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PREFACE 

This r e p o r t  was prepared. by Flidwest Research I n s t i t u t e  (MRI) f o r  the 
Environmental Protect ion Agency's (EPA's) A i r  and Energy Engineering 
Research Laboratory under EPA Contract  No. 68-02-3158, Technical D i r e c t i v e  
No. 18. Dale Harmon was the Pro jec t  O f f i c e r  f o r  t h i s  study. The work 
was performed i n  M R I ' s  A i r  Q u a l i t y  Assessment Section 
Head). The r e p o r t  was authored by John Kinsey. Gregory Ivluleski 
was responsible f o r  the computer software used i n  the study, and J u l i a  
Poythress was involved i n  data compi lat ion and analysis. 

(Chat ten Cowherd, 
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1.0 INTRODUCTION 

The U . S .  Environmental Protection Agency (EPA) is in the process of re- 
viewing the pertinent technical criteria and data bases to determine whether 
the establishment of a revised National Ambient Air Quality Standard (NAAQS) 
for particulate matter based on particle size is warranted. Upon adoption of 
such a standard, the Clean Air Act requires that each state develop and sub- 
mit revisions to their State 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 i n  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 o f  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" is used everywhere i n  this report except for 
the proposed AP-42 section where "asphaltic concrete" has been substi- 
tuted. Asphalt concrete is the term most commonly accepted by experts 
working in the industry. 

3r 
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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. 
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 
emi ssi ons. 

2.1 RAW MATERIAL 

2.1.1 Asphalt Cement 

Hot mix as- 

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 oil influences the vis- 
cosity and flow characteristics of the asphalt.2 

Asphalt cement is a highly viscous material available in many standard 
 grade^.^ Originally, penetration tests-were used to specify grades of 
asphalt cement. More recently, viscosity is becoming the standard char- 
acteristic to specify  grade^.^ Specifications for asphalt cement are based 
on a range of viscosity at a reference temperature of 6OoC (140OF). A min- 
imum viscosity at 135OC (275OF) is also specified. These temperatures were 
chosen because 6OoC (14OOF) approximates the maximum temperature of asphalt 
pavement surfaces in the United States while 135OC (275OF) approximates 
mixing and laydown temperatures for hot mix asphalt pavements. Specifica- 
tions for the various grades of asphalt cement are presented in Table 2-L3 

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. 
asphalts are two commercially available asphalt emulsions. Specifications 
for the various grades of emulsified asphalts are presented in Table 2-2.3 

Anionic and cationic emulsified 

2 
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2.1.2 Aggregate 

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

terial > 2.36 mm), fine aggregate (material passing < 2.36 mm), and mineral 
filler (material < 74 pm).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 o f  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 747111 sieve.’ 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. 

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

Aside from the amount and grade of asphalt used, mix characteristics 

Aggregate is generally sized in three groups: coarse aggregate (ma- 

Aggregates may also be blended because of limited supplies, for 

State transportation departments are usually responsible for specify- 
ing the percentage o f  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 s ~ p p l i e s . ~ ’ ~  
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 

In practice, 

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 
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 aggregate is transferred by front-end loader from the stor- 

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

5 



TABLE 2-3. COMPOSITION '3F ASPHALT PAVING MIXTURES 

Asphilt Concrete Sand Sheet 
Asphalt Asphalt 

Sieve Sire Mix Designation and Nominal Maairnum Size or A8gregatc 
~~ ~~ _ _ _ _ _ ~ ~ ~  ~ ~~~~ 

I 'h in. I in. :% in. '4 in. -h in. No. 4 No. 16 
(2A) (]A) (4.4) (5A) (6A) ITA) (EA) 

(37.5mm) (25.0mm) (19.0mm) (12.5mm) (9.5mm) (4.75mm) (1.18mm) 

Grading o f  Total Aarcgate (Coarse Plus Fine. Plus Filler if Required) 
Amounts Finer Than Each Laboratory Sieve (Square Opening). weight percent 

. . .  . . .  ... ... ... ... 2% in. (63 mm) . . .  
2 in. (50 mm) loo . . .  . . .  ... ... . . .  . . .  
I % in. (37.5 mm) 90 10 100 . . .  ... ... ... . . .  
I in. (25.0 mm) ... 90toloo loo ... ... ... ... 
YI in. (19.0 mm) 60 10 80 ... 9010 loo loo 
H in. (12.5 mm) ... 601080 ... 9010100 100 ... ... 
44 in. (9.5 mm) ... ... 6 0 t o 8 0  ... 9010 loo loo ... 

No. I 6  (1.18 mm) ... ... ... ... ... 4010 80 as 10 loo 
No. 30 (600 em) . . .  ... . . .  ... ... 20 to 65 70 to 95 

No. 100 (150 pm) ... ... ... ... ... I to 20 2010 40 
No. 200. (75 rm)  0 to 5 1 1 0 7  2 to 8 2 to 9 2 to IO 2 to IO 9 to 20 

. . .  ... ... 

No. 4 (4.75 mm) 20 to 55 25 to 60 35 to 65 45 to 70 60 to 80 80 to 100 100 
No. 8' (2.36 mm) IO to 40 15 10 45 20 to 50 25 to 55 35 to 65 65 to 100 95 10 I00 

No. 50 (300 rm)  2 to I 6  3 1 0  18 31020 5 lo 20 6 t o  25 7 to40  45 to 15 

Asphalt Cement. weight percent orTotal Mixture" 

a h  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 
fme 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 tine texture, while 
gradings approaching the minimum amount  passing the No. 8 (2 .36mm) sieve will result in 
surfaces with comparatively coarse texture. 

bThe material passing the No. 200  (75-pan) sieve may consist of fine particles of the 
aggregates or mineral fder, 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 D423 and 
Method D424. 

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

Used b y  p e r m i s s i o n  of t h e  A s p h a l t  I n s t i t u t e .  

W.S.A. Standard sieve designation is 38.1 rnm. 
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The cylinder is equipped with longitudinal troughs or channels called 
“flights” that lift the aggregate and drop it in veils through the hot 
gases. The slope of the cylinder, its rotation speed, diameter, length, 
and the arrangement and number of flights control the length of time re- 
quired for the aggregate to pass through the dryer (residence time). The 
dryer performs two functions; it vaporizes and removes the moisture, and it 
heats the aggregate to mixing temperature. 

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 o f  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. 
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 i n  a truck and hauled away to the job site. 
A flow diagram o f  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 o f  physical or chemical change 
in the material being processed, or open dust sources where no such change 
occurs. 

The most commonly used oil burner in dryers atomizes the fuel oil with 

The action of the two- 

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 i n  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.6 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 C ~ m p a n y . ~ ”  It should be noted that a 50% 
increase i n  gas velocity will allow about a 30% increase in production while 
causing a 150% increase in dust carryout. O f  course the increase in drum 
velocity also results in higher air volumes drawn through the dryer which 
subsequently increases the amount o f  oxygen available for combuston. 
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In general, if the Stoke's settling velocity of an aggregate particle is of 
the same order of magnitude as the gas velocity through the dryer, the par- 
ticle will probably be entrained in the gas stream and swept out of the 
dryer. 

The major source of process fugitives i n  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 "fugitive 
air" or "scavenger" system. The scavenger system may or may not have its 
own separate air mover-depending on the particular facility. 

The particulate emissions captured and transported by the scavenger 
system consist mostly of aggregate dust but may also contain a fine aerosol 
of condensed liquid particles. This liquid aerosol is created by condensa- 
tion of the organic vapors volatilized from the asphalt cement i n  the pug- 

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 2  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-lect 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. 
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. 
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. 

Hot asphalt is metered into the inlet end of the mixer, 

These bins, which may be either heated or nonheated, are 
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The p a r t i c u l a t e  emissions from continuous-mix asphal t  p l a n t s  are gen- 
erated i n  the  same manner as f o r  batch p l a n t s ,  except t h a t  an a d d i t i o n a l  
hot-s ide conveyor i s  used which would tend t o  increase the  amount o f  dust  
c o l l e c t e d  by the  scavenger system. Otherwise, there are no subs tan t ia l  
d i f ferences i n  the  mechanisms which produce the  emissions. The var ious 
sources o f  p a r t i c u l a t e  emissions associated w i t h  continuous-mix asphal t  
p lan ts  are i d e n t i f i e d  i n  F igure 2-4.6 

2.2.3 Drum-Mix Process 

The t h i r d  type o f  process u t i l i z e d  f o r  t h e  product ion o f  asphal t  pav- 
i n g  mixtures i s  the  drum-mix process. Th is  process i s  r e l a t i v e l y  new t o  
the i n d u s t r y  and i s  becoming inc reas ing l y  more popular due t o  i t s  lower 
c a p i t a l  and operat ing costs  and i t s  s i m p l i f i e d  product ion process. The 
most s i g n i f i c a n t  d i f f e r e n c e  between t h e  drum-mix process and the  others de- 
scr ibed above i s  t h a t  the  aggregate i s  d r ied ,  mixed, and combined w i t h  t h e  
asphal t  cement i n s i d e  a s i n g l e  u n i t  ( r o t a r y  drum mixer) thus e l i m i n a t i n g  a 
substant ia l  amount o f  mechanical equipment. 

During normal operat ion,  propor t ioned aggregate from t h e  c o l d  feed 
b ins  i s  t ranspor ted by b e l t  conveyor t o  e i t h e r  a v i b r a t i n g  screen where t h e  
l a r g e r  mater ia l  i s  r e j e c t e d  o r  d i r e c t l y  t o  t h e  drum mixer. The already 
combined aggregate i s  then in t roduced i n t o  t h e  uph i l l  end o f  t h e  r o t a t i n g  
drum mixer where i t  passes through t h e  h o t  gases and i s  heated t o  a tempera- 
t u r e  o f  3OOOF t o  remove moisture. The aggregate i s  tumbled by the  f l i g h t s  
as i t  t r a v e l s  the  length  o f  the  drum i n  p a r a l l e l  f low w i t h  t h e  combustion 
gases from the  burner. This i s  opposi te t o  t h e  batch process where a counter- 
f low arrangement i s  used. Asphal t  cement from a heated storage tank i s  
introduced from t h e  opposi te end o f  t h e  drum where i t  i s  mixed w i t h  the  
heated aggregate t o  produce h o t  mix aspha l t  paving. The p o i n t  a t  which t h e  
asphal t  cement i s  i n j e c t e d  var ies  from p l a n t  t o  p l a n t  b u t  i s  genera l l y  more 
than halfway down t h e  length  o f  t h e  drum. The asphal t  i s  p ro tec ted  from 
coming i n t o  d i r e c t  contact  w i t h  t h e  burner flame not  o n l y  by d is tance b u t  
a lso by the  dense c u r t a i n  o f  f a l l i n g  aggregate. I n  a few cases, a metal 
b a r r i e r  (f lame sh ie ld )  i s  i n s t a l l e d  i n  t h e  drum t o  prov ide a d d i t i o n a l  pro- 
t e c t i o n  f o r  the  asphal t  cement. The ho t  mix (120 t o  140°C)10 i s  discharged 
from the  drum mixer and t ranspor ted by i n c l i n e d  b e l t  conveyor t o  storage 
s i l o s  f o r  eventual loading i n t o  t r u c k s  and t ranspor t  t o  the  j o b  s i t e .  A 
diagram o f  the  drum-mix process i s  shown i n  F igure 2-5. 

moisture removal; asphal t  i n j e c t i o n  w i t h  p a r t i a l  coat ing;  foaming (which 
completes t h e  coat ing  process); and r a p i d  temperature r i s e  o f  the mix.lo’ll 
Upon en ter ing  t h e  dryer ,  the  aggregate i s  d i r e c t l y  exposed t o  r a d i a n t  heat 
which vaporizes most o f  the  mois ture i n  t h e  aggregate. As the  aggregate 
continues down the  length o f  the  drum, o u t  o f  contact  w i t h  the  flame, i t  
reaches the  asphal t  i n j e c t i o n  p o i n t .  A t  t h i s  p o i n t ,  t h e  l i q u i d  asphal t  i s  
i n j e c t e d  by a shielded p ipe.  I n  some p l a n t s ,  chemical add i t i ves  (e.g., 
l i q u i d  s i l i c o n  added a t  the r e f i n e r y  o r  by t h e  d i s t r i b u t o r )  are i n j e c t e d  
along w i t h  the  asphal t  t o  improve the  d i s t r i b u t i o n  o f  the  spray and i t s  
adhesion t o  the  aggregate s ~ r f a c e . ~ ’ l O  A f t e r  asphal t  i n j e c t i o n ,  the ag- 
gregate a t t a i n s  a temperature h igh enough t o  vaporize the  remaining moisture 

I n s i d e  the  drum mixer f o u r  bas ic  processes occur. These are  b u l k  
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in the pores of the rock. A s  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.lo'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. 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 temperat~re.~"~ 
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  change^.^"^ 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. 

Filaments of 

2.2.4 Recycle Processes 

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

For recycling, old asphalt pavement is broken up at the job site and 
removed from the road base. This material is then transported to the plant, 
crushed, and screened to the appropriate size for further processing. It 
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i s  then heated and mixed w i t h  superheated new o r  v i r g i n  aggregate ( i f  a p p l i -  
cable) t o  which the  proper amount o f  new asphal t  cement i s  added t o  produce 
an adequate grade o f  h o t  asphal t  pav ing s u i t a b l e  f o r  lay ing.  

There are  b a s i c a l l y  three methods which can be used f o r  heat ing o f  re- 
cyc led  asphal t  paving (RAP) p r i o r  t o  the  a d d i t i o n  o f  t h e  asphal t  cement.1°'12 
These methods are d i r e c t  flame heat ing,  i n d i r e c t  flame heat ing,  and super- 
heated aggregate. Each i s  discussed i n  t h e  f o l l o w i n g  subsections. 

2.2.4.1 D i r e c t  Flame Heating-- 
D i r e c t  f lame heat ing i s  t y p i c a l l y  performed w i t h  a drum mixer wherein 

a l l  mater ia ls  are simultaneously mixed i n  the  r e v o l v i n g  drum. The f i r s t  
experimental attempts a t  r e c y c l i n g  used a standard drum-mix p l a n t  and i n -  
troduced t h e  recyc led  paving and v i r g i n  aggregate concurrent ly  a t  the  burner 
end o f  t h e  drum. 
t o  several mod i f i ca t ions  t o  t h e  process, i n c l u d i n g  t h e  a d d i t i o n  o f  heat 
sh ie lds  and the  use o f  s p l i t  feeds.12 

Heat dispersion i s  a method used for recycling. 
s t a l l e d  around the  burner and a d d i t i o n a l  coo l i ng  a i r  is  provided to  reduce 
the  h o t  gases t o  a temperature below about 430 t o  65OoC (800 t o  12OO0F), 
thus decreasing the  amount o f  b l u e  smoke.12 However, t h e  heat s h i e l d  a lso 
accounts f o r  a h igher  gas v e l o c i t y  and turbulence due t o  t h e  r e s t r i c t i o n  i n  
t h e  f ree f low o f  t h e  burner gas.13 This  type o f  equipment can successfu l ly  
recyc le  a mix tu re  o f  up t o  approximately 70% recyc led  asphal t  concrete.12 

Numerous problems w i t h  excessive b lue  smoke emissions l e d  

A heat s h i e l d l i s  in -  

The concept o f  a drum w i t h i n  a drum has a l s o  been successfu l ly  u t i l i z e d  
f o r  reCyCl ing.  This process is based on a s m a l l  diameter drum 
being i n s e r t e d  i n t o  a conventional drum-mix u n i t .  V i r g i n  aggregate i s  i n t r o -  
duced i n t o  the  i n n e r  drum where i t  i s  superheated t o  approximately 150 t o  
260°C (300 t o  5OO0F).'* Reclaimed m a t e r i a l  i s  in t roduced i n t o  the  outer  
drum through a second charging chute. 
v i r g i n  aggregate meet a t  the discharge p o i n t  o f  the  i n n e r  drum where heat 

- ~ t ransfer-occurs.  -This type of-equipment-can success fu l l y  recyc le mixtures 
conta in ing up t o  about 50 t o  60% recyc led  bituminous mater ia ls .  l2 

S p l i t  feed drum mixers were f i r s t  u t i l i z e d  f o r  r e c y c l i n g  i n  1976 and 
are now the  process used most of ten .  New-aggregate ,is introduced 
a t  t h e  flame end o f  the  drum where i t  i s  superheated t o  150 t o  26OoC (300 
t o  50O0F).l2 A t  about the  midpoint  o f  the  drum the  recyc led  bituminous 
mater ia l  i s  in t roduced by a s p l i t  feed arrangement and heated by the ho t  
gases as w e l l  as by heat t r a n s f e r  from t h e  superheated v i r g i n  aggregate. 
This type o f  equipment can success fu l l y  recyc le  mixtures conta in ing  up t o  
about 60 t o  70% recyc led bituminous mater ia l .  l2 

The l a s t  type o f  d i r e c t  flame method involves the  use o f  a s l i n g e r  con- 
veyor t o  throw recycled asphalt in to  the center of the drum mixer from the 
discharge end. This arrangement i s  s o l d  as a k i t  f o r  the  r e t r o f i t  o f  e x i s t -  
i n g  p lan ts .  In t h i s  process, t h e  RAP mater ia l  enters  t h e  drum along an arc  
landing i n  the  appropr ia te area o f  t h e  asphal t  i n j e c t i o n  po in t .  A s l i n g e r  
conveyor should be capable o f  r e c y c l i n g  mixtures conta in ing  about t h e  same 
amount of RAP (? .e. ,  50 t o  70%) as t h e  o ther  d i r e c t  f lame methods mentioned 
above. l2 

The reclaimed mater ia l  and the  heated 
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2.2.4.2 Indirect Flame Heating-- 
Indirect flame heating has been performed with special drum mixers 

equipped with heat exchanger tubes. These tubes prevent the 
virgin aggregate/recycled paving mixture from coming into direct contact with 
the flame and the associated high temperatures. 
processing up to 100% recycled bituminous material but account for lower pro- 
duction for similarly sized dryers. l2 

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. 

These plants are capable of 

In standard batch or continuous mix plants  recycled paving can b e  in- 
troduced either into the pugmill or  a t  the  discharge end of the dryer, a t  
which point the temperature of the material is  raised by heat transfer from 
the v irg in  aggregate. The proper amount of new asphalt cement is  then added 
t o  the v irg in  aggregate/recycled paving mixture t o  produce high grade 
asphalt concrete. The percentage of recycled pavement i s  ususal ly  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 

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. 

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

paving material or  t o  mix and heat a combination of virgin and recycled paving 

There are a number of process-related variables affecting the generation 

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 
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.'" Comparing the information contained in 
Table 2-4 with that presented in a 1977 €PA 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). 
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. 

Of the various processes described above, 

Due to the sig- 
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2.3 CONTROL TECHNOLOGY 

2.3.1 Ducted and Process Fugitive Emissions 

Particulate matter from the dryer (or drum mixer) and the scavenger 
system is removed from the gas stream prior to being discharged into the 
atmosphere by one or more air pollution control devices. In the case of 
batch and continuous mix plants, two dust collectors are usually arranged 
i n  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 
smaller size ranges. Material recovered from the secondary collector may 
be recycled (baghouse) or discarded (scrubber) depending on economic feasi- 
bility. Secondary collectors may be further subdivided into wet and dry 
types. 

It is currently standard practice in drum-mix plants to utilize only 
one high efficiency collector for gas cleaning purposes though primary col- 
lectors are on the rise (Figure 2-5). In those cases where a baghouse is 
used and the aggregate contains only a small percentage of < 200 mesh (74 vm) 
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.Q’lO’ll 

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 l6 
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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 may or may not be the case at present, since the percentage of 
drum-mix facilities which have generally no primary collector, has increased 
significantly since 1975.*’13 

TABLE 2-5. PRIMARY AND SECONDARY CONTROL DEVICES USED IN 
THE ASPHALT CONCRETE INDUSTRY2 

Type of control equipment Percent of industrya 

Primary collectors 
Settling or expansion chambers 4 

Single cyclone dust collectors 
Multiple cyclone dust collectors 
Other 

.. 

Secondary col 1 ectors 
Gravity spray tower 
Cyclone scrubber 
Venturi scrubber 
Orifice scrubber 
Baghouse (fabric filter) 
Other 

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% o f  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 o f  the country. 

58 
35 
3 

8 
24 
16 
8 
40 
3 
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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 for the control of fugitive dust from open dust sources in 
asphalt plants. l7 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. l7 

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 %, spray nozzles are sometimes installed to wet the material before it 
is conveyed from one belt to another.17 Enclosures at transfer points also 
may be used in conjunction with or in place of wet suppression. Watering o 
storage piles can be used if dust emissions from wind erosion and materials 
handling (i.e., load-in, load-out) become a problem. 

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

3 . 1  LITERATURE SEARCH AND SCREENING 

The f i r s t  step o f  t h i s  i n v e s t i g a t i o n  was an extensive search o f  the 
ava i l ab le  l i t e r a t u r e  r e l a t i n g  t o  t h e  p a r t i c u l a t e  emissions associated w i t h  
asphal t  concrete p lan ts .  
r e n t  i nha lab le  p a r t i c u l a t e  cha rac te r i za t i on  program, in fo rmat ion  contained 
i n  the computerized Fine P a r t i c l e  Emission Inventory  Sys tem (FPEIS), back- 
ground documents f o r  Section 8.1 o f  AP-42 loca ted  i n  t h e  f i l e s  o f  the E P A ' s  
O f f i c e  o f  A i r  Q u a l i t y  Planning and Standards (OAQPS), and o ther  r e l i a b l e  
sources i n c l u d i n g  M R I ' s  own l i b r a r y .  The search was thorough but  no t  
exhaustive. It i s  expected t h a t  c e r t a i n  a d d i t i o n a l  in fo rmat ion  may also 
e x i s t ,  b u t  l i m i t a t i o n s  i n  funding precluded f u r t h e r  searching. 

Some 27 reference documents were c o l l e c t e d  and reviewed.f-27 A t  the 
end o f  t h i s  sect ion,  each document i s  l i s t e d  i n  chronologica l  order  w i t h  an 
i n d i c a t i o n  as t o  whether the document conta ins p a r t i c l e  s i z e  data. 

To reduce the l a rge  amount o f  l i t e r a t u r e  c o l l e c t e d  t o  a f i n a l  group o f  
references p e r t i n e n t  t o  t h i s  r e p o r t ,  the  f o l l o w i n g  general c r i t e r i a  were 
used: 

This search inc luded data c o l l e c t e d  under the  cur- 

1. The in fo rma t ion  contained i n  the  r e p o r t  must charac ter ize  the  emis- 
Documents were e l iminated from considera- 

t i o n  i f  on ly  t o t a l  mass emissions were determined. (This inc luded 
~ most-of the  o r i g i n a l  data base u t i l i z e d  to -der ive  the  e x i s t i n g  

emission fac to rs  i n  Table 8.1-3 and Table 8.1-5 o f  AP-42.) 

2. Source t e s t i n g  must be a p a r t  o f  the referenced study. Some r e -  
p o r t s  r e i t e r a t e  in fo rmat ion  from previous s tud ies and thus were 
no t  considered. 

-- sions by p a r t i c l e  s ize .  

3. The document must c o n s t i t u t e  the o r i g i n a l  source o f  t e s t  data. 
F o r  example, a techn ica l  paper was no t  inc luded i f  the o r i g i n a l  
study was already contained i n  a previous document. 
source o f  the data cou ld  no t  be determined, the  document was 
e l iminated.  

I f  the exact 

A f i n a l  se t  o f  reference mater ia ls  was compiled a f t e r  a thorough re -  
view of the  p e r t i n e n t  repor ts ,  documents, and in fo rmat ion  according t o  the 
three c r i t e r i a  s ta ted  above. This s e t  o f  documents was f u r t h e r  analyzed t o  
der ive  candidate emission fac to rs  according t o  p a r t i c l e  s ize.  
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3.2 EMISSION DATA QUALITY RATING SYSTEM 

As p a r t  o f  MRI's ana lys is  o f  t h e  a v a i l a b l e  data, t h e  f i n a l  s e t  of e i g h t  
reference documents (References 1, 3 ,  8, 10, 12, 23, 26, and 27) were eval-  
uated as t o  the  q u a n t i t y  and q u a l i t y  o f  t h e  in fo rmat ion  contained i n  them. 
The f o l l o w i n g  data were always excluded from considerat ion.**  

1. Test ser ies averages repor ted  i n  u n i t s  t h a t  cannot be converted 
t o  the  se lected r e p o r t i n g  u n i t s .  

Test ser ies  represent ing incompat ib le t e s t  methods. 

i s  n o t  spec i f ied.  

Test ser ies  i n  which the  source process i s  n o t  c l e a r l y  i d e n t i f i e d  
and described. 

2. 

3.  Test ser ies o f  c o n t r o l l e d  emissions f o r  which the  c o n t r o l  device 
i 

4. 

5. Test ser ies i n  which i t  i s  no t  c l e a r  whether the  emissions mea- 
sured were c o n t r o l l e d  o r  uncontro l led.  

I f  there  was no reason t o  exclude a p a r t i c u l a r  data set ,  each was as- 
The r a t i n g  system used was t h a t  speci- 

The data were 
signed a r a t i n g  as t o  i t s  q u a l i t y .  
f i e d  by t h e  OAQPS f o r  t h e  preparat ion o f  AP-42 Sections.28 
r a t e d  as fo l lows: 

A - M u l t i p l e  t e s t s  performed on the  same source us ing sound methodol- 
ogy and repor ted  i n  enough d e t a i l  f o r  adequate v a l i d a t i o n .  These 
t e s t s  do no t  necessar i ly  have t o  conform t o  the  methodology spe- 
c i f i e d  i n  the  I P  protocol  documents, a l though such methods were 
c e r t a i n l y  used as a guide. 

8 - Tests t h a t  a re  performed by a genera l l y  sound methodology b u t  

C - Tests t h a t  a r e  based on an untested o r  new methodology o r  t h a t  

D - Tests t h a t  a re  based on a genera l l y  unacceptable method b u t  may 

The f o l l o w i n g  c r i t e r i a  were used t o  evaluate source t e s t  repor ts  f o r  

1. 

l a c k  enough d e t a i l  f o r  adequate v a l i d a t i o n .  

l a c k  a s i g n i f i c a n t  amount o f  background data. 

prov ide an order-of-magnitude value f o r  the  source. 

sound methodology and adequate d e t a i l :  

Source operat ion.  
w e l l  documented i n  the repor t .  The source was operat ing w i t h i n  
t y p i c a l  parameters dur ing the  t e s t .  

2. Sampling procedures. The sampling procedures conformed t o  a gen- 
e r a l l y  accepted methodology. I f  ac tua l  procedures deviated from 
accepted methods, the  dev iat ions are w e l l  documented. When t h i s  
occurred, an evaluat ion was made o f  how such a l t e r n a t i v e  proce- 
dures could in f luence the  t e s t  r e s u l t s .  

The manner i n  which the source was operated i s  
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3. Samplinq and process data. Adequate sampling and process data 
are documented i n  the  repo r t .  Many v a r i a t i o n s  can occur w i thout  
warning du r ing  t e s t i n g  and sometimes w i thout  being not iced.  Such 
v a r i a t i o n s  can induce wide dev ia t ions  i n  sampling r e s u l t s .  I f  a 
l a rge  spread between t e s t  r e s u l t s  cannot be explained by informa- 
t i o n  contained i n  the  t e s t  repo r t ,  the data are suspect and were 
given a lower r a t i n g .  

