11.1 Hot Mix Asphalt Plants
11.1.1 General'32%392-34

Hot mix asphalt (HMA) paving materials are a mixture of size-graded, high quality aggregate
(which can include reclaimed asphalt pavement [RAP]), and liquid asphalt cement, which is heated and
mixed in measured quantities to produce HMA. Aggregate and RAP (if used) constitute over 92 percent
by weight of the total mixture. Aside from the amount and grade of asphalt cement used, mix
characteristics are determined by the relative amounts and types of aggregate and RAP used. A certain
percentage of fine aggregate (less than 74 micrometers [um] in physical diameter) is required for the
production of good quality HMA.

Hot mix asphalt paving materials can be manufactured by: (1) batch mix plants, (2) continuous
mix (mix outside dryer drum) plants, (3) parallel flow drum mix plants, and (4) counterflow drum mix
plants. This order of listing generally reflects the chronological order of development and use within the
HMA industry.

In 1996, approximately 500 million tons of HMA were produced at the 3,600 (estimated) active
asphalt plants in the United States. Of these 3,600 plants, approximately 2,300 are batch plants, 1,000 are
parallel flow drum mix plants, and 300 are counterflow drum mix plants. The total 1996 HMA
production from batch and drum mix plants is estimated at about 240 million tons and 260 million tons,
respectively. About 85 percent of plants being manufactured today are of the counterflow drum mix
design, while batch plants and parallel flow drum mix plants account for 10 percent and 5 percent
respectively. Continuous mix plants represent a very small fraction of the plants in use (<0.5 percent)
and, therefore, are not discussed further.

An HMA plant can be constructed as a permanent plant, a skid-mounted (easily relocated) plant,
or a portable plant. All plants can have RAP processing capabilities. Virtually all plants being
manufactured today have RAP processing capability. Most plants have the capability to use either
gaseous fuels (natural gas) or fuel oil. However, based upon Department of Energy and limited State
inventory information, between 70 and 90 percent of the HMA is produced using natural gas as the fuel to
dry and heat the aggregate.

11.1.1.1 Batch Mix Plants -

Figure 11.1-1 shows the batch mix HMA production process. Raw aggregate normally is
stockpiled near the production unit. The bulk aggregate moisture content typically stabilizes between 3 to
5 percent by weight.

Processing begins as the aggregate is hauled from the storage piles and is placed in the
appropriate hoppers of the cold feed unit. The material is metered from the hoppers onto a conveyer belt
and is transported into a rotary dryer (typically gas- or oil-fired). Dryers are equipped with flights
designed to shower the aggregate inside the drum to promote drying efficiency.

As the hot aggregate leaves the dryer, it drops into a bucket elevator and is transferred to a set of
vibrating screens, where it is classified into as many as four different grades (sizes) and is dropped into
individual “hot” bins according to size. At newer facilities, RAP also may be transferred to a separate
heated storage bin. To control aggregate size distribution in the final batch mix, the operator opens
various hot bins over a weigh hopper until the desired mix and weight are obtained. Concurrent with the
aggregate being weighed, liquid asphalt cement is pumped from a heated storage tank to an asphalt
bucket, where it is weighed to achieve the desired aggregate-to-asphalt cement ratio in the final mix.
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General process flow diagram for batch mix asphalt plants (source classification codes in parentheses).



The aggregate from the weigh hopper is dropped into the mixer (pug mill) and dry-mixed for
6 to 10 seconds. The liquid asphalt is then dropped into the pug mill where it is mixed for an additional
period of time. At older plants, RAP typically is conveyed directly to the pug mill from storage hoppers
and combined with the hot aggregate. Total mixing time usually is less than 60 seconds. Then the hot
mix is conveyed to a hot storage silo or is dropped directly into a truck and hauled to the job site.

11.1.1.2 Parallel Flow Drum Mix Plants -

Figure 11.1-2 shows the parallel flow drum mix process. This process is a continuous mixing
type process, using proportioning cold feed controls for the process materials. The major difference
between this process and the batch process is that the dryer is used not only to dry the material but also to
mix the heated and dried aggregates with the liquid asphalt cement. Aggregate, which has been
proportioned by size gradations, is introduced to the drum at the burner end. As the drum rotates, the
aggregates, as well as the combustion products, move toward the other end of the drum in parallel.

Liquid asphalt cement flow is controlled by a variable flow pump electronically linked to the new (virgin)
aggregate and RAP weigh scales. The asphalt cement is introduced in the mixing zone midway down the
drum in a lower temperature zone, along with any RAP and particulate matter (PM) from collectors.

The mixture is discharged at the end of the drum and is conveyed to either a surge bin or HMA
storage silos, where it is loaded into transport trucks. The exhaust gases also exit the end of the drum and
pass on to the collection system.

Parallel flow drum mixers have an advantage, in that mixing in the discharge end of the drum
captures a substantial portion of the aggregate dust, therefore lowering the load on the downstream PM
collection equipment. For this reason, most parallel flow drum mixers are followed only by primary
collection equipment (usually a baghouse or venturi scrubber). However, because the mixing of
aggregate and liquid asphalt cement occurs in the hot combustion product flow, organic emissions
(gaseous and liquid aerosol) may be greater than in other asphalt mixing processes. Because data are not
available to distinguish significant emissions differences between the two process designs, this effect on
emissions cannot be verified.

11.1.1.3 Counterflow Drum Mix Plants -

Figure 11.1-3 shows a counterflow drum mix plant. In this type of plant, the material flow in the
drum is opposite or counterflow to the direction of exhaust gases. In addition, the liquid asphalt cement
mixing zone is located behind the burner flame zone so as to remove the materials from direct contact
with hot exhaust gases.

Liquid asphalt cement flow is controlled by a variable flow pump which is electronically linked
to the virgin aggregate and RAP weigh scales. It is injected into the mixing zone along with any RAP and
particulate matter from primary and secondary collectors.

Because the liquid asphalt cement, virgin aggregate, and RAP are mixed in a zone removed from
the exhaust gas stream, counterflow drum mix plants will likely have organic emissions (gaseous and
liquid aerosol) that are lower than parallel flow drum mix plants. However, the available data are
insufficient to discern any differences in emissions that result from differences in the two processes. A
counterflow drum mix plant can normally process RAP at ratios up to 50 percent with little or no
observed effect upon emissions.

3/04 Mineral Products Industry 11.1-3



V111

SYOLDVA NOISSINA

v0/€

A [ .
.. EXHAUST 1o { ]
ATMOSPHE + i LOADER
i e e e s i ©D«, (SCC 3-05-002-04)
P ‘
5 ] !
i ;
EXHAUST ! i 7
FAN 3 i v Y
1
COLLECTOR | ' i
' ; : RAP BIN & CONVEYOR
] H 1
SECONDARY FINES | 4 i >
RETURN LINE ! : : FINE AGGREGATE COURSE
wa e ' ' ! STORAGE PILE AGGREGATE
STOMAGE i i i (SCC 3-05-002-03) STORAGE PILE
(SCC 3-05-002-13) i M (SCC 3-05-002-03)
A :
i i
1
t 1 DRYER PSR ()
i ; v CONVEYOR : \ )
TRUCK : P @n_’ _ \ \ s \
LOAD-OUT v i ! i f
(SCC 3-05-002-14)

A PARALLEL-FLOW CONVEYCR SCALPING / COLD AGGREGATE
h DRUM MIXER SCREEN FEEDERS BINS
i (SCC 3-05-002-05, -55, -56, (SCC 3-05-002-04)
; ] -58, -59, -61, -62)
\~) I
%
1
)
i
! LEGEND
\,
e s :'.‘ Emission Points
ASPHALT CEMENT HEATER - o
STORAGE (SCC 3-05-002-08, -07, -08, -09) @ Ducted Emissions
(SCC 3-05-002-12) Process Fugitive Emissions
Open Dust Emissions
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Figure 11.1-3. General process flow diagram for counter-flow drum mix asphalt plants (source classification codes in parentheses).



11.1.1.4 Recycle Processes® -
In recent years, the use of RAP has been initiated in the HMA industry. Reclaimed asphalt
pavement significantly reduces the amount of virgin rock and asphalt cement needed to produce HMA.

In the reclamation process, old asphalt pavement is removed from the road base. This material is
then transported to the plant, and is crushed and screened to the appropriate size for further processing.
The paving material is then heated and mixed with new aggregate (if applicable), and the proper amount
of new asphalt cement is added to produce HMA that meets the required quality specifications.

11.1.2 Emissions And Controls***

Emissions from HMA plants may be divided into ducted production emissions, pre-production
fugitive dust emissions, and other production-related fugitive emissions. Pre-production fugitive dust
sources associated with HMA plants include vehicular traffic generating fugitive dust on paved and
unpaved roads, aggregate material handling, and other aggregate processing operations. Fugitive dust
may range from 0.1 um to more than 300 um in aerodynamic diameter. On average, 5 percent of cold
aggregate feed is less than 74 pm (minus 200 mesh). Fugitive dust that may escape collection before
primary control generally consists of PM with 50 to 70 percent of the total mass less than 74 um.
Uncontrolled PM emission factors for various types of fugitive sources in HMA plants are addressed in
Sections 11.19.2, “Crushed Stone Processing”, 13.2.1, “Paved Roads”, 13.2.2, “Unpaved Roads”, 13.2.3,
“Heavy Construction Operations”, and 13.2.4, “Aggregate Handling and Storage Piles.” Production-
related fugitive emissions and emissions from ducted production operations are discussed below.
Emission points discussed below refer to Figure 11.1-1 for batch mix asphalt plants and to Figures 11.1-2
and 11.1-3 for drum mix plants.

11.1.2.1 Batch Mix Plants -

As with most facilities in the mineral products industry, batch mix HMA plants have two major
categories of emissions: ducted sources (those vented to the atmosphere through some type of stack, vent,
or pipe), and fugitive sources (those not confined to ducts and vents but emitted directly from the source
to the ambient air). Ducted emissions are usually collected and transported by an industrial ventilation
system having one or more fans or air movers, eventually to be emitted to the atmosphere through some
type of stack. Fugitive emissions result from process and open sources and consist of a combination of
gaseous pollutants and PM.

The most significant ducted source of emissions of most pollutants from batch mix HMA plants is
the rotary drum dryer. The dryer emissions consist of water (as steam evaporated from the aggregate);
PM; products of combustion (carbon dioxide [CO,], nitrogen oxides [NO,], and sulfur oxides [SO,]);
carbon monoxide (CO); and small amounts of organic compounds of various species (including volatile
organic compounds [VOC], methane [CH,], and hazardous air pollutants [HAP]). The CO and organic
compound emissions result from incomplete combustion of the fuel. It is estimated that between 70 and
90 percent of the energy used at HMA plants is from the combustion of natural gas.

Other potential process sources include the hot-side conveying, classifying, and mixing
equipment, which are vented either to the primary dust collector (along with the dryer gas) or to a
separate dust collection system. The vents and enclosures that collect emissions from these sources are
commonly called “fugitive air” or “scavenger” systems. The scavenger system may or may not have its
own separate air mover device, depending on the particular facility. The emissions captured and
transported by the scavenger system are mostly aggregate dust, but they may also contain gaseous organic
compounds and a fine aerosol of condensed organic particles. This organic aerosol is created by the
condensation of vapor into particles during cooling of organic vapors volatilized from the asphalt cement
in the mixer (pug mill). The amount of organic aerosol produced depends to a large extent on the
temperature of the asphalt cement and aggregate entering the pug mill. Organic vapor and its associated
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aerosol also are emitted directly to the atmosphere as process fugitives during truck load-out, from the
bed of the truck itself during transport to the job site, and from the asphalt storage tank. Both the low
molecular weight organic compounds and the higher weight organic aerosol contain small amounts of
HAP. The ducted emissions from the heated asphalt storage tanks include gaseous and aerosol organic
compounds and combustion products from the tank heater.

The choice of applicable emission controls for PM emissions from the dryer and vent line
includes dry mechanical collectors, scrubbers, and fabric filters. Attempts to apply electrostatic
precipitators have met with little success. Practically all plants use primary dust collection equipment
such as large diameter cyclones, skimmers, or settling chambers. These chambers often are used as
classifiers to return collected material to the hot elevator and to combine it with the drier aggregate. To
capture remaining PM, the primary collector effluent is ducted to a secondary collection device. Most
plants use either a fabric filter or a venturi scrubber for secondary emissions control. As with any
combustion process, the design, operation, and maintenance of the burner provides opportunities to
minimize emissions of NO,, CO, and organic compounds.

11.1.2.2 Parallel Flow Drum Mix Plants -

The most significant ducted source of emissions from parallel-flow drum mix plants is the rotary
drum dryer. Emissions from the drum consist of water (as steam evaporated from the aggregate); PM;
products of combustion; CO; and small amounts of organic compounds of various species (including
VOC, CH,, and HAP). The organic compound and CO emissions result from incomplete combustion of
the fuel and from heating and mixing of the liquid asphalt cement inside the drum. Although it has been
suggested that the processing of RAP materials at these type plants may increase organic compound
emissions because of an increase in mixing zone temperature during processing, the data supporting this
hypothesis are very weak. Specifically, although the data show a relationship only between RAP content
and condensible organic particulate emissions, 89 percent of the variations in the data were the result of
other unknown process variables.

Once the organic compounds cool after discharge from the process stack, some condense to form
a fine organic aerosol or “blue smoke” plume. A number of process modifications or restrictions have
been introduced to reduce blue smoke, including installation of flame shields, rearrangement of flights
inside the drum, adjustments of the asphalt injection point, and other design changes.

11.1.2.3 Counterflow Drum Mix Plants -

The most significant ducted source of emissions from counterflow drum mix plants is the rotary
drum dryer. Emissions from the drum consist of water (as steam evaporated from the aggregate); PM;
products of combustion; CO; and small amounts of organic compounds of various species (including
VOC, CH,, and HAP). The CO and organic compound emissions result primarily from incomplete
combustion of the fuel, and can also be released from the heated asphalt. Liquid asphalt cement,
aggregate, and sometimes RAP, are mixed in a zone not in contact with the hot exhaust gas stream. As a
result, kiln stack emissions of organic compounds from counterflow drum mix plants may be lower than
parallel flow drum mix plants. However, variations in the emissions due to other unknown process
variables are more significant. As a result, the emission factors for parallel flow and counterflow drum
mix plants are the same.

11.1.2.4 Parallel and Counterflow Drum Mix Plants -

Process fugitive emissions associated with batch plant hot screens, elevators, and the mixer (pug
mill) are not present in the drum mix processes. However, there are fugitive PM and VOC emissions
from transport and handling of the HMA from the drum mixer to the storage silo and also from the
load-out operations to the delivery trucks. Since the drum process is continuous, these plants have surge
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bins or storage silos. The fugitive dust sources associated with drum mix plants are similar to those of
batch mix plants with regard to truck traffic and to aggregate material feed and handling operations.

Table 11.1-1 presents emission factors for filterable PM and PM-10, condensable PM, and total
PM for batch mix HMA plants. Particle size data for batch mix HMA plants, based on the control
technology used, are shown in Table 11.1-2. Table 11.1-3 presents filterable PM and PM-10,
condensable PM, and total PM emission factors for drum mix HMA plants. Particle size data for drum
mix HMA plants, based on the control technology used, are shown in Table 11.1-4. Tables 11.1-5 and -6
present emission factors for CO, CO,, NO,, sulfur dioxide (SO,), total organic compounds (TOC),
formaldehyde, CH,, and VOC from batch mix plants. Tables 11.1-7 and -8 present emission factors for
CO, CO,, NO,, SO,, TOC, CH,, VOC, and hydrochloric acid (HCI) from drum mix plants. The emission
factors for CO, NO,, and organic compounds represent normal plant operations without scrutiny of the
burner design, operation, and maintenance. Information provided in Reference 390 indicates that
attention to burner design, periodic evaluation of burner operation, and appropriate maintenance can
reduce these emissions. Table 11.1-9 presents organic pollutant emission factors for batch mix plants.
Table 11.1-10 presents organic pollutant emission factors for drum mix plants. Tables 11.1-11 and -12
present metals emission factors for batch and drum mix plants, respectively. Table 11.1-13 presents
organic pollutant emission factors for hot (asphalt) oil systems.

11.1.2.5 Fugitive Emissions from Production Operations -

Emission factors for HMA load-out and silo filling operations can be estimated using the data in
Tables 11.1-14, -15, and -16. Table 11.1-14 presents predictive emission factor equations for HMA load-
out and silo filling operations. Separate equations are presented for total PM, extractable organic PM (as
measured by EPA Method 315), TOC, and CO. For example, to estimate total PM emissions from drum
mix or batch mix plant load-out operations using an asphalt loss-on-heating of 0.41 percent and
temperature of 290°F, the following calculation is made:

EF =0.000181 + 0.00141(-V)g((©-023D@907460)-2043)
=0.000181 + 0.00141(-(-0.41))e(©-0251(@07460) -20.43)
=0.000181 + 0.00141(0.41)e""%*
=0.000181 + 0.00141(0.41)(0.2009)
=0.000181 + 0.000116
=0.00030 Ib total PM/ton of asphalt loaded

Tables 11.1-15 and -16 present speciation profiles for organic particulate-based and volatile
particulate-based compounds, respectively. The speciation profile shown in Table 11.1-15 can be applied
to the extractable organic PM emission factors estimated by the equations in Table 11.1-14 to estimate
emission factors for specific organic PM compounds. The speciation profile presented in Table 11.1-16
can be applied to the TOC emission factors estimated by the equations in Table 11.1-14 to estimate
emission factors for specific volatile organic compounds. The derivations of the predictive emission
factor equations and the speciation profiles can be found in Reference 1.

