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PREFACE

This report was prepared by Midwest Research Institute (MRI) for the
Environmental Protection Agency's (EPA's) Air and Energy Engineering
Research Laboratory under EPA Contract No. 68-02-3158, Technical Directive
No. 18. Dale Harmon was the Project Officer for this study. The work
was performed in MRI's Air Quality Assessment Section ( Chatten Cowherd,
Head). The report was authored by John Kinsey. Gregory Muleski
was responsible for the computer software used in the study, and Julia
Poythress was involved in data compilation and analysis.
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1.0 INTRODUCTION

The U.S5. Environmental Protection Agency (EPA) is in the process of re-
viewing the pertinent technical criteria and data bases to determine whether
the establishment of a revised National Ambient Air Quality Standard (NAAQS)
for particulate matter based on particle size is warranted. Upon adoption of
such a standard, the Clean Air Act requires that each state develop and sub-
mit revisions to their State Impliementation Plan (SIP) which outline how they
will attain and maintain the standard. These revisions to the SIP would ne-
cessitate the collection and use of information related to size-selective
particuiate emissions from new and existing sources. Thus, a need exists to
initiate development of an emission factor data base to meet such objectives.

Since 1972 the document entitled "Compilation of Air Pollutant Emission
Factors" (AP-42) has been published by the EPA. This document contains a
compendium of emission factor reports for the most significant emission
source categories. Supplements to AP-42 have been published both for new
source categories and for updating existing emission factors as more infor-
mation about sources and the control of emissions has become available. Up
to this point, however, l1ittle information has been provided in AP-42 with
regard to particle size characteristics of particulate emissions.

To address the requirement for size-specific emission factors, the EPA
is currently conducting research to characterize the emissions of fine par-
ticles in the inhalable particulate (IP) size range for a variety of indus-
trial sources. The purpose of this research is to develop emission factors
to be used if revisions to the National Ambient Air Quality Standard for par-
ticulate matter are made to address fine particles. As part of this program,
Midwest Research Institute (MRI) has prepared this report which reviews the
existing emission data base for asphalt concrete* plants based on particle
size and provides a revised AP-42 Section (8.1) for that industry category.
Included in the revised Section 8.1 are the avaitable size-specific emission
factors for asphalt concrete plants presented according to the type of pro-
cess and control technology used.

This report is organized by section as follows:

Section 2.0 - Industry Description

Section 3.0 - Data Review and Emission Factor Development
Section 4.0 - Chemical Characterization

Section 5.0 ~ Proposed AP-42 Section

Section 6.0 - References

*The term "asphalt concrete” is used everywhere in this report except for

the proposed AP-42 section where "asphaltic concrete' has been substi-
tuted. Asphalt concrete is the term most commoniy accepted by experts
working in the industry.




2.0 INDUSTRY DESCRIPTION

Asphalt paving (concrete) consists of a mixture of well graded, high
quality aggregate and liquid asphalt cement which is heated and mixed in
measured quantities to produce bituminous pavement materials.! Hot mix as-
phalt paving can be manufactured by any of the following basic processes:
batch-mix, continuous-mix, and drum-mix.

In this section, the raw material used in the formulation of asphalt
concrete is described, along with the basic processes available for its pro-
duction and the technology employed by the industry to control particulate
emissions.

2.1 RAW MATERIAL

2.1.1 Asphalt Cement

Asphalt is a dark brown to black thermoplastic cementitious material
composed principally of bitumens which come either from naturally occurring
deposits or is derived from crude petroleum. Chemically, asphalt is a
hydrocarbon consisting of asphaltenes (small particles surrounded by a resin
coating), resins, and oils. The asphaltenes contribute to body, the resins
furnish the adhesive and ductile properties, and the 0il influences the vis-
cosity and flow characteristics of the asphalt.2

Asphalt cement is a highly viscous material available in many standard
grades.® " 0Originally, penetration tests were used to specify grades of-
asphalt cement. More recently, viscosity is becoming the standard char-
acteristic to specify grades.? Specifications for asphalt cement are based
on a range of viscosity at a reference temperature of 60°C (140°F). A min-
imum viscosity at 135°C (275°F) is also specified. These temperatures were
chosen because 60°C (140°F) approximates the maximum temperature of asphalt
pavement surfaces in the United States while 135°C (275°F) approximates
mixing and laydown temperatures for hot mix asphalt pavements. Specifica-
tions for the various grades of asphalt cement are presented in Table 2-1.3

In some areas, emulsified asphalts are used for the production of hot
mix paving. Emulsified asphalts are dispersions of colloidal size globules
of asphalt in water (or visa versa) that are prepared using high speed mixers
or colloid mills. Small quantities of surface active agents or emulsifiers
are added to the asphalt to aid dispersion. Anionic and cationic emulsified
asphalts are two commercially available asphait emulsions.! Specifications
for the various grades of emulsified asphalts are presented in Table 2-2.3
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2.1.2 Aggregate

Asphalt pavement mixtures are produced by combining mineral aggregates
and asphalt cement. Aggregates constitute over 92% of the total mix-
ture.2 Aside from the amount and grade of asphalt used, mix characteristics
are determined by the relative amounts and types of aggregate used.

Aggregate is generally sized in three groups: coarse aggregate (ma-
terial > 2.36 mm), fine aggregate (material passing < 2.36 mm), and mineral
filler (material < 74 um).' Coarse aggregate can consist of crushed stone,
limestone, gravel, slag from steel mills, glass, oyster shells, and material
such as decomposed granite (or other fractured material), or highly angular
material with a pitted or rough surface. Fine aggregate consists of natural
sand, crushed limestone, slag, or gravel or any mixture of these materials.
Mineral filler or mineral dust consists of crushed rock, limestone, hydrated
lime, portland cement, fly ash, or other nonplastic mineral matter which is
either added to the mix or is indigenous to the aggregate itself. A minimum
of 70% of this material must pass through a 74-pm sieve.l A1l aggregate
should be free of clay and silt. Tabhle 2-3 lists the composition for the
various types of asphalt paving mixtures specified by the American Society
of Testing and Materials (ASTM) Designation 3515.1

Generally, a single natural source cannot provide the required grada-
tion; thus, the mechanical combination of two or more aggregates is often
necessary. Aggregates may also be blended because of limited supplies, for
economic reasons, and to control particulate emissions. Blending techniques
include trial and error, mathematical, and graphical blending methods.*4

State transportation departments are usually responsibie for specify-
ing the percentage of each aggregate size in a given mix. State and local
specifications .for aggregate properties which are required for a sound mix
take into -account variations in locally available supplies.4’5 In practice,
the plant operator develops a job-mix formula to produce the particular grade
of paving material necessary to meet customer specifications based on the
characteristics of the available aggregate.

2.2 PROCESS DESCRIPTION

2.2.1 Batch-Mix Process

Crushed and screened raw aggregate is stockpiled near the plant where
the moisture content will stabilize between 3 and 5% moisture by weight for
the total aggregate blend (fine aggregate contains the highest amount of
moisture).® The aggregate is transferred by front-end loader from the stor-
age piles and placed in the appropriate hoppers of the cold feed unit. The
material is metered from the hoppers onto a moving belt and conveyed by
bucket elevator or belt conveyor into a direct-fired rotary dryer fueled by
gas or o0il, or lately by coal or coal/oil slurries.

The dryer is a revolving cylinder usually ranging from 0.9 to 3.5 m (3
to 12 ft) in diameter and from 4.5 to 12 m (15 to 40 ft) long, ir which ag-
gregate is dried and heated by an o0il, gas, or combination cil-gas burner.




TABLE 2-3. COMPOSITINN NF ASPHALT PAVING MIXTURES

. Sand Sheet
Asphalt Concrete Asphalt Asphalt
" Sieve Size Mix Designation and Nominal Maximum Size of Aggregate
14 in, lin. Y in. 2 in, - in. No. 4 No. 16
{2A) {3A) (4A) (5A) (6A) (7A) (3A)

(37.5mm) (250mm) (190mm) (12.5mm) (9.5mm) (4.75mm) (1.18 mm)

Grading of Total Aggregate {Coarse Plus Fine, Plus Fiiler if Required)
Amounts Finer Than Each Laboratory Sieve (Square Opening), weight percent

2% in. {63 mm)

2 in. {50 mm) 100

1% n. (37.5 mm) 90 to 100 100

}in, (25.0 mm) 9010100 100

Y in. {19.0 mm) &0tw80 ... 90 to 100 100

W in. (12.5 mm) 601080 ... 90 to 100 100

W in. (9.5 mm) 60 to 30 90 to 100 100

No. 4 (4.75 mm) 20055 25t060 351065 451070 60t080 80tc 100 100

No. 8* (2.36 mm) 1010 40 151045 2010 50 2510 55 J5t065 65t0 100 9510 100
No. 16 (1.18 mm) 40 10 80 85 to 100
No. 30 (600 um) ' 2010 65 70 t0 95
No. 50 (300 um) 21016 Jto 13 Jio 20 Sto 20 610 25 7 to 40 4510 75
No. 100 (150 pm) ... Jw20 20 to 40
No. 200" (75 um) Owo 5 lto7 2108 209 2w 10 2t0 1O 9to 20

Asphalt Cement. weight percent of Total Mixture”

J/ o8 4dto8%¥ 4109 44109% Sto 10 Ttol2 8% 10 12

Suggested Coarse Aggregate Sizes

4and 67 Sand? 67 or 68 Jor78 8
— —— or5T— -or C— — e—- e
6and 8

8[n considering the total grading characteristics of an asphalt paving mixture the amount
passing the No. 8 (2.36 mm) sieve is a significant and convenient field control point between
fine and coarse aggregate. Gradings approaching the maximum amount permitted to pass the
No. 8 (2.36-mm) sieve will result in pavement surfaces having comparatively fine texture, while
gradings approaching the minimum amount passing the No. 8 (2.36-mm) sieve will resuit in
surfaces with comparatively coarse texture,

bThe material passing the No. 200 (75-um) sieve may consist of fine particles of the
aggregates or mineral filler, or both. [t shall be free from organic matter and clay particles and
have a plasticity index not greater than 4 when tested in accordance with Method D423 and
Method D424,

CThe quantity of asphalt cement is given in terms of weight percent of the total mixture.
The wide difference in the specific gravity of various aggregates, as well as a considerable
difference in absorption, results in a comparatively wide range in the limiting amount of asphalt
cement specified. The amount of asphalt required for a given mixture should be determined by
appropriate laboratory testing or on the basis of past experience with similar mixtures, or by a
combination of both.

Used by permission of the Asphalt Imstitute.

*U.S.A. Standard sieve designation is 38.1 mm.




The cylinder is equipped with longitudinal troughs or channels called
“"flights" that 1ift the aggregate and drop it in veils through the hot
gases. The slope of the cylinder, its rotation speed, diameter, length,
and the arrangement and number of flights control the length of time re-
quired for the aggregate to pass through the dryer (residence time). The
dryer performs two functions; it vaporizes and removes the moisture, and it
heats the aggregate to mixing temperature.

The most commonly used oil burner in dryers atomizes the fuel ail with
low pressure air. There are also medium and high pressure gas burners,
combination oil and gas burners, and liquid petroleum gas (LPG) burners.

As it leaves the dryer, the material drops onto a bucket elevator and
is transferred to a set of vibrating screens where it is classified by size
into four or more grades. The classified aggregate then drops into four or
more large bins. The bins provide a substantial amount of surge capacity
for the dryer system. The operator controls the aggregate size distribution
by opening one of the bins and allowing the classified aggregate to be de-
posited into a weigh hopper until the desired amount of material is cbtained.
The doors of this bin are then closed, another bin is opened, and so on.
After all the material is weighed out, the mixture is dropped intoc a pug-
mill mixer and mixed (usually dry) for about 15 sec. The action of the two-
shafted pugmill is similar to that of an egg beater except that the paddles
are mounted on horizontal shafts instead of vertically. The asphalt cement
is pumped from a heated storage tank {or tanks) into the pugmill and thor-
oughly mixed with the aggregate for 25 to 60 sec to form asphalt concrete.
The hot mix is then deposited in a truck and hauled away to the job site.

A flow diagram of the batch-mix process is shown in Figure 2-1.%

As with most facilities in the mineral products industry, asphalt batch
plants have two major categories of particulate emissions: those which are
vented t6. the atmosphere through some type of stack, vent, or pipe (ducted
sources) and those which are emitted directly from the source to the ambient
air (fugitive sources) without the aid of such equipment. Ducted emissions
are usually captured and transported by an industrial ventilation system
with one or more fans or air movers and emitted to the atmosphere through a
stack. Fugitive sources, on the other hand, can either be process fugitives,
which are emissions associated with some form of physical or chemical change
in the material being processed, or open dust sources where no such change
occurs.

The most significant source of ducted emissions from asphalt batch
plants is the rotary dryer. The amount of aggregate dust carried out of
the dryer by the moving gas stream depends upon a number of factors, in-
cluding the gas velocity in the drum, the particle size distribution of the
aggregate, and the specific gravity and aerodynamic characteristics of the
particles. The most significant of these factors is the gas velocity in
the dryer.® Figures 2-2 and 2-3 show the effect of increasing dryer gas
velocity upon production capacity and dust carryout as determined by a study
conducted by the Barber-Greene Company.®’7 It should be noted that a 50%
increase in gas velocity will allow about a 30% increase in production while
causing a 150% increase in dust carryout. Of course the increase in drum
velocity also results in higher air volumes drawn through the dryer which
subsequently increases the amount of oxygen available for combuston.

7
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Figure 2-2. Effect of drum gas velocity on the production capacity

for rotary dryer's.7




Dust Carryout, % Increase

300

275 - Used by permission of Barber- Greene Company. —

250 —

225 I~

200 |-

175

150

15— ————————

100
75

50 |

25

!
|
|
|
l
I
I
I
|
|
|
{

| 1 | | j ] | |
0 10 20 30 40 50 60 70 80 0 100
Drum Gas Velocity, % Increase
600 700 800 900 1000 1100 1200
Drum Gas Velocity, FPM

Figure 2-3. Effect of _drum gas velocity on dust carryout for rotary
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In general, if the Stoke's settling velocity of an aggregate particle is of
the same order of magnitude as the gas velocity through the dryer, the par-
ticle :i]] probably be entrained in the gas stream and swept out of the
dryer.

The major source of process fugitives in asphalt batch plants comes
from enciosures over the hot-side conveying, classifying, and mixing equip-
ment which are vented into the primary collection equipment along with the
dryer gas. These vents and enclosures are commonly called the "fugitive
air" or ."scavenger" system. The scavenger system may or may not have its
own separate air mover -depending on the particular facility.

The particulate emissions captured and transported by the scavenger
system consist mostly of aggregate dust but may also contain a fine aerosol
of condensed 1iquid particles. This liquid aerosol is created by condensa-
tion of the organic vapors volatilized from the asphalt cement in the pug-
mi11.8 The amount of Tiquid aerosol produced depends to a large extent on
the temperature of the asphaltic cement and aggregate entering the pugmill.

There are also a number of open dust sources associated with asphalt
batch plants. These include the fugitive dust generated by vehicular traf-
fic on paved and unpaved roads, the dust created by the storage and handling
of the aggregate material, and similar operations. The number and type of
fugitive emission sources which are associated with a particular plant de-
pend on whether the equipment is portable or stationary, whether it is lo-
cated adjacent to a gravel pit or quarry, and the inherent aggregate moisture.

To illustrate the various sources of particulate emissions associated
with asphalt batch plants, the type and location of each emission point
throughout the process flow are shown in Figure 2-1.

2.2.2 Continuous-Miﬁ Process

The continuous-mix process is generally similar to that of batch plants
with the exception that slight modifications have been made to the hot-side
conveying equipment. In a continuous plant, the classified aggregate drops
from the vibrating screens into a set of small bins. The purpose of these
bins is to collect and meter the classified aggregate to the mixer; thus,
they do not provide a large amount of surge capacity. From the hot bins,
the aggregate is metered through feeder conveyors to a second bucket elevator
and into the mixer. Hot asphalt is metered into the inlet end of the mixer,
and the mix is conveyed through the unit by the action of the rotating pad-
dles. Retention time is controlled (and some surge capacity provided) by
an adjustable dam at the end of the mixer trough. The asphalt concrete
flows out of the mixer into a surge hopper for loading into trucks.

In some plants, surge capacity is provided by a set of separate hot
mix storage bins. These bins, which may be either heated or nonheated, are
often sealed from contact with the ambient air to prevent oxidation. If
storage bins are used, the mix is conveyed from the mixer to the storage
bins and trucks are loaded from the bins. A flow diagram of the continuous-
mix process is shown in Figure 2-4.

11
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The particulate emissions from continuous-mix asphalt plants are gen-
erated in the same manner as for batch plants, except that an additional
hot-side conveyor is used which would tend to increase the amount of dust
collected by the scavenger system. Otherwise, there are no substantial
differences in the mechanisms which produce the emissions. The various
sources of particulate emissions associated with continuous-mix asphalt
plants are identified in Figure 2-4.6

2.2.3 Drum—Mix Process

The third type of process utilized for the production of asphalt pav-
ing mixtures is the drum-mix process. This process is relatively new to
the industry and is becoming increasingly more popular due to its lower
capital and operating costs and its simplified production process. The
most significant difference between the drum-mix process and the others de-
scribed above is that the aggregate is dried, mixed, and combined with the
asphalt cement inside a single unit (rotary drum mixer) thus eliminating a
substantial amount of mechanical equipment.?

During normal operation, proportioned aggregate from the cold feed
bins is transported by belt conveyor to either a vibrating screen where the
larger material is rejected or directly to the drum mixer. The already
combined aggregate is then introduced into the uphill end of the rotating
drum mixer where it passes through the hot gases and is heated to a tempera-
ture of 300°F to remove moisture. The aggregate is tumbled by the flights
as it travels the length of the drum in parallel flow with the combustion
gases from the burner. This is opposite to the batch process where a counter-
flow arrangement is used. Asphalt cement from a heated storage tank is
introduced from the opposite end of the drum where it is mixed with the
heated aggregate to produce hot mix asphalt paving. The point at which the
asphalt cement is injected varies from plant to plant but is generally more
than halfway down the length of the drum. The asphalt is protected from
coming intoe direct contact with the burner flame not only by distance but
aiso by the dense curtain of falling aggregate. In a few cases, a metal
barrier (flame shield) is installed in the drum to provide additional pro-
tection for the asphalt cement. The hot mix (120 to 140°C)10 is discharged
from the drum mixer and transported by inclined belt conveyor to storage
silos for eventual Joading into trucks and transport to the job site. A
diagram of the drum-mix process is shown in Figure 2-5.

Inside the drum mixer four basic processes occur. These are bulk
moisture removal; asphalt injection with partial coating; foaming (which
completes the coating process); and rapid temperature rise of the mix.10:11
Upon entering the dryer, the aggregate is directly exposed to radiant heat
which vaporizes most of the moisture in the aggregate. As the aggregate
continues down the length of the drum, out of contact with the flame, it
reaches the asphalt injection point. At this point, the liquid asphalt is
injected by a shielded pipe. In some plants, chemical additives (e.g.,
1iquid silicon added at the refinery or by the distributor) are injected
along with the asphalt to improve the distribution of the spray and its
adhesion to the aggregate surface.®’10 After asphalt injection, the ag-
gregate attains a temperature high encugh to vaporize the remaining moisture

13
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in the pores of the rock. As this water vapor reaches the surface, it
escapes by foaming through the asphalt coating, which is thought to in-
crease its uniformity of film thickness. Near the discharge end of the
drum, sufficient heat is absorbed in the aggregate itself to increase the
mix temperature, since the bulk of the moisture has already been vaporized.
The total residence time ranges from 3 to 5 min.10°11

As with the other two processes used for the production of asphalt
concrete, the major ducted source of particulate emissions is the drum
mixer itself, but emissions are significantly lower than in batch and con-
tinuous plants. This overall reduction in emissions is due to the ccating
of the finer particles with the asphalt cement. The emissions from the
drum mixer consist of a gas stream containing a substantial amount of par-
ticulate matter and lesser amounts of gaseous organic compounds of various
species.® The particulate generally consists of fine aggregate particles
entrained in the flowing gas stream during the drying process. The organic
compounds, on the other hand, are a result of the heating and mixing of the
asphalt cement inside the drum, which volatilizes certain components of the
asphalt. Once the volatile organic compounds have sufficiently cooled, they
condense to form a fine liquid aerosol or "blue smoke," the quantity of which
depends on the type of asphalt cement and temperature.®'1® Filaments of
asphalt cement can also be produced through a similar process.

A number of measures have been introduced in the newer plants to re-
duce or eliminate blue smoke, including the installation of flame shields,
rearrangement of the flights inside the drum, adjustments in the asphalt
injection point, and other design changes.®'!? These modifications have
resulted in significant improvements in the elimination of blue smoke.

The process fugitive emissions from the hot-side screens, bins, ele-
vators, and pugmill normally associated with batch and continuous-mix plants
have been eliminated in the drum-mix process. There may be, however, a cer-
tain amount of fugitive Tiquid aerosol produced during the transport and
handling of the hot mix from the drum mixer to the storage silo if an open
conveyor is used. Otherwise, the remaining open dust sources are similar
to those found in batch or continuous ptants. The location of each emis~
sion point throughout the drum-mix process is shown on Figure 2-5.

2.2.4 Recycle Processes

In recent years, a new practice has been initiated in the asphalt con~
crete industry. This practice involves the recycling of old asphalt paving.
Recycling significantly reduces the amount of new (virgin) rock and asphalt
cement needed to repave an existing road base. The various recycling tech-
niques include both cold and hot methods. Since this report addresses only
hot-mix asphalt processes, discussion will be limited to recycling at a
central plant.

For recycling, old asphalt pavement is broken up at the job site and

removed from the road base. This material is then transported to the plant,
crushed, and screened to the appropriate size for further processing. It
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is then heated and mixed with superheated new or virgin aggregate (if appli-
cable) to which the proper amount of new asphalt cement is added to produce
an adequate grade of hot asphalt paving suitable for laying.

There are basically three methods which can be used for heating of re-
cycled asphalt paving (RAP) prior to the addition of the asphalt cement. 10’12
These methods are direct flame heating, indirect flame heating, and super-
heated aggregate. Each is discussed in the following subsections.

2.2.4.1 Direct Flame Heating--

Direct flame heating is typically performed with a drum mixer wherein
all materials are simultaneously mixed in the revolving drum. The first
experimental attempts at recycling used a standard drum-mix plant and in-
troduced the recycied paving and virgin aggregate concurrently at the burner
end of the drum. Numerous problems with excessive blue smoke emissions led
to several modifications to the process, including the addition of heat
shields and the use of split feeds.l2

Héat dispersion is a method used for recycling. A heat shiéldiis in-
stalled around the burner and additional cooling air is provided to reduce
the hot gases to a temperature below about 430 to 650°C (800 to 1200°F),
thus decreasing the amount of blue smoke.!? However, the heat shield also
accounts for a higher gas velocity and turbulence due to the restriction in
the free flow of the burner gas.!® This type of equipment can successfully
recycle a mixture of up to approximately 70% recycled asphalt concrete.!?

The concept of a drum within a drum has also been successfully utilized
for recycling. This process i5 based on a small diameter drum
being inserted into a conventional drum-mix unit. Virgin aggregate is intro-
duced into the inner drum where it is superheated to approximately 150 to
260°C (300 to 500°F).!2 Reclaimed material is introduced inte the outer
drum through a second charging chute. The reclaimed material and the heated
virgin aggregate meet at the discharge point of the inner drum where heat
transfer-occurs. —This type-of-equipment-can successfully recycle mixtures
containing up to about 50 to 60% recycled bituminous materials.!2

Split feed drum mixers were first utilized for recycling in 1976 and
dre now the process used most often. New aggregate '{g introduced
at the flame end of the drum where it is superheated to 150 to 260°C (300
to 500°F).12 At about the midpoint of the drum the recycled bituminous
material is introduced by a split feed arrangement and heated by the hot
gases as well as by heat transfer from the superheated virgin aggregate.
This type of equipment can successfully recycle mixtures containing up to
about 60 to 70% recycled bituminous material.l2

The last type of direct flame method involves the use of a slinger con-
veyor to throw recycled asphalt into the center of the drum mixer from the
discharge end. This arrangement is sold as a kit for the retrofit of exist-
ing plants. In this process, the RAP material enters the drum along an arc
landing in the appropriate area of the asphalt injection point. A slinger
conveyor should be capable of recycling mixtures cantaining about the same

amount gf RAP (i.e., 50 to 70%) as the other direct flame methods mentioned
above.!
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2.2.4.2 Indirect Flame Heating--

Indirect flame heating has been performed with special drum mixers
equipped with heat exchanger tubes. These tubes prevent the
virgin aggregate/recycied paving mixture from coming into direct contact with
the flame and the associated high temperatures. These plants are capable of
processing up to 100% recycled bituminous material but account for lower pro-
duction for similarly sized dryers.12

2.2.4.3 Superheated Aggregate--

Superheated aggregate can also be utilized to heat recycled bituminous
material. As noted above, two of the direct flame methods also make use of
this concept to a certain extent to partially heat the recycled material.

In standard batech or continuous mix plants recycled paving can be in-
troduced either into the pugmill or at the discharge end of the dryer, at
which point the temperature of the material is raised by heat transfer from
the virgin aggregate. The proper amount of new asphalt cement is then added
to the virgin aggregate/recycled paving mixture to produce high grade
asphalt concrete. The percentage of recycled pavement is ususally below 30%.

Tandem drum mixers can also be utilized for heating of the recycle mate-
rial. The first drum or aggregate dryer is used to superheat the virgin ag-
gregate and a second drum or dryer is provided either to heat only recycled
paving material or to mix and heat a combination of virgin and recycled paving
material.l2 It is poss1b1e to use the exhaust gas from the first dryer as a
heat source for the second unit. The recycling technique utilizing super-
heated aggregate is limited .to about 50% recycled bituminous material.

There are a number of process-related variables affecting the generation
of emissions from asphalt recycling processes. These include the method of
heating the RAP, the percentage of RAP versus virgin material used, and the
introduction of chemical additives to the mix. The exact nature of how each
variable affects the quantity of emissions produced or how recycle emissions
compare with plants utilizing 100% virgin aggregate is not yet known.

2.2.5 Industry Distribution

There were approximately 4,500 asphalt concrete plants operating in the
United States during 1981 which produced 264 million metric tons (290 million
short tons) of hot mix paving.13 Of the various processes described above,
batch-mix plants are currently the most common. However, most of the plants
being sold as either new installations or as replacements to existing equip-
ment are of the drum-mix type. To illustrate the distribution of asphalt
paving plants by type of process, Table 2-4 presents data on the percentage
of plants by process, production capacity, and those equipped for recycling
for calendar years 1979 and 1980.132 Comparing the information contained in
Table 2-4 with that presented in a 1977 EPA study,? it was determined that
the percentage of drum-mix facilities has increased from 2.6% to 15% of the
total plant population over a 5-year period (1975 to 1980). Due to the sig-
nificant economic savings associated with the drum mix process, it is ex-
pected that the trend toward an increased usage of this type of equipment
should continue in the future.
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2.3 CONTROL TECHNOLOGY

2.3.1 Ducted and Process Fugitive Emissions

Particulate matter from the dryer (or drum mixer) and the scavenger
system is removed from the gas stream prior to being discharged into the
atmosphere by one or more air pollution control devices. In the case of
batch and continucus mix plants, two dust collectors are usually arranged
in series. The primary collecter is a low efficiency device which essen-
tially removes the larger particles, with a secondary collector being em-
pPloyed to complete final cleanup of the stack gas to the required degree
(Figures 2-1, 2-4, and 2-5).

Almost every plant has at least a primary dust collector which was
originally used to prevent dust nuisance, protect the air handling equip-
ment downstream from the dryer, and for product recovery. Such eguipment
proved to be economically attractive as the aggregate it recovered could be
recycled. Generally, the primary collector cannot meet current particulate
emission regulations but does considerably reduce the load on the secondary
collector.

Secondary collectors are used to achieve final control of emissions to
the atmosphere in batch and continuous plants. These collectors are more
efficient than primary collectors and are able to remove particlies in the
smaller size ranges. Material recovered from the secondary collector may
be recycled (baghouse) or discarded (scrubber) depending on economic feasi-
bility. Secondary collectors may be further subdivided into wet and dry
types. :

It is currently standard practice in drum-mix plants to utilize only
one high efficiency collector for gas cleaning purposes though primary col-
lectors are on the rise (Figure 2-5). In those cases where a baghouse is

used and the aggregate contains only a small percentage of < 200 mesh (74 pum)

material, primary collectors are of little use since the rate at which the
dust cake builds up on the filter bags is not sufficient to enhance particle
collection between cleaning cycles. In addition, drum-mix plants generally
have a lower overall mass loading which allows a smaller capacity control
system to be used.9:10°11

Particulate control technology for asphalt concrete plants can be
classified into the following categories: gravity settling or expansion
chambers {knock-out boxes}; centrifugal coliectors {cyclones); wet scrub-
bers; and fabric filters (baghouses).

For batch and continuous mix plants, settling chambers and cyclones
(single or muitiple) are typically employed as primary collectors, and wet
scrubbers and baghouses are used for secondary controi. The types of wet
scrubbers utilized in such facilities include gravity spray towers, wet
fans, and centrifugal (cyclonic), orifice plate, and venturi scrubbers.
For drum-mix plants, venturi scrubbers and baghouses are the predominant
control technology. A number of good references are available which de-
scribe the theory and operation of the control devices listed above. 2’14 16

19




The type of device or combination of devices installed on a particular
plant depends on the process and whether it is classified as a new facility
required to meet applicable New Source Performance Standards (0.04 gr/dscf)
or whether only state and local regulations apply. Table 2-5 presents the
overall distribution of primary and secondary control devices used in the
asphalt concrete industry as published in a 1977 EPA report.? From this
table it was determined that a dry centrifugal collector (cyclone) followed
by a baghouse (fabric filter) is the most common type of air pollution sys-
tem utilized at the time which the subject report was published. Such a
distribution may or may not be the case at present, since the percentage of
drum-mix facilities which have generally no primary collector, has increased
significantly since 1975.2:'13

TABLE 2-5. PRIMARY AND SECONDARY CONTROL DEVICES USED IN
THE ASPHALT CONCRETE INDUSTRY?

Type of control equipment Percent of‘industrya

Primary collectors

Settling or expansion chambers 4
Single cyclone dust collectors 58
Multiple cyclone dust collectors ' 35

Other 3

Secondary"co]1ectors

Gravity spray tower 8
Cyclone scrubber 24
Venturi scrubber 16
Orifice scrubber 8-
Baghouse (fabric filter) 40
Other 3

2 An accelerating trend from gravity spray towers and cyclone scrubbers

towards venturi scrubbers and baghouses has been observed since 1975.
A survey conducted in 1983 of a limited number of plants showed that
wet collectors were used in 52.2% of the facilities and fabric filters
in 47.8% of the plant population surveyed. A heavy bias towards scrub-
bers was observed in the Central and Southern regions of the country.
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2.3.2 Qpen Dust Sources

As stated previously, there are a number of open dust sources associ-
ated with asphalt concrete plants, including vehicular traffic on paved and
unpaved roads, conveyor transfer points, aggregate storage piles, and batch
Toad-in operations. There are many alternative methods which could poten-
tially be employed to control emissions from such sources. Wet suppression
is sometimes used for the control of fugitive dust from open dust sources in
asphatt plants.1? OQther more sophisticated measures such as enclosed silos,
conveyors, etc., and capture and collection systems are also used to control

emissions from open dust sources but are generally not common in these
facilities.1?

In general, wet suppression involves the application of water or a
water solution with a chemical additive (surfactant, foaming agent, or chem-
ical binder) to the dust-producing surface to prevent the finer particles
from becoming airborne as a result of some type of mechanical disturbance.
Although it is the exception rather than the rule, water may be applied to
unpaved roads in the plant area by a tanker truck. 1In arid areas such as
the southwestern United States where the mineral aggregate moisture is be-
low 2%, spray nozzles are sometimes installed to wet the material before it
is conveyed from one belt to another.!? Enclosures at transfer points also
may be used in conjunction with or in place of wet suppression. Watering of
storage piles can be used if dust emissions from wind erosion and materials
handling (i.e., load-in, load-out) become a problem.

In actual practice, the use of water during the transfer and handling
of the aggregate material is generally avoided wherever possible because
whatever additional moisture that is added to the material prior to pro-
cessing must eventually be removed by the dryer in order to meet mix speci-
fications. An overall control strategy for a facility generally consists
of at least watering of unpaved roads, with additional measures being em-
ployed on a case-by-case basis. The specific controls used at a particular
plant depends on individual requirements imposed by the applicable regula-
tory agency.
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3.0 DATA REVIEW AND EMISSION FACTCR DEVELQOPMENT

3.1 LITERATURE SEARCH AND SCREENING

The first step of this investigation was an extensive search of the
available literature relating to the particulate emissions associated with
asphalt concrete plants. This search included data collected under the cur-
rent inhalable particulate characterization program, information contained
in the computerized Fine Particle Emission Inventory System (FPEIS), back-
ground documents for Section 8.1 of AP-42 located in the files of the EPA's
Office of Air Quality Planning and Standards (0AQPS), and other reliable
sources including MRI's own library. The search was thorough but not
exhaustive. It is expected that certain additional information may also
exist, but limitations in funding precluded further searching.

Some 27 reference documents were collected and reviewed.l 27 At the
end of this section, each document is listed in chronological order with an
indication as to whether the document contains particle size data.

To reduce the large amount of literature collected to a final group of
references pertinent to this report, the following general criteria were
used:

1.  The information contained in the report must characterize the emis-
.-- sions by particle size. Documents were eliminated from considera-
‘tion if only total mass emissions were determined. (This included
— most_of the original data base utilized to derive _the existing
emission factors in Table 8.1-3 and Table 8.1-5 of AP-42.)

2. Source testing must be a part of the referenced study. Some re-
ports reiterate information from previous studies and thus were
not considered.

3. The document must constitute the original source of test data.
For example, a technical paper was not included if the original
study was already contained in a previous document. If the exact
source of the data could not be determined, the document was
eliminated.

A final set of reference materials was compiled after a thorough re-
view of the pertinent reports, documents, and information according to the
three criteria stated above. This set of documents was further analyzed to
derive candidate emission factors according to particle size.
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3.2 EMISSION DATA QUALITY RATING SYSTEM

As part of MRI's analysis of the available data, the final set of eight
reference documents (References 1, 3, 8, 10, 12, 23, 26, and 27) were eval-
uated as to the gquantity and quality of the information contained in them.
The following data were always excluded from consideration.?28

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

2. Test series representing incompatible test methods.

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

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

5. Test series in which it is not clear whether the emissions mea-
sured were controlled or uncontrolled.

[f there was no reason to exclude a particular data set, each was as-
signed a rating as to its quality. The rating system used was that speci-
fied by the OAQPS for the preparation of AP-42 Sections.2® The data were
rated as follows:

A - Multiple tests performed on the same source using sound methodol-
ogy and reported in encugh detail for adequate validation. These
tests do not necessarily have to conform to the methodology spe-
cified in the IP protocol documents, although such methods were
certainly used as a. guide.

B - Tests that are performed by a generally sound methodology but
lack enough detail for adequate validation.

C - Tests that are based on an untested or new methodology or that
lack a significant amount of background data.

D - Tests that are based on a generally unacceptable method but may
provide an order-of-magnitude value for the source.

The following criteria were used to evaluate source test reports for
sound methodology and adequate detail:

1. Source operation. The manner in which the source was operated is
well documented in the report. The source was operating within
typical parameters during the test.

2. Sampiing procedures. The sampling procedures conformed to a gen-
erally accepted methodology. If actual procedures deviated from
accepted methods, the deviations are well documented. When this
occurred, an evaluation was made of how such alternative proce-
dures could influence the test resuits.
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3. Sampling and process data. Adequate sampling and process data
are documented in the report. Many variations can occur without
warning during testing and sometimes without being noticed. Such
varjations can induce wide deviations in sampling results. If a
large spread between test results cannot be explained by informa-
tion contained in the test report, the data are suspect and were
given a lower rating.

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

3.3 PARTICLE SIZE DETERMINATION

There is no one method which is universally accepted for the determina-
tion of particlie size. A number of different techniques can be used which
measure the size of particles according to their basic physical properties.
Since there is no "standard" method(s) of particle size analysis, a certain
degree of subjective evaluation was used to determine if a test series was
performed using sound methodology. The following is a brief explanation of
how particle size is defined and the various methods available for particle
size measurement.

3.3.1 Particle Size Definitions

Examination of particles with the aid of an optical or electron micro-
scope involves the physical measurement of a linear dimension of a particle.
The measured "particle size" is related to the particle perimeter or to the
particle projected area diameter. Particle size measurement 1n this manner
does—not account for variation in-particle density or shape.?

A1l laws describing the properties of aerosols can be expressed most
simply for particles of spherical shape. To accommodate nonspherical par-
ticles it is customary to define a "coefficient of sphericity" which is the
ratio of the surface area of a sphere with the same volume as the given par-
ticle to the surface area of the particle.2® An estimate of particle volume
can be obtained from microscopic sizing, and by assuming a density, one can
obtain an estimate of particle weight.

Because of large variations in particie density and the aggregated na-
ture of atmospheric particles, it is useful to define other quantities as a
measure of particle size based on their aerodynamic behavior. The Stoke's
diameter is defined as the diameter of a sphere having the same settling
velocity as the particle and a density equal to that of the bulk material
from which the particle was formed, or3®:
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DS = g e C(DS) for Re < 0.5 (1)

where:

L=
"
n

Stoke's diameter {cm)
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n

terminal settling velocity of a particle in free fall (cm/sec)

viscosity of the fluid (gm/cm-sec)

gravitational constant (980.665 cm/sec?)

m «a o
n

density of the particle (gm/cm3)

C(DS) Cunningham's slip correction factor for spherical particles

of diameter DS (dimensionless)
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A=a+pexp(-y D/2) (3)

empirical constant (dimensjonless) = 1.23 - 1.246

empirical constant (dimensionless) = 0.41 - 0.45

empirical constant (dimensionless) = 0.88 - 1.08

mean free path of the fluid at stated conditions (cm)

Ay (a/ng) (T/1)0°5 (P./P) (4)

mean free path at reference conditions {(cm)

gas viscosity at stated conditions {(gm/cm-sec)
gas viscosity at reference conditions (gm/cm-sec)
absolute temperature (°K)

reference temperature = 296.16°K

absolute pressure (kPa)

reference pressure = 101.3 kPa

Reynold's number (dimensionless)
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For particles greater than a few microns in diameter, a less rigorous
form of Equation 1 can be used with reasonable accuracy according to the
relationship:31:32
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where:

e, g, D_, and n are as defined above; and

S’
e’ = density of air at the appropriate temperature and pfessure
(gm/cm3)

Since dispersion and condensation aerosols are usually formed from many
materials of different densities, it is more useful to define another param-
eter called the aerodynamic diameter, which is the diameter of a sphere having
the same falling velocity as the particle and a density equal to 1 g/cm3,29°3
The classical aerodynamic diameter differs from the Stoke's diameter only
by virtue of difference in density, assumed equal to unity, and the slip
correction factor, which, by convention, is calculated for the aeredynamic
equivalent diameter. From Equation 1:30 ‘

18r]Vs
Dpe = gCi'D'A )

e

(6)

where DAe = "classical" aerodynamic equivalent diameter {cm), with d,
Vs’ g, C as previously defined in Equaticn 1.

Equations required for interconversion between Stoke's and aerodynamic
diameters are presented in Table 3-1.39

3.3.2 Particle Size Measurement

As statad previously above, particle size is determined by measuring
certain physical properties of the particulate being analyzed, such as its
inertial, light scattering, sedimentation, diffusional, and electrical
characteristics. The size distribution of an aeroscl can be determined
either directly at the source (i.e., stack or vent) or indirectly by the
collection of a buik sample of the material for subsequent analysis in the
laboratory. In either case, the instrument(s) utilized to make such a de-

termination can be manual or automated depending on the individual tech-
nique.

The five basic methods for the direct measurement of particle size are:

1. Aerodynamic separators (cascade impactors, cyclones, elutriators,
etc.)

2. Light-scattering optical particle counters
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TABLE 3-1. EQUATIONS USED FOR PARTICLE SIZE CONVERSIONS3®

L3 L] a
Conversion equation

Diameter definition Stoke's Classical aerodynamic
(given) diameter (Ds) equivalent diameter (DAe)
| ' pC(Ds) 1/2
Stoke's diameter 1.0 DAe = Ds Efﬁ;;f
Classical
aerodynamic C(DAe) 1/2
diameter (DAe) DS = DAe 1.0
pC(DY)
4 Notation: Ds = Stoke's diameter (um)
DAe = Classical aerodynamic equivalent diameter (um)
p - = Particle density (g/cm?)
C(DS), C(DAe), = S1ip correction factors (dimensionless)-=

see Equations.2, 3, and 4.

3. Electrical mobility analyzers
4. Condensation nuclei counters
5. Diffusion batteries

A1l of the above are extractive methods, with the exception of certain aero-
dynamic separators.

Indirect methods for the determination of particle size include:
1. Sieving (wet, dry, sonic)

2. Sedimentation

3. Centrifugation {inertial separation)

4. Microscopy (optical and electron)

5. Others (acoustic, thermal, spectrothermal emission)
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Table 3-2 provides a guide as to the various methods for the determina-
tion of particle size based on certain phys1ca] properties of the particu-
late and notes the size range in which each is generally applicable.33

In most respects instruments that fractionate an aerosol on the basis
of the aerodynamic properties of its components probably give the best prac-
tical assessment of size. Once flow conditions have been selected for the
device, the terminal settling velocities of the particles collected in each
stage or part of the instrument can be determined, even though particle spe-
cific gravity and shape factor are unknown.39 Unless the particie shapes
are extremely irregular, the details of precise geometric form can be by-
passed and the 1ikelihood of the particle's capture by a dust-collecting
system can still be determined. Because the correct assessment of particle
size properties is essential for the development of appropriate emission
factors, an assessment by aerodynamic techniques was emphasized in review-
ing and rating the individual data sets for sound methodology.

Exampies of aerodynamic particle sizing instruments are centrifuges,
cyclones, cascade impactors, and elutriators. Each of these instruments
employs the unique relationship between a particle's diameter and mobility
in gas or air to collect and classify the particles by size. For poliution
studies, cyclones and impactors (primarily the latter) are more useful be-
cause they are rugged and compact enough for in situ sampling. In s1tu
sampling 1is preferred because the measured size distribution may be dis-
torted if a probe is used for sample extraction. In the following two sub-
sections, methods of using impactors and cyclones are discussed.

3.3.2.1 Cascade Impactors--

Cascade impactors used for the determ1nat1on of particle size in pro-
cess streams consist of a series of plates or stages containing either small
holes or slits with the size of the openings decreasing from one plate to
the next: In each stage of an impactor, the gas stream passes through the
orifice or slit to form a jet that is directed toward an impaction plate.
~For each stage—there—is a characteristic particle-diameter that-has a-50%
probability of impaction. This characteristic diameter is called the cut-
point (D.,) of the stage. Typically, commercial instruments have six to
eight imBQction stages with a back-up filter to collect those particles
which are either too smail to be collected by the last stage or which are
reentrained off the various impaction surfaces by the moving gas stream.34

The partic]e collection efficiency of a particutar impactor jet-plate
combination is determined by properties of the aerosol such as the particle
shape and density, but the viscosity of the gas, and by the design of the
impactor stage. There is also a slight dependence on the type of collec-
tion surface used (glass fiber, grease, metal, etc.). Reentrainment, or
particle bounce, is a s1gn1f1cant problem with cascade impactors espec1a11y
in the case of high particulate loadings. This problem can be partially
solved by using a preseparation device ahead of the impactor to reduce the
overall loading of coarse particles.
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TABLE 3-2. GUIDE TO PARTICLE SIZE MEASUREMENTS3

Diameter of

applicability
Method (pm)

Optical

Light imaging 0.5+

Electron imaging 0.001-15

Light scanning 1+

Electron scanning 0.1+

Direct photography 5+

Laser holography 3+
Sieving 2+
Light scattering

Right angle 0.5+

Forward 0.3-10

Polarization 0.3-3

With condensation 0.01-0.1

Laser scan 5+
Electrical

Current alteration 0.5+

Ion counting, unit charge 0.01-0.1

Ion counting, corona charging 0.015-1.2
Impaction 0.5+
Centrifugation 0.1+
Diffusion battery 0.001-0.5
Acoustical

Orifice passage 15+

Sinusoidal vibration 1+
Thermal 0.1-1
Spectrothermal emission 0.1+
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3.3.2.2 Cyclone Separators--

Traditionally, cyclones have been used as a preseparator ahead of a
cascade impactor to remove the larger particles. These cyclones are of the
standard reverse-flow design whereby the aerosol sample enters the cyclone
through a tangential inlet and forms a vortex flow pattern. Particles move
outward toward the cyclone wall with a velocity that is determined by the
geometry and flow rate in the cyclone and by their size. Large particles
reach the wall and are collected.

A series of cyclones with progressively decreasing cut-points can be
used also instead of impactors to obtain particle size distributions. The
advantages are that larger samples are acquired, particle bounce is not a
problem, and no substrates are required. Also, longer sampling times are
possible with cyclones, which can be an advantage at very dusty streams,
but a disadvantage at relatively clean streams. One such series cyclone
system was developed by an EPA contractor specifically for the IP program.35

3.4 REVIEW OF SPECIFIC DATA SETS

The following is a discussion of the data contained in each of eignt
primary reference documents. The documents are presented according to the
Reference number indicated at the end of this section and their date of
publication.

3.4,1 Reference 1 (196Q)

Reference 1 is a technical paper published in the Journal of the Air
Pollution Control Association, which presents the results of 25 tests con-
ducted by personnel of the Los Angeles County Air Pollution Control District
beginning in 1943. Included in this document are emissions data for batch
and continuous mix asphailt plants controllied by either a multipie centrifugal
scrubberor a baffled spray tower. In five of these tests, a particle size
distribution was obtained at both the inlet and cutlet of the scrubber.
The information contained in Reference 1 was later republished in the first
(1967) edition of the Air Pollution Engineering Manual (EPA document AP-40).
The data were again included in a second edition of the same document in
1973. A summary of the five tests which contain particle size data is shown
in Table 3-3, and a copy of the paper itself is contained in Appendix A.

There were a number of deficiencies noted in the data contained in
Reference 1. The main problem was that a test method was not specified for
either total mass emissions or particle size. In addition, data were not
available on the operation of the process, the raw material used, or the
exact configuration of the plants tested. As far as could be determined,

only one set of samples was collected during each test included in Refer-
ence 1.

The data published by Los Angeles County have been cited repeatedly in
numerous reports on the emissions from asphalt concrete plants. An attempt
was therefore made to supplement the information contained in Reference 1
by both written and verbal communication with personnel of the South Coast
Air Quality Management District (SCAQMD) (formerly the Los Angeles County
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Air Pollution Control District) to obtain copies of the original reports
for the subject tests.3® OQOnly in two cases (Nos. €-393 and C-426) was this
effort successful.37'32 Upon reviewing the two reports supplied by the
SCAQMD, it was concluded that there was still insufficient information con-
tained in the documents from which to ascertain the exact equipment and pro-
cedure used to determine the total mass emissions from each plant and the
particle size distribution. Tables 3-4 and 3-5 summarize the data obtained
from Tests C-393 and C-426, respectively, with copies of the original test
reports included in Appendix A.

To fill in the gaps in the available information, a telephecne conver-
sation was held with Mr. William Krenz, Manager of Source Testing and Moni-
toring for the SCAQMD.3? It was learned from Mr. Krenz that the sampling
apparatus used by Los Angeles County during that time period to measure the
total mass emissions from a process was similar to the standard EPA Method 5
sampling train with the exception that the filter was installed downstream
of the wet impingers. According to his best recollection, the particle size
distribution was obtained by introducing a sample of dried particulate mat-
ter caught in the impingers of the sampling train into a commercially avail-
able instrument called a "Micromerograph." The Micromerograph consists of
a sample feeder and deagglomerator installed atop a gravity sedimentation
column at the bottom of which is an electronic torsion balance. This in-
strument measures the size distribution of the sample according to the
Stoke's settling velocity of the particles. Both the sampling train and
the Micromerograph are described in a source test manual published by the
Los Angeles County Ajr Pollution Control District (APCD).4°% A technical
paper descr1b1ng the Micromerograph and its Operat1on has also been in-
cluded in Appendix A.4%1

The information obtained from Reference 1 and that subsequently ob-
tained from the SCAQMD is somewhat sketchy. It would also be expected that
the method used to determine the particle size distribution may not provide
data that are entirely representative of the actual emissions from the pro-
cess—since the finer particle fraction would be collected on the filter and
not in the impinger train. The size distribution could also be affected by
agglomeration of the particles during preparation of the sample prior to
analysis. Based on these factors and taking into consideration the time
period during which the data were collected, a data quality rating of D was
assigned to the information contained in Reference 1.