4. Analysis and ca l cu la t i ons .  The t e s t  repor ts  conta in  o r i g i n a l  raw 
data sheets. The nomenclature and equations used were compared 
t o  those spec i f i ed  by EPA ( i f  any) t o  e s t a b l i s h  equivalency. The 
depth o f  review o f  t h e  c a l c u l a t i o n s  was d i c t a t e d  by t h e  rev iewer 's  
confidence i n  the a b i l i t y  and conscientiousness o f  the  t e s t e r ,  
which i n  t u r n  was based on f ac to rs  such as consistency o f  r e s u l t s  
and completeness o f  o ther  areas o f  the  t e s t  repor t .  

3.3 PARTICLE S I Z E  DETERMINATION 

There i s  no one method which i s  u n i v e r s a l l y  accepted f o r  the  determina- 
t i o n  o f  p a r t i c l e  s ize.  A number o f  d i f f e r e n t  techniques can be used which 
measure the  s i z e  o f  p a r t i c l e s  according t o  t h e i r  bas ic  phys ica l  p roper t ies .  
Since there i s  no "standard" method(s) o f  p a r t i c l e  s i ze  ana lys is ,  a c e r t a i n  
degree o f  sub jec t ive  eva lua t ion  was used t o  determine i f  a t e s t  se r ies  was 
performed using sound methodology. The f o l l o w i n g  i s  a b r i e f  explanat ion o f  
how p a r t i c l e  s i ze  i s  def ined and t h e  var ious methods ava i l ab le  f o r  p a r t i c l e  
s i z e  measurement. 

3.3.1 P a r t i c l e  Size D e f i n i t i o n s  

Examination o f  p a r t i c l e s  w i t h  t h e  a i d  o f  an o p t i c a l  o r  e lec t ron  micro- 
scope involves the  phys ica l  measurement o f  a l i n e a r  dimension o f  a p a r t i c l e .  
The measured " p a r t i c l e  size" i s  r e l a t e d  t o  the p a r t i c l e  per imeter  o r  t o  the 
p a r t i c l e  p ro jec ted  area diameter. P a r t i c l e  s i ze  measurement i n  t h i s  manner 
does-not account f o r  v a r i a t i o n  i n - p a r t i c l e - d e n s i t y  or-shape.29- 

A l l  laws descr ib ing  the p roper t i es  o f  aerosols can be expressed most 
s imply f o r  p a r t i c l e s  o f  spher ica l  shape. To accommodate nonspherical par- 
t i c l e s  i t  i s  customary t o  de f ine  a " c o e f f i c i e n t  o f  s p h e r i c i t y "  which i s  the 
r a t i o  o f  the surface area o f  a sphere w i t h  the same volume as the  given par- 
t i c l e  t o  the surface area o f  the  p a r t i c l e . 2 9  An est imate o f  p a r t i c l e  volume 
can be obtained f r o m  microscopic s i z i n g ,  and by assuming a densi ty ,  one can 
ob ta in  an est imate o f  p a r t i c l e  weight. 

Because of l a rge  v a r i a t i o n s  i n  p a r t i c l e  dens i ty  and the  aggregated na- 
t u r e  of atmospheric p a r t i c l e s ,  i t  i s  usefu l  t o  de f ine  o ther  q u a n t i t i e s  as a 
measure o f  p a r t i c l e  s i ze  based on t h e i r  aerodynamic behavior. The Stoke's 
diameter i s  de f ined as the  diameter o f  a sphere having the  same s e t t l i n g  
v e l o c i t y  as the p a r t i c l e  and a dens i t y  equal t o  t h a t  o f  the bu lk  mater ia l  
from which the p a r t i c l e  was formed, or3O: 

~ 
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where: 

Ds = Stoke's diameter (cm) 

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

q = viscosity o f  the fluid (gm/cm-sec) 

g = gravitational constant (980.665 cm/sec2) 

e = density of the particle (gm/cm3) 

. 

C(Ds) = Cunningham's slip correction factor for spherical particles 
of diameter Os (dimensionless) - 2Ah = 1 + T  

S 

A = CY + p exp(-y Ds/2A) (3) 

c1 = empirical constant (dimensionless) E 1.23 - 1.246 
p = empirical constant (dimensionless) E 0.41 - 0.45 
y = empirical constant (dimensionless) = 0.88 - 1.08 
A = mean free path of the fluid at stated conditions (cm) 

z ho (rl/qo) (T/TO)0'5 (Po/P) (4) 

A = mean free path at reference conditions (cm) 
qo = gas viscosity at stated conditions (gm/cm-sec) 
rl = gas viscosity at reference conditions (gm/cm.sec) 
To = absolute temperature (OK) 
To = reference temperature = 296.16'K 
P = absolute pressure (kPa) 
P = reference pressure = 101.3 kPa 
R 8  = 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 
relationship: 31 932 
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where: 

e ,  g, Os, and q are as def ined above; and 

e' = dens i ty  o f  a i r  a t  the appropr ia te temperature and pressure 
( gm/cm3) 

Since d ispers ion  and condensation aerosols are usua l ly  formed from many 
mater ia ls  o f  d i f f e r e n t  dens i t ies ,  i t  i s  more useful  t o  de f ine  another param- 
e t e r  c a l l e d  the  aerodynamic diameter, which i s  the  diameter o f  a sphere havin 
the  same f a l l i n g  v e l o c i t y  as the  p a r t i c l e  and a densi ty  equal t o  1 g / ~ m ~ . ~ ~ ' ~  
The c l a s s i c a l  aerodynamic diameter d i f f e r s  f r o m  the  Stoke's diameter on ly  
by v i r t u e  o f  d i f f e r e n c e ' i n  dens i ty ,  assumed equal t o  u n i t y ,  and the s l i p  
c o r r e c t i o n  f a c t o r ,  which, by convention, i s  ca lcu la ted  f o r  the  aerodynamic 
equ iva len t  diameter. From Equation 1:30 

% 

where DAe = " c l a s s i c a l "  aerodynamic equiva lent  diameter (cm), w i t h  r), 
Vs,  g, C as p rev ious ly  def ined i n  Equation 1. 

Equations requi red f o r  in terconvers ion between Stoke's and aerodynamic 

~ ~ ~ ~ ~~ ~ ~~ 

d iameters are presented i n  Table 3-L30 

3 . 3 . 2  P a r t i c l e  S i z e  Measurement 
~~~ 

As s ta ted  prev ious ly  above, p a r t i c l e  s i z e  i s  determined by measuring 
c e r t a i n  phys ica l  p roper t ies  o f  the  p a r t i c u l a t e  being analyzed, such as i t s  
i n e r t i a l ,  1 i g h t  sca t te r ing ,  sedimentation, d i f f u s i o n a l ,  and e l e c t r i c a l  
c h a r a c t e r i s t i c s .  The s i z e  d i s t r i b u t i o n  o f  an aerosol can be determined 
e i t h e r  d i r e c t l y  a t  the  source ( i .e.,  stack o r  vent)  o r  i n d i r e c t l y  by the 
c o l l e c t i o n  o f  a b u l k  sample o f  t h e  mater ia l  f o r  subsequent analys is  i n  the 
laboratory .  I n  e i t h e r  case, the instrument(s)  u t i l i z e d  t o  make such a de- 
te rmina t ion  can be manual o r  automated depending on the i n d i v i d u a l  tech- 
nique. 

The f i v e  bas ic  methods f o r  t h e  d i r e c t  measurement o f  p a r t i c l e  s i z e  are: 

1. Aerodynamic separators (cascade impactors, cyclones, e l u t r i a t o r s ,  

2. L i g h t - s c a t t e r i n g  o p t i c a l  p a r t i c l e  counters 

etc .  ) 
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TABLE 3-1. EQUATIONS USED FOR PARTICLE SIZE CONVERSIONS30 

Conversion equationa 
Diameter definition Stoke's C1 ass i cal aerodvnami c 

(given) diameter ( Ds) equivalent diameter (DAe) 

Stoke's diameter 1.0 

C1 assical ., I n  
I/ L aerodynamic C(DAe) 

D~ = DAe [ ] pC(DS) 
diameter (DAe) 1.0 

a Notation: 0 = Stoke's diameter (pm) 
Os = Classical aerodynamic equivalent diameter (pm) 
pAe = Particle density (g/cm3) 
C(Ds), C(DAe), = Slip correction factors (dimensionless)-- 

see Equations 2, 3, and 4. 

3. Electrical mobility analyzers 

4. Condensation nuclei counters 

5. Diffusion batteries 

All o f  the above are extractive methods, with the exception o f  certain aero- 
dynamic separators. 

Indirect methods for the determination o f  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) 



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 a p ~ l i c a b l e . ~ ~  

In most respects instruments that fractionate an aerosol on the basis 
of the aerodynamic properties of its components probably give the best prac- 
tical assessment of size. Once flow conditions have been selected for the 
device, the terminal settling velocities of the particles collected in each 
stage or part of the instrument can be determined, even though particle spe- 
cific gravity and shape factor are unknown.30 Unless the particle shapes 
are extremely irregular, the details of precise geometric form can be by- 
passed and the likelihood of the particle's capture by a dust-collecting 
system can still be determined. Because the correct assessment of particle 
size properties is essential for the development of appropriate emission 
factors, an assessment by aerodynamic techniques was emphasized in review- 
ing and rating the individual data sets for sound methodology. 

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 T e  x- 
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 o f  the openings decreasing from one plate to 
the next: In each stage of an impactor, the gas stream passes through the 
orifice or slit to form a jet that is directed toward an impaction plate. 
For each stage-there-is a characteristic particle-diameter that-has a 50% 
probability of impaction. This characteristic diameter is called the cut- 
point (D  ) of the stage. Typically, commercial instruments have six to 
eight im5gction 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 i s  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 S I Z E  MEASUREMENT33 

Method 

Diameter o f  
a p p l i c a b i l i t y  

(w) 

Opt ica l  
L i g h t  imaging 
Elect ron imaging 
L i g h t  scanning 
Elect ron scanning 
D i r e c t  photography 
Laser holography 

Siev ing 

L i g h t  sca t te r i ng  
Right  angle 
Forward 
Po la r i za t i on  
With condensation 
Laser scan 

E l e c t r i c a l  
Current a l t e r a t i o n  
Ion  counting, u n i t  charge 
Ion  counting, corona charging 

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 

Impaction 0.5+ 

Cent r i fugat ion  0.1+ 

Oi f fus ion  ba t te ry  0.001-0.5 

Acoust ical  
O r i f i c e  passage 15+ 
Sinusoidal v i b r a t i o n  1+ 

T herma 1 0.1-1 

Spectrothermal emission 0.1+ 
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3.3.2.2 Cyclone Separators-- 

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

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

3.4 REVIEW OF SPECIFIC DATA SETS 

Traditionally, cyclones have been used as a preseparator ahead of a 

The following 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 
publication. 

3.4.1 Reference 1 (19601 

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-information-contained in Reference 1 was-later-republished-in the first 
(1967) edition of the Air Pollution Engineering Manual (EPA document AP-40). 
The data were again included in a second edition of the same document in 
1973. A summary o f  the five tests which contain particle size data is shown 
in Table 3-3, and a copy of the paper itself is contained in Appendix A. 

There were a number o f  deficiencies noted in the data contained in 
Reference 1. The main problem was that a test method was not specified for 
either total mass emissions or particle size. In addition, data were not 
available on the operation of the process, the raw material used, or the 
exact configuration of the plants tested. As far as could be determined, 
only one set o f  samples was collected during each test included in Refer- 
ence 1. 

Reference 1 is a technical paper published in the Journal o f  the Air 

The data published by Los Angeles County have been cited repeatedly in 
numerous reports on the emissions from asphalt concrete plants. An attempt 
was therefore made to supplement the information contained in Reference 1 
by both written and verbal communication with personnel of the South Coast 
Air Quality Management District (SCAQMD) (formerly the Los Angeles County 
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Air Pollution Control District) to obtain copies of the original reports 
for the subject tests.36 Only i n  two cases (Nos. C-393 and C-426) was this 
effort successfu1.37'38 Upon reviewing the two reports supplied by the 
SCAQMD, it was concluded that there was still insufficient information con- 
tained i n  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 i n  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 "Micromerograph." The Micromerograph consists of 
a sample feeder and deagglomerator installed atop a gravity sedimentation 
column at the bottom of which is an electronic torsion balance. This in- 
strument measures the size distribution of the sample according to the 
Stoke's settling velocity of the particles. Both the sampling train and 
the Micromerograph are described in a source test manual published by the 
Los Angeles County Air Pollution Control District (APCD).40 A technical 
paper describing the Micromerograph and its operation has also been in- 
cluded i n  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-since the finer particle fraction would-be-collected on the filter and 
not in the impinger train. The size distribution could also be affected by 
agglomeration of the particles during preparation of the sample prior to 
analysis. Based on these factors and taking into consideration the time 
period during which the data were collected, a data quality rating of D was 
assigned to the information contained i n  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 i n  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 

Percent by weight b 
Particle si$? range Inlet toc Outlet f r p  

(clmS) scrubber scrubber 

0-10 
10-20 
20-44 
> 4 4  

13.0 
71.1 
9.6 
6.3 

99.3 
- 
- 
0.7 

a Stoke's diameter. 

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

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

Outlet data not used for emission factor development. 
._ 
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TABLE 3-5. SUMMARY OF PARTICLE S I Z E  DATA FOR TEST NO. C - 4 2 P  

Data Rating: 0 

b 

(PmS) I n l e t  t o  cyclone O u t l e t  from cycloneC Vent l i n e  

Cumulative percent  by weight less  than s ta ted  s i ze  
d P a r t i c l e  s i z e  

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. le 
7. 2e 
4.3 
1.5 
0 

100 
98.5 
81.0 
54.0 
51.1 
44.6 
33.8 
25.4 
17.8 
14.3 
10.3 
5. 4e 
4. 4e 
3.0 
1.3 
0 

100 
98.9 
95.7 
89.2 
88.0 
85.8 
81.6 
74.0 
60.7 
52.7 
39.7 
19. 3e 
14. 3e 
8.5 
3.0 
0 

Stoke's diameter. 
mined by s ieve analysis was a l so  assumed t o  be Stoke's diameter. 

Data t a k e n  from page 9 o f  Reference 1 <Appendix A). 
t i c l e s  > 60 pmS n o t  i n p u t  t o  SPLIN2 program (see Section 3.5.2). 

I n l e t  t o  m u l t i p l e  cen t r i f uga l  scrubber. Includes combined e f f l u e n t  
from cyclone and vent  l i n e .  

Scavenger cont ro l  system vent l i n e .  Includes ho t  s ide e leva tor ,  
screens, bins,  and weigh hopper. 

Data no t  i npu t  t o  SPLIN2 program (see Sect ion 3.5.2). 

F rac t ion  o f  mater ia l  > 200 mesh (74 pm) deter- a 

~~ - ~~ 

Data f a r  par- 

C 

e 
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energy wet scrubber. 
Uncontrolled emissions from the dryer and at the exit of the primary collec- 
tor. 

The particle size distribution was determined on the 

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 VOI 
Directive 2031, "Fineness Determination of Technical Ousts." 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 i n  Reference 3 were derived from plants 
located in West Germany, it is felt that these data can also be considered 
as characteristic of U.S. facilities as well. This opinion is based on the 
fact that in many cases the Germans utilize plant equipment which is manu- 
factured in the United States.43 In addition, the type of aggregate and 
asphalt cement used is also reasonably similar to that which is avail- 
able in this country.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. 

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

3.4.3 Reference 8 (1971) 

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 APC0.40 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. 

The emissions data in Reference 3 are of fairly good quality even 

Reference 8 presents the results of a study conducted by an EPA con- 

37 



s 
0 
0 z a 

y. 
0 

W 
I m 

W 
2 

4 
I- 
m 

0 0  
N N  n n  

~ 

m n  
d d  w w  

+ I 

38 



-a 
W 
0 

U 
E 
0 
U 

a 
r- 

- 
L c  
l 
0 

u 
J 
m 
4 
I- .. 

, .  ri - 0  

39 



r d  
C Z  m 
-a 0 -  

1-42 Z N  

o coo N N O  
(DN- m + m  
04; '0 n i i  

N N 



o 
si 
U c 
u L 
u L 

u = 
L 
0 

2 
d 

u 
.n 
Io c 
E 

- 
e 

c& 



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. 

Th'e 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) 
uti1 izing 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 i n  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 f i l -  
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 S I Z E  DATA FOR SLOAN CONSTRUCTION COMPANY44 
Data Rating: B 

O u t l e t  from scrubber' b I n l e t  t o  scrubber 
P a r t i c l e  s i z e  Percent by Emission r a t e  Percent by Emission r a t e  

(pmAId weight ( lb /h r )  weight (1 b/hr) 

30 and l a r g e r  27.7 596 54.8 
9.2 - 30 19.0 409 9.2 

8.3 
4.7 

5.5 - 9.2 14.8 318 
3.3 - 5.5 13.3 286 
2.0 - 3.3 12.2 262 4.4 
1.0 - 2.0 9.5 204 4.9 
0.3 - 1.0 2.3 50 8.0 
0.1 - 0.3 

Tota l  
0.7 2 

2,135 
5.7 

99.2 
16.6 
15.0 
8.5 
8.0 
8.9 
14.5 
10.3 
181.0 
- 

a Aerodynamic diameter. 

Downstream of a cyclone c o l l e c t o r .  
p o r t  (Appendix C).  

O u t l e t  o f  a spray tower. 
d i x  C). 

Data taken from page 8 o f  t e s t  re -  

Data taken from page 8 of t e s t  r e p o r t  (Appen- 

TABLE 3-9. SUMMARY OF PARTICLE SIZE DATA FOR HARRISON, 1 ~ c . 4 5  
Data Rating: B 

O u t l e t  from scrubber' b I n l e t  t o  scrubber 
P a r t i c l e  i i z e  Percent by Emission r a t e  Percent by Emission r a t e  

(vmA) weight ( l b /h r )  weight ( 1  b/hr) 

30 and l a r g e r  
5.5 - 30 
2.0 - 5.5 

23.1 
26.9 
35.1 

396.2 3.0 1.9 
461.3 2.2 1.4 
602.0 6.8 4.3 

88.0 - 14.9 255.5 - Smaller than 2.0 
Tota l  100 1,715.0 100 

55.4 
63.0 
- 

a Aerodynamic diameter. 

Downstream o f  a cyclone co l l ec to r .  
p o r t  (Appendix C).  

O u t l e t  o f  a c e n t r i f u g a l  scrubber. 
(Appendix C). 

Data taken from page 6 o f  t e s t  re-  

Data taken f r o m  pa,ge 6 o f  t e s t  r e p o r t  
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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 
Dublished bv the Los Anasles Countv APCD. This document contains one addi- 
tional datd set (Test i o .  C-537) which was not included in Reference 1. 
This data set provides a characterization of the emissions from a 6,000-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-537 contained in Reference 12 is provided in Table 3-10 with applica- 
ble sections of the document included in Appendix 0. 

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 D was assigned to it. 

3.4.6 Reference 23 (1976) 

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 
-elimination.--Concurrent-tests were conducted at both the inlet and outlet 
of the scrubber using EPA Method 5 or a modified version of EPA Method 8. 

Three separate operating conditions were tested. The first operating 
scenario (one test) consisted of the introduction of the recycle material 
at the midpoint of the drum mixer. During the second operating condition 
(three tests) recycle material was introduced at the burner end of the drum 
along with the virgin aggregate. 
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. 
ing was performed during the second and third conditions using an Andersen 
+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 

Reference 23 is a report of source tests conducted by an EPA contractor 

The final operating condition (three tests) 

Particre siz- 
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t o t a l  mass, the in format ion contained i n  Reference 23 was no t  used i n  the 
development o f  candidate emission fac to rs .  
unsat is factory ,  t he  t e s t  resu l t s  may be somewhat useful  i n  est imat ing the 
emissions from t h i s  type o f  f a c i l i t y .  Therefore, a copy o f  the t e s t  data 
f o r  Reference 23 has been included i n  t h i s  repo r t  as Appendix E. 

Although the data are genera l ly  

3.4.7 Reference 26 (1978) 

Reference 26 i s  a study o f  the f i n e  p a r t i c l e  emissions f r o m  a v a r i e t y  
o f  sources i n  the South Coast A i r  Basin (Los Angeles), conducted by a con- 
t r a c t o r  t o  the C a l i f o r n i a  A i r  Resources Board (CARB). One t e s t  included i n  
t h i s  study was o f  the emissions from an asphal t  batch p l a n t  c o n t r o l l e d  by a 
cyclone c o l l e c t o r  fo l lowed by a baghouse. Only one t e s t  run  was performed 
dur ing the sampling program w i t h  concurrent measurements made a t  the i n l e t  
and o u t l e t  o f  the baghouse co l l ec to r .  

The s i ze  d i s t r i b u t i o n  o f  the p a r t i c u l a t e  was determined a t  each sam- 
p l i n g  l o c a t i o n  using e i t h e r  o f  two s.ampling t r a i n s  equipped w i t h  a ser ies 
o f  three i nd i v idua l  cyclones having nominal cut -po ints  o f  10, 3, and 1 p A ,  
respect ive ly .  For i n l e t  t es t i ng ,  a standard EPA Method 5 (Joy) t r a i n  was 
adapted f o r  the program by i n s t a l l i n g  the three cyclones and a backup f i l -  
t e r  i n  the oven sect ion o f  the impinger box. For t e s t i n g  a t  the o u t l e t ,  
the Source Assessment Sampling System (SASS) was used. The data obtained 
f r o m  the CARE study were entered i n t o  the EADS system from which a p r i n t o u t  
was obtained. A summary o f  the data contained i n  Reference 26 i s  provided 
i n  Table 3-11 w i t h  a copy o f  the p e r t i n e n t  sections o f  t he  d r a f t  repo r t  in -  
cluded i n  Appendix F. Upon checking w i t h  the contractor  i t  was learned t h a t  
the t e s t  data f o r  run 295 were not changed i n  the f i n a l  r e p o r t  from t h a t  in -  
cluded i n  the d r a f t  shown i n  Appendix F.48 

TABLE 3-11. SUMMARY OF PARTICLE S I Z E  DATA FOR REFERENCE 26a 

~~~ Data-Rating: B ~~~ ~~ 

T e s t  Sampl i ngb Percent o f  p a r t i c l e s  i n  s ta ted s ize  range' 
No. l oca t i on  > 10 qmA 10-3 MmA 3 - 1  MmA < 1 MmA 

29s Out le t  60 6 4 30 

From page 4-165 o f  Reference 26 (Appendix F). 
Location r e l a t i v e  t o  baghouse co l l ec to r .  
Aerodynamic diameter. 

a 

C 

From the analys is  o f  Reference 26 i t  was determined t h a t  the p a r t i c l e  
s ize  measurements were made using sound methodology, and i t  does conta in  
adequate in format ion f o r  va l ida t ion .  The only s i g n i f i c a n t  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. 
collected at the inlet of the baghouse were not used i n  the development Of 
candidate emission factors. Since only one test run was conducted at the 
outlet of the baghouse, a rating o f  B was assigned to the data. 

For this reason, the data 

3.4.8 Reference 27 (19-92) 

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

The general sampling protocol used in this study was that developed 
for the IP program.35 At the inlet, the total uncontrolled emissions from 
the process were determined from a six-point traverse utilizing EPA Method 5. 
The particle size distribution was obtained from samples collected by an 
Andersen High Capacity Stack Sampler equipped with a Sierra Instruments 
15-pmA preseparator. Four particle size tests were conducted at each of 
the four sampling quadrants for a total o f  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 I11 cascade impactor and Sierra 
Instruments 15 VmA 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 
which, after removing particles > 2.5 pmA 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 pm) extracted from the stack and any new par- 
ticulate matter formed by condensation. The loadings obtained from the OSSS 
are then compared to those measured by a second sampling train without the 
dilution chamber to determine the amount of condensable organics formed. 
Three separate tests were conducted at the outlet o f  the baghouse collector 
during the sampling program. 

with a copy of applicable portions of the document included in Appendix G. 
Since the tests i n  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. 

This system extracts a small slipstream o f  gas from the stack 

Tables 3-12 through 3-14 provide a summary of the results of this study 
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3.5 DEVELOPMENT OF CANDIDATE EMISSION FACTORS 

3.5.1 Data Analysis Methodology 

The information contained i n  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.s0 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 JSKPRG 
distribution Spl i ne 

JSKRAW JSKLOG 
Spline Log-normal 

Input requirements: 
particle size data 

process data 

output: 

Cumulative mass Largest particle Completed 1 og- 
fractions; particle diameter; incre- normal size 
density mental mass frac- distribution 

tions; particle 
density 

Process and emis- Process and emis- Process and emi 
sion rates sion rates sion rates - or - - or - 
emission factor emission factor 

____________-_ Size-specific emission factors ------------- 
(English and metric units) 

for selected aerodynamic particle 
diameters 
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As mentioned above, SPLIN2 i s  t h e  cen t ra l  p o r t i o n  o f  the  program which 
uses the  so-ca l led "sp l i ne "  f i t s .  Sp l i ne  f i t s  r e s u l t  i n  cumulative mass 
s i ze  d i s t r i b u t i o n s  very s i m i l a r  t o  those which would be drawn using a French 
curve and f u l l y  l oga r i t hm ic  graph paper. I n  e f f e c t ,  the  logar i thm o f  cumu- 
l a t i v e  mass i s  p l o t t e d  as a func t i on  o f  the  logar i thm o f  the p a r t i c l e  s i z e ,  
and a smooth curve w i t h  a continuous, nonnegative d e r i v a t i v e  i s  drawn. 

invo lves  passing an i n t e r p o l a t i o n  parabola through th ree  measured data po in ts  
a t  a time. The parabola i s  then used t o  i n t e r p o l a t e  a d d i t i o n a l  po in ts  be- 
tween measured values. When the  s e t  o f  i n t e r p o l a t e d  p o i n t s  are added t o  
the  o r i g i n a l  s e t  o f  data, a more s a t i s f a c t o r y  f i t  i s  obtained than would be 
the  case us ing on ly  the  measured data. 

The pr imary a d d i t i o n  t o  t h e  s p l i n e  f i t t i n g  procedure i s  the  determina- 
t i o n  o f  s i ze -spec i f i c  emission f a c t o r s  once the  s i ze  d i s t r i b u t i o n  i s  obtained 
by a s p l i n e  f i t .  The user i s  prompted t o  i n p u t  process and emission r a t e  
data. The program determines a t o t a l  p a r t i c u l a t e  emission f a c t o r  by: 

The process by which t h i s  smooth cumulative d i s t r i b u t i o n  i s  constructed 

where: ETP = t o t a l  p a r t i c u l a t e  emission f a c t o r  ( l b / ton )  

eTP = t o t a l  p a r t i c u l a t e  emission r a t e  ( l b / h r )  

R = process weight r a t e  ( tons o f  asphal t  paving produced/hr) 

. .  the  mass-- f ract ion associated w i t h  t h a t  range. 
Emission f a c t o r s  f o r  qach s ize range are  then obtained by m u l t i p l y i n g  E 

conver t  the  s i ze -spec i f i c  emission f a c t o r s  obtained from Engl ish u n i t s  
( lb l to-n)- to  the  approp-FiZte me t r i c  unitsC(lig7metric ton) , -wh~icf i - is  tabulated ~~ 

as a p a r t  o f  the  output  format (1 k g h e t r i c  ton  = 1 kg/106 g = 1 kg/Mg). 