For example, to estimate TOC emissions from drum mix plant load-out operations using an
asphalt loss-on-heating of 0.41 percent and temperature of 290°F, the following calculation is made:

EF — OO 1 72(_V)e((0.0251)(290 +460) - 20.43)
— 00 1 72(_(_04 1 ))e((0.0ZSI)(290 +460) - 20.43)
=0.0172(0.41)e "
=0.0172(0.41)(0.2009)
=0.0014 Ib TOC/ton of asphalt loaded
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To estimate the benzene emissions from the same operation, use the TOC emission factor calculated
above and apply the benzene fraction for load-out emissions from Table 11.1-16:

EF =0.0014 (0.00052)
= 7.3 x 107 Ib benzene/ton of asphalt loaded

Emissions from asphalt storage tanks can be estimated using the procedures described in AP-42
Section 7.1, Organic Liquid Storage Tanks, and the TANKS software. Site-specific data should be used
for storage tank specifications and operating parameters, such as temperature. If site-specific data for
Antoine’s constants for an average asphalt binder used by the facility are unavailable, the following
values for an average liquid asphalt binder can be used:

A =75,350.06
B =9.00346

These values should be inserted into the Antoine’s equation in the following form:

~0.05223A
log, P=—————+B

where:
P = vapor pressure, mm Hg
T = absolute temperature, Kelvin

The assumed average liquid molecular weight associated with these Antoine’s constants is 1,000
atomic mass units and the average vapor molecular weight is 105. Emission factors estimated using these
default values should be assigned a rating of E. Carbon monoxide emissions can be estimated by
multiplying the THC emissions calculated by the TANKS program by 0.097 (the ratio of silo filling CO
emissions to silo filling TOC emissions).

Vapors from the HMA loaded into transport trucks continue following load-out operations. The
TOC emissions for the 8-minute period immediately following load-out (yard emissions) can be estimated
using an emission factor of 0.00055 kg/Mg (0.0011 Ib/ton) of asphalt loaded. This factor is assigned a
rating of E. The derivation of this emission factor is described in Reference 1. Carbon monoxide
emissions can be estimated by multiplying the TOC emissions by 0.32 (the ratio of truck load-out CO
emissions to truck load-out THC emissions).

11.2.3 Updates Since the Fifth Edition

The Fifth Edition was released in January 1995. Revisions to this section since that date are
summarized below. For further detail, consult the background report for this section. This and other
documents can be found on the CHIEF Web Site at http://www.epa.gov/ttn/chief/, or by calling the Info
CHIEF Help Desk at (919)541-1000.

December 2000

® All emission factors were revised and new factors were added. For selected pollutant emissions,
separate factors were developed for distilate oil, No. 6 oil and waste oil fired dryers. Dioxin and
Furan emission factors were developed for oil fired drum mix plants. Particulate, VOC and CO
factors were developed for silo filling, truck load out and post truck load out operations at batch
plants and drum mix plants. Organic species profiles were developed for silo filling, truck load
out and post truck load out operations.
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March 2004

® The emission factor for formaldehyde for oil fired hot oil heaters was revised. An emission factor
for formaldehyde for gas fired hot oil heaters and emission factors for CO and CO, for gas and oil
fired hot oil heaters were developed. (Table 11.1-13)
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Table 11.1-1. PARTICULATE MATTER EMISSION FACTORS FOR BATCH MIX HOT MIX ASPHALT PLANTS?
Filterable PM Condensable PM® Total PM
EMISSION EMISSION EMISSION EMISSION EMISSION EMISSION

FACTOR FACTOR FACTOR FACTOR FACTOR FACTOR
Process PM° RATING | PM-10¢ | RATING Inorganic| RATING | Organic | RATING PM® RATING | PM-10f| RATING
Dryer, hot screens,
mixer®
(SCC 3-05-002-45,
46, -47)
Uncontrolled 32h E 4.5 E 0.013’ E 0.0041! E 32 E 4.5 E
Venturi or wet 0.12% C ND NA 0.013™ B 0.0041" B 0.14 C ND NA
scrubber
Fabric filter 0.025° A 0.0098 C 0.013™ A 0.0041" A 0.042 B 0.027 C

*  Factors are Ib/ton of product. SCC = Source Classification Code. ND =no data. NA = not applicable. To convert from Ib/ton to kg/Mg,

multiply by 0.5.

Condensable PM is that PM collected using an EPA Method 202, Method 5 (analysis of "back-half" or impingers), or equivalent sampling

train.

¢ Filterable PM is that PM collected on or before the filter of an EPA Method 5 (or equivalent) sampling train.

Particle size data from Reference 23 were used in conjunction with the filterable PM emission factors shown.

Total PM is the sum of filterable PM, condensable inorganic PM, and condensable organic PM.

Total PM-10 is the sum of filterable PM-10, condensable inorganic PM, and condensable organic PM.

¢ Batch mix dryer fired with natural gas, propane, fuel oil, waste oil, and coal. The data indicate that fuel type does not significantly effect PM

emissions.

Reference 5.

3 Although no data are available for uncontrolled condensable PM, values are assumed to be equal to the controlled value measured.

¥ Reference 1, Table 4-19. Average of data from 16 facilities. Range: 0.047 to 0.40 Ib/ton. Median: 0.049 Ib/ton. Standard
deviation: 0.11 Ib/ton.

™ Reference 1, Table 4-19. Average of data from 35 facilities. Range: 0.00073 to 0.12 Ib/ton. Median: 0.0042 lb/ton. Standard
deviation: 0.024 1b/ton.

" Reference 1, Table 4-19. Average of data from 24 facilities. Range: 0.000012 to 0.018 1b/ton. Median: 0.0026 Ib/ton. Standard
deviation: 0.0042 Ib/ton.

P Reference 1, Table 4-19. Average of data from 89 facilities. Range: 0.0023 to 0.18 Ib/ton. Median: 0.012 Ib/ton. Standard
deviation: 0.033 lb/ton.



Table 11.1-2. SUMMARY OF PARTICLE SIZE DISTRIBUTION
FOR BATCH MIX DRYERS, HOT SCREENS, AND MIXERS*

EMISSION FACTOR RATING: E

Cumulative Mass Less Than or Equal to
Stated Size (%)° Emission Factors, 1b/ton
Particle Size, pm" Uncontrolled* Fabric Filter Uncontrolled* Fabric Filter

1.0 ND 30¢ ND 0.0075°¢

2.5 0.83 33¢ 0.27 0.0083¢

5.0 3.5 36° 1.1 0.0090°
10.0 14 39f 4.5 0.0098"
15.0 23 47° 7.4 0.012¢

Emission factor units are 1b/ton of HMA provided. Rounded to two significant figures.

SCC 3-05-002-45, -46, -47. ND = no data available. To convert from Ib/ton to kg/Mg, multiply by
0.5.

Aerodynamic diameter.

Applies only to the mass of filterable PM.

References 23, Table 3-36. The emission factors are calculated using the particle size data from this
reference in conjunction with the filterable PM emission factor shown in Table 11.1-1.

References 23, Page J-61. The emission factors are calculated using the particle size data from this
reference in conjunction with the filterable PM emission factor shown in Table 11.1-1.

References 23-24. The emission factors are calculated using the particle size data from these
references in conjunction with the filterable PM emission factor shown in Table 11.1-1.
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Table 11.1-3. PARTICULATE MATTER EMISSION FACTORS FOR DRUM MIX HOT MIX ASPHALT PLANTS®

Filterable PM Condensable PM® Total PM
EMISSION EMISSION EMISSION EMISSION EMISSION EMISSION
FACTOR FACTOR FACTOR FACTOR FACTOR FACTOR

Process PM°¢ | RATING |PM-10°| RATING |[Inorganic| RATING |Organic| RATING | PM® | RATING |PM-10"| RATING
Dryer*®

(SCC 3-05-002-05,-55 to -63)

Uncontrolled 28" D 6.4 D 0.0074 E 0.058% E 28 D 6.5 D

Venturi or wet scrubber 0.026™ A ND NA 0.0074" A 0.012° A 0.045 A ND NA

Fabric filter 0.0144 A 0.0039 C 0.0074" A 0.012° A 0.033 A 0.023 C

multiply by 0.5.

train.

Filterable PM is that PM collected on or before the filter of an EPA Method 5 (or equivalent) sampling train.

Total PM is the sum of filterable PM, condensable inorganic PM, and condensable organic PM.

emissions.

References 31, 36-38, 340.

Total PM-10 is the sum of filterable PM-10, condensable inorganic PM, and condensable organic PM.
Drum mix dryer fired with natural gas, propane, fuel oil, and waste oil. The data indicate that fuel type does not significantly effect PM

Particle size data from Reference 23 were used in conjunction with the filterable PM emission factors shown.

Factors are 1b/ton of product. SCC = Source Classification Code. ND = no data. NA = not applicable. To convert from Ib/ton to kg/Mg,

Condensable PM is that PM collected using an EPA Method 202, Method 5 (analysis of “back-half” or impingers), or equivalent sampling

Because no data are available for uncontrolled condensable inorganic PM, the emission factor is assumed to be equal to the maximum

controlled condensable inorganic PM emission factor.
References 36-37.
Reference 1, Table 4-14. Average of data from 36 facilities. Range: 0.0036 to 0.097 1b/ton. Median: 0.020 Ib/ton. Standard

deviation:

deviation:

deviation:

deviation:

0.022 1b/ton.

0.0063 Ib/ton.

0.016 1b/ton.

0.017 Ib/ton.

Reference 1, Table 4-14. Average of data from 30 facilities. Range: 0.0012 to 0.027 Ib/ton. Median: 0.0051 Ib/ton. Standard
Reference 1, Table 4-14. Average of data from 41 facilities. Range: 0.00035 to 0.074 Ib/ton. Median: 0.0046 Ib/ton. Standard

Reference 1, Table 4-14. Average of data from 155 facilities. Range: 0.00089 to 0.14 Ib/ton. Median: 0.010 Ib/ton. Standard




Table 11.1-4. SUMMARY OF PARTICLE SIZE
DISTRIBUTION FOR DRUM MIX DRYERS*

EMISSION FACTOR RATING: E

Cumulative Mass Less Than or Equal to

Stated Size (%)° Emission Factors, Ib/ton
Particle Size, pm" Uncontrolled* Fabric Filter Uncontrolled® Fabric Filter
1.0 ND 15¢ ND 0.0021¢
2.5 5.5 21° 1.5 0.0029°
10.0 23 30¢ 6.4 0.0042¢
15.0 27 35¢ 7.6 0.0049¢

* Emission factor units are 1b/ton of HMA produced. Rounded to two significant figures.
SCC 3-05-002-05, and 3-05-002-55 to -63. ND = no data available. To convert from lb/ton to kg/Mg,

multiply by 0.5.

® Aerodynamic diameter.
¢ Applies only to the mass of filterable PM.
4 Reference 23, Table 3-35. The emission factors are calculated using the particle size data from this

reference in conjunction with the filterable PM emission factor shown in Table 11.1-3.

¢ References 214, 229. The emission factors are calculated using the particle size data from these
references in conjunction with the filterable PM emission factor shown in Table 11.1-3.

"References 23, 214, 229. The emission factors are calculated using the particle size data from these
references in conjunction with the filterable PM emission factor shown in Table 11.1-3.

¢Reference 23, 25, 229. The emission factors are calculated using the particle size data from these
references in conjunction with the filterable PM emission factor shown in Table 11.1-3. EMISSION
FACTOR RATING: D.
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Table 11.1-5. EMISSION FACTORS FOR CO, CO,, NO,, AND SO, FROM BATCH MIX

HOT MIX ASPHALT PLANTS?
EMISSION EMISSION EMISSION EMISSION

FACTOR FACTOR FACTOR FACTOR
Process CO* | RATING | CO,S | RATING | NO, | RATING | SO, | RATING
Natural gas-fired dryer, 0.40 C 374 A 0.025° D 0.0046" E
hot screens, and mixer
(SCC 3-05-002-45)
No. 2 fuel oil-fired dryer, | 0.40 C 374 A 0.12¢ E 0.088" E
hot screens, and mixer
(SCC 3-05-002-46)
Waste oil-fired dryer, hot| 0.40 C 37¢ A 0.12¢8 E 0.088" E
screens, and mixer
(SCC 3-05-002-47)
Coal-fired dryer, hot ND NA 37¢ A ND NA 0.043* E
screens, and mixer
(SCC 3-05-002-98)

data available. NA = not applicable. To convert from Ib/ton to kg/Mg, multiply by 0.5.
> References 24, 34, 46-47, 49, 161, 204, 215-217, 282, 370, 378, 381. The CO emission factors
represent normal plant operations without scrutiny of the burner design, operation, and maintenance.
Information is available that indicates that attention to burner design, periodic evaluation of burner
operation, and appropriate maintenance can reduce CO emissions. Data for dryers firing natural gas,
No. 2 fuel oil, and No. 6 fuel oil were combined to develop a single emission factor because the
magnitude of emissions was similar for dryers fired with these fuels.

Emission factor units are b per ton of HMA produced. SCC = Source Classification Code. ND =no

Emissions of CO, and SO, can also be estimated based on fuel usage and the fuel combustion emission

factors (for the appropriate fuel) presented in AP-42 Chapter 1. The CO, emission factors are an
average of all available data, regardless of the dryer fuel (emissions were similar from dryers firing
any of the various fuels). Based on data for drum mix facilities, 50 percent of the fuel-bound sulfur,
up to a maximum (as SO,) of 0.1 1b/ton of product, is expected to be retained in the product, with the
remainder emitted as SO,.
¢ Reference 1, Table 4-20. Average of data from 115 facilities. Range: 6.9 to 160 Ib/ton. Median:
32 Ib/ton. Standard deviation: 22 Ib/ton.
¢ References 24, 34, 46-47.

I References 46-47.
¢ References 49, 226.

" References 49, 226, 228, 385.

I Dryer fired with coal and supplemental natural gas or fuel oil.

k' Reference 126.
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Table 11.1-6. EMISSION FACTORS FOR TOC, METHANE, AND VOC
FROM BATCH MIX HOT MIX ASPHALT PLANTS®

EMISSION EMISSION EMISSION
FACTOR FACTOR FACTOR
Process TOCP RATING CH/ RATING voc! RATING
Natural gas-fired dryer, 0.015°¢ D 0.0074 D 0.0082 D
hot screens, and mixer
(SCC 3-05-002-45)
No. 2 fuel oil-fired dryer, | 0.015° D 0.0074 D 0.0082 D
hot screens, and mixer
(SCC 3-05-002-46)
No. 6 fuel oil-fired dryer, | 0.043" E 0.0074 D 0.036 E
hot screens, and mixer
(SCC 3-05-002-47)

Methane measured with an EPA Method 18 or equivalent sampling train.

f Reference 49.

11.1-16
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Emission factor units are 1b per ton of HMA produced. SCC = Source Classification Code. ND =no
data available. NA = not applicable. To convert from Ib/ton to kg/Mg, multiply by 0.5.

TOC equals total hydrocarbons as propane, as measured with an EPA Method 25A or equivalent
sampling train plus formaldehyde.

References 24, 46-47, 49. Factor includes data from natural gas- and No. 6 fuel oil-fired dryers.

The VOC emission factors are equal to the TOC factors minus the methane emission factors;
differences in values reported are due to rounding.
References 24, 46-47, 155.
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Table 11.1-7. EMISSION FACTORS FOR CO, CO,, NO,, AND SO, FROM
DRUM MIX HOT MIX ASPHALT PLANTS®

EMISSION EMISSION EMISSION EMISSION

FACTOR FACTOR FACTOR FACTOR
Process co’ RATING CO, RATING NO, RATING SO, RATING
Natural gas-fired dryer 0.13 B 334 A 0.026° D 0.0034° D
(SCC 3-05-002-55,-56,-57)
No. 2 fuel oil-fired dryer 0.13 B 33¢ A 0.055¢ C 0.011" E
(SCC 3-05-002-58,-59,-60)
Waste oil-fired dryer 0.13 B 334 A 0.055¢ C 0.058 B
(SCC 3-05-002-61,-62,-63)
Coal-fired dryer* ND NA 33¢ A ND NA 0.19™ E
(SCC 3-05-002-98)

Emission factor units are b per ton of HMA produced. SCC = Source Classification Code. ND = no data available. NA = not applicable. To
convert from Ib/ton to kg/Mg, multiply by 0.5.

References 25, 44, 48, 50, 149, 154, 197, 214, 229, 254, 339-342, 344, 346, 347, 390. The CO emission factors represent normal plant
operations without scrutiny of the burner design, operation, and maintenance. Information is available that indicates that attention to burner
design, periodic evaluation of burner operation, and appropriate maintenance can reduce CO emissions. Data for dryers firing natural gas, No.
2 fuel oil, and No. 6 fuel oil were combined to develop a single emission factor because the magnitude of emissions was similar for dryers fired
with these fuels.

Emissions of CO, and SO, can also be estimated based on fuel usage and the fuel combustion emission factors (for the appropriate fuel)
presented in AP-42 Chapter 1. The CO, emission factors are an average of all available data, regardless of the dryer fuel (emissions were
similar from dryers firing any of the various fuels). Fifty percent of the fuel-bound sulfur, up to a maximum (as SO,) of 0.1 Ib/ton of product,
is expected to be retained in the product, with the remainder emitted as SO,.

Reference 1, Table 4-15. Average of data from 180 facilities. Range: 2.6 to 96 Ib/ton. Median: 31 Ib/ton. Standard deviation: 13 Ib/ton.
References 44-45, 48, 209, 341, 342.

References 44-45, 48.

References 25, 50, 153, 214, 229, 344, 346, 347, 352-354.

References 50, 119, 255, 340

References 25, 299, 300, 339, 345, 351, 371-377, 379, 380, 386-388.

Dryer fired with coal and supplemental natural gas or fuel oil.

References 88, 108, 189-190.




Table 11.1-8. EMISSION FACTORS FOR TOC, METHANE, VOC, AND HC1 FROM
DRUM MIX HOT MIX ASPHALT PLANTS®

EMISSION EMISSION EMISSION EMISSION

FACTOR FACTOR FACTOR FACTOR
Process TOC® | RATING | CHS | RATING | VOC!| RATING HCI* RATING
Natural gas-fired 0.044" B 0.012 C 0.032 C ND NA
dryer
(SCC 3-05-002-55,
-56,-57)
No. 2 fuel oil-fired ~ |0.044 B 0.012 C 0.032 C ND NA
dryer
(SCC 3-05-002-58,
-59,-60)
Waste oil-fired dryer |0.044" E 0.012 C 0.032 E 0.00021 D
(SCC 3-05-002-61,
-62,-63)

data available. NA = not applicable. To convert from lb/ton to kg/Mg, multiply by 0.5.

sampling train plus formaldehyde.

Emission factor units are 1b per ton of HMA produced. SCC = Source Classification Code. ND =no
TOC equals total hydrocarbons as propane as measured with an EPA Method 25A or equivalent

References 25, 44-45, 48, 50, 339-340, 355. Factor includes data from natural gas-, No. 2 fuel oil, and

waste oil-fired dryers. Methane measured with an EPA Method 18 or equivalent sampling train.

Table 11.1-10; differences in values reported are due to rounding.