3.4.2 Reference 3 (1967)

Reference 3 is a technical paper published in the English version of
Staub-Reinhalt, Luft outlining the results of a major research program con-
ducted in West Germany of the emissions from asphalt concrete plants. Some
35 individual tests were conducted at 10 different facilities during the
sampling program. These data were then compared against 83 additional tests
at 27 other facilities as performed by other investigators. During the pro-
gram, measurements were made of the total dust loading in the dryer exhaust
as well as at the discharge of the primary and secondary dust coliectors.
In every case but one, the control system generally consisted of multiple,
large diameter cyclones arranged in parallel followed by a single, low
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TABLE 3-4. SUMMARY OF PARTICLE SIZE DATA FOR
TEST NO. C-39337

Data Rating: D

Percent by weightb

Particle sige range Inlet to Qutlet frgm
- (MmS) scrubber scrubber
0-10 13.0 99.3
10-20 71.1 -
20-44 9.6 -
> 44 6.3 0.7
a

Stoke's diameter.
Data taken from page 5 of Reference 1 (Appendix A).

Baffle plate scrubber. Inlet to scrubber = outlet
from a single large diameter cyclone collector.

OQutlet data not used for emission factor development.
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TABLE 3-5. SUMMARY OF PARTICLE SIZE DATA FOR TEST NO. C-42638

Data Rating: D

. . .. b
Particle 3129 Cumutative percent by weight less than stated size

(umsS) Inlet to cyclone Qutlet from cyc]onec Vent 1ined
1,651 100 100 100
295 98.0 98.5 98.9
147 83.0 81.0 85.7
74 57.8 54.0 89.2
60 56.6 51.1 88.0
50 53.5 44,6 85.8
40 47.7 33.8 81.6
30 40.8 25.4 74.0
20 32.1 17.8 60.7
15 27.8 14.3 52.7
10 21.1 10.3 39.7
5 10.1 5.4 19.3
4 7.2% 4.47 14.37
3 4.3 3.0 8.5
2 1.5 1.3 3.0
1 0 0 0

Stoke's diameter. Fraction of material > 200 mesh (74 um) deter-
mined by sieve analysis was also assumed to be Stoke's diameter.

b Data taken from page 9 of Reference luEKppenag;rA).-mBata fa;wpar-ri

ticles > 60 pmS not input to SPLIN2 program (see Section 3.5.2).

Inlet to multiple centrifugal scrubber. Includes combined effluent
from cyclone and vent line.

Scavenger control system vent line. Includes hot side elevator,
screens, bins, and weigh hopper.

Data not input to SPLIN2 program (see Section 3.5.2).
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energy wet scrubber. The particle size distribution was determined on the
uncontrolled emissions from the dryer and at the exit of the primary collec-
tor. Exactly how such samples were obtained is not specified in the document.
.A copy of Reference 3 is provided in Appendix B.

As far as can be determined, the particle size data included in Refer-
ence 3 was obtained by taking a dry sample of the dust caught in the sample
train and analyzing it utilizing a Gonell air elutriator according to VDI
Directive 2031, "Fineness Determination of Technical Dusts." The Gonell
elutriator consists of a long brass tube with a conical base.%2 The sample
is placed in the inlet cone with an upward stream of air blown through the
column at varying velocities to achieve separation. The theory is that as
the air moves vertically upward it carries with it particles whose gravita-
tional settling velocity is less than the velocity of the carrier gas. The
amount of material remaining in the instrument js weighed and the test re-
peated to complete the particle size analysis. A summary of the particle
size distribution of the uncontrolled emissions from the plants tested is
shown in Table 3-6, and Table 3-7 provides the size distribution of the
dust exiting the primary collector. '

Although the data contained in Reference 3 were derived from plants
located in West Germany, it is felt that these data can also be considered
as characteristic of U.S. facilities as well. This opinion is based on the
fact that in many cases the Germans utilize plant equipment which is manu-
factured in the United States.43 In addition, the type of aggregate and
asphalt cement used is also reasonably similar to that which is avail-
able in this country.4® For the above reascns, the data included in Ref-
erence 3 were included in the development of candidate emission factors for
conventional asphalt plants.

The emissions data in Reference 3 are of fairly good quality even
though there are significant gaps in the sampling protocol used. As with
the data contained in Reference 1, the size distribution of the particulate
was determined indirectly through the use of a laboratory instrument, which
can cause a certain degree of bias in the test results. Due to the lack of
sufficient documentation on the exact methods used to collect and analyze
the samples and detailed information on the process operating parameters of
the plants tested, it is difficult to ascertain the representativeness of
the results obtained. For these reasons, a rating of C was assigned to the
data included in Reference 3.

3.4.3 Reference 8 (1971)

Reference 8 presents the results of a study conducted by an EPA con-
tractor, of the atmospheric emissions from batch and continucus mix asphalt
concrete piants. In this study, original source tests were conducted of the
total mass emissions from five individual plants using both EPA Method 5 and
a sampling train developed by the Los Angeles County APCD.%® An industrial
survey was also conducted as part of the study to obtain whatever data were
available from other sources on both mass emissions and particle size.
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Four particle size distribution curves are presented in Reference 8
with two of these curves representing plants with centrifugal scrubbers and
the remaining data representing plants with spray towers. There is no in-
formation contained in the report on either the plants tested or the methods
used to determine the particle size distributions. A copy of Reference 8
is provided in Appendix C.

To augment the particle size information contained in Reference 8, the
EPA contractor who performed the study was contracted to extract the orig-
inal data used to prepare the four particle size distribution curves men-
tioned above from the project files.%* From this effort, three separate
test reports were supplied to MRI consisting of data collected by CMI Sys-
tems of Chattanooga, Tennessee. Two of these tests were determined to be
suitable for the development candidate emission factors.45°4% Summaries of
these data are shown in Tables 3-8 and 3-9, respectively, with copies of
the original reports provided in Appendix C.

The two CMI documents mentioned above provide the results of particle
size tests conducted at two batch-mix asphalt plants controlled by a single
cyclone dust collector, followed by a wet scrubber. QOne of these plants
was equipped with a spray tower (Sloan) and the other a centrifugal scrub-
ber (Harrison). Samples were collected both downstream of the cyclone (in-
let to the scrubber) and from the exhaust stack (outlet of the scrubber)
utilizing an Andersen nine-stage, in-stack cascade impactor. This equip-
ment is not fully described in the test reports themselves but is explained
in some detail in the third document received from the EPA contractor.4?
As far as could be determined, two sets of samples were collected at the
Sloan plant and one set at the Harrison facility. The sampling duration
for all particle size tests was 5 min.

The tests conducted by CMI Systems were generally based on accepted
methodology but do lack documentation on process operation, type of raw
material utilized, and certain key information with regard to the collec-
-tion-and analysis—of -the samples.—In addition,the-small number—of test
runs and their short duration would somewhat decrease the overall repre-
sentativeness of the data over the entire range of process operating con-
ditions. Due to these considerations, a rating of B was assigned to the
information contained in Reference 8 and the supplementary test reports
supplied by the EPA contractor.

3.4.4 Reference 10 (1972)

Reference 10 is a report of a source test conducted by Glen Odell,
Consulting Engineer, of an uncontrolled Shearer process drum-mix asphalt
plant owned by Page Paving Company. This plant is unusual in that the as-
phalt cement is added to the aggregate before it enters the drum mixer.
The total mass emissions from the process were determined utilizing a modi-
fied version of EPA Method 5 with the filter installed downstream of the
third impinger. This modification was made to reduce plugging of the fil-
ter with asphaltic material, which occurred in the normal configuration. A
crude determination of particle size was made by microescopically examining
a sample of the particulate collected on one of the filters (Run 1). A
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TABLE 3-8. SUMMARY QF PARTICLE SIZE DATA FOR SLOAN CONSTRUCTION COMPANY<44
: Data Rating: B

Inlet to scrubberb Outlet from scrubber®

Particle 3ize Percent by Emission rate Percent by Emission rate
(pmA) weight (1b/hr) weight (1b/hr)
30 and larger 27.7 596 54.8 99.2
9.2 - 30 19.0 409 9.2 16.6
5.9 - 9.2 14.8 318 8.3 15.0
3.3 - 5.5 13.3 286 4.7 8.5
2.0 - 3.3 12.2 262 4.4 8.0
1.0 - 2.0 9.5 204 4.9 8.9
0.3 - 1.0 2.3 50 8.0 14.5
0.1 -0.3 0.7 15 5.7 10.3
Total 2,135 181.0

Aerodynamic diameter.

Downstream of & cyclone collector. Data taken from page 8 of test re-
port (Appendix C).

Outlet of a spray tower. Data taken from page 8 of test report (Appen-
dix C).

TABLE 3-9. SUMMARY OF PARTICLE SIZE DATA FOR HARRISON, INC.45
Data Rating: B

Inlet to scrubber‘b Qutlet from scrubber®
Particle 3129 Percent by Emission rate Percent by Emission rate
(umA) weight {(1b/hr) weight (1b/hr)
30 and larger 23.1 ' 396.2 3.0 1.9
5.5 - 30 26.9 461.3 2.2 1.4
2.0 - 5.5 35.1 602.0 6.8 4.3
Smalier than 2.0 14.9 255.5 88.0 55.4
Total 100 1,715.0 100 £3.0
a Aerodynamic diameter.
b Downstream of a cyclone collector. Data taken from page 6 of test re-
port (Appendix C).
¢

Qutlet of a centrifugal scrubber. Data taken from page 6 of test report
(Appendix C).
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log-normal distribution was constructed from this particle size data using
a number of somewhat questionable assumptions.

The information contained in Reference 10 is well documented and in-
cludes adequate detail for evaluation. The method used to determine parti-
cle size is, however, inappropriate for any type of quantitative analysis.
For this reason, Reference 10 was not used in the development of candidate
emission factors, and no copy of such is included in this document.

3.4.5 Reference 12 (1973)

Reference 12 is the 1973 version of the Air Pollution Engineering Manua)
published by the Los Angeles County APCD. This document contains one addi-
tional data set (Test No. C-537) which was not included in Reference 1.
This data set provides a characterization of the emissions from a 6,000-1b
capacity asphalt batch plant equipped with a low efficiency cyclone, a mul-
ticyclone (multiple small diameter cyclones), and a muitiple centrifugal
scrubber. The particle size distribution was obtained for the dryer ex-
haust, the vent line from the scavenger system, downstream cof the primary
cyclone, and at the inlet to the scrubber. A summary of the data for Test
No. C-537 contained in Reference 12 is provided in Table 3-10 with applica-
ble sections of the document included in Appendix D.

Since the particle size data contained in Reference 12 is of the same
vintage as that described prev1ous1y for Reference 1, an identical rating
of D was assigned to it.

3.4.6 Reference 23 (1976)

Reference 23 is a report of source tests conducted by an EPA contractor
to measure the emissions from an experimental drum-mix plant processing re-
cycled asphalt pavement. Particulate emissions from the plant were con-
trolied by a venturi scrubber and associated inertial separator for mist

~—elimination.—Concurrent-tests were conducted at both-the inlet-and- outlet

of the scrubber using EPA Method 5 or a modified version of EPA Method 8.

Three separate operating conditions were tested. The first operating
scenario (one test) consisted of the introduction of the recycle material
at the midpoint of the drum mixer. During the second operating condition
(three tests) recycle material was introduced at the burner end of the drum
along with the virgin aggregate. The final operating condition (three tests)
consisted of injection of the recycle material at the burner end but with
the inclination of the drum increased from 2 to 2.98 degrees. ParticTe siz-
ing was performed during the second and third conditions using an Andersen
9-stage cascade impactor and a standard EPA Method 5 sampling %train.

The oniy data in Reference 23 which are applicable to current process
technology for the recycling of asphalt pavement are that obtained during
the first operating condition (see Section 2.2.4). Since no determination
of particle size was conducted during this test, oniy the data for total
mass would be of value in this analysis. OQue to the fact that the plant
was experimental in nature and only one test was actually conducted for

44




-abued

9Z1s sLYyjl ul sa|dLy4ed 4oy S1SALRUR 3Y} Ul SPEW UIAY SBY UOLIDB440D djetuadouddy %601
9q 01 N0 S3ELNI|ED {B30} 3Y] JJULS Jo44d |edrydeuabodAz e A|snotaqo st SLYl “%Z°6 Se

(g xLpuaddy) 96 21gqe] ulL poj4odaua ade azjawelp us swi gg-0z sa[2L3sed jo abejuaduay

3
‘(@ xtpuaddy) juawndop 3duaaadjad jJo g¢gt °d ‘95 a|ge] woay udyel EBIR(Q R
*3UBWNI0P 3JUIIJIL
Jo gg¢ d ‘gg 3|Qe] WOUS UDjE] BIRG "BULL JUSA PuR ISNBYX3 JIAUP JO JUIN{JJD pauULquO) B
*JUBWND0P 32UBJI S
Jo gze ‘d ‘pe ®|qe| wouay uajez ejeq (wd pz) ysaw Qoz > Ss@|2134ed Ajuo sepn|duj 5
"A3dUWeLp S,3401S q
"T 92U34343Y 03 |BILIUIPL paunssy
LLN 1°¢ TANA g9 TT 0§ <
h_..“..o 1°61 6°¢C €6t 121 05-02
88 9°T¢ 8°ET L722 P ov 0Z-01
0¥t 6°'T¢ A) A | 9°L2 01-5
0°LS £°61 Z'9 <6 881 S-0
(% W) (% M) (% M) (% W) (% M) (wrl) abued
5424qnuos gduoLoLI LNw U0 DAY ,1sheyxa Jakug S3ULL JU3A mm_m afoLysey
~01 19|VU] 03 19|Vl ﬁh;mswgn
03 13|V]

K ‘butiey ereq’

gz¢l JONIYIJIIY - [£S-0 1S3L ¥OJ VIvVO 3ZIS ITIILIYVd 40 AHVHWNS °"0T-t 318VL

45




total mass, the information contained in Reference 23 was not used in the

development of candidate emissijon factors. Although the data are generally
unsatisfactory, the test results may be somewhat useful in estimating the

emissions from this type of facility. Therefore, a copy of the test data

for Reference 23 has been included in this report as Appendix E.

3.4.7 Reference 26 (1978)

Reference 26 is a study of the fine particle emissions from a variety
of sources in the South Coast Air Basin (Los Angeles), conducted by a con-
tractor to the California Air Resources Board (CARB). One test included in
this study was of the emissions from an asphalt batch plant controlled by a
cyclone collector followed by a baghouse. Only one test run was performed
during the sampling program with concurrent measurements made at the inlet
and outlet of the baghouse collector.

The size distribution of the particulate was determined at each sam-
pling location using either of two sampling trains equipped with a series
of three individual cyclones having nominal cut-points of 10, 3, and 1 umA,
respectively. For inlet testing, a standard EPA Method 5 (Joy) train was
adapted for the program by installing the three cyclones and a backup fil-
ter in the oven section of the impinger box. For testing at the outlet,
the Source Assessment Sampling System (SASS) was used. The data obtained
from the CARB study were entered into the EADS system from which a printout
was obtained. A summary of the data contained in Reference 26 is provided
in Table 3-11 with a copy of the pertinent sections of the draft report in-
cluded in Appendix F. Upon checking with the contractor it was learned that
the test data for run 295 were not changed in the final report from that in-
cluded in the draft shown in Appendix F.43

TABLE 3-11. SUMMARY OF PARTICLE SIZE DATA FOR REFERENCE 262

T T T 'Data—‘RatiVng: B T

Test Samplingb Percent of particles in stated size rangec
No. location > 10 umA 10=3 umA 3«1 ymA < 1 pmA
295 Qutlet 60 6 4 30

g From page 4-16% of Reference 26 (Appendix F).

c Location relative to baghouse collector.
Aerodynamic diameter.

From the analysis of Reference 26 it was determined that the particle
size measurements were made using sound methodology, and it does contain
adequate information for validation. The only significant problem found
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with the data was that the cyclone train at the iniet to the baghouse be-
came overloaded with material, which could significantly affect the valid-
ity of the test results. This fact was learned from a review of the test
report itself rather than from the EADS printout. For this reason, the data
collected at the inlet of the baghouse were not used in the development of
candidate emission factors. Since only one test run was conducted at the
outlet of the baghouse, a rating of B was assigned to the data.

3.4.8 Reference 27 (1982)

Reference 27 is a report of the tests conducted by MRI, under the IP
program, of a drum-mix asphalt plant controlled by a baghouse collector.
The drum mixer was equipped to process recycled asphalt paving utilizing a
split feed arrangement. Particulate matter contained in the exhaust stream
was sampled at both the inlet and outlet of the baghouse with measurements
also made of the condensation aerosol which would theoretically be formed
upon release into the atmosphere (condensable organics).

The general sampling protocol used in this study was that developed
for the IP program.35 At the inlet, the total uncontrolled emissions from
the process were determined from a six-point traverse utilizing EPA Method 5.
The particle size distribution was obtained from samples collected by an
Andersen High Capacity Stack Sampler equipped with a Sierra Instruments
15-umA preseparator. Four particle size tests were conducted at each of
the four sampling quadrants for a total of 16 test runs.

At the outlet from the baghouse, the total mass emissions from the plant
were determined utilizing proposed EPA Method 17, with two tests being con-
ducted at each of four sampling quadrants. The particle size distribution
was Jikewise obtained using an Andersen Mark Il1I cascade impactor and Sierra
Instruments 15 umA preseparator utilizing an identical test protocol.

Condensable organics testing was also performed during the study utiliz-
ing the Dilution Stack Sampling System (DSSS) developed by Southern Research
Institute.4® This system extracts a small slipstream of gas from the stack
which, after removing particles > 2.5 umA in diameter, is mixed in a dilution
chamber with cool, dry ambient air. A standard high-volume air sampler is
installed at the discharge end of the chamber which collects a combination
of the fine particulate (< 2.5 um) extracted from the stack and any new par-
ticulate matter formed by condensation. The loadings obtained from the DSSS
are then compared to those measured by a second sampling train without the
dilution chamber to determine the amount of condensable organics formed.
Three separate tests were conducted at the outlet of the baghouse collector
during the sampling program.

Tables 3-12 through 3-14 provide a summary of the results of this study
with a copy of applicable portions of the document included in Appendix G.
Since the tests in Reference 27 were conducted according to the protocol
developed for the IP program and are well documented, a rating of A was as-
signed to the data.
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3.5 DEVELOPMENT OF CANDIDATE EMISSION FACTORS

3.5.1 Data Analysis Methodology

The information containad in Tables 3-3 through 3-11 was reduced to a
common format using a family of computer programs developed especially for
this purpose (as shown in Table 3-15). These programs are fundamentally
BASIC translations of the FORTRAN program SPLINZ developed by Southern Re-
search Institute.® The particular version translated is one that MRI
earlier modified to operate utilizing as few as three data points. Addi-
tional changes were made to produce emission factors as functions of the
aerpdynamic particle diameter.

TABLE 3-15. COMPARISON OF COMPUTER PROGRAMS

Fitted size JSKPRG JSKRAW JSKLOG
distribution Spline Spline Log=normal

Input requirements:

particle size data Cumulative mass Largest particle Completed log-
fractions; particle diameter; incre- normal size
density , mental mass frac- distribution
tions; particle
density
process data Process and emis- Process and emis- Process and emis-
sion rates sion rates sion rates
- or - - or -
emission factor emission factor
Qutput:  meeemmmmmmooe- Size-specific emission factors <--<----=----

(English and metric units)
for selected aerodynamic particle
diameters
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As mentioned above, SPLIN2 is the central portion of the program which
uses the so-called "spline" fits. ~Spline fits result in cumulative mass
size distributions very similar to those which would be drawn using a French
curve and fully Togarithmic graph paper. In effect, the logarithm of cumu-
lative mass is plotted as a function of the logarithm of the particle size,
and a smooth curve with a continuous, nonnegative derivative is drawn.

The process by which this smooth cumulative distribution is constructed
involves passing an interpolation parabola through three measured data points
at a time. The parabola is then used to interpolate additional points be-
tween measured values. When the set of interpolated points are added to
the original set of data, a more satisfactory fit is obtained than would be
the case using only the measured data.

The primary addition to the spline fitting procedure is the determina-
tion of size-specific emission factors once the size distribution is obtained
by a spline fit. The user is prompted to input process and emission rate
data. The program determines a total particulate emission factor by:

. |
_ TP
. Erp = R (7)

where: E

7P = total particulate emission factor (Tb/ton)

]

erp total particulate emission rate (1b/hr)

R

process weight rate (tons of asphalt paving produced/hr)

Emission factors for each size range are then obtained by multiplying E., by

the mass-—-fraction associated with that range. The programs automaticaT?y
convert the size-specific emission factors obtained from E£nglish units
(1b7ton) to the appropriate metric units (Kg/meétric ton), which is tabulated -
as a part of the output format (1 kg/metric ton = 1 kg/10% g = 1 kg/Mg).

As an additional function, each program has the capability of convert-
ing from Stoke's diameter to aerodynamic diameter using the appropriate
density correction (Table 3-1). For data reduction purposes, a density of
2.4 g/cm3® was assumed unless otherwise specified in the reference document.

Some of the programs also require that a largest particle diameter be
provided to complete the size distribution. A maximum size of 74 um
(Stoke's diameter) was assumed unless other data were available (see Sec-
tion 3.5.2). This value was selected due to the apparent correlation of the
amount of material < 200 mesh contained in the aggregate with the total mass
emissions from the process.3! [t was likewise assumed that particle sizing
by dry sieving generated data by Stoke's rather than physical diameter. A
complete listing of each program is provided in Appendix H with sample
outputs shown in Figures 3-1 to 3-3.
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SFLINZ PROGRAM - 02/22/82 Vi

TEST 100 EXAMPLE OUTPUT QF “JSKFRG"

PROCESS WEIGHT RATE = 100 TONS FROD, /HR
TOTAL PARTICULATE EMISSION RATE = 100 LE/HR
PARTICLE DENSITY = 2.44 G/CC

IRPUT 1ATAL

MEASURED SIZE DISTRIBUTION

CUTS um) CUM. % < CUT
10 15
20 25
30 34
50 50
OUTFUT DaTA: TP EMISSION FACTOR = 1 LE/T ( 5 KG/MT)
EMISSION FACTOR
CUT Cumé) CuM. % < CuT (LE/T) (KG/MT )
V6T 1,78801 0178801 8,94006E-03
1 2, 3787 , 023787 ,0118935
1025 7,732i5 0273215 0134607
2.5 4,25364 0425384 0212482
5 6,747 44 06747 44 L0377
10 10,9053 . 109053 L 0545267
15 14,567 14547 ,0729343
20 17,9582 179582 , 0897908

END OF TEST SERIES

Figure 3-1.
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SFLINZ PROGRAM - 02/22/82 V1
TEST Int  EXAMPLE QUTPUT QF ".JSKRAW"
LMPUT DATAL FPROCESS WEIGHT RATE = 100 TONS FROI, /HR

TOTAL FARTICULATE EMISSION RATE = 100 LEB/HR
FARTICLE DRENSITY = 2.44 G/CC

MEASURETD PARTICLE SIZE UISTRIRUTION

CUT (um) RaW % < CUT Cur. Z < CUT
10 13 15
20 10 25
30 9 34
30 14 50
74 N1 100

OUTPUT DATA TF EMISSION FACTOR = 1 LB/T (.5 KG/MT)

EMISSION FACTOR

CUT CumA) CuM. % < CUT (LE/TH (KG/MT)
+825 1.78804 0178804 8.94021E-03
i 2.37873 Q237873 0118937
1.25 2.,73218 273218 01346807
2.3 4,25364 0425386 0212683
o 6.74745 v Q674745 +Q3I3I73I73
19 10,9053 + 109053 0545287
15. 14,367 14367 +0728348

20 17.9581 179581 0897907

EWD OF TEST SERIES

Figure 3-2. Example output of "JSKRAW."
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SPLINZ PROGRAM - 02/22/82 V1

TEST Int EXAMPLE QUTPUT OF "JSKLOG"

INPUT DATAS FROCESS WEIGHT RATE = 100 TONS PROU./HR
TOTAL PARTICULATE EMISSION RATE = 100 LR/HR
FPARTICLE DENSITY = 2.44 G/CC

MEASURED SIZE LISTRIBUTION

CUT(um) cuM., % < CUT
10 13
20 28

30 34

- 20 90
QUTPUT DATAS TF EMISSION FACTOR = 1 LB/T. ( .5 KG/MT)
EMISSION FACTOR

CUT (umd) Cus, % < CUT (LEB/T) (RG/MT)
V325 1.748 + 01788 8.94E-03
1 2.379 + 02379 + 011895
1,25 2.732 +02732 01346
2.5 4,254 04254 02127

3 6747 +Q8747 +Q33735
10 . 10.9 +109 + 03450
15 7 14,57 + 1457 + 07285
20 17.9% 1798 + 0898

THIS [ATA SET WAS FIT TO A LOG-NORMAL SIZE DISTRIBUTION

Figure-3-3. Example output of "JSKLOG."
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Since the spline fit routine was originally designed for a cascade im~
pactor data reduction system, its application to noninertial particle siz-
ing methods may not always be entirely appropriate. Often a large scale
extrapolation (i.e., order of magnitude) of the data will result in a nega-
tive slope of the cumulative size distribution curve. In such cases,
JSKLOG was used in its place. In JSKLOG, the data input to the program
have already been fitted to a standard log-normal distribution utilizing a
separate program written for the Texas Instruments Model 59 (TI-59) pro-
grammable calculator. This program was used whenever a spline fit was de-
termined not suitable to represent adequately the distribution in the
smaller particle size ranges. A complete description and listing of the
TI-59 program used to compute the necessary log-normal distributions are
provided in Appendix I.

3.5.2 Results of Data Analysis

Each of the specific data sets described above were processed through
the appropriate computer program to obtain both the particle size distri-
bution and size-specific emission factors for selected particle diameters.
Copies of the individual computer printouts have been included in Appendix J,
with the results of the computer analyses summarized in Tables 3-16 through
3-29. Any calculations needed to convert the raw data to the proper format
for input to the computer were conducted manually, and copies of such cal-
culations are also included in Appendix J. In the case of Reference 27,
the test results were already analyzed by the spline routine as part of the
study and thus, no further data reduction was necessary. The tabular data
presented in the test report were simply reproduced in Tables 3-27 and 3-28.

A number of notations should be made regarding the particle size data
shown in Tabies 3-16 through 3-29. First, only data for particles larger
than 2.5 uym (aerodynamic diameter) have been reported even though the spline
equation-was asked to predict values below that size range. This particular
lower cut off was selected since the last measured data point was, in most
cases,-5 or 10 pum.— Extrapolating the-size distribution below .2.5 um-without
the benefit of actual data is questionable and cannot be considered good
engineering practice. In addition, the size-specific emission factors cal-
culated from the test data have also been reported in each table even
though they were not actually used in the development of the candidate

emission factors for the process. These values have been included only for
the sake of comparison.

In the case of test No. 426 (Reference 1), only selected portions of
the raw particle size data were used as input to the SPLINZ program. The
data for > 60 ym$ and for 3 and 4 umS were intentionally deleted from the
computer analysis. Only data for particles < 60 pmS were used since the
remainder of the distribution was derived from a sieve analysis of the
coarse particles which does not yield test resuits which are based on a
true Stoke's diameter. For 3 and 4 pmS particles, the data were deleted
since they were generally so closely spaced that the spline fit routine may
not have yielded physically valid results. It is felt that the above de-
letions did not introduce any significant bias in the output from the SPLIN2
program since the entire size distribution was essentially log-normal.
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TABLE 3-18. CALCULATED PARTICLE SIZE DISTRIBUTION AND SONTROLLED EMISSION
FACTORS FOR REFERENCE 1 - TEST NO. C-393

Data Rating: D

Cumlative emission

Cumulative mass factor equal to or

Particlebsize % equal to or less than staEed

(pmA) less than stated size size (kg/Mg)

-4 -5

2.5 1.12 (10) 2.59 (10)

5.0 0.0449 0.0104

10.0 2.8 0.646

15.0 13.9 3.21

20.0 30.8 7.11
Total mass emission factor 23.1

From computer printout included in Appendix J, page J-13. Measured at
the inlet of a baffle-plate scrubber. Outlet data eliminated from
analysis.

Aerodynamic diameter.

Kilograms of particulate matter per 105 g (Mg) of asphalt concrete
produced.
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TABLE 3-20. STOKE'S DIAMETER VERSUS SETTLING VELOCITY Fog
PARTICLES OF VARYING DENSITY - REFERENCE 3

Settling Stoke's diameter for particles of specified densityc

velocity 2.4 2.5 2.6 2.7 2.8 2.9

(cm/sec) g/cm? g/cm? g/cm3 g/cm? g/cm3 g/cm3
0.2 5.3 5.2 5.1 5.0 .9 .8
0.4 7.5 , 1.4 7.2 7.1 6.9 6.8
0.8 10.6 10.4 10.2 10.0 9.8 9.6
1.6 15.0 14.7 14.4 14.1 13.9 13.6
3.2 21.2 20.8 20.4 20.0 19.6 19.2
6.4 30.0 29.4 28.8 28.3 27.7 27.2
12.8 42.4 41.6 40.8 40.0 39.2 38.4
25.6 60.0 58.8 57.7 56.6 55.4 54.3

From calculations included in Appendix J, pages J-15 through
19.

Assumes dry air at 20°C and 760 mm Hg.

-7
Calculated from Eq. (5) with n = 1814 glO) g/cmesec;
g = 980.665 cm/sec?; p' = 1.2046 (10)" g/cm®; and p = to the
values shown in each column.
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TABLE 3-23. CALCULATED PARTICLE SIZE DISTRIBUZIONS AND
FACTORS FOR REFERENCE 8 - SLOAN

Data Rating: B

Cumulative
mass % equal Cumulative emission factors equal to
to or less . or less than stated size
Particle than stated size \ c
sizg WasheE Washer Washgr inlet - washe; exhaust .
MmA inlet exhaust 1b/ton kg/Mg 1b/ton kg/Mg
2.5 17.6 20.9 1.67 0.834 0.165 0.0825
5.0 35.6 26.6 3.38 1.69 0.214 0.107
10.0 54.7 36.5 5.19 2.59 0.294 0.147
15.0 51.7 38.9 5.86 2.93 0.313 0.156
20.0 65.9 40.6 6.25 3.13 0.327 0.163
Total mass emission factor 9.49 4,74 0.804 0.402

b

-

d

Exit from a s%ng]e E&c]one co]1é&tor.“

From computer printouts on pages J-51 and J-52 of Appendix J. Based
on test data from Sloan Construction Company. Emissions controlled
by a spray tower scrubber.

Aerdenamic diameter.

Pounds of particulate matter per short ton (assumed) of asphalt
concrete produced or kilograms of particulate matter per 10% g
(Mg) of asphalt concrete produced.
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TABLE 3-24. CALCULATED PARTICLE SIZE DISTRIBUTIONS AND a
EMISSION FACTORS FOR REFERENCE 8 - HARRISON

Data Rating: B

Cumulative
mass % equal Cumulative emission factors equal to
to or less or less than stated size
Particle than stated size R c
sizg Pre-wash Washer Pre wa;h entranc: Washe; exhaust _
MmA entrance exhaust 1b/ton kg/Mg 1b/ton kg/Mg
2.5 20.7 89.8 1.97 0.986 0.314 0.157
5.0 45.5 94.3 4.34 2.17 0.330 0.165
10.0 62.6 95.8 5.97 2.98 0.335 0.168
15.0 68.1 96.2 6.48 3.24 ©0.337 0.168
20.0 71.7 96.5 6.83 3.41 0.338 0.169
Total mass emission factor 9.53 4.76 0. 350 0.175
a

" From computer printouts on pages J-53 and J-54 of Appendix J. Based on

test data from Harrison, Inc. Emissions controlled by a centrifugal
scrubber.

Aerodynamic diameter.
Measured at exit from a single cyclone collector.

Pounds of particulate matter per short ton (assumed) of asphalt

concrete produced.

Kilograms of particulate matter per 10% g (Mg) of asphalt concrete

produced.
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TABLE 3-26. CALCULATED PARTICLE SIZE DISTRIBU-
TION AND ASSOCIATED CONTROLLED
EMISSION FACTORS FORaREFERENCE
26 - BAGHOUSE OQUTLET

Data Rating: B

Cumulative Cumulative

Particle mass ¥ equal to emission
sizeb or less than factorc
(umA) stated size (kg/Mg)
2.5 33.2 0.00412
5.0 35.8 0.00443
10.0 40.4 0.0050
15.0 46.8 0.0058
20.0 53.9 0.00668

o

Total mass emission factor .0124

From computer printouts on page J-61 of
Appendix J. Inlet test data not processed.

Aerodynamic diameter.

Kilograms of particulate matter per 106 g
(Mg) of asphalt concrete produced.
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Another notation which should be made is in regard to the information
derived from Reference 3. In this case, the particle size data for the
uncontrolled emissions from the dryer were expressed in terms of their set-
tling velocity rather than particle size. Calculations were, therefore,
made to convert the data from the applicable settling velocity to Stoke's
diameter using Equation 5. A summary of such a determination is provided
in Table 3-20 with the calculations themselves included in Appendix J.

3.5.3 Development of Candidate Emission Factors and AP-42 Background

The ideal situation would be to average a large number of A-rated data
sets to obtain a single-valued emission factor which would represent a
broad cross section of the asphalt paving industry. As outlined in the
above discussion, such data were not available for this particulate study.
In the case of batch and continuous plants, there were no A-rated data con-
tained in the information collected and only three B-rated data sets con-
sisting of a total of four individual test runs at three different facili-
ties. For drum-mix plants, only one A-rated test at a single facility is
included in the entire data base. This lack of high quality data makes the
development of appropriate size-specific emission factors for asphalt con-
crete plants very difficult.

According to the 0AQPS guidelines, A- and B-rated data should not be
combined with C- or D-rated data to develop emission factors for a particu-
tar source. However, in the case of conventional plants it was found nec-
essary to combine a small amount of B-rated data with a substantial C-~ and
O-rated data base in order to improve the overall quality of the emission
factors. This was deemed appropriate since the total number of B-rated
tests was so low that the inclusion of the C- and D-data would significantly
enhance the overall appiicability of the emission factor to a larger number
of facilities utilizing a greater diversity of raw material.

To derive each emission factor, the information contained in Tables
3-16 through 3-29 was tabulated according to the type of process and
control equipment, and the arithmetic mean and standard deviation were
calculated wherever possible for each particle size increment. The arith-
metic mean was calculated from the data in each column according to the
relationship:

- 1 n
x =2 Z X (8)
i=1
where: X = arithmetic mean
n = number of measurements
X; = individual measurements
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The standard deviation was calculated according to the relationship:

1/2
Ix, 2
=x2 - ; :
- 1
g= —7 (9
where: o = standard deviation with X; and n as defined in Equation (8)

The geometric mean and standard deviation were also calculated, with
the standard geometric deviation being indicative of the overall variance
in the data. The geometric mean was calculated from the data in each column
according to the relationship:

x|
]

exp %

n
;Ei In x; (10)
i= -

where: ig = geometric mean with X; and n as defined in Equation (8)

The standard geometric deviation was calculated according to the relationship:

n : 1/2
5 Tn x; - In x 2
o_ = ex 11
g p .i=1 n-l ( )
where: ~ o "= standard geometric deviation with xi*and n-as defined-in — —

Equation (8)

Rather than utilizing the emission factors actually derived from each
study, the candidate emission factor for each size increment was obtained
by applying the particle size distribution from the various data sets to
the existing AP-42 emission factor (if any). This approach was used to
take advantage of the significant data base which already exists for the
total mass emissions from asphalt concrete plants. It was felt that this
was superior to utilizing emission factors based on limited data of some-
times marginal quality and would produce emission factors much more repre-
sentative of the total industry. The results of this analysis are shown in
Tables 3-30 through 3-35.

Since both the batch and continuous process use similar mechanical
equipment (and thus would have similar emissions), data for these plants
were combined under the generic category of "conventional asphalt plants,"
and emission factors were calculated for each type of control equipment for
which data were available.
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TABLE 3-33. CANDIDATE PARTICULATE EMISSION FACTORS FOR CONVENTIQNAL
ASPHALT PLANTS CONTROLLED BY GRAVITY SPRAY TOWERS

Emission Factor Rating: D

Cumlative emission

Cumulative mass factor equal to or
Particlebsize % equal to or . less than stased
(pmA) less than stated size size (kg/Mg)
2.5 20.5 0.041
5.0 26.6 0.053
10.0 36.5 - 0.073
15.0 38.9 0.078
20.0 40.6 0.081
Total mass emission factor - 0.20

2 Based on data contained in Reference 8 for Sloan Construction Company
(see Table 3-23). Data Rating: B.

b Aerodynamic diameter. — . - _ o - __

o

Based on a total mass emission factor of 0.20 kg/Mg per Table 8.1-3 of
AP-42 for spray towers. Results of calculations rounded to two sig-
nificant figures.
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TABLE 3-34. CANDIDATE PARTICULATE EMISSION FACTQRS FOR CONVENTIQNAL
ASPHALT PLANTS CONTROLLED BY A BAGHOUSE COLLECTOR

Emission Factor Rating: D

Cumlative emission

Cumulative mass factor equal to or

Particlebsize % equal to or . lTess than staEed

(umA) less than stated size size (kg/Mg)

2.5 33.2 0.003

5.0 35.8 0.004

10.0 40.4 0.004

15.0 ' 46.8 0.005

20.0 53.9 0.005
Total mass emission factor - 0.01

Based on data contained in Reference 26 (see Table 3-26). Data Rating: 8.
Aerodynamic diameter.
Based on a total mass emission factor of 0.01 kg/Mg per Table 8.1-3 of

AP-42 for baghouses. Results of calculations rounded to one significant
figure.
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TABLE 3-35. CANDIDATE PARTICULATE EMISSION FACTORS FOR QRUM-MIX ASPHALT
PLANTS CONTROLLED BY A BAGHOUSE COLLECTOR

Emission Factor Rating: D

Cumulative particulate emission factors

Cumulative mass equal to equal to or less than stated size

or less than

Part1c1ebs1ze stated size (%) £ Uncontro]ledd Controlled®
(umA) Uncontroiled Controlled kg/Mg 1b/ton  kg/Mg 1b/ton
-4 -3
2.5 5.5 11 0.14 0.27 5.3 (10) 1.1 (10)
-3 -3
10.0 23 32 0.57 1.1 1.6 (10) 3.2 (10)
-3 -3
15.0 27 35 0.65 1.3 1.7 (10) 3.5 (10)
' .3 -3
Total mass emission factor 2.5 4.9 4.9 (10) 9.8 (10)
-3 -3
Condensable organicsg 3.9 (19) 7.7 (10)

@ Based on the data contained in Reference 27. Data Rating: A. Rounded to two
significant figures.

b Aerodynamxc diameter.
¢ Calculated d1rect1y from Tables 3-27 and 3-28 using the uncontrolled and controlied
-—emission factors (see Append1x K).. - - - - .
d Based on an uncontrolled emission factor of 2.45 kg/Mg per Table 8.1-5 of AP-42
(see Appendix K).
Calculated using an overall collection efficiency of 99.8% for a baghouse per the
data contained in Tables 3-27 and 3-28 applied to an uncontrolled emission
factor of 2.45 kg/Mg (see Appendix K).
f

Includes data from two tests out of eight where ~ 30% recycled asphalt paving was
being processed.

9 Emission factor calculated from Table 5.4, p. 81 of ﬁeference 27 (see Appendix K).
Emissions determined at the outlet of the baghouse with the plant processing ~ 30%
recycled asphalt paving.
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A summary of the size-specific emission factors for conventional asphalt
plants is shown in Table 3-36 and graphically in Figure 3-4 by drawing a
smooth curve through the various data points.

In the case of drum-mix plants, there is no applicable factor pub-
Tished in AP-42 for the total mass emissions from plants controlled by a
baghouse collector. To calculate the variocus size-specific emission fac-
tors contained in Table 3-35, the overall collection efficiency for the
baghouse as determined during the testing program (99.8%) was applied to
the uncontrolied emission factor (2.45 kg/Mg) published in AP-42 to obtain
a controlled emission factor for total particulate (0.0049 kg/Mg). The
percentage of the total mass in each particle size increment (< 2.5, < 10,
and < 15 umA, respectively) was then used to calculate each of the size-
specific emission factors using the total mass emissions as determined
above. The results of such a determination are also shown graphically in
Figure 3-5. Copies of appropriate calculations are contained in Appendix K.

Table 3-35 also contains an emission factor for condensable organics
as determined from Reference 27. This factor is based on data taken directly
from the report with no further manipulations. Since the data base used to
derive the total mass emission factor for drum-mix plants theoretically in-
cludes only measurements of the particulate matter contained in the exhaust
of the drum mixer at stack temperature and pressure, it was deemed inappro-

priate to use the published factor for any determination of condensable or-
ganics.

3.5.4 Emission Factor Quality Rating

The quality of the average emission factors contained in Tables 3-30
through 3-35 was rated utilizing the following general criteria:?2?

+ T.A - Excellent: Developed only from A-rated test data taken from
many randomly chosen facilities in the industry population. The
source category* is specific enough to minimize variability within
the source category population.

B - Above average: Developed only from A-rated test data from a
reasonabie number of facilities. Although no specific bias is
evident, it is not clear if the facilities tested represent a
random sample of the industries. As in the A-rating, the source
category is specific enough to minimize variability within the
source category population.

. C - Average: Developed only from A- and B-rated test data from a
reasonable number of facilities. Although no specific bias is
evident, it is not clear if the facilities tested represent a
random sample of the industry. As in the A-rating, the source
category is specific enough to minimize variability within the
source category population.

*  Source category: A category in the emission factor table for which

an emission factor has been calculated (generally a single process).
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. D - Below average: The emission factor was developed only from
A- and B-rated test data from a small number of facilities, and
there is reason to suspect that these facilities do not represent
a random sample of the industry. There also may be evidence of
variability within the source category population. Limitations
on the use of the emission factor are footnoted in the emission
factor table.

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

The use of the above criteria is somewhat subjective depending to a large
extent on the individual reviewer.

In the case of both uncontrolled conventional plants and those equipped
with cyclones, it was found necessary, in some instances, to apply lower
quality (i.e., C- and D-rated) particle size data to a B-rated emission
factor. Because of this Targe difference in data quality, it became dif-
ficult to ascertain what the overall rating of the resultant emission fac-
tor should be. Theoretically, a B emission factor has been calculated from
only A-rated data sets which should not be combined with C or D particle
size data. For this reason, a certain amount of good engineering judgment
was employed to rate the quality of the various emission facters obtained.
Even though the particle size data were sometimes only marginally acceptable,
they were applied to a high quality emission factor. It would be expected,
therefore, that something better than an order-of-magnitude estimate would
be provided by such a procedure. For this reason, it was determined that a
minimum of D would be the most appropriate rating for the resuiting emission
factors where large differences in data quality existed.

Because the overall quality of the emission factors determined in this
study is generally low, it is helpful to define the range of process operat-
ing parameters and raw material characteristics to which the factors are
most applicable. Table 3-37 provides information extracted from each ref-
erence document relative to the number of facilities tested compared to the
total plant population in the United States, the number of tests conducted
at each plant, the range of preduction rates tested, and the range of mineral
filter (¥ < 200 mesh) content in the aggregate used in each study. From
the available data, no good correlation could be derived which relates emis-
sions to mineral filler content even though it is expected that such a rela-
tionship does actually exist. The information contained in Table 3-37 should
give at least a general idea of what the process operating conditions were
during testing and thus, where the above emission factors can be applied
with at least a marginal degree of confidence.
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4.0 CHEMICAL CHARACTERIZATION

The only data available which chemically characterize the particulate
emissions from asphalt concrete plants are those included in Reference 26
as described in Section 3.0 of this report. A compilation of these data
for the emissions from the baghouse collector is shown in Table 4-1 (Appen-
dix E, Table 4-59). No such data were collected for the plant tested under
the IP program (Reference 27).

TABLE 4-1. CHEMICAL COMPOSITION OF THE
PARTICULATE EMISSIONS FRCM
AN ASPHALT BATCH PLANT
CONTROLLED BY A BAGHOUSE

COLLECTOR=2®
Percent by weight
Type of element 10~um
or compound cyclone Filter
WwT % QF CUT 62.1 3.57
ARF ANALYSIS .
Arsenic t -
Barium t -
Calcium 2.4/0.3 10/3
Chromium t -
Iron 3.6/0.5 /0.1
B Potassium. 1.5/0.5 -
Silver t -
{Sulfur) (< 8 (< 4)
Titanium t t
T0TAL? 8 1
Sulfates, Hy0 s01° _ 2
(sulifur, from SO, ) (t)
Mitrate (H,0 sol)P t
TOTAL ANALYZED 10 11
BALANCE ) 90 89
100% 100%

t = Detected in concentration of < 1%.

( } = Not included in totai-=-sulfur and sulfates
are accounted faor in sulfur XRF analysis.

Analyzed by x-ray fluarescance.
Analyzed by wet chemistry.

Calculatad from sulfates (sulfur=sulfate/l) to
compare with sulfur from XRF,
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5.0 PROPOSED AP-42 SECTION

The proposed revision to Section 8.1 of AP-42 is pre-
sented in the following pages. It should be noted that the
terms "“asphaltic cement" and "asphaltic concrete" are used
in this section in place of "asphalt cement" and "asphalt
concrete" as is more common in the industry. This was
done to be consistent with the current version of Sec-
tion 8.1 of AP-42. Such terminology has not been used
elsewhere in this report.

30




8.1 ASPHALTIC CONCRETE PLANTS
8.1.1 Generall 2

Asphaltic concrete paving is a mixture of well graded, high quality ag-
gregate and liquid asphaltic cement which is heated and mixed in measured quan-
tities to produce bituminous pavement material. Aggregate constitutes over
. 92 percent by weight of the total mixture. Aside from the amount and grade
of asphalt used, mix characteristics are determined by the relative amounts
and types of aggregate used. A certain percentage of fine aggregate (% < 74 pm
in physical diameter)} is required for the production of good quality asphaltic
concrete.

Hot mix asphalt paving can be manufactured by batch mix, continuous mix
or drum mix process. Of these various processes, batch mix plants are cur-
rently predominant. However, most new installations or replacements to ex-
isting equipment are of the drum mix type. In 1980, 78 percent of the total
plants were of the conventional batch type, with 7 percent being continuous
mix facilities and 15 percent drum mix plants. Any of these plants can be
either permanent installations or portable.

Conventional Plants - Conventional plants produce finished asphaltic
concrete through either batch (Figure 8.1-1) or continuous (Figure 8.1-2)
mixing operations. Raw aggregate is normally stockpiled near the plant at a
location where the bulk moisture content will stabilize to between 3 and
5 weight percent.

As processing for either type of operation begins, 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 conveyor belt
. and is transported into a gas or oil fired rotary dryer. Because a substan-
tial portion of the heat is transferred by radiation, dryers are equipped with
flights designed to tumble the aggregate to promote drying.

As it leaves the dryer, the hot material drops into a bucket elevator
and is transferred to a set of vibrating screens and classified into as many
as four different grades (sizes). The classified material then enters the
mixing operation.

In a batch plant, the classified aggregate drops into four large bins
according to size. The operator controls the aggregate size distribution by
opening various bins over a weigh hopper until the desired mix and weight are
obtained. This material is dropped into a pug mill (mixer)} and is mixed dry
for about 15 seconds. The asphalt, a solid at ambient temperature, is pumped
from a heated storage tank, weighed and injected into the mixer. Then the
hot mix is dropped into a truck and is hauled to the job site.

In a continuocus plant, the dried and classified aggregate drops into a
set of small bins which collect the aggregate and meter it through a set of
feeder conveyors to another bucket elevator and into the mixer. Asphalt
is metered through the inlet end of the mixer, and retention time is

Mineral Products Industry 8.1-1
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controlled by an adjustable dam at the opposite end. The hot mix flows out
of the mixer into a surge hopper, from which trucks are loaded.

Drum Mix Plants - The drum mix process simplifies the conventional pro-
cess by using proportioning feed controls in place of hot aggregate storage
bins, vibrating screens and the mixer. Aggregate is introduced near the
burner end of the revolving drum mixer, and the asphalt is injected midway
along the drum. A variable flow asphalt pump is linked electronically to the
aggregate belt scales to control mix specifications. The hot mix is dis-
charged from the revolving drum mixer into surge bins or storage silos. Fig-
ure 8.1-3 is a diagram of the drum mix process.

Drum mix plants generally use parallel flow design for hot burner gases
and aggregate flow. Parallel flow has the advantage of giving the mixture a
longer time to coat and to collect dust in the mix, thereby reducing partic-
ulate emissions. The amount of particulate generated within the dryer in
this process is usually lower than that generated within conventional dryers,
but because asphalt is heated to high temperatures for a long period of time,
organic emissions (gaseous and liquid aerosol) are greater than in conven-
ticnal plaats.

Recycle Processes - In recent years, recycling of old asphalt paving has
been initiated inm the asphaltic concrete industry. Recycling significantly
reduces the amount of new {virgin) rock and asphaltic cement needed to repave
an existing road. The various recycling techniques include both cold and hot
methods, with the hot processing conducted at a central plant.

In recycling, old asphalt pavement is broken up at a job site and is re-
moved from the road base. This material is then traamsported to the plant,
crushed and screened to the appropriate size for further processing. The

paving material is then heated and mixed with new aggregate (if applicable),
- to which the proper amount of new asphaltic cement is added to produce a
grade of hot asphalt paving suitable for laying:.™ . - -

There are three methods which can be used to heat recycled asphalt pav-
ing before the addition of the asphaltic cement: direct flame heating, in-
direct flame heating, and superheated aggregate.

Direct flame heating is typically performed with a drum mixer, wherein
all materials are simultaneously mixed in the revolving drum. The first ex-
perimental attempts at recycling used a standard drum mix plant and introduced
the recycled paving and virgin aggregate concurrently at the burner end of
the drum. Continuing problems with excessive blue smoke emissions led to
several process modifications, such as the addition of heat shields and the
use of split feeds.

