 6.0 m, that
measures downwind mass flux. A high-volume, parallel-slot cascade impactor was employed to measure the

downwind particle distribut hi-vol sampler was utilized to determine the downwind TSP mass

The unpaved road was treated with chemical suppressants prior to and throughout the testing period.

Therefore, the results of this test program were not included in the development of an uncontrotled unpaved
road emission equation. The data may be used to estimate the degree of dust control provided by the chemical
suppressants. The control efficiencies for PM-10 were estimated to be 80 to 90 percent. Control efficiencies
for TSP were estimated at 70 percent to 80 percent for the unpaved road chemical suppressants. Table 4-13

presents summary information and Table 4-14 presents detailed test information,

4.2.8 Reference 8
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This study obtained data on the control effectiveness of common dust suppressants used in the iron
and steel industry. Tests were conducted from May through November, 1985, at LTVs Indiana Harbor
Works in East Chicago, Indiana, and at Armco’s Kansas City Works in Missouri. The testing program
measured control performance for five chemical dust suppressants including two petroleum resin products
(Coherex® and Generic 2), a emulsified asphalt (Petro Tac), an acrylic cement (Scil Sement), and a calcium

chloride solution.

-
" -

The éx’posure profiling methodology was utilized for all testing. The downwind exposure profiler

contained sampling heads at 1.5, 3.0, 4.5, and 6.0 m. Particle size distribution was determined both upwind

and downwind with high volume cascade impactors. Wind was monitored at two heights and wind

‘\( oY ;+w25:?

A total of 64 tests were completed with seven uncontroiled tests and 57 controlled tests. Suppressants

direction was monitored at a single height. Road width was not repo

tested at Indiana Harbor Works were initially applied as follows: Petro Tac at 0.44 gal/yd?, Coherex® at 0.56
gal/yd?, and calcium chloride at 0.25 gallyd®. All five suppressants were tested at the Kansas City Works

facility and were initially applied at the following rates: Petro Tac at 0.21 gal/yd?, Coherex® at 0.21
Soil Sement at 0.16 gal/yd?, Generic at 0.14 gal/yd®, and calcium chioride at 0.24 galfyd>.

d?,

rating of “A” w

assigned to the data. Testing followed an acceptable methodology and the test report was well décumented. “
U biosed 5tas)
Rl o 128y < E’O(‘S& 0 e,

Total particulate, IP, PM-10, and PM-2.5 were measured during this study. A control efficiency of
50 percent or greater was measured for all chemicals tested. Reapplication of the suppressant resulted in a
notably higher level of control. A cost-effectiveness comparison found little variation between suppressants i
under the test conditions with the exception of a nonfavorable comparison of calcium chloride. Table 4-15

presents summary test data and Table 4-16 presents detailed test information.

The report also discussed the development of models to estimate the control efficiency of different
chemical dust suppressants. As was discussed at the end of Section 2, various suppressants do not appear to
affect the road surface characteristics in the same way. As a result, this makes performance models based on

surface physical parameters unfeasible.
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4.2.9 Reference 9 DRAFT

This study included seven tests of controlled, unpay aces and four tests of uncontrolled,

unpaved surfaces at a power plant. Data were givén an “A” rating” Airbomne particie size fractions of interest
in this study are total particulate, TSP, IP, PM-10, an -2.5. A section of road within the facility’s coal
yard was tested in August 1985. The road was a permanent ramp up the main stockpile and is used by

scrapers for both stockpiling and reclaiming operations.

Particulate emissions were characterized using three downwind exposure profilers, each consisting of
profiling heads at Eeights of 1.5, 3.0, 4.5 and 6.0 m. (The use of three profiling systems allowed
continuous testing after water application by staggering the operation of the samplers.) Three high-volume,
parallel-slot cascade impactors equipped with cyclone preseparators were used to characterize the downwind
particle size distribution at a height of 2.2 m. One cyclone/impactor combination was used to characterize the
upwind particle size distribution and total particulate concentration. Wind speed was measured with warm-
wire anemometers at two heights (3 and 6 m) and wind direction was measured at a single height (4.5 m). )

Also, incoming solar radiation was measured with a mechanical pyranograph. Road width was not reported. J
f
Spal @

provide effective control for 3 to 4 hours with 35 vehicle passes/hr. The control efficiercy Tor TSP averaged
74 percent over the 3 hours and the PM-10 control efficiency averaged 72 percent over 3 hours. The control
efficiency closely correlated to the surface moisture coatent, with a higher moisture content increasing the -
controi efficiency. A summary of the emissions data is presented in Table 4-17 and detailed test informatien

is presented in Table 4-18.

1

4.2.10 Reference 10 )
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This report presents test results from a Jung,d 384; test at U.S. Steel’s Gary Works in Gary, Indiana.
The study was conducted to compare exposure profiling methodologies as used by five independent testing
organizations to characterize fugitive emissions originating from vehicular traffic. The source tested was a
paved road simulated as an unpaved road through the addition of exceptionaily high road surface loading
(600,000 Ib/mile).

An exposure profiler with 5 sampling heads (located at heights of 1.5, 3.0, 4.5, 6.0, and 7.5 m) was
used to characterize downwind emissions. Particle sizing was determined using cyclone/impactors located
alongside the exposure profiler. Particle sizes of interest in this study included total particulate (TP), <30 um,
<15 um, <10 um , and <2.5um in aerodynamic diameter. One cyclone/impactor and one cyclone were
deployed upwind for backgrbund measurements. Warm wire anemometers measn.n'ed wind speed ;t two
heights (1.5 and 4.5 m). The road was reported to be 30 ft wide. .l E’IL v Z\ %A/L) |

The material used to cover the road surface was a mix of clay, iron ore and boiler ash.’

Reasonably good agreement was found between the AP-42 unpaved road emission factor equation

emission data collected for the simulated unpaved road. However, the report noted that this was a surprising
result fora npumber of reasons. First, the material (a mixture of clay, iron ore and boiler ash) used to simulate
the surface is not typical of unpaved roads. There were also concerns about the homogeneity of the material
spread over the five test sections. These problems were further complicated by the fact that the source
conditions were not at a steady-state. Instead, the surface loading (mass of material per unit area) steadily

decreased throughout the week of emission testing.
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The three controlled conditions in this studyin¢luded a 20 percent solution of emulsified asphait
(Petro Tac) applied at 0.7 gal/yd?, water applied at 0.43 galfyd?, and a 20 percent solution of petroleum resin

(Coherex®) applied at 0.83 gal/yd* followed by a repeat application of 12 percent solution 44 days later.

The control effectiveness was reportéd as the number of vehicle passes that occurred as the control
efficiency decayed to zero. The initial asphalt emuision application had an estimated lifetime of
91,000 vehicle passes for PM- 10, the initial petroleum resin application had an estimated lifetime of
7,700 vehicle passes for PM-10, and the water application had an estimated lifetime of 560 vehicle passes for

PM-10. Also, a reapplication of the petroleum resin had an estimated lifetime of 23,000 vehicle passes for

PM-10. &WWM“ mw y J 7

A co\schfe(:tiveness was calculated for each of the three controls as follows: the Petro Tac initial

Y

application was $0.06/1b of PM-10 reduced; the Conerex® initial application was $0.64/ Ib of PM-10
reduced; the _Cohercx@ rcappﬁchtion was $0.16/1b of PM-10 reduced; and the water application was $1.30/1b
of PM-10 reduced.

This study was conducted to develop emission factors for major surface coal mining activities

occurring in the western United States. Results are reported of testing conducted in 1979 and 1980 at three
surface coal mines located in Wyoming, North Dakota, and New Mexico. Sampling was conducted on the
following mining operations: drilling, blasting, coal loadiﬁg. bulldozing, dragline operations, haul trucks, light-
and medium-duty trucks, scrapers, graders, and wind erosion of exposed areas, Particulate sizes measured
include, TSP, IP, and PM-2.5.

Exposure profiling was used to measure emissions from line source activities such as vehicle traffic
on unpaved roads and from scraping and grading. Comparisons of data from profiling and upwind-downwind
methods were made for scrapers and haul roads. A modified exposure profiling methodology was utilized for
blasting emission measurements, and a wind tunnel was used to measure wind erosion emissions. Area source

emissions such as coal loading were tested with an upwind/downwind methodology.

415
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Experiment 14 was conducted on the limestone road but.ipis not know whether at the same location as

experiments 16 and 17. Experiment 18 was conducted at the glacial road.
Although specific data reduction methods are not described, it is assumed that a linear profile was

used to characterize exposure values. As noted earlier, this would lead to maximum exposure at ground level

and to a systematic high bias in the emission factors reported. f

ese data were not used during develop ent of

4.3 DEVELOPMENT OF CANDIDATE EMISSION FACTOR EQUATION “'"’f

Because supporting documentation is not available,

the emission factor equation.

