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PREFACE

Thi s report was prepared' by Hi dwest Research lnsti tute (MRI) for the
Environmental Protection Agency's (EPA's) Air and Energy Engineering
Research Laboratory under EPA Contract No. Q8-02-3l58, 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 Kf nsey. Gregory r'lulesk i
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.S. Environmental Protection Agency (EPA) is in the process of re7
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 Implementation 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
particulate 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, little 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 available 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 ll is used everywhere in this report except for
the proposed AP-42 section where "asphaltic concrete ll has been substi
tuted. Asphalt concrete is the term most commonly accepted by experts
working in the industry.
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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. 1 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 o"il influences the vis
cosity and flow characteristics of the asphalt. 2

Asphalt cement is a highly viscous material available in many standard
grades. 3 Originally, penetration tests~were-used to specify "grades- -of
asphalt cement. More recently, viscosity is becoming the standard char
acteristic to specify grades. 3 Specifications for asphalt cement are based
on a range of viscosity at a reference temperature of 600 C (1400 F). A min
imum viscosity at 135°C (275°F) is also specified. These temperatures were
chosen because 600 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. Speci~ica

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 asphalt emulsions. 1 Specifications
for the various grades of emulsified asphalts are presented in Table 2-2. 3

2



TABLE 2-1. SPECIFICATIONS FOR ASPHALT CEMENTS3

AASHTOa; ASTMb Grades
Industrial

test test and
Characteristics method method special Paving

Penetration, 77°F. 100 g, 5 sec. T49 o 5 40-50 60-70 85-100 120-150 200-300

Viscosity at 275°F
Saybolt Furol, SSf E 102 120+ 100+ 85+ 70+ 50+
Kinematic, Centistokes o 445 240+ 200+ . 170+ 140+ 100+

Flash point (Cleveland Open Cup), OF T 48 o 92 450+ 450+ 450+ 425+ 350+

Thin film oven test T 179
Penetration after test, 77°F

w 100 g, 5 sec. , % of original T 49 o 5 52+ 50+ 45+ 42+ 37+

Duct 11 ity:
At 77°F, em T 51 o 113 100+ 100+ 100+ 60+
At 60°F, em 60+

Solubility in carbon tetrachloride,d % T 44c o 4c 99.5+ 99.5+ 99.5+ 99.5+ 99.5+

General requirements The asphalt shall be prepared by the refining of petroleum. It
sha11 be uniform in character and shall not foam when heated
to 350°F.

ab American Association of State Highway Transportation Organizations.
American Society of Testing &Materials.c Except that carbon tetrachloride is llsed instead of carbon disulfide as solvent. Method No. 1 in AASHTO Method

d T 44 or Procedure No. 1 in ASTM Method 0 4.
This solvent is being reevaluated for replacement due to its toxic and carcinogenic properties.



TABLE 2-2. SPECIFICATIONS FOR EMULSIFIED ASPHALTS3

!

ASTMbAASHTOa Medium Slow
test test Rapid settling settling settling

Characteristics
I

method method RS-l RS-2 MS-2 S5-l

Tests on Emulsion
Fural viscosity at 770 f t sec. 20-100 100'+ 20-100
Fural viscosity at 122°F, sec. 75-400
Residue from distallation, % 57-62 62-69 62-69 57-62
Settlement, 5 days, % 3- 3- 3- 3-

IT 59 o 244

Oemul sibil ity:
35 ml of 0.02 N CaC1 2 • % 60+ 50+
50 ml of 0.10 N CaC1 2 • % 30-

Sieve test (retained on No. 20). % 0.10- 0.10- 0.10- 0.10-
.f:>o Cement mixing test, % 2.0-

Tests on Residue
100-200cPenetration, 77°F, 100 g. 5 sec. iT 49d o 5d 100-200 100-200 100-200

Solubility in carbon tetrachloride,e.% T 44 o 4 97.5+ 97.5+ 97.5+ 97.5+
Ductility, 77°F, em. T 51 0113 40+ 40+ 40+ 40+

ab American Association of State Highway lransporation Organizations.
American Society of Testing &Materials.

C For some special uses t such as dilute Emulsified Asphalt fog seal coats, a lower penetration residue may
by preferable. In such cases, the Pe'netration of Residue at 77°F shall be 40-90 and the grade shall be

d designated as 55-1h.
Except that carbon tetrachloride is used instead of carbon disulfide as solvent. Method No. 1 in AASHO

e Method T 44 or Procedure No. 1 in A5TM Method 0 4.
This solvent is being reevaluated for replacement due to its toxic and carcinogenic properties.



2.1.2 Aggregate

Asphalt pavement mixtures are p~oduced by combining mineral aggregates
and asphalt cement. Aggregates constitute over 92% of the tota1 mi x
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 ~m).l 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-~m sieve. 1 All aggregate
should be free of clay and silt. Table 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 responsible 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).6 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 oil, 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, in which ag
gregate is dried and heated by an oil, gas, or combination oil-gas burner.

5



TABLE 2-3. COMPOSITI0N iJF ASPHALT PAVING MIXTURES

Asphalt Concrete Sand
Asphalt

Sheet
Asphalt

Sicve Size Mill Designation and Nominal Maximum Size or Aggregatc

I 11:1 in. I in. :Y. in. 11:1 in.
(2A) ()Al (4A) (SA)

(J7'smm) (25.0mm) (I9.0mm) (I2.5mm)

..;~ in. No." No. 16
(6M (7A) (8A)

(9.5mm) (4.7Smm) (1.18mm)

Grading of Total ABlregate (Coarse Plus Fine. Plus Filler if Required)
Amounts Finer Than Each laboratory Sieve (Square Opening). weight percent

21!r in. (63 mm)
2, in. (SO mm) 100
IV, in. (37.5 mm) 90 to 100 100
I in. (25.0 mm) 90 to 100 100
:v. in. (19.0 mm) 60 to 80 90 to 100 100
I!r in. (12.5 mm) 60 to 80 90 to 100 100
~ in. (9.5 mm) 60 to 80 90 to 100 100
No... (4.75 mm) 20 to 55 25 to 60 35 to 65 45 to 70 60 to 80 80 to 100 100
No. S- (2.36 mm) 10 to 40 IS to 45 20 to SO 25 to 55 35 to 6.5 65 to 100 95 to 100
No. 16 (1.18 mm) 40 to 80 a5 to 100
No. 30 (600 ".m) 20 to 65 70 to 95
No. .so (300 101m) 2 to 16 ) to 18 ) to 20 S to 20 6 to 25 7 to 40 45 to 75
No. 100 (ISO ".m) J to 20 20 to 40
No. ZOO- (75 101m) oto S I to 7 2to 8 2 to 9 2 to 10 2 to 10 9to 20

Asphalt Cement. weight pctcC~t ofTotal Mixture'-

J 112 to 8 .. 10 8Yz .. to 9 4 112 to 9112 S to 10 7 to 12 81!r to 12

Su,gested Coarse Auregate Sizc:s

4 and 67 5 lind 7 670r68 70r78 8
or 51- . or

6and8

aln 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 result in
surfaces wi th comparatively coarse texture.

bThe material passing the No. 200 (75-/Jnl) sieve may consist of fme particles of the
aggregates or mineral filler. or both. It shall be free from organic matter and clay particles and
have a plasticity index not greater than 4 when tested in accordance with Method 0423 and
Method 0424.

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 Institute.

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

6



The cylinder is equipped with longitudinal troughs or channels called
"fl i ghts" that 1ift the aggregate and drop it in vei 1s 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 oil 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 obtained.
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 into 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. 6

As with most facilities in the mineral products industry, asphalt batch
plants have two major categories of particulate emissions: those which are
vented to 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. s 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.6'7 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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Used by permission of Barber-Greene Company.
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In general, if the Stoke's settling velocity of an aggregate particle is of
the same order of magni tude as the gas vel oei ty through the dryer, the par
ticle will probably be entrained in the gas stream and swept out of the
dryer. 6

The major source of process fugitives in asphalt batch plants comes
from enclosures 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 Ufugitive
airll or uscavengerll system. The scavenger system mayor 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 liquid particles. This liquid aerosol is created by condensa
tion of the organic vapors volatilized from the asphalt cement in the pug
mill. s The amount of liquid 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.

2.2.1 Continuous-Mix 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 col~ect 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 ;s 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.
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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 mechani sms whi ch produce the emi ss ions. The vari ous
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 ;s 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. 9

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 30QoF 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 half~ay down the length of the drum. The asphalt is protected from
coming into direct contact with the burner flame not only by distance but
also 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
tectionfor the asphalt cement. The hot mix (120 to 1400 C)lO is discharged
from the drum mixer and transported by inclined belt conveyor to storage
silos for eventual loading 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.lO'll
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.,
liquid 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. 9 ,lO After asphalt injection, the ag
gregate attains a temperature high enough to vaporize the remaining moisture
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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'll

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 coating
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. 9 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. 9 ,lO 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. 9 'lO 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 liquid 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 plants. 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

15



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.10t12
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 recycled 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. 12

Heat dispersion is a method used for recycling. A heat shield i,is 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 12000 F)t
thus decreasing the amount of blue smoke. 12 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. 13 This type of equipment can successfully
recycle a mixture of up to approximately 70% recycled asphalt concrete. 12

The concept of a drum within a drum has also been successfully utilized
for recycling. T?is process is bas~d 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 super.heated to apprOXimately 150 to
260°C (300 .to 5000 F).12 Reclaimed material is introduced into the outer
drum th~ough 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. 12

Split feed drum mixers were first utilized for recycling in 1976 and
are now the process used most often. New-aggregate ;is introduced'
at the flame end of the drum where it is superheated to 150 to 260°C (300
to 5000 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. 12

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 containing about the same
amount of RAP (i.e., 50 to 70%) as the other direct flame methods mentioned
above. 12
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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. -r:hese tubes prevent the .
virgin aggregate/recycled 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 batch or continuous mix plants recycled paving can he 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. 12 It is possible 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
introducti~n 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. 13 Comparing the information contained in
Table 2-4 with that presented in a 1977 EPA study,2 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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TABLE 2-4. OISTRIBUTION;OF ASPHALT PAVING PLANTS BY TYPE OF PROCESSa

I

Percentage of asphalt plants by production capacity

I
Percentage of

< 150 tons/hrb plants equipped
150-300 tons/hr 300-400 tons/hr > {l-OO tons/hr for recycling

Type of process. 1979 1980 1970 1980 1979 1980 1979 1980 1979 1980

I
Batch mix 21% 20% 50% 49% 8% 8% 1.% 1% 2% 4%

Drum mix 2% 2% 7% B% 3% 4% 1% 1% 2% 4%
I

I-' Continuous mix 3% 3% 2% 2% 1% 1% 1% 1%co

a Per reference No. 13. No data available on the number of uncontrolled facilities.
b No data available for plants < 150 to~/hr production capacity.



2.3 CONTROL TECHNOLOGY

2.3.1 Oucted 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 continuous mix plants. two dust collectors are usually arranged
in series. The primary collector is a low efficiency device which essen
tially removes the larger particles. with a secondary collector being em
ployed 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 equipment
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 particles in the
sma11 er s.i ze ranges. Materi a1 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 ~ollector for gas cleaning purposes though primary col
lectors a~e 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 ~m)

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 ' lO '11

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

For batch and continuous mix plants. settling chambers and cyclones
(single or multiple) are typically employed as primary collectors, and wet
scrubbers and baghouses are used for secondary control. 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
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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. 2 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 mayor 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 INDUSTRy2

Type of control equipment

Primary collectors
Settling or expansion chambers
Single cyclone dust collectors
Multiple cyclone dust collectors
Other

Secondary collectors
_._._-~-------------------

Gravity spray tower
Cyclone scrubber
Venturi scrubber
Orifice scrubber
Baghouse (fabric filter)
Other

Percent of i ndustrya

4

58

35

3

8

24

16
8

40

3

a 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 Open Oust 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
load-in operations. There are many alternative methods which could poten
tially be employed to control emissions from such sources. Wet suppression
is sometimes used far the contral of fugitive dust from open dust sources in
asphalt plants. 17 Other 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. 17

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. In 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.!7 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) became 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 spec;
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 FACTOR DEVELOPMENT

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 (OAQPS), and other reliable
sources including MRIls 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. 1-27 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 pert; nent to thi s report. the fo110wi og general cr; teri a were
used:

1. The information contained in the report must characterize the emis
. -- sions by particle size. Documents were eliminated from considera

·lion if only total mass emissions were determined. (This included
most_of theorJginal 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 MRl1s 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 quantity 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.

If 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. 28 The data were
rated as follows:

A - Multiple tests performed on the same source using sound methodol
ogy .and reported in enough 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.

Blests 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 methodo1ogy 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 criter.ia were used to evaluate source·test reports for
sound methodology and adequate detail:

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

2. Sampling procedures. The sampling procedures conformed to a 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 results.
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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
variations 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 reviewerls
confidence in the ability and conscientiousness of the tester t
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 particle 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 II standardli methodes) 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 Il particle size" is related to the particle perimeter or to the
particle projected area diameter. Particle size measurement in this manner
does-not account--for variation in-particle-density or-shape. 29-

All 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 sphericityll 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. 29 An estimate of particle volume
can be obtained from microscopic sizing, and by assuming a densitYt one can
obtain an estimate of particle weight.

Because of large variations in particle 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, or30 :
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where:

o =s for Re < 0.5 (I)

Os =Stoke's diameter (em)

Vs =terminal settling velocity of a particle in free fall (em/sec)

~ =viscosity of the fluid (gm/cmosec)

g =gravitational constant (980.665 cm/sec2 )

e =density of the particle (gm/cm3 )

C(Os) =Cunningham's slip correction factor for spherical particles
of diameter Os (dimensionless) .

=1 +~ (2)
s

A =a + ~ exp(-y Ds/ZA) (3)

a =empirical constant (dimensionless) =.1.23 - 1.246
~ =empirical constant (dimensionless) =0.41 - 0.45
Y =empirical constant (dimensionless) =0.88 - 1.08
A =mean free path of the fluid at stated conditions (em)

~ Ao (q/qo) (T/To)0-5 (Po/P) (4)

A = mean free path at reference conditions (em)
qO = gas viscosity at stated conditions (gm/cmosec)
qo =gas viscosity at reference conditions (gm/cm-sec)
T =absolute temperature (OK)
To = reference temperature =296.16°K
P =absolute pressure (kPa)
P =reference pressure =101_3 kPa
R2 =Reynold's number (dimensionless)

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
relat;onship:31,32
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Re ~ 0.05 (5)

where:

e. Q, OS' and ~ are as defined above; and

e' =density of air at the appropriate temperature and pressure
(gm/cmS )

Since dispersion and condensation aerosols are usually formed from many
materials of different densities. it is more useful to define anqther 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 aerodynamic
equivalent diameter. From Equation 1: 30

18r,vs
gC(D Ae}

(6)

where DAe = "classical" aerodynamic equivalent diameter (em). with ~,

Vs ' g. C as previously defined in Equation 1.

Equations required for interconversion between Stoke's and aerodynamic
diameters 'are presented in Table 3-1. 30

3.3.2 Particle Size Measurement

As stated 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
characteri sti cs. The size di stri buti on of an aerosol can be determi ned
either directly at the source (i.e., stack or vent) or indirectly by the
collection of a bulk 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 CONVERSIONS3o

Diameter definition
(given)

Stoke's diameter

Stoke's
diameter (Os)

1.0

C • t' aonverSl0n egua 10n
Classical aerodynamic

equivalent diameter (DAe )

Classical
aerodynamic
diameter (OAe) 1.0

a Notation: D = Stoke's diameter (~m)

D~e = Classical aerodynamic equivalent diameter (~m)
p =Particle density (g/cm3 )

CeDs)' CeDAe)' = Slip correc~ion factors (dimensionless)-
see Equatl0ns 2, 3, and 4.

3. Electrical mobility analyzers

4. tondensation nuclei counters

5. Diffusion batteries

All 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 physical 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 far 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. 30 Unless the particle shapes
are extremely irregular, the details of precise geometric form can be by
passed and the likelihood of the particle1s 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 asses'sment by aerodynamic techniques was emphasized in review
ing and rating the individual data sets for sound methodology.

Examples 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 pollution
studies, cyclones and impactors (primarily the latter) are more useful be
cause they are rugged and compact enough for in situ sampling. In situ
sampling is preferred because the measured size distribution may lie 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 determination 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 eae:hstage-there-is a characteristic particle-diameter that-has a-50%
probability of impaction. This characteristic diameter is called the cut
point (Dsn) of the stage. Typically, commercial instruments have six to
eight impaction stages with a back-up filter to collect those particles
which are either too small to be collected by the last stage or which are
reentrained off the various impaction surfaces by the moving gas stream. 34

The particle collection efficiency of a partiCUlar 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 significant problem with cascade impactors especially
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 MEASUREMENT33

Method

Optical
Li ght imagi ng
Electron imaging
Li ght scann; ng
Electron scanning
Direct photography
Laser holography

Sieving

Light scattering
Right angle
Forward
Polarization
With condensation
Laser scan

Electrical
Current alteration
Ion counting, unit charge
Ion counting, corona charging

Impaction

Centrifugation

Diffusion battery

Acoustical
Orifice passage
Sinusoidal vibration

Thermal

Spectrothermal emission

31

Diameter of
app1icabil i ty

(J.Im)

0.5+
0.001-15
1+
0.1+
5+
3+

2+

0.5+
0.3-10
0.3-3
0.01-0.1
5+

0.5+
0.01-0.1
0.015-1. 2

0.5+

0.1+

0.001-0.5

15+
1+

0.1-1

0.1+



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. 3S

3.4 REVIEW OF SPECIFIC DATA SETS

The follo~ing is a discussion of the data contained in each of eight
primary reference documents. The documents are presented' according to the
Reference number indicated at the end of this section and their date of
publ ication.

3.4.1 Reference 1 (1960)

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 1949. Included in this document are emissions data for batch
and continuous mix asphalt plants controlled by either a multiple centrifugal
scrubber"or a baffled spray tower. In five of these tests, a particle size
distribution was obtained at both the inlet and outlet of the scrubber.
The-;nformati on--conta:inedin Reference-l was-l ater-republi 5 hed- in the fi rst'
(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 t 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 t

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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TABLE 3-3. SUMMARY OF PARTICLE DATA - REFERENCE la

Data Rating: D

Tesl
series

tlo.

lolet dust
loadinY

b(lb/hr)

Outlet dust
loadlngb(lb/hr)

Type ofcscrubber

Production
rate

(toos/hr)d
Inlet particle size (I weight)e Outlet particle size (l weighl)e

{;-393

(-369

C-372A
C-3728
(-4220)

4,260

352

76

121

26.9

24.4

10.0

19.2

26.6

T

C

C

C

C

92.3 13.0 71.1 9.6 6.3 99.3 0 0 0.7

113.0 76.4 6.3 2.8 14.5 19.9 ].8 2.0 14.3 f

158.0 78.0 18.0 2.0 2.0 83.0 5.0 1.0 n.o f

142.9 91.0 9.0 0 0 82.0 3.0 2.0 13.0'

198.0 80.49 18.69 1.09 09 73.2 5.1 4.5 17.2

a fro.a: Tables I and II, p. 31 of logel, et 81., "Cootrol of Asphaltic Concrete Plants in los Aogeles County," J. Air Pollut. Control Assoc.,
!Qt!1:29-]], feb. 1960 (Appendix A).

w
w b 1 lb/hr = 0.454 Itg/hr.

C C = multiple centrifugal spray scrubber; T = baffled spray.tower.
d Assumed to be short tons (2,000 lb) per hour of asphalt paving pro~uced. 1 short too/hr = 0.907 metric tons/hr =0.907 (10)6 gm/br.

e Stoke's diameter.

f Microscopic examination indIcated agglomerated particles.

9 Data not used for emission factor development.



Air Pollution Control District) to obtain copies of the original reports
for the subject tests. 36 Only in two cases (Nos. C-393 and C-426) was this
effort successfu1.37J38 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 telephone conver
sation was held with Mr. William Krenz, Manager of Source Testing and Moni
toring for the SCAQMD.39 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 IIMicromerograph. 1I 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
Stokels 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 Air Pollution Control District (APCD).4o A technical
paper describing the Micromerograph and its operation has also been in
cluded in Appendix A.41

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-s-i nee the fi ner particle-fraction would-be-coll ected on the-fi-lter 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 0 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 collectors.
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: 0

Particle siie range
(IJmS)

Percent by weightb
Inlet to Outlet fram
scrubberc scrubber

0-10

10-20

20-44

>44

13.0
71.1

9.6

6.3

99.3

0.7

a Stoke's diameter.

b Data taken from page 5 of Reference 1 (Appendix A).

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

d Outlet 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

Particle ~ize

<}JmS)

Cumulative percent by weight less than stated sizeb

Inlet to cyclone Outlet from cycloneC Vent lined

1,651
295
147

74
60
50
40
30
20
15
10

5
4
3
2
1

100
98.0
83.0
57.8
56.6
53.5
47.7
40.8
32.1
27.8
21.1
10.1
7.2e

4.3e
1.5
o

100
98.5
81.0
54.0
51.1
44.6
33.8
25.4
17 .8
14.3
10.3
5.4e4.4
3.0e

1.3
o

100
98.9
95.7
89.2
88.0
85.8
81.6
74.0
60.7
52.7
39.7
19.3e14.3
8.5e

3.0
a

a Stoke's diameter. Fraction of material> 200 mesh (74 }.1m) deter
mined by sieve analysis was also assumed to be Stokels diameter.

----b
Data taken from page 9 of Reference 1 (Appendix A). Data for par
ticles > 60 ...mS not input to SPLIN2 program (see Section 3.5.2).

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

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

e 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 VOl
Directive 2031, "Fineness Determination of Technical Dusts. 1I The Gonell
elutriator consists of a long brass tube with a conical base. 42 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 is 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 th~ 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.43 For the above reasons, 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 ;s 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 continuous mix asphalt
concrete plants. 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.40 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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I

TABLE 3-6. SUMMARY OF PARTICLE SIZE DATA fOR UNCONTROLLED EMISSIONS - REFERENCE 3a

Data Rating: C

Waste Uncon- Raw dust tn the drUi waste gases
Raw dust gases per trolled particle size distributIon by settling velocity intervals
concen- IIletrle emiss 12ft Particle (weight proportion in X)

Dust in the drUlll Plant tratlon ton (II) factor dens tty < 0.2 < 0.4 < 0.8 < 1.6 < 3.2 < 6.4 < 12.8 < 2S.6 > 2S.6
exhaust gases 10 No. Raw lIlaterial (g/1l3 STP) STP/Hnb (kg!HT) (0/em3 ) emlsec emlsec e-.lsee ell/sec ca/sec em/sec ealsee emlsee emlsee

1. for waShed raw
material ill
manufacture of

1.1 fine asphaltic A4 Moraine + Rhtne sand 28.6 :)]0 9.4 2.4 10.S 16.7 23.2 28.6 34.3 39.7 46.0 57.1 42.9
concrete 0/8 D1 Basalt + natural 33.4 630 21.0 2.6 7.0 13.1 18.2 22.8 26.7 28.8 ]2.0 38.2 61.8

sand
112 BasaIt + 1I1lle + 26.2 470 12.3 2.6 8.7 17.0 23.4 27.6 33.4 36.2 45.9 S9.1 40.9

I2d natural sand
Basalt + lime + 39.1 540 21.1 2.9 10.8 14.0 17.2 25.1 34.5 38.5 47.2 64.1 35.9

I3d blast furnace slag
w 1. Z Binder 0/18 lime + Rhine sand 29.3 500 14.7 2.7 13.7 29.1 40.9 49.2 58.1 64.7 70.2 80.9 19.1
co 1. 3 Base 0/35 02 Basalt + natural sand 29.9 630 18.8 2.9 15.1 25.0 41.1 58.1 65.4 67.1l 69.1 73.3 26.7

2. for haH-
washed raw ma-
terial in the
manufacture of

2.1 fine asphaltic Cl Basalt + moraine + 69.9 520 36.3 2.5 6.9 13.8 22.0 29.6 37.2 45.9 54.7 74.1 25.9
concrete 0/8 Rhine sand

C2 69.5 520 36.1 2.5 1.fi 16.9 24.9 31.7 37.4 42.6 50.9 58.9 41.1

(conti nued)



TABLE 3-6. (concluded)

Dust tn the drUII
exhaust garoes

3. for unwashed
l'aw lIaterla1
in the ..anu
facture of

Plant
10 No. Raw .ateda I

Raw durot
concen
tration
(g/llli SIP)

Waste
gases per
..trlc

ton (113

STP/HT)b

Uncon
trolled
e.I$SI~n

factor
(kg/Ml)

Raw dust in the drua waste gases
particle size distribution by 'ettllng velocity intervals

Particle (weight proportion In Xl
density (0.2 (0.4 < 0.8 < 1.6 < ].2 < 6.4 (12.B (25.6 > 25.6
(g/cIl3 ) calsec calsec calsec calsec calsec c"sec calsec calsec calsec

3.1 fine asphaltic
COliC rete 0/8

3.2 Blnde,- 0/12
3.3 Base 0/30

Base 0/35

B3 Blast furnace slag t 1l3.5 ]50 46.1 2.6 4.2 1.1 12.5 IB.3 25.4 32.1 41.• 56.1 43.3
Rhine sllnd

04 Basalt 116.5 640 14.6 2.8 15.9 26.8 41.5 5].8 61.5 61.6 12.0 80.6 19••
f] Uaestoml 119.1 310 36.9 2.4 11.0 19.8 27.1 35.5 43.2 48.9 51.6 66.9 33.1
G2 Limestone 111.0 260 30.4 2.5 8.3 20.1 31.0 50.2 59.6 1i6.1 12.1 82.5 11.5
14 lhlestone 111.2 460 51.2 2.1 1.5 2.1 2.9 3.8 4.6 6.3 10.5 16.3 83.1
Gl Olabne. H_ 103.2 210 21.9 2.5 5.9 16.5 29.1 35.1 43.8 53.9 66.0 81.9 18.1
81 Gravel 53.1 300 15.9 2.5 3.6 5.1 1.0 8.9 10.9 12.8 1/).3 23.1 16.3
f2 IIMne gravel 52.0 280 14.6 2.5 16.5 24.0 U.S U.S 45.6 48.5 53.0 60.4 39.6

IS Data taken fr~ Tables 3 and 8, pgro. 12 and 20 of Refere'Ke 3 (Appendix 8). Assumed to be dryer exhaust ollly. Minor differences In raw dust concentration
noted between Tables J and 8 for Plant ID's B3, C2, and D4.

b AssUlied to be metric tons (MT) of aspl~lt concrete produced. 1 HI ~ 1.1 short tons ~ 2,200 Ib ~ 10° gao

0; C lId f 1 6 II 3 .J ..L!9.- = Ia O;U ate r~ data n two previous colUlins. for example: 28. as x 30 Hf x 1,000 9 9.4 kg HT

d Same tests as J2 and J3 rohown 1n original reference document.



CData Rating:

I
SUMMARY OF PARTICLE SIZE DATA FOR THE DUST EXITING THE PRiMARV COLLECTOR 

REFERENCE 3a I

I

TABLE 3-7.

Total .ass
conc. Total gas

exl Ung \/0 IumetrIc Production E.tssion Proportion of dust in particle alze No. of
Oust in the drum Plant cOl1ectBr flow rate rate factOI'd intervals (Stoke's diameter) cyclone

waste gases JD No. Raw Ilatertal (g/lll') (lOs .'Ihr)b (MT/hr)c (kg/MT) 0-10 Jill 10-20 fdI 20-40 ,.1111 ) 40 Jill el• .ents f

1- for washed raw mate-
rial in the manu-
facture of

1. 1 fine aspha Itic c;on- A4 Moraine ... Rhine sand 0.613 11.0 25 0.458 23.2 11.1 11.1 54.0 4
crete 0/8 01 Basalt ... natural sand 3.23 48.6 60 2.62 18.2 8.5 5.3 68.0 2

H2 Basalt ... lIfH ... 1.10 21.2 35 1.03 23.4 10.0 12.5 54.1 18
natura1 sand

129 Basalt ... It.e ... blast 0'.82 27.5 40 0.56 17.2 17.3 12.7 52.8 20

139
furnace slag

J.2 Binller 0/18 lime ... Rhine sand 2.12 26.4 40 1.40 40.9 11.2 12.1 29.9 20
~ 1. 3 Oase 0/35 DZ Basalt ... nalural sand 4.90 46.2 60 3.77 41.1 24.3 3.7 30.9 20

2. for half-washed raw
material tn the lIanu-
facture of

2.1 Fine asphaltic C1 Basalt ... IIDralne ... 2.39 44.3 60 1.77 22.0 15.2 17.5 45.3 6
concrete 0/8 C2 Rhine sand 2.72 45.3 60 2.05 24.9 U.5 13.5 45.3 6

(continued)



TABLE 3-7. (concluded)

Total mass
cone. : Total gas

ell Hin"g YolUllletrlc Production E.ission Proportion of dust in particle lize No. of
Oust in t.he drW1l Plant collect8r flow rale rate factoI'd intervals (Stoke's diameter) cyclone,

waste gases ID No. Raw _t.eriaI (g/mS ) (lOs a"/hr)b (HT/hr)c (kg/NT) 0-10 pa 10-20 pa 20-~0 pill > 40 pm elements

3. for unwashed raw mat.e-
rial in lhe manufacture
of

3.1 fine asphaltic 83 Blast furnace slag of 2.27 34.5 64 1.22 12.5 12.9 16.0 58.6 21 of 12h

concrete 0/8 Rhine sand
04 Basalt 12.9 44.5 55 10.4 41.5 20.0 10.5 28.0 2
f3 lilllestone 6.10 27.0 70 2.35 27.7 15.5 14.4 42.4 6
G2 Lillles tone 10.3 26.3 90 3.08 37.0 22.6 12.5 27.9 4
K4 Limestone 3.08 43.0 7S 1.77 2.9 1.7 5.9 89.5 6

3.2 Binder 0/12 Gl Diabase .. lillie 8.3 30.8 80 3.20 29.1 14.7 22.2 34.0 4
3.3 Base 0/30 81 Gravel 0.916 34.4 70 0.449 7.0 3.9 5.4 83.7 21 of 12h

Base 0135 f2 Rhine gravel 3.12 25.6 70 1.14 32.5 13.1 7.4 41.0 6

;:. a Multiple cyclone dust collectors. Data taken froll! Table 3, p. 12, and Table 9, p. 22 of the Reference 3 (Appendix B). Calculations rounded to three
significant figures.

'b At act.ual temperature and pres,.ure.

c AssW1Ied lo be melric tons (HT) of asphalt concrele produced. 1 HT ~ 1.1 short ton e 2,200 Ib =106 gm.

d t i {I (;)1113 Ihr..!..!lL-_ gCalculated from data n three preY ous columns. For example: 0.673 if x 17.0 10) hI' x 25lMf x 1,000 g - 0.458 HT

e Density assumed equal lo 2.6 g/cms .

f frolA Table I, p. 10 of Reference 3.

9 Same tesls as J2 and J3 shown in original reference dDcument.

h Two sets of cyclones in series.



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. 44 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. 4S '46 Summaries of
these data are shown in Tables 3-8 and 3-9, respectively, with copies of
the original reports provided in Appendix C.

Tne 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. One 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. 47

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, wh'ich occurred in the normal configuration. A
crude determination of particle size was made by microscopically examining
a sample of the partiCUlate collected on one of the filters (Run 1). A
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TABLE 3-8. SUMMARY OF PARTICLE SIZE DATA FOR SLOAN CONSTRUCTION COMPANy44
Data Rating: B

Inlet to scrubberb Outlet from scrubberc
Particle ~ize Percent by Emission rate Percent by Emission rate

(J.ImA) weight (lb/hr) weight (lb/hr)

30 and larger 27.7 596 54.8 99.2
9.2 - 30 19.0 409 9.2 16.6
5.5 - 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 t 135 181.0

a Aerodynamic diameter.
b Downstream of a cyclone collector. Data taken from page 8 of test re-

port (Appendix C).
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 scrubberb Outlet from scrubberc
Particle ~ize Percent by Emission rate Percent by Emission rate

(J.ImA) weight (lb/hr) weight (lb/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

Smaller than 2.0 14.9 255.5 88.0 55.4
Total 100 1,715.0 100 63:0

a Aerodynamic diameter.

b Downstream of a cyclone collector. Data taken from page 6 of test re
port (Appendix C).

c Outlet 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 Manual
published by the Los Angeles County APCD. This document contains one addi
tional data set (Test No. C-S37) which was not included in Reference 1.
This data set provides a Characterization of the emissions from a 6,OOO-lb
capacity asphalt batch plant equipped with a low efficiency cyclone, a mul
ticyclone (multiple small diameter cyclones), and a multiple centrifugal
scrubber. The particle size distribution was obtained for the dryer ex
haust, the vent line from the scavenger system, downstream of the primary
cyclone, and at the inlet to the scrubber. A summary of the data for Test
No. C-S37 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 previously for Reference 1, an identical rating
of 0 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
trolled by a venturi scrubber and associated inertial separator for mist

---elimi nati on.--Concurrent--tests were conducted at both -the in 1et-and- out1et
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 only 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, only the data for total
mass would be of value in this analysis. Due to the fact that the plant
was experimental in nature and only one test was actually conducted for
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TABLE 3-10. SUMMARY OF PARTICLE SIZE DATA FOR TEST C-537 - REFERENCE 1226

;Data Rating: Da

Inlet to
primarYd Inlet to Inlet tOe

Particle si~e Vent linec Dryer exhaustC cyclone multiclonee scrubber
range (J.'m) (wt %) (wt %) (wt %) (wt %) (wt %)

0-5 18.8 9.2 6.2 19.3 57.0
5-10 27.6 12.3 9.4 31. 9 34.0

10-20 40.4 22.7 13.8 31.6 8.8 f20-50 12.1 49.3 22.9 15.1 0.2
> 50 1.1 6.5 47.7 2.1 Nil

a Assumed identical to Reference 1.

b Stoke's diameter.

C Includes only particles < 200 mesh (74 ~m). Data taken from Table 94. p. 328 of
reference document.

d Combined effluent of dryer exhaust and vent line. Data taken from Table 96. p. 333 of
reference document.

e Data taken from Table 96. p. 333 of reference document (Appendix 0).

f Percentage of particles 20-50 ~mS in diameter are reported in Table 96 (Appendix D)
as 9.2%. This is obviously a typographical error since the total calculates out to be
109%. Appropriate correction has been made in the analysis for particles in this size
range.



total mass, the information contained in Reference 23 was not used in the
development of candidate emission 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 Sasin (Los Angeles), conducted by a con
tractor to the California Air Resources Board (CARS). 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 ~ampling trains equipped with a series
of three individual cyclones having nominal cut-points of la, 3, and 1 ~mA,

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 EAD5 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.48

TABLE 3-11. SUMMARY OF PARTICLE SIZE DATA FOR REFERENCE 26a

. Data~Rati'ng: B

Test
No.

5amplingblocation
Percent of particles in stated size rangeC

> 10 ~mA 10-3 ~mA 3-1 ~mA < 1 ~mA

295 Outlet 60 6 4 30

: From page 4-165 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 inlet 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 S.
The particle size distribution was obtained from'samples collected by an
Andersen High Capacity Stack Sampler equipped with a Sierra Instruments
15-~mA 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 likewise obtained using an Andersen Mark III cascade impactor and Sierra
Instruments 15 ~mA 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. 49 This system extracts a small slipstream of gas from the stack
which, after removing particles> 2.5 ~mA 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 ~m) 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
diluti9n 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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TABLE 3-12. SU~'MARY OF PARTICLE SIZE TES1 DA'! A COLLECTED AT THE BAGHOUSE INLET 
REFERENCE 27a

Data Rating: A

1!)-pm Cyclone : Stage 1 Stage 2 Cyclone
Cm. %

I
Cm. % Cm. i CUIlI. i

less less less less
than I than than than Filt.er

Test Run No. Hass Oso she stated Mass 050 size stated Mass 050 size stat.ed Mass 050 size stated Mass 050 sh:e
No. (source-run-quad) (lIg) (plI) size (mg) (p.) size (my) (pm) she (IIIQ) (IlDl) she (mg) epm)

1-1-1(8) 4,775.2 14.8 30.2 95.2 11.4 28.8 617.5 6.3 19.7 1,091.0 1.9 3.8 258.0 < 1.9

1 1-1-2 6.088.1 15.5 25.0 125.0 11.8 23.5 566.6 6.1 16.5 1,143.3 1.9 2.4 198.0 < 1.9
1-1-3 6.345.5 15.1 19.2 68.5 11.5 18.3 399.4 6.5 13.3 906.8 1.9 1.1 134.3 ( 1. 9
[-1-4 10.601.6 15.2 17.6 179.5 11.6 16.2 750.9 6.5 10.4 977.9 1.9 2.8 356.5 < 1.9

1-2-l(C)b 212.91 14.5 26.1 45.6 11.2 25.1 221.8 6.2 11.5 446.3 1.8 2.1 60.8 < 1.8
2 1-2-2(B) 5.881. 3 15.6 25.1 127.0 11.7 24.1 621.1 6.6 16.2 1,061.0 2.0 2.8 222.6 < 2.0

[-2-] 4,157.1 15.4 22.9 60.4 11.7 21.1 362.1 6.6 15.0 746.8 1.9 1.2 62.4 < 1.9
[-2-4 9,068.9 15.0 22.9 406.6 11.5 19.5 767.] 6.4 12.9 1,038.8 1.9 4.1 481. 7 < 1.9

l:'-
1-]-1 5,718.0 15.7 22.3 364.8 11.7 11.4 200.5 6.6 14.1 915.1 2.0 1.4 104.1 < 2.0

(Xl 3 1-3-2 6,113.0 15.5 23.5 81.0 11.7 22.5 505.7 6.6 16.2 991.5 2.0 3.7 294.8 ( 2.0
1-3-] 3.086.1 15.4 33.5 62.2 11.6 32.1 393.8 6.5 23.6 931.4 1.9 3.4 159.4 < 1.9
1-3-4 10,346.7 15.2 19.8 170.5 11.6 18.5 686.1 6.5 11.6 1,062.2 1.9 3.4 435.3 ( 1.9

I

1-4-1 2.149.4 15.5 35.8 48.4 11.1 34.4 301.8 6.61 25.4 611.9 2.0 5.3 111.1 ( 2.0
4

1-4-2 3,242.0 15.4 21.8 78.4 11.7 26.00 348.8 6.6 18.2 642.8 1.9 3.9 115.2 < 1.9
1-4-3 7,194.4 15.4 20.2 89.3 11.6 19.3 550.6 6.6 13.6 874.2 1.9 4.1 456.6 < 1.9
1-4-4 9,585.9 15.5 21.4 118.5 11.7 20.0 873.4 6.6 12.8 185.0 2.0 6.4 111.3 < 2.0

a Reproduced from Table 4.4. p. 49 of Reference 27 (Appendix G).
b Test conducted during the processing of recycled asphalt pavJng.



TABLE 3-13. SUMMARY OF PARTICLE SIZE TEST DATA COLLECTED AT THE BAGHOUSE OUTLET -
REFERENCE 27a

Data Rating: A

15-... Cyclone Stage 0 Stage 1 Stage 2 Stage 3
CtJIlI. i CUll. % CUll. i CUIlI. i Cw. I

less less less less less
than than than than than

Test Run No. Mass 0&0 she stated Mass Oso size stated Mass Oso she stated Mass D50 she stated Mass Dso size stated
No. (source-run-quad) (mg) (VII) she (mg) (I~m) she (mg) (lfUI) she (11IO) (110) size (1lI!J) (Vg> she

0-1-1~8) 37.96 14.9 42.1 0.41 14.7 41.5 1.34 9.1 39.5 3.65 6.2 33.9 5.30 4.2 25.8

1 0-}-2 84.91 14.7 21.0 0.51 14.4 20.1 0.B9 9.0 19.7 3.94 6.1 16.0 4.44 4.1 11.9
0-1-3b 39.29 14.9 26.0 0.00 14.6 26.0 0.63 9.1 24.8 1.95 6.1 21.1 2.82 4.2 ]5.8
0-1-4 72.37 14.8 31.6 0.61 14.7 31.1 0.73 9.2 30.4 2.36 6.2 28.1 16.29 4.2 12.7

0-2-1 21. 93 15.2 56.7 1.60 14.9 53.1 1.88 9.3 49.8 4.33 6.3 41. 2 4.56 4.3 32.2

2 0-2-2 49.78 15.0 35.7 0.67 14.7 34.9 0.85 9.2 33.8 3.36 6.2 29.4 4.33 4.2 23.8
0-2-3 61.54 14.6 32.8 3.52 14.3 28.9 1. 98 8.9 26.8 4.77 6.0 21.6 4.58 4.1 16.6
0-2-4 71.68 15.4 37.0 7.79 15.0 30.1 3.36 9.4 27.2 5.15 6.3 22.1 6.57 4.3 16.3

po Stage 4 Stage 5 Stage 6 Stage 1
\D CUll. i CUIlI. i Cum. i Cum. I fl1ter

less less less less
than than than than

Test Run No. Mass DSG she stated Mass Oso size stated Ma~$ 060 size stated Mass 060 size stated Mass Dlio size
No. (source-run-quad) (mg) (I-IID) size (mg) (JJIlI) size (mg) (1JlII) size (11IO) (jJ9) size (llIg) (pg)

O-I-1tD) 8.45 2.7 12.9 5.71 1.3 4.2 2.07 0.80 1.1 0.33 0.59 0.56 0.37 < 0.59

. 1 0-1-2 5.43 2.6 6.8 4.74 1.3 2.4 1.11 0.78 0.82 0.51 0.58 0.29 0.31 < 0.58
0-1-3b 2.97 2.7 10.2 3.26 1.3 4.1 1.81 0.19 0.64 0.21 0.58 0.24 0.13 < 0.58
0-1-4 0.00 2.7 12.1 12.4 1.3 1.0 0.00 0.81 1.0 0.88 0.59 0.20 0.21 < 0.59

0-2-1 5.68 2.7 21.0 5.09 1.3 11.0 2.60 0.81 5.8 1. &4 0.60 2.8 1.40 < 0.60

2 0-2-2 7.91 2.7 13.6 6.63 1.3 5.1 2.95 0.80 1.3 0.71 0.59 0.26 0.20 < 0.59
0-2-3 7.04 2.6 8.9 5.09 1.3 3.3 2.45 0.78 0.64 0.46 0.57 0.14 0.13 < 0.57
0-2-4 8.35 2.8 9.0 6.07 1.4 3.7 2.S2 0.82 1.4 0.91 0.61 0.63 0.72 < 0.61

Reproduced frOID Table 4.5, p. 50 of Reference 27 (Appendix G).
b Test conducted during the processing of - 30% recycled asphalt paving.



TABLE 3-14. PARTICULATE MASS CONCENTRATIONS (CONOENSABLES TESTING) - REFERENCE 27a
I

Oata Rating: A

Cyclone X Cyclone III Filter Ftlter plus wash
) 15 .. 2.5-15 lI!II ( 2.5 lIllI < 2.5 ... condensables 2: Total emissions

Run No. IlIg/dscmb gr/dscfc I119/dSCmb gr/dscfC IIg/dscrab gr/dscfc l119/dscm6 gr/dsdC COndensables .g/dscmb gr/dscfc

1 1P 5.78 0.00252 1.51 0.000686 1.59 0.000694 8.94 0.0039
1 SDSS 19.03 0.00831 2.80 0.00122

2 1P 18.76 0.00819 0.94 0.00041 1.49 0.000651 21.19 0.0093
2 soss 14.92 0.00652 2.01 0.000878 15.78 0.00689 43.7 32.71 0.0143

3 IP 36.74 0.16 4.36 0.0019 1.66 0.000725 42.16 0.0181
3 SDSS 25.61 0.112 5.52 0.00241 19.79 0.00864 35.6 50.92 0.0223

4 IP 9.70 0.00424 2.14 0.000935 2.42 0.00106 14.26 0.0062
4 SOSS 14.47 0.00632 2.13 0.00093 27.81 0.0121 51.2 44.41 0.0194

VI Average IP 11.75 0.00715 2.25 0.000983 1.79 0.000782 21.19 0.0095
0 Average SDSS 18.51 0.00808 3.11 0.00136 21.13 0.00923 45.3 42.68 0.0187

a Reproduced from Table 5.4, p. 81 of Reference 21 (Appendix G) .. Test5 conducted during the processing of - 301 recycled a5phalt
paving.

b Milligrams per dry standard cubic meter.

c Grains per dry standard cubic foot.



3.5 DEVELOPMENT OF CANDIDATE EMISSION FACTORS

3.5.1 Data Analysis Methodology

The information contained 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 SPLIN2 developed by Southern Re
search Institute. 5o 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
aerodynamic particle diameter.

TABLE 3-15. COMPARISON OF COMPUTER PROGRAMS

Fitted size
distribution

Input requirements:
particle size data

process data

JSKPRG
Spline

Cumulative mass
fractions; particle
density

Process and emis
sion rates

- or 
emission factor

JSKRAW
Spline

Largest particle
diameter; incre
mental mass frac
tions; particle
density

Process and emis
sion rates

- or 
emission factor

JSKLOG
Log-normal

Completed log
normal size
distribution

Process and emis
sion rates

Output: -------------- 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 II spline" fits •. Spline fits result in cumulative mass
size distributions very similar to those which would be drawn using a French
curve and fully logarithmic 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:

• (7)

where: ETP = total particulate emission factor (lb/ton)

eTP = total particulate emission rate (lb/hr)

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

Emission factors for ~ach size range are then obtained by multiplying ETp by
the mass--fraction associated with that range. The programs automatica ly
convert the size-specific emission factors obtained from English units
(lb1t-o-nrto the appr6r.fria:te metric units--(I<g/metric ton), wh-;cli-is tabulated
as a part of the output format (1 kg/metric ton = 1 kg/lOG g = 1 kg/Mg).

As an additional function, each program has the capabili~y of convert
ing from Stoke ls 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 IJm
(Stokels 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. 51 It was likewise assumed that particle sizing
by dry sieving generated data by Stokels 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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INPUT DATA:

SPLIN2 PROGRAM - 02/22/82 V1

TEST ID: EXAMPLE OUTPUT OF lIJSKPRGlI

PROCESS WEIGHT RATE = 100 TONS PROD./HR
TUTAL PARTICULATE EMISSION RATE = 100 LB/HR
PARTICLE DENSITY = 2.44 G/ce

MEASURED SIZE DISTRIBUTION

CUT< Ultl) CUM. I. .::: CUT

10 15
20 ..,.:-

4;;:)

30 34
SO 50

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

EMISSION FACTOF:
CUT ( 111liA ) CUM. I. ..- CUT ( LB/T ) ( KG/MT )".

.025 1.78801 .0178801 . 8.94006E-03
1 2.3787 .023787 .0118935
1 "'1.:' 2.73215 .0273215 .0136607.,,;;:)
2.5 4.25364 .0425364 .0212682..- 6.74744 .0674744 .0337372;;;J

10 10.9053 .109053 .0545267
15 14.567 .14567 .0728348
20 17.9582 .179582 .0897908

END OF TEST SERIES

Figure 3-1. Example output of lIJSKPRG.1I
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SPLIN2 PROGRAM - 02/22/82 Vi

TEST 10: EXAMPLE OUTPUT OF "JSKRAW H

1 NPUT IIATA: PROCESS WEIGHT RATE = 100 TONS PROD. IHR
TOTAL PARTICULATE EMISSION RATE = 100 LB/HR
PARTICLE DENSITY = 2.44 GICC

MEASURErl PARTICLE SIZE OISTRIBUTION

CUT (URI) RAW i. < CUT CUM. X ~: CUT

10 15 15
20 10 25
30 9 34
50 16 50
74 50 100

OUTPUT DATA: TF' EMISSION FACTOR = 1 LB/T ( .5 KG/MT)

CUT (umA) CUM. I. <: CUT
EMISSION FACTOR

( LB/T ) ( KG/MT )

.625
1
1.25
2.5
5
10
15
20

1.7880.4
2.378?3
2.7'3218
4.25366
6.74745
10.9053
14.567
17.9581

.0178804

.02378i3

.027'3218

.0425366

.0674745

.109053

.14567

.179581

S.94021E-03
.0118937
.0136609
.0212683
.0337373
.0545267
.0728348
.0897907

END OF TEST SERIES

Figure 3-2. Example output of "JSKRAW.II
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SPLIN2 PROGRAM - 02/22/82 Vi

TEST ID: EXAMPLE OUTPUT OF "JSKLOG"

INPUT DATA: PROCESS WEIGHT RATE = 100 TONS PROD./HR
TOTAL PARTICULATE EMISSION RATE = 100 LB/HR
PARTICLE DENSITY = 2.44 GICC

MEASURErl SIZE DISTRIBUTION

CUT(unl) CUM. /. .~: CUT

10 15
20 "')a;;-... ;}
30 34-
50 50

OUTPUT DATA: TP EMISSION FACTOR = 1 LE/T ( .5 KG/MT)

EMISSION FACTOR
CUT ( UIlIA ) CUM • /. .:~ CUT (LE/T) (KG/MT)

•62~ 1.788 .01788 8.9-4E-03
1 2.379 .0237,9 .011895
1 ")1..- ") 7-f') .02732 .01366.... ;::.1 .:. • I ..)..:..

2.5 4.2~4 .04254 .02127
5 6.747 .06747 .033735
10. __ 10.9 .109 .0545
15 14.57 .1457 .07285
2() 17.96 .1796 .0898

THIS DATA SET WAS FrT TO A LOG-NOF:MAL SIZE t1ISTfUBUTION

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
T1-59 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 Tables 3-16 through 3-29. First, only data for particles larger
than 2.5 ~m (aerodynamic diameter) have been reported even though the spline
equation--~as 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 IJm.- Extrapolating the--size di stribution bel ow 2. 5 ~m -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 SPlIN2 program. The
data for> 60 ~mS and for 3 and 4 IJmS were intentionally deleted from the
computer analysis. Only data for particles < 60 IJmS were used since the
remainder of the distribution was derived from a sieve analysis of the
coarse particles which does not yield test results which are based on a
true Stoke's diameter. For 3 and 4 IJmS 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-norma1.
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TABLE 3-16. CALCULATED PARTICLE SIZE DISTRIBUTIONS AND CONTROLlhD
EMISSION fACTORS FOR REFERENCE 1 - SCRUBBER INLET

Data Rating: 0

Cumulative mass %equal ~o

Cumulative emission factor equal ~o

or less than stated size (kg/Mg)
or less than stated size Total mass

Test b 2.5 5.0 10.0 15.0 20.0 2.5 5.0 10.0 15.0 20.0 emission
10 No. )JmA )JmA ~mA )JmA IJmA )JmA IJmA )JmA ~mA )JmA factor

\Jl C-369 49.5 60.6 70.8 75.9 79.0 0.111 0.943 1.10 1.18 1. 23 1. 56-....J

C-372A 19.2 37.7 62.1 16.6 85.7 0.0461 0.0901 0.149 0.184 0.206 0.241

C-372B 46.4 64.3 81. 7 90.2 "95.0 0.196 0.272 0.346 0.382 0.402 0.423

a From computer printouts included in Appendix J, pages J-3, 5, and 7.

b Measured at inlet to a multiple centrifugal scrubber. Test C-422(1) not included due
to lack of size-specific test data.

C Aerodynamic diameter.

d Kilograms of particulate matter per 106 g (Mg) of asphalt concrete produced.



TABLE 3-17. CALCVLATED PARTICLE SIZE DISTRIBUTIONS AND CONTROLLER
EMISSION FACTORS FOR REFERENCE 1 - SCRUBBER OUTLET

Data Rating: D

Cumulative mass % equal !O
Cumulative emission factor equal aO
or less than stated size (kg/Mg)

or less than stated size Total mass
Test b 2.5 5.0 10.0 15.0 20.0 2.5 5.0 10.0 15.0 20.0 emission

ID No. IJmA IJmA IJmA IJmA IJmA jJmA IJmA IJmA IJmA IJmA factor

i
lJ1

I

00 C-369 62.9 70.3 76.6 79.6 81.5 0.0679 0.0758 0.0827 0.0860 0.0879 0.108
I
I

C-372A 57.1 68.3 78.0 82.6 85.2 0.0181 0.0216 0.0247 0.0261 0.0270 0.0316

C-3728 69.5 74.9 79.5 81.8 . 83.2 0.0467 0.0503 0.0534 0.0549 0.0559 0.0672

C-422(1) 56.4 63.1 69.5 72.9 75.1 0.0379 0.0424 0.0467 0.0490 0.0505 0.0612

a From computer printouts included in Appendix J, pages J-4, 6, 8, and 9.

b Emissions to atmosphere from a multiple centrifugal scrubber.
c Aerodynamic diameter.

d Kilograms of particul~te matter per 106 g (Mg) of asphalt concrete produced.
I
I



TABLE 3-18. CALCULATED PARTICLE SIZE DISTRIBUTION AND ~ONTROLLED EMISSION
FACTORS FOR REFERENCE 1 - TEST NO. C-393

Data Rating: D

Total mass emission factor

Particlebsize
. (IJmA )

2.5
5.0

10.0
15.0
20.0

Cumulative mass
%equal to or

less than stated size

.4
1.12 (10)
0.0449
2.8

13.9
30.8

Cumlative emission
factor equal to or
less than sta~ed

size (kg/Mg)

_s
2.59 (10)
0.0104
0.646
3.21
7.11

23.1

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

b
Aero~¥namic diameter.

c Kilograms of particulate matter per 106 9 (Mg) of asphalt concrete
produced.
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TABLE 3-19. CALCULATED P~~TICLE SIZE DISTRIBUTION AND ,0NTROllED EMISSION
FACTORS FOR, REFERENCE 1 - TEST NO. C-426

I

Data Rating: D

Cumulative mass %equal ~o or
less than stated si~e

Measurement 2.5 5.0 10.0 15~0 20.0
location ~mA ~mA ~mA ~~A. ~mA

Cumulative emission factor equal ~o or
less than stated size (kg/Mg)

Total mass
2.5 5.0 10.0 15.0 20.0 emission
~mA ~mA ~mA ~mA ~mA factor

Cyclone 0.803 4.56 13.7 20.4 25.2 0.148 0.839 2.53 3.76 4.64 18.41
inlet

0'\ Cyclone d 0.833 2.93 6.92 9~96 12.6 0.0600 0.211 0.500 0.717 0.908 7.20
0 outlet i

I

Vent 1.63 8.87 26.0 38~4 47.7 0.00896 0.488 1.43 2.11 2.62 5.49
l' e1ne

a From computer printouts included in Appendix J. pages J-10 through J-12.
b Aerodynamic diameter.
c i

Kilograms of particulate matter per 106 g (Mg) of asphalt concrete produced.
d

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

e Effluent from scavenger system.