One method of recycling involves a drum mixer with a heat dispersion
shield. The heat shield is installed around the burner, and additiomal cool-
ing air is provided to reduce the hot gases to a temperature below 430 to
630°C (800 to 1200°F), thus decreasing the amount of blue smoke. Although
now considered obsolete, a drum within a drum design has also been successfully

8.1-4 EMISSION FACTORS
94




Ino-pooy yoani|

°ps

ebniogg
pajooly

uo4 1joiq

Pous
jsnoyxy

1o138]j00) 1t

Jfeydse xyw wnip 1o03J weileip morj ssasoxd Teasuay

1T .omukxm {joydsy pajoey

*s3ueTd Suyaed

wroprey png uedg @
oyt #ag)|Bog ed0ig @

wepswy priang @

1|0 vopitiwy 4—

w3977

10harvo’y
(@] D

&N )Y

fu|g pasy anbasbiy

*g-1'g 2and1yg

9|14 3Bus0lg
9inB2:88y asmwo)

o4 ¥boioig
9062186y su1y

)
&

8.1-5

Mineral Products Industry

95




used for recycling. Reclaimed material is introduced into the outer drum
through a separate charging chute while virgin material is introduced into
the inner drum.

Split feed drum mixers were first used for recycling in 1976 and are now
the most popular design. At about the midpoint of the drum, the recycled
bituminous material is introduced by a split feed arrangement and is heated
by both the hot gases and heat transfer from the superheated virgin aggregate.
Another type of direct flame method involves the use of a slinger conveyor to
throw recycled material into the center of the drum mixer from the discharge
end. In this process, the recycled material enters the drum along an arc,
landing approximately at the asphalt injection point.

Indirect flame heating has been performed with special drum mixers
equipped with heat exchanger tubes. These tubes prevent the mixture of
virgin aggregate and recycled paving from coming into direct contact with the
flame and the associated high temperatures. Superheated aggregate can also
be used to heat recycled bituminous material.

In conventional plants, recycled paving can be introduced either into
the pug mill or at the discharge end of the dryer, after which the tempera-
ture of the material is raised by heat from the virgin aggregate. The proper
amount of new asphaltic cement is then added to the virgin aggregate/recycle
paving mixture to produce high grade asphaltic concrete.

Tandem drum mixers can also be used to heat the recycle material. The
first drum or aggregate dryer is used to superheat the virgin aggregate, and
a second drum or dryer either heats recycled paving only or mixes and heats a
combination of virgin and recycled material. Sufficient heat remains in the
exhaust gas from the first dryer to heat the second unit also.

" 8.1.2 Emissions and Controls

Emission points at batch, continuous and drum mix asphalt plants dis-
cussed below refer to Figures 8.1-1, 8.1-2 and 8.1-3, respectively.

Conventional Plants - As with most facilities in the mineral products
industry, conventional asphaltic concrete plants have two major categories of
emissions, those which are vented to the atmosphere through some type of
stack, vent or pipe (ducted sources), and those which are not confined to
ducts and vents but are emitted directly from the source to the ambient air
(fugitive sources). Ducted emissions are usually collected and transported
by an industrial ventilation system with one or more fams or air movers,
eventually to be emitted to the atmosphere through some type of stack.
Fugitive emissions result from process sources, which consist of a combina-
tion of gaseous pollutants and particulate matter, or open dust sources.

The most significant source of ducted emissions from conventional as-
phaltic concrete plants is the rotary dryer. The amount of aggregate dust
carried out of the dryer by the moving gas stream depends upon a number of
factors, including the gas velocity in the drum, the particle size distribution
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of the aggregate, and the specific gravity and aerodynamic characteristics of
the particles. Dryer emissions also contain the fuel combustion products of
the burner.

There may also be some ducted emissions from the heated asphalt storage
tanks. These may consist of combustion products from the tank heater.

The major source of process fugitives in asphalt plants is enclosures
over the hot side conveying, classifying and mixing equipment which are
vented into the primary dust collector along with the dryer gas. These vents
and enclosures are commonly called a "fugitive air" or "scavenger" system.
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 volatile organic compounds (VOC) and a fine aerosol of condensed
liquid particles. This liquid aerosol is created by the condensation of gas
into particles during cooling of organic vapors volatilized from the asphal-
tic cement in the pug mill. The amount of liquid aerosol produced depends to
a large extent on the temperature of the asphaltic cement and aggregate
entering the pug mill. Organic vapor and its associated aerosol are also
emitted directly to the atmosphere as process fugitives during truck loadout,
from the bed of the truck itself during transport to the job site, and from
the asphalt storage tank, which also may contain small amounts of polycyclic
compounds.

The choice of applicable control equipment for the drier exhaust and
vent line ranges from dry mechanical collectors to scrubbers and fabric col-
lectors,  Attempts to apply electrostatic precipitators have met with little
success. Practically all plants use primary dust collection equipment like
large diameter cyclones, skimmers or settling chambers. These chambers are

_often used as classifiers to return collected material to the hot elevator

and to combine it with the drier aggregate. Because of high pollutant levels,
the primary collector effluent is ducted to a secondary collection device.
Table 8.1-1 presents total particulate emission factors for conventional
asphaltic concrete plants, with the factors based on the type of control
technology employed. Size specific emission factors for conventional asphalt
plants, also based on the control of technology used, are shown in Table 8.1-2
and Figure 8.1-4. Interpolations of size data other than those shown in Fig-
ure 8.1-4 can be made from the curves provided.

There are also a number of open dust sources associated with conven-
tional asphalt plants. These include vehicle traffic generating fugitive
dust on paved and unpaved roads, handling aggregate material, and similar
operations. The number and type of fugitive emission sources associated with
a particular plant depend on whether the equipment is portable or stationary
and whether it is located adjacent to a gravel pit or quarry. Fugitive dust
may range from 0.1 micrometers to more than 300 micrometers in diameter. On
the average, 5 percent of cold aggregate feed is less than 74 micrometers
(minus 200 mesh). Dust that may escape collection before primary control
generally consists of particulate having 50 to 70 percent of the total mass
being less than 74 micrometers. Uncontrolled particulate emission factors
for various types of fugitive sources in conventiomal asphaltic concrete
plants can be found in Section 11.2.3 of this document.
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8.1-8

TABLE 8.1-1. EMISSION FACTORS FOR TOTAL PARTICELATE
FROM CONVENTIONAL ASPHALTIC CONCRETE PLANTS

Type of control

Emission factor

kg/Mg 1b/ton
Uncontrolledb’c 22.5 45.0
Precleaner® 7. 15.0
High efficiency cyclone 0.85 1.7
Spray tower 0.20 0.4
Baffle spray tower 0.15 0.3
Multiple centrifugal scrubberd 0.035 0.07
Orifice scrubber 0.02 0.04
Venturi scrubber® 0.02 0.04
Baghousef 0.01 0.02

dReferences 1-2, 5-10, 14-16. Expressed in terms of
emissions per unit weight of asphaltic concrete pro-

duced. Includes both batch mix and continuocus mix

processes.

ing the rotary drier.

Reference 16. These factors differ from those given —.

in Table 8.1-6 because they are for uncoantrolled
emissions and are from an earlier survey.
dReference 15. Range of values = 0.004 - 0.0690 kg/Mg.
Average from a properly designed, installed, operated
and maintained scrubber, based on a study to develop

New Source Performance Standards.

- “Almost all plants have at least a.precleaner follow-

References 14-15. Range of values = 0.013 - 0.0690

fkg/Mg.

References 14-15. Emissions from a properly de-

signed, installed, operated and maintained bag-
house, based on a study to develop New Source Per-
formance Standards. Range of values

kg/Mg.
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Drum Mix Plants - As with the other two asphaltic concrete production
processes, the most significant ducted source of particulate emissions is the
drum mixer itself. Emissions from the drum mixer comsist of a gas stream with
a substantial amount of particulate matter and lesser amounts of gaseous VOC
of various species. The solid particulate generally consists of fine aggre-~
gate particles entrained in the flowing gas stream during the drying process.
The orgamic compounds, on the other hand, result from heating and mixing of
asphalt cement inside the drum, which volatilizes certain components of the
asphalt. Once the VOC have sufficiently cooled, some condense to form the

fine liquid aerosol (particulate) or "blue smoke" plume typical of drum mix
asphalt plants.

A number of process modifications have been introduced in the newer plants
to reduce or eliminate the blue smoke problem, including installation of flame
shields, rearrangement of the flights inside the drum, adjustments in the
asphalt injection point, and other design changes. Such modifications result
in significant improvements in the elimination of blue smoke.

Emissions from the drum mix recycle process are similar to emissions from
regular drum mix plants, except that there are more volatile organics because
of the direct flame volatilization of petroleum derivatives contained in the
0ld asphalt paving. Control of liquid organic emissions in the drum mix re-
cycle process is through some type of process modification, as described above.

Table 8.1-3 provides total particulate emission factors for ducted emis-
sions in drum mix asphaltic concrete plants, with available size specific emis-
sion factors shown in Table 8.1-4 and Figure 8.1-5.

TABLE 8.1-3. TOTAL PARTICULATE EMISSION FAgTORS FOR
DRUM MIX ASPHALTIC CONCRETE PLANTS

EMISSION FACTOR RATING: B

Type of control Emission factor
kg/Mg 1b/ton

Uncontrolled 2.45 4.9

Cyclone or multiclone 0.34 0.67
Low energy wet scrubber 0.04 0.07
Venturi scrubber 0.02 0.04

®Reference 11. Expressed in terms of emissions per
unit weight of asphaltic concrete produced. These
factors differ from those for conventional asphaltic
concrete plants because the aggregate contacts and
is coated with asphalt early in the drum mix pro-
cess.
Either stack sprays, with water droplets injected
into the exit stack, or a dynamic scrubber with a
wet fan.
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TABLE 8.1-4. PARTICLE SIZE DISTRIBUTION AND SIZE SPECIFIC EMISSION gACTORS FOR
DRUM MIX ASPHALT PLANTS CONTROLLED BY A BAGHOUSE COLLECTOR

EMISSION FACTOR RATING: D

Cumulative particulate emission factors

Cumulative mass S stated 3 stated size
Particle size size (%) Uncontrolledd Controllede
(uma)® Uncontrolled Controlledf kg/Mg  1b/ton 10 ? kg/Mg 10 3 1b/ton
2.5 5.5 11 0.14 0.27 0.53 1.1
10.0 23 32 0.57 1.1 1.6 3.2
15.0 27 35 0.65 1.3 1.7 3.5
Total mass
emission
factor 2.5 4.9 4.9 9.8
Condensable
organics 3.9 7.7

2Reference 23, Table 3-35. Rounded to two significant figures.

Aerodynamic diameter.

Expressed in terms of emissions per unit weight of asphaltic concrete produced. Not
generally applicable to recycle processes.

Based on an uncontrolled emission factor of 2.45 kg/Mg (see Table 8.1-3).
Reference 23. 'Calculated using an 6verall ¢ollection efficiency of 99.8% for a
baghouse applied to an uncontrolled emission factor of 2.45 kg/Mg.

Includes data from two out of eight tests where ~ 30% recycled asphalt paving was
gprocessed using a split feed process.

Determined at outlet of a baghouse collector while plant was operating with ~ 30%
recycled asphalt paving. Factors are applicable only to a direct flame heating
process with a split feed.
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Interpolations of the data shown in Figure 8.1-5 to particle sizes other than
those indicated can be made from the curves provided.

Process fugitive emissions normally associated with batch and continuous
plants from the hot side screens, bins, elevators and pug mill have been
eliminated in the drum mix process. There may be, however, a certain amount
of fugitive VOC and liquid aerosol produced from transport and handling of
hot mix from the drum mixer to the storage silo, if an open conveyor is used,
and also from the beds of trucks. The open dust sources associated with drum
mix plants are similar to those of batch or continuous plants, with regard to
truck traffic and aggregate handling operationms.

8.1.3 Representative Facility

Factors for various materials emitted from the stack of a typical
asphaltic concrete plant are given in Table 8.1-5, and the characteristics of
such a plant are shown in Table 8.1-6. With the exception of aldehydes, the
materials listed in Table 8.1-6 are also emitted from the mixer, but in con-
centrations 5 to 100 fold smaller than stack gas concentrations, and they
last only during the discharge of the mixer. '

Reference 16 reports mixer emissions of SO_, NO , and VOC as "less than"
values, so it is possible they may not be presSent ft all. Particulates,
carbon monoxide, polycyclics, trace metals and hydrogen sulfide were observed
at concentrations that were small relative to stack amounts. Emissions from
the mixer are thus best treated as fugitive.

All emission factors for the typical facility are for controlled opera-
tion and are based either on average industry practice shown by survey or on
results of actual testing in a selected typical plant.

An industrial surveyl® showed that over 66 percent of operating hot mix
asphalt plants use fuel o0il for combustion. Possible-sulfur-oxide emissions—
from the stack were calculated, assuming that all sulfur in the fuel oil is
oxidized to SO_. The amount of sulfur oxides actually released through the
stack may be aftenuated by water scrubbers, or even by the aggregate itself,
if limestone is being dried. Number 2 fuel oil has an average sulfur content
of 0.22 weight percent.

Emission factors for nitrogen oxides, nonmethane volatile organics, car-
bon monoxide, polycyclic organic material, and aldehydes were determined by
sampling stack gas at the representative asphalt hot mix plant.
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TABLE 8.1-5. EMISSION FACTORS FOR SELECTED GASEOQUS POLLETANTS
FROM A CONVENTIONAL ASPHALTIC CONCRETE PLANT STACK

b Emission e
Material emitted Factor Emission factor
Rating g/Mg 1b/ton
Sulfur oxides (as 50,)%"¢ c 1465 0.2925
Nitrogen oxides (as NOZ)f D 18 0.036
Volatile organic compounds® D 14 0.028
Carbon monoxidef D 19 0.038
Polycyclic organic materiall D 0.013  0.000026
Aldehydesf D 10 0.02
Formaldehyde D 0.075 0.00015
2-Methylpropanal
{isobutyraldehyde) D 0.65 0.0013
1-Butanal
_(n-butyraldehyde) D 1.2 - 0.0024
3-Methylbutanal :
{isovaleraldehyde) D 8.0 0.016

2Reference 16.

Particulates, carbon monoxide, polycyclics, trace metals and

hydrogen sulfide were observed in the mixer emissions at con~

ccentrations that were small relative to stack concentrations.

Expressed as g/Mg and lb/ton of asphaltic concrete produced.

:ﬂean source test results of a 400 plant survey.

Reference 21. S = % sulfur in fuel. S0, may be attenuated
0% by adsorption on alkaline aggregate.

Based on limited test data from the single asphaltic concrete

plant described in Table 8.1-6.
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TABLE 8.1-6. CHARACTERISTICS OF A REPRESENTATIVE
ASPHALTIC CONCRETE PLANT SELECTED FOR SAMPLING?®

Parameter Plant sampled

Plant type Conventional, permanent,
batch plant
Production rate,

Mg/hr (toms/hr) 160.3 £ 16% (177 * 16%)
Mixer capacity,

Mg (toms) 3.6 (4.0)
Primary collector Cyclone
Secondary collector Wet scrubber (venturi)
Fuel 0il
Release agent Fuel oil
Stack height, m (ft) 15.85 (52)

3Reference 16, Table 16.
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Control of ASPHALTIC CONCRETE PLANTS
in Los Angeles County™

Introduction

“The phenomenal growth of population
in Southern California during the last
two decades has resuited in large de-
mands for asphaltic concrete. To mest
thess demands, in Los Angeles County
alone, 48 asphaitic concrete piants have
been builf which produce an average of
14,000 tons per day.

Prior to the installation of well
designed air pollution control equip-
ment, dust losses from asphaltic con-
crete plants were nearly 25 tons per day.
In 1949, the Air Pollution Control Dis-
trict of Los Angeles County adopted a
rule which limited the discharge of dust
from each of thess plants to 40 pounds
per hour.! To meet this prohibition, it
became necessary t¢ install dust collee-
tion equipment capable of high collec-
tion efficiencies, “This * was' accom=
plished by the use of centrifugal or im-
pingement type scrubbers which pro-
vided collection efficiencies, in most
cases, of 90 percent or greater. The de-
sign of these control devices has im-
proved over the years, and as described
later in this paper, total emissions have
decreased substantinlly in spite of in-
creased production.

Description of Busic Equipment

Generally, an asphaltic concrete plant
consists of a rotary dryer, screening and
classifying equipment, an aggregate
weighing system, a mixer, storage bins
and conveying equipment. Sand and
aggregate are charged from bins into a
rotary dryer. The dried aggregate at
the lower end of the drver is mechani-
cally conveyed by a bucket elevator to
the screening equipment where it is
classified and dumped into storage bins.

* Presented ut the 52and Annual Meeting
of APCA, Statler Hotel, June 21-24,
1959, Los Angeies, Calif.
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Weighed quantities of the sized prod-
ucts are then dropped into the mixer
along with asphalt where the batch ia
mixed and dumped into awsiting trucks
for transportation to the paving site.
The combustion gnses and fine dust
from the rotary drier are exhausted
through a precleaner which is usuaily a
single cyclone, but twin or multiple
cyclones and other devices are also used.
The precleaner catch is then discharged

back into the hucket elevator where it*

continues in process with the main bulk
of the dried aggregate. The air outlet
of the precleaner is vented to alr poilu-
tion control equipment. :

A=2

Air Pollution Conirel Equipment

In Los Angeles County two principal
typea of control equipment have evolved
from many types employed over the
years—the muitiple centrifugel’ type

‘spray Ghamber and the baffed type

spray tower, Of these two types, the
muitiplé centiifugal type spray chamber
(Fig. 1) hds proved to be the more effi-
cient. It consists of two or more inter-
pally fluted cylindrical spray chambers

-in which the dust-laden gases are ad-

mitted tangentially at high velocities.

Each of these chambers is identical in

size and has dimensions a.ppro:digaiely
A
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6 ft diam x 15 ft long. Usually five to
10 spray noazies are located evenly
spaced within each chamber. Water
rates to the nozzles are usually in the
range of 70 to 250 gpm at 50 to 100 psi
and the water generally is not recircu-
lated. In the baffled {ype spray tower
(Fig. 2), there have been mapy vari-
ations in designs, but fundamentally,
each consists of a chamber whick is
baffled to force the gases to travel in an
3-shaped pattern, encouraging impinge-
ment of the dust particles against the
gides of the chamber and the baffles.
Water spray nozzles are located be-
tween the baffles and water . rates
through the spray heads usually vary
between 100 to 300 gpm at 50 to 100 psi.

In addition to venting the dryer, the
dust collection system also ventilates
several other dust sources which include:
(1) the lower end of the dryer where the
stationary burnmer hox attaches to the
rotary dryer: (2) the aggregnte screen-~
ing and classifying system; (3) the
bucket elevator; (4) the aggregate stor-
age bins; and (35) the weigh hopper.

Asphaltic concrete plants vary in size
with the majority capable of producing
100 to 150 tons per hour. However, in
the laat two or three years, severa] plants
have been installed in Los Angeles
County which are classified as 6000-
pound pinnts, capable of producing 200
to 250 tons per hour,

The major source of dust originates
from the rotary dryer. Very little work
has been done in the study of dust emis-
sions from retary dryers. Friedman
and Marshail* obtained dnta showing
that dryer dust emissions, expressed as
percent of feed, increase with air mass
veloeity, inerease with inereasing rate of
rotation, are independent of dryer
slope, and decrease with increasing feed
rate. The absolute amount of drver
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- Study of Stack Test Data

Scrubber AL, im Tpe T Efiee
¢ Dust Elmmon, es tio, uent
Tent Igm;, /Hr Lb/Hr X 1 "' Gal,/1000 scf, Yr Production,  Volume,
Numibet Lb/Hr o 2 Log 7  Scrubber* Fusl Tons/Hr scim
T 940 20.7 9.53 6.62 0.82 C oil 183.9 23, 100
prrey 427 35.8 4.46 3.94 0.60 g Oil 96.9 19, 800
(=K7Y 4110 37.1 8.33 8.38 0.81 c Oil 174.0 28,200
(183 2170 47.0 14.00 8.81 0.83 C o 209.1 25,700
Caml 121 19.2 2,29 10.99 1 Qil 1429 200
TAETA '8 0. L 1o 5 | T
L':f.-.-—_) Y 2. 4./0 2.4 Q. 113.0 16,100
i‘?ﬁfﬂ J260 . 1.05 1Z, 1.08 T [¥] 92,3 19, 300
= — 27.9 6.37 - 8.10 0.79 T i 118.4 7,720
(185 1640 21.3 5.2 19.40 1.29 T Qil 137.3 18,700
CaTs — 31.0 8.85 20.40 1.31 T Qi 184.2 17,000
Ouzide lab. —— 33.5 7.52 11.0tL 1.04 T 0il 144.8 23,7
€179 3850 30.3 8.50 5.92 0.77 c Gas 101.3 28,300
C=537 305 13.8 2.51 .11 1.05 C Qil 114.6 24,300
(utside lab. —_ 21.1 3.73 7.28 0.86 T Gas 124.4 15,900
C-x 372 21.2 2.8 5.7 0.76 T Gaa 42.0 17,200
C26 2620 25.5 10.20 7.78 0.89% Cr Gil 182.0 22,000
G417 560 30.9 3.08 2.4 0.47 C Qil 138.9 24,800
C-28 485 32.9 2.89 4.28 0.483 C -Qil 131.4 18,000
Quuside lab. — 25.5 6.50 8.60 0.82 o Gas 131.7 18,200
C- 212 17.5 489 4.5 0.66 C ol 174.3 20,000
c 266 11.0 5.98 8.12 0.91 c Gas 114.5 19,800
22(1) - - %.6 T3 ~4.90 A9, ol Qil 2
203 — -0 3.34 3.02 0.48 C Oil 152.0 22,200
C-418 3400 30.8_ 9.35 8.90 0.96 T 0il 118.5 17,100
Totals 667.4 146.93 2.3
Averages 8.7 5.9 0.8%

8mut y of fines (minus 200 mesh) in dryer feed.
Multiple centrifugal type spray chamber. T = Baffled tower scrubber.

dust, in weight per unit time, increases
with feed rate. Dust emissions depend

_to a large extent on the particle size dis-

tribution of the dryer feed. While the
dust from the rotary dryer is un-
doubtedly the grestest source, the dust
collected from the vibrating screens, the
bucket elevator, the bins and the weigh
hopper is also considerable in quantity.
fn one plant, 2000 lb/hr of particu-
late matter containing 39.7 percent of
0 to 10 micron material was produced by
these secondary sources.?

In the process of granting permits to
operate, many stack tests were con-
ducted by the District to insure that
ench plant was aperating in compliance
with air pollution laws. As these data
became avaiiabie, a study was made to

determine which variables were most
significant in affecting emissions to the
atmosphere. A preliminary observn-
tion disclosed that the water serubber
efficiency varied with the scrubber inlet
dust loading as shown in Fig. 3. Higher
dust coilection efficiencies were obtained
at the higher inlet dust loadings.
Plants with less effective cycione pre-
cleaning had, on the average, larger par-
ticles entering the water scrubber, and
consequently better scrubber collection
efficiencies were obtained. In fact,
scrubber efficiency was so dependent
upon the degree of precleaning that the
effect of other variables on collection
efficiency was completely masked in the
available data. However, the frac-
tional collection efficiency of particles
larger than 10 microms in diameter
proved to be 99,7 percent. Conse-

quently, the variables acd operating
conditions which affect the amount
and collection efficiency of the 0 to 10
micron fraction should be reflected in
the absolute stack emissions. This was
found to be the case. The magnitude
of the stack emisgions were found to de-
pend mainly upon the scrubber water-
gas ratio, the type of fuel used in the
rotary dryer, the type of scrubber, 2nd
the quantity of minus 200-mesh material
(minus 74 microns) processed in the
dryer.t It would be expected that the
particle size distribution of the minus

T 200-mesh “fraction of the drver -feed

would have a large effect on stack losses,
but sufficient data were not available
to investigate it,

Twenty-five source tests of asphaltic
concrete plants were available (from
some 115 tests which have been per-

Table Il—~Collection Efficiency Data for Scrubbers Serving Asphaltic Concrate Plants

Dust
Particle ~——Test rt Series, C-303——— ~—Teat Report Series, C-369—— ~Teat Report Series, C372A-—
Size, Inlet 32831 Effcisncy, Inlet, 8: 'Efficiency, Inlet, 8?.\ ' Eﬂimency.
Microns T % % T T %%
0-10 13.0 99.5 95.2 76.4 79.9 92.8 78.0 83.0 85.0
10~20 1.1 0.0 100.0 * 6.3 3.8 98.0 18.0 5.0 96.2
2044 9.8 0.0 100.¢ 2.8 2.0 95.0 2.0 1.0 93.3
44 8.3 0.7 99.3 14.5 14,3+ 93.1 2.0 11.0e 26.5
P 5]3:“3 s—————Test Report Series C-370B— = Test Report Series C-422(1}———m—
icle
Size, Iniet, Outlet, Efficiency, Inlet, Out.let. Efficiency,
Microns Ya 4 o % % Ta
0-10 91.0 82.0 85.7 80._4 73.2 -
10-20 9.0 3.0 99.4 18.6 3.1 -
Lokt 0.0 2.0 —_— 1.0 4.5 -
- 0.0 13.0 _— 0.0 17.2 -_
* Mieroscopic examination indicated that the outlet samples were agglomerated.
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formed since 1949} which had sufficient
dats to attempt to cocrelate the major
variables affecting stack losses. Aggre-
gate feed rates, screen size analyses,
scrubber water and gaa rates, as well as
particulate matter emissions to the at-
mosphere were obtained during each of
these tests. The data are tabulated in
Tablea I and IT. Ths= aggregate dryers
were fired with PS 300 or heavier oils
during 19 of the tests and natural gas
fired ‘during six. Seventeen of thess
tests were performed on muitiple cen-
trifugal type scrubbers with-spirnl bafies
and tangential entrances. The other
eight testa were performed on simple
baffiled tower scrubbers. A curvilinear
muitiple correlation was required to
represent the data satisfactorily. Eze-
kiel’s* graphical procedure of successive
approximations was used to fit the
curves (see Appendix for correlation
methods).

Eifact of Variables on Scrubber
Emissions

The effect of serubber water-gzas ratio
on stack emissions is shown in Fig. 4,

- for multiple centrifugal type serubbers

and baffled tower scrubbers, with the
aggregate fines rate (the minus 200-
mesh fraction) held constant at the
average. Low scrubber water-gas ra-
tios are more than proportionately
leas effective than higher ratios. Pos-
gibly, the water mte was insufficient for
good sproy coverage for ratios in the
lower ranges. '

The effect of aggregate fnes rate on

stack emissions at constant water-gas

ratio is shown in Fig. 5 for multiple
centrifugal type scrubbera and baffled
tower scrubbers., Stack emissions in-
crease [inearly with an increase in the
amount of minus 200-mesh material
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Stack emissions were 5.1 [b,/hr higher
when the dryer was oil fired, matiler
than gas fired. The difference is be-
lieved to represent particulate mat-
ter in or formed by the fuel oil, rather
than additionai dust from the dryer and
mixer. It has been similarly observed
that burning heavy fuel oils in other
ldnds of combustion equipment resuits
in higher emissions of particulate mat-
ter. For example, glass furnaces dis-
charge significantly more particulate
matter when fired by PS 300 or heavier
fuel oils than when patural gas or light
fuel oils are used.t

As expected, centrifugal type water
scrubbers were more effective than sim-
ple baifled tower water scrubhers. The
difference averaged 5.0 lb/hr at con-
stant aggregate fines rate and constant
water-gas ratio.

The data, even when corrected for the
variables studied, tend to scatter rather
badly. However, the resuits do repre-
sent average trends of piants operating
in the Los Angeles area. Curves are
presented in Fig. 6 and 7 from which the
most likely stack emissions can be pre-
dicted for oil and gas fired plants with
either multiple centrifugal or baffled
tower serubbers. These curves present
emissions for various serubber water-gas
ratios and aggregate fines rates.

During the course of conducting sev-
eral particle size analyses of scrubber in-
let and outlet dust, an unusual obser-
vation was made. I[n all of these tests
as shown in Table [I, the fractional coi-
lection efficiency of the 4i-~ micron
material was less than for the 10~20 and
the 20—44 mieron fractions. which of
course is opposite to what would nor-
mally be expected. However, micro-
scopi¢ examination of the samples indi-
cated that the particies in the serubber
outlet were agglomerated. .Apparently,
the fine particles agglomerate within the
scrubber, but part of the resulting ag-
glomerates escape to the atmosphere.
This potentinlly recoverabie material
constitutes five to 10 percent of the
scrubber emissions, However, these
emissions are minor and even perfect col-
lection of this material would not reduce
total emissions over 3.5 |b/hr.

Survey of Dust Emissions in Los
Angeles County

In order to evaluate the effect of the
contrel program on dust emissions from
the asphaltic concrete industry, it was
necessary to acquire information con-
cerning the pumber of plants in oper-
ation, emissions of dust to the atmos-
phere, amount of asphaltic concrete
produced. and volume of air handled,

To obtain the data on production.
number of plants, types of controls and
operating schedules, a questionnaire was
devised and sent to each company oper.
ating an asphaltic concrete piant. The
dzta obtained from this survey indicated
that in 1957 there were 19 companies
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operating 48 plants in Los Angeles
County. These plants produced & total
of 14,000 tons per day. The data also
indicated that asphaltic concrete was
produced nver a 13-hr day with a maxi-
mum hourly output of 1200 tons.

To augment the data obtained from
this survey znd to make comparisons
with data obtained from previous sur-
veys, the analytical test data in the
Distriet’s files on asphaltic concrete
piants were studied. From these
studics, average veariy dust emissions
to the atmosphere were determined.
During the early stages of the develop-
ment of the control progrom, many
stack tests disclosed emissions of dust
in excess of the weight per hour allowed.
As the dexign of controi equipment im-
proved, violations became less frequent.
During recent years, excessive emissions
cowdd be traced to either poor experi-
meuntal scrubber designs, or more [re-
quently to poor maintenance, [t was
observed that even well-designed serub-
bers would emit excessive dust if a
sound maintenance program was not
being enforced.

Figure 8 illustrates the effect of the
increasing efficiency of the coatrol equip-
ment from 1948 to 1938. Prior to the
development of the control program,
little or no control devices were installed
aad an average of five pounds of dust
were emitted per ton of asphaltic con-
crete produced. As the control pro-

gram progressed and the efliciency of

control equipment was increased, dust
emissions were reduced until today only
0.15 pound is emitted per ton of asphal-
tic concrete produced. The major re-
duction of dust was asecomplished be-
tween 1948 and -1950. During this
period, an aversge reduction of 150
1b/hr per-plant -was achieved. -From
1950 to the present time, an average
reduction of 12 |b/hr per piant has been
accomplished due to improvements in
controls and better maintenance pro-
mams. ‘

The increased efficiency of the control
equipment was accomplished even
though the avernge volume of gases
handled per plant has incressed from
13,000 standard cubic feet per minute
in 1951 to 21,000 standard cubic feet
per minute in 1958. Figure ¢ illustmtes
this increase in volume. A reduction in
valume between 1948 and 1951 is be-
lieved to be partially due to conser-
vation of gas volume to allow smaller
control devices to be installed. Subse-
quent to 1951, better control of dust
emissions from sources other than the
dryer required an increase in gas volume.
Moreover, plants have increased in size
in recent vears,

The dats.obtained from surveys eon-
ducted periodically on the asphaltic con-
crete industry show that production has
increased since 1948 from an average of
10,000 tons per day to more than 14.000
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tons per day in 1957 (Fig. 10), an in.
crease of 40 percent, During the same
period, dust emissions decreased from
25 tons per day to 1 ton per day, a de-
crease of 96 per cent overnil,

" Conelusions

In conclusion, it. is emphasized that
the varinhies studied only represent
average trends of asphaltic concrete
plants in Los Angeles County. With
this point in mind, it can be concluded
that:

1. Multiple centrifugal serubbers
have proved to be more efficient than
bafled towers.

2. Scrubber water-gas ratio is equally
important in both types of serubbers.
The best utilization of water is achieved
up to o ratio of six gallons per 1,000
standard cubic feet of gas. Abowve this
ratio, efficiency still inerenses within the
bounds studied, but, at & lesser rate.

3. Scrubber stack emissions increase
linearly with an increase in the amount
of minus 200-mesh material charged to
the dryer.

4. The burning, of P8 300 or heavier
fuel oils rather than natural gas results
in higher stack emiasions. Under con-~
stant conditions, an increase of approxi-
mately five pounds per hour was ob-
served. Although the available data
are not conclusive, it appears that dust
emissions are significantly decreased
when P3 200 oil ia substituted for PS
300 oil.

Through the use of scrubbers, dust
emissions from ssphaltic concrete plants
have been reduced from a total of 25
tons per day to 1 ton per day. If this
is related to the increase in production
over the 10-year period then the control
program is responsibla for 2 net removal

-—of 3¢ tons per dayof dust-{rom the Los

Angeles County atmosphere.
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shall not exceed 40 lb/hr,

3. J. Friedman and W. R. Marshall,

Jr., “Studies in Rotary Drving,”’ Chem.

Bng. Prog., 45: 3, p. 482 ( August, 1949),

3. Los Angeles County Air Poilution Con-
trol District, Test Report Series C—26,
unpublished reporta.

4. R. M. Ingels and G. 3. Richords, Loa
Angeles County Air Pollution Coatrol
District, unpublished report.

5. M. Ezekiel, Methods of Correlation
Analvsia, 2nd Edition. p. 220. John
Wilev snd Sons, New York (1941).

6. Loa Angeles County Air Pollution Con-
trol Distriet, Test Report Series C-372,
unpubiished report.
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HEADQUARTERS, $130 E, FPLAIR DR, BL MONTE, CA %1731 -
ANAHEIM QOFFICE. 1410 £, 5ALL AD.. ANAHEIM, CA #2008 . {714} 991-7200

South Coast g.q}rmﬁ
AIR QUALITY MANAGEMENT l: ) L

CARSON OFFICE, 980 DOVLEN Ft,,, SPACE £, CARSON, CA 90746 . (213] sz-,_"-.:'
COLTON OFFICE, 22830 COOLEY OA., SOLTON, CA 32324 . (714) £24-2000 ) E

If you haig_anzﬁquestions please feel free to contact me.

Mr. John 8. Kinsey, Task Leader
Air Quality Assessment Section
Midwest Research Institute

425 Volker Blvd.

Kansas City, Missouri 64110

Re: EPA Contract 68-02-3158, Technical Directive No. 18
Dear Mr. Kinsey:

As per your request, dated May 24, 1982 we are enclosing
the relevant data from test Nos. C-393 and C-426. We are
sorry to inform you that the other five test reports you
requested are no longer available. '

Along with this letter an invoice for this ser#ice is
being“submitted.

Very truly yours,

William B. .';renz

Manager,
Source Testing and Monitoring
(213) 572-6485 ,

WBK:1b

Enclosure




ATR POTZIP~NN COWTROL DISTRICT — COWMTY QF 8 ANGEIES
L3L SOUTH\..J FEDRO STREET - I0S ANGELES 1., CALIFORMIL

TEST COMDUCTED |
AT
GRIFFTTE COMPANY
| 1601 ALAMEDA STREET
WILMINGTON, CALIFCENIA
o
JUEY 23, 1957

REPORT
ON THE
STACK ANAITSES OF THE DISCHARGE GASES
FROM A WATER SCRUBBER SERVING
£ BOT ASFHATT PLART DURTNG
OIL FIRDNG

He E. McMAHON SENICR ATR POLLUTICH ENGIMEER
W. C. ROGERS ATR POLIUTION ENGINEER

RESEARCHE DIVISICN REPORT NO. C=393

{SSUED eansrsaeeaThiTitns
A-9




TS ATIRTEAS
amd e ———

—

AT e T
TOT - OO 67

nNTREETOT

L,

o emmr e W Susapwam ot o e e

IEITOST SRR

= PT

i

7

Fage 53
July 23, 1

°23 9t

Tagt oo C=353

(3—————tumorg
XTQAXEDSY JOTIM

—

VINUOITVD SNOIDNGYIEN
TNVIHOD HELAIIUD
HIVIA MTHOIVY JIVIHEY JOH
LIAHITONE TONIN0D Isad

g

. m ea M sEm s mm amm mey

—— o A dew Grwd A Wm am wm wm

R =

- e e ml s W A o e

\

uotqelg erduvg
qepur ——

BoLeZON .
Aoxdg ~ €

afoxy],
eTIFvg ~ g

uopguys erdireg
07300

D

A-10

A— T JOUAGTH




AIR POLLUTIO{ IONTROL DISTRICT - COUNTY( LOS ANGELES

SUMMARY SHEET

Page. L of

Name of Fiprm_ CTiffith Company ' Test No._C=293
Location of Plant 160L Alameda St., Wilmingtom, Califs ... July 23, 1957
Collection Equipment Yes__ X No ' ij-e. Water scrubber

Specitic Equipment Tested  Water scrubbing tower servirg hot asphalt olams

Length of Procass Cycle i Y _Time Gyc!‘e Begin End
Total Process Weight : : : P.W./hr,_ 184,560 '
Sample Statfon o Tolst - Outlet
Time of Test Begin i : 1:15 P. M, 11:CO L. M.
End o 1:31 P, M. 1:31 P, M.
Elapsed Time (Test) : 16 min, 53 min.
Gas. Volume SCFM {Standard Conditions) 209C0 19500
Material Collected Particulate Matter
Grains/SCF 23.8 0.161

Gralns/SCF at 12% CO,

Loss per hour in pounds 1260 26.9
Allowable Loss Lhs. per hour ' Lo.cC
Percent Moisture In Gasas - ey 8.1

. Orsat Analysis (Dry Basis)

Percent: COp | 342 2.6

05 . 15.2 17.0

co 0.0 0.C

Np(By dIff.! 80.9 80.L
Corbustibles = percent 2.6 7.1
Collection Efficiency - percent ' 9911

Test Cand. By

Approved By Data Comp. and Checked By
A-11
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AR forzd N CONTROL DISTRICT - COUNTY OK S ANGEIES

Test No. C=393 Page S
July 23, 1957

Particle Size Analyses of Sarmwles
(By Sedimentaticn Method)

Inlet ' Outlet
We gms. W. % Wt. gms. Wt.. %
0-101L 0.3286 13.0 0.3535 99.3
104204 1.7577 .1 - -
2Cp~lly 0.2416 9.6 - -
2.5272 00,0 C.356L 100.0

(THEse DaTa Usep 1N TaBLE 3-4)

A-12
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- ATR PGE%”TIOH CCMTROL DISTRICT - COUHTI('“ L0S ANGEIES

July 23, 1957

Page 6

Test No. 0‘393
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AIR POLLDWON CONTROL DISTRICT — LOS ANGELES COUNTY

Page 7
Statement of Process Weight -
COFY Date July 23, 1957

Firm Name_ Griffith Corpany _ Time Cycle

_ Started 11:05 24 2:08 PM
Addreas 1601. N. Alamedar

Tims of complete-operating cy&l& in minutes 60 min,

(see 2 j. Rules & Regulations)

Raw material charged during

this time : Materiai Wt.in 1lbs. 18L,560
do Material Wt.in lbs.
do . Material Wt.in 1bs.
do | Uaterial Wt.in lbs.
Selid fusel cha.rgad in pounds Material Wt.in 1bs.
Total pounda
P.W.= Taial paunds x 6Q-= z2 60 = lbs, /br, 184,560
Total minutes
-——P., W, for ls‘tf.pracadins cycle Z _ _ o .
P.W. for 2nd preceding cycle __X
P.W, for 3rd preceding cycle <
sig. Jo Yeeden

Title Plawt Foreman

RULES AND REGULATIONS QF
THE AIR POLLUTION CONTROL DISTRICT

REGULATION I, GENERAL FROVISIONS RULE 2, DEFINITICNS

J. Process weight psr hour. "Process weight" is the total weight
of all materials, including solid fuels, introduced into any spec-
ific process, which process may cause any discharge into the atmos=
phers. The "process weight per hour™ will be derived by dividing
the total process weight by the number of hours in one complete
operation from the beginning of any given process to the cempletion
thereof, excluding any time during which the equipment is idle,

A-14
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AIR POLLUTION( JNTROL DISTRICT - COUNTY CI_ LOS ANGELES

TEST No.__C=393 pace 8 or PAGES
| pars_July 23, 1957

SUMMARY OF CALCULATIONS

NAME OF FIRM f£ith Corpany

DESCRIPTION OF EQUIPMENT TESTED Water scrubbing tower serving the hot asphali

plant,

|. Phase of Process Cycle Covered by Test

2. Sampling Station Location Inlst _ Qutlst
3. Ave. Gas Yel. at Sampling Station (Ft/Sec)
4. Flue Gas Volume (SCFM) 20900 19500
5. Sample Nozzle Diameter 8 rm 15 mm
6. Sampling Rate, at Mster (CFM) 0.96 0450
7. Elapsed Time of Test {Minutes) 15 53
! Meter Vacuum - Average ("Hg) ) 2.2
§. Meter Temperature - Average (°F) : 88_ 79
t0. Volume of Gas Sampled, Meter Conditions (CF) 154k 26,48
1. Water Vapor Condensate (cc) 30 35
12. Water Yapor Volime, Meter Conditions (CF) _2.0 1.8
{3. Total Sampled Yolume, Meter Conditions (CF) 174 28.3
4. Corrected Sample Yolume - {SCF) 12,3 25.3
15, Material Collected ' Particulate Matter
Weight (gm.) a._Yhatman thizhle 0,059 0,006
p. _Water residue 18.3879 042575
c.
Total Weignt (gm.) 18947 04,250
Concentration grains/SCF 23.8 0.161
Concentration grains/SCF @ 12% €0,
Calculated Loss (Lbs. per hour) 4260 26.9

COLLECTOR EFFICIENCY
{If Collector Installed)

6. Total material to collector (Lbs. per hour) 4260
7. Total loss to atmospnere (Lbs. per nour} 2643
18, Tota! material collected (Lbs. per hour) 1233
19, Percent efficiency 99,1

A-15
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£R § 'UTION CONTRCL DISTRICT - CCONY F LOS ANGEIES
L3l SbuTH SAN PEDRO STREET - LOS ANGEZh. 13, CALTFORNTA

TEST
CONDUCTED AT
GRIFFTTH CCMPANY HOT ASPHALT PAVING BATCH PLANT
1380 EAST ARRCY HIGHWAY
IRYINDALE, CALIFCENIA
a
FEERUARY 7, 1958

HEPCRT
N THE

DUST LOSS, PARTICIE SIZE DISTRISUTION

AND COLLZCTION EFFICIRICY (F EQUIFMENT

.—- - CONTROLLING EMISSICHS = DUST FROM A_
EOT ASPEALT PAVING BATCH PTANT

R. M, BURLIN INTEEMEDIATE AIR POLLUTICN EMNGIMEEDR
H, W, LINJARD ATR POLLUTICN ECIGINEER

ENGTIEERLIG DIVISICN REPRT NO. C—425

1SSUED . rrrens AR B8 25 Berrnrrre
A-16




- - sy T = ; mEE T S AL
L2 ﬂ‘._.:..'&'( T SINTTLRCL DISIRICT - COUNIT OF ( : AEEEED

™ ¥. b T TR v, F:
Loy o, Coirls oo D i
. . =, ToER
Fﬁh?“""“u" 7. S
ey
SCEEMATIC DIICRLN @

9——:&- Fer

L.__!_J | I 2
t e Vingh Yetae 4o
I Sghtlinag Zosin
I |

i

-
L ' Yatee Szothieory Wikh
\ " Temgenslal Intey

" Sempis and Bt of daoes

Somgln Spotism
fur Do Pozd

7
]
N s )
-~ Y
]
E.-‘
&
N\
et 1.’]
i
u?

ot
1

e i
SO |
-
.
I

{
I

f
w0

|

}ld
J
{1 p2 i 1A

l.. ; 0_.‘-5 ! ey i i = <
i 1 2y b Clre
o ! A FnwieeT R ] } -
,-ﬁ_( " i & h ; -IJL-A-——\J — e - jat]
"/_’{ ; e ———— i '\ 7 Lo &-4.3

/::‘f ‘--‘.‘.f

i

i

[

5
.
1 y

f

-
-
l
.

]
H
[
!
8aL2
i ’ ‘ ? >
[ ! : - s
| : i S Dizmah Thred I R e talmis
- K [ . S | P i o —T
i Sond o a7 Aosie AL Dt ey Tadanes { i
I H "I’ wilovgal ] ad el : ?
: £ . i t
JR B S —
— /‘\‘ //-s\ P X ‘_/,r T R e SIS i fe m ar s Tl Tdn o va s i T e R T Fr=rok S St e e
. R . —
= VA ”o PR »
Fotman d oy e RGIEUAL ImTRA

A-17




AIR(,, ALUTION CONTROL DISTRICT — LOS Ai( AES COUNTY

Statement of Process Weight pgoe 7

ch) Date _Februvary 7, 1958
Firm Neme_ Gxiffith Co, Time Cycle
’ e ‘ Started
Address . 1380 Arvow &3’-
Time of complete operating cycle in minutes
(ses 2 j. Rules & Regulatiomns)
Raw n:ateriall charged during
this time Material 1 Bim Wt in 1bs, 1680
" do Material _ 2 % Wt.in lbs. . 1156
de ' Material 3 *7 We.in 1bs. 2540
do Material _ & *7 Wt.in lbs. Bl
Solid fuel charged in pounds Material Lo/50 Wt.in lbs. 280
Total pounds 26C0 ibs.
P.W.= Tatal ponnds x 6Q= x 60 = lba./br, 1682 TPH

Total minutes

- P.W. for lst preceding cycle. — - o o o
P.W. for 2nd preceding cycle
P.W. for 3rd preceding cycle

Sig. A1 Permmington

Title Plant Foreman

RULES AND REGULATIONS OF
THE AIR POLLUTION CONTROL DISTIRICT

REGULATION I. GENERAL PROVISIONS RULE 2. DEFINLITIONS

j« Process weight per hour, "Process weight™ is the total weight
of all materials, including solid fuels, introduced into any spec-~
ific process, which process may cause aay discharge into the atwos-
phere. The "process weight per hour"” will be derived by dividing
the total process weight by the number of hours in one complete
operation from the beginning of any given process to the completicnm
thereof, excluding azmy time during which the equipment is idle.

A-18
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AIR PoLl{ ION CONTROL DISTRICT - CO{ 'Y OF LOS ANGELES

SUMMARY SHEET

Name of Firm_Cxiffith Comoeny

Test No.

Loca'tion of Plantgao E. m Hig_m’ I"."ﬁiﬂdale, Ca]j.f.

of

Page

c-1:26

Date_February 7, 1953

Coilection Equipment Yes__ X No

Type _Cyclore and wzter scrubbexr

Specific Equipment Tested. ___ Cyelene and water scrubber

Length of Process Cycle._Convimuous __ _~ Time Cycle Begin End
Total Process Weight P.W./hr, 36k,000
' Cyclene Vent Serubber Stack
Sample Station Inlet Iine Inlet Outlet
Time of Test Begin 12:05 1:33 _12:¢85 12:05
" end 2:07 2:07 . 1:20 1:20
% Time_irin. 60 3l 60 - 60
Gas Vaolume SCFM- [Standard Conditions) 21,000 2800 28,000 2 ,CC0
Material Collected Dost .
Grains/SCF | 37.2 81.8 10,9 0,135
Gralns/SCF at 12% CO, '
Loss per hour In pounds 6,700 2C00 2,620 29.5
Allaowable Loss Lbs. per haur - = - Lo
Percent Moisture In Gases 17.6 - 16.6 10.5
. Orsat Analyslis (Dry Basis) |
Percent: COjg
C2
co
No(By dIff.)
Stack Gas Temperature, °F (4v.) 200 215 17 119
Stack Gas Telocity, £i/sec. (Av.) 1947 70.2 L3.2 1h.3
Ccllection Efficiency: OCyclone = 91%
Semttber — 997, 1o Test Cond. By
Approved By Data Camp. and Checked By ERG -~ HT,




AIR PO{)’H‘IICH CONTROL DISTRICT - CO

Test No. C-426

(

Particle Size Distribution

UNTY N¢ LOS ANGELES

Page 9

February 7, 1953

SAMPT.E STATICN.