For unpaved roads, an emission factor equation is much more successful than a single-valued average
in predicting particulate emissions at different sites with varying source parameters.| This section describes the

development of the emission factor equation that will be proposed for the updaxed AP-42 Unpaved Road g

Sectlon. ! f\\ J
] } & R M%ctl“‘""

Various road surface and vehicle charactenstlcs jrhaw an impact on the particulate emissions

from unpaved roads. Those parameters most likely to influence the particle emissions, while at the same time

are able to be measured in a practical manner, are considered for the emission equation development. The

“possible Parameters may be grouped into three categories: (a) measure of source activity (b) properties of the

material being disturbed and (c) climatic parameters. \ 7

\ coh A BQ

The measure of source activity includes the speed and weight of the vehicles traveling on the unpaved
road. This category would also include the number Zf wheels of the vehicles in contact with the unpaved road.
Subparameters that affect the particle emissions might also be considered; however, cost conscience efforts
and clarity considerations for potential emission equation users have narrowed in-depth reviews of these
subparameters. These subparameters may include the following: the turbulence created by the aerodynamics
and clearance of the individual vehicle traveling on the unpaved road; the unique characterisics of the tire such
as width, pressure, and tread design; angle of wheels compared to vehicle thrust; and wheel slippage over the
unpaved road surface. Also, if extensive detailed traffic data were available for 15,0004+ vehicle passes in the
current data set, it would be possible to consider the relation of emissions of tangential wheel velocity

compared to vehicle speed.
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The properties of the material being disturbed incjudes moisture content and the content of the
suspendable fines in the surface material. Although difficult to characterize within the magnitude of the
available data, emissions could potentially be affected by interactions between dust particles of different
physical characteristics. Conditions of the unpaved road may also be considered such as the characteristics of
the road base (e.g., compacted, hardbase, washboard). Difficult to characterize variability in road conditions
and resultant complexity of the emission equation were considered as basis for not including the road base

characteristics in the emission factor equation.

Climatic characterization is generally reflected by the precipitation-free days per year on which
emissions tend to be at a maximum. The radiant energy of the sun may be important when determining the
control efficiency of watering, and in effect the average moisture content of the surface material. Direct

moisture measurements are appropriate in this case.

The parameters readily measureable and applicable to a general unpaved road equation include
surface silt content, surface moisture content, mean vehicle weight, mean vehicle speed, and mean number of
wheels. Discussion of the analysis of these parameters continues later in this section.

¥

The development of a revised unpaved road emission factor equation was built upon findings from the
reviewed data sets. First, the decision was made to include all tests of vehicles traveling over unpaved
surfaces. For example, tests of scrapers in the “travel mode” between cut and fil! areas were included. Also,
tests of very large off-road haul trucks used in the mining industry were also included in the developmental
data set. On the other hand, graders blading an unpaved road were not included because of the low speed and
the additional road surface disturbance involved. This decision had the effect of greatly expanding the
historical data base. Not only are far more data available, but the data encompass a wider range of vehicle

weights and travel speeds.

The decision to composite the data sets was based on findings from Reference 4, which dealt with the
western surface coal mining industry. It was found that the general unpaved road emission factor equation

(Equation 2-1) performed as well in gstimating emissions from haul truck and light- to medium-duty vehicles

as did factors developed specifically for those sources within westem surface coal mines.
—— ———

Next, the decision was made to add tests of watered roads to tests of uncontrolled roads, because

moisture content is also affected by natural mitigation resulting from climatic factors. Chemically controlled
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unpaved roads were not included because those treatmentycause lasting physical changes to the road surface.
A review of the measurable physical characteristics (silt content and moisture content) of chemically controiled
unpaved roads found no identifiable trends. Reference 8 examined the historical data base and concluded that

a general control estimation method based on surface characteristics was not feasible.

The inclusion of both uncontrolled and watered roads was based on findings in the Reference 4 study.
That study and a later review included moisture as a potential correction parameter in developing a predictive
equation for unpaved roads. It was found that both the old (Reference 14, circa 1980) and new (Reference 4,
1992) haul truck data could be successfully fitted with one equation that applied to both watered and

uncontrolled surfaces. The decision was also supported by a similar approach taken in de ing the cunent
AP-42 paved road equation. In that case/controlled and uncontrolled tests were combined.
. ,QJ.

Inclusion of watered surfaces in the data base recognizes a fundamental difference in

of water controls emissions (as opposed to the addition of other types of suppressants). First, the addition of
water is a short-term control measure and is sifnilar to the effect of rain. In addition, it causes no permanent
change in the road surface characteristics. To an extent, one could argue that a road subject to frequent rain is

no different than a road which is routinely watered.

Finally, the decision was made to focus on PM-10 emission tests. Because Equation 2-1 was
developed earlier than the 1987 promulgation of the PM-10 NAAQSs, this represents a major departure from
the way in which the current AP-42 factor was developed. The focus on PM-10 was also the approach taken
in developing the newest AP-42 emission factor for paved roads. The approach requires that the models

developed for different particle size ranges be “consistent,” in the sense discussed below.

As a first step, the “developmental” data base was prepared from the test reports discussed in the

previous section, with the following exceptions:
1. No test data were included from Reference 5. As noted earlier, these data were rated “D.”
2. No data were included from Reference 7, because the unpaved road considered had been previously

treated with a chemical dust suppressant. Also, individual tests of chemical dust suppressants in other

references were not included.
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Equations 4-1 and 4-2 represent the two candidate ¢missiqn factor equations considered in this study.

Initially, preference was given to Equation 4-1 because the inclusion of speed was viewed as providing
additional predictive accuracy for instances involving very slow or very fast traffic. Furthermore, the resulting
equation would (like the current AP-42 model) allow one to gauge the effect of speed reduction as a control
technique. Equation 4-1 was initially chosen and validation of that model proceeded.

However, in the validation, it was found that almost no additional predictive accuracy was achieved
and that the equation does not permit actual estimates of the effects of speed reduction. The inclusion of speed
was highly dependent on the data set being used. For example, exclusion of only cre or two low-speed tests
from the data resulted in speed not entering the regression at even the 15 percent ¢ f significance. On the
other hand, dropping those tests had no effect on the other terms in the model. Thus, the four-parameter model
(Equation 4-1) appeared to be relatively unstabie. ‘

{Furthermore, the power to which speed is raised is not consistent with past stud/ic_sl Reference 6.
/
and other older studies designed to assess the influence of vehictespeed on PM emissions, powers between 1

and 2 have been found. Note, however, that those studies were able to separately*consider different speeds by

supplying “‘captive” traffic during testing,

This is in pointed contrast to how the effect of speed is gauged in this study. Here, because data from
many studies have been assembled and because the vast majority of tests do not rely on “captive” traffic, it is
not possibie to isolate the effect of speed on emissions. Without the benefit of captive traffic, it is not
surprising that weight and speed are highly intercorrelated in the data set. Furthermore, speed and emissions
are not significantly correlated in the developmental data set. In fact, there is a negative (although not

significant) correlation between emission factor and speed.

It is crucially important to keep in mind that predictive accuracy is the goal of any emission factor
equation. With this in mind, the predicted-to-actual ratios for Equation 4-1 were compared to those for
Equation 4-2. The summary statistics follow:

Equation 4-1 Equation 4-2

(with speed term) {(no speed term)
Minimum 0.104 0.100
Maximum 30.1 274
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Geometric Mean 1.02 DRAFT 0.986
Geometric Std. Dev. 2.74 2.71

{(Note that geometric rather than arithmetic statistics are used here. The reason for this choice is explained in

Section 4.3.1). In comparing the two sets of statistics, it is clear that the inclusion of a speed term in Equation

g

e who has driven /cm an unpaved road that vehicle speed affects

4-1 lends almost no additional accuracy.

Nevertheless, it is obvious to any
emissions, with faster vehicles generatihg more dust than slower ones. For this réason, it was decided to
incorporate the findings of the captiveitraffic studies into the AP-42 section, independent of the emission -
factor equation. 9 ;-O &35\ YT O \_/‘[/‘ ) a')il >
. st o s v mf VIS / ‘
In summary, the following emission factor equation is recommended for estimating PM-10 emissions

from vehicles traveling over unpaved surfaces:

E,p = 1.6 (s/12)% (W/3)24/(M/1)°3 (4-3)

where:

E,; = PM-10emission factor (Ib/VMT)
s = surface material silt content (%)
W = mean vehicle weight (tons)

M = surface material moisture content (%)

Note that the "normalizing factors” of 12 percent silt and 3 tons are the same as for the current AP-42
model. This allows one to compare the leading term of 1.6 Ib/VMT in Equation 4-3 to the factor of
2.1 Ib/VMT inherent in the current version of the unpaved road predictive model.* This agrees with an earlier
finding that "re-centering” the current factor to available PM-10 data would require reducing the leading term

by about 30 percent.

Erep = 5.3 (s/12)%% (W/3)™5/ (M/1)%# (4-4)

¢ That is, the leading value of 5.9 (in Equation 2-1) times the aerodynamic particle size multipiier of 0.36 for
PM-10.
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[IR AFTGeometric mean ratio
PM-2.5/PM-10 PM-15/PM-10
Uncontrolled (n = 108) 0.140 1,53
Watered (n=20) 0.196 146
Overall (n=128) 0.148 1.52

No significant difference was found between the ratios for watered versus uncontrolled conditions, so the
overall mean wae apnlied, Furthermers, no significant comclation {at the S percent level) was found between

cither ratio and emission factor, silt, moisture, weight, speed, or number of wheels,
In summary, the following emission factor equation is recommended for inclusion in AP-42:

E =Kk (s/12)* (W/3)> (M/1)* nﬂﬂété) q’

where: k, a, b and ¢ are empirical constants given below and \)3 0 b

E=size-specific emission factor {Ib/vmt) N o . / /{ g
s = surface matenal silt content (%) 3 Loy ) / ¢
W = mean vehicle weight (tons) \} Y {0 z 4
M = surface material moisture content (%) \\ h l!,%/

o
The parameters for size-specific emission factors in Equation 4-5 are given below: M

Empirical constant | PM-2.5 | PM-10 | PM-15 | PM-30 o 2 J{?
; O
k 0.24 1.6 2.4 5.3 p OBLKQLH)
1.
a 08 [ 08 | os | o8 | w¥) Mdfb /5”%
b 0.4 0.4 0.4 0.5 .
0) -
c 03 { 03 | 03 | -04 60)& 1a4:‘6‘(°r

(o7
ﬁw\Based on the rating system given in Section 3.5, both the PM-10 and PM-30 emission factors are
rated “A.”