As an add i t i ona l  func t ion ,  each program has the  c a p a b i l i t y  o f  convert- 
i n g  f rom Stoke 's  diameter t o  aerodynamic diameter us ing the  appropr ia te 
dens i ty  co r rec t i on  (Table 3-1). For data reduc t ion  purposes, a dens i ty  o f  
2.4 g/cm3 was assumed unless otherwise s p e c i f i e d  i n  the  reference document. 

Some o f  t h e  programs a lso requ i re  t h a t  a l a r g e s t  p a r t i c l e  diameter be 
provided t o  complete the  s i ze  d i s t r i b u t i o n .  A maximum s i z e  o f  74 pm 
(Stoke's diameter) was assumed unless o ther  data were a v a i l a b l e  (see Sec- 
t i o n  3.5.2). This value was se lected due t o  the  apparent c o r r e l a t i o n  o f  the 
amount o f  mater ia l  c 200 mesh contained i n  the  aggregate w i t h  the t o t a l  mass 
emissions from the process.51 It was l i kew ise  assumed t h a t  p a r t i c l e  s i z i n g  
by d ry  s iev ing  generated data by Stoke 's  r a t h e r  than phys ica l  diameter. A 
complete l i s t i n g  o f  each program i s  provided i n  Appendix H w i t h  sample 
outputs shown i n  Figures 3-l to 3-3. 

by 
The programs automaticaTfy 
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SPLINZ PROGRAM - 02/22/82 v 1  

TEST ID: EXAMPLE OUTPUT OF "JSKPKG" 

T. t w  T m-r k : PROCESS WEIGHT HATE = 100 TONS PROD+/HH 
TOTkL PARTICULATE EMISSION HATE = 100 L W H H  
PARTICLE DENSITY = 2.44 G/CC 

MEASlJRED SIZE DISTRIBUTION 

CUT< unb) 

10 
20 
30 
SO 

OUTPUT KIATA: 

CUT I u n h )  

,625 
1 
1 .25 
2 . 5  

10 
15 
20 

c 
J 

CUM, % c: CUT 

15 
25 
34 
50 

TP EMISSION FACTOR = 1 LB/T ( +5 KG/MT) 

EMISSION FACTOR 
CUM. % <: CUT ( L B / T  ) I KG/MT ) 

.0178501 8,94006E-03 
,023787 ,0118935 
,0273215 ,0136607 

4 * 25364 + 0425364 6 0212682 
6.74744 ,0674744 0337372 
10.9053 ,109053 ,0545267 
14,567 14567 ,0723345 
17. 9582 . :79532 ,0897903 

Figure 3-1. Example output o f  "JSKPRG." 
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SF'LIN2 PKOGRAM - 02 /22 /82  V 1  

'TEST 111: EXAMPLE OUTPUT OF "-JSKKAW" 

:I WLIT UATA : PROCESS WEIGHT RATE = 100 TONS PROD, /HR 
TOTAL PARTICULATE EHISSION RATE = 100 LB/HR 
PARTICLE DENSITY = 2.44 G/CC 

MEASUKEU PARTICLE SIZE 

CUT I u n i )  RAW x i: cu 

10 15 
20 10 
30 9 
50 16 
74 50 

CUM, Y. e: CUT 

15 
25 
34 
50 
100 

OUTPUT DATA: TP EMISSION FACTOR = 1 LB/T ( 

EMISSION FACTOR 
CUT I uniA) CUM, % c: CUT I LB/T ) ( KG/MT ) 

,625 
1 
1.25 
2 . 5  

10 
15- 
20 

I= J 

1 * ?8804 
2,37873 
2.73218 
4 25366 
6 74745 
10 + 9053 
14,567 
17+958l 

-0178804 8*94021E-03 
.0237873 0118937 
,0273218 +0136609 
0425366 0212683 

,0674745 10337373 
109053 ,0545267 
14567 .0728348 

+ 179581 ,0397907 

ENU OF TEST SERIES 

Figure 3-2, Example output  o f  "JSKRAW." 
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SPLIN2 PROGRAM - 02/22/82 V 1  

TEST In: EXAMPLE OUTPUT OF "JSKLOG" 

INPUT D A T A :  PROCESS WEIGHT RATE = 100 TONS P R O D * / H R  
TOTAL PARTICULATE EMISSION RATE = 100 LEU!+: 
PARTICLE DENSITY = 2.44 G/CC 

liEASUREI.1 SIZE DISTRIBUTION 

CUT( uni 1 CUH, Y. .:: CUT 

10 
20 
30 
50 

15 
25 
34 
50 

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

EMISSION FACTOR 
CUT ( u n i A )  CUii, Y. .:: CUT ( L B / T  ) KG/MT > 

,525 1 + 788 ,01785 3 .?4E-03 
1 2.379 I 02379 ,011895 
1.25 2,732 ,02732 01356 
2 .5  4.254 .04254 ,02127 

10. -. 10 .? ,109 .0545 
15 14.57 ,1457 + 07285 
2 0 17 +?6 + 1796 . 0995 

6.747 * 05747 .033735 c 
J 

THIS IIkTk SET WkS F I T  TO A LOG-NORMAL S I Z E  DISTRIBUTION 

Figure.3-3. Example output o f  "JSKLOG." 
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Since the s p l i n e  f i t  rou t i ne  was o r i g i n a l l y  designed f o r  a cascade i m -  
pactor  data reduc t ion  system, i t s  a p p l i c a t i o n  t o  n o n i n e r t i a l  p a r t i c l e  s i z -  
i n g  methods may no t  always be e n t i r e l y  appropr ia te.  Often a l a r g e  scale 
ex t rapo la t i on  ( i .e . ,  order  o f  magnitude) o f  the  data w i l l  r e s u l t  i n  a nega- 
t i v e  slope o f  the  cumulative s i ze  d i s t r i b u t i o n  curve. I n  such cases, 
JSKLOG was used i n  i t s  place. I n  JSKLOG, the data i n p u t  t o  the  program 
have already been f i t t e d  t o  a standard log-normal d i s t r i b u t i o n  u t i l i z i n g  a 
separate program w r i t t e n  f o r  the  Texas Instruments Model 59 (TI-59) pro- 
grammable ca l cu la to r .  This program was used whenever a s p l i n e  f i t  was de- 
termined n o t  s u i t a b l e  t o  represent adequately the  d i s t r i b u t i o n  i n  the  
smal ler  p a r t i c l e  s i z e  ranges. A complete desc r ip t i on  and l i s t i n g  o f  the  
TI -59 program used t o  compute the  necessary log-normal d i s t r i b u t i o n s  are 
provided i n  Appendix I. 

3.5.2 Results o f  Data Analysis 

Each o f  the  s p e c i f i c  data sets descr ibed above were processed through 
the  appropr ia te computer program t o  ob ta in  both the  p a r t i c l e  s i ze  d i s t r i -  
bu t i on  and s i ze -spec i f i c  emission f a c t o r s  f o r  se lected p a r t i c l e  diameters. 
Copies o f  the  i n d i v i d u a l  computer p r i n t o u t s  have been inc luded i n  Appendix J, 
w i t h  the  r e s u l t s  o f  the  computer analyses summarized i n  Tables 3-16 through 
3-29. Any ca l cu la t i ons  needed t o  conver t  the  raw data t o  the proper format 
f o r  i npu t  t o  the  computer were conducted manually, and copies o f  such ca l -  
cu la t i ons  are a lso  inc luded i n  Appendix J. I n  the  case o f  Reference 27, 
the t e s t  r e s u l t s  were already analyzed by the  s p l i n e  r o u t i n e  as p a r t  o f  the 
study and thus, no f u r t h e r  data reduc t ion  was necessary. The tabu la r  data 
presented i n  the  t e s t  r e p o r t  were s imply reproduced i n  Tables 3-27 and 3-28. 

A number o f  no ta t ions  should be made regard ing the p a r t i c l e  s i ze  data 
shown i n  Tables 3-16 through 3-29. F i r s t ,  on ly  data f o r  p a r t i c l e s  l a r g e r  
than 2 .5  um (aerodynamic diameter) have been repor ted even though the  s p l i n e  
equation was asked t o  p r e d i c t  values below t h a t  s i z e  range. This p a r t i c u l a r  
lower c u t  o f f  was se lected since the  l a s t  measured data p o i n t  was, i n  most 
cases,-5 o r  10 pm.- Ex t rapo la t ing  t h e  s i ze  d i s t r i b u t i o n  below 2.5 pm wi thout  
the b e n e f i t  o f  actua l  data i s  quest ionable and cannot be considered good 
engineer ing p rac t i ce .  
cu la ted  from the t e s t  data have a l s o  been repor ted i n  each t a b l e  even 
though they were no t  a c t u a l l y  used i n  the development o f  the  candidate 
emission fac to rs  f o r  the  process. 
the sake o f  comparison. 

I n  the  case o f  t e s t  No. 426 (Reference l), only  se lected po r t i ons  o f  
the raw p a r t i c l e  s i ze  data were used as i n p u t  t o  the SPLIN2 program. The 
data fo r  > 60 VmS and f o r  3 and 4 pmS were i n t e n t i o n a l l y  de leted from the  
computer analys is .  Only data f o r  p a r t i c l e s  < 60 pmS were used since the 
remainder o f  the d i s t r i b u t i o n  was der ived  f r o m  a s ieve ana lys is  o f  the 
coarse p a r t i c l e s  which does no t  y i e l d  t e s t  r e s u l t s  which are based on a 
t r u e  Stoke's diameter. F o r  3 and 4 ymS p a r t i c l e s ,  the data were  de leted 
since they were genera l l y  so c l o s e l y  spaced t h a t  the s p l i n e  f i t  r o u t i n e  may 
no t  have y i e l d e d  p h y s i c a l l y  v a l i d  r e s u l t s .  It i s  f e l t  t h a t  the  above de- 
l e t i o n s  d i d  no t  in t roduce any s i g n i f i c a n t  b ias  i n  the output  from the  SPLIN2 
program since the e n t i r e  s i ze  d i s t r i b u t i o n  was e s s e n t i a l l y  log-normal. 

I n  add i t ion ,  t h e  s i z e - s p e c i f i c  emission f a c t o r s  ca l -  

These values have been inc luded on ly  f o r  
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TABLE 3-18. CALCULATED PARTICLE S I Z E  DISTRIBUTION AN0 $ONTROLLED EMISSION 
FACTORS FOR REFERENCE 1 - TEST NO. C-393 

Data Ratinq: D 

Cumlative emission 
Cumulative mass factor  equal t o  o r  

Pa r t i c l ebs i ze  % equal t o  o r  l e s s  than staged 
( w A )  less  than s ta ted  s ize  s ize  (kg/Mg) 

2.5 
5.0 
10.0 
15.0 
20.0 

0.0449 
2.8 
13.9 
30.8 

2.59 (lo)-’ 
0.0104 
0.646 
3.21 
7.11 

Total  mass emission f a c t o r  23.1 

a From computer p r i n t o u t  included i n  Appendix J, page 5-13. 
the i n l e t  o f  a ba f f l e -p la te  scrubber. 
analysis. 

Aerodynamic .. diameter. 

Kilograms o f  p a r t i c u l a t e  matter per lo6 g (Mg) o f  asphal t  concrete 
produced. 

Measured a t  
O u t l e t  data e l iminated f r o m  
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TABLE 3-20. STOKE'S DIAMETER VERSUS SETTLING VELOCITY F O i  
PARTICLES OF VARYING DENSITY - REFERENCE 3 

S e t t l i n g  
ve loc i  tyb 2.4 2.5 2.6 2.7 2.8 2.9 
(cm/sec) g/cm3 g/cm' g/cm3 g/cm3 g/cm3 g/cm3 

Stoke's diameter for  p a r t i c l e s  o f  spec i f i ed  density' 

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 ca lcu la t i ons  included i n  Appendix J, pages 5-15 through 

19. 

Assumes dry  a i r  a t  2OoC and 760 mm Hg. 

Calculated f rom Eq. (5) w i t h  q = 1814 (lo)-' g/cm.sec; 

g = 980.665 cm/sec2; p '  = 1.2046 
values shown i n  each column. 

~. 
g/cm3; and p = t o  the 
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TABLE 3-23, CALCULATED PARTICLE SIZE DISTRIBUJIONS AND 
FACTORS FOR REFERENCE 8 - SLOAN 

Oata Rating: B 

Cumulative 
mass % equal Cumulative emission factors equal to 
to or less or less than stated size 

Washer inlet' Washer exhaust Particle than stated size 
sizg WasheE Washer 
IJmA inlet exhaust 1 b/tond kg/Mgd 1 b/tond kg/Mgd 

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 5-51 and 5-52 of Appendix J. 
on test data from Sloan Construction Company. 
by a spray tower scrubber. 

Aerodynamic diameter. 

Exit from a single cyclone collector. 

Pounds of particulate matter per short ton (assumed) of asphalt 
concrete produced or kilograms o f  particulate matter per lo6 g 
(Mg) of asphalt concrete produced. 

Based 
Emissions controlled 

~ ~ 

C -  
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TABLE 3-24. CALCULATED PARTICLE S I Z E  DISTRIBUTIONS AND 
EMISSION FACTORS FOR REFERENCE 8 - HARRISONa 

Data Rating: B 

Cumulative 
mass % equal Cumulative emission fac to rs  equal t o  

t o  o r  less  o r  l ess  than s ta ted  s i z e  
Pre-wash entrance' Washer exhaust P a r t i c l e  than s ta ted  s i ze  

s i z g  Pre-wash Washer 
VmA entrance exhaust lb / tond kg/Mge lb / tond kg/Mge 

2.5 20.7 89.8 1.97 0.986 0.314 0.157 
5.0 45.5 94.3 4.34 2.17 0.330 0.165 
10.0 62.6 95.8 5.97 2.98 0.335 0.168 
15.0 68.1 96.2 6.48 3.24 0.337 0.168 
20.0 71.7 96.5 6.83 3.41 0.338 0.169 

Tota l  mass emission f a c t o r  9.53 4.76 0.350 0.175 

a From computer p r i n t o u t s  on pages 5-53 and 5-54 o f  Appendix 5. 
t e s t  data from Harrison, Inc.  Emissions c o n t r o l l e d  by a c e n t r i f u g a l  
scrubber. .. 

Aerodynamic diameter. 

Measured a t  e x i t  from a s ing le  cyclone c o l l e c t o r .  

Pounds o f  p a r t i c u l a t e  matter per  sho r t  t o n  (assumed) o f  asphal t  
concrete produced. 

Kilograms o f  p a r t i c u l a t e  matter per l o 6  g (Mg) o f  asphal t  concrete 
produced. 

Based on 

e 
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TABLE 3-26. CALCULATED PARTICLE S I Z E  OISTRIBU- 
TION AN0 ASSOCIATE0 CONTROLLED 
EMISSION FACTORS FORaREFERENCE 
26 - BAGHOUSE OUTLET 

Data Rating: B 

Cumulative Cumulative 
P a r t i c l e  mass % equal t o  emi ssion 

sizeb o r  less than fac to rc  
(PmA) s ta ted  s i ze  (kg/Mg) 

2.5 33.2 0.00412 
5.0 35.8 0.00443 
10.0 40.4 0.0050 
15.0 46.8 0.0058 
20.0 53.9 0.00668 

Tota l  mass emission fac to r  0.0124 

a From computer p r i n tou ts  on page 5-61 o f  
Appendix J. 

.. Aerodynamic diameter. 

I n l e t  t e s t  data no t  processed. 

Kilograms o f  p a r t i c u l a t e  mat ter  per lo6 g 
(Mg) o f  asphal t  concrete produced. 

67 



I 

h cu 

rn z 

rn 
rn .: 
E 

zl 

CI 

c 

68 



m yl 
yl 

0 : 

N 

69 



c N 

0 - Y )  
r: 

f. u) - m YIN i n N  
N I c N  V I h  1 0 0  
0 ,  0- O N  

0 O 00 O 0  00 x x  



Another n o t a t i o n  which should be made i s  i n  regard t o  the  in fo rmat ion  
der ived f r o m  Reference 3. I n  t h i s  case, t h e  p a r t i c l e  s i z e  data f o r  the  
uncontro l led emissions from the dryer  were expressed i n  terms o f  t h e i r  set-  
t l i n g  v e l o c i t y  r a t h e r  than p a r t i c l e  size. Calcu lat ions were, therefore,  
made t o  convert  the data f r o m  the app l icab le  s e t t l i n g  v e l o c i t y  t o  Stoke's 
diameter using Equation 5. A summary o f  such a determinat ion i s  provided 
i n  Table 3-20 w i t h  the c a l c u l a t i o n s  themselves inc luded i n  Appendix J .  

3.5.3 Development o f  Candidate Emission Factors and AP-42 Background 

The idea l  s i t u a t i o n  would be t o  average a la rge  number o f  A-rated data 
sets t o  ob ta in  a s ingle-valued emission f a c t o r  which would represent a 
broad cross sec t ion  o f  the asphal t  paving indust ry .  As o u t l i n e d  i n  the 
above discussion, such data were not  a v a i l a b l e  f o r  t h i s  p a r t i c u l a t e  study. 
I n  the case o f  batch and continuous p l a n t s ,  there  were no A-rated data con- 
ta ined i n  the  in format ion c o l l e c t e d  and o n l y  th ree  8-rated data sets con- 
s i s t i n g  o f  a t o t a l  o f  four  i n d i v i d u a l  t e s t  runs a t  th ree  d i f f e r e n t  f a c i l i -  
t i e s .  For drum-mix p lan ts ,  on ly  one A-rated t e s t  a t  a s i n g l e  f a c i l i t y  i s  
included i n  the e n t i r e  data base. This l a c k  o f  h igh q u a l i t y  data makes the  
development o f  appropr iate s ize-spec i f i c  emission fac to rs  f o r  asphal t  con- 
c r e t e  p l a n t s  very d i f f i c u l t .  

According t o  the  OAQPS gu ide l ines,  A- and 8-rated data should not  be 
combined w i t h  C- o r  D-rated data t o  develop emission f a c t o r s  f o r  a p a r t i c u -  
l a r  source. However, i n  the  case o f  conventional p lan ts  it was found nec- 
essary t o  combine a small amount o f  8- rated data w i t h  a subs tan t ia l  C- and 
0-rated data base i n  order t o  improve the  o v e r a l l  q u a l i t y  o f  the emission 
factors .  This was deemed appropr ia te s ince the t o t a l  number o f  B-rated 
t e s t s  was so low t h a t  the i n c l u s i o n  o f  the  C- and D-data would s i g n i f i c a n t l y  
enhance the  o v e r a l l  a p p l i c a b i l i t y  o f  the  emission f a c t o r  t o  a l a r g e r  number 
o f  f a c i l i t i e s  u t i l i z i n g  a greater  d i v e r s i t y  o f  raw mater ia l .  

3-16 through 3-29 was tabulated according t o  the type o f  process and 
cont ro l  equipment, and the a r i t h m e t i c  mean and standard d e v i a t i o n  were 
ca lcu la ted  wherever poss ib le  f o r  each p a r t i c l e  s i z e  increment. 
metic mean was ca lcu la ted  f r o m  the  data i n  each column according t o  the 
re1 at ionship:  

To d e r i v e  each emission f a c t o r ,  t h e  in format ion contained i n  Tables 

The a r i t h -  

x = -  - q x i  
i=l n 

where: = a r i t h m e t i c  mean 

n = number o f  measurements 

xi = i n d i v i d u a l  measurements 
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The standard deviation was calculated according to the relationship: 

where: u = 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: 

1 - 
x = exp ?i 2 In xi 
9 i=l 

- 
x = geometric mean with xi and n as defined in Equation (8) 
9 

where: 

The standard geometric deviation was calculated according to the relationship: 

In xi - In x 
n- 1 i =1 

In xi - In x 
n- 1 i =1 

~ whFre: ~ u = standard-geometric deviation with xi and n-as defined in 
Equation (8) 

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

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

Emission Factor Rating: 0 

Cumlative emission 
Cumulative mass f a c t o r  equal t o  o r  

Pa r t i c l ebs i ze  % equal t o  o r  l ess  than staEed 
(ClW less than s t a t e d  s i z e  s i z e  (kg/Mg) 

2.5 20.5 0.041 

5.0 

10.0 

26.6 

36.5 

0.053 

0.073 

15.0 38.9 0.078 

20.0 40.6 0.081 

Total  mass emission f a c t o r  - 0.20 

a Based on da ta  contained i n  Reference 8 f o r  Sloan Construct ion Company 
(see -- Table 3-23). Data Rating: B. 

Aerodynamic diameter. 

Based on a t o t a l  mass emission f a c t o r  o f  0.20 kg/Mg per Table 8.1-3 o f  
AP-42 f o r  spray towers. 
n i  f i c a n t  f igures .  

C 

Results o f  ca l cu la t i ons  rounded t o  two sig- 
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TABLE 3-34. CANDIDATE PARTICULATE EMISSION FACTORS FOR CONVENTIgNAL 
ASPHALT PLANTS CONTROLLED BY A BAGHOUSE COLLECTOR 

Emission Factor Rating: 0 

Cumlative emission 
Cumulative mass f a c t o r  equal t o  o r  

Pa r t i c l ebs i ze  % equal t o  o r  l ess  than stased 
( F A )  less than s ta ted  s i ze  s ize (kg/Mg) 

2.5 33.2 0.003 

5.0 35.8 0.004 

10.0 40.4 0.004 

15.0 46.8 0.005 

20.0 53.9 0.005 

- Total mass emission f a c t o r  0.01 

a Based on data contained i n  Reference 26 (see Table 3-26). Data Rating: 8. 

Aerodynamic diameter. 

Based on a t o t a l  mass emission f a c t o r  o f  0,Ol kg/Mg per Table 8.1-3 o f  
AP-42 f o r  baghouses. 
f i gu re .  

C 

Results o f  ca l cu la t i ons  rounded t o  one s i g n i f i c a n t  
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TABLE 3-35. CANDIDATE PARTICULATE EMISSION FACTORS FOR gRUM-MIX ASPHALT 
PLANTS CONTROLLED BY A BAGHOUSE COLLECTOR 

Emission Factor Rating: 0 

Cumulative particulate emission factors 
equal to or less than stated size Cumulative mass equal to 

or less than 
Parti cl ebsi ze stated size (% Uncontrolled d Control lede 

( P W  Uncontrolled Conlrolledf kg/Mg lb/ton kg/Mg 1 b/ton 

2 . 5  5 .5  11 0.14 0.27 5 . 3  (IO)-* 1.1 

10.0  23 32 0.57 1.1 1 . 6  3 . 2  

15.0 27 35 0 .65  1.3 1 . 7  3 .5  

Total mass emission factor 2 . 5  4.9 4.9 9.8 ( l o r 3  
Condensable organicsg 3 .9  7.7 

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

Aerodynamic diameter. 

Calculated directly from Tables 3-27 and 3-28 using the uncontrolled and controlled 

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

Calculated using an overall collection efficiency of 99.8% for a baghouse per the 
data contained in Tables 3-27 and 3-28 applied to an uncontrolled emission 
factor of 2.45 kg/Mg (see Appendix K). 

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

Emission factor calculated from Table 5.4, p. 81 of deference 27 (see Appendix K). 
Emissions determined at the outlet o f  the baghouse with the plant processing - 30% 
recycled asphalt paving. 

~ ~ 
~ - ~ -emission factors (see Appendix-K). ~ ~ 

e 
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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 i 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 pmA, 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. 

Table 3-35 also contains an emission factor for condensable organics 
as determined from Reference 27. 
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- 
gani cs. 

3.5.4 Emission Factor Quality Rating 

through 3-35 was rated utilizing the following general criteria:** 

Copies of appropriate calculations are contained in Appendix K. 

This factor is based on data taken directly 

The quality of the average emission factors contained in Tables 3-30 

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

B - Above average: 
reasonable number of facilities. Althouqh no specific bias is 

Developed only from A-rated test data from a 

evident, it i s  not clear if the facilitfes tested represent a 
random sample of the industries. As in the A-rating, the source 
category is specific enough to minimize variability within the 
source category population. 

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

Source category: A category i n  the emission factor table for which 
an emission factor has been calculated (generally a single process). 
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1.0 

t I 0.01 - - - - - 1 .  Eaghoura 
2. Centrifugal Scrubbers 

4. Cyclones 
5. Uncontrolled 

- - 
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Figure 3-4. Size-specific emission factors for conventional 
asphalt plants. 
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D - Below averaqe: The emission factor was developed only from 
A- and B-rated test data from a small number of facilities, and 
there is reason to suspect that these facilities do not represent 
a random sample of the industry. There also may be evidence of 
variability within the source category population. Limitations 
on the use of the emission factor are footnoted in the emission 
factor table. 

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

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

In the case o f  both uncontrolled conventional plants and those equipped 
with cyclones, it was found necessary, in some instances, to apply lower 
quality (i.e., C- and D-rated) particle size data to a 8-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 B emission factor has been calculated from 
only A-rated data sets which should not be combined with C or D particle 
size data. For this reason, a certain amount of good engineering judgment 
was employed to rate the quality of the various emission 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 D would be the most appropriate rating for the resuiting emission 
factors where large differences in data quality existed. 

Because the overall quality of the emission factors determined in this 
study is generally low, it is helpful to define the range of process operat- 
ing parameters and raw material characteristics to which the factors are 
most applicable. Table 3-37 provides information extracted from each ref- 
erence document relative to the number of facilities tested compared to the 
total plant population in the United States, the number of tests conducted 
at each plant, the range of 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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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 
COLLECTORz6 

Percent by ueiqht 
Type o f  element 10-pm 

or compound cyclone Filter 

WT X OF CUT 62.1 3.57 

XRF ANALYSIS 
Arsenic t 
Barium t - 
Calcium 2.4/0.3 10/3 
Chromium t 
Iron 3 . W 0 . 5  wo.1 
Potassium 1.W0.5 
Silver t 
(Sulfur) (< 8) ( <  4)  
Titanium t t 

 TOTAL^ 8 11 

- 
- 
- 

2 b Sulfates, H,O sol 
(sulfur, from SO,-)' (t) 

Nitrate (H,O sol)b t 

TOTAL ANALYZED 10 11 

E A M C E  90 89 

100% 100% 

t = Oetected in concentration o f  < B. 

( ) = N o t  included i n  total--sulfur and sulfates 

a Analyzed by x-ray fluorescence. 

are accounted for in sulfur XRF analysis. 

Analyzed by net chemistry. 

Calculated from sulfates (rulfur;;sulfate/3) to 
compare with sulfur from XRF. 
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5 . 0  PROPOSED AP-42 SECTION 

The proposed r e v i s i o n  t o  Sect ion 8.1 o f  AP-42 i s  pre- 
sented i n  the  f o l l o w i n g  pages. I t  should be noted t h a t  the  
terms "aspha l t i c  cement" and "aspha l t i c  concrete" are used 
i n  t h i s  sec t ion  i n  p lace o f  "asphal t  cement'' and "asphal t  
concrete" as i s  more common i n  the  indus t ry .  This was 
done t o  be cons is ten t  w i t h  the cu r ren t  vers ion o f  Sec- 
t i o n  8.1 o f  AP-42. Such terminology has no t  been used 
elsewhere i n  t h i s  repor t .  