Wedght %

Less Than Drier Feed | Bin No. 1 | Bin No. 2 cﬁll:?,e oCthl:ze 1173:
%gsﬁifﬁicrunsy 29.2 92.7 6.3 100.0 100.0 100.0
48 mesh
(295 micrens) 9.4 31.8 0.6 98.0 98.5 98.9
100 mesh
{147 microns) k.5 1.5 0.5 83.0 81.0 95.7
200 mesh |
(7h microus) 2.8 8.4 0.5 57.8 54.0 89.2

€0 microns 86.6 51.1 88.0
50. microns S3.5 kl.6 85.8
L0 microns k7.7 33.8 81.6
30 micrens Lo.8 25.h 7.0
20 micrens 32.1 17.8 60.7
15 micrens 27.8 14.3 52.7
10 microns 2.1 10.3 39.7

5 microns 10.1 5. 19.3

L micrens 7.2 h;h 1L.3

3 micrens L.3 3.0 8.5

2 microns 1.5 1.3 3.0

1 micron 0 0 0

(THese Data Usep IN TABLE 3-5)

A-20
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AIR poLLy ON CONTROL DISTRICT - couf -

c-26

OF LOS ANGELES

Page_IL

TEST NO. OF: AL
paTeFebrrary 7, 319
SUMMARY OF CALCULATIONS
NAME OF FIRM____ Griffith Company
CESCRIPTION OF EQUIPMENT TESTED______.._._..____________P_____GOOO 1b, asvhalbic concrete batch plant
(g:l.l ﬁ.red) tﬂ.th 12" iz, cyclone and trinle~tube cemtrifugal wet scrubber.
|. Phase of Process Cycle Covered by Test
2. Sampling Station Location Cyelons Vent _ Seyphber  Stack
TInlet Tize Inlet Cutlet
3. Ave. Gas Ve!. at Sampling Station (Ft/Sec} 19,7 70+2 13,2 10,3
4. Flue Gas Yalume (SCFM) _ 21,800 2800 28,000 22,0C0
5. Sample Nozzle Diameter_ (xm) 7 S 6ot 6
§. Sampling Rate, at Meter (CFM) 1.3 0.66 Q.83 0.30
7. Elapsed Time of Test (Minutes) _ 60 3h 60 60
",  Meter Yacuum - Average {"Hg) 7.2 _5e3 o0 lisC
-~/ Meter Temperature -~ Average (OF) A 76 76 72
10. Volume of Gas Sampled, Meter Conditions (CF)_._IL_ 22 9.8 L7.8
Il. Water Vapor Condensate {cc) - 150 a3
12. Water Vapor Volume, Meter Conditions (CF) lh,_].. 8,8 L3
3. Total- Sampled Volume, Meter Conditions (CFl__.ﬁ-___J.EJz_- 986 D245
i%. Corrected Sample Volume - (SCF) 63.7. 17.8 49,2 I
3. Material Collected
Weignt {gm.) a.__Thichle 0,005 - 0,010 0,012 |
_ b._IMltered Dust 152,120 94,090 - -
¢. Wzte> pegidun 1,318 0.30% Ih5L8 02379
Total Weight (gm.) 535K 94,39 34,629 0,390
Concentration grains/SCF. 37.2 81.8 10,9 0,135
Concentration grains/SCF @ .12% CO,
Calculated Loss (Lbs. per hour) 6,700 2000 - = 2,620 2549
COLLECTOR EFFICIENCY
(If Collectar Installed) -
Cvclone Scraches
16. Total material to collector (Lbs. per hour) 6700 2520
i7. Total loss to atmosphere {Lbs. per hour) 520 2.9
8. Total material collected (Lbs. per hour) 6100 29¢c¢
1$.  Percent afficiency St 2.
A-22
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SandoAatnbaie Laft Vol 2T Ne,T lwiy, 1967

Used by permission of Staub-Reinhalt, Luft.

UDC §28.511.4:662,513.13:625.35

DUST REMOVAL FROM THE WASTE GASES OF PREPARATION
PLANTS FOR BITUMINOUS RQAD-BUILDING MATERLIALS

by Ur.-lag. Peter Wiemer

Technischer Uberwachungs-Veretn Rheiniand e, V., Cologoe

For many yeacs probiems connected with dust removal from
the gases of dryiag drums (o road building plants were the
center of fruitless discussion. Although the opinions of the
participants were ot always {Tee of vested inrerests, the
desper causes of the controversy lay ia the unclear facmal cic-
cumsiances and in the inadaquate kpowledge ia so exteasive
agd complex a sphers, Many individual experiences are
conttadictory and some conclusions do aot apply o inszalla -
tions elsewhers, Finally, the postibilities and |Lmics of duse
removai are ner assessed corrsetly, even today,

lavestigating the waste gases of drying drums

in 1863, the two Tcade Auociations of operators of such
equipment (the "Budesfachabieilung Strassenbau” in the
“Hauptverband der deutschen Sauindustrie,” ind the “Bundes-
abeiugemeinichaft-der: Vereinigung der Teer- und Asphaite
makadam herscelienden Firmen™) initiated research to resclve
these basic problems, The project was offered o the “Haupt-
abreilung Wicme- und K:aftwictsehait des TUV Sheintand,”
This large-scale project was intendedto eximine, ugprejudiced
by, and independent of, ail hitherto known data, the expected
dust content in the drum waste gases, thewr cepeadence on
starting macerial and the manufactured mixtuce, cthe specific
properties of these dusts and, finally,” dust removal, as prac-
_tced o Tar. . The problem of deum utilization, the resulting
wante-gas quanrities ind conditlons, ete,, were included.
The mneasurements were carried out in 1964 zecording 0 a
sandardized programn, In 1963, the results were used to pre-
pare the draft for VDI Directive 2233 “Emission limits, pre-
paration and mixing plants for bituminous road building ma-
terials.” The final varsion will appear this year,
The number of such preparation placts operaced in West
Germany by these associations is estimared at some 1,700 o

1,300. A represeatative crass sectiot through ail chese plants
according to stacistical principles was oot possible for various
reasons, Consmquently, the plaats o be investigated were
selected by localicy, raw material, size and differing levels of
equipment, so that the measurements were nuce (0 provide in

. exeensive view of practcal working conditfons. Maximum
drum load was agreed upon with the operators for the purpose
of this investigacion, and test days wers adapted 1o include
whatever wers tegarded as the most intecesting mixmires.

Test results

The results of these firse tystemarically ptanged and
impiemented series investigation, a total of 35 individual
studies at 10 plants, ace represencedsin Tables 1 o 3. They

—pravide a.clear view of the dusts leaving the drums. with the
waste gases, being subsequently almost compietely retained
in the dust collecton of the first and second wtage, a small
tesidue being flnaily emitted {nto the {ree air,

These series investigations having been completed, it was
of interest to compare their results with data obtained from
-aumerous other studies in similar planes, They are values
obtained ac many piaces in eminion measurements performed
ac the behest of the audhtorities, Tabie 4 thows the resulw of
83 such studies in 27 plants, These Measurements wets made
available to the auchor by various institutes,, The many
blank flelds in this table (Table 4} which was campiled
according to the same scheme as Table 3. emphasize the
incompleteness 2! our kncwledge, a situation which is quite
inevitable when evaluation is based on conventignal emission
data which, though cumerous, carry too liztle inforrnation,
The series investigation has che fucther sdvantage of nating the
occasionally high dust content in the raw gas,
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TABLE1l. Deym sizes of the plants aad exlscing dust collectors

Plant Drumn dimexusions Dusc collector
Comsec, No, Raced .
No. aad test Mixture mznu!acmz:ed Dlam. Length capactey 15t stage 20d suage
No, (m) () (x/bn) '
1=3 Al—A5| Flge asph, coner, 0/3 1.6 8 30/40 4 cyclones, T00¢ wet scrubber
8 82 Flae asph, cener, 0/ 21 cyclones, 4160 None
1 3 . " - - 18 9 60/80
8 1 Basm 0/30 +12 cyclones, 8004
1: C: Fine asph, concr, 0/8 2.0 8 §0/30 § cyclones, 13200 |  Wet scrubber
11 D1 Flae asph. concr. 0/8
12 . 4 - - - L] .
. Q lones, 1,320 Wet scrubber
18 2 Base /38 123 8 §0/8 2 eye ‘ ¢
14 3 " -
15 E3 Binder 0/12
16 1 Bare 0/25 2.0 8 §0/80 Surface cooler Fabric filter
17 2 . -
18 Fl Floe asph, concr, 0/8 )
19 3 - L] - - .
§ cyclones, 1.000 @ wet scrubber
20 2 Base 0/38 13 15 T5/L00 cyclones, :
21 4 - -
22 G2 Fine asph, coner, 0/8 -
. bud 4 cyc! . 130 wet scrubber
» 1 findec 6/12 2.0 15 90/120 cyclones, 1. 1800 ;
24 Hl Fine asph. coner, 0/8
22: : Ea.se 0/28 18 9 37.5/80 18 cyclanes wet squbber
27 ‘ - - - -
23 11 Fige asph, concr, 0/8
29 . 2 - - - -

: 60 20 H wet scrubb
30° 3 Blader ons | 8 9 48/ Sycioaes : o
1 4 - -
32z K4 Fiae asph, coner, 0/8

2. 8 108/150 § cyclones, 990 wer scrubber
33 =35 K1—K3 | Base 0/33 ! - / yeima, 9909 .

Dust geaeradon in the drams

When enymerating the factors which affect dust conteat in
the waste gases of the drum, the sequence is quice immaterial,
For a)l practical purposes, these lactors acr simultanecusly and
it is not immediately clear which are the moce important
oges, [tis, however, certain thag content {acreases with che
quantity of flaely granuiaced raw material entering the drum.
This quantity it decermined by lts percentage in che stating
material and (a the mixture tumed out, as weil a1 by the ex-
tent of production. Furthermore, cthe type of rocks which
crack waen heated, are easily yround down by che motioa of
the drum and tead to form a greac deai of dust, Floaily, the

10

excess air with which drums are operaced plays a roie. The
quantity of waste gas is a0t only dependent an the materiai
load of the drum, but also an che CO, content the equipment
has bees adjusced co,

Thete is ao uniformity in the terminolegy concerning rocks
apd their granulations, raw matetial and the finished product,
The aperators refer to the finished product as bases, binder,
aad fine concrete, respectively. (o the “Technical Specifica-
tions and Directives for the Comstruction of Bituminous Road
Covers,” the so-called *TV bir 3/64~ tssued by the Faderal
Miaistry of Transpost, Road Building Divisicn, the following
are distinguished:




TABLE 2 ‘rhe graaulation camponents of rocks in the mixture manulactured durlng the test
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(balance up to 100% it made up by filler and binder)

Type of rock

Prand Typa of rock Geanulation compaonent Plang Geanutation component
Al4S floe 4sph, coacr, 0/8 . ria Flos aphsic coacy. 0/8
low chipp,cont, A 1.4 highchiipp, coat, A8 Limestone chippings 5/8 «30% .
Moraine chippingy, washed 5/4=10% = 30% * - U5 = 30%
- - * 2/3s16% = 25% r ® scresnings /2 2 30%
* wresgiogs. 0/1=32% . 15%
A [Rnios sand 0/3 =32% ‘0% 2.4 Sasa 0/33
A2 Flas asph, coocr, 3/8 fhine graved /8 = 2%
Blast furnace 1lag chippiogs, washed 5/ » 10% G2 s It o8
- - - - - us - 1‘% .
Limestooe . washed) $/8 » 3%
* % ° sweingn 0/3 = 22% To0e chippiagy, vas 288 -
#hine ssad, y 9/3 = 3% ¢ * semeaings,uowashed 9/3 = 45%
823 d Fine aph. coner, 0/8 high chipp, cone, Gl glodes 0712 -
lunfun.mgcuppup unw 3/ = 52% Diabass : . 212 » 18
5 *  *screenings, ° 0/3 = 3% -m i.‘ 5". ;/8:11:
&hine saad o/3 = 13% Uimesioos * - 23 » 17%
" Bam 0/30 . T siemnings, unwashed 0/3 » 40%
Geaval 0/30 = 100% H1.2 Fize asot o/8
L2 Flas i, concr. 0/8 high chipp, coat. Basalt chippicys. 5/8 « IT%
c Basair, uawashed 58 s5% . IS
* * U Limestons screeniogs, wathe 0/2 » 29%
Morilos, washed /3 = 25% H |MNatural sand 72 = %
Rhide sand, ~ [0/3 2 20% Ha.4 Sase /23
01,4 Tae asph, comer, 0/8 high chipp. conw Limatons chippings 12/25 = 30%
Basalt chippings, wasbwd /8 = 9% - . 8/12 u 20%
* * - 278 = 258% - * /8 2 0%
“ serecoings + 13% aameal 0.09/2 » 35% Rhios sand 0/2 x 30%
e (eavaibed) I 1.2 - Fire asphalt concr. 0/3
o . Dasait chippicgs, washed 5/8 » 3%
D23 T Base 0/33 e . - S = 20%
Basalt chippings 12/35 = Q% Limestone jcresoungs. washed 0/2 2 4%
e ® E— — 813 L% _|-y  {Wlascfumace slag screeniage /2 2 W% -
: - 8 = 0% = —
* screenin 13.4 dinder /13
g + 13% ok, samd 3.09/3 = 2% Limestone chippwngs, washed 12712 = 0%
£3 Bigder 0/12 i . - $/12 = 20%
auu: =alppmg|. unwashad 8/12 = 20% - - - 25 = 13%
- 58 = 1T 0/2 = 30%
- - - us - m*
* sremings, - 0.00/2 » 7T% Flos aphais concy, 0/3
Rhine cand . © cl0m /8 » 12%
€ - U3 %
1.2, Basa 0/2% 0/2 = 42%
lu.an :N.p?tngs. uuua:htd - 12/25 = 1% K TR
3 = 1% 12/35 * s
v “ * 78 = T
- - /12 » 25%
sreenings. 2 =13% 278« 1%
saad . 0.09/2 » 16%

1
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. asphalt binder
coarse asphaltie concrete
fine asphaltc concrete, low chippings coatent (20 =35%
chippings)
fine asphaltic concrete, high chippings conteat (IS —65%
chippings) ’
sand asphait,

The following raw materials are processed:

S$aad: .., mineral mbitances which pass the 2 mm-
mesi: screen and are retaioed by the 0,09 mm
screen,

Chipptngs: L e, crushed rock, ifzes2 =23 mm.

Filles: { e,, mineral substances which paws tha 0.09 mm

mesh screen,
In thess invesrigations the flas concrete had a particle
structure of 0/8 mm, the binder 0/12 — 0/18 mm, and the
bases 0/25 = 0/35 mm. These terms will be retained below,

Effect of the processed rock and irs granulatica

The flae pacticle component of the rock mixture to be dried,
as adjusted for the prescribed particle soucnure of 2 given mix-
wre, can be taken from the data of Table 2. U these vaiues
are correlated with the dust-content figures in Table 3, It ls
seen that the resuiting Tabile § shows only a minor increass of
dust content with rising fine particle component. This becomes
understandable, when noting that the raw material as
mentioned in Tabie $ is washed,

The range of fine particles with a lower limit at zero caanat
be assested with certainty, since asither the proportion of the
near-zero particles, nor their actual proxirmcy 1o zero are
known. However, if we separate che so-called filler, i.e.,
the proportion betwees zero and 0,09 mm from the flae range
0 = 2 mm (achieved by washing the sand), the granulation of
the residue can once again be clearty defined, Measurements
stow that this granuiation does noz apparently have a greater
shace in dust formacion than other coarser particulates, 1t
makes go difference whether the material-mixture rua through
the drum is for the base, the binder, or the fine asphaitic
concreee; duse content remains approximacely equal if only
washed material is used.

As can be seen from further evaluations, the assumed in-
Mueace of tock type and of the granuiations procened are of
1econdary importance, compared (o the quescion as to whether
the raw material ls free of the smallest particles of the filler
size, through having been (ed cither after washing, or else with-
out addicion of flller, \whether the lacter procadure comstituces a
genuine alternative to washing remains to be proved, Ths
measured values for dust content in drum waste gases, which
in Table 3 stlll appear as 2 confusing jumbie, assume a clearly
dlscernible order when separated sccording o whether washed
or unwashed raw material was used (Table 6). Tha first
column cotresponds o the data from Table 5. [n the third
column, which represents uawashed material, a remarkable
differeace appears. The dust contents are all much higher aad
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increass In ascending arder, f.e., from “base” via *binder*
to “fine concrete,” Compared to these values, the dust con-
tent for washed macertal is almost (msignificant. High dust-
content values are therefore apparendy isseciated with the use
of unwashed raw materfal. A horizontal comparison of valyes
in Table 8, with two measured values for half-washed marerial
in the fine-concrete column is very lncsresting, The trend
toward dust lncrease wich rising fines is clearly recognizable,
If the high dust content of unwashed raw material is due 0
the finest, pulverulent particles, an {dentical ar at leas:
dimilar situation should logically occur, whea a certain quan- -
ticy of flller is added to washed raw material, This was in-
vestigated [n the test series D1 and D4, The raw materiaj of
the high chippings contear fine coacrete had the followiag

compesition:

1. basait chippings, washed 5/8 mm : 29%
2. basalt chippings, washed 2/Smm : 6%
3, basalt chippings + 15% aatural

sand, unwashed 0.8/2 mm : 20%
4. natral sand, unwashed 0.09/0.6 mm ;: 138%
§. filler 0/0.09 mm : ™

‘[n test D1, the lasg two materials, joiatly constituring 25%,
wers caly added to the mixture downsaeam of the drum. o
test D4 chey were ptesent In the mixture from the beginning,
If, for the sake of simplicity, we term them flnest components,
the following can be stated: dust conteat of drum waste gases
when manufacturing fine concrets with partially washed raw
material was

. without finest componeat 2M.4g/mSTP.
with finsst companent 116.5g/m*STP.
In fact, :bis relation acraing the same order of magnitude
as thae resulting for washed and unwashed scarcing macesial,
If the filler is addad to the drum, the dust content of tae drum
waste gases can thus be compared with thac arising for un-
washied starting macetial,
Measured values eslated to the type of rock used appear in
Tahle 1. The !'ouawi.ng matenau wate nsed fax the compm-
o0z -

m'STP/he
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Figure 1, Wasta-gas quantiry of ths drying drums s a fusciioa

of mix producticn
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TABLE S, Effcct af the particle componeats 0 =2 mm on dust csateat

Mixture manufactured ) Flne asphaitic concrete Binder Base
low chipp, cont, high chipp. cont,
Qlassification (rnm) 0/8 0/8 0/12 two 0/18 0/25 to 0/35
Particle tizes
< 2mm taw material o) 84 o 63 48 10 30 40 1 20 30w 19
Dust content 1
for washed raw materfal :
(g/m STP) 39.1 w0 28.2 29.3 w 22.4 29.9 10 23.3

TABLE 6, Munasured dust coatseat Ia the drum wasce gases for washed and unwashed raw
material ’

Washed Half-washed Unwashed
Dust content -
Meamured values from — _ &/m’STP) (/= STP) (/™ STP)
Mio. Max, Min, Max, . Mia. Max,
Fine ssphaltic concrate 0/8 8.2 91 €9.5 £9.9 117.0 183.0
Binder 0/12 - - - - 89.5 103.2
/13 - 293 - - - -
Sase 0723 - - - - T2.4 93.7
0730 - - - - 53.1 -
0/3s 23.3 29.9 - - 4.1 52.0

TABLE 7, Effect of rock type oa dust coatent

- . Raw material, washed
Proportion Type of rock .
0=2mm (ln proportioa of dust coatent) Duse coment
% % 8/m' STP
Fine asphaitic conerete 0/8 - 32  Moraine, screening 28,2 to 28.6
low chippings content 32 Fhinesand ' :
Fine asphaltic concrete 0/8 84 32  Blast furnace slag, screenings 28.3 to0 31.7
low chippings content 32 Rhine tand
Flne asphaitic concrete 0/8 . a8 13 Moraine, screenings 3.9
high chippings concent 1 20 fhice sand : .
Fiae asphaitic concrete 0/8 52 29  Llmestone, screeniogs 28.2 w0 26.4
high chippings conten: 23 Nanural sand
Flne asphaltic concrete 0/8 48 2¢ Limewone, screeaings 32.3 w3 391
high chippings content 24  Blaxt fumace slag, sereenings
Binder 0718 30 30  Rhine sand 22.4 t0 233
Base 0/38 ) 21 21 Basalt, screenings, with !/ namral 23:3 t0 29.3
1and
16
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Basalz, blast fumace slag, limezone, matiine, nzcural
tand, llmestone,

To aliminaca (nterfetence by tecondary effects, washed caw
material was once again used as a base. Despite widely dilfer-
ing proportions of the (ine-graaulate range from 0 —2mm in
the starting material, e measured duyst cantents scarcely
deviate, This means oot only that, in this cespect, the dif-
ferences berween the rock types themselves are mmall, buc also
that, in the absolute sense, their additicaal effect on dust
generadion {s quite insignificant, This could also be a conr~
flrmadon of the {denrical suitability of these rocks,

. Ths material load of the dum

Thie drum dimensions of the ten plants studied (n the pro-
gram are known, 4s s their performance during measurement,
The.tated capjcities {g Table | jre based on dara supolied by
qpetators, Lawer numerical values represent capacity whea
making fine concrece,

It was not iavended to [nvestigace che inteTnal processes
occurring in che drums, However, one may cousider that
material charging creaees 2 sore of area load in the drum,
Sincs the larter tums continuously, it is the tpping process
which must be made responsible for dust generadon. The
quantity of material, the mpeed, the heighe of fall and the path
length grobably play a role.

In this sudy the drums were charged approximately as follows:

Material load reiaced
projected area of | drum cross
the drum, t/hr arjsecdon, t/he - ot
Duriog the manufacture
of binder or basa - -
avetage L . % 27.0_
maximum 10.4 49.0
minimum 2.5 15.7
During the manufaciure
of fine asphalric concreza
average 3.4 2.0
maximom .3 49.0
minimum 2.2 12,5

The differeat factors will have to be investigated in furcher,
special investigations, Due to the grear iaflyeace of unwashed
raw materizl ont dust cenrent, the available cumber of tuly . -
comparabie measured values is inzdequate, To give one
example: {n the mean load range of fine—concrere manufictire
from waghed material dust content was 26 —39g/m’STP, In
ona tegt series, howeves, dust content lay approximacely
between thesa two values, despite 3 material load which was
twice a3 big,

17
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fugetlon of CO, cootent of the drum waste gases

W mt/bhene
Mlx manufacrure
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The waste gas load of the drum

It is also important to relace the measured quantities of
waste gases (n the drum ro the quanrticy of material processed,
If gas quantities are plorted vy, production, we obtain Flgure 1,
which shows 3 considerabie scactering of measured values, A
mean refation is indicated by the two limicing lines, aad may
by useful for rough calculations, However, the quesrion re-
mains of whether a cause for the considerable scattering can
ba icen {tom the measured results. The CO; content
which was also measured, and which couid cenceivabiy mrve
a3 3 measure (of the marterial load/waste gas relation], was
fouad ta differ greatly,

The drying process in the drums is sustained by combusmion.
Excess alr is calculated from the measured COQ, content and the
theoretical kmes value which, for the commonly used lighe
fuel oil EL, canbe set at approximately 16%. Upon calculsdon,
excessalris found shockingly high, However, it must be regarded
salely in connection with the 1pecific working process, namely
drying and heating of the macerial for subsequeat bituminizacion,

Excesy air dmultaneously serves for cooileg and for protec-
tion agains 3o impermissibly high heating of the macsrial,’
MNevertheless, in average inscallacions, excasy aic quantities
can sametitnes reach ten tmes the values of some very good
moder uniws, of which one was also included in cthe test pra=

ram,
8 If the waste-gas quanticy is divided by the quantities of the
magufactured mix, the effect of the varyiag Oy contemts is illus-
wated quite clearly (Figure 2). The specific waste -gasquantiries
were: in low—efflciency units (1% C). about500 ar’ STP/ths
in average uaits (3% CO,), 300 —400m* STP/th, and in the
best unics (10% CO,), about 200 m? STP/th. Differences in
the quaoticy of waste gases are chur not oaly due to differing
production wolumes, but mainly to the mode of operation of

the drum, Thix realization is significanc for coaclusions to be

drawn later,

Figure 1 can ba compiemented by lnes for which CO, con-
tent is the parameter. These then indicate the waste-gas
quantiries for which, in the individual case, waste-gas ducts,
duse collecrors, suctdon fan and stack would have to be cal-
culated (Flgu.m 3).

Particle sizes of dusts

The dust sampies collected during measurement were sub-
sequently analyzed for pacticle size using Gonell clanifiers,
In secordanca with VDI Directive 2031 “Flnesess Determina-
don of Technlcal Dust,” the duss were classified according to
their secxling velocities in steps ffom 0.2 to 25 8 em/sae,
Specific weight (deasity or apparent density) was determined
by the pykaomerric method. This permies conversion of the
sertling velocity to particle size by means of the aforemen-
tioned directive,

The tesults of air classificacion are given in Tablte 9. Scat-
tering i3 grear, and it is not easy to tell the significant fram

m
Weight %
ot
401 3&;.;_\
dery
07\
i
L}
f E L A 12cm/sze
s , Seuung velocity ? . /
-n saParticle diamecer for y 2.6 g/cmr > 40
-

Figura $, Particle tize diswriburion of dust in the manufacture
of binders 0/12 - 0/18 mm

the nonsignificant values. The uncertainties are creaced by
the fact thaz the values of the dust samples at the drum cutlet
must partly be formed from the percentual summation of
separared dut and clean-gas dust of the first collector stage.

e
i arated dnst is diffieult.

Plotring che particie lines produces a confusing mulcitude of
carves, However, since thess are residue curves (for defini-
tion see VDI 2031), the exu=mely high curves can be neglected
s less important for subsequent dust removal, The prablem
{s not how coarse, buc how fine the dusc is, The residue
curves for fige dust, however, e lower.

As shown in Figures 4, §, aad 6, the pam.cuum of the
other dusts are practically all in a range which. for an ipparent
deasicy of 2,6g/cm’, can be given approximately as follows:
Residue

> 10p: 55 o TB%

» 20p: 35 to 65%

"> 40u: 28 to 54%
Passage L.
> 10p: 43 o 22%
> 20p; 65 to J5%
> 40p: T2 to 46%

In case of these large intervals, usnally quite idequate ic
pracrice, the aumerical data apply both to the dust during the
manufacrure of bases and binders, 2zd to fine coacrete,

With the lames, this is aot quite true for washed starting ma-
terial, the duses from which cootain less fine conponeats, is
Is evidens from Figure 8.

Dust removal

The dust content of drum watte gases is occasionally
great that the waste-gasNow is held to be comparabie to
paeumatic dust conveying and dust remaval o separators used
with such coaveyers. Such comparisons do not ipply 10 our
measured values, showing maximum dust contents of
160g/m*STP, Average dust emission of the drums for
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N , Senl.i.ug velocity
ﬁe *& farticie diamecer (OF y 3 3% g/em > 40

Figure 6. Paricle size dlsziburica of dust downstream of the
drum {g the manufacture of flae asphaltic concrets 0/8 mm

35 measurements at 10 instatlavions is 23 kg of dust per ton of
mized materia). e, 2.3%, The lowest value was 0.3 and
the highest, 7.5%, -

while, in the past, plants were exclusively equipped wuh
ceatrifugal collectors, modem plants are provided aimost only
with two-stage dust removal, Cyclones setve as preseparators
in the first stage, the second stage being frequently a wet
scrgbber, fabric or buik layer fllters being also used increasingly,
4 are ;ometimes special electrostatic precipicacors,

Of the 10 units io the test program, 8 were equioped with
two-stage dry-wet colleczars. The number and dimensions of
availabie cyclones can be seen in Table 1. Cne instailation
had only a fabric filter with prelimisary surface cooler, and
one was only equipped with 3 relatively large oumber of
medium-tize cyclones, The efficiencies measured ar cheplants
are gives in Table 3, separately for each stage ind altogether
for the entire dust removal unit, Referring to the L0 plaats

_ _ lavestigated, ths following caa be conciuded:

1, Cycloaes of the first stage

No, of plants Effleteacy (%)
(temporary)
4 > 98
2 > 90
3 > 833
1 (without cycione) -

2. Wat scrubbers of the second stage

Efficiency (%)
{temporary)

1 > 93
2 > 95
1 > 90
2 > 38
1
1
2

No. of plants

> T0
> %0

(without wet icrubber)

19
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3, Boch scages togecher

Efficiency (%}

No, of plants (temporary)

1 99.9
1 > 99.3
2 . > 99,0
1 > 98.9
2 > 98.0
1 > 91.5
§ cyclones + wet scrubben

1 fabric Alter -> 99.3
1 with cyclones only > 910

As can be seen, dust remaval Iz ail 10 plants was quite

sacisfactory. However, (¢ ghould be noced thag the test Dro-
gram did oot inglyde the very werst plants, The differences

between very good and merely good dust removal become
only obvious and, in facz, striking, whea clezn gas dust con-
tent after the second stage is examined (in Table 3). Aa
effictency for the eacire instailation of less than 99% no longer
appears o exemplary. However, this is already in anticipa~
toa of the recommendacions of the recant Emision Dlrective
VDI 2283 for aew plants repocted eliewhere,

The rellabillty of cycione coilectors is generally recognized.
Although their efficiency has a aatural Lmic when the particles
become too small, it is quite sufficiens for many pracrical
tasks, Cyclones must have specific dimensions and be sub-
jected to the carrect load. The manufacturers guarantes
graded efficiencies for their cyclones, often formuiated as
follows for knowa dusts i kaown situations:

Particle sizes (u) . Efficiegey (%)
010 10
10t 29 93
20 to 40 98
sbhave 40 99

Apart from uacereainey for the lowest parvicie sizes, the
vaildicy of these data was repestedly confirmed in ionumerable
acceprance tesaa, I these data are assumed as given also in
this case — the-high density of dum particles accarding to
VDL 2031 of an average 2.6 g/cm’ favors such a0 assumption'—
they caa be used to establish evaluation facrors to assess che
efficiency of these collectorn,

laTahle 9 the toral eificicncics. as actually meamured i€ |
the cyclones, are related to the theorerically possible by

Jnzmang of the »article analyses in Tahle §, (¢ is seen thac in

11 of 17 anaiyzed investigacions the caiculated vaiues were

at tmes exceeded i pracrice, Also, the effect of pacricie
size in the individual srages on the finail resuit is ciear. The
avetage of the theoretically possible total efficiency is 91.2%,
the lowest value is 36% and the highest, 97.7%. Among mea-
sured values the average i3 91.4%: the lowest, 71.3% and the
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highex, 97.4%. Mean aad maximum of the Measured total
sfficiency just abcut equal the maan and maximum of the
theacerically possible,

wet scrubbers as 2 second stage are widely used because of
their applicabilicy also for fine duscs in che clezn gas of the
cyciones, and because of their simpie design and operation,
Particls size (s less decisive 0 attainable efficiency than the-
wetntabllity of the dust and the degree of probability with which
the particles can be brought into contact with water, Tha
simplicity of design can eaxly disguisa there que difficalties,

Thus 8ot 2ll wet scrubbers can be regarded is Tuly efficlent,
It is noe enough to spray water tirough oozzles iato & dust-
lazden gaseous flow. Neither L3 it sufflcient to wet the inner
walls and partiticns of ths collector with water, Too maay
particles naver reach the wakls, It {s aow known thae the ce-
quired large surfacs at which contact can take place can oaly
be achieved by meaas of nnumersble ulzrafine water droplers,
To generate the latter, power is seeded whick is provided
either by speciai pumps and blowers from the cutside, of takea
from e suction draft fans, In both cases this lavoives 3 cor-
respoadingly high presiuze loss,

In tests with different wet scrubbary the following reladon-
sthips were estabiished:

Resistance, | Efflcieacy,
. Type of scbber measwred | measured
(mm WG) (%)
1. Only spraying aozzles, self-
made by plaat (20 4210 64
2. Container with attachments
and waser bach,
rnmfacmer A 100 19 w 83
3. The sams, o
manufac_gmg- 8 - 133 64 w 73
4, Rotating gas swcrubber,
self-made by plaae 158 88 o 89
5. Special type, -
maoufacturer G 140 o 180 95 <o 98
8. The same,
manufacmurer D - 250 93 to 96
7. Injection of water into con-
striction of gas flow 21¢ to 313 93 o 99
8. Speciai type,
' manufaceurer E 340 o 360 83 to 91

Efficiencias are really good only in plants 5, 6, and 7. Ths
special type $ reached its efficiency it the mest favorable
resistancs aad cype § required a coasiderably higher resistance

for the same resuits. Type 7 with a still greater eifort reached

the best efficiencies of all pianws smudied. Type 8 did nat
actain cthese values in spige of increased tevistances,
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The fabric fliter ia one of the 10 plants investigated con-
firmed the good properties this dust-cemoval system is known
to possess, At a resiscance of 130 mm WG ic ceaches the
highest effictencies of 99,7 and 99,.8%. The condirioning of
waste gases upseam of the filter for protection against exces.
dvely high or low temperatuzes requices careful planning and
maintenance, If thess are secured, nothing prevents the use
of such fliters, also of types wich layered macerial, In che
case 3t hand, this fabric filter was operated at 4 raw gas duxt
load of 47 -60g/m® STP, since (a the prelimisary surface
cooles some 38% of the dust from the drum was ilready elimi
gated, At the time of the measurements che preparation plant
had a drum gas dust content of 72 — 34 g/m*STP, At highee
dust contenry che use of 3 more effective first-stage callector
{s r.henfm aecestary,

Conclysians

In regard to its quantity and particle size the dust in the )
wasts gases of the drum extends through a wide range,- To be |
mare specifie, thres groups ace seen for dust content, largely
determined by whether the starting materizl is washed, un-
washed, or processed in mixed components,

1. Completsly washed raw material causes the lowest dust -
contear, Values betweea 22 and 39 g/m’ STP were found,

Dust contents encountered witen washing base and binder ma-
terial were approximately in the lower haif of this range, with

22 —30 g/m’ STP. and somewhac higher for fine ceocrete with

28 —39g/ m’STP. Compared to tha mean of about
30g/m* STP, these diffsrences are practically {msigmificaat,

2. In procesting partly washed and partly unwashed raw
material, dust contents measured during the maauficiure of
fine csacrete wees about 70g/m’STP,

3. Unwashed raw material causes maximum dust levels in

- ———————waxte gases for all types of mix. -Dust-content cises sharply

with a growing proportion of fine particles in the marertals for
base, binder, and fine concrete manufacrure, The meassured
duse contents in bases 0/38 —0/25 were berween 43 and )
"34g/m STP, for binder 0/12 between 90 and 103g/m’ STP
and for fine concrete 0/8 between 117 and 163g/m’ STP.

For the particie sizes of these duss the following disaibu-
tion can be given:

Partcle sizes intervals (u) Weight %
0t l0 45w

10w 20 20w 13

20 tw 40 Tl

> 40 238 to 54

Deviarions were only observed towards the coarser range. -
The deaticy of the dus particles according to VDI 2031 was,
in the average, about 2.8g/cmr’,

Glven the capacities of modern cyclone couecmrs itczn be
expected that some 35 —92% of the dust of this composiden
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TABLEY9. Comparison of the meassured efficiencies of cyclones, iastalled as pteseparators it the
time of the tests, with the efficiencies theoretically attainable according to the guarintees

of the maoufacturers

Dust propertion in Total Graded efficiency Total efficiency calculated Deviadon-in %
particle-size intarvals efficieacy guaranteed by according to these {measured —
Plane (0 » 2.8g/cm") cyelon. magufactures guarantees guaranteed)
No 0t |10t |20t0 | »40 jmeasured | Oto {100 {20¢ [>40 | Qto [10¢to | 20to| > 40 | Totai
“ 110w | 204 | 40p u 10 | 20 § 40u | & 10 | 20u | 40u u .
% % % % % % % % ® % % * | % * -

~Aa | 232 | 199 1 317 | 54 95,4 0% | 95% | 9e% | son | 182 | 08 | 115 | 535 | 913 | +1S
3 | ZZ& | 98 | 147 | St 193 158 | 23 | 144 | S28 | 929 | +12

3 18.2 8.8 53 | &0 8.1 127 | 4 82 [ &7.4 | 934 -43

H 4| 100 [ ]3¢ % T 184 | %81 123 | 535 | 917 -0.4
f 172 | 173 { 127 | 32 7. 120 | 188 | t24 | s2.4 | 933 | +39
T 0y [ 1L [ 1% 9, 90,3 e | 163 | 119 | 298 | 884 | e

1 s AT LT | B e 28 | @1 | 38 | 306 | & -a3
£1 220 | 192 | 178 | 453 943 154 | 144 | 172 | 448 | 918 | +28
TX %3 [7IS [ a8 [ asy = 174 | 113 {1 123 | a8 | 912 | +21
53 129 1 1238 | 180 | sa8 374 a8 | 122 | 87 | 580 | 347 | «17
4 41,5 1 20 105 | 28 87.0 290 { 190 | 103 | 277 [ mo | +10
X 217 | 1S u.; 47 971 194 | 147 | 143 4;.3 0.1 | +20

63 370 | 228 2 7. O] 238 | 8 | 123 | 278 | 872 -13

4 x| 1, I} 381 ] .0 1.8 s3 | sas | 977 -13

31 1 147 21 34 3 204 { 140 | 218 | 138 | 838 -23
] 70 | 39 54 | 517 97.3 43 | a7 53 | 530 | 369 | +a3
i P R E Y& | 470 3 227 | 128 | 73 | 5 | 890 | ~t8

wil] be retained in the first stage, Efficiency iocreases wich
{ocreasing coarse companents up Lo 3 possibie 93% . Siace,
furthermore, the dums are relacively hegvy and the guaranteed
data of the mamfacturer mostly refer w deasicies of only
2g/cm?, givea the high dust contents, the higher efficiencies
ars certaialy attainable,

Iz good wer scrubbers, mch as are frequently used as a
second stage, residual dust from the fIrst stage (s separated with
efficiencies of 95 —96%%, in special cases even up to 98 = 59%,

Fabtic or bulk layer fliters used instead of wet scrubbers can
arain efficiencies above 39%, when properly secured jgainst
unsuitable waste gas cenditions.

The present situation with regard to dust removal in prepara-
don plaots is thus largely clear, A detailed investigation of
the processes of dust generation, though beyond the framewark
of this article, would be of grear inreresc for the further deve-
lopment of preparation piants, concerning problems of dust
load and its cemoval,

For particles of about 10 and 20u the settling velocides are
only 0.8 and J.2cm/sec. Even cower particles of 40y sertie
only az some 12.3cm/sec, Being stireed up by tipping pro-
cesses in the drums, such parricles are easily emittad with the
gates, The deag of waste gases is scill so great that 53 =70%,
aod sometimes even up to 90% of ail dust particies in the
waste gases are larger than 40u, -

Givea the tendency rowards economical maximum per-
farmance, he futuce will haedly bring larger drums for the
tame capscities, Cansequently, dusts capable of being air-
bome will continue w leave the drums, unless waste gas quan-
tities can be greatly reduced, This is possible, Even if pe-
cifle dust concent is o remain equal (in test series K of the

2

programs this was the case, ia spite of 10% CQy), & reduction
of excess air to the limit of che possible could lead to further
improvernent of dust removal, The smaller waste gas quan-
tiries could permic the use of specifically more expensive
cypes of collectors ar the same cost. [t is possible rhat deve-
lopmest will move in this direction, and that no reasons for
controventy will remain also conceming the very lasc residues

“of dust in waste gases emited by the stacks,

Bibliography

1. Walter, E. Causes of the Dus Sluation at Mixing
Plancs for Biuminous Read Juilding Macerials and Measures
for [mprovement, — Stragenbau, $7th year of puhl.. No. 5,
Pp.297-305, 1966.

2. Walter, E. The Dust Situation at Mixing Plants for
Bimuminous Road Building Marerials in the German
Federal Repubiic, — Staub-Reinhalt, Luft, Val, 28, No.1ll,
PP.34-41, 1986 [Eaglish wraosladion],

Summary

/Dust in waste gas from preparation plants for.rozd bullding
depends on many characteristic factors, This is-valid for the
dust acthe dryiog drum cutlet and also for ciean gasdust at the

. chimney inler, The crude gas dust is nacurally influenced by

the properties of raw materiai, whibt clean gas dust is also
influenced by the dust removal method uted. These probiems
are discussed on the basis of 2 wide range of numerical darta,
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CONSULTANTS

AIR, WATER, ENERGY, HYGIENE & MANAGEMENT

May 14, 1982

Midwest Research Institute
425 Volker Blvd.
Kansas City, MO 64110
Attn: Mr. John Kinsey
Dear John,
Re: Original Particle Size Data from EPA Asphaltic Concrete Plants
Emissions

The original field data to the subject report is enclosed. l*;!ay I provide any
clarification? Thank you for having us help you on your study.

Yours truly,

e 4
Wesley D. Snowden, P.E.

- Enclosures -
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ENVIRONMENTAL PROTECTION AGENCY .
AIR POLLUTION CONTROL OFFICE (APCO)

ASPHALT BATCHIING PLANT EMISSION DATA COMPILATION
PART I - PLANT INFORMATION

DATA IDENTIFICATION Sloan Construction Co.

PLAMNI GEOGRAPHICAL LOCATION L ibertv, S,C,

TIPE OF RAW MATERTAL PROCESSED Crushed granite and sand ageregate
PLANT CAPACITY 10.060#‘ Barber-Greene

PLANT PRODUCTION RATE (DURING EVALUATION) 225 tons/hr

TYPE OF CONTROL SYSTEM _Cvclone and wet washer

AIR FLOW RATE (ecfm) 37,900 - @ _9219 °F & ) "H»Q
Static across the fan

LOCATION OF SAMPLING PORT (MOTE QOBSTRUCTIONS)
J. Washer inlet 2.  Exhaust stack at washer nntlet
344"x39" sq. duct 6 foot diam - 2 ports at 15 foot
CONTROL EQUIPMENT DESCRIZTION downstream from stack inlet
See attached sheet
PRESSURE DROP
BRAND AND SIZE OF CONTROL EQUIPMENT
WATER USAGE, EIC. '

PARTICLE SIZE DISTRIBUTION (WEIGHT OR COUNT) _See attached report

B AVAE@'LE COST INFORMATION Not availahble

PURCHASE COST
OPERATING COST
MATNTENANCE COST

EVAPORATIION LOSSES

COMMENTS :

" The system described was replaced in the early part of 1971
with a DP-710 Dynamic Precipitator System furnished by CMI
Systems, Chattanocoga, Tennessee.

iSHER & TGMLINSOH




ENVIRONMENTAL PROTRECTION AGENCY
AIR POLLUTION CONTROL QFFICE (APCO)

ASPHALT BATCHING PLANT EMISSION DATA COMPILATION
PART II -~ SAMPLE INFORMATION

DATA Identificatiom (Port, Ete.)

TYPE OF STACK GAS SAMPLING TRAIN Anderson - See attached sheet

o A Tl .o W ;
DRY CAS VOLUME RECORDED ON GAS METER (FT3)  Fro—m———— —on /Sy
PRESSURE OF METER (Inches Hg) |
AVERAGE TEMPERATURE OF DR? GAS METER (°R) PR T Lt
VOLUME OF H,0 COLLECTED IN TRAIN (ml) __ . — » - &0 © 2

. YOLUME OF WATER VAPOR PASSING TIROUCH DRY GAS METER (FT> @ METER

TEMPERATURE AND PRESSURE)

Z MOISTURE IN STACK GAS (%) 1159 F.D.B./115° F.W.B,

MOLECULAR WEIGHT OF DRY STACK GAS (LB/LB MOLE)

L0
X02
. XCO

STACK PRESSURE AT SAMPLING PORT (Inches Hg)

STACK Gas TEMPERATURE (°R) AND PITOT IUBE R.EADING ('HzO) @ EACH

TRAVERSE POINTzy = (¢ til & Cacvs y
#1 . ay& P2 ‘f’& s 4L 11 e.".-:‘*s 3 - #16 T3 &
27 a4 & NPT O <y & 5.5 A2 I 20 & #17 27 &
#3 /L & S35 #8 v & .- 413 T & #1g .-~ &
g6 5. . & .1 #9 T, & 5. #l6 .. & #19 13, &
85 . .- & 55 810 -5 & - "0 H15 _i .. & $20 . - &
17YPE PITOT TUBE USED W/ COEFFICIENT Stvpe WITH ) go
AREA OF STACK @ PORT (FT2) 0g = CLomeie 4 T

SAMPLING TIME (MIN.) s

TOTAL PARTICULATE (LESS BLANKS ON CLEAN-UP MATERIALS)
FILTER FINAL WI. (mg) — TARE (mg) -

TYPE OF FILTER

ACETONE RINSE OF PROBE & PREFILIER (mg)

ETHER AND CHLOROFORM EXTRACTION ON
BUBBLERS & IMPINGER WATER (mg)

B20 EVAPORATION FROM IMPINGERS AND BUBBLERS

ACETONE RINSE OF GLASSWARE (mg)

TOTAL PARTICULATE (mg) 9. % on a3ll platesg

COMMENTS :
c-9




Air Pollution Test

December L, 1970
Sloan Construction Company
Liberty, South Carolina

Date Performed: December 1, 1870

Report by: W. Norman Smith, P. E.

Test Conducted éy:
Norman Smith

Jim Campbell

c-10




A DIVISION OF CMI CORPORATION

emi sy S

P.O. Box 6249 - 1617 W
Chattanooga, Tennes:
{615)

I. INTRCDUCTION

The purpose of the air pollution tests was to determine
the emission rates and particle size distributiocn at the hot
mix asphalt plant owned by Sloan Construction Company, Liberty,
South Carclina. A study of the present equipment and the equip
ment necessary to conform to the State of South Carolina Air -
Pollution codes were additional primary objectives.

By taking test samples at the air washer entrance and
exit, the performance of the air washer could be evalutated.

The Anderson Stack Sampler was used as a fractionating
device to determine the particulate distribution as well as
emission rate. '




ITI. TEST PROCEDURE

Each of the test locations were tested according to the
following procedure:

1.

2.

3.

The average velocity of the gas stream was determined

~ using a special Pitot tube and an inclined mancmeter

to traverse the duct. The flow rate of the gas stream

" was then calculated using the average velccity and the

cross—-section area of the duct. Test points were
located as recommended by Bulletin Wp-50, Joy Man-
ufacturing Company. The correction factor of 0.82
as determined for previous calibration tests was used.

. The temperature of the gas stream was taken perlod;cally

to use in calculating density.

A reference station was selected to use as the point
at which the sample was to be taken. The reference
staticn velocity pressure was taken and the velocity
calculated. In order to ebtain an isckinetic sample
the velocity into the sampling nozzle must be the
same as the gas stream at the point of the sample.
Using the known area of the sampler nozzle and the
desired velocity, the required sampler flow rate
was calculated.

The sampling apparatus consisted of a probe to insert
into the gas stream with a nozzle on the probe of
a‘known size, an Andersen stack sampler, a vaccum pump,
and a flow meter to measure the total air flow through

“the sampler.

The samples were taken for pericds that varied depending
on the loading. Two samples were taken at each location.
The sampler was heated while the sample was being taken
te prevent condensation of water vapor on the sample
plates. After allowing the plates to cool to room
temperature the gross and the tare weight of each plate
was recorded. The flow rate through the sampler

which was determined from previous calculations and
recorded.

Velocity traverse calculations were made as outlined by
Bulletin WP-50, Joy Manufacturing Company.

Cc-12




W-

SUMMARY OF DATA

I-

Z.

Location - Air Washer Exhaust Stack

Emission Rate@......cccceccnccccccacaccsccanseaasr.18l #/hr
Grains per cubic foot (Std. Cond.).c.eicceccaanns 0.695

MO F AT B O S Il S SR . o v e o e & . . ES5o—e—2aS
Dry Bulb Temp..... ceerecscmensvenssenvosecsrenasll5C F

Wet Bulb TemP....c.ccccecccccccacoanacscncoceenvensnesll539 F

Alr Flow at Duct CONA.c.ccvcsceccvonccsannanesss+32,600 ACFM
Rir Flow at STD Cond....... teeeceecassesenses.s.30,400 SCEM

Noo Of Samples ...... .--....I.-...............-..z

Location -'Entrance to Air Washer.

Emission Rate..cieeeecereeencascancancans eecsoesl2l3S #/hr
Grains per cubic foot (Std. Cond).....cvcvcu.n. 8.2 Gr/c.t.
S R i a an  =re 0= &avz-u-éeg _
Dry Bulb Temperature....... teecsssrrceratanoennns 210< B

Wet Bulb TempDeratUre...c.vsccececccccccnncenea «es2l09 F

Air Flow At Duct Cond..... cesemeverecssnsecas «++37,900 ACFM
Ailr Flow At STD. Cond.. e veeecnmnecencann es-v+.30,400 SCFM
No. of SampleS.c.cvecaaaa. ceeaccecceceneanan .ol

C-13




Clarage Size 141XL

Motor - 100 H.P.

Motor RPM - 1760

Motor Full Load AMPS - 116
Motor Operating Loan AMPS - 90

Fan RFM - 630 :
Operating Static Pressure Across Fam - 9.0 in. W. C.

C-14
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ryeE7 . ERFHAST

rrclon SIZE. ¢ Z‘." - ) %‘&I ' Z, 3 ,\/ ”Z/z -y 7%

s

o lorgar " 277 4% s%£8 Gz 2 SBAE

FZ f Fo (20 foF 4.2.71 /6.6 T
S5% %22 [(FE8 038 £.37:3 /50 75,3
3T A S5 r2.27:. 286 £7.1.- 85 ¢7. 0
2.6 Hh 3.2 /Z,z: 26T 247 Lo G7.0
/o Fo To PS5 208 49 2.9 756
T h SO 2.7 = So g.e IfE 7/ o

S Fa W E .7 . .- £T 122 3o

TOTRL e 235 e f80 e PLT

K
ngr Lr)

_(THESE DATA REPRODUCED IN TABLE 3-8)
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Control Equip. Descrip.

Pressure Drop

Brangd & Size of Equip.

Water Usage

1.

. Single cyclone

3- — 4 in. W.CO
Esstee - § foot

Diameter

None

C-16

2.
50 foot

Horizontal
Air Washer

3 -5 in. W.C.

7 foot
Diameter x
50 feet long

150 - 200 GPM




iz.