A-rated model,
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4.3.1 Validation Studies DRAFT

A series of validation studies were undertaken to examine the predictive accuracy of the various

emission factors recommended in the preceding section. Validation focused on the PM-10 model.

This section discusses the performance of the model primarily in terms of the predicted-to-measured
ratio:

einission factor predicted by inodel
measured emission factor

As a practical matter, because of the log-linear regression used to develop the emission factor models, the log -

of the predicted-to-measured ratio is identical to the “residual” or error term:
residual = log(predicted) - log(measured) = log(predicted-to-measured)

Throughout this section, summary statistics are presented in terms of geometric mean and standard deviation.
This follows directly from the use of log-linear regression. Furthermore, use of the geometric mean is clearly
more appropriate to describe ratios than the arithmetic mean for the following reason. Unlike the arithmetic
average, the geometric clearly represents the tendency of the ratio. For example, consider the following 10

(hypothetical) ratios:

Eomqa\uhmw-—-g

Arithmetic mean
Geometric mean

By using the arithmetic mean of the predi

predictions were about 37 percent higher than the measured. This would lead one to naturally expect that the
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measured values were roughly 37 percent lower thanthejpredictions. However, it is seen that the arithmetic
mean of the measured-to-predicted ratio is in fact 1.84 which is greater than 1.37. On the other hand, the

geometric mean has the property that it is equal to the inverse of the mean for the inverse ratio.

In addition, because of the log-linear regression, the residuals are log-normally distributed. For this

reason, logarithmic plots of the residuals are presented.

The first two PM-10 validations used the data base assembled for develoning the model, The firet
made use of a cross-validation analysis of the PM-10 data set. In this approach, each data point is eliminated
one at a time. The regression obtained from the “reduced” data base is used to estimate the missing data

({91}

value. In this way, a set of “n” quasi-independent observations is obtained from the data set of “n” tests.

The PM-10 cross-validation (CV) shows that the model is fairly accurate for a very broad range of
source conditions. Table 4-31 indicates that, although the model may slightly under- or overpredict emission
for some specific subset of the data base, the general agreement is quite good. The CV analysis further found

that, for the quasi-independent estimates of the measured emission factors:

1. 52 percent are within a factor of 2; \\/Q\.A V\
2. 73 percent are within a factor of 3; ' > )\) O‘LL U}J
- ope ! ' RS 7{ i v

3. 90 percent are within a factor of 5; and f' 40, A , Mf

4. 98 percent are within a factor of 10, YL )4
\\ M F’el c&, 5 f? \

Plots of the residuals versus the PM-10 emission factor, silt, moisture, weight, speed and wheels are
presented in Figures 4-1 through 4-6, respectively. In examining the PM-10 residuals (i.c., the error between .
the predicted and measured observed emission factors), it was found that Equation 4-5 tends to overpredict the
lowest and underpredict the highest measured factors. In other words, the model appears to have a systematic

bias at the extremes of the parent data base. This tendency is expected of models developed from regression A}
Jz 5

techniques. H
hniq &W\J\QM % &Uﬁ/(

The only other significant relationship found for the re51du s in the PM-10 cross- vahdauon mvolvcd
the tendency of the equation to overpredict emissions for very slow speeds. The equation does not exhibit this
bias for mean vehicle speeds 15 mph and higher. Figures 4-7 and 4-8 present separate residual plots for

average vehicle speeds below and at 15 mph or higher, respectively. For the 19 tests conducted with an

S\\/W %xﬁ‘\**w 4316\W @W

Qj\\)m\:uh' \ 5 «NQU'\J\ 5*'0015 /Q-}VW\/ cJ}
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average speed less than 15 mph, the emission factoreguation overpredicted by approximately 80 percent. In
contrast, at speeds higher than 15 mph (and especially for speeds 45 to 55 mph) the residuals are symetrically

distributed about the line of perfect agreement.

The finding that the equation overpredicts for very slow speeds also influences how to account for the
emission reduction due to speed control. This overprediction suggests that speed reduction has a near linear
effect on emissions. That is, for an approximately 50 percent reduction (i.e., from 30 mph to less than 15
mph) in speed, the emission factor is roughly 50 percent lower than expected (i.e., overpredicted by about

--«80. percent), this is consistent with the linear reduction based on the current AP-42 factor (Equation 2-1). For

: -_t.!leéléai'ehSons,-a linear effect for speed reduction is included in the revised AP-42 section.
LS -)'f“‘g, wab Y k“‘r?\?jf.ﬂ Syonld o Hren MJNMM_DM
~ M}\ il 3'3 1 ?
A limited second validation of the PM-10 factor reserved approximately 20 to 25 percent of the data
base for validation purposes. Test data were randomly selected for inclusion in either the “development” or
the “validation” data set. Two separate random selections were performed. The development data set is used
to develop the relationship which is used to estimate tests in the validation set. The first development set led

to the following predictive equation for PM-10:

E = 1.55 (s/12)°® (W/3)%4 / M0-33 (4-6)
and Development Set 2 led to the following equation for PM-10:
E = 1.72 (s/12)°30 (W/3)043 ) MO°28 4-7

Note that both development sets led to equations very similar to that in Equation 4-3. When the two

models were used to predict data in the validation sets, the following summary statistics resulted:

Ratio of predicted to measured

Validation set | No. of cases Minimum Maximum Geo. mean Geo. std.dev.
1 n=41 0.123 0.926 2.92
2 n =40 0.125 6.58 1.27 2.63

Unlike the quasi-independent estimates obtained in the cross-validation, the above truly represent

independent applications of an emission factor model developed thrqugh stepwise regression technique. For
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measured value observed is to be expected. Neverthelagsyboth the PM-2.5 and PM-15 factors in Equation 4-5

provide very acceptable estimates of measured emission factors.
4.4 DEVELOPMENT OF DEFAULT VALUES FOR ROAD SURFACE MATERIAL PROPERTIES

As noted earlier, all previous versions of the AP-42 unpaved road emission factor have included the
road surface silt content as an input variable. The predictive equations recommended in the last section are no
exception. AP-42 Section 13.2 has always stressed the importance of using site-specific input parametears to
develop emission estimates. Recognizing that not all users will have access to site-specific information, AP-

42 has included methods to allow readers to determine default values appropriate to their situation.*

Table 13.2.2-1 currently in AP-42 contains default silt information for various applications. As part
of this update, the table was modified to (a) include updated information on construction sites and log yards
and (b) reformat the information for publicly accessible roads. Item (a) was a relatively straightforward

process. On the other hand, item (b) required a thorough reexamination, as described below.

Furthermore, it was necessary to develop default information for moisture content. Because
content is raised to such a low power (exponent of 0.3 in Equation 4-3), the use of default values should not
result in unacceptable levels of uncertainty in the resulting emission estimates. For example, for uncontrolled
industrial roads, when the recommended default value of 1 percent moisture is used,_then 96 percent of the
resulting emission factor estimates are within a factor of 2; 2 percent of the resulting emission factor estimates
are within a factor of 1.5; and 52 percent of the resulting emission factor estimates are within a factor of 1.25
of the emission factor estimate based on the site-specific moisture content. Similarly, when a default value of
0.5 percent is used for publicly accessible roads in the developmental data set, all 43 of the resulting emission

factor estimates are within a factor of 2 of the value based on site-specific moisture content.

In order to develop default information for publicly accessible unpaved roads, a data set of available

silt and moisture contents was assembled. The 78 data points were collected either as part of a field emission

¢ The inclusion of the surface moisture content as an input variable is not considered to represent an undue
burden on the users of AP-42. In particular, the methods presented in AP-42 Appendix C.2 require oven
drying before sieving. In other words, determination of the silt content of a road surface sample requires
that the moisture content of the sample also be determined. Thus, users of AP-42 who have already

determined site-specific values for road surface silt content should have corresponding moisture content
information available as well,
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3. gravel vs. dirt roads DRAFT

were undertaken to determine if there existed significant differences in either moisture or silt content. The
small-sample comparison of means test was used with the level of sighiﬁcance set at 10 percent. When
appropriate, a one-sided alternative hypothesis was used. For example, one could reasonably expect, on an a

priorj basis, that on average

1. gravel roads have lower silt contents than dirt roads; and

2. moisture contents are lower in the western U.S. than in the East

When there was no 3 priori reason available, a two-sided alternative hypothesis was selected. For example,
there was no reason to suspect that one set of gravel roads would have higher silt contents than the other. In
that case, the alternative hypothesis selected was that the mean silt contents for eastern vs. western gravel

roads are not equal.