11.1-18

References 348, 374, 376, 379, 380.
References 25, 44-45, 48, 50, 149, 153-154, 209-212, 214, 241, 242, 339-340, 355.

EMISSION FACTORS

The VOC emission factors are equal to the TOC factors minus the sum of the methane emission factors
and the emission factors for compounds with negligible photochemical reactivity shown in
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Table 11.1-9. EMISSION FACTORS FOR ORGANIC POLLUTANT
EMISSIONS FROM BATCH MIX HOT MIX ASPHALT PLANTS®

Pollutant o Emission
Emission Factor,| Factor
Process CASRN Name 1b/ton Rating Ref. Nos.
Natural gas- or No. 2 Non-PAH Hazardous Air Pollutants”
fuel oil-fired dryer, hot 75-07-0  |Acetaldehyde 0.00032 E  |2434
;;{;ff;;‘;d mixer with 71-432  |Benzene 0.00028 D [243446,382
(SCC 3-05-002-45,-46) 100-41-4 Ethylbenzene 0.0022 D 24,46,47,49
50-00-0 Formaldehyde 0.00074 D 24,34,46,47,49,226,382
106-51-4  |Quinone 0.00027 E 24
108-88-3  |Toluene 0.0010 D 24,34,46,47
1330-20-7 |Xylene 0.0027 D 24,46,47,49
Total non-PAH HAPs 0.0075
PAH HAPs
91-57-6 2-Methylnaphthalene® 7.1x10° D 24,47,49
83-32-9 Acenaphthene’ 9.0x107 D 34,46,226
208-96-8 Acenaphthylene® 5.8x107 D 34,46,226
120-12-7 | Anthracene® 2.1x107 D 34,46,226
56-55-3 Benzo(a)anthracene® 4.6x10” E 46,226
50-32-8 Benzo(a)pyrene® 3.1x101° E 226
205-99-2 Benzo(b)fluoranthene® 9.4x10” D 34,46,226
191-24-2  [Benzo(g,h,i)perylene® 5.0x1071° E 226
207-08-9 Benzo(k)fluoranthene® 1.3x10* E 34,226
218-01-9  [Chrysene® 3.8x107 E 46,226
53-70-3 Dibenz(a,h)anthracene® 9.5x10™M E 226
206-44-0  |Fluoranthene® 1.6x107 D 34,46,47,226
86-73-7 Fluorene® 1.6x10°¢ D 34,46,47,226
193-39-5  [Indeno(1,2,3-cd)pyrene* 3.0x101° E 226
91-20-3 Naphthalene 3.6x107 D 34,46,47,49,226
85-01-8 Phenanthrene® 2.6x10°° D 34,46,47,226
129-00-0  [Pyrene® 6.2x10® D 34,46,226
Total PAH HAPs 0.00011
Total HAPs 0.0076
Non-HAP organic compounds
100-52-7 Benzaldehyde 0.00013 E 24
78-84-2 Butyraldehyde/ 3.0x10° E 24
isobutyraldehyde
4170-30-3 |Crotonaldehyde 2.9x10° E 24
66-25-1 Hexanal 2.4x10° E 24
Total non-HAPs 0.00019
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Table 11.1-9 (cont.)

Pollutant Emission
Emission Factor, | Factor
Process CASRN Name Ib/ton Rating Ref. Nos.
Waste oil-, drain oil-, or Non-PAH Hazardous Air Pollutants®
No. 6 fuel oil-fired
dryer, hot screens, and mixer [75-07-0 Acetaldehyde 0.00032 E 24,34
with fabric filter
(SCC 3-05-002-47) 71-43-2 Benzene 0.00028 D 24,3446, 382
100-41-4  |Ethylbenzene 0.0022 D 24,46,47,49
50-00-0 Formaldehyde 0.00074 D 24,34,46,47,49,226, 382
106-51-4  |Quinone 0.00027 E 24
108-88-3 Toluene 0.0010 D 24,34,46,47
1330-20-7 |Xylene 0.0027 D 24,46,47,49
Total non-PAH HAPs 0.0075
PAH HAPs"
91-57-6 2-Methylnaphthalene® 7.1x10° D 24,47,49
83-32-9 Acenaphthene’ 9.0x107 D 34,46,226
208-96-8 Acenaphthylene® 5.8x107 D 34,46,226
120-12-7 Anthracene® 2.1x107 D 34,46,226
56-55-3 Benzo(a)anthracene® 4.6x10” E 46,226
50-32-8 Benzo(a)pyrene® 3.1x101° E 226
205-99-2 Benzo(b)fluoranthene® 9.4x10” D 34,46,226
191-24-2  [Benzo(g,h,i)perylene® 5.0x101° E 226
207-08-9 Benzo(k)fluoranthene® 1.3x10* E 34,226
218-01-9 Chrysene® 3.8x10° E 46,226
53-70-3 Dibenz(a,h)anthracene® 9.5x10™M E 226
206-44-0 Fluoranthene® 2.4x10° E 49
86-73-7 Fluorene® 1.6x10° D 34,46,47,226
193-39-5  [Indeno(1,2,3-cd)pyrene* 3.0x101° E 226
91-20-3 Naphthalene 3.6x10° D 34,46,47,49, 226
85-01-8 Phenanthrene® 3.7x10° E 49
129-00-0  |Pyrene® 5.5x10” E 49
Total PAH HAPs 0.00023
Total HAPs 0.0077
Non-HAP organic compounds
100-52-7 Benzaldehyde 0.00013 E 24
78-84-2 Butyraldehyde/ 3.0x10° E 24
isobutyraldehyde
4170-30-3 |Crotonaldehyde 2.9x10° E 24
66-25-1 Hexanal 2.4x10° E 24
Total non-HAPs 0.00019

" Emission factor units are Ib/ton of hot mix asphalt produced. Factors represent uncontrolled emissions, unless noted. CASRN

= Chemical Abstracts Service Registry Number. SCC = Source Classification Code. To convert from Ib/ton to kg/Mg,

multiply by 0.5.

® Hazardous air pollutants (HAP) as defined in the 1990 Clean Air Act Amendments (CAAA).
¢ Compound is classified as polycyclic organic matter, as defined in the 1990 CAAA.
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Table 11.1-10. EMISSION FACTORS FOR ORGANIC POLLUTANT
EMISSIONS FROM DRUM MIX HOT MIX ASPHALT PLANTS?

Pollutant Emission |[Emission
Factor, | Factor
Process CASRN Name Ib/ton | Rating Ref. No.
Natural gas-fired Non-PAH hazardous air pollutants®
dryer with fabric 71-43-2  |Benzene’ 0.00039 | A 25,44,45,50, 341,
filter 342, 344-351, 373,
(SCC 3-05-002-55, 376, 377, 383, 384
-36,-57) 100-41-4 |Ethylbenzene 0.00024 D 25,4445
50-00-0 |Formaldehyde® 0.0031 A 25,35,44,45,50, 339-
344, 347-349, 371-
373, 384, 388
110-54-3 |Hexane 0.00092 E 339-340
540-84-1 |Isooctane (2,2,4-trimethylpentane) | 4.0x107 E 339-340
71-55-6  [Methyl chloroform’ 4.8x107 E 35
108-88-3 |Toluene 0.00015 D 35,4445
1330-20-7 [Xylene 0.00020 D 25,4445
Total non-PAH HAPs 0.0051
PAH HAPs
91-57-6 |2-Methylnaphthalene® 7.4x10° D 44,4548
83-32-9 |Acenaphthene® 1.4x10° E 48
208-96-8 |Acenaphthylene® 8.6x10°° D 35,45,48
120-12-7 |Anthracene® 2.2x107 E 35,48
56-55-3 |Benzo(a)anthracene® 2.1x107 E 48
50-32-8 |Benzo(a)pyrene® 9.8x107 E 48
205-99-2 |Benzo(b)fluoranthene® 1.0x107 E 35,48
192-97-2 |Benzo(e)pyrene® 1.1x107 E 48
191-24-2 |Benzo(g,h,i)perylene® 4.0x10°® E 48
207-08-9 |Benzo(k)fluoranthene® 4.1x10® E 35,48
218-01-9 [Chrysene® 1.8x107 E 35,48
206-44-0 |Fluoranthene® 6.1x107 D 35,45,48
86-73-7 |Fluorene® 3.8x10¢ D 35,45,48,163
193-39-5 |Indeno(1,2,3-cd)pyrene® 7.0x107 E 48
91-20-3 |Naphthalene® 9.0x107 D 35,44,45,48,163
198-55-0 |Perylene® 8.8x107 E 48
85-01-8 |Phenanthrene® 7.6x10°¢ D 35,44,45,48,163
129-00-0 |Pyrene® 5.4x107 D 45,48
Total PAH HAPs 0.00019
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Table 11.1-10 (cont.)

Pollutant Emission |Emission
Factor, | Factor
Process CASRN Name Ib/ton | Rating Ref. No.
Natural gas-fired Total HAPs 0.0053
ith fabri 5
(f%:ii]:rrb with fabric Non-HAP organic compounds
(SCC 3-05-002-55,| 106-97-8 |Butane 0.00067 E 339
-56,-57) (cont.)
74-85-1 |Ethylene 0.0070 E 339-340
142-82-5 |Heptane 0.0094 E 339-340
763-29-1 |2-Methyl-1-pentene 0.0040 E 339,340
513-35-9 [2-Methyl-2-butene 0.00058 E 339,340
96-14-0 |3-Methylpentane 0.00019 D 339,340
109-67-1 |1-Pentene 0.0022 E 339-340
109-66-0 |n-Pentane 0.00021 E 339-340
Total non-HAP organics 0.024
No. 2 fuel oil-fired Non-PAH HAPs®
dryer with fabric 71-43-2  |Benzene’ 0.00039 | A 25,44,45,50, 341,
filter 342, 344-351, 373,
(SCC 3-05-002-58, 376,377,383, 384
-39,60) 100-41-4 |Ethylbenzene 0.00024 D 25,44,45
50-00-0 |Formaldehyde® 0.0031 A 25,35,44,45,50, 339-
344, 347-349, 371-
373, 384, 388
110-54-3 |Hexane 0.00092 E 339-340
540-84-1 |Isooctane (2,2,4-trimethylpentane) | 4.0x107 E 339-340
71-55-6  [Methyl chloroform’ 4.8x10° E 35
108-88-3 |Toluene 0.0029 E 25, 50, 339-340
1330-20-7 [Xylene 0.00020 D 25,44,45
Total non-PAH HAPs 0.0078
PAH HAPs
91-57-6 |2-Methylnaphthalene® 0.00017 E 50
83-32-9 |Acenaphthene® 1.4x10° E 48
208-96-8 |Acenaphthylene® 2.2x107 E 50
120-12-7 |Anthracene® 3.1x10° E 50,162
56-55-3 |Benzo(a)anthracene® 2.1x107 E 48
50-32-8 |Benzo(a)pyrene® 9.8x10” E 48
205-99-2 |Benzo(b)fluoranthene® 1.0x107 E 35,48
192-97-2 |Benzo(e)pyrene® 1.1x107 E 48
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Table 11.1-10 (cont.)

Pollutant Emission |Emission
Factor, | Factor
Process CASRN Name Ib/ton | Rating Ref. No.
No. 2 fuel oil-fired 191-24-2 |Benzo(g,h,i)perylene® 4.0x10* E 48
Cflllif:rr with fabric 207-08-9 |Benzo(k)fluoranthene® 4.1x10° | E 35,48
(SCC 3-05-002-58, [ 218-01-9 [Chrysene® 1.8x107 E 35,48
99600 (ont) | 06440 |Fluoranthenes 6.1x10" | D 35,4548
86-73-7 |Fluorene® 1.1x10° E 50,164
193-39-5 |Indeno(1,2,3-cd)pyrenc® 7.0x107 E 48
91-20-3 [Naphthalene® 0.00065 D 25,50,162,164
198-55-0 |Perylene® 8.8x107 E 48
85-01-8 |Phenanthrene® 2.3x10° D 50,162,164
129-00-0 |Pyrene® 3.0x10¢ E 50
Total PAH HAPs 0.00088
Total HAPs 0.0087
Non-HAP organic compounds
106-97-8 |Butane 0.00067 E 339
74-85-1 |Ethylene 0.0070 E 339-340
142-82-5 |Heptane 0.0094 E 339-340
763-29-1 |2-Methyl-1-pentene 0.0040 E 339,340
513-35-9 |2-Methyl-2-butene 0.00058 E 339,340
96-14-0 |3-Methylpentane 0.00019 D 339,340
109-67-1 |1-Pentene 0.0022 E 339-340
109-66-0 |n-Pentane 0.00021 E 339-340
Total non-HAP organics 0.024
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Table 11.1-10 (cont.)

Pollutant Emission |Emission
Factor, | Factor
Process CASRN Name Ib/ton | Rating Ref. No.
Fuel oil- or waste Dioxins
(f);;rf;lzeglirryer Wit 5 46-01-6 [2,3,7.8-TCDD? 21x10" | E 339
(SCC 3-05-002-58, Total TCDD*® 9.3x10™" E 339
-59,-60,-61,-62,
-63) 40321-76-4 (1,2,3,7,8-PeCDD* 3.1x10™" E 339
Total PeCDD# 2.2x10™ E 339-340
39227-28-6 |1,2,3,4,7,8-HxCDD* 4.2x10" E 339
57653-85-711,2,3,6,7,8-HxCDD# 1.3x107"* E 339
19408-24-3 |1,2,3,7,8,9-HxCDD# 9.8x10™" E 339
Total HxCDD# 1.2x10™ E 339-340
35822-46-9 |1,2,3,4,6,7,8-HpCDD# 4.8x10"* E 339
Total HpCDD#® 1.9x10™" E 339-340
3268-87-9 [Octa CDD® 2.5x10™" E 339
Total PCDD# 7.9x10™ E 339-340
Furans
51207-31-9 |2,3,7,8-TCDF* 9.7x10" E 339
Total TCDF® 3.7x10™ E 339-340
1,2,3,7,8-PeCDF* 4.3x10"* E 339-340
2,3,4,7,8-PeCDF* 8.4x10" E 339
Total PeCDF® 8.4x10™" E 339-340
1,2,3,4,7,8-HxCDF* 4.0x10"* E 339
1,2,3,6,7,8-HxCDF* 1.2x107"* E 339
2,3,4,6,7,8-HxCDF* 1.9x10™"* E 339
1,2,3,7,8,9-HxCDF* 8.4x10" E 340
Total HxCDF# 1.3x10™ E 339-340
1,2,3,4,6,7,8-HpCDF* 6.5x10™" E 339
1,2,3,4,7,8,9-HpCDF* 2.7x107"* E 339
Total HpCDF* 1.0x10™" E 339-340
39001-02-0 |Octa CDF*® 4.8x10"* E 339
Total PCDF* 4.0x10™" E 339-340
Total PCDD/PCDF*® 1.2x101° E 339-340
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Table 11.1-10 (cont.)

Pollutant Emission |Emission
Factor, | Factor

Process CASRN Name Ib/ton | Rating Ref. No.

Fuel oil- or waste Hazardous air pollutants®

oil-fired dryer —

(uncontrolled) Dioxins

-U>-VU2-06, otal Hx Ax10
(SCC 3-05-002-58 Total HxCDD#® 5.4x10" E 340
-59,-60,-61,-62,
-63) 35822-46-9 |1,2,3,4,6,7,8-HpCDD# 3.4x10™ E 340
Total HpCDD# 7.1x10™ E 340
3268-87-9 [Octa CDD* 2.7x10° E 340
Total PCDD# 2.8x10° E 340
Furans
Total TCDF® 3.3x10™ E 340
Total PeCDF® 7.4x10™M E 340
1,2,3,4,7,8-HxCDF* 5.4x10" E 340
2,3,4,6,7,8-HxCDF® 1.6x10™" E 340
Total HxCDF® 8.1x10" E 340

Fuel oil- or waste 1,2,3,4,6,7,8-HpCDF* 1.1x10™" E 340

oil-fired dryer 1 . "

(unCOntrOHed) Tota HpCDF 3.8x10 E 340
(SCC 3-05-002-58, Total PCDF® 1.5x10™ [ E 340
-59,-60,-61,-62,

-63) (cont.) Total PCDD/PCDF* 3.0x107 E 340
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Table 11.1-10 (cont.)

Pollutant Emission |Emission
Factor, | Factor
Process CASRN Name Ib/ton | Rating Ref. No.
Waste oil-fired dryer Non-PAH HAPs®
Wi(tél(féb;i_%g_l(t)%g_ o1 | 75070 [Acetaldenyde 00013 | E 25
-62,-63) 107-02-8 |Acrolein 2.6x10° E 25
71-43-2  |Benzene! 0.00039 A 25,44,45,50,341,342,
344-351, 373, 376,
377, 383, 384
100-41-4 |Ethylbenzene 0.00024 D 25,4445
50-00-0 |Formaldehyde® 0.0031 A 25,35,44,45,50,339-
344,347-349,371-373,
384, 388
110-54-3 |Hexane 0.00092 E 339-340
540-84-1 |Isooctane (2,2,4-trimethylpentane) | 4.0x107 E 339-340
78-93-3  |Methyl Ethyl Ketone 2.0x10° E 25
123-38-6 |Propionaldehyde 0.00013 E 25
106-51-4 |Quinone 0.00016 E 25
71-55-6  |[Methyl chloroform’ 4.8x10° E 35
108-88-3 |Toluene 0.0029 E 25, 50, 339-340
1330-20-7 [Xylene 0.00020 D 25,44,45
Total non-PAH HAPs 0.0095
PAH HAPs
91-57-6 |2-Methylnaphthalene® 0.00017 E 50
83-32-9 | Acenaphthene® 1.4x10° E 48
208-96-8 |Acenaphthylene® 2.2x10° E 50
120-12-7 |Anthracene® 3.1x10°¢ E 50,162
56-55-3 |Benzo(a)anthracene® 2.1x107 E 48
50-32-8 |Benzo(a)pyrene® 9.8x10? E 48
205-99-2 |Benzo(b)fluoranthene® 1.0x107 E 35,48
192-97-2 |Benzo(e)pyrene® 1.1x107 E 48
191-24-2 |Benzo(g,h,i)perylene® 4.0x10® E 48
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Table 11.1-10 (cont.)