~ ~ ~ ~ ~ ~ ~ ~ 
~ - 
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8.1 ASPHALTIC CONCRETE PLANTS 

8 .1 .1  

Asphal t ic  concrete  paving i s  a mixture of wel l  graded, high q u a l i t y  ag- 
grega te  and l i q u i d  a s p h a l t i c  cement which i s  heated and mixed i n  measured quan- 
t i t i e s  t o  produce bituminous pavement ma te r i a l .  Aggregate c o n s t i t u t e s  over 
92 percent  by weight of t h e  t o t a l  mixture .  Aside from t h e  amount and grade 
of a s p h a l t  used, mix c h a r a c t e r i s t i c s  a r e  determined by t h e  r e l a t i v e  amounts 
and types of aggregate  used. A c e r t a i n  percentage  of f ine aggregate  (% 74 v m  
i n  phys ica l  diameter) i s  required f o r  t h e  product ion of good q u a l i t y  a s p h a l t i c  
concrete .  

. Hot mix a s p h a l t  paving can be manufactured by batch mix, continuous mix 
o r  drum mix process.  O f  t hese  var ious  processes ,  batch mix p l a n t s  a r e  cur- 
r e n t l y  predominant. However, most new i n s t a l l a t i o n s  or replacements t o  ex- 
i s t i n g  equipment a r e  of the drum mix type.  In 1980, 78 pe rcen t  of t h e  t o t a l  
p l a n t s  were of t h e  conventional ba tch  type, wi th  7 percent  being continuous 
mix f a c i l i t i e s  and 15 percent  drum mix p l a n t s .  Any o f  t h e s e  p l a n t s  can be 
e i t h e r  permanent i n s t a l l a t i o n s  or por t ab le .  

Conventional P l an t s  - Conventional p l a n t s  produce f i n i s h e d  a s p h a l t i c  
concrete  through e i t h e r  ba tch  (Figure 8.1-1) or  continuous (Figure 8.1-2) 
mixing opera t ions .  
l oca t ion  where t h e  bulk moisture content  w i l l  s t a b i l i z e  t o  between 3 and 
5 weight percent .  

Raw aggregate  is normally s tockpi led  near  t h e  p l a n t  a t  a 

A s  processing f o r  e i t h e r  type of ope ra t ion  begins ,  t h e  aggregate  i s  
hauled from t h e  s torage  p i l e s  and is p laced  i n  t h e  appropr ia te  hoppers of t he  
cold feed u n i t .  The ma te r i a l  is metered from the hoppers onto a conveyor b e l t  
and is t r anspor t ed  i n t o  a gas or o i l  f i r e d  r o t a r y  d,ryer. . Because a substan- 
t i a l  po r t ion  of t h e  hea t  is t r a n s f e r r e d  by r a d i a t i o n ,  d rye r s  a r e  equipped with 
f l i g h t s  designed t o  tumble t h e  aggregate  t o  promote drying.  

A s  i t  leaves t h e  d r y e r ,  the ho t  m a t e r i a l  drops i n t o  a bucket e l e v a t o r  
and i s  t r a n s f e r r e d  t o  a se t  of v i b r a t i n g  screens  and c l a s s i f i e d  i n t o  a s  many 
a s  four  d i f f e r e n t  grades ( s i z e s ) .  The c l a s s i f i e d  ma te r i a l  then  e n t e r s  t h e  
mixing opera t ion .  

I n  a ba tch  p l a n t ,  t h e  c l a s s i f i e d  aggregate  drops i n t o  four  l a r g e  b ins  
according t o  s i z e .  The ope ra to r  c o n t r o l s  t h e  aggregate  s ize  d i s t r i b u t i o n  by 
opening var ious b ins  over  a weigh hopper u n t i l  t h e  des i r ed  mix and weight a r e  
obtained.  This ma te r i a l  i s  dropped i n t o  a pug m i l l  (mixer) and i s  mixed dry 
f o r  about 15 seconds. The a s p h a l t ,  a s o l i d  a t  ambient temperature,  i s  pumped 
from a heated s to rage  tank ,  weighed and i n j e c t e d  i n t o  t h e  mixer.  Then t h e  
ho t  mix i s  dropped i n t o  a t ruck  and i s  hauled t o  t h e  job  s i t e .  

I n  a continuous p l a n t ,  t he  d r i ed  and c l a s s i f i e d  aggregate  drops i n t o  a 
s e t  of small  b i n s  which c o l l e c t  t he  aggregate  and meter it through a s e t  of 
feeder  conveyors t o  another  bucket e l e v a t o r  and i n t o  t h e  mixer. Asphalt 
i s  metered through the  in le t  end of t h e  mixer, and r e t e n t i o n  time is 
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con t ro l l ed  by an ad jus t ab le  dam a t  t h e  opposi te  end. The hot  mix flows out  
of t h e  mixer i n t o  a surge hopper, from which t rucks  a r e  loaded. 

Drum Mix P lan t s  - The drum mix process '  s imp l i f i e s  the  conventional pro- 
cess  by using proport ioning feed c o n t r o l s  i n  p lace  of ho t  aggregate s torage  
b ins ,  v i b r a t i n g  screens and t h e  mixer. Aggregate i s  introduced near  t h e  
burner end of  t h e  revolving drum mixer, and the  a spha l t  i s  in j ec t ed  midway 
along t h e  drum. A v a r i a b l e  flow a s p h a l t  pump i s  l inked  e l e c t r o n i c a l l y  t o  the  
aggregate b e l t  s c a l e s  t o  con t ro l  mix s p e c i f i c a t i o n s .  The h o t  mix i s  d i s -  
charged from t h e  revolving drum mixer i n t o  surge b i n s  or s torage  s i l o s .  Fig- 
ure  8.1-3 i s  a diagram of the  drum mix process .  

D r u m  mix p l a n t s  genera l ly  use p a r a l l e l  flow design f o r  ho t  burner gases 
and aggregate flow. P a r a l l e l  flow has t h e  advantage of g iv ing  t h e  mixture a 
longer time t o  coa t  and t o  c o l l e c t  d u s t  i n  t h e  mix, thereby reducing p a r t i c -  
u l a t e  emissions.  The amount of  p a r t i c u l a t e  generated wi th in  the  dryer  i n  
t h i s  process  i s  usua l ly  lower than t h a t  generated wi th in  conventional d rye r s ,  
bu t  because a spha l t  i s  heated t o  high temperatures f o r  a long per iod of  t i m e ,  
organic  emissions (gaseous and l i q u i d  ae roso l )  a r e  g r e a t e r  than i n  conven- 
t i o n a l  p l a n t s .  

Recycle Processes  - I n  r ecen t  yea r s ,  recyc l ing  of o ld  a s p h a l t  paving has 
been i n i t i a t e d  i n  t h e  a s p h a l t i c  concre te  indus t ry .  Recycling s i g n i f i c a n t l y  
reduces t h e  amount of  new (v i rg in )  rock and a s p h a l t i c  cement needed t o  repave 
an e x i s t i n g  road. The var ious  recyc l ing  techniques include both cold and hot  
methods, with t h e  h o t  processing conducted a t  a c e n t r a l  p l a n t .  

In recyc l ing ,  o ld  a spha l t  pavement is broken up a t  a j o b  s i te  and is re- 
moved from t h e  road base. This  m a t e r i a l  i s  then  t ranspor ted  t o  t h e  p l a n t ,  
crushed and screened t o  the  appropr i a t e  s ize  f o r  f u r t h e r  processing.  The 
paving ma te r i a l  i s  then heated and mixed wi th  new aggregate  (if app l i cab le ) ,  
t o  which t h e  proper  amount of  new a s p h a l t i c  cement i s  added t o  produce a 
grFde of  hot-asphalt pXving-suitable f o r  laying;-  ~ ~~ ~~~~ ~~ ~~ 

There a r e  t h r e e  methods which can be used t o  hea t  recycled a s p h a l t  pav- 
ing  be fo re  t h e  add i t ion  of t h e  a s p h a l t i c  cement: d i r e c t  flame hea t ing ,  in-  
d i r e c t  flame hea t ing ,  and superheated aggregate .  

D i rec t  flame hea t ing  i s  t y p i c a l l y  performed with a drum mixer, wherein 
a l l  ma te r i a l s  a r e  simultaneously mixed i n  t h e  revolving drum. The f i r s t  ex- 
per imental  a t tempts  a t  recyc l ing  used a s tandard drum mix p l a n t  and introduced 
t h e  recycled paving and v i r g i n  aggregate  concurrent ly  a t  t h e  burner end of 
t h e  drum. Continuing problems with excessive b lue  smoke emissions l e d  t o  
seve ra l  process  modif icat ions,  such a s  t h e  add i t ion  of hea t  sh i e lds  and t h e  
use of s p l i t  feeds.  

One method of recycl ing involves  a drum mixer with a hea t  d i spe r s ion  
sh ie ld .  The hea t  s h i e l d  i s  i n s t a l l e d  around t h e  burner ,  and add i t iona l  cool- 
i ng  a i r  i s  provided t o  reduce t h e  hot  gases t o  a temperature below 430 t o  
65OoC (800 t o  1200°F), thus decreas ing  t h e  amount of b lue  smoke. Although 
now considered obsole te ,  a drum wi th in  a drum design has a l s o  been successfu l ly  
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used f o r  recyc l ing .  Reclaimed ma te r i a l  i s  introduced i n t o  t h e  outer  drum 
through a separa te  charging chute while v i r g i n  ma te r i a l  i s  introduced i n t o  
the  inner  drum. 

S p l i t  feed drum mixers were f i r s t  used f o r  recyc l ing  i n  1976 and a r e  now 
A t  about t h e  midpoint of t he  drum, t he  recycled t h e  mos t  popular design. 

bituminous ma te r i a l  i s  introduced by a s p l i t  feed arrangement and i s  heated 
by both the  hot  gases and heat  t r a n s f e r  from t h e  superheated v i r g i n  aggregate 
Anotber type of d i r e c t  flame method involves  the  use of a s l i n g e r  conveyor t o  
throw recycled ma te r i a l  i n t o  t h e  c e n t e r  of t h e  drum mixer from t h e  discharge 
end. In  t h i s  process ,  t he  recycled ma te r i a l  enters t h e  drum along an a r c ,  
landing approximately a t  t h e  a s p h a l t  i n j e c t i o n  poin t .  

I n d i r e c t  flame hea t ing  has been performed with s p e c i a l  drum mixers 
equipped with hea t  exchanger tubes .  These tubes prevent t he  mixture of 
v i r g i n  aggregate and recycled paving from coming i n t o  d i r e c t  contac t  with the  
flame and the  assoc ia ted  high temperatures.  Superheated aggregate can a l s o  
be used t o  hea t  recycled bituminous ma te r i a l .  

I n  conventional p l a n t s ,  recycled paving can be intro'duced e i t h e r  i n t o  
the  pug m i l l  o r  a t  t he  discharge end of t he  d rye r ,  a f t e r  which t h e  tempera- 
t u r e  of t h e  ma te r i a l  i s  raised by hea t  from t h e  v i r g i n  aggregate.  The proper 
amount of new a s p h a l t i c  cement i s  then added t o  t h e  v i r g i n  aggregate/recycle  
paving mixture t o  produce high grade a s p h a l t i c  concrete.  

The 
f i r s t  drum o r  aggregate dryer  i s  used t o  superheat the v i r g i n  aggregate ,  and 
a second drum o r  dryer  e i t h e r  hea t s  recycled paving only o r  mixes and hea t s  a 
combination of v i r g i n  and recycled ma te r i a l .  S u f f i c i e n t  hea t  remains i n  the 
exhaust gas from t h e  f i r s t  dryer t o  h e a t  t he  second unit a l s o .  

8 .1 .2  Emissions and Controls 

Tandem drum mixers can a l s o  be used t o  hea t  t he  recycle  mater ia l .  

. .. 

~ ~ ~ 
~ ~~ ~~ ~~ 

~~ -~ ~~ - ~~~~~ 

Emission po in t s  a t  batch,  continuous and drum mix a spha l t  p l an t s  d i s -  
cussed below r e f e r  t o  Figures 8.1-1, 8.1-2 and 8.1-3, respec t ive ly .  

Conventional P l an t s  - As with most f a c i l i t i e s  i n  t h e  mineral  products 
indus t ry ,  conventional a s p h a l t i c  concrete  p l an t s  have two major ca tegor ies  of  
emissions,  those which a r e  vented t o  t he  atmosphere through some type of 
s t ack ,  vent o r  pipe (ducted sources ) ,  and those which a r e  not confined t o  
ducts  and vents  bu t  a r e  emitted d i r e c t l y  from the  source t o  the  ambient a i r  
( f u g i t i v e  sources) .  Ducted emissions a r e  usua l ly  co l l ec t ed  and t ransported 
by an i n d u s t r i a l  v e n t i l a t i o n  system with one o r  more fans o r  a i r  movers, 
eventua l ly  t o  be emitted t o  t he  atmosphere through some type of s tack .  
Fugi t ive  emissions r e s u l t  from process  sources ,  which c o n s i s t  of a combina- 
t i o n  of gaseous p o l l u t a n t s  and p a r t i c u l a t e  ma t t e r ,  o r  open dus t  sources.  

The most s i g n i f i c a n t  source of ducted emissions from conventional a s -  
p h a l t i c  concrete  p l a n t s  i s  t h e  r o t a r y  dryer .  The amount of aggregate dus t  
ca r r i ed  out  of  the dryer  by the  moving gas stream depends upon a number of  
f a c t o r s ,  including the  gas ve loc i ty  i n  the  drum, t he  p a r t i c l e  s i z e  d i s t r i b u t i o n  
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of the  aggregate,  and t h e  s p e c i f i c  g r a v i t y  and aerodynamic c h a r a c t e r i s t i c s  of 
the  p a r t i c l e s .  
the  burner.  

Dryer emissions a l s o  conta in  t h e  f u e l  combustion products of 

There may a l s o  be some ducted emissions from t h e  heated a spha l t  s torage  
tanks.  These may c o n s i s t  of combustion products from the  tank hea te r .  

The major source of process  f u g i t i v e s  i n  a spha l t  p l a n t s  i s  enclosures  
over t h e  hot  s i d e  conveying, c l a s s i f y i n g  and mixing equipment which a r e  
vented i n t o  t h e  primary d u s t  c o l l e c t o r  along with the dryer  gas .  
and enclosures a r e  commonly c a l l e d  a " f u g i t i v e  a i r "  o r  "scavenger" system. 
The scavenger system may o r  may not  have i t s  own separa te  a i r  mover device,  
depending on t h e  p a r t i c u l a r  f a c i l i t y .  The emissions captured and t ranspor ted  
by t h e  scavenger system a r e  mostly aggregate d u s t ,  bu t  they may a l s o  conta in  
gaseous v o l a t i l e  organic  compounds (VOC) and a f i n e  ae roso l  of condensed 
l i q u i d  p a r t i c l e s .  This l i q u i d  ae roso l  i s  c rea t ed  by t h e  condensation of gas 
i n t o  p a r t i c l e s  during cool ing of organic  vapors v o l a t i l i z e d  from t h e  asphal- 
t i c  cement i n  t h e  pug m i l l .  The amount of l i q u i d  aerosol  produced depends t o  
a l a rge  e x t e n t  on t h e  temperature of t h e  a s p h a l t i c  cement and aggregate 
en ter ing  t h e  pug m i l l .  Organic vapor and i ts  assoc ia ted  ae roso l  a r e  a l s o  
emitted d i r e c t l y  t o  t h e  atmosphere a s  process  f u g i t i v e s  during t ruck  loadout ,  
from the  bed of t h e  t ruck  i t se l f  during t r a n s p o r t  t a  t h e  job  s i t e ,  and from 
t h e  a spha l t  s torage  tank,  which a l s o  may conta in  small  amounts of po lycycl ic  
compounds. 

These vents  

The choice of appl icable  con t ro l  equipment f o r  t h e  d r i e r  exhaust and 
vent  l i n e  ranges from d ry  mechanical c o l l e c t o r s  t o  scrubbers and f a b r i c  col-  
l e c t o r s .  Attempts t o  apply e l e c t r o s t a t i c  p r e c i p i t a t o r s  have met with l i t t l e  
success. P r a c t i c a l l y  a l l  p l a n t s  use primary d u s t  c o l l e c t i o n  equipment l i k e  
l a rge  diameter cyclones,  skimmers o r  s e t t l i n g  chambers. These chambers a r e  
o f t en  used a s  c l a s s i f i e r s  t o  r e t u r n  co l l ec t ed  mater ia l  t o  t h e  hot  e l e v a t o r  
and t o  combine it with t h e  d r i e r  aggregate.  
the  primary c o l l e c t o r  e f f l u e n t  i s  ducted t o  a secondary c o l l e c t i o n  device.  
Table 8.1-1 presents  t o t a l  p a r t i c u l a t e  emission f a c t o r s  f o r  conventional 
a s p h a l t i c  concrete  p l a n t s ,  with t h e  f a c t o r s  based on t h e  type of con t ro l  
technology employed. 
p l a n t s ,  a l s o  based on t h e  con t ro l  of technology used, a r e  shown i n  Table 8.1-2 
and Figure 8.1-4. 
ure  8.1-4 can be made from t h e  curves provided. 

There a r e  a l s o  a number of open d u s t  sources assoc ia ted  with conven- 
t i o n a l  a s p h a l t  p l a n t s .  These include veh ic l e  t r a f f i c  generat ing f u g i t i v e  
dus t  on paved and unpaved roads,  handling aggregate  ma te r i a l ,  and s i m i l a r  
operat ions.  The number and type of f u g i t i v e  emission sources assoc ia ted  with 
a p a r t i c u l a r  p l a n t  depend on whether t h e  equipment i s  por tab le  o r  s t a t i o n a r y  
and whether it i s  located ad jacent  t o  a grave l  p i t  o r  quarry.  Fugi t ive  d u s t  
may range from 0 . 1  micrometers t o  more than 300 micrometers i n  diameter.  On 
t h e  average, 5 percent  of cold aggregate  feed i s  l e s s  than 74 micrometers 
(minus 200 mesh). Dust t h a t  may escape c o l l e c t i o n  before  primary con t ro l  
genera l ly  c o n s i s t s  of p a r t i c u l a t e  having 50 t o  70 percent  of the  t o t a l  mass 
being less than 74 micrometers. Uncontrolled p a r t i c u l a t e  emission f a c t o r s  
f o r  var ious types of f u g i t i v e  sources i n  conventional a s p h a l t i c  concrete  
p l a n t s  can be found i n  Sec t ion  11.2.3 of t h i s  document. 

Because of high p o l l u t a n t  l e v e l s ,  

S i ze  s p e c i f i c  emission f a c t o r s  f o r  conventional a spha l t  

In t e rpo la t ions  of s i z e  d a t a  o the r  than those shown i n  Fig- 
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TABLE 8.1-1. EMISSION FACTORS FOR TOTAL PARTICFTE 
FROM CONVENTIONAL ASPHALTIC CONCRETE PLANTS 

Type of control Emission factor 
W M g  lb/ton 

Uncontrolledb’ 
Precleaner C 

22.5 45.0 
7.5 15.0 

High efficiency cyclone 0.85 1.7 
Spray tower 0.20 0.4 

Baffle spray tower 0.15 0.3 
0.035 0.07 Multiple centrifugal scrubber 

Orifice scrubber 0.02 0.04 
0.02 0.04 Venturi scrubber 
0.01 0.02 f Baghouse 

d 

e 

%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 
processes. 
Almost all plants have at least a precleaner follow- 
ing 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. 

Average from a properly designed, installed, operated 
and maintained scrubber, based on a study to develop 
New Source Performance Standards. 
References 14-15. Range of values = 0.013 - 0.0690 

b 

C 

dReference 15. Range of values = 0.004 - 0.0690 kg/Mg. 

e 

fReferences 14-15. 
kg/Mg. 

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 
W M g .  
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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. 
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) o r  "blue smoke" plume typical of drum mix 
asphalt plants. 

Emissions from the drum mixer consist of a gas stream with 

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

Emissions from the drum mix recycle process are similar to emissions from 
regular drum mix plants, except that there are more volatile organics because 
of the direct flame volatilization of petroleum derivatives contained in the 
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 FASTORS FOR 
DRUM MIX ASPHALTIC CONCRETE PLANTS 

EMISSION FACTOR RATING: B 
-. 

Type of control Emission factor 
kg/Mg lblton 

Uncontrolled 2.45 4.9 
Cyclone or multiclone 0.34 0.67 
Low energy wet scrubber 0.04 0.07 
Venturi scrubber 0.02 0.04 

a Reference 11. Expressed in terns of emissions per 
unit weight of asphaltic concrete produced. These 
factors differ from those for conventional asphaltic 
concrete plants because the aggregate contacts and 
is coated with asphalt early in the drum mix pro- 
cess. 

bEither stack sprays, with water droplets injected 
into the exit stack, o r  a dynamic scrubber with a 
wet fan. 
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TABLE 8.1-4. PARTICLE SIZE DISTRIBUTION AND SIZE SPECIFIC EMISSION ;ACTORS FOR 
DRUM MIX ASPHALT PLANTS CONTROLLED BY A BAGHOUSE COLLECTOR 

EMISSION FACTOR RATING: D 

Cumulative particulate emission factor 
6 stated sizeC 
d Uncontrolled 

Cumulative mass 6 stated 
size (%) Controllede Particle size 

(l.lnlNb Uncontrolled Controlledf kg/Mg lb/ton kg/Mg lb/t, 

2.5 5.5 11 0.14 0.27 0.53 1.1 

10.0 23 32 0.57 1 . 1  1 . 6  3.2 

15.0 27 35 0.65 1.3 1.7 3.5 

Total mass 
emission 
factor 

Condensable 
organics g 

2.5 4.9 4.9 9.8 

3.9 7.7 

%eference 23, Table 3-35. 
bAerodynamic diameter. 

dBased on an uncontrolled emission factor of 2.45 kg/Mg (see Table 8 . 1 - 3 ) .  e 

fIncludes data from two out of eight tests where - 30% recycled asphalt pavlng was 
zrocessed using a split feed process. 
Determined at outlet of a baghouse collector while plant was operating with - 30% 
recycled asphalt paving. 
process with a split feed. 

Rounded to two significant figures. 
C Expressed in terms of emissions per unit weight of asphaltic concrete produced. 
generally applicable to recycle processes. 

ReferencF23. 
baghouse applied to an uncontrolled emission factor of 2.45 kg/Mg. 

No 

Calculated usiiig an overall collection efficiency of 99.8% for a ~ 

Factors are applicable only to a direct flame heating 
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Figure 8.1-5. Par t i c l e  s i z e  d i s t r ibut ion  and s i z e  
s p e c i f i c  emission fac tors  for  drum m i x  

asphal t ic  concrete p lants .  
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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 SOx, NOx, and VOC as "less than" 
values, so it is possible they may not be present at all. Particulates, 
carbon monoxide, polycyclics, trace metals and hydrogen sulfide were observed 
at concentrations that were small relative to stack amounts. Emissions from 
the mixer are thus best treated as fugitive. 

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

.. 

An industrial survey16 showed that over 66 percent of operating hot mix 
asphalt plants use fuel-oil for-combustion. Possible sulfur oxide emissions- 
from the stack were calculated, assuming that all sulfur in the fuel oil is 
oxidized to SO . The amount of sulfur oxides actually released through the 
stack may be aftenuated by water scrubbers, or even by the aggregate itself, 
if limestone is being dried. 
of 0.22 weight percent. 

Number 2 fuel oil has an average sulfur content 

Emission factors f o r  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 POLLLJTANTS 
FROM A CONVENTIONAL ASPHALTIC CONCRETE PLANT STACK 

Emission 
C Factor Emission factor 

Rating g/Mg lbjton 
b Material emitted 

Sulfur oxides (as SOz)d’e 
f Nitrogen oxides (as NO,) 

Volatile organic compounds 

Carbon monoxide 

Polycyclic organic material 

Aldehydes 

f 

f 

f 

f 
Formaldehyde 
2-Methylpropanal 

1 -Butanal 

3;Methylbutanal 

(isobutyraldehyde) 

(n-butyraldehyde) 

(isovaleraldehyde) 

C 

D 

D 

D 

D 

n 
D 

D 

D 

D 

146s 

18 

14 

19 

0.013 

10 
0.075 

0.65 

1.2 

8.0 

0.292s 

0.036 

0.028 

0.038 

0.000026 

0.02 
0.00015 

0.0013 

0.0024 

0.016 

a 

bParticulates, carbon monoxide, polycyclics, trace metals and 
Reference 16. 

hydrogen sulfide were observed in the mixer emissions at con- 
centrations that were small relative to stack concentrations. 
Expressed as g/Mg and lbjton of asphaltic concrete produced. C 

%lean source test results of a 400 plant survey. 
eReference 21. 
20% by adsorption on alkaline aggregate. 

S = % sulfur in fuel. SO, may be attenuated 

Based on limited test data from the single asphaltic concrete 
plant described in Table 8.1-6. 
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TABLE 8.1-6. CHARACTERISTICS OF A REPRESENTATIVE 
ASPHALTIC CONCRETE PLANT SELECTED FOR  SAMPLING^ 

Parameter Plant sampled 

Plant type 

Production rate, 

Mixer capacity, 

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

Mg/hr (tons/hr) 

Mg (tons) 

Conventional, permanent, 
batch plant 

160.3 ? 16% (177 k 16%) 

3.6 (4.0) 
Cyclone 
Wet scrubber (venturi) 
Oil 
Fuel o i l  
15.85 (52) 

%Reference 16, Table 16. 
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Control of ASPHALTIC CONCRETE PLANTS 
in los Angeles Comfy* 

Used by permission of JAPCA. 

Introduction 
The phenomenal growth of population 

in Southern Californin during the last 
two M e 3  haa redted in krse dfr 
mands for asphaltic cnncreta. To meet 
theM de&, in Los 4ogeles County 
 OM, 48 nsphdtic concrete planta horn 
been built which pmduce 30 average of 
14,ooO tom per day. 

Prior to the hstdhtion of well- 
designed air pollution control equip- 
ment, dust loeses fmm asphaltic can- 
Crete plants w e n  nearly 25 tons per day. 
In 1949, the Air Pollution Control Dis- 
trict of Los .hgeIles count). adopted 3 
d e  which limited the dixharga of dust 
frum each of theso p h t a  to 40 p o d  
per hour.' To meet this prohibition, it 
became necesary to-instd dust collec- 
tion equipment capable of high collee 
tion efficiencies. -This t p ~ s  accom- 
plished by the USB of centrifugal or im- 
pingement type scrubben which p n r  
vided collection eficiencies, in most 
wses, of W percent or greater. The d c  
sign of these control devices has im- 
proved over the pan. nnd aa k r i b e d  
Later in thii paper, total emissions hove 
decreased substnntily in spite of in- 
CreQSed pmductioa 
Description of Basic Equipment 

Generally, an asphaltic concrete plant 
consists of 3 row dryer, weening and 
claeitylng equipment, 30 m t e  
we-g system, 3 uixer. storage bins 
nnd conveying equipment. Sand and 
-te are chnrged from bins into 3 
mury dryer. The dried 3ggreg3te 3t 
the Ion-er end of the dryer is rnechani- 
d r  conveyed by 3 bucket elevator to 
the screeniq equipment ahere it is 
c h i i e d  and dumped into storage bins. 