Given the limitatio ilahle data set, it is not particularly surprising that the pairwise
comparisons led to somewhat contrad@:sm)%r example, although the data set indicated that eastern
dirt roads had a higher average moisture content eastern gravel roads, that result was not found for

western roads or for roads ov

, gravel surfaces were found to have a lower mean silt content
than dirt when (a) only eastern roads and (b) all roads were compared. That is, no significant difference was
found for silt contents between western gravel and dirt roads. Results from the pairwise comparisons are
summarized below. In the table, “S” and “M"” indicate that a significant different (10 percent level of

significance) in the mean value of the silt and moisture content, respectively, was found in the comparison.
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Comparison of gravel vs, dit”®\F'T Comparison of East vs, West

East S M Gravel -- -
West - Dirt - M
Overall S - Overall - -

In keeping with the findings summarized above, it was decided to provide separate defauit silt values
for gravel and dirt roads, for use throughout the United States (i.e., no distinction between east and west).
Furthermore. only one default moisture content would be provided for use on any type of publicly accescible

unpaved road in the country. The default values for silt content are based on the corresponding mean values in

the assembled data set:
Mean
Gravel Roads 6.4 percent
Dirt Roads 11 percent

The mean overall moisture content for the data set is 1.1 percent. However, this value substantially differs
from the mean moisture content of 0.6 percent for tests of emissions from publicly accessible unpaved roads.

ended that this not serve as the basis for a default value in AP-42. Instcad a default value of

imended for publicly accessible unpaved roads. - o =
f'} £ u

Y OF CHANGES TO AP-42 SECTION A,Q,\v { /\/\

W

4.5.1 Section Narrative
The major revisions to AP-42 Section 13.2.2, Unpaved Roads, are as follows:

1. Text surrounding the emission factor equation was revised to reflect the new equation and provide
more background information on how the equation was derived.

2. The discussion on defaults and quality ratings was substantially expanded. In particular, there is a
description of the model’s performance when used to predict emissions from very slow-moving traffic and a
presentation of a default value for moisture content.

3. The extrapolation to annual conditions (incorporating natural mitigation) has been revised to

reflect the variables contained in the new equation,
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4. Section 13.2.2.3, “Controls,” was re-orggpizedrand re-written. The section now begins with an
overview of three basic control methods (vehicle restrictions, surface improvement, and surface treatment).
Extensive new material was added to address the effect of speed reduction and watering on fugxtlve‘d“l\
emissions from unpaved roads. A new method for “prospective” analysis based on class A pan evaporation

was added. Slight revisions were made to the material presented for chemical unpaved road du_st.supprcssants.
R

5. The revised Table 13.2.2-1 is as follows [bold indicates additions, sn'ikec_)ijts indicate deletions):
j
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[Draft] Table 13.2.2-1. TYPICAL SILT GQNTENT VALUES OF SURFACE MATERIAL
ON INDUSTRIAL AND RURAL UNPAVED ROADS"

Silt Content (%)
Road Use Or Surface Plant No. Of
Industry Material Sites Samples Range Mean
Copper smelting Plant road 1 3 16-19 17
Iron and steel production Plant road 19 135 02-19 6.0
Sand and grave] processing Plant road frrjc,ua- & a;av i 3 41-60 48
Ly trA .
[Yard area ] 1 1 . 7.
Stone quarryingand | ) ~ . i
orocecting v L Ao - p’y 4 Iy 24-10 10
Havi-read + 19 So~—15 96
Haul road [ (. p ;r> s 20 5.0-15 8.3]
Taconite mining and
processing Service road 1 8 24-71 43
Haul road 1 12 i8.97 5.8
Westem surface coal " '_)
mining Haul road (@—;m ek 3 21 28-18 8.4
Access road (,\,o;wo J"’”a 2 2 49-53 5.1
Scraper route PATAL 3 10 72-25 17
Haul road
(freshly graded) 2 5 18-29 24
[Construction sites Scraper routes 7 20 0.56-23 8.5]
[Lumber sawmills Log yards 2 2 4.8-12 8.4]
Ruratroads Gravebermsed E 9 13 &5
-itmestone
Birt ZF 32 68 o
Munictpad-roads Hnspecifred 3 26 13 ==
Municipal solid waste
landfills Disposal routes 4 20 22-21 6.4
[Publicly accessible roads Gravelcrushed
limestone 9 46 0.10-15 6.4
Dirt 8 24 0.83-68 11]

* References 1,5-16.

wm O e show 2

W/uu«?'

D w(f,J 0. OwLu\i‘?Wl$ »15'/
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Constants for Equation 1 pased-qn the stated acrodynamic particle size

Constant PM-2.5 | PM-10 | PM-15 | PM-30
k (Ib/VMT) 0.24 1.6 2.4 5.3
a 0.8 0.8 0.8 0.8
b 0.4 0.4 04 0.5
c 0.3 -0.3 -0.3 0.4
Quality rating B A B A

' erl 2N 9";/

W ol Y

i
. , AF TLASN k
) J\)N’e e H i 1/
P A
W

ll') i
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This is preliminary material, in draft form, for purposes of review. This materm@e
cited, or in any other way considered or used as final work. @n@
13.2.2 Unpaved Roads A ( ¢ w/
b f g
13.2.2.1 General ~d ~pr

w. When a vehicle travels an unpaved road, the force of the wheels on the road surface causes
puiverizarion of surtace material. Particles are lifted and dropped from the roiling wheels, and the road

surface is exposed to strong air currents in turbulent shear with the surface. The turbulent wake behind the
vehicle continues to act on the road surface after the vehicle has passed. U}""‘M AN M

ke Jo }w&dw wecharead

13.2.2.2 Emissions Calculation And Correciion Parameters'™ Ja-@(.\ ::Q 145

The quantity of dust emissions from a given segment of unpavcd road varies hnearly thh the volume
of traffic. Field investigations also have shown that emissions depend on source parameters that characterize
the condition of a particular road and the associated vehicle traffic, Characterization of these source

parameters allow for “correction” of emission estimates to specific road and traffic conditions.

Dust emissions from unpaved roads have been found to vary directly with the fraction of silt
(particles smaller than 75 micrometers [um] in diameter) in the road surface materials.! The silt fraction is
determined by measuring the proportion of loose dry surface dust that passes a 200-mesh screen, using the

ASTM-C-136 method. Table 13.2.2-1 summarizes measured silt values for industrial and public unpaved

roads. Foa PM-10 wod PM-2.S. 35 st sl 44
T!DT\M/L{ Vars oA oy /-_;_ y}-?’-/ Mary 22 Fiveq ’S: ,
Since the silt content of a rural dirt road will vary with geographic location, it should be measured for '
use in projecting emissions. As a conservative approximation, the silt content of the parent soil in the area
can be used. Tests, however, show that road silt content is normally lower than in the surrounding parent soil,

because the fines are continually removed by the vehicle traffic, leaving a higher percentage of coarse

particles.

Miscellaneous Sources \ 5 t LT /132241




Draft Table 13.2.2-1, TYPICAL SILT CONTENT VALUES OF SURFACE MATERIAL
ON INDUSTRIAL AND RURAL UNPAVED ROADS*

DRAFT

*References 1,5-16.

13.2.2-2

EMISSION FACTORS

7

Silt Content (%)
Road Use Or Plant No. Of
Industry Surface Material Sites Samples Range Mean<{> ?LO .
Copper smelting Plant road 1 ' 3 16-19 17
Iron and steel production Plant road 19 135 02-19 6.0
Sand and gravel processing Plant road . 1 3 41-6.0 4.8
ot t.\'o\r*@
Yard'area- 1 1 - 7.1
Stone quarrying and processing Plant road 2 10 24-16. 1 10
Haul road (% p D 4 20 5.0-15 8.3
Taconite mining and processing Service road 1 8 24-7.1 43
Haul road (¥ @\v\p) 1 12 39-9.7 | 58
Western surface coal mining Haulroad (3o ptt) [ 3 21 28-18 | 84
Access road 7 2 2 49-53 5.1
N Yerdad o -y |
Scraper route 3 10 72-25 17
Haul road ,
(freshly graded) 2 5 18-29 24
Construction sites Scraper routes 7 20 0.56-23 8.5
Lumber sawmilis Log yards 2 2 4.8-12 8.4
Municipal solid waste landfills Disposal routes 4 20 22-21 6.4
Publicly accessible roads Gravel/crushed
- limestone 9 46 0.1-15 6.4
Dirt /bladod b ongs ) 8 24 | 08368 | 11
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A stepwise regression of the results from field measurements of PM-10 emissions and TSP

emissions (or its surrogate - PM-30 emissions) was used to develop the predictive equation given below for

size-specific emissions from vehicles traveling over unpaved surfaces. Both uncontrolled and watered roads
were included in the data base of 180 PM-10 and 92 TSP tests. Estimates of PM-2.5 and PM-15 emissions

were developed from the PM-10 predictive equation and mean PM-2.5 to PM-10 ratios and PM-15 to PM- 10
ratios. EUPAM W@ﬁw7 /\(WA«O W""Q‘
d’ 0 l)’
The following empirical expression may be used to estimate the quantity in pounds (Ib) of Udag j’*"lﬂ
size-specific particulate emissions from an unpaved road, per vehicle mile traveled (VMT):

E = k (s/12)* (W/3)® (M/1)¢ ' )
where k, a, b and ¢ are empirical constants (Reference 6) given below and /, .: D !
E= size-specific emission factor (Ib/'VMT) }5

s = surface material silt content (%)

W = mean vehicle weight (tons) / /
M= surface material moisture content (%) /Z ) /)j/ n/

The source characteristics s, W and M are referred to as corrrection parameters for adjustmg the emission
estimates to local conditions. The metric conversion from ib/VMT to grams (g) per vehicle kilometer
traveled (VKT) is as follows:

1 Ib/VMT =281.9 g/VKT

The constants for Equation | based on the stated aerodynamic particle sizes are shown in Table 13.2.2-2.

Draft Table 13.2.2-2. CONSTANTS FOR
EQUATION 1

e /
Constant | PM-2.5 | PM-10 \PMJi5 | PM30T[ ¥ F=Assu!