EQUIPMENT

Special Pitot Tube

Dryer Inclined Manometer
Andersen Stack Sampier

bry and Wet Bulb Thermcmeter
Yacuum Pump and Sampling Train

Torbal Precision Balance
{Accurate to 1/10,000 gram)

CWNER'S EQUIPMENT TESTED

i.
g.

Barber-Greene Batch Plant

Cyclone Dust Collector

‘Clarage 141XL Exhaust Fan

Horizantal Air Washer

C-17




ENVIRONMENTAL PROTECTION AGENCY -
AIR POLLUTION CONTROL OFFICE (APCO)

ASPHALT BATCHING PLANT EMISSION DATA COMPILATION
PART I - PLANT INFORMATION

DATA TDENTIFICATION Harrison. Inc.

PLANT GEOCRAPHICAL LOCATION _ Marvville, Tenpessee
TIPE OF RAW MATERIAL PROCESSED limestone and sand agrrecate

PLANT CAPACITY _ 6,000 1b. batch

PLANT PRODUCTION RATE (DURING EVALUATION) 180 tons ner hour .

TYPE OF CONTROL SYSTEM Drv_cvelone, pre-washer and cent, washer
ATR FLOW RATE (cfm) ___3],500 @__70 °F& ’ "B20

LAOCATION OF SAMPLING PORT (NOTE OBSTRUCIIONS) Two _ports at 900 in a six
00 v_ 9

-the stack inlet. ’

CONTROL EQUIPMENT DESCRIPTION _Centrifugal sprav washer = vertical

PRESSURE DROP _ 3 in, W.C,

BRAND AND SIZE OF CONTROL EQUIPMERT mmu__lwm_eter
WATER USAGE, EIC. _150 = 200 GPM

- See attached sheet for items 2 a

PARTICLE SIZE DISTRIBUTION (WEIGHT oR cmﬁrr) See attached chart

AVAILABLE COST INFORMATION

PURCHASE COST
OPERATING COST
MAINTENANCE COST

EVAPORATION LOSSES

COMMENTS:

This system when tested was emlttlng 65 lbs/hr which was over the
Tennessee code. The contractor has now installed a CMI Systems
DP-710 which is a Dynamic Precipitator System. I will be glad
to furnish the test 1nformatlon to you as soon as it is complete.

C-18




EXVIRONMENTAL PROTECTION AGENCY
AIR POLLUTION CONTROL OFFICE (APCO)

ASPHALT BATCHING PLANT EMISSION DATA COMPILATION
PART II - SAMPLE INFORMATIION

JATA Identification {(Port, Etc.)

TYPE OF STACK GAS SAMPLING TRAIN Anderson

. -~ : -~ . )
DEE GAS VOLIME RECORDED 08 Gad MEFER (FT9) D877 e ey TP
L "'_.'
PRESSURE OF METER (Inches Hg) Mt a4’ i
(3%
AVERAGE TEMPERATURE OF DRY GAS METER (°R) 3 e

VOLIME OF Ho0 COLLECTED I¥ TRAIN (ml)

VOLIME OF WATER VAPGCR PASSING THROUCH DRY GAS METER (?r3 @ METER | <. <
TEMPERATURE AND PRESSURE) '

Z MOISTURE IN STACK GAS (X) T TR

D B. Tem%m 112°F W.B. Temp = 1129F
GHT OF DRY STACK GAS (LB/LB MDLE)

pisiol ]
202
. Zco

STACK PRESSURE AT SAMPLING PORT (Iaches Hg)

STACK GAS TEMPERATURE (°*R) AND PITOT TUBE READING ("HzO) @ EACH
TRAVERSE POINT:

frL &% & - f6 H.37C& T T #1T 5.7Z & 5?"_ #16 &
2 21, & 87 2.)02 & #12 5 .22 & f17 &
3 1.2 & 8. ) 277 & #13 & #18 &
#46 5.00 & o ~. /2 & #14 & #19 &
45 % 7. & £10__.. 32 & #15 & #20 &

IYPE PITOT TUBE USED W/ COEFFICIENT _ S Tvpe WITE _ .83

oY ”

ABEA OF STACK @ PORT (FT2) _12—5 sq, ft. SoA LT
SAMPLING TIME (MIN.) minutes
TOTAL PARTICULATE (LESS BLANKS ON CLEAN-UP MATERIALS)

FILTER FINAL WT. (mg) - TARE (mg) -

TYPE OF FILIER

ACETONE RINSE QF PROBE & PREFILTER (mg)

ETHER AND CHLOROFORM EXTRACTION ON
BUBBLERS & IMPINGER WATER (nmg)

H20 EVAPORATION FROM IMPINGERS AND BUBBLERS

ACETONE RINSE OF GLASSWARE (mg)

TOTAL PARTICULATE (mg)

c-19
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2. Control Equipment Description:
Pressure drop
Brand and size of equipment

Water usage

p 28 Control Equipment Description:
Pressure drop
Brand and size of equipment

Water usage

C-21

Pre-washer

3 in. W.C.

Simplicitv - 7 foot

30 - 50 GPM

Cvelone

4 - 5 in, W.C.

Simplicity - 9 foot diam.

None




HARRISON, INC, - HARYVIILLE, TENN.

PRE-WASH ENTRANCE WASHER EXUAUST

EFF.
MICNHON SIZE % | Z/1m 4 #/HR o
30 & larger 1y 231 - - 396.2 3.0 1.9 98.9%
5.5 to 30 2 26.9 . .- k61.3 2.2 1.4 99.7%
2.0 to 5.5 75435.1 T 7602.0 6.8 4.3 99.3%
Smaller than 2.0 IN.9 ., . 255.5 83.0 5.4 78.5%
1715.0 63.0

OVERALL EFF. = 1715 - 63 = 1652 = 96.35%
L1715 1715

S & \*’J
T

. - Q\‘s Jy‘},
& F 'é
1 JU '
L of

(THese Data Reprobucep IN TaBLE 3-9)
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APPENDIX D

REFERENCE 12
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AIR POLLUTION
ENGINEERING MANUAL

SECOND EDITION

Compiled and Edited

by

John A. Denielson

AIR POLLUTION CONTROL DISTRICT
COUNTY OF LOS ANGELES

ENVIRONMENTAL PROTECTION AGENCY

Office of Air and Water Programs

Office of Air Quality Planning and Standards
Research Triangle Park, N.C. 27711

May 1973
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CHAPTER 7
MECHANICAL EQUIPMENT

HOT-MIX ASPHALT PAVING
BATCH PLANTS

INTRODUCTION

Hot-mix asphalt paving consists of a combina-
tion of aggregates* uniformly mixed and coated
with aaphalt cement. An asphalt batch plant is
usedto heat, mix, and combine the aggregate and
asphalt in the proper proportions to give the de-~
sired paving mix., After the material {2 mixed, it
is transported to the paving site and spread as a
loasely compacted layer with a uniformly smooth
surface., While stillhot, the material is compacted
and densified by heavy motor-driven rollers to pro-
duce a srnooth, well-compacted course.

Asphalt paving mixes maybe produced from a wide
range of aggregate combinations, each having par-
ticular characteristics and suited to specific de-
sign and construction uses. Asgide from the amount
and grade of asphalt cement used, the principal
characteristics of the mix are determined by the
relative amounts of:

Coarse aggregate (retained on No, 3-mesh sieve),
fine aggregate (passing No. 8-mesh gsieve), and

mineral dust {pas§ing No. 200-mesh sieve}.

The aggregate compositionmayvaryfromacoarse~
textured mix having a predominance of coarse ag-
gregate to a fine-textured mix having a predomi-
nance of fine aggregate. The Asphalt [nstitute
{1957)classifies hot-mix asphalt paving according
to the relative amounts of coarse aggregate, fine
aggregate, and mineral dust. The general limits
for each mix¢type are shown in Table 9!, The com-
positions used within each mix type are shown in
Tables 92 and 93,

Row Matericis Used

Aggregates ofall sizesupto 2-1/2 inches are used
inhot-mix asphaltpaving. Thecoarse aggregates
usually consist of crushed stone, crushed slag,
crughed gravel, or combinations thereof, or of
material such as decomposed granite naturally
occurring in a {ractured condition, or of a highly

'ijgregqate is 4 term used o Jescrioa tpe solin mineral loag-oearing
consccuencs 3f dspomalc 2aving SuCh 43 $and-particles ind frigments

Jf secne. Jgravel, and g farch,

angular natural aggregate with a pitted or rough
surfacetexture. Thefine aggregatés usually con-
sist of natural sand and may contain added materi-
als such as crushed stone, siag, or gravei. All
aggregates mustbe free fromcoatings of clay, silt,
or other objectionable matter and should not con-
tain clay particles or other fine materials. The
aggregate must also meet tests for soundness
{ASTM designation C88) and wearability (ASTM
desgignation Cl31),

Mineralfiller is used in some types of paving. [t

usually consists of finely ground particles of crushed
rock, limestone, hydrated lime, Portland cement,

or other nonplastic mineral matter. A minimum

of 65 percent of this material mustpass a 200-mesh

sieve, Anothername for mineral filler is mineral

dust.

Asphalt cement is used in amounts of 3 to 12 per-
centby weight and is made {rom refined petroleum.
Itis a solid at ambient temperature but is usually
usedas a liquid at 275° to 325°F. Cne property
measurement used in gelecting an asphalt cement
is the "'penctration’ as determined by ASTM Method
D%, The mostcommon penetration grades used in
asphalt paving are 60 to 70, 85 to 100, and 120 to
150. The'grade used depends upon the type of ag-
gregate, the paving use, and the climatic condi-
tions.

Basic Equipment

A typical hot-mix asphait paving batch plant usu-
ally consists of an oil- or gas-fired rotary drier,

"a screening and classifying system, weigh boxes

for asphalt cement and -aggregate, a mixer, and
the necessary conveying equipment consisting of
bucket elevators and belt conveyors. Eguipment
for the storage of sand, gravel, asphalt cement,
and fuel oil is provided in most plants, Heaters
for the asphalt cement and fuel oil tanks are also
used.

Plant Qperation

Plants varyin size. The majority in Los Angeles
County produce 4, 000-pound batches and have pro-
duction rates of 100 to 150 tons of asphait paviag
mix per hour. Some of the newer plants are &, 000-
pound batch size and are capable of producing 150
to 250 tons per hour.

D-3




326 MECHANICAL EQUIPM.:. NT
Tabie 91. CLASSIFICATION OF HOT-MIX ASPHALT PAVING
(The Asphalt Institute, [957)
R R Maximum size
Paving i
. . Augrewaie
esignaion )
normably asetd Agg regaate cambinat ions
Surfnee and s, binder, - e T AT \ enntn !
Type PDescriplion leve ling el leveling » MINERAL DUST (PASSING NO. 200 SIEVE) |
mixey trtine s . |
U 5 th a
0 (. . — ' b =M g0
Il Macadam 2.042 in. v ] ' I
t";f.’ Vo ’-\ AGOREGATE PR()P[O[I TIONS o
T e 4 |
I} Open graced Ve to 34 e, (3ate talf2in, g 10 - w kg I ’ 90 ;
i = - | &
‘ 5 — - IN THIS AREA 30 @
m! c lod [1/2 to 374 ine (34 w0 1=1/2in, o ' | g
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#Critical zone_» Dust contents in this region shauld

not he used withour a substantiat backgroun:d of cx-~

oerience with such mixes and/or suitable justifica
tion by laboratory design tests, B
Intermediate zone - Dust contents in this region
sometimes used in surface and leveling mi’(es a
well as in base and binder mixes.

Figure 221 is a2 flow diagram of a typical plant,
Aggregate is usually conveyed from the storage
bins to the rotary drier by means of a beit con-
veyor and bucket elevator. The drier is usually
either oil- or gas-fired and heats the aggregate to
temperatures ranging from 250* to 350°F, The
dried aggregate is conveyed by a bucket elevator
to the screening equipment where it is classified
and dumped into elevated storage bins. Selected
amounts of the proper size aggregate are dropped
from the storage bins to the weigh hopper.
weighed aggregate is then dropped into the mixer
along with hotasphalt cement, The batch is mixed
and then dumped into waiting trucks for transporta-
tion to the paving site. Mineral filler can be added
directlytothe weigh hopper by means of an auxii-
iary bucket elevator and screw conveyor.

T MINERAL DUST (PASSING NO. 200 SIEVE)

The

é
QS 0\1‘2 \"

1§10 6] loese shoreqs
146 1b] &3 roiled ¢ celd

Fine dust in the combustion gases from the rotary
drier is partially recovered in a precleaner and
discharged continuously into the hot dried aggre-
gate leaving the drier.

THE AIR POLLUTION PROBLEM

Thelargest source of dust emissions is the rotary
drier. Other sourcesarethehot aggregate bucket
elevator, the vibrating screens, the hot aggregate
bins, the aggregate weigh hopper, and the mixer.
Rotary drien ernissions up to 6, 700 pounds over
hour have been measured, as shown in Table 9+.
In one plant, 2,000 pounds of dust per hour was
collected fromthe discharge of the secondary dust
sources, thatis, the vibrating screens, hot aggre-
gate bins, the aggregate weigh hopper, and the
mixer,




Hot-Mix Asphalt Paving Batch Plants 327

Table 92. COMPILATION OF SUGGESTED MIX COMPOSITIONS {The Asphalt Institute, 1957)
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MECHANICAL EQUIPMENT

Table 94, DUST AND FUME DISCHARGE FROM ASPHALT BATCH PLANTS

rr—

—

Test No. C-426 C-537
Batch plant data
Mixer capacity, 1b 6,000 6,000
Process weight, 1b/hr 364, 000 346,000 —~
Drier fuel PS300 Qil, PS300 S
Type of mix street, surface Highway, surface 1
Aggregate feed todrisr, wt T ‘ M
+10 mesh 70.8 68.1 w
-10 to +100 mesh 24, 28.9 E;’
-100 to +200 mesh l. 4 <<
=200 mesh 1.6 =
Dust and fume data Vent line Drier |Ventline” Drier E
Gag volume, sefm 2,800 21,000 3,715 22,050 a
Gas temperature, °F 215 180 200 430 s
Dust loading, lb/hr 2, 000 6,700 740 4, 720 3
Dust loading, grains/secf 81. 37.2 23.29 24,98 <
Sieve analysis of dust, wt% =
+100 mesh 3 17.0 0.5 18.9 =
-100 to +200 mesh .3 25,2 4.6 32,2
-200 mesh 9.2 57.8] 34.9 48,9 &
Particle size of «200 mesh w
Oto 5u, wt 19.3 0.t 3.8 3.2 =
5t0 10 u, wt % 20. 4 1N, 0 27. 6 12,3 ~
I0to 20 4, wt % 21.0 1\o 403, 4 23,7
20t0 50 u, wt % 25,1 21, 12,1 43,3
>50pu, wth 14.2 46, l.1 6.5

3Vent line serves hot elevator, screens, bin, weigh hopper, and mixer.

Drier dust emisgions increase with air mass ve-
locity, increasing rate of rotation,and feed rate,
-but are independent of-drier siope-(Friedman-and
Marshall, 1949). Particle size distribution of the
drier feed has an appreciable effact on the dis-
charge of dust, Tests show that about 55 percent
of the minus 200-mesh fraction in the drier feed
can be lost in processing. The duat emissions
from the secondary sources vary with the amount
of [ine material in the feed and the mechanical con-
dirion of the equipment. Table 94 and Figure 22
give results of source tests of two rypical plants,
Particle size of the dust emissions and of the ag-
gregate feed to the drier are alao shown.

HOODING AND VENTILATION REQUIREMENTS

Dustpickup must be provided at all the sources of
dust discharge. Total ventilation requirements
vary according to the size of the plant, For a
6,000 -pound-~per-batch plant, 22, 000 scim is typ-
ical, of which 18,000 ta 19,000 scfm is allerted
for use in controlling the drier emissions. The
top end of the drier must be closely hooded to pro-
vide for exhaust of the products of combustion and
entrained qust. A ring-type hood located berween
the stationary portion of the hurnar housing and
the drier provides satisfactory pickup at the lowerx

end of the drier, An indraft velocity of 20Q {pm
should be provided at the annuiar opening between
the™ circumference of the drie¥ and the ring-type
hooad.

The secondarydust sources, that is, the elevator,

vibrating screens, hot aggregate bins, weigh hoo-
per, and mixer, are all totaliyencloged, and hence,
no separate hooding is required. Dust collection
is provided by connecting this equipment through
branch ducting to the main exhaust system. Ap-
proximately 3,000 to 3,500 scfin will adequately

ventilate these secondary sources.

AR POLLUTION CONTRQL EQUIPMENT

Primary dust collection equipment usually ¢onsists
of a cyclone, Twin or mulitiple cyclones are alsno
used. The catch of the primary dust collector

is returned tothe hot bucket elevator where it con-
tinues on with the main bulk of the drier aggreyate.
The air discharge from the o nary dust collector
is ducted to the final dust colfection system,

Two principal types of final ¢ontrol equipment have
evolved from the many types empioyed over the
years: The multipie centrifugal-type spray cham-
her {Figure 223} and the baifled-type sprav zower
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TEST C-416
FAN 10 ATMOSPHERE
VENT LINE 2,620 taohr G—— TR
2,000 f6/hr -
FROM ORYER
CYCLONE
8.700 1o, ne EFFICIENCY l I
= 30.8% ¥
WULTIPLE
g 1
53
EFFICIENCY
= 89.1%
1 RETURN TO WOT ELEVATOR WATER AND %uD
8.080 tb/ne 1,395 tosnr
gRY Qust
TEST C-337 "
YENT LINE 18 16 . 0 ATMOSPHERE
TYRIYT 13,5 i0.hf
T.92% ib/he
WILTIPLE
FROM ORYER A CYCLONE
% 120 to/hr EFFICLENCY
CYCLONE =92.2%
EFFIGLENCY
= 172%
NULTIPLE
CENTRYFUBAL
SCRUSBER
Er;:cgincr
RETUAN TO HOT ELEVATOR 1,407 lasnr : WATER ANO wUD
- 18/4 94.% 1a/hr
1.3 e 3RY QUST

Figure 222. Test data'on air pallution control eguipment serving twe hot-mix asphalt
paving plants (vent line serves screens, hgt hins. weigh hopper, and mixer).

Figure 223. Typical multiple centrifugal-type scrubber
serving a 4, 000-pound-hatech-capaci ty not-mix asphalt
aaving plant.

(Figure 224). The multiple centrifugal-type soray
chamber has proved the more efficient. [t consists
of two or more internally fluted, cylindrical spray
chambers in which the dust-laden gases are ad-
mitted tangentially athigh velocities. These cham-
bersare each about the same size, that is, 6 feet
in diameter by L5 feet in length, if two chambers
areused, and 6 feet in diameter by 9 or 12 feet in
length if three chambers are used. Usually 7 to
12 spraynozziesare evenly spaced within each
chamber, The total water rate to the nozzles is
usually about 70 to 250 gpm at 50 to 100 psi. In
the baffled-type spray tower, there have been many
variations and designs, but fundamentally, each
consists of a chamber that is baffled to force the
gases totravel in a sinuous path, which encourages
impingement of the dust parricles against the sides
ofthe chamber and the baifles. Water spraynoz-
zles are located amony the baiiles, and the water
rate through the spray nozzles is usually between
100 to 300 gpm at 50 to 100 psi,

In both types of scrubber the water may be either
iresh or recirculated. Settling pits or concrete
tanks of sufficient capacity to allow most of the
collected dust to settle out of the water are re-

D-7




330 MECHANICAL EQUIPMENT

The effect of aggregate fines feed rate on stack
emissions at constant water-gas ratio (an average
value for test considered) is shown in Figure 223
for multiple centrifugal-type scrubbers and baifled
tower scrubbers. Stack emissions increase lin-
earlywithan increase in the amount of minus 200-
mesh material processed, 'These losses can he
greatly reduced by using a clean or washed sard.
The required fines content of the hot-mix asphalt
paving is then obtained by adding mineral filler
directly to the plant weigh hopper by means of an
auxiliary bucket elevator and screw conveyor,

Most asphalt paving batch plants burn natural gas.
Whengas is not available, and if permitted by law,
a heavy fuel oil (U.S. Grade Na, § or heavier) is
usually substituted. Dust emissioas to the atmo=
sphere from plants with air pollurion control de-
vices were found to be abeout 3, ! pounds per hour
greater when the drier was fired with oil than they
were when the drier was Iired with natural gas.
The difference ig believed to repregent particulate
matter residing in, or formed by, the tuel oil,
rather than additional dust from the drier, Simi-
larly, the burning of heavy fuel oils in othe> kinds
of combustion ecquinment results in greater cmisa
sions ol particulate matter.

The amount of water fed to the scrubber is a very

Fi%rre 224, Tgpical haffied-type spray tower sarving important consideration. The spray nozzles shouid
a4, -

(00- gound-datch-capaci ty hot-mix asphalt paving
plant (Griffith Campany, #iimington, Calif,),

quired with a system using recirculated water.
THe scrubber catch is usually hauled away and
—discarded.—Itis usually unsuitable for use as min-

eral filler in the paving mix because it contains
organic matter and clay particles, The recircu-
lated water may become acidic and corrosgive, de-
Pending upon the amount of sulfur in the drier fuel,
and must then be treated with chemicals to protect
the gcrubber and stack from corresion. Caustic
soda and lime have been used successfully for this
purpose,

Variables Affacting Scrubber Emissions

STACK ENISSION,

Ina recent study (Ingels et al., 1960), many source
tests {see Tabie 95) on asphalt paving plants in Los
Angeles County were used to correlate the major
variables affecting stack losses. Significant var-
fahles include the aggregate fines feed rate (the
minus 200-mesh fraction), the type of fuel fired
inthedrier, the scrubber's water-gas ratio, ¢ and
the type of scrubber used. Other, less important 10

variables were also reveajed in the study. 1] 2.000 4 950 §.400 3 108 ]
QUANTITY QF FINES (MINUS ICO WESH)} IM DQRYER FEED. 1y Aar

Figure 225. Effect of aggregate fines fesd rate on

*The witer-9as ratio is dafinea as ine cocal quanclty o¢ water stack emissians at E‘JBTSEE water-gas ratio (lngeis
sarayed in galions per 1,300 scf of effiuenc gas. et al.. 1950).
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Table 95, TEST DATA FROM HOT-MIX ASPHALT PAVING PLANTS CONTROLLED BY SCRUBBERS
.Scrubber Stack Aggregate Water-gas Overall Type TYP". Production ”Gas
Test No inlet duac emission, | fines rate,? ratio scrubber of of | ate ¢iiluent
‘! loading, ' ' ' ¢fficiency, drier | o°9 ' vulume,
oIk ¢ Ib/hr b/hr gal/!l, 000 scf Y*| scrubber? ! tons/hr |
r wt % fuel I scim
C-357 940 20.7 9, 550 8. 62 97.% C Oil 193.9 23,100
c-32 427 35.4 4, 460 3. 94 9f.0 C Qil 96.9 13,400
C-379 4, 110 37.1 8, 150 6.138 99,1 C Qil [74.n0 b 2a, 200
C-355 2,170 47.0 14, 000 6.91 97.3 c oit | 2091 |23, 700
C-3728 121 19.2 2,290 10,99 34,2 cC oil | 142.9 18, 200
C-372A 76 10,0 2,840 11,11 86.3 C Gas 158.0 18, noo
C-369 352 24. 4 4, 750 5,41 93,0 C Qit 1i3. 0 ; leo,i00
C-393 4, 260 26.9 4, 050 12,01 99.3 T Qil 92.3 E 19,500
C~354 - 27.% 6,370 6.10 - T Qil 118. 4 7,720
C-185 1, 640 21.3 5,220 £9. 40 98. 7 T Qil 137.8 18,700
C-173 - 31.0 8,850 20. 40 .- T Qil 184.2 17,000
; - 33.5 7,520 L1.01 - T Qil [44. 6 23,700
C-3179- 3,850 30.3 6, 500 5.92 99,2 C Cas 1st.3 2%, 100
C-317 30s 13.6 2,510 11,11 95.5 C 0Qil i L4, 6 24,300
b4 - 2.1 3,730 7.28 - T Cas 124. 4 t3, 300
C-234 372 21.2 2,530 5.70 94. 3 T Cas ! 2.0 17,200
C-426 2,620 25.5 10,200 7.7% 99. 0 C Qil 182.0 22,000
C-417 560 39.9 3,050 2. 94 32,8 C Qil 138.9 24,000
C-425 485 32.9 2,890 4. 26 93.2 C Qil 131.4 13, 200
3 - 25.5 6, 590 6. 60 - o Gas 131.7 18, 260
C-385 212 17.5 +,890 4. 56 1.7 c Qil 174.3 20,000
C-433 266 1.0 5,960 9. 12 75.8 c Gas U4, 3 19,500
C-422(1) - 26.6 7, 140 4. 90 -- C il 175, 0 21,000
C-422(2} - 37.0 3, 340 3.02 - C Qil 152.0 22,200
C-+418 3, 400 30.8 9, 350 5.90 99, | T Qil L6, 3 17,100
Averages| 26.7 5, 900 34.9

AQuantity of fines (minus 200 mesh) in dryver fecd,
bc . Multiple centrifugal~lype spray chamber.
T = Baffled tower scrubber,

be located 3o a:- to cover the moving gas stream
adequately with {ine spray, Sufficientwater should
beusedtocoolthe gases below the dew point. OCne
typical scrubber tested had an inlet gas at 200°F
with 16,8 percent water vapor content by volume,
and an outletgas at 131°F with 16, 3 percent water
vapor and saturated. The temperature at the gas
outlet of efficient scrubbers rarely exceeds 140°F,
and the gas is usually saturated with water vapor,

Figure 226 shows the effect of the serubber’s water~
gas ratioon dust emissions with the aggregate fines
feed rate held constant (an average value for the
test considered), Efficient scrubbers use water
atrates of6to 10 gallons per 1, 000 standard cubic
feetof gas. The efficiencyfalls off rapidly at water
rates less than 6 gallons per I, 000 scf of gas, At
ratesof more than 10 gallons per 1, 000 sctf of gas,
the efficiency still increases, but at a lesser rate,

Curves are presented in Figures 227 and 223 from
which probable stack emissions can be predicted
for oil- and gas-i*~ed plants with either multiple
centrifugal or baiflled tower scrubbers. These
curves present emissions for various scrubbers’
water-gas ratios and aggregate {ines rates, Zmis-

sion predictions from these curves are accurate
only for plants of the type and desiun ilready dis-
cussed.

The operation of the rotary drier is aiso an im-
portant variable, Dustemissions increcase with an
increase of air mass velocity through the drier.
Obviouslythen, care should be taken o oncrate the
drier without a great amount ol excess air, This
care effects fuel economy and reduces dust emis-
sions {rom the drier,

The firing rate of the drier is detarmined Ly the
amount of moisture in the aggregate and by the re-
quired hot aggregate temperature. The greater
the aggregate moisture content, the greater the
firing rate and the resulting dust emissions to the
atmosphere. Insome plants, the increase in mois-
ture content of the tlue gases may increase the o:-
ficiency of the scrubber sufficiently to cifset the
increase in dust emissions trom the drier.

Scrubber efficiencies also vary according to the
degree of precleaning done by the primary dust
collector, Tests (suchasthose presented in Table
95) have shown that overall efficiency of the pre-
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Fipure 226. Effect of scrubher’s watar-gas_ratig.on .
stack emissions at average aggregate fines feed rate
in the drier feed (Ingels et al.. 1960},

cleaner and final collector varies only slightly with
large variations in precleaner eificiency. Plants
withless effective cyclone precleaning had, on the
average, larger particles entering the scrubber,
and consequently, show greater scrubber collec-
tion efficiencies. The principal advantage of an
efficient precleaner is that the valuable fines col-
lected can be discharged directlyto the hot elevator
for use in the paving mix. Furthermore, less dust
isdischarged tothe scrubber, where more trouble-
some dust disposal problems are encountered,

Coilection Efficiancies Attained

Collection eificiencies of cyclonic-type precleaners
vary from approximately 70 to 90 percent on an
overall weight basis. Scrubber efficiencies vary-
ing irom 35 to nearly 100 percent have beer found,
Overall collection etficiencies usually varyberween
35 and 100 percent.

()
(=]

STACK EMISSION, Vb hi

~y
L~ )

GIL-FIRED ORYER

ChEA

4,000 4,240 12,400 1§, a0

QUANTITY OF FINES (MINUS 200 WESH) (N ORYER FEED. 'Q br

Figure 227. tmission prediction curves for multiple centrifugd!
scrubbers serving asphaltic concrete plants {ingels et al.. 1360%.
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Figure 228. Emission prediction curves for baffled tower scrupbers serving asphaltic
concrete glants (lngeis et al., 1980),

Collection efficiencies of a simple cyclone and a
muitiple cyclone for various particle sizes are
shown in Table 96. Multiple cyclones achieve high
eificiencies [or particle sizes down to 3 microns,
whereas single cyclones are very inefficient {or
particle sizes below 20 microns. The particle size
datafrom this table are plotted on log-probability
paper in Figure 229. This figure also shows the
particle size distribution of the scrubber outler.
Other data on this installation have already been
presented in Figure 222, test C-337.

future Trends ia Air Pollution Control Equipmanit

The air pollution control equipment discussed in
this section has been adequate in the past for
controlling dustemissions {rom hot-mix asphalt-
paving batch plants in Los Angeles County. How-
ever, new regulations ondustemissions, adopted
in January 1972, now require that more efficient
devices than wet collectors beused as ‘inal col-
lectors. The batch plants are now converting

from ascrubbers to baghouses.,

Fam Y
[
Table 96, COLLECTION EFFICIENCY DATA FOR A CYCLONE AND l—ll
A MULTIPLE CYCLONE SERVING A HOT-MIX PAVING PLANT My
=3 w
Test C-537 Test C-337 S
Dust i a
. cyclone rmultiple cycleone

particle . |f

size, p Inlet, Qutlet, | Efficiency,| Inler, Qutlet, |Efficiency,
T % % T i) T =
Oto 3 6.2 19.3 13.3 19.3 37.0 771 a
5te 10 9.4 31.9 5.4 3.9 34,0 9.7 %
10 to 20 13.8 31.6 36.1 3l.6 3.3 27,3 -
20 to 30 22.9 13,1 31.6 15.1 el 999 <
50+ 47,7 2.1 98.3 2.1 -- 150.0 —
<<
Dust toading ]
ib/hr 3,463 1,325 T2, 1% 1,525 1£3.3 92,27, w
[72)
3See Table 94, test C-337 for plant operating data, %
D-11 =
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muitiple cyclone fram test £-937.

CONCRETE-BATCHING PLANTS

Concrete-batching plants store, convey, measure,
and discharge the ingredients for making concrete
to mixing or transportation equipment, Cne type
is used to charge sand, aggregate, cement, and
water to trangit-mix trucks, which mix the batch
en rtoute to the site where the concrete is to be
poured; this oneraticn is kmown as "wet batching, "
Another type is used to charge the sand, aygre-
gate, and cement to flat bed trucks, which trans-
port the batch to paving machines where water is
added and mixing takes place; this operation is
«own as "dry batching.' A third type employs

the use of a central mix plant, from which wat con-

creteis delivered to the pouring site in open dump

trucks,

WET-CONCRETE.-BATCHING PLANTS

In a typical wet-concrete-batching plant, sand and
aggregates are elevated by heit conveyor or clam

Figure 229. Plat of particle size of dust at th
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PERCENT LESS THAN GIVEN PARTICLE SIZE. microns

e iniet and outiet of a cycione and

shell crane, or bucketelevator to everhead storage
bins., Cementfrom bottorn~discharge hooper trucks
is conveved tao an elevated storage silo. Sand and
aygregates f{or a batch are weighed by zuccesgsive
additions from the overhead bins to a weigh hopper.
Cementis deliveredby a screw conveyor from the
siloto a separate weigh hopper, The weighed ag-
gregates and cement are dropped into a gathering
hopper and flow into the receiving hopper to the
transit-mixtruck, Atthe same time, the required
amaount of water is injected intn the flowing stream
of solids. Details and varii.ions of this genezal’
procedure will be discussed later.

The Air Pollution Problem

Dust, the air contaminant from wet-concrete-batch-
ing, resuits fromthe material used. Sand and ag-
gregates for concrete production corne directly
froma rock and gravel plant where they are washed
to remove silt and clay-like minerals, They thus
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INTRODUCTION

The asphalt concrete industry and state transportation
agencies are looking at the feasibility of recycling old
asphalt pavement in modified drum-mix drier plants. One such
experimental plant located in Kosuth County, Iowa, has concerned
the Iowa Department of Environmental'Quality; due to previous
observation of.excessive visible emissions from a similarly operated
plant. EPA Regiom VII was requested by the Iowa DEQ for tschiaical
assistance to determine if the plant was complying with the
state air pollution regulations.

As part of its continuing study of new.asphalt concretea
technology trends and their impac:t on the Federal New Source
Performance Standards, the Division of Stationary Source
Enforcement of EPA agreed to provide assistance to the Iowa

DEQ.

Source sampling was performed at the Everds Brothers, Inc.
asphalt recycling plant located near Titonka, Iowa, om Two
separate occasions, under three different plant operatiag con-
ditions.

Briefly, the first two conditions involved changes in the
location of the recycled material injection. OQnly one set of
simultaneous particulété tests at the inlet and outlet of the
wet scrubber control equipment was made on September 29, 1976,
because of problems encountered with the conveyor equipment used
to introduce the recycled material midway in the drier. hree

sets of simultaneous inlet-outliet particulate tests and one sat

of particle sizing tests were made on September 30 and October
E-3




1, 1976 (after process changes were made to feed all of the
recycled asphalt material into the drier at the elevated end,
along with the virgin material). In addition to the par-
ticulate tests, air samples before and after the scrubber were
taken for a hydrocarbon analysis.

The last condition constituted a change in the type zaand
rate of production of asphalt mix produced and an increase in

the rotary drier's angle of elevation. The asphalt mix was

th

changed from 66% recycled/34% gravel at a produé:ion rate o©
185 to 204 tons per hour to 70% recycled/30% limestone at 245
to 250 tons per hour, while the drier slope was increased irom
2° to 2.98° Three particulate tests were run at the separator
outlet on October §, 1376; three venturi-scrubber inlet
particulate tests were performed’on October 7, 1976 along with
a set of inlet-outlet particle sizing tests.

| During ali the testing, water samples were taken at the

scrubber water pump inlet and at the separator water disgharge

for a water analysis.

Present during the testing were Ronald Xolpa of the iowa
Department of Environmental Quality and Robert Farnham and Les
Binz from Barber-Greene Company, the manufacturers of the plant
facility.

The measurements made for stack gas flow rates and particul
emissions were made according to the Iowa Department of Eaviron
mental Quality's recommendations and generally followed che U.3
Environmental Protection Agency's requi;ements. Due to the
sampling probiem of plugging filters =sncountered during the pre-

vious tests, a modified Method 8 sampling traia was used in an
E-4




attempt to alleviate the problenm.
Following sections of this report treat the summary of
Tesults, a brief descrition of the process and its operaticn,

and the sampling and. analytical procedures used.




SUMMARY OF RESULTS

The resulcs of the particulate testing program are
summarized and presented belew in Table 1. The values used in
computing the averages presented helow were Teasonably consisten

considering the nature of the process and the control equipment.

Table 1
AVERAGE PARTICULATE CONCENTRATIONS
grains/dscf

Opera f:ing Venturi Inlet Separator Cutlet
Conditions* FEPA §S EPA § + Tast EPA S EPAS + Correspon

# Only Impingers Set # Cnly Imoingers Taple #'s

1 2.04 2,35 1 0.22 0.31 2-3

2 5.35 5.54 2-4 0.48 0.57 &3

3 INA 20.67 1-3 NA 0.38 §-7

* See "Process Description and Operation" for details

__ Tables 2-7,.as noted above, are summations of t4&

individual test results from the particulate testing. Since

3 modified Method 8 sampling train was used in maxing the inlat-
outlet tests during the third operating conditien, no “EPA
S"results are available - a Method § train eliminates the filger
between the probe and the water-filled impingers. For this
reason, only "EPA +« Impinger" results are presented in Tables

6 and 7, and in Table 1, under condition 3. Flow ratc determina-
Tlons tov the scrubber outlet stack appedr to be higher than real
hased on fhe caiculared vonturi-sceubbar infat flow rate,  The

Righar vatue in Probabity due tao oo -para b bol Ulaw in Yhe wlaed

E-6




(most probably tangential). Generally, the results would be lower
than real due to sampling over isokinetically; however, due to

the extremely small particle sizes as noted below, there probably
was a negligible effect.

Results of the particle sizing tests on conditions two and
three are given in Tables 8-11; no particle sizings were made
under the first operating condition of the plant. During the
second aﬁd third conditions, the aerodynamic diameter of 350%
of the particles was less than the following sizes - second con-
dition: inlet, 5.5 microms; outlet, Q.43 microns; third condition:
inlet, 99% greater than 10 microns; outlet,7.l microns.

Analysis for gaseous hydrocarbons on the air samples taken Ir¢

the venturi inlet and scrubber outlet during condition two resultsc

in values for the inlet only. The outlet bag samples developed
a leak during shipment, resulting in dilutiors and lower figures.
By -assuming the amount of carbon monoxide to be constant Irom
the venturi inlet to the scrubber ocutlet, the total hydrocarbon
content reported at the outlet was recalculated and found to be
approximately the same as at the inlet. The inlet data was
reported as follows: total hydrocarbons, 468 parts per millicn;
methane, 18 parts per million; carbon monoxide, 2063 parts per
millioen. On the total hydroc#rbon measurement, an apparently
very heavy hydrocarbon was present since the relative decay of
a portion of the total was very slow. If heated lines ware used

to bring the sample from the stack directly into the instrunmen

ot

the total hydrocarbon results might have been much hipher,

E~7




Analysis of the water samples resulted in the values
Teported in Table 12. Because the analytical method used
in determining the dissolved solids is designed for concen-
trations lower than those found, the results for the dissolvad
solids are questionable. |

No visible emissions data was taken because of the nature
of the steam dissipation in the plume. 1In general, however,

the opacity was noted to be approximately 25-30%.
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4.2.12 Asphaltic Concrete Batch Plants

A. - DProcess Descripticon (Ref. 4-20 & 4-21)-—~

Plants produce finished asphaltic concrete through either batch or
continuous aggregate mixing operations. Different applications of asphaltic
concrete require different aggregate size distributions, so that the raw
aggregates are crushed and screened at the quarries. The coarse aggregate
usually consists of crushed stone and gravel, but waste materials, such as

slag from steel mills or crushed glass, can be used as raw material.

As processing for either type of operation (batch or continuocus)
begins, the aggregate is hauled from the storage piles and placsd in the
appropriate hoppers of the cold-feed unit. The material is metered from the

hoppers onto a conveyor belt and is transported intoc a gas or oil-fired rotacy

dryer.

As it leaves the dryer, the hot material drops into a bucket elevatc:
and is transferred to a set of vibrating screens where it is classified by
size into as many as four different grades. At this point it enters the

-mixing operation.

In a batch élant, which was the type tested in this program, the
clﬁssified aggregate drops into one of the four large bins. After all the
material is weighed out, the sized aggregates are dropped into a mixer and
mixed dry for about 30 seconds. The asphalt, which is a solid at ambient
temperatures, is pumped from heated storage tanks, weighed, and then injected
into the mixer. The hot, mixed batch is then dropped into a truck and haulac
to the job site. Figqure 4-48 illustrataes 2 batch plant similar to the one
tested and indicates the location of particulate sources in the operation,
There are many sources of fugitive particulate emissions as shown in the
sketch. In this program the ducted emissions controlle by a baghouse. were
characterized, as were the partially controlled emissions entering the

baghouse.
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B. Particulate Test Set-up=-—

Two trains were used simultansously to sample the inlet and outlet
of the baghouse. The inlet station was located on the vertical duct
approximately 12 £t ahead of the bend entering the baghouse. The velocity
profile of the inlet duct was taken through the three 3" diameter ports
provided. The velocity profile in the inlet and exit ducts of the baghouse

are listed in Table 4-58.

The cutlet sample station was located on the horizontal section of
the duct about eight £t upstream of the fan. In the interest of the safety
of the crew, the velocities were not taken throuch the vertical pert. There-
fore Velocity Points 10 through 15 were obtained by swinging the pitot tube.
A 7/16" nozzle was used at Velocity Point #3 on the outlat duct and a 5/16"

nozzle was used at Point #3 of the inlet duct.
C. Particulate Test Results--

The results of the two tests (Test 2935 and 29J) discussed in this
gsection are listed in Table 4-1.  Elemental composition, sulfate, nitrata,
and carbon analysis were determined for all fractiocns of particulate catches
which contained weights in excess of loo.mg. The details for these procedures
are discussed in Section 3.2.2. Due to the very heavy loading on the inlet
side of the baghouse, the cyclones and filter in the small sampling train had
£illed to total capacity and caused a pressure drop during sampling which

resulted in stopping the sampling.
D. Discussion of Test Results--—

1. Efficiency of the bachouse-~Using the solid catch data (i.e. withour

the impinger catch) from both sampling trains for the inlet and exit, the
baghouse efficiency was calculated to be 99.95%. Using the total catch,
the efficiency would be 99.92%.

2. Particle size distribution--Figure 4-49 is a plot of particle size

{um) vs accummlated weight percent, the latter plotted on a probability scale
as explained in Section 3.2.3 B. Two sets of curves are presented, one
including the impinger catch, the other ignoring it. Considering the larsge

amount of material collected upstream of the filter, it would seem that the
4-162 KVE 5806-783
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TABLE 4-58.. VELOCITY PROFILE--ASPHALT BATCH PLANT (TEST 29)

[ — o9, $
I -
4 L} 12
ampling
pnnt
4716" nozzle o 7 1
ET A
2 & 1
1 -1 9
o~ — L™ " el 207
20 0
=" e [
3" pore
|-._.ss"__-.i 21* deep

Inlet to Saghousw
Tumparatura:  150°F

Static Prwssures =4.3" nzc

Sample Point
1/16" nazile

3™ pore
31 dasp

up

57"

Outlet of 3aghousas

Tesparsture:

AT

Seacic Preasure: =11°4.0

2

jstance f£rom Velocity Velocity Distance from Velocity Velocity
;nd of Port Point & ft/sec End of Port Point # fv/sec
8" 1 30.2 5" 1 68.8
20" 2 30.2 9=3/8" 2 76.3
2v 3 34.1 14-5/8" 3 385.3
4" 4 37.2 22-3/8" 4 85.3
gv 5 3.9 33" R 95.4
20" I - 36.7 43-5/8" 5 . 98.4
2" 7 38.2 51-3/8" & 85.3
44" 8 41.8 56~-5/8" 7 85.3
a" 9 37.2 61" 8 81.0
20" 10 34.1 3 10 95.4
32" 11 28.9 s 11 81.0
44" 12 28.3 34" 12 89.5
Average: 234.1 ft/sec q" 13 g5.3
75337 scf o .35 14 73.9
ki 15 68.8
Average: 84.6 ft/sec

75354 scf
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PARTICLE SIZE, um

10

I8 S I B R Y Y O B A B B N B B

0.1

|

I | | 1 15 1 S I T AN N N I AN

0.01

0.1 0.51 2 5 10 20 30 40506070 80 90 95 98 99 99.8 99.?9
WEIGHT, PERCENT LESS THAN STATED SIZE

'!!_Joy Mfg. Sampling Train With Impinger
D Joy Mfg. Sampling Train Without Impinger
o SASS Train With Impinger

O sass train without Impinger

Pigure 4-49. Particle size distribution for asphaltic concrete
batch plant (Test 29)
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effects of pseudo particulates would be insignificant. Therefore, the
j.nger catch was believed to be properly included in the measurements of
tne suspended particulates from asphaltic concrete plants. As a result of
the filling of the cyclones in the Joy train, a particle size distributiocn
crve could not be made. It is estimated from visual examinations that
the mean particle size for the inlet is greater than 100um. The breakdown
of the particle size distribution for the baghouse outlet including the
impinger is as follows:
Percent of Particles

Greater than lOum 10-3um 3-lpm Less than lum
test 2985 60 6 4 30

™e mean particle gsize for the baghouse outlet is approximately 60um.

(THese DaTa ReprobDucep

although the baghouse has a high efficiency some 0f the coarser particles
still penetrate, no doubt due to small leaks in and around the bags.

3. Chemical composition of particulates-~Table 4-59 lists the resul:ts

ivom the chemical analysis of the particulate fraction for the tests dis-
mssed in this section. Although silicon is not detected with XRF (sae
~<tion 3.2.2 B), it is clear that silicon is the most ahundant element in

these samples. The unanalyzed portion of Table 4-39 is primarily Sioz'and

cther csmgoundé“of silicon.

4. Emissicns and emission factors--Emissions and emission factors can - —

ne listed with several different units. The following lists some of these

smissions and . factors for thess tests:

Controlled Uncontrolled
Units Test 295 Tagt 29J
gz /DSCE Q0.00776 11.485
T/vx 1.56 2079.9
1b/hr 4.34 5777.5
1b/ton produced 0.02 34
1b/ton produced (Ref. 4-22) 0.1 45
4-163 XVB 5806-783
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TABLE 4-59. CHEMICAL COMPOSITION OF PARTICULATE SAMPLES
IN PERCENT POR ASPHALT BATCH PLANTS (TEST 29)

10um 10um
] Cyclone Filter Cyclone
SAMPLE # 295-25 295-58 29J=-25
WT. PERCENT OF CUT 82.1 3.57 54.3
YRF ANALYSIS
Arsenic t
Barium t t
Caleium 2.4/0.3 10/3 1.9/0.3
Chromium t . t
Iron 3.6/0.5 1/0.1 4.3/0.5
Potassium 1.5/0.5 : 1.5/0.2
Silver t
(sulfur) (<) (<4) (<3
Titanium t t t
ToTAL' _ 8 11 8
Sulfates, Hzo sol? 2
{Sulfur, from so4')“ (t}
Nitrate (H20 sol)? €
Total Carbon’ . .
{(Volatile Carkton) 3
(Carbonates) (%)
TOTAL ANALYZED 10 11 "8
BALANCE 90 89 92
100% 100% 100%
t datectsd in concentraticn of <1s
1 analyzed by x~ray fluorescence-—Saction 3,2.2 8
2 analyzed by wet chemistry-=5ection 3.2.2 A
3 analyzed by Ocesancgraphy carbon analyzer=~Section 1.1.2 A
4 calculaced frosm sulfatas (sulfuresulface/3) to compare with sulfur
from XRF
5 for values shown as X/Y¥, X is & of the element present and Y is the

error (i.e. X% % YV)

(} not included in total—sulfur and sulfates are accowntad for in suliux
IRF analysis and volatile carbon and carbonate are accounted for in
total carbon
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and is deposited in a hopper located bemeath the collector. The collected
dust is returned to the drum from the hopper using a positive flow pneumatic

system.
2.2 PROCESS CPERATION

As an integral part of the field sampling program, data on the oper-
ation of the plant were obtained which characterized the various parameters
affecting the generation of emissions. Such data included the plant pro-
duction rate, the raw material throughput, the asphalt content of the mix,
the ratio of recycle material to total aggregate, and the temperature of
the hot mix and the effluent gas from the drum mixer. This information was
cellected in the form of hard copy printouts from the computerized system
controlling plant operation. The printouts were obtained approximately
every 30 min throughout each sampling period. A summary of the process op-
erating data collected during the program is presented in Table 2.2, and

photocopies of the original printouts are provided in Appendix B.

During the period when testing was heing conducted at the Bowen plant,
a aumber of different types of asphalt paving were produced depending ou
individqgl customer requirements. Each type of mix is designated according
to its job mix number, as shown in Table 2.2. The job mix oumber specifies
the type and quantity of aggregate and asphalt cement required to produce
a particular grade of asphalt paving. In the process, the proper amount of
material from each of the cold feed bins (imcluding the recycle feed bin)
is provided to supply aggregate of the appropriate gradation. Hot asphalt
cement is also metered to the process according to the job mix specifica-
tions. Allowances have been made in the job mix formula to account for
the asphalt content of the old asphalt concrete whea recycled material is

used.
Table 2.3 provides a summary of the job mix specifications available

for each type of paving produced by the Bowen plant as a function of the

aggregate gradation and asphalt content.