TABLE 3-20. STOKE'S DIAMETER VERSUS SETTLING VELOCITY FO§
PARTICLES OF VARYING DENSITY - REFERENCE 3

Settling Stoke's diameter for particles of specified densityC
velocitYb 2.4 2.5 2.6 2.7 2.8 2.9
(em/sec) g/cm3 g/cm3 g/cm3 g/cm3 g/cm3 g/cm3

0.2 5.3 5.2 5.1 5.0 4.9 4.8
0.4 7.5 7.4 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

a From calculations included in Appendix J, pages J-1S through
19.

b Assumes dry air at 200 t and 760 mm Hg.
C _7

Calculated from Eq. (5) with ~ =1814 (10) g/cm'sec;
_3

9 =980.665 cm/sec2 ; p' =1.2046 (10) g/cm3 ; and p = to the
values shown in each column.
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TABLE 3-21. CALCULATED PARlICLE SIZE DISTRIBUTIONS AND UNCONTRQLLED
EMISSION FACTORS fOR REFERENCE 3 - DRYER EXHAUST

Data Rating: C

Cumulative emission factor equal ~o or
less than stated size (kg/Mg)

Cumulative mass % equalbto or less Total
than stated size mass

Plant 2.5 5.0 10.0 15.0 20.0 2.5 5.0 10.0 15.0 20.0 emission
10 IJmA IJmA IJmA IJmA IJmA IJmA IJmA IJmA IJmA IJmA factor

I
A4 0.774 4.29 13.9 21.16 26.3 0.0728 0.403 1.31 2.02 2.47 9.4
01 0.0803 1.67 10.4 16.9 20.9 0.0169 _3 0.351 2.18 3.55 4.38 21.0
H2 0.0576 1. 78 13.3 21.'9 25.7 7.08(10) 0.219 1.63 2.69 3.16 12.3
12 3.03 6.86 12.6 16.1 21. 5 0.639 1.45 2.66 3.40 4.53 21.1

-3
13 0.0502 2.34 22.0 38.0 45.7 7.38(10) 0.344 3.23 5.59 6.72 14.7
02 2.68 7.39 20.2 36.7 52.2 0.503 1.39 3.80 6.90 9.81 18.8

(J\ Cl 0.138 1.81 10.4 19.7 26.3 0.0500 _3 0.656 3.78 7.16 9.55 36.3
N C2 0.0259 1. 24 12.4 22.8 28.8 9.34(10) 0.448 4.49 8.24 10.4 36.1

83 0.197 1.40 6.02 n.i 15.6 0.0919 0.655 2.81 5.19 7.30 46.7
I

04 1.25 6.33 21.8 37.''1 48.9 0.933 4.72 16.2 28.1 36.5 14.6
F3 0.219 3.07 15.8 25.6 32.1 0.0801 1.13 5.64 9.46 11.8 36.9
G2 0.0633 _3 1.54 14.0 32.3 44.9 0.0192 _3 0.469 4.25 9.82 13.6 30.4
Gl 6. 72(l0) 0.647 11.0 25.9 32.5 1. 88(l0) 0.160 3.06 7.23 9.06 27.9
81 0.956 2.13 4.38 6.47 8.06 0.152 0.338 0.696 1.03 1.28 15.9

F2 2.96 8.76 20.5 30.1 38.0 0.432 1.28 2.99 4.40 5.54 14.6

a From computer printouts on pages J-20,. 22. 24. 26_ 28, 30. 32. 34. 36. 38. 40. 42. 44. 46_ and 48
of Appendix J. Uncontrolled emissions from the dryer only.

I

b Aerodynamic diameter.

c Kilograms of particulate matter per 106 9 (Mg) of asphalt concrete produced.



TABLE 3-22. CALCULATED PARTICLE SIZE DISTRIBUTIONS AND CQNTROLlED EMISSION FACTORS FOR
REFERENCE 3 - OUTLET OF PRIMARY COLLECTORS

Data Rating: C

Cumulative emission factor equat to or
less than stated size {kg/Mg)

Cumulative mass % equalbto or less Total
than stated size mass

Plant 2.5 5.0 10.0 15.0 20.0 2.5 5.0 10.0 15.0 20.0 emission
10 jJmA jJmA jJmA jJmA jJmA jJmA jJmA tJmA tJmA tJmA factor

A4 5.00 9.60 16.7 22.1 26.5 0.0229 0.0440 0.0767 0.101 0.121 0.458
01 2.38 6.02 12.4 17.3 21.0 0.0624 0.158 0.325 0.453 0.549 2.62
H2 7.45 11.8 17.9 22.5 26.2 0.0767 0.121 0.184 0.231 0.270 1.03
12 0.397 2.23 8.52 15.6 22.2 0.00222 0.0125 0.0477 0.0876 0.125 0.560

I3 7.13 15.7 29.2 39.1 46.4 0.0998 0.219 0.409 0.547 0.650 1.40
02 1. 55 7.40 23.5 38.2 49.6 0.0583 0.279 0.886 1.44 1.87 3.77

0\ C1 2.68 6.60 14.1 20.7 26.3 0.0474 0.117 0.250 0.366 0.465 1.77
w C2 5.31 10.4 18.5 24.7 29.7 0.109 0.213 0.379 0.506 0.609 2.05

83 0.622 2.29 6.74 11.5 16.0 0.00759 0.0279 0.0823 0.140 0.195 1.22

04 4.48 12.5 27.6 39.3 48.1 0.465 1. 30 2.87 4.09 5.00 10.4
F3 3.85 9.16 18.6 26.2 32.3 0.0905 0.215 0.437 0.616 0.760 2.35
G2d 2.48 8.63 22.5 34.6 44.2 0.0764 0.266 0.694 1. 07 1. 36 3.08
K4
Gl 9.74 14.6 22.0 27.9 33.0 0.312 0.468 0.703 0.892 1.06 3.20

B1 1. 74 3.02 5.04 6.61 8.07 0.00782 0.0136 0.0226 0.0299 0.0362 0.449
f2 5.14 12.0 23.1 31.1 36.8 0.0586 0.136 0.263 0.354 0.420 1.14

a From computer printouts on pages J-21. 23. 25. 27. 29, 31, 33. 35. 37. 39. 41. 43. 45. 47. and 49
of Appendix J. Emissions from dryer controlled by multiple cyclone dust collectors.

b Aerodynamic diameter.

c Kilograms of particulate matter per 106 g (Mg) of asphalt concrete produced.

d Data set deleted.



TABLE 3-23~ CALCULATED PARTICLE SIZE DISTRIBUIIONS 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 Washer inletC Washer exhaust
size washeE Washer

lb/tond k9/Mgd lb/tond kg/Mgd
IJmA inlet exhaust

2.5 17.6 20.5 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 61.7 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

a From computer printouts on pages J-Sl and J-S2 of Appendix J. Based
on test data from Sloan Construction Company. Emissions controlled
by a spray tower scrubber.

Pounds of particulate matter per short ton (assumed) of asphalt
concrete produced or kilograms of particulate matter per 106 9
(Mg) of asphalt concrete produced.

b -.
Aerodynamic diameter.

·c··__··· .. _ .
Exit from a single cyclone collector.

d
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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 Pre-wash entrancec Washer exhaust
sizB Pre-washc Washer

lb/tond kg/Mge lb/tond kg/MgeIJmA entrance exhaust

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 2.9B 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.

b Aerodynamic diameter.

C Measured at exit from a single cyclone collector.

d Pounds of particulate matter per short ton (assumed) of asphalt
concrete produced.

e Kilograms of particulate matter per 106 9 (Mg) of asphalt concrete
produced.
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TABLE 3-25. CALCULATED PARTICLE SIZE DISTRIBUTIONS AND ~MISSION

FACTORS ;FOR REFERENCE 12 - TEST NO. C-537

Data Rating: D

Cumulative mass % equal t8 or less Cumulative emission factor equal .0 or less than
than stated size stated size (kg/Mg)

Test Measurement 2.5 5.0 10.0 15.0 20.0 2.5 5.0 10.0 15.0 20.0 Total
No. location ...mA ~mA ...mA ...mA lJmA ...mA lJmA . ...mA ...mA ...mA particulate

C-537 Inlet to 0.726 2.94 8.91 14.9 20.0 0.115 0.464 1.41 2.35 3.16 15.8

~;~~~~~c

0'\ C-537 Inlet to 1. 33 7.93 28.9 48.9 63.2 0.0584 0.350 1.27 2.16 2.79 4.41
0'\ multicloned

C-537 Inlet to 11. 7 34.6 70.3 89.1 95.6 0.0400 0.118 0.240 0.305 0.327 0.342
scrubbere

a From computer printouts on Pages J-56. 57, and 58 of Appendix J.

b Aerodynamic diameter.

c Includes drier exhaust and vent line.
d Outlet from a single cyclone collector.
e Outlet from a multiple cyclone collector.

f Kilograms of particulate matter per 106 g (Mg) of asphalt concrete produced.



TABLE 3-26. CALCULATED PARTICLE SIZE DISTRIBU
TION AND ASSOCIATED CONTROLLED
EMISSION FACTORS FOR REFERENCE
26 - BAGHOUSE OUTLETa

Data Rating: B

Cumulative Cumulative
Particle mass % equal to emission

sizeb or less than factor
(lJmA) stated size (kg/Mg)c

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

Total mass emission factor 0.0124

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

b Aerodynamic diameter.

c Kilograms of particulate matter per 106 9
(Mg) of asphalt concrete produced.
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TABLE 3-27. CALCULATED EMISSIONS FACTORS FOR REFERENCE 27 - BAGHOUSE INLET d

Data Rating: A

Total lIass Produc~lon Total lIass d Size-specIfic e.lsslon factorsd

Test Rlln No. Matching nission rate rate Mission filctor < 2.5 ~ < 10 n < IS PI!
No. (sollrce-run-quad) lIasS run (Ib/h) ,(lon/h) (Ib/ton) (lblLon}kg/Hg) (lb1ton) tg/Mg) {fblton) (kg/MO)

1-1-1(8) l-1 1,480 225 33.3 2.1 1.1 9.1 4.6 10.2 5.1
1-1-2 l-1(e) 8,190 217 31.7 1.6 0.80 8.3 4.2 9.4 4.7
1-1-3 1-2 6,930 162 42.8 1.4 0.10 1.5 3.8 8.3 4.2
1-1-4 1-1(e) 8,190 211 31.7 1.5 0.75 5.6 2.8 6.1 3.4

1-2-H8)b None (30.9) 1.3 0.65 7.4 3.7 8.5 4.3

2 1-2-2(8) J-2 6,930 162 42.8 1.9 0.95 9.5 4.8 10.9 5.5
1-2-3 1-7 1,480 225 33.3 o.a 0.4 6.8 3.4 7.6 3.8
1-2-4 J-5 1,180 195 36.8 2.0 1.0 6.6 3.3 a.5 4.3

1-3-1 1-8 5,840 215 21.2 0.15 0.38 4.5 2.3 5.8 2.9
3 1-3-2 1-1 1,480 225 33.3 1.8 0.90 1.1 3.6 1.8 3.9

k3-3 I-a 5,840 215 21.2 1.6 0.80 8.3 4.2 9.1 4.6
1-3-4 J-7 7,480 22S 33.3 1.5 0.15 5.1 2.9 6.6 3.3

1-4-1b None (30.9) 2.5 1.3 10.0 5.0 11.0 5.5

4 1-4-2 1-6(8) 5,720 205 21.9 1.6 0.60 6.8 3.4 7.1 3.9
l-e-3b Hone (3D.9) 1.9 0.95 5.6 2.8 6.3 3.2

'" 1-4-4b None (30.9) 2.2 1.1 5.6 2.8 6.6 3.3
C1J

Hon-
IIlIlching
uss runs

1-3 5,620 223 25.2
1-4.. 3,850 231 16.3

Total average 6,35D 210 30.9 1.1 0.85 7.2 3.6 8.2 4.1

a Results of SPLINt analysIs reproduced from Table 4.6, p. 51 of the lest reporl (Appendix G). Druarlllx process. Does not Include any
tests conducted during the processing of recycled asphalt paving. .

b No paired lIass run for this particle sizing ,'UII.. Used the average total lIasS ellhsioR factor of all elght.Jaass run$ (30.9 lb/ton) to
calculale slze-speciric ealsslon factors. '

c Average plant production raLe during lIass lest run. Tons ~2,~ lb) of asphalt concrete produced per hour.
d I

POUI~S of particulate .atter peT short ton of asphalt concrete produced or kilograms of particulate lIatter per 106'g (Kg) of asphalt
concrete produced.



TABLE 3-28. CALCULATED E~ISSION FACTORS FOR REFERENCE 27 - BAGHOUSE OUTLETa
,

Data Ratin~: A

Total IIlIU Production ToLlIIl .ass Ratio of totllll .ass Size specific .mlsslon faclor,c
Test Run No. e.iuion rate rilte 915slon laEtor conc. to particle < 2.S ~. < 10 1I < 15 1I1i
No. source-run-quad (Ib/h) (ton/h)b (Ib/ton) she train cone. lIb/ton) (g/Ng) (1 blton) g/HQ} (lb1ton) U.glMiJ)

0+1118) 11.S 164 0.01 0.008 0.004 0.028 0.014 0.03 0.015

1 0-1-2 12.7 226 0.056 0.004 0.002 0.011 0.006 0.012 0.006
0-1-3d 16.6 216 0.017 0.001 0.004 0.019 0.010 0.021 0.011
0-1-4 9.6 237 0.041 0.004 0.002 o.on 0.007 0.013 0.007

Average 12.6 211 0.061 0.S9 0.006 0.003 0.018 0.009 0.019 0.010

O-Z-1 9.6 174 0.055 0.011 0.006 0.OZ8 0.014 0.031 0.016

2 0-2-2 7.3 216 0.034 0.004 0.002 0.012 0.006 0.012 0.006
0-2-] 24.7 195 0.127 0.011 0.006 0.035 0.018 0.044 0.022

0-. 0-2-4 10.0 178 0.056 0.004 0.002 0.016 0.006 0.021 0.011
\0 Average 12.9 191 0.068 0.65 0.008 0.004 0.023 0.012 0.027 0.014

Total average 12.8 201 0.065 0.001 0.004 0.021 0.011 0.023 0.012

a Results of SPlIH2 analysis reproduced frail Table 4.7. p. 52 of the test repol't (Appendix G). Or~ Dix process.

b Average plant production rate during test run. Tons (2,000 lb) of asphalt concrete produced per hour.

c Pounds of particulate Datter per short tan of asphalt concrete prodUCed or kllogr8lls 01 particulate .atter per 10· g (Ho) of asphalt concrete produced.

d Test conducted during the processing of - lOX recycled asphalt paving.



I .
TABLE 3-29. EMISSION FACTORS FOR CONDENSABLE ORGANICS - REFERENCE 27a

Data Rating: A

Ratio of total I
stack flow rate Average b Total mass Size-specific emission factor

Run Ho. C to sampler Total emissions production rate ellission factor ) 15 ~. 2.5-15 ~m < 2.5 ir
Date flow rate (lb/hr) (tons/hr) Ob/ton) X Condensable (lb/ton)kg/Mg) (lb/ton) (kg/Kg) (lb/ton) ~gJMg)

1 IP 10/7/81 62,200 0.838 339 0.00247 0.0016 0.0008 0.00043 0.00022 0.00044 0.00022
1 SOSS 71,500

2 IP 70,300 2.27 i 0.0018 0.0069 0.0035' 0.00035 0.00018 0.00055 0.00028
2 SDSS 10/8/81 85,400 3.41 290 0.012 43.7 0.0055 0.ooZ8 0.00075 0.00038 0.0057 0.0029

3 IP 10/9/81 71,100 4.70 322 0.0155 35.6 0.013 0.0065 0.0016 0.00080 0.00060 0.0003
3 soss 81,500 5.54 I 0.0172 0.0087 0.0044 0.0019 0.00095 0.0066 0.0033

4 IP 10/9/81 80,200 1.65 252 0.00655 57.2 0.0045 0.0023 0.00098 0.00049 O.OOll 0.00055
4 SUSS 84,800 5.10 0.0202 0.0066 0.0033 0.00096 0.00049 0.013 0.0065

""-l a
o Reproduced frolll Table 5.5, p. 62 of Reference 27 (Appendix G).

recycled asphalt paving.
D~.ix process with split feed. All tests conducted during the processing of - 30%

I
b Average production rate for test period except for Run 2 where the daily average was used to calculate the emission factor. Short tons of asphalt

concrete produced per hour.

c IP Sampling train consisting of a dual cyclone plus standard back-up filter.
SDSS - Sampling train consisting of a dual cyclone followed by an atllosp'heric dilution chamber and back-up filter.



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 a-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 OAQPS guidelines. A- and a-rated data should not be
combined with C- or D-rated data to develop emission factors for a particu
lar 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
D-rated data base in order to improve the overall quality of the emission
factors. This was deemed appropriate since the total number of a-rated
tests was so low that the inclusion of the C- and O-data would significantly
enhance the overall applicability 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:

where: x=arithmetic mean

n = number of measurements

(8)

x. =individual measurements,
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The standard deviation was calculated according to the relationship:

(]=

IIxt _" i.X~ 2J 1/2L n-1
(9)

where: (] =standard deviation with xi 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:

n
L
i=l

1n x.
1

(10)

where: xg =geometric mean with xi and n as defined in Equation (8)

The standard geometric deviation was calculated according to the relationship:

0g = exp [.~
'=1

1n xi - ln x 2]
n-l

1/2

(11)

wtiere: 0-= standard-geometric deviation with x. --and n-as defined-;n
g Equation (8) 1

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,1I
and emission factors were calculated for each type of control equipment for
which data were available.
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TABLE 3-30. CANDIDATE PARTICULAJE EMISSION FACTORS FOR UNCONTROLLED CONVENTIONAL
ASPHALT PLANTS

Emission Factor Rating: Da

Reference
No.

Test
ID
No.

Summary data

table No. b

Data
quality
rating

.
Cumulative mass equal to or
less than stated size" (%)c Total mass

elDhs ion factor
(kg/Mg)

0.00672 0.647 11.0 25.9
0.956 2.13 4.38 6.47
2.96 8.76 20.S 30.1
0.726 2.94 8.91 14.9

0.191 1.40 6.02
1.25 6.33 21.8
0.219 3.01 15.8
0.0633 1.54 14.0

0.803 4.56
0.774 4.29
0.0803 1.61
0.0576 1. 78

0.00151 0.146
0.215 0.419
0.666 1.91
0.163 0.662

22.5
22.5
22.5
22.5

22.5
22.5
22.5
22.5
22.5

22.5
22.5
22.5
22.5

22.5
22.5
22.5
22.5

5.67
5.92
4.70
5.78

4.84
10.3
11.8
5.92
6.48

3.51
11.0
7.22
10.1

7.31
1.81
8.55
4.50

4.59
4.86
3.80
4.93

3.62
8.55
8.26
4.43
5.13

2.50
8.48
5.16
7.21

3.08
3.13
2.34
2.99

2.84
4.95
4.55
2.34
2.79

1.35
4.91
3.56
3.15

2.48 5.83
0.986 1.46
4.61 6.17
2.00 3.35

1.03
0.965
0.376
0.401

1.54
0.521
1.66
0.407
0.279

0.315
1.42
0.691
0.347

0.181
0.174
0.0181
0.013

0.682
0.0113
0.603
0.0311
0.00583

0.0443
0.281
0.0493
0.0142

25.2
26.3
20.9
25.1

21.5
45.7
52.2
26.3
28.8

15.6
48.9
32.1
44.9

32.S
8.06

38.0
20.0

11.1
37.7
25.6
32.3

20.4
21.6
16.9
21. 9

16.1
38.0
36.7
19.7
22.8

13.7
13.9
10.4
13.3

12.6
22.0
20.2
10.4
12.4

6.86
2.34
7.39
1.81
1.24

3.03
0.0502
2.68
0.138
0.0259

o
c
c
c

c
c
c
c
c

c
c
c
c

c
c
c
o

3-19
3-21
3-21
3-21

3-21
3-21
3-21
3-21
3-21

3-21
3-21
3-21
3-21

3-21
3-21
3-21
3-25

12
13
02
Cl
C2

C-426e

A4
01
112

83
04
F3
62

61
81
F2

C-537 f

1
3
3
3

3
3
3
3
3

3
3
3
3

3
3
3

12

Arithmetic Mean {i)
Geometric Mean (xg)
Slandard Deviation (a)
Std. Geometric Dev. (og)

0.825
0.269
1.06
6.13

3.46
2.71
2.48
2.07

13.6
12.6
5.17
1.54

23.4 30.1
21.4 27.5
9.23 12.3
1.59 1.59

0.165
0.0604
0.238
6.13

0.777
0.610
0.556
2.01

3.06
2.83
1.11
1.55

5.27
4.82
2.08
1.59

6.19
6.20
2.71
1.60

a See Section 3.5.4 for rationale.

b Table included in this report from which the reduced data was taken.

c Aerodynamic diameter.

d Based on a total mass emission factor of 22.5 kg/Mg per Table 8.1-3 of AP-42. Results of calculations rounded to three significant figures.

e Includes dryer emissions only.

Includes emissions from dryer and scavenger system (vent line).



TABLE 3-31. CANDIDATE EMISSION FACTORS FOR CYCLONE DUST COLLECTORS IN CONVENTIONAL
ASPHALT PLANTS I

IEmission Factor Rating: Oa

.
Cumula~IYe:~ass equal to or Cumulative particulate emission factor

Test Data
I c

equal to or les5 than stated size (kg/Mg)d Total massSUllIIlary data less than stated size (I)
Reference ID qual ity 2.5 5.0 10.0 15.0 20.0 2.5 S.O 10.0 15.0 20.0 emission factor

Ho. No. table No. b rating IJmA P~ pM pmA IJmA fJmA JlmA IJmA limA JlmA (kg/Mg)

I
1 C-426; 3-19 0 0.833 2.93 6.92 9.96 12.6 0.00708 _7 0.0249 -4 0.0588 0.0847 0.107 0.85
1 C-393 3-18 0 0.0112 0.0449 2.80 13.9 30.8 9.52(10) 3.82(10) 0.0238 0.118 0.262 0.85
3 A4 3-22 C 5.00 9.60 16.1 22.1 26.5 0.0425 0.0816 0.142 0.188 0.225 0.85
1 VI )-22 C 2.38 6.02 12.4 11.1 21.0 0.0202 0.0512 0.105 0.147 0.178 0.85

1 "2 ]-22 C 7.45 11.8 17.9 22.5 26.2 0.06l3 0.100 0.152 0.191 0.223 0.85
3 12 3-22 C 0.397 2.23 8.52 15.6 22.2 0.00337 0.0190 0.0724 0.133 0.188 0.85
3 13 3-22 C 7.13 IS.1! 29.2 39.1 46.4 0.0606 0.133 0.247 0.332 0.394 0.85
3 02 )-22 C 1.55 1.40 23.5 38.2 49.6 0.0132 0.0629 0.200 0.325 0.422 0.85
3 CI 3-22 C 2.68 6.60 14.1 20.7 26.3 0.0228 0.0561 0.120 0.176 0.224 0.85

3 C2 3-22 C 5.31 10.4,1 18.5 24.7 29.1 0.0451 0.0884 0.151 0.210 0.252 0.85
] 83 ]-22 C 0.622 2.29 6.74 11.5 16.0 0.00529 0.0195 0.0573 0.0978 0.136 0.85

"'-J 3 04 3-22 C 4.48 12.5 27.6 39.3 48.1 0.0381 0.106 0.235 0.334 0.409 0.85
.I:- 3 f3 3-22 C 3.85 9.16 18.6 26.2 32.3 0.0321 0.0719 0.158 0.223 0.275 0.85

3 G2 3-22 (; 2.48 8.63 22.5 34.6 44.2 0.0211 0.0734 0.191 0.294 0.316 0.85

3 Gl 3-22 C 9.14 14.6 22.0 27.9 33.0 0.0828 0.124 0.187 0.23' 0.281 0.85
3 81 3-22 C 1.74 3.02 5.04 6.61 8.07 0.0148 0.0257 0.0428 0.0567 0.0686 0.85
3 f2 3-22 C 5.14 12.01 23.1 31.1 36.8 0.0437 0.102 0.196 0.264 0.313 0.85
8 Harrtson f

3~24 B 20.7 45.5 62.6 68.1 71. 7 0.176 0.387 0.532 0.579 0.609 0.85

8 Sloan~ 3-23 B 11.6 35.6 54.1 61.7 65.9 0.150 0.303 0.465 0.524 0.560 0.85
12 C-537 3-25 0 1.33 1.93 28.9 48.9 63.2 0.113 0.614 0.246 0.416 0.531 0.85

Arithmet it:; Mean {x) 5.02 11.2 21.1 29.0 35.5 0.0478 0.125 0.179 0.247 0.302
Geometric Mean (xg) 2.44 6.60 16.5 24.7 31.1 0.0185 0.0629 0.140 0.210 0.264
Standard Deviation (a) 5.51 11.0 15.2 16.6 17.7 0.0488 0.159 0.129 0.141 0.150
Std. Geometric Dey. (og) 5.15 4.12 2.16 1.83 1. 75 13.0 4.58 2.16 1.83 1. 75

a See Section 3.5.4 for rationale. i
b I

Tab'e Included in this report from which the raw data was taken.
c Aerodynamic diameter.

Id Based on a lolal mass emission factor of 0.85 kg/My per Table 8.1-3 of AP-42. Results of calculations rounded to three significant figures.
e Includes exhaust from a single cyclone and the scavenger system (vent. 1ine).
f Single cyclone collector. I



TABLE 3-32. CANDIDATE PARTICULATE EMISSION FACTORS FOR CONVENTIONAL ASPHALT PALNTS
CONTROLLED BY MULTIPLE CENTRIFUGAL SCRUBBERS

Emission Factor Rating: D

Cumulative particulate emission

Test Data
Cumulative mass equal to 0& factor equa' to or lessbthan

Tota' lIassless than stated size (%~ stated size (ko/M9)
Refer'ence ID quallty SUlIlIllary dat~ 2.5 5.0 10.0 15.0 0.0 2.5 5.0 10.0 15.0 20.0 elllhsion factor

NeJ. No. rating table No. I'IDA JIIDA pIllA limA pmA pmA pmA limA JimA I'IDA (kg/Mg)

1 C-369 D 3-17 62.9 10.3 16.6 79.6 81.5 0.022 0.025 0.021 0.028 0.029 0.035
1 C-312A 0 3-17 51.1 68.3 18.0 82.6 85.2 0.020 0.024 0.021 0.029 0.030 0.035
1 C-3128 0 3-17 69.5 14.9 19.5 81.8 83.2 0.024 0.026 0.028 0.029 0.029 0.035
1 C-422(1) 0 3-17 56.4 63.1 69.5 12.9 15.1 0.020 0.022 0.024 0.026 0.026 0.035
8 Harrison B ]-24 89.8 94.3 95.8 96.2 96.5 0.031 0.033 0.034 0.034 0.034 0.035

Arithmetic Mean (x) 67.1 74.2 79.9 82.6 84.3 0.023 0.026 0.028 0.029 0.030 0.035
Geometric Mean (xg) 66.1 13.S 19.4 82.3 84.0 0.023 0.026 0.028 0.029 0.030
Standard Deviation (0) 13.7 12.0 9.69 8.50 7.80 0.005 0.004 0.004 0.003 0.003

...... Std. Geometric Dev. (ag) 1. 21 1.16 1.12 1.11 1.09 1.20 1.16 1.13 1.10 1.10
U'I

a Aerodynamic diameter.

b Based on a total mass emission factor of 0.035 kg/MO per Table 8.1-3 of AP-42 for Dultiple centrifugal scrubbers. Results of calculations
rounded to two significant figures.

c Table Included In this report from which the raw data was obtained.



TABLE 3-33. CANDIDATE PARTICULATE EMISSION FACTORS FOR CONVENTIgNAL
ASPHALT PLANTS CONTROLLED BY GRAVITY SPRAY TOWERS

Emission Factor Rating: D

Part;clebsize
(\JmA)

Cumulative mass
%equal to or

less than stated size

Cumlative emission
factor equal to or
less than sta~ed

size (kg/Mg)

2.5 20.5

5.0 26.6

10.0 36.5

15.0 38.9

20.0 40.6

Total mass emission factor

0.041

0.053

0.073

0.078

0.081

0.20

a Based on data contained in Reference 8 for Sloan Construction Company
(~e~_Table 3-23). Data Rating: B.

b A~rodynami c .di ameter:._

c 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 FACTORS FOR CONVENTIQNAl
ASPHALT PLANTS CONTROLLED BY A BAGHOUSE COLLECTOR

Emission Factor Rating: 0

Particlebsize
(~mA)

Cumulative mass
%equal to or

less than stated size

Cumlative emission
factor equal to or
less than sta~ed

size (kg/Mg)

2.5 33.2

5.0 35.8

10.0 40.4

15.0 46.8

20.0 53.9

Total mass emission factor

0.003

0.004

0.004

0.005

0.005

0.01

a Based on data contained in Reference 26 (see Table 3-26). Data Rating: B.

b Aerodynamic diameter.

c 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 RRUM-MIX ASPHALT
PLANTS CONTROLLED BY A BAGHOUSE COLLECTOR

Emission Factor Rating: D

Particlebsi:ze
(IJmA)

Cumulative mass equal to
or less than c

stated size ~%)

Uncontrolled Controlledf

Cumulative particulate emission factors
equal to or less than stated size

Uncontrolledd Controllede
kg/Mg lb/ton kg/Mg lb!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)

Condensable organics9 _3 _3
3.9 (10) 7.7 (10)

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

b Aerodynamic diameter.

c Calculated di'rectly from Tables 3-27 and 3-28 using the uncontrolled and controlled
.-emi ssion ··facto~s (see Appendi x-K).

d Based on an uncontrolled emission factor of 2.45 kg/Mg per Table 8.1-5 of AP-42
(see Appendix K).

e 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.

g Emission factor calculated from Table 5.4. p. 81 of Reference 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 ;s no applicable factor pub
lished in AP-42 for the total mass emissions from plants controlled by a
baghouse collector. To calculate the various 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 uncontrolled 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 ~mA, 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: 28

-- .A - Excellent: Deve loped on1y 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
reasonable number of facilities. Although no specific bias is
evident, it is not clear if the facilities tested represent a
random sample of the industries. 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
reasonab1e number of facit it i es. A1though no speci fi c bi as 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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a Aerodynamic diameter.

TABLE 3-36. SUMMARY OF CANDIDATE EMISSION FACTORS FOR CONVENTIONAL ASPHALT PLANTS
I .

Emission Factor Rating: D

Claulative particulate emission factor equal to or less than staled size
Multiple

Particle
Uncontrolledb Cyclone centrifuga! Grallity 8aghouse

shea Cyclone Baghouse I collectorsc scrubbers 'spray towerse collectord
( ",lIlA) Ullcontro I lede collectorsf collector kg/Kg lblton kg/Hg lblton kg/Hg lblton IcgfHg lblton kg/Mg lblton

2.5 ",enA 0.825 5.02 61.1 20.51 33.2 0.185 0.310 0.048 0.096 0.023 0.046 0.041 0.082 0.001 0.006

5.0 lJenA 3.46 11.2 14.2 26.6 35.8 0.717 1.55 0.11 0.26 0.026 0.052 0.053 0.11 0.004 0.008

10.0 IJmA 13.6 21.1 19.9 36.5 i 40.4 3.06 6.12 0.18 0.36 0.028 0.056 0.013 0.15 0.004 0.008

15.0 IJIllA 23.4 29.0 82.6 38.9 46.8 5.27 10.5 0.25 0.50 0.029 0.058 0.078 0.16 0.005 0.01

20.0 lImA 30.1 35.5 84.3 40.61 53.9 6.79 13.6 0.30 0.60 0.030 0.060 0.081 0.16 0.005 0.01

Total mass emission factor 22.5 45.0 0.85 1.1 0.035 0.010 0.20 0.40 0.01 0.02

00
o b

Rounded to three significant figures. Unit weight o~ particulate matter per unit weight of asphalt concrete produced. 1 ton = 2,000 lb.

c Rounded to two significant figures. Unit weight of particulate matter per unit weight of asphalt concrete produced. 1 ton = 2,000 lb.

d Rounded to one significant figure. Unit weight of particulate matter pe~ unit of weight of asphalt concrete produced. 1 ton = 2,000 lb.

e from Table 3-30.

f from Table 3-31.

9 from Table 3-32.

h from Table 3-33.

from Table 3-34.
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o - Below average: The emission factor was developed only from
A- and a-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 O-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 O-rated) particle size data to a a-rated emission
factor. Because of this large difference in data quality, it became dif
ficult to ascertain what the overall rating of the resultant emission fac
tor should be. Theoretically, a a emission factor has been calculated from
only A-rated data sets which should not be combined with C or 0 particle
size data. For this reason. a certain amount of good engineering judgment
was employed to rate the quality of the various emission factors 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 0 would be the most appropriate rating for the resulting 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 production 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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C N/A - not available.

TABLE 3-37. RANGE Of SOURCE OPERATING CHARACTERISTICS APPLICABLE
rO THE CANOIOATE EMISSION fACTORS

Percent Range of Range of
No. of of total production mineral fi ller

Reference No. and type particle siie population rates b a~~~;~~~ei(%W:~)cNo. of plants tested Itests/pl ant by process type tested (TPH)

1 6-conventional 1 0.16 92 - 198 1.6 - 2.9

3 10-conventi ona1 I 1 to 3 0.26 28 - 147 2 - 10
(Xl

N/A+:-0 8 2-conventional 1 to 2 0.06 180 - 225

12 I-convent iona1 I 1 0.03 173 1.6

26 I-conventional 1 0.03 170 N/A
27 I-drum-mix 16 0.2% 138 - 372· 1.5-5.4

a Either controlled or unco~trolled tests - not total ·number of runs.

b TPH - tons (2.000 lb) of asphalt concrete produced per hour.
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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 far the plant tested under
the IP program (Reference 27).

TABLE 4-1. CHEMICAL COMPOSITION OF THE
PARTICULATE EMISSIONS FROM
AN ASPHALT BATCH PLANT
CONTROLLED BY A BAGHOUSE
COLLECTOR2G

Percent by weight
Type of element lO*\.llll

or compound cyclone Filter

WT ll: OF CUT 62.1 3.57

XRF ANALYSIS
Arsenic t
BariUlll t
CalciUJll 2.4/0.3 1013
Chromium t
Iron 3.6/0.5 1/0.1
Potass i UJll· 1. 5/0. 5
Silver t
(Sulfur) « 8) « 4)
Titanium t t

TOTALa 8 11

Sulfates, H20 solb _ c 2
(sulfur, from SO. ) (t)

Nitrate (H2 0 sol}b t

TOTAL ANALYZED 10 11

8ALANCE 90 89

100% 100%

t = Oetected in concentration of < 1%.

( ) =Not included in total-·sulfur and sulfates
are accounted for in sulfur XRF analysis.

a Analyzed by x-ray fluorescence.
b Analyzed by wet chemistry.

C Calculated from sulfates (sulfur=sulfate/3) 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 fonowing pages. It should be noted that the
terms lI asphaltic cement" and lI asphaltic concrete" are used
in thi s section in place of II aspha1t cement" and II aspha1t
concretell as is more common in the industry. Thi s was
done to be consi stent wi th the current vers i on of Sec
tion 8.1 of AP-42. Such terminology has not been used
elsewhere in this report.
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8.1 ASPHALTIC CONCRETE PLANTS

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 ~m

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 mate~ial is metered from the hoppers onto a conveyor belt
and is transported into a gas or oil fired rotary ~rYer.. Qecause 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 continuous 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
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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
tional plants.

Recycle Processes - In recent years, recycling of old asphalt paving has
been initiated in 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 transported 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)t
to which the proper amount of new asphaltic cement is added to produce a
grade eff 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 additional cool
ing air is prOVided to reduce the hot gases to a temperature below 430 to
650°C (800 to 12000 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
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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.
Anotner 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 tube,S 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 fans 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

8.1-6 EMISSION FACTORS
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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
t;he 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 "scavengerll system.
The scavenger system mayor 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 (VaC) 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 mic~ometers

(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 conventional asphaltic concrete
plants can be found in Section 11.2.3 of this document.
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TABLE 8.1-1. EMISSION FACTORS FOR TOTAL PARTICULATE
FROM CONVENTIONAL ASPHALTIC CONCRETE PLANTSa

Type of control Emission factor
kg/Mg Ib/ton

dscrubber

Uncontrolledb,c

Precleanerc

High efficiency cyclone

Spray tower

Baffle spray to~er

Multiple centrifugal

Orifice scrubber

Venturi scrubbere

fBaghouse

22.5

7.5

0.85

0.20

0.15

0.035

0.02

0.02

0.01

45.0

15.0

1.7

0.4

0.3

0.07

0.04

0.04

0.02

8.1-8

~eferences 1-2, 5-10, 14-16. Expressed in terms of
emissions per unit weight of asphaltic concrete pro
duced. Includes both batch mix and continuous mix

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

cing the rotary drier.
Reference 16. These ··factors differ from those given-
in Table 8.1-6 because they are for uncontrolled
emissions and are from an earlier survey.

dieference 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

eNew Source Performance Standards.
References 14-15. Range of values =0.013 - 0.0690

f kg/ 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 =0.008 - 0.018
kg/Mg.
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TABLE 8.1-2. SUMMARY OF SIZE SPECIFIC EMISSION FACTORS FOR CONVENTIONAL ASPHALT PLANTS3

EMISSION FACTOR RATING: D

Baabou.eel
collector

k&/I1& Ib/too

Gravity
aJnv tover.

loa HB Ib/ton

ItuIUple
centdfulal
scrubber.

Ita/lla 1b/toD

Crclone
collecto...

Ill,"' Ib/tOtl

Cu.ul.tive part.culate e.iaslon factor ~ atated sizec

lInconholled
lla/lfB Ib/ton

Ba&boll.e
collector

lIultiple Gravity
Crclone ceotriru.al spruy

collector. acrnbl>era towers

C~ulatiYe •••• ~ Itated ai~e (1)

Uocontrollecl

p...ticle
shel>

(palA)

:x.....
I:l 2.~ I.IIIIA 0.83 5.0 61 21 :13
C1l
rI 5.0 j.&mIl :1.5 JI 14 2J 36III....
'"Q

10.011lllA 14 21 80 :'11 40
rI

410 15.0 I.IIIIA 21 29 83 39

'" Q..

'" 1= 20.0 IIIlIA 30 36 8t, 41 54n
rt
1Il 'rolal ••s. eml.sioo r.ctor

H
I:l
Q.. 2.3, Table 3-36. Rounded to tvo .I.oiric.ot U&urea.
r::: db_del'.
1Il

00 e.i•• ion factora for tot.l p.rticulate ahown io Table 8.1-"M'

~
dKI =10· Ii lon =2,000 lb.
Rounded to ODe s.auificant fiaure •

0••9 0.31 O,O~" 0.10" 0.023 0.046 0.041 0.082 0.003 0.006

0.18 1.6 0.13 0.26 0.02.6 0.052 0.053 0.11 0.004 0.008

l .• 6.1 0.18 0.36 0.028 0.056 0.013 O.I~ 0.0010 0.008

5.) II 0.25 0.50 0.029 0.D5a 0.DJ8 0.16 0.005 0.010

6.8 14 0.30 0.60 0.030 0.060 O.Oal 0.16 0.005 0.010

2.3 45 0.85 1.1 0.035 0.010 0.2.0 0.40 0.01 0.02

Expressed in ter.s of e•••••oo. per unlt we••ht of a.phaltic coo~rete produced.
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1. 80ghauHs
2. Centrifugal Scrubb.rs
3. Spray T_en
4. Cyclones
5"_Uncon!r~lled.
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Figure 8.1-4. Size specific emission factors for conventional
asphalt plants.
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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 consist 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 organic 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, adjustment$ 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
old 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 FACTORS FOR
DRUM MIX ASPHALTIC CONCRETE PLANTSa

EMISSION FACTOR RATING: B

Type of control Emission factor
kgjMg lb/ton

Uncontrolled
Cyclone or multiclone b
Low energy wet scrubber
Venturi scrubber

2.45
0.34
0.04
0.02

4.9
0.67
0.07
0.04

aReference 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-

b 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 FACTORS FOR
DRUM MIX ASPHALT PLANTS CONTROLLED BY A BAGHOUSE COLLECTORa

EMISSION FACTOR RATING: D

Cumulative mass ~ stated
size (~)Particle size

(IlmA)b Uncontrolled fControlled

Cumulative particulate emission factors
~ stated sizec

d eUncontrolled Controlled

kg/Mg Ib/ton 10- 3 kg/Mg 10-3 Ib/ton

2.5

10.0

15.0

Total mass
emission
factor

Condensable
organicsg

5.5

23

27

11

32

35

0.14

0.57

0.65

2.5

0.27

1.1

1.3

4.9

0.53

1.6

1.7

4.9

3.9

1.1

3.2

3.5

9.8

7.7

~eference 23, Table 3-35. Rounded to two significant figures.
Aerodynamic diameter.

cExpressed in terms of emissions per unit weight of asphaltic concrete produced. Not
dgenerally app!icable to recycle processes.
Based on an uncontrolled emission factor of 2.45 kg/Mg (see Table 8.1-3).

eRefe-rence23.CalcuLiited using anoveralr-collection efficietity of 99-.8% for- a
fbaghouse 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
~rocessed 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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Figure 8.1-5. Particle size distribution and size
specific emission factors for drum mix

asphaltic concrete plants.
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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 operations.

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 prerent ~t 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 surveyor on
res~lts of actual testing in a selected typical. plant.

An industrial survey16 showed that over 66 percent of operating hot mix
asphalt· plants use fuel-oil for-combustion.Possible-csulfur--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 a~tenuated 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 GASEOUS POLLUTANTS
FROM A CONVENTIONAL ASPHALTIC CONCRETE PLANT STACKa

Material emittedb

Sulfur oxides (as SOa)d,e

Nitrogen oxides (as NOz)f

fVolatile organic compounds

Carbon monoxidef

Polycyclic organic materialf

Aldehydes f

Formaldehyde
2-Methylpropanal

(isobutyraldehyde)
I-Butanal

(n-butyraldehyde)
3::Methylbutanal

(isovaleraldehyde)

Emission
Factor Emission factorc

Rating g/Mg lb/ton

C 1468 0.292S

D 18 0.036

D 14 0.028

D 19 0.038

D 0.013 0.000026

D 10 0.02
D 0.075 0.00015

D 0.65 0.0013

D 1.2 0.0024

D 8.0 0.016

a
bReference 16.
Particulates, carbon monoxide, polycyclics, trace metals and
hydrogen sulfide were observed in the mixer emissions at con
centrations that were small relative to stack concentrations.

~~xpressed as g/Mg and lb/ton of asphaltic concrete produced.
-tlean source test results of a 400 plant survey.
eReference 21. S =%sulfur in fuel. SOa may be attenuated
~O% 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 SAMPLINGa

Parameter

Plant type

Production rate,
Mg/hr (tonsjhr)

Mixer capacity,
Mg (tons)

Primary collector
Secondary collector
Fuel
Release agent
Stack height, m (ft)

~eference 16, Table 16.

References for Section 8.1

Plant sampled

Conventional, permanent,
batch plant

160.3 ± 16% (177 ± 16%)

3.6 (4.0)
Cyclone
Wet scrubber (venturi)
Oil
Fuel oil

15.85 (52)

1. Asphaltic Concrete Plants Atmospheric Emissions Study, EPA Contract No.
68-02-0076, Valentine, Fisher, and Tomlinson, Seattle, WA, November 1971.

2. Guide for Air Pollution Control of Hot Mix Asphalt Plants, Information
Series 11, National Asphalt Pavement Association, RiverdaIe, MIf, 1965-:--

3. R. M. Ingels, et a1., "Control of Asphaltic Concrete Batching Plants in
Los Angeles Countyll, Journal of the Air Pollution Control Association,
10(1):29-33, January 1960.

4. H. E. Friedrich, IIAir Pollution Control Practices and Criteria for Hot
Mix Asphalt Paving Batch Plants", Journal of the Air Pollution Control
Association, ~(12):924-928, December 1969.

5. Air Pollution Engineering Manual, AP-40, U. S. Environmental Protection
Agency, Research Triangle Park, NC, 1973. Out of Print.

6. G. L. Allen, et a!., "Control of Metallurgical and Mineral Dust and Fumes
in Los Angeles County, California", Information Circular 7627, U. S. De
partment of Interior, Washington, DC, April 1952.
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7. P. A. Kenline, Unpublished report on control of air.pollutants from chem
ical process industries, U. S. Environmental Protection Agency, Cincinnati,
OH, May 1959.

8. Private communication on particulate pollutant study between G. Sallee,
Midwest Research Institute, Kansas City, MO, and U. S. Environmental Pro
tection Agency, Research Triangle Park, NC, June 1970.

9. J. A. Danielson, Unpublished test data from asphalt batching plants, Los
Angeles County Air Pollution Control District, Presented at Air Pollution
Control Institute, University of Southern California, Los Angeles, CA,
November 1966.

10. M. E. Fogel, et al., Comprehensive Economic Study of Air Pollution Con
trol Costs for Selected Industries and Selected Regions, R-OU-455, U. S.
Environmental Protection Agency, Research Triangle Park, NC, February
1970.

11. Preliminary Evaluation of Air Pollution Aspects of the Drum Mix Process,
EPA-340/1-71-004, U. S. Environmental Protection Agency, Research Triangle
Park, NC, March 1976.

12. R. W. Beaty and B. M. Bunnell, liThe Manufacture of Asphalt Concrete Mix
tures in the Dryer Drum", Presented at the Annual Meeting of the Canadian
Technical Asphalt Association, Quebec City, Quebec, November 19-21, 1973.

13. J. S. Kinsey, "An Evaluation of Control Systems and Mass Emission Rates
from Dryer Drum Hot Asphalt Plants", Journal of the Air Pollution Control
Association, 26(12):1163-1165, December 1976.

14. Background Information for Proposed New Source Performance Standards,
APTD-1352A and B, U. S. Environmental Protection Agency, Research Triangle
Park, NC, June 1973.

15. Background Information for New Source Performance Standards, EPA 450/2-74
003, U. S. Environmental Protection Agency, Research Triangle Park, NC,
February 1974.

16. Z. S. Kahn and T. W. Hughes, Source Assessment: Asphalt Paving Hot MiX,
EPA-600/2-77-107n, U. S. Environmental Protection Agency, Cincinnati, OH,
December 1977.

17. V. P. Puzinauskas and L. W. Corbett, Report on Emissions from Asphalt Hot
Mixes, RR-75-1A, The Asphalt Institute, College Park, MD, May 1975.

18. Evaluation of Fugitive Dust from Mining, EPA Contract No. 68-02-1321,
PEDCo Environmental, Inc., Cincinnati, OK, June 1976.

19. J. A. Peters and P. K. Chalekode, "Assessment of Open Sources", Presented
at the Third National Conference on Energy and the Environment, College
Corner, OK, October 1, 1975.
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20. Illustration of Dryer Drum Hot Mix Asphalt Plant, Pacific Environmental
Services, Inc., Santa Monica, CA, 1978.

21. Herman H. Forsten, ItApplications of Fabric filters to Asphalt Plants",
Presented at the 7Ist Annual Meeting of the Air Pollution Control A$SO
eiation, Houston, TX, June 1978.

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

23. J. S. Kinsey, Asphaltic Concrete Industry - Source Category Report, EPA
Contract No. 68-02-3999, Midwest Research Institute, Kansas City, MO,
September 1985.
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Control of ASPHALTIC CONCRETE PLANTS
in Los Angeles County*

Used by permission of JAPCA.

Weighed quantities of the sized prod
ucts are then dropped into the mixer
along with asphalt where the batch ia
mixed a.nd dumped into a.waiting trucks
for tra.D3portation to the paving site.
The combustion gnaes a.nd fi.ne dust
from the rotary drier are e..u.sted
~ugh a preclea.ner which ia usually a
siDgie cycione, but twin or multiple
cyclones and other devices are also used.
The preeJ.eaner Clltch is then discharged
back into the bucket elentor where it·
continues in process with the main bulk
of the dried ~pte. The air outlet
of the preeleaner is vented. to air pollu
tion control equipment.

Introduction

The phe1lomeDal growth of population
in Southern CaliforuiA during the last
two decades baa multed in large de-
III&Dds for asphaltic concrete. To trl.Ht
these dema.nds. in Los A.Dgeles County
alone, 48 asphaltic concrete plants have
been built which produce:m llverage of
14,000 toms per day.

Prior to the iDstall.o.tion of well
designed air pollution control equip
ment, dUlSt losses from 3.Sphaltie con
crete plants were nearly 25 tons per day.
In 1949, the.Air Pollution Control Dis-
mct of Los Angeles County :ldopted. 3

rule which limited the discharge of duat
&om ellch of these pl:u1ts to 40 pounda
per hour.1 To meet this prohibition. it
~ necessary t,rillatlill dust collec
~.n. equipment ca.pable of high collec
tion efficiencies. -This wu· accom
p~ by the use of centrifugal or im
p~ement tJ:Pe scrubbers which pro.
VIded collectIon efficiencies, in most
~ of 00 percent or greater. The de
SJ.gD of these control devices has im
proved over the j-ears, IUld as described
later in this paper, total. emissions have
decreased substantially in spite of in
creased production.

Description of Basic Equipment

Generally, an asphaltic concrete plant
consists of a. rot4ry dryer, screeniDg a.nd
c~iiying equipment, an aggrepte
weighing S}~tem, :lo mL"I:er, stomge billa
and conveying equipment. Sand and
~te ate cha.rged from bins into lJ,

rotlU'y dryer. The dried :lggregt:Lte at
the 10\\"er end of the dryer is mechani
cally conveyed bi' :l. bucket elentor to
the screening equipment where it is
c!:l.ssiiied a.nd dumped into stol'll.ge bins.

• Pre.oented at tne 52c.d .\.D.nuaJ. ~Ieeti.ng
of .\.PC.-\.. Sta1;!er Hotel, J\U1G Zl-2ti,
1959, Los .\.D.gel.es, Calil.