TP
k (16/VMT) 0.24 1.6 2 5.3 27 fw' JWQ“’GL il

a 0.8 0.8 8 0.8

b 0.4 0.4 4

c -0.3 -0.3 -0
Quality rating /%j c A B @QB

\f\//

Table 13.2.2-2 also contains the quality ratings for the various size-specific versions of Equation 1. The

equation retains the assigned quality rating, if applied within the ranges of source conditions, shown in
Table 13.2.2-3, that were tested in developing the equation:

Miscellaneous Sources 13.2.2-3
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Draft Table 13.2.2-3. RANGE OF SOURCE CONDITIONS 4& EQUATION 1

Mean Vehicle Weight Mean Vehicle Speed Surface

Surface Silt Mean No. of Moisture
Content, % Mg ton km/hr mph Wheels Content, %

1.2-35 1.4-260 1.5-290 8-88* 5-55 4-7° 0.03-20

* See discussion in text.

As noted earlier, Equation 1 was developed from tests of traffic on unpaved surfaces, either
uncontrolled or watered. Unpaved roadsthave a hard, generally nonporous surface dﬁ@ dries quickly

after a rainfall or watering, because of traffic-enhanced natural evaporation. (Factors influencing how fast a

road dries are discussed in Section 13.2.2.3, below.) The quality ratings given above pertain to the mid-range
of the measured source conditions for the equation. A higher mean vehicle'wcight and a higher than normal

traffic rate may be justified when performing a worst-case analysis of emissions from unpaved roads.

It is important to note that the vehicle-related source conditions refer to the average weight, speed,
and number of wheels for all vehicles traveling the road. For example, if 98 percent of traffic on the road are
2-ton cars and trucks while the remaining 2 percent consists of 20-ton trucks, then the mean weight is 2.4
tons. More specifically, Equation 1 is not intended to be used to calculate a separate emission factor for each
vehicle class within a mix of traffic on a given unpaved road. That is, in the example, one should not
determine one factor for the 2-ton vehicles and a second factor for the 20-ton trucks. Instead, only one
emission factor should be calculated that represents the "fleet" average of 2.4 tons for all vehicles traveling
the road.

Furthermore, although mean vehicle speed and the mean number of wheels do not explicitly appear in
the predictive equation, these variables should be considered when determining quality ratings. During the
validation of Equation 1, it was found that the predictive equation tends to overpredict emissions for very
slow mean vehicle speeds. The equation does not exhibit this bias for mean vehicle speeds of at least
15 mph. u“j/

vehi it-isrecemmended AT the result from Equation 1 a
multiplied by the following facto o naatpalile Conndy O ) heot oo Ao Cg.,/l,aw}m'g’/ﬂ
Wovs Wb o we i as poandd.  (15-5)1s
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where S is average vehicle speed (mph). The quality rating should be downgraded 1 1ettc%6—\. ) N f A .

Moreover, to retain the quality ratings when addressing a specific unpaved road, it is necessary that
reliabl cc;:'z‘:ction parametet \;'alcl_xes be determined for the road in que;tiot'n. The field aFd laboratory
procedures for detemliningf’;(;ad‘gma(gsilt and moisture contents are given in AP-42 Appendices C.1
and C.2. Vehicle-related parameters should be developed by recording visual observations of traffic. In
some cases, vehicle parameters for industrial unpaved roads can be determined by reviewing maintenance

records or other information sources at the facility.

In the event that site-specific values for correction parameters cannot be obtained, then default values
may be used. A default value of 2.2 tons is recommended for the mean vehicle weight on publicly accessible
unpaved roads. (It is assumed that readers addressing industrial roads have access to the information needed
to develop average vehicle information for their facility.) In the ahsence of site-specific silt conieni
information, an appropriate mean value from Table 13.2.2-1 may be used as a default value, but the quality
rating of the equation is reduced by two letters. Because of significant differences found between different

types of road surfaces and between different areas of the country, use of the default moisture content value of

0.5 percent for dry conditions is discouraged.OThc quality rating should be downgraded two letters when the
default moisture content value is used. { QA«A_HAD w\}w ' 23 %-ﬁrei W W’u

_ ALY _—
The effect of routine watering to control emissions from unpaved roads is discussed below in

Section 13.2.2.3, “Controls”. However, all roads are subject to some natural mitigation because of rainfall
and other precipitatioq. Equation 1 can be extrapolated to annual average uncontrolled conditions (but
including natural mitigation) under the simplifying assumption that emissions occur at the estimated rate on
days without measurable precipitation and, conversely, are absent on days with measurable (more than

0.254 mm [0.01 inch]) precipitation:

B, = k (8/12)* (WI3) (M, /1Y [(365 - p)/ 365) )

where s, W, k, a, b and c are as given earlier and

E.. = annual size-specific emission factor extrapolated for natural mitigation, Ilb/VMT
M,, = surface material moisture content under dry conditions, %
p = number of days with at least 0.254 mm (0.01 in) of precipitation per year (see below)

The quality ratings for Equation 2 are two letters lower than those given earlier for Equation 1.

Miscellaneous Sources 132.2-5
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Equation 1, the control measure must effectively reduce the fleet average speed. In order to substantially
reduce the speed of all vehicles, this control option is most applicable to rural public roads. However,

effective enforcement of the new speed limit may prove problematic. -

The control efficiency afforded by speed reduction should be considered as ﬁnear. Thus, if the
average speed is effectively reduced by 30 percent (e.g., from 50 to 35 mph), then a control efficiency of
30 percent should be appl_icd to the emission factor. Past testing programs have used “captive” traffic to
tightly control vehicular characteristics. These tests involve very short periods (1 to 2 hr) of increased or
reduced travel speeds. Under these conditions , it was found that emissions depend upon speed raised to a
power between 1 and 2. However, if the long-term, average speed is reduced on an unpaved road, the road

surface silt content can be expected to change. In other words, the silt content will reach a new equilibrium

condition as the grinding of material is balanced by the emission process. It is strongly recommended that, at !

the end of 6 months, a new road surface sample be collected and analyzed (in the manner described in
Appendices C.1 and C.2). The new surface silt content should then be used in Equation 1 for calculation of a

new uncontrolled emission factor, without further adjustment for speed.

Surface improvements. Control options in this category alter the road surface. As opposed to the
“surface treatments” discussed below, improvements are relatively “permanent” and do not require periodic

retreatment.

The most obvious surface improvement is paving an unpaved road. This option is quite expensive
and is probably most applicable 1o relatively short stretches of unpaved road with at least several hundred
vehicle passes per day. Furthermore, if the newly paved road is located near unpaved areas or is used to
transport material, it is essential that the control plan address routine cleaning of the newly paved road

surface.

The control efficiencies achievable by paving can be estimated by comparing emission factors for
unpaved and paved road conditions. The predictive emission factor equation for paved roads, given in
Section 13.2.4, requires estimation of the silt loading on the traveled portion of the paved surface, which in
turn depends on whether the pavement is periodically cleaned. Unless curbing is to be installed, the effects of
vehicle excursion onto unpaved shoulders (berms) also must be taken into account in estimating the control

efficiency of paving.

13.2.2-8 EMISSION FACTORS
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C=100-[(0.0012ADT)/ I} ] 3

where: C= average control efficiency (%)
= mean annual class A pan evaporation, as discussed below (in.)
= average hourly daytime traffic rate (vehicles/hr)
= water application intensity (gal/yd?)

e
= time between water applications (hr) @ {Tb/[t/ Y B

Figurc 13.2.2-2 pioscnis ine geographical distribution fol\Class A pan evaporation For the United States. The
above equation should be used for prospective analyses and for designing watering programs for existing
roadways. The quality rating of an emission factor for a watered road that is based on Equation 3 should be
downgraded 2 letters.

As opposed to watering, chemical dust suppressants have much less frequent reapplication
requirements. These materials suppress emissions by changing the physical characteristics of the existing
road surface material. Many chemical unpaved road dust suppressants form a hardened surface that binds
particles together. After several applications, a treated road often resembles a paved road except that the
surface is not uniformly flat. Because the improved surface results in more grinding of small particles, the
silt content of loose material on a highly controlled surface may be substantially higher than when the surface
was uncontrolled. For this reason, Equation 1 cannot be used to estimate emissions from chemicatly
stabilized roads. Should the road be allowed to return to an uncontrolled state with no visible signs of large-
scale cementing of ma;terial, Equation 1 could then be used to obtain conservatively high emission estimates.

et ¥

The control effectiveness of chemical dust suppressantsclependgf on a) the dilution rate used in the
mixture, b) the application rate (volume of sclution per unit road surface area); c) the time between
applications; d) the size, speed and amount of traffic during the period between applications; and e)
meteorological conditions (rainfall, freeze/thaw cycles, etc.) during the period. Other factors that affect the
performance of dust suppressants include other traffic characteristics (e.g., comering,‘{rack-on‘;'rom unpaved
areas) and road characteristics (e.g., bearing strength, grade). The variabilities in the above factors and
differences between individual dust control products make the control efficiencies of chemical dust
suppressants difficult to Ma Past field testing of emissions from controlled unpaved roads has shown

that chemical dust suppressants provide anPM-IO control efficiency of about 80 percent when applied at

regular intervals. J,wul d:waw

13.2.2-10 EMISSION FACTORS
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Petroleum resin products historically have been the dust suppressants (besides water) most widely
used on industrial unpaved roads. Figure 13.2.2-3 presents a method to estimate average control efficiencies

associated with petroleum resins applied to unpaved roads.' Several items should be noted:

1. The term "ground inventory” represents the total volume (per unit area) of petroleum resin

concentrate {not solution) applied since the start of the dust control season.