Pollutant Emission |Emission
Factor, | Factor
Process CASRN Name Ib/ton | Rating Ref. No.
Waste oil-fired dryer [ 207-08-9 |Benzo(k)fluoranthene® 4.1x10* E 35,48
Wi(glcféb;i_%?_%%rz_ 61.| 218-01-9 [Chrysenet 1.8x107 | E 35,48
-62,-63) (cont.) 206-44-0 |Fluoranthene® 6.1x107 D 35,45,48
86-73-7 |Fluorene® 1.1x10° E 50,164
193-39-5 |Indeno(1,2,3-cd)pyrenc® 7.0x107 E 48
91-20-3 [Naphthalene® 0.00065 D 25,50,162,164
198-55-0 |Perylene® 8.8x107 E 48
85-01-8 |Phenanthrene® 2.3x10° D 50,162,164
129-00-0 |Pyrene® 3.0x10¢ E 50
Total PAH HAPs 0.00088
Total HAPs 0.010
Non-HAP organic compounds
67-64-1 |Acetone’ 0.00083 E 25
100-52-7 |Benzaldehyde 0.00011 E 25
106-97-8 |Butane 0.00067 E 339
78-84-2 |Butyraldehyde 0.00016 E 25
4170-30-3 |Crotonaldehyde 8.6x10° E 25
74-85-1 |Ethylene 0.0070 E 339, 340
142-82-5 |Heptane 0.0094 E 339, 340
66-25-1 |Hexanal 0.00011 E 25
590-86-3 |Isovaleraldehyde 3.2x10° E 25
763-29-1 |2-Methyl-1-pentene 0.0040 E 339, 340
513-35-9 [2-Methyl-2-butene 0.00058 E 339, 340
96-14-0 |3-Methylpentane 0.00019 D 339, 340
109-67-1 |1-Pentene 0.0022 E 339, 340
109-66-0 |n-Pentane 0.00021 E 339, 340
110-62-3 |Valeraldehyde 6.7x107 E 25
Total non-HAP organics 0.026

a

Emission factor units are 1b/ton of hot mix asphalt produced. Table includes data from both parallel
flow and counterflow drum mix dryers. Organic compound emissions from counterflow systems are
expected to be less than from parallel flow systems, but the available data are insufficient to quantify
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Table 11.1-10 (cont.)

accurately the difference in these emissions. CASRN = Chemical Abstracts Service Registry Number.

SCC = Source Classification Code. To convert from Ib/ton to kg/Mg, multiply by 0.5.

Tests included dryers that were processing reclaimed asphalt pavement. Because of limited data, the

effect of RAP processing on emissions could not be determined.

¢ Hazardous air pollutants (HAP) as defined in the 1990 Clean Air Act Amendments (CAAA).

¢ Based on data from 19 tests. Range: 0.000063 to 0.0012 Ib/ton; median: 0.00030; Standard
deviation: 0.00031.

¢ Based on data from 21 tests. Range: 0.0030 to 0.014 Ib/ton; median: 0.0020; Standard deviation:

0.0036.

Compound has negligible photochemical reactivity.

¢ Compound is classified as polycyclic organic matter, as defined in the 1990 CAAA. Total PCDD is the
sum of the total tetra through octa dioxins; total PCDF is sum of the total tetra through octa furans; and
total PCDD/PCDF is the sum of total PCDD and total PCDF.
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Table 11.1-11. EMISSION FACTORS FOR METAL EMISSIONS
FROM BATCH MIX HOT MIX ASPHALT PLANTS®

Emission Emission Reference
Process Pollutant Factor, Ib/ton | Factor Rating | Numbers
Dryer, hot screens, and Arsenic® 4.6x107 D 34,40, 226
mixer® Barium 1.5x10° E 24
(SCC 3-05-002-45,-46,-47) | Beryllium® 1.5x107 E 34,226
Cadmium® 6.1x107 D 24,34, 226
Chromium® 5.7x107 D 24,34, 226
Hexavalent chromium® 4.8x10® E 34,226
Copper 2.8x10°¢ D 24, 34,226
Lead® 8.9x107 D 24,34, 226
Manganese® 6.9x10°¢ D 24, 34,226
Mercury® 4.1x107 E 34,226
Nickel® 3.0x10° D 24,34, 226
Selenium® 4.9x107 E 34,226
Zinc 6.8x10°¢ D 24, 34,226

* Emission factor units are Ib/ton of HMA produced. Emissions controlled by a fabric filter.
SCC = Source Classification Code. To convert from Ib/ton to kg/Mg, multiply by 0.5.

" Natural gas-, propane-, No. 2 fuel oil-, or waste oil-/drain oil-/No. 6 fuel oil-fired dryer. For waste
oil-/drain oil-/No. 6 fuel oil-fired dryer, use a lead emission factor of 1.0x10” Ib/ton (References 177
and 321, Emission factor rating: E) in lieu of the emission factor shown.

¢ Arsenic, beryllium, cadmium, chromium, hexavalent chromium, lead, manganese, mercury, nickel, and
selenium are HAPs as defined in the 1990 CAAA.
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Table 11.1-12. EMISSION FACTORS FOR METAL EMISSIONS
FROM DRUM MIX HOT MIX ASPHALT PLANTS®

Emission Emission
Factor, Factor
Process Pollutant Ib/ton Rating Reference Numbers
Fuel oil-fired dryer, Arsenic® 1.3x10°¢ E 340
uncontrolled Barium 0.00025 E 340
(SCC 3-05-002-58, Beryllium® 0.0 E 340
-59,-60) Cadmium® 4.2x10¢ E 340
Chromium® 2.4x10° E 340
Cobalt® 1.5x107 E 340
Copper 0.00017 E 340
Lead" 0.00054 E 340
Manganese® 0.00065 E 340
Nickel® 0.0013 E 340
Phosphorus® 0.0012 E 340
Selenium® 2.4x10° E 340
Thallium 2.2x10° E 340
Zinc 0.00018 E 340
Natural gas- or Antimony 1.8x107 E 339
propane-fired dryer, Arsenic® 5.6x107 D 25, 35, 339-340
with fabric filter Barium 5.8x10°¢ E 25, 339-340
(SCC 3-05-002-55, | Beryllium® 0.0 E 339-340
-56,-57)) Cadmium® 4.1x107 D 25,35, 162, 301, 339-340
Chromium® 5.5x10° C 25, 162-164, 301, 339-340
Cobalt® 2.6x10°* E 339-340
Copper 3.1x10° D 25, 162-164, 339-340
Hexavalent chromium® 4.5x107 E 163
Lead® 6.2x107 E 35
Manganese® 7.7x10°¢ D 25, 162-164, 339-340
Mercury® 2.4x107 E 35,163
Nickel® 6.3x10° D 25, 163-164, 339-340
Phosphorus® 2.8x10° E 25, 339-340
Silver 4.8x107 E 25, 339-340
Selenium® 3.5x107 E 339-340
Thallium 4.1x10° E 339-340
Zinc 6.1x10° C 25, 35, 162-164, 339-340
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Table 11.1-12 (cont.)

Emission Emission
Factor, Factor
Process Pollutant Ib/ton Rating Reference Numbers
No. 2 fuel oil-fired Antimony 1.8x107 E 339
dryer or waste oil/drain | Arsenic® 5.6x107 D 25,35, 339-340
oil/No. 6 fuel oil-fired | Barium 5.8x10° E 25, 339-340
dryer, with fabric filter | Beryllium® 0.0 E 339-340
(SCC 3-05-002-58, | Cadmium® 4.1x107 D 25, 35,162, 301, 339-340
-59,-60,-61,-62,-63) | Chromium® 5.5x10°¢ C 25, 162-164, 301, 339-340
Cobalt’ 2.6x10® E 339-340
Copper 3.1x10° D 25, 162-164, 339-340
Hexavalent chromium® | 4.5x107 E 163
Lead® 1.5x107 C 25,162, 164, 178-179, 183, 301,
315, 339-340
Manganese® 7.7x10°¢ D 25, 162-164, 339-340
Mercury® 2.6x10° D 162, 164, 339-340
Nickel® 6.3x10° D 25, 163-164, 339-340
Phosphorus® 2.8x107 E 25, 339-340
Silver 4.8x107 E 25, 339-340
Selenium® 3.5x107 E 339-340
Thallium 4.1x10° E 339-340
Zinc 6.1x10° C 25,35, 162-164, 339-340

* Emission factor units are Ib/ton of HMA produced. SCC = Source Classification Code. To convert
from Ib/ton to kg/Mg, multiply by 0.5. Emission factors apply to facilities processing virgin aggregate
or a combination of virgin aggregate and RAP.

® Arsenic, beryllium, cadmium, chromium, hexavalent chromium, cobalt, lead, manganese, mercury,
nickel, and selenium compounds are HAPs as defined in the 1990 CAAA. Elemental phosphorus also is
a listed HAP, but the phosphorus measured by Method 29 is not elemental phosphorus.
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Table 11.1-13.

EMISSION FACTORS FOR HOT MIX ASPHALT HOT OIL SYSTEMS*

Pollutant L Lo EMISSION
Emission | Emission | FACTOR
Process CASRN Name factor | factor units| RATING | Reference
Hot oil system fired | 630-08-0 | Carbon monoxide 8.9x10°¢ b/t C 395
with natural gas 124-38-9 [ Carbon dioxide 0.20 Ib/fe? C 395
(SCC 3-05-002-06) | 50.00-0 | Formaldehyde 2.6x10° I/t C 395
Hot oil system fired 630-08-0 [ Carbon monoxide 0.0012 Ib/gal C 395
with No. 2 fuel oil [ 124-38-9 [ Carbon dioxide 28 Ib/gal C 395
(SCC 3-05-002-08) | 50.00-0 | Formaldehyde 3.5x10° | Ib/gal C 395
83-32-9 | Acenaphthene® 5.3x107 Ib/gal E 35
208-96-8 | Acenaphthylene® 2.0x107 1b/gal E 35
120-12-7 | Anthracene® 1.8x107 Ib/gal E 35
205-99-2 | Benzo(b)fluoranthene® | 1.0x10” 1b/gal E 35
206-44-0 | Fluoranthene® 4.4x10%® 1b/gal E 35
86-73-7 | Fluorene® 3.2x10*® 1b/gal E 35
91-20-3 | Naphthalene® 1.7x107 1b/gal E 35
85-01-8 | Phenanthrene® 4.9x10° 1b/gal E 35
129-00-0 | Pyrene® 3.2x10°% Ib/gal E 35
Dioxins
19408-74-3 | 1,2,3,7,8,9-HxCDD" 7.6x10" 1b/gal E 35
39227-28-6 | 1,2,3,4,7,8-HxCDD" 6.9x10" 1b/gal E 35
HxCDD" 6.2x10"2 1b/gal E 35
35822-46-9 | 1,2,3,4,6,7,8-HpCDD" | 1.5x10™"! 1b/gal E 35
HpCDD® 2.0x10™" 1b/gal E 35
3268-87-9 | OCDD® 1.6x10"° 1b/gal E 35
Total PCDD 2.0x10"° 1b/gal E 35
Furans
TCDF® 3.3x10"2 1b/gal E 35
PeCDF® 4.8x10™" 1b/gal E 35
HxCDF® 2.0x10™"2 1b/gal E 35
HpCDF® 9.7x10"* 1b/gal E 35
67562-39-4 | 1,2,3,4,6,7,8-HpCDF® [ 3.5x10™"2 1b/gal E 35
39001-02-0 | OCDF® 1.2x10™" 1b/gal E 35
Total PCDF 3.1x10™" 1b/gal E 35
Total PCDD/PCDF 2.3x10"° 1b/gal E 35

* Emission factor units are 1b/gal of fuel consumed. To convert from pounds per standard cubic foot
(Ib/ft® to kilograms per standard cubic meter (kg/m*®, multiply by 16. To convert from Ib/gal to
kilograms per liter (kg/l), multiply by 0.12. CASRN = Chemical Abstracts Service Registry Number.
SCC = Source Classification Code.

> Compound is classified as polycyclic organic matter, as defined in the 1990 Clean Air Act Amendments
(CAAA). Total PCDD is the sum of the total tetra through octa dioxins; total PCDF is sum of the total

tetra through octa furans; and total PCDD/PCDF is the sum of total PCDD and total PCDF.
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Table 11.1-14. PREDICTIVE EMISSION FACTOR EQUATIONS
FOR LOAD-OUT AND SILO FILLING OPERATIONS®

EMISSION FACTOR RATING: C

Source Pollutant Equation
Drum mix or batch mix Total PM® EF = 0.000181 + 0.00141(-V)e(*-0231(T +460) - 20.43)
Eé?élg’f‘ggf’gﬁz_l 4 Organic PM® | EF = 0.00141(-V)e(0025(T +460)- 2043

TOC! EF = 0.0172(-V)e(0025)(T +460)- 2049

Co EF = 0.00558(-V)e(00251(T +460)-20.43)
Silo filling Total PM® EF = 0.000332 + 0.00105(-V)e(-0231(T + 460) - 20.43)
(5CC 30500213 Organic PM® | EF = 0.00105(-V)e(®25(T 4602043

TOC! EF = 0.0504(-V)e(00251)T - 460)- 2045

Co EF = 0.00488(-V)(© 25T +460)-20.45)

* Emission factor units are Ib/ton of HMA produced. SCC = Source Classification Code. To convert
from Ib/ton to kg/Mg, multiply by 0.5. EF = emission factor; V = asphalt volatility, as determined by
ASTM Method D2872-88 “Effects of Heat and Air on a Moving Film of Asphalt (Rolling Thin Film
Oven Test - RTFOT),” where a 0.5 percent loss-on-heating is expressed as “-0.5.” Regional- or site-
specific data for asphalt volatility should be used, whenever possible; otherwise, a default value of -0.5
should be used for V in these equations. T = HMA mix temperature in °F. Site-specific temperature
data should be used, whenever possible; otherwise a default temperature of 325°F can be used.
Reference 1, Tables 4-27 through 4-31, 4-34 through 4-36, and 4-38 through 4-41.

® Total PM, as measured by EPA Method 315 (EPA Method 5 plus the extractable organic particulate
from the impingers). Total PM is assumed to be predominantly PM-2.5 since emissions consist of
condensed vapors.

¢ Extractable organic PM, as measured by EPA Method 315 (methylene chloride extract of EPA

Method 5 particulate plus methylene chloride extract of impinger particulate).

TOC as propane, as measured with an EPA Method 25A sampling train or equivalent sampling train.
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Table 11.1-15. SPECIATION PROFILES FOR LOAD-OUT, SILO FILLING, AND ASPHALT
STORAGE EMISSIONS-ORGANIC PARTICULATE-BASED COMPOUNDS

EMISSION FACTOR RATING: C

Speciation Profile for
Load-out and Yard
Emissions®

Speciation Profile for Silo
Filling and Asphalt
Storage Tank Emissions

Pollutant CASRN?® Compound/Organic PM° Compound/Organic PM°
PAH HAPs

Acenaphthene 83-32-9 0.26% 0.47%
Acenaphthylene 208-96-8 0.028% 0.014%
Anthracene 120-1207 0.070% 0.13%
Benzo(a)anthracene 56-55-3 0.019% 0.056%
Benzo(b)fluoranthene 205-99-2 0.0076% ND*
Benzo(k)fluoranthene 207-08-9 0.0022% ND*
Benzo(g,h,i)perylene 191-24-2 0.0019% ND¢
Benzo(a)pyrene 50-32-8 0.0023% ND¢
Benzo(e)pyrene 192-97-2 0.0078% 0.0095%
Chrysene 218-01-9 0.103% 0.21%
Dibenz(a,h)anthracene 53-70-3 0.00037% ND*
Fluoranthene 206-44-0 0.050% 0.15%
Fluorene 86-73-7 0.77% 1.01%
Indeno(1,2,3-cd)pyrene 193-39-5 0.00047% ND¢
2-Methylnaphthalene 91-57-6 2.38% 5.27%
Naphthalene 91-20-3 1.25% 1.82%
Perylene 198-55-0 0.022% 0.030%
Phenanthrene 85-01-8 0.81% 1.80%
Pyrene 129-00-0 0.15% 0.44%
Total PAH HAPs 5.93% 11.40%
Other semi-volatile HAPs

Phenol 1.18% ND¢

* Chemical Abstract Service Registry Number.

® Emissions from loaded trucks during the period between load-out and the time the truck departs the

plant.

¢ Emission factor for compound is determined by multiplying the percentage presented for the compound
by the emission factor for extractable organic particulate (organic PM) as determined from

Table 11.1-14.

4 ND = Measured data below detection limits.

11.1-34

EMISSION FACTORS

3/04



Table 11.1-16. SPECIATION PROFILES FOR LOAD-OUT, SILO FILLING, AND ASPHALT
STORAGE EMISSIONS-ORGANIC VOLATILE-BASED COMPOUNDS

EMISSION FACTOR RATING: C

Speciation Profile for
Load-Out and Yard

Speciation Profile for Silo
Filling and Asphalt Storage

HAPs

Emissions Tank Emissions
Pollutant CASRN Compound/TOC? Compound/TOC (%)*
VOCP 94%" 100%
Non-VOC/non-HAPs
Methane 74-82-8 6.5% 0.26%
Acetone 67-64-1 0.046% 0.055%
Ethylene 74-85-1 0.71% 1.1%
Total non-VOC/non-HAPS 7.3% 1.4%
Volatile organic HAPS
Benzene 71-43-2 0.052% 0.032%
Bromomethane 74-83-9 0.0096% 0.0049%
2-Butanone 78-93-3 0.049% 0.039%
Carbon Disulfide 75-15-0 0.013% 0.016%
Chloroethane 75-00-3 0.00021% 0.0040%
Chloromethane 74-87-3 0.015% 0.023%
Cumene 92-82-8 0.11% ND*
Ethylbenzene 100-41-4 0.28% 0.038%
Formaldehyde 50-00-0 0.088% 0.69%
n-Hexane 100-54-3 0.15% 0.10%
Isooctane 540-84-1 0.0018% 0.00031%
Methylene Chloride 75-09-2 0.0%* 0.00027%
MTBE 596899 0.0%* ND¢
Styrene 100-42-5 0.0073% 0.0054%
Tetrachloroethene 127-18-4 0.0077% ND¢
Toluene 100-88-3 0.21% 0.062%
1,1,1-Trichloroethane 71-55-6 0.0%* ND¢
Trichloroethene 79-01-6 0.0%* ND¢
Trichlorofluoromethane 75-69-4 0.0013% ND¢
m-/p-Xylene 1330-20-7 0.41% 0.2%
o-Xylene 95-47-6 0.08% 0.057%
Total volatile organic 1.5% 1.3%
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Table 11.1-16 (cont.)