RAY M. INGElS, Air Pollution Engineer.' NORMAN R. SHAFt=ER
Int.medict.e Air Pollution Engineer and JOHN A. DANIElSON Senior

Air Pollution Engineer, ,Lot Angeles County Air Pollution ContrQI District

Ai.. Pollution Control Equipment

In Los Angeles County two principal
types of control equipment have evolved
from many types e1it"ployed over'the
yeant-":the multiple·centri1upi' 'liPe
'SPlaY ~~ ami the baffied type
spray to!"ef.;; Of these two types, the
multiple eentiifugal type spmy chamber
(Fig. 1) hAs proved to be the more effi
cient. It consists of two or more inter
naJ.ly duted cylindri=1 '31'my chluIl'bers

,in which the dust-laden gases are' 'ad
mitted t:l.ngentially :lot ~ velocities.
Ea.ch of these cbambers is idenQc81 in
size and ha.s dimensions appro~;ely..,.

~~~~2t·~>:~·,,~,~,,~ ··::~_':·~''"~t~

.: .'

l'l<i. I.
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•

6 ft dia.m X 15 it long. Usually ii'R to
10 spray nmWes ate located evenly
spaced within each cJwnber. Water
rates to the nomes are usually in the
range of iO to 250 gpm at 50 to 100 psi
and the water genera.lly is not recireu
Iated. In the bafHed type spmy tower
(Fig. 2), there have been many ..."llri
ations in designs, but funda.mentally,
each consists of II. chamber which is
batHed to [orce the gases to t1'll.vel in a..Q

S-ehaped pattern, encournging impinge
ment of the dust particles against the
sides of the cha.mber and the ba.files_
Water spray nozzles are located be
tween the baffies and water, 1'll.tes
through the spray heads usually vo.ry
between 100 to 300 gpm at 50 to 100 psi.

In addition to venting the dl':rer, the
dust collection system also ventilates
several other dust sources which include:
(1) the lower end of the dryer where the
stationary burner box atta.ches to the
rotary dryer; (2) the agregnte screen
ing and clauifying system; (3) the
bucket elevator: (4) the &ggreg.3te stor
age bins; and (5) the weigh hopper.

Asphaltic concrete p.lants vary in me
with the majority capable of producing
100 to ISO tons per hour. However, in
the last two or three ye:u:s, seveml plants
b.u.ve been installed in Los .~les

County which ~ classified as 6000
pound p.lants, capnble of producing 200
to 250 tons per hour.

'The major source of dust origioote-s
from the rot::lrT dryer. Very little work
has been done in the study of dust emis
sions from rotar)" dryers. Friedman
and Marsha.ll2 obtained. data. showing
that drrer dust emissions, expressed :I.S
percent of feed, increase with :r.ir lD.lLSS

velocity, increase with increasing 1":1te of
rota.tion, are independent of dryer
slope, and decre:l.Se with increasin!; feed
ra.te. The absolute amount of drj-er

I.,~_...;,~_+_......J __-::-_-::,.
~1"!.. Of JltNlf$ (MNl4 zo...,..s.4 lH QlY(t ~.o -~.... -: to..s

Fiv. J. effect at C1911".QoI. All•• rat. on $IC1dl
_iniam at avet1Jvlt "-9al retia.

i lS

~

I
":I
- u

»

'II

'0,
,
""

Rli. 4. llffect of .crvbber ....tet"9 en fOlio

Oft .tack ....isllions at 0.....00. oll"fe<Jat. ftnes
fate i" rII. "ryer feed. .

.."..-"""':l,,,,,,:n-~,,,,,,,;;--,,,,=_.;:---:: .....=':------:::"""

SClU... IJvt.&fOUSr~ _~

,t»

FIll- :s. Relallansltip befWeen Ja"IIbber inlet dusl
loading and 1Cnlbber calIectlon eHIdeftCY_
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Tabl. I-T••t Data from Asphaltic Concrete Plants Contnlled by Sc::rvbbers

Scrubber Stack ~::,.
Water-Gu Gaa

IcletDual: Em.isriOIl. Rauo,
~ T~ Uwm.t

T....l Loadin Lb/Br. Lb/Br X 10-1, GaJ/lOOO &ef, Production, Vol~,

SumlJl:r Lb/~ :=t 2la Za Logz, Scrubbe14 Fuel TODe/Br lICUU

( ·":\.~1 940 20.1 9.55 6.62 0.82 C au 183.9 23,100
('..~ 421 3.$.6 4.46 3.94 0.60 C Oil 96.9 19,800

f'l" C''';I~ 4110 37.1 8.3.$ 6.38 0.81 C au 174.0 25,200
C'':1.').') 2170 41.0 14.00 6.81 0.83 C Oil 209.1 25,700

I ...,.-" 121 19 2 2.29 10.99 au 429 ::!COf'l"
·..:I;"!,\ .

UJ ..: Ii!J i1::
. a aAI I

..J r..:r~ +:!O ;:g~ Ii' 1.08 T I 92.3 19.50Q

l:Q .'Om .10 0.79 T oil 118,4, 1,720
« ('.1&') 11540 21.3 . 5.22 19.40 1.29 T Oil 131.8 18,700
I- C.li:t 31.0 8.85 2O.-lO 1.31 T Oil 184.2 17,000

Z I 'lIt."ide lab. 33.5 7.52 11.01 1.04 T Oil 144.6 23,.00- e":lj!) 38l5O 30.3 6.50 5.92 0.77 C Gaa 191.3 28,300
C...;s;J1 306 13.6 2.51 11.11 1.~ C Oil 114.6 24,300

Q Out.sida lAb. - 21.1 3.73 7.28 0.88 T Gas 124.4 15,900
UJ C-U& 312 21.2 2.53 5.70 0.76 T Gsa 42.0 17 ,ZOO
(/) <;-l26 2620 25.5 10.20 1.75 0.89 C' Oil 182.0 22,000

:::> <;-l11 560 39.9 3.~ 2.94 0.41 C au 138.9 24,600

et C425 4& 32.9 2.89 4.26 0.63 C -Oil 131.4: 18,000
Oul.lide: lab. - 25.5 6.59 6.60 0.82 C Gsa 131.1 18,ZOO....
C-.185 212 11.5 40.89 4.58 0.66 C Oil 174.3 20,000«

Q c....33 266 11.0 5.96 8.12 0.91 C Gsa 114.5 19,600
'8j22111· D·G 7.14 490 Q 69 C QU 199 a 21.QQQ

22(~ .0 3.34 3.02 0.48 C Oil 152.0 22,200
c ..us 3400 30.8. 9.M 8.90 0.95 T Oil 116.5 11,100

Toca.ll 661.4 146.93 '21.33

Averages 28.1 6.9 0.85

• 8U&11Uty of f!nell (minus 200 mesh) i.D. dryer feed.
, - Multiple centrifugal type sprayc~. T - Ba.fBed tower scrubber.

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

. to a large extent all the particle size dis
tributi011. of the dryer feed. Wbi1e the
dust from the rotary dryer is un
doubtedly the greatest source, the dust
colleeted from the vibrating SCreeDS, the
bueket e-levator, the bins and the weigh
b.opper is also coDSidemble in. quantity.
li1 one plant, 2000 lb/br of particu
late matter containing 39.i percent of
Q to 10 micronma~was produced by
these secondary sources.~

Study of Stack Test-Data

In the procesa of granting permits to
operate, many stack: tests were COD

ducted by the District to insure that.
eu.ch plant was operating in. compliance
With air pollution laws. As these data
becAme available, a. study waa made to

determine which variables were most qUGntly, the variables and opemtiDg
significant in lLffecting emissions to the eonditiona which aiIect the amount
atmosphere. A prellmiDary observa- and collection efficiency of the 0 to 10
tion disclosed tha.t the water scrubber :micron £taction should be reflected in
efficiency varied wi:th the scrubber inlet the absolute stAck emissioDS. This was
dust loading as shown in F'tg. 3. Bigher found to be the case. The magnitutie
dust collection efficiencies were obtained of the sta.ek em.issiorm were found to de--
at the higher inlet dust loadings. pend mainly upon the scrubber water-
Plants with less effective cyclone pre-- gas ratio, the type of fuel used in the
cleaning bad, 011. the average, larger par- rotary dryer, the type of scrubber, 3.I1d
ticles entering the water scrubber, ud the quantity of miDU5 2OO-m.esh I1Ul.terial
consequently better scrubber collection (minus 74 microns) proce:lSed in the
efficiencies were obtD.ined. In fact, dryer.. It would be expected that the
llCl'Ilbber efficiency' was so dependent particle size distribution of the minus
upon the degreeof preele:uiiiigtha.t the ·-2lJO.mesh~fractioo. of-the dryer-feed
mect of other variables on cOUectiOD would ha.ve a large effect 00. stnck losses,
efficiency was completely masked in the but sufficient datil. were Qot ~Vll.iL:l.ble

a.vailable data. However, the fmc- to investigate it.
tional collection efficiency of particles Twenty-five source tests of asphaltic
larger than 10 miCl"ODS in diameter concrete planta were (l,vailAble (from
proved to be 99.i percent. Cons&- some 115 testa which ha.ve been per..

Tabl. IJ-.Colledion aRdency Data far Scrubbers Serving Asphaltic: Concrete Plants

Efficiency,
%

7'3.2
5.1
4.5
1'.~

Outlet,
%

-Te:t& RePOrl Series, C-3iZ.\.-
Inlet, Outlet, Efficiency,

% % %

8004
18.6
1.0
0.0

78.0 83,0 sa.a
18.0 S.O 96.2
2.0 1.0 93.3
2.0 11.0· 26.5

----Test Report Serie:! C-4z.!( 1)r---

Inlet,
%

85.7
99.4

Efficiency,
%

13.0 99.3 95.2 16.4 79.9 92.8
n.1 0.0 100.0 . 6.3 3.8 96.0
9.6 0.0 100.0 2.8 2.0 95.0
6.3 0.7 99.3 1,*.5 14.3- 93.1

---Test Report Series C-37::!BB----...

• }Iieroa<:opic e.uminatiOD. ifId.icsted that the outlel'. samples were aggiomenued..

0-10 91.0 82.0
10-20 9.0 3.0

1-4-1 0.0 2.0
44+ 0.0 13.0·

0-10
10-20
20-4:4
44+
Dust

Particle
Size, Inlet, Outlet,

:\{icmllll % %Q
w
en

::::J

<C
I
et

o

f'l"
I

f'l"

UJ
....J
l:Q
«
I-

Z
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Stack emissions were 5.1 Ib/hr higher
when the dryer was oil fired. rather
than gas fired. The difference is be
lieved to represent particu.late mat~

ter in or formed by the fuel oil, mther
tho.n additiooo.l dust from the dryer and
mixer. It has been sim.ilD.rh· observed
that burning heavy fuel oUs in other
kinds of combustion equipment results
in higher emissioD8 of particulate mat
ter. For exo.m.ple, glass furnaces dis
charge significantly more pD.rticuJa.te
matter when fired by PS 300 or heavier
fuel oils than when lllltur:ll g:l.S or light
fuel oils are used.1

As e.~ted. eentrifug:ll trpe water
scrubbers were more efl'ecth-e than sim
ple ba.ffte.d tower water scrubbers. The
difference averaged 5.0 Ib(h.r at con
stant a.ggrepte tines rate and coDStD.nt
wate.zo..gaa ratio.

The data., even when corrected ror the
variables studied, tend to SC::l tter mthar
badly. However, the results do repre-
sent average trends of plAnts operating
i:D. the Los Angeles l11'l!a. Curves are
presented in Fig. 6a.nd 7 from which the
most likely stack emissions C:l.n be pre
dicted for oil and gas fired .plants with
either multiple eentrifupl or batHed
tower scrubbers. These cur't'e8 present
emissions for ,'&cious scrubber \'\'lltei--gas
ratios and a.gg:reg:l.te lines rates.

During the course of conducting sev
eral particle size :umh-ses of scrubber in
let and outlet dust••a.n unusual obser
vation was made. tn all of these tests
as shown in T:>.ble II, the fr::u~tional col
lection efficiency of the 4..l+ micron
material wuless than for the 1Q.-20 a.nd
the 2O-l4 micron Cmctions. which of
course is opposite to wha.t would nor
mally be expected. However, micro
scopic ex.:uniDation of thl." sa.mples indi
cated tlmt the particles in the scrubber
outlet were :>.gglomemted. Apparenth',
the line plU'ticle:s agglomer:lte ",ithin the
scrubber, but part of tile resulting :lg
glomerate! escape to the o.tmosphere.
This potentitLlly reeo\"er:tble lllll.teri:l.l
constitutes five to 10 percent of the
scrubber emissions. Howl."\·er these
emissions are lXliuor and e\"en perfect col
lection of this materiol would·not reduce
Cotal emissions over 3.3 Iblbr.
Survey of Dust Emissions in Los
Angeles County

In order to evalUAte the effect of the
control prognun on dust e-missions from
the lLllpJulitic concrete industrr, it \\·::I.S

necessa.ry to acquire iniom.1ation eOll
cerning the number of p.lal1ts in oper
ation, emissions of dust to the atmOl5
phere, amount of olSphaltic concrete
produced. and volume of :lir Imndled.

To obtain the dD.ta on production.
number of plants. types of controls a.nd
operating schedules. 0. questio1lIl.Q.ire was
de~ and sent to each compaQ}' oper·
atlng a.n asphaltic concrete pla.nt. Tbl:
datil obtll.ined from this sun'e\' indicated
tha.t in 1957 there were 19 ·compll.nil'!

40~..

t4 "

OIL 1'11110 01\'0 10

Effect of Variables on Scrubber
Emislions

to

The e1fe~t of scrubber wo.ter-ps mtio
011 stack emissioD8 is shown in Fig. 4,
for multiple centrifugal type scrubbers
and bafBed tower scrubbers, with the
aggre~e lines mte (the minus 200
mesh fraction) held coD8to.Dt at the
average. Low scrubber water-gaa m
tios are more than proportionately
lellS e.tIeetive than higher mtics. Pos
sibly, the water mte WM iD8ufficient ror
good. spmy covern.ge for ratios in the
lower ranges. -

. The effect of aggregate lines rute on
stack emissioD8 a.t COD8tant water-gna
ratio is shown in Fig. 5 for multiple
centrifugal type scrubbers BDd boJfled
Cower scrubbers. Sl:ll.ck emissions in
crease linea.rly with an increase in the
lImount of minus 200-mesh mo.terioJ
processed.

12 '4 t, a: 4 ~ a to
OUANnTY 0' I'l1'CS (MINUS DI MOl'll IN OIYP fliED - i.ISIHlt X 10-3

!misslo<t prediction C1I"""" 'or baffled law'" &enlooen •..,...;"q ,"",,"allie c:oncrll'le plalltl.

10

formed. smce 1949) which bad sutlicient
cIa.t4 Co attempt to corre.la.te the mo.jor
variables affecting stack losses. Al;tgre
gate feed mtes, screen size analyses,
llCl'Ubbel' water and gas rates, as well as
particulate matter emi'lSwD8 to the at.
mosphere were obtained during each of
these tests. The d.a.ta are tabulated in
TAbles I and II. Th~~tedryers
were fired with PS 300 or heavier oils
during 19 of the tests and natural g:L8
fired -during six. Seventeen of these
~ were performed OD. multiple cen
trifugal-type scrubbers with'spiral baBies
and tangential entrances. The other
eight tests were performed on simple
batfted Cower scrubbers. A. curvilinear
multiple correlation was required to
represent the data. satisfactorily. Eze.
!del's" graphictLl procedure of succel3llive
approximatioD8 was used to fit the
curves (see Appendix for corre.lation
methods).

o • 11 l' 0 J •• 10

QlUAHllTY Q' fIIND (MINUS a MOHt '1'4 OIWI me - U$IHI l\ lo-~

1't\Jo 6. EmisIicNt prediction curves lot multfple .;antrifugcl SCl'1Il::tbotn •.m..t a.phalKc caneret. plcmts.
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tons per day in 1957 (Fig. 10), an in
crellSe of 40 percent. During the snme
period. dust emissions deeretlSed from
2S tou per day to 1 ton per o.a.y, a. de-
crease of 96 per cent ovcruJl.

Conclusions
In conclusion, it is emphasized that

the varinbles studied oo..ly represent
averuge trends of asphaltic concrete
plants in Los Angeles County. With
this point in miDd, it elUL be concluded
toot:

1. Multiple eentriIugal scrubbers
have proved to be more eificient than
baffied towe1'll.

2. Scrubber water..gas lUtio is 91ually
important in both types of !crubbers.
The best utilization of water is achieved
up to a ratio of six gallons per 1,000
stancI.ard cubic feet of p.s. Above this
ratio, efficiency still increases within the
bounds studied, but at a. lesser rate.

3. Sc.n1bber stack emisaiou increase
li.nearJy with an increase in the amount
of millWl 2OO-mesh material charged to
the dryer.

4. Theb~ of PS 300 or *vier
fuel oils rather than natu:a.i gsa results
in higher stack emissiODS. 0 miet eon
!tBnt conditioDS, an increase of approxi
mately five pounds per hour was ob
served. Although the available data
are 110t conclusive, it appears that dust
emisai.ona are significantly decreased
when PS 200 oil is substituted lor PS
300 oil.

Through the use oC scrubbers, dust
emissions from 8.lIphaitic concrete pla.nts
have been reduced !'rom 0. total of 25
toos per day to 1 ton per day. If this
is rela.ted to the increase in production
over the 10-yeu period then the control
Progm111 is responsible for 3. net remoVl1!

c-of 34 COM per day of dust from the Los
Angeles County :l.tmospl1ere.

R£fE~ENCSS

1. Rule M, Rules and RegulAtionll of the
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0llCrutiJur; 48 pbutts in Loa A.ngelell
Count)". These plants produced a total
of 14.000 toos per o.a.y. The dat& also
indicn.tcd that. asphaltic concrete was
produced over :l. 13-hr day with a. maxi
mum hourly output of 1200 toa

To augment the d.a.t4 obt&i.ned from
this survey Il.D.d to make comparisooa
\\'ith d:.l.t&·obtained from previous S~
\'t'}'S, the an.o.lytical test data in the
District's 5les OD asphaltic concrete
pl:mts were studied. From. t~ese
studies, ave~ yearly dust e:1Xl.lS8LOM
to the atmosphere were determined.
During the early stages of the develop.
mt'Dt of the control program, many
stack:: tests disclosed emissioos of dust
in e::cCCSS of the weight per hour allowed.
A.a the dellip 01 control equipment im
proved, violatiou became less frequent.
During recent years. e:'l:cessive emillaioIl8
COIUd be ~ed. to either poor e..~ri

meutal scrubber desig:Dll, or more fre
quently to poor mainteDance. It was
observed that even weU-designed scrub
bers would emit e.'\:cessi.ve dust if &

sound maintenance progmm 'was DOt
beine enforced.

Figure 8 illustrates the eNect 01 the
iDcreuiag eBiciency of the control equip.
tnent from 1948 to 1958. Prior to the
development of the control progra.m.
Little or no control devices were installed
a.nd. an a.verage of Bve pounds of dust
were emitted per ton of o.sphaltic con
crete produced.. As the control pro
gram progressed and the efficiency of
control equipment WQS increased, dust'
emissionS were reduced until today only
0.15 pound is emitted per ton of aspba1.
tie eoncrete produced. The major re
duction ot dust was a;ccompllshed be
tween 1948 and ~-1900. During this
period. an aversge reduction of 150
Ib/hr per -plant -was achieved. -From
1950 to the present time, a.n avel':ijl;e
reduction of 12 lb/hr per plant hllS been
accomplished due to improvements in
controls and better mnintelUlnce pro
j!'%arDS••

The increased efficiency of the control
equipment was accomplished even
though the ll.verage volume of gases
handled per plant ho.s increased from
13,000 standa.rd cubic feet per minute
in 1951 to 21,000 atandD.rd cubic feet
per minute in 1958. Figure 9 illustrntes
this increase in volume. A reduction in
volume between 1948 and 1951 is be
lieved to be partially due to conser
vntion of go.s volume to ::illo\V smo.ller
control devices to be installed. Subse
quent to 1951, better control of dust
emissions from sources other than the
dryer required Il.ll incrcnse in g:1S volume.
:\loreover, plants oove increased in size
in recent yetU'%!.

The data. .obtllined from survev8 COil
ducted periodic::illr 011 the nsplul.ltic con·
crete indWlcry show' thnt produccioo. Iul..s
inerell.sed since IlHS from ~.Q ll.VclUge of
10.000 tOI1ll per day to morn thllD 14.000

'ebf'\lary 1960 I Voillme 10. M"mbe. 1 A-6 33
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HEA CQUARTERS.
ANAHEIM OFP'ICE.
CARSON OFP'ICE.
COLTON OF"ICE.

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 service is
being submitted.

If you have any questions please feel free to contact me.

Very trUly yours,

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

WEIr: lb

Enclosure

A-8



" -
AIR. ~1'N COHTE.OL DIST!'1.ICT - COUNTY OF.(. 'is ANGEIES
434 S~...Alt PEDRO ST.REE'l' - lCS M!GELES ~, CALl'Forom

TEST CO:tlDUCTED

AT

GR.IE1l':rr:a .CO:f.1PAI.'iI

16OJ. ..A.I.Al1EDA STREET

rr.mmR1TON~ CAIJFOltNI!.

ON

JtllZ 23,· 1957

L ROT ASP.B:A:L1' PLAl'fr DlJRD!G

OlL F:IR:n:G

BI

B. E. Mc.MAHON

w. c. ROGERS AIR FOLLtlTIO}l' ENGINEER

RESEJ\.RCH nMSIOI-T REFORT NO. C-393

SE? 1" 9 1957ISSlJ EO ~ - -
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AIR POLLUTIOC- ':ONTROL DISTRICT .. COUNTY ( LOS ANGELES

SUMMARY SHEET

Name 01 Fi I"'m Gr4...f'fith Com;:Ja.:J:I:1

location of Plant 1.601 A.J.ameda. St., tii1mington, Cali.f~

Page_._'...4__of -

Test No •._.;.G-...3:;.:93;.;:;... _

Date JulY 23, 1957

Co I 1act I on Equ I pment Yes 1: No T~pe-'t'-..;at;;;.;.;e;;;;;r:....;;;:s.;.c,;;;;,rub.;;;;;;;;.;b;.;er;.;;;...---------

Spec 11"1 c Equ 1pment Tested Water scrubbing tcwer servi;g hot asohalt 'Clant

l:31 Po M.

ll:C-o A. K.

Outlet

Time of Test

Length of Process Cyc"le Ttme Cycle Begln End _

Tata I Process' Weight P.W./hr. 184,560

Samp Ie Stat '·on InIst.

Begin l:JS P. M.

End 1:31. P. M.

Elapsed Ttme_(~T_est;;;..;;.,:):....- _=16::....:min=:.:. ..L:.53~m::::·n::.:.

Gas. VO I ume SCRA I Standard Cond 1t Ions) ..:2:::::0:.:::9CO;.;;:: l::9$~OO~ _

M~erlal CoLlected ~ ~~~~i~~~~~a~t~e~~~·~~~~~__~__

Gl""a I ns/SCF .:2:::::3.::8:.... .....':O~.:::J~61=___

Gl""alns/SCF a.-t 12' C02-------------------------__
~ss per hour In pounds~ -----~h~12~6~O~--_----~26~.~9~_~

Allowable' Loss ~s. per hour ~h~IO~:~C~__

~~ent ~Irtu~ In Gasas~~~~~_~~~~~~~~~=~~·~~_~_~~~~~8~~~~~

3~ 2~6

1$.9 1.7~O

O~C O~c

80.9 80.k

2~6 7.~

99..4

N2(Sy d 'ff. ) ~.:.::;.. ~~__

02 ---::::::::.!"-- -=..!.~__

CO .:::.:.:=-- ~:...__

O~sat Analysis lOry BasisJ__~~~~~~~.._.__~~ ._..~~~~~~~~~~--..__

Percent: C02- ~___:::.:.=_~_~~~~.....:~~__

Co.cb'llS"tibles - percent

Collec:'tion Efficiency - percent

Tu t Cond. By EEo - B! - 1-.8.

Approvcrc:i B1-~--~~---~--
DlItll Coap. llIId ChIlH:hc:i B1__1_·1?_._- p_!r__~ _

A-ll



Test No. 0-.393

Particle Size A.n.a.1y'ses of Samples
(By Sedimentation V..ethod)

Page 5
July 23, 1957

outlet

Wt. gms. tit. % tit. gms. lit. ~

o-lOp.. 0.3286 1.3.0 0•.35.35 99.3

10p,-20\J. 1.7977 7l.~ -
20~ 0.24l6 9.6

~ 0.J.593 6.3 0.0029 0.7
2.5272 100.0 0.3564 100.0

(THESE DATA USED IN TABLE 3-4)

A-12
PU - ;,'3.



SIEVE ANALYSES OF AGGREGATE

;

Percent of ·Sample by lleigbt

SIEVE CONVEYOR lIOT BINS
SIZE No. 1 No. 2 tlo. 3 No. b No. 1 No~ 1 No. 2 No. 2 No.3· No. 3 No. It No. 11

I

12:15 PH 12:.34 Plof 1:15 PM 2:0, PI-I 12:.30 PH 1:00 PH 12:30 PM 1:00 PM 12:30 PM 1.00 PM 112130 PM bOO PH

+ 10 80.h 60.3 83,6 72.8 22.7 10.9 9SS 93,7 98.4 ·98.0 99.7 99..5
Mesh

- 10 16••• 33.3 12.9 22., 66'1? 10.0 1••1 5.8 1.0 1.2 0,1 0.2
+100
Hesh

-100
+200 1.6 3.5 1.6 2.1~ 6.0 8 t O 0.1 0,2 0.2 0.1 0.0 0.1.
Mf~flh

-200 1.6 2.9 1.9 2.3 5.1 11.1 0.3 0.3 O.)t 0,1 0.2 D.?
Hosh

-
TOTAl. 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

I;t:J.,......
I

ta



Date _~JuJ;.;;;;;;il~;.,..;;;;2~3·l..z...:1::;9""'5.:.,7 _

(_. (
AIR POLLUuON CON1ROL DISTRJc:r - LOS ANGEl.Er. COUNTY

Sra• ..,.nt of Procesa Weight
COPI'

Firm Namet_Grif';,;;.;;;;;;;,;;;;£.;;i..th;;..Co,;".;;,;,;cc,;;;_.,;;a:I:!3";;;.;::.. _

Address __16:;:;;;,;;O;,;;;1.;...::,:,N:._.:A='=are::;:.;;da=., _

Time Cy'cle
Started. ll:O, A11 2:08 PM

Time at camplate-operat1:.ag cycle- 1:a. minutes .....;60;:.;:...=m:i=rt:::;;. _
(eee 2 j. Rul~uJ ti ResuJ,ati01l8}

Raw materia4 charged. during
184,,60this' time- Material. ft. in lbs.

do Material. Wt.1n lbs.

do Material Wt.1:a. lbs.

do Material; Wt.1n lbs..

Solid. fuel charged in pounds Material Wt.iu lbs._

Total poumia

P..... Tatal pgupd' * eQ:. -.a;~fiQ~ 1: lbs. /hr. 184,560
Total. minutes

---P. w. tor'" ls't-.p1'1!lced.1nS cycle _,.;:::t.=-- _

P. W. tor 2nd preceding cycle _ X:'=-- _

P. w. tor 3rd preceding cycle _ :t:=-- _

Sig. J. :~eden

Title Pl.a.nt Foremen

RtrI.:ZS .AND REOUUTIONS OF
TIm Am POLtDTION CON:r.!iOL DISTRICT

RECitJ"LAnON' I. GENEEW. PROVISIONS ROtE. 2. DEFmI'I'IONS

j. Procees weisht per hour. "Process weight" is the total weight
of all materials, lnclud1ag solid fuels, introduced. iuto any epec
ific process, which process may cause any d.ischarge into the atmos
phere. The "process weisht per hour" will be derived by dividing
the total process weight by the number at hours in one c~18te

operation tran the beginning at any given process to the ca:plet10n
thereat. ~:cluding 8lJ.y t 1me during which the equipment" is idle.
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EST NO. C-393

A·IR POLLUTIONC JNTROL DISTR ICT - COUNTY l LOS ANGELES

PAC! 8 OF,__PA.GE~

SUMMARY OF CALCULATIONS

DATE J~ 23, 1957

AM E 0 F FIRM Gr.:li.fith Company

ESCRIPT ION 0 F EQUI PM ENT TEST E 0 Wa.ter scrcbbing tower ser'V'irlg the hot. asph&.t

I. Phase of Process Cycle Covered. by Test. ___

3. Ave. Gas VeJ. at SampJ ing Station (FtJSec)' -=:~~--------~~~-----------
,. Flue Gas Valu~ (SCFM) 2~O~~~----~1~9~5~OO~------

S. S~pleMollleDi~eter_------------~8~~~----~1~5~~~----~
6. S~pling Rat~ at Meter (CFM~)---------~O~.~~----~~O~.5~O~---~
7~ Elapsed Time· of Test (Minutes)~----------~16~~-----~5~3~--------

I ~terVa~~-~era~ ("H~·~~_----------~7~.=6~---------~2~.=2~--------~
~ *br~mpudure-berqe(OF)- ~~~----~8~8~~------~7~9~--------

10. Vo1urne of Gas Samp1ed', Meter Cond i t ions (CF ) -=1~2.::;.4:::U.=------....:2;.;6r.4~8 _
il. Water V~or Coqdensate (cc)~_~ ~3~Q~ ~3~5~_· _
:2. Water Vapor Volume. Meter Conditions (CF):-:- --::::2~.~O~----------:~1~~~8~-------
3. Total Sampled Volume, Meter Conditions (CF)~--_-l:=7.L.:JLI:::·t:....- 2=:8~.~3'-----_-

,. Corrected S~Dle Volume - (SCF)~~ ~~~.~3~~~~~~2~5~~3~------

.5. Material Callected~-~~~-~~~-----~~~~~~~~~~~~e~~~t~e~r------~
We i ght (gm. ) a. -::T:iha;~;t=:Q;=s:=.n...:t~h:=:;m:!l::'='=J.e=- --:~Q;..s.O~S~9=-=-----~O~.~O~06S2..:.------

b...tater reridue 18.8819 O~2576
c. -:-- --:::-=-::-:-::::-- ---:----:-::--- _

Total ~'ie i ght (gm. ),_-:--__--------.:::l.8~.~9::::4:.:..7-----0.:::.;.2!::·::.;6:::.4 _
Concentration grain./SCF__~~~----_~2~3~~~-~ ~O~.~~1~-----
Concentration grains/SCF @ 12% C02--------~~-----------~~---------
Ca1cu 1ated Loss (Lbs. pe r hour } ....:h2=:.::::60:=- --..,;2=6~.~9 _

COLLECTOR EFFOCIENCY
(If ColLector Installed)

16. Total material to collector (Lbs. per ilour)! 42~6::-.:0~.___----------_
17. Total loss to atmosphere (Lbs. per hour) -.~26~.9~__------------__
18. Total material collected (Lbs. per hour) --=4=22-:-~"-:- _
1.9. Percent efficiency --Z.9z.2,t::.L.....' _

A-i5
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·
.m. 1("- ',UTION carmeL DIS'l'.RICT - comrIT'# 1F LOS AlmEIES
434 Sou1'R 5.'1..t.'i PEDRO STaEET - LOS ANc:m.., 13, CALIFOlUIIA.

TEST

CONDtiCTED K!

GliI&'E'frH cmD?ANr Bar .ASPRALT PA.vmG BATC1l PLA.m'

1380 EAS'r .ARRai BIGBWA:I

Ql

FEBRtIABY 1s 1958

:REPORT

ON THE

DIJS'l LOSS,. PARTICIE SIZE DISTRIBU'r.ION

AL"m C~TIOX Eli'i:rt:.lJ:l;CY CF EXlUI:P.MENr

·CONTROIJ'JlfG -El1tSSICliS ClE' DUST FR01L!_

BI

!SSt; EO r1AE.•.2..£t•.J.ss~_ -
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Ala ( ...LUTSON CONTROL DISTRICT - LO$ A( .W COUNTY

Page 7

Date ....::F..;:e;.::.b.::.::t"'l'l2:rY.=::M.....I.7..' ...;1;:;:92:..::;.;;;8 _

Statement of Process Weight
(COPI')

Firm. Name Gr.tf'£i..tl:!. Co.

Address' . 1380 A:.1:'rcw' &~

Time CycleStarted _

Time ot complete operatiII.g cycle 1J1minutes _
(see 2' j. Rul'es !c Regu.lat io:a.s)

Total pou:a.ds 2600 lbe.

P. '1'.: T::rta1 J:lCl1pda i §Q:. --'lx~eQw. 11 les./hr. 182 'l'PR
Total muutes

-Po W. for- 1st preceding -c:ycle- _
P. W. for 2:a.d. precedi.:a.g cyole _
P. W. for 3rd preceding cyole _

Sig. AJ.=.,..;;;,Pe,;;;;;;m;;;";;;i;;;"...gto;;.;;;.;;n::-- _

Title _...;:P:!:.=SD=:t.;;;...;;F:..:Q:=re:.:='==3n=- _

RULES AND RECiUI.A.TIONS OF
TEE AIR POLLUTION C0N'I'30L DISI'RIC'r

REGOLA.TION I. GENERAL PROVISIONS RULE 2. DEFINITIONS

j. Process weight per hour. ~ocess weight" is the total weight
of all materials, i:a.cluding solid fuels, i:a.troduced into any spec
ific process, which process may cause any disoharge into the atmos
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 completion
thereot. excluding any time during which the e~ui~ent is idle.
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AIR POLL( ION CONTROL DISTRICT .. CO("·y OF LOS ANGELES

SUMMARY SHEET

Nama of Fi l"lTI Gri:f'f':ith C9Jlt'02.1:::W

Page 8 ef -

Test. No.,_,;:;,e-l..,:U2;:::;'::=6=--- _

Time Cycle Begin End

P.W./h r-. 36h,000
Veub SCi'Ubber Stack
L1'oe In1et. Outlet

1:33 12:CS 12:92

2:01 1:20 1:20

34 60 -60

2800 28,OCO 22,000

Beg I n .....:J.2=:.:::.=CSoL-__-=~t--____=:::::.:..::::6. _=:::~'__

e:nd --=2.:.:01:::::J- -=-=~ ..=.:~ .:::.:.==:._

Sampling-
Jfllalil Tt me-=m::i=n::.:.:::..- -..::6::.:0:..- ~=__ ~ ....::~__

Gas Volume SCFM· [Standard Condit.lons) ~2l,_,~OOO~ ~~ ~~~ ~~~ _

Materf a I Co I I ected_.....;Das::.;::st:.:.. --::;,..... _

Location of Plant 1380 E. A.rrcrw High!a'3Y) Irrdnda1e, Calii'. Date Febro.a.rr 1: 19$-9

CollectIon Equipment Yes X No Type Oyclcme and water scrabbe:

Specific Equ,lpment Tested Cyelcc.e a..rxi water sertibber

Length of Proces$ Cycle Coptinnous

Total Process Welght ~------

C;ycJ.one
Samp Ie Stat t on r.wnilll'l.!ie~t!._ _J.!iI=i!l!L _::!:~~ ~~~_

Tim& of Test

Gra t ns/SCF ..il.'.J..7~.2=___~8=1!:.a::...______:l==O:.:!.~9 :::.0~.1!::.232,Z_

Gl"'alns/SCF at 12S C02,- _

2 t 220-. 22.5'
_. 40

16.6 10.5

Loss pe I'"' hau I'"' I n pounds ........:6:.:1,...7.=.OO=-__....::2:.;:COO::;;-;.;: --:::.z.z:::;.::;..;.... ~:.4.__

Pe~cent Molst.u~e In Gases ~~~7~.6~ ~~=- ~=:~___
Ol'"'Sat Analys Is (ory Bas is ' _

Pen:ent: C02- _

02 - ...:...- _

CO _

14•.3

ll9147

43.2

Tut Cond. By _
A-19

200

N2(By d I ft·. ), _

stack Gas Tempera:ture, Of (Av.)

stack Gas Veloe"i;ty, f:t/sec. (A:7.)

Colleet.ion EUiciene:r: Cyclone - 91.%
Scrubber - 99%

ApprO'l.ll'd. 8y, _ DotA Co.p. GAd Ch"eJc"d B'1 ER=~=_-.....:::HI.=__ _



test No. 0-426 Page 9
FebraaJ.'7 7, 1958

Weight. % SAMPLE SUTION.

Lese 1.hm
C;re.lone C;relone Vet

Dr.ier Feed B:ln No.1' Bin No.2 Inlet Outlet Line

10 mesh
(::L65J. m:i.araDS) 29.2 92·7 6•.3- 100.0 100.0 100.0

48 mesh
(295 m:Lcr=:J) 9.4 n.B 0.6 98.0 98.5 98.9

JOO mesh
(141 m:1c:aa:I) 4.5 1.4.5 0.5 83.0 8l.0 9S.7

200 mesh
(74 m:I.crtms) 2.8 8.4 0.5 57.8 54.0 89.2

CO m:1J::raD:s 56.6 5l.~ 88.0

SO. m1crmts 53.; 1&4.6 8;.8

40 m:i.crtms. 47.7 .D.8 81.6

30· mCC'ClZ1lS . -- 40.8 2;.4 74.0
-,-- --_. ~_. ._._« t-

20 micr=s 32.J. 3.7.8 00.7

lS m:i.crona 27.8 3.4.3 52.7

10 mcrans 2]..1 10.3 39.7

5 m:Lcrcns 10.2 5.4 19.3

4 m1crtma 7.2 4.4 14.3

3 micrana 1&..3 3.0 8.$

2 m1.crons 3..5 1.3 3.0

1 micron a 0 0

(THESE DATA USED IN TABLE 3-5)
A-20
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AIR POLLt(. IN CONTROL DISTR leT - COU( " OF LOS ANGELES

TEST NO ._---::e-42;....::J=.:6=--_

SUMMARY OF CALCULATIONS

PACE n OF_PA

DA TE Febl;'t:..2D" 7, 19

-

COLLECTOR EFFICIENCY
(If CoLLector Inst~LLed)

NAM E 0 F FIR M__...::G~r:!::.=:-=U:::f=:;t=h:=....::::C:===<ll:"':::'aw=.r. _

OEseR I PT ION OF EQU I PMErtT TESTEO 6000 lb. as'Dhalt1.c concrete batch pl2:l::tt

(oil .t:Lred) 'dth 12' cH.&. gyc1ac.e and tri:Dle-tttbe centrifUgal. ~t sem'tlber.

I. Phase of Process Cycle Covered by Testc.. _

3. Ave. Gas Vel. at Sampl ing Station (Ft/Sec}_.....-~4~9:.1."'-7-~:_L7.::cO&l.2=---__=__..J1.t::..ijL2.2=----....:1h:!:!::I:Jl;J.l
~ Flu&GuVo\u~.(S~M}I-~.~-----~n~,~~~--~2~eOO~--~~~,~OO~O~_~26~COO~O~
5. Sample No~le Di~eter~(~~~)_~_~_~_~7~~-~5~~-~~6~~~,~--~6~~
6. S~pling Rate, at Meter (CFM1~~~~~~~~~1=.3~~~~O~.6~6~~~-O~.~8~3~~~~O~.a~O~
7. Elapsed Time of ~st (Minutes)~~~~~~~~~60~-~-3~4~~~~~6~O~-~~6~O~~
"\ ~terV~u~-Awrqe·(nHg)--------~7~.~9---5~;w3~--~4~.~O ~h~~~

-J. Meter Temperatur& - Average (OF) ~99~~--~7~6~------~7~6--------~7~~----

10. Vo 1ume· of Gas. Samp Ied, Meter Cond it i on s (Cf )_-"TI"""-l!.::.6=:--~--=-22:-----=4"9.a:.8~-- ...4w..lu.~B
II. W~uVQor~d~s.rte(=)~-------~~-S----~-~---~~O---~8~a~_
12. Water Vapor Volume. Mete" Cond i t ions {CF }:-::-__---:lh~.l:.~, ~~-~--__::::a~.8:::_--~~b.~..3~
13.- Total-Sampl ed Volume ,. Meter Cond it ions {CF)J".'. 92'-=&•.::,C_.;..-=-2:o.!l2.....~3=··-".........;;;;--::;;.,sil.llaUl.:=:.6..;.;;;;;;;;...___.;.;.···;;..jS:.=2.£.5~

If.\.. Corrected Sample Volume - (SCF)J- ....:6:.::.3u.l.L7_~ ...'!oI:J7u.Ll:!a ..!=I41.l.9._.l.2:....·~_ __JL1.~1''-L.5_
1.5. Material Collected _

We i ght (gm.) a. --::TITIil.ll:!:!:mb!:!:!!·~1s~ ~~Q~.~oq;Q1.J.--:_=_-----l::O!a.~Ol=:::O~----.:O;!.l.t.:=O:::=;,,12

b. r...ltmd Dgst 152.A20 94.091
.- <e... W2.te:, nsi.d:tte '1.':15 0.301 34.61.9 0.373

Total ~1e i gh t (gm. ) ---ol..5u3~;c:....14=l1---_.c9~4 .....3.l.09~--.b.34..,..~6:&.29L- __~O:s.~u9~C

Concentrat ion 9ra i nsISCF. ,.L37,L.J.2I:!l"=--_~81~.811!_... 1.1!:!.OlliLl.L.i9t..-_____!Q:tlI,1:l!:1.......3'i

C'oncentrati"on grains/SCF f .12~ CQ2-~-----------------
Ca Jcu tated Loss (Lbs. pe r hou r )_~--=6:;.;1,'-L7..00__--tiol2.000~=--__.t::l2~16"-l:2:r.:=O:.._ .=2S"'_l.w,_

Cya10ne Sc:roccet"
16. Total material to collector (Los. per hour), -.::6:,.L7.:::;CO::::..... ?.=::.o,u;2....0!..-__
17". Totat loss to atmosphere {Lbs. per 110ur) ~6"-1:2~O~ =-25.u,.u5l.-_
18. Tota! material collected (Lbs. per hour} ---1:6~l.:OO~ 2S.....0~.C"-__
19. Percen t eff i c i ency -"'91.:.:::... --Z.99'--__-

A-22
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Used by permission of Staub-Reinhalt, Luft.

UDe 62S.Sll."~62.61.3.13:62S.as

DUST REMOVAL FROM THE WASTE GASES OF PREPARATION
PLA!."nS FOR BITUMINOUS ROAD~SUlLDING MATERIALS

For maar yues problems ccaaecmd ..,1m dust removal rrom
die gues or dlyiag drums La coali building 1'1&110 ..,ere the
cauer of emitteu discu.Uioll. A1d1011gb eM optaiQflS of the
parttdpaaa WClte IlClt always lie. of vested lJwtresu. cba
deeper awes of the collttove.-sy lay l.G the l.IAclur rac:ma1 cu
euatsu..ucea .&ad .ill Lb.e .iA.u!&qu.&l:e ll.aowle.dse ia so <UZ&lI.Live
alld complex .. q:lbem. ~1&llY iAdtyidud e.xperieaces~
c011tndlctCXJ .md. Ulme concJ.lW.cD.a do l1lX apply to i.Asu1U
Uoa.s euewhere. F'in.ally. me poslibUlc1es and, llmion of dust
removal are not wwed correctly. eveft today.

14 1S63. the two Trade A$.$OCialions of !,)perators of S1lcb
equipment (me -SuIiCesf.aclu,bteUung SUasfenOau- in the
"!UUptvetbaad cler deuuchen Bauladusute.· md the '1hlnda
arileiugemeWctl.4it-derVereiAigullg der Teet- WId "",halt
makaclo'lm l1crstellellden Filmen-) iniuated research to resolye
these buie: problems. The pto)ect ..,u offered to tlte -Haupt
abceil\IA~ \\'lrme- \lAd iC.:aCt'Wimdl.&ic des TtJv RnelAland."
This large-sc:ale projel:t..,u LntencledtoexamiAe. unprejudIced
by. mc1 In.de~el1d4nt 0(, .111 !'lttheno kllOwn d:ua. tlte expected
dUlt content in the drll1l1 ....ute gases. d1eU' cepeadeace on
sUtting Inacetial .lad the malUlfactured miXture. dle ","Ulc
properde. or ~ese dun' and. flnally:- dust removal. u prac
ticed ~ -raf; - The problem Q( drum IIC111'z:'tion. the tesulcLag

. VUlC-SD qualUides md concildcllS. etc.. were included.
no lneasuremenu ~ere cmied out in 1964 .lccordlng to a
sc.m~c1ized i'rogr~ln. in 196.5, tlte resuUs were used to pre
pare me draft (or VOL Cifeetive ~2S:S -Emission llmiu. pre
puation and Inbing ?lanu (or bil:umillaus road oUilding ma
teria!s.· The nnal version ..,01 appear this year.

Tile number o( sue!'! ~repuation pla.cu operaced in West
Ciers21uy by these iI..UOCiations is estimated .It some 1.700 10

1.aoo. A Attlresutathe cross slletica cIuougb <LII these planu
aceord1.ag co SUtistiC:a! prilleiplllS wu llOt possible (or vatioul
re.uom. Consequ=cly. d1e ;I.u:au co be lllvestlgued ..,ete
selecmd by locallty. raw maCett.l. size and diiCerlAg levels of
equipmel1t. so thac tbe meuuremems were surlS to Pto'l1de an

. extellSive view o( practical wor\(inS cond1UoftS. Maximum
drum load ..,u agreed !I9On witb tile ope.rUCHS (or thIS purpose.
or this tnvaug.ltj,ga. ano test oays Wetlil a4apted to include
whatever "'erlS regarded u the mose interesting :nl.xl:Ures.

Ttle remI" of tbase nne systematically pbaaed.md .
impleme.'1ted series invutigation. .1 total of 35 lncii'lidual
smdles .&C 10 ?laau. are represetltad.in Tables 1 to:1. They

-proVide .lcl.ar riew ofc.'\e QUSU IUYiag mlSdrumlwitl:l me
wasce gua. betas subsequanety almost coml'i&tely retai.Ded
in th4 dllst eoUeeton of tile fine aad secoQd nase. a smaH
cUidu~ beinl fLnaUy emitted Ulto the. f~e au.

These series invutig.ldcllI !laving been eompletlld, it was
o( incerest to compare their resulU witlt dau. obtained (tom

-t1umercus O1:Aer sNdie, Ul simUar planu. They ue values
obtai.Ded at many places in emtssioA mlSasurem=tI performed
It U2e behest of the auctiorities. Table .. sbows me results of
83 weft studies .i.A 2'7 pl&lSts. nese meuurements were made
a..alible co the wtlux by various imtimtes.. The many
blank nelds lA this cable (Tl.ble 4) ~llieft wu compiled
according to the saIne scheme IS Table 3. empbasi:e lb.a
iAc:om~leteness :i oW' kno..,ledge• .I siC1,lation which is quite
iAeviuble wlleft eva1l.l&l:ion is based Oil conveftciDnaJ emission
daea whicn, though I1UmetollS. carry too liCCle information.
The series investigation !:las cbe further IdvmU!lil ot noci~ the
!,)cc.uiDaaJly lUgb QUIt eontent iJ.\ the fa.., guo

9
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TABL£1. Drum shes of tile pl~IUS acd .XlIti4' .tuse colleCtors

'1me Dfllm dlmelUiollS DUll collector
Coasec. No.

Ml.Xtute maaul~clUl'ed .DJ.lm. LerJgtll
ibced

No. mel tesl cap,acttY btsuge 2ud tuge
No. (m) (m) (t/lu')

1-$ AI-A5 Flae upb.. CQQcr. 0/8 1.l'S 5 30/40 .. cyClones. 700. Wet scnabber

S 52 f'tru: upb. ccac.r. 0/8 21 cyclOl'.\es. 410. NOh, :1 .. .. .. .. l.a t SO/80
8 1 Sue 0/30 .12 cyclOl'.\es. eoo.

9 Cl
rUse ISl'Q. c:oac.r. 0/8 2.0 a 60/80 S cyc!OIles. 1.320. Wet u::ru.bber

10 2

11 D1 FlA. upb.. coaCt. Oil
12 .. • .. .' ...

1..'Z$ 8 10/80 2 eyclOl'.\es., 1.,320" Wet tC"llbber
13 2 Sue 0/36
14 :I .. •

l' 13 B14det 0/12
16 1 B.a. OIU 2.0 8 10/80.. Swface CClOlu f'abtic fUtu
1"1' 2 .. ..
18 r1 F'l.11c aspb.. COIlCt. 0/8
19 :1 .. .. .. •

S·cyc:loaes. 1.000ctIJJ IS 1:5{100 Wee tcm.b.bet
20 2 Sase 0/31
21 .. .. ·
22 (;2 no asptl. cOller. Oil 2,0 1J 90/1:!O' .. cyclones. 1. 180. Wet scrubber
23 1 Btader 0/12

24 HI Fine. upb.. caner. 0/8
2S 2 .. .. .. ..

1.8 9 3'7.S/50 IB cyclQl:lcs Wet scubber
2S 3 8i1SCl 0/'15
21 .. .. .. .. ..
2S 11 P'LAe aspb.. CDacr. 0/8
U.. 2 .. .. .. ..

1.8 9 ~/80 20 qclQQCI Wet sc:nd:lbe:
30' .3 Blade: 0/18
31 .. .. ..
= 1C4 flae uplz. conc.r. 0/8 2.1 8.J. lO~/UO S Cye1Ol2es. 990. We: scrubber

3::J -3.5 I(1-K3 B.a. 0/:.1:5

\1hel1 CIU.lmetsting the (acton whicb .ffec:t dv.se. c:oncent in
dso W~tC gasa of me drum. tM tequeace is quite lmmate:ial.
tor III practical PuqloseI. thae (ICton act simultaa.eously aa.d
I.t ts ftOt immedlauSly clur which. are tbe mote i.mporwu:
ODCI. U. is. boweYet. ceruLtl aut COl2tettC itlc:reua wittl dze
quiUltU)' of fia.ely gt~ll(ed "caw material oecuerlcs dze drum.
11lis qu..llltity is determitted by tn petcem:lIge La tbe starting
material aa.d in tile lnixcure tw'lleo. Ollt, as well as by tbe u
terJt of production. F'urcb.cllmore. the ty~ of rtlCks wltidl.

c:::sck .hr:n heated. Ire e.lSiLy ground down oy dte motiod of
dso dtum lAd tend co form .. great deal of dust. rloally. the

exc&t, .Iii' witb. wblen. dncms are operaced puy' "role. The
qUlAtitY al w&s~ gu is l1Clt O41y deoudct on lb.e mandai
IOld of the ~. but also all d1e COs COD.terJt cb& e~pmem
l1aI beell ..~jlolSta4 co.

Thete is 110 UDiformity I.D me termiaolosy carlcemillg racks
ud mea gra.au1.uiocs. raw material iUld the filliJb.e.cl product,
ne Oll4l:ratan refer to the f!QisMd proc1uCl: as b.asa. biadv,
aa.d fiDe eonctete. re1pClctively. !A the "Teclmic.al Spet:ifica
t10as lAd Directives tor the ConstruCtion of Slru~iQOUS ltQad
Covers." the rO~allel1 "TV bit 3/64" i.ssl.led by the F.:<1eu.l
Mi..l1,buy 01 Tr:uupDft. Road. aUi~~l.ng Clvision. Ib.a following

are dlsting\lisb.ed:
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TABLE: 2. The 8UtluluiOtl compoaeau of rocks tit the mixtlUll maalltactur.d clurl1lg the telt
(ba~a1'lce llP to 100'" ls made up by nller Icd bi.n.der)

n. upILIit ellQQ'. 0/8
5/8 .. 3"-
'US "3",
0/1-3",

naa apIWt COIlIICf. 018
III .I!"fo
va"21'"
0121t~

0/2. ='"

nn .upl\au caner. 0/8
$/8 • =or.
va .,",
Of2 .2."
on • ,v..._-- ~-

llia.lter olLa
12111 .3",
5f12 ":0f.I
va .1"
0/1·3....

1_0/21
W2S" 300r.
8112 11 21t'5>
311 .~
0/1 .3",

.... .uptI&k CIlGCf. Of'
I/s .. m
va-="
012" C'Io

a.ua 0/;$
12/;$ .......

'/12.~

'JII. "'
O.09/'Z It tlS'lfo

TyP'l of rodl

.. ..

u-." ..
.. 1CftIItIiltJt. _.uMlI

, • IICI-.lrlp

nn ....k_.OIl

II' .. 46'"
2/5 .. -

• ~••IIG"'1IIlcll fua .......c:~ -+......__~ _
G 1 lllaclel Q/1:1 •
OLlb_~. 1Iu:Ded 1/12 ... 1''''

.. .. .. '18 .. 11'!\1
1/S .. t:rt.
OIS III 40'10

'1<14

.. ..

.. ..

K

UmCII:IIU _ll1S'. w.ubft
-- ~1 1l_~Ii·I$CfllmUl1p

t :J.4
Llmafl:lU dUppll1,l. lIadll:lS. .' ..

12IU. :21...
ala -I",

218 • n'lIl
0/2 • 1::1'"
0/2 .

0/0.09· 1"llI

1/12· '"'
1/1- 11"ll1
1/S - lJ'"

0.ClS/2 .. Z'l"llo
.. .. 1",

12/::1$" 40:1'"
--1/12· 11"'_

218 - ,"
0.0911 .. nor.

F1lI.e .upt&. COQl;t. Gill •
IowclUppooeQl1l., '" 1.. bl&bdUpp. c:oac. "':

5/1 • L", • 3",
21'S a 1", • 2.S'Sl
Of,l-:I2'S - UI"
O/:J.:sn. • M

F1M apb. Cl:IIlICf. 0/8
5/1- 1"
2/"·1",
0/5-.
O".aM

,m. .upll. c:cacr.01l b1sbc:llipp. c:oac.
311. S~
0/::1-_
GIS a U",

halnG
If,la·l0",

ha 0/:4

f1lIe upb.-. lUI lUSh dUW. c.oat..
$/8" U,"
2/S-28",

O.ClSI2 • :21'"

8l1ldcr 0/12

oo~ •

12.3
IWit tara.11aI cllipfi:lp. - ....
... .. s:crcaWlp. •

llbiDe .....

01.4
lI.u&l.c dlq,ptq.. w.uDR.. .. ..

.~ ..
A RtlIlul ....

A 2.~

IllSIt'lIIlaaclIauacllip,. wasW
• • • 'It •

.. ..

..

.. ICrUailIp • 14"" 0 .......

Ull4 (-"cI)
D nn.,

02.~

l:uait cIlipplAp. ..

•
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TABLE S. Result. of .ulu Iny.nlsuloDI :U IItldl .. It 10 phDU wll" ,uDdardl&ed m....nloB pfoBum. ldcluleal
lnllrumenca and peuonnd. Phnl .n4 raw· muerlll ac:cordlDB 10 Table. 1 and t.

--,--r-,-------...,.------------...-----.-.----...----r------
Upllf. of Jbe danE CollccEor Dull colicCla, "I llISC (dryt Collector 20d 11180 (Wilt Upillcim of .hc .lIck

..

II
U
II
at
II

tU
IU
au

110
IU
au

II
II

1:1
II
U

10
U

:u
u
u

I.'
1.1....,

n
II••

101
101
101
101
'01

141
In
112

IU

'I'IU

IU
IU...
.U.u

"I..,
....
IU
,It
'1.0

•

lit
Ut

It.
IU
.U
IU

.1.'
4)1.U
.u
ua

.11....n

nonc_bllnK

011. • ...
01.. OUI

oon 011)
OOU oon
0011 o.lU

0... ....)
lUll ..lOt
lUor 0211
01.1 UOt

........
lin 0.'11
0121 ....01.. 1tJ4
0"1 '.on

11.1
lit
.1.1
IU
11.1

n.n.

.1.'...
I"

.u

.11
41.)
UO

doWDalI.ahbl collector

•

".1
IU

•u
uo,u
au

.6.1
IU
no...
IU.,.
IU
IU

nit
u41
SIU
1.1••
UII

~;::
uu

....1
lun!~I

1)0

:;: .
'11

40wmuCi fa of tbe colleclor

til
2n

tJ

I
at.ll
2n

~u
IU

DUll conlcnt

I'"
14.0
IU

:~:

:::
tal

t
u
E

~

•a
J
4
I

-- ---- --- ------ _ ----- ---II---I·---'---'-----..l---I----I-- --11---

; .~ ~ ~:~ !!! !m !~~ ~~ :·:t m
• n. I.U ~~ I 0.111 I ....

----I- --------- --- --- --- - ---I·---r---r--.,...---I-I---I----
I CI ID .... .,. ..... --Ul.-"~ tll lGO

II' 'I II) lU 11.\ ,n liS .n t.n UI

~ ------- --- --'- - --- --- --- ---I----t---I--~I---1I----------
II 01 ICl ,., no 111 n ..... SU •.11
U litn t .ft. nil ... 2111 ,. .I", .... '.lI
... :I 10 tU v·a tU U . ••• U. U.

I' • a 10 n.1 -;;;- ---;;;- -=;;;- f.Oolcr a -;;:;;-- -;;-I' • 10. ,ou .n.n ,..IUI-lad no 101
n a It 'Ut .10 IU cc...1f su n.o

------ - ------ - --- ----1---·1--- ---1·---

.u
au
III
201

IU
I'"tn
:11'

IU
,U
'"~...

'J"
27.
JU
IU

II
U
14
II

u
U
11
sa

1.1
U
U
U

u
U

10&
101

II
JI
II
11

II
II
U
It

I.

"n4)

II
U

"II

It.
In
.11
IU

.............

•••.n......
...
It).".U

IU
uo
ua

'I'no
n •
IU

....
IU
ItO
IU

'14,.....,..

UN
o.ln
tUM
0101

oon
0010
0..01
01'1

oall
lUI....
«lIn

0110
01••
USI
out

00"
un
oon
00'1

OUI
OUI
'IU
OUI

oJill
0.220
O.U
0100

U.
IU
lU
an

101
tDa
to.
tH

IU
UI
nl
In

....u.
nt
UI

.a..oe
11.1

...
• U
IU.U
••••.U
10.
.U

III
IU,.U
.1.1

....
411
U.

:: f~ ~: ~:~ • ~: .::: :: :~:.. .'1'
to I~ •• 1 .. ft --llA-

II
., 'I-~'.'+-'-\-_-'!I:lI~ln!--...

11 1-=--4-1-=-1.~ aU n I 2U 14'

_ia~J:_'~~nl>~~!!... ±~.~...~~~~.~.. :t~..~.,~"±~..~=l~..~1.- .... -1'-'- -.-.-.-'1--1-.-.-11-'-1-'-1-1-'-,'-1-
1
--.-,-.-11--..-.- --Ja- -.-.- --1-1-.1-

J) lift 'I 'liB --JU .... -u- n. ... u.a U. 1.10 IU .11 II U tU
- -'1---11---1·---1----1---1---1--'1---1-

:: K~ ~: ::.~~ ::: ~:; :~ m ~U m
2' I Ii II" 20. 211 n 21.1 u. 14.
21 4 Ii 1)10 UI 211 .0 U' 401 IU
-- --1"'-- - --- ---- ---- ---- ----- --- ---·1-----1----1·---1--- - --- ---- ---

II J' .0 1"1 141 ~I ~! a~. on I.U
It -i .ii JAil 1--11' n. ... n. ~.a~ te..
:10 .. .4 I n , u ~ II' ,. I • n . 110
:II 4 .0 t.1l I" UI •• au Ull 2U
-- 1- - --- --- ---1----1---1---1---1 1-_--1-----_

SJ •• ... 'Or>, --l!-!-- --IU.1_ --1OL- ---t'" ",. I II
U • U. t52 UI. tlaa IU 4).1 .11 l.t)
24 I na tn 112 110.2 til In u. an
:I, I n. aU 'I' 110 J 20. 41.2 412 HI

(These Data Used in Tables 3-6 and 3-7)
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Figure 1. Wasce"1u qumWy af itl.c dryUl8 drums 1.1 & Cuctioa
of mL:li: producdcll

S/8mm :~
2,/$ lDm ::S."

• , I I I I I YI...,.!

- t max.l......- , t

- I I , I ...... ,, '/ I J,..o1
I ~'" I [.,!"'1verase
1" ~.... I I , -

/i .....~ .. • I W .:-1

V ,a..f1 1 I ...!-...... '-1 I miQ.

" -r -, f I I I I I:;.00":--

tD.creue lD .ucendl.cg order. L e.~ (rom· -base· vt.a "'billder-
CO ·(iDa concrece.- CQmpued to cllese "alues. the dun COll_

teal for wubed mluutal is almost insignificant. Hlglt dust
coater:u vallles are there{ore app&relluy associated wim me use
of II.llwashed raw macerLd. A I:larizoatal comparison of Vllues
iD Table 6, wttll NO measured values for hal(·w,uhed materi.al
la the flae-concrere column is very interesang. The mitRQ

toward <illft la.creasc lItith risi.ng fines l.r clearly ret:l:'lgniuble.
If the lUgh dust cotnem 01 lIAwashecl raw macerial l.r due to

Ibe lla.est" pulvendenc p&rciclcs. aD idaulcal Of at le:il.Sl
slm.t..1&r sUt.w.l.oA sbould logically 0Cl:lIl'. wbeQ • certalA quan
Uty of IU1et l.r added to w_e4 raw material. 11Iis wu iA

"esdglfed 14 the test series Dl aJ1d 04. The raw macerbl 01
ebe lUSh chipplags COl1tecu: Clu caacrete I1a4 tba following
compos.Waa.:
1. basalt ~bippislg1. 1It1S11ed
2. basalt Cblppings. washed
3. bau.ll cbippin81 + US-,. lWW'al

J&GG. lUIVuMd 0.6/2 mm : 2o-r.
4. umral wad. IlDwashed 0.09(0.5 mm : 18.,.
5. IU1et 0/0.09 mm : ,.,.

. ED test D1. ttle lut two maceri.a1a, jobldy corut1ml:1nB 2.510
were OoJy added to the mizture doWlllaeam of the <lnIm. tA
tal D<4 they Wete ptcsellC tA the mizl:lU'a {rom tbe begiImi.D.g.
If. for the sake of rimpUeUy. we term tItem fiaeu compollenu.
dzo Collowtng Call be swed; dIw: COIllaR of drum wuee gues
wbeQ mamsf,le:tUlirl.i flDe CODcretlS vim p&n1&Uy ~asbed raw
mauna1 was

. Withouc flaen cClmpcmau ::1.4g1arSTP.
lItith thl.esc cl:'lmpoaenc 116.S glm" STP.

la (act, d:!J.I rebtiol1 aa:ains the ume order l)f magnitude:
as thu resulting {or w.ul\ed and uwashcd st:r..l"CillS mlUerial.
If the fUlu 11 added to the drum, the dim comac of the drum
wuta gues can Ulus be compared ",1m that wing for u
wubed swtUlg material.

Measwed values related co the type of rock \lied appear in
T4ble T. The fOllowlag materi&l.s were used {Of aze compari-

Tha f1.Ile paRiele c=mpoaeut of the rock miXUue to be dried..
IS adjlllted. (or the practiJ)ecl parUcle muCl:lU'a of I SiYell mix
DIre. C.aIl be uJUlD (rom the d.lu o( TlLble 2. 11 these values
are c:ottelaced lItith the dwI;-e:amau figures In TlLble 3. ills
.a dw: the n:mltiDg T"ble " sbc:lws only • mirlclc' UlC1'ase of
dusl CllIWl:AC wlm risi.D.g fine particle compoaac. This becomes
~d&ble. whcQ IlOWsg dW tb.o raw material IS
melluoaed 14 Table S is washed..

The rmge 01 fiDe parUcles wi.ch a lower limic at :cro Caa&1OC

be usasc4 w1m cercaillty. slDce lUlidw' the propontoll of tb.o
aear-zero parrieta. nor their actual pmxtmuy ~o &uo ate

Ialowo. Howevu. i.l we separuc the so-e.aUed CWer. i. e••
cbe ProPon:1Cl1l b,uween zero and 0.09 mm from dzo Itne rmge
a - 2 mm (achieYed by. washing the sanel). the Sfl::nl1atlOIl of
dle rasidue c:a once a§aiA be Clearly ':efined. MauuremellU
"".tft,at this granuI&tioll does aot 41pparettuy !lave a greater
slw'e ill Qlul formacien ~tlan edler eoatlu-I'&:dculatu:.- xt
makes 110 dlfle::ence ...hcther the mate:ial..mizture tun through
me: drum is for the basll. the binder. or the Itn. upb&lUC
COGCfete; <lusc ccmrelu remains 41ppfCX1mawy equal i.l my
wubecl material is used.
. At Call be seeIl (rom further evaluattoas. the usumcd l.a
RUa:lce of rock~ mel of t1u: granutatioas processed are of
secoa4.uy importance. compantd 10 die quesciD.ll as to whemer
t!2o rllW material ls (ree ol the smallest pall1cles of the filler
size. tlucugb !lavtns beu fed eimer alter wuil.tslg. or eJse wi.cb
ClUt add.lcioa orfUJer. Mledl.er me latter procedun! comt1Qlles a
gttnll1ae alcemaCl.'1e to wui11l1& remaLas to be proved. Tt1e
measunui values tor duSI cClIltent ill drum waste sua. 'liMeD
La T.able 3 tUll .appear u .a eoafusing jumble. assume a clearly
d1scernible order wilen separated u:cord.illg to wbetl1er wasbed
or W1washed raw materi.at wu used Crable Eil. Tbe filst
columll Cl:lttcspollds to lhe data (rom Tolble S. In the third
column. wtucll represents uowasl'1ed material. "remamable
difference appears. The <lUSI =nama are au mucl1 higtlet aJ1d

1•. uplWt bbldlU
2. como uphlc1c cOllcreze
:I. flDe lSilb&lUc COllCNCe. law c:llippillgs come:c (%0-:1:5"

c:blppi.Cgl)

of. nne asphalUc COllCfcte. JUgb. chippiags COIUellt (3S -66'"
ch1ppillgs) •

5. sl4d asplWc.
n.a (oUowlag raw mueri.a1s ate processeds

Sallcl; I..e.. millcra1 m.bscaaces 1Itllidl pus the 2mm
mah sereu _ ate lUIi.Cecl by t!l.e 0.09 mm

Kreat...
Cllippl.ll&1t I..e.. c::naiIed nlCic. d.:a2-~mm.
'Iller: L 8•• lDiIleral subsUllCCS wbich pm tb.o 0.09 mm

mesh scram.
%.Il dlese lDYesdgations tb.o t'ta.e COllCteCIII had I parc1cle
~ of 0/8 mm' tb& biDder 0/12 - 0/18 mm. I4d tbe
bases O/~ -01= mm. T1lese zemlJ wLll be nuiDed below.
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TABLE 4. aeuUu of emlulan mllluueemcnul 83 lludlCl In 21 Inuallulon•• canled OUi at Ibe bcbeu of Ibe ... ponllue,
ll .. lho.llle. b, " .. 1011' Innhlleo. Wllh dUIc.loa mouurllll jo..... meou

UpmUln of abe Dull collceux hi .IISc. Dull collcclor tnd lIase Upurelm of me
dUll COUCCIOf (dry) (wee) .llck

downl", 01 die collecto. dOWIlIII. of .be collcclor ..,. ;0
l! ;;. JZ

Mllllurc Duu UUII Dull 5.. .5" i DO ..::.5 ... "t1 ... ..,.
m.llll'llCIUICd g11

CORU:OI b b coniCal COO'c,u ; u

i,,:;, '# 9 .0.. ....... . ..
Db1 -= Ii ti l! ::I .. I ti IS.!!0 u 0' ...... .. 0' .. D'II

:; f;; lIS ! t- O'f;;z 0 9"
..

a.~ f ~~
'0 :;t .. I E: t

... aU)u z r:oU) I :I t CjQ 8a !E
.. u .0.. ' .. !E u gta E E l!l t: ~ 1: - c: ..

1! ff
E 1! u '\ .!! 11 d'::I :;"0 ...

~~
...

~
..

ti 11"0 .... u u ..... - ~ i ..
~!- -A. ~ ... IlO DG l- I- S: ... 00 00 ... DG ~ U

36 III Olle 0/36811'101 30 10.4 140 16.9 1.35 2.0& 13.6 0.014 0.11& 94.1 .. 4.2 1'"31 2 .. .. .. 3J 1\.0 1:I1l 16.1 1.22 1.84 14.2 O.UI O.'·U .... 69 3.8 Itl
3D ---nIT Bile 0/3$ S,avol 20- lOT 6.21 "Ui - -- -- lIT O.IIJJ 1066 m- - 11-- -

39 2 .. .. .. 20 tU 665 U<4 U.:.I D.aaa 1.1&2 I·U noncllbllRS
81

40~ " 21r ---- - --2i9 4T 0.154 Liii - 2i9-- -Base 0/15 b.allll IUlRI!a;islillG41 2 .. .. .. Hi 2.2 250 4.2 0.90:1 1.111 260
U 61 1iT 207 3lT - - U9 2iT Til 3.41 &i:O 2204 0.348 0.462 83.0 au Dl6r 161""lOI Due 0/35 gr.vet

41 2 N • .. 66 1Ii.1i 196 35.1 220 21.1 I.n 3.18 fU.O 22.1 0.234 0.301 89.4 890 "4 6.1 16.8« Bue 0/25 ]()lfiO") 25.l 23.6 2i.2 - ---- 303 Tf3 UO }9.1- 61 or 2iTKPI
RODCllhliRB45 2 N .. 30150") 24.8 12.8 1Ii.1 JOJ :l.U 4.11 11.4 60 U 24.8

4i floe ,upb.Concf. 0/9 61 2i3 - 1--- 3Ti" 8iO 31.8 10.18.. J0.243' 8U 81.1 86 -r.r 2iTteal
U lRI O.ne 6/a~ 8'.IIIei 38 12.2 U9 IT 1iO ""ii.if 1iiI T2ii6 8ti" no----

48 2 .. .. .. 40 12.1 fU7 9.55 112 flU 1.121 1.609 fl'.' ROReI Istin.a
112

"""ii ICS1 lJ;nc 0/35 Ofilvcl 46 1i.OTIT 21.4 246 2iT TIl -;ru au -m--- --mr
liO 2 .. .. .. 45 I" 100 18.9 2J8 266 1.13 2.H au nUlacllblhlR

238 14.1
'"iT lTl Sasl: 0/35 g,.vet ----u- "1"i:6 -iOJj \iii 1iO 20.3 O:iii 0.878 SIT .1.1 1"211 •.'" 6U 81.1 """ii9 -- ""ifi""

52 2 .. .. .. 50 134 14.10 21.46 163 2.... 0.79J UClB n, UU 0.440 un 4Ui 81U 124 114
6i

I

"1T.i"" 21)5 ""iT 200 2f.O 11.1 "iriiOi" D:iii -- -,.IT 1203ItUI Due 0/3~ 8.lvel 43
64 2 .. .. .. 41 11.9 2411 U 191 21.1· IU 0685 0895 68 .4.4 12.4

65 ---wi Sa5&,! 0/:15 grav..r ---;0 "TIT lU o:u 0.218
nOlle a; IIlIlIg ~or "TIT

66 2 Filii: .npll. COliC•• O/K 85 11.9 1<4.1 O.44J 0662 55 0.4 H.9
6f 34 """fiT ---- - - B5 liT---- 17.8 0.051 0.070- --ifIrliTItWI !Sase O/351r;avel
liB 2 .. .. .. 34 lU 82 20.3 16.3 0.OS8 0.011 56 2.2 14 It

fi9 eo "1iT-- - - - li4 4iT -- ----3i8 o:iii 0.268 - - ""'""ii"" 4r 2iTlXI Oase 0/35 B,nd
60 2 .. .. . 80 303 no 600 38.8 0.199 IUG8 88 4.8 2!U
Ii 28 liT -- - - -- -ir liT-------- 0.282 0.314 ----41 '""""fi) --ltV, .", illpb. COliC•• 0IB s,y

CI2 2 11;'11: 0/:1... grulli 30 10.2 u. n., 0.,:" 0.•6. ,) U
61 :I Dill.....:r OJ:!5 a,nel 30 16a '5 flU 0.081 0.101 41 2.a
64 " .. .. .. 30 no 80 22.8 0."2 IU32 48 2.6

65 ndC ili(ih. concr. Old -- -- - - ------ -:-- -- - 11.4 D:iiO 1ffiO - -- 100 68 .....-r.oICWLI 40
S6 2 .. .. (mora11111) 40 1U 0.128 0.180 110 f..a 11.0
67 KW.... Bue 0/36 Buvel 60 21.0 0.062 0.015 ££ 3.B 11.8
68 2 .. "' M 60 2U 0.106 0.128 65 3.6 11.9

i



11.1 ,It .• 196 U 0.381 89.4 60 21.8
lU Ii '4 0 188 U U 81.0 0353 83.8 99.4 1i6 209
18.3 II 16.0 214 3.6 U 11.2 031i1 &3.1 89.1 68 20.'
18.3 '·114.0 :100 U 8,0 8U o.:J46 OU 99.& 60 20.8
18.2 61.2 :104 3.4 15.0 91.1 0.320 8U 996 68 20,8- -- -- - -:rr- -------- - - -- o:iii"--9iO --n- --1IT

u 0111 8!U 61i 20.1
•.2 0.096 18 8 a4 20.1
31 0.161 988 61 21.6

I 1.1 0.163 99.1 60 21.1
~~:-.----~------~~~~---~-~
..' 80 3U 0.41& 0.494 60 26.8

80 3... 0.298 0.355 6:1 26.6
1t6 31.8 0.614 0.6U 62 268
160 32.2 0.311 O.U2 66 26.9
fiO 31.3 0,140 0."0 40 21.2

td
1
oolA

at HMLa fine: .sph. CODcr. 0/8 40 13.1 ' •.J 1.41 10'1 111 •.• 13.1
10 2 Binde.OII6 40 11.6 18.1 2.15 UO 168 4.0 11.1
11 HMMI • 0/12 28 8.1 11.4 I,' 14.' Done_hdoa 318 7.2 U
U 2 Mluu.c 0/8 36 •.1 11.1 10.' I'" 239 4.2 ...
13 :I finc .lllph. coner. 0/6 35 11.8 11.2 IU4 211.0 220 :1.4 a.

14 HiiNi'" fIRe lIsr2concr. 0/2 61(601.) IliB _1---- -1-61.1--rii 1.&8 --.--,.---r---J--_I---.........,,'O-:- -u 53.6
15 :I Binde. / S 120' 34.' 0.492 0.184 49 6.8 29.4
16 HMO' flnc lIspb. conc•• 0/6 42 2'.' o.3D4 "U'3 dry ef:U I~U
11 2·· .. .. 40 25.3 D.H3 0.814 pccl~ 101 6.0 184
18 3·" .. .. U I 24.6 0.624 0.890 tl8 U 113
19 4.... .. .. U . 214 0.148 100 110 U 1.5

80 HNll IUnder O/U 411i3 24.4: 712...a;I--·....."'=.=2-1-2~6::-:2~ 1:ii -- err -- 1103 1iT"
8. 2"" 63 2Q.J 21.1 tl8 80 2U 2.04 80.. .. 20.3
82 3 FIne. 8~aYcl 0/3 n 200 ta1.O 122 112 2U 26.6 81.1 .. 18&
Bl 4..... 48 200 IflU 122 102 26.0 20.4 812 .. 19.2
84 6 Blndr:. 0/18 48 tOI 28.' 3.1S:I 20.8 083 80." :U ••' 19.3
85 8 Fin,.} srnel 0/3 18 I III 25.1 11.2 21.7 2.01 80.7 33 H .1 a
86 .,.... 65 I 84 In •• 3 20.8 2.11 81.2 33'.. I. :I
81 8.... 68 I lJ 25.5 18.6 23.8 ua 8U 29.. 203
8i HNUI Due 3/2$ 60 - -- -- -- --i-""'2ii'" 0.8 0.2a2 ---:-n- 3T U.S

89 3.... 60 24.1 0.201 0.269 86 .. 19.4
90 2 FIR~ .Spb.COAcr. O/B 80 2-4.6 0.616 0.710 61 .. 19.8
al 4...... .. 80 26.0 0.204 0,280 1& .. 19>8

lff HNNI Oasc 0/25 10 -- -- -I'- - ---- -- -- - -- -rr o:ili 1i3iO---- -.r 'il'02----rr
93 :2.... to U 022:1 0.260 42 H 4.6.4 3.... 10 I U 0.1161 0.•10 102.. U

96 Sil I tiAe uph.eoncr. 0/2 40.1 12,3 -- 'iOiT 243 ...... -- - - a:r "'i'iT 21) 3iT 8i.I -m-~ 2iT
96 2.. .. 41.6 11-8 811.8 23) IU &,1 82.1 2.' ".2 84.1 122 24.&
9) 3.. .. 41.5 IU 811.' 881 211 U I.' 814 U 25.0 26.0 123 24.15
98 . .... .. 45 110 8604 264 U IU 91.0 1.1 39.8 84,6 no 23.1
89 6.. .. 40 IU 1020 236 lU 6.8 9U :U$ 12.8 84.8 HI 24.1

100 8.. .. U 116 1460 231 C1.2 8.0 84,3 3,4 13.0 95.0 116 24.1
ill Siiii lIindl::r 0/2 diabase 85 ""if5 -- -ejT ill ""i.'1 -- - -- -- - - -- "irfii' -- 8U~-- '2f.:8
102 2" .. .. 92 11.& e8.3 t.' 4,0 0.369 99.6 60 218
103 3 'iRC lIspb. cope•• 0/8

dlabn~ . 13
104 4 ~;'.e 0/35 UmaliOllo 83
10li Ii.." .. • 101
106 6...... 8.
101 1...... 8a

iOi SI'H One 0/35 a'avc'· Jlj,
IDll 2...... l'
lID 3...... 16
"I 4" 0/26" 68
112 ,...... 66

ill -nr Finc asph. concr. 0/8 66
114 2.... 65
116 3"" 66
116 .. Dlnder 0/12 60
11) 6 Dasc 0/35 80
f III Ii" 12/2& 65

I
i



••a . !aIt,,, Ld .....U ....1 lid,. 1'"

TABLE S. !(flSU of tbe !'&fUel. compoluuuS 0 - 2 mm 011 clue eOUcIIlC

Mlxcure mll'lu(ae:uued Fine upllaltic coacntce Blmle.r Bam
low dUpp, CODt, btS" c!lipp. cont,

Cassi!ic.aUoa (mm) G/S 0/8 0/12 co 0/18 0/25 to 0/35

Pwelts sizes
« 2mm raw material <1'0' "tOG 48 to 30 40 to 30 30 to 19

Dust c:osueu
far wubed raw matetfa.l

I$/JSTP) 39..1 to 2l1,2 29.3 m22.. 29.9 to 23.3

'tABLE 6. Mea~und Chill C:OIlUllt 111 dut drum wuee sue. for wuhed aad llllwubecl taw
mACerid

Wa!1ad Half-washed Ullwaahed
Dusc cmu:em <s/mSsn) "(strSm (g/fliJ S'I?)
Me.uu.red v&.l.u.es from - to

MIa.. Max. MiD.. Max. MIll. Max.

Fine apl:I.a1c1c CCZLCteCe 0/8 28.2 39.1 69.S 69~9 U7.0 16:1.0
Slllder 0/12' - - - - 89,$ 103..2

0/18 22.' 29.3 - - - -
Sase 0/215 - - - - 12" 93.7

OIt'O - - - - 53,1 ~

0/33 23.3 29.9 - - 43.1 52,.0

TABLE 7. Efhct of rock type 011 cluar collteac

"- Raw lrIacer1.d. wutled

ProponiOll Type of l'Cldt
Dust comcac

0-2mm (111 propo.R1oa of <lull CODteDC)

'" or. gjrzrm

F1Ile upb&1t1c: COllerete 0/8 "W 32 Mora.i.ca. screml:ap 28.3 to 28.6
low cbJ.ppings COllcam 32 RJziDesa.ad

Fine upb.a.lt1c CODcrece 0/8 W 32 Bl.uc fumace 11.18. sc:reeui.Ilgs 28.3 to 31.1
low c.b.ippillg' COllteftC 32 Rbme Wld

f't11C upbltic: CCtlC%ete 0/8 3~ 15 Mora.i.ca. scteWAp =.9
!dib clUppmgs COIlteAt 20 aI:Wul W1d

FIDe upbaltic cCtlcreCIl 0/8 51 29 L1matouc. ICl:cClliDg' 2lU to 2S~'

JUah chi.pp1llss COIlCeac 23 Nal:llta1 WId
FIDe upha.ltic concrete 0/8 48 2. 1J,matoue. scrlWWlg' 32.8 to 39,1

!dib clUppmgs COllCellt 24 Blast (umace sl.lg. screezW:tgs

BlAder 0/18 30 30 Rbmasud 22.4 to 29.3

Base 0/33 21 21 Bade, screeniDgs. ....WI. 1/. t1aaual
2:1:.3 co 29.9

sand

16
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.... '.,It W ....n ...T 1'Idf. un

lISa!&, bl.ISE f'urD.ace uolS. U..muone. mdl'.a.Iu. llieuta!
saad. llme.uolle.

To 41.1.mit1.ate Llltcrfercllec by secondary elleeu. vubecl faw
alaferial was once again usecl as a bue. ~ite widcly dlrrer
I.1:Ig Pftll'Orl1cllu of the (blc"iralwbte faDge (&Om 0- 2 aim ill
t!lIl stan1ll.g material. _ me:ut.l.t'eQ dLlSt CClll.teD.U sc:.ucely

deviolte. nw meatlS aoe cmly that. in this respect. tbe dlC'"
fer=cu becween me rock types t1'1emse!va are small. but also
dw. bl e:u absolute sczue. d2.eir .cidluaw effect OQ dwt
1a1erar:iaa II quite 1Dsignitlc.mt.. TbLI couJd &.Iso be & c.aa,.

DnDadOll 01 tha ldud.C&1 suiul:lWcy of dacuc mc:lil:I.

•
~ "" I t f

~ ......... • I I ' I

.- .....~·r~ I I I I.....
~ 1·1 i I

," if'r-..~ •
" ...

-U' I I "., 1"11111"1-
1'1 COs CClGt'ellt of tile drum Walee Slsa

The dlffue.at faceon wW have to b.. lDvesdgaced lD (llfther.
sped.a1 blvadiacioas, Due to the gNU lQ.f1llUce of Wlwasbed
faw tnaauw oa dLIIC coatazt. die availabl. IWmbu of uwy . '
complIl'able meUW'ed 'ILlues l.s bladeqv..ue. '1'0 give one
a.vnplet ill die mUD load 'aqe of f1D• ...c:caetee. maauf:lcmre
fftlm vuhed maWi.al dllst COlUut w;,s 2S-39g/nrSTP. III
oae t=r: sene.t. bowevc:. dllsc contlme tay approximately
'be.atea ttlese two 'Iwes. deqlia: .'& materi.al load wbich was
twice as big.

..
'"
1\
~S~es

I I ,
- 0/30 -1l/35 .~~. ,-

I

npco 2. Specific Wille gu qIIuW:y per am of ma .as a
~ of COt cocu:em: of _ dn.Im WUIe gua

, JII ." R III Il1II .wt/br",
II MIx matllat.a.ctlUe

figure 3. Wme gas <tta.lllJicy ot d1e dryU1g dmm as a l1.mccioll
of exc:ea &it

Flgure 4. Panicle sUe dUc1budo,ll of dust III tl:e mlAUl.'&c:ure
of b&al4 0/30 - 0/3$ mm

27.0
49,0
Ul.1

22.0
49.0
12.~

.-

3,4
S.a
U

Tb dmm dlmes1sicms of tbe feD pl.II:la. stUdied La tha ptO
pm .. kao'wa. as l.s cbeU pedormaaca dudDS meuv.remut.
Tb. raced wastci.' I.q Table 1 H! bued og clua suoplied by
qperuon. Lovu swmetic.ll. 'Iwa rapraea' c.i9&Cicy vbeD
IZIllldnS CIa <=Derate.

n: w. a.oc weaded to /.QvadS&te che~p~usa

~ ill die dnum. However. 0QCl may CGlDider mat
lII.ada! cJwsb1s czura .. sart 01 are. load La tha dmm.
SIAce me lane: 'CUtDI contl.m.l.c:m1y. ic is lila dppiAg process
wQ.icb IlILIIC be made rapoasLble (or dLIIC guuactoa... Tho,

q,v..&IIC.ty of muuw. the speed. me hel.glK QC faJ.1 and tbe p&dl.
lalgda p.rob&.bly playa rol..

III cb1a ady tbe dnum wars cb.arsed approximately as follows,

M&cez:I.&1lold [el.lted to

projec=ed area ol dnlm cross
rhe dmm. t/br. trf seCciOll. t/br. ret'

DlU'il1g tbo ID.II1wacmr.
of blllder or base .

aftrage
~

mio1mum
DuJiDg tbo maaw.ac:ur.
of&eupQaW;c COIlCl'C.

&Yf:nle
lbaZ1mam
mfaimum

17

B-IO



su.- ......,..... ....2't ....T lid,.. 111'

The w&sClIlu load of me dnam

II 11 also lmporwu to relo1oce the measured quannda of
waste gaHll 111 the drum to clle quannty of maceri.ll processed.
It gu qU&auues are plaued 'II. productioa. we obuiA Flsure 1.
wQich slzcwi a considerable scarcering of me:lSUred values. A
mean teiaticl1 Is iAdlc.aced by the C\lfO llmiciAi Unes. &ad may
by usefUl tor rough c.alculatiQllS. However. lhe quesQ.oa. ce.
mains of wbetbu a cause (or t.b.e cl:lI:Uiderable scactertDa caa
be 14. (rom the measured results. The Co. COllreDt

wlsLc:b wa also mOUlired. &Ad wllieD cauld CGaCldyablf SIlC'V'8

a .a measure (of tlIa mate:ia.l load/wuce ga reladoa.].. va
fOWlet co cUllu greatly.

TZ&e cIry1Dg process iA tlIa drums Is susuiAed by combusUoc.
Excesl air ls calC1S1ated (rom tbe meUlired Co. COIl.tem: aad t.b.e
cbeore.ticaL J:.- value. wbieh, foc me c:ommoaJy wsd U8M
/be.! oil £L.. CaQ be set at .:lpproximacely IS.,." Upoa calC'llJaUorl.
acesuJr1s iCUGlisboddagly high, HowlIvu.luluscberquded
saldy ID. c:cmrecu.OI1 with cbe spedJlcwondAI process. aamely
dzyitlg &ad llcati.lll at cbe mawta.l for su.bseq,ueatblaun~

Exce:a I1r simultaae.ously senes For coauag and for prClcec
doll. "Sala.sl: aa Impermissibly hip b.eaciAS of dle mauriaJ•.
Nevcn.b.elas. La average lllstallatiClas. exce.a air quatida
c.m sometimes rueD um times t.b.e values ot somo YtU"J gooci
moclenI W1iu. of wbien oce \of" also Lccludcd 111 cbe test" pro
gram.

If' me wda1a qu.am1cy is divided by tbe qIWlD.ties ot tbe
=&tIUiac:zured ma. the effect of the "uyLag co., c=u:m:s is Wus
tracadqlliCe clearly(F'tg\ml 2). The specU'ic\lf&sCe1uquuti.ties
WUII: ill low~lficiel1cyllaUs (1CIfo CO:>. about 600 err STPItll;
ill aYer"ge w:lits (:l"l\l COt). 300 -400 mS STPItb. &ad in ttle
ksz w:lics (10lfi, COz>. about 200 rrr STPItb.. lJU'(erenc:cs iA
tlIa qIWl,c1ty of WUte sues are dll.\IllOt oAiy duo co differing
pradilctllXl Wllumes. buc m&ilUy to tlIa mocla of operauoa af
tbe drum. Tb1s fe&llzatloCl is signUlcaac fer ccACllISiOl1l to be
drawa lacer.

Figure 1 an be complemented by Una (er whtch CO:t coa
teee i.: tbe parameter. These d1ea iDcllcace tbe wute..ga
quanrides foc IoIbicb.. La the individual case. wuce..gas ducts.
dust col1ecwfS. mctioll faa and suck would h&ve tD be cal-
c:u..lamd (FIgure 3). .

The dusl: samples collected dlUtag measurement were sd
Hquea.c1y aAalyud for particle size ustas Cionell clusU'iers.
tD a=ocd.aaco lifith VOl Dlrectlve 20.31 -f'IJwI= DetermLaa
doD of Tedualcal Dust," the dusa were cluslfled accordLag co
cbelr settlJ.tlg velocities ill seeps from 0.2 to U.S em/sec.
SpecUlc "'clgm (denstey or apparent cWtsicy) wu decermiAed
by me pykl10metric metbod. Tbis permlcs cOQvenloll of ehe
settlltlg '1elociEy co particle size by meaDS of the aforemen
tioned direccl'Ie.

The rcslltcs of dt clusiflcat10n are given ill Table e. SCat
CeriJ1g is great. and it is not usy to tell tha sign1flCaQt (tom

11
«1

I~
II
~nde~~i:C;;;}/l2 ~

"'OAII

-, ..
III

rtgara S. Pardcle si:o dlsutbud.oQ of dusl: ill dr.e maDUfac:uro

at bi.llciers 0/12 -0/18 =m

dr.e l1OJUiga.Ulcam .,uues. 1be WlcetUiQues are ereacad by
£be fact tbu dle nJlles of rl1e dull Amples at tbe drum outlet
muse partJ.y bo formed from tbe peteetlCUU summation of
scpatlUed dzm a.ad clean-ga dust of dlc Cim collectOr stage.
AI is "pOWD w, 'lakinl gf I mmJlQlji[iys Im'le 'impIe

Ccpm 3, cruE ll!Jamitr or separated dlac 11 diffic:u1t.

Ploning tis. particle lJ.aes plCduca " coafusinl multitude of
curres. HO'We'ler. siIlce these are residua CI,lrves (Cor defini
tioa see VD12031). the e.memdy high CUl'YCS caa be nesle:ced
II leu lmpon.ml Cor subsequem dl&st remonl. The problem
is noc how couse. but how fiDe me dun is. n.e residue
curves for fiDe dust. however. lie lower.

As sho\lf11 La Figures 4, 5. and 6. ttle p.vti.cl.ll.ltes of dIe
omu dusts are pl'll.ctl.caJ.ly aU in l. r:mge ·,duch. (or an apparent
deas1l:y or 2.S Slem'. can be givea approximate.ly as (ollows:
Residue

:l>l~IU 5S to $
:I> 20" 36 to e:s/f.
:I> .oW,.: 28 to 54'"

Pusage
)0 1011: 4a to 22"{.

»20p: 6S to 3:5'"
)0 ~IU 72 to 46~

IA case. of mae larse Imervals. usully quite adequate i4
practice. tbe aumerica1 data apply bottl to ebe dust dlUtag the
manufacture of bases and binqe:s. a:1d co fiAe cCIlctece•.
Wlcb the l.uter. rItis is not quice true for washed st.ll.rr:1ag ma
ceri&1. tho dusts from which. eOI1ta.il1 las fine cOQpateats. as
is eYidc= fRlm f'lgUN 6.

Dusc :e=0.,.1

The dust c:caeent ol drum waste lues is occasioa.a.l.ly so
I"l"c th&t tbe Ilfutlil-gasnaw is hel<l co be comparable co
paumadc: dust coaveyillg and dust removal to separators used
wlcb sucb. cocveyers. Such compwQns do not apply to Ollt

lll.easu:ed '11,1u.es. sbowing maximum dust coacetlts of
1&0gImJ STP • Average dat emission of me drums (or

B-ll



.,. 99.5
,. 9.,.0

Etrlc1eQc:t: ("/0)

(temporary)

99.9
> 99.S
:> 99.0
:> 98.S
> 98.0
» 9"l'.5

S cyc10aa + wet scndlbea
llabdc tUtu
1 wldl cyclones oa.ly

1
1
%
1
2
1

No. of plallU

3. Botll scaSeI togectser

AI em be U1U. dmc removal IA ail 10 pll.tl.U wu qul1e
sa.dI(aCCOty. HOW'Yer. IS should be noced thac Ill, tut pm
gram did age include the '1m worse pial:!. ne diflerenca
betwelm very good md merely goccl dust removal become
oaly obvfcus md. 1a face. SUikiag. whell cll!l1.t1. gil dua COI1

c.eDC ..her me seco4d uase is exami.DAd (IA ToUtl. 3). AD
eJ'ticlltllcy (Of tb.a cetre ihsta11i1CiCll. of leu ehall 99" ItO longer
"ppun so uem,lary. HowllYV. tb1I is meady lD mdcipa
tioa of the teeomme:ndaciCas of me teClI:DC Eml.aiCld Clteed,ve
VOl 2283 for a.aw pil.tl.U reported e.1Jewhen!..

n. reu.a.tlillty of cycl0tl.c collectors is gellerally recognized.
Aldlougb thei: efficieacy has a uaual Ilmi.c wben tbe particles
become too small. it is quire sulficiesu for may practical
casks. Cycloaes must h.ave specific dlmcul.oas mel be sub
jeered to tbo carrecr: load. The mamafacnatea gUUllDcee
sraced emcleades (Of chci.r cyc1o.aes. oleen formu.t,ued II

foUowa ror Ita.cntc dasu 1a WWll simwoas:

af .., a. al/l >12cm/sec
I SeullaB velocity

-. Puac.le CiIiftiecu lOt 1'" i.B glerrr " 4011
.1

,

7flfI

or. I~

~

~
~,,,, ,

If
o...I..0r lo'o1Shl!c1 r;., maeert.ai_
, I