2. Because petroleum resin products must be periodically reapplied to unpaved roads, the use of a
time-averaged control efficiency value is appropriate: Figure 13.2.2-3 presents control efficiency values

averaged over 2 common application intervals, 2 weeks and 1 month. Other application intervals will require

interpolation.

3. Note that zero efficiency is assigned until the ground inventory reaches 0.05 gallon per square

it oo bees? Ll @ ey ek o a7

As an example of the application of Figure 13.2.2-3, suppose that the equation was used to estimate
an emission factor of 7.1 Ib/VMT for PM-10 from a particular road. Also, suppose that, starting on May 1,
the road is treated with 0.221 gal/yd? of a solution (1 part petroleum resin to 5 parts water) on the first of

each month through September. Then, the average controlled emission factors, shown in Table 13.2.2-4, are

found;

Draft Table 13.2-2-4. EXAMPLE OF AVERAGE CONTROLLED EMISSION FACTORS

FOR SPECIFIC CONDITIONS
Average Controlled
Ground Inventory, Average Control Emission Factor,

Period gal/yd? Efficiency, %* Ib/VMT
May 0.037 0 7.1 )
June 0.073 62 2.7
July 0.11 68 2.3
August 0.15 74 1.8
September Q.18 30 1.4

*From Figure 13.2.2-3, <10 um. Zero efficiency assigned if ground inventory is less than 0.05 gal/yd®.
11Ib/VMT = 281.9 g/VKT. 1 gal/yd’*=4.531 L/m*.

13.2.2-12 EMISSION FACTORS
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MIDWEST RESEARCH INSTITUTE

Crossroads Corporate Park

5520 Dillard Road

Suite 100

Cary, North Carolina 27511-9232
Telephone (919} 851-8181
FAX (819) 851-3232

Date: September 12, 1997

Subject:  Review and Update of AP-42 Sections in Chapters 11, 12, and 13 Covering Mineral Products
Industries, Metallurgical Industries and Miscellaneous Sources
EPA Contract 68-D2-0159, Work Assignment 4-02
MRI Project 4604-02

éLs
From: Greg Muleski for

To: Ron Myers
EPA/EFIG/EMAD (MD-14)
U. S. Environmental Protection Agency
Research Triangle Park, N.C. 27711

Attached is an addendum to the report entitled “Emission Factor Documentation for AP-42,
Sections 11.2.5 and 11.2.6" (dated March 8, 1993). That report consolidated sections 11.2.5 (Urban
Paved Roads) and 11.2.6 (Industrial Paved Roads)into a single paved road section (now numbered 13.2.1).
Because it relied on “old” data supporting sections 11.2.5 and 11.2.6, the March 8, 1993 only discussed
the additional test data reviewed in the process of updating the paved road emission factor equation. In
other words, the 1993 report did not describe the older paved road test data, which had been discussed in
previous AP-42 updates.

However, since the time that the March 8, 1993 became available, users of the TTN 2000 have
inquired about the test data not described in the report. Presentation of that data is a key feature of the
addendum attached to this memo. The addendum also updates the public paved road silt loading data base
as well as AP-42 Section 13.2.1 itself.

Also attached is a copy of the comment/response log prepared for the March 8, 1993 report.
Comments were provided by:

1. William Barard of E. H. Pechan;
2. Gary Neuroth of the Anizona DEQ; and
3. Doug Cole of Idaho DEQ.

Copies of their letters are attached as well. The log presents the verbatim comments of the reviewers as
well as MRI's response to the comment.

This memo, the addendum and the comment/response log are also being submitted in electronic
form, so that those materials can be posted on EPA’s BBS.
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1.0 ADDENDUM NO. 1--PAVED ROADS SECTIONS 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 «m 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 us.ed 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, (¢} 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 , and (e) Attachment 2 -
Public Paved Road Surface Loading AP-42 data base.

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: Jﬂ‘ “\ \Jp

(a) downwind test equipment should be located approximately 5 meters from the source, (b) background & a/ P
equipment should be located approximately 15 meters upwind of the source, (c) wind direction must 3}/ '\'I]
remain within 45° of perpendicular to the path of the moving source for two consecutive 10 minute 415’3? !/v

averaging periods during testing, (d) mean wind speed must not move outside of the 4 to 20 mph range

more than 20 percent of the sampling period, (¢) and no disturbances should exist immediately upwind or {
downwind of the testing location. 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
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accepted test methodology stated above or any other nontraditional methodology are discussed within the
individual rest report 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 1 - 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 toads. 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 comer 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 airborne PM. A high-volume sampler with a parallel-slot cascade
impactor and a cyclone preseparator (cutpoint of 15 pmA) 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-2.5.

Total airbome 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
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\\ied to characterize upwind and downwind PM-15 concentrations. A high-volume sampler with a SSI and

aN 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
commercial/industrial paved roads, ten tests of commercial/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 Al1-4 presents detailed test information.

1.1.3 Reference 3 - Midwest Research Institute, Size Specific Particulate Emission Factors for

Uncontrolled Industrial and Rural Roads, for U. S. 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-25.

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
cyclonefimpactors 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-15 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.
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1.1.4 Reference 4 - Midwest Research Institute, [ron and Steel Piant 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 pmA), 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 pumA) 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
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 gallyd® 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 (990.

2. 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,

3. 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.

4. 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.

5. 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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2 ff 1! 1.2 Revision of the Public Paved Road Silt Loading Default Values

N
.,‘\\( During the preparation of the March 8, 1993 Paved Road Background Document!, the available

-
} %’ ‘E v public road silt loading (“sL”) values from test reports dated 1992 and earlier were assembled into a data
<

N n\ ‘é base. Appendices C.1 and C.2 to AP-42 describe the sampling and analysis procedures, respectively, used
&‘é ‘\‘S to determine sL values.

\i} {\\t Although hundreds of public paved road sL. measurements had been collected from 1980 until
s 1992 210 1he paved road sL data base was limited in its usefulness for various reasons:
L

r 5/
cehea/ o2

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

davbnd v

J-.'Ju/z/\: ao

2. Only Mentana had cellected cxtensive data thai addressed lemporai variation of sL. Whiie this

provided very useful information on the annual cycle of silt loadings, the data were not generally

7 7,

transferable to most regions in the United States.
3. There had been no uniformity in either the sampling/analysis methods used to generate sL

Fa)
ft.‘./w
>y

values or in schemes used to report roadway classifications.

te
oy

A r-ﬂ/lazé“;&\u"é&l(

4. Examination of the data base did not reveal any meaningful relationship between silt loading

1

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

'’ éé‘?u; rd e, &

/’:‘uﬂ-ﬁ' 5

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

#

PRy 217 5 cae® "x

*li \S’} values: N |
N N é\ --  The majority of measurements were collected during the first calendar half (which was found
: { § \3<t to have substantially higher values than the second half).
RO h\\? 3 -- There was anecdotal information that at least some of the sampling programs focused on
} suspected trouble spots that were heavily loaded (such as after snowf/ice storms, near

construction sites, etc.).

Note that the assembled data base was composed of *“point values” of silt loading. Here the term

‘% Lot
7

\5 “point value” is used to denote samples collected at a specific point along a roadway and at a single point
g intime. In this sense, the term is contrasted with “composite” samples, for which increments from
D

Ry

Pz

&5
7e 3¢

C5 o

different roadways and/or from different times are aggregated in a single vacuum bag. The resulting

[=Feh
o
35/

composite sample thus represents a spatially or temporally averaged value of silt loading. At the time the

background document. . - /@ 0}77%

ﬂ( . /“&SWa Ccn,/,lﬁ;/é? M/Z ‘7 ;Vy;z]éﬂ; /o.,_.,ne/zié/
’; M/ ’ g )é ool wis 7_,17 bove as > /’W:! ﬁj;ﬂ zJ//Cﬁ m
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v

3

Q\éé’ data base was assembled, two sets of spatial averages were available ~one set covering the South Coast Air
Yo Quality Management District (REF 11) and another from three study areas in Oregon (REF 12). Because
@ = of their composite nature, these measurements were not included in the data base assembled for the 1993
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Although thete 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, a number of field sampling programs have been undertaken,

including:
TABLE A2-1. 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 siudy 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 A2-1 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 slecond
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 studyla 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. Summary statistics for this data set follow:
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NN
\ g\ N f 2. SUMMARY STATISTICS FOR RECENT PAVED ROAD SILT
FABN s L PN LOADING STUDIES
. )
g E g \{r Q!' (Aq‘r¥ Silt loading, glm2
< | dreFmetlc
Q@ 3 Koy \Cd‘ Foeflydic | 2GS 90th
" N ,\ Data set Sample size Range Geo. me;%n Geo. std. dev. | Median | percentile
= T
} < High ADT? 50 0.01-1.02 0.093" 33 0.086 0.38
N AL
VY~ Low ADT 103 0.054 - 6.82 041 | 2.64 0.39 1.52
) 57
&\‘i Overall 169° 0.01 - 6.82 0.26 3348 0 1.05
\ In this context, high ADT refers to roadways with at least 5,000 vehicles per day.

Mhie overail daia sei inciudes 16 spatiaily average sampies that inciuded increments from both high and
low ADT roads.

When the results in Table A2-2 are compared to those presented in Table 13.2.1-2 of AP-42, it

(7 ]5-,'}.4

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 medified to include the (rounded) median values from Table A;;Z pr(l:; ‘;r}_gnnal”
conditions. However, the newer data set also indicates that substantially higherghan “normal” silt loadings
can 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 glm2

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 g/m2 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, Secu'ona; 11.2.5and 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,
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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).

g 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. 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.

11. Open Fugitive Dust PM10 Control Strategies Study, South Coast Air Quality Management District
Contract No. 90059, Midwest Reséarch Institute, Kansas City, MO, July 1990.