G-3




_ TABLE 2.2, SUMMARY OF PROCESS OPERATING DATA AT BOWEN CONSTRUCTION COMPANY

Rav aacterial 4 Recyels mate=
:nnu?u: {rons/h} rial/cocal Hot mix Dryer gzas
Tine [ . Aspoalt Pruduction jace Asphalt content Job mix aggregate exit temp.  exit Lgmr
Data (h) aggTegste coment {tons/h) of miz (ve. %) Na. (% (*F) ')
10/7/81 13:30 k1% 10.3 n 4.56 8 8.2 320 3128
14:00 315 11.1 327 4.54 8 30.4 93 330
1h:32 31 11.2 323 654 3 29.0 92 34
15:00 u 10.9 ok | 4.581 ] 30.7 308 362
10/8/81° - - - 250 - 8 - - 348
10/9/31 08:50 309 10.9 320 4.43 [] 0.4 104 359
09:15 309 10.8 120 4.75 8 9.4 107 156
10:00 21 3.8 330 3.58 9 9.9 287 163
10:30 318 8.8 325 31.94 3 9.4 308 161
11:00 304 9.1 kp k] - § 9.1 305 5%
11:30 312 4.8 321 1,93 8 30.8 307 362
12:00 06 9.1 315 4.10 g 0.6 301 156
12:30 300 8.0 308 1.78 9 8.3 306 359
13:00 322 10.4 2 .17 3 9.3 296 54
13:30 a4 11.4 pily 5.0% 3 36.1 258 k2]
14100 249 9.2 258 S.%0 H 3.3 197 363
14:30 263 3.8 254 5.01 8 9.8 291 151
15:00 235 1.3 2% 4.97 8 8.1 i 156
14:320 - 1.2 - .77 3 - 83 337
10/16/81 10:30 257 13.7 an 5.03 3 g o1 13s
11:08 282 8.9 2n 4,48 . 30.9 199 379
10/19/81 Q8:00 255 3.7 274 b, bl ) 3.3 293 139
08:30 - - - - - . - -
09:00 274 8.7 i ] 4.37 3 2.1 298 153
09:30 275 8.5 284 ) 3 2.7 297 163
10:00 253 5.4 261 .53 8 3.2 298 62
10:30 265 8.6 254 .57 L] 27.3 250 379
13:00 238 3.5 265 4.33 8 30.9 318 164
12:00 213 9.4 22 4.20 3 Q 318 Jhad
 12:30 . 2s3 8.3 - 261 ——-b.88 —8-— 3.2 —308- w2—
13:44 2580 5.2 68 4,33 LS 1.3 307 352
13:20 171 8.3 180 4,54 5 1.3 299 1587
146:00 228 7.8 236 5.17 3 331 3e2 161
14:30 218 11.7 230 4.95 5 [°} 3l 341
10/20/81 08:00 23 1.9 i 4.53 ) 0.0 31 361
08:30 22 1.7 30 4.61 8 29.7 iz 263
09:00 216 11.% 27 .95 5 q o7 16é
10:00 212 1.1 219 &, w3 ] 1.1 307 Jiia
10:30 14 8.5 21 4. 3 9.9 16 153
13:00 263 8.5 an 4.57 ] 31.6 Jjoé a9
11:30 278 $.3 228 4.6% 3 0.2 116 365
12:00 298 10.2 3ioa .53 3 30.5 293 s2
12:30 306 10.0 314 4.61 L 1.5 293 351
13:00 WS 8.1 233 .57 3 9.3 k3 1) 167
13:25% 211 a.7 20 4,33 ] 17.5 307 51
10/21/81 08:30 30 1.9 -238 4.581 3 9.1 156 343
09:15 245 12.5 248 4.97 [ q i 21
09143 239 12.4 231 4,39 @ q 198 in
10:1% 190 9.5 200 4.73 § b} 302 345
11:1% 19% 9.3 208 4.31 é 0 313 343
12:00 135 10.3 195 4.98 o 0 314 338
12:30 183 19.1 193 .14 3 0 114 315
{continged)
8
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TARLE 2.2. {concluded)

Raw material 4 Recycle scate-

throughour (cons/h) rial/zatal  Hot =iz dryer zas

Tice Tocal Aspoalt  Production gace Aspbalt concsat Job amix  aggregacs  exit Ceap. exit camm.
Dace (h) aggregace cement (tons/h) of aix (wc. %) Yo. (o] &) ')
10/22/81  Q7:48 148 7.9 154 5.18 4 ] 25 340
08:30 161 $.0 170 514 4 0 328 343
09:00 160 4.8 169 5.14 & 0 318 334
09:30 167 8.1 155 5.16 - ¢ i3z 345
10:00 160 8.8 159 5.14 4 ] i 3.8
1¢:30 163 8.8 172 5.10 4 Q 325 138
11:00 189 10.3 199 .94 & > 318 333
11:30 180 9.9 190 S.14 [ 0 324 57
12:30 190 10.3 00 5.10 s ] 320 329
13:30 194 10.4 204 .10 & 0 3 333
10/26/81 09:30 157 3.1 185 5.03 5 0 azz7 333
10:00 152 1.9 150 3.03 ] ] 318 326
10:30 154 8.1 162 4.95%5 5 g 315 Jug
11:00 163 8.4 m 4.99 5 0 317 336
11:30 156 3.0 164 6.99 5 9 22 BLX]
12:00 191 10.¢ W 5.07 5 0 309 kxD]
12:30 180 9.8 190 5.03 5 )] 334 152
13:00 212 11.0 223 4.99 5 9 326 153
13:30 213 11.7 17 4.99 5 ¢ 332 363
14:00 34 12.2 246 4.99 5 0 207 37
14:30 238 12.% a1 5.03 $ 9 323 157
15:00 192 12.4 04 5.19 5 Q 329 374
10/21/81  08:00 206 10.9 217 .99 5 0 339 37s
08:30 07 11.1 218 5.03 5 ¢ 340 362
09:00 199 11.0 210 4.99 s o 3as 166
09:30 209 10.8 20 4.9% 5 Q 329 363
10:3¢ 185 9.6 195 W29 5 ] 4t in
11:00 203 10.7 214 4.83 5 [ 332 133
14:00 134 7.0 141 .95 5 b 127 139
16:30 n 6.9 138 .93 5 0 k174 Jaa
16/30/81 @8:00 - 193 10.0 203 5.01 5 0 137 341
: 08:30 ' 188 9.9 196 4.98 L 0 Kk} 143
09:00 189 9.8 199 5.01 5 Q 316 351
1g:00 188 9.9 198 4.98 3 o} 333 348
10:30 186 9.3 196 4.93 H [*] i3 335
11:00 186 16.0 196 .35 5 1] 315 361
11:30 188 9.5 198 4.85 5 0 Ja3 359
12:00 167 3.7 175 4.35 5 o a2 3
12:30 1583 8.7 i7n2 5.01 5 0 330 a7
13:00 169 8.7 169 4.98 5 2 328 333
13:30 143 7.8 151 5.06 3 a 132 Juz
11/6/81 10:00 64 8.4 272 421 14 29.9 la8 367
10:36 268 3.8 i 6,45 1@ 16.2 302 i72
11:00 265 8.8 276 4.48 10 29.8 309 378
11:30 61 8.7 7m 4.6l 10 29.% 310 360
12:00 248 8.0 256 4,458 1 30.6 2 154

Total aggregate = virgin aacerial + recyclad asphalt pavesant.
HYessured iz inlet to bagaouse.
All process dats for this dats are daily averzges r=constructed Zroam plane historical cmcords.

Short cons/hour; 1 short zog = 2,000 lb.
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It should be noted that the mineral filler coatent shown in Table 2.4
is that percent of the total aggregate (or recycle) below 200 mesh which is
indigenous to the material itself and should not be misinterpreted as sup-

plementary mineral filler added to the aggregate.

In addition to collecting process data, samples of both the virgin ag-
gregate and the recycled asphalt concrete being used as raw material were
collected. These samples were taken from the appropriate belt comveyor just
prior to being transferred into the drum mixer. The samples were stored in
polyethylene bottles in the field for tramsport back to the laboratory for
analysis. These samples were then analyzed gravimetrically for suxrface
moisture. The virgin material dried in a’ laboratory oven at 110°C for 24 h;
and the recycle material at 110°C for 1.5 k. The raw data shests of the
moisture analyses are contained in Appendix C. The aggregate and recycle
samples were then graded according to size by dry sieviﬁg using standard
AASHTO test methods. Since MRI's nest of sieves does oot contain a No. 8
screen, which is the cutoff between coarse and fine aggregate, the percesnt
in each of these ranges was obtained through a linear regression analysis
of the entire aggregate size distributiom. Again, it should be noted that
the mineral filler content is that which is indigenous to the material it-
self and not added to the mix. The results of the raw material amalyses are
provided -in Table 2.4. The raw data of the dry sieve and meisture apalyses
are provided in Appendix D. Also contained ia this appendix are the graphs

plotted to determine the cut point between coarse and fine aggregate.

Included in the data collected during the sampling program was an
analysis of the asphalt cement used by Bowen in their process. This cement
was a standard 60-70 paving asphalt manufactured by the Amoco Oil Company at
their refinery in Sugar Creek, Missouri. An analysis of the asphalt cement

is contained in Table 2.5. This information was supplied by Amoco 0Qil
Company.

11
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TABLE 2.5. ANALYSIS OF ASPHALT CEMENT

Parameter Specification Test results
Penetration (at 77°F) 0.6-0.7 om 0.62 mm
Flash point 450°F 615°F
Ductility (at 77°F) 100 cm 150+ cm
Solubility 99% 99.96%
Specific gravity - 1.035

Source: Amoco 0il Company.

i3

G-9




3.3 SAMPLING PROCEDURES

The preliminary inlet and outlet test data taken prior to performing
the actual emission tests at the asphalt plant are containmed in Appeandix F.
The preliminary inlet data contain an attempted Method 17 run using 48 sam-
pling points (traversing 24 points per port). However, only two poiats were
sampled because of the high loading. The testing strategy decided upon is
" discussed in mors detail in Section 3.3.2. Also coatained in Appendix F are
the dry molecular weight determinations used in the £final calculations. The
dry molecular weight of the stack gas was determined daily at the inlet and
outlet of the baghouse.

3.3.1 Prataesgst Preparations

3.3.1.1 Particulate Mass--

3.3.1.1.1 EPA Method 5 train--Four-inch diameter Type A/E (Gelman Sci-

ences, Inc.) glass fiber filters were used for particulate collection sub-
strates in the EPA Method 5 train used at the baghouse inlet. The filtars
were placed in numbered 4-3/4 in. diameter by 3/16 in. deep aluminum weighing
pans. The filters and weighing pans were thes placed in a comstant humidity
and temperature room for 24 h, after which each filter and its corresponding
aumbered weighing pan were weighed on a Mettler Model AXK 160 electromic bal-
ance to the nearest 0.1 mg. The filters and weighing pans were againm aquili-
brated for 6 b and weighed. This procedure was repeated until two comsecutive
weighings agreed within 1.0 mg. The Method 5 filter tare weights are found
in Appendix G. After completion of weighings, the filters were placed in

plastic petri dishes for tramsport to the test site.

23
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Two=-hundred and fifty milliliter capacity glass beakers were used for
recovery of mass train samples. The beakers were first washed in Alcomox
detergent and the rinsed with tap water. After the beakers were numbered
with a lead pencil on the etched surface of the beaker, they were rinsed
with distilled water. The beakers were then heated in an oven to 500°F for
1 b to burn off any organic material present. The beakers were transferred
using beaker tongs to an equilibration room and equilibrated for 24 h. The
beakers were then weighed on a Mettler Model AK 160 electromic balance to
the nearast 0.1 mg. The beakers were equilibrated for 6 h 2nd then re-
weighed. This procedure was repeatad until two consecutive weighings agreed
within 1.0 mg. Tare weights for 250 ml beakers are presented in Appendix G.
After completion of weighing, the beakers were placed in sterile plastic

Whirl-Pak containers and put into their original box for shipping.

3.3.1.1.2 EPA Method 17 train--Gelman type A/E 47-mm diameter glass

fiber filters were used for particulate collection substrates in the EPA

Method 17 train used at the baghouse outlet location. The filters were
placed in numbered 537-mm diameter aluminum weighing pans. The equilibration
and weighing procedures used on these filters were identical to the proca-
dures used for the EPA Method 5 filtars. Method 17 filter tare weights are
presented .in Appendix G. Plastic petri dishes were used as shipping con-

tainers.

Cne-bundred and fifty milliliter capacity glass beakers were used for
recovery of EPA Method 17 samples. The beakers were cleaned, equilibrated,
and weighed according to the procedures described above for the EPA Method 3
beakers. Tare weights for the 150-ml beakars are presented in Appeadix G.

These beakers were transported in sterile plastic Whirl-Pak contaipers.

3.3.1.2 Particle Size--

3.3.1.2.1 Andersen bigh capacity stack sampler with 15=-um presen-

arator--The entire Andersen HCSS impactor and 15-ym preseparator systam and
nozzles were washed in detergent and zinmsed with tap watar, distilled watsar,
and acetone. The acceleratiocn and vent tubes were cleaned with a high pres-

sure air stream.

24
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A 1-1/2 in. diameter by 4-3/4 in. long aluminum tube was used as a con-
tainer for each glass fiber thimble filter. The aluminum tube also served
as a weighing container. The thimble filter and aluminum tube wexra prepared

for field use as follows:

. Aluminum tubes were numbered with an engraver.
. Aluminum tubes and lids were washed iz Alconox detergent.
. Aluminum tubes and lids were first rinsed with tap water, then

with deionized, distilled water.

. Aluminum tubes and lids were heated in an oven to 300°F for 1 h
to remove any potential organic contaminants. After heating, the
aluminum tubes were handled only with beaker tongs. The aluminum

lids were handled with latex surgical gloves since they were not

weighed.

. The aluminum tubes and lids were removed from the oven and allowed
to cool.

. W'A thimble filter was placed in each contaiger.

. The thimble_;;;;;;g;;;”;luminum t;be were placed in a comstant

bumidity room for 24 h at ambient temperature and pressure,

. The aluminum tube and thimble filter were weighed to the nearest
0.1 mg on a Mattler Model AK 160 electrooic balance. The aluminum
tube lid was not desiccated or weighed.

The aluminum tube and thimble filter were desiccated for 6 h.

. The alumioum tube and thimble filtar were weighed a second time.

G-12




. Weighings were repeated until two comsecutive weighings agreed
within 1.0 mg.

. The lid was placed on the aluminum tube.

. Aluminum tubes were wrapped in aluminum foil and placed in plastic
Whirl-Paks for shipment.

Aluminum weighing pans 57 mm in diameter and 20 mm deep were used in
recovering samples from the first four impactor stages. Each weighing pan
was numbered with a metal engraver. The aluminum weighing pans wexe then
desiccatad and weighed according to the procedures used for the aluminum
tubes and thimble filﬁers. The aluminum weighing pans were placed in 100 mm
diameter by 20 mm deep plastic petri dishes used as shipping containers.
Thimble filter and aluminum weighing pan tare weights can be found ia Ap-
pendix G.

3.3.1.2.2 Andersen Mark III impactor with 15-um preseparator--Ten

3-in. aluminum foil squares were cut to serve as holders for each filter
set. The aluminum foil squares were folded in half, labeled, and the ap-
propriate glass fiber filter substrate (Andersen 2000) placed inside. The

equilibration and weighing procedures used were as follows:

. The filtar sets were aquilibrated in a constant humidity room
for 24 h.
s The filter and its aluminum foil holder were weighed on a Cahn

Instruments Model 27 electrobalance to the aoearest 0.01 mg.

. The filter sets were equilibrated for another & h.

The filters wers weighed a sacond time.

26
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. The equilibration and weighing procedures were repeated until twoe

consecutive weighings agreed within 0.05 mg.

. Each complete filter set was placed in a glassine eavelope for

shipping.

Andersen Mark III impactor substrate tare weights are found in Appen-
dix G.

3.3.2 Testing Strategy

The Southern Research Institute "Procedure Manual for Inhalable Particu-
late Sampler Operationm,” November 30, 1979, prepared for EPA (SoRI-EAS-79-761,
4181-37), was used to determine most of the sampling criteria for both the
pérticle sizing and mass testg., Four individual sampling'points were used
rather than a standard traverse of the duct, except for the inlet. Aalso,
the criterion for isokinetic sampling was expanded to % 20% rather than the
standazd * 10%.

3.3.2.1 Baghouse Inlet--

According to the procedures manual cited abave, the recommended sam-
pling points for circular and square or rectangular ducts can be determined
using Figure 3.7. However, due to the duct configuration aand the extremely
highgigﬁdingm;z_the iﬁlet, it was decided to deviate from the recommended
sampling points for the total mass tests. Instead of sampling at one point
duriﬁg a run, it was decided to traverxse six points. A traverse of the duct
was necessary to obtain total mass data that would be unbiased by stratifica-
tion. Six points were chosen because of the short sampling time dictated by
the high loading of the inlet. The particle sizing tests were conducted us-

ing normal inhalable particulate testing procedures. (Refer to Figure 3.2.)

3.3.2.2 Baghouse Outlet--
The testing strategy used in testiag the outlet emploved zormal ighal-

able particulate testing procedures for both particle sizing 'and total mass
tests.
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Figure 3.7. Racormended sampling points.

Source: Southern Research Iastituta,
"Procedure Manual for Iahaiable
Particulate Samnlar Ogeracion,’
srepared for IPA. Sovember 20,
1979, {(SoRI=-ZAS3=-79-781, 4181-37).
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SECTION 4.0

SUMMARY OF RESULTS

Results of the testing program at the Bowen Construction Company as-
phalt plant are summarized in this secticn. The tabular and graphic pre-
sentations that follow were derived from reduction of the raw field data
found in Appendix I and the laboratory and anmalytical data found in Appen-
dix G. The raw data were combined and reduced by a computer program devel-
oped by MRI to produce the printouts found in Appendix J. Thé information
contained in these computer priantouts was used in the comstruction of the
graphs and tables in this section.

Only data that have met specific acceptanée criteria are summarized ia
this section. These critaria, as obtained from "Procsdures Mamual for In-
halable Particulate Sampler Operation," prepared by Southern Research Ia-
stitute for EPA, are: |

1. Each total mass and particle sizing run must be within % 20% of
isokinetic.

2. The particulate grain loading from the total mass train (EPA
Method 5 or Method 17) and the corresponding particle size train (Andersen
HCSS or Andersen Mark III with 15 pm preseparator) must be within * 50%.

The data that has metAthis criteria is in Table 4.1. Two total mass and
four particle sizing tests consisting of four rums per test (ome run per quad-
rant on particle sizing) were conducted at the baghouse inlet test site. Two
total mass and two particle sizing tests consisting of four runs each (ome run

per quadrant) were conducted at the baghouse outlet tast sits.
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To further scrutinize the particle sizing data an average grain loading was
determined for the 16 inlet runs and the 8 outlet rums. This average was
compared to the average grain loading of each test. If the average varied
by more than 50%, runs within that test would be compared to the grain load-
ing found in the corresponding mass run. If these values disagreed by less
than 50%, the deviation probably indicated a high degree of stratificatien
and all data wers retained.

4.1 INHALAﬁLE PARTICULATE (IP) EMISSION FACTORS

The IP emission factors for a typical source were calculatad for 15.0,
10.0, and 2.5 um particles as follows:

A total mass emission factor, imdicating the amount of particulate mat-
ter released into the atmosphere per umit of asphalt coacrete produced, in
pounds per tom was calculated for each run of each mass tast. The total
mass emission factor (1b/ton) was derived by dividing the total mass emission
rate (1lb/hr) calculated from the mass train data, by the producticn rate (toas/
hr). Production data for the plant was provided by the Bowen Coastruction
Company as described in Section 1. The calculation for a single run was based
on the aésumptiou that the average stack velocity during the rum was the same
as the velocity measured at the sampling point of the quadrant being sampled.

~———1In additiony—the individual emission factors for each run were calculatad
based on the plant productiom rate during the period when the samples were
collectad with no adjustment being made for other variatioms im process
operating conditions. The IP emission factors were calculated using the
total mass emission factor derived from the Method 5 and Method 17 data
rather than a factor which could have been calculated from the total mass
collected by the particle sizing device.

The total mass collected during a run in the particle sizing device,

and the mass collected on each individual stage was entered into a computer

program along with the criteria to determine the actual Dgy of each stage.
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The Dgq of a stage is the particle diameter at which the stage achieves 50%
efficiency; one half of the particles of that diameter are captured and one
half are not. The computer printouts of the particle sizing tests in Appen-
dix J ipdicate cumulative percent greatar than the statad Dg,y, Whereas the
graphs and tables indicate D5, as cumulative percent less than stated size.
The cumulative percent less than stated size vs. the stated size (Dgg) were
then plotted for each of the four runs that constituta a tast. Note: The
cumulative percent less than stated size is determined by subtracting the

oumbers found in the row labeled "cum.% with filter" from 100.

To determine exactly what percentage of the total mass was less than’
2.5, 10, and 15 microms, the cumulative percent greater than stated size and
'Dso from the abovementioned computer printouts were entered into a spline
equation. A program for bhandling impactor data using a sﬁline fit has been
developed by J. E. Johmson et al. ("A Computer Based Cascade Impactor Data
Reduction System," EPA-600/7-78-042, March 1978). Ar improvement to this
program has recently been completed by MRI and was used in this study to de-
termine emission factors. IP emission factors wers calculated by multiply-
ing the percentage of the total mass derived by the spline equation for the
desired Dgg by the total mass emission factor (lb/ton). The particle diameter

upper limit was set at 30.0 ymd for the calculationms using the spline fit.
4.2 CALCULATION PROCEDURES FOR THE INLET AND CUTLET OF THE BAGHQUSE

Due to the extremely high loading at the inlet, a deviatien from normal
IP protocol was used to calculate these emissions. The outlet emissions
were calculated using the normal IP methods discussed earlier. The total
mass runs were matched with the particle size runs as shown in Table 4.2
and 4.3.

All total mass samples taken at the inlet were collected using a3 six
point traverse instead of being collected from one point at the center of a
gquadrant. Because of this, the mass and particle sizing runs could not be
matched quadrant by quadrant. Total mass runs were matched with particle

sizing runs according to time and day (see Appendix aA). The last 2 days of

G-19




TABLE 4.2. BAGHOUSE OUTLET TOTAL MASS
AND PARTICLE SIZING
COORDINATION

Particle sizipng run

Total mass run

Q-1-1(B)

0-1-2 (recycle)
0-1-3 (recycle)
0-1-4

0-2-1 (recycle)
0-2-2
0-2-3
0=2-4

(recycle)
(B) (recycle)
(recycle)

O?OO
iy
£ W

G-20




TABLE 4.3. BAGHOUSE INLET TOTAL MASS
AND PARTICLE SIZING

COORDINATION
Particle sizing run Total mass run
None I-3 (recycle)
None I-4 (recycle)
I-1-4
I-1-2 -1
I-1-3
I-2-2(B) I-2
I-2-4 I-3
I-2-3
I-3-2
I-1-1(B) -7
I-3-4
I-3-1
I-3-3 -8
I-4-2 I-6(B)
I-4-1
I-4-3
[-4-4 None
I-2-i1(C) (recycle)
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testing no total mass runs were conductad. The average total mass emissicn
factor (1b/ton), calculated from all eight of the inlet mass rums (Table 4.3)

was applied to the particle sizing rums conducted om that day.
4.3 DATA PRESENTATION FORMAT

Symmary tables for both the baghouse inlet and outlet test locations

are presented as follows:

Tables 4.4 and 4.5 present impactor particle size run sampling data
including mass (mg), Dgg values, and the cumulative percent less than stated

size for each stage of the impactor.

Tables 4.6 and 4.7 present the total mass emission factors (1lb/tem)
and the IP emission factors for 2.5-, 10.0-, and 15-um particles. Ain aver-
age ratio of the grain loading determined from the particle sizing train to
the grain loading determined from the mass train, is presented in Table 4.7.
This ratio was not included in the data for the inlet (Table 4.8) due ta the
six-point traverse (instead of quadrant sampling) used to obtain the sample.

The computer results of the modified EPA Method 5 and ¥ethod 17 train

. field data containing the calculated grain loading and the emission rate ia

poundgrper hour, are prasented in Appendix J. IP emission factors for both

the inlet and the outlet are summarized in Table 4.8.

The data results are also presented in graphic form for both the bag-

house inlet and outlet test locations. These graphs are presented as
follows:

Figures 4.1, 4.2, 4.3, 4.4, 4.5, and 4.6 present the results of each
individual test, which comsisted of four separate runs (one per quadrant).
The data presented include particle size (Dgy) versus cumulative perceat

less than stated size and emission factors for 2.5, 10.0, and 15.0 um.
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The data for particle size (Dgqg) versus cumulative percent less than
stated size data have been plotted for each of the four separate runs. The
average of the results from the four runs have also been presented as a line.
This line was generated from the results of the spline fit of the selected

particle diameters (2.5, 10.0, and 15.0 pm).

The calculated emission factors for 2.5, 10.0, and 15.0C pm are pre-
sented both as an average of the four rums and as a range of values for the
four ruas. The average of the four runs is presented as a line, whereas the

range of values is presented as a vertical line at the selected diameters.

Figures 4.7 and 4.3 present the average of the results of all tests
conducted at each testing location. There were four particle sizing tests
of four runs per test conducted at the imlet location and two pazticle siz-

ing tests of four runs per test conducted at the outlet location.

The average particle size (Dgq) versus cumulative percsnt less than
stated size for all tests is presented graphically. The plot was coa-
structed by averaging all tast data geunerated by the spline fit for the se-
lected diameters of 2.5, 10.0, and 15.0 pym. The ranges of the individual

test averages are also presented at the selected diameters.

The average emission factor for all tests is alseo represenced by a
line. The line was constructad by averaging the average of individual test
rasults at the selected diameters of 2.5, 10.0, and 13.0 um. The ranges

of the ipdividual test averages are presented at the selected diameters.
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SECTION 5.0

CONDENSABLES TESTING RESULTS

This section summarizes tests for condensable emissions conducted by
Southern Research Institute (SoRI) at Bowen Construction Company. The tests
were conducted during the week of October 5 to 10, 1981. The IP condemsable
testing was performed using the EPA Stack Dilution Sampling Systam (SDSS)
according to IP protocol. Both the sampling equipment and the protocol used
are described in this section, followed by a presentation‘of test data and
a2 brief discussion of the test results.

5.1 DESCRIPTION OF INSTRUMENT AND TEST PROCEDURES

5.1.1 Design of Stack Dilutiecn Sémuling,System (SDSS)

A diagram of the major compeonents of the SDSS is shaowa in Figure 3.1.
In operation, gases from the process stream are drawn through the IP Dual
Cyclone Sampler in which particles with an aercdynamic diameter greater than
15 ym and those in the range 2.5 to 15 pm are removed in two stages. The
stack gas containing the fine particle fraction (< 2.5 Hm) and condensable
vapors passes through the heated probe and flexible sample line and is in-
troduced axially into the bottom of the cylindrical dilution chamber. At
this point the stack gases are mixed with cool, dry dilution air %o form a
simulated plume which flows upward through the dilution chamber. A standard
20 x 25 cm hi-vol filter is installed at the discharge end of the chamber
which collects the fine particulate including any new particulate formed by
condensation. The diluted stream is exhausted by a l-bp blower or optiomally

by a standard hi-vol blower. Stack gas flow rate is measured by an orifice
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at the base of the dilution chamber. Dilution and exhaust flow are measured

by orifices in the inlet and outlet lines, respectively.

Ambient dilution air is drawm through a blower and forced through an
ice bath condenser. In this c¢ondenser the air is cooled to 5 to 89C (41 to
46°F), depending on the flow and ambient temperature. More sigpificantly,
the dilution air humidity is reduced to about 0.37% by volume, correspond-
ing to saturated air at the ice point. Aftar the condenser, the air is re-
heated as required to reach 21.1°C (70%F) at the dilution chamber inlet,
filtered through a HEPA-type absolute filter, aand introduced into the dilu-
tion chamber. The dilution air enters a single tangential inlet at the
base of the dilution chamber and passes through a set of flow straightening
screens into the annular region surrounding the sample gas inlet. The ratio
of the areas of the two inlets is such that for sample gas at room temper-
ature the velocities of the sample and dilution strzams are equal. Sample
gas at stack temperatures will be injected at a higher velocity proporticral
to the thermal expamsion of the heated gas stream. This was judged the

best simulation of a buoyant plume injected into stagnant air.

5.2 SPECIFICATIONS

Theugeometric and flow specifications were sat by several constraints.
' The sample flow rate was set by the £low requirements of the IP cyclons
sampler. Ideally, to approximate the conditions found in actual plumes,
the dilution ratioc should be high (approaching 10% to 10%) and the mixing
times long (tens of seconds). The actual dilution conditions repraseat a
compromise dictated by limitations om the size of a portable field instru-

ment. Geometric and flow specifications are given in Table 3.1.

Since the effect of varying dilution air temperature and humidity can-
not be easily predicted for all typical process streams, standard conditions
of 0.57% moisture by wolume at 21.1°C (corresponding to about 24% relative
humidity at 70°F) were chosen. This relatively dry dilution air should mot
be subject to water condensation for mormal stack samples, yet is more
realistic than totally dry air.
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TABLE 5.1. SPECIFICATIONS FOR DILUTION SAMPLING SYSTEM

Geometric

Flow

-

»
-
-

Active length of dilution chamber:
Diameter of dilution chamber:
Diameter of sample inlet tube:
Active dilution volume:

Sample flow (determined by inhalable
particulate cycloge train):

Sample velocity:

Dilution airflow:
Dilution air velocity:
Dilution ratio:

Residence time:

Gas conditions

48 in. (122 cm)

8.4 in. (21.3 cm)
1.68 in. (4.27 cm)
1,54 £t (43,600 cm3)

0.6 ft3/min
(~ 17 liters/min)
0.86 £t/sec

. (~ 27 cm/sec)

at 302°F (150°C)
15 ft3/min
(425 liters/min)
.66 ft/sec
(20 cm/sec)
~ 25:1 (up to 40:1
possible)
6.2 sec

* Sample gas: T < 250°C; particles > 2.5 um remcved by cyclones
Dilutiom air: T = 21.1°9C; relative humidity 24%, filtersd ambient

air

Sample collection

+

Particulate collected on glass fiber filter

Optional impactor gives cuts at 0.5, 1.0, 2.0, and 4.0 um
Optional extraction of diluted stream for sizing by optical counter,
electrical mobility analyzer, condemsation suclei counter, ete.
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5.3 OPERATING PROCEDURE

The im-stack IP dual cyclone traip is the intended precutter for the
SDSS. This device is fully dascribed in the "Procedures Masual for Inhal-
able Particulate Sampler Operation' cited earlier. The flow rate of stack
gas entering the dilution system is determined by the necessity to obtain a
Dgg of 15 um (50% collection efficiency at 15 pm) for the initial IP cyclone
(SRI-X). This flow rate, which varies with temperature, can be determined
from the experimental calibration data for the c¢yclome train. Nominally,
23 L/min (0.8 ft*/min) is required for standard air at 150°C (300°F). OQver
the entire operating temperature range of the sampler, Cyclone SRI-III ob-
tains 50% collection efficiency at 2.5 + 0.5 um for the flow rate determined
by cyclone SRI-X. Particulate with aerodynamic diametar smaller than 2.5 ym
(the fine particulate fraction) passes into the SDSS and provides the nuclei

for the accumulation of condensable material in the diiution/cooling process.

Since the fine fraction of the im-stack partigulate is collected along
with the condensable emissions, a second dual cyclone IP train with a stan-
dard in-stack filter is used to measurs simultaneously the in-stack parti-
culate without condensation effects. The setuyp and operating procedures for
both cyclone trains are essentially identical and are described in full in
the SoRI frocedures manual. In brief, the stack gas temperature, velocity,
and “composition are measured, and the gas viscosity calculited. Usiag cali-
bration data for Cyclone X of the dual cyclone IP sampler, a f£low rate is
selected to obtain a Dgp of 15 um for this device. Nozzles are selected for
isokinetic sampling, and the sampling trains, after warmup, are inserted at
different points in the stack that are demonstrated not to have dramatically
different loadings due to stratification of emissions. The protocol for the
SDSS calls for sampling at a minimum of two points in a duct rather than a
minimum of four as specified for the dual cyclome train. In either case,
sampling points are chosen at the centroids of quadrants of the duct. When
the minimum two-point measurements are taken, as they were in this taest, the
dual cyclone train is used to sample at ome point while the SDSS is used at
the other. In alterrmate runs, the sampling trains are switched, especially

if stratification is noted.




After sampling, the cyclomes are unloaded and the c¢yclone catches are
collected according to the procedures manual for the dual cyclome train.
The probe, heated hose, and sample gas inlet assembly of the SDSS are
washed with a suitable solvent, usually acetone. The rinses are evaporated
to dryness and the residue weighed as in EPA Reference Method 5. The probe
wash weights are included with the SDSS filter in calculating the fine par-

ticulate plus condensable emissions fractiom.
5.4 TEST CONDITIONS

- The sampling crew from SoRI arrived om-site with the SDSS on Moanday,
October 5, and began setup. Due to delays in obtaining electrical power,
the first run could not be made until Wednesday, October 7. A second run
was performed on Thursday, October 8; in order to make up for the lost run

on Tuesday, two runs were made on Friday, October 9.

All samples were taken from the outlet of the baghouse with the plant
utilizing recycled paving material. A cross=-section of the stack is shown
in Figure 5.2. Samples were taken at points 2 and 4 of Figure 5.2. These
points lie 105 cm (41.0 in.) from the entrance of each port along the diam-
eter of the stack; in other words, at the centroids of the quadraants of the
stack cross sectiom which lie away from the baghouse. Stack velocities
were measured at gquadrant centroid points 1 to 4 and averaged to select
sampling nozzle sizas. Gas composition (dry basis) was measured by Orsat
and determined to be 13% O,, 3% CO,, and 82% N¥,, respectively. Stack mois-
ture as detarmined at the end of all IP runs varied f£rom 14 to 19% by vol-
ume. Obviously, this figure will vary with production rate and the moisture
content of the aggregate, but it was roughly constant except for Runm 4.

Other relevant variables are presented in Table 5.2.

To provide a '"clean" substrate for any futurs chemical analysis,.
Zefluor Teflon membrane filters (GHIA, Inc.), 2-um pore size, were used
for all SDSS runs. For the in-stack backup filters on the conventiomal IP?

train, preweighed &47-mm glass f£iber filters were emploved. ¥o pressure
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drop problems were noted with either filtar. The SDSS f£ilter from Run 1
was dropped after the run and was contaminated thus voiding the results.
All other filters, including one blank filter of each type, wers kept pro-

tected in covered containers.
5.5 RESULTS

The weights of the cyclene and filter catches are preseanted in
Table 5.3. The cyclone catches were weighed after desiccation on a Cahm 27
balance at SoRI. All filter weights represent the results of replicate
weighings in the coantrelled humidity weighing room at MRI. The variatiom
of all replicate weighings was insignificant except for the loaded SDSS
Teflon f£ilters. The filters frxom Rumns 2 to 4 showed a steady loss of weight
with time, as shown in Figure 5.3. A blank SDSS filter which was taken to
the test site and returned for weighing showed no such vaiiation. For cea-
sons discussed below, this loss was interpreted as evaporation of condensed
organic compounds collected on the filtar of the diluted stream. No similar
weight loss was noted on the glass filters used for the in-stack cycloae
train. The wvariations in the weights of these filtars were within the
0.2-mg reliability of the Mettler AK160 balance used and were not monotoegic
with time. Over the 3~ or 4-day weighing pericd, the glass filters were as

likely to gain weight as to lose weight between reweighings. Thus, we con-

samples taken with the SDSS. Therefore, the weights reportad for these fil-
ters in Table 5.3 are not averages, but rather the {ndividual weights as

measured 1 day after sampling. The rationale for this decision is discussed
below.

Inspection of the data in Table 5.3 reveals that the two parallel cy-
clone trains collected roughly comparable amounts of dust for the rums in
this test. For all pairs of cyclonme catches except those in Rum 1, the
deviation from the mean is less than 30%. Ia Run 1, the SDSS cyclone X was
significantly higher than the standard IP train with 2 deviation of 48%

above the mean, but this is still within reasomable limits for simultaneous

G~36




‘pPRIBUTWNIU0D SEA [ Ny GS(S WoaJ AIN[1] q
"ewmesdriim uy syy3tom [y o
L0°6Y [ A o'y 19792 %9 %e e’ 6091 SSUs v
Ly 91 L A ty'e oz 1t dl %
92°'98 T ve 0'9 | XA A 1Z2°6¢ o%’6 £E9°EY 5505 €
86768 S°¢E L1°6 1€°LL dl ¢
SST vy LE'EY A {851 69 %1 -z 16702 8835 ¢
19°GE LA 88’1 £ES°1E di 2
gL-st L A 1L'e 12701 dI 1
e L] pPa3I291192 vey R L 11T 148 X 148 TON uny
123109 eVEREL IR CRLT R 21113 EERRA S auo2Ako uo1d4D
ESRED STy payo9ax0)  pooaarooun  "Squwd ¢z 0% wd gy
%9 ,
sz«mzou.zcmauzzbwzou N3MO™ 1V 51931
HALSAS ONITJHVS NOLLOTICG MOVIS ALVINIINVA TIAVIVIINI HOMA oSLIDLIA HVY  "E°S FTVI

G-37




ool

*Auppduns aa33v Hupd YIFM wnlsAs

Jupidmes vogINTIp YoUIS wWory ADITEI Mo ssew dePnDd LIard Jo vopavravpy  "gc¢ ainflrg

06 08 0L 09

M ‘I m

09 oy 113 0z oL 0

¥NVIO B
YNRY ¢
ENNY O
ENNY O

I [ e ] | -

oL

-]
-

=]
™

9z

0e

fr ‘SSVYIN ZLVYINDILHYY

G-38




single-point samples. In contrast, the SDSS filter catches were fagtors
of 6 to 9 higher than the in-stack filters even before the probe washes were
included. This extra mass, coupled.with the stsady weight loss of the SDSS
filters, indicates that the diluted flue gas contained a substantial amount
of condensable material with enough volatility to reevaporate at room tem-
perature. The most likely candidate species appear to be lower molecular
weight aliphatic hydrocarbons from the asphalt mix, but analyses of the

materizl would be necessary to confirm this speculation.

The evaporation of the SDSS filter samples results in some difficulty
in assigning a umique loading to the filters. Obviously, the weights of
the filters immediately after sampling would give best lower bounds to the
samples, but there were technical problems in obtaining these data. First,
it is not always desirable to take an appropriate balance to the field site.
Second, it is customary to equilibrate filters for several hours in a con-
stant humidity atmosphere or a desiccator before weighing to avoid artifacts
due to adsorbed moisturs. In this test, prompt weighings were available
only for Run 4. However, for all three runs weighings were in the wvicinity
of 24 h after sampling. Since this was the earliest period after sampling
for which accurate weights could be reported for all runs, and since the
filters should have equilibrated with the weighing room atmosphere by the
end of ﬁﬁé day, these weights were chosen for Tabla 53.3.

To obtain a more realistic comparison of the weight losses of the
three SDSS filters, all sample weights were normalized to the l-day weights.
These normalized data are presented in Figure 5.4. It is noteworthy that
the relative weights of the three samples lie along the same curve. Ex-
trapolating this curve, it is estimated that the filter catches immediataly
after sampling are 5 to 10% higher than the 24-h value and that up to 20%
of this mass is lost after 4 days. To calculate mass concentrations at the
time of emission, the l-day weights given in Table 5.3 should be increased

by approximately 8%.
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The mass congentrations calculated from the test data are presented ia
Table 5.4. Concentrations have been calculated from the data in Tables 5.2
and 3.3. The fine particle plus condensable fraction has been corrected by
the 8% fractiom mentiocned earlier, and the concentration of particles formed
by condensation alone has been calculated by subtracting the fine particu-
late concentration measured by the standard IP train from the corresponding
fraction from the SDSS data. This value, divided by the total emissions
concentration measured in the SDSS, is tabulated as percent condensable.
As can be seen, on the average 45% of the particulate measured io the SDSS

at this source was formed by condensation.

The total mass concentrations in Table 5.4 are listed in metric and
English units and have been converted to emissions factors in pounds per
bBour using the stack volume flow Listed in Table 5.2. This aumber is based

on a four-point velocity average rather than a full pitot traverse.

Table 5.5 presents the IP emission factors that were calculated from
the condensables testing data. The IP emission factors were determined by
first calculating a total mass emission factor (pounds/ton). The total
mass emission factor was calculated by multiplying the ratio of the stack
flow rate to the sampler flow rate by the total weight collected in the
sampler and converting to pounds per hour. Pounds of emissions per ton of
product were calculated by multiplying the average production rate (toas
per hour) during the test period by the total emissions (pounds per hour).
In order to calculate emission factors for >13, 2.5 to 13, and <2.3 um
(pounds per ton), the ratio of the individual stage weight (Table 35.3) to
the total weight collected was multiplied by the total mass emissioa factor

(pounds per ton}.

Cne final word of caution: The condensable emission factors weasured
in the SDSS must not be equated with volatile organic carbon mezsurements
made with other sampliang trains. It has been demonstrated that the SDSS
does not retain all the more volatile hydyoecarboms that fall in the vola-
tility range corresponding to the TCO fractiomn Level 1 organic analysis.

These more wvwolatile hydrocarbons will not be retained by the SDSS filtar,
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as they will not remain in the condensed particulate in the acthal plume of
a stack. To obtain values of total organic emission, 2 sampling train such
ags the Source Assessment Saﬁpling System is recommended. The present re-
sults are representative of the particulate emissions as they would exist
in the near-stack ambient environment after emissionm, including that frac=-

tion of the volatile emissions found in the condensed phase.
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APPENDIX H

COMPLETE LISTINGS OF JSKPRG, JSKRAW, AND JSKLOG




& OREM ---—— PROGRAM "JSKPRG" ~—-—--

10 CLEAR 40090

1 REM ————- CLEAR REGISTERS FOR MNEW RUN —-———-

15 0G=1.06¢ 1O L2=0IXX=0 1 X[=0 1 XZ2=0 1 YP=018T=0INZ=01 XM=0ILX=0:1S1=01YL=0YM=0IM=0111
=0 L2=01L3=0iL4=0.1L5=0

idy La=0IiRi=0IK2=0IK3=0 I K4= 0 KO=0IRK6=01IY=0009=03IT=011J=01IM=0:11=0

7 t2=00{3=01TL=0IKE=0 1 RA=018A=0 L IR=01 IX=0112=00IX=0 IA=01IC=0 =0

20 HIN XN(iO)’\UfLO)yk(JS) A(lc)va4):C0(40va)rY1(u3) XOC1S)y XA 1025022 YR( 10950 ),
Y2010y IBSC B0 )y IX( 30 Yo JY( S0 ) ABC 10,50 )5 JA{ 10 )2 JWC 10D

30 PRINT FROGRAM SFLINZ FROM FORTRAM ORIGINAL 02/22/82 V1M

31 LPRINT TARSEDIF " "ILPRINT " “ILPRINT " "“ILPRINT “ SPLINZ
PROGRANM - 02722782 V17 ILPRINT" "ILPRINT " "
39 REM ————- NUMBER OF I'aTA SETS ANDI REQUESTED OUTPUT -——--

40 INPUT"ENTER ¥ OF [DATA SETS" QW

45 PRINT"ENTER D308 IN INCREASING SIZE"

90 INPUTU"ENTER NUMBER OF POINTS"SNF

92 HEM ===-= INFUT PRODUCTIONs EMISSION DATA ————-

35 FOR Qu=1 TO QU _

S8 INPUTPSET ID="j;INSCQV)IIINFUT "PROCESS WGT. RATE (TONS PRODUCED/HR)"3JIX(QV):INF

UT" fF EMISSION RATE (LE/HR)"3JY(GV)

39 INPUT"ENTER PARTICLE DENSITY (g/cc )" #JQCQV)TIW QV)=SAR( JA(AY))

&0 FOR I=1 TO NF

70 INFUTPENTER DG0» CUM LOADNING FOR EACH POINT"SQQ0 I-QUI»YQ(ILQV) XA TQVI=JUWCGY !
KO To QY IINEXT 1

80 PRINTUSET #"QVINEXT QU

81 INPUTTENTER # OF DSO0’S TO BE DETERMINED FOR aLL SETS"iLA

B2 FOR I=1 TO LAIINFUT"ENTER AERODYNAMIC DSO"iXD(IMINEXT I

83 FOR GV=1 TO QUIFOR I=1 TO NFIXNCII=XQ(I-QU)IYOCTI )=YQ( T5QVIINEXT I

84 FRIMT TIMESILFRINT TAER(S6)$"TEST IN! “FIOSCQU)IILFRINT * "ILFRINT TAR( &))" INPUT

LeaTa PROCESS WEIGHT RATE ="3JX{QYV )" TONS FROU./HR"ILFRINT TAR( 24)3"TOTAL

FARTICULATE EMISSION RATE ="3JY(QV )" LE/HR"ILPRINT TAR(24)5"PARTICLE DENSITY ="
Al QYY" G/CEC”

85 LPRINT " "ILPRINT TAR(&)§"MEASURED SIZE DISTRIBUTION” LPRINT * ™

856 LPRINT TaB(G&25 "CUT(um) CUM. % -0 CUT"ILPRINT ™ ™

82 FOR (=1 TO NFILPRINT TAR(&)F QR I,QV)»" "FYO(I YINEXT IILFRINT™ “ILFPRINT
S? NN“8 PF NH M= 4 R N
FO O MP={ONF—2 VRN JENN+L
L SE=JY(AVAIXOQY)

724 LFRINT " "ILPRINT TAR(&);"OUTRUT DATAR TF EMISSIONM FACTOR = "3JEs " LEB/T o
THOLAXIEF" KE/HMT I ILFRINT" “ILPRINT " "ILFRINTTAB( 41)i"EMISSION FACTOR”

73 LIFRINT TARCS)S"CUT (umA) CuM. % < CUT (LEB/T) (RG/7MT )" ILPRINT ¥
F3 PEW - SFLINE FIT OF MEASURED SIZE UISTRIBUTION ~~-—-

78 REM —-=—- BAGIC TRANSLATION OF "SPLINZ" V1 02/22/82 —-----

100 NZ2=NF-2

110 Fak (=1 T4 N2

120 Ji=N-1

130 IF N2-1<0 THEN 130

140 JI=pN+2

190 M=i{ I-1 yaH+d

180 XOM)=LOGOXNY T1)/06

170 YICH)=LOGI YO 1))/06

180 XI={LOGOXME I41)1/70G~L0GE XN 1)) /06 ) /R
190 FOR (I=1 T0O 3

200 HM=I1-1+11

210 BC TIH=LO60 YO HM ) ) /06 H-2
220 K=3%(1I1-1)

230 FOR J=1 70 3

249 MI=I-144

250 ACKRHII=CLOGO XN M2 31706 TI~1)

260 NEXT JINEXT I3%




280 GOSUR S000

290 FUOR J=1 T0 2

300 SU=HRC2 )H2KRL 3IXLOG, XNC IT+J-13)/06

310 IF SL»=0 THEN 3990 )

320 BC2)=(LOG(YO(I+1)/YOCI)))/0G/(LOGL XN T+1)/XNC I))/70G )R 1)=L0G( YO{ 1) )/0G-R( 2%
LOGY XNC T /06 '

330 KO3 )=030=2

330 NEXT J

180 FOR J=1 TO JJ

370 K=M4a

380 XORD=LAG XML 1) )/06+I%X]I

390 YUCRO)=R L M4BC2IKXOR )HRCZDIRXIKIL2

490 MEXT JINEXT 1

410 FOR =1 TQ 3

420 K=3%(1I-1)

430 FOR J=1 T0 3

440 H=1i+(J~-1)%N

450 ACK+I)=X{HIC(I-1)

440 NEXT JINEXT I

470 FOR (=1 TO 3

480 M=14+(I-1MWMHIB(II=YR(M)IINEXT I

490 K8=¢

00 GOBUR S4000

S0 SL=B 2 M42%RIIIENCL)

G20 IF SiLr=0 THEN &00

930 FOR I=1 T0 3:af{I)=LIiHEXT I

G40 AC4)=X0 1 )=CXONFL)-X01) ),

530 aAl7I=Aal 42

a0 FOR (=1 TO0 2iRK=3%I1!FOR J=2 T0 3

G700 M=l I=-2)0H ) LAl KA =X M M I INEXT JINEXT 1

580 R{OL)=Y1(1)

S0 FOR =2 TO 3iW=1+{(I=-23NITRCII=YLCMIINEXT T

9% KS=0 6OSUR S00¢

600 FOR =1 70 3

10 LOL1L)=R(T )INEXT I

515 (I=1

20 [H=NP—-HN-1

830 FUOR =11 TO IN

400 Jd=11R: 1)=90

SE0 FOR J=2 TG 3

&0 F=1-1

&70 1F [=1 THEM K=1

80 Bl L)=H DA J-L R0 CO Ky I I%RXC T I0C 3 -2

&7 NEXT J

70 BCZ2)=C0IK L)

FE0 FUR J=2 TO SILET R Z2I)=RL 200K J KX T IO I-1IINEXT J

730 B3 )=Y14I42) .

740 FOR Jd=1 TO 3L=1+ J-1 03 1ACL ={ -1 0RXC D00 J-2 )T NEXT J

790 FOR J=1 70 3iRK=J-1IKK=3IKIA{KK+2 )=X{ TILKINEXT J

780 FOR J=1 TO 33IK=J-1iFEK=0%kK1AIKK+3 )=X{ T+2 M KINEXT J

770 K=y :

J80 GUSUR 5000

el FOR Jd=1 TOQ 33C0¢ IeJ)=ROJIIHNEXT JIMEXT I

00 (F O JJ=iHP-1) THEN 11490

810 05=L061 XH{MF 1) /0G-L0GL X NF-1 3 /06

20 XI=QS/ER

GA0 M= NF-2 YANY L

a0 RD=L0GL XHNOMF-1 ) 3/06 P RM=LOG{ XNONF 2 )1/06

850 ML=MP-p

ga0 YL=10EY1(HL)
g0 DE=C00 INs 204000 TH 3 3x2ExT
gg PRP=C0C TNy 1)
gy FOR L=2 TQ 3
oy FRsSEELCO I oL )XDD L-1 ) INEXT L
g1 UM=UERd i 0CFPF X2, 302583
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Y30 GOSUE 70090