* Pwemed ot the 32nd . i n n 4  Meeting 
d .LPC.I Stacler Hotel, June 21-26. 
1950, h .4ngeh. Calif. 

hbluwy IPM) I Velum. 10. Nmbw 1 

RAY M. INGELS, Air Pollution Engineer,'NORMAN R. SHAFFER 
Intermediat,e Air Pollution Engineer and JOHN A DANIELSON Senior 

Air Pollution Engineer, Lot Angelet Counv Air Pollution Control District 

Weighed quantities of the sired pmd- Air Pollution C o n h l  Equipment 
&-an, then dropped into the mixer 
along with asphalt where the batch is 
mixed nnd dumped into awaiting +.rucks 
for trnnsportation to the paving sib. 
The combustion gases and 6ne dust 
frum the rotary drier BR exhausted 

single cyclone, but twin or multiple 
cyclonn and other devices am aL0 used. 
The p m h r  eateh is then discharged 
l a d  into the bucket elevator where it' 
continues in process with the main bulk 
of the dried aggregate. The air outlet 
of the pmcleaner is vented to air pollu- 
tion control equipment. 

h U g h  8 preChUer which h U S l I d Y  8 

In Lm angeles county two priocipal 
types of cnntml equipment hove em!d 
fmm many t y p  dployed over the 
ynus-the multiple' cen t r i fud  tspe 
'spray atuuber and the ki%d type 
spray tower. 2 Oi tka two types, the 
multiple centiiiugal type spny chamber 
(Fig. I) hna p r o d  to be the more efti- 
cient. I t  cnnsiats of tvp or more eter- 
nally Buted cylindrid 'spray chomben 
.in which the dustladen gases -.'ad- 
mitted tangentially 3t high eeloc+x 
pzch of these chamben h identid in 
size and ~ Q A  dimensions approxhfely 

*3 
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6 ft diam I 15 ft long. Usually f i ~  to 
10 wray no& am located evenly 
spaced within each chamber. Water 
rates to the nodes are usually in the 
range of i O t o  w) gpm at 50 to 100 psi 
and the water g e n e d y  is not &u- 
hted In the rn type spmy tower 
(Fq. 21, there have been many vyi- 
ations in dezigns, but funhenta l ly ,  
each c o d  of 8 chamber ahich is 
b d e d  to force the gases to trnvel in an 
Sshnped pnttern, encouraging impinge- 
ment of the dust particles nwinst the 
sides of the chamber and the b d e s .  
Water spray nodes  am located be- 
t7aeen the hatEes nnd water.mtes 
through the sprny heads usually vary 
hetween 100 to 3M) gpm a t  jo to 100 psi. 
In addition to venting the dryer, the 

dust collection @.in also ventilates 
s e d o t h e r d u s t s r ~ n m s  whichinclude: 
(1 )  the lower end of the dryer where the 
stationary burner box attaches to the 
m t q  dryer; (2) the aggregrrte screen- 
ing nnd clsgsrying system; (3) the 
bucket elevator; (4) the a m t e  stor- 
age bm; and (5) the weigh hopper. 

Asphaltic concrete planta vary in ize 
with the majority capable of pmducing 
100 to 150 tons per hour. However, in 
the last two or three yeam, seved phnt.1 
have been installed in Las angeles 
County which nre clnssikd y MMO- 
pound planta. enpnble of pmducing 200 
to 250 tons per hour. 

The mnjor source of dust ori*tes 
from the dryer. Very little vork 
haa been done in the study of dust emis- 
lions from rotary dryen. Friedman 
and 3InrshaU' obtnined data shorring 
that h e r  dust emissions, e x p d  y 
percent of feed. in- with - 
velocity, increase with increasing rnte of 
rotation, BR independent of dryer 
dope, and deererne with increashg feed 
rate. The absolute amount of dryer 
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dust, in might per unit time, increases 
with feed rate. Dust emisions depend 

. to a large estent on the particle size die- 
tribution of the bger feed. While the 
dust fmm the rotary dryer is un- 
doubtedly the greatest source, the dust 
collected fmm the vibratiug screena, the 
bucket elemtor, the bins and the weigh 
hopper is also considerable in quantity. 
Ln one plant, 2oM) I b h  of partia- 
lata matter conbiniq 39.i percent of 
0 to 10 micron material waa produced by 

Study of  Stack T&OaIo ~~ 

In the pmcesa of grantins permits to 
operate, many stack testa were con- 
ducted by the Diahict to insun, that 
ench plant was opemti~g in compliance 
*th air pollution laws. An these data 
became available, a atudy wru made to 

t h k  secondary source%* 

determine which Wriables were most 
ai&cant in aEecting emisions to the 
atmasphem. A prelirmnary obsernr- 
tion d L c l o s e d  that the water scrubber 
&&my paried with the scrubber iulet 
duat loading BS shown in Fq. 3. Bigher 
dud collection e6iciencies were obtained 
at the higher inlet dust loading. 
Plants with less d e c h  cydone P R  
CLaning had, on the average, larger par- 
ticles en- the water suubber, and 
consequently better m b b e r  collection 
efEciencies were obtained. In fact, 
scrubber e5ciency m 50 dependent 
uponthe degrecof precIenni@Tthat the 
&ect of other variables on collection 
e5iciency wan completely masked in the 
awilable data. However, the frat- 
tiod collection eHciency of particles 
larger thnn 10 microns in diameter 
pmved to be 99.i pemnt. Conse- 

quently, the variables and operatiog 
~ o n d i t i ~ ~  which dect the amount 
and collection e5ciency of the 0 to 10 
micmn fraction should be reflected in 
the absolute sbck emissions. This m a  
found to be the caw. The magnitude 
of the stnck emissions were found to de- 
pend mainly upon the scrubber water- 
gaa ratio, the type oi fuel used in the 
m t q  dryer, the type of scrubber. d 
the quantity of minw XW-mesh m a t e d  
(minus i4 microns) processed in the 
dryer.' I t  would be e.peeted that the 
particle size distribution of the minus 

3lO-meshKfmction of -the dryer 3eed 
would haven large effect on suck losses, 
but s W i n t  dah were not amihble 
to investigate it. 

Tweuty-6ve source tests of asphaltic 
concrete p h t a  were w i h b l e  (from 
some 115 tests which have been per- 

Tabla I K o l l e d i a n  Efficiency Data for krubben Serving Arphallfe Concrete Plants 
Duar 

Jliaona % % % % 5% % 5% 
Parrich 

S i ,  

0-10 13.0 99.3 86.2 i6 .4 79.9 92.8 78.0 93.0 85.0 
10-20 7i.l 0.0 100.0 ' 6.3 3.8 96.0 18.0 5.0 96.2 
2o-U 9.6 0.0 100.0 2.8 2.0 96.0 2.0 1.0 93.3 
4 4 i  6.3 0.7 99.3 14.5 1.5.3. 93.1 2.0 11.0. 26.5 

DuJt -Test Raport Sen- -72- -Test Report SFries WWl+ 

S i ,  Inlet, outlet. E5ciency, Inlet, Outlet, EEiciency, 
MiCIOUS 5% 5% % 5% 5% 

2 . 2  0-10 91.0 82.0 85.7 80.4 
5.1 10-20 9.0 3.0 99.4 18.6 
4.5 

1- ., - 1.0 1 4  0.0 ?.O - 
0.0 1 .- 441- 0.0 13.0. - 

-Tat Re rt Series, (246- -Ta$ Ra rt Sed=, 'Z4i2.1- 
Inlet, &I&, Efficiency, Met, &let. Efficiency, 

Partide 

% - - - 
JIiMseopic eamioncion indmted thnt the auflet m p l a  were aggiomsm3red 
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formed since 1949) which had su55ent 
data to sttempt to correlate the major 
wMblesdectingskckloans. apsR 
gate feed rates, sereen size analyses. 
m b b e r  water and ps rate% as wellw 
partidute matter emiwions to the a t  
mosphere were obtained during each of 
thesetests. Thedntanretabutntedin 
Tables I and II. Tha qgre@a dryen 

fired with PS 3M) or heavier oils 
during I9 of the testa and natural &IS 
&ed during six. Seventeen of thesa 
te?lts were performed on multiple cen- 
trihrgaltypembbem withspirnlbntaes 
and taqential entrances. The other 
eight tests were performed on simple 
batEed tower m b b e n .  h cud inea r  
multiple correlation w m  required to 
represent the data satisfactorily. Eze- 
kiel'd grsphicnl p d u r e  of suceesive 
approximations was used to fit the 
curves (see bppendix for correlation 
methods). 

-r 

Effect of  Variables on Scrubber 
Emissions 

The effect of scrubber mtergns ratio 
on stack emissions is shown in Fig. 4, 
for multiple centrifugnl type scrubbers 
and hatlied tower scrubbers. with the 
aggregate fines rate (the minus ZOIh 
mesh fraction) held constant at the 
averirge. Law m b b e r  wntem ra- 
tios M more than pmportionstely 
lea effective than higher ratios. Pas 
sihly, the water nte wna insu5cient for 
good spray c o v e n 5  for ratios in the 
lower mgn. 

The effect of aggregate fines nte on 
stack emissions at conabut watercp3s 
ratio is shown in Fig. 5 for multiple 
centrifugal type scrubhen and b d e d  
tower scrubbers. Sbck emissions in- 
creme h n r l y  with an increase in the 
amount of minus %mesh material 
P-. 

Stack emisions were 5.1 Ib,'hr higher 
when t b  dryer was oil iired rather 
than gaa M. The merence is be- 
lieved to represent pnrticulate mnt- 
ter in or formed by the fuel oil, rather 
thon additionnl dust fmm the dryer md  
mixer. It har been simiinrly o b s e d  
that burning heavy fuel oils in other 
h d s  of combustion equipment results 
in higher emixiom of psrticulnte mnt- 
ter. For example. gins furnaces dis- 
charge s i g d u u t l y  more pnrticulate 
matter when 6red by PS 300 or heavier 
fuel oils than when natural 935 or light 
fuel oils M used.' 
As e.ted, centnfqd type water 

m b b e n  were more effectin than sim- 
ple b&kd tower water scrubhem. The 
di~Tmnca averaged 5.0 lbihr at con- 
stant m t e  fines rate and constnnt 
mter-gas ratio. 

The data, even when corrected for the 
variables studied, tend to scatter rather 
badly. However, the results do repm 
sent average trends of plnnca operating 
in the Loa &des wet. Curveg M 
prezented in Fig. 6 and 7 from which the 
mast l i l y  stack emissions can be pre- 
dicted for oil and ps fired plants with 
either multiple centrifugd or Med 
tower scrubben. These cunps present 
emissions for vnrious scrubber mter-gns 
ratias and 3 8 p ~ p ~ t e  fines rates. 
During the c o w e  of conducting sev- 

ernl particle size nnnI>-ses of -rubber in- 
let and outlet dust. an unlrsunl o k r -  
vntion a d e .  In dl  of these tests 
as shown in Table 11. the fractional coi- 
lection e5ciency of the W+ micron 
material w w  less than for the lC-2U and 
the 20-44 micron fractions. which of 
course is oppmite to what vould nor- 
d y  be expeeted. However, micro- 
scopic enminotion of the snmples in&- 
mted that the particles in the scrubber 
outlet were agglomemted. Appnrently, 
the h e  pnrticles adomemte Inthin the 
scrubber, but part of the resulting a p  
glomerstea =ape to the ammasphere. 
This potentidy recorerable m n t e ~ l  
constitutes five to 10 percent of the 
scrubber emissions. However, thew 
emissions are minor nnd even periect col- 
lection of this mterinl would not reduce 
totd emissions over 3.5 Ib/hr. 
Survey of Dust Emissions in Lor 
Angeles County 

In order to evnlunte the effect of the 
control program on dust emissions from 
the nsphnltic concrete industy, it was 
nceesary to acquire inionnation con- 
cerning the number oi plnnts in oper- 
ation. emissions of dust to the atmo* 
phere, mount  of uphaltic concrete 
produced. md volume of air lundled. 

To obh i i  the data o n  pmducciou. 
number of phnts. types of controk and 
operating schedules. a questionnaire aaa 
d e w  m d  sent to each comnany oper. 
atins an aphnltic concrete phnt. The 
dntn obtained from this survey indicated 
that in 1957 there were 19 companies 

h a 1  oi !I#. AC Pollvtion *,lOd.,iO" 



opratinq 4s plnntd in La hegel- 
County. These phnta produced a total 

i n d i m d  that asphaltic concrete waa 
p&ured over a 13-b day with 3 maxi- 
mum hourly output Of 1.200 bnS. 

TO augment the dab obtained fmm 
this s-y and to make comparisons 
svith data obtnined from previoUS SUI'- 
,,.,vs. the analytic31 test data in the 
District's 6les on asphaltic concrete 
pi:mts vere studied. From these 
itudin. average yearly dust enhiions 
to the atmmphere were determined. 
During the early stages Of the develop 
mcot of the control pmgnm, msny 
stack testa disclosed emkiom of dust 
in ex- of the weight per how allowed. 
k the design of control equipment im- 
proved, violations k a m e  less frequent. 
During recent yean, e x k v e  e d o n a  
mdd ba $aced to either poor experi- 
meutal scrubber designs, or more fre- 
qucntly to poor maintenance. I t  - 
obaerved that evBn welldesigned scrub 
ben would emit excessive d e  if a 

b e i  enforced. 
Figure 8 illustrates the effect of the 

inerraaing &iency of the control equip 
ment fmm 1848 to 1958. prior to the 
development of the control prognm, 
tittle or 110 control devices were installed 
and BD average of five pounds of dust 
were emitted per ton of nsphaltic con- 
crete produced k the contml pm- 
gram pro@ and the efficiency of 
contml quipment RU increased, dust 
emisions were reduced until today only 
0.15 pound is emitted per ton oi sspbal- 
tic conmte pmduced. The major re- 
duction of dust waa qomplished be- 
tween 1948 aod--l950. During this 
period, an average reduction of 150 
I b h  per~plnnt~was  achieved.  from 
I950 to the present time, an average 
reduction of 12 Ib/hr per plant h3s been 
accomplished due to improvements in 
controls and better nnintennnce pm- 
pams. ' 

The incrrssed efficiency of the mntml 
equipment wre accomplished even 
though the average voiume of g3ses 
handled per p h t  hna incresed fmm 
13.000 standad cubic feet per minute 
in 1951 to 11.WO standard cubic feet 
per minute in 1958. Egure 9 illustrates 
this i n c ~ a s e  in volume. I reduction in 
VO~ume between 1418 and 1951 is be- 
lieved to be partially due to collser- 
vntion of gns volume to d o w  smaller 
control devices to be instnlled. Subse- 
quent to 1951. better control of dust 
emisions tmm muices other than the 
dryer required an incrcnse in gns volume. 
.\loreover, plants have i n c r e d  in size 
in m n t  yeus. 

The dab.obtnined from surveys con- 
ducted periodically on the mphnltic con- 
crete industry show that production Ius 
incrensed since 1415 from nn avcrage of 
1O.wO tons per dn? to morc than 14.ooO 

P.bruary 1966 I Velum. IO. Num4.r 1 

1.1.m tons per dns. 'h data 

S o d  hknaDe8 PmgrJm WBS Mt 

tom per duy in 1957 (Kg. IO). an in- 
c r e a  of 40 percent. During the m e  
periocL dust emissions decRIlsed from 
25 tons per day to 1 ton per day, a de- 
~ R M  of 96 per cent ovcdl.  

bnelurions 
In conclusion, it. is emphnaized that 

the d b k  studied only represent 
avenge trends of mphaltic concrete 
plants in Los hnpeles County. With 
this point in mind, it CM bc concluded 
that: 

1. Multiple centriiugnl x r u h k m  
have proved to he more efficient than 
Med towen. 

2 Scrubber water- ratio is qually 
importnut in both types of mubbera. 
The best utilization of water is achieved 
up to a ratio of six gallons per 1.000 
stadad cubic feet of pa. Above this 
ratio, &cienv dl increases within the 
bounds studkd, but at a lesser rate. 
3. Scrubber stack emissions increase 

linearfy with an i n c w  in the amount 
of minua %O-mesh material charged to 
the dryer. 

4. The burnine. of p3 3M) or h v i e r  
fuel oila rather thacl natural gas results 
in higher stock emissions. Under con- 
stant  conditio^, a0 increase of nppmsi- 
mately five pounds per hour waa ob 
served. Although the available data 
are not conclusive, it appears that dust 
&ions am signi6cantly decreased 
when €3 200 oii is substituted for PS 
300 oil. 

Thmush the me of scrubbers, dust 
emisgions fmm asphaltic concrete plants 
have h e n  reduced fmm a total of 29 
tons per day to 1 ton per day. If this 
is related to the incresa in production 
o m  the IO-year period then the control 
program is responsiole for 3 net removnl 
of 34 tons per day of dud~from the h 
hngelea County atmosphere. 
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' 1 ( I ~ 1 SoudlCoast 
AIR QUALITY MANAGEMENT 

May 2 5 ,  

Mr. John S. Kinsey, Task Leader 
A i r  Q u a l i t y  Assessment Sec t ion  
Midwest Research I n s t i t u t e  
425 Volker Blvd. 
Kansas C i t y ,  Missouri  64110 

R e :  EPA Contract 68-02-3158, Technical Directive No. 18 

Dear M r .  Kinsey: 

A s  pe r  your r eques t ,  dated May 24, 1982 w e  a r e  enc los ing  
t h e  r e l evan t  da t a  from tes t  Nos. C-393 and C-426. We a r e  
sorry t o  inform you t h a t  t h e  o t h e r  f i v e  t es t  r e p o r t s  you 
reques ted  a r e  no longer a v a i l a b l e .  

Along wi th  t h i s  l e t te r  an invoice  for t h i s  service is 
being submitted.  

.. 

I f  ~ 

you have any ques t ions  p l e a s e  fee l  f r e e  t o  contac t  m e .  
~ ~ ~ 

~ ~ ~ 
- ~~ 

~~ 

~ ~ 

Very t r u l y  yours,  

Manager. -~ ~, ~~~~~~~ 

Source Tes t ing  and Monitoring 
(213)  572-6485 

WBK: lb 

Enclosure 
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AIR POLLUTIO( lONTROL DISTRICT - COUNTY (- LOS ANGELES . 
SUMMARY SHEET 

Page 4 o f  

WXfith C c q q  Test No. 0393 Name o f  F i rm 

Locat ion o f  P lant  1601 Akneda St., Tiilmington, CdLlr”.  Oat e J a  23, 1957 
later scrubber Col i e c t i o n  Equipment Yes No TY pe 

Spec 1 f I c Equ 1 pment Tested 

Length o f  Process Cycle Tlme Cycle Begin End 

water sCZ7Jbbf14 tuner s m  hot Olant 

Tota l  Process Weight P.W./hr. 18$560 

Sample S t a t i o n  Inlet cutlet 

Time o f  Test Beg I n 1:s P, E. n:co A. M. 

End 1~31 P. M a  1:31 P. N, 

Elapsed Time (Test) 16 Gdo. 53 m i n *  

Gas VoIumt S C N  (Standard Condi t ions)  209a 19500 

Mater ia l  Co l lec ted  Particalate Fatter 

23.8 o s 1  G r a  I ns/SCF 

Gralns/SCF a t  12% C02 
Loss per  h o u r  i n  pounds h260 26.9 

lL0.c Al lowable Loss Lbs. per  hour 

Percent Mois ture i n  Gases Z2.b 8J 

Orsat Analys is  lo ry  Basis1 

Percent: CO2 3 2  2.6 

15.9 17 .O 02 
co 0 .c 0 .c 

N2IBy d l f f . 1  80.9 a0.L 

conbdibles  - percent 2.6 7 .I 

Collection Zfffficiency - nercent 99J2 

16-70079 



Test No. C-3 93 page 5 
J ~ Y  23, 

mst Cutlet 

wt. gnm. 

0.3286 

1,7977 

o .2la6 

0 e1593 - 
2.5272 

wt. % 

n.1 
13 .O 

9.6 

6.3 
lOO.0 
- 0.0029 

0.356& 
- 

1957 

0 -7 
loo .o 
- 
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Test Xo. C-393 Page 6 
JI~& 23, 1957 

A n 
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(- c 
AIR POUUwaON CONTXOL DISTRICT - LOS ANGEES COUNTY 

Stahnmnt of Rocsu Weight 
C o p p  Date JCp 2?, 1957 

T h  of  camplete-operating c y c l e  in m i n u t e s  
(aee 2 1. ~ b s  & b@ations) 

Rarr materia charged during 
this t h  Material W.h lbs .  

60 ndn; 

- - 

18&, 560 

do Material W t . h  lbs. 

do Material W t . i n  lbs .  

do Material W t . h  lbs .  

Solid fuel chargad in pounds Material W t . h  l b s .  

T o t a l  poupds 

p.V., -= x a P lba./hr. 18&,560 
- 

T o t a l  minutes 

P.W. for l e t -prscsd ing  cycle X 
P.V. f o r  2nd preceding cycle X 
P.W. f o r  3rd preceding cyc le  

J. 3eeden gig. 

P'& F o r = =  T i t l e  - 

RULES AND RECIJLATIONS OF 
TBg AIB rOLIxlTION COI"3OL DISl'RICT 

REGULATION I. GmERAL PROVISIONS m 2 .  DIEFINITIONS 

j. Proceea weight per hour. "Procesa weight" is the to ta l  weight 
of all materials, including s o l i d  fuels, introduced i n t o  any apec- 
i f i c  process, which proceee may cause any aischarge into the atmos- 
phere. The "process weight per h r "  will be  der ived by div id ing  
the t o t a l  process weight by the number of hours in one complete 
operat ion from thn beginning of any given proceee t o  t h e  c a p l e t i o n  
thereof ,  excluding any time during which the equtpment l e  idle. 

A-14 



A I R  POLLUTION c' JNTROL DISTRICT - COUNTY d- LOS ANCELES 

TEST NO.  '-393 

SUMMARY OF CALCULATIONS 

AME O F  FIRM '*- 
ESCRIPTION OF EQUIPMENT TESTED Fate scrubbing tm se- t i  hot asphalt 

plant. 

I .  Phase o f  Process Cycle Covered by Test 

2. 

3. 
4. 
5. 
6. 
7.. 

I 

§.' 
IO. 
i l .  
:2 .  
3 .  

, 4. 
.5 .  

16. 
17. 

1.9, 
la. 

Sampl ing  Station Location XLet outlet 

Ave. Gas Vel. a t  Sampling Station (Ft/Sec) 
Flue Gas Volume (SCFM) 20900 19503 

S a m p l i n g  Rate, a t  Meter (CFM) O.% 0.50 
Sample Nozzle Diameter a n n  15 w 

Elapsed Time of  Test (Minutes) l6 53 
Meter Vacuum - Average ("Hg) 7 -6 2.2 
Meter Temperature - Average (OF) aa 79 

Water Vapor Condensate (cc) 30 35 
Water Vapor Volume, Meter Conditions ( C F )  2 .!Y 1.8 

Volume o f  Gas Sampled, Meter Conditions (CF) 15 AL 26 A8 

Total Sampled Volume, Meter Conditions ( C F )  17  JJ 28 -3 
Corrected Sample Volume - (SCF)  12.3 25.3 
Material Collected P a r t i d a t e  iktter 

Weight (3m.) a. %atZi!.n tllbble 0.059 0 . o s  
b. Water residue u 3879 0.2576 
C. 

Total !Yeignt (gm.)  IB .7b7 0 25L 
Concen t r  at  i on g r a i n s  /SCF 23 3 0 .I61 
Concentration grains/SCF B 12% C02 
Calculated Loss (Lbs. per hour) It260 26.9 

COLLECTOR EFFICIENCY 
(If C o l l e c t o r  I n s t a l l e d )  

Total material t o  collzctor (Lbs. per h o u r )  
Total loss t o  atmosphere (Lbs. psr hour) 
Tota! material collected (Lbs. per hour) 
Percent efficiency 99 

b260 

&233 
26.3 

A-15 
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Nil( .LLUTIOPi CONiROL DISTRICT - 10s Ai( .LE5 COUNTY 

Statement of Pmceu Weight pw 7 
Date Febm 7, 195s (COPXI 

Time of complete opera t ing  cyc le  Fo minutes 
(see 2 f . Rulbs & Regulat ions)  

Raw materia3 charged during 
t h i s  t ime M a t e r i d  1 Ma W t . i n  lbs .  1590 

do Materia 2 " W t . i n  lbs .  llr56 

do Mater ia l  3 9 s  Wt.in lbs.  15&0 

do Mater ia l  L " W t . i n  l b s .  6U 
Sol id  fuel charged in pounds Mater ia l  Lo/so W t . i n  lbs.  280 

T o t a l  pounds S6w as. 

P.%= -=,-xB(Z I lbe./hr.  182 TpH 
Tota l  minutes 

~ ~ P.W. f5ir I s t F m c e d i n g  cyc le  
P.% for 2nd preceding cyc le  
P.W. for 3rd  preceding cyc le  

RULES AND REGULATIONS OF 
THF, JUR WLLUTION C O m O L  DISTRICT 

REGULATION I. CZNERAL PROVISIONS RULF. 2. DEFINITIONS 

j .  Process weight p e r  hour. "Process weight" is the  t o t a l  weight 
of a l l  ma te r i a l s ,  including s o l i d  fue ls ,  introduced i n t o  any spec- 
i f i c  process, which process may cause any discharge i n t o  t h e  atmos- 
phere. 
t he  t o t a l  process weight by t h e  number of hours in  one complete 
operat ion from the  beginning of  any given process t o  the completion 
the reo f ,  excluding any time during which t h e  equipment i s  id l e .  

The "process weight per  hour" w i l l  b e  der ived by d iv id ing  

A-18 
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AIR POLL( ION CONTROL DISTRICT - CO(' 'Y OF LOS ANGELES 

SUMMARY S H E E T  

Page 8 of 

~~e of ~i~ GrFffith C- Test  No. c-!!6 

Locat ion of Pian t  380 3- ~~~~ Imin&le, cal i f .  Date FebmaF 7. 1958 

o m  an& u&er s o d h e r  C o l l e c t i o n  Equipment Yes x No Type cvcl 

S p e c i f i c  Equipment Tested 

Length o f  Process Cycle C c r r t i r m c a s  TIme Cyc le  Begin End 

Tota l  Process Weight P.W./hr. 