~~~ I 1-
for lmlol,uned r.a., , ~m.aecrtllh

"

IIff'
III

I'1Jare S. PUI1c1e ae cl.bail:lurioD 01 du.U~ of tbo
cIr:l= !A tbo raaDlllacaue of fJDllI .upI:WI1C Cl:IIlcrcte 0/8 mm

:sa mUIIUCmuU .Ie 10 laRllladaas i:I tl kg gf dllS'S per lOft of
milCs! mamrial. i.e.. 'Z.:I~ the low_ value was 0.", mel
d1e hlgbesc. '7.~.

Wb11e. ilz UIe pasco p1a4" we" exclusively equippecl wim
camrU'ugli collectOrs. modem pl;ana are pmtlicled almost olUY
witla nto-se.e dusc removaL Cyetcila serre II prescparatcrs
ID me tint Wlge. the secocd uaBe be.lng Crequuely a wee
scrubber. Cabric or bulk layer filters belDg &.IsO lISed lnc:re.:ssingly.
II are sometima spect.1 elecerouanc ptecipic.accrs.

or me 10 uaia i.lz the CesI: pn::rg:ant. 8 were equipped .... ith
two-suge dry-wet colleaoa. The aumbet md dlme:uiaas of
aYluu.l. cycloaa CaD be SftZI in ToUtle 1. Olle itlseaU.utCll.
bd oUly a fabric IDtu wteh. preltmilLuy surface cooler, &ad
O8e was 0II1y eQ.uipped wtm a teladvely large number uf
medium...':e cyclcnes. The aTiciRda measured It die plllDa
are Si'tU i4 Table 3. sepa:cruely fot cacb. Sl.lg'l alUi altagemer
fot tbo e=ire <Nn removal uaic. Rafeal.ag co me 10 piau

,, __, ilzvesclgated., tba following C4G be COl1c1udl!d:

1. Cyc:lotl.es of the Hut stage

No. of pia4u Efficiency ("l\r)
(temporary)

Q U) 10
1010 20
20 to 40

&bo•• 40

70

U
98
99

"2
:I
1 (without cyclone)

No. of plmu

1
2
1
2
1
1
2 (wlcncue wet scrubberl

"u
,. 90

" 85

Ufideney (,,)
(temporary)

>98
:> 95
,,90
> 85
:> TO
» $0

Aput (rom uacen:.ai.acy ror tbe lowest puticle sizes, the
nUdity of dlae dar" wu repeatedly.contltmed in"inaumerable
acceptam:e tacs. 1I ml:ll4 data are assumed .as Siven .2UO iJl
dW case - m.e·lUgh clusiey oi 4Iast panicles accarding to
V012C131 or a "verage. Z.SIlcm' favors Aleb m aaumptioa'
mey cm be u.sed to esuJlUsh evaluation faCtOrs co a.cse.u the
elficiltllcy of chase collectors.

to T,OI, 9 tho CACil cfflsieRGtg al "tV'II:, mCj1:tua;d If
the c:ycloaes, .tie related to ebe theoretiCally possible by

.msags pf tbe amicie analyses in Table 8. It is seen tbl in
11 011'7 aaalyzed In''est~aciol'l.l the c.alcu1acad ¥alues were.
at t1mes a::rceaded in practica. A!so. (be effece of puticie
size ia the individual suges all the flaal resule is cleu. The
average o( the tbeoretically possible tOtal elClC:iency is 91.2'\'••
the l~wess value is ~S"" ~d the bignat. 9'7.1or.. Among me:l
IlU'cd vaiues ttLe nerage. is 91.4i1f.: !be lowet. 71.:1"1- and the
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TAULE 8, Putlcle Inaly ... 01 tbe dUIt umplc. In the teu progum

, !f 11
I ';;)< ItIw S'I dun in tbe drum WUlt} g.uos~

g II ..
E p..dcle 111.0 dbtrlbution by seuUng velocity lmcrnlaDun io the drum wasle B'ICI Ilaw mltedal u

Co, c>o. u
t&

~~
...... Welgbl ptoponioo In "It, lellhng velocitics in em/sce

d '!~
ao.. .. ..::II: ao ......

"II)

~e iij :S
A: ~?o "

.... ...
): E Q cO.2 cO.4 cO.8 <1.6 c3.2 <6.4 <12.:i <25.6 <25.6

I, For wasbed raw mllerlal
In tbe mlnufaclure of

1.1 Fine uphalt.lt A4 Moraine tRhlne tllld 28.6 .: 330 2.4 10.6 16.1 23,2 28.6 34.3 39.1 ..e.o 51.1 42.9
c:)o c r Cl C 0/8 ,u" ....." ... I~ ... .._1.... ~,.., .w....~~ "CO

_....
_Po . , . .... .. ' .v v_, _.. _..-

Dl BaSIIt t n~uufll und 33,4 630 2.6 1.0 lU 18,2 22.8 26.1 211.8 32.0 :Jll.2 li1.S
H2 huh ... lime t nnural sand 26,2 ~ 410 2,6 8.1 11.0 23.4 2'1.6 33.4 30.2 45.9 ~').1 40.9
12 Baslh t lime t blasl lurnlce llag 39.1 2 540 2.9 10.8 14.0 11,2 26.1 34,S 38.5 41.2 64.1 35.9

l.2 Binder 0/18 13 Lime t Rhine und 29.3 1 ~ 500 2,1 13.1 29.1 40.9 49.2 58.1 64.1 10.2 80.9 19.1
1,3 Bile 0/35 D2 Bault ... natural sand 29,9 1 630 2,9 15.1 25.0 41,1 58.1 6S.4 61.0' 1i9.1 13.3 26.1

2• For half-washed raw
materi.1 In the manuf.c-
lure 01

2.1 Fine uphalclc Cl 8aSIII t moraine t Rhine lind 69.9 620 2.5 8.9 I:U 22.0 29,6 31.2 45.9 54.1 14.1 25.9
concrue 0/8 ClI 89.5 .- 520 2.5 1,8 16.9 24.9 31.1 31•• 42.6 50.9 S8.9 41.1

3. For unWished laW mateda!
In the nunuhcrurc of

S,I Flnc upballit 83 Blut furnace sl.S +Rhlnc lind 133,6 ~.O 350 2,6 .,2 1,1 U!,5 18.3 25,. 32.1 41.4 56.1 43.3
concrue o/a D4 Basalt U6.5 l.1 640 2,8 16.9 26.8 4l.5 53.8 61.5 61.6 12,0 80.6 19."

F3 L1mcstone 119.1 5.2 310 2," 11.0 19.8 21,1 3S,5 43.2 48.9 51.6 66.9 33.1
G2 L1meuOllc 111,0 4." 260 2.f. 8.3 20.1 3'U 5G.2 SIU 66.1 12.1 82.5 1'l.5
K4 Limcltollc 111.2 3,9 460 2.1 U 2,1 2,9 3,8 4,6 6,3 10.5 16.3 83.1

3.2 Binder 0/12 01 Dlib,ue +lime 103.2 6.1 210 2.5 5.9 16.5 29.1 35.1 .3.8 63.9 66.0 81.9 18,1
3,3 Ban 0/30 Bl Gravel 53,1 3,3 300 2.6 3,6 5,1 '1.0 8.9 10.9 12.8 16.3 23.1 16.3

Bile 0/35 F2 Rhlnc sravel 52,0 4•• 280 lU 16.6 24,0 32.5 41.5 45,8 48.5 53.0 60." 39.6

ITHESE DATA REPRODLN:ED IN TABLE 3-6)
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.... b l !telt!.aft v.&.U NoiIl.1 1lIty. 1.'
ldSbaC. 9'7.4'lo. Mcwl cd m.u1mum 01 the me..ured cow
elliciency jlaR about eqwal the milUl mel muimum 01 dle
theorec1c&11y poai1)le.

Wee sc:ubbers as a secocd stage cUe widely IIICd because of
their applicabiUty also for rute dill" ill the cla~ gas at me
CYCIOI1CS, aad becawe of their simJ;lle design ~d operation.
Patdc!a siZe 11 less decisive CO atta.i.luOle e£lLdc.a.cy dl.m the'

veaabWcy of me dust and the degree of probabill.l:y vim wtr.i.cb.
dle pa.cdeiGi cm lie bl'O\\Sftl I.l'1ta COatlCt vUb "'uer. The
dmpUcf.ty of dcsJp ca. eui.ly dlIpi.le l:flese =0 cW11ClIuw.

TbaI aoc &J.1 wet .scmhbers cu 1)& reaacd.ed as auly efflde.cc.
II Lt '* II:llOUSb CO $ptay W&tu Wougb. llOI:let itlto .. dUll
Lacla S'&KQUS fiow. Heidler u Ie SlIlftcteac co wer dze I.Imer
vaJ.1J &tid parddosls of dle coUeccar widl Vuei'. Too mmy
pa.tdc1es caver re= the walb. tt ls ROW' Iu:1OWG that tile ca
.ited lacse U"* u wb1cb. CCIlw:t CaA taka place CaA 0I:l11
be &CblaYed by cae&as of lAI:tumen.ble lI1I:ra.flAe water dfopiea.
To (eaetate tile 1&Uer. power is aeeded vlUch Is pron4ed
eI.d:Iec by $peci&! pumps .md blovers Ccom dle ouaL4e, or Wten
from cbe SlICClO11 drlle C.mI'. (n both. casa tIUI lawlves a ",
rapollldJAgly tr.i.gh pressure lOll.

III tau: with cl1tfenmt vee saubbelll tIze fal1ovl.l'1g reladOll..
dLt.pI were establlshed:

The fabric ruter La ou of the 10 pLanu ia'lCltigaced con
llrmed rile good PrClperties tIUI dusc..nlmonl system ls kftOWIt

CO possess. At" restsc.a.ace 01180 mm \v(i It rucaes the .
lliglllUC efficienci.es of 99.7 and 99.8"1,. The cCll\dicionins or
vaste gues upstream of the !Utet (Ot protecti.on "sawt UCtlS_
D.ve.iy !ligh or low eemperanltes requites careful pl.umi.ng md
mainte.umce. U tb.ese .are secured, lZCldli.ng prlilvenrs eb.e usc
of such mUles. also of types wWlI.ayccd matl:tW. (n e!l.e
cue a llaAd, chls (&.bric ruter ..,u oper.ued U .. raw gu 4usc
load el 41-80alar' STP. sil1ce tA dle ptel1mia.vy surfaco
cooler some :lSlf- 01 rbe cIwIc ftom dle drum vu l1ready el1mi
aced. At cbe time 01 the measuremena: rbe prep.araci.olS plallt
bad &. drum SU dwc COlill:ut of '72 -Mg/m'STP. A.t tligtu:
da.u ct:lIIClala duI use of & more eneclive tIm-suse colleccct
1s dl.eNtan uceaa.ry. .

4'%te 64

91 Co 98

88 co 89

Il:l. resllCl CO 1u qumdry mel pwc:Ie size the ausc iJl the
v .... Sua 01 the drum utca.cb tIlrough & wi.lia tlAge.: To !:Ie
more spocit1c:. tbree PI" ,re seen (01 au concca.t. lugely
detemLiDeci by whemer the su.rc.ing m:ueri&J. ls wahed. Wl..

vul:lecf. or proc:usacl i4 mi.Xeli compooala.
1. Completel)' vashed. rav m.ue:i.aJ causa the lowest dust .

cm:nel:lI:. Values benteca. 2.2 md 39 glmsSTP "'ete tbwld.
Dua: CClSUeDa: enccuatere1i "'ben ",uhiDg base lAd /:li.l1der ma
rerta1 vere .apprCIx1m.uely LD the lower IWI of thU ruge. """m
22 -:10 gI~S'T? uel somevtLac mgller for Ei.a.e coa.c:rete ..,im
2S -39gl rftJ STP. Compared to tlu meu o( abCll.lt

30glrnSS1'P. mesa dlffercGCl:s arc i"acuc~ly lasigr:ti.ficmc.
2. 111 procesnng panly ",..bed lAd panly Wl,wahed raw

1Il&Ced.a.l. dlaR I:ClQter:trs melSllRd du.ri.ag the mmu(.1.eture of .
f1r&a caac:rete "'eta abow: 101/m2ST1'• .

&4 to "7S 3. Unvuhad raw matarial causa maximum dust lcYe1s iA
-----··-VUUl gases (or all rypu olmix.;--Ousccoacel1l'clsusl!.oIqlly

wicb a growmg prOpOrWl.ll of fLne pWC!es iJ:J me materials Cor
base. bl.l'1der. &tid nne eccctcce mmwactute. The me.uuted
dust CClQcaus ill bues 0/35 - O/2S were between 4:1 &tid
'MgimSm. Cot bl.l'1w 0/12 between 90 a.ad l03g/nrS1'P
ad Car fiDe cancrae 0/8 betwea 117 mel 16:lglms STP.

Far tbo particle U%.es of dlese dum the (oUo"'iag dlsa1bu
doG ca.a be ghalt93 to 98

Efficiency•
l'Deasutecl

C'J,)

('%0)

1515

100

:zao

140 to ao

------------ .... : ....

. Type of sCl'llbber

4. Rotatirl! gu scrubber.
teJ!-ma4e by plme

5. Speci&! type.
mmlllacauu C

6. The same, .
IIWl:UCacmrer 0

1. omy spraying a.oula, sc.lf
caade by p1mc

2. ClmUiller wlrb "uacbmeuu
cd Vuei' bam..
lIluufacuuer A.

3. The sam..
maaufacru:rer B

7. 1IIjecdoa of waeer late coa-
a:r.tc:Uoa elgas now 210 to 31:5

8. Special type.
maaatacauu E 340 co 380 83 co 91

oto 10
10 to 20
20 CO 40

>40

Elficlel1cies are re&J.1y good only ia pima 5. 6, usd. 7. T'I2e
sped.&1 type S rculled ia efficiency Ie the mast favorable
resiaance .lId type 6 requited • comiderably IUgl1c res.fJ.tcce
(or me same tlIlS\llts. Type 7 wim .. nW grucer eiCDR reached. -
the besc efficiencies at a.11 pima: studied. Type 8 did lZCle .
acc.a.LA dlese values iD. spue o( illcreued resisc&Qce.

Deviadoas were only observed. towards the c:oarser tCle•.
The dlllllSUy of dllll duSt pwcla &ccordi.ag to lID! 2031 was.
14 dl.& nerasa. &bouc 2.8 g/cmS.

C;lYeQ me capacitia of modem cycloue collcetaes ie Call bll
e.lqlected dw some i~ - 92~ of the dun ot this composidca.
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DUll proportion in Total Gradeli efficiency TouJ. e!ClciellCY calculated Deviation·in "to
pamcle·siu intervals efficie:cj guuIlltec4 by accotd11l! to these (mu.sured-

PlaDe
(•• 2.Sglcnr) cycloDl.;.~·· mal:lufacturer gu.val'ltees guaranteed.)

No•
GtO 10 to 20 to >40 measured o to 10 co 20 to >40 o to 10 to 20 to :> 40 Total

10" 20", 40" II 10" 20" 'lOll II 10" 2011 40j.l IJ,.,. .,. .,.
~

,..
" "

,.
~ .. .,. .,. .,. .,. ... -

...." 7'l~ 11.' 11.' ~.o g!!l.• 1ow. "" "" 9ft ".% 10.. 11.5 AS 11.a .3.5

f}~ ~~ U '<6.7 53.1 !IU 11.1 L3 ,...." 52.. n.l ... 1.%
a.s 5.3 M.Q 87.1 12.1 &1 U 17,. 114 -u

H2 n. 10.0 16.:1 :.4.1 ,'-'' U 12.:2 g., fl.7 -0.4
J2 17.% 17.1 12.7 52.8 97.% 11.Q 11.5 12.4 52.4 !J3.:J "':3.9
J;j 4.(1.:1 17..i llo ill.a lIWiI ZI,' 1&.3 11.1 %9.' al." .......,
101.4 "'.1 44..:1 ',1,,1 JU,lt 11.:J %1.1 2:1.1 11 :JO.. IlLl -I..-<:1 %2.0 11.2 17.S .5.3 lI4.1 '''' 14.4 17.% u..a IU "'2.5

:l :lU 16.:1 1~ :Ia 11.4 11.1 13.:2 &&. .1.2 ... 2.1 -.... ,., III ,2..9 11.0 II 97.4 I.. 12,2 11.7 sa.o "'7 .2.1
Df. "US %0.0 10.5 0 17.0 23.0 111.0 1113 T1.1 SI.O .'.0
~3 .7 15.5 '4.4 42,4 1 1&4 , ....7 , ....1 41.9 10.1 "'2.0
G1 ~.D ns 12.3 %7.9 ss.s aa 21.5 12.3 2U 17.% -1.3

" 1 ~JI II!J.!! !l1l.l 2.0 1.1 5JJ a&S 91.7 -1.1,q ,.. n, u.n lUI.'" 20.4 t.t..O 21.8 n. I •.' -u
1 7 U 5.4 n1 91.% ..... 17 s.:l a.o "'9 ... Q.3

'2 1:1.1 7•• 47.D !lIL1l 217 12.5 7.3 ll&S a.o .. '"

TAlLE9. ComputsoA of the measured dHein,chs of cyclones. lnn&lhd u pres.plueou It tin
time of UU nus. wieh the ef(lchllcicu tb.eorculcally aUiLaable. accordiog to the guuaaue.s

- of elle manufacturers

"",
"""

LLl
..J
l:Q«....
z....

wW. be l'etailled In d2a Cim sage.. Ul1clea.cy.i.l:lctuses wim
Lac:reasill.g co.aaa compone:ts U4'.tD." pcuih1c "~•. S1Q,c.e.,.
Cllltlumnore. tba dusts arc rc1advely heavy ~d the guaranteed
4aca of tho mmnfac:mrcr mowy rcfer to delu1tia of ClUY
2g/cnr. give: lb.e b1gh dusc ccmten.ts. tlle nigher etficle:cies
are certaillly attainable.

tA goocl wet sc:uOben. sucb as are frequently used as it

secou.4' stage. raidual dust (rom'ttle ftrst "age.is ,eparated ....ith
et.f1cle:cies of 91'- 9Se;r.. in special cases evea up to 9lt - 99'10.