YES NE=NN+2

940 FOR i=1 T0 N3

950 J=H+LIX{d =X MO+ IRXT

960 IF X%(J)<IS THEN 1000

970 Y1(.J)=LOBL YOUNF ) 1/0C

980 GUTO 1100

1006 REN

i010 Y1(JI=R 1)

1070 FOK K=2 T0 4

L0030 Y104 IZYEL 3R KX IO0CR-1 ) INEXT K
1040 Y14d)0=L0G( ¥1(.1))/06

1100 NEXT I

1310 LI=NF=HN=2

1120 TN=NF-1

1130 GOTU 630

1140 (5=NF-1

1160 FOR I=1 TQ LA

180 11=LOGIXTK 1))/06

1390 15=MP-1

1200 FUR J=i TO NP

i916 TF D1X(J) THEN 1300

{220 18=d-1i

LT30 I=NP

L300 NEXT 4

1310 1F 18<1 THEN I18=1

1320 YD=CO! 185 1 )+CO{ 18y 2 IXIL+C0¢ T893 XD KDL
1330 UY=100YD

Ph40 LPRIMT TARC6)SXIC T )3 TARC 20 15 IV 3 TABC 36 Y5 DY KJE/ 1005 TAR( 50 )50  00SKIY KIE
350 NEXT I

P351 LPRINT TARCS)S " "(LFRINT TAB(6); "ENI OF TEST SERIES
380 LPRINT TARCS)3" "(LERINT® " {NEXT Qv
1345 FRINT TIMES ‘

{E70 FRINT "END OF RUMY S ENI

5000 REN HOUTINE SINQ

U010 TiL=0

5020 KS=0

5030 19=-3

5040 FOR J2=1 TO 3 . - .
SO%0 Y= L

BOA0 A9TIGLIH]

5070 BA=0

5080 1 T=d9=d2

5090 FOR [2:=)2 TO 3

5900 TJ=1T412

5510 IF AKSCEA )-AKS(AC TJ))>=0 THEN 5150
5120 BA=Al 1.0)

5930 Lhel2

5150 MEXT 12

5160 IF AES(EA)-TLH0 THEN 5200

5170 KS=i

5980 J2=3L60T0 5395

5700 L 1=3 IR J2-2)

5740 T T=1H—d2

G0 FOK K202 10 3

57030 [i=({43 [3=T1+1T

G AY Shenl 11)

0050 Gl 11 J=al L3)

SUA0 i T3 =84

507G i1 0= L1/ BAINEXT K2

S7E0 SA=K TH) -4
50000 B TR =K1 )

SELO BOJD =84 BA

SELG L 49=3 THEN 5395

G20 TU=IR 1219




GR40 (Z={0+IX

DB IT=aa-I

SESU FOR JX=JY TO 3

GETG RE=IROIK-1 MHIX

SEBO IZ=XXHLT

SEFC SOKN O =AC XN )= AL TZIRACIZ ) IINEXT JX
322 B0 IXI=BOIX =B J2 00 IZ)ANEXRT IX
373 NEXT a2

S398 (F KS=1 THEN 93509

=L TO MY
1

G440 1R=3
G430 1C=3
Uas0 FOR K2=1 TO a2

G470 BOIRI=KC IR -6 TAXRIIC)

G430 [A=14-3

G490 LC=IC-1iMEXT N2INEXT 42

G0 RETURM

7000 REN ROUTINE O0SCFIT

7003 PRINT "7000" s TIMESS

FOL0 MZ=018T=, 1 IXX=XHIiLX=XH-XT

7020 S1=LX/991:8=0

7030 MZ=NZ4L

FO40 Li=xXD-XXIL2=-L 1L3=L 1%L 1L4=L2%L2

7080 LB=L3%kLitto=L4¥L2

F060 K1=YL/ALS

7070 W2=-2%YLALS

7080 K3=YM/L4

FOF0 K4==2%YH/LS

100 RS=DMsE

FLE0 B4 =R N4 HRE

FL30 B{3)=CKI+N3~( 28 XX+HXT0K K2HRS 1={ 2ZRXIFXXIX(F4))

7140 B 2)=0 CR2ERD 1 OXOONXX M 2RI M 4{ K4 3 (OXTIRXIND+25XDKXX))
71435 B 2)=HE 2)=-20RDRXX 253X

7150 RO L)=0RKIRG XOXRXK ARSI XTI - XI0Kd XXEXX DX K2HRS ) 3= XUXXTIRXXKORK 4 )
7160 X2=Xu-61

Fi70 FOR IZ2=1 TO 109

7180 XN2=XZ+451

FL90 TF X2HXX THEM 7230

FE00 YP=3RRO4 INCXZRX2IH24B0 3 )¥X2+R 2)

7210 Wa&=0LLF YF<0 THEN XX=XX-8TiI2=100¢UW4=1

F280 MEXT 12

72460 IF Wée=1 THEN W4=01607T0 7030

A3y IF MZI=i THEN 7400

FELD XX=XX+ETIST=8T/10

7320 LF aRS(ST)<IE~& THEN 7350

7330 GOTO 7030

7330 MX=XX-L10%87

a0 L8=X)IPRIMT TIMESRETURN




1i HEM ——m=m—=——m FROGRAM " JSKRAU = mmmmmm e e e

10 CLEAR 4000

1% 0G=LUG( 10)312=03 kyau:XB=0:X2=0:YP=O:ST=0:NZ=0:XM=0:LX=O:SI=0:YL=0:YH=0:DH=0:L1
=0:L =0 {L3=0L4=0LE

16 L6=0tKi=0iK2=0iK3= o: K4=0 1K5=01K&=01JY=03 J9=03IT=01[J=03IM=0}I1=D

i7 K2=0113=01TL=0IKS=0 1 EA=015A=0110=0IX=0212=02JX=031A=0IC=02 [K=0

20 UIM XMCE0)IYOU10 1/ XCS3)rAC18) 9B 4),C0L 5093 )y Y1053 1 XIM 15)9XAC10550 )5 YO 10150 )5
Y2100 LI 50 05 IXCH0 )1 JY0 50 )y QR 10550 )9 JAL 1009 JWCLO)

30 PRIMT"PROGRANM SPLIN2 FROM FORTRAM ORIGIMAL 02/22,/82 V1°

31 LERINT ™ "{LPRINT " “{LPRINT TAR(22)5"SPLIN2 FROGRAM - 02/22/82 V1"LFRINT » »

49 INFPUT"ENTER ¥ OF DIATA SETS":QuW
25 PRIMTTENTER IS07S IN INCREASING SIZE
44 PRINT"The last entru inrutled MUST be the lardest rarticle dismeter using tn
e densily enltered”
MO IMPUTHENTER NUMEER OF POINTS"sNF
5% FOR Gv=1 70 W
U8 INFUTVEBET ID="s5 ITH QVITINPUT "PROCESS WGT. RATE( tens raving/hr )="3JX( AV YLINFUT
PTP EMISSION RATE (lb/hr =50V QY
59 INFUT "ENTER FPARTICLE DENSITY (g/cc) =" JACGY ) LJIWAY I=CSAR( JAI QY )
&0 FORE (=1 10 NF
A IMAPUTHENTER 0S80 Ral LOATIING FOR EACH FDINT",GQ(IvGU),YQ(I:GU).XQ\IsGU) Jul QY
OAC T« QY IIMEXT I
80 PRINT'SET " QVINEXT QY
81 IMPUT'ENTER # OF D50°S TO BE DETERMIMED FOR ALL SETS"iLA
g2 FOR =1 T0 LAYINFUT"ENTER AEROQLDYMNAMIC LSOY"sXDL T )IMEXT I
83 FOR QV=1 10 GWIFOR I=1 TO NFIXNCIX=XQC 1@V Y20 T)=YQ{ I QU IINEXT I
B4 PHRINT TIMESILPRINT TAR{SD)F"TEST INt "HSIDSCQVITLPRINT " "ILFRINT TARI&"IHNFUT
DAaTAl FROCESS WEIGHT RATE ="5JX(QY 33" TONS FROD. AHR"ILPRINT TARCZ4)5"TOTH
L O FARTICULATE EMISSION BATE ="53IY(AUW Y “LB/HRY ILPRINT TAR(24)*FARTICLE DENSITY =
LAV s G/CC "
G LFRINT " "ILPRINT TAR S )i"HEASUREDR PARTICLE SIZE RISTRIRUTION" (LFRINT * "iLFRI
MY TARCS)F"CUT (um) Al % < CuT CUM, % = CUTY"ILPRINT " "i1Y0(0)=0iF0OR I=1 1
U NEIYO(II=YOUI-1)4Y2( T 2INEXT I
B8& FOR =1 TO MFIYQOL)=YQ{I)/YO(NF X109 ‘

. BH OLFRINT TARISIIQAI I QV) ™  "3Y20TI)e" "SYOQCIDINEXT ILiLPRINT"
89 MN=GIRH=MNIN=4 tR=N
GO NP (M2 )RR NN
PAFE =IO @A IRa )

P LFWINT " "ILPRINT TAR(SI"OUTPUT DATA: TF EMISSION FACTOR = "3JE#" LR/T A
PrOWSEJERY KB/HT I ILPRIMT " "ILFRINT " " ILPRINT TAR(39)i"EMISSION FACTOR"
93 LPRINT TAB(S)F"CUT (umA) CuM. % < CUT (LE/T) (RG/NMT )" ILPRINT" ¥

100 MI=NF-2

1360 FOR (=1 TO N2

120 Q2 J=N-1

L300 LF NZ~140 THEM 150
140 Ld=N42

LS M= —1 M4

L0 XOM)=L060 XM LY »y/00
L7090 Y M )=L060 yoO L)/ 06
L8 XE=(LUGCXNCI+HL ) )1/06-L00GYL XN 1)) /0G ) /R
1990 FOR (f=31 10O 32

200 MmM=I- 40l

10 B LI =L0GY YO MM ) 1 /06
20 K=3% 11-1)

SR PR J=17T0 3

a0 A=t 4l

50 AUERI ) =CL0GE XM S 3 )/0G 00T ~1) H-6
260 NEXT JIHEXT 11
HFQ RS

SE0 GUBUE 5000
290 FUOR =1 TO 2

P —— L e




310 IF SLxr=0 THEN 3390

S B30 BC 2)=0 LOGC YOLI41)/ Y00 T ) ))/06/¢ LOGE XMC I+1 )/XNC 1))/06) 3 B(1 )=LOGL YO( I ))/06G-K( 2%
LOGLXML 1))/06

SE0 B 3=01d=2

S0 MEXT J

So0 FOR J=1 10 JJ

E70 Raded

B80 XK )=L0G XM T ) 2/06G+I¥XT

W0 VYLK I=ROL 4R 2 IR K B3 MRXCRIC2

400 NEXT JIMEXT I

410 FOR =1 10 3

420 K=3xd T-11

430 FOR J=1 70 3

440 Ma=14C J-1 VN

4350 ACKEI =X T -1)

460 MEXT JINEXT 1

470 FOR 1=31 TOQ 3

460 M=140 L-1 2NIRC D)=Y LIM ) INEXT I

490 RKE=y

W00 GOSUE B0

Hi0 SL=R 2 HIZHB(3)%X(1)

G20 (F SL>=0 THEM 600

DEQ FOR =1 TO J1ACIIS1INEXT I

G40 AC 41X 1O XINFL =X 1))

S350 Al 7 )=AC4)L2

WMEH0 FOR =1 TO 2iK=3%k1IFOR J=2 TO 3

570 Mel4( CJ-2 3N ACKEI )SKOM T INEXT JINEXT I

G980 BO1)=Y1(1)

B0 FOR (=2 TO 3iM=14+CI-2 000 (I )=YI( M IINEXT 1

YD KE=016GU0SUR H5000

&% FOR I=1 TG 3

L0 G001y T)ERODIINEXT I

615 L1=1

HE0 Lh=hF-NMN-1

630 FOR I=11 TO INM

640 JJ=I1R{1)=0

&S0 FOR Q=2 74 3

SH&0 K=I-1

HF0 LF =1 THEN K=1

SED KO 1)=B LA I=-1 X COCKy I NRXK(TI0C.]-2)

D WEXT 4

A0 B 2)=0U0(K- 1) _

Fag FOR =2 TG JILET B 2)=RO2)M4COR IR T I CI-1 JENEXT J

730 RO3 E=EYLOLF2)

A0 FOR J=1 70 3tL=14+C J-1 2RI TIF.I=1 THENAC L)=0ELSEA( L )=0.0=1 XX 1 0C.J-2)

7495 MEXT A

70 FOR J=1 TO 3iK
7&0 FOR J=1 TO 31K
770 KRB=

7¢0 GUSUR G000
790 FOR Jd=1 TG 31COCI» 2 )=RBIDINEXT JINEXT 1T
g0 IF JJd={MP-1) THEM 11490

10 US=L0GL XMNEMF ) )1/0G-LOGL XN ME-1)1/06
g2 XI=4s/RK

A0 M= WE -2 ML

4.0 XD=L0G4 XN NF-1))/006 L XM=L06¢ XM(MF ) )/706
50 ML=MP-NN

a0 YL=I0U Y LOML)

i =000 [Ny 2 24000 IMy & 2% XD

gy PR=CM IMs1)

g99 FOR L=2 70 3 B-7
Gy PEspEe OO0 TN L 2RO L-1 JINEXT L

910 Dis=kExd 10LPP %2, 3025835

@ YH=YO0( NF)

gy GUSUR 7000

J-1 PRK=3RKIACKNF2 )=XC DIERINEXT 1
J-1 IRK =3 LACKERA3 =X I+2)0 K ENEXT )




940 FOR (=1 TQ N3

GE0 Jm=He L G I=XOM FINXT

van IF XCJ)<ZS THEM 1000

Y70 YL(.J)=LOGC YO NF ) )/06

980 GUTO 1100

1000 HEN

1010 Yi(2)=R(1)

1020 FOR £=2 TO 4

1030 Yi(A=YL) RO MK TICCR-1 MINEXT K
1040 Yi¢)=L06 Y1) /06

1L00 MEXT ¥

1310 I IsNF-NN-2

L1120 Th=Ne-L

1130 GOTo &30

1340 LS5=MF-1

1160 FOR =1 TO LA

1180 It=L UG X ) )»/06

1190 L8=MF-1

1200 FOR J=1 TO NF

1210 LF LasX(.3) THEN 1300

1220 (8=0-1

1230 J=NF

L300 MEXT 4

1310 (F £9<1 THEN IS=1

1320 YO=CO(I8s L )+COC IS 2)XIL+COC 1Sy 3 )RIILRIY
1330 by=10LYQ : ,
1340 LFRINT TaR(SISXIK IS TARI20)5 OV TARC 3405 UYXIE/ 1005 TAR( 50)350, 00SRIYRJIE
1330 NEXT I

1340 LPRINT® "ILPRINT® " INEXT QV

1342 LPRINT TARI6)3"ENII OF TEST SERIES®
i385 PRINT TIMES

L3700 FRINT "EMI OF RUN" ENI

000 REM ROUTINE SIMQ

5010 TL=0

S020 KS=0

Y030 a9=-3

Y040 FOR J2=1 10 3

050 ay=gzel N

Ys0 19z +3+1

SO0 RE=0 T B T T - = o
$080 L[ T=l9=-47

M09 FOR $2=32 TQO 3

Y00 LJ=iT4Iv

$110 IF ARSORS)I-ARS(AC IS =0 THEN S150
5120 Ra=al1Jd)

S130 iM=ry

iS50 MEXT 12

Y160 IF ABS(EA)I-TLHO THEN 5200

5170 KS=t

Y180 J2=3160TQ 4399

S200 L1=J24+3%¢ 02-2)

YR IT=rM-d2

G020 FOR KZ=J2 TO =

Y30 T1=f14+3113=I1417

5740 Sa=Al 11

S5E50 ACLL¥=Al £3)

a0 fal 13 )=54

HETO a0L1 0=A0 L1 REINERT K2

580 Sa=d M)

Y90 ROLIM =R I i
UED0 #007 0=84RA H-8
BEL0 EF U2=3 THEM 5395

SEZ0 LU=IH2Z=1)

HEIGOFOR O IX=JY 0 3

LE40 LZ=104TY




G360 FOR JX=JY TO 3

SAT0 XX=FHCIK~1 X

BEE0 AZ=XXHLT

5EI0 Al XX =AC XK )=C ACIZ NG JZ) ) EMEXT JX
5372 RO =R EX)~K J2)%6¢ IZ)INEXT IX
5395 MEXT 22

5398 IF KS=1 THEN 5500

5400 MY=3-1

S410 [T=5%3

G420 FOR JZ=1 TO MY

G430 LASLT -2

4440 LE=3-.12

N4S0 §C=3

5440 FOR K2=1 10 42

5470 BOIEO)=R TE)-A( TAYKE(IC)

5480 (A=1A=3

5490 [C=LC~1IMEXT K2INEXT J2

S3T00 RETURM

7000 RER ROUTIME QSCFIT

7005 FRINT *7000"5 TINES S

7010 MZ=035T=,1iXX=XMiLX=XH-X

7020 S1=0X/99168=0

7O NI=NZ+L

7040 LISXD-XX1L25—L 18U 3=L1XL13L4=L2%L2
7050 LS=L3¥LLILE=LANL2

7060 K1=YL/L3

7070 K2=—2KYL/LS

7080 K3=YH/LA

7090 K4=—UXYM/LS

F 100 KS=Lu/L3

F120 BOA ISKZHKEHRS

7130 B3 )=ONLHKE=C ZO0CHEXINDNC K2HKS b= ¢ 2EXTEXX I¥ (K4 ) )
7140 RO2)=¢ (KRS MEC COOEXX )+ DIXTEXX )+ K4 %0 CXIEXD )+ 2XXIRXX )
7145 B{2)=R(2)=2KK1 XXX~ 2XKFRXTL

7150 BO1y=( KIKCXXEXX K SHCOXTRXIND=XIKC XXXXX D¢ K24KT ) )= XIRXT VRXXKL K4 )
7160 X2sXD-S1

7170 FOR 125170 100

7180 X2=XZ+451

7190 LF X2:XX THEM 7250

7700 YPE3NECA YRXEKXD )+ 2KEC 3OKX2FEC2)
7710 W4=03TF Y0 THEN XX=XX~-ST3IZ=1001u4=1
7TEO MEXT (2

7us0 LF Wasl THEN W4=0tGUTO 7030

7300 LF NZ=1 THEN 7400

7 ALY KX=XK4ST LST=5T/10

7320 IF ARS(ST IE-6 THEN 7330

7330 GUTO 7030

7350 XKX=XX-10XST

7400 Z§=XXIFRINT TIMES IRETURN




1 HEM %=Kk=K=X=X=f==fz¥=f=k=¥k=k=Kk=k=K=X=X=K=K=
2 REM
3 REM Prosram "JSKLOG” » 10/04/82

4 HEM For use in Lhe ssehalt cslesors rerordi

4 REM ir Lhose csses Lhat 3 los-normal size distri-

5 HEM bulion is used to characlerize dals.

7 OREM

$1 RFEM XmdesdmRa oW Rnfo Yoo Wodol=Ra e demd =YY=

10 CLE AR 49000

5 GG=0006GY 1073 T2=0 0 ¥u=0 1 XU=d 1 X2 =diV P =0 8T =0 1 MI=P XM= 1L X=01S1=0 Y L=0 1 YH=0 t =010 1

=0 LE= L3 =0 L 4=) D=0

16 Le=iKl=0t K20 IR3I=0 1 K4=0 tRT=0IRE=01IY=01J9=0IT=0:iId=0 IM=0111=D

17 BZ=0113=0TL=0IKS=0 1 BA=01SA=0 IG=0 1 IX=0112=01JX=0'IA=01IC=0IEB=0

20 BIM XM 10X YO{ L0 s X(S3 ) rA( 16) s REA DIy COC IO 3 ) YI( S3 )y XD 1S 29y XA 10530 D e YA 10950 )y

Y210 ) LOE{ SO IXCTO e IYL(TO I AQAC 10950 3¢ JA{ 1009 JW 10D

30 PRINT'PROGRGM SFLINZ FROM FORTRAN GRIGIMAL 02/22/82 VLUV

3i LFRINT TARCSD)F " "ILPRINT " "ILPRINT " "ILPRINT " SPLINZ

PEOGEGN -  02/22/82 VLT ILPRINMTY "ILPRINT "

40 IMFUT"ENTER # UF TATA SETS"$QW

A% PRINTYENTER IS0’ S IM INMCREASING SIZE™

S99 INFUTYENTER NUMBER OF POINTS"siNF

UE FOR QU=1 TO au

U8 INMPUTYSET Th=" i TOe QUL INPUT "PROCESS WGT. RATE (TONS FRODUCED/HRE " & IXC GV ) TNE

UT* 7P EMISSION RATE (LE/7RED"FJY(QY)

5% INFUTYENTER PARTICLE DEMSITY {(g/cc )i JRCAV I IJIWC QY I=SQRCIAC AV )

40 FOR =1 Q0 NF

FO IMEPUTYENTER [90s CUM LOADING FOR EACH FOINMT™QQC IyQW e YQC IOV 2IXEL T s QY 3=JUW0 QU )

FEEL L UV IINEXT I

B0 PRINTYSET #5300 INEXT QY

1 OIMFUTYENTER ¥ OF I¥OYS TO BE DETERMINED FOR all SETS"5LA

B2 FOR =1 T0 LAJIMFUT"ENTEFR AEROQDYNAMIC US0"iXI{ I INEXT I

83 FOR GV=1 70 QWIFOR I=1 TO MFIXM(I)=XG{ IsQYIIYO( I )=YQ{ DAV HINEXT I

84 PRINT TIMESILPRINT TAR(ADIS"TEST ID: " 5iIDS( GYIILPRIMT " "ILPRINT TABCS)I"INFUT
LAaTAS PROCESS WEIGHT RATE ="3JX(GV)#" TONS FROD./HRE" ILFRINT Tak{2Z4¥3"TOTAL
FARETICULATE EMISSION RGTE ="#JY(QVI" LEB/HR"ILFRINT TARL 24 )5"FARTICLE LENSITY ="
s QLAY ST GsCCH

S0 LPRINT " " ILPRINMT TAB(S YF"MEASURED SIZE UISTRIdUTID PLLFRINT o

Ha LFRINT TABE( S)7 "CUT{um) CumM, % - "ALPRINT O . .

B8 FOR =1 TO MEILPRIMT TARI S QR ISQVs" WEYOU T VSNEXT ISLFRIMT" "ILFRINT

T MM LRR=HM L M=4 L Ri=N

YO MR ME =2 M) EMMEL

Y1 JE =Y QY2 IRCY )

G LFRINT " "ILPRINT TAM S )3 "0UTPUT DATA: TP EMISSIOM FACTOR = "3JES " LE/T
TEOLO¥IES" KESMT I ILFRINTY "ILFPRINT " "SLPRINTTARC 41)5"EMISSION FACTOR"

23 LPRINT TAE{AD)I"CUT {uma) Cum, % < CUT (LE/T)H (RG/AHMT ) ILFPRINT

e

Y4 FORQZ=LTOLAIPRIMT'LOG-NORRAL % <" XD QZ)IIINPUT" umA" SLYILPRINT TAR( &) XIK QX)F
ARLZ20)ITYVITAR 3 DYRIE/L005 TAR(S50)5 0, 00SRIYRIEINEXT A%
73 LPRINT "THIS DATA SET WaS FIT TO A LOG-NORMAL SIZE DISTRIRUTIOH" PENI

H-10




APPENDIX I

DESCRIPTION (OF TI-59 PROGRAM TO COMPUTE
LOG-NORMAL PARTICLE SIZE DISTRIBUTION




Particle size data fitting a log=-normal distribution yields a straight
line when plotted on log-probability graph paper. To graphically determine
the mass fraction of particles smaller than 15 um in diameter, the data
points would have to be plotted. Then, the best-fic line would be drawm
through the daca points and the IP fraction determined. Such a graphical
approach is time consuming and requires a subjective judgment in drawing
the best-fit line through the data points.

An analytical technique ucilizing the TI-59 programmable calculator
was developed as part of this study. The program transforms both coordi-
natas into a linear format, as showm in Figure 6, and then performs a stan-
dard linear regression analysis to find the slope and intercept of the least
squares line fit to the data. The ordinate is linearized by taking the log-
aritim of the aerodynamic particle diameter. The abscissa or the probabile
ity function is represented by the integral

* L. e2/2
F= d/’ it
o.. VvV 2m
This incegral can not be solved explicitly, but can be approximated by

2 .
0K F<L0.5 x=-=t+_ ©0 *teie +epe + ¢(F), where ¢ =V/ ln(l/Fz) and
L+ dyt + dpe® + dqt”

cg +cit + cztz

+ ¢(F), where ¢ =\/1n(1/(1-F))2 o
1 + dlt + dztz + d3t3

0c5<F<1-O X =L =

- The constants neéded for the probability function approximation are given

in Table A-l1.

16
TABLE A-l. CONSTANTS USED IN THE LOG NORMAL DATA ANALYSIS"'"/

b, = 0.31938153 ¢y = 2.515517 d, = 1.432788
b, = -0.356363782 e, = 0,802853 d; = 0.189269
by = 1.781477937 e, = 0.010328 d; = 0.001308
b, = -1.821255978 _
by = 1.330274429 r = 0.2316419
-8 A
le(x)| < 7.5 x 10 |e(F)| < 45 x 10

I-2




Once the data points are transformed to linear coordinaces, the stan=-
dard linear regression function of the TI-59 is used to determine the slope
and intercept of the least squares line f£it through the data points. The
mass median diameter is the anti-log of the y-intercept, as shown in Fig-
ure 6, and the gecmetric standard deviation is the anti-log of the slope.
The linear correlation coefficient is also calculated.

To find the mass fraction of particles smaller than 15 um, the log of
L5 (yecoordinate) is entered and the corresponding value of the x-coordinate
is computed using the least squares line previously determinad. This pro-
gram can be modified very easily i{f the mass fraction for another particle
cut size i3 desired. The computed x-coordinate value is then comverted
back to a mass fraction using the following formulas:

2 3 4 5
x<0 F=£G)bc+b,e +b,t” + bt +b5t::[+e(x)
x>0 F=1- f(x)[b,c +1b A e 1:5]+c(x)
1 2 3 & 3
’ ‘
where f(x) = __I_'._exIZ and t = L .
2 1 + x|

The constants for the formula are presenced in Table A-l. Appendix B
contains the log=-normal distribution program used for analysis of che
particle size test dacta.

The log-normal method 13 a useful procedure for interpolating between
points as well as extrapolating beyond the measured range of the particle
size distribucion. It is common to find deviations from log-normality at

‘the extremes of che size distribution. There are limitacions of the log-
normal method; however, this procedure facilitaces the extrapolation needed
to arrive at a mass fraction less than 15 um, from measured parricle size
distribution data.
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PROGRAMMER 271"\ oare 12-25-2v  Program Record
a:-'r'u
Partitioning (Op 17) |+ ..—._] Library Module JaaYS T LipRARY _ Printar Cards_l_..:.wrs
' PROGRAM DESCRIPTION
THIS P&)Aipm Eibs A LINE THEGU H OATA PAINTS AREYineg A Los = JjoKMA
W&M&Mﬂw r |
& Com L0 THE AdscyesA (COMULATIVE MBes F:?r-‘rcncnl LEss THAN
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lanp THE GLomeTRic, STAPORAN ACuATaN (ANTI-L06 ¢f Spape ) 44 &Eipm
g8 THE CoRE LATION o F-F:CfEWLA.
USER INSTRUCTIONS
STEP PROCEDURE ENTER PRESS DISPLAY
” B
W 1 /PEBn carp - ;F 1 1
Fa 5D
CLE Siae 12 2
] | STeRE ConsTanTs ¢ PREPARE.  #aR  [4E NpTA Pry é =]
J 3 [% : / %"f" -
| J | EnTER NATHR Porur. ENTER niameTEL 18 MoRows K/ Y AmmgmmaTe )
ENTER £ p« Erperten (Mor o ) 1274 (X tooginame)
v T e 7 F il
EVTER WEIGuING FACTOR
CUMEEHRE F—3
(rvreeex 21 ) /s ot LR POINTS
£ | Fet gt NDAra  PoyuT 2 pecaf <STep 3
S dempars « Mues MEpIAN DNIAMETEE A M
_KEo  STawpaen DEviaTion) A/4 &sQ
LORELATION paczétcienT 2/s £
L 4 C'MFJ‘fE_ F(Acrmm CEAS  THAM 1Sl QL — f(kfij';_“..\

7 _lAampyTeE: FK_&c:naN AESS TI4AN Dimder Elf_uiuf' ja] £ (4N mser)

2 IFak NEw SEC af OATA  /NEW LiNE) A g
THERN Ao To STEP 3 Ta EwTés DATA
USER DEFINED KEYS DATA REGISTERS ([ H1 ) _LABELS (Op 08)

‘Searugt (ShECrens LM nseo 20 & w_ G _E G5
thQ sasn 4 " Jsep 2' £, F_Taj_ Gl (R _soe _ 0
¢ 7 2 m_ _ O OO _=_5_X_

£ (¢ < A,,! ! £ 214,

0 Ere O, -\ | — - 3 i = _] m 3] _EE ]
- TR oY, —22 =_E_Mm_ oo @&
TAAZ:__&LFM&L&FF - 1’ d_‘!_ 1 QO o -5 B - N . S o P
- L m_&_[0_[_2_0F_
' 28 B_I_mm_C_rE_Im_
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o ) i zv . @ _o3_E3_Im_om_ BN
e 19 A, =9 4. B_EBX_
FLAGS 0 1 2 ] ' ‘ s s 7 1 3
D 1977 Ty Instrumanty incarueramg -4 10149681




TTLE LOG-MokmaL Qustaguman  PacE_2 oF_2 . 1] Programmable
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PROGRAMMER _277 )71 DATE _/2-35-73 Progrom Record
Partitioning (Op 17) .| Library Module Printer Cards
PROGRAM DESCRIPTION
THis PRACENORE 1< EQuuekENT TA GRAPHICALLY SLLyINE _THE
RodlEm  £3ing LaG = PRAAAWILITY 2apEr
. USER INSTRUCTIONS
STEP PROCEDURE ENTER PRESS DISPLAY
CoaROIN ATE TRANS EeA MATIAN USE  EAllAadnia ADunERear | AFPAA mATIONT:
0 F4 5 & {z = 2 bt . £ CEY w2ifn =2
e - =dp+ fPﬁS 7 } f—
- leCEY st gvioff
™ -
N.SLF 1.0 X e 2 B, L odey a2
Trd, T F ~Fdy 7 (t"'j
| o
X=0 j:#cx)_gg- rhat® *hor3 _Lr.:ﬁ- hot r ik e A 2N E A2
. - J P
e Froa-fon Uaen ooy A b e T [ Leloy ] os =———
.\_ — L= - L - B , +r] x'i_
ANESEECER
gL . 2 ’; ~
USER DEFINED KEYS DATA REGISTERS ([ IN ) LABELS (Op 08)
A ¢ 9 oavi _nwy (TT) _ER) __EY __[a0
8 1 ! o BT i R =V N B o B
) 2 2 O o= el X
3 ; P =;_T_F_ =
- - - =_T_m___m_
- - - m_m oo o
: . B - S i~ - S - P
* ¢ § o_o_mm O3 _FE3_ ;o
¢ i i o - - S . O -
9 3 L] Eﬂ_m___m_m_
£ ¥ 1 Ex _Im_
FLAGS 0 : 2 3 ’ 5 [ ? 3 %
D 1977 Taxks lnsTumenas incamenndg 1-5 19149481




TME _LQG-Nelwmey,  O\STEBetaN __ ° PAGE
DATE_2->2-7%

PROGRAMMER _ "D\ TN

-

o

\__CF

T Pogrammable

Coding Form

&

LOC [CODE  KEY COMMENTS || LOC [CODE  KEY COMMENTS || LOC |CODE]  KEY COMMENTS
a0 A B ICREA AGG ST “Lea 27 NTY_A i les i w1 i
I A TERY TR 193 . JLINERA fr & I G S S
| 32 2™250n [NEw 4€T las | & Yeeondomarel]  1[23_| 23
U -4 T - A% D ATH Jla | X+ | ¥5 - -
| s8R 122§ ACk 93| fex b
I U L -, b 133 82 SRS -1 A D1
To 4™ e 1 e | o dsa x|
- i, |2 A ! e & o By A “les % _—
LI I 2 ENTRY Ca | 43 | R — 3 Rl
e LA X e iy eRans ~181 | o7 _1o¢ | 8%
L 4% | T8 sl ¥x (2 o A
i3 | 3 139 | _x= - | 43 s
L 41 B/s  Ente i Eu 123 | En L2 2
1 ] 4e% At A -3y [ 5 =
K £RACTIaN | 143 | 4Ts S e -5 #_1-5 ~ o ——
22 1 XT ' 7 |03 | o8_ LI » S
a3 dce 7| $8R 43 [ Ree | -]
3 L3 32 | A L9 r—‘--i—--- e
U 1 3 - B -2 sl_16To - i3 -* -
C—o 43 Aol |QisenAy te o e - - —— 3 | Acx
A_ 1831 €3  lok Bava 1 2™ mde 13 _leg | o3
R KTV <Y Pal T r MEME 3 SRR | N I i SN S N
e | 28R e meg gats L 4F | A Y B T - -
N I 1P P AR T P e 07 Ch) 23 1 20 __
N B & & YewrgReser|) P | w/— - R 2 2 T S I
SN % SO I L I S J-L 1.5 IO S I £ . - |93 L. ARG~ | e
RS 14, T8 ™ ava ‘| oat ! ey _\ e .. __ —
el da LAY I tMEotem cam 19 = 33 | %3
A2 (27 s it | Yx P20 S S
SN L V- o e T I |3 ] A%~ —
S 3A N+ jcomyere Siel) | (123 | e Eor S0 P I Y S
e PR 2T G [ Lot 3 [ v ¢ | — e he— _
BN 1 DO I V W 3. - WYY R ITY 4 | ST X wil Il R
ATt et loupeay A5 3% 13| dek —
Lol LA [CORERATION Ll 384 i le_p_Jo_ ol .
St /s (oEFEIIEnVT ! 9 12| Kt 5| = -
el {27 L8 |CAMPGTE YA /- N e o e
..... A& [FRacTin e 2% pae R . (T
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APPENDIX J

COMPUTER PRINTOQUTS AND HAND CALCULATIONS

(Included in Tables 3-16 through 3-26)




REFERENCE 1 DATA

(From Tables 3-3, 3-4, and 3-5)




SPILIN2 PROGRANM - 02/22/32 U1

TEST It LA COUNTY  SUMMARY TABLE TEST C-349 SCRUBERER
LHPUT DATAL FROCESS WEIGHT RATE = 113 TONS PROD.
TOTaAL PARTICULATE EMISSION RATE = 352

PARTICLE DENSITY = 2.4 G/CC

MEASURED PARTICLE SIZE DISTRIBUTION

CUT (um) Rew 24 < CUT CuM. Z < CUT
i Ta.4 746.4
20 5.3 82.7

’ #4 258 85t5
L) 14,3 100

QUTPUT DATAL TP EMISSION FACTOR = 3.11504 LB/T f

: EMISSION FACTOR
CUT (umAd)

CUM. 4 < CUT CLBS/T) (RKG/MT)

2T 28,8591 »3F27 44 » 443372
i 33,2163 1.097 » 3483502
1.45. 38.5441 - 120067 » 8500333
N 472.4708 1.34104 +77Q318
3 80,3747 1.88735 +F4377 3
I8¢ 70.8298 2.20638 1.10317
13 75,9359 2,38347 1.18273
20 77,0119 2.45123 1.23083
CHR OF TEST SERIES

INLET

/HE
LB/HR

i,

3

S

7

S

-
e

KG/HT)?




TESL (D

WPUT DaTad

LA COUNTY

SPLIN2 PROGRAM - 02/22/82 V1

PROCESS WEIGHT RATE = 113 TONS PROD,

SUMMARY TABLE TEST C-369 SCRUBBER OUTLET

TOTAL PARTICULATE EMISSION RATE = 24,4 LE/HR
FPARTICLE DENSITY = 2.4 G/CC

HEASURED PARTICILE SIZE DISTRIRBUTION

CUT (um)

iy
20
44

74

QUTPUT 1ATAS

U7 (umdi)

523
i
1.28
A
v
it
15

PV

79.9
3.8
T

i4,3

KW % < CUT

Cun.

79.9
83.7
85.7
100

TP EMISSION FACTOR =

CuM. 4 < CUT

44.9872
S2.4434
85,0381
&2.9344

70,2377

78088667
79,6239
81.4592

MR UF TEST SERIES

A < CUT

» 215929 LB/T «

EMISSION FACTOR

(LB/T)

+ 101459
+113241
+118843
» 135898
+ 151707
+ 16533

+171931
+ 175894

(KG/MT)

+ Q307295
+0366203
+0394217
+ 067749

+ 0758534
+ 0826463

»08359436
+ 0879471

1107965

KG/MT)




TEST 1ol

U DATA,

MEASURED PRRETICLE

U7 (um)

i
LY
44
74

OUTPUT LaTas

CUT {umiA)

. \")2’3
i
1.25
3
P Y

)
it
3]

e
Y

LA COUNTY

SPLIN2 PROGRAM - 02/22/82 Vi

PROCESS WEIGHT RATE
TOTAL PARTICULATE EMISSION RATE = 76 LB/HR

-
-

SUMMARY TABLE TEST C-372A SCRUBEBER INLET

138 TONS PRQI. /HR

PARTICLE DENSITY = 2.4 G/CC

RAWd L < CUT

LD OF TEST SERIKES

SIZE BISTRIBUTION

CumM. % « CUT

73 . 73
ig . ?4
2 78
2 100

TP EMISSION FACTOR = .481013 LB/T -

EMISSION FACTOR
CuM. % « CUT (LB/T) (KG/MT)

2.,91293 +0140113 7 »Q0Q377E~0Q3
G FTSS v0287418 « 0143709
8.18774 0392879 + 0196439
i?.18907 +0922413 Q481307
37. 7237 » 181438 Q907279
S2.137S . 2988879 149445
78,8389 » 348333 «184317
83.72 »412324 $ 2058142

KG/MT)




TEST

s

LA COUNTY

LPUT DRTA

{HEAIURED

Uy

i

GUTPUT DATAS

Cut

fum)

L G25

g enpm
L c-.'_?ui

LI

P T

Y]

i
iS
LY,

S O

PRMTICLE

umA )

SELIND PROGRAM - 02/22/32 Vi

FROCESS WEIGHT RATE = 1
TOTAL PARTICULATE EMISSICM RATE =

SUMHARY TAELE

TONS PROD.

PARTICLE DENSITY = 2.4 G/CC

%€ CUT

TP EMISSION FACTOR =

CUH. % «

24,8738
2,077
528842

57,1342

83.3068

78,0347

2.8004

85.i924

SIZE DISTRIBUTION

Cum. % <« CUT

33
88
37
100

$Q0632911 LEST

EMISSION FACTOR

LEST)

»Q220752
Q288327
» 0233027
PU351807
»O432322
LQ4F3F03
»0S227G7

»03371%2

CRG/RTH

SQLIG3ETS
«0L33183
«UL1E0804
20215181
v 0248731
+R281394
0259574

TEST C-372A SCRUBBER OQUTLET

/HE
19 LB/HR

KG/HT)




SPLLIN2 PROGRAM - 02/22/81 Vi

TEST (i LA COUNTY  SUNNARY TARLE

CPU T DATHES FROCESS WEIGHT RATE = 142.9

TOTAL FARTICULATE EMISSION RATE =
PARTICLE DENSITY = 2.4 G/CC

MEABUNEDR PARTICLE SIZE DISTRIRUTION

Cur {um) RadW 4 < CUT cuM. % < CUT
10 271 70,9318
2 K 79.73
44 *,01 ?9.99
74 *,01 100

GUTIPUT DwThAL TP EMISSION FACTOR = ,345744 LEB/T

EMISSION FALCTOR

Cdd, 4 « CUT CLE/TH (RG/MT)
H25 19,4748 +158521 vI733103
i 28,2735 ,222512 111254
13T 30,8088 282177 + 129388
3 a4.,3338 + 344788 272393
.i.';’ “ i -;232 . &92005 . 346003
15 PO, 2347 o 78404 + 33203
ALY 75,0474 +804331 AD2413

ik (18 TES

%*

SERIES

Model will not accept zero values.

TEST C-372F SCRUBEER IMLET

TONS FROD. /HR
1321 LB/HR

KG/HT)




TEST ITni LA COUNMTY SUMMARY TABLE TEST C-372B SCRUBBER QUTLET

THrddT DATHS

HEASURED PARTICILE

Cut (um)

I
iy
44
7a

GUTFUT DATAL

CUT Cume)

» a2
i
hedd
2.5
V]
iv

- —15
20

Lhb GF TEST

SELIND PROGRAM - 02/22/82 V1

PROCESS WEIGHT RATE

142.7 TONS PROD, /HR

TOTAL PARTICULATE EMISSION RATE = 19.2 LEB/HR
PARTICLE DENSITY = 2.4 G/CC

RalW X < CUT

[0y
H¥

. R
]

P
G

TP EMISSION FACTOR =

CuM. 4 < CUT

S37.3973
81.483483
83,8388
6?.5435
74,9027
FP.5144

817912

83,1953

SIZE DBISTRIRUTION

Cunt. % « CUT

82
83
87
100

+ 13436

LB/T ¢

EMISSION FACTOR

CLEST )

V07711932
.0828412
0835043
+0?34384
100439
108833
109894
111781

fRG/MT)

0414208
Q427324
»Q4567172
+030319%
0334176

Q347472

. Q5358907

0871799

KG/MT)




SPLIN2 PROGRAM = Q2/22/82 Vi

TEST (Nt LA COUNTY SUMMARY TABLE TEST C-422¢1) SCRUBBER QUTLET

LHPUT DATaL PROCESS WEIGHT RATE = 198 TONS PROD. /HE
TOTAL PHRTICULATE EMISSION RATE = 24.86 LE/HR

FARTICLE BEMSITY = 2.4 G/CC

MEASUREDR FARTICLE SIZE UISTRIRUTION

CUT Cum) RaW ¥ < CUT CUM., % < CUT
i 73.2 73.2
:2‘.-} 5|.L 7803
B 4,3 2.8

f4 i7.2 ' 100

OUTPUT DATAL TP EMISSION FACTOR = 134343 LE/T (04671717 KG/MT)

EMISIION FACTOR

LUt (umé) CUm. % < CUT CLB/TH (KG/MT)

» 523 42.8194 ST TAET Q287826
1 47 .3811 Q838334 »Q318257
1,235 4% .5778 +Q856042 » 0333021
245 35.4315 Q73812 Q37908

v 63,1438 +0848335 +Q0424133
i 89,4843 yQ733234 +D4883817
13 72,3738 Q977012 » 0489308
20 750128 » 100737 v 0504534
iRl OF TEST SERIKES




SFLINZ PROGRAM - 02/22/82 U1

TEST Il 1960 LUS ANGELES COUNTY TEST#C-426 VENT LINE

(HPUT DATAl PROCESS WEIGHT RATE = 182 TONS PROD./HR
TOTAL PARTICULATE EMISSION RATE = 2000 LER/HR
FARTICLE DENSITY = 2.4 G/CC

HEASURED SIZE DISTRIBUTIONM

CUTCum) Cum. Z < CUT

2 3

35 17.3

10 39.7

i3 S2.7

20 80.7

39 74

40 81.4

S0 85.8

80 88

QUTFUT DATAR TF EMISSION FACTOR = 10.989 LB/T ( 5.49451

EMISSION FACTOR

CUT Cuma) CUmM. % « CUv (LB/T) . URG/NT)

» 825 ?v34642E-03 1.,02708E~-03 S+13539E-04
1 Q701322 7+70684E-03 3.83342E-03
1425 188 +0182418 ?.1209E-03
"2 T 1.83138 179295 0896475
S -8.87433 . $PT7322T 487613 . —
19 23,9907 2.835812 1.42808

i3 38,4209 4,22208 2.11104

20 47,7338 + 24548 2.,62274

END OF TEST SERIE

J-10

KG/MT)




SPLIN2 PROGRAM - 02/22/,82 U1

TEST IDY 1960 LOS ANMGLES COUNTY TEST#C-425 CYCLONE OUTLET

IHPUT DaTal FROCESS WEIGHT RATE = 182 TONS PROD./HR
TOTAL PARTICULATE EMISSION RATE = 2520 LE/HR
PARTICLE DENSITY = 2.4 GreC ‘

* MEASURED SIZE NISTRIBUTION

CUTlum) CUM,., % « CUT
3 1.3
5 5.4
10 10.3
i5 14.3
2 17.8
30 25.4
490 33.8
50 44,4
80 51.1

QUTPUT TRTAL TP EMISSIOM FACTOR = 14.3938 LB/T ( 7.1978 KG/MT)

EMISSION FACTOR

CUT {umA) cuM, % < CUT (LB/T) {KG/MT)
+ 523 «0221413 3+18737E~03 1.,99368E~03
i + 08943464 »0128821 &+44105E-03
1.23 ¢ 153337 +0235494 Q117747
2.3 «8334G3 .119981 Q0599904
] 2.,9282 +421532 + 210744
i 5.92033 FFE2T6 . 498128
13 ?.95612 1.43324 + 718822
20 12,6159 1.815813 + 708085

EHl OF TEST SERIES

* Particles >60 ymS and 3-4 umS not used as input to model (see Section 3.5.2
of text)..

J-11




SFLINZ PROGRAM - 02/22/82 V1

TEST IDY 1960 LOS ANGELES COUNTY TESTH#C-4246 CYCLONE INLET

{HPUT DATAS

PROCESS WEIGHT RATE = 182 TONS FPROD./HR

TATAL

PARTICULATE EMISSION RATE = 4700 LE/HR

FARTICLE DEMSITY = 2.4 G/CC

* MEASURED SIZE DISTRIBUTION

CUTCum)

QUTFUT [RTA

CUT (umn)
. 529

i
-1,25
DS —_.
t‘i

10

i3

-
S

cumM, % <«

1.5
190.1
21.1
27.8
32,1
40.8
47 .7
S3.3
S6.48

cuT

TP EMISSION FACTOR = 36.8132 LER/T (  18.40648

EMISSION FACTOR

Cum, % « CUT (LEB/T) (KG/MT)
4,02347E~03 1.4819€-03 7 +40932E-04
03184 0117213 3.86066E-03
07707 0283719 +014184
80332 295728 —— 147884
4,355334 1.,467813 +837073
1353.7273 5.,035344 232672
29,4088 7491313 3.73637
25.2254% ?.28835 4.,54318

EHI0 OF TEST SERIES

* Particles > 60 ymS and 3-4

of text).

umS not used as input to model (see Section 3.5.2

J-1i2

KG/MT )




TEST It

IMPUT TATAL

SPLINZ PROGRAH -

1960 LOS AMGELES COUNTY

PROCESS WEIGHT RATE = 92.3

PARTICLE DENSITY = 2.4

MEASURED SIZE DISTRIBUTION

CUT(um)
10
20
44
74

OUTFUT DATAL

CUT {uma)

.