Chme ard water scrrzbber 

36&, O M  
stack V d  Scmbber 

Sample S t a t i o n s  t t  Iitx e Inlef out le t  

Time o f  Test Beg i n  12:s 1:33 12:G 12 :& 

End 2 : q  2:07 1:20 1:m 

e- 

60 34 60 60 

Gas Volume SCFM (Standard Cond i t i ona l  a*ooo 28cQ 2a .m 22*m 

- 
V T T m e  e- 

Mate r ia l  Cot l ec ted  D.& 
G r a i  ns/SCF 37.2 81.8 10.9 0.135 

GrainslSCF a t  12% CO2 

Loss p e r  hou r  I n  pounds 6,700 zcoo 2,520 25.5 

- - - &O Al lowable Loss Lbs. p e r  hou r  

Percent Mois ture I n  Gases 17.6 - 16.6 10,s 

Orsat Analys is  ( D r y  Bas i s )  

Percent: CO2 

Scrabber - 99% 
T e s t  Cond. By 

A-19 
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Mer Feed 

29.2 

9.4 

4.5 

2.8 

LMPLESJxE 

Bia No. 2 

6-3 

0.6 

0.5 

0.5 

~ 

Cyclane 
Inlet 

100.0 

98.0 

83.0 

57.8 

56.6 

53.5 

47-7 

Lo.8 
~~ 

32.1 

27.8 

2l. l  

10 .I 

7.2 

IL- 3 

1.5 

0 

100.3 

98.5 

81.0 

51.0 

9.1 

WI. 6 

33.8 

25.k 
~ 

17.8 

a.3 

33.3 

5 .I 

4.4 

3.0 

1.3 

0 

100.0 

98.9 

95.7 

89.2 

88.0 

85.0 

81.6 

7L.O 
~ 

60.7 

52.7 

34.7 

19.3 

1L.3 
8.5 

3.0 

0 

(THESE DATA USED I N  TABLE 3-51 
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AIR P O L L I ~  3~ CONTROL DISTRICT - COUB .. OF LOS ANCELES 

TEST NO. -6 P A  GELOF,? A 

D A T E  F e b m  7. 19' 

SUMMARY OF CALCULATIONS 

NAME OF F I R M  Wiffitk Canmauy 

CESCR I P T I  O N  OF EQU I PMENT T E S T E D  6ooo Ib. a d d t i c  concrste batch uknt  
_. 

(oU iizBd) uikh 32' &E. cpclcne and tr'nle-tube c e n t ~ % ~ g a l  wet scx3ber .  
.. . 

1. Phase o f  Process Cycle Covered by Test  

2. 

3.  
4. 
5. 
6. 
7. 
1 

-'. 
IO. 
I I .  
12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 

Sampling S ta t i on  Location CYClone Vent scnI5 ber Stack 

Ave. Gas Vel. a t  Sampling Sta t ion  (Ft/Sec) L9.7 70.2 L3,2 ILL2 
Flue Gas Volume (SCFM) 21.m 2600 28,COO 22. cco 
Sample Nozzle Diameter (m) 7 5 6J4 6 
Sampling Rate, a t  Meter (CFM) 1.3 0.66 0.83 0.80 
Elaused Time o f  Test (Minutes) 60 31r 60 60 

Inlet ?3rLe Inlet Cut le t  

Meter Vacuum - Averags ("Hg) . 7.9 5*3 lL.0 h.C 
Meter Temperature - Average ( O F )  93 76 76 72 
Volume o f  Gas Sampled, Meter Condit ions (CF) 77.6 2 7  k9.0 
Water Vapor Condensate (cc)  n c  - '150 sa 
Water Vapor Volume, Meter Condit ions (CF) u1 .I? - 8 .a 0.3 
Total Sampled Volume, Meter Condit ions (CF)- 92.C -27.7 - - -58.6 ~ 52.5 
Corrected Sample Volume - (SCF) 67 .? 17 .a b9.2 &.S 
Mater ia l  Col lected 

b.iZUe-=d Dnst m- It70 9L. o n  - - Weight (gm.) a. 'l!!d=b le O.C# - 0.010 0.212 

Total Weight (gm. ) 157 ;<k 9L.73 3L-629 0*3 9c 
Concentration g r a i n s / S C F k  0 0 1  

C- W&e= r e s  'drra I.V< O.?D 3h.619 0.375 
- 

Concentration grains/SCF a 12% C O z  
Calculated Loss (Lbs. per hour) 

COLLECTOR EFFICIENCY 
(If Go1 l e c t o r  Ins t a l  Led)  

& & m e  Sc,dck;e 
Total mater ia l  t o  c o l l e c t o r  (Lbs. per hour)  6700 2520 
Tatat loss t o  atmosphere ( L b s .  per hour) 520 25.5 
Tota! mater ia l  co l l ec ted  (Lbs. per hour) 6100 ?<CC 

Percent e f f  i c  iency R 99 
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Used by p e r m i s s i o n  of S taub-Reinhal t ,  Luf t .  

UDC 628.511.1662.6l3.13~yBJ 

DUST REMOVAL FROM TRE WASTE GASES OF PREP-TION 
P U i i S  FOR BITUMINOUS ROAD-BUILDING MATERXALS 

by Ur.-bg. Peru Wlemer 

Tuim&cha Obenadungr -Va in  PJ.tdnlarid e. V.. Cnbgne 

ror maay y e a n  problems ennnecud wi th  &st removal from 
chs gasu of dfyiag drums in mad Suildlng plmu were fhe 
emca of I W U r  dirnruion. Akhhough cha oplrrioar of fhe 
p&pMU were um always [rea of vuced Ituemu. tha 
deeper uluu of the conuoveq  lay in the uncleaf facsual cir- 

and complu a sphere. Slany indlvidwl uper iencu  ace 
cnnmdicray md some cone- do DO( apply u) instaua - 
tioas ekwhere.  F i l l y ,  the passibilic+ and llmiu of dusc 
removal are MI mused  correcrly. even today. 

. . 

CLyIIsuuCes a d  in fhe iaulqua lrnowicdge in w u v e  

~ ~ a c i n g  -& wUte  g w  ai &ying drums 

In lS3, the two T n d e  A ~ i a c i O n s  of operacon of such 
equipmenr (the 'Bundalachabceilung Suwenbau' in f.he 
'Wpfvubaad  der deuuchen Bauindwuie.' and fhe 'Bundu- 
arbeiugemeintchafc~der Vezehigung dez T e e -  und Asphale- 
makadsm hencellenden Firmen-) inietaced ruearch to resolve 
h e  basic problems. The pmiect was offered to h e  'Hwpc- 
abceiluag Wlrme- und K:afwimehaic d u  T U V  9heinlmd.' 
Thia large-icale project was incendedco examine. rrnpreludlced 
by. md  independent of. all MlheRo known daia. the expected 
dusc conrun in the drum w m e  pasu. thru dependence on 
starting inacerial and the manufactured mixcue. che speciflc 
pmpemea of $are dum and. finally:' . due removal, as prac- 
dced sa 'rar. . rke problem af drum uciiization. the miring 
v#e+ q l u s u u u  and condldons. ecc.. nere Included. 
The measuremenu were curled out in Is64 acctxding fa J 

smbrd ized  program. b 1963. the remiti were wed eo pre- 
pare the drafc for VOI Dlrecrive 2293 'Emission llmiu. pre- 
PuaCion and tnLxing planes for bimminow mad building ma- 
terials.- The fInrl venioo will apoear thtr y u r .  

The number of web preparation places operaced in W a t  
G u n l a y  by theae w i a u o n s  i s  uclmaied at some 1.700 eo 

i.aoo. A rrpreaeacacive crass seczim lhmugh 111 thue  phnu 
according IO IOcueical princlplu was me poniblc for various 
reasau. ~ e n c l 9 .  the p l ~ l u  to bs Invsugaeed were 
selecmd by laallcy. raw m a k l .  uze and dlffenng levelr of 
equipmenr. so chat the measuremam were sure to pmvule an 
exccnsive n e w  of pracdcal wolvurg condltlons. Yaxlmum 
drum load v u  agreed upon virb thc operuon far rhe purpose 
of rhic urvaugaemn. and t u c  e y s  VM adapced to include 
whaceva vera regarded as the m o i c  inrerucutg nnwru. 

Test m l u  

The remlis of e k e  f ine  sysxetnuically planned and 
Lmplemesced s u t u  invueigruon. a mal of 35 indvidual 
studlei ac 10 ?lams. u c  reprueneedin Tabla 1 to 3. They 

~pmvide a clear view of~cte dluu ieavlng the drums with be- 
vasre gases. being subaquonrly almosc compieccly rerained 
in the dust collenon of the f i i  and second scage. a small 
raidue bebg [inally cmined in(0 &e free air. 

of incerac to compare thek rcsuiu wi'ch dau obeained from 
.numennu ofher 1NdiCa in similar plmu. They ue valuu 
obcained ac many placu in ernision measuremenu perfomred 
at the behac of the auciiaricia. Table 4 shows rhe resulu of 
83 such mdlu ,in 27 plmo. Tbua musuremenu were nude 
arallabie IO the auchoc by various IIyciLyra.. The many 
blank fleldr in thb uble (Table 4) which v u  compiled 
according to the satne scheme u Table 3. emphaaize the 
incomplctcnea a< our !incwledqe. a ricualion u h c h  is quite 
inevioble vnu! evaluuion u bued on wnvencional emision 
data which, *ugh numerous. carry cw liale infcrmruon. 
The reriu invntigaeion has the furfher advantage of noting the 
occuionaiiy high dwc conrenc in the raw gas. 

These faies invucigacionr having been completed. it was 
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P r n l  Drum dlmariom Dual collector 

1 
8 

9 
10 

1 1.8 9 60/80 
1 B u o  0/30 el2 cyclnaes 6 0 0 6  

. *  I .  

8 cyclones. 1.3206 Wet M l b b u  FLns uph.  CIPCI. 0/8 2 0  8 80/80 
2 

14 

15 
16 
17 

3 

1 Bas o/w 2.0 . 8 60/80.. Surface oolu Fabhric RllW 

2 

. . 
e 3  BLndu O/l2 

. I 

Dua genecarloo. in tho dmrm 

When wmeratin$ the facton which affect d u u  c o n ~ n l  in 
tbn waste gam of h e  drum. the sequence u quite immatuial. 
cor a11 prrcucal p u p m u .  thue factan act simultaneously and 
Lt h MI immedlately clear whlch are tha mom impaunc 
onu. Lt is. however., certain chat conieni increua wirb rhc 
q~uultfry of Rncly granulated raw material entering tha drum. 
Tbir ~warity u dccumined by its pcrccncagc in the riming 
mrtuial  and in the milcute Nmed out. u well u by the ex- 
mi of production. Fmhcrmore. the typd of mclu w h i c h  
c i c k  riben heated. arc easily yround down by &e motion Of 

the drum and tend to form a great deal of duu. Finally. the 

21 

Qcua air vi& which.Cnrma are operated plays a role. The 
quantity oi wasp gaa u not only deoendent on the material 
load of the &um. but also 00 
hrr been adiuned ro. 

mue U 110 uniformity in the laminology concerning rakr 
and mcir granuluioor. taw material and the finished product. 
fhe operaton rcicr 10 the fiDUhed pmdun P basu. bindu. 
M d  fine cwucie .  rcspeccively. in the 'Technical Specinca- 
Uom and Direcctivu for the Comtmciion of Blwminour Road 
Corers.' the so-called 'TV bit 3/64' irrucd by the Federal 
Minkuy of Transport. Road 8ui!iing Dlvirion. &&e lollowing 
are dlninguubrd: 

CQ content the equipmeus 

4 . . I 

10 
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n 
23 

G 2  Pine I S Q h .  COUO. OD 2.0 ls 90/1?0' 4 cyeloau. 1. uo0 W e t  m b b e r  
1 8lnder 0/12 

2 1  
25 
26 
21 

29 
29. 
30' 
31 

32 
23 -35 

H 1  Fino asph. concr. 018 - .  . .  
2 1.8 9 3?.S/SO 18 CYClQIU Wet saubber 
3 e a  O W  
4 . I  - .  

1 1  Fine uph.  wncr. 0/8 . -  - .  1.6 9 U / 6 0  2OyClonu ' Wetrcrvbbu 2 
1 Blader o m  
4 . I 

K4 Fine a@. caner. 0/8 2.1 6.l LoS/~So 6 cyclone* 9906 W u  rauhbu 
Kl-K3 B a s  0/3s 



TABLEZ The g r a n u l a t i o n  componenca o f  rocka I n  t h e  m i x t u r e  manufactured durlng t h s  t e a t  
( b a l a n c e  up t o  100% Ir m a d e  up b y  f i l l e r  and binder) 

I 1  
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chippbgs) . 
4. fine asphalru concrete. Ugh chlpplngs cmuent (35 -65% 

*Ping') 
5. rand asphalt. 

'Tha following n w  maceriala M pnxured:  
Sand: Le.. mineral nrbnaaeu which p a n  rhe 2 mm- 

wrh screen and am raulncd by the 0.09 mm 

C h i p p l n g r t  Le.. crnrhedmCr. sfzuZ-25mm. 
QlI ler:  Le.. mineral &uncea whlcb p a a  tha 0.09 mm 

mesh saeax. 
0 rhaa invadgarioar tha RM concrelo Iud a pardele 

smvxum of 0/8 mm. the binder 0/11 - O/U mm. and Ihs 
brtu 0/25 -Om mm. Tbaa carma w l l l  bo r8uin.d below. 

me We pstdcle cbmponenc of the rak mlmua m be dried. 
u ldjuaed for rb pracribed puckle irmcllyo of a givm mix- 
llyo. can be ukcn fmm rhe diu of Table 1. U thus valuu 
YC co~alrtcd w l t h  rhe dux-contrm f l g w  in Table 3. It i( 
seen rhu rho rcnrlrhg Table S ahuwr only a mlwr Increase of 
dun canmu wlrh rising fine puficle componenr T U  bccomu 
mtersuadable. when noting thrr the raw marulal u 
mentioned in Table 5 i s  wuhed. 

be rrrared with cmaiury. hcc neither b e  pmpmion of the 
near-tem purlclu. nor r h i r  actual pmxfmuy to z u o  ue 
Imm. However. If we separate rhe r o u l l e d  filler. I. e.. 
tha pmpordon benccn z& and 0.09 mm fmm the fine rage, 
0 - 2 mm (achieved by. washing tha sand). rho granDU"r1on of 
dm reddue cau once q a i n  bo clearly defined. Me.iernuune~o 
&I duuthi, granularion dou not apparently have a p a t u  
*e in formuion~ttui olhu coan&-p&rlcuiatu ~ 11 
maku no difference %herher rhe macuial-muruta mn fhmugh 
ths drum i( for rhe hue. rhe binder. or the fine vpbildc 
wnc~ac: dux1 conunr r u n &  appmxinucdy equal If only 
wuhed maraial u used. 

AI cao be xcen fmm fvnher evaluarlanr. fhe vmmed h- 
flumce of t a k  ype a d  of &e granularions pmcaaed are of 
xccondaq importance. compamd to fhc quurinn u IO whefhu 
&e taw material la h e  of the rmallut pudclu of tho Nlu 
size. h s h  having been fed either after washing, or else with- 
aut a w n  of Nla. Whetha tha lanu pmcndvra comdrutu a 
gDmrina altarnative 10 rub@ remah m bo p r o d .  zbs 
mernved values for dust content in drum waste g u u .  which 
In Table 3 ad11 appear aa a eonfusin~ jumble. YIume a clearly 
dlrcemible order when reparared according m w h e t h a  washed 
a unwashed raw marcrial was tued ('Table 6). The Rnr 
column contrponds KO the data from Table S. In the third 
column. whlch mprxents unwashed material. a remarkable 
dlffetmce appears. The dust wnfena are all much hlghu and 

The range of fine pardclu w i t h  a IOWU b i r  at zuo cannot 

~ ~~ 

Increase Ln ncendlng order, 1. e.. fmm' 'base' via 'binder- 
m ' f b  conuern: Compared to thae valuer. rhe dun con- 
t a t  for washed mamtiai iJ almort Inaignlficam. Hlgh duat- 
concern v a l u u  are thaefore apparenuy lrrocirred with h e  tue 
of unvaahed taw matulal. A horizmral compuiaon of values 
Ln Table 6. wlrh n o  measured valuu for half-washed marcrial 
In the fine-eoauetc column U very iuterurhg. The m n d  
mward d m  increase wirh rising finu la clearly recogaiuble. 
U the high dust concern of unwashed taw material it due to 

the flax. pulverulent ponlclea. an idrmlcal or at leas 
dmllu slluabn rbould lq ie t l ly  omy. w h e n  a c u u i n  wan- 
Ucy of Rllu i( added to wuhed raw marulal. This w u  in- 
r a r igued  in B e  f a  sedea Dl and M. The raw m a t a L l  of 
the Ugh chippings eonreoI RM cmcrelo had tha following 
comporllbn: 
1. bur l1  chlpplnga. wuhcd 518 mm : w% 
2 b d t  chippinga, wuhad US mm : 28% 
3. basalt chippinga + 155 natural 

und. unwashed 0.6/2 mm : '20% 
4. iunuald. unwashed 0.08/O.Bmm : IS% 
5. Rllu 0lO.W mm : ?% 

wen d a y  added fa rhe mixture Qrmmrm of rha drum. In 
CUI 04 they were ptumt in rhe mullyo fmm the beginning. 
U. for tha aake of rimplichy. YO rum thean 5mx conponenu. 
tha following can be stued: dust concern of drum waste gaau 
when m d a u d n g  fine CoDucre wirh  p a d a l l y  washed raw 
marerial was 

' In t a  D 1. the lasf no maurWt. joinfly COMUurUg 25%. 

rithouc h u t  c o r n p a r  ~ . 4 g / u f ~ T p .  
w i t h  h u t  component llB.Sg/m'STp. 

In fact. rbii ~ L u o n  aualns rhe umc order of magnirudc 
u tbu mulw for washed iod unwashed rfaKitlg muuia i .  
U tha filler i( a d a d  to ;he drum. fhe duu concar of B e  drum 
wure guea can fhw be compared w1Kh rbu r N b g  for un- 
washed xurdng matuial. 

Table 7. The following matcrialx w u e  used for mC compui- 
sm: 

M d  v a l u u  relucd to the fp of mdr wed rppur in 

~~~~ ~ 
~~~~~ ~~ ~~ 
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MLxaue manulacnucd 

a d c a t i o n  (mm) 
Pudcle iuu 
< 2mm raw material (%) 

hm CDmcm 
fa v u b d  raw m r r e W  

(P/d srp) 

TABLEB. Mea?ured durt  Coatant In the drum w a a c e  garas  for washed and u n w a a h e d  c a w  
mhrtatlal 

Flne vphJILc coaecete BLndu 8- 
law chlpp. mt. hlsh ~ M p p .  coat. 

0/8 0/8 0/12 LO O/l8 0/2S Lo 0/3S 

64rnBJ 4a 10 30 40 r0 30 30 rn 19 

392 m 28.2 29.3 rn zt.4 29.9 rn 23.3 

W u h a d  I Half-washed I Unwashed 

TABLe7. Effect of rock t y p e  on d u s t  concent 

zsa rn 28.6 

28.3 10 31.7 

U.9 

28.2 rn 28;4 

32.8 m 39.1 

22.4 to 29.3 

2x3 rn 29.9 

16 
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.. 
Mucdrl load related to 

4.1 ' - 21.0 
10.4 49.0 
w w.1 

I W ,  

17 

B-10 



T b  W U I e  gu load d the drum 

11 ls also imporuar to relace the measured quincicla of 
W a u c  gasa in the d a m  IO rho quanfiry of macertrl p r a m e d .  
II gu quaalllies are plortcd vs. production. we obtain Qure I. 
wbtch shows a conriderable seanuins of melnrred valuu. A 
mean reladan is indiurcd by the two Umiring liner. aad may 
by useful f a  mugh eslculadmu. However. the quufion re- 
auim of whorher a c u e  for rhc coasidcrabla scactutng can 
be seen from rha measured raulu. Tho CO, e n a m  
which w u  a b  meuured. and whleh could conaivlblg mcm 
u a munuo [of che marerial lod/wme g u  relulon]. w u  
found IO diffa p u y .  

The drytne pmcm in che dram Lt mauiacd by comburrioo 
Execs Ilr L caldatcd fmm Ihc measured CO, enatcacmdrhc 
thenrrdul L. value which, for ha cornmanly usad Ugh& 
fael oi l  EL, can be ICI u zpprorlmicely 16% Upon calcululon. 
aecsalris i o u a d ~ i n g l y  high, Howevu. itmonbereguded 
rolelyincDnnectionw~chespaciflcworking pmcm. namely 
drylag md b t t a g  of rhc mrcuid fox subsequent biaundzacba.  

tha~ Ilr dmuluncously s a v a  for cwUg aad for protee- 
daa agaiax an impermissibly hi@ heattag of rhc muul i l . '  
Nevenhcla. in ivuage iaualladam. u c m  rL prunddcr 
can 100m+dmea tarch tea dma rhc v a h u  of mmo *up good 
modarn dU.  Of which O M  V u  alw included in rho C O T  p- 
g-. 

If &e w r n a j l u  quaadry L dlvtded by rha W d d u  of rha 
mrrmfiavdmix.  t h e e f f e c t o f ~ v y r i a g O J , c ~ l s i l l u s -  
uacedquicc clearly( FQura a. The specific wuxe-guqumndu  
wae: in Lowafflcicncy uniD (1% Cq). about600 d STP/rh: 
in average d u  (346 Cq). 300 -400 m' STQ/th. md in the 
bcn d u  (lffi q). about 200 d STP/rh Dlffereneu in 
che swndcy of w u u  g u u  are lhur nor only due ro dlffeMg 
p&crim wluma. but mainly w che mode of operaciw of 
rhc drum. W realkltion u signulcaaz for concluaiolu to be 
drm l u u .  

Figure I can be cnmpiemaccd by Uan far w h k h  C q  con- 
tear k chC p a n m u u .  Thuc &en indiearc rhc w u r e ~ u  
qumciciu for whlch. in the individual cue.  wmc-gu  ducu. 
duar collenori. sucdon fan and suck would have IO bo ctl- 
culaod ( F l p  3). 

p d c k  &a of dum 

The Qur sampler colleaed during meuurcmcat w u e  sub- 
m u a l l y  d y r c d  for pirdcle size w(rg Conell c ~ i o r r  
In icconlrace w&h VDt Direcrivc 2031 -Flnencs Dermia i -  
don of Technical Dust.' the dum w a e  clurlfled according ro 
their wullng vclociriu in srcps from 0.2 to Y.Bcm/sec. 
SpcfflC W c i s I U  (dcNity or appucnr dcnsily) w u  dclcrmined 
by rhe pyknomcaic method. T h i ~  pennlu coaversion of rho 
smllng vclociry ro pardcle size by meam of the aforemca- 
tinned dlrcedve. 

The ruulu of air classification arc given In Table 2. Scu- 
ruing L great, and it u nor u r y  to tell rho signlflunr from 

- 1 1 1 1 1 1 1 1  

of b b d a a  0 / 1 2  -0118 

Gm noadgaillum. ralua. The uncuuindcr M ucaRd  by 
ths factrlucrhc rahu of che Qln sampler ac chC drum outlcr 
mwt p a y  bo formed hom rhc pacaIual summadan of 
reparued daxz and clean-gu dun of me Rm couecwr a g e .  

C 

a . - a t  of seoarared mUr u d i f f i d r  
Plorrirrg the p&Ie Uau pmduea a confusing muldmde o f  

cyc.a can be nqlccted 
enma. However. since thua M midue curva (for &lint- 
don me VDI 2031). rho M c m e l y  
u l a  lmpnruar fnr mbsequenr Qur removal. The problem 
b nor hm coarse. bur how Rne the dun ir Tha raidue 
curves for fine dmc. hmevu.  Uc lwa. 

As shown in FIgurrr 4. 5. and 6 .  the panlurLltcr of the 
other d u u  are pncdcally all in a nase which. for an apparent 
denriry of 2.6g/ca#. can be given appmximarely u follwt: 
R e s l d u e  

w lor: 5s to 78% 

'w4ov:  %toS4% 

z lop: '4.5 r. 22% 

w 2Oyr 35 to 65% 

Passage  

> 2 0 ~ :  65 10 35% 
w 4 a o p :  '111046% 

In ea18 of hac luge incuvals. usually quite adcquuc in 
pncdcc. rhc oumerical data apply borh to rhc durr during thc 
manulacmre of bases and binders. a d  IO fine conc~cte. 
Wl th  the IJZIU. dais b nor quite true for waned stanins ma- 
rulrl. tho dum irom which coauin l u r  fia= conpanclllr. a 
la evtdem &om flgurs 6. 

Durr mmovll 

The dwr eonreat of drum wme gasa u occrrionally sa 
g r u r  t b r  the vme-gasflow u held 10 be comparable ro 
paeumadc durt coaveying and dun removal fa ieparawo used 
wiQ such conveyen. Such cnmparuoas do not apply io our 
measured values. showing maximum dun conrenu of 
160gfdSTP. Average dust UniUIon of the drums for 
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3.3 m+uulomcnu at 10 iMil lulom b of d un Der con of -. Le.. 2.3% The Iweu value w u  0.9% and 
che highas 1.541. 

WhIle. in rho pur.  p h o  were exclusively eqalppad vim 
eanrUug.1 colluzan. modem p l u  are provided almort only 
wirh cwa-stage dun removal Cyclonu sura Y prsrcpuacon 
In the flnt scage. ck second sage being ftcsucntly a vec 
nmbbar. fabric or hulk l a y a  flitur being also used increasingly. 
u ace mmedmu special eleecmuade prccipiumn. 

che (CII p q a m .  8 were equipped vich 
na-suge dry-wu colleaom. The number and dlmensiona of 
available cyclonu can be sru~ in Table I. One imcai1ation 
had only a fabtic Rlcer with prelimIaary surface cooler. and 
me SY only equipped vich a rcLulvely luge numbcr uf 
mcdlum-iue yclonu. The u f i e i u u i a  marrured at beplanu 
are g i w  in Table 3. sepuvcly fa each stagq and Ilcogechcr 
for rho enxire dust removal mic. Rcrurtng to che IO p l a u  

. 

Of che 10 uniu 

~~ ~ ~ ~ i n v u C i g a t e d . ~ c h e  following ULL be conclude& 

1. Cyclones of  che  f i r s t  atage  

No. of pl+rur 
- . .- 

4 w 9 5  
2 > 90 
3 > 85 
1 (wirhout cyclone) - 

~~ ~~ ~ ~~ 

2. W e t  s c r u b b e r s  of the  aeeood atage 

No. of piano uficieney (5) 
(CMpauY) 

I > 9 8  
2 w 9s 
1 > 90 
2 w 85 
1 w ?O 
1 > so 
2 (wlchmc vet  icn 11 - 

19 
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No. of p l a m  

1 
1 
2 
l 

' 1  
a 

8 qcIonu +wet suubben 
1 fabrlc NCer - >  99.s 
1 w l r h  y c b n u  d y  > 97.0 

Aa can be 1010. d u s  runaval In dl IO p lum w u  p u b  
luLlfaory.  uusy$f. Itlkarl d be nocd chat the - 

include the v e w  v u m  planu. The dlffercacu 
becvren v e q  good and merely saod Qu ramoral become 
only o b v h  and. in faec. uriklng. when clean g u  duat con- 
IcD( 4 f I u  cha =Md sage b examinad (& Ttble 3). M 
efficiency rot che axcire ihruliuio~ of IW rhrn 99% eo iongu 
apporn sa cremplary. Kowew.  chis ir already in ancicipa- 
rion of che ruommendartona of che ramt Emirurn Dlrecdve 
VDI 2183 for new p i m a  reponed ehuhue. 