Fabric or buJlc layer lUtets used ilute:&d of wet scmbbe:s Call

acu.iA efficiencies ~ove 99"10. wau pmpedy secured ag;.imt
llASUitable ....ute gas cCI1dUicns.

The presem S'ltuacioD ....ith regard to dust remoYa! La prepaza
d.oIl p1al1rs is tbu.t largely clear. A 4erailed. iDvestigat10D of
d2a procases of du.u generation. lb.ough'beyond the framework
of Lb1s article. wClllld be o( gnw 1aterest for tb.e. further deve.
Lopmenr of preparatiol1 plants. conceraing problems of dusc
load and its removal.

fot partic!e.t of &baut 10 cd 20" tbe sertlla! yelClCtl1es are
O41y 0.8 lAd 3.2 em/sec. Even 'comer putlcles of .Oll seale
O41y at, SClme 12.8 em/sec. seiDj smed up by tlppiag pro- ..
c.ases iD dl.a drams. sucb partic1a are .uUr emlW!d ....tdl,tlle
gases. The drag o( wu:e gases is sdJ.l so grut we 55-70"',
lOci sometimes evea up co 90"(0 of 111 dust panic1es ill tb.e
waste. gases arc larger dun 4011 •.

Glvu me te:dm1cy co....ards ecoaomical muimum per
foana.nce~ :he future wtll tlovd1y bring ,arser drums Cor the
samc.c.1plcieia. C41UC~uently. dustS cap~le of being .air
bom!! ....W continue to leave me drums. unlesa 'Wolste gu 111all

atles CaD be greatly reduced. This i.s possible. EYea if spe
ciIlc QUSI: coat.at is to remain equal (in test series l( of t.tI.e

programs this was the cue. ill spice of LO"fc, COV. 01 red.llc:t1on
ot excess Air co t.tI.e limit of the possible coul~ lead to Curther
lmproveme:t of dust remoya.1. The smaller wu:e gu qu.m
Wies CQllJ.ci perm1t t.tI.e use of specifically mote expensive
types of cotleecol'S At the same cose. It is ?ossible clue deve·
Lopmefll wt11 move in this direction. md .nat 110 t e.uOIlS Cor
coatrOveny wW remain also c:oncemi.ag the very 1ut residues
of dust in wuce gues etriiCEe<l by the .SlIdes.

1. Watt e r. E. ~ of the OWl: S1c»ation at M1%itlg

'laDU (Of Bimmitloul React 3ui.ld1.ag ~L1un'i.:Lls IIlQ Measures
(or [mprovemem. - Straaenbau. 57th. yeal' of publ•• No.5.
pp.197.0303. 1966.

2. Waleer. E. The Oust SlwaC1cm it M1JI:ing Plers (or
81tumLaous ~d Building Materials i4 the Germ~
Federal RIIpubllc. - Seaub-RIIinI:la1t. Lult, VoL 18. No.ll.
pp.34 ··41. 1968 [blUsh traas.Lat1Cl1].

Summary

:Dusi in wute gu from prepacaaoo plaaa Cor. road building
depuds on mlllY cbuacs:c.risl1c faecon. This is...,aiic1 (or ttle
dust Inhe dryiAi drum ouuer cd I1so (or clean gu dust .Ie the

. c:himl1ey wet. The crude g:lS dust !S ~miaiiy influenced by
the ptopernes of raw material.....bib~clem gas dust is ilso
influenced by the dWl: removal med:lod 'llsel:!. Tb.ese prob.lems
are d.l.scuued. ClD the basis of .....i.de range of numerical dOlt~.
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:I~n CONSULTANTS...-a!. AIR, WATER. ENERGY, HYGIENE & MANAGEMENT
~~.fW'

May 14, 1982

MidTNest Research Institute
42S Volker Blvd.
Kansas C1ty, Me 64110

Attn: Mr.. John Kinsey

Dear John,.
Re:. original Particle Size Data from EPA Asphaltic Concrete Plants

Emissions

'!he- original: field data to the subject report is enclosed. May I provide any
clarification? '!hank you for having us help you on your study.