62

L

:
.25
2.5
=
10
15
20

CUM. % < €UT

13
84.1
?3.7
100

02/22/82 Yy

TEST$C-393

SCRUBBER INLET

TOMS PROLDN./HR

TOTAL PARTICULATE EMISSION RATE = 4280 LE/HR
G/CC
46,133 LE/T (  23.0749

TP EMISSION FACTOR =

CuM,. % < CUT

2.21iE-12
2+.18E-07
4E-08
1.12E-04
y0449
2.8

13.%9
30,8

EMISSION FACTOR

(LE/T)

1.02E-12
?FE923TE-1D
1.,84413E-08

Se186923E-03

+ 0207231
1.,239231
5.41538
14,2104

{KG/MT)

S.1E~-13
4.,98442E-10
?+23077E~09
2.,38482E-05
»Q103813
5456154
3207489
7210769

THIS DATA SET WAS FIT TO A LOG-NORMAL SIZE DISTRIEBUTION

J-13

KE/MT)




REFERENCE 3 DATA

(From Tables 3-6 and 3-7)

J-14
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SPLIN2 PROGRAM - 02/22/82 V1
PROCESS DATA NOT AVAILABLES EMISSION FACTOR DIRECTLY INPUT
TEST Il GERMAN STULY PLANT 1D NO. A4 CYCLONE INLET
INFUT LATAS PROCESS WEIGHT RATE = O TONS PROD./HR
TOGTAL PARTICULATE EMISSION RATE = 0 LR/HE
PARTICLE DENSITY = 2.4 G/CC

MEASURET SIZE DISTRIBUTION

CUTC um) CuM. % < CUT
5.3 10.5
7.5 . 1847
10.6 23,2
15 28.6
21,2 34.3
30 39.7
42,4 4d
40 : 57 .1
74 100
QUTPUT LATAS TP EMISSION FACTOR = 18.8 LEB/T ( 9.4 KG/MT)
: EMISSION FACTOR
CUT CumA) . CUM. % < CUT (LB/T) ( KG/MT)
Yy E— S, 06462ES03 9.S2T4BE-04  4.78074E-04
1 0354255 8,45999E-03  3,33E-03
1,25 0818374 0153855 7 +69273E=03
2.5 774093 .145529 L0727 647
g 4,2861% 805799 402899
10 13.8925 2.41178 1.30589
15 21,5391 4.04934 2.02447
20 25,2601 4,9349 2. 46845

END' OF TEST SERIES

J-20




SPLIMZ PROGRAM - 02/22/82 V1

PROCESS TATA NMOT AVAILABLE; EMISSION FACTOR DIRECTLY INFUT
TEST IIt  GERMAN STURY PLANT ID NG, a4 CYCLONE QUTLET

PROCESS WEIGHT RATE = 0 TONS PROD. /KR
TOTAL PARTICULATE EMISSION RATE = O LE/MR
FARTICLE DENSITY = 2.6 G/CC

INFUT DATAl

HEABURED PARTICLE SIZE OISTRIBUTION

CUT Cum) RaWw % < CUT cum. X < CuT
10 23.2 23.2

20 11.1 34.3

40 11.7 44

74 34 100

OUTFUT DATAL TP EMISSIOM FACTOR = .918 LE/T ( .488 KG/MT)

EMISEION FACTOR

CUT {umd) CuM. % < curt (LR/T) (KG/MT)
Y- Yk 1.01021 ?.2333E-03 4.,52673TE-03
1 1.81471 01686227 8,31137E-03
1,25 2435923 202156106 + 0108033
2.5 4.,99792 0457809 0228995
S ?.50428 LOB79732 + 04393876
10 16.7416 + 153353 Q7686767
13 22,1483 »202878 1101439
2 + 242483 0121242

26.4721

ENLIt OF TEST SERIES

J-21




SPLIN2 PROGRAM - 02/22/82 Vi
FPROCESS DATA MOT AVAILABLE: EMISSION FACTOR ﬁIRECTLY INFPUT
TEST IOt GERMAN STURY FLANT II NO. Ol CYCLOME INLET
INFUT DAaTAS FROCESS WEIGHT RATE = O TONS PROT./HRE
TOTAL FARTICULATE EMISSIOM RATE = 0 LEB/HR
FPARTICLE DENSITY = 2.8 G/CC

REASURED SIZE DISTRIBUTION

CUT um) CUM., % < CUT

5.1 7

7.2 13.1

10.2 18.2

14. 4 22.8

20,4 26.7

28.8 28.8

40,8 32

57.7 38.2

74 100
DUTFUT DATAS TP EMISSIOM FACTOR = 42 LE/T ( 21 KG/MT)

EMISSION FACTOR

CUT {umA) CUM. % < CUT CLEST) (KE/HMT)
V625 . 4.90417E-06 2.,05975E~0&8  1.02988E-0&
3 T 2,28435E-04 ?.51154E-05  4.75577E-0S
L.23 1.14949E-03 4 ,8287E-04__ 2,4143SE-04 . _
2.5 .0803031 «0337273 + 015684837

5 1.67117 .70189 « 350945

10 10,382 4,35205 2,17402

15 15,8908 709415 3.54708

20 20,8541 8.74291 4,3814¢4

ENDL OF TEST SERIES

J-22




SPLINZ2 PROGRAM - 02/22/82 V1

PROCESS DIATA NOT AVAILABLES EMISSICON FACTOR DIRECTLY INFUT
TEST 1Dt GERMAN STUD'Y FLANT ID NO, D1 CYCLONE QUTLET

INFUT TATAS PROCESS WEIGHT RATE = 0 TOMS PROD. /HR

TATAL FPARTICULATE EMISSION RATE = 0 LEB/HR

FARTICLE DENSITY = 2.8 G/CC
MEASURED PARTICLE SIZE DISTRIRBUTION

CUT Cum) RAW % < CUT

CumM. % <= CUT

10 18.2 18.2
20 8.3 26.7
40 343 32
74 68 100

QUTPFUT DATAL

TF EMISSION FACTOR = 35,24

LR/T ¢ 2.82

EMISSIOM FACTOR

CUT {umn) CuM. % < CUT CLR/T) {KG/MT)
525 v 203426 »Q106595 S.32977E-03
1 +312888 0253733 v 0134377
1,28 77132 0403549 L020177S
23 2,3817 124811 + Q624057
3 6.0183% » 3135364 . 157682
10 12,4233 + 830982 + 325491
13 17 .284%5 205708 + 432854
20 L 20,9308 1.09781% » 548904

EMIt OF TEST SERIES

J=-23

KG/MT)




. SPLINZ PROGRAM - 02/22/82 V1
FROCESS DaTAa MOT AVAILADBLES EMISSION FACTOR DIRECTLY INPUT
TEST IOt GERMAN STULY PLANT ID NOQ. H2 CYCLONME IMLET
(NPUT DATAL PROCESS WEIGHT RATE = 0 TOMNS PROD./HR
TOTAL PARTICULATE EMISSION RATE = O LE/HR
FARTICLE DENSITY = 2.8 G/CC
HEASURED SIZE LISTRIRUTION

CUTCum ) CuM. % « CUT

S.1 8.7

7.2 17

10,2 23.4
14.4 27,6
20.4 3344
28.8 36.2
40,8 45.9
ST .7 59.1

74 100

QUTPUT DATAS TF EMISSION FACTOR = 24,4 LB/T ( 12.3 KG/MT)

EMISSICON FACTOR

CUT {ump) CuM. % < CUT (LR/T) ( RG/MT)

W &29 - B.47851E-07 2.08525E~-07 1.04282E-07

L ) 5.948892E~03 1.71435E-0% 8.37177E-04

1,25 ' TTAVAFPTISE=04 TTVINSIZE=04 3VS3178E-05 o o
2.3 QU7 5943 0141582 7 +08409E-03

3 ' 1.78027 437747 » 218974

10 13,2828 3,26751 1.63376

15 21.8804 3.,38262 2.69131

2 25,7017 6.32251 3.16131

EMUL QF TEST SERIES

J=24




SPLINZ PROGRAM - 02,/22/82 Vi

PROCESS D'ATA MOT AVAILABLE; EMISSION FACTOR DIRECTLY INFUT
TEST ID!  GERMAN STUDY FLANT ID NO. H2 CYCLONE OUTLET

INPUT DATAS PROCESS WEIGHT RATE = 0 TONS PROD. /HR

TaTAL PARTICULATE EMISSIOM RATE = Q0 LE/HR

FPARTICLE DENSITY = 2.5 G/CC

MEASURED PARTICLE SIZE DISTRIBUTIONM

CUT (um) RaW % < CUT CUM. % < CUT
10 23+4 23.4

20 10 33.4

40 12.5 45.9

74 S4.1 100

QUTFUT DaTAS

TP EMISSION FACTOR = 2.

LEB/T «

EMISSION FACTOR

CUT (umA) cumM. % < CUT (LR/T) ¢ RG/MT)
823 24648049 0543061 0274031
1 3.83612 WO7F0N242 »0393121
1.25 4,33824 03447 » 0487233
2.9 7.4448 153404 0767021
] 11.77 242462 .121231
10 17,911 + 368947 » 184483
13 22.4984 4534467 + 231733
20 2642421 + 340587 » 270294

ENI¢ OF TEST SERIES

J=25

KG/MT)




SPLINZ PROGRAM - Q2/22/82 UL
#ROCESS DATA NOT AVAILARLEF EMISSION FACTOR DIRECTLY INPUT
TEST IRt GERMAN STUDY PLANT ID NO. I2 CYCLONE INLET
INPUT DATA: PROCESS WEIGHT RATE = 0 TONS PROD/HR
TOTAL PARTICULATE EMISSION RATE = 0 LE/WR
PARTICLE DENSITY = 2.9 G/CC

HEASURED SIZE DISTRIBUTION

CUT(um) CUM. X < CUT

4.8 19.8

8.8 14

2.6 17.2
13.48 28.1
19.2 34,3
27,2 38,3
38.4 _ 47.2
G443 84,1

74 100

QUTPUT DaTAl TP EMISSION FACTOR = 42,2 L3/T ¢ 21.1 KG/MT)

EMISSION FALTOR

CUT (uma} CuM. X < CUT (LB/T) {KG/MT)
» 425 -+ 319802 1349546 +Q474782
1 W7313574 v3171464 138382
1,23 Q9093 4460374 7230187 T
23 3.,03057 1.2789 » 839451
S 5.,95584 2.89315 1.444358
10 12,5301 9.,3299 2.66495
13 15,1233 5,80402 340201
20 21,4591 7.05573 4,32786

EdD OF TEST SERIES

J=-26




SPLIN2 PROGRAM - 02/22/82 V1
PROCESS [IATA MOT AVAILARLES EMISSIOQN FACTOR DIRECTLY INPUT

TEST 1Dt GERMAN STUDY PLANT ID NO, 12 CYCLONE OQUTLET

INPUT DATAL FROCESS WEIGHT RATE = O TONS PROD.

/HR

TOTAL PARTICULATE EMISSION RATE = 0 LE/HR
PARTICLE DENSITY = 2.8 G/CC

MEASURELl PARTICLE SIZE DISTRIBUTION

CUT (um) KAW % < CUT. CuM. % < CUT
10 17 .2 17.2

20 17.3 34.3

40 12.7 47 .2

74 2.8 100
QUTFUT DIATA: TF EMISSION FACTOR = 1,12

LB/T (.56

EMISSION FACTOR

CUT {umn) CUM, % < CUT {LEB/T)
825 3.+994568E-03 4,4740Q2E-035
1 t0225395 .:.0-4244"E 04
1.25 0481914 5.39744E-04
2.5 395545 4,4413E-03
3 2.22348 02492568
10 8.51994 » 0954234
13 15,6471 173247
20 22,2444 v 249159

EMLII OF TEST SERIES

J=27

(RGAMT )

2,23701E-05
1.258221E-04
2.89872E-04
2,220&5E-03
01244634
477117
0875236
12458

KG/HMT )




i
|
1

FROCESS DATA NOT AVAILABLE EMISSION FACTOR DIRECTLY INPUT

SPLINZ PROGRAM -

92/22/82 N1

TEST IO: GERMAN STUDY PLANT ID NG, I3 CYCLONE IMLET

THPUT DaTA:

PROCESS WEIGHT RATE = 0 TOMS PROD./HR
TOTAL PARTICULATE EMISSIOM RATE = 0 LB/HR

PARTICLE DENSITY = 2.7

HEASURED SIZE DISTRIBUTION

CTtum)

5
701
10
14,1
20
23,3
40
6.8

- 74

CUTPUT TATA

CUT {unn)

.
[
h

oh
[
|
|
|
I
|

E."l ]

B b e O PO R e
o LheS

CUH, 'Z < CUT
13.7-

TP EMISSION FACTOK =

- CUM. % < CUT

-1,90208E-Q7
2.58464E-03

—217566E-04

0302156
2,33867
21,9791
38,0358
45,4821

END OF TEST SERIES

GsCC

29.4 LB/T ( 14.7

EMISSION FACTOR

(L3/T)

3.3921E-08
7+89284E-06

6. 37644605

0147534
+887574
546134
11,1825
13,4306

J-28

{KG/NT)

2.79605E-08
3.94642E-06
3.19822E-0S
7+3817E-03
+ 343787
3,23078
3.,89128

6.71528

KG/MT)




SPLIN2 PROGRAM - 02/22/82 V1

FROCESS DIATA NOT AVAILABLE: EMISSION FACTOR DIIRECTLY INPUT
TEST ID: GEFRMaN STUDY PLANT Il NO., I3 CYCLONE QUTLET

INPUT DATAL FROCESS WEIGHT RATE = O TONS FPROD. /HR
TOTAL FARTICULATE EMISSION RATE = 0 LE/HR
PARTICLE DENSITY = 2.& G/CC

HEASURET! PARTICLE SIZE DISTRIBUTIOM

CUT Cum) Raw 72 < CUY CumM. % < CUT
10 ‘ 40.9 40.9

20 17.2 8.1

40 12.1 70.2

74 29.8 100

QUTFUT DATAL TP EMISSION FACTOR = 2.8 LE/T ( 1.4 KG/MT)

EMISSION FACTOR

CUT (umd) CuM. % < CUT (LB/T) { KG/MT)
WS20 +P10363 0254902 +0127451
1 1.9568 Q3350703 W0273332
1.25 2.786234 Q773454 .Q3887 28
2.5 7.,12934 179622 ‘ 0998108
S 13,6306 + 438218 » 219109
10 29,2229 .818241 « 409121
13 39 .0639 1.09379 ¢ 345893
20 46.4114 1.299352 L5497 5

ENDt OF TEST SERIES

J-29




SPLINZ FROGRAM -

02/22/82 V1

PROCESS [ATA NOT AVAILABLES EMISSION FACTOR DIRECTLY INPUT

TEST 1D

GERMaAN STUDY

INPUT DATAR

FLANT 1D NG,

PROCESS WEIGHT RATE =

HEASURED SIZE NMISTRIRUTION

CUT{ um)

4,8
6.8
?.8
13.3
19.2
27.2
38.4
59443
74

QUTPUT DATAL

CUT {umn)

ENIt

o2

CYCLONE INLET
O  TONS FROD./HR

TOTAL PARTICULATE EMISSION RATE = 9 LB/HF
PARTICLE DENSITY = 2.9 G/CC
CumM. %Z <« CUT

15.1

23

41.1

8.1

63.4

&7

69.1

73.3

109
TF EMISSION FACTOR = 37.4 LE/T ( 18.8 KG/MT)

EMISSION FACTCOR
cumM. % < CUT (LER/T) (KG/HT)

v 34275 » 128874 + Q64437
690512 v 25924632 129815
v 951459 361584 + 180792
7+38563 2.77738 1.3884%9
20.22238 780359 3.80179
34.7108 13.8033 5,701563
32,2037 19.8293 ?.814467

OF TEST SERIES

J-30




FROCESS DATA NOT AVAILARLES

SPLINZ PROGRAM - 02/22/82 W1

EMISSION FACTOR UIRECTLY INFUT

TEST ID: GERMAN STUDY PLANT IDL NQ, 02 CYCLOME CQUTLET

INPUT DATA!

PROCESS WEIGHT RATE = O TONS FPROI.
TOTAL PARTICULATE EMISSION RATE = O LE/HR
PARTICLE DEMSITY =

MEASURED PARTICLE SIZE DISTRIBUTION

CUT {um)

10
20
49
74

OUTPUT DATAL

CUT {umi)

MAW X < CUT

TP EMISSION FACTOR = 7.34 LEB/T ( 3.77 KG/MT)

Cum., % < CUT

Q19735352
+ 1040772
v214 4352
1.5437%
7+393811
23,3107
38.2438
49.6107

ENI* OF TEST SERIES

CumM. % < CUT

41,1
65.4
69.1
100

2+6 G/CC

/HR

EMISSION FACTOR

(LB/T)

1.48954E-03
7 .84705E-03
0151476
+11635
»937818
1.7727
2.88357
3.74054

J-31

(RG/MT)

74477 1E-C4
3.F2352E~03
8.08482E~-03

Q382732

» 278909
+ 8846352
1.44179
1.87032




SPLINZ PROGRAM - 02/22/82 V1
FROCESS DATA NOT AVAILABLES EMISSION FACTOR DIRECTLY INPUT
TEST IOt GERMAN STURY PLANT ID HO. C1  CYCLONE IMNLEY
INPUT DATAS PROCESS WEIGHT RATE = 0 TONS PROD./HR
TOTAL PARTICULATE EMISSIOM RATE = 0 LB/HR
PARTICLE DENSITY = 2.3 G/CC

MEASURED SIZE DISTRIBUTION

CuT{um) CUM, X < CUT

3.2 5.9

7.4 13.8
10,4 22

14,7 29,4
26,8 - 37.2
29.4 43,9
41,8 S4.7
38.8. 74.%-

74 - 100

QUTPUT DATA: TP EMISSION FACTOR = 72.6 LB/T ( 34,3 KG/MT)

EHISSION FACTOR
CUT (uma) CuM. X < CUT {LB/T) { KG/HT)

.42 8, 7S364E=05 4,90314E~05  2,45157€-05
1,29393E-03 9,39393E-04  4,89694E-04

1.25 | 4,60419€-03  3U3426TE-03  L.67132E-03 T
2.5 137719 0999837 10479918

5 1.8074 1.31217 656086

10 10,4073 7.53571 3.77795

15 19,7345 14,3287 7116434

20 2642973 19,0918 9.54591

END OF TEST SERIES

J=-32




SPLIN2 PROGRAM ~ 02/22/82 V1

PROCESS T!ATA NOT AVAILABLE; EMISSION FACTOR DIIRECTLY INFUT
TEST ID! GERMAN STURY PLANT ID' NO. €1 CYCLONE QUTLET

FROCESS WEIGHT RATE = O TONS PROD. /HR
TOTAL FARTICULATE EMISSIOM RATE = O LE/HR
PARTICLE DENSITY = 2.5 Gs/CC

INFUT DATAS

HEASURED PARTICLE SIZE DISTRIBRUTION

CUT (um? RalW % < CUT CUM. %Z <« CUT
10 22 22

20 15.2 37 .2

40 17.5 4.7

74 45.3 1090

CUTPUT LATA:

TP EMIGSSION FACTOR = 3.54

LE/T ( 1.77

EMISSION FACTOR

CUT {umA)? CuM. % <« (LE/T) { KG/MT)
028 290519 0102879 T+.143F8E-03
1 636995 0232575 +0114288
1.25 744184 Q3349S +QL1E7479
3 2.,67386 0948318 + 0474159

3 6.39349 + 23348 011674
10 14,121 + 499884 » 249942
15 20.54803 731378 » 365488

20 25.291 + 730703 » 465351

EMIt OF TEST SERIES

J-33

KG/MT)




PROCESS DATA NOT AUAILABLES EMISSION FACTOR DIRECTLY INPUT
TEST ID? GERMAN STUDY PLANT ID NO. €2

INPUT DATAS

SPLINZ PROGRAM - 02/22/82 W1

PROCESS WEIGHT RATE = 9

CYCLONE IMLET

TONS PROD./HR
TOTAL PARTICULATE EMISSION RATE = 0 LB/HR

PARTICLE DENMSITY = 2.3 G/CC

MEASURED SIZE DISTRIBUTION

ClUT{um)

342
74
10.4
14.7
20.8
29.4
41,4
8.8
74

QUTPUT DaTAl

CUT (umna)
+&25

A
LT

.

[ RrY L IV

S n o

CuM. Z < CUT

7.6

18,9
24,9
31,7
37,4
42,6
50.9
58,9
100

TP EXISSION FACTOR =

_CUM. % < CUT

1.04337E-07

1441487E-05

1,13451E-04
V0258845
1,2391%
2.4481
22,8192
28.8498

END OF TEST SERIES

72,2

LB/T ¢ 34«1 KG/MT)

EMISSION FACTOR

(LB/T)

7.33311E-08
1,02298E-03
8.19113E-95
0186884

+ 394597
3.98751
13,4754
20,8295

(KG/MT)

3.75653E-08
3.+11489E-06
4,09557E~05
?.344328-03
+ 447348
4.,49375
8.23772
10,4148

J-34




SFLINZ PROGRAM - 02/22/82 V1

PROCESS DATA NOT AVAILARLE; EMISSION FACTOR DIRECTLY INPUT
TEST IO GERMAN STUDY FLANT II NG. C2 CYCLONE OUTLET

INPUT DATAL FROCESS WEIGHT RATE = O TONMNS FROD. /HR
TOTAL PARTICULATE EMISSION RATE = 0 LE/HR
PARTICLE DENSITY = 2.5 G/CC

MEASURED PARTICLE SIZE DISTRIRUTION

CUT (um)  RAW % < CUT CUM. % « CUT

10 24,9 25,8836
20 12.5 38.8773
40 13.5 52,9106
74 | 45.3 100

QUTRUT DATAS TP EMISSION FACTOR = 4.1 LR/T ( 2,05 KG/MT)

EMISSION FACTOR

CUT (umA) Cum. % < CUT CLR/T) ( KE/MT)
vO25 1.03112 D427 51 +021138
1 1.8791 0770431 » 0385218
1,25 2,45924 » 10082 » Q304 144
2.3 S+314354 217896 ‘ « 108948
3 10,4063 + 426667 » 213334
10 18.4638 +797015 + 378507
13 24,6879 : 1.01138 + 5058692
20 29.4832 1,21701 » 808508

ENIt OF TEST SERIES

J=35




SPLINZ PROGRAM - 02/22/82 Y1
PROCESS DATA NOT AUAILABLES EMISSION FACTOR DIRECTLY INPUT
TEST 1Dt GERWAN STUDY PUANT ID NO. B3 CYCLONE INLET
INPUT TATAS PXOCESS WEIGHT RATE = 0 TOMS PROD./HR
TOTAL PARTICULATE EMISSION RATE = ¢ LB/HR
PARTICLE DENSITY = 2,8 G/CC

MEASURED SIZE BISTRIBUTION

CUT{um) cuM. X < CUT
3.1 4,2

7.2 7.7

10,2 12.3
14,4 18.3
20,4 25.4.
28.8 32.7
40,8 41,4
S7.7 56,7

74 190

QUTPUT DATA! TP EMISSION FACTOR = 93.4 LB/T ( 44,7 XGB/MT)

EMISSION FACTOR

CUT (uma)} CUM. X < CUT {LB/T} (RG/UT)
+ 825 -84 4312E~04 7.87474E-04  3.93737E-04
1 5.72839€-03 §.2824538-03 3.14123E-23
1,23 T 01448124 .01 7.7S80LE-03
2.3 1968479 » 183875 Q719377
3 1.4032 1.31039 »8302%4
19 4.01537 S.5183% 2.30913
13 11,1082 10,3751 518753
20 13,8334 14,8044 7.3021

END GF TEST SERIES

J-36




SPLINZ PROGRAM - 02/22/82 V1

PROCESS [ATA NOT AVAILARLES EMISSIOM FACTOR DIRECTLY INFUT
TEST It GERMAM STULY PLANT ID NO. B CYCLONE OUTLET

INPUT ATAS FROCESS WEIGHT RATE = 0 TONS PROD. /HF
TOTAL PARTICULATE EMISSIOM RATE = O LEB/HR
PARTICLE DENSITY = 2.4 G/CC

MEASUREDl PARTICLE SIZE DISTRIBUTION

CUT (ym)d RAW % « CUT cum, % <« CUT
10 12.5 12,5
20 12.9 25.4
40 18 41.4
74 8.6 100
QUTPUT DATAL TP EMISSION FACTOR = 2.44 LEB/T ( 1,22 RKG/MT)

EMISSION FARCTOR

CUT {umA) CuM. % < CUT (LER/T) { KG/MT )
023 +Q237498 3.79473E-04 2,897 48E-04
L O793193 1.,9353%E-03 ?.67675E-04
1,25 v13571 3.31132E-03 1.865568E-03
2+3 «B22023 +Q131774 ‘ 7 +3BBEBE-03
S 2.28489 +0538001 + 0279
10 6.74413 + 15843357 » 0822784
13 11.4626 279687 » 139843
20 . 15,9338 » 3892461 + 19453

EMTt OF TEST SERIES

J=-37




SPLINZ PROGRAH - 02/22/82 V1
PROCESS DATA NOT AVAILABLE;F EMISSION FACTOR BIRECTLY INPUT
TEST ID: GERMAN STUDY PLANT IU #G. D4 CYCLONE IMLET
INPUT DATAS PROCESS WEIGHT RATE = 0 TONS PROD./HR
TOTAL PARTICULATE SMISSION RATE = 0 LEB/HR
PARTICLE DENSITY = 2,3 G/CC

MEASURED SIZE DISTRIBUTION

CUT(um} CuM. %X < CUT

4.9 15.9
8.9 25.8
7.8 41.3
13.9 33.8
19.6 - 81,3
2.7 . &7.3
39.2 72

93,4 80.6
74 10¢

CUTPUT DATAR TP EMISSION FACTOR = 149.2 LB/T ( T4.6 KG/HT)

EHISSION FACTOR

CUT Cumit) -CuM, X < CUT (LB/T) (RG/HT)
+ 823 -, 0135282 0228008 +Q114004
1 Q809014 »1207Q5 0603328
1.258 . 187706 - - 250218 »125109— -
2.5 1,25014 1.84321 + 932506
S 8,33009 T 14445 4,72235
10 21.7722 32.4841 16,2421
13 37,7312 58,2949 28,1474
2 48.884 72,9378 3844489

ENB OF TEST SERIES

J-38




FROCESS DATA NOT AVAILARLE;

TEST Ik

SPLINZ PROGRAM - 02/22/82 W1

GERMaAN STULY PLANT ID' NO. D4

INFUT DATAS

PROCESS WEIGHT RATE =

0 TONS FROD.

TOTAL PARTICULATE EMISSION RATE = 0

FPARTICLE DENSITY = 2.5 G/CC

MEASUREL PARTICLE SIZE DISTRIRBUTIGN

CUT Cum)

10
20
40
74

AW

OUTPUT TATAG

CUT (umn)

tJ
]

as

2y

el

L]
L

L ry = e,

10
13

20

cuM,. % < CUTv

% o CUT

41.5
20
10.3
28

TP EMISSION FALCTOR =

» 282783
80151

1.256368
4,47331
12.5012
27 .5872
39.295

48.0943

ENLt OF TEST SERIES

CuM. % < CUT

41.5
81.3
72
100

20.8 LE/T (

EMISSION FACTOR

LB/

+0588189

+ 1867338
$ 2863251
» 9308484
2.4002%
3.73815
8.17336
10,0038

J-39

(RG/MT )

+02940%4
0833475
+ 1314831
+ 465432
1.30012
2.886907
4,085848
3.00182

EMISSION FACTOR LIRECTLY INPUT
CYCLONE OUTLET

/HR
LE/HE

10.4 KG/MT?




SPLINZ PROGRAM - 02/22/82 W1
FROCESS DATA NOT AUAILABLE) EMISSION FACTOR DIRECTLY INPUT
TEST IDt GERMAM STULY PLAHT I NO. F3  CYCLONE INLET
INPUT DATAS PROCESS WEIGHT RATE = 0 TOMS PRODL/HR
TOTAL PARTICULATE EMISSIOMN RATE = ¢ LB/HR
FPARTICLE DEMSITY = 2.4 G/CC

MEASURED SIZE DISTRIBUTION

CUTCum) CUM, % < CuT
5.3 11
7.5 19.8
10,4 27.7
15 35.5
21,2 43.2
30 48,9
42,4 7.4
40 86,9
74 100

QUTPUT DaTA: TP EMISSION FACTCR = -73.3 LB/T ( 348.9 KG/HT)

ENISSION FACTOR

CUT (umA) WM. % < CUT (LB/T) (XB/MT)
+$25 -5.50136E-05  4.06E-05 2,03E-09
1 1,43158E-03  1,03651E-03  5,28253E-04
1525 -5, 72483E-03 43224926-03  2.11244E-03 e —
2.5 .218811 1861483 L0807 414
5 3.0718 2,26699 1,13547
10 15,8391 11,4893 $,84463
15 25,4354 18,9189 945944
20°

32,1089 23,4963 11,8482

END OF TEST SERIES

J-40




PROCESS [ATA NOT AVAILABLES EMISSION FACTOR DIRECTLY INPUT

TEST IIt GERMAN STURY PLANT ID NG. F3

INFUT DaTa

SPLINZ PROGRAM - 02/22/82 Vi

FROCESS WEIGHT RATE =
TOTAL PARTICULATE EMISSION RATE = 0 LE/HR

FARTICLE DENSITY = 2.5 G/CC

MEASURETl FARTICLE SIZE DRISTRIBUTION

CUT {um)

19
20
40
74

QUTPUT DATAS

CUT umi)

L o8

Pt LR e .
[ & )

EMI

T
F3

LRH

A

GF TEET

el X

CUM,

27 .7
15.5
14,4
42,4

TP EMISSION FACTOR = 4,7

425108
v 764358
1.38577
3.,83301
7.15894
18.6134
26.2079
32,3403

ERIES

« CUT CUM,

% < CUT

277
43.2
I7 .4

100

% <. CUT

CYCLONE GQUTLET
O TOMS FROD.

LE/T ¢ 2,35

EMISSIONMN FACTOR

(LR/T)

L0200271
V0453248
W0651313
. 181092
43047
374832
1.23177
1,52

J-41

(KG/MT)

»0100135
02285624

+ 0325657

+ 0705458
+ 215235
437416
»4$15883
27359998

RG/MT)H




SPLIN2 PROGRAM - 02/22/82 Ul
PROCESS DIATA NOT AVAILABLE; EMISSION FACTOR DIRECTLY INPUT
TEST 1T GERMAN STUDY PLANT ID NO. G2 CYCLONE INLET
{NPUT TATAL FROCESS WEIGHT RATE = 0 TONS PROD./HR
TQTAL PARTICULATE EMISSIONM RATE = 0 LE/HR
PARTICLE DENSITY = 2,5 G/CC

MEASURED SIZE DISTRIBUTION

CUT{ um? CilM, % < CUT
5.2 8.3

7.4 20.1

10. 4 37

14,7 S0.2
20.8 . 59.6
29.4 86.7

41 .5 72.1
58.8 82.8

74 100

OUTFUT TATAS TP EMISSION FACTOR = &0.8 LEB/T ( 30.4 KG/MT)

EMISSION FACTOR

CUT CumA CuM. % < CUT (LB/T) ( KG/MT)

el 5.4587E-04 3.31889E-04 1.45945E-06

1 2.03038E-04 1.23447E-04  3,17238E-05
1,25 9.538463E-04 J.88029E-04 2t93015E"'04 o
2y yQ8324614 . 0384829 L0192315

5 1.54333 »$38345 4469173

10 13,9952 2.30904 4,25453

15 32.3182 19,5494 ?.82472

20 44.8517 27 . 2759 13,4379

ENDI OF TEST SERIES

J-42




FROCESS [aTA NOT AVAILARLES
PLANT ID NO. G2

SPLINZ PROGRAM - 02/22/82 V1

EMISSION FACTOR DIRECTLY INPUT
CYCLONE QUTLETY

TEST IDt GERMAN STUDRY

INFUT DATAS

FROCESS WEIGHT RATE =
TOTAL PARTICULATE EMISSION RATE = 0 LEB/HE

FARTICLE DENSITY =

MEASURED PARTICLE SIZE DISTRIBUTION

CUT Cum)

10
20
40
74

QUTPUT DATA

CUT (uma?

IJ
ch

&

h

¥
L]

i b .
e

10
13
20

ENMIt OF TEST

RAW % < CUT

37
22.6
12.5

27.9

CumM. % < CUT

37
39.6
72.1
1090

2.4 G/CC

Q0 TOMS PROD. /BR

TP EMISSION FACTOR = 6.14 LE/T ¢ 3.08 KG/MT)

CuM. ¥ <« CUT

+0848022

+ 307337
+ 335432
2.48041
8.462937
22,5476
34,8296
44,2443

SERIES

EMISSION FACTOR

(LR/T)H

5.347028-03

+0189443
»0329826
1352793
» 331582
1.38893
2.13318
2.72545

J-43

(RKG/MT)

2.67331E-03
?.47213E-03
+0154913
07563947

+ 285771

+ 674465
1.06659
1.38273




SPLIN2 PROGRAM - 02/22/82 V1

PROCESS [ATA MOT AVAILABLE:

EMISSION FACTOR DIRECTLY INPUT

TEST IN! GERMAM STUDY PLANT ID NO. G1 CYCL

INFUT DATAR PROCESS WEIGHT RATE = 0 TO
TOTAL PARTICULATE EMISSION RATE = 0 LB/HR
PARTICLE DENSITY = 2.5 G/C

MEASURED SIZE DISTRIBUTION

CUTCum) CuM. % < CUT
5.2 : 3.9

7.4 16.8
10,4 ‘ 29.1
14,7 33.1
20.8 43.8
29.4 93.9
41,8 =Y.

38.8 81.9

74 100

OME INLET
NS PROD./HKR
C

QUTFUT LATAL TP EMISSION FACTOR = 55.8 LEB/T ( 27.9

EMISSION FACTOR

CUT {uymA) CuM. % <« CUT (LE/T)
WB23 4,0479E-09 2.25873E-09
i 1.12921E-06 46.30101E-907
.25 1.23859E-03 5,91134E-06
2.3 C B 7 2082E-03——— 3. 750L1E-O3
3 v 345857 + 260834
10 11.0338 &.13484
13 23,9301 14,4469
20 32.4878 18.1282

ENDY OF TEST SERIES

J-44

(RG/MT)

1.129356-09
3+1305E-07
3.43567E~-08
1.87500E-03
» 180417
3.07842
72345

?.06411

KG/MT )




SPLINZ PROGRAM - 02/22,/82 V1

FROCESS DIATA NOT AVAILARLE; EMISSION FACTOR DIRECTLY INFPUT

TEST ID! CGERMAN STULYY PLANT II NO. G1

INPUT DATAL

FROCESS WEIGHT RATE = 0 TONS FROD.

CYCLONE OUTLET
/HR

TOTAL PARTICULATE EMISSION RATE = 0 LEB/HR

PARTICLE DENSITY = 2.8 G/CC

MEASURED! PARTICLE SIZE DISTRIBUTION

CUT Cum)d RaW % < CUT cuM,. % < CUT
10 27.1 29.1

20 14,7 43.8

40 22.2 66

74 34 100
QUTPUT DATAR TP EMISSION FACTOR = 4.4

LR/T

EMISSION FACTOR

LUt C(umn) cuM. 7% <« CUT (LEB/T)
8235 4.34206 . 277892
i 5.70821 » 3633235
1.25 6,30104 v 4156067
2.3 T 74449 » 6230648
3 14,6226 » 935847
10 21.74674 1,40392
15 27 88467 1.78476

33.0387 2.11448

ENIC OF TEST SERIES

J=45

CKG/MT )

138944
¢ 182643
» 208033
« 311824
487923
« 702938
»892382
1.,05724

3.2

NG/MT)




SPLINZ PROGRAM -

PROCESS LATA NOT AVAILARBLES
TEST I0! GERMAN STUDY

INFUT DATAL

PLANT IDI NO. Bl

02/22/82 V1

EMISSION FACTOR DIRECTLY INFUT
CYCLOME INLET

FROCESS WEIGHT RATE = 0 TONS PROU./HR

TOTAL FARTICULATE EMISSION RATE = 0 LEB/HR

FARTICLE UEMSITY = 2.3

MEASURETD! SIZE DISTRIBUTION

CUTCum) CuUM. % < CUT
5&2 3.6

7o 4 S.1

1044 7

14.7 8.9

20.8 10.9
29.4 12.8
41,6 16.3
58.8 23.7

74 100

G/CC

QUTPUT DATAL TF EMISSION FACTOR = 31.8 LE/T ( 15.9

CUtT Cumi) CumM, % < CUT
WO2G + 152491
1 T » 294359
1.28 » 397183
] T + 956288
3 2.12832
10 4.3785%9
15 5. 47235
20 8.06365

ENL* OF TEST SERIES

EMISSION FACTOR

(LE/T)

0484721
v 0936062

126304

23041

» 876803
1.39239
2.03821
2.386424

3-46

L 15205

(KE/MT)

+ 024244
+ 0448031
»0631322
¢ 338402
8758194
1.0291

1,28212

KG/MT)




SPLINZ PROGRAM - 02/22/82 Y1

PROCESS [IATA NOT AVAILABLES EMISSIOM FACTOR DIIRECTLY INFUT
TEST IDt GERMAN STURY PLANT IO MO. BEL CYCLONE OUTLET

INFUT DaTAL FROCESS WEIGHT RATE = O TONS PROD., /HR
TOTAL PARTICULATE EMISSIOM RATE = 0 LE/HR

FARTICLE DEMSITY = 2.8 G/CC
HEASURED! PARTICLE SIZE DISTRIBUTION

CUT (um? RAW % < CUT Cum. % < CUT
10 7 7

20 3.9 10.9

4Q 3.4 15.3

74 83.7 100

QUTPUT DATASL TP EMISSION FACTOR = .898 LEB/T ( ..449

EMISSION FACTOR

CUT C(ump) CuM. 7% < CUT LLB/T) ( NG/MT)

1829 21138 4,59381E-03 2,29491E-03
1 + 789009 7+0BO31E-03 3.5428635E-03
1,25 $F52941 8.64721E-03 4,.3236E-03
2.3 1.74073 »01546317 - T7.+81393%E-03
¥ 3.02207 0271382 + 01336791

10 %.03858 +DAT2454 0226232

15 4.5685 05988351 0299414

20 8.0475 0724471 03582233

EMI' OF TEST SERIES

J-47

KG/MT )




SPLINZ PROGRAM - 02/22/82 Ui
PROCESS [ATA NOT AVAILABLES EMISSION FACTOR OIRECTLY INFUT
TEST 1D  GERMAN STUDY FLANT ID NO. F2 CYCLONE INLET
INFUT LaTaAl FROCESS WEIGHT RATE = 0 TONS PROD./HR
TOTAL PARTICULATE EMISSIOM FATE = 0 LB/HFR
PARTICLE DENSITY = 2.3 G/CC

MEASURED SIZE DISTRIBUTICON

CUT(um) CumM. % < CUuT
9.2 16.5

7ed 24

10.4 32.5
14.7 41,35
20.8 45.46
29.4 48.3
41.4 33

8.8 60.4

74 100 -

CUTFUT LATAS TP EMISSION FACTOR = 29.2 LEB/T ( 14.8 KG/MT)

EMISSION FACTOR

CUT {umA) Cum., % < CUT (LBAT) { KG/MT)

VG625 «155783 +0484093 + 0242044

1 . . 43994 + 1430643 Q715313

2.5 — T 2.98063 — 884505 432232 T T
3 2.7549%5 2.35937 1.279468

10 20.4481 S.97&7 2,98835

15 30,1277 - . 8.79728 4,39844

20 37 . 93533 11.0824 3.354121

ENLDl OF TEST SERIES

J-48




SPLIMN2 PROGRAM - 02/22/82 U1

PROCESS [ATA NOT AVAILAKLE; EMISSION FACTOR DIRECTLY INPUT
TEST ID: GERMAN STUDY PLANT ID MO. F2 CYCLONE OUTLET

FROCESS WEIGHT RATE = 0 TONS FROD. /HR
TOTAL FPARTICULATE EMISSION RATE = Q LEB/HR
FPARTICLE DENSITY = 2.8 G/CC

INFUT DaTA:

MEASURED PARTICLE SIZE DISTRIRUTION

CUT C(um) RaW 7% < CUT CuM. % < CUT
10 32.95 32.3

20 13.1 43.46

40 7.4 53

74 47 100
QUTPUT naTal TP EMISSIONM FACTOR = 2.28 LB/T < 1.14 KG/MT)

EMISSION FACTOR

CUT {umi) CuM. 7% < CUT (LEB/T)H ( KG/MT)H
OZG 2387758 +0122844 5.14228E-03
i 1.25917 » 03287071 + 0143545

- 1,25 1.8278%9 +Q414676 »020838
2.3 S.13498 » 117123 . 0385613
3 11,9389 272862 0136331
10 23.0623 + 323821 + 262911
13 31,0338 707572 » 3U37 86
20 36.8422 «840002 + 420001

ENIt OF TEST SERIES

J-49




REFERENCE 8 DATA

(From Tables 3-8 and 3-9)

J=50




SPLINZ FROGRAN - 02/22/82 V1
TEST ID SLORN {971 WASHER TNLET
Ini*UT DATAS FROCESS WEIGHT RATE = 225 TONS PROD. /HR
TOTAL PARTICULATE EMISSION RATE = 2135 LB/HR
PARTICLE DENSITY = 1 G/CC
FEASUREL PARTICLE SIZE DISTRIBUTION

LT (uw) RaW Z < CUT cuM. % < Cut

3 o7 +703518
i 2,3 3.01508
2 9.5 12,5628
343 12,2 24,8241
5.5 13,3 38.171
9.2 i4.8 ' 53,0633
30 i9 72.1408
126 77 100

DUTPUT CATAL TP ERISSION FACTOR = 9.48889 LB/T (  4.74444 KG/MT)

' EMISSION FACTOR
CUT (¢mf) cur, X < CUT (LE/T) (KG/HT)

v 545 1.463484 » 138883 0554414
i ~3,13048 » 297029 + 148314
1,23 £.99144 +473632 » 236816
2.5 17,5343 1,46876 »334381
] 35,5883 3,37504 1,48752
i 54,5757 5.1838172 2,39406
AZ 81,7134 9.,83589 2,92795

ENL OF TEST SERIES

J-51




TEST IDd

I

KPUT DRTAL

SPLIK2 PROGRAM - 02/22/82 Wt

SLOAW 1971

PROCESS WEIGHT RATE =
TOTAL PARTICULATE EMISSION RATE = 181 LB/HR

WASHER EXYHAUST

-4
225

PARTICLE LENSITY = 1| G/CC

HEASURED PARTICLE SIZE DISTRIBUTION

CUT (um)

Ll 0 LA py

ire v v

ok

|
[ ]
'y

CUTPUT DATAL

CUT {yam)

a‘
e r) ra
h (4]

|

I

F3 e LAY e e

LA & o)

kA% % < CUT

TP EMISSION FACTOR =

Cun. Z < cut

10,2502
- 13,832
15,1735
20751
26,4368
36,513
33,9805

40,5237

EKD OF TEST SERIES

CUM, % < CUT

9.7
13.7
18.4
23
7.7
34
45,2
100

TONS PROD. /HR

+804444 LB/T

EMISSION FACTOR
(KG/MT)

{LB/T)

08243459
109642
» 122043
+154992°
1214278
» 293727
312772
325811

0824939

J=-52

0412284
0548311
0610313

+107139
»146863
136384
»163405

2 KG/MT)




SPLINZ PROGRAM - 02/22/82 V1
TEST If HARRISON {971 PRE-WASH ENTRANCE
I6#UT DATAL PROCESS WEIGHT RATE = 180 TONS PROD. /HR
TOTAL PARTICULATE EMISSION RATE = 1713 LB/HR
PARTICLE DENSITY = 1 G/CC
REASURED PARTICLE SIZE DISTRIBYTION

CUT (um) kAR L < CUT cuM. X < CUT

2 © 14,9 14.9
3.5 35,1 50
3 5.9 75,9
129 23.1 100

QUTPUT DRTAL TP EMISSION FACTOR = 7.52778 LB/T ( 4.76389 KG/MT)

EMISSION FACTOR

CUT fumn) Cun, Z < CUT (LE/T) (KG/MT)
- W 1.53489 »144241 +073120%
i £.3074 +4104 2032
1,23 4.56173 WO34714 + 317357
2.3 20.6%07 1.97136 »782468
3 45,5494 4,33983 2.14992
19 52,8116 5.9655 2.98275
I 58,0523 5.43482 124241
29 71,873 5,82932 3.41466

D OF TEST SERIES

J=53




SPLINZ PROGRAM - 02/22/82 V1

TEST IG!{ HARRISON 1971 UASHER EXHMAUST

IHEUT DAaTal FPROCESS UEIGHT RATE = 180 TONS PROD. /MR
TOTAL FARTICULATE EMISSION RATE = 43 LB/HR
FARTICLE DENSITY = 1 G/CC ‘

HEASURED PARTICLE SIZE DISTRIBUTION

CutT (uw) Rl Z < CUT Cun, % < CUT

2 a8 88
9.9 4,8 94.8
32 2,2 97
120 3 100

CUTPUT GATAl TP EMISSION FACTOR = L33 LB/T ¢ 178 KG/HT)

EXISSION FACTOR

CUT (Gai) cut, Z < CUT {LB/T) (KG/¥T)
»323 75.37% + 267312 »1334656
i 81,4615 283115 +1425358
1.25 93,7061 1292971 v146486 -
2.3 87,8043 + 314323 137161
3 94,2314 » 327988 » 15494
i0 §3.831 « 335408 187704

Z - 9641995 + 336498 + 158349
29 76,4902

« 337716 1488358

E¥<L OF TEST SERIES

J-54




REFERENCE 12 DATA

(From Table 3-10)

J=55




SPLINZ PROGRAM - 02/22/82 V1
TEST ID: TARLE 94 AP-40Q C(-337 INLET TO PRIMARY CYCLONE
INPUT DATAR FPROCESS WEIGHT RATE = 173 TONS PRODL /HR

TOTAL PARTICULATE EMISSION RATE = 5443 LEB/HR
FARTICLE DENSITY = 2.4 G/CC

HEASURED PARTICLE SIZE DISTRIBUTION

CUT (um) RaW % o« CUT CumM. % < CUT
S 6.2 6.2

10 7.4 1346

20 13.8 29 .4

S0 22,9 32.3

74 47.7 100

QUTPUT DATA: TP EMISSION FACTOR = 31,578 LB/T (¢ 15.789 KG/MT)

; EMISSION FACTOR
CUT ¢(umd) CUM, % < CUT (LE/T) (KG/MT)

628 +01846489 3.838893E-03 2.74447E-03
i 07347459 Q232025 +01158013
1,25 + 134483 04244676 +0212338
243 725412 » 229387 + 114593
3 2.93389 + 728044 4640232
10 8.90382 2.81228 1,40614
13 14,8743 4,89702 2.34851
20 19.9971 5,313533 3,13768

~ ENDl OF TEST SERIES

J=56




SPLINZ FROGRAM - 02/22/82 V1
TEST ID: TAKLE 94 AP-40 C-537 INLET TO SCRUEBBER

INPUT DATAL FROCESS WEIGHT RATE = 173 TONS FROI. /HR

TOTAL PARTICULATE EMISSION RATE = 118.3 LE/HR
PARTICLE DENSITY = 2.4 G/CC

MEASURET PARTICLE SIZE DISTRIBUTION

CUT Cum) Bal % < CUT CuM., %4 < CUT
< 7 57

10 34 2?1

290 8.8 99.8

S0 ' 2 100

74 Q 100

OUTPUT DATA!

CUT Cump) CuM, Z « CUT (LB/T) (KG/MT)
V823 + 432684 2,95876E-03 1.47938BE-03
1 1.,563537 »0107042 3.,35211E-03
1,29 2.71332 Q1835341 ?.27703E~03
2.3 11.46883 Q799255 03994633
3 34,5881 + 236518 » 118259
10 70,3107 480796 » 240398
15 89.0992 2609273 + 304637
20 ?5.5844 1633621 » 32681

TP EMISSION FACTOR =

END OF TEST SERIES

. 683813

LE/T

EMISSION FACTOR

J-57

» 341708

KG/MT)




TEST I
INPUT DATA!

SPLINZ PROGRAM - 02/22/82 Vi

TABLE 94 AP-40

INLET 7O MULTICLONE

FPROCESS WEIGHT RATE = 173 TONS PRODO. /HR

TOTAL PARTICULATE EMISSION RATE =

1525

PARTICLE UENSITY = 2.4 G/CC

MEASURED PARTICLE SIZE DISTRIBUTION

CuT Cum) RAW % < CUT CUM. % < CUT

5 19.3 19.3

10 31.9 51.2

20 31.6 82.8

S0 15,1 97 .9

74 o~ 2.1 100

QUTPUT TATA! TF EMISSION FACTOR = 8.81503 LEB/T (

CUT {umA)

)
(K]

Ly

el
h

L]
i ¥

Uikl o .

10
13
290

Enl OF TEST

Cum. % < CUT
8.,38504E-03
«03B2523
»135014
1.,323528
792999
28,9243
48.894
63,2283

SERIES

EMISSION FACTOR

(LB/T)

7.39144E-04
S5.134948E-03
0119015
»116822

v 699031
2,5498%
4,3192
5.9738

J-58

¢

KG/MT)

3,69572E-04
2.346748BE-03
J+9T076E-03
0084111

+ 349516
1.,27493
2.,1551

2.7848

LE/HR

4,40752

KG/MT)




REFERENCE 26 DATA

(From Table 3-11)

J=59




MIDWEST RESEARCH INSTITUTE MRi-13
FROJECT OEVELOPMENT SKETCH

mme_ KB S0 - 1R Test= 29SS  Outlet

erosect No.__ 4291 Y DRAWN }\:P APPR pare__1 |1l |22
T-)ercenT Dotual ?m&uc"f'tm?ﬁe - aa 1,500 kg,,_ e - 159,900 k‘k
af the Des'\rﬂﬂ Troduhon Xale hr. 1606 he
\"rcr'ess \De\%\f\‘ Rote - 15_&3&03% x _|¥on = =  \15 ons
\-\5‘-\ \(% ato0 \bs,. .
360




SPLINZ PROGRAM - 02,/22/82 V1
TEST It KVR 5806-783 TEST 295 OUTLET
CINFUT DATA: PROCESS WEIGHT RATE = 175 TONS PROD. /HK
TOTAL PARTICULATE EMISSION RATE = 4.34 LB/HR
PARTICLE DENSITY = 1 G/CC

MEASURED PARTICLE SIZE DISTRIBUTION

CUT (um)  RAW % < CUT CUM. % < CUT
1 30 0
3 4 24
19 6 40
120 60 100

CUTPUT DATA: *TP EMISSION FACTOR = ,0248 LE/T (  ,0124 KG/MT)

EMISSION FACTOR

CUT (uma) CuM. % < CUT {LB/T) (RKG/HT)
625 28,6282 7+09981E-03 3,5499E-03
1 30 7+44E-03 3.72E-03
1.2% 30.717S 7.61795E-03 3.80897E-03
2.3 33,2378 80.‘.4”9.}E 03 4,12145E-03
3 33.74 8.84849E-03 4,43424E-03
19 49,3701 +0100118 © 3.00389E-03
15 45,7671 «0113982 3.,79912E-03
29 53.9063 Q1335688 6.68441E-03

ENI OF TEST SERIES

*Calculated from input data above--not as shown on p. 4-165 of report
(Appendix F).

J-61




APPENDIX K

EMISSIONS CALCULATIONS FOR DRUM-MIX ASPHALT PLANTS

(Results Included in Table 3-35)
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