The reubillcy of cyclone collecton b generally r e c q n i z d  
Alrhaugh the& efflcicncy h u  a uauual Llrnu when ck particiu 
hecome coo small. it is auice sufficient for many practical 
WU. Cplona rmyc have specific dlmautona and he sub- 
j a e d  to rho c o m a  load. The m.rmfaauren guuancea 
graded e f f i c i m d u  fa b i r  cychna. ofcen formulaced u 
folious for knoro dum in Lnown dmuioarc 

P1IIiCIe sizes (#J uficicncy (5) 

a (O IO 
10 to 20 
20 KO 40 

above 40 

10 
95 
98 
99 

A p u t  from uncer~aiucy f a  the lowat panicle sizes. chc 
ralldlty 01 h e  data v u  repeatcdlyconflrmed in'innumerabic 
acceponce tau. If chue d m  u+ rvumed u given ais0 in 
CUI cue - che-high dendry ai dun prnic la  according 10 
VDI 2011 of an average, 2.6g/cm' famn such M w m p c i o n -  
they can ba uaed la oarblhh evaluation fanon ca UIW che 
efficiency of chue couenon. 

rho c ~ c I o n u ,  are related 10 the theoreticaliv msible  bv 
the auticle analyses in Table 8. IC b seen chat in 

I1 of 11 analyzed invucrgauonr the calculated valuer vere, 
u dmu ueeeded in practice. A h .  the effect of particle 
lire io che individual scages on the h a 1  resuit is clear. The 
average of ck cheoretically pouibie coca1 dficiensy is 91.2%. 
che luwac value is 86% and che highuc. 91.7%. Among mea- 
w e d  valuu the rvera3e.b 91.4%: che iowct .  ?'l.Yb and the 
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hlghcn. 97.4%. biean and mulmum of the meirurcd tow 
dflelency just abmt equal the mean and mulmun of tha 
mcOredcaIly W l e .  

Wet saubbcn Y a second luge are wids ly  used because of 
their appllcabillty also for fme duru UI thc clean g u  of the 
cyclonu. and because of theu rimple design and opaatloo. 
Pardcb? &e Ir lur d s h v c  to arrvndle efflueney chan the’ 
weaablllty of the &st and tha dcgree of pmbabtliry with  whtch 
tha p d d a  can be bmght  =to conuct w l t h  w u u .  ’Iha 
rlmplldty of dutgn can eanly dl%uue tkrc me dUTicolriu. 

p: Ir M enough 10 tpny W ~ L U  thmugh msln inm a dmr- 
laden gaxour flov. N e i d u r  ls It rulclclcnc to w e t  thc innu 
w& md p.nldoru of tha coUeeca nth w u u .  Too many 

qu&cd lyle d a c e  u which a u n  un uke place can only 
b. rchleved by munr of Lnrmmmble ulnafina vater droplea. 
To gannue the Laer. p e r  Ir needed which Ir prided 
e i b c  by tpda pumpr md blowan from cha ouptdc. a caken 
fmm tho suetIan draft fanr. In both casea Ihu inwlm a ox- 
mpoodtngly high prunue Ion. 

rhlpr WM e&blL&dr 

Thus wc all vet rcmbbcn can ba quded Y uuly &dun. 

W C h  MVCI Wab. k LIIIDI b D w D  rhutha n- 

In CESS W l t h  d l f f C I U l t  W e t  d n  thc h b V ~  mlAdoD- 

typs of r d u  

3. The same, 

4. 8nuung gu nmbbu,  
self-made by plant 

manulacurer C 

rnanufacllmr 8 
~ ~~ 

5. S P d a l  type, 

6. Thasunz  

1. Iniadon of water into cm- 

mrmrf.cnIrer 0 . 

~ a f g a s f l o w  

8. specla rypa. 
m.nufacmrer e 

Efficiencia are really goo6 only In planu 5. 6. md 7. Ths 
rpectal type 5 reached in cfflciency at d ~ c  m a t  favnable 
ruiuance and type 6 rcquUed a considerably higher realstance 
for the rune rcsuln. Type 1 with a nffl grorter eiforc reached 
&e b u t  efficiencia of rll plvlu mdicd. Type 8 dld not ’ 

UtiiD rkre valuu in spice of increased tuixance. 

Iha frklc Nter in O M  of Ihe 10 p h U  invucigated con- 
h c d  tho good pmpmau rhu dua-rcmoval ryrrem u known 
to polrar At a rulsunce of 130 mm WG 11 ruche1 rhc 
h13hghut efflclenctu of 99.1 and 99.8%. The condittooing or 
w a w  gas% uprmam of the fllcer for prorcaton agrlnrr excu- 
dvely high or low remperarvru fequitu cucful planning and 
maintenance. If rhus ue =cured. nothing prevents the use 
of plch Ncen. also of type1 wlch layucd material. In :ha 
caaa at hand. chu fabric fllur w u  operated ac a raw g u  dust 
had of 4 ? - 6 0 g / d s ~ ~ .  since in tha prel lmtny surface 
coalu some 3S% of cha &sc from tha dmm w u  already elkal- 
mod. AI tha dme of tha meawemenu tha preparation p l a t  
bad a drvm g u  dust cmtanc of l2 -94gIm’STP. AI higher 
mut ennunu &e uw of a mom effecdve Anr-ruge C O U ~ ~ D I  
(rdleIdaaMetp.rl. 

CendlIaIanl 

In q u d  10 Lu quandcy aud pardcle size the d u t  in Ihe 
YW g u u  of cha dmm utenda tbxough a wide range. To ba 
mora rp&. chree p u p a  am seen for d u c  conrent. Iacgely 
demmlnad by whuha I& pL“ing marmal Ir w u h e d .  un- 
washed, a processed in mixed compmenu. 

I. Cmplecely w u h e d  raw macerial c lwu the lowut &I 
eonunc. Valuer h e e n  22 and 39 g/m’SiP were found. 
Duc cauenn encounured when w u h g  base and binder nu- 
rerfzl WM approximarely In & lover half of &IS range. vlth 
P -30 g /dSTP.  and lomewbar htgher for fine concrete rich 
28 -39g/  m’S?p.  bmpared  ro the m u n  of abbour 
30g/dSTp. there differences are pracucally lnttgntflcanr. 

2. In pmcadng p”1y wuhed and p a l y  unwashed raw 
m u W .  duc COUCODU measured dunng rhe manufacuus 01 
RM cmc~rcc were ahnu tog /m’m.  

3. Umuhed raw macenal uuu muunum d u t  levels In 
w a m  g u p  for all mar 01 mLx. O u t  canteat rlsu sharply 
vith a growing propolrlon of finc p u d c l u  in the materials for 
base. binder. and fine conerere manulacrure. The m d  
dux umtmu ID bas% 0135 -O/?.S were beneen 43 and 
94g/d S P ,  for b l n d u  0112 between 90 and 103 g / d  sip 
md far Rno concr?te 0/8 berueen I l l  and 163g/m’S?P. 

don can ba givau 
Far cha purlele alxa of rhus dum thc followmg diruIbu- 

Pardeb? m u  &Wab (# ) 

0 to 10 46toP 
10 to 20 20 to w 
20 to 40 l t o l l  

>4a 2Bto54 

wuglu qi 

Deviadons were only observed touuda the c o u s u  range.. 
The dmsity of rhe dun p m i c l u  accordhg to VU1 2031 x u  
in &e average. about Z.Eg/cd. 

u p c u d  rhu tome d.5 -92% of the dm of thu c o m p o r t d ~  
GI- the capacitia of modern cyclme colleccon It can be 

21 
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b ~ . l l . l . ~ . b  vdn mt MI. isn 

TABLE9. C o m p a r i s o n  of rho  m e a s u r e d  e f f l e l enc ie s  o f  cyclones. l n s r a l l e d  a: p r a s e p a r a t o r s  a r  Khe 
t i m e  of  t h e  t e i c r .  w i t h  Khe ef f ic fencles  rhcoreKically a t t a i n a b l e  a c c o r d i n g  K O  Khe g u a r a n t e e s  

w i l l  be reulned in tha fim suge Zfklency inuura wich  
hcrorriq coxae cornponenu up (D a p&bk 934.. Since,. 
furrhumore. th ~LUU are reiuively heavy and th guaranteed 
data of rho m d a c n u c r  mostly rciu w denrlciu of only 
2g/cm'. given rhe Ugh dun conKcm. the higher efficicnciu 
M cenrinly amahable. 

In good wet scubbur. atch a M frcquunly used Y J 

rccondiuge. ruidua~ dust R ~ K  sage.$ Teparaced with 
eIflcicndu of 95-965, in special c a m  even up m 9 8 - 9 s .  

Fabrlc or buik lay- f U m  used instead of wet saubben can 
efffdcncia above 99%. when pmpuiy %emred agsinn 

The ptcsun sinration with regard KO dux removal in pqara- 
vnnrilable wLIte g u  condlsto6. 

lfoD p h u  la rhua lvgely clear. A detailed invenigadon of 
tha proculu of dux  generaclan. rhough'bcyond the h a m e w d  
of lhlr article. warid be of gruc Inceruc for rhe fvrthu devc- 
loprnent of prcpararion planu. concerning pmblem of durr 
load and iu emoval. 

only 0.8 and 3.2 emlsec. E v a  comer pardclcs of 4011 renle 
only almme 128cm/oc. 8 4  sdned up by dpphg pm- '. 
cmaa in the &ma. auch pardclu are easily emiurd w i t h  aha 
gua. The drag of waae g~ ls adU a0 great ltut S5-70%. 
and snmedmu even up IO 90% of all durr p m i c l u  In rhe 
wutc gaau are lugu b n  4011. ' 
Clvcn the icndrncy K O W ~ S  economical maximum pa- 

formance; a e  furure will ha.rdly bring larger h m i  for th 
umc.uprciKiu. Cansequently. dusu capable of being air- 
tame w i l l  contlnue v) leave the drums. mien waste gaa wan- 
ddu can be greatly reduced. This la pmaiblc. Even if qe- 
eiflc dun conmu L KO remain equal (In t e n  ruiu K of the 

Fot puKicla Of h U K  10 Md,20u the IeCUing reloctda are 

- - 
-03 
-a4 

- 8.8 

programs thh x u  th cue .  In splm of 10% Cod. I redudon 
of u c e p  lir W th Umit of the posublc caul? l u d  KO f u d a  
impmvcmenc of dun removal The mailer w ~ n e  g u  quan- 
ddu could p u m i r  tha use of specifidly marc expensive 
types of co l lean at  he tame casr. 11 is jossible rhar deve- 
bpmenz wi l l  move in thia dlreerion. and :hac no ruaons fat 
umuuveny w l l l  remain a h  c ~ c ~ m i n g  th very IYK ruidua 
of dun in waue g U a  uriilIed by th audu. 

W g n P h Y  

1. Waircr .  E .  CIuruofrheDunS~acionat.LUxing 
Planu for B l m i n O u r  b a d  S u i i d l q  SlaKeriah and Meuuru 
for bnpmvemm. - Saassenbau. S7ch year of publ.. No. 5. 
pp.297-305. 1968. 
W a i  I er. E. The Dust Situation a~ . W s  Planu for 
Blcurninm p a d  Buildtng Macutals In Khe German 
Federal Rcpubllc. - Scaub-?.einhali. Luft. Val. 28. No. 11, 

2. 

pp.34-41. 1966 [EngUdl U U - 1 .  

summary 
:&I in WUIC g u  fmm preparadon plrrm for.road building 

dependr on many characruurie faan.  This LTtIid for &e 
durr atthe dry@ drum oullct and also for clean gasdust at rhe 
chlmncy Inlet. The a u d e  b p  ~IUI u lu&aiiy Influenced by 
dle pmperdes of raw malerial. whikiclcan gas dux i s  also 
infiveaced by the d u x  removal method uod. There problems 
are dkmued M dle bi r i r  0.f a wide range of numencai dara. 

22 
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CONSULTANTS 
AIR, WATER, ENERGY, HYGIENE & MANAGEMENT 

-/zsmD 

May 14, 1982 

Midwest Research Institute 
425 Volker Blvd. 
Kansas city, Mo 64110 

Attn: Mr. John Kinsey 

Dear John, 
Re: Original Particle Size Data frcm EPA Asphaltic Concrete Plants 

Dnaissions 

Ihe o r i g i d . f i e l d  data to the subject report is enclosed. 
clarification? lhank you for haviiq us help you on pur study. 

May I provide any 

Yours truly, 

mzJA 
Wesley D. SraDkden, P.E, 

mc1osures 
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ENVIROEMENTAL. PROTECTION P.GFSCY . 
AIR POLLUTION COhTROL O F F I C E  (APCO) 

ASPHALT BATCHCIG PLANT W S S I O N  DATA CO?PILATION 
PART I - PLANT INFORMATION 

DATA I D E N T I F I C A T I O N  Sloan Cons t r  uct1on C O .  

PLAhT G E O C U P Y I C X L  LOCATION L i b e r t v .  S.C.  

TYPE OF KAK HATEItIAL PROCESSED Crushed m a n i t e  and s.-ate l? 

- ,. PLANT CAPACITY 10.000f Barber Greenn 

PLANT PRODUtXION RATE (DURING EVALUATIOX;) 225 tons /hr  

TYPEOFCONTROL SYSTEM C v c l o u  w e t  w-er 

AIR ELOW BATE ( c f m )  37. 900 @ 210 O F  6 9 '71 20 
S t a t i c  ac ross  the  fan 

LOCATION O F  SAXPLEG PORT (?!OTE OBSTRUCrIONS) 
J. Washer i n l e t  3 Eyhaust s b r k  a t  ! m e r  n r i t l e t  

54+"X39" sq. duct 6 f o o t  diarn - 1 p o r t s  a t  15 f o o t  
CONTXOL EGUIPXEXT DESCRIFTION downstream from s t a c k  i n l e t  

See a t t a c h e d  shee t  
PRESSURE DROP 
BRAND AND SIZE OF COSTROL EQUIP?IEST 
.WATER USAGE, E X .  

PABTICLC SIZE DISTRIBUTION (WEIGHT OR COUNT) See a t tached  r e a o r t  
4 .  

~ ~ v a m b l  e AVAILABLE COST INFORMATION N o t  a 
~ ~ ~ ~ 

~ ~ ~ ~ 
~ ~ - ~ 

PURCHASE COST 
OPERATING COST 
MAINTENANCE COST 

EVAPORATION LOSSES 

comms: 
The system descr ibed was rep laced  in t h e  e a r l y  p a r t  o f  1371 
wi th  a DP-710 Dynamic P r e c i p i t a t o r  System furn ished  by CMI 
Systems, Chattanooga, 'Tennessee.  

C-8 
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E?NIROhWYTAL PROTECTION AGEICY 
AIR POUUTIO:: COXiROL OETICE (APCO) 

A S P W T  BATCIiIXC PLAST EMISSIOW DATA COX?IIATION 
PhRT 11 - SAKPLE INFORYATION 

DATA Idenci f icar ioa  ( P o r c ,  Ecc.) 

TYPE OF STACK GAS StUlPLLVG TRAIN Anderson - See a t t w  shpp* 

DRY GAS VOLLME RECORDED ON GAS HZTEF. (m3) 

PXESSURE OF MIER (Inches Rg) 

AvEBdcE TEKEERANRE OF DRG G A S  METER (OR) 

J . r  .._ --. v-L -V+r;++-,.- 

.A J ' P L  

VOLUME OF "20 COLLECTED I N  TRAIN (ml) 5 )  - 
' VOLW O F  WASEX VAPG?. P A S S I X  TIIfioUCH D k Y  GAS K€EE (Fp3 @ MET= 

TEMPEBATuRt: AND PRESSURE) 

Z MOISTURE IN STACK GAS (%) 

HOLECULAR WEIGHT OF DRY STACK GAS (tB/tB NOLE) 

l l S O  F.D.R./llSo F . W . B .  

STAQi PRESSURE A T  SMIPLING, PORT (Inches Hg) 

STACK GAS TEHPERAhJRE, (OR) AND PITOT TUF3E READING ('?izO) 
.. . . .  . .  

; .JL 
- ..- 
J .  - . .  
, -' 

. .. . 

, * 

#16 
# 1 7  

# 19 
# 20 

II i a  

TYPE PITOT TUBE USED W/ COEFFICIENT S t w e  WITH ?. 82 -- - 
! 2 - ' 6  d - - 

'- 
AREA OF STACK B PORT (ET2) 

SAMPLING TIMF (MIN.)  5 

TOTAL PARTICULATE (LESS B k V K S  ON CLEAN-UP XATERIALS) 
- TARE (me) I ?TL= FINAL WT. (me) 

TYPE OF FILTER 
ACETONE RINSE OF PROBE 6 PEEFILTER (ne) 
ETHER AND CHLOROFORX EXTRACTION ON 

BUBBLES 6 IEIPINGEX !JATER (mg) 
H20 EVAPORATION FROM IPlPElGERS AND BUBBLEXS 

AC!ZTONE RINSE OF GLASSIJARE (mg) 
TOTAL PARTICULATE (me) 90 .4  on all nlat e S  

corwvs : 
c-9 



Air Pollution Test 
December I, 1970 

Sloan Construction Company 
Liberty, South C a r o l i n a  

- ~ -~ 

Date P e r f  omed: 

R e p o r t  by: W. Norman Smi th ,  P. E. 

T e s t  Conducted By: 

N o m  Smith 

Jim Campbell 

c-10 



- 
P.O. Box 6249 1617 Vi .  

~ 

C- ll 

The purpose of the air pollution t e s t s  was t o  determine 
the emi.ssion rates and p a r t i c l e  sire dist:ibution a t  the hot  
m i x  asphalt p lan t  owned by sloan Construction Company, Liberty. 
South Carolina, A study of the present equipment and the equip 
meut necessary t o  conform t o  the State  of south Carolina Air . 
Pollution codes w e r e  additional primary objectives. 

By taking test samples a t  the air washer entrance and 
exit, the performance of t he  a i r  washer could be evalutated. 

The Anderson Stack Sampler was used as a fractionating 
device t o  determine the ?articulate dis t r ibut ion as well as 
emission rate. 



_- 

III. TEST PROCEDURE 

hch of the test  locations w e r e  t es ted  according t o  the 

I, 

following procedure: 

The average velocity of the gas stream was determined 
using a special P i t o t  tube and an inclined manometer 

The flow r a t e  of the gas stream 
was then calculated using the average velocity and the 
a&s-sect ion area of the  duct. 
located as recommended by Bulletin WP-50. Joy Man- 
ufacturing Company. The correction factor  of 0.82 
as determined for previous ca l ibra t ion  t e s t s  w a s  used. 

. The temperature of the  gas stream was taken periodically 
to use in calculat ing density. 

2. A reference s t a t ion  was selected t o  use  as  the point 
a t  which the sample w a s  t o  be taken. The reference 
s ta t ion  veloci ty  pressure was taken and the  velocity 
calculated, In order t o  obtain an isokinet ic  sample 
the velocity i n t o  the  sampling nozzle must be the 
same as the gas stretm at the point of the sample. 
Using t h e  known area of the sampler nozzle and the 
desired velocity,  the required sampler flow r a t e  
w a s  calculated, 

3, The sampling apparatus consisted of a probe t o  in se r t  

. to t raverse  the duct. . 
Test  points w e r e  

i n t o  the gas stream with a nozzle on the probe of 
a-known s ize ,  an Andersen stack sampler, a vaccum pump, 

4, The samples w e r e  taken f o r  periods t h a t  var ied  depeding 
on the Loading. Two samples w e r e  taken a t  each location. 
The sampler was heated while the sample w a s  being taken 
t o  prevent condensation of w a t e r  vapor on the sample 
p la tes -  After allowing the p l a t e s  t o  cool t o  room 
temperature the gross and the  tare weight of each p la te  
was recorded. 
which was determined from previous calculations and 
recorded, 

Velocity t raverse  calculat ions w e r e  made as  outlined by 
Bulletin WP-50, Joy Manufacturing Company. 

The flow r a t e  through the sampler 

.5 ,  
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FJ- SUMMARY OF DATA 

1, Loeation - Rir Washer Exhaust 'Stack 

h i s s i o n  Rate ................................... 181 #/hr 
Grains per cubic foot  (Std. Cond.) .............. 0.695 

W e t  Bulb Temp,- ................................... 11S0 F 
A i r f l o w  a t  Duct Cond.... ....................... 32,600 
Air Flaw a t  SPD Cond. .......................... 30,400 SCPM 

, c- .............. A & 
- -  4. ~ - - - - - . - . . - - . - . . . . - - . - .  l l S o  F 

ACFM 

No. of Sampler .................................. 2 

2, Location -'Entrance t o  Air Washer 

W s s i o n  Rate,. ................................. 2135 #/hr 

Dry Bulb T ~ p e r a t u = e  ............................ 2 1 0 ~  F '  
W e t  Bulb Temperature. ......................... ;.2100 F 
Air Flaw A t  Duct Cond ........................... 37,900 ACFM 
Air Flow A t  STD- Cond ........................... 30,400 S C m  
No- of Samples .................................. 2 

Grains per cubic foot  (Std. Cond) ............... 8.2 G r / c  . ........... d- 

. ._ 
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3. Fan Data: 

CLarsge Size  142xL 
notot - LOO H.P. 
Motor RPM - 1760 
Motor FULL Load AMPS - 116 
Motor Operating Loan AMPS - 90 
l?&u RPn - 650 
Operat ing  S t a t i c  Pressure Across Fan - 9.0 in.  W. C. 

C- 14 
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Control 

Pressure 

Equip. 

Drop 

 rand & S i z e  of 

Water Usage 

Descrip. 

.. . 

Equip. 

L I  

. Single  cyclone 

3 in - 

Esstee - 9 
Diameter 

None 

W-C. 

f o o t  

2. 

50 r o o t  
Horizontal 
A i r  Washer 

3 - 5 in. W.C. 

7 foot 
Diameter x 
50 f e e t  long 

150 - 200 GPM 

C- 16 



L Special Pitot rube 

2, Dryer Inclined Manometer 

3, mdersen Stack Sampler 

4- 

5, 

6- Eorbal Precxsion Balance 

Dry and W e t  Bulb Themmeter 

Vacuum Pump and Sampling Train 

laccurate to ~/lO,OOO gram) 

WER'S EQUIPMENT TESTED 

L Barbet-Greene Batch PLan t 

2,  CycLone Dust CoLlector 

3- Clarage LlLXL Exhaust Fan 

4- Barizontal A i r  Washer 

C-17 



ASP€?ALT BATCHIilC PLANT MISSION DATA COHPIIAT~ON 
PABS I - PLANT INFORUATION 

DATA I D m R C A I I O N  m c  ~ 

_ _ ~  

m a t  c ~ ~ a ~ ~ t u u c ~ ~  LOCATION 4 
'LYPE OF RAU WERIAL PROCESSED Limestone -te n n  

PLANTCAPACITY 6.000 Ib. batch 

PLAEl?PXDDUCIIOH RATE (DDRWG EVALUATION) 180 tons ner hour L 

TYPE OF CONTROL S Y S m  cvclone. nre -ita- and cent. Hasher 

LOCATION OF SAHPLTXG POBT (NOTE OBSTRUCIIONS) Two Dorts at 900 in a  si^ 
coot  diameter m u s t  s-tcl v 3  n ?+-et dfmns3rParn f r m  
-the stack inlet. 

1- CONIZDL EQUIFXEXT DESCRPTION Centrifueal snra v washer - vertical 

t er 
PBZSSUREDBOP 5 in. 1q.C. 
BRAND AND SIZE OF CONTZOL EQUIPXEX m t  v - 113 foot r l ~  
WATER USAGE. Ex. 150 - 0 CPM 

See attached sheet for items 2 and 
PgTICLE SI% DISTRIBUTION OJEICHT OR Cod?) See attached chart 

~ ~ ~ ~~ 
~ - ~ 

~ ~ 

AVAILABLE COST INFORMATION 

EVAPORATIOX LOSSES 

COHEms: 

This system when tested was emittin$ 65 lbs/hr which was over the 
Tennessee code. The contractor has now installed a CMI Systems 
DP-710 which is a Dynamic Precipitator System. 
to furnish the test information to you as soon as it is complete. 

I will be glad 
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2, Control Equipment Description: .. Pre-washer 

Pressure drop 3 in.  V.C. 

Brand and s ize  o f  equipment S i m l i c i t v  - 7 foo t  

Water usage 30 - 50 GPM 

3- Controf Equipment Description: Cyclone 

Pressure drop 4 - 5 in .  W . C .  

Brand %nd s i z e  of equipment Simplicity - 9 foo t  diam. 

Water usage None 



(THESE DATA REPRODUCED I N  TABLE 3-91 

c-22 J 
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CHAPTER 7 

MECHANICAL EQUIPMENT 

H O T - M I X  ASPHALT P A V I N G  
BATCH P L A N T S  

INTRODUCTION 
Hot-mix asphalt paving consists of a combina- 
tion of aggregates* uniformly mixed and coated 
with asphalt cement. An asphalt batch plant is 
usedto heat, mix, and combine the aggregate and 
asphalt in the proper proportions to give the de- 
sired paving mix. After the material  is mixed, it 
is transported to the paving site and spread a s  a 
loosely compacted layer with a uniformly smooth 
surface. While stillhot, the material  is compacted 
and d e n d i e d  by heavy motor-driven rollers to pro- 
duce a smooth, well-compacted course. 

Asphalt paving mixes may be produced from a wide 
range of agg-egate combinations, each having par -  
t i c d a r  characteristics and suited to specific de- 
sign and constructionuses. Aside f rom the amount 
and grade of asphalt cement used. the principal 
characteristics of the mix a r e  determined by the 
relative amount= of: 

Coarse aggregate (retained on No. 9-mesh sieve). 

tine aggregate (passing No. 9-mesh sieve). and 

mineral dust (passing No. ZOO-mesh sieve). 

The aggregate composition may vary from a coarse- 
rexturedmixhaving a predominance of coarse ag- 
sregate to a iine-textured mix having a predomi- 
nance of fine aggregate. The Asphalt hs t i tu te  
(195i)classifies,hot-mix asphalt paving according 
to the relative amounts of coarse aggregate, fine, 
aggregate. and mineral dust. The general limits 
ToreachmixtypeareshowninTable 91. The com- 
positions used within each mix type a r e  shown in 
Tables 92 and 93. 

Raw Mater ia ls  Used 

Aggregates oiall  sizes up to 2 - 1 / 2  inches a r e  used 
in hot-mix asphalt paving. The coarse aggregates 
usually consist of crushed stone, crushed slag, 
crushed gravel, o r  combinations thereof. o r  of 
material such a s  decomposed granite naturally 
occurring in a fractured condition, or of a highly 

angular natural aggregate with a pitted o r  rough 
surface texture. The fine aggregatts usually con- 
sist of natural sand and may contain added materi-  
als such as crushed stone. slag, or gravel. AI1 
aggregates mustbe free fromcoatings of clay, silt. 
o r  other objectionable matter and should not con- 
tain clay particles o r  other fine materials. The 
aggregate must also meet tests fo r  soundness 
(ASTM designation C88) and wearability (ASTM 
designation C131). 

rMineralfiller is used in some types of paving. It 
usually consists of finelyground particles oi crushed 
rock, limestone, hydrated lime, Portland cement, 
or other nonplastic mineral matter. A minimum 
of 65 percent of this material must pass a 200-mesh 
sieve. Another name for mineral filler is mineral 
dust. 