Emission factor for compound is determined by multiplying the percentage presented for the
compound by the emission factor for total organic compounds (TOC) as determined from Table 11.1-
14.

The VOC percentages are equal to 100 percent of TOC minus the methane, acetone, methylene
chloride, and 1,1,1-trichloroethane percentages.

ND = Measured data below detection limits. Additional compounds that were not detected are:
acrylonitrile, allyl chloride, bromodichloromethane, bromoform, 1,3-butadiene, carbon tetrachloride,
chlorobenzene, chloroform, dibromochloromethane, 1,2-dibromoethane, 1,1-dichloroethane,
1,2-dichloroethane, 1,1-dichloroethene, cis-1,2-dichloroethene, trans-1,2-dichloroethene,
1,2-dichloropropane, cis-1,3-dichloropropene, trans-1,3-dichloropropene, 1,2-epoxybutane, ethyl
acrylate, 2-hexanone, iodomethane, methyl methacrylate, 1,1,2,2-tetrachloroethane,

d 1,1,2-trichloroethane, vinyl acetate, vinyl bromide, and vinyl chloride

Values presented as 0.0% had background concentrations higher than the capture efficiency-corrected
measured concentration.
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18. Evaluation Of Fugitive Dust From Mining, EPA Contract No. 68-02-1321, PEDCo
Environmental, Inc., Cincinnati, OH, June 1976.

19. J. A. Peters and P. K. Chalekode, “Assessment Of Open Sources”, Presented At The Third
National Conference On Energy And The Environment, College Corner, OH, October 1, 1975.

20. [lustration Of Dryer Drum Hot Mix Asphalt Plant, Pacific Environmental Services, Inc., Santa
Monica, CA, 1978.

21. Herman H. Forsten, “Applications Of Fabric Filters To Asphalt Plants”, Presented at The 71st
Annual Meeting of the Air Pollution Control Association, Houston, TX, June 1978.

22. Emission Of Volatile Organic Compounds From Drum Mix Asphalt Plants, EPA-600/2-81-026,
U. S. Environmental Protection Agency, Washington, DC, February 1981.

23. J. S. Kinsey, Asphaltic Concrete Industry - Source Category Report, EPA-600/7-86-038, U. S.
Environmental Protection Agency, Cincinnati, OH, October 1986.

24, Emission Test Report, Mathy Construction Company Plant #6, LaCrosse, Wisconsin, EMB File
No. 91-ASP-11, U. S. Environmental Protection Agency, Research Triangle Park, NC, February
1992.

25. Emission Test Report, Mathy Construction Company Plant #26, New Richmond, Wisconsin, EMB
File No. 91-ASP-10, U. S. Environmental Protection Agency, Research Triangle Park, NC, April
1992.

26. Source Sampling For Particulate Emissions, Piedmont Asphalt Paving Company, Gold Hill,
North Carolina, RAMCON Environmental Corporation, Memphis, TN, February 1988.

217. Source Sampling For Particulate Emissions, Lee Paving Company, Aberdeen, North Carolina,
RAMCON Environmental Corporation, Memphis, TN, September 1989.

28. Stationary Source Sampling Report, S.T. Wooten Company, Drugstore, North Carolina, Entropy
Environmentalists Inc., Research Triangle Park, NC, October 1989.

29. Source Sampling Report For Piedmont Asphalt Paving Company, Gold Hill, North Carolina,
Environmental Testing, Inc., Charlotte, NC, October 1988.
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30. Source Sampling For Particulate Emissions, Asphalt Paving Of Shelby, Inc., Kings Mountain,
North Carolina, RAMCON Environmental Corporation, Memphis, TN, June 1988.

31. Emission Test Report, Western Engineering Company, Lincoln, Nebraska, EMB Report
83-ASP-5, U. S. Environmental Protection Agency, Research Triangle Park, NC,
September 1984.

32. Source Sampling Report For Smith And Sons Paving Company, Pineola, North Carolina,
Environmental Testing, Inc., Charlotte, NC, June 1988.

33. Source Sampling For Particulate Emissions, Superior Paving Company, Statesville, North
Carolina, RAMCON Environmental Corporation, Memphis, TN, June 1988.

34. Report Of AB2588 Air Pollution Source Testing At Industrial Asphalt, Irwindale, California,
Engineering-Science, Inc., Pasadena, CA, September 1990.

35. A Comprehensive Emission Inventory Report As Required Under The Air Toxics “Hot Spots”
Information And Assessment Act Of 1987, Calmat Co., Fresno Il Facility, Fresno California,
Engineering-Science, Inc., Pasadena, CA, September 1990.

36. Emission Test Report, Sloan Company, Cocoa, Florida, EMB Report 84-ASP-8, U. S.
Environmental Protection Agency, Research Triangle Park, NC, November 1984.

37. Emission Test Report, T. J. Campbell Company, Oklahoma City, Oklahoma, EMB Report
83-ASP-4, U.S. Environmental Protection Agency, Research Triangle Park, NC, May 1984.

38. Characterization Of Inhalable Particulate Matter Emissions From A Drum-Mix Asphalt Plant,
Final Report, Industrial Environmental Research Laboratory, U. S. Environmental Protection

Agency, Cincinnati, OH, February 1983.

39. NAPA Stack Emissions Program, Interim Status Report, Prepared by Kathryn O’C. Gunkel For
The National Asphalt Pavement Association, February 1993.

40. Written communication From L. M. Weise, State of Wisconsin Department of Natural Resources,
To B. L. Strong, Midwest Research Institute, Cary, NC, May 15, 1992.

41. Stationary Source Sampling Report, Alliance Contracting Corporation, Durham, North Carolina,
Entropy Environmentalists Inc., Research Triangle Park, NC, May 1988.

42. Particulate Emission Testing On The Baghouse Exhaust, Blythe Industries, Inc., Biscoe, North
Carolina, Analytical Testing Consultants, Inc., Kannapolis, NC, November 1987.

43. Particulate Emission Testing On The Baghouse Exhaust, Blythe Industries, Inc., Concord, North
Carolina, Analytical Testing Consultants, Inc., Kannapolis, NC, June 1989.

44, Air Pollution Source Testing At APAC Of Tennessee, Memphis, Tennessee, Ramcon
Environmental Corporation, Memphis, TN, October 7, 1991.
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45. Air Pollution Source Testing At Lehman Roberts Company, Memphis, Tennessee, Ramcon
Environmental Corporation, Memphis, TN, October 23, 1991.

46. Report Of Air Pollution Source Testing For Selected Air Toxics At Industrial Asphalt,
Wilmington, California, Engineering-Science, Inc., Irwindale, CA, August 5, 1992.

47. Test Report For Air Pollution Source Testing At Fred Weber, Inc., Maryland Heights, Missouri,
Ramcon Environmental Corporation, Memphis, TN, September 1-4, 1994.

48. Emission Test Report--Determination Of Particulate, Condensible Particulate, Sulfur Dioxide,
Carbon Monoxide, Total Hydrocarbon, And Polynuclear Aromatic Hydrocarbon Emission Rates,
WW Engineering and Science, Grand Rapids, MI, January 1994.

49. Test Report For Air Pollution Source Testing At Macasphalt, Melbourne, Florida, Ramcon
Environmental Corporation, Memphis, TN, December 2-4, 1992.

50. Test Report For Air Pollution Source Testing At Macasphalt, Cross City, Florida, Ramcon
Environmental Corporation, Memphis, TN, December 7-9, 1992.

51. Results Of The September 30, 1994 Particulate Emission Compliance Test On The Baghouse
Outlet Stack At The Northland Constructors Facility Located In Duluth, Minnesota, Pace, Inc.,
Golden Valley, MN, November 15, 1994.

52. Air Emission Test Report, Results Of A Source Emission Compliance Test Performed On A
Asphalt Batch Plant Wet Scrubber System, Tri-City Paving, Inc., Little Falls, Minnesota, May 11,
1993, Twin City Testing Corporation, St. Paul, MN, June 7, 1993.

53. Results Of The Particulate Emissions Compliance Test On The Baghouse Stack At Thorson, Inc.,
Roseau, Minnesota, Nova Environmental Services, Inc., Chaska, MN, November 16, 1993.

54. Results Of The August 5, 1994 NSPS Particulate And Opacity Test On The Mark Sand & Gravel
No. 8 Portable Asphalt Plant Near Fergus Falls, Minnesota, Interpoll Laboratories, Inc., Circle
Pines, MN, November 22, 1994.

55. Results Of The September 8, 1993 Particulate And Visual Emission Compliance Test On The
Baghouse Outlet At The Commercial Asphalt Company Facility Located In Ramsey, Minnesota,
Pace, Inc., Golden Valley, MN, September 21, 1993.

56. Results Of The September 1, 1993 10 Micron Particulate Emission Compliance Test On The
Baghouse Stack At The Commercial Asphalt Redrock Facility Located In Newport, Minnesota,
Pace, Inc., Golden Valley, MN, September 23, 1993.

57. Results Of A Source Emission Compliance Test On A Hot-Mix Asphalt Plant Process Scrubber

Operated By L. C. Kruse & Sons, Inc., Windom, Minnesota, MMT Environmental Services, Inc.,
St. Paul, MN, June 18, 1993.
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58. Results Of A Source Emission Compliance Test On A Hot-Mix Asphalt Plant Process Scrubber
Operated By L. C. Kruse & Sons, Inc., Windom, Minnesota, MMT Environmental Services, Inc.,
St. Paul, MN, July 20, 1993.

59. Results Of A Source Emission Compliance Test On A Hot-Mix Asphalt Plant Process Scrubber
Operated By L. C. Kruse & Sons, Inc., Windom, Minnesota, MMT Environmental Services, Inc.,
St. Paul, MN, July 28, 1993.

60. Results Of A Source Emission Compliance Test On A Hot-Mix Asphalt Plant Process Scrubber
Operated By L. C. Kruse & Sons, Inc., Windom, Minnesota, MMT Environmental Services, Inc.,
St. Paul, MN, September 2, 1993.

61. Results Of The August 3, 1993 State Particulate Emission Compliance Test Of The Stationary
Asphalt Plant In Oronoco, Minnesota, Interpoll Laboratories, Inc., Circle Pines, MN, August 31,
1993.

62. Results Of The July 7, 1994 Particulate And Opacity Emission Compliance Testing Of The
Shamrock Enterprises Stationary Asphalt Plant In Oronoco, Minnesota, Interpoll Laboratories,
Inc., Circle Pines, MN, August 5, 1994.

63. Braun Intertec Report Number CMXX-94-0548, Braun Intertec Corporation, Mendota Heights,
MN, September 1994.

64. Results Of The July 6, 1994 Particulate And Opacity Compliance Tests On The No. 2 Portable
Asphalt Plant Stationed South Of Mankato, Minnesota, Interpoll Laboratories, Inc., Circle Pines,
MN, August 5, 1994.

65. Results Of The August 29, 1994 Particulate Emission Compliance Test On The Baghouse Outlet
Stack At The Northland Constructors Facility Located In Twig, Minnesota, Pace, Inc., Golden
Valley, MN, September 21, 1994.

66. Air Emission Test Report, Results Of Emission Compliance Test Performed On A Asphalt Plant
Baghouse System, Northern Asphalt Construction, Inc., Minneapolis, Minnesota, August 17,
1993, Twin City Testing Corporation, St. Paul, MN, September 16, 1993.

67. Results Of The May 26, 1993 Particulate And Opacity Compliance Test Conducted On The
Buffalo Bituminous Portable Asphalt Plant Stationed Near Hanover, Minnesota, Interpoll
Laboratories, Inc., Circle Pines, MN, June 17, 1993.

68. Results Of The May 26, 1993 Particulate Emission Compliance Test On The No. 7 Portable
Asphalt Plant Stationed Near Appleton, Minnesota, Interpoll Laboratories, Inc., Circle Pines,
MN, July 7, 1993.

69. Results Of The May 26, 1993 Particulate Emission Compliance Test On The No. 7 Portable

Asphalt Plant Stationed Near Appleton, Minnesota, Interpoll Laboratories, Inc., Circle Pines,
MN, July 7, 1993.
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70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.
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Source Sampling For Particulate Emissions, W. Hodgman & Sons, Inc., Northrup, Minnesota,
Ramcon Environmental Corporation, Memphis, TN, June 11, 1993.

Results Of The June 17, 1993 NSPS Particulate And Opacity Compliance Tests On The Bemidji
Blacktop Portable Asphalt Plant Stationed North Of Bemidji, Minnesota, Interpoll Laboratories,
Inc., Circle Pines, MN, July 28, 1993.

Results Of The June 21, 1993 NSPS Particulate And Opacity Compliance Tests On The
T. A. Schifsky & Sons Stationary Asphalt Plant Located In North St. Paul, Minnesota, Interpoll
Laboratories, Inc., Circle Pines, MN, July 22, 1993.

Results Of The September 30, 1994 NSPS Particulate Emission Compliance Test On The River
City Portable Asphalt Plant Located In Hugo, Minnesota, Interpoll Laboratories, Inc., Circle
Pines, MN, October 26, 1994.

Results Of The Particulate Emissions Testing On The Baghouse Stacks At Marcoux & Warroad,
Minnesota, Nova Environmental Services, Inc., Chaska, MN, September 28, 1993.

Results Of A Source Emission Compliance Test On An Asphalt Plant Operated By Lakes Area
Asphalt, Inc., Brainerd, Minnesota, MMT Environmental Services, Inc., St. Paul, MN,
November 7, 1994.

Results Of A Source Emission Compliance Test On An Asphalt Plant Operated By
C. S. McCrossan, Maple Grove, Minnesota, MMT Environmental Services, Inc., St. Paul, MN,
November 17, 1994.

Results Of A Source Emission Compliance Test On An Asphalt Plant Operated By Mid-Minnesota
Hot Mix, Inc., Annandale, Minnesota, MMT Environmental Services, Inc., St. Paul, MN, June 23,
1994.

Results Of A Source Emission Compliance Test On An Asphalt Plant Operated By L. C. Kruse &
Sons, Inc., Near Adrian, Minnesota, MMT Environmental Services, Inc., St. Paul, MN,
August 26, 1994.

Results Of A Source Emission Compliance Test On An Asphalt Plant Operated By River Bend
Asphalt Company, Kasota, Minnesota, MMT Environmental Services, Inc., St. Paul, MN,
October 21, 1994.

Results Of A Source Emission Compliance Test On An Asphalt Plant Scrubber Operated By Elk
River Bituminous, Elk River, Minnesota, MMT Environmental Services, Inc., St. Paul, MN,
November 10, 1993.

Braun Intertec Report Number CMXX-94-0518, Braun Intertec Corporation, Mendota Heights,
MN, October 10, 1994.

Results Of The September 9, 1993 Particulate And Visual Emission Compliance Test On The

Baghouse Stack At The Ulland Brothers, Inc. Facility Located In Shellrock Township, Minnesota,
Pace, Inc., Golden Valley, MN, September 21, 1993.
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&4.

85.

86.

87.

88.

9.

90.

91.

92.

93.

94.

95.

96.
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Results Of The August 24, 1994 NSPS Particulate And Opacity Compliance Tests On The
Stationary Asphalt Plant At The Tower Asphalt Lakeland Facility, Interpoll Laboratories, Inc.,
Circle Pines, MN, September 22, 1994.

Source Sampling For Particulate Emissions, Paving Materials Supply, Baltimore County,
Maryland, Ramcon Environmental Corporation, Memphis, TN, June 1984.

Source Sampling For Particulate Emissions, North East Hot Mix Company Division Of James
Julian, Inc., Belair, Maryland, Ramcon Environmental Corporation, Memphis, TN,
May 28, 1987.

Source Sampling For Particulate Emissions, 1. A. Construction Corporation, Brooklyn,
Maryland, Ramcon Environmental Corporation, Memphis, TN, August 3 and 4, 1989.

Source Sampling For Particulate Emissions, Bituminous Construction, Inc., Odenton, Maryland,
Ramcon Environmental Corporation, Memphis, TN, June 1987.

Source Sampling For Particulate Emissions, Bituminous Construction, Inc., Crofton, Maryland,
Ramcon Environmental Corporation, Memphis, TN, August 1986.

Stationary Source Sampling Report EEI Ref. No. 5527, C. Nelson Sigmon Paving Company,
Continuous Mix Asphalt Plant, Conover, North Carolina, Entropy Environmentalists, Inc.,
Research Triangle Park, NC, May 27, 1987.

Stationary Source Sampling Report EEI Ref. No. 5474, Adams Construction Company, Batch Mix
Asphalt Plant, Benson, North Carolina, Entropy Environmentalists, Inc., Research Triangle Park,
NC, April 22, 1987.

Source Sampling For Particulate Emissions, Asphalt Paving Company, Hickory, North Carolina,
Ramcon Environmental Corporation, Memphis, TN, September 21, 1988.

Stationary Source Sampling Report EEI Ref. No. 5569, Cumberland Paving Company,
Continuous Mix Asphalt Plant, Princeton, North Carolina, Entropy Environmentalists, Inc.,

Research Triangle Park, NC, June 29, 1987.

Particulate Emissions Test, Asphalt Plant, Carl Rose & Sons, May 20, 1992, Elkin, North
Carolina, Pace, Inc., Charlotte, NC, May 1992.

Source Sampling For Particulate Emissions, Maryland Paving, Aberdeen, Maryland, Ramcon
Environmental Corporation, Memphis, TN, November 1985.

Source Sampling For Particulate Emissions, Mattingly Construction Company, Easton,
Maryland, Ramcon Environmental Corporation, Memphis, TN, June 1984.

Stack Test Report No. AM39 82-22, F.O. Day Co., Inc., Boeing MS 400 Asphalt Plant,
Forrestville, Maryland, Division of Air Monitoring, State of Maryland, December 21, 1982.
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98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

I11.

112.
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Source Sampling For Particulate Emissions, Reliable Contracting Asphalt Division, Gambrills,
Maryland, Ramcon Environmental Corporation, Memphis, TN, July 17, 1984.

Source Sampling For Particulate Emissions, R. F. Kline, Inc., Frederick, Maryland, Ramcon
Environmental Corporation, Memphis, TN, June 9 and 10, 1986.

Source Sampling For Particulate Emissions, James Julian, Inc., North East, Maryland, Ramcon
Environmental Corporation, Memphis, TN, August 1984.