Yours tru!y,

lQC~~ ~ .d
~~~

wesley D. Snowden, P.E.
"-

. Enclosures ..

C-7
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ENVllO~IMEJ.'lTAl. PROTECTION ACF~'lCY '
AIR POLtUl'ION CO~"IROL OFFICE (~\.PCO)

ASPHALI' BATCHnlG PLANT' EMISSION DATA COMPILATION
PAltI' ! - PLANT INFORMATION

DATA. IDENTIFICATION _...::S'-'llWol.:.all.:.n~Cll.loo""n.ws.c.;t¥.lri...lUlII.:c....tx..l;o,,;·O....11.......,,;l"::.r;,d-..2. _

PLAhr GEOGRAPHICAL LOCATION ......L...l...· b~e...r=-t.ll.v:......._SlIof-t..• ..,C... _

'J:YPE. OF R.AIr: MA1'ElUAL tROCESSED Crushed gra nite and s.and ag:retrate

PLANT CAPACIn' 10. OOQ;!' Barber-Greene

!'LANT PRODUcnON BATE (DURING EVALUATION) .....:2=.:2=-5"'--lt::.J;o~n:.::s""l..:.IhWII.r -.;.,_

nPE. OF' CON'IRCJ't SYSTEM Cyclone and wet lfasber

AIR aOY RAn (din) 37. QQQ @ 210 OF & Q "H20
Static across the fan

LOCATION OF" SAMPt..mG POBI nrOTE. OBSnUCTIONS) _

I. Washer inlet 2. Exhaust staels' at wasbex: outlet
34! ltxJ9" sq .. duct 6 :toot diam - 2 ports at 15 foot

CONTROL EQUIPmrr DESC!UPTION do,mstream from stack inlet
See attached Sheet

PRE$SUltE DROP ==-=-=-==~=-------------BRAlm AND SIZE OF. caNnoL EQUIP}!E~;'I _
.WATER. USAGE,.. EtC. . _

PAR.'IIctE SIZE. DISTlUBtrrION (WEIGHT OR. COUNT) See at tached report

..

AVAILABLE COST INFORMA,'.rION ..-..N~o"'tir.-laiLv:ua..l..· l.l..laa.bw.,l..e _

PURCHASE COST'
OPE'RA'J:ING COST----------------------
MAINTENANCE COST _

EVAPORATION LOSSES _

CO~1ENTS:

The system described ,,,as replaced in the early part of 1971
l~ith a DP-710 Dynamic Precipitator System furnished by eMI
Systems~ Chattanooga,'Tennessee.

C-8 OO~~~r~~~7~[[)
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1120 .. &

ENVIRONMENTAL eROTF.CT!o~r AGE!tCY
Al..R. POLLU'I'IO:{ CONTROL OFFICE (AJ?CO)

ASPHALT BATClfING PL~~ EMISSION DATA COMPILATION
PA.EtT II - SAMPLE INFOlU1A'IION

DATA Idene:1fieac1on (Pore, Eee.) _

bESSUR.:£ OF MEn!. (Inches Hg)

AVDAGE. tEMPElWtJR.E OF ~R.Y' GAS ME'JD. (.R.) ' '_'_' '...;.......~..;;",.,;;".)_• ...;{L.......__

VOLmm. OF H2,0 COLLECTED IN TRAIN (ml) _....;.__..:..\_';"';.":....;.i.-.._)....... .. _

;'. -., VOLtnm 07 WAIER. VAPOR. PASSI!;C. nmoOCH DRY G..'\S ~...R (FrJ @ KETD.
'l'EMPERA.TUR..6 AND PRESSURE) _

'.t HOIS'l1!RE IN STACK GAS (%) __.::.,1.::.,15..:,.O---:F:....:.,:.D:::..:.t..:B;:..:.:..L/..-::·l~l:...15'_°__t..F ...., .::.''''.....JIIl..B,.. _

HOLECtJI.AR. WEIGH!' OF DRY STACK GAS' (ta/LB MOLE) _

%C02. _
%02 _

. %CO _

stAcK. 'PRESSURE AT SAH:PLING. PORT (Inches Hg) _

STAC1C~;:~~. (OR) _~':~.~~~~ ~E ~IN~ ,('~2~) ,:~ca
lilT! ", '.~ "-' ~ ~ [."/116 . f __ JIIi ,I" IfU

t 3·<~ .: .-t- " .,
II .• (.; Ie &. • ,.':·,11 •. ,. II. &t .J ."""""" II !. .... (, .; ...'2. I ;J. .... &" ! ;=.. ...i' '''''!'''7 I .•: J &- ;;, ~) f}:lZ I -; a &, _

1.3 !. J,. .f. &. :): a fJ8:'~' I &, ~ . .:..:-:- 013 '. : ..7' & _
"4 .' . .' n9 '::' J" Jl14 ..I &,It ...,. __ ~ &, _'. ~ ~f If a. i " II .:- I _

'S;.;'!: & j;'-; Ul0 .. ""..J & ',-0 015 i·'.·J Si _

TYPE PlTOT 'IUBE USED wI COEFFICIENT -:::::.S,.::.tvp.u=:"e:=:.-__ WITH ), 82

AREA. OF' STACK.@PORT(n 2) _ ...2l::1olS_,-...) ~,....I_._·::..J....._J,_,..;;;.~__..;;;-.J:;;.._;,,~-..;;.....-~)
'.SAMPLING TI1::lE" (MIN.) -"5:....- _

TOtAL I'ARnCULATE (1.ESS BLA1'tKS ON CLEAN-UP ~tATER.IALS)

FI.I.TER FINAL WI. (mg) - TARE. (mg) • _
'tYPE OF FILTER
ACErONE RINSE O-=F~P~RO~B~E-&~P~R.E~F:-=I:-LI~E~R:--:(~Cl-g~)---------------

ETHER AND CHLOROFOR..~ EXTRACTION ON
BUBBLERS & I~!PINGE:R l./'ATER (mg)
H20 EVAPORATION FRO!'t IHPU1GERS AND BUBBLERS _

ACETONE RINSE OF GLASSiJAR.E (mg) _

TOTAL PARTICULATE (ms) 29.4 00 all tiJatps

cot-IMENTS:

C-9



Air Pollution Test
December 1, 1970

Sloan Construction Company
Lil:Jerty. SOuth carolina

Date Performed: ,December 1. 1970

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

Test Conducted By:

Norman Smith

Jim Campbell

C-10



A>D."'SION 01' eMl CClRlI'O"ATION F
:. .l.

Cml §\iT§~em§L
iI P.O. Bax 6249 • 1617 w·

Chau-noosa. Tennes~

(615)

{ol'tj(!'t'" ,..... .
.~t l;,c;. •'cJ;" .;fz!'!tz..

r. INTRODUCTION

~e purpose of the ai% po1lution tests was to determine
the emission rates and particle s~e distribution at the hot
mix asphalt p1ant owned by Sloan Construction Company I Liberty,
SOuth CaroLina.. A study of the present equipment and the equip
ment necessary to conform to the State of South Carolina Air
Pollution CQ~S were additional. pri.mary objectives.

By takinq' test samples at the air- washer entrance and
exit,. the per£ormance of the air washer could be evalutated.

T.he Anderson Stack SampLer was used as a fractionating
device to deter.mine the particulate distribution as well as
emission rate.

c-n



III. TEST PROCEDURE

Each of-the test locations were t~sted accordinq to the
fo~owinq-procedure:

1. The averaqe velocity of the gas stream was deter.mined
using a spec.ial pitoe tube and an inclined. manometer
to 1:raveJ::se the duct. The flow rate of the gas stream
was then calculated using the average velocity and the
C'%'css-section area of the duct. Test points were -
located. as. recot'Clmended by Bulletin W'P-50. Joy Man
ufacturing Company. The correction factor of 0.82
as deteJ:mined for p:Z:OBvious caliJ::>ration tests was used.
The temperature of the gas stream was taken periodically
to use in cal.c:uJ.atinq density.

2. A re~erence station was selected to use as the poJ-nt
at. which the sample was to be taken. The reference
station velocity pressure was taken and the velocity
calculated. In order to obtain an isokinetic sample
t:he velocity into the sampling nozzle must be the
same as the gas stream at the point of the sample ..
Using the kno~ area of the sampler nozzle and the
desired velocity, the required sampler flow rate
was cale:ul.ated..

3. 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 f~ow ~rou.g!l
the---samp~er... -- - ----

4.. The samp~es were taken for per.iods that varied d.epending
on the loadinq. Two samples were taken at each location.
The samp~er was heated whi~e the sample was being taken
to prevent condensation of water vapor on the sample
p~ates.. 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•

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

c-12



IV.. StJMMARy OF DATA

1. Locat~on - Ai: Washer Exhaust "Stack

!:I:D:ission Rate•••••••••••"•••••.•••••••••• ~ 181 #/hr
Grains per cubic foot (Std. Cond.) O.695
~s.Q~rnma gEl? eWQie ~g:Q. {i-Q Cg~Q) ••••••••••1.5~ x la6

• 0Dry B~b Temp.••••••••••••••••••••••••••••••••••~15 F
Wet: B'uJ.b Temp _.,. ., 1~SO F
Air-Flow at Duct Cond•••••••••••••••••••••••••••32,600 ACFM
Air Flow at STD Cond••••••••••••••••••••••••••••30,400 SCFM
No. of Samples ••••••••••••••••••••••••••••••••••2

Z.. Location. -' Entrance to Air Washer.

Emission Rate••• _•••••••••••••••••••.•• _•••••••• 2~3S #/hr
~ains per cubic f~ott (~td.,C~nd)•••..•• _••••.•• ~.2 Gr/;.g.
Hssl?s'!iI'aRl& pg- ClSS_ f_cc. ,SdL ;ilAli, _8.7 .f: _9
Dry B~b Temperature .•.• _•••.•••.••••••.•••••..• 2~O~ F'
Wet B~b Temperature.~._..•••••••••••••••••••• ~.210o F
A±r Flow At Duct Cond••••• _•••••••••••••••••••••37,900 ACFM
Air Flow At STD. Cond 30,400 SCFM
No. of Samp~es•••••••••••••••••••••••••••••••••• 2

C-13



3. E'an Data:-

Clarage Size 14~
MOtor - 100 R.P.
Mator RPM - 1760
MOtor Full Load AMPS - 116
MOtor Operating Loan AMPS - 90
Fan RPM - 650
Operating Static Pressure Across Fan - 9·.0 in. W. C.

C-14
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J4/~'7er .
f:.z < I:> SD

s;.S-"il> ~ z.
7.7 "0 s:r:
:2.. 0 . ft.. ~.. "S'

/"0.7. ~.o.

,;r 'f~ ;; 0

j,eQ ..r
Tt.77,QL

. "

{:; ,~. ~.z

Z7..7 <. Sift;. S'~g nz h.~

/'f:. t> r- .7 ~q 't t ..z ~. ".;:., /,~" f~.. 0

1f;.8 ~ i.,; $~8 S'.~ ·~.3 IS: 0 "';:.1"
r5:" g 7 ! ~ zeG 1;.T'i t. ~ /l~ 17, &>

/Z,.%. ~ ": ',' 2~z.. '1." ;'. /. t!:.tJ 97: D
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41.7' '. rf >,,7 IlJ,'K 3/..o
... - - -. Z/3S- _ /i'l.o 9~7

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

Pressure Drop

Brand & Size or Equip.

Water Usage

I ..

. Single cyclone

1- - ,. in. W.C.

Esstee - 9 toot.
Diameter

None-

C-16

2.

50 toot
Horizontal
A1r liasher

; - 5 in. W.C.

7 :foot
Diameter x
50 teet long

150 - 200 GPM



D:. EQUIPMENT

1. ~ecial Pi~ot Tube

2.. ~ryer Incl.ined Manometer

~!" ,fa1dersen Stack S~er

4.. Dry and' Wet Sulb TheJ:1DQmeter

s. Va~um Pump and Samp~.in9 rrain

6- lrorbaL Pr~C'i:.siQn Balance
t~cCUrat~ to i/10:OOO'~am)

OWNER • S EQUIPMENT TESTED

1.- B.,:rber-~reene 15~tch. PlatJ t:

~. Cyclone Dust: Collector

.'3._ 'C1arage 14lXL Exhaust: Fan

4-. 1iorl~cgt:al I\.ir Washer

C-17



EtlVIROt:MENTAL PROTECTION AGENCY .
AlR. POLLUTION CO::TR.OL OFFICE (APCO)

ASPHAL't BATCH:UlC PLANT EMISSION DATA COMPILATION
PAR:r I - PLAN'I INFORMATION

DA'tA IDENnitCAnON ~Ht1jafll;rr:J:':t:.i..s~Ql;tnc....,_I.J..,nll.C:~' - _

1'f.Ah'r GEOCRAPlIICAL LOCATION Maryville. Tennessee

'J:!'l'E OF IWl MAnRIAL PROCESSED Limestone and sand ae;rrre:ate

rI.Altt CA.PACI:n:' _~6.:.O~O~O~l~:b~.~b~a~te~h~ _

I'LAB'r' PttODUCtI05 RATE. (DUIUNG' EVALUATION) 180 tons ngr hQur

't!PE OF CONnOL SYSn1f. PIT cyclone, pre-,...asher and eent. washer

AIlt nov RA.TE (c:.fm) __n......'.....5~O..ll'Q__ @ 7Q -V Sa ''112,0

J.OCAnON OF SAMPLING POaT (NOTE OBSTRUctIONS) TliO norts at 900 in a si~

toot diameter exhaust stack approXimatelv ?Q feet dpwnstream from
·tlle stack inlet. .

1 .. CONTROL EQUIPMEN'r DESCR.IP1'ION Centrifugal sprav 'tll'ashei - vertical

PRESSURE DROP .~1~1~n~'=:::l::'''~'.1IC.C~. :-:=::-::=~~ ....... ~--:'"__::-:-_
BRAND AND SIZE OF CONTROL E:QUIP~"! Sj mp 1 i c i tv - J Q fpot d j ameter
tlA:tE1l USACZ, EI'C......1.J5J.tQ-=-:...&2~QQ~Gl.I.PMD:L ..;... _

See attached sheet :tor" items 2 and i-,,-
PARnCll SIZE DISnIBUnON (t-lEICHT OR COUNT) Se.!i! attached chart

AVAII.A.BLE COST INR)RMAnON _

P1JRCHASE COST _
OPERATING COST :-- _
MAINTENANCE COS!' _

EVAPORAnON LOSSES _

CO~IENTS:

This system when tested was emitting 63 lbs/hr which was over the
Tennessee code. The contractor h~s now installed a eMI Systems
DP-71Q which ~s a Uynamic Precipitator System. I will be glad
to furnish the test information to you as soon as it is complete.

C-18



mnmNMENTAL PROTECTION AGEncy
Ala POLLUTIO:: CONTP.Ot OFFICE (Mca)

AS1'lIAL'I BATCUINC PLA:fr EMISSIO~: DATA COMPILAnON
PAn II - SAHPLI. IN1ORlWIO~

».U tdud.fit:a~1ou (Part:_ Et.e.) __----------------

. t::. l 1·,..,) , .. " * ..... ..- •• fro ."'" .1.,.""£
: .J J

rJESS'U'U: OF KE'ID. (Inches He) __/..;;.....~' -_·_,~1 -z._Cl_,.;..4f:.e2...._·.-••~""'l'..--------

l.

'tJQt1Im OF H
2
0 CDLLEcnD Dr Tl.AIX (ml) _

VOUIH& 07 WA!'E1t VAPOR. PASSUG nmoUCH DRY CAS~ (Ft' @ KEIQ. , <: ~ .. '", ~
I ~ ....r:",'EEK2'E!AnJ11£ AND PRfSSURf) _

+ :~

:t lfDISTUU: IN STACX GAS (%) __.:::.J'..:.:.:;~~_.J.IJ.'._'-'"__··.....;.,.....ll_'....:..,;; -

O.B.'femp = 112°F W.D. Te12!P a 1120 P
JmL.ECt1I..A.R. VEIGH'r OF DRY S'IAClC GAS CLB/U MOLE) -_-

%CO2 _
%02 _

. %CO _

sucx PUSStrR.£ AI" SA1'fPLINC. POaT (Inches Bg) _

srACX CAS ~'I"tJttE (·'a} AND PI'I'O't !UB! RUrrn;C C"a20) @'EAcx
mAVDSE POINT:.

11 6 .0#.
&. - ~

" :. • "'It:' & :"" ' ,- IU , ':'-:0

"
0( "1--:0 #16 ",~ ... d:: ..,.) x- . . - ....- ... • -?I

,

'2 0(
.;t .j .. 17 j .Y't " 112 :') ~ ;} " 117 &

'3 1 0:- ..."""" , 's J )-,,> & '13 &: '18 &.~ _.,.,
l Ii

14- ,2 .: .) &. 19 . I ~ & '14 &1 11.9 &' . ;

'S "0;: .... &. '10 to) : ~.1

" 115 " '20 i.J'd <'

%!PE nTDr ttmE USED wI COD!I!=I~ S Tvne \lIn! .8J
2 .;,.. ~ ~ ~,

AREA. OF S'tAClt@POar(FT) .-..lJ..a:;"'i:::::::::.......t-'....::s~qL.&.__=t.:lt~._------'\,;;..,_'.-""__.....;;;,-,_1_. _

s.ua'LIHC TIME: (MI.';.) _5
1orr

...;1D;:,:i:.,:,n;,;;;u:",,;t;.::e
M
s....· - -_

toTAL PAJt:rIC'U'LA'tt (USS .su..~ ON ~~-O'P !'lA.'tU.tALS)

nLTE:1l FIRAL vr. (me) - TAltE' (-1;) • _

typE OF FUttR ~~~_:_~~~~~_:_'---------------ACETONE RINSE OF PROBE & PR.£FI.LtER (mg) -_-__- _
E.1'UDt AND CHLOROrOR:·( E,'<.'l"L\C'IION 0:4

BUBBLERS & IMPtMGER WATER (1:1:1;) - _

820 EVAPQurlON f"ROH IMPL"'lCEKS AND aUaaLERS _
ACEtONE l!NS£. OF G~\SSllAU: (Ulg) ~---_
'ICTAL PAJtt!CU1..A1'~ (ntc) _
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I!STUIATIDI !MISSION RATIS

Harrison, Inc.
Alcoa, ~enn.

6~,1.'D, lbtl Itr, Stnn~ Pun .
~~ Cnll.~ttnl S,.to~

''1'5 tl»,hr. ' I
~to ~.t co!lect~ I

HAtert,. to dryer
21, "'I)' ,,,, ~OO IDuh

• I I ,

~ 1-8> .lb ./hr,
collec~o4

o

n
I

N
o

Dryer DI schargo
160 TPU to plant

Notel
1, Emts •• ~n rate. m.y vary from thole

..hown. nowcver the.e valve. are an
e'stlmato based on actual relult,
and with matertal which weights
100 Ib •• /eu. ft.

2', Exhftu.t fan for draft not ehown



Control Equipment Descr~ption:

Pressure drop

Brand and size o~ equipment

Wat8'r usage:

Control Equipment Description:

Pressure- drop

Brand and size ot: equipment

Water usage

C-21

Pre-washer

1 in. 'I.C'.

Simplicity - 7 foot

'0 50 GPM

Cyclone

4. - 5 in. w.e.
Simplicity - 9 foot diam.

None



l'JLE-,,",,\stt l~'iTJt,\~Cr::. \iASHEn EA1L\UST El:'F.

MICnON' SI~~ ~ If/jrlt ~ If/Fill ~

:;0 & larger i') ., '21..1 . :596.2 3.0 1.9 98.9~
.'

5.5" to jO " . 26.9 :.. ' 461 ..3 2.2 1.1t 99.7~

2'.0 to ).5 / l -, 35.1 ' .•', ~. 60z .. 0 6 ..8 II. j 99.j~.' ,

Smaller 1.hnn 2 ..0 -lit.9' . ~. 255'.5 88.0 55.4 78.3~

1:7l5.0 6:;.0

OVEIU\LL EFF .. = 1715 - 6, - 1652 =96.'5~-
17.15 17J5

(THESE DATA REPRODUCED IN TABLE 3-9)
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AIR POLLUTION

ENGINEERING MANUAL

SECOND EDITION

CDmpiled Qnd Edited

by

John A.. Ounielson

AIR POLLUTION CONTROL DISTRICT

COUNTY OF lOS ANGELES

EN vI RONMENTAL PROTECTION AGENCY
Office of Air llnd Water Programs

Office of Air Quality Planning and StandQrds

Research Triangle Park, N.C. 27711

May 1973
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CHAPTER 7

MECHANICAL EQUIPMENT

HOT·MIX ASPHALT PAVING
BATCH PLANTS

INTRODUCTION

Hot-mi." asphalt paving consists of a. combina
tion of aggregates. u.ni!ormly mixed and coated
with asphalt cement. An asphalt batch. plant is
used to heat, mi.", and combine the aggregate and
asphalt in the proper proportions to give the de
sired pa.ving mix. After the material i$ mixed. it
is transported to the paving site and spread as a
loosely compa.cted layer with a uniformly smooth
surface. While still hot, the material is compacted
and densi!ied by heavy motor-driven rollers to pro
-:luce a. smooth. well-compacted course.

Asphalt paving mixes maybe produced from a wide
range ofagg::-egate combinations, each having par
ticular characteristics and suited to specUic de
sign and cons truction uses. Aside from the amount
and grade of asphalt cement used. the principal
characteristics of the mix are determined by the
relative amounts 0[:

Coarse aggregate (retained on No.9-mesh sieve).

fine aggregate (passing No.9-mesh sieve), and

mineral dust (pu.iHng No. lOO-mesh sieve).

The aggregate composition may vary from a coarse
te."mredmixhaving II. predominance of coarse ag
gregate to a iine-te..'Ctured mix having a. predomi
nance of fine aggregate. The Asphalt [nstitute
(l95i) c!assUies, hot-mix asphalt paving according
to the relative amounts of coarse aggregate, fine,
aggregate, a.nd mineral dust. The general limits
tor eachmix.'type are shown in Table 91. The com
positions used within each mi." type are shown in
Tables 92 and 93.

li!aw Materials Used

Aggregates of all sizes up to Z-1/ Z inches are used
in hot·mi." asphalt paving. The coarse aggregates
usually consist of crushed stone, c::-ushed slag,
crushed gravel, or combinations thereof, Or of
material :iuch as decomposed gra.nite naturally
occurring in a. fractured condition, or of a highly

'~~sreq~ce \$ • ~."" '.$ea to ~es~r'oe eMe SQI;~ ~jneral IO~O'oe4ring
~QnSClt~ent$ ot dsonalt Q~v;n9 <u~n is sanO'oartlcles .no fr:>gmencs
:>t Hcne. "r.."el. ,In<l so f.:lrcn.

angular natural aggregate with a pitted or rough
surface texture. The fine aggregates usually con
sist of natural sand and ma:y contain added materi
als such as crushed stone, slag. or gravel. All
aggregates must be Cree from coatings of clay. silt.
or other objectionable matter and should not con
tain clay particles or other fine materia.ls. 'The
aggregate must also meet tests for soundness
(ASTM designation C8B) and wearability (ASTM
designation C 131).

Mineral.filler is used in some types of paving. It
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 thhl material rnust pass a. 2.00~me:ih

sieve. Another name for mineral filler is mineral
dust.

Aspha.lt cement is used in amounts o£ 3 to lZ per
cent by weight and is made from refined petroleum.
It is a solid at ambient temperature but is usually
usedas a liquid a.t l7S' to 3lS·F. One property
measurement used in selecting an asphalt cement
is the "penetration" as determined by ASTM Method
OS. The most; common penetration grades used in
aspha.lt paving are 60 to 70, 85 to 100, and 120 to
150. The'grade used depends upon the type of ag
grega.te. the paving use, and the climatic condi
tions.

Basic Equipment

A typical hot-mi.'" asphalt paving batl.:n pla~1C usu
ally consists of an oll- or gas-fired rotary drier,

'a screening and classifying system. '.veigh boxes
for asphalt cement and 'aggregate, a mi,.-.:er. 3.:ld
the necessary conveying equipment consisting of
bucket elevators and belt conveyors. Equipment
for the storage of sand. gravel, asphalt cement,
and fuel oil is provided in mos t plants. Heate rs
for the asphalt cement and Euel oil tanKS are also
used.

Plant Operation

PLants va.ry in size. The majority in I..os Angeles
County produce 4, OOO-pound batches and have p!:'o
duction rates of 100 to 150 tons ai asphalt pavi."'l.g
mi." per hour. Some at the newer plants are &,000
pound batch size and a.re capable of producing 150
to 250 tons per hour.
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Table 91. CLASSIFiCATION OF HOT-MIX ASPHALT PAVmo
(The Asphalt Institute, 1957)
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Figure Ul is a ilow diagn.m of a typical plant.
Aggregate is usually conveyed from the storage
bins to the rotary drier by means of a. belt con
veyor and bucket elevator. The drier is usu~l1y

either Qil- or gall-fired and heats the aggregate to
tempera.tures ranging from 250· to 3SU"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, The
weighed aggregate is then dropped into the mi.::"er
along with hot asphalt cement. The batch is mb:.ed
and then dumped into waiting trucks for transporta
tion to the paving site. Mineral filler can be added
directly to the weigh hopper by means of an au."I:il
iary bucket eleva-tot' and screw conveyor.
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Fine dust in the combustion gases from the rotary
drier is partially recovered lh a. precleaner and
discharged continuously into the hot dried aggre
gate leaving the drier.

THE AIR POLLUTION PROBLEM
The largest source of dust emissions is the rotary
drier. Other /lources a.re the hot aggregate bucket

elevator. the vibrating screens, the hot aggregate
bins, the aggregate weigh hopper. and the mi.-eel'.
Rotary drieI1 emissions up to 6,700 pounds ?er
hour have been measured, as ;;hown L'l r~bte 94.
!n one plant, 2,000 pounds of dust ?er hour was
collected from the discharge of the secondary dust
sourceS, thatis, thevibl"atingscreens. hoc aggr-e 
gate bins, the a!!gregate weigh hopper, and the
mL"I:er.
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Table QZ. COMPILATION OF SUOCESTED MLX COMPOSITIONS (The Asphalt Institute. 1957)
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Table 93. COMPILATION OF SUGCESTED MIX COMPOSITIONS (The Asphalt !nlltitute. 1957)
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Table 94 r DUST AJ.'fD FUME DISCHARCE FROM ASPHALT BATCH PL.ANTS

w
(1)

w
::z::

fa--

Drier
22,050

4:>0
4, no

2.4.. 98

68.1
28.9

1.4
1.6

C~537

0.5 18.9
4.& n. ~

14.9 48.9

LS. a 9.2
27.& 1".3
~O. 4 " -__ • i

12. I ~9.3

1.1 6.5

6.000
346.000

OU, PS300
Highway, surface

Vent linea
3,71S

ZOO
740
23.29

Drier
21,000

180
0,700

37.2

C~4Z&

Vent line
,,800

215
Z,OOO

81.

6,000
364,000

01, PS300
Ci

Batch plant data
Mixer ca.pacity, 10
Process weight, lb/hr
Drier fuel
Type of mix
Aggregate teed to drier~wt"o

+10 mesh
-10 to +lOa m.esh
.. 100 to +200 mesh
~ZOO mesh

Dust and fume data
Gas volume, sefm
Cas tem.pe rature. • F
Dust loading, Ih/hr
Dust'loa.ding, grains/sd
Sieve analysis of dust, 'Nt %

+100 mesh
-100 to +Zoo mesh
-ZOO mesh

Partide size of ~2.CO mesh
o to 5 1oL, wt 10
5 to 10 lJ., wt %

10 to 20 \Jo, wt %
20 to SO IJ., wt %

> 50 )J.. wt %

Test No.

aVent line serve, hot elevator. screens, bin, weigh hopper, and mi.",er.

Drier dust emis{!ions increase with air mass ve~

locity, increasing rate of rotation,and feed rate,
_but are independent oIdrier-slope~{Friedman-a.nd
Marshall, 1949). Particle size distribution of the
drier feed has an appreciable effect on the dis~

charge of dust. Tests show that about 55 percent
of the minus ZOO-mesh fraction in the drier feed
can be lost in processing. The dust emissions
from the secondary sources vary with the amount
of Cine materi.al. in the feed and the mechanical con
dition of the eqUipment. Table 94 and Figure ~2Z

give results of source tests of ewe typical plants.
Particle size of the dust emissions and of the ag
gregate feed to the drier are also showu.

end o( the drier. An ind.ait velocity of 200 (pm
should be t;)1'ovided at the annular opening between
the- cu.-cum!eTence-oi the drier-and the dng-type
hood.

The secondary dust sources, that is, the elevator,
vibrating screens, hot aggregate bins, weigh hop
per, a.nd mixer, are a.ll totally enclosed, and hence,
no separate hooding is reC!.u.ired. Ou.st coLLection
is provided tly connecting this equipment through
bra.nch ducting to the main exhaust system. A9~

proximately 3, 000 to 3. SOO sefm will adequately
ventilate these secondary sources.

AIR POllUTION CONTROL EQUIPMENT
HOODING AND VeNTILATION ReaUIREMENTS

Dust pickup must be provided at all the sources of
dust discharge. Tota.l ventilation requirements
vary according to the size of the plant. For a
6. OOO~pound~per-batch~lant, 22, 000 scim is typ~

leal, of which 18,000 to 1q. 000 sdm is allotted
for use in control.1ing the drier emissions. The
top end 01: the drier must be closely hooded to pro
vi.de fot' exhaust of the products of combustion and
entrained dust. A ring-type nood located between
the sta.tionary pol:'tion of the burner housing and
the drier provides satisfactory pickup at the Lowe:.-

Primary dust collection equipment usually consists
of a. cyclone. Twin or multiple cyclones are alst1
used. The catch oi the primary dust collector
is returned to the hot bucket ele,,'ator where 1t con
tinues on with the main bulk oi the dder aggreyate.
The air discharge from the p,,- nary dust collect,:>:.'
is due ted to the final dust colfection ~'fstem.

rwo principal types of final control equipment :uve
evolved from the many types employed o,,'er ~hl'!

years: The multiple centriiuga.l~type ~praY' cham
ber {Figure "2.3l and. the baiileci-type Sl)l."av ,:ower
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CTCLONE
EFFICIEHCT
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Figure 227. Test data' on ai r pollution control 8QuilJllBnt serving two hot-mil aSphal t
paving plants (vent line serves screens, hot bins. weigh hopper, and miler).

Figure 223. Typical multiple centri fugal-type scrubber
serving a 4, Oaa-llounl1·batch-capaCI tv hot·jUl x aSllhal t
\laving plant.

(Figut'e 2Z4). The multiple centrifugal-type spray
chaJnber has proved the more efficient. tt consists
of two or more internally fiuted, cylindrical spray
chambers in which the dust-laden gases a.re ad
mitted tangentially athigh velocities. These cham~
bers are each about the same size, that is, 6 ieet
in dia.meter by 15 teet in length, if two chambers
are used, and 6 feet in diameter by 9 or 12 ieet in
Length if three chamben are used. Usually 7 to
lZ spray nozzles are evenly 3paced 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
cOPsists ot a chamber that is baffled to torce the
gases to travel in a sinuous path, which encourn'rses
impingement of the dust partiCles against the sides
oithechamber and the baffles. Water -;pt":l.y no?
des are located amonlj; the baifles, 'l.nd the water
rate through the spray nOi7.z1es is usually between
100 to 300 gpm at 50 to' 100 ps i.

In both types of sct'Uober the water may be either
fresh or recirculated. Settling pits or conCrete
tanks of sufficient capacity to allow mast ot" the
collected dust to settle out at: the water are re-
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The effect of aggregate fines feed rate on stack
emissions at: constant water-gas ratio (an average
value for test considered) is shown i.n f'igure l!5
for multiple centrifugal-type scrubbers and baffled
tower scrubbers. Stack. emissions inc't'ease lin
early with an increase in the amount of minus 200
mesh material processed. ·.These lOSseS ca.n be
greatly reduced by using a clean Or washed sarld.
The required fines content oi the hot-mi.'" asphalt
paving is then obtained by adding mineral filler
directly to the plant weigh hopper by meanS of an
auxiliary bucket elevator and sc:oew conveyor.

Most asphalt paring batch plants burn natural gas.
When gas is not ava.ilable, and i£ permitted by law,
a heavy fuel oU (U. S. Crade No. 6 Or heavier) i.s
usually substituted. Dust emissions to the a,tmo
spheT8 from plants with air pollution control de~

,vices were found. to be about 3. 1 !?ounds per houl:'
greater when the drier \vas £ired with oil than they
were when the drier wa.s iired with natural gas.
The dilIerence is believed to represent particulate
matter residing in, or formed by, the fuel oil,
rather than a.dditional dust (rom the drter. Simi ..
larly, the burning oi heavy fuel oils in other kinds
of combustion equipment results i:n ;; rente r ('mili ..
sions o( particulate matter.

Figur& 224. Typical baffled-type spray tower serving
a 4,QOQ-pcund-batcn-capacity hot·mix asphalt paving
plant (Griffith Ccmp:any. Wilmington, calif.).

quired with a. -system using recircula.ted water.
The sC1'Ubber s:atch is usually hauled away and

-discarded.-It is usuaUyunsuitablefor u.se-as min
eral iiller in the paving mix because it contains
organic matter and clay particles. The recircu
lated water may become acidic and corrosive, de
pending upon the amount of sulfur in the drier fuel,
and must then be t:oeated with chemicals to protect
the scrubber and stack from corrosion. Caustic
soda and lime have been used successfully for this
purpose.

Variahlu Affecting Scruhb., Emissions

In a recent study (Ingels et a,1. • 1960), many source
test3 (see Ta.ble 95) on asphalt pavi..l:1g plants in Los
Angeles County were used to correlate the major
variables affecting sta.ck 101lses. Significant var
iables 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. OtheT, less important
variables were also revealed in the studY'"'

~r~e .~t«~·9~s racla is aerlnea dS ~ne total quantIty of ~.ter
s~raY·G 1n gallons per I,Joe set af e'fluent 9Js.
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The amoUXtt of wa.ter ted to the sC1'Ubber is a very
important consideration. The spray nozzleS should
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Figure 225. Effect at aggregate fines feed rate an
staCk emissions Jt aver3i' ~ater·gas ratio (Ing&is
at aI., 1960).

-~----



Hot-Mix Asphalt Paving Batch Plants 331

Ta.ble 95. TEST DATA FROM HOT-MIX ASPHAL.T PAVING PL.ANTS CONTROL.LED BY SCRUBBERS

Scrubber
~tack Aggregate Water-gas

Overall
Type Typl.! I . I Cn

inlet dust $crubber _ P~oductlon I -'I
Test No. emi.sion. fines rate, a ratio, of

01 I ,'II ucnt
loading. o.:fCidcncy, d' . rate. , I

Ib/br Ib/br ga.lIl, 000 5 cC SCT"ubbcrb ncr I Ih' '-'j urnt>.
Ib/hr wt 'q . Ions :- I

I fuel I ! sdm

C.3S7 940 20,7 9,550 o.ol

I

97.3 C I Oil I 1~3. 9 I ~3. 100
c·az.

I
417 35.0 4.-+60 3.94 91.6 C i Oil I 96.9 , I 'l. '$00

C-379 4,110 37.1 8,350 0.33 99.1
I

C OU 17-+.0 ! ~6, '::00I I IC-lS5 Z, 170 47.0 14,000 6. !H 97.3 I C Oil '::09. I 1 ~5, 700
C-37ZB III 19., Z.,':90 10.99 34. Z. C i

I I Oil I 1-+Z.9 1 13,'::00
C-37ZA 7& 10.0 l,840 11. II 8&.8 I C Gas I 1'\8.0 I 18,0(1)
C-369 J5Z l4.4 4,750 5.41 93.0 C Oil tiL 0

I
16,100

I iC-393 4, Z60 Z6.9 4,050 Iz.. 0 I 99.3 T Oil I 9':.3 1'1,500I I
C-}S4 -- lo7.9 6,370 6.10 .- T

J
Oil 118.4 I 7,i'~0

C-ISS 1,640 at. 3 S.ZZO 19.40 98.7 T I OU 137.8 18.700
C-l7J -- 31.0 8,850 ZO.40 .- T Oil I!H.': I Ii, 000

I -- 33.5 7,5l0 11. 0 I -- T Oil 1-14.0 i ':.>. iOO
C-179- 3,850 30.3 6.500 5.9Z. 99.2 C Gas 191. 3 ; ~q. 300
C-337 305 13.6 l,510 II. II 9'\.5 C Oil j 114. b ! .;~. 300

l -- Z1. 1 3,730 7. !S -- T Ciall . Il4.4 115, 100
C-l.34 372 Z1. a l,S30 5.70 94. '1 I T I Cias I 4Z.0 li.lOO,
C-4lo Z,olO lS.S 10,lOO 7.75 99.0 C Oil I 19~. a , ,~, 000
C-·U7 560 39.9 3,050 l.94 Q':.3 C I Oil I 138.9 I~4. 000
C-4ZS 48S 3Z.9 o!,S90 4. ~6 93.l C I Oil

I
131.4 19, aOI)

3 -- Z5.S 6,590 6.60 -. C I Ga.lI 131.1 119 • .!OOI

C-39S ZIz' 11. S ",890 4.56 91.7 C I Oil I 1 ':'4. 3 I 'o. 000
C-433 ! Z66 11.0 5,960 ~. lo! 95.9 C I Cas i t 14 • .; 1 19 ,600
C -4Zz,m I Z6.6 7,140

I-- 4.90 -- C I Oil 196.0 ! ':'1. 000
C-.;lZ{Z} I -- 37.0 3.340 3.0, -- C

I
OU I ::'Z. a I ,~ .•wo

c··us I 3,400 30.3 9,350 ~.90 '>9.1 T Oil 116. :; [ Ii. 100
I

Averages! z'6.7 5,900 94.9 jI-_ ...
"Quantity o{ fines (minus lOa meshl in dT"vcr (t!cd.
GC '" Multiple centri!Ultal-Lype spray ch~mbe:'.

T '" Baffled tower scrubbe-:,.

be located so a:', to cover the moving gas stream
adequately w"ith ii:le spray. Suificient wat e:- should
be used to cool the gases below the dew point. One
typical scrubber tested had an inlet gas at ~OO OF
with 16. S pe:-cent water vapor content by volwne,
and an outlet gas at 131"F with 16.3 percent water
vapor and saturated. The temperature at the gas
outlet of e!!icient ilcrubbers rarely exceeds 1..0 of,
and the gas is usually saturated with water vapor.

Figure Z2.6 shows the effect of the scrubber l s water
gas ratio on dust emissions with the aggregate fines
feed rate held constant (an average value for the
test considered). Efficient scrubbers use water
at rates of 6 to 10 gallons per I, 000 standard cubic
teet of gas. The efficiency falls off rapidly a.t water
rates less than 6 gallons per 1, 000 sci of gas. At
rates of more than 10 gallons per 1,000 sci of gas,
the efficiency stUI increases, but a.t a lesser rate.

Cu:ves are presented in Figures 22.7 and ~Zg from
which probable stack emissions can be predicted
for oil- and gaa-i~-ed plants ,vith either multiple
centriiugal or bauLed tower scrubbers. The:Je
curves present emis siona for various "crubbers I

water-gas ratios a.nd aggregate fines rates. Einis-

D-9

sian predictions h'om these curves are a.ccur:1te
onlyfor plants of the type and dcsi\::n already di,.
cussed.

The operation of the rotary drier is ai .. o a.n i.m
portant variable. Oust emissions mcrC.:l:se wi.th ar.
increalle of air mass velocity through the drier,
Obviously then, care should be taken to opera.te the
drier without a great amount of excess air. This
care efiects fuel economy and reduces dust emis·
sions from the drier.

The firing ra.te of the drier is determined by the
amount oC moisture in the aggrega.te and by tha re
quired hot aggregate temperacure. The greater
the a.ggrega.te moisture content, the g:-eater the
£iring rate and the resulting dust emissions to the
atr:nosphere. In some plants, the increase i.n mois
ture content of the nue gases may increase the ei
ficiency oi the scrubber sufficiently to offset the
increase in dust emissions from the drier.

Scrubber ef£iciencies also vary according to the
degree of precleani:o.g done by the ?rimary dust
collector. Tests (such as those presented in Table
95) have shown that overall efficiency 01 the ?re-
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stack emissions at average aggregate fines feed rate
in the drier feed (In~ls et al., lS60),

cleaner and fina.l collector varies only slightly with
large variations in ~redea.ller eificiency. Plants
with less euct:tive cyclone precleaning had, on the
a.verage, la.rger 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 directly to the hot elevator
for use in the pa.ving mi."'C. Furthermore, less dust
is discharged to the sCTUbbet', where more trouble
some dust disposal problems are encountered.

25

24

3!1

15

~
c......

Collection eHic:itnc;i.s Altqintd

D-IO

Collection efficiencies of cyclonic-type preclea.ners
vary [rrlrn apprOXimately 70 to 90 percent on a.n
overall weight basis. Scrubber efficiencies vary
ing trom 35 to nearly 100 percent ha.ve been found.
Overall collection etficiencies usually yeary bet'.veen
95 and. 100 ?ercent.

aIQ_....iI-·j~.~aD~O-...~d!ll.·~JO!'D- ..~12~.il~.a!!!'D--~1':"5.~ui.iB
llUAltflTY OF FI HES OIllHUS lOll 'AESiiJ IN DRfER mil. ill.. /lr

Figure 227. Emissioo prediction curves tor multiple ~entrj fugal
strubbers serving asphaltic concrete plants (Ingels et al .. IgaO '
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Figure 228. Emission prediction curves for baffled tower scrubbers serving asphaltic
concrete plants (Ingels at al .. 1960).

Collection efficiencies of a. simple cyclone and a.
multiple cyclone for various pa:ticle sizes are
sho"l.vn in Ta.ble 96. Multiple cyeiones achfcve hi,,;h
eificiencies Cor p_article sizes down to 5 m.icrons,
\vhereas single cyclones a.re very inelfi.dent. (or
particle sizes below 20 m.icrons. The particle size
data from this table are plotted on log-probability
paper in Fi.gure 229. This figure also shows the
partide size distribution of the scrubber outlet.
Other data on this installation have already been
presented in Figure 222, test C-537.

future Trends in Air Pollution Control Equipment

The air pollution control equipment discussed in
this section nas been a.dequate in the past for
controlling dust emissions from ~hot·mixaspl1a.lt.
paVing batch plants in Los Angeles County. How
ever, new regulations on dust emissions. adopted
in Januarr 191Z, now require that more efficient
devices than wet collectors beused as tinal col
lectors. The batch plants are :'lOW converting
from scrubbers to baghouses.

Table 96. COLLECTION EFFICIENCY DATA FOR A CYCLONE AND
A MULTIPLE CYCLONE SERVING A HOT·MIX PAVING PLANT

Dust
Test C-S31 Test C-53ia

particle
cyclone multiple cyclone

size. fJ. Inlet, Outlet, I EHi<::iency·1 Inlet. O\idet.1 EUicicncy.
% '1"0 ! 0/0 I ~o .~" 'v"

o to :5 6.21 19. 3 i 13. 3 I 19 . .3 57.01 77. I
:; to 10 9.-+ 31. 9 ~ 5.4 I 31. 9 34.01 91. 7

10 to 20 13. al 31. 6

I
36. 1 ll.6 3. :q n.3

20 to 50 2,1.9 1 15. 1 31.6 I 15. 1 <l·!1 ')9.9
50+ l 47. i z.. 1 '18. 3 I 2. I -- ! 100.0

Oust loading j , I
I

I I

Ib/hr I 5,463 1,525 I ':'.;. 1% 1,325 113.31 9l. ~~J

aSee Table 94. test C-537 for plant ope:-ating data.
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CONCRETE·BATCHING PLANTS
Concrete-batching plants store, convey, measure,
a.nd. discharge the ingredients for making concrete
to mi.-cing Ot' transporta.tion equipment. One type
is used to charge sand, a.ggrega.te, cem.ent, a,nci
water to transit-mi.", trucks, which mix the batch
en rout.e to the site where the concrete is to be
pou%'ed; this operation is known as "wet batching. tl

.~other type is used to charge the sand, aggre
gate, and cement to nat bed trucks, which trans
90rt the batch to paving machines where \'.rater is
adcied and mi."ting takes place; this operation is
known as "dry batching. tl A third type em.ploys
the use of a c:entralmixplant. from which wet con
crete is delivered to the pouring site in open dump
trucks,

WET,CONCRETE· 8ATCHlNG PLANTS

In a. tyt:lical wet..con<::rete-batc:hing plant, sand and
aggregates are elevated by belt conveyc1' or clam

shell crane, or bucket elevator to overhead stot'age
bins. Cement from bottom-discharge ho~per trucks
is conveyed to an elevated gtorage s;Uo, Sana and
aggregate:!! for a. batch al:"e weighed. by successive
additions fl:"om the overhead bins to a \veigh nopper.
Cement is deliveredby a screw conveyor from the
silo to a. separate weigh hopper. The weighed ag
gregates and cement are dropped mto a gathel'ing
hopper and now into the l:"eceivi..ng hopper to the
1:ransit-mi,."C truck,' At the same t:i.tne, the required
amount of water is injected int" the fiowLng :ltream
of solids. Details and varu...ions of this iene::al'
proced.ure '-vill be discussed later.

Th. Air Pollution Proolltm

Dust, the air contaminant from wet~concrete-ba.tch~

ing, results [rom the ma.terial used, Silnd and a.g~

gregates for conc.rete ~)l:od.ucti011 c:Jme directly
from a rock and gravel plant where they a.re washed
to removft sUt and- cla.y-like minera.ls, rhey thus

D-12
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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 Region VII was requested by the Iowa DEQ for tec~4ical

assist~4ce to determine if the plant was complying with the

state· air pollution regUlations.

As part of its continuing study of new asphalt concrete

technology trends and their impact on the Federal ~ew Source

Perform~4ce 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, I~c.

asphalt recycling plant located near Titonka, Iowa, on t~vo

separate occasions, under three different plant operating con-

ditions.

Briefly, the first two conditions involved changes in the

location of the recycled material injection. Only one set of

simultaneous particulate tests at the inlet and outlet of the

wet scrubber control equipment was made on September 29, 19i6,

because of problems enco~4tered with the conveyor equipment used

to introduce the recycled material midway in the drier. Three

sets of simultaneous inlet-outlet particulate tests anc one set

of par~icle sizing tests were made on September 30 ~4d October
E-3



It 1916 (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 samp~s "before and after the scrubber we~e

taken for a hydrocarbon analysis.

The last condition constituted a change in the type and

rate of production of asphalt mix produced and an increase in

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

changed from 66t recycled/34% gravel at a produc~ion rate of

185 to 204 tons per hour to 10% recycled/30% limestone at Z45

to 250 tons per hour, while the drier slope was increased from

20 to 2.98° Three particulate tests were run at the sepa~ator

outlet on October 6, 1976; three venturi-scrubber inlet

particulate tests were performed on October 7, 1976 along with

a set of inlet-outlet particle siZing tests.

During all the testing, water samples were taken at the

scrubber water pump inlet and at the separator water discharge

for a water analysis.

Present during the testing were Ronald Kolpa of the Iowa

Department of Environmental Quality and Robert Farnham and Lee

Sint from Barber-Greene Company, the manufacturers of the plan"

facility.

The measurements made for stack gas flow rates and particu:

emissions were made according to the Iowa Department of Envirol

mental Quality's recommendations and generally followed ~he u.:

Environmental Protection Agency's requirements. Due to the

sampling problem of plugging filters encountered during the pre'

vious tests, a modified Method 8 sampling train was used in an
E-4
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attempt to alleviate the problem.

Following sections of this report treat the S~~ary of

results, a brief descrition of the process and its operation,

and the sampling and analytical procedures used.

E-S
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SUMMARY OF RESULTS

The resul~s of the par~icula~e testing program are

summarized and presented below in Ta.ble 1. The values used in

computing the averages presented below were reasonably consisten

considering the nature of the process and the control equipment.

Table 1

AVERAGE PARTICULATE CONCENTRATIONS
grains/dose!

Operating Ven'tUri Inlet Seoarator Cutlet

EPA 5 Test EPA 5 EPA 5 ... CorresponConditions· EPA 5 ...
IF Only Imoingers Set IF Only rmcingeTs Table #1 s

1 2.04 2.35 1 0.22 0.31 2·3

Z 5.35 5.. 54- 2·4 0.48 O.5i 4-5
:5 DNA 20.67 1-·3 DNA 0.S8 6-7

'" see "Process Cescri:pt.ion and Opera:tion" for details

individual tes~ results from the par~icula~e testing. Si~ce

a modified Method 8 sampling train was used in making the i~le~·

out.let: test.s during the third operating con.dition, no' "EPA

Sl?resul ts are available .. a Method 8 train eliminates the fil te;:

bet.ween the probe and the water-filled impingers. POl" this

reason, only "EPA'" ImpingeI'" results are presented in Tables

6 and 7, and in Table 1, under condition 3. Flow rate dctcrmina-

r:IUIl:-\ t.\n· t:!icJ :'~l·tlhb~l· otlclloit :;;tack ~ppca.r to be higher tha.:'1 rc~l
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(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 and third conditions, the aerodynamic diameter of 50%

of the particles was less than the following sizes • second con·

dition: inlet, 5.S microns; outlet, 0.43 microns; third condition

inlet, 99% greater than 10 microns; outlet,7.1 microns.

Analysis for gaseous hydrocarbons on the air samples taken ir

the venturi inlet and scrubber outlet during condition t\~o resulte

in values for the .inlet only. The outlet bag samples developed

a leak during shipment, reSUlting in dilutiomand lower figures.

By·assuming the amount of carbon monoxide to be constant from

the venturi inlet to the scrubber outlet, the total hydrocarbon

content reported at the outlet was recalculated and found to oe
approximately the same as at the inlet. The inlet data was

reported as follows: total hydrocarbons, 468 parts par million;

methane, 18 parts per million; carbon ~onoxide, 2065 parts per

million. On the total hydrocarbon measurement, an apparently

very heavy hydrocarbon was present since the relative decay 0:
a portion of the total was very slow. If heated lines were used

to bring the sample from the stack directly into the inst=u~cnt,

the tot:J.l hydroc:J.rban rcsul t:; migh t have been mut.;h h'i.~~h(.;r.

E-7



Analysis of the water samples resulted in the values

reported 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 dissolved

solids are questionable.

No visible emissions data was taken because of the nature

of the steam dissipation in the plume. In general, however,

the opacity was noted to be approximately 2S-30~.

E-8
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4.2.12 . Asphaltic Concrete Batch Plants

A. Process Description (Ref. 4-20 & 4-21)--

Plants produce fin.tshed asphaltic concrete through either batch or

continuous aggregate mixing operations. Different applications of asphaltic

concrete require different agqregate size distributions, so that t.."le raw

&qqregates are cruShed and screened at the quarries. The coarse a<]qreqa te

usually consists of c::ushed stone and gravel, but waste tlIAterials, s~ch as

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

As processing for either type of operation (batch or continuous)

beqins, the aggregate is hauled from the storage piles and placed in the

appropriate hoppers of t.~e col"'-feeci un.it. The tlIAterial is metered f:,om t.'1.e

hoppers onto a conveyor belt and .is transpo~ed into a gas or o.il-fired rota~·

dJ::yer.

As .it leaves the dryer, the hot material drops into a bucket elevate:

and is transferred to a set of vibrating screens where it is classified by

s1:e into a.s many as four d.iffer'ant grades. At. this point it enters the

'mi.xinq operation.

In a batch plant, which was the type tested in this program. the

classified aggregate drops into one of the four larqe bins. After all the

material is weighed out, t.~e s.i:ed 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 t..~en inj ect:.ed

into t."1e mixer. The hot., mixed batch is then ~ropped into a truck and haulec

to the job site. Figure 4-48 illust.rates a batch plant similar t.o the one

tested and indicatEils the location of p.ar:icu.late sources in ~he operation,

There are many sources of fugitive particulate emiss.ions as shown in ~~e

sketch. In this program the ducted emissions eontrclle.. by a baqhouse, were

characteri:ed•. as werQ .the partially controlled emissions entering t.he

ba<]house.

4-160
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B. particulate Test Set-up--

Two trains were used simultaneously to sample the inlet and outlet

of the baqhouse. The inlet: stat~on was located on the vertical auct

approximately 12 f't. ahead of the bend entering- the bag-house. The velocity

profile of the inlet auC't. "'as taJten. through the t.."lree 3" Qiattleter ports

providea. '1'he velocity profile in the inlet and exit ducts of the baqhouse

are liste<l in Table 4-58.

The oUtlet sample statian was located on the horizontal section of

the duct about eight. ft upstream of the fan" In. the interest of the safety

of 1:he crew # the velocities were net. taken through the vertical pert. There

fore Velocity ~oints 10 throuqh 15 were ob'tuned by swinging the pitat tube.

A 7/16" nozzle was used at Velocity Poin1: #3 on the outlet duct and a. 5/16"

nozzle was used at ?oint #3 of the inlet duct.

c. Parti~~late ~est Results--

'rhe results of the twe tests (Test 295 and 29J) discussed in this

section are li.stea in Table 4-1. Elemental composition. sulfate, nitrate,

and carbon analy5is were det:.ermined for all fraceions of par:iculate catches

which contained weights in excess of 100 mg. The details for these procec!1Jre~

are discussed in Section 3• .2.2. Due to the very heavy loadinq on the inlet:.

side of the baghouse. the cyclones a:t1d filter in the small samplinq train had

filled to total capacity and caused a pressure drop during sampling ''''hich

resulted in stopping the sampling.

D. Discussion of Test Results--

1.... Efficiensx of the bac:house--Using the solid .::atch. data (i.e. withou~

the impinger catch) fre~ both sampling trains for ~"le inlet and exit. the

baqilouse effic.iency was calC".1lated 1:.0 be 99.95'. Using the total catdl.

the efficiency would. be 99.92.\.

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

tum) VB accumulated 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 impinqer catc:.~, the other ignoring it. Considering the large

atllOunt of material collected upstream of t.~e fileer, it would seem that the

F-17
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VELOCITY PROFII.E-ASPHAL'l' BATCH Pr..AflT ('tEST 29)

..----------------------------------_....- ...
&

I- 10'· "I

1.- I 11

7 11

1
2 6- 10'

1 5 ,.
t-t0:'; 20·t ... '*'1

I---u----;
J- poft
:'" de<tp

%al.~ to a...ua.
T1IIIpeI'RII.II'a' 160·"
.taUt; I'fte_.t ....S· 1120

57'" ---..-.

OUUe'l: of 1A<Jft_e

1'....r.~IIoInI. 1.60·"

St.lI.Ue 'I'ft..su:e. -ll-lI:zC

tlP

1

listance from Velocity velocity Distance from V'e'locity Velocity
11d of Port: point # ft/sec: End of Port:. Point It f't./sec

8" 1 30.2 5" 1 68.8

20" 2- 30.2 9-318" 2 76.3

32" :3 34.1 14-5/S" 3' 85.3
44't 4 37.2 22-3/8" 4 as.3
S" 5 31.9 33" R 95.4

20" 6. 3ir.7 43:;;;-57s" :; 9$ .4

32" 7 38.2 51-3/S" 6 85.3

44" a 41.8 56-S/S" 7 85.3

a" 9 37.2 61" S 81.0

20" 10 34.1 3'" 10 95.4

32'" 11 28.9 35" 11 81.0

44" U 28.3 34" 12 89.S

Averagoe: 34.1 ft/sec 34" 13 85.3

75337 scf ,35" 14 73.9

37" lS 68.8

Averaqet 84.6 ft/sec

75354 scf
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Figure 4-49. Particle. size distribution for asphaltic: concrete
batch plant (Test 29)
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'l'he:nearl particle size for the bac;hQuse outlet is approximately 60J,.lm.,
Althouqh the baqhouse has a hic;h efficiency some of the coarserpartic:les

still penetrate, no d.oubt due to small leaks in and around t.~e baqs.

effects of pseudo particulates would be insigni.ficant. Therefore, the

~inger catch was believed to be properly included in the measurements of

the suspended particulates f:om asphaltic concrete plants. As a result of

the filling' of the cyclones in the Joy train, a particle size distribution

C'JrVS could not be made. It is estimated from visual examinations that

the _an particle size for the inlet is qreater than lOOlJrn. The breakdown

of the particle size distribution for the baghouse outlet including the

imPinger is as follows:

Percent of Particles

Less than IJ,.lm

30

3-1lJm

4

10-_

6

Greater than 10~

60fest 29S

3. Chemical composition of particulates-Table 4-59 lists the results

::'Om the chemical analysis of the par-...iculate fraction for the tests dis

~sed in this section. Although silicon is not detected wit.~ XRF (see

---=tion 3.2.2 B), it is clear that silicon is the most aJ::1undant element in

t.~ese samples. The unanalyzed portion of Table 4-59 is primarily Si02 and

other compounds- of silicon.

4. Emissions and emission factors--Ecissions arid-emission factors·can

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

emissions and -factors for these tests:

Controlled uncontrolled

Onits Test 295 Test 29J

<;r/tlscr 0.00776 11.485

T/yr 1.56 2079.9

ll:>/hr 4.34 5777.5

lb/ton produced 0.02 34

lb/tQn produced (Ref. 4-22) 0.1 45

4-165
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TABU 4-59. CHEMICAL COMPOSITION OF PARTICTJI..i\TE SAMPLES

IN PERCENT FOR ASPHALT BATCH PLANTS (TEST 29)

•

t

( t )

10 11 8

90 89 92

100\ 100\ 100'
........

SAMPLE #

WT. PE::B.CeNT OF CUT

XU' ANALYSIS

Arsenic

Barium

Calcium

Chromium

Iron

Potassi'.m1

Silver:

(Sulfu:)

Titanium

TOTAL1

Sulfates, H
2
0 so12

(Sul.fur, from SO4-) 1+

Nitrate (H
2

0 501)2

Total carbon 3

(Volatile Carbon) 3

(Carbonates) 3

TOTAL ANALYZED

BALANCE

.

10um
Cyclone

295-25

62.1

t

t

2.4/0.3

t

3.6/0.5

1.5/0.5

t

«8)

t

8

2

l t )

t

Filter
295-55

3.57

10/3

1/0.1

«4)

t

11

10l,1m
Cyclone
29J-2S

54.3

t

1. 9/0.3

t

4.3/0.5

1. SlOe 2

«3)

t

8

t. detllCt.ad 11:1 c:aoe-Duat.1clD of <1'

1 &rully<&ed by x-ray fllllDreseence-Sec:1:.1on 3.2.2 It

:2 analyzed by wet chemiat=:T-&eCf:ion 3. 2.2. A

:I analy:e4 by OCltanoqraphy c:ar!xlD atlAlyur-SeC"ticn 3.~.2 A

" calc:ulued f:'Cllll aw.laua (aultuzw.ulfaa!3) t;O <::01l'lP4l:e with :ullfur
t:'Cllll DF

5 tor valu•• ahc:lvD a. Xll'. X h " ol 1:I1e .1_nt pre'Clt and. "( 1. ':he
uro: (1••• n :t 1'\,)

( ) no1: 1nclw!e4 f.n total-sw.fm: e.n4 sulfates are accounted. for .l.n aulf=
1:1fr analyai.. an4 ygl.atile ca.rl:lon and Ca.d:lclMt.. are .C:COllftted tor .l.n
total c:a:rJ:lcn

4-1.66
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and is deposited in a hopper located beneath the collector. The collected

dust is returned to the drum from the hopper using a positive flow pneumatic

system.

2.2 PROCESS OPERATION

As an integral part of the field sampling program, data on the oper

ation of the plant were obtained wnich 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 mi~,

the ratio of recycle material to total aggregate, and the temperature ot
the hot mix and the effluent gas from the drum mixer. This infor.mation was

collected in the for.m of hard copy printouts from the computerized syst~

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 being conducted at the Bowen plant,

a number of different types of asphalt paving were produced depending on

individual customer requirements. Each type of mix is designated according

to its job mix number, as shown in Table 2.2. The job mix number 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 (including t~e 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 for.mula to account for

the asphalt content of the old asphalt concrete when 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 func:ion of the

aggregate gradation and asphalt content.

7
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1'AJ3LE 2.2. Su~i~Y OF PROCESS OPE.T{ATI~IG DAT..~ AT BO~~ .CONSTRUCTION C01~~~

aav IlIllUlna! Reqocl. _u-
~:;fPue (tonslhl 4 ri&llCOl:.ll ioe III:i.'I: Drylll' IU

tiM to .upbilr. mdw:'t1Ol1 sau Aallllalt C:OllUlllt Job IlI1.:I: 4I1n,.te ail. t.llllP.
~~tt'.Dar.. (Il) 'a:na.c.e· <:eMlSC (~D.lIIa) ot mU (~. ':.) lto. C:,) C"!'l

1011/81 13:30 36.1 10.3 371 4.56 8 ::a,4 3%0 338
14:00 316 11.1 311 4.64 8 30.l. 193 330
14:n 314 11.4 32S 4.64 S 19,0 191 3310
15:00 m 10.9 333 4.61 8 30.7 lOS 1101

10/8/81 l: 290 a 345

10/9181 08:50 309 10.9 :no 4.," 8 30.4 304 359
09:LS 309 10.& no 4.75 8 29.':' 307 JSa
10:00 311 t.a ~O 3•.58 9 19.9 187 363
10:30 316 8.8 3Z5 3.94 8 19."- 308 361
11:00 304 9.1 313 a 19.3 lOS 359
11:30 3U 8.1I 311 3.93 8 10.8 107 162
11:00 106 9.1 315 4.10 9 10.4 101 356
11:30 lOa a.o 308 3.78 9 18.3 306 359
13:00 :3U 10.4 331 3.n 8 19.8 196 3S4
13:30 174 1.1..4 18S 5.05 , 36.1 198 340
110:00 2109 9.1 zsa 5.:.0 8 30 •.5 297 363
14:30 14.5 8.8 ZS4 5.01 8 19.& 191 351
15:00 U5 8.8 2W. 4.97 a 28.1 111 3S6
!5:30 7.1 3.n a 288 337

10/16/81 10:30 ZS7 13.7 271 5.05 S a 301 335
11:05 261 8.9 271 4.49 a 30.9 1.99 31':l

IDIl9/81 08:00 15.5 a.T 174 4.41 8 31.3 193 359
011:30 8
09:00 :14 8.7 %83 4.31 8 31.1 19. :lSI
09:30 175 8.6 2J4 4.49 8 31.'1' 197 :163
10:00 153 S.4 261 4..U 8 31.1 29. 362
10:30 .. .zt.5 8.6 ZSIo 4.57 8 21.8 :1,60 379
U:OO ~6 8.lI 26.5 4.33 a 30.9 318 264
11:00 :13 <J." 111 4.2.0 5 0 318 j4a
1:2.:30 -2:53~ 8.3 -261 4.OS --$--- 31.1 -305- J~--

13:0Q %60 8.2 2.68 4.53 8 31..5 301 352
13:30 171 8.8 110 4.54 .s 2.3 299 lSi
14100 128 7.0 2.16 5.17 a 15.1 302 361
14:30 218 11.7 2.10 4.t5 3 0 311 341

10/10/81 08:00 W 7.9 231 4.53 a 30.0 31: J61
08:30 .z::: 7.7 230 4.61 8 :9.7 317 36a
09:00 116 11... 1:7 4.95 S Q 307 340
10:00 211 7.1 11!t 4.45 a 31.1 J07 J-
lCl:30 214 6.6 221 4.66 .s :9.0 316 3Si!
11:00 263 8.6 212 4..51 II n.6 306 J.r.9
11:30 278 9.3 ua 4.6\ 8 30.1' 316 365
1.1:00 298 10.1 308' 4•.53 I 30•.5 19S 152
U:30 304 ' 10.0 314 4.61 I :31.6 293 151
13:00 :45 1.1 2S3 4.57 8 %9.3 314 367
13:4:5 211 8.7 %20 4.33 I 17 •.5 301 351

10/11/81 08:30 230 7.9 -238 4.61 8 29.1 ::96 343
09: 15 245 11.5 ZSB 4.97 Ii 0 li7 121.
09:45 239 U.4 lSI 4.89 Ii 0 296 331
10:15 190 9.5 200 10.73 Ii 0 302- 34S
11;15 195 9.11 205 10.at 6 0 31.3 JIoJ
lZ:00 185 10.3 195 4.98 I. a 314 338
11:]0 185 10.1 195 3.14 4 0 314 33S

(l:cut.1l:wed)

8
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".tABLE 2.2. ( conc.luded)

Raw ma,erial d Re<:1cle mate-
UlI:OUSll.1lUI: (I:otl.s/b) nal/t.ot.al liot. ::i..1' ul:"1er i ....

T1llIle Tou.l Aspult: PI:'I:l<ilu:t.:i.otl an. Asphalt. eOl:lul:It. Job IlWc ;aClnla,. RiC f..llliP. enl: :F'
£lac.. (Ia) ;aun.au;a e_t. ( t.oD.Sll:I) of lIWI: (Vt.. :,> !lo. e:> lO!) CO!)

10/12/81 07: 4,5 146 1.9 U4 '.18 10 0 3%S 3"0
Oa~30 161 9.0 170 5.14 4 0 316 345
09:00 160 a.a 169 5.14 .. a 318 334
09:30 141 a.l us S.14 .. 0 333 345
10:00 160 a.ll 169 $.14 4 0 331 3t..ll
lQ:30 163 a.a 174 5.10 '" a 3%S 338
11:00 189 10.3 199 4.94 4 Q 3U 333
11:30 180 9.9 190 S.14 (,. Q 324 3S1
12:30 190 10.3 2,00 5.10 to 0 32.0 329
13:30 194 10.4 204 5.10 10 0 32.S 333

10126/81 09:30 157 8.1 165 5.03 S 0 327 3.53
10:00 UI 7.9 160 5.03 5 0 318 336
10:30 Uit 8.1 161 4.95 5 Q 315 3t..ll
11:00 163 I .. i. 171 4.99 S 0 317 336
11:30 U6 a.a 164 4.99 .5 0 32Z 3'-3
12:00 191 10.0 2,01 $.07 5 0 l09 330
12:30 180 9.a 190 5.03 5 Q 3310 J5:l
13:00 2,12 11 .0 W 4.99 5 II 324 3,5,3
11:30 US 11.1 2.17 4." 5 I'l 331 363
14:00 %34 12.1 Z46 4.99 S Q 307 337
14:30 %38 12.9 tSl 5.03 .5 Q 3%S 3,S7
15:00 192. 12.4 2C4 5.19 5 0 329 314

10/2.7181 01:00 Z06 10.9 117 4.99 5 a 339 375
08:30 207 11.1 218 3.03 5 0 340 362
09:00 199 U.O 2,10 4.99 5 I) :135 366
09:30 209 10.a %20 4.95 5 I) 319 36!
10:.30 1&5 9.6 195 5.19 5 0 341 311
11:00 ~3 10.7 214 4.83 5 0 3J1 338
14:00 134 7.0 141 4.95 5 , 127 339
14:30 131 6.9 US •• 93 5 I) 344 346

10/30/81 01:00 193 10.0 203 5.01 5 0 337 341
08~JO ' 186 9.9 196 4.98 5 0 33Q 3r..&
09:00 189 <J.8 199 5.01 5 0 316 351
10:00 u~a 9.9 198 4.98 5 0 3;]3 348
10:30 186 9.9 196 4.93 5 I) 32.3 335
11:00 lIo 10.0 196 Io.S5 5 0 315 361
11:30 188 <J.9 198 4.as 3 I) 333 359
ll:00 167 8.7 116 4.&5 5 i) 342 331
U:30 163 8.1 172 5.01 5 0 3:30 34;-
13:00 160 8.7 169 4.98 5 I) 328 J3J
13:30 143 7.8 l.51 5.06 5 0 331 342

11/6/81 10:00 264 B.4 172 4.Z.l 10 19.9 308 307
10~30 268 S.B 1n 4.1+5 10 30.2- 303 311
11:00 263 8.B 11" 10. loS 10 29.8 309 378
11:.)0 lSI 8.7 Il0 10..10.1 \0 29.9 no 360
u:oo Z48 1.0 %:56 4.105 10 30.6 3U 354

a Tot.al a••re••ca • Yir;iA att.rial • ~cl.d ,~~l~ p'v~~,

b lSe"lI.:l:'ed Il'. l.II.J.«ll: t.o bal4o.....e.

c .til jI'C'Oces. d..at.a for ~s date ;are datly avers.es rl!COllStructad ::roa ,bitt wungJ. ::aclu'ds.

d Sbcrc ~lIS/bcuz; 1 slacre tQQ • !.OOO tb.

9
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'J'ABf.£ 2.3. JOB HIX SPECIFICATIONS

Aggregate 8radat~m,

Coarlie aggregate Fine aggregati Hinerd filler Asphalt content b
Job luix No. (X :>

a a8 mesh) ('1 < 8 mesh) ('1 ( 200 mesh) of mix (% weight)

'- 36.5 63.5 3.6 5.2

5 47.8 52.2 3.4 5.0

6 4".8 52.2 4.0 4.9

8
e

45.8 54,2 5.9 4.9
1;")1-''0 9 Not Available0\ ,

IOc 54.6 45.4 5.7 5.1

u
l)i~l"cent of total agGregate.

h [)erct:nt of total mix.

c
JucluJes recycletJ upha 1 t Iluvi "G.



It should be noeed that the mineral filler content 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 aspbalt concrete being used as raw material were

collected. These samples were taken from the appropriate belt conveyor just

prior to being ;ransferred into the drum mixer. The samples were stored in

polyethylene bottles in the field for transport back to the laboratory for

analysis. these samples were then analyzed gravimetrically for surface

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 h. The raw data sheets of the

moisture analyses are contained in Appendix C. The aggregate and recycle

samples were then graded according to size by dry sieving using standard

AASRTO test methods. Since MRIls nest of sieves does not contain a ~o. 8

screen, which is the cutoff between coarse and fine aggregate, the percent

in each of these ranges was obtained through a linear regression analysis

of the entire aggregate size distribution. 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 analyses are

provided-~ Table 2.4. The raw data of the dry sieve and moisture analyses

are prOVided in Appendix D. Also coneained in 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 Oil

Company.

11
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1'ABLE 2.4. SWfHARY OF RAIl HA'!'ERIAI. AUAJ.YSES

I ;

n'~_of cawaatedd
Fille f I'IlCUOIlI Htlleral filler·Date ~JlIIC Vlcgln I Recyc:i.ia Conlu: fractiolla SlId.l::e ,al.liature

collected }) lI&ll rcglliu! Paviol (1 ) 8 _all) (I < a IIesl!) (I < 200 lIeab) ('It. I)
- ------

10/1/81 SoRI Rill} 'I K ! 44.3 55.1 !i.4 2.1
I X 12.1 21.3 O. I 0.9
I

• !

10/9/81 80RI lUll n l[ n.6 22.4 1.4 1.4
X 8J .J 12.1 0.1 0.9

15:30 X 69.0 31.0 2.2 1.3

• 61.1 38.9 o.a 0.8

10/I9/BI ll;30 1 61.5 3B.S 4.2 2.5
I 14.1 25.3 0.2 1.5

10/20/81 08;15 I 65.2 34.8 2.1 2.5
x 15.2 21a.a 0.2 1.1

(j) .-. 1]:]0 ll: 5J.1 42.3 3.S 2.4
I l-..l ll: 19.1 20.9 0.1 1.5

ex>

10/21/81 09:00 1 1a9.5 50.5 3.1 2.5

)0/22/81 08:30 I 21t.4 15.6 2.3 4.6
12:00 X 28.3 11.1 2.9 5.4

10/26/81 J 1;00 I 41.0 59.0 4.5 4.9
1l;15 X 49.1 50.9 1.9 J.I

10/21/81 08:40 X 53.3 46.1 2.5 1.1
14:20 X 51.3 42.1 2.2 3.1

10/30/81 08:50 X 59.8 40.2 1.5 2.3

11/6/81 10: IS It 12 .• 21.9 ".1 2.0
X 66.8 :n.2 0.1 3.2

._---.-.......-
____•__w _________

• rurcent of 10t.1 .atecial.



TABLE 2.5. AL':rALYS IS OF ASPHALT CD1EJ.TI

Parameter Specification Test results

Penetration (at nOF) 0.6-0.7 mm 0.62 mm

Flash point 450°F 615°F

Ductility (at 77°Y) 100 em 150+ em

Solubility 99% 99.96%

Specific gravity 1.035

Source: Amoco Oil Company.

13
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3.3 SAMPLING PROCEDURES

The preliminary inlet and outlet test data taken prior to performing

the actual emission tests at tae aspnalt plant are contained in Appendix F.

The prelimiJ:Lary inlet data contain an attempted ~ethod 17 run using 48 sam

pling points (traversing 24 points per port). However, only two points were

sampled because of the high loading. The eesting strategy decided upon is

discussed in more detail in Section 3.3.2. Also contained in Appendix Fare

the dry molecular weight dete:t1l1inationa 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 Pretest Preparations

. 3.3.1.1 'Particulate Mass--

3.3.1.1.1 EPA Method 5 train--Four-inch diameter Type AlE (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 filters

were placed in numbered 4-3/4 in. diameter by 3/16 in. deep aluminum weighing

pans. The filters and weigb.i.a.g pans were tl:l.en placed in a. constant. humidity

and temperature room for 24 h t after which eacn filter and its corresponding

numbered weighing pan were weighed ou a Mettler Model AK 160 electronic bal

ance to the nearest 0.1 mg. The filters and weighing pans were again equili

brated for 6 I:l. and weighed. This procedure was repeated until two consecutive

weighings agreed within 1.0 mg. The Me~od 5 filter tare weights are found

in Appendix G. After completion of weighing!, ~e filters were placed in

plastic petri dishes for transport to the test site.
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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 Alconox

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 sooor for

1 h 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 AX 160 electronic balance to

the nearest 0.1 mg. The beakers were equilibrated for 6 h and then re~

weighed. This procedure was repeated 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 AlE 47-mm diameter glass

fiber filters were used for particulate collection substrates in the EPA

Method 17 train used at the baghouse outlet location. ine filters were

placed in numbered 57-mm .diameter aluminum weighing pans. The equilibration

and weighing procedures used on these filters were identical to the proce

dures used for the EPA Method 5 filters. Method 17 filter tare weights are

presented ..in Appendix G. Plastic petri dishes were used as shipping con

tainers.

One-hundred and fifty milliliter capacity glass beakers were used for

recovery of EPA Method 17 samples. The beakers were cleaned, equilibrated,

and weighed according to tae procedures described above for the EPA Method 5

beakers. Tare weights for ~e 150-ml beakers are presented in Appendix G.

These beakers were transported in sterile plastic wQirl-Pak containers.

3.3.1.2 Particle Size--

3.3.1.2.1 Andersen high caoacity stack sammler wita 15-um prese~-

arator--The entire Andersen Hess impactor and 1S-~ preseparator system and

nozzles were was~ed in detergent and rinsed witn tap water, distilled water,

and acetone. The acceleration and vent tubes were cleaned with a high pres

sure air stream.
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aluminum tube was used as a con

The aluminum tube also served

and aluminum tube were prepared

A 1-1/2 in. diameter by 4-3/4 in. long

tainer for each glass fiber thimble filter.

as a weighing container. The thimble filter

for field use as follows:

-
Aluminum tubes were numbered with an engraver.

Aluminum tubes and lids were washed in Alconox detergent.

AlUlllinum tubes and lids were first rinsed with tap water, then

with deionized, distilled water.

Aluminum tubes and lids were heated in an oven to sooor 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 ~ot

weighed.

The aluminum tubes and lids were removed from the oven and allowed

to cool.

"A thimble filter was placed in each container.

The thimble filter and aluminum tube were placed in a cons~ant

humidity room for 24 h at ambient temperature and pressure.

The aluminum tube and thimble filter were weighed to

0.1 mg on a Mettler Model AK 160 electronic balance.

tube lid was not desiccated or weighed.

the ~earest

The aluminum

The aluminum tube and thimble filter were desiccated for 6 h.

The aluminum tube and thimble filter were weighed a second time.
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.Weighings were repeated until two consecutive weighings agreed

within 1.a illS.

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 meeal engraver. The aluminum weighing pans were then

desiccated and weighed according to the procedures used for the aluminum

tubes and t~ble filters. 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 in Ap

pendix G.

3.3.1.2..2 Andersen Mark !II .imt:lact.or with lS-f.lm tn:eseoarator--!en

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 glas~ fiber filter substrate (Andersen 2000) placed inside. The

equilibration and weighing procedures used were as follows;

The filter sets were equilibrated in a constant humidity room

for 24 h.

," The filter and its aluminum foil holder were weighed on a. Cahn

Instruments Model 27 electrebalance to the nearest 0.01 mg.

The filter sets were equilibrated for another 6 h.

The filters were weighed a second time.
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The equilibration and weighing procedures were repeated until two

consecutive weighings agreed within 0.05 mg.

• Each complete filter set was placed in a glassine envelope for

shipping.

A11dersen l:fa.rk III impactor substrate tare weigh.ts are found in Appen

dix G.

3.3.2 Testing Strategy

The Southern Research Institute "Procedure Manual for Inhalable Particu

late Sampler Operation," November 30) 1919, prepared for EPA (SoRI-EAS-79-761,

4181-37), was used to determine most of the sampling criteria for both cne

particle sizing and mass tests. Four individual sampling points were used

rather than a standard traverse of the duct, except for the inlet. Also,

the criterion for isokinetic s~ling was expanded to % 20% rather chan the

standard ± 10%.

3.3.2.1 Baghouse Inlet--

According to the procedure~ manual cited above, the recommended sam

pling po~ts for circular and square or rectangular ducts can be determined

using Figure 3.7. However, due to the duct configuration. and_the ex't.remely

high loading at the inlet, it was decided to deviate from the recommended

sampling points .for the total mass tests. Instead of sampling at one peint

during a run, it was decided to traverse 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 varticle siz~g 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 testing ~e outlet employed normal inhal

able particulate testing procedures for both particle sizing 'and total mass

tests.
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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 sectiou. The tabular aud gra;phic pre

sentations that follow were derived from reduction of the raw field data

found in Appendix I and the laboratory and analytical 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. The information.

contained in these computer printouts was used in the construction of the

graphs and tables in this section.

Only data that have met specific acceptance criteria are summarized in

this section. These criteria, as obtained from "Procedures Manual for In

halable ~articulate Sampler Operation," prepared by Southern Researcl1 In

stitute for EPA, are:

1. Each total mass and particle siZing run must be within ± 20% of

isoki.netic.

2. The particulate grain loading f::om the total mass train (EPA

~ethod 5 or Method 11) and the corresponding particle size train (Andersen

HeSS or Andersen Mark III with 15 IJ1D preseparator) must be within ± 50\.

The data that has met this criteria is in Table 4.1. Two total mass and

four particle siZing tests consisting of four runs per test (one 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 (one run

per quadrant) were conducted at the baghouse outlet test site.
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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 runs. 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 value~ disagreed by less

than 50%, the deviation probably indicated a high degree of stratification

and all data were retained.

4.1 nmAI.A:aLE PARTlCUI.ATE (IP) EMISSION FACTORS

The IP emission factors for a typical source were calculated for 15.0,

10.0, and 2.5 ~ particles as follows:

A total mass emission factor, indicating the amount of particulate mat

ter released into the atmosphere per unit of asphalt concrete produced, in

pounds per ton was calculated for each run of each. mass test'. The total

mass emission factor (lb/ton) was derived by dividing the total mass emission

rate (lbjhr) calculated from the mass train data, by the production ~ate (tons!

hr). Production data for the plant was prOVided by the Bowen Construction

Company as described in Section 1. The calculation for a single run was based

on tne assumption that the average stack velocity during the run was the same

as the velocity measured at the sampling point of the quadrant being sampled.

---In addition-,the individual- emission-facto~s for eacll-run- were-carculat:.ed

based on the plant production ~ate during the period when the samples were

collected with no adjustment being made for other variations in process

operating conditions. The IP emission factors were calculated using the

total mass emission factor derived from the M.ethod 5 and M.ethod 17 data

rather than a factor which could have been calculated from the total mass

collected by the particle sizing deVice.

!he 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 050 of each stage.
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The Dso of a stage is the particl~ diameter at which the stage achieves 50%

efficiency; one hal~ of the particles of that diameter are capt~red and one

half are not. The computer printouts of the particle sizing te~ts in Appen

dix J indicate cumulative percent greater than the stated 050 , whereas the

graphs and tables indicate D50 as cumulative percent less than stated size.

The cumulative percent less than stated size vs. the stated size (Dsa) were

theu plotted for each of the four runs that constitute a test. Note: The

cumulative percent less than stated size is determined by subt~actiag the

numbers found in tae row labeled "cum." wita filter ll from 100.

To determine exactly what percentage of the total mass was less than

2.5, 10, and 15 microns, the cumulative percent greater than st~ted size and

Dso from the abovementioned computer printouts were entered in~o a spline

equation. A program for handling 'impactor data using a spline fit has been

developed by .I. E. Jobnson et al. (itA Computer Based Cascade Impactor Data

Reduction System, It EPA-600/7-78-042, ~arc.b. 1978). An improvement to tb.is

program has recently been completed by MRI and was used in this study to de

termine emission factors. IP emission factors were calculated by multiply

ing the percentage of the total mass derived by the spline equation for the

desired D50 by the total mass emission factor (lb/ton). The particle diameter

upper limit Was set at 50.0 ~mA for the calculations using the spline fit.

4.2 CALCULATION PROCEDURES FOR TIm. rnt:E:! AL'tD CUTtET or THE BAGROUS:e:

Due ~o the extremely high loading at the inlet, a deviation from normal

IP protocol was used to calculate these emissions. !he outlet emissions

were calculated using the normal IF 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 a six

point traverse instead of being collected from one point at the center of a

quadrant. 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 A). The last 2 days of
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TABU 4. 2• BAGHOUSE OtrrI.ET TOTAL MASS
AND PARTICLE SIZING
COORDINATION

Particle sizing run

0-1-l(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

G-2Q

Total m.ass run

0-1-1
0-1-2 (recycle)
O-l-.3(B) (recycle)
0-1-4 (recycle)

0-2-1
0-2-2(B)
0-2-3
0-2-4(C)



TABLE 4.3. BAGHOUSE INLET TOTAL MASS
AND PARTICLE SIZING
COORDINATION

Particle sizing run Toeal lDass run

None 1-3 (recycle)

None 1-4 (recycle)

I-1-4 I-l(C)I-1-2

I-1-3 I-2I-2-2eB)

I-2-4 I-5

1-2-3
I-3-2 r-7I-l-l(B)
I-3-4

1-3-1 I-81-3-3

1-4-2 1-6(B)

1-4-1
1-4-3 None1-4-4
1-2-He) (recycle)
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testing no total mass runs were conducted. the average total mass emissiou

factor (lb/ton), calculated from all ei~t of ehe inlet mass runs (Table 4.3)

was applied to the particle sizing runs conducted on that day.

4.3 DATA PRESENTATION FORMAT

Summary 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), Dso values, and the cumulative percent less than stated

size for each stage of the impactor.

Tables 4.6 and 4.7 present ehe total uss emission factors (lb/ton)

and the !P emission factors for 2.5·, 10.0-, and lS-~m particles. An aver

age ratio of the grain loading determined from the particle sizing train to

the grain loading determined from the USB train, is presented in Table 4.7.

This ratio was not included in the data for the inlet (Table 4.6) due to the

six·point traverse (instead of quadrant sampling) used to obtain the sample.

The _~omputer results of the modified EPA Method 5 and Metho~ 17 train

field data containing the calculated _grain loadin~ and th~~mission rate in

pounds per hour, are presented in Appendix J. !P emission factors for beth

the inlet and the outlet are summarized in Table 4.8.

The data results are also presented in graphic form for both the bag

nouse 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

indivi.dual test, which. consisted of four separate runs (one per quadrant).

The data presented include particle size (Dso) versus cumulative percent

less than stated size and emi.ssion factors for 2.5, 10.0, and 15.0 iJm.
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(Data Reproduced in Table 3-28)



the data for particle size (D so) 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 ~m).

the calculated emission factors for 2.5, 10.0, and 15.0 ~ are pre

sented both as an average of the four runs and as a range of values for the

four runs. 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 eests

conducted at each testing location. there were four particle sizing tests

of four runs per test conducted at the inlet location and two particle siz

ing tests of four runs per test conducted at the outlet location.

the average particle size (D so ) versus cumulative percent less than

stated size for all tes~s is p~esen~ed graphically. The plot was con

structed by averaging all test data generated by the spline fit for the se

le~ted diameters of 2.5, 10.0, and 15.0 ~m. The ranges of the individual

test averages are also presented at the sele~ted diameters.

The average emission factor for all tests is also represented by a

line. The line was constructed by averaging the average of individual test

results at the selected diameters of 2.5, 10.0, and 15.0~. The ranges

of the individual test averages are presented at the selected diameters.
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SECTION 5.0

CONDENSABtES 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 condensable

testing was performed using the EPA Stack Dilution Sampling System (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

a brief discussion of the test results.

5 • 1 DESCRIPTION or rnSTRllMENT AND !EST PROCEDURES

5.1.1 Design of Stack Dilution Sampling System (SDSS)

A dia~ram of the major components of the SDSS is shown in r~gure 5.1.

In operation, gases from the pro_,=-!!ss stream are dr21~!L!=-hrough._~h.e IF D~J

Cyclone Sampler in which particles with an aerodynamic diameter greater than

15 IJ1D and those in the range 2.5 to 15 I..Im are removed in two stages. The

stack gas containing the fine particle fraction « 2.5 1J1D) and condensable

vapors passes through the heated probe and flexible sample line and is in

troduced axially into the boc.tom of the cylindrical dilution chamber. At

this point the stack gases are mixed with cool, dry dilution air to form a

simulated plume which flows upward through the dilution chamber. A standard

20 x 25 em hi"vol filter i~ ~stalled at the discharge end of the chamber

which collects the fine particulate including any ~ew particulate formed by

condensation. The dilu~ed stream is exhausted by a l-ap blower or optionally

by a standard ~i-vol blower. Stack gas flow raee is measured by an orifice
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at the base of the dilution ehamber. Dilution and exhaust flow are measured

by orifices in the inlet and outlet lines, respectively.

Ambient dilution air is drawn through a blower and forced through an

ice bath condenser. In this condenser the air is cooled to 5 to goC' (41 to

46°1), depending on the flow and ambient temperature. More significantly,

the dilution air ~umidity is reduced to about 0.57% by voiume, correspond

ing to saturated air at the ice point. After the condenser, the air is re
heated as required to reach 21.1oC (10oy) at the dilution chamber inlet,

filtered through a HEPA-type a~solute filter, and introduced into the dilu

tion ehamber. the dilutiQU 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 surroun~g the sample gas inlet. The ratio

of the areas of the two inlets is such that for sample gas at room tempe:

ature the velocities of the sample and dilution streams are equal. Sample

gas at stack temperature will be injected at a higher velocity proportional

to the thermal expansiou of the heated gas stream. This was judged the

best simulation of a buoyant plume injected into stagnant air.

5.2 SPECIFICATIONS

-
The geometric and flow specifications were set by several constraints.

The-sample flow rate was set by the flow requirements of ~e IP cyclone,

sampler. Ideally, to approximate the conditions found in actual plumes,

the dilution ratio should be ~gh (approaching 103 to 104 ) and the mixing

times long (tens of seconds). The actual dilution conditions represent a

compromise dictated by limitations on the size of a portable field instru

meut. Geometric and flow specifications are given in Table 5.1.

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 volume at 21.1oC (corresponding to about 24% relative

humidity at ;0°:) were chosen. This relatively dry dilution air should not

be subject to water condensation for normal stack samples, yet is more

realistic ~an totally dry air.
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TABLE 5.1. SPECIFICATIONS FOR DILUTION SAMPLL'fG sysm!

Geometric
Active length of dilution chamber:
Diameter of dilution chamber:
Diameter of sample inlet tube:
Active dilution volume:

48 in. (122 em)
8.4 in. (21.3 cm)
1.68 in. (4.27 em)
1,S4 ft 3 (43,600 cm3 )

Flow- • Sample flow (determined by inhalable
particulate cyclone train):

Sample velocit.y:

Dilution airflow:

• Dilution air velocit.y:

• Dilution ratio:

• Residence time:

0.6 ft 3 /min
(- 17 liters/min)

0.86 ft/sec
" (- 27 em/sec)

at 302°F (ISOOC)
IS ft3 /miIl

(425 liters/min)
0;66 ft/sec

(20 em/sec)
- 25:1 (up to 40:1

possible)
6.2 sec

Gas c:onditions
Sample gas: T < 250 0 Cj particles> 2.5 ~ removed by cyclones
Dilution air: ! = 21.1Q C; relative humidity 24%, filtered ambient

air
'.

Sample collection
Particulate collected on glass fiber filter
Optional impactor gives cuts at. 0.5, 1.0, 2.0, and 4.0 ~m

Optional extraction of diluted stream for sizing by optical counter,
electrical mobility analyzer, condensation ~uclei counter, etc.
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5 •~ OPERATING PROCEDURE

The in-stack IP dual cyclone train is the intended precutter for the

SDSS. This device is fully described in. the nprocedures t1anual for Inhal

able Particulate Sampler Operation!' cited earlier. The flow rate of stack:

gas entering the dilution system is determin.ed by the necessity to obtain a

Dso of 15 ~ (50% collection efficiency at 15 ~) for the initial IP cyclone

(SRI-X). This flow rate, which varies with temperature, can be determined

frOID the experimental calibration data for the cyclone train. Nominally,

23 t/min (O.S ft3 /min) is required for standard air at lSoaC (300°F). Over

the entire operating temperature range of the sampler, Cyclone SRI-III ob

tains 50% collection efficiency at 2.5 ! 0.5 ~ for the flow rate determined

by cyclone SRI-X. Particulate with aerodynamic diameter smaller than 2.5 ~m

(the fine particulate fraction) passes into the SDSS and provides the nuclei

for the accumulation of condensable material in the dilution/cooling precess.

Since the fine fraction of the in-stack particulate is collected along

with the condensable emissions, a second dual cyclone IP train with a stan

dard in-stack filter is used to measure simultaneously the in-stack: parti

culate without condensation effects. The setup and operating procedures for

both cyclone trains are essentially identical and are described in full in

the SoRI procedures manual. In brief, the stack gas temperature; velocity~

and composition- are measured, ana-the gas---v'iscosieYcalculatea. Usingcali

bration data for Cyclone X of the dual cyclone IP sampler; a flow race is

selected to obtain a Dso of 1S ~m 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

snss calls for sampling at a minimum of two points in a duct rather than a

minimum of four as specified for the dual cyclone train. In either case,

sampling points are chosen at the centroids of quadrants of the duct. wnen

the minimum two·point measurements are taken, as they were in this test, the

dual cyclone t:ain is used to sample at one point waile the SDSS is used at

the other. In alternate runs, the sampling trains are switched, especially

if stratification is noted.
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After sampling, the cyclones are unloaded and the cyclone catches are

collected according to the procedures manual for the dual cyclone 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 SOSS filter in calculating the fine par

ticulate plus condensable emissions fraction.

5.4 TEST CONDITIONS

The sampling c:ew from SoRI arrived on-site with. the SOSS on Monday)

October 5, and began setu~. Due to delays in obtaining electrical power,

the first run could not be made QD.til Wednesday, October i. A second run

was performed on Thursday, October 8; in order to make u~, 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 em (41.0 in.) from the entrance of each port along the diam

eter of the stack; in other words, at the centroids of the quadrants of the

stack cross section which lie away from the baghouse. Stack velocities

were measured at quadrant centroid points 1 to 4 and averaged to select

sampling nozzle sizes. Gas composition (dry basis) was measured by Orsat

and determined to be 15% 021 3% CO2 , and 82% N2 , respectively. Stack mois

ture as determined at the end of all IP runs varied from 14 to 19% by vol

ume. Obviously, this figure will vary with. production rat.e and the moisture

content of the aggregate, but it was roughly constant except for Run 4.

Other relevant variables are presented in Table 5.2.

To provide a "cleanll substrate for any future chemical analysis,.

Zefluor Teflon membrane filters (GHIA, Inc.), 2-~ pore size, were used

for all SDSS runs. For the in-stack backu~ filters on the conventional IP

train, preweigned 47-mm glass fiber filters were employed. No pressure
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....------48"------~

Outlet Cross Section

"Figure 5.2. Cross saceion of baghouse outlet stack.
Quadrants n~ered as for condensables
caseing.
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drop problems were noted wieh eieher filter. !he SDSS filter 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, were kept pro

tected in covered containers.

5 •.5 RESULTS

The weights of ehe cyclone and filter catches are presented in

Table 5.3. !he cyclone catches were weighed after desiccation on a Cahn 27

balance at SoRl. All filter weighta represent the results of replicate

weigh!ngs in the controlled humidity weighing room at ·MRI. The var'iatiou

of all replicate weighings was insignificant except for the loaded SDSS

Teflon filters. The filters from Runs 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 110 such variation. For rea

sons discussed below, this loss was interpreted as evaporation of condensed

organic compoWlds c:ollected 00. the filter of the diluted stream. No sim'ilar

weight loss was noted on the glass filters used for the in-stack cyclone

train. The variations in the weigh.ts of these filters were wi.thin the

0.2-mg reliability of the Mettler AK160 balance used and were not monotonic

with time. Over the 3- or 4-day wei~ing period. the glass filters were as

likely to.$ain weight as to lose weight between reweighings. Thus, we con

cluded that the systematic weigb-t. loss was real and uniq,ue to tl:l.e filte:
.. --"- ." ..--- -----:;"- ..._-----

samples taken with the SDSS. Therefore, the weights reported for these fil-

ters in Table 5.3 are not averages) "but. rather the individual weight.s as

measured 1 day after sampling, The rationale for this decision is discussed

be'low.

Inspection of the data in Table 5.3 reveals that the two parallel cy

clone trains collected roughly comparable amounts of dust for the runs in

this test. Eor all pairs .of cyclone catch.es except t.hose in. Run 1, t.l:l.e

deviation from the mean is less than 30%. In Run 1, the SDSS cyclone X was

significantly higher than the standard IP train with a deviation of 4a%

above the mean, but this is still within reasonable limits for simul~aneous
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'1'ABU 5.3. RAW WIUGJlTS'" I!~ROtt JHIIALADI.E PAltTGUI.ATE s'rACK lHLUTIOH SAMPLING SYSTEM
TESTS AT DOWEN COHS1'RUC1'ION COHllAHY

8'1,
15 fJtD D60 2.5 l-lm D50 Uncorrected Corrected Corrected
cyclone cyclone filter filter Total weight total

Run No. SRI X SRI HI wt. wt. Wash collected wt.

1 IP 10.21 2.71 2.8 15.78

2 IP :n.53 1.58 2.5 35.61
2 SOSS 20.51 2.71 14.69 15.81 5.4 43.31 44.55

Cl 3n 11.31 9.17 3.5 89.98
I 3 SOSS 43.63 9.40 25.21 21.23 6.0 84.24 86.26\.oJ......

4 IP 11.20 2.47 2.8 16.47
It SOSS 16.09 2.37 24.64 26.61 4.0 47.1 49,07

a
AU weights In oli11 igl'allls.

lJ Filter from SDSS RIUk 1 was coutaminaled.
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single-point samples. In contrast, the SDSS filter catches were factors

of 6 to 9 higher than the in-stack filters even before the probe washes were

included. This extra mass, coupled.with the steady 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 toam tem

perature. The most likely candidate species appear to be lower molecular

weight aliphatic hydrocarbons from the asphalt m~x, but analyses of the

material would be necessary to confirm this speculation.

The evaporation of the SDSS filter samples results in some difficulty

in assigning a unique loading to the filters. ObviQusly, 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. Fi~st,

it is not always desi~able 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 arti£acts

due to adsorbed moisture. In this test, prompt weighings were available

only for Run 4. However, for all three runs weighings were in the vicinity

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 the day, these weights were chosen for Table 5.3.

To obtain a more realistic comparison of the weighe losses of the

three SDSS filters, all sample weights were normalized to the I-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 immediately

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 concentrations calculated from the test data are presented in

Table 5.4. Concentrations have been calculated from the data in Tables 5.2

and 5.3. The fine particle plus condensable fraction has been corrected by

the 8% fraction mentioned 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 aa percent condensable.

As can be seen, on the average 45% of the particulate measured in the SDSS

at this source was formed by condensation.

The total mass concentrations in Table S.4 are listed in metric and

English units and have been converted to emissions factors in pounds per

hour using the stack volume flow listed in Table 5.2. This number 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 rat~ 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 (tons

per ~our) during the test period by the total emissions (pounds per hour).

In order to calculate emission factors for >15, 2.5 to IS, and <2.5 ~m

(pounds per ton), the ratio of the individual stage weight (Table 5.3) to

the total weight collected was multiplied by the total mass emission factor

(pounds per ton).

One final word of cautiOn: The condensable emission factors measured

in the SDSS must not be equated with volatile organic carbon measurements

made with other sampling trains. It bas been demonstrated that the SDSS

does not retain all the more volatile hydrocarbons that fall in the vola

tility range corresponding to the TCO fraction Levell organic analysis.

These more volatile hydrocarbons will not be retained by the SDSS filter,
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'fABLE 5.4, PAJ('I'ICUI,A'I'E I.ASS COtlCEN1'RATIOUS (COIIOENSAOI.ES '!'ES1'UIG)
I
I

(;,«:1000 X C)H;lol&e 111 , 'thor 'Iller plna v••b
~ ,~ It b __-.1.:.5- 15 <a._' .: 2.S i!!!__ < 2. S ._ cOlldel"'." lei I Total c.llllIlonl

Run No. _,/dac. Ir/dlcr _a/deem ar/dad _./dle. Ir/dld -s/dae. ar/d.d COlldco....' •• IIS/d.;;;-.r/dtH:f

J II' S.18 0.08252 1.51 6.000686 I.S9 0,000694 8.94 0.0019
I SUSS 19.03 0.008ll 2.80 0.00122

I

:I 11' 18.16 0.00819 0.94 0.OOG4' 1.49 0.000651 21. 19 0.0091
:I 6JlSS 14.92 0.00652 2.01 0.OU0818 15.18 0.00689 41.J 32.11 0.0141

J 11'
I

1.66 42.16 0.IU8136.14 0.16 4.J6 0.0019 0.000125
J SUSS 2s.6' 0.112 5.52 0.0024. 19.19 0.00864 35.6 sa.92 0.0221

,. ... 9.10 0.001024 2.14 0.000915 2.42 0.00106 14.26 0.0062
" soss 14.41 0.00632 2.11 0.00091 21.81 0.0121 51.2 '4.4t 0.01')4

I
Avcralc II' 1'.n 0.00115 2.25 0.OO0981 I. J9 0.000182 21.19 0.0095

? Avenlc SDSa IB.SI 0.00808 3.11 IUIDtl6 21.11 0.00923 45.J 1,2.68 0.0181

.p.
N

a I" UJauI.. per ...., .tllldnd cubic lIIelef.

b
Gnhlll pCI' dey a"allda ..d cubic fooL.

(Data Reproduced in Table 3-14)



TABU: 5.5. KIIISSION FAC't'ORS (CONDENSABLES '1'ES1'ING)

RilUo 01 tot"
atack now ul.. AvIS r. II" a fot" Ia.. llill U' "lllh.'OIl hctor

to IIlullplllr fotal "lIIinJolIll I'roducljoll rlll,# i:ld.",loA hc:lor ,. 15 .. 2.5-i5il~ <"2.5 ..
11,," No. D410l flow nl" (lil/hr) (lQoll/lu;) ( Ib/loll) 1. Co..dcllubll:l (lll/lon) Oll/lou) (Iii/toil)
~---........ ._----~

Il' 1011/81 62.200 0.8]11
3)9 0.00241 0.0016 0.&10043 0.00044

SDliS H.~OO

:I 11'
10/B/1II )0.300 2.21 290 0.0018 4l.J 0.0069 0.000)5 0.00055

:I 5Q5li 85.400 3.41 0.012 0.00S5 0.0001$ 0.0051

] II'
10/9/81 11,100 4.10

322
0.01~5 15.6 0.011 0.0016 0.00060

1 SOSS 81.500 5.~4 0.0112 0.0081 0.0019 0.0066

? 4 I; 10.:100 1.65 0.00655 0.0045 0.00098.t:-- 10/9/1U 252 51.2 0.0011
w 4 SIISS 84,800 5.10 0.0202 0.0066 0.00098 0.01l

""a
Il' ll' -0.0081 -45.5 -0.0065 -0.00004 -0.00061
suss lvl SI):iS -0.016 -0.0669 -0.0012 -0.00B4

..
Avenal: I'n"luct 1011 calC for te»l period exc"pl for Itllll 2 ",Iull'c tbe ..... ly lIventRaI wn ulle" to c:alcullItc lb" ...i,,'oll I.etOL

(Data Reproduced in Table 3-29)



as they will not. remain in the condensed part.iculat:.e in the act.Ual plume of

a stack. To obt.ain values of t.ot.al organic emission, a sampling train such

as the Source Assessment Sampling System is recolIlJDended. The present re

sults are representative of the particulate emissions as they would exist

in the near-stack ambient environment after emission, including that frac

tion of t:.he volatile emissions found in the condensed phase.
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APPENDIX H

COMPLETE LISTINGS OF JSKPRG. JSKRAW. AND JSKLOG
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SPLIN:

DISTRIBUTIONIl:LPRINT " "
CUT" :LPRINT II II

";YO( I HNEXT I :LPRINT" II :LPF:li

H-2

2 REM ----- PROGRAM "JSKPRG" ----
10 CLEAR 40Q()
12 REM ----- CLEAR REGISTERS FOR NEW RUN -----
i5 OG=LOG(iO)tI2=OtXX=0~XD=Q:X2=OtYP=OtST=O:NZ=0:XM=O:lX=O:S1=OtYL=OtYM=0:DM=Ot

;OtL2=OtL3=01L4=OtL5=0
16 l6=OLK1=OLK2=01K3=01K4=01K5=0:K6=O:JY=O:J9=OtIT=OtIJ=OtIM=O:Il=O
17 K2=OLr3=OLTL=O:KS=O:BA=0:SA=0:IQ=0:rX=OtI2=O:JX=OtIA=OtIC=OtIB=O
20 BIM XN( 1() "Y()( 10 ), X( S3 ), A( 10), B( 4 ), COC SO f 3), Y1< 53 ), XII( 15 ), XQ( 10,50 h YCl( 10,50
Y2( 10), HI$( 50), JX( 50 ), ,..lY< 50), QQ( 10,50), JQ( 10), .JW( 10 )
30 PRINT"PROGRAM SPLIN2 FROM FORTRAN ORIGINAL 02/22/82 V1"
31 LPRINT TA~6); " "tLPRINT » UtLPRINT " "tLPRINT "
PROGRAM - 02/22/82 Vl"tLPRINT" "tLPRINT " "
39 l-<EM ----- NUMBER OF nATA SETS AND REQUESTEII OUTPUT -----
40 INPUT"ENTER * OF DATA SETS";QW
45 PRINT"ENTER 050'S IN INCREASING SIZE"
50 INPUTJ'ENTER NUMBER OF POINTS" H~F

52 ~EM ----- INPUT PRODUCTION, EMISSION DATA ----
~5 P'OR UU=l TO QW
58 INPUT"SET ID="iI~t(QV):INPUT "PROCESS WGT. RATE (TONS PRODUCED/HR)";JXCQV):I
UT II TP EMISSION RATE (LB/HR)"; .JY( QV )
S9 INPUT"ENTER PARTICLE DENSITY (s/cc)";JQ(QU):JW(QV)=SQR(JQ(QV»
60 FOR 1=1 TO NF
70 INPUTnENTER DSO, CUM LOADING FOR EACH POINT»~QQ(I,QV),YQ(I,QV):XQ(I,QV)=JW(a

*i..lCH hU'J HNEXT I
80 PRINT"SET ~";QV:NEXT av
81 INPUT"ENTER * OF D50'S TO BE DETERMINED FOR ALL SETS";LA
82 FOR 1=1 TO LA:INPUT"ENTER AERODYNAMIC D50";XD< I)tNEXT I
83 FOR QV=l TO UW:FOR 1=1 TO NF:XN(I}=XQ( I,QV):YOC! )=YQ( I,QV)tNEXT I
84 PRINr TIME$tLPIUNT -rAB(oH"TEST ID: "jUI$(QV)tLPRINT" UtLPRINT TAB(6);"INPI
[lATA: PROCESS WEIGHT RATE =u;.JX(QV );" TONS PROrl./HR"tLF'RINT TAB(24);"TOTI
PARTICULATE EMISSION RATE =",JY(QV)," LB/HR"tLPRINT TAB(24),"PARTICLE DENSITY

;JlH QV ), n G/ce"
85 LPRINT .. "tlPRINT"TAB(6)'"MEASURED SIZE
86 LPRJ. NT TABC o-}; "CUT( UITI ) CUM. r. -(
88 FOR 1=1 TO NF"tLPRINT TAB(o); QQ(I,QU),"
II at

B9 NN=8:RR=NNtN=4:R=N
90 NF'=( (NF-Z )*N HNN+1
91 .JE=.j)'( (~V )/JX( QU)
92 LPRINT " ntLPRINT TAB(6)."OUTPUT DATA: TP EMISSION FACTOR = "'JEt Il LB/T
"iO.5*JE;" KG/MT)":LPRINT" UtLPRINT .. ":LPRINTTAB(41)'"EMISSION FACTOR"

93 LPRINT TAB<6';"CUT (ullIA) CUM. i. -( CUT (LB/T) (KG/MT)":lPRINT'
II

95 ~EM ----- SPLINE FIT OF MEASURED SIZE DISTRIBUTION ----
96 REM ----- BASIC TRANSLATION OF "SPLIM2" Vi 02/22/82 ----
100 N2=NF-2
110 FOR 1=1 TO N2
1~O J.J=N-1
130 IF N2-I<0 THEN 150
140 .j •.)=N+2
150 M=< 1-1 )*14+1
160 X( M)=LOG( XN~ I ) )/OG
17() YH M)=LOG( YO( I ) )lOG
180 XI=( lOG( XN( 1+1) )/OG-LOG< XN( I ) )/OG )/R
190 !=OR :£I=1 TO 3
200 MM=I-1+II
210 B( I I )=LOG< YO( MM ) )/OG
220 K=3:lC< II-l)
2'30 FOR J= 1 TO 3
240 113= r -1 t.)
250 H( Kt.j )=( lOG': XW M3) l/OG H':': II-i)
260 NEXT .j: NEXT I I



280 GOSUl< 50QO
290 fUR J=l TO 2
30Q Sl=BCZ)+2*BC3)*LOGeXNCltJ-l»/OG
310 IF Sl>=O THEN 350
320 BC 2 )::\ LUG( YO( 1+1 )/YOe I» )/OG/e LOGe XNi. It1 )/XN( I ) )/OG )tBe 1 )=LOG( YOC I) )/OG-Be 2)
LOGC XN( I ) )/OG .
330 Be:5 )=() t J=2
350 NEXT ,J
360 FUR J=l TO JJ
370 t;;=Mt,)
380 Xc K)=LOGeXNCI»/OG+J*XI
390 H( I';; )='I:<C i HBC 2 )*Xl. K HBC 3 >*XC K )C 2
400 NEXT JtNEXT I
410 FOR 1=1 TO 3
420 K=:5*e 1-1 )
430 FUR J=l TU 3
44 fJ M=lH J-i )$:N
450 A< K+.J )=X( M}e( 1-1 )
460 NEXT JtHEXT I
470 FUR 1=1 TO 3
480 l'i=lHI-l»)):NtBCI)=Y1<M):NEXT I
490 K5=()
50(1 GOSUl< 5000
51 () Sl=BC 2 )+2*B( 3 ).X( 1 )
520 IF SL>=O THEN 600
530 FOR 1=1 TU 3:Ae!)=1:NEXT I
540 Ae 4 )=xe 1 )-( XC Ntl )-X': 1 ) )
550 Ae 7 )=A< 4- H': 2
560 FOR 1=1 TU 2:K=3*I:FOR J=2 TO 3
570 M=1+«J-2J.N):A\KtJ)=XCM)[ItNEXT JtNEXT I
580 Be 1 )=YH 1 )
590 fOR 1=2 TU 3:M=lf«!-2>*N}:B(I)=Y1CM):NEXT I
595 1';5=0 :GOSUB SOO()
600 FOR 1=1 TO 3
610 CO(l,I)=B(! ):NEXT I
615 XI=1
620 rN=NP-NN-!
630 FOR 1=11 TO IN
64·() ,.\,J =1 t BC 1 )=0
6:.iO FOI~: .J=2 TO. 3
61.>(J ~;=: 1-1
670 IF 1=1 THEN K=I
680 a( 1 )='I:« 1 Hl. J-l )*< CO( K"J) )*X< I )( ,J-2}
690 NEXT J
'lO() B( 2 )=(:O( K, 1 )
1i.~O fOj-;: J=2 TO J:LET B( 2 )=B( 2 HCO( K,.] )*X< I )C( J-l >:NEXT J
730 B( 3 )=YH 1+2 )
74() fOR J=l TO 3:L=lf( ..1-1 )*3:A( L )=( J-l )*X( I )e( J-2 HNEXT J
ISO fOR ,j=1 10 3H'=.J-l :KK=3*KtA( KK+2 )=X( I )(KtNEXT ,J
760 FOR J=l TO 3:~=J-l~KK=3*KtA(KKt3)=X( I+2)[KtNEXT J
no I';s=()
lBO GOSUB 5(100
l<YO FOR .j= 1 TO 3: CO( I, ,J )=B( .1 n NEXT .J: NEXT I
800 IF JJ=(NP-i) THEN 1140
810 05=lUG( XN( NF ) )lOG-LUG( XN( NF-l ) )lOG
82() XI=05/f::R
830 M=(NF-2}$:Nti
8-4-(1 XI:l=LOG( XN( NF-l } )lOG: XM=LOGe XN( NF ) )/OG
850 NL=NP-NN
860 Yl=iOCYl<NL) H-3
870 ~E=CO( IN,2)fCO( IN,3)*2*XD
eso PP=CO(INd)
8'10 FUli: L=2 TO ~~

900 PP=PPfCO(IN,l)*XD[(L-l):NEXT L
~10 DM=DE*(10CPP)*2.30Z585



930 GOSUE< 7000
9~-)5 N3::::NN+2
940 FOR 1=1 TO N3
950 J=M+I:X(J)=XCM)+I*XI
960 IF XeJ)(ZS THEN 1000
970 ),if,·j )=LUG( Y()( NF ) )/OG
98(> GUTO 1100
1000 j-::EM
1() 1(I Y 1( J )=Be 1 )
1020 FOR 1<=2 TO 4
10'30 Yl( ,J )='(l( ,J }t£~( I'< )*X( ,J )( 1'<-1 HMEXT K
10·4-{J 'I'" 1( J )=LUG( 1'1( •.1 ) )lOG
1101'.) NEXT I
1110 :c I=NF'-NN-2
1.:1. 20 I N=NP-l
1. i 30 GOTO 630
i 140 r5=NP-1
U.6Q FUR 1=1 TO LA
i :i.80 l) l=LOG( Xrl( I ) )/OG
i:i.90 l:S=NP-i
1200 .... OR J=i TO NP
i;·.!10 IF tll>X(.J) THEN 1300
1220 XS=J-i
1230 ,J=NP
1300 NEXT J
1310 IF 15<1 THEN IS=1
1320 YD=CO(IS,1)+CO(IS,2)*Dl+CO(IS,3)*Dl*D1
1330 ttY=101: 'I'D
1340 LPRINT TAB(6);XD<I )iTABC20);DY;TABf,36);DY*JE/l00;TABf,50);0.OOS*DY*JE
1350 NEXT I
1351 LPRINf TAB(6); " "LLPRINT TAB(6); "END OF TEST SERIES"
1360 LPRINT TABC6>i" "~LPRINT" "lNEXT QV
1365 PRINT TIME$
1370 PRINT "END OF RUN"L END
5000 R~M ROUTINE SIMQ
50:\.0 'fL=O
5020 t(S=()
j030 ,39=-:5
5040- FOR .J2;:1 TU 3
5050 .J'f=..l2+i
5C'60 ...'19=.;9+3+1
~(l7() BA=u
~080 :cr=.J9-J2
5090 FOR I2=J2 TO 3
~:i. 00 I,J=rT+I2
5110 IF ABSC8A)-A8SCACIJ»)=O THEN 5150
51 ~~O BA:.::AC I.J )
~i30 Ht=!2
5150 NEXT 12
5160 IF ABSCBA)-TL)O THEN 5200
'5170 1<5=1
5180 .J2=3:GOTO 539~

5~.~OO I 1=..\2+3*< ,32-2 )
5~.:.~ 10 :cr=Hi-.J2
5220 FOR K2=J2 TO 3
5 :::. 3(l l: 1=r J.. t 3 ~ 1 :5=I i +:I: T
5240 SA=A( Ii )
5:·:~50 (:,< 11 ):=R< 13 )
~j::.:6(l (:1< 1:5 )=SA
:j2.7v r:·,< Ii )=A( I i )iB~, ~NEXT ~:;2

5280 HA=t\.: r M) R-4
~j:·:~90 t{( 1M )=B( .r.:1 )
~j3(IO f.{( ,j2 )=$:':':'/BI'-l
::.i310 IF ..12='3 THEN 539':)
~j::~20 Hl=3*( .J2- 1 )



tJ~340 IZ=Hi+IX
5;'35v I1=.)2-1X
~;,'j:'56v FOR .JX:,]"!' TO 3
::;:370 XX='3*< ..tX-1 )+ rx
5:'580 .JZ=XX+H
5:390 ?,( X>: ):::A< XX )-( A( 12: )J1:A( ·lZ ) nNEXT JX
5392 Be IX)=BCIX)-B(J2>J1:AC IZ):NEXT IX
53'75 NI::XT •.12
5398 IF K8=1 THEN ::;500
::;"1·00 N't'=3-i
5.<\·10 J: T=3»:3
::I··j·20 FOR .J2=1 TO t~~'

::14· 30 :J: A=! T-J:.!
::;"~4Q rB=3-.J2
5 ..j·50 I C=3
~.i4·60 FOR K2=1 TO ...12
::; ..j·70 }::« If.< )=BC let )-H( IA )J1:BC IC)
5480 IA=1A-3
5··j·90 r C:::!C-UNEXT 1\2 :NEXT .J2
550(, RE'TURN
7000 r:El'I ROUTINE OSCFIT
7005 PRINT "7000"iTIHE$;
1010 NZ=O:ST=.l:XX=XM:LX=XM-XD
7020 Sl=LX/99tG8=O
7C)30 NZ=NZ+l
7040 Ll=XD-XX:L2=-LltL3=Ll*Ll:L4=LZ*L2
7050 L5=L3*LitL6=L4*L2
706(1 t< 1=YL/L3
7070 1<2=-2*YL/L5
l080 K3='(M/L4
"l090 t<4=-:~*YM/L6

'/100 t<S=DMlL3
'l:i. 20 l:{( 4 )=IQt"4tK5
'l:i. 30 :t:{( 3 )=( K1+1\3-( 2*XX+X£t )*< K2+K5 )-( 2*XD+XX )*( 1<4»
7140 B(2)=(CK2tKS)*C(XX*XX)t2*XD*XX)+CK4)*C(XD*XD)+2*xn*xX»
7145 BC 2)=B(2)-2*Kl*XX-2*K3*XD
7150 B( 1)=(Kl*(XX*XX)t~3*(XD*XD)-XD*(XX*XX)~K2+K5»~XD*XD)*XX*<K4)
716 ':) X2=XD-Sl
7:i.70 FOR 12=1 TO iO()
?:i.(:W >:2=X2tSl
7190 IF X2>XX THEN 7250
120U YP=3*B(4)*(X2*X2)t2*S(3)*X2tB(2)
7210 W4=O:IF YP(O THEN XX=XX-STtI2=100tW4=1
72:50 N£XT 'I2
f26U IF W4=i THEN W4=OtGOTO 7030
7300 IF NZ=i THEN 7400
7310 XX=XXtSTtST=ST/l0
7320 IF ABS(ST)(lE-6 THEN 7350
7330 GOTO 7030
7350 Xx=XX-l0*ST
7400 ZS=XX:PRINT TIMES:RETURN
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i1 REM ----------PROGRAM ~JSKRAW~---------------

:5 CLS
1(l CLEAR 4000
15 UG=LOG( 10):I2=O:XX=O:XD=O:X2=OtYP=OtST=OtNZ=OtXM=OtLX=O:Sl=O:VL=O:VM=O:DM=O:l
=O:L2=O:L3=O:L4=O:L5=O
16 L6=OtKl=O:K2=O:K3=OtK4=OtK5=O:k6=0:JY=O:J9=O:rT=OtIJ=0tIM=0:I1=0
17 K2=O:I3=O:TL=O:KS=0:~A=O:SA=O:IQ=0:IX=O:I2=0:JX=OtIA=OtIC=OtIB=O
:W lHM XN< 10 hYO< 10 ),X< 53 hA( 16 hB( .. ),CO( 50,3 hYt( 53 ),XD( 15 ),XQ( 10,50 hYQ< 10,501
Y2r, 10 ) dDiH 50), ,JX< 50 ), ,J y,; 50 ), QQ( 10,50), JQ( 10), ,JW( 10 )
30 PIUNT"f'ROGRAt1 SPLIN2 FROM FOF:TF:AN ORIGINAL 02/22/62 Vl~

31 LPHINT " "~LPRINT ~ u~LF'RINT TAB(22H"SPLIN2 PF:OGRAM - 02/22/82 Vl"tLPr:INT ~

40 INPUT"ENTER * OF DATA SETS";QW
45 PRINT"EN1ER D50 l S IN INCREASING SIZE"
46 PRINT"The last entrY inputted MUST be the larSest particle diameter usins t
e densi t..'& entered"
50 INPUT"ENTER NUMBER OF POINTS";NF
55 FOR UV~l TO UW
t"j8 INF'UT"SET I[I=",I!I$(l:tV)tINPUT "PROCESS WGT. RATE(tons pa..... inS/hr)=";.JX<CN):INPl

"TP EMISSION RATE (lb/hr)=niJY(QV)
59 INPUT "ENTER PARTICLE DENSITY (s/cc) ="j JQ(QV)tJW(QV)=SGR(JQCQV»
6(} FO~~ 1= 1 TO NF
'l0 INf'UT"ENTER (150, RAW LOAIHNG FOR EACH f'OINTu;QCHhQVhYQ(I,QV):XQ'I,QV)=,JW(G!\
*GU(I,UV)tNEXT I
at:> f'HINTuSET ,,"jQVtNEXT Ql)
81 INPUT"ENTER • OF D50'S TO BE DETERMINED FOR ALL SETS";LA
82 FOR 1=1 TO LAtINPUTnENTER AERODYNAMIC D50";XD(I)tNEXT I
83 FOR t~V::: 1 TO t~W t FOR 1= 1 TO NF: XN( I )=XCH I, QV >: Y2( I )=YQ( I, QV ): NEXT I
84 PRINT -rHt£$tLPRINT TABf.oH"TEST Hit "HD<$CQVHLPRINT" ":LF'RINT TAB(6H"INF'lJ
l)f~TA; PROCESS WEIGHT RATE ="j.JX(Ql..I);" TONS PROD. IHF:":LPRINT TABC24,);"T01

L PARTICUl.-A1'E EMISSION I1:A1'E =";,JY(QVH"LB/HR":LPRINi TAB(24H"PAF:TICLE DENSITY::
, ,HH tili );U GICe n

B~j LF'!,;aNf II II iLPRINT TAB(6 H"MEASUf::ED PARTICLE SIZE IHSTRIBUTION" tLF'RINT " II tLF"
NT TAB(6)j"CUr (um) RAW X < CUT CUM. X < CUT":LPRINT " ntYOCO)=O:FOR 1=1
U NftVOCI)=YO(I-l)+Y2(I):NEXT I
86 FOR 1=1 TO N~:YO(I)=YO(I)/YO(NF)*100
BB LF'"ntu TAB(6);QQ(I,(~V) ," "H2CI)," ~~tYQ(I)tNEXT ItLPRINT" It

89 NN=-~' Rl":=Nt-{tN=4: ~:=N . - - . ---
~/O NF'::::( (NF-2 ):«t,1 HNNtl
<;1:l. ,.lE:"J'( wn/ .JX( (iV )
7'~:' LF'tUNf "":LF'RINT TAB(6H"OUTPUT tlATA: TF' EMISSION FACTOR = ";.JE;" UVT
"'O.5*JEi ll KG/MT)u:LPRINT " "tLPRINT " "tLPRINT TAB(39);UEMISSION FACTOR"
93 LP~:INr TAB(6H"CUT (UlTIA) CUM. i. < CUT (LB/T) (KG/MT)lItLPRINT" tI

iOO N2=NF-2
l:LO FOR 1=1 TO N2
j,20 ,J .J=N-l
J.30 J:F N2-I<O 'fHEN 150
1,40 ,J ,J=N+ 2
1 ~50 t'l=( 1-1 )tN+ l.
j.60 X( M)=LOG( XN( ! ) )/OG
1 '/{J Y 1( M )==LOGf, ¥O( 1 ) )/OG
1 BO >~ I =( LOG( XN( 1+1 ) )/OG-LOGf, XN( r ) )/OG )/F:
190 FOR IX=! TO 3
:"'~(}O t'll"i=I- itII
:.? 10 B( 11 )=LUG( YO( rIM) )/OG
:.:. :<.~o t;;:::: 3*( :n-1 )
:·,:~50 FOR ,)=1 ·ro 3
:.~: ·~oJ 1"13=1 _.1, +..1
~,:5() (.',< ~:t,J )=( LUG( Xi'!( 113) )/OG )( rr-1) H-6
260 NEXT JtNEXT II
~~~~ :70 t"<~)=()