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

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

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

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

16. 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.

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

18. 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

ihow fho newe Lok brse

Section 13.2.1 follows with text removed from the old AP-42 version striked out and new text in

available as an electronic file.

keld, Althcugh not shown here, no changes were made to Figure 12.2.1-1, and Figures 12.2.1.2 throu

yron ol
e o

13.2.1-7 (showing the silt loading frequency distribution) have been removed from the AP-42 section.

13.2.1 Paved Roads 7;(‘ msjoriB Moae rmissions (ool f:/m/m
13.2.1.1 General Goipine exhenist ool resusyonded 0od Al

Particu

. asa dmm
e

e to (1 ia névmsponddi’ L R ki
parking lot.! In general terms, particulate emissions from paved roads originate from Mg loose material

7
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 equilibnum 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

Cprrels

area, and wind and/or water erosion from su (%Hnding unstabilized areas.
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.*3 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.

missions occur whenever vehicles travel over a paved surface, such as a rgag or _y g/ﬂ/fd
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The surface sL provides a reasona?l—e means of charactenzflang seasonal variability in {paved road * ’;ie/'
emission inventory. ® In many areas of the country, road surface loadings are heaviest during the late ipws A
winter and early spring months when the residual loading from snow/ice controls is greatest. = , A 5

- issi 10 Teoek O bag, T
13.2.1.3 Predictive Emission Factor Equations Hee s ;‘{ gt ;/’{:’a;s >
< Irage, ~?
The quantity of dust emissions from vehicle traffic on a paved road may be estimated using The,/ o7 ~, 4, e
Gy e
following empirical expression: ol e, PRl
B ’ 0.65 5 oyl vehie, e -7%d Q;?'*"’""
E=k (s1/2)%6% (ws3) 2 Y AL W)
5“,\ e /)’/44 2, . "dd?c{
where: Teca g ther 55
da‘/’g - z'aiz_
gt 2

E = particulate emission factor (having units matching the units of k)
k = base emission factor for particle size range and units of interest (see below)

sL = road surface silt loading (grams per square meter) (g/m?)

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

It 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 fotlows: 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 o/VMT Ib/VMT
PM-2.5¢ 2+ 33 8-0673

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

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

X micrometers.

valaes fo corryver

cd

Units shown are grams per vehicle kilometer traveled (g/VK
(gN MT), and pounds er veh1 mile tra

MJXP

led ( ,PN 1\4’1‘)

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

) érams pfr

wnil5 rw Foes

chicle

7; rynle traveled 7%
'w‘- M

PM-30 is sometimes termed "suspendable particulate” (SP) and is often used as a surrogate for TSP.
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To determine particulate emissions for a specific particle size range, use the appropriate value of k above.

The above equation is based on a regression analysis of numerous emission tests, including
65 tests for PM-10.!9 Sources tested include public paved roads, as well as controlled and uncentrolled
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 ioading: 0.02 - 400 g/m?

0.03 - 570 grains/square foot (ftz)

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

10 - 55 miles per hour (mph)

To retain the guality 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 13.2.1-1, 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.
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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
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
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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
imporianily, iowever, the newer progranis confirin thai subsiantialiy 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).

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

High ADT roads® | Low ADT roads
Normal conditions 0.1 04

Worst-case conditions® 0.5 3

% Excluding limited access roads. See discussion in text. 1 g/m? is equal
to 1.43 grains/ft?

b 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.

o hat-sb-val yer-f » Iativet fstributionf 4 5
s fortt - . houtd-be-d ted2-tevels-
In the event that default sL values are used the quality ratings for the equation should be
downgraded 2 levels.
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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
862 0.015 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 8-+ 0.2 g/m2 is recommended for short periods of time following

application of snow/ice controls to limited access roads.?2
13.2.1.4 Controls®#223

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 mitigativé controls include vacuum sweeping, water flushing, and broom sweeping
and flushing.

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. 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. Prosposed 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.
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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. 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. 15 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.
13.2.1.2 Emissions And Correction Parameters

Dust emissions from paved roads have been found to vary with what is termed the "stlt 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. Siit 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 inve,ntory.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.

Miscellaneous Sources 13.2-1
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13.2.1.3 Predictive Emission Factor Equations'”

The quantity of dust emissions from vehicle traffic on a paved road may be estimated using the
following empirical expression:
E=k (sL/2)065 (w3 )13 (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 =vad suiface sili joading (grains 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 calculated to represent the "fleet” average weight of all vehicles traveling the

road.

The particle size multiplier (k) above varies with aerodynamic size range as shown in
Table 13.2.1-1.

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¢ 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.

b
Units shown are grams per vehicle kilometer traveled (g/VKT), grams per vehncle [m!i t:a:ejd; s T comvirs iomg

(g/VMT), and pounds per vehicle nule traveled Ib/VMT ﬂz sl fr o187
gfv "‘("'“p“""”f})"? ( ;c:-"'a/)f;} € sl i L Fs ffm JHe swined
¢ Ratlo ‘of PM-2.5 to PM-10 taken from Reference 22, w5 ¥ refi reol iy bt o gl ioa 4o

4 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.

13.2-2 EMISSION FACTORS
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The above equation is based on a regression analysis of numerous emission tests, including 65 tests
for PM-10.'0 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)
2.0-42tons
Mean vehicle speed: 16 - 88 kilometers per hour (kph)

10 - 55 miles per hour (mph)

To retain the quality rating for the emission factor equation when it is applied to a specific paved
road, it is necessary that reliable correction parameter values for the specific road in question be
determined. With the exception of limited access roadways, which are difficult to sample, the collection
and use of site-specific 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
suommarized in Appendices C.1 and C.2. In the event that site-specific values cannot be obtained, an
apﬁropﬁate value for an industrial road may be selected from the mean values given in Table 13.2.1-1, 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 uniformity in
sampling equipment and analysis techniques, in roadway classification schemes, and in the types of data
reported. Not surprisingly, the data set did not yield a coherent relationship between sL and road class,
average daily traffic (ADT), etc., even though an inverse relationship between sL and ADT has been found
for a subclass of curbed paved roads in urban areas. Further complicating the 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 assernbled data base was skewed towards high values, independent data were not

available to confirm the suspicions.

Miscellaneous Sources 13.2-3
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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

5 Cor £y
f,

paved roads. As a result, two sets of default values are provided in Table 13.2.1-2, one for “normal”

\fondmons and another for worst-case conditions (such as after winter storm seasons or in areas with

2z
daﬁ
@&,T

substantial mud/dirt trackout).

Table 13.2.1-2 (Metric Units). RECOMMENDED DEFAULT SILT LOADING (g/m%) VALUES FOR

a
PUBLIC PAVED ROADS pomih ,:‘,,%/
High ADT roads® / | Low ADT roads
Normal conditions 0.1 (.01~1-9 04 (05-§.8)
Worst-case conditions® 0.5 3

a Excludmg limited access roads. See discussion in text. 1 g/m? is equal to 1.43
grams/ft

b 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/dlrt

e crw /7(’“’" %
Aﬁ‘ z'h/c‘zfé/fnyou /‘:ln/ﬂ :F"r/7£/'37':7 ”25 fo~ /‘J?a/f tnspher »10r v

0 Ve d&-‘-
% 43-” V:/-t.e!'/"ef‘g” J‘é‘-/eaiyg-hz / ¥ 4& 357‘1‘”"'%3.”"

In the evenl that default sL values are used ality ratings for the equanon should be &-'—rm-;ﬂc?»’ ;
downgraded 2 levels X 5;/F [z fnps ant /s’ oy o g Fraf?i € comel, ;;‘"’ (opees]
V‘&é C/l “é;g) o v’ G’L‘htc}é"" shcs C /a..-;,&a’a,(ge;)’ cg‘fft/ Sholdor wi ;/ 55)‘./
reroar/ ohs :ckz-,;}‘fcﬁ ’"ﬂ/ﬂ'r wriad }/¢-n Jusf‘ foes, /w'/f‘ , ook od pofotsfan ) 402

¢y Tre ;-7 ,\,} 0'2/»!" ;; y "‘N'Mr /
Limited access roadways pé e severﬁog: cal dlfﬁé’lﬁlles in terms of surface sampling, and fe Prles.

o

vaitable-forsuch 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
0.015 g/m2 is recommended for limited access roaclways.g'22 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 0.2 glm2 is recommended for short periods of time following application of

snowfice controls to limited access roads.%2

13.2.1.4 Controls®?3

%427”@;@%;‘4”»&%4, )(k-m-;g; /.‘Iayg.,

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.

13.24 EMISSION FACTORS
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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? 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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Plot af 1a (Spaed) vs. La (Silt Loading)
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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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Plet of ln (Spesd) vs. 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)




Attachment 2.
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TABLE A2-2.