Source Emissions Compliance Test Report, Asphaltic Aggregate Dryer Stack, Glasgow Company,
Philadelphia, Pennsylvania, Roy F. Weston, Inc., West Chester, PA, June 1989.

Source Sampling For Particulate Emissions, Genstar Stone Products, Cockeysville, Maryland,
Ramcon Environmental Corporation, Memphis, TN, July 1984.

Source Sampling Report For Blythe Industries, Inc., Graham, North Carolina, Pace, Inc.,
Charlotte, NC, August 1990.

Source Sampling For Particulate Emissions, A.P.A.C.-North Carolina, Burlington, North
Carolina, Ramcon Environmental Corporation, Memphis, TN, April 1991.

Stationary Source Sampling Report Reference No. 6780, Barnhill Contracting Company, Rocky
Mount, North Carolina, Entropy Environmentalists, Inc., Research Triangle Park, NC, June 11,

1990.

Compliance Field Test Report For Outerbanks Contracting Asphalt Plant, Plymouth, NC, Radian
Corporation, Research Triangle Park, NC, April 1987.

Source Sampling For Particulate Emissions, Paolino Paving And Supply, Inc., Philadelphia,
Pennsylvania, Ramcon Environmental Corporation, Memphis, TN, December 3, 1987.

Source Sampling For Particulate Emissions, Basic Construction Company, Newport News,
Virginia, Ramcon Environmental Corporation, Memphis, TN, July 1989.

Source Sampling For Particulate Emissions, Bituminous Construction Company, Crofton,
Maryland, Ramcon Environmental Corporation, Memphis, TN, May 1986.

Stack Test Report No. 84-3, James Julian, Inc., Boeing Drum Mix Asphalt Plant, North East,
Cecil County, Division of Stationary Source Enforcement, State of Maryland, May 1984.

Stationary Source Sampling Of Particulate Emissions At Wake Asphalt Plant For Nello L. Teer
Company, Apex Environmental Services, Apex, NC, August 29, 1990.

Source Sampling For Particulate Emissions, Barrus Construction Company, Deppe, North
Carolina, Ramcon Environmental Corporation, Memphis, TN, July 12, 1990.

Source Sampling Report For Blythe Industries, Inc., Gastonia, North Carolina, Environmental
Testing, Inc., Charlotte, NC, October 1989.
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114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.
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Source Sampling For Particulate Emissions, Quality Materials, Edison, New Jersey, Ramcon
Environmental Corporation, Memphis, TN, June 27 and 30, 1989.

Source Sampling Report For Thompson Contractors, Inc., Asphalt Plant Baghouse Stack,
Rutherfordton, North Carolina, Pace, Inc., Charlotte, NC, April 1990.

Particulate Emission Testing, Baghouse Exhaust, Blythe Industries, Hendersonville, North
Carolina, Analytical Testing Consultants, Inc., Kannapolis, NC, May 10, 1988.

Stationary Source Sampling Report EEI Ref. No. 5630, REA Construction Company, Continuous
Mix Asphalt Plant, Raleigh, North Carolina, Entropy Environmentalists, Inc., Research Triangle
Park, NC, August 21, 1987.

Source Sampling For Particulate Emissions, Superior Asphalt, Bealeton, Virginia, Ramcon
Environmental Corporation, Memphis, TN, September 27, 1989.

Source Sampling For Particulate Emissions, Henry S. Branscome, Inc., Suffolk, Virginia,
Ramcon Environmental Corporation, Memphis, TN, September 18, 1989.

Source Emissions Survey Of F. R. Lewis Construction Co., Inc., Asphalt Concrete Drum-Mix
Plant, Nacogdoches, Texas, METCO, Addison, TX, November 1984.

An Investigation Of Emissions At The Erie St. Drum Mix Asphalt Plant, Engineering-Science,
Inc., Fairfax, VA, May 1988.

Source Sampling For Particulate Emissions, Blakemore Construction Company, Piney River,
Virginia, Ramcon Environmental Corporation, Memphis, TN, May 1989.

Source Sampling For Particulate Emissions, B & S Contracting Company, North Harrisonburg,
Virginia, Ramcon Environmental Corporation, Memphis, TN, May 21, 1990.

Source Sampling For Particulate Emissions, Barb & Shumaker, Inc., Abingdon, Virginia,
Ramcon Environmental Corporation, Memphis, TN, April 29, 1987.

Source Sampling For Particulate Emissions, B & S Contracting Company, Stuarts Draft,
Virginia, Ramcon Environmental Corporation, Memphis, TN, September 4, 1990.

Source Sampling For Particulate Emissions, Maryland Paving, Aberdeen, Maryland, Ramcon
Environmental Corporation, Memphis, TN, May 19, 1986.

Source Sampling For Particulate Emissions, R. F. Kline, Inc., Frederick, Maryland, Ramcon
Environmental Corporation, Memphis, TN, September 9 and 10, 1986.

Stationary Source Sampling Report Of Particulate Emissions At PAPCO Asphalt Plant #5, Apex
Environmental Services, Salisbury, NC, May 9, 1991.

Source Sampling For Particulate Emissions, R.E. Heidt Construction Company, West Lake,
Louisiana, Ramcon Environmental Corporation, Memphis, TN, March 24, 1987.
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129.  Source Sampling For Particulate Emissions, APAC - Virginia, Inc., Virginia Beach, Virginia,
Ramcon Environmental Corporation, Memphis, TN, April 30, 1987.

130.  Source Sampling For Particulate Emissions, Corun & Gatch, Inc., Aberdeen, Maryland, Ramcon
Environmental Corporation, Memphis, TN, September 14, 1988.

131.  Source Sampling For Particulate Emissions, Holloway Construction Company, Hancock,
Maryland, Ramcon Environmental Corporation, Memphis, TN, October 1984.

132.  Source Sampling For Particulate Emissions, Genstar Stone Products, Cockeysville, Maryland,
Ramcon Environmental Corporation, Memphis, TN, November 1985.

133.  Source Sampling For Particulate Emissions, Genstar Stone Products, Frederick, Maryland,
Ramcon Environmental Corporation, Memphis, TN, July 1987.

134.  TACB Testing Of Asphaltic Concrete Plant Stack Emissions, Wood Material Supply, Inc.,
Conroe, Texas, NUS Corporation, Houston, TX, July 1987.

135.  Source Sampling Report For Thompson-Arthur Paving Company, Greensboro, North Carolina,
Pace, Inc., Charlotte, NC, September 1990.

136.  Stationary Source Sampling Report Reference No. 8116, S.T. Wooten Company, Princeton, North
Carolina, Particulate Emissions And Plume Opacity Testing, Rotary Dryer Stack, Entropy
Environmentalists, Inc., Research Triangle Park, NC, November 1, 1990.

137.  Source Sampling For Particulate Emissions, Wilmington Materials Company, New Castle,
Delaware, Ramcon Environmental Corporation, Memphis, TN, May 1987.

138.  Source Sampling For Particulate Emissions, Williams Corporation Of Virginia, Suffolk, Virginia,
Ramcon Environmental Corporation, Memphis, TN, June 12, 1989.

139.  Particulate Emission Testing On The Scrubber Exhaust, Triangle Paving, Inc., Burlington, North
Carolina, Analytical Testing Consultants, Inc., Kannapolis, NC, November 16, 1990.

140.  Source Sampling For Particulate Emissions, American Asphalt Of Wisconsin, Plant #2, Arnott,
Wisconsin, Mathy Construction Company, Onalaska, WI, May 21, 1991.

141.  Report To Appleton Asphalt For Stack Emission Test, Green Bay Asphalt Plant, DePere,
Wisconsin, Environmental Technology and Engineering Corporation, Elm Grove, W1,
May 20, 1991.

142.  Report To Frank Brothers, Inc., For Stack Emission Test, CMI Drum Mix Asphalt Plant, Milton,
Wisconsin, Environmental Technology and Engineering Corporation, Elm Grove, W1,

July 29, 1987.

143.  Biehl Construction Asphalt Plant Emission Test At Fon Du Lac, WI, Badger Laboratories and
Engineering Company, Inc., Appleton, W1, September 19, 1991.
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144.  Source Sampling For Particulate Emissions, Baraboo Asphalt Company, Baraboo, Wisconsin,
Ramcon Environmental Corporation, Memphis, TN, August 9, 1988.

145.  Source Sampling For Particulate Emissions, Brown County Highway Department, Green Bay,
Wisconsin, Ramcon Environmental Corporation, Memphis, TN, October 2, 1990.

146.  Report To W. J. Kennedy & Son, Inc., For Stack Emission Test, Bituma 300 Plant, Janesville,
Wisconsin, Environmental Technology and Engineering Corporation, Elm Grove, W1,
November 13, 1991.

147.  Source Sampling For Particulate Emissions, Eau Claire Asphalt, Plant #50, Eau Claire,
Wisconsin, Mathy Construction Company, Onalaska, WI, May 30, 1990.

148.  Source Test Report For Popejoy Construction Co., Inc., Ulysses, KS, Scrubber Exhaust Stack,
Recycle Asphalt Plant, Turner Engineering, Inc., Dallas, TX, July 9, 1984.

149.  Source Sampling For Particulate Emissions, Hudson Materials, Inc., Flanders, New Jersey,
Ramcon Environmental Corporation, Memphis, TN, November 1988.

150.  STA Seal, Inc., Emission Compliance Test Program, Mansfield Township Facility, Air Nova, Inc.,
Pennsauken, NJ, January 1992.

151.  Trap Rock Industries, Inc., Emission Compliance Test Program, Pennington Facility, Air Nova,
Inc., Pennsauken, NJ, January 1992.

152.  Technical Report For Stack Emission Compliance Testing On Three Hot Mix Asphalt Plants
Owned And Operated By Weldon Asphalt Company, York Services Corporation, Stamford, CT,
September 26, 1991.

153.  Report Of Emission Tests, Weldon Asphalt Corporation, Linden, New Jersey, N.J.D.E.P. ID
No. 040015, New Jersey Department of Environmental Protection, Division of Environmental
Quality, Bureau of Air Pollution Control, September 4, 1987.

154.  Source Sampling For Particulate Emissions, Weldon Asphalt, Linden, New Jersey, Ramcon
Environmental Corporation, Memphis, TN, April 25, 1988.

155.  Stack Test Report, Hydrocarbon & Carbon Monoxide Emissions, Quality Materials, Inc, Edison,
NJ, Ecodynamics, Inc., Little Silver, NJ, November 20, 1989.

156.  Compliance Stack Sampling Report For Tri-County Asphalt Corporation, Baghouse Outlet Stack
(Plant 3), Lake Hopatcong, NJ, Recon Systems, Inc., Raritan, NJ, January 24, 1992.

157.  Compliance Stack Sampling Report For Tri-County Asphalt Corporation, Scrubber Outlet Stack
(Plant 4), Lake Hopatcong, NJ, Recon Systems, Inc., Raritan, NJ, January 24, 1992.

158.  CO/THC Compliance Stack Emission Test Results, Burlington Asphalt Corporation, Mount

Holly, New Jersey, New Jersey Department of Environmental Protection and Energy, Air Quality
Regulations Program, Bureau of Technical Services, West Trenton, NJ, May 29, 1992.
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159. CO/THC Compliance Stack Emission Test Results, Brunswick Hot Mix Corporation, South
Brunswick, New Jersey, New Jersey Department of Environmental Protection and Energy, Air
Quality Regulations Program, Bureau of Technical Services, West Trenton, NJ, June 8, 1992.

160.  Source Sampling For Particulate Emissions, Hudson Materials, Inc., Ringwood, New Jersey,
Ramcon Environmental Corporation, Memphis, TN, September 1987.

161.  Source Sampling For Particulate Emissions, Jackson Asphalt And Concrete Company, Jackson,
New Jersey, Ramcon Environmental Corporation, Memphis, TN, September 1, 1988.

162.  Toxic Air Contaminant Emission Inventory Test At Claude C. Wood Company, Clements,
California, Eureka Laboratories, Inc., Sacramento, CA, January 22, 1991.

163.  Toxic Air Contaminant Emission Inventory Test At Granite Construction Company Asphalt
Concrete Drum-Mix Plant, Sacramento, California, Eureka Laboratories, Inc., Sacramento, CA,

January 29, 1991.

164.  Toxic Air Contaminant Emission Inventory Test At California Commercial Asphalt Corporation,
San Diego, California, Eureka Laboratories, Inc., Sacramento, CA, January 29, 1991.

165.  Source Emission Evaluation At Ace Paving Company, Inc. Barber Greene Asphalt Plant
Baghouse Stack Method 5 Testing, AM Test, Preston, WA, July 21, 1993.

166.  Source Test Summary Of Emission To Atmosphere At Acme Concrete Co., Inc., Richmond, WA
Washington Department of Ecology, April 7, 1987.

167.  Source Sampling For Particulate Emissions At Ajax Materials Corp., Detroit, MI, Ramcon
Environmental Corp., Memphis, TN, July 13, 1988.

168.  Source Sampling For Particulate Emissions At Ajax Paving Industries Intenter Rd. Romulus, MI,
Ramcon Environmental Corp. Memphis, TN, August 10, 1992.

169.  Stack Sampling Report For American Asphalt Paving Co., Shavertown, PA, Recon Systems Inc.,
Three Bridges, NJ, October 17, 1983.

170.  Source Test Of Particulate Emissions To The Atmosphere At Asphalt, Inc. Lakeside, CA, San
Diego Air Pollution Control District, San Diego, CA, December 12, 1989.

171.  Source Sampling For Particulate Emissions Better Materials Corp., Penns Park, PA, Ramcon
Environmental Corp., Memphis, TN, August 31, 1988.

172.  Source Sampling For Particulate Emissions Bi-Co Paving Co., Ragley, LA, Ramcon
Environmental Corp., Memphis, TN, June 23, 1987.

173.  Air Emissions Source Test Report At Associated Sand And Gravel Co., Inc., Everett, WA, Valid
Results Air Emissions Testing Specialist, Seattle, WA, November 10, 1993.

11.1-48 EMISSION FACTORS 3/04



174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.
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Source Sampling For Particulate Emissions B. P. Short & Sons Paving Co., Lawrenceville, VA,
Ramcon Environmental Corp., Memphis, TN, April 20, 1988.

Particulate Emissions Test Barber Brothers Constr., Houma, LA, State of Louisiana Department
of Environmental Quality, Baton Rouge, LA, November 3, 1989.

Compliance Test Report Determination Of Particulate Emissions Barrett Paving materials, Inc.
Lebanon, OH, Hayden Environmental Group, Inc. Dayton, OH, June 7, 1994.

Compliance Emissions Test Report Determination Of Filterable Particulate And Lead Emissions
From Asphalt Plant Barrett Paving Materials, Incop., Troy, OH, Hayden Environmental Group,
Inc, June 30,1994.

Compliance Emissions Test Report Determination Of Filterable Particulate And Lead Emissions
From Asphalt Plant Barrett Paving Materials, Inc., Fairborne, OH, Hayden Environmental
Group, Inc. Dayton, OH, July 6, 1994.

Compliance Emissions Test Report Determination Of Filterable Particulate And Lead Emissions
From Asphalt Plant Barrett Paving Materials, Incop., Sidney, OH, Hayden Environmental
Group, Dayton, OH, August 26, 1994.

Source Sampling For Particulate Emissions At Bowen Construction Co., Lees Summit, MO,
Ramcon Environmental Corp., Memphis, TN, August 24, 1989.

Report Of Particulate And Visible Emission Testing At Berks Products Corp. Asphalt Batch
Plant, Ontelauee Township PA, Spotts, Stevens and McCorp, Inc., April 3, 1992.

Source Emissions Report For C. B. Asphalt, Inc. Asphalt Facility Huntington, MO, Airsource
Technologies Lenexa, KS, May 5, 1993.

Compliance Test Report Determination Of Filterable Particulate And Lead Emissions Barrett
Paving, Materials, Inc., Sidney, OH, Hayden Environmental group Inc. Dayton, OH,
November 4, 1994.

Compliance Test Report Determination Of Particulate Emission Rates From The Asphalt Plant
Butler Asphalt Fairborn, OH, Hayden Environmental Group Inc. Dayton, OH, August 3, 1994.

Report On The results Of Velocity Profile And Particulate Loading Tests performed At V. R.
Dennis Canyon Rock Co. San Diego, CA, San Diego Air Pollution Control District Dan Diego,
CA, September 17, 1985.

Stack Emissions Survey Dolphin construction Co., Calhoun, LA, Western Environmental Services
and Testing , Inc. Beaumont, TX, April 1987.

Source Sampling For Particulate Emissions Curtman Contracting, Inc. Owensville, MO, Ramcon
Memphis, TN, October 16,1989.
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Particulate Emission Testing Asphalt Plant Baghouse Springfield Pike Quarry Commercial
Stone, Connellsville, PA, Comprehensive Safety Compliance, Inc., Pittsburgh, PA, August 24,
1990.

Source Sampling For Particulate Emissions City Wide Asphalt Company Sugar Creek, MO,
Ramcon, Memphis, TN, April 16, 1991.

Source Sampling For Particulate Emissions City Wide Asphalt Co., Inc. St. Joseph, MO,
Ramcon, Memphis, TN, October 18, 1988.

Stack Emissions Survey Chester Bross Construction Co. Asphalt Concrete Drum-Mix Plant
Plattsburg, MO, Western Environmental Services and Testing, Inc. Casper, WY, August 24,
1993.

Particulate And Visible Emission Test For Camdenton County Asphalt Production, Asphalt Drum
Mixers, Camdenton, MO, Shell Engineering and Associates, Inc., Columbia, MO, July 25, 1990.

Report Of Air Pollution Source Testing For Particulate Matter At Calmat (Industrial Asphalt
Corp.) Pala Indian Reservation, Pala, CA, Engineering Science, Irwindale, CA, February 25,
1990.

Source Test Of Particulate Emissions To The Atmosphere At Calmat Co., Pala, CA, San Diego
Air Pollution Control District, San Diego, CA, October 17, 1989.

Source Sampling For Particulate Emissions At Wyoming Sand & Stone, Wilkes-Barre, PA,
Ramcon Environmental Corp., Memphis, TN, July 14, 1988.

Source Test Of Particulate Emissions To The Atmosphere At California Commercial Asphalt
Corp., San Diego, CA, San Diego Air Pollution Control District, San Diego, CA, March 19, 1990.