:,.:80 (;';OSU.E< :;000
~?7'O t:' OR ,J =1 TO 2



-'
310 IF SL>=O THEN 350
3:Z~O B( 2)=( LOGt. YO< 1+1 )/YO( I) })/OG/( LOG( XN( 1+1 )/XN( I) )/OG >tIlr. 1 )=lOG( YO( I) )/OG-B( 2)*
LOG( XN( I) )/OG
330 t« 3)=OtJ=2
350 NE:XT .J
3bO fOR .J;::1 TO JJ
370 t(:=M+J
:':'>80 X( 1\ ):=LUG< >:N( I ) )/OGt.J:n:I
390 n. (~: )=B( 1 )t!<t. 2 )*X( ~: HBI: 3 )*X( I': )(2
400 NEXT JtNEXT I
'~iO FOR !=1 TO 3
.~ 20 t';~3*.(. 1-1 )
4·30 FOR .J=1 TO 3
440 t'i=lH .J-1 )*N
450 A( K+•..l )=X< N )C< 1-1)
460 NEXT .J tNEXT I
·l·/,O FOR l=1 TO 3
4·80 N=lH 1-1 )l((NtB< I )=YHM >tNEXT I
48() KS=()
~j()O GUSUB 5000
t'jlO SL=f{(.2 >+2*B< 3 )*X( 1 )
520 IF Sl)'=O THEN 600
t'j30 FOR l =1 TO 3: A< I )= 1 tNEXT I
:;40 A( 4 )=X( 1 )-( XOH 1 )-X( 1) }
SStJ A< 7 )=A< 4 )( 2
1;:)60 FOR 1.=1 oro 2U-:=3:H tFOR ,J=2 TO 3
570 M=lH ( .J-2 )*N HAr. K+J )=X< M)C I tNEXT ,j tNEXT I
S80 Bt. 1 )=YU 1)
590 r()R 1=2 TO 3tM=1+( ( 1-2 )*N): 'E!( I )=YH M ) tNEXT I
5S>5 K5=0 :GUSUF 5000
600 rOR :1:=1 oro 3
6:J. (l cor. 1 , 1 )=B( I ) : NEXT I
6:i.S II=1
6 :;.~o r t-1=Nf'-NN- i
630 FOR l=U TO IN
640 .•l.J=I: Bt. 1 )=0
6~;O FOR ,J=2 TQ 3
66f) t<::::I-l
670 IF 1=::1 THEN K=I
6BO l~« 1 )::.::B( 1 H( ,J-1 )*< CO( ti:,.} ) )*X( I)( ( .1-2 )
6~,>0 NEXT .J
? 00 B( 2 )=CO< K, 1 )
1'20 FOR ,J=:2 TO. 3tLET B(2)=B(2HCO(l":,.j)*X(!)C(.J-l)tNEXT'.J
730 B( 3 }=Yl( X+2 )
7'~·O FOR ·J=l TO 3tL=!+( .J-1 )*3tIF.J=lTHENA( L )=OELSEA( L )=( ,J-1 )*X( 1)( ,.1-2)
!4S NEXT .J
730 fOR J=l TO 3:K=J-ltKK=3*K:A(KK+2)=X( I )(KtNEXT J
760 FOR J=l TO 3:K=J-ltKK=3*KtA(KKt3)=X(I+2)CKtNExT J
770 KS=()
7~~O GOSUl:< ~()00

190 rOR ·J=1 TO 3:CO(I"J )=B(.JHNEXT J:NEXT I
800 IF .jJ=( Nf'-l) THEN 1140
8100S=LOG(XN(NF»/OG-LOG(XN(NF-l»/OG
B2{.) Xl::::US/f~:R

B:5(1 M=( Nf-2 )tNt 1
84·0 XD=LO(;;( Xl'll: r,lf-l ) )/OG ~ XM=LOG( XN( NF ) )/OG
85(l NL=NP-NN
8bO YL=10t: YH NL )
870 J:ll:::=CO( :Uh:2 He(H Hh:3 )*2*XD
aBO f'f'=CO( J: rh 1 )
89() FOR L=2 TO 3 H-7
9'OI~ f'p=pr't·CO( HhL )txttt.>: L-1 ): NEXT L
910 DM=DE*( 10(PP>*2.302585
"I:oo~Q Yri=YO( NF)
930 GOSUB "liJ00



-
Y40 FOR I~l TO N3
<f:jO ,)=M+! t X( J )=X( M HI*XI
960 IF X(J)(ZS THEN 1000
970 Yl< ,j )=lOG( roc NF ) )/OG
'160 GOTO 1100
1000 fo:!:':M
i 0 lOY H ,J )=B( 1 )
:1.020 FOR 1':=2 TO 4-
:i. (l"JO '(1< ..1 )=YH ..1 >t!<f. t< )*X( J )C (ti:-l ) :NEXT K
1040 Y1<.J )=LOG': YH ,J ) )lOG
1100 NEXT 1
l:i. 10 I r=Nf'-NN-2
J. 120 J: N=NF'-l
1130 l;OTO 630
1140 r 5=NF'-1
1160 FOR 1=1 TO LA
1180 Dl=LOG( xn< r ) )/OG
1190 r S=t,W-l
1200 FOR .J=1 TO NF'
1210 J:F Dl>X( ,J) T.HEN 1300
1220 1~=J-l

1230 ,J=NP
1 :;00 NEXT ..t
1310 IF 18<1 THEM IS=l
1320 YD=COC!S,1)+CO(IS,Z)*D1+CO( IS,3>*D1*01
133(1 (IY= lot YII
1340 LPRINT TAB(6)~XD(I);TAB(20);OY;TAB(36);DY*JE/l00;TA~50);O.005iOV*JE
135(J NEXT I
1360 LPRINT" »:LPRINT" ":NEXT GV
1362 LPfUHT JABC 6); "ENIt OF TEST SEF:IES"
1365 PI':: INf TIME$
1. :570 t-:'RUff "END OF RUN": END
5000 REM RDUTl~E SIMQ
5010 TL=O
5020 I':s=o
5030 .J9=-;3
5040 FOR •.12=1 'CO 3
5':)50 .JY=.•12+1
5<.l60 ..1 9=.J9+3+ 1
5()/O-BA=O
t)OSO I T=.J 9-.J2
~:j090 fOF: 12=.)2 TO :~

~; 1 00 J: .J::;rrHZ
5110 );F (,,:E<S(};(f''1)-ABS(A<I.J»>=O THEN 5150
5120 BA=A{ r.1 )
5130 J:l't=12
5150 NEXT 12
~160 IF AB~BA)-TL>O THEN 5200
5170 KS=l
5180 .J2=3:GOTO 5395
5200 J: 1=..12+3»'( .32-2 )
~'j210 J:T=1.N-•.l2
5220 FOR K2=J2 TO 3
~.i 2 30 i 1::; ! ::l. +3: I 3:;; I 1 +IT
5240 SA=A( U)
5250 (:\( Xl )=A( r3)
~:.i 260 f.'I(:£3 )=SA
z.i270 F,(:£:I. )=A( r 1 )/B.fl ~NEXT 1<2
':5280 SA=iI~ 1M)
~:j 290 t:{( 1M )::;£{( •.1 2 )
~.i~:::OO l:<~ ·J2 )=SA/BA H-8
~:.i::HO j:F .)2=3 'rHEH 5395
5320 IG=3~(J2-1)

~.i:::;'30 FOR lX=,J y TO 3
::j ~5 40 r Z=HH IX



::'';360 FOR .JX=.JY TO 3
~j:370 XX=311f(JX-l>+IX
~~::'~80 oJ Z=XXtlT
t'j390 f.)( XX )=A( XX )-( A( rz )*(~( .JZ »: NEXT ..IX
5392 B(IX)=~IX)-B(J2)*A(II):NEXT IX
5395 NEXT .J 2
~i39a :r F t;;5=1 THEN 5500
~:'4()O N\'=3- J.
~:1410 J. T=3~f3
::;J~20 FOR .J2=1 TO NY
::} A· 30 :J: A= I T - ~12

~:j·q·40 J. B=3-.)2
~'} .<\.SO 1. C=::S
~:"iA·60 FOR K2=1 TO ,J2
~547Q B( IE< )=[« I B )-A( IA J*FC IC )
5480 J: A=lA-3
5490 IC=IC-l:NEXT K21NEXT J2
55 iJiJ F:l::TUf::N
7000 REM ROUTINE OSCFIT
7005 PRINT -7000H fTIME$;
7010 NZ=O:ST=.l:XX=XM:LX=XM-XD
1020 ol=LX/99IG8=0
/'030 Nl>=NZ+1
}' 040 L..l=XIt-XX: L2=-Ll: L3=Ll*Ll tL.i\.=L2*L2
7050 L5=L3WLltL6=L4*L2
!'(>60 t<1=YL/L3
}'(f!O 1':2=-2~YL/L5

:.... 080 K3=YM/L4
/,()90 1";;4=-'2~YM/L6

:';' 100 t<S=1:tM/1.3
:/120 t"« 4 )=tG!+t(4t1-::~'j

:/130 B(3 )=( Kl+t>:3-( 2~XX+X[t )*< 1":2+I(S )-( 2*XDtXX )*'( 1(4»
1140 B(2)=(CK2+K5)t«XX*XXJt2*XDWXX)tCI\4)*«XDWXD)+2*Xn*XX»
7145 B(2)=B(2)-2*Kl*XX-2*K3*XD
! 150 B< 1 J=( KU:( XX~XX )tt(3:t( XrllrXII }-XII*-< XX*XX )1:( KZtl\S ) )-( XII*XIt >ltXX*:( 1(4 )
7160 X2=XII-Sl
? :L70 FOR 12=1TO 100
I' ]. 80 X2=XZtSl ..
l :i.90 IF XZ>XX "fHEN 7250
? 200'r'F'=3:t:P( 4 )*( X:.:*X2 )+Z*F( "3 )*XZ+B( 2 )
1210 W4=O:IF YP(O THEN XX=XX-ST:I2=100:W4=1
12'5(J NEXt 12
7260 :J:F W4=1 THEN W4=O; GOTO 7030
1300 IF HZ=1 THEN 7400
7~:HO XX=XXtST: ST=ST110
l ~520 J: F A:BS( ST )<lE-6 THEN 73S0
1'33(.) GOlo. "I03f.)

?:~50 XX=XX-l0*ST
/'4QO I.:S=XX:f'RINT TIME$:RETUF:M

H-9



SPLIN2

Pl"OBl'arrl 't,.JSKLOG" , 10/04/82
For use in ~he as~hal~ catesor~ re~ort

ip. ~hos(? cases t.hat a los-normal size dist.ri
bulion is used Lo characlerize data.

1 REM *=*:::~=*=~:-:*=*:':*=*=*=*=*=*=*=*::*=*=*=*=*=*=
2 REM
~"S kEt';
4 REM
:) j-;:EI1
6 REM
., j-;:EM
e REM *=*:':~=*~*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=
10 CLEAR 4(lOQ
i5 OG=lOG( lO):12=O:XX=O:XD=O;X2=O;YP=O:ST=O:NZ=O:XM=OtLX=O:Sl=O:YL=O;YM=OtDM=OtL
=Otl2=OtL3=OtL4=O:L5=O
:i. b L6=(J:t<1=O: f·;Z=O: 1':3=0: 1(4=0 tK5=OtK6=0:,JY=O tJ9=O: IT=O: 1•.1=0 t IM=O: 11=0
17 K2=0tI3~O:TL=OtKS=O:FA=OtSA=OtIQ=O:IX=OtI2=OtJX=0:IA=O:rC=OtIB=O

20 (11M XN( lO), roc 10 h xc S3 hAC 16), BC 4), CO( 50,3), y1( 53 ),XDC 15 h XQ( 10,50), YQ( 10,50 )
Y2( 10 ) dI!$( 50), .JXC 50 ),.JY( 50), QQ( 10,50 ),.jQC 10)' JW( 10)
3(l PtUNT"F'F:m;RAM 5F'LIN2 FROM FORTRAN ORIGINA.L 02/22/82 Vl"
31 LF'fUNT TA:B(6.H ,. ":LPRINT " "tLPRINT II "tLF'RINT II

PROGRAM - 02/22/82 Vl"tLPRINT" "tlPRINT " II

40 INPur"ENTER • OF DATA SETS";QW
45 PRINT-ENTER D50'S IN INCREASING SIZE"
SO INPUTIIENTER NUMBER OF POINTS"~NF

~:j~5 FOff: tW= 1 TO QIJ
~.:j8 IN PtJT IJ SET III::" ~ ItI$( C~V)t INPUT "PROCESS WGT. RATE (TONS F'ROI:IUCEII/HR)"; .JX( QV): Hoi
UT"lP EMISSION RATE (LB/HR)"~JYCQV)

5~.:· INP'UT" ENTEfi: PARTICLE [IENSITY (glee)" ;.JQ( QV >tJW( QV )=SQF:( ~JQ( Q(.' ) )
60 FO~: I= 1 '(0 NF
~;'0 INF'Ur n ENTEfi: [150., CUM LOA:lHNG FOR EACH F'OINT" ;QC~C I,QV ),YQ( I ,Q'J ):XQ( I ,QV )==.JWC QV
~(~ tH r ,0'-.' ): NEXT r
80 PF: tNT" SET :11:" jQV ~ NEXT tlV
81 INPUT"ENTER • OF D50'5 TO BE DETERMINED FOR ALL SETS"ilA
82 FO~: 1=1 TO LA~ INPUT" ENTER AERO!IYNAMIC £150"; XII( I ) :NEXT I
83 rOf:: lW= 1 10 til» l FOR 1=1 TO NF: XN< I )=XG< I, tlV ) :YO< I )=YCH I, Qt; H NEXT I
84 PRINT TIMEiitLPRINT TABCb);"TEST nt: "jItI$(QV):LPRINT II "tLF'RINT TAB(6)j"INF"U

DATA t PROCESS WEIGHT RATE =11; .JX( av H II TONS PROD • I HF: II : Lf'fUNT TAB( 24); II TOTA
FFiRT! CULATE EMISSION r:ATE :::" ;"1'( tiV);" LB/HRu: If'RI NT TAItC 24- H" F'Ar:T1CLE DENSITY ::::

f,JCH U~J ); Il G/ec"_
B5 LPfUNT " ":lPRINT TAB( 6. H"MEASURED SIZE DISTRIBUTION" tLF'fUNT If II

8~_lF'F:INT TABt~JJ II CUT-CUi'll > CUM • i~_.:::: _CUT "_:LF'R INT_~' "
88 FO~: 1=1 TO t~F~lF'fHNT TAB<6H QQ(ItQVh" ";'(O(I>:NEXT .r~LF'IUNT" "tLPRIN
II n

e'i NN::::e~~:F:=WN~ M::4: R=N
9() NP~( ( NF-2 )*N )t~!N+1

<:i' J. J E: :::.rn (~IJ)I •.lX( Q1v' )

<;/2 lPF:INT II .. : Lf'RI NT TAB( 6. H uQUTPUT [lATA: TP EMISSION FACTOF: :: "; ·.IE; " LEVT
";O.:5:t.JEj" KG/MT)" tLF'F:INT u "tlF'F:INT tI "tLF'IUNTTAB( 4-1H"EMISSION FACTOF:"

93 IF'F: HH "fA£!( 6 H t'CUT (umA) CUM. i; < CUT ( lB/T ) ( KGIMT )" : LF'RINT "
II

(.)'4· FOF:91.::: 1TOlA ~PF:INT"LOG-NORMAL i. <,. ;XI)( Qr. >: INPUT" un,A" HIYtLF'fUNT TAB( 6 HXI!( QI. H
AB<20);DY;TAB(36)~DY*JE/l00;TA:B(50);O.005*DY*JE:NEXT QX
95 lPRINT "THIS DATA SET WAS FIT TO A LOG-NORMAL SIZE DISTRIBUTtON"tEND

R-lO



APPENDIX I

DESCRIPTION OF TI-59 PROGRAM TO COMPUTE
LOG-NORMAL PARTICLE SIZE DISTRIBUTION
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but can be approximated by

Particle size data fitting a log-normal distribution yields a straight
line when plotted an log-probability graph paper. To graphically determine
~e mass fraction of particles smaller than 15 ~m in diameter, the data
points would have to be plotted. Then, the best-fit tine 'NOuld be drawn
~rough the data poines artd 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 utilizing the T1-59 progrmDmable calculator
was developed as part of ehis study. The program transfoms both coordi
nates into a linear formae, as shown in Figure 6, and then perfonas a stan
dard linear regression analysis eo find the s lope and intercept of the least
squares line fit to the data. The ordinate is linearized by taking the log
arithm of the aerodynam.:1c particle diameter. The abscissa or the probabil
ity function is represented by ehe integral

I
x t2/2e ..

F = dt
011 ~

This integral can not be solved explicitly,

o < F ~ 0.5 x = -I: + cO + CIt + czt2

1 + dt t + dzt,2 + d3 l:J

CO+C1t + C2t2 V 20.5 < F < 1.0 x = e - ~--~ + cO'), where to = In(l/(l-F» "
1 + dtt + d2C2 + d3tJ

the c.onstants needed for the probability function approximacian are given
in TaJ:~1_~ A-1.

tABLE A-I. CONSTANTS USED IN THE LOG NORHAL DATA ANALYS1S1:.2.!

b
i

= 0•.31938153
b2 =-0.356563782
b

3
=:=' 1.181471937

b4 - -1.821255978
b

S
= 1.330274429

Ic(x )I < 7.5 x lO-a

eo =2.515517
e

1
= 0.802853

e2 = 0.010328

r = 0.2316419

1-2

d1 = 1.432788
d

2
= 0.189269

d) = 0.001.3 08



Once the data points ar~ transfoJ:med to linear coordinates, the stan
dard linear regression function of the II-59 is used to determine the slope
and intercept of the least squares line fit. through the data points. The
mass median diameter is the anti-log of the y-intercept, as shown in Fig
ure 6, and the geometric standard deviation is the anti-log of the slope.
The linear correlation coefficient is also calculated.

To find ~e mass fraction of particles smaller than IS ~m, ~e log of
1S (y-coordinate) is entered and the corresponding ~alue of the x-eoordinate
is c~puted using the least squares line previously determined. this pro
grmn can be modified very easily if the mass fraction for another particle
cut size is desired. The canputed x-eoordinate'value is then converted
back to a mass fraction using the fo11~ng formulas:

2 3 4 5
x ~ 0 F = f(x)[b1t + b2t + b

3
t + b4 l: + bSt ] + ~(x)

•
1

1 + rlxl

2 3 4 5
f(x)[b

1
t + b2t + b3t + b4t + bSC ] + c(x)

1 _x2/2
f(x) = --- e and t =vr;-

%>0 F=l-

where

The constants for the formula are presented in Table A-I. Appendix B
contains the log-nor.mal distribution progrmn used for analysiS of the
particle size test: data.

The log-no~l method is a useful procedure for interpolating bet~en

points as well as extrapolacing beyond the measured range of the part:icle
size distribution. It is common to find deviations fr~ lQg-no~li~y at

. t.he excremes of the size distribution. there are limi;:acions of ehe log
normal method; however, ehis procedure facilitates ehe extrapolation needed
to arrive at a mass fraction less than 13 ~, from measured particle size
distribution data.
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PAGE-L-OF ,1.

Partitioning (Op 17) 10.1.....' ........' _~

TI Programmable ~
PROGRAMMER _.L.Jm~=7t\'-L..l- DAre 14= -;='$ -zt Program Record 'iY'

(
t.c-T'g. \

Ubrary Module 072" +u C 1..144 Pc",? t:' Printer Cards J , I D!€.u

PROGRAM DESCRIPTION

STEP PROCEDURE ENTER PRESS OISPLAY

J. /fJEAfj r!..A-f11"J "'LJIlS ,!r.~/
" "1

~" SQ
:l"'" / ,Q ~'l'l&

..,

7 "S'/fJ~C- I" f'l.1l1"f- A. rv"r_' i Pfl EPA. 2 'r;.. ¥¥.A I. 11:!: 1\ 1:\."1'"'A d_ - tA. l:)

.1 ( 1IJ'rJ'2 nJ3,,.4 ()611'11"'" • ,;: lilT'::1 1"\ I A. nu"" t:'t... I II JJh{f_12~ Itt "- 1/)1' ~~;--- ~ iI~t: \

~ ftJf'l::' (l ~ Ac. t: () A , - .... (lfJ.o.,. C7l" l I'" I" (.. ,.~ ,,"" t~l.-~ ,- I
~ itJr= 12. uJe.' .... UII\I .... ~~,.ol.

( - -- -:,., ~., , iD/~
C:" I"'IU"JotT l; .=
I.... I'l!l:T~ Po/1IJ'f""

;I ~t Aley.,. fH-/1. A-.lluTIt:. i:J t: A1'" <TI: Q .3

~ ~,"P!J1",t: I J11 ~ .. ~ I'tI t: 11 I A JlJ III A- J\\ {:T~t. PJ AI "11 i')

J(i=o - .'" ... l)~ I Jl" ~<i)

~..D' eLJi.rrl!lr'l I'ftl'\ r: :; ~ II' ,<I:. ..rr I;/~ ~

Jl. .("",,y,, tJ'1re. , ii. .. tl.to 1" i ",nI , t::.... _ LJ. .d ,.. ,<"" - ('I r:::. ( 4. I Ii" - \
I , .. . _.~

fludJ!.f" A-= -=-
C (4 n /AI.:l~"\l".... rI1 UIl-C:::' ;:R ......1"'I ...!Y 1.. ~ (.. 'l'"'1...l A 111 ,.., I .... .,.".

~ I;::;"~ IUfw "'1:1"',..,1- " .....1 A /AJl$lJoI L../1JE:1 J1. t'!

-rHtO /,,,, ,...,., sr~p ~ Tll ~tV1'~lI. fi,4 rtA.

USER DEFINED KEYS DATA REGISTERS ([!!J • ) , LABELS (Op 08)

A;,. <'ru'f' Cc:.~~~~,:;;: ,HIQ >'0 I' 5 t! L) zo t'!.. Ui!!l_!!!i!1_CED_l9&_f.EiJ_Ci!J-
l'm1'!lor"l t:.~o ~ P tJ:!I.:.." -z' "" rnJ_(!!ij_liml_(!;g_~_i1!J_

c ~(~ 1<' . \ IZ ,,-.lrtJ 1 2 d CW_CD_[IJ_CE_~_C!J_

a ~ u. a ,.. ~ ... ,..\ ) "t 3 ""._
__c::J_E_CEl_l!2E-c::J-

e r.~'!"114( .::or;~, u, I'~" ':Z 4 ..4_
t=_CSj_IEm_mrJ_El_III_

<''!''1l''''' .~ '-~,! ~ ...... 'l";" ____=_111_11'1_£:1_
.\'

,
5 "Z s I"" ID___ ml_ID_IB_ID_

I' 5 "1 5 I. 1Do-=_III_ID_El_ID_
c'

~ '0 ~-
Z 1 18_III_III___ III_mD_...

Q' I '" 7' 1lID_1!m_1iI_"_=_D_l..

I' /. t'", ':9 0- ----FLAGS QI I 1 1 1 I . ' I 51 51 T I I I 9
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PAGe~OF 1

PROGRAMMER _?1_1 ...;.I'....w..... DATE fA -.2.-'3'-'a
Tl Programmable ~

Program Record~
Partftloning(Op 17) 1-1 ...'....1..'_ ...' ...II UbraryMoouJe Printer- CatdS _

PROGRAM OeSCRIPTlON

USER INSTJ=IUCTlONS
STEP PAoceouAe eNTeR PRESS OISPLAY

It" ,.'" ill;'11l1-A-~ -;-f{ IMl.'" F'~f mAo T"1J'lN U~E. _~6 II"',. .1 >\/.c. N(H nEH II"AI 4 I'p..a--~ m1 AT IoN.:.10..
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APPENDIX J

COMPUTER PRINTOUTS AND HAND CALCULATIONS

(Included in Tables 3-16 through 3-26)
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R.EFERE.NCE 1 DATA

(Ftom Tables 3-3, 3-4, and 3-5)
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S?i_Il~2 (o)ROGRA1'; - 02/22/82 1)1

'rEST :mt u~ CUUNTY SUMMARY TABLE TEST C-369 SCRUBBER INLET

PROCESS WEIGHT RATE:: 113 TONS PROD. /HR
TOTAL PARTICULATE EMISSION RATE = 352 LB/HR
PARTICLE DENSITY = 2.4 Glce

CUi ( Ulb ) RAW :t. < CUT CUM. ~. < CUT

HI 76.4- 76.4-
21j 6 .. 3 82.7

I 44 2.8 85.5
'1 •

l4.~ 100I ..,.

()UiPU i t1ATA1 ·rp EMISSION FACTOR = 3.11504- LB/T ( 1.557;;2 KGI1'1T )

EMISSION FACTOR
GUT ( UIbA ) CUH. %. .;: CUT <LIl/T) ( KG/HT )

.~=' 2a.o~91 .892744 .446372! (s.."... s
.1 35.2163 1.097 .548502
1.:.:!5.. 3a .5441 1.20067 .600333
.to, ...... 49.4708 1 .. 54104- .770518"~ t .• ~.,. 6(,) .5947 1.887'55 .943776;.,
HI .. 70.8298 2 .. 20638 1 .. 10319
15 75.9369 :L36547 1 .. 1827"3
2(1 79.0119 :2.46125 1 .. 23063

::HtI OF TEST SERIES
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SPLIN2 PROGRAM - 02/22/82 Vi

"fE.S:t IIt~ LA COUNT'( SUMMARY TABLE TEST C-369 SCRUBBER OUTLET

PROCESS WEIGHT RATE = 113 TONS PROD. /HR
TOTAL PARTICULATE EMISSION 'RATE = 24.4 LB/HR
PARTICLE DENSITY = 2.4 Gice

Jj~~.S,UREr,. I~AfH:CCI.E SIZE. DISTRIBUTION

Gl)"i ( un..> RAW ~ -< CUT CUM. .% < CUT

14.. 79.9 79.9
:..tV 3.8 83.7

.«- 2 85.7
74 14.3 100

.
OU iPU r 1:lATA~ "rp EMISSION FACTOR = .215929 LB/T < .107965 KG/HT)

CUi (umR) CUM. I. < CUT
EMISSION FACTOR

( LB/T ) ( KG/fiT)

1
1.25
2 _~i

.5_
lQ .
15
2.0

46.9872
~2 .4436
55.0381
62.9364
70.2577'
76~5667

79.6239
81.4592

.101459

.113241

.118843

.135898

.151707

.16533

.171931

.175894

.0507295

.0566205

.0594217

.067949

.0758534

.082665

.0859656

.0879471

END n~ TEST SERIES
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gPI.IN2 PROGRAl, - 02/22/82 lJl

TES'j :(})~ LA COUNTY gUMMARY TABLE TEST C-372A SCRUBBER INLET

PROCESS WEIGHT RATE = 158 TONS PROD. IHR
TOTAL ~ARTICULATE EMISSION RATE =76 LB/HR
PARTICLE DENSITY = 2.4 GICC

1;l!ASUKE!1 PARTICLE SIZE DISTRIBUTION

cur ( UJlt ) RAW '/ . CUT CUM. 7- ,,' CUTJ. ~, "

HI 78 78
't- is " 96""v
44 2 98
14 2 100

nu i~ur uATA t TP EMISSION FACTOR = .481013 LB/T . ( .240506 KGnn>

CUT (ulhA) CUM. I. < CUT
EMISSION F"ACTOR

( LB/T ) ( KG/MT )

... "¥,-

.t.4':J

.HI
i~

"f~O

2.91293
~.97S26

8" 16774
19.1807
37.7237
62.1375
76.6369
85.72

.0140115

.0287418

.0392879

.0922615

.1814-56

.296889

.368633

.412324-

7.005775:-03
.014-3709
.0196439
.0461307
.0907279
.149445
.184317
.206162
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SPI.IN2 PROGRAi1 - 0:2/22/82 V1.

TE~rr HI ~ LA COUNTY SUMMARY TABLE TEST C-372A SCRUBBER OUTLET

PROCESS WEIGHT RATE = 1'58 TONS PROD. /HR
TOTAL PARTICULATE EMISSION RATE = 10 LB/HR
PARTICLE DENSITY = 2.4 Glee

\i=:';~iUKt;:D PARTICLE SIZE DISTRIBUTION

CUi (urn)

:l \1
" .,.V

44
14

au rPU i rtAT{-1 ~

l';:AW i; < CUT CUM. " ~, CUTI. ""

83 83
"'. 88w
~ 89...
11 100

TP El"lISSION FACTOR = .0632911 LE/T ( .0316456 KG/MT)

CUi (umA) CUM to ~~ <: CUT
EMISSION FACTOR

( t..E/T ) ( KG/HT )

.625
J. ..
~l.2'5
" ......_ t. ,J

:54.8785
42.()797
45.6662
~7 tJ i3.(~2

68.3068
78.0367
82.6004
85.1924

.';)220752
.0266327
.0289;,)27
.0361609
.0432322
.0493903
.0522787
.0539192

.. IJl1~J376
• ()133163
• C1l44513
• i,)1808':)4
.0216161
.0246951
.0261394
.0269596
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'iE!H :0) ~ I.A COUNTY SUMMAR)' TABLE TEST C-372B SCF:UBBER !NLET

:mr"'U i DATA ~ PROCESS WEIGHT RATE ~ 142.9 TONS PROD. IHR
TOTAL PARTICULATE EMISSION RATE =121 LB/HR
PARTICLE DENSITY = 2.4 Glee

ht::t~mj~t;rt PAR'iICI.E SIZE DISTRIBUTION

CU i ( U R$ ) RAW '/ " CUT CUM. i; .:: CUT''''
-.,

1<1 91 90.9818
21j 9 99.98
44 * .':11 99.99
:;1.; *.01 100

OUrpUi l:IATA 1 TP EfiISSIQN FACTOR = .8-46746- LE/T ( .. 423:57"3 KG/lii)

cur (U1b~) CUM. I. < CUT
EMISSION FACTOR

(LE/T) (KG/MT)

".,25
1, .••
:l • :;;5

,~

.J

.i. (1

:i:i., .
....'J

26.2785
30',6085
4,0,3,3769
6,4-.3388
81.l252
'-1(1 • 23,'~9

95,0498

.156621
,222512
.259177
.3'12695
.5404786
.6921:)(J5
.76406
.804831

.,)783103

.111256

.129538

.196347

.172'393

.346003
.38203
,41)241 S

* Model will not accept zero values.
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SPI.. IN2 PROGRA11 - 02/22/82 Vi

'fEST :m ~ LA COUNTY SUMMARY TABLE TEST C-372B SCRUBBER OUTLE,

PROCESS WEIGHT RATE: 142.9 TONS PROD. IHR
TOTAL PARTICULATE EMISSION RATE = 19.2 LB/HR
PARTICLE DENSITY = 2.4 Glee

H~ASU~ED PARTICLE SIZE DISTRIBUTION

CUi ( Ulh ) RAW 4 < CUT CUM. ., ,- CUT-- ~,

HI S" 62....
;N 3 as
·..4 " 87....
~~4 13 100

nUiPur l)ATA~ TP EMISSION FACTOR = .13436 LB/T ( .0071799 KG/MT)

CUi (ullsA) CUM. f. -< CUT
E111S510N FACTOR

( L'£VT ) ( KGIt'\T )

.I.

:~ .25
.) I.
i .... 'J
,-
.J

::i7.3976
61.6563
6:.5.6388
69.5435
'l4.9(J'27
~'9.5144
8101912
83.:i956

.()771 192

.0828412
.0855048
.0934384
.100639
"1 1:)6835
.109894
.111781

.0385596

.0414206

.0427524

.0467192

.050319S

.05:34176
---.0549472-

.(55891)7
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SPLIN2 PROGRAM ~ 02/22/82 Vl

TE~ri :m 1 LA C:OUNi)' SUMMARY TABLE TEST C-422( 1} SCRUBBER OUTLEi

PROCESS WEIGHT RATE = 198 TONS PROD. IHR
TOTAL PARTICULATE EMISSION RATE =26.6 LB/HR
PARTICLE DENSITY = 2.4 Glce

M~AaijRED PARTICLE SIZE DISTRIBUTION

CUi (ulld

iv
.2'i
J.,4.
"/4

RAW :t. < CUT CUM. Y. < CUT

7'3.2
76.3
82.8
100

nUiPUi rlf:...TA~ TP ~liISSION FACTOR = .134343 LE/T ( .0671717 ~:G/MT)

CU i (umA) CUM. ~, < CUT
EMISSION FACTOR

( LE/T ) ( KG/MT )

, ""tl...,") .... ,;
:i., ,
.' "'L..,t, , ';"';;
'1 l:-'
i;' , ,J

42.8196
47.:s811
49.~776

56.4315
63.1468
69.4663
72. }O'38
..... !':'" .. ,.., "
l:J • .!. ... O

.0575253

.06365'34

.0666042

.(J7S812

.0848335

.0933234

.0979012

.100927

.0287626

.0318267

.0333()21
• ()37906
.0424168
.0466617
.0489506
.OS04634-
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INPUT tlATAt

SPLIN2 PROGRAM - 02/22/82 Vl

TEST ID~ 1960 LOS ANGELES COUNTY TESTtC-426 VENT LINE

PROCESS WEIGHT RATE = 182 TONS PROD./HR
TOTAL PARTICULATE EMISSION RATE = 2000 LB/HR
PARTICLE DENSITY = 2.4 GICC

MEASURED SIZE DISTRIBUTION

CUT< um) CUM. ~ .... CUT.. "

.., 3.:..
J.:' 19.3~

10 39.7
15 52.7
20 60.7
30 74
40 81.6
50 85.8
60 88

OUTPUT tIATA: TP EMISSION FACTOR = 10.989 LB/T 5.49451 KG/HT)

EMISSION FACTOR
Ci.JT (uIiIA) CUM. % .- CUI ( LEVI) ( KG/HT)"

.625 9.34642E-03 1.0270SE-03 5.13:i39E-·)4
1 .0701322 7.70684E-03 3.85342E-03
.. -,1.- .166 .0182418 9.1209E-03.1. ... .)

-2.5 1.63158 .179295 .0896475
_8.87_455 ---.-975225 .487613

:i.O 25.9907 2.85612 1.42806
i5 38.42Q9 4.22208 2.11104
2() 47.7338 5.24548 2.62274

~ND OF TEST SERIES
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SPLIN2 PROGRAM - 02/22/82 Vi

TEST 10: 1960 LOS ANGLES COUNTY TESTiC-426 CYCLONE OUTLET

INPUT tIATA: PROCESS WEIGHT RATE = 182 TONS PROD./HR
TOTAL PARTICULATE EMISSION RATE = 2620 LB/HR
PARTICLE DENSITY = 2.4 Glee

* IiEASUREII SIZE DISTRIBUTION

CUT( um) CUM. i. .< CUT

.) 1.3...
S 5.4-
10 10.3
15 14.3
20 17.8
30 25.4
40 33.8
50 44.6
60 51.1

OUTPUT tIATA: TP EMISSION FACTOR = 14.3956 LE/T 7.1978 KG/tiT)

EMISSION FACTOF:
cU'r I: u IliA) CUM. "/

---
CUT ( LE/T ) ( KGlt'tT )I • "

•625 .0221413 3. 187'37E-03 1.59368E-03
1 .0894864 .0128821 6.44105E-03
1 .,... .163587 .0235494 .0117747... ..;1

·2 .. 5 .833455 .119981 .0599904
..,. 2.9282 .421532 .210766,;;)

1(, 6.92'J55 .996256 .498128
.' l::" 9.95612 1.43324 .716622.L <J

2(} 12.6159 1.81613 .908065

END Of TEST SERIES

ok Particles > 60 fJmS and 3-4 fJmS not used as input to model (see Se,ction 3.5.2
of text) •.
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SPLIN2 PROGRAM - 02/22/82 V1

TEST 1D& 1960 LOS ANGELES COUNTY TESTtC-426 CYCLONE INLET

INPUT DATA: PROCESS WEIGHT RATE = 182 TONS PROD./HR
TOTAL PARTICULATE EMISSION RATE = 6700 LB/HR
PARTICLE DENSITY = 2.4 Glec

* MEASURED SIZE tlIS'fRIBUTION

CUT< urll ) CUM. i.. ~' CUT..
"'l 1.5...
5 10.1
10 21.1
15 27.8
20 32.1
30 40.8
40 47.7
SI) 53.5
60 56.6

OUTPUT DATA: TP EMISSION FACTOR = 36.8132 LB/T ( 18.4066 KG/MT)

EMISSION FACTOR
CUT ( ulilA ) CUM. .,

~( CUT (LB/T) (KG/MT)I.