PUBLIC PAVED ROAD SURFACE LOADING DATA BASE

STATE CLASS DATE ADT SL SILT TL # SAMPLES
MT 1 Apr-78 50 0.6 18.5 3.4 1
MT 2 Apr-78 115 05 14.3 35 1
MT 2 Apr-78 4000 8.4 33.9 249 1
MT 2 Apr-78 679 246 10.6 232.4 1
MT 2 Apr-78 60 103.7 7 1480.8 1
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 1
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 4.3 305.2 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 148 1
MT 5 Mar-88 331 16.5 1
MT 3 Mar-88 800 . 27.5 . 1
MT 3 Mar-88 5900 7 16 435 1
MT 3 Mar-88 536 61 20.4 299.2 1
MT 3 Mar-88 4500 12.1 1
MT 4 Mar-88 10850 . 123 . 1
MT 2 Apr-88 562 2.1 10.9 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 10.9 255 1
MT 4 Jun-89 5272 7.2 36 197.6 1
MT 5 Aug-89 250 1.7 6.8 246 1
MT 3 Aug-89 23186 0.7 4.1 17 1
MT 4 Aug-89 7900 2.1 125 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
MT 5 Mar-90 240 16.3 1
MT 3 Mar-90 1510 8.8 1
MT 3 Mar-90 1945 7 1

2-8




TABLE A2-2. (continued)

STATE CLASS DATE ADT SL SILT TL # SAMPLES
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 27 18.7 14.86 1
MT 2 Jul-90 250 1.6 17 9.3 1
MT 3 Jul-90 2316 56 10.6 525 1
MT 4 Jui-90 790 3.2 i5.4 20.9 i
MT 5 Aug-90 400 1.5 4 37.7 1
MT 3 Aug-80 530 2.4 17.9 13.2 1
MT 3 Aug-90 5730 0.8 5.3 16 1
MT 4 Aug-90 13039 0.2 7 29 1
MT 5 Oct-90 250 3.4 10.2 33.6 1
MT 3 Qct-30 2316 4.5 5.6 81.3 1
MT 4 Oct-30 7900 0.6 13.9 4.3 1
MT 3 11/6/30 5670 5.2 13.5 cf:] 1
MT 4 11/6/90 15890 1.7 24.1 7.2 1
MT 4 12/8/30 10000 21.5 9.6 223.9 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-H 425 12 1.8 666.5 1
MT 5 Jan-H 250 14.1 3.5 402.3 1
MT 3 Jan-91 2316 36.7 12.1 303.4 1
MT 4 Jan-1 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 33.3 27.2 122.2 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/N1 530 333 18.7 178.2 1
MT 4 217/ 10000 69.3 21 330.3 1
MT 3 221/ 3070 1.2 11 10.9 1
MT 4 2/21/9 22849 2.9 7.9 36.6 1
MT 3 2/24/n1 2653 30.5 248 122.9 1
MT 4 2/24/91 14730 17.4 20.4 85.2 1
MT 5 2/25/91 920 357 17.9 199.6 1
MT 3 2/25/91 5000 66.8 17.8 375.3 1
MT 4 Mar-91 21900 15.4 6.2 248.3 1
MT 3 3/9/91 2653 39.1 29.1 134.5 1
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TABLE A2-2. {(continued)

STATE CLASS DATE ADT SL SILT TL # SAMPLES
MT 4 5/15/92 73900 1.2 6.9 17 1
MT 3 5/25/92 5670 1 21.7 45 1
MT 5 6/4/92 500 1 17.4 5.6 1
MT 3 6/4/92 5270 15.2 14 108.4 1
MT 4 6/4/92 12000 2 131 15.7 1
CO 6 Mar-89 1994 0.21 2 19.9 4
CcoO 6 Apr-89 2228 0.73 1.7 106.7 18
cO 6 Apr-89 780 0.86 1.2 74.8 2
CO 6 Apr-89 . 0.07 42 2 3
CcO 7 Apr-89 4731 0.02 36 0.4 3
cO 6 May-89 1905 0.76 1.9 74 11
CcO 6 Jun-89 1655 0.7 1.2 66.1 12
cO 8 Jun-89 515 0.14 4.66 35 5
CcoO 8 Oct-90 1.44 6
cO 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 2/7/90 2.58 3
co 6 Feb-90 0.9 16
cO 7 Mar-90 7
CO 8 3/10/90 . 3
CO 6 Mar-90 1.27 5
CO 6 Mar-90 0.41 21
co 5 Apr-80 0.05 6
CO 6 Apr-90 0.3 6
CcO 6 4/18/90 . 0.21 . . 1
uTt 4 42340 0.137 115 1.187 4
utT 3 27140 0.288 17 1.692 4
ut 9 77040 0.023 214 0.1 5
uT 9 146180 0.096 235 0.418 6
uT 5 . 5000 1.8967 4.07 46.043 14
NV 10 7M15/87 0.81 12.4 6.51 1
NV 5 7/15/87 2.23 3.2 7.14 1
NV 3 7/15/87 1.64 26.1 6.3 1
NV 10 9/29/87 0.38 24 1.63 3
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'TABLE A2-2. (continued)

STATE CLASS DATE ADT SL SILT TL # SAMPLES
NV 5 9/29/87 . 1.38 23 6.32 3
NV 3 9/29/87 . 0.52 15.8 3.4 3
NV 10 10/7/87 0.19 14.9 1.26 2
NV 5 10/7/87 . 1.5 31.9 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 3.1 1.021 1
AZ 4 0.042 3.9 1.049 1
AZ 4 0.099 8.2 1.183 1
AZ 4 0.099 8.9 1.085 1
AZ 4 0.014 i7 0.0g2 1
AZ 3 0.028 13.4 0.232 1
AZ 3 0.07 11.8 0.627 1
AZ 3 0.528 11.1 4.79 1
AZ 3 0.282 6.4 4.367 1
AZ 3 0.035 23 1.479 1
AZ 3 1.282 6.417 19.961 1
AZ 4 0.401 8.117 4.937 1
AZ 4 0.028 16.529 0.176 1
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 1
AZ 4 0.162 21.989 0.725 1
AZ 4 . . 0.106 3.975 2.57 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 33 1
KS 3 Mar-80 . 25 14.5 171 1
KS 4 Mar-80 . 0.29 12.2 2.4 1
MO 7 May-80 0.02 . . 4
MO 3 May-80 0.08 10.9 0.7 3

{1 4 May-80 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
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TABLE A2-2. (continued)

STATE | cLass DATE ADT sL SILT TL  |#SAMPLES
MT 3 Mar-91 5670 30.1 17 174.6 2
MT 4 3/9/91 14730 17.6 247 71.4 1
MT 5 Mar-91 920 4.4 8.3 51 2
MT 3 Mar-91 5000 4.3 15.5 28.9 2
MT 3 Mar-91 530 14.8 33.1 44.9 2
MT 4 Mar-91 11963 20 195 111.9 3
MT 5 Apr-91 250 4.3 8.8 48.7 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 13.4 147 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 40.9 1
MT 3 Apr-91 5670 9 19.8 47.6 1
MT 4 414/91 | 14730 13 44.5 29.4 1
MT 3 May-00 5670 2.4 175 159 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 30.6 1
MT 5 Jul-91 250 17 11.4 15.3 1
MT 3 Jul-91 2316 8.8 11 79.7 1
MT 5 7/9/91 920 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 28.2 8.9 1
MT 4 7/26/91 | 22849 16 28.2 5.8 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 8/11/01 | 15890 0.1 5.6 2.3 1
MT 3 8/3/91 5270 16 8.3 19.3 1
MT 4 8/3/91 7900 7 20.5 34.3 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 31.9 1
MT 4 10/6/91 | 14730 43 27.7 15.7 1

2-10




TABLE A2-2. (continued)

STATE | CLASS DATE ADT St SILT TL  |# SAMPLES
MT 5 10/16/91 250 18 31 5.9 1
MT 3 10116/91 | 2316 16 20.5 77 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 22 12.3 17.8 1
MT 4 11/28/91 | 14730 27 8.6 30.8 1
MT 5 12117/91 920 4 18.1 225 1
MT 3 12/17/91 5000 15 13.2 1.6 1
MT 3 2/2/92 3070 19.1 11.6 164.5 1
MT 4 2/2/92 | 22849 8.3 12 69.3 1
MT 5 2/3/92 250 78.3 9.5 824.7 1
MT 5 2/3/92 350 36.3 56.3 64.5 1
MT 3 2/3/92 530 10.7 49.9 21.4 1
MT 3 2/3/92 2316 57.9 14.8 391 1
MT 3 2/3/92 5670 29.2 20.1 145.4 1
MT 4 Feb-92 | 12945 513 32.2 1431 2
MT 4 2/3/92 7900 29 14.3 20.7 1
MT 5 Feb-92 920 05 18 26 1
MT 3 2/22/92 5000 1.2 14.6 8.1 1
MT 5 3/15/92 450 40.2 119 - | 338 1
MT 3 3/15/92 2653 81.1 373 217.3 1
MT 4 3/15/92 | 14730 16.5 32.1 51.3 1
MT 5 Apr-92 920 0.43 14.9 3.2 1
MT 3 Apr-92 5000 0.8 18.2 47 3
MT 5 4/26/92 450 20.9 45.8 455 1
MT 3 4/26/92 2653 19.2 50.9 37.7 1
MT 4 4/26/92 | 14730 10.7 335 321 1
MT 5 May-92 450 8.3 35.6 235 3
MT 3 May-92 2653 8.5 32.4 25.8 3
MT 4 May-92 | 14730 51 236 217 3
MT 5 5/11/92 as0 13.4 56.5 23.7 1
MT 3 5/11/92 530 5.6 58.9 9.4 1
MT 4 May-82 | 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
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TABLE A2-2. (continued)

STATE CLASS DATE ADT SL SILT TL # SAMPLES
MN 11 2/26/92 5000 0.24 13.4 2.3 5
co 5 3/18/92 3.56 24 14.81 1
co 3 3/30/92 12.05 24 50.23 1
co 3 4/1/92 597 21.1 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
co 10 4/2/92 7.68 21.7 35.9 3
ole) 8 3/30/92 2.07 9 23.03 1
co 8 4/1/92 2.78 8.9 30.35 7
co 3 4/1/92 9.05 25 36.21 1
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