Summary Of Source Test Results At Kaiser Sand & Gravel Pleasanton, CA, Bay Area Air Quality
Management District, San Francisco, CA, May 20, 1991.

Source Sampling For Particulate Emissions At F. G. Sullivan Co., Inc. Port Allen, LA, Ramcon
Environmental Corp., October 21, 1992.

Source Sampling For Particulate Emissions At H&B Batch-Mix Baghouse, Fred Weber Inc.
Pevely, MO, Ramcon Environmental Corp., Memphis, TN, August 19, 1993.

Source Test Report Particulate Emissions Faylor Middlecreed, Winfield, PA, Mease Engineering
Assoc. State College, PA, August 1987.

Source Test Report Particulate Emissions Faylor Middle Creek, Winfield, PA, Mease Engineering
Assoc., State College, PA, June 1988.

Report Of Particulate And Visible Emissions Testing HRI, Inc. Testing Performed On Asphalt

Batch Plant Baghouse Exhaust Stack, The General Crushed Stone Co. Lake Ariel, PA, SSM,
August 14-15, 1991.
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Source Sampling Report For Measurement Of Particulate Emissions Glasgow, Inc. Catanach
Facility, Batch Asphalt Plant, Gilbert Commonwealth, Inc., Reading, PA, August 1990.

Summary Of Source Test Results At Dumbarton Quarry Assoc., Fremont, CA, Bay Area Air
Quality Management District, San Francisco, CA, June 23, 1992.

Source Sampling For Particulate Emissions F. G. Sullivan Co., Ramcon Environmental Corp.,
Memphis, TN March 6 and 7, 1991.

Source Sampling For Particulate Emissions At Cyclean, Inc. Mt. Hope, PA, Ramcon
Environmental Corp., Memphis, TN, October 15, 1992.

Summary Of Source Test Results At Chevron USA, Inc., Richmond, CA, Bay Area Air Quality
Management District, San Francisco, CA, April 24, 1990.

Source Test Summary Emissions To Atmosphere At Canyon Rock Co., San Diego, CA, San Diego
Air Pollution Control District, San Diego, CA, November 23,1983.

Compliance Emission Test Coalings Asphalt Plant Baghouse At Charles Oliver & Sons,
Coalinga, CA, BTC Environmental Inc., Ventura, CA, July 13, 1993.

Source Sampling Report For Measurement Of Particulate, Visible And VOC Emissions At E. J.
Breneman, Inc. Sinking Spring, PA, Gilbert/ Commonwealth, Inc., Reading, PA, July 1992.

Central Valley Asphalt Compliance Stack Test Program At Central Valley Asphalt Division Of
Glenn O. Hawraker, Inc. Pleasant Gap, PA, Keystone Environmental Resources, Inc.

Monroeville, PA, July 1990.

Compliance Test Program Scrubber Exhaust Stack At Glenn O. Hawbaker, Inc. State College,
P4, Keystone Environmental Resources, Inc., Monroeville, PA, August 1991.

Compliance Test Rotary Drier Baghouse At Granite Construction, Goleta, CA, BTC
Environmental, Inc. Ventura, CA, May 8, 1990.

Source Testing At Granite Construction, Pitchaco, CA,BWE Associates, Inc., Medford, OR,
June 10, 1991.

Summary Of Source Test Results At Granite Rock Co. San Jose, CA, Bay Area Air Quality
Management District, San Francisco, CA, October 3, 1989.

Summary Of Source Test Results At Granite Rock Co., San Jose, CA, Bay Area Air Quality
Management District, San Jose, CA, October 18, 1990.

Summary Of Source Test Results At Granite Rock Co., San Jose, CA, Bay Area Air Quality
Management District, San Francisco, CA, September 13, 1992.

Source Sampling For Particulate Emissions Great Valley Construction Co., Devault, PA,
Ramcon Environmental Corp., Memphis, TN, December 18, 1987.
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Source Sampling For Particulate Emissions At Haines & Kibblehouse, Blooming Glen, PA,
Ramcon Environmental Corp., Memphis, TN, May 11, 1987.

Source Sampling Report For Measureent Of Particulate Emissions, Haines And Kibblehouse
Asphalt Batch Plant Chalpont, PA, Gilbert/Commonwealth, Inc., Reading, PA, February 10,
1992.

Source Sampling For Particulate Emissions Handweek Materials, Inc. Hummelstown, PA,
Ramcon Environmental Corp., Memphis, TN, June 14, 1988.

Particulate Emission Testing Of The Hastings Pavement Asphalt Plant, Leesport, PA, IMCA
Corp., Fort Washington, PA, May 1986.

Source Sampling For Particulate Emissions L. A. Construction Corp., Bigler, PA, Ramcon
Environmental Corp., Memphis, TN, May 29, 1987.

Source Sampling For Particulate Emissions, L. A. Construction Corp., Port Allegheny, PA,
Ramcon Environmental Corp., Memphis, TN, September 13, 1990.

Source Sampling For Particulate Emissions I. A. Construction Corp. Punxsutawney, PA, Ramcon
Environmental Corp., Memphis, TN, September 11, 1990 .

Source Sampling For Particulate Emissions, Calmat (Industrial Asphalt),Pala Indian Reserv.,
CA.,Engineering Science, Irwindale, CA, March 18, 1991.

Source Sampling For Particulate Emissions, I. A. Construction Corp.,Fresno, CA, San Joaquin
Valley Unified Air Pollution Control, Fresno, CA, June 1, 1993.

Source Sampling For Particulate Emissions, I. A. Construction Corp.,Fresno, CA, Genesis
Environmental Services Co., Bakersfield, CA, May 12, 1992.

Source Sampling For Particulate Emissions, I. A. Construction Corp.,Fresno, CA, Genesis
Environmental Services Co., Bakersfield, CA, May 27, 1992.

Source Sampling For Particulate Emissions, I. A. Construction Corp.,Vista, CA, San Diego Air
Pollution Control District, San Diego, CA, July 24, 1987.

Source Sampling For Particulate Emissions, 1. A. Construction Corp.,San Diego, CA, San Diego
Air Pollution Control District, San Diego, CA, October 6, 1989.

Source Sampling For Particulate Emissions, 1. A. Construction Corp.,San Diego, CA, San Diego
Air Pollution Control District, San Diego, CA, January 24, 1990.

Source Sampling For Particulate Emissions, 1. A. Construction Corp.,San Diego, CA, San Diego
Air Pollution Control District, San Diego, CA, July 23, 1991.

Source Sampling For Particulate Emissions, 1. A. Construction Corp.,San Diego, CA, San Diego
Air Pollution Control District, San Diego, CA, July 21, 1991.
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235.  Source Sampling For Particulate Emissions, Windsor Service, Reading, PA, United Energy
Services Corp., Reading, PA, October 21, 1992.

236.  Source Sampling For Particulate Emissions, 1. A. Construction Corp., Vista, CA, San Diego Air
Pollution Control District, San Diego, CA, October 9, 1990.

237.  Source Sampling For Particulate Emissions, 1. A. Construction Corp., Vista, CA, San Diego Air
Pollution Control District, San Diego, CA, September 17, 1991.

238.  Source Sampling For Particulate Emissions, Inland Asphalt Co., Spokane, WA, Spokane County
Air Pollution Control Authority, Spokane, WA, August 15, 1985.

239.  Source Sampling For Particulate Emissions, International Mill Service, Coatesville, PA,
Gilbert/Commonwealth, Inc., Reading PA, May 26-27, 1988.

240.  Source Sampling For Particulate Emissions, James Julian, Inc., Perry Township, PA,
Commonwealth of Pennsylvania, Reading, PA, October 16, 1991.

241.  Source Sampling For Particulate Emissions, James Julian, Inc., Perry Township, PA,
Commonwealth of Pennsylvania, Reading, PA, June 25, 1992.

242.  Source Sampling For Particulate Emissions, Kluge Brothers, Inc., Moundsville, WV, TraDet
Laboratories, Inc., Wheeling, WV, September 3-4, 1987.

243.  Source Sampling For Particulate Emissions, L. J. Earnest Co., Plain Dealing, LA, Ramcon
Environmental Corp., Memphis, TN, May 25, 1987.

244.  Source Sampling For Particulate Emissions, L. J. Earnest Co., Shreveport, LA, Ramcon
Environmental Corp., Memphis, TN, April 6, 1989.

245.  Source Sampling For Particulate Emissions, L. J. Earnest Co., Shreveport, LA, Ramcon
Environmental Corp., Memphis, TN, May 10, 1989.

246.  Source Sampling For Particulate Emissions, L. J. Earnest Co., Shreveport, LA, Ramcon,
Environmental Corp., Memphis, TN, June 8, 1993.

247.  Source Sampling For Particulate Emissions, Lakeside Industries Barber Green Asphalt Plant,
Aberdeen, WA, Am Test, Inc., Redmond, WA, May 25, 1988.

248.  Source Sampling For Particulate Emissions, Lakeside Industries, Kent, WA, Am Test, Inc.,
Preston, WA, June 7-8, 1994.

249.  Source Sampling For Particulate Emissions, Lakeside Industries, Lacey, WA, Am Test, Inc.,
Seattle, WA, July 18, 1985.

250.  Source Sampling For Particulate Emissions, Lakeside Industries, Shelton, WA, Am Test, Inc.,
Preston, WA, June 3, 1992.

3/04 Mineral Products Industry 11.1-53



251.  Source Sampling For Particulate Emissions, Lakeside Industries, Monroe, WA, Am Test, Inc.,
Preston, WA, September 23, 1993.

252.  Source Sampling For Particulate Emissions, Lakeside Industries, Port Angeles, WA, Am Test,
Inc., Seattle, WA, September 10, 1985.

253.  Source Sampling For Particulate Emissions, Lakeside Industries, Monroe, WA, Am Test, Inc.,
Preston, WA, July 26, 1993.

254.  Source Sampling For Particulate Emissions, Lash Paving And Excavating, Inc., Martins Ferry,
OH, Tra-Det, Inc., Wheeling, WV, October 14-15, 1992.

255.  Source Sampling For Particulate Emissions, Latrobe Construction Co., Latrobe, PA,
Commonwealth of Pennsylvania, Reading, PA, April 25, 1990.

256.  Source Sampling For Particulate Emissions, Leo Journagan Construction Co., Springfield, MO,
Aeromet Engineering Inc., Jefferson City, MO, July 20, 1994.

257.  Source Sampling For Particulate Emissions, Lincoln Asphalt Paving, Inc., Ruston, LA, Ramcon,
Environmental Corp., Memphis, TN, October 8, 1986.

258.  Source Sampling For Particulate Emissions, Lincoln Asphalt Paving, Inc., Ruston, LA, Ramcon,
Environmental Corp., Memphis, TN, June 19, 1990.

260.  Source Sampling For Particulate Emissions, Lindy Paving, Inc., New Castle, PA,
Commonwealth of Pennsylvania, Reading, PA, May 13-14, 1992.

261.  Source Sampling For Particulate Emissions, Looker & Associates, Puyallup, WA, Am Test Inc.,
Preston, WA, September 8, 1994.

262.  Source Sampling For Particulate Emissions, M. A. Segale, Inc., Tukwila, WA, Puget Sound Air
Pollution Control Agency, Corvallis, OR, March 13, 1985.

263.  Source Sampling For Particulate Emissions, Marsh Asphalt, Inc., Uniontown, PA,
Commonwealth of Pennsylvania, Reading, PA, September 20-21, 1990.

264.  Source Sampling For Particulate Emissions, Marsolino Asphalt, Inc., Carmichaels, PA,
Commonwealth of Pennsylvania, Reading, PA, June 17, 1988.

265.  Source Sampling For Particulate Emissions, Martin Limestone, Inc., Blue Ball, PA,
Commonwealth of Pennsylvania, Reading, PA, September 6, 1989.

266.  Source Sampling For Particulate Emissions, Masters And Jackson, Inc., Butler, MO, Ramcon,
Environmental Corp., Memphis, TN, September 9, 1987.

267.  Source Sampling For Particulate Emissions, Masters And Jackson, Inc., Springfield, MO,
AirSource Technologies, Lenexa, KA, August 5-6, 1991.
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Source Sampling For Particulate Emissions, Woodworth & Company, Inc., Tacoma, WA, Am
Test, Inc., Redmond, WA, September 6, 1990.

Source Sampling For Particulate Emissions, Masters And Jackson, Inc., Buffalo, MO, Aeromet
Engineering, Inc., Jefferson City, MO, July 21, 1994.

Source Sampling For Particulate Emissions, McMinn’s Asphalt Co., Inc., Lancaster, PA,
Gilbert/Commonwealth, Inc., Pittsburgh, PA, October 9, 1987.

Source Sampling For Particulate Emissions, McMinn’s Asphalt Co., Inc., Lancaster, PA,
Gilbert/Commonwealth, Inc., Pittsburgh, PA, July 17, 1990.

Source Sampling For Particulate Emissions, Millcreek Township Asphalt Plant, Erie, PA,
Gilbert/Commonwealth, Inc., Pittsburgh, PA, June 23, 1991.

Source Sampling For Particulate Emissions, N. B. West Contracting Co., Brentwood, MO,
Ramcon Environmental Corp., Memphis, TN, September 21, 1993.

Source Sampling For Particulate Emissions, New Enterprise Stone And Lime Co., Inc., New
Enterprise, PA, Gilbert/Commonwealth, Pittsburgh, PA, October 19, 1988.

Source Sampling For Particulate Emissions, Ohio Valley Paving Corp., Morristown, OH,
Ramcon Environmental Corp., Memphis, TN, August, 18, 1988.

Source Sampling For Particulate Emissions, R. E. Hazard Contracting Co., San Diego, CA, San
Diego County Air Pollution Control District, San Diego, CA, February, 13, 1978.

Source Sampling For Particulate Emissions, R. E. Hazard Contracting Co., San Diego, CA, San
Diego County Air Pollution Control District, San Diego, CA, October 3, 1990.

Source Sampling For Particulate Emissions, R. E. Hazard Contracting Co., San Diego, CA, San
Diego County Air Pollution Control District, San Diego, CA, August 26, 1992.

Source Sampling For Particulate Emissions, R. E. Hazard Contracting Co., San Diego, CA, San
Diego County Air Pollution Control District, San Diego, CA, September 5, 1991.

Source Sampling For Particulate Emissions, Richardson & Bass Construction Co., Columbia,
MO, Aeromet Engineering, Jefferson City, MO, October 12, 1993.

Source Sampling For Particulate Emissions, Southern Ohio Asphalt, Spring Valley, OH, The
Shelly Co., Thornville, OH, May 13, 1994.

Source Sampling For Particulate Emissions, San Rafael Rock Quarry, Inc., San Rafael, CA, Bay
Area Air Quality Management District, San Francisco, CA, June 1, 1992.

Source Sampling For Particulate Emissions, Sharp Excavating And Blacktopping, Shelocta, PA,
Gilbert/Commonwealth, Pittsburgh, PA, May 29, 1986.
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285.  Source Sampling For Particulate Emissions, South Coast Carlsbad, Carlsbad, CA, San Diego
County Air Pollution, San Diego, CA, July 30, 1991.

286.  Source Sampling For Particulate Emissions, South Coast Carlsbad, Carlsbad, CA, San Diego
County Air Pollution, San Diego, CA, October 20, 1992.

287.  Source Sampling For Particulate Emissions, South Coast Carlsbad, Carlsbad, CA, San Diego
County Air Pollution, CA, July 31, 1991.

288.  Source Sampling For Particulate Emissions, South Coast Carlsbad, Carlsbad, CA, San Diego
County Air Pollution, San Diego, CA, October 20, 1992.

289.  Source Sampling For Particulate Emissions, South Coast Carlsbad, Carlsbad, CA, San Diego
County Air Pollution, San Diego, CA, September 19, 1991.

290.  Source Sampling For Particulate Emissions, South Coast-Escondido, Escondido, CA, San Diego
County Air Pollution, San Diego, CA, September 16, 1992.

291.  Source Sampling For Particulate Emissions, The Southern Ohio Asphalt Co., Fairfield, OH, The
Shelly Co., Thornville, OH, November 12, 1990.

292.  Source Sampling For Particulate Emissions, The Southern Ohio Asphalt Co., Fairfield, OH, The
Shelly Co., Thornville, OH, November 6, 1991.

293.  Source Sampling For Particulate Emissions, The Southern Ohio Asphalt Co., Fairfield, OH, The
Shelly Co., Thornville, OH, March 25, 1993.

294.  Source Sampling For Particulate Emissions, Stabler Construction Co., Dupont, PA, Ramcon
Environmental Corp., Memphis, TN, June 8, 1987.

295.  Source Sampling For Particulate Emissions, Stoneco, Inc., Maumee, OH, U. S. Environmental
Consulting, Inc., Troy, MI, June 11, 1992.

296.  Source Sampling For Particulate Emissions, Superior Asphalt, Lee’s Summit, MO, AirSource
Technologies, Lenexa, KA, June 15, 1993.

297.  Source Sampling For Particulate Emissions, Syar Industries, Inc., Vallego, CA, Bay Area Air
Quality Management District, San Francisco, CA, April 4, 1990.

298. Source Sampling For Particulate Emissions, T. L. James Paving Co., Monroe, LA, Ramcon
Environmental Corp., Memphis, TN, November 12, 1991.

299.  Source Sampling For Particulate Emissions, T. L. James Paving Co., Opelousa, LA, Department
of Environment Quality, Baton Rouge, LA, April 22, 1989.

300.  Source Sampling For Particulate Emissions, Thompson-McCully Co., Belleville, MI, Ramcon
Environmental Corp., Memphis, TN, July 17, 1987.
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Source Sampling For Particulate Emissions, Thompson-McCully Co., Detroit, MI, Ramcon
Environmental Corp., Memphis, TN, July 7, 1988.

Source Sampling For Particulate Emissions, Thompson-McCully Co., Belleville, MI, Ramcon
Environmental Corp., Memphis, TN, July 29, 1988.

Source Sampling For Particulate Emissions, T. P. C. Paving And Supply, Delmont, PA,
Comprehensive Safety Compliance, Inc., Pittsburgh, PA, May 31, 1990.

Source Sampling For Particulate Emissions, Tri-State Asphalt, Weirton, WV, Ramcon
Environmental Corp., Memphis, TN, April 24, 1986.

Source Sampling For Particulate Emissions, Tri-State Asphalt, Washington, PA, Hemeon
Associates, Pittsburgh, PA, July 7, 1987.