.625 4.02547£-03 1.4819E-03 7.40952E-04
i .03184 .0117213 5.86066E-03

-1.25 .07707 .0283719 .014186
" ~ .80332 .295728 .147864.", ...L

5 4.55854 1.67815 .839073
10 13.7273 5.05344 2.52672
15 20.4088 7.51313 3'.75657
2(J 25.2256 9.28636 4.64318

SND OF TEST SERIES

* Particles > 60 IJ,lflS and 3-4 IJ.IDS not used as input to model (see Section 3.5.2
of text).
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SPLIN2 PROGRAM - 02/22/82 Vi

'fES-r Hit 1960 LOS ANGELES COUNTY TESTtC-393 SCRUBBER INLET

.1 NPUT DATA t PROCESS WEIGHT RATE = 92.3 TONS PROD./HR
TOTAL PARTICULATE EMISSION RATE = 4260 LB/HR
PARTICLE DENSITY = 2.4 GIce

MEASURED SIZE DISTRIBUTION

CUT(uIIJ) CUM. i. < CUT

10
20
44
74

13
84.1
93.7
100

OUTF'UT DATAt TP EMISSION FACTOR = 46.1538 LBIT ( 23.0769 KG/MT)

CUT (umA) CUM. I. < CUT
EMISSION FACTOR

( LBIT ) ( KG/MT )

1.02E-12 5.1E-13
9.96923E-10 4.98462E-10
1.84615E-08 9.23077E-09
5.16923E-05 2.58462E-05
.0207231 .0103615
1.29231 .646154
6.41538 3.20769
14.2154 7.10769

LOG-NORMAL SIZE DISTRIBUTION

2.21E-12
2.16E-09
4E-')8
1.12E-Q4
.0449
2.e
13.9
30.8

r':IT TO A

~625

1
i .27j
2.5
5
10
15
20

[lATA SET WAS
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REFERENCE 3 DATA

(Fram Tables 3-6 and 3-7)
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INPUT tlATA.

SPLIN2 PROGRAM - 02/22/82 Vl

PROCESS [lATA NOT AlJAILABLE ~ EMISSION FACTOR tlIRECTLY INPUT
TEST ID: GERMAN STUDY PLANT 10 NO. A4 CYCLONE INLET

PROCESS WEIGHT RATE =0 TONS PROD./HR
TOTAL PARTICULATE EMISSION RATE = 0 LB/HR
PARTICLE DENSITY = 2.4 Glee

MEASURED SIZE DISTRIBUTION

CUT( um)

5.3
7.5
10.6
15
21.2
30
42.4
60
74

OUTPUT IJATA:

CUM. i. < CUT

10.5
16.7
23.2
28.6
34.3
39.7
46
57.1
100

TP EMISSION FACTOR ~ 18.8 LB/T ( 9.4 KG/MT)

cur (umA) .. CUM";~ -< CUT
EMISSION FACTOR

( LBiT ) ( KG/MT)

.62'5----
1
1.2;;
2.5
5
10
15
20

:; .Oo402E~()3·
.0354255
.0818376
.774093
4.28616
13.8925
21.5391
26.2601

9 .52148E-04
6.65999E-03
.0153855
.145529
.805799
2.61178
4.04934
4.9369

4.76074E-04
3.33E-03
7.6927'3£-03
.0727647
.402899
1.30589
2.02467
2.46845

~N[l OF TEST SERIES

J-20



SPLIN2 PROGRAM - 02/22/82 Vi

PROCESS DATA NOT AVAILABLE; EMISSION FACTOR DIRECTLY INPUT
TEST lDt GERMAN STUDY PLANT ID NO. A4 CYCLONE OUTLET

INPUT DATA t PROCESS WEIGHT RATE = 0 TONS PROD. IHR
TOTAL PARTICULATE EMISSION RATE = 0 LB/HR
PARTICLE DENSITY = 2.6 Glce

MEABURED PARTICLE SIZE DISTRIBUTION

CUT ( un. ) RAW 0' ,- CUT CUM. i. -( CUT,. <,

10 23.2 23.2
20 11.1 34.3
40 11.7 46
74 54 100

OUTPUT DATA: TP EMISSION FACTOR = .916 LB/T ( .458 KG/MT)

CUT (umA) CUM. Y. <: CUT
EMISSION FACTOR

( LB/T ) ( KG/MT )

1
1.25
2.5
5
10
15
20

1.01021
1.81471
2.35923
4.99792
9.60428
16.7416
22.1483
26.4721

9. 2535E-03
.0166227
.0216106
.0457809
.0879752
.153353
.202878
.242485

4.62675E-()3
8.31137£-03
.01081j53
.0228905
.0439876
.0766767
.101439
.121242

END OF TEST SERIES

J-21



SPLIN2 PROGRAM - 02/22/82 Vi

PROCESS DATA NOT AVAILABLE; EMISSION FACTOR DIRECTLY INPUT
TEST IDt GERMAN STUDY PLANT ID NO. D1 CYCLONE INLET

INPUT DATA: PROCESS WEIGHT RATE = 0 TONS PROD./HR
TOTAL PARTICULATE EMISSION RATE = 0 LB/HR
PARTICLE DENSITY = 2.6 G/CC

MEASURED SIZE DISTRIBUTION

CUT< um)

5.1
7.2
.10. :;:
14.4
20.4
29.8
40.8
57.7
74

OUTPUT DATA:

CUM. i. < CUT

7
1.3.1
18.2
22.8
26.7
28.8
32
38.2
100

TP EMISSION FACTOR = 42 LB/T ( 21 KG/MT)

CUT (uITIA) CUM. 4 <: CUT
EMISSIO~~ FACTOF:

( LB/T ) ( KG/MT )

1
1.25
2.5
5
10
15
20

4,90417E-06
2.26465E-04
~ .14969E::·:)'3__
.0803031
1.67117
10.362
16.8908
20.8641

2.05975E-06
9.51154E-05
4, 82e7E-04_~_
.0337273
.70189
4.35205
7.09415
8.76291

1.02988E-06
4.75577E-05
2.41435E-04.
.0168637
.350945
2.17602
3.54708
4.38146

END OF TEST SERIES

J-22



9PLIN2 PROGRAM - 02/22/82 Vi

PROCESS DATA NOT AVAILABLE; EMISSION FACTOR DIRECTLY INPUT
TEST ID~ GERMAN STUDY PLANT ID NO. D1' CYCLONE OUTLET

lNPUT tIATA: PROCESS WEIGHT RATE = 0 TONS PROD. /HR
TOTAL PARTICULATE EMISSION RATE = 0 LB/HR
PARTICLE DENSITY = 2.6 Glec

MEASURElt PARTICLE SIZE DISTRIBUTION

CUT ( UTil ) RAW ~ .( CUT CUM. r. <: CUT

10 18.2 18.2
20 8.5 26.7
40 5.3 32
74 68 100

OUTPUT DATAt TF EMISSION FACTOR = 5.24- LB/T ( 2.62 KG/MT)

CUT (ultIA) CUM. i. < CUT
EMISSION FACTOR

( LB/T ) ( KG/MT )

1
1.25
2.5
~

10
15
20

.203426

.512888

.770132
2.3819
6.01839
12.4233
17.2845
20.95()5

.0106595
.0268753
.0403549
.124811
.315364
.650982
.905708
1.09781

5.32977E-03
.0134377
.0201775
.. 0624057
.157682
.325491
.452854
.5ft8904

END OF TEST SEF:IES

J-23



SPLIN2 PROGRAM - 02/22/82 Vi

PROCESS DATA NOT AVAILABLE; EMISSION FACTOR DIRECTLY INPUT
TEST IDt GERMAN STUDY PLANT ID NO. H2 CYCLONE INLET

iNPUT ttATA~ PROCESS WEIGHT RATE = 0 TONS PROD./HR
TOTAL PARTICULATE EMISSION RATE =0 LB/HR
PARTICLE DENSITY = 2.6 Glee

MEASURED SIZE DISTRIBUTION

CUTe URI )

5.1
7.2
10.2
14.4
20.4
28.8
40.8
57.7
74

OUTPUT DATA t

CUM. X -( CUT

8.7
17
23.4
27.6
33.4
36.2
45.9
59.1
100

TP EMISSION FACTOR = 24.6 LB/T ( 12.3 KG/MT)

CUT (uRsA) CUM. k < CUT
EMISSION FACTOF~

( LB/T ) ( KG/MT )

.625

.25
2.5
5
10
15
20

8.4-7661E-07
6 .. 96892E-05

--4.A·9736E-04
.0575943
1.78027
13.2826
21 .. 8806
25 .. 7017

2 .. 08525E-07
1.71435E-05

.. -r.l0635E;;;;;04
.014-1682
.437947
3.26751
~.3a262

6 .. 32261

1 .. 04262E-07
a.S7177E-06
:; •53175E-OS
7.0S409E-03
.218974
1.63376
2.69131
'3.16131

END OF TEST SERIES

J-24



SPLIN2 PROGRAM - 02/22/82 V1

PROCESS DATA NOT AVAILABLE; EMISSION FACTOR DIRECTLY INPUT
TEST ID: GERMAN STUDY PLANT ID NO. H2 CYCLONE OUTLET

INPUT IIATA: PROCESS WEIGHT RATE = 0 TONS PROD. IHR
TOTAL PARTICULATE EMISSION RATE = 0 LB/HR
PARTICLE DENSITY = 2.6 GICC

MEASURED PARTICLE SIZE DISTRIBUTION

CUT ( um ) RAW 7. ~~ CUT CUM. ., .- CUTI. <'.: ••

10 23.4 23.4
20 10 33.4
40 12.5 45.9
74 54.1 100

OUTPUT tIATA: TP EMISSION FACTOR = 2.06 LE/T ( 1.03 KG/MT)

CUT (umA) CUM. 7. < CUT
EMISSION FACTOR

( LE/T ) ( KGlMT )

.625
1
1.25
2.5
5
10
15
20

2.66049
3.83612
4.53626
7.4468
11.77
17 .. 911
22 .. 4984
26.2421

.0548061

.0790242

.093+47

.153404

.242462

.368967

.463467

.540587

.. 0274031
.0395121
.0467235
.0767021
.121231
.184483
.2317'33
.270294

ENn OF TEST SERIES

J-25



SPLIN2 PROGRAM - Q1/22/82 Vl

PROCESS DATA NOT AVAILABLE; EMISSION FACTOR DIRECTLY INPUT
TEST I [I 1 GERMAN STUDY PLANT ID NO. 12 CYCLDt4E INLET

INPUT DATA1 PROCESS WEIGHT RATE =0 TONS PROD./HR
TOTAL PARTICULATE EMISSION RATE =0 LB/HR
PARTICLE DENSITY =2.9 GICC

MEASURED SIZE DISTRIBUTION

CUT( urn )

I,.a
6.S
9.6
13.6
19.2
27.2
38.4
54.3
i4

OUTPUT DATA 1

CUM. t < CUT

10.S
14
17.2
25.1
34.-5
38.5
47.2
64.1
100

TP EMISSION FACTOR = 42.2 LS/T ( 21.1 KGiMT)

CUT (ull'lA)

.625
1
1.25
2.5

10
15
20

CUH. t < CUT

-.•319802
~7S1S74

------1"-.09093
3.03057
6.ri5584
12.6301
16.1233
21.4591

EMISSION FACTOR
(LB/r) <KG/HT)

.134956 .0674782

.317164 .158582

.460374- ._------ --- ;230187
1.2789 .639451
2.89316 1.44658
5.3299 2.66495
6.80402 3.40201
9.05573 4.52786

END OF TEST SERIES

J-26



SPLIN2 PROGRAM - 02/22/82 Vl

PROCESS DATA NOT AVAILABLEi EMISSION FACTOR DIRECTLY INPUT
TEST IDt GERMAN STUDY PLANT ID NO. 12 CYCLONE OUTLET

INPUT DATA: PROCESS WEIGHT RATE =0 TONS PROD. IHR
TOTAL PARTICULATE EMISSION RATE = 0 LB/HR
PARTICLE DENSITY = 2.6 Glec

MEASURED PARTICLE SIZE DISTRIBUTION

CUT (unl)

10
20
40
74

RAW f. < CUT.

17.2
17 .. 3
12.7
52.8

CUM. 7. < CUT

17.2
34.5
47.2
100

OUTPUT DATA: TP EMISSION FACTOR = 1.12 LBIT ( .56 KG/MT)

CUT (umA) CUM .. r. < CUT
EMISSION FACTOR

( LE/T ) ( ~:G/MT )

.625
1
1.25
2.5
5
10
15
20

3 .. 99466E-Q3
.0225395
.0481914
.396545
2.2256
8.51994
15.6471
22.2464

4.47402E-05
2.52442E-04
5.39744E-04
4.4413E-03
.0249268
.0954234
.175247
.249159

2.23701E-05
1.26221E-()4
2.69872E-04
2.22065E-03
.0124634
.0477117
.0876236
.12458

END OF TEST SERIES

J-27



Hi?UT DATA:

5?LIN2 PROGRAM - 02/22/82 V1

PROCESS D~TA NOT AVAILABLE; EMISSION FACTOR DIRECTLY INPUT
TESi lnt GERMAN STUDY PLANT ID NO. 13 C'tClONE IHLET

PROCESS WEIGHT RATE =0 TONS PROD./HR
TOTAL PARTICULATE EMISSION RATE =0 LB/HR
PARTICLE DENSITY =2.7 Glce

MEASURED SIZE DISTRIBUTION

CUT( UlJI)

10
14.1
2<l
29.3
4~

56.6
. 74

OUTPUT MTA~

CUM. ok < CUT

13.7·
29.1
~O.9

49.2
58.1
64.7
70.2
80.9
100

TP EMISSION FACTOR = 29.4 LB/T ( 14.7 KG/MT)

em (uil,A) . CUM. t < CUT
EMISSION FACTOR

(LS/T ) (KG/HT )

1 .

2.5
'5
10
15
20

1.902Q8£-07
2 •68464E-(15

---------------- -1-,.,"'--------------- ---") ~ 17566E.-(14

.0502156
2.33869
21.9781
38.0358
45.6821

END OF TEST SERIES

5.5921E-08
7.89284E-Oo
6i.39644E-QS
.0147634
.687574
6.46156
11.1825
13.4306

J-28

2.79605E-08
3.94642£-06
3.19822E-05
i •381TE-03
.343787
3.23078
5.59126
6.71528



SPLIN2 PROGRAM - 02/22/82 Vl

PROCESS DATA NOT AVAILABLE; EMISSION FACTOR DIRECTLY INPUT
TEST IDt GERMAN STUDY PLANT ID NO. 13 CYCLONE OUTLET

INPUT tlATA: PROCESS WEIGHT RATE = 0 TONS PROD. /HR
TOTAL PARTICULATE EMISSION RATE = 0 LB/HR
PARTICLE DENSITY = 2.6 Glee

MEASUREIt PARTICLE SIZE DISTRIBUTION

CUT (Ulb ) RAW r. < CUT CUM. ;: ~.~ CUT

10 40.9 40.9
20 17.2 58.1
40 12.1 70.2
74 29.8 100

OUTPUT DATA: TP EMISSION FACTOR = 2.8 LB/T ( 1.4 KG/HT)

CUT (umA) CUM" ;~ < CUT
EMISSION FACTOR

( LB/T ) ( ~;G/MT )

.625
1
1.25
2.5
S
10
15
20

.910363
1.9668
2.76234
7.12934
15.6506
29.2229
39.0639
46.4114

.02'54902

.0550703

.0773456

.199622

.438218

.81824-1
1.09379
1.29952

.0127451

.0275352

.03867ZB

.0998108

.219i09

.409121

.546895

.64976

ENIt OF TEST SERIES

J-29



SPLIN2 PROGRAM - 02/22/82 Vi

PROCr::SS tlATA NOT AVAILABLE; EMISSION FACTOR DIRECTLY INPUT
TES'r HI: GERMAN sruttY PLANT ID NO. 02 CY'cLONE INLET

INPUT [lATA: PROCESS WEIGHT RATE = 0 TONS PROD./HR
TOTAL PARTICULATE EMISSION RATE = 0 LB/HR
PARTICLE DENSITY = 2.9 GICC

MEASURED SIZE [IISTRIEtUTION

CUT< um) CUM. 1. .... CUT. '"

4.8 15.1
6.a 2~

9.6 41.1
13.3 58.1
19.2 65.4
27.2 67
38.4 69.1
54.3 73.3
74 100

OUTPUT DATA: TP EMISSION FACTOR = 37.6 LS/T < le.a KG/HT)

EMISSION FACTOR
CUT ( UlIlH ) CUM. i. ..- CUT ( LB/T ) <KG/HT )"

I"'U"" .34275 .128874 .064437.o...:-W
1 .690512 .259632 .129816
1.2:i .961659 .361584 .180792
2.5 2.67615 1.00~23 .50311.7__

7~-38665 2.77738 1.38869
10 20.2223 7.60359 3.80179
i5 36.7108 13.8033 6.90163
20 52.2057 19.6293 9.81467

l::ND OF TEST SERIES

J-30



SPLIN2 PROGRAM - 02/22/82 Vi

PROCESS DATA NOT AVAILABLE; EMISSION FACTOR DIRECTLY INPUT
TEST IO: GERMAN STUDY PLANT ID NO. 02 CYCLONE OUTLET

INPUT [lATA: PROCESS WEIGHT RATE = 0 TONS PROD. /HR
TOTAL PARTICULATE EMISSION RATE = 0 LB/HR
PARTICLE DENS!T~ = 2.6 Gice

MEASURED PARTICLE SIZE DISTRIBUTION

CUT (UBI)

10
20
40
74

RAW /.. " CUT CUM. :t < CUT~.

41.1 41.1
24.3 65.4-
3.7 69.1
30.9 100

OUTPUT DATA: TP EMISSION FACTOR = 7.54 LBfT ( 3.77 KG/MT)

CUT (umA) CUM. ;.; < CUT
EMISSION fACTOR

( LB/T ) ( KG/MT )

1
1.25
2.5
5
10
15
20

.0197552
.. 104072
.214452
1.54576
7.39811
23.5107
38.2438
49.6107

1.48954E-03
7.847Q'5E-03
.0161696
.11655
.557818
1.7727
2.88359
3.74064

7.44771E-04
3.92352E-03
8.08482E-03
.05827'52
.2789('l9
.886352
1.44179
1.87032

END OF TEST SERIES

J-31



SPLIN2 PROGRAM - 02/22/82 Vl

PROCESS nATA NOT ,WAILABLE; EMISSION FACTOR DIRECTLY INPUT
TEST ttl: GE.RMAN STUDY PLANT ID ~4Q" Cl C'(CLOHE INLET

INPUT DATA: PROCESS WEIGHT RATE = (I TONS PROD./HR
TOTAL PARTICULATE EMISSION RATE =0 LB/HR
PARTICLE DENSITY =2.5 GICC

MEASURED SIZE DISTRIBUTION

CUTe UII'I)

5.2
7.4
lQ.4
H.7'
2Q.8 '
29.4
41.6
sa.s,
74

OUTPUT DATA:

CUM. I < CUT

6.9
13.8
22
29.6
37.2'
45.9
54.7
74.1
100

TP EMISSION FACTOR = 72.6 LB/T ( 36.3 KG/MT)

EMISSION FACTOR
CUT (u~A) CUM. t < CUT (LB/T) ( KGIt1T)

.625 ·~.75364E-(l5 4.90314E-()S 2.45157E-05
1 1.29393E-()3 9. 39393E-04 4.69696E-Q4
1.25-- 4.60419E-Q3 3-.34265E-'33 1-;67132E"'03
~, C' .137719 .0999837 .0499918... ,J

:; 1.8074 1.31217 .656086
10 10.4073 7.55571 3.77i85
15 19.7365 14.3287 7.16434
':'(\ 26.2973 19.Q918 9.54591-..

END OF TEST SERIES

J-32



SPLIN2 PROGRAM - 02/22/82 V1

PROCESS DATA NOT AVAILABLE; EMISSION FACTOR DIRECTLY INPUT
TEST rD: GERMAN STUDY PLANT IU NO. Cl CYCLONE OUTLET

INPUT [lATA: PROCESS WEIGHT RATE = 0 TONS PROD. /HR
TOTAL PARTICULATE EMISSION RATE = 0 LB/HR
PARTICLE DENSITY = 2.6 GIce

MEASURE!l PARTICLE SIZE DISTRIBUTION

CUT ( um ) RAW r. .< CUT CUM. i. < CUT

10 22 22
20 15.2 37.2
40 17 .. 5 54.7
74 45.3 100

OUTPUT DATA: TP EMISSION FACTOR = 3.54 LB/T ( 1.77 KG/MT)

CUT (ulhA) CUM. i. <: CUT
EMISSION FACTOR

( LEI/T ) ( KG/JoH )

1
1.25
2.5
5
10
15
20

.290619

.656995

.946186
2.67886
6.59549
14.121
20.6603
26.291

,0102879
.0232576
.03349'3
.0948318
.23348
.499884
.731376
.930703

5.14396E-()3
.0116288
.Q16747'3
.0474159
.11674
.249942
.365688
.465351

ENn OF TEST SERIES

J-33



SPLIN2 PROGRAM - 02/22/82 V1

PROCESS DATA NOT AVAILABLE; EMISSION FACTOR DIRECTLY INPUT
TEST IDt GERMAN STUDY PLANT ID NO. C2 CYCLONE INLET

INPUT DATA: PROCESS WEIGHT RATE =Q TONS PROD./HR
TOTAL PARTICULATE EMISSiON RATE =0 LB/HR
PARTICLE D~NSIT~ : 2.5 Glce

MEASURED SIZE DISTRIBUTION

CUT< um)

1Q.4
14.7
20.S
29.4
4l.b
5e.S
74

OUTPUT D~TA t

CUM. % < CUT

7.6
16.9
24.9
31.7
37.4
42.6
50.9
58.9
100

TP EMISSION FACTOR: 72.2 LB/T ( 36.1 KG/HT)

EMISSION FACTOR
CUT (ulfIA) CUH. t < CUT (LB/T) ( KG/HT)

6"111: 1.04337£-07 7.53311E-08 3.76655E-08...oJ

1 1-. 41687E-05 1.02298E-05 5.11489£-06
1 "!e:: 1.13451E-04 8. 19113E-05 4.0'155i£-05.....1

ccc."} ••~c •... -.(1258845 .0186886 '1.34432E-03.... ;J

5 1.23919 .894697 .447348
1(1 12.4481 6.98751 4.49376
15 22.6192 16.4754 8.23772
20 28.8498 20.8295 10.41+8

END OF TEST SERIES

J-34



SPLIN2 PROGRAM - 02/22/82 Vl

PROCESS DATA NOT AVAILABLE. EMISSION FACTOR DIRECTLY INPUT
TEST 10: GERMAN STUDY PLANT ID NO. C2 CYCLONE OUTLET

INPUT DATA: PROCESS WEIGHT RATE = 0 TONS PROD. /HR
TOTAL PARTICULATE EMISSION RATE =0 LBiHR
PARTICLE DENSITY = 2.6 GiCC

MEASURED PARTICLE SIZE DISTRIBUTION

CUT (um)

10
20
40
74

RAW i. < CUT

24.9
12.5
13.5
45.3

CUM. 7. < CUT

25.8836
38.8773
52.9106
too

OUTPUT rIATA: TP EMISSION FACTOR = 4.1 LE/T ( 2.05 KG/MT)

CUT (umA) CUM. i. < CUT
EMISSION FACTOR

( LE/T ) ( KG/MT )

.625
1
1.25
2.5
5
10
15
2.0

1.03112
1.8791
2.405924
5.31454
10.40065
18.4638
240.6679
29.6832

.0422761
.0770431
.100829
.217896
.+26667
.757015
1.01138
1.21701

.021138
.0385216
.. 0504144
.108948
.213334
.378507
.505692
.605506

ENII OF TEST SERIES

J-35



SPLINZ PROGRAM - 02/22/82 Vl

PROCESS O~TA NOT AVAILABLE; EMISSION FACTOR DIRECTLY INPUT
TEST 10: GERMAN STUDY PLANT ID NO. B3 CYCLONE INLET

INPUT tIATA: PROCESS WEIGHT RATE =0 TONS PROD./HR
TOTAL PARTICULATE EMISSION RATE =0 LB/HR
PARTICLE DENSITY =2.6 Gice

MEASURED SIZE nISTRIBUTI0W

CUT< um)

5.1
7.2
10.2
14.4
2Q.-4
2S.S
40.8
57.7
71,

OUTPUT DATA t

CUM. t < CUT

4.2
7.7
12.5
18.3
25 ..4.
32.7
-;.1.4
56.7
liJO

TP EMISSION FACTOR = 93.4 LB/T ( 46.7 KG/HT)

CUT (umA) .CUM. %< CUT
EMISSION FACTOR

(LB/T' (KG/HT)

1 .

1.25
2.5
5
10
15
'?(\....

.S.• 4:312E-I~-4
6.72639£-03

-----1'\166124-
.196869
1.4032
6.'HS'37
11.1082
15.6364

7.87474E-04
6.2.S245E.-Q3

-;015516
.183875
1.31059
5.618'35
10.3751
14.6044

3.93737E-04
:3 ~ 1412"3E-(13
7 •75301E:'~J3
.0919377
.655294
2.30913
5.18753
7.30218

ENB OF TEST SERIES

J-36



SPLIN2 PROGRAM - 02/22/82 Vl

PROCESS DATA NOT AVAILABLE; EMISSION FACTOR DIRECTLY INPUT
TEST IDt GERMAN STUUY PLANT ID HO. B3 CYCLONE OUTLET

INPUT tlATAt PROCESS WEIGHT RATE = 0 TONS PROD. IHR
TOTAL PARTICULATE EMISSION RATE =0 LB/HR
PARTICLE DENSIT, = 2.6 Glee

MEASURED PARTICLE SIZE DISTRIBUTION

CUT (um) RAW Y. < CUT CUM. i. <: CUT

10 12.5 12.5
20 12.9 25.4
40 16 41.4-
74- 58.6 100

OUTPUT DATA: TP EMISSION FACTOR = 2.44 LE/T ( 1.22 KG/MT)

CUT (umA) CUM. i. < CUT
EMISSION FACTOR

( LE/T ) ( KG/MT )

.625
1

S
10
15
20

.02'37498

.0793193

.13571

.622023
2.28689
6.74413
11.4626
15.9533

5. 79495E-04
1.93539£-03
3.31132£-03
.0151774-
.0558001
.164557
.279687
.389261

2.89748£-04
9.67696E-04
1.65566E-03
7.58868£-03
.0279
.0822784
.139843
.19463

END OF TEST SERIES
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SPLIN2 PROGRAM - 02/22/82 V1

PROCESS DATA NOT AIJAILABLE; EMISSION FACTOR DIRECiLY INPUT
TEST ID: GERMAN STUDY PLANT ID WOo D4 CYCLONE INLET

INPUT DATA: PROCESS WEIGHT RATE = 0 TONS PROD./HR
TOTAL PARTICULATE EMISSION RATE =0 LB/HR
PARTICLE DENSITY =2.8 Glec

MEASURED SIZE DISTRIBUTION

CUT<um)

4.9
6.9
9.8
13.9
19.6
27.7
39.2
55.4
74

OUTPUT DATA:

CUH. r. < CUT

15.9
26.8
-U.S
53.8
61.5
67.6
72
80.6
100

TP EMISSION FACTOR = 149.2 LBii ( 7+.6 KG/HT)

CUT (umA) -CUH. r. < CUT
EMISSION FACTOR

(LB/T) (KG/MT)

1
1.25
2.5
5
10
15
20

-. ~.o15282
.0809016

-_·_·--.167706
1.25014
6.33009
21.7722
37.1'312
48.886

.0228008
.120705

··.250Zl8
1.86521
9.4+45
32.4841
56.2949
72.9378

.OH400J,.
.0603526
.125109-
.932606
4.72225
16.2421
28.1+74
36.4689

END OF TEST SERIES

J-38



SPLIN2 PROGRAM - 02/22/82 V1

PROCESS DATA NOT AVAILABLE; EMISSION FACTOR DIRECTLY INPUT
TEST IO: GERMAN STUDY PLANT ID NO. D4 CYCLONE OUTLET

INPUT DATA: PROCESS WEIGHT RATE = 0 TONS PROD. IHR
TOTAL PARTICULATE EMISSION RATE = 0 LB/HR
PARTICLE DENSITY = 2.6 Gice

MEASURED PARTICLE SIZE DISTRIBUTION

CUT (URI)

10
20
40
74

RAW i: .'" CUT CUM. i. .( CUT"

+1.5 41.5
20 61.5
10.5 72
28 100

OUTPUT DATA: TP EMISSION FACTOR = 20.8 LB/T ( 10.4 KG/MT)

CUT <u1l'IA ) CUM. ;. <. CUT
EMISSION FACTOR

<lE/T ) ( KG/MT )

.625
1
1.2'5
2.:i
5
10
15
20

.282783
.80161
1.26568
4.+7531
12.5012
27.5872
39.295
48.0945

• .::>588189
.166735
.263261
.930864
2.60025
5.73815
8.17'336
10.0036

.0294fJ94
.0833675
.131631
.465432
1.30012
2.86907
4.08668
5 .. 00182

END OF TEST SERIES

J-39



S?LIN2 PROGRAM - 02/22/82 Vi

PROCESS DATA NOT AVAILABLE; EMISSION FACTOR DIRECTLY INPUT
TEST Int GERMAN STUny PLAUT!D ~to. F3 CYCLONE IUlET

INPUT DATA: PROCESS WEIGHT RATE =0 TONS PROD.JHR
TOTAL PARTICULATE EMISSION RATE =0 LB/HR
PARTICLE DENSITY =2.4 G/CC

MEASURED SIZE DISTRIBUTION

CUT< um )

5.3
7.5
10.6
15
21.2
30
42.4
60
74

OUTPUT DATA:

CUM. t < CUT

11
19.8
27.7
35.S
43.2
48.9
57.6
66.9
100

TP EMISSION FACTOR = '73.8 LB/T ( 36.9 KG/HT)

CUi (uIl'IA) . CUM. 1. < CUT
EMISSION FACTOR

(LB/T) (KG/MT)

1
1.25
2.5
5
l lJ
15

-~.S0136E-OS

1.431SSE-·n
----S.72483E-03

.216811
3.0718
15.8391
25.6354
32.1089

4.06E-05
1.05651E-03
4 ;;224921::-03
.161483
2.26699
11.6893
18.9189
23.6963

2.03E-·'5
5.28253E-Cl4
.11246E~03

.OSOi414
1.13349
5.84463
9.45946
11.8482

END OF TEST SEIUES

J-40



SPLIN2 PROGRAM - 02/22/82 Vi

PROCESS DATA NOT AVAILABLE; EMISSION FACTOR DIRECTLY INPUT
TEST 10: GERMAN STUDY PLANT ID NO. F3 CYCLONE OUTLET

INF'UT [lATA: PROCESS WEIGHT RATE = 0 TONS PROD. IHR
TOTAL PARTICULATE EMISSION RATE = 0 LB/HR
PARTICLE DENSITY = 2.6G/CC

MEASURED PARTICLE SIZE DISTRIBUTION

CUT (URI)

10
20
40
74

RAW /. < CUT

27 .. 7
15.5
14.4 .
42.4

CUM .. r. <: CUT

27 .. 7
43.2
57.6
100

OUTF'UT DATA: TP' EMISSION FACTOR = 4.7 LB/T ( 2.35 KG/MT)

CUT (ul'IIA) CUM. r. < CUT
EMISSION FACTOR

( LB/T ) ( KG/MT )

1

10
15
20

.426108

.964358
1 .. 38577
3.85301
9.15894
18.6134
26.2079
32.3403

.0200271

.04532+8

.0651313

.181'192

.43047
.. 874832
1.23177
1.52

.0100135

.0226624

.0325657

.. 0905458

.215235
.. 437416
.615885
.759998

END OF TEST SERIES

J-41



SPLIN2 PROGRAM - 02/22/82 Vl

~ROCESS DATA NOT AVAILABLE; EMISSION FACTOR DIRECTLY INPUT
TEST III: GERMAN S·TUDY PLANT 11:1 NO. G2 CYCLONE INLET

INPUT tIATA: PROCESS WEIGHT RATE = 0 TONS PROD./HR
TOTAL PARTICULATE EMISSION RATE = 0 LB/HR
PARTICLE DENSITY: 2.5 Glee

MEASURED SIZE OISTRIBUTION

CUT( um )

5.2
7.4
10.4
14.7
20.S
29.4
41.6
58.8
74

OUTPUT DATA:

CUM. 7. < CUT

8.3
20.1
37
50.2
59.6
66.7
72.1
82.5
100

TP EMISSION FACTOR = 60.8 LE/T ( 30.4 KG/MT)

EMISSION FACTOR
CUT ( urrlA ) CUM. i. .( CUT ( LB/T ) (KG/MT)

.625 5.4587E-06 3.31889E-06 1.65945E-06
1 2.03038E-04 1.23447E-04- 6.17236E-I:)5
1.25 9.63863E-04 5.86029E-04 2.93015E-')4-
"'i c' .0632614- .0384629 :0192315"" ......
5 1.54333 .938345 .469173
10 13.9952 8.50906 4.25453
15 32.3182 19.6494 9.82472
20 44.8617 27.2759 13.6379

END OF TEST SERIES

J-42



SPlIN2 PROGRAM - 02/22/82 ~) 1

PROCESS DATA NOT AVAILABlE; EMISSION FACTOR DIRECTLY INPUT
TEST IDt GERMAN STUDY PLANT 1D NO. G2 CYCLONE OUTLET

INPUT tIATA: PROCESS WEIGHT RATE = 0 TONS PROD. /HR
TOTAL PARTICULATE EMISSION RATE = 0 LB/HR
PARTICLE DENSITY = 2.6 Glee

MEASURE!1 PARTICLE SIZE DISTRIBUTION

CUT (um) RAW r. < CUT CUM. ~ ~: CUT

10 37 37
20 22.6 59.6
4-0 12.5 72.1
74- 27.9 10Q

OUTPUT DATA: TP EMISSION FACTOR = 6 .. 16 LE/T ( 3.08 KG/MT)

CUT (umA) CUM. r. < CUT
EMISSION FACTOR

( LB/T ) ( KG/HT )

1

5
10
15
20

.0868022

.3075:37
•535432
2.4804-1
8.62957
22.5476
34.6296
44.2443

S.34702E-03
.0189443
.0329826
.152793
.531582
1.38893
2.13318
2.72545

2.67351E-03
9.4-7215E-03
.0164913 .
.0763967
.265791
.. 694466
1.06659
1.36273

END OF TEST SERIES

J-43



SP~IN2 PROGRAM - 02/22/82 Vi

PROCESS DATA NOT AVAILABLE; EMISSION FACTOR DIRECTLY INPUT
TEST IDt GERMAN STUDY PLANT 10 NO. Gl CYCLONE INLET

INPUT DATA: PROCESS WEIGHT RATE = 0 TONS PRQD./HR
TOTAL PARTICU~ATE EMISSION RATE =0 LB/HR
PARTICLE DENSITY = 2.5 Glce

MEASURED SIZE DISTRIBUTION

CUT(um)

5.2
7.4
10.4
14.7
20.8
29.4
41.6
5S.8
74

OUTPUT DATA:

CUM. i. < CUT

5.9
10.5
29.1
35.1
43.8
53.9
60
81.9
100

TP EMISSION FACTOR = 55.8 LB/T ( 27.9 KG/MT)

CUT (uIIJA) CUM. i. -< eUT
EMISSION FACTOR

( LE/T ) ( KGIMT )

i
1'.25
., I:;"'
.... ..;,1_

S
1Q
15
2()

+.0479E-09 2.25873E-09
1.12921E-06 6.30l0iE-07
1.23859E-05 6.91134E-06

---0.72062E-03T---- '3.750 liE-03
.646657 .360834-
11.0338 6.15684
25.9301 14.469
32.4878 18.1282

1.12936E-09
3.1505E-07
3.45567E-Q6
l.S7S0SE-/.)3
.180417
3.07842
7.2345

END OF TEST SERIES

3-44



INPUT nATA t

SPLIN2 PROGRAM - 02/22/82 Vl

PROC~SS DATA NOT AVAILABLE; EMISSION FACTOR DIRECTLY INPUT
TEST lOt GERMAN STUDY PLANT 10 NO. Gl CYCLONE OUTLET

PROCESS WEIGHT RATE = 0 TONS PROD. IHR
TOTAL PARTICULATE EMISSION RATE = 0 LB/HR
PARTICLE DENSITY = 2.6 Glce

MEASURED PARTICLE SIZE DISTRIBUTION

CUT ( um) RAW :4 < CUT CUM. % .( CUT

10 29.1 29.1
20 14.7 43.8
40 22.2 66
74 34 100

OUTPUT itATAt TP EMISSION FACTOR = 6.4 LE/T < 3.2 KG/MT)

CUT (umA) CUM. i. < CUT
EMISSION FACTOR

( LE/T ) ( KG/MT )

.625
1
1.2'5
2.5
S
10
15
20

4 .. 34206
5.70821
6.50104
9.74449
14.6226
21.9674
'27.8869
3:3.0387

.277892
.365325
.416067
.623648
.935847
1.40592
1.78476
2.11448

.138946
.182663
.208033
.31182-1
.467923
.702958
.892382
1.05724

E.ND OF TEST SEfUES

J-45



SPLIN2 PROGRAM - 02/22/82 VI

PROCESS DATA NOT AVAILABLE; EMISSION FACTOR DIRECTLY INPUT
TEST 10: GERMAN STUDY PLANT ID NO. B1 CYCLONE INLET

INF'UT DATA: PROCESS ~EIGHT RATE = 0 TONS PROD./HR
TOTAL PARTICULATE EMISSION RATE = 0 LB/HR
PARTICLE DENSITY = 2.5 Glee

HEASURE!! SIZE DISTRIBUTION

CUT< UPl )

5.2
i.4
10.4
14.7
20.8
29.4
41.6
58.8
74

OUTPUT l:tATAt

CUM. r. < CUT

3.6
5.1
7
8.9
10.9
12 .. 8
16.3
23.7
100

T? EMISSION FACTOR = 31.8 LS/T ( 15.9 KG/MT)

EMISSION FACTOR
CUT <URIA ) CUM. I. .( CUT (LS/T) ( KGIMT )

.625 . .152491 .0484921 .024246
1 .294359 .. 0936062 .0468031
1.25 .397183 .126304 .0631522

-2.5 .956288 .304 -.-15205
£:' 2.12832 .676805 .338402,.J

10 4 .. 37859 1.39239 .696196
15 6.47235 2.05821 1.0291
20 8.06365 2.56424 1.28212

END OF TEST SERIES

j-46



SPLINZ PROGRAM - 02i22/82 V1

PROCESS DATA NOT AVAIL-ABLE;' EMISSION FACTOR ItIRECTLY INPUT
TEST 10: GERMAN STUDY PLANT ID NO. B1 CYCLONE OUTLET

INPUT rtATA~ PROCESS WEIGHT RATE = 0 TONS PROD. IHR
TOTAL PARTICULATE EMISSION RATE = 0 LB/HR
PARTICLE DENSITY = 2.6 Gice

MEASURE!:I PARTICLE SIZE DISTRIBUTION

CUT (um' RAW i. ,( CUT CUM. ~ .< CUT

10 7 7
20 3.9 10.9
4-0 5.4 16.3
74- 83.7 100

OUTPUT tIATA: TP EM1SSION FACTOR ::: .. 898 LE/T ( .• 449 KG/MT)

CUT (umA) CUM. i. < CUT
EMISSION FACTOF:

.( LBIT ) ( I\G/MT )

.625
1
1.25
2.5
5
10
15
20

.. 51156

.789009

.962941
1.74075
3.02207
5.03856
6.6665
8 .. 0676

4.59381E-03
7.08531E-03
8.64721E-03
.0156319
.0271382
.0452464
.0598831
.0724471

2.29691E-03
3.54265E-03
4-.3236E-03
7.81595E-03
.0135691
.0226232
.0299416
.0362235

END OF TEST SERIES

3-47



SPLIN2 PROGRAM - 02/22/82 Vi

PROC~SS DATA NOT AVAILABLE; EMISSION FACTOR DIRECTLY INPUT
TE::H Ill: GERMAN STUDY PLANT 10 NO. F2 CYCLONE INLET

INPUT DATAt PROCESS WEIGHT RATE =0 TONS PROD./HR
TOTAL PARTICULATE EMISSION RATE =0 LB/HR
PARTICLE DENSITY = 2.5 G/CC

MEASURED SIZE DISTRIBUTION

CUT( um )

5.2
7.1,
10.4
14.7
20.8
29.4
41.6
58.8
7+

OUTPUT tlATA t

CUM. 7. < CUT

16.5
24-
-.., co.).... ;;s

41.5
45.6
4a.5
53
60.1,
100·

T? EMISSION FACTOR = 29.2 LB/T ( 14.6 KG/MT)

EMISSION FACTOr;:
CUT (uIiIA) CUM. i. <: CUT (LB/T) ( KG/MT)

6"');':- .165785 .0484093 .0242046• ...;;s

1 .48994- .143063 .0715313
1 "',,,,- .78883 .230338 • 115169.... ;;s
2.5-- 2.96063 -.86+505--- .432252-
'5 8.7649'5 2.'5'5937 1.27968
10 20.4681 5.9767 2.98835
15 30.1277 8.79728 4-.39864
20 37.9535 11.0824- 5.54121

END OF TEST SERIES

J-48



INPUT DATA:

SPLIN2 PROGRAM - 02/22/82 Vi

PROCESS DATA NOT. AVAILABLE~ EMISSION FACTOR DIRECTLY INPUT
TEST ID: GERMAN STUDY PLANT ID NO. F2 CYCLONE OUTLET

PROCESS WEIGHT RATE = 0 TONS PROD. /HR
TOTAL PARTICULATE EMISSION RATE = 0 LBiHR
PARTICLE DENSITY = 2.6 GICC

MEASURED PARTICLE SIZE DISTRIBUTION

CUT (um) RAW r. ~' CUT CUM. ~~ .::: CUT~

10 32.5 32.5
20 13.1 45.6
40 7.4 S3
74 47 100

OUTPUT DATA: TP EMISSION FACTOR = 2.28 . LE/T ( 1.14 KG/HT)

CUT (uITIA) CUM. r. < CUT
EMISSION FACTOR

( LE/T ) ( KG/MT )

.625
1

. 1.25
2.5
:5
10
15
20

.538796
1.25917
1.82789
5.13696
11.9589
23.0623
31.0338
36.8422

.0122846
.0287091
.041676
.117123
.272662
.525821
.707572
.840002

6.14228E-03
.0143545
.020838
.0585613
,136331
.262911
.353786
.420001

END OF TEST SERIES

J-49



REFERENCE 8 DATA

(From Tables 3-8 and 3-9)

J-50



SPLIN2 PROGRAH - 02/22/82 V1

TEST Ijj ~ SLORti 1971 UASHER WLET

~ROCESS WEIGHT RATE =225 TONS PROD. /HR
TOTAL PARTICULATE EMISSION RATE = 2135 LB/H~

PARTICLE nENSITY = 1 G/CC

MEHSUREn PARTICLE SIZE DISTRIBUTION

CUT (uru)

":....
2
3,:)
5.5
9.2
3(1
i21j

.7
2.3
9.5
12.2
13.3
14.8
19
27.7

CUH. % < CUT

.703518
3.01508
12.5628
24.8241
38.191
53.0653
72.1608
100

TP EMISSION FACTOR = 9.48889 LB/T 4.74444 KG/HT)

CUM. k < CUT
EMISSION FACTOR

(LB/T) (KG/MT)

:;

1.46364
3.13028
4-.99144
17.5865
3'5.5683
54.6757
61.7131
65.8706

.138883

.297029

.473632
1.66876
3.37504
5.18812
5.85589
6.25039

.0694414

.148514

.236816

.834381
1.68752
2.59406
2.92795
3.12519

Em: OF TEST SERIES

J-51



I ti?UT [lIHA~

SPLIU2 PROGRAH • 02122/82 VI

TEST I~L SLOAN i971 UASHER EXHAUST

PROCESS UEIGHT RATE =225 TONS PROD. IHR
TOTAL PARTICULATE EMISSION RATE = 181 LB/HR
PARTICLE nE~SITY = 1 Glec

MEp.SURE~ FARTICLE SIZE DISTRIBUTION

CUi (urn)

i
2
3.3
5.S
9.2
30
121j

5.7
8
4.9
4.4
4.7
8.3
9.2
54.S

CUH. %< CUT

5.7
13.7
18.6
23
27.7
36
45.2
100

OuTPUT [lATA~ TP EMISSION FACTOR = .804444 LB/T ( .402222 KG/HT>

CUT (uii.A) CUH. 4 < CUT
EMISSION FACTOR

(LB/T) (KG'HT)

i
i'-25

--2.5
5
10
is
2:j

10.2'502
13.632
-15.1735
20;51
26.6368
36.5iJ
33.8805
40.6257

.0824569

.109662

.122063

.164992
.214278
.293727
.312772
.J26811

.0412284

.0548311

.0610313
'-;0824959--

.107139

.146863

.156386

.1634Q6

ENC OF TEST SERIES
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SPLI«2 PROGRAM - 02/22/82 Vi

TESi ID~ HARRISON 1971 PRE-WASH ENTRANCE

PROCESS WEIGHT RATE = 180 TONS PROD. /HR
TOTAL PARTICULATE EMISSION RATE = 1715 LB/HR
PRRTICLE DENSITY = 1 Gice

MEASUREIl PRRTICLE SIZE DISTRIBIJTlON

CUi (Ulil) RAW i.: < CUT CUM. X< CUT

"'l 14.9 1+.9""5.5 35.1 50
30 26.9 76,9
120 23.1 lOQ

OUTPUT YMTA~ TP EMISSION FACTOR = 9.52778 LB/T ( 4.76389 'KG/ttT)

CLli (u~A) CUH. i: < CUT
EMISSION FACTOR

(LE/T ) (KG/ltT )

.625
i
i.25
2.5

Hi,
i5
20

1.5:)469
1,.3074
6.-66173
20.6907
.45.51,91,
62.-6116
68.(1623
71.67a

.146241

.410+
.634714
1.97136
4.33985
5.9655
6.48482
6.82932

.0731205

.2052

.317357

.98568
2.16992
2.98275
3.24241
3.41466

END OF TEST SERIES

J-S3



SPlIN2 PROCRAM - 02122/92 Vi

TEST II: ~ HARRISOti 1971 UASMER EXHAUST

PROCESS UEIGHT RATE : lao TONS PROD. /HR
TOTAL PARTICULATE EMISSION RATE =63 LB/HR
PRRTICLE DENSITl : 1 Glce

MEASURED PARTICLE SIZE DISTRIBUTION

CUT (UIil) RA~ 4 < CUT CUH. t .: CUT

"'I as as...
5.5 6.8 94.S
3:J ., ., 97.. ~
1.20 3 10{\

OUTPUT [;,HA t TP EMISSION FACTOR = .35 LE/T ( .175 KG/MTl

CUi (I,;;.H) CUH. Z < CUT
EHISSIOt~ FACTOR

( LB/T ) ( KGIt1T )

'...
1.25
2.5
S
iO
15
2=j"

76.375
81.4615
SJ.N61
89.8Q65
94.25H.
95.S:H

. ?6.1995
96.4902

.267312

.285115

.292971

.314323

.32988
.335408
.336698
.337716

.13'1656

.142558

.140486 "

.157161

.16494

.167704

.168349
•168S5S

Er~I: OF TEST SERIES

J-54



REFERENCE 12 DATA

(From Table 3-10)
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SPLIN2 PROGRAM - 02/22/82 Vl

TEST ID: TABLE 94 AP-40 C-537 INLET TO PRIMARY CYCLONE

INPUT DATA: PROCESS WEIGHT RATE = 173 TONS PROD,. /HR
TOTAL PARTICULATE EMISSION RATE =5463 LB/HR
PARTICLE DENSITY = 2.4 G/ce

MEASURED PARTICLE SIZE DISTRIBUTION

CUT ( um) RAW r. .< CUT CUM. ... , CUT,- ..,

5 6.2 6 ..,.""10 9.4- 15.6
20 13.8 29.4
50 22.9 52.3
74 47.7 100

OUTPUT DATA: TP EMISSION FACTOR = 31.578 LS/T ( 15.789 KG/MT)

CUT (umA) CUM. i. < CUT
EMISSION FACTOR

(LB/T) (KG/HT)

.625
1
1.25
2.5
:5
10
15
20

.0186489

.0734769

.134485

.726412
2.93889
8.90582
14.8743
19.9991

5. 88895E-03
.0232025
.0424676
.229387
.928044
2.81228
4.69702
6.31533

2.94447£-03
.0116013
.0212338
.114693
.464022
1.40614
2.34851
3.15766

J-56



SPLIN2 PROGRAM - 02/22/82 V1

TEST ID: TABLE 94 AP-40 C-53i INLET TO SCRUBBER

INPUT DATA: PROCESS WEIGHT RATE = 173 TONS PROD. IHR
TOTAL PARTICULATE EMISSION RATE = 118.3 LB/HR
PARTICLE DENSITY = 2.4 Glec

MEASURED PARTICLE SIZE DISTRIBUTION

CUT ( um) j=;:AW 4 < CUT CUM • i: ,< CUT
.,,- 57 57OJ

10 34 91
20 8.8 99.8
50 .'2 100
74 0 100

OUTPUT tlATA: TP EMISSION FACTOR = .683815 LE/T ( .341908 KG/MT)

CUT (umA) CUM. i. < CUT
EMISSION FACTOR

( LB/T ) ( KG/MT )

.625
1
1.2:i
2.5...
,J.

10
15
20

.432684
1.56537
2.71332
11.6883
34.5881
70.3109
89.0992
95 .. 5844

2.95876E-03
.0107042
.0185541
.0799265
.236518
.. 480796
.609273
.653621

1.47938£-03
5.35211£...03
9.27703E-03
.0399633
.118259
.240398
.304637
.32681

END OF TEST SERIES
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SPLIN2 PROGRAM - 02/22/82 Vl

TEST ID: TABLE 94 AP-40 INLET TO MULTICLONE

INPUT (lATA: PROCESS WEIGHT RATE = 173 TONS PROD. IHR
TOTAL PARTICULATE EMISSION RATE = 1525 LB/HR
PARTICLE DENSITY = 2.4 G/CC

MEASURED PARTICLE SIZE DISTRIBUTION

CUT (UIn)

5
10
20
50
74 -

RAW 7- ..... CUT CUM. Y. ...... CUT'.. '.,

19.3 19.,3
31.9 51.2
31.6 82.8
15.1 97.9
2 .. 1 100

OUTPUT [.lATA: TP EMISSION FACTOR = 8.81503 LE/T ( 4.40752 KG/MT)

CUT (umA) CUM. 4 < CUT
EMISSION FACTOR

( LB/T ) ( KG/t'tT )

.625
1
1.25
2.5
'5
10
15
20

8.38504E-03
.0582523
.. 135014
1.32526
7.92999
28.9263
48.896
63.2283

7.39144E-04
5.13496£-03
.. 0119015
.116822
.699031
2.54986
4.3102
5.5736

3.69572£-04
2.56748E-03
5 .. 95076E-03
.0584111
.349516
1.27493
2 .. 1551
2.7868

END O~ TEST SERIES
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REFERENCE 26 DATA

(From Table 3-11)
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SPLIN2 PROGRAM - 02/22/82 Vi

TEST lOt KVB 5806-783 TEST 29S OUTLET

INPUT DATA t PROCESS WEIGHT RATE = 175 TONS PROD. IHR
TOTAL PARTICULATE EMISSION RATE =4.34 LB/HR
PARTICLE DENSIT~ = 1 Glee

MEASURED PARTICLE SIZE DISTRIBUTION

CUT ( um) RAW Y- < CUT CUM. i. .- CUT. "

1 30 30
3 4- 34
10 6 40
120 60 100

OUTPUT DATA t *TP EMISSION FACTOR = .0248 LB/T ( .0124- KG/MT)

CUT (umA) CUM. r. -( CUT
EMISSION FACTOR

(LB/T) ( KG/MT) ,

10
15
2()

28.6282
30
30.7175
33.2376
35.76
40.3701
46.7671
53.9065

7.09981E-03
7.+4E-03
7.61795£-03
8.24293E-03
8.86849E-03
.0100118
.0115982
.0133688

3.5499E-03
3.72£-03
3.80897E-03
4.12146E-03
4.43424E-03
5.00589E-03
5.79912£-03
6.68441E-03

END OF TEST SERIES

*Ca1cu1ated from input data above--not as shown on p. 4-165 of report
(Appendix F).
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APPENDIX K

EMISSIONS CALCULATIONS FOR DRUM-MIX ASPHALT PLANTS

(Results Included in Table 3-35)
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