Source Sampling For Particulate Emissions, Tri-State Asphalt, Wheeling, WV, West Virginia Air
Pollution Control Commission, Wheeling, WV, April 24, 1986.

Source Sampling For Particulate Emissions, V. R. Dennis-Canyon Rock Co., San Diego, CA, San
Diego Air Pollution Control District, San Diego, CA, December 16, 1991.

Source Sampling For Particulate Emissions, V. R. Dennis-Canyon Rock Co., San Diego, CA, San
Diego Air Pollution Control District, San Diego, CA, October 8, 1992.

Source Sampling For Particulate Emissions, Valley Asphalt Corp., Plant #5, Morrow, OH,
Ramcon Environmental Corp., Memphis, TN, September 20, 1994.

Source Sampling For Particulate Emissions, Valley Asphalt Corp., Plant #3, Ross, OH, Ramcon
Environmental Corp., Memphis, TN, October 14, 1991.

Source Sampling For Particulate Emissions, Valley Asphalt Corp., Plant #9, Sharonville, OH,
Ramcon Environmental Corp., Memphis, TN, April 19, 1989.

Source Sampling For Particulate Emissions, Valley Asphalt Corp., Plant #17, Camp Dennison,
OH, Ramcon Environmental Corp., Memphis, TN, June 6, 1988.

Source Sampling For Particulate Emissions, Valley Asphalt Corp., Plant #5, Ramcon
Environmental Corp., Memphis, TN, June 27, 1991.

Source Sampling For Particulate Emissions, Valley Asphalt Corp., Plant #9, Ramcon
Environmental Corp., Memphis, TN, September 21, 1994.

Source Sampling For Particulate Emissions, Valley Asphalt Corp., Plant #20, Camp Dennison,
OH, Ramcon Environmental Corp., Memphis, TN, September 23-24, 1992.

Source Sampling For Particulate Emissions, Valley Asphalt Corp., Plant #18, Dayton, OH,
Ramcon Environmental Corp., Memphis, TN, August 3, 1993.
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Source Sampling For Particulate Emissions, Valley Asphalt Corp., Plant #17, Camp Dennison,
OH, Ramcon Environmental Corp., Memphis, TN, June 6, 1988.

Source Sampling For Particulate Emissions, Valley Asphalt Corp., Plant #11, Xenia, OH,
Ramcon Environmental Corp., Memphis, TN, September 23, 1993.

Source Sampling For Particulate Emissions, Valley Asphalt Corp., Plant #6, Dayton, OH,
Ramcon Environmental Corp., Memphis, TN, May 11, 1993.

Source Sampling For Particulate Emissions, Valley Asphalt Corp., Plant #7, Dayton, OH,
Ramcon Environmental Corp., Memphis, TN, May 14, 1993.

Source Sampling For Particulate Emissions, Walls Bros. Asphalt Corp., Ansonia, OH, Ramcon
Environmental Corp., Memphis, TN, October 29, 1992.

Source Sampling For Particulate Emissions, Walls Bros. Asphalt & Manufacturing, Inc.,
Brookville, OH, Ramcon Environmental Corp., Memphis, TN, April 2, 1991.

Source Sampling For Particulate Emissions, W. C. Hargis & Son, Brazil, In, Ramcon
Environmental Corp., Memphis, TN, June 15, 1990.

Source Sampling For Particulate Emissions, Herbert R. Imbt. Inc., Bellefonte, PA, Mease
Engineering Associates, State College, PA, July 26-27, 1988.

Source Sampling For Particulate Emissions, Blue Top Grading, Colorado Springs, CO, WV Air
Pollution Control Commission, Charleston, WV, May 14-15, 1986.

Source Sampling For Particulate Emissions, Hi-Line Asphalt Paving Co.,Inc., Seattle, WA, Am
Test, Seattle, WA, August 9, 1985.

Source Sampling For Particulate Emissions, Highway Materials Inc., Philadelphia, PA,
Gilbert/Commonwealth, Inc., Reading, PA, July 26-27, 19809.

Source Sampling For Particulate Emissions, Highway Materials, Inc., Plant #15,
Gilbert/Commonwealth, Inc., Reading, PA, October 16-17, 1990.

Source Sampling For Particulate Emissions, Highway Materials, Inc., Reading, PA,
Gilbert/Commonwealth, Inc., Reading, PA, October 22-23, 1986.

Source Sampling For Particulate Emissions, Walsh & Kelly, Port Of Indiana, IN, Ramcon
Environmental, Memphis, TN, October 31, 1991.

Source Sampling For Particulate Emissions, Watson Asphalt Paving Co.,Inc., Redmond, WA, Am
Test, Redmond, WA, September 21, 1990.

Source Sampling For Particulate Emissions, Weidle Sand & Gravel, Germantown, OH, Pacific
Environmental Services, Inc., Mason, OH, May 25, 1994.
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Source Sampling For Particulate Emissions, Wilson Blacktop Co., Martins Ferry Co., TraDet
Laboratories, Inc., Wheeling, WV, July 1 and 3, 1987.

Source Sampling For Particulate Emissions, Wilson Blacktop Co., Martins Ferry Co., TraDet
Laboratories, Inc., Wheeling, WV, June 15, 1993.

Source Sampling For Particulate Emissions, Willard Asphalt Paving Co., Lebanon, MO, Ramcon
Environmental Corp., Memphis, TN, August 9-10, 1994.

Source Sampling For Particulate Emissions, Wine Construction Co., Sewickley, PA, Hemeon
Associates, Inc., Pittsburgh, PA, June 30, 1992.

Source Sampling For Particulate Emissions, Winford Co., Bossier City, LA, Ramcon
Environmental Corp., Memphis, TN, July 1, 1986.

Emission Testing, July 9-11, 1996, Job Number 1030, AIRx Testing, Ventura, CA, July 23, 1996.

Hot Mix Asphalt Plants, Kiln Dryer Stack, Instrumental Methods Testing, Asphalt Plant A,
Clayton, North Carolina, EPA-454/R-00-020, April 2000; Hot Mix Asphalt Plants, Kiln Dryer
Stack, Manual Methods Testing, Asphalt Plant A, Clayton, North Carolina, Volume 1 Of 2, EPA-
454/R-00-021a, April 2000; and Hot Mix Asphalt Plants, Kiln Dryer Stack, Manual Methods
Testing, Asphalt Plant A, Clayton, North Carolina, Volume 2 Of 2, EPA-454/R-00-021b,

April 2000.

Hot Mix Asphalt Plants, Kiln Dryer Stack, Instrumental Methods Testing, Asphalt Plant B, Cary,
North Carolina, EPA-454/R-00-022, April 2000; Hot Mix Asphalt Plants, Kiln Dryer Stack,
Manual Methods Testing, Asphalt Plant B, Cary, North Carolina, Volume 1 Of 2, EPA-454/R-00-
023a, April 2000; and Hot Mix Asphalt Plants, Kiln Dryer Stack, Manual Methods Testing,
Asphalt Plant B, Cary, North Carolina, Volume 2 Of 2, EPA-454/R-00-023b, April 2000.

Stack Emission Test, Payne & Dolan, Inc., Control 5 Asphalt Plant, Verona, WI, Environmental
Technology and Engineering Corp., Elm Grove, WI, October 24, 1995.

Stack Emission Test, Payne & Dolan, Inc., Control 6 Asphalt Plant, Vienna, Wi, Environmental
Technology and Engineering Corp., Elm Grove, W1, July 18, 1995.

Stack Emission Test, Payne & Dolan, Inc., Control 7 Asphalt Plant, Franklin, WI, Environmental
Technology and Engineering Corp., Elm Grove, W1, July 21, 1995.

Stack Emission Test, Payne & Dolan, Inc., Control 24 Asphalt Plant, Kiel, WI, Environmental
Technology and Engineering Corp., Elm Grove, WI, October 5, 1995.

Stack Emission Test, Payne & Dolan, Inc., Control 26 Asphalt Plant, Fish Creek, W1,
Environmental Technology and Engineering Corp., Elm Grove, WI, May 13, 1997.

Stack Emission Test, Payne & Dolan, Inc., Control 28 Asphalt Plant, Freedom, W1,
Environmental Technology and Engineering Corp., Elm Grove, WI, September 27, 1995.
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Stack Emission Test, Northeast Asphalt, Inc., Control 52 Asphalt Plant, Rio, Wi, Environmental
Technology and Engineering Corp., Elm Grove, WI, June 30, 1995.

Stack Emission Test, Payne & Dolan, Inc., Control 59 Asphalt Plant, Wautoma, W1,
Environmental Technology and Engineering Corp., EIm Grove, WI, July 16, 1996.

Stack Emission Test, Payne & Dolan, Inc., Control 63 Asphalt Plant, Larsen, Wi, Environmental
Technology and Engineering Corp., Elm Grove, WI, August 2, 1996.

Stack Emission Test, Payne & Dolan, Inc., Control 65 Asphalt Plant, Green Bay, WI,
Environmental Technology and Engineering Corp., EIm Grove, WI, July 15, 1997.

Stack Emission Test, Payne & Dolan, Inc., Control 68 Asphalt Plant, Menasha, W1,
Environmental Technology and Engineering Corp., Elm Grove, WI, June 24, 1997.

Measurement Of NO, Emissions, General Crushed Stone, Inc., Glen Mills Asphalt Plant
Baghouse Exhaust, Easton, PA, United Energy Services Corp., Reading, PA, June 27, 1995.

Measurement Of NO, and VOC Emissions, General Crushed Stone, Inc., Glen Mills #2 Asphalt
Plant Baghouse Exhaust, Easton, PA, United Energy Services Corp., Reading, PA, November 10,
1995.

J. S. Gammie, Compliance Test Report, Hot Mix, Inc./Fuller Sand & Gravel, Inc., Baghouse
Exhaust, Danby, VT, Environmental Risk Limited, Bloomfield, CT, November 1995.

Hot Mix Asphalt Plants, Truck Loading and Silo Filling, Instrumental Methods Testing, Asphalt
Plant C, Los Angeles, California, EPA-454/R-00-024, May 2000; Hot Mix Asphalt Plants, Truck
Loading and Silo Filling, Manual Methods Testing, Volumes I to 8, Asphalt Plant C, Los
Angeles, California, EPA-454/R-00-025a to h, May 2000; and Hot Mix Asphalt Plants, Technical
Systems Audit For Testing At Asphalt Plant C, Asphalt Plant C, Los Angeles, California, EPA-
454/R-00-026, May 2000.

Hot Mix Asphalt Plants, Truck Loading, Instrumental Methods Testing, Asphalt Plant D, Barre,
Massachusetts, EPA-454/R-00-027, May 2000; and Hot Mix Asphalt Plants, Truck Loading,
Manual Methods Testing, Asphalt Plant D, Barre, Massachusetts, EPA-454/R-00-028,

May 2000.

Written communication from R. Nadkarni to Chief, Emission Factor and Methodologies Section,
USEPA, Research Triangle Park, NC, November 7, 1994.

Pretest Survey And Screening Report—Plant C.
W. K. Steinmetz and L. P. Cherry, Division Of Air Quality, Toxics Protection Branch, Air Toxics
Analytical Team, Analytical Investigation Of Inman Asphalt Terminal, Salisbury, North

Carolina, Rowan County, Investigation #98015, North Carolina Department of Environment and
Natural Resources, Raleigh, NC, June 8, 1998.
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360. J. R. Bowyer, A Study To Determine An Emission Rate Of Benzene From Asphalt Load-out,
ATAST #98026, Final Report (Revised), Division of Air Quality, North Carolina Department of
Environment and Natural Resources, Raleigh, NC, 1998.

361. C. Lutes, R. Thomas, and R. Burnette, Evaluation Of Emissions From Paving Operations, Final
Report, EPA 600/R-94-135, U. S. Environmental Protection Agency, Research Triangle Park,
NC, August 1994.

362.  Asphalt Hot Mix Emission Study, March Report 75-1 (RR-75-1), The Asphalt Institute, College
Park, MD, March 1975.

363.  P.Kariher, M. Tufts, and L. Hamel, Evaluation Of VOC Emissions From Heated Roofing
Asphalt, EPA 600/2-91-061, U. S. Environmental Protection Agency, Research Triangle Park,
NC, November 1991

364.  Emission Testing, July 9-11, 1996, Job Number 1030, AIRx Testing, Ventura, CA, July 23, 1996.

365.  Personal email communication, J. Wood, Massachusetts Department of Environmental
Protection, Boston, MA, to Ron Myers, U. S. Environmental Protection Agency, Research
Triangle Park, NC, October 15, 1999.

366.  Personal email communication, K. Lane, Connecticut Department of Transportation , Hartford,
CT, MA, to Ron Myers, U. S. Environmental Protection Agency, Research Triangle Park, NC,
October 18, 1999.

367.  Personal email communication, K. Lane, Connecticut Department of Transportation, Hartford,
CT, MA, to Ron Myers, U. S. Environmental Protection Agency, Research Triangle Park, NC,
October 19, 1999.

368.  Personal email communication, W. Medford, North Carolina Department of Transportation,
Raleigh, NC, to Ron Myers, U. S. Environmental Protection Agency, Research Triangle Park,
NC, October 20, 1999.

369.  Personal email communication, J. McGraw, Minnesota Department of Transportation, St. Paul,
MN, to Ron Myers, U. S. Environmental Protection Agency, Research Triangle Park, NC,
November 4, 1999.

370. Carbon Monoxide Stack Emission Test, Payne And Dolan, Inc., Control 2 Plant, Waukesha, W1,
Environmental Technology and Engineering Corporation, Elm Grove, WI, June 19, 1998.

371.  Stack Emission Test, Payne And Dolan, Inc., Control 4 Plant, Sussex, Wi, Environmental
Technology and Engineering Corporation, EIm Grove, WI, October 22, 1997.

372.  Stack Emission Test, Payne and Dolan, Inc., Control 8 Plant, Cedar Lake, W1, Environmental
Technology and Engineering Corporation, Elm Grove, WI, August 14, 1997.

373.  Stack Emission Test, Payne And Dolan, Inc., Control 15 Plant, Saukville, WI, Environmental
Technology and Engineering Corporation, Elm Grove, WI, August 27, 1997.
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Stack Emission Test, Payne And Dolan, Inc., Control 25 Plant, Markesan, WI, Environmental
Technology and Engineering Corporation, Elm Grove, WI, October 7, 1998.

Stack Emission Test, Payne And Dolan, Inc., Control 27 Plant, Horicon, Wi, Environmental
Technology and Engineering Corporation, Elm Grove, WI, October 6, 1997.

Stack Emission Test, Payne And Dolan, Inc., Control 28 Plant, Wautoma, WI, Environmental
Technology and Engineering Corporation, Elm Grove, WI, October 1, 1999.

Stack Emission Test, Payne And Dolan, Inc., Control 29 Plant, Dousman, WI, Environmental
Technology and Engineering Corporation, EIm Grove, WI, August 7, 1997.

Carbon Monoxide Stack Emission Test, Payne And Dolan, Inc., Control 31 Plant, Racine, WI,
Environmental Technology and Engineering Corporation, EIm Grove, WI, May 26, 1998.

Stack Emission Test, Payne And Dolan, Inc., Control 34 Plant, Environmental Technology and
Engineering Corporation, EIm Grove, WI, July 28 and October 6, 1999.

Stack Emission Test, Payne And Dolan, Inc., Control 53 Plant, Newberry, MI, Environmental
Technology and Engineering Corporation, EIm Grove, WI, September 1-2, 1998.

Carbon Monoxide Stack Emission Test, Northeast Asphalt, Inc., Control 55 Plant, Horicon, WI,
Environmental Technology and Engineering Corporation, EIm Grove, WI, May 27, 1998.

Stack Emission Test, Northeast Asphalt, Inc., Control 55 Plant, Horicon, WI, Environmental
Technology and Engineering Corporation, EIm Grove, WI, September 2, 1999.

Stack Emission Test, Northeast Asphalt, Inc., Control 56 Plant, Ripon, WI, Environmental
Technology and Engineering Corporation, EIm Grove, WI, September 3, 1997.

Stack Emission Test, Northeast Asphalt, Inc., Control 65 Plant, Green Bay, WI, Environmental
Technology and Engineering Corporation, EIm Grove, WI, June 24, 1999.

Results Of The September 23, 1999 Air Emission Compliance Test On The Monarch Paving
No. 10 Asphalt Plant Near Hager City, Wisconsin, Interpoll Laboratories, Circle Pines, MN,
November 11, 1999.

Results Of The August 11 & 28, 1999 Air Emission Compliance Tests On The Mathy/Northwoods
Paving Plant No. 25 Near Superior, Wisconsin, Interpoll Laboratories, Circle Pines, MN,
September 24, 1999.

Results Of The July 14, 1999 Air Emission Compliance Test On The Mathy/American Asphalt
Plant No. 41 In Hatley, Wisconsin, Interpoll Laboratories, Circle Pines, MN, August 13, 1999.

Results Of The October 7-8 & 12, 1999 Air Emission Compliance Test On The Mathy

Construction/Monarch Paving Asphalt Plant No. 46 Near Danbury, Wisconsin, Interpoll
Laboratories, Circle Pines, MN, November 29, 1999.
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Hot Mix Asphalt Plants: Response to Comments On Testing Program For Asphalt Plants C And
D, EPA-454/R-00-029, U. S. Environmental Protection Agency, Office of Air Quality Planning
and Standards, Research Triangle Park, NC, May 2000.

B. Frank, Asphalt’s 10 Year Success Story, Compliance Monitoring Service, Linwood, New
Jersey, March 13, 1997.

Memorandum from B. Shrager, MRI, Cary, NC, to R. Myers, U. S. Environmental Protection
Agency, Research Triangle Park, NC. Emission Factor Recommendations for the Hot Mix
Asphalt AP-42 Revision. November 15, 2000

1996 U. S. Geological Survey Minerals Yearbook, U. S. Geological Survey, Reston, VA.

A Study Of The Use Of Recycled Paving Material - Report To Congress, FHWA-RD-93-147,
EPA/600/R-93/095, U. S. Department of Transportation and U. S. Environmental Protection
Agency, Washington, DC, June 1993.

Manufacturing Consumption Of Energy 1994, DOE/EIA-0512(94), U. S. Department of Energy,
Washington, DC.

Test Report. Formaldehyde Emissions Testing from Asphalt Heaters. Prepared for: National
Asphalt Pavement Association, Lanham, MD. MACTEC Federal Programs, Inc., Research
Triangle Park, NC. October 2003.
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