Asphaltcement is used in amounts of 3 to 12 pcr- 
centbyweightandis made from refined petroleum. 
It is a solid at  ambient temperature but is usually 
usedas  a liquid at 275" to 325'F. One property 
measurement used in selecting an asphalt cement 
is the "penocration" a s  determined by ASTJM XLethod 
DS. Themostcommon penetration grades used in 
asphalt paving a r e  60 to i o ,  95 to 100. and I20 to 
150. The'grade used depends upon the type oC ag- 
gregate, the paving use, and the climatic condi- 
tions. 

B a s i t  Equipment 

A typical hot-mix asphalt paving batch plallt usu- 
ally consists of an oil- or gas-fircrl rntary dr ie r ,  
a screening and classifying system. weigh boxes 
fo r  asphalt cement and -aggregate. a miser .  a d  
the necessary conveying equipment consisting of 
bucket elevators and belt conveyors. Equipment 
f o r  the storage of sand, gravel, asphalt cement, 
and fuel oil is provided in most plants. Heaters 
fo r  the asphalt cement and fuel oil tanks a r e  aiso 
used. 

Plant O p e r a t i o n  

Plants vary in size. The majority in Los Xngeles 
Countyproduce 4,000-poundbatches and have pro- 
duction rates of 100 ro 150 tons oi asphalt paviig 
mixperhour .  Someoirhenewerplants are 6,000- 
poundbatcb size and a re  capable of producing 150 
to 250 tons per hour. 

D-3 
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Table 91. CLASSIFlCATION O F  HOT-rMD( ASPHALT PAVLYG 
(The Asphalt Institute, 1957) 

not be used without a substantial harkground oi  c.x- 
prrience with such rnixcs nndlor iuitablv justifica- 
lion by laboratory desiqn tests. ~~~ ~- ~~~ ~~ 

'intermediate zone - Dust cnntcnts in this  ragion 
iornetimcs used i n  surface ant1 levelins 
W C I I  a s  in bnseand binder mixes.  

Figure 221 is a flow diagram of a typical plant. 
Aggregate is usually conveyed f rom the s torage 
bins to the ro ta ry  d r i e r  by means of a belt con- 
veyor and bucket elevator. The d r i e r  is usually 
e i the ro i l -o r  gas-(ired and heats the aggregate to 
temperamres  ranging f rom 250' to  350°F. The 
dr ied aggregate is conveyed by a bucket elevator 
to  the screening equipment where i t  is classified 
and dumped into elevated s torage bins. Selected 
amounts oi :he proper s ize  aggregate a r e  dropped 
f r o m  the s torage bins to the weigh hopper. The 
weighed aggrezate is then dropped into the mixer  
along .with hot asphalt cement. The batch is mired 
and thendumped into waitlng trucks for t ransporta-  
tion to (he paving site. M i n e r a l  filler can be added 
d i rec t lv to  the weigh hopper by means of an auxil- 
i a r y  bucket elevator and sc rew conveyor. 

D-4 

Finedus t in  the combustion gases  f r o m  the ro ta ry  
d r i e r  is partially recovered & a preclesner  and 
discharged continuously into the hot dr ied aggre-  
gate leaving the dr ie r .  

THE AIR POLLUTION PROBLEM 
Thelarges t  source of dust emissions is the rotar:r 
d r ie r .  Other sources  a r e  thehot aggregate hucket 
elevator, the vyorating screens.  the hot aggregate 
bins ,  the aggregate weigh hopper, and  :he mixer .  
Rotary d r i e q  emissions up to 6 ,  700 pounds per 
hour have been measured. a5 shown iz Table 94. 
In one plant. 2.000 pounds or' dust jer hour was 
collected f rom the discharqe oi the secondary dust 
sources .  tha t i s ,  thevibrating screens .  hoc aggre- 
gate bins,  the aygregate weizn hopper. and t h e  
mixer .  
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I I". I $ 1 ,  I". 

I : 1 V h I  

r:rcr7 n 
i 

a u c x u  iLEYLlOR 

Figure 221. Flow d i a g r m  o f  a typical hot-mix asphal i  paving batch ~ l a n t .  
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\ C-426 Tes t  No. 

Batch plant data 
Mixer capacity, Ib 
Process  weight. lb lhr  
Dr ie r  fuel 
Type of mix 
Aggregate feed to drier.wt Yo 

+ l o  mesh 
-10 to +IO0 mesh 
-100 to + Z O O  mesh 
-200 mesh 

Dust and fume data Dr ie r  
Gas volume. scfm 21 .000  
Gas temperature, 'F 
Dust loading. Iblhr 
Dust iaading, grains/scf 37.2 
Sieve analysis oi dust. wt% 

+IO0 mesh 
-100 to + Z O O  mesh 
-200 mesh 

Particle size of -200 mesh 

/ .  ' c-537 

6 , 0 0 0  
346,000 

Oil. PS300 
Highway, surface 

68.  I 
28.9 

1.4 
1.6 

a 
Vent line Dr ie r  
3,715 22,050 

LOO 430 
7 40 4 , 7 2 0  

2 3 . 2 9  24. 98 

0.5 18. 9 
4. b 3 2 . 2  

34.9 4 8 . 9  

I 2 1 . 0  1 

25.1 I 
1 4 . 2 .  I 46. 

. .  
10 to 20 fi, W t  nlo 
20 to  5 0  fi, w t ? o  

' 50 p, wt % 

0 to 5 fi, wt 7'0 is. a 
5 t 0 1 O u .  w r %  I /:E i tal 2,.:  1 

40.4 
12. I A?.  3 

1. I I 0 . 5  
I I Y 

'Vent line serves hot elevator. sc reens ,  bin, weigh hopper, and mixer. 

Dr i e r  dust emissions increase with a i r  mass  ve- 
locity, increasing rate oi rotation.and feed rate. 
 but a r e  independent of drier~slope-(Friedman-and 
Marshall, 1949). Particle size distribution ai the 
d r i e r  feed has an appreciable effect on the d i s -  
charge of dust. Tests show that about 5 5  percent 
of the minus 200-mesh fraction in the d r i e r  feed 
c a n  be lost in processing. The dust emissions 
f rom the secondary sources vary with the amount 
of line material  in the feed and the mechanical con- 
dition of the equipment. Table 94 and Figure 222 
give results of source tests of %o typical plants. 
Particle size of the dust emissions and of the ag- 
gregate feed to the d r i e r  a r e  a l so  shown. 

~~ 

HOODING A N D  VENTILATION RE(IUIREMENTS 

Dustpickupmust be provided at  all the sources of 
dust discharge. Total ventilation requirements 
vary according to t h e  size oi the plant. For a 
6.000-pound-per-batchplant, 2 2 , 0 0 0  scim is typ- 
ical, of which 18,000 to 19,000 scim is allotted 
for  use in controlling the d r i e r  emissions. The 
topendofthe dr ie r  must be closely hooded to pro- 
vide fo r  exhaust oi the products o i  combustion and 
entrained dust. ..\ ring-type hood located between 
the stationary portion oi the burner housing and 
the d r i e r  provides satisfactory pic!ap a t  the lower 
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end of the dr ie r .  An indrait velocity oi ZOO i?m 
should b e  ?rovided a t  the annular opening benveen 
the- circurrference -oi the-drier~and the r i q - t +  
hood. 

The secondarydust sources,  that is, the elevator. 
vibrating screens,  hot aggregate bins, weigh ho?- 
p e r ,  and mixer,  a r e  all totallyenclosed. and hence, 
no seaarate hooding is required, Dust collection 
is provided oy COMeCting this equipmenr through 
branch ducting to the main exhaust system. AD- 

proximately 3,000 to 3,500 scfm wi l l  adequately 
ventilate these secondary sources. 

AIR POLLUTION CONTROL E(lUIPMEN1 

Prirnarydust collection equipment usually consists 
oi  a cyclone. Twin or  multiple cyclones a r e  also 
used. 
is returned ta thehorbucket elevator where ir  c x -  
tinues on with the main bulk o~ the d r i e r  aggregate. 
Tne a i r  discharge from the p' . nary dust collector 
i s  ducted to the final dust colicction system. 

Two pr-ncipal ::rpes oi Iinal control equipment !ia\-e 
evolved i rom the many types employed over che 
years: Tbe multiple ;entriiuqai-type spray c!iarn- 
her (Fipure 223) and the ba i f led- tve  3orav rawer 

The catch oi the primary dust c3llector 
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L 
TEST C.426 

FAN TO ArYDsFmERE 
15.5 I w n r  

FRO# ORTLR 
6 . 1 0 0  1h:nr 

CfNTRIFUWL 

E f F l C l f N C T  
= 99.15 

RENRn TO HOT fLfVLTOR 
6 . 0 ~ 0  i w n r  2 . m  i u n r  

ORT OUST 

TEST c.517 
TO A ~ O S P H E R E  FAN 

. VENT LINE I IE 1b;nr 

1.1za I P / D ,  
WLTIPLE 

EFFl C l  E n C l  
= 32.21 4.120 lb lhr  

CTCLOHE 
EFFICIENCT 

MULTlPlE 
C I U T R I  FUWL 
SCRUB BE R 
EFFICI fNCT 
= 11.1% 

RETURN TO HOT ELEVATOR I 101 I O I h I  - 5 . 1 4 ~  I n / h r  
DRT OUST 

I 

Fimre 2TL Test data'on a i r  po l l u t i on  control equipnent serving two hot-mix asphalt 
paving plants (vent l ine serves screens, hot bins. weigh hopper, and mixer). 

Fi@re 223. Typical rmltiple centr i fugal- type scrubber 
nerving a 4.000-pound-batch-capacity hot-iilix asphalt 
paving plant. 

(F igure  224). The multiple centrifugal-type apray 
chamber  has proved the more efficient. It consists 
of two ormore internally fluted, cytindrical spray 
chambers  in which the dust-laden gases  are ad- 
mitted tangentially at high velocities. These cham- 
be r s  a r e  each about the same s ize ,  that is, 6 feet 
in diameter  by 15 ieet in length. if fwo chambers 
a reused .  and 6 teet in diameter  by 9 o r  12 feet in 
length if three chambers a r e  used. Usually 7 to 
12 spraynozzles  are evenly spaced within each 
chamber. The total water  race to the nozzles is 
usually about 10 to 250 gpm a t  50 to 100 psi. In 
the baffled-type spray  tower, there  have been many 
variations and designs, but fundamentally, each 
consis ts  oi a chamber that is baffled to force :he 
gases  to t rave l  i n a  sinuous path. which encoursqes 
impingement of the dust par t ic les  against the aides 
o i thechamber  and the baffles. ',Yarer qpray noz- 
zles  a r e  located among the baiiles, .and the water 
r a t e  through the spray  nozzles is usually between 
100 to 300 gpm at 5 0  t o  100 psi .  

In both types of scrubber  the water may be either 
f r e s h  o r  recirculated. Settling pits o r  concrete 
tanks of sufficient capacity to allow most  oi the 
collected duse to settle out oi the water a r e  re-  
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Fi re 224. T p i a l  baffled-type spray tower serving 
a ~000-pound-~atc~-capaclFI hotmix asphalt paving 
e l a n t  ( G r i f f i n  Cnaqany. lilmington. Calif.). 

quired with a -system using recirculated water. 
The scrubber catch is usually hauled away and 

-discarded.-It is usuallyunsuitable for  u s e ~ a s  min- 
e ra l  i i l l e r  in the paving mix because it contains 
organic matter and clay parricles. The recircu- 
lated water maybecome acidic and corrosive. de- 
pending upon the amount of sulfur in the ,d r ie r  fuel. 
and must thenbe treated with chemicals to protect 
the scrubber and stack from corrosion. Caustic 
sodaandlimehave been used successfully for  this 
purpose. 

Variables Affecting Scrubber Emissions 

Inarecentsmdy (Ingels et  al..  1960). many source 
testa !see Table 9 5 )  on asphalt paving plants in Los 
h g e l e s  County were used to correlate the major 
variables aifecting stack losses. Significant var -  
iables include the aggregate fines feed rate (the 
minus ZOO-mesh iraction), the tyee oi fuel fired 
in thedr ie r .  che scrubber's water-gas ratio. 1: and 
thetype of scrubber used. Other, less important 
variables were also revealed in the study. 

The effect of aggregate fines feed rate on stack 
emissions a t  constant water-gas ratio (an average 
value for  test  considered) is s h o w  in Figure ??i 
for  multiple centrifugal-type scrubbers and baffled 
tower scrubbers. Stack emissions increase lin- 
earlywithan increase in the amount of minus 200- 
mesh material  processed. ,.These losses can be 
greatly reduced by using a clean or  washed s a k i .  
The required fines content oi the hot-mix asphalt 
paving is then obtained by adding mineral filler 
dircctly to the plant weigh hopper by means of an 
auxiliary bucket elevator and screw conveyor. 

M o s t  asphalt paving batch plants burn natura1 gas. 
Whengas is not available. and if permitted by law, 
a heavy fuel o i l  (U.S. Grade No. b or heavier) is 
usually substituted. Dust emissions to the atma- 
sphere from plants with a i r  ?ollucion control de- 
vices were found to be about 3. I pounds per hour 
grea te rwhenthedr ie r  was fired with oil than Khey 
were when the d r i e r  was fired with natural gas. 
The difference is believed to represent particulate 
matter residing in, or  formed by, the Cue1 oil. 
rather than additional dust from the dr ie r .  Simi- 
larly, the burning oi heavy fuel oils in other kinds 
of Combustion cquipmcnt results in grcatcr cmis- 
sions oi particulntc matter. 

Theamount of waKer fed to the scrubber is a very 
important consideration. The spray nozzles should 

figure 225. Ef fect  o f  aggregate fines fe. 'd r a t e  an 
stack missions at aver~gs water-gas ratio (Ingels 
e t  a l . .  1960). 
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Table 95. TEST DATA FROM HOT-rLLM ASPHALT PAVING PLAXTS CONTROLLED B Y  SCRUBBERS - 
Tear NO. 

c - 3 5 7  
c - 3 2  
c - 3 7 9  
c - 3 5 5  
C-3720 
C-372A 
C-369 
c - 3 9 1  
c -354  
c-ins 
C-173 

I 
c -379 .  
c - 3 3 7  

2 
C-234 
C-426 
C-417 
c - 4 2 5  

3 
C-335 
c - 4 3 3  
c-4221 I )  
C-422(2) 
C-419 

Averages 

'Quintic) 
bC : M 

= 
crubber 
rlet dust 
loading. 
l b l h r  

940 
427 

4.110 
2 .  170 

121 
76  

352 
4.260 

I ,  640 

- 

-- 
_- -_ 

3 .850  
305 

372 
2 , 6 2 0  

560 
485 

LIZ 
266 

-- 

-- 

_-  _- 
3 , 4 0 0  

- 
I i i nes  (I 

- 
Stack 

?mission. 
l b l h r  

Aggregate 
lner ram, 

Iblhr 

20.7 
3 5 . 6  
37. I 
47.0 
19. 2 
IO. 0 
24.4 
26.9 
27.9 
21.3 
11 .0  
33.5 
30. 3 
13.6 
21. I 
21.2 
25.5 
39.9 
32.9 
25.5 
17. 5 
11 .0  
26.6 
37.0 
30. 3 

2 6 . 7  

9, 550 
4 ,460  
8 .  350 

14.000 
2.290 

4.750 
4.050 
6.370 
5.220 
8.950 
7.520 
6.500 
2 .  510 
3 . 7 3 0  
2 , 5 3 0  

10 ,  200 
I. 050 
2 ,990  
6,590 
4.890 
5.960 
7, 140 
3.340 
9 .350  

5 ,  a00 

2.840 

water-gar 
ratio. 

gall I .  000 r c l  

:iple centrifugal-type spray chamber. 

6. 6 1  
3.94 
6. 39 
6 . 3 1  

I O .  99 
1 l . I I  

5. 41 
12.01 
6. 10 

19.40 
20.40 
l I . 0 1  

5. 92 
1 1 .  I 1  
7 .2s  
5.70 
7 .75  :. 94  
4. 26 
6.60 
4, 56 
Y .  1: 
4. 90 
3. OL 
Y. 90 

red. 

T : Baffled tower scrubber. 

be located so a:'. to cover the moving gas s t r eam 
adequately with iiae spray.  Sufficienr water should 
beusedtocool  thegases  below the dew point. One 
typical scrubber  rested had an inlet gas  a t  LOO'F 
with 16.8 percent water  vapor content by volume, 
andanout le tgas  a t  131°F with 16. 3 percent warer 
vapor and saturated. The temperature  at the gas 
outlet of efficient sc rubbers  r a re ly  esceeds l iO ' f ,  
and the g a s  is usually saturated with water vapor. 

Figure 226 shows the effect of the scrubber 's  water-  
gas ra t io  on dust emissions with the aggregate fines 
feed rate  held constant (an average value f o r  the 
tes t  considered). Efficient scrubbers  use water 
a t r a t e s  of 6 to 10 gallons per  1,000 standard cubic 
Leet of gas. The efficiencyfalls oif rapidly a t  water 
r a t e s l e s s  than 6 gallons per  1,000 scf of gas. At 
r a t e so fmore  than 10 gallons per  1,000 sc i  of gas, 
rho efficiency s t i l l  increases ,  but ar a l e s s e r  rate. 

Curves a r e  presented in Figures  227 and 723 f rom 
which probable stack emissions can be predicted 
f o r  oil- and gas-TL-ed plants with either multiple 
centriiugal o r  baiilsd tower scrubbers .  These 
curves present emissions fo r  various scrubbers4  
water-gas ratios and aggregate iines rates .  Ernis- 

D 

Overall 
scrubber 
Ificioncy, 

wt 70 

97. 3 
91.6 
99. 1 
9 7 . 3  
34.2 
86. 3 
93.0 
99. 3 

98.7 
_ _  
-- _ _  

99.2 
95.5 

9 4 . 1  
99 .0  
9:. 3 
93.2 

01.7 
95. Y 

_- 

-- 

_ -  _- 
'79. I 

94.9 

rYpc 
ol 

scrubberb 

C 
C 
C 
C 
c 
C 
C 
T 
T 
T 
T 
T 
C 
C 
T 
T 
C 
C 
C 
C 
C 
C 
C 
C 
T 

- - 
Type 

o i  
lrier 
fuel 

Oil 
Oil 
Oil 
Oil 
Oil  
G a s  
Oil 
Oil 
Oil 
Oil 
Oil 
Oil 
Cas 
Oil 
G a r  
Gas 
Oil 
Oi I 
Oil 
G a s  
Oil 
Cas 
Oi I 
Oi I 
Oil 

- 

- 

Iroductior 
Fate. 

tons I h- 

I Y  3. 9 
96.9 

i:+.n 
209. I 
LA?.? 
158.0  
1 1 3 . 0  
9:. 3 

118.4 
137 .9  
134 . :  
144. 6 
191. 3 
114.6 
IL4.4 
42.0 

19:. 0 
138.9 
1 3 1 . 4  
131.7 
174 .  3 
114. i 
1 9 s .  0 
1 i 2 . 0  
116. i 

-- 
Car 

viiluent 
volumr. 

3cfm 

1J.100 
I ' J . Y O 0  
' 6 .  COO 
1 5 . 7 0 0  
13. LOO 
1 3 .  nun 
I O .  100 
I?. 500 
7, i:o 

1 8 . i O O  
17.000 
22.700 
29.300 
2 4 ,  300 
15 ,700  
l i .  100 
22.000 
24.600 
i 9 . 0 0 0  
1 5 . 2 0 0  
10,000 
1 9 , 6 0 0  
:1 .000 
:z.  LOO 
l i .  100 

sion predictions f rom these curves are accurate  
o d y f o r  plants of the type and dcsisn already d i s -  
cussed. 

The operation of the ro ta ry  d r i c r  is aiso an im- 
portant variable. Dust emissions incrcsse ..vith ar. 
increase  of a i r  mass  velocity through tlic d r i e r .  
Obviously then, c a r e  should be raken KO socra te  the 
d r i e r  without a grea t  amount oi  cscess  a i r .  Tinis 
careef fec ts  fuel economy and reduces dust emis-  
sions f rom the dr ie r .  

The f i r ing ra te  of the d r i e r  is determined by the 
amount of moisture  in the aggregate and by the re -  
quired hot aggregate temperamre.  The grea te r  
the aggregate moisture content. the grea te r  the 
firing ra te  and the resulting dust emissions to rhe 
ahnosphere. In some plants. rhe increase 4n mois- 
turecontenrofthe tlue gases may increase the ri- 
ficiency oi rhe scrubber  sufficiently t o  oifset the 
increase  in dust emissions from the d r i e r .  

Scrubber efficiencies a lso va iy  according to :he 
degree o i  precleaning done by the ? r imarydus t  
collector. Tests  ( suchas  those presented in Table 
95) have shown that overall efficiency oi the ?re-  

1-9 
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i i w r e  226. Ef fect  of scrubherls rater-gas-rat io on 
Stack emissions a t  average aggregate fines feed rate 
i n  Me d r ie r  feed (Ingels e t  ai.. 1960). 

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

C o l l e c t i o n  E f f i c i e n c i e s  A t t a i n e d  

Collection efficiencies of cyclonic-type precleaners 
vary f rom approximately 70 to 90 percent on an 
overall weight basis.  Scrubher efficiencies vary- 
ingi=Om 85 to nearly 100 percent have beer. found. 
Overallcollection elficiencies usuallyvarybet-veen 
95 and 100 percent. 

Figure 227. h i s s i o n  preaict ion curves for  Nltiple 
scrubbers serving asphaltic concrete plants (lnqels e t  31 ,. 1960) 

D-10 
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Figure UB. Emission prediction curves for baf f led t m r  scrubbers serving asphaltic 
concrete plants (Ingels e t  a l . .  1960). 
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Collection efficiencies of a simple cyclone and a 
multiple cyclone for various pasticle s izes  are  
shown in Table 96. Multiple cyclones achieve high 
efficiencies for p-article s izes  down to 3 microns,  
whereas single cyclones a r e  very  inefficient. l o r  
particle s izes  below 20 microns. The particle s i ze  
daraf rom this table are plotted on log-probability 
paper in Figure 229. This f igure also shows the 
particle s ize  distribution of the scrubber  outlet. 
O t h e r  data on this installation have already been 
presented in Figure 222, t es t  C-537. 

lb /hr  I 5,463 

F u t u r e  T r e n d s  in Air Pol lut ion C o n i r o l  E q u i p m a n t  

The air pollution control equipment discussed in 
this section h a s  been adequate in the pas t  for 
controlling dust emissions from-hot-mix aspnalt- 
paving batch plants in Los Angeles County. HOW- 
ever ,  new regulations on dust ea i s s ions .  adopted 
in January 1972. now require that more  efficient 
devices than wet collectors beused as  iinal col- 
lecrors. The batch plants a r e  now converting 
f r o m  scrubbers to baghouses. 

1 . 5 2 5  113. 3 1  92.  I?', w 
I 

1 , 5 2 5  1 7 2 .  1% 

h 

0 
Table 96. COLLECTION EFFICIENCY DATA FOR A CYCLONE AND 4 

I m A LUULTIPLE CYCLONE SERVING A HOT-MIX PAVING PLAXT 
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Figure i K P I o t  o t G r i c t e  s i z e  01 o u s t  ar  m e  : n l e t  and o u t l e t  o f  a cyclone and 
mltiple cyclone tram test C.537. 

CONCRETE-BATCHING P L A N T S  
Concrete-batching plants store,  convey. measure,  
anddischarge the ingredients i o r  making concrete 
to mixing or  transportation equipment. One type 
is used to charge sand, aggregate. cement, and 
water to transit-mi. trucks. which mix the batch 
en route to the site where the concrete is to be 
poured; this operatian is b o w n  as  "wet batching. " 
.-\nother type i s  used to charge the sand. asgre-  
gate. ana cement to flat bed trucks, which trans- 
port the batch to paving machines where water is 
added and mixing takes place: this operation i s  
'moam as  " d r j  batching." A third type employs 
the use of acentralmixplant,  i rom whichwet con- 
crete is delivered to the pouring site in open dump 
trucks. 

WET.CONCRETE.8ATCHING PLANTS 

In a typical wet-concrete-batching plant, nand and 
aggregates a re  elevated by b e l t  conveyor or clam 

D-12 

shell crane, o r  bucket elevator to overhead storage 
bins.  Cement f rom boctom-discharqe hopper trucks 
is conveyed to an elevated storage silo. Sand and 
aggregates for  a batch a r e  weighed by successive 
additions f rom the overhead bins to a weigh hopper. 
Cementis deliveredby a screw conveyor from the 
s i l o t o a  separate weigh hopper, The weighed ag- 
gregates and cement a r e  dropped into a gathering 
hopper and flow into the receiving hopper to the 
transit-mix truck: At the same time. the required 
amovnt of water is injected i n t n  the flowihg s t rear .  
oi solids. Details and varik-ions of this general '  
procedure w i l l  be discussed later. 

The  Air Pollution Prob lem 

Dust, the a i r  contaminant irom wet-concrete-batch- 
ing. results f rom the material used. Sand and ag- 
gregates for concrete production came directly 
f r o m a  rockand gravel plantwhere they a r e  washed 
to remove silt an& clay-like minerals. They thus 



APPENDIX E 

REFERENCE 23 

(not used i n  the development candidate emission factors) 

E- 1 



NMENTALISTS, INC. 

IN 

AMPLING 

~~ 
~ 

68-01-3172 

OCTOSE3 1976 

P. 0. EOX 12291, fiesearch T r i w ! e  Fsrk. Ncmh Cwoiha 277C9 
PhOE 91E3-781-S50 

E-2 



INTRODUCTION 

The a s p h a l t  c o n c r e t e  i n d u s t r y  and s t a i e  t r a n s p o r t a t i o n  

agenc ie s  a r e  look ing  a t  t h e  f e a s i b i l i t y  o f  r e c y c l i n g  o l d  

a s p h a l t  pavement i n  modif ied drum-mix d r i e r  p l a n t s .  One such 

exper imenta l  p l a n t  l o c a t e d  i n  Kosuth County, I o w a ,  has concerxed 

t h e  Iowa Department o f  Environmental  Q u a l i t y ,  due t o  p rev ious  

o b s e r v a t i o n  o f  e x c e s s i v e  v i s i b l e  emis s ions  from a s i m i l a r l y  ope ra t ed  

p l a n t .  €PA Region V I 1  was r e q u e s t e d  b y  t h e  Iowa DEQ f o r  t e c i m i c a l  

a s s i s t a n c e  t o  de te rmine  i f  t h e  p l a n t  was complying w i t h  t h e  

s t a t e  a i r  p o l l u t i o n  r e g u l a t i o n s .  

A s  par t  o f  i t s  c o n t i n u i n g  s t u d y  o f  new a s p h a l t  c o n c r e t e  

:ec,hnology t r e n d s  and t h e i r  impact on t h e  Fede ra l  New Souice  

P e r f o r m a x e  S:andards, :he D i v i s i o n  of  S t a t i o n a r y  Source 

Enforcement o f  EPA agreed  t o  p r o v i d e  a s s i s t a n c e  t o  t h e  Iowa 

DEQ . 
Source sampling was performed a t  t h e  Everds S i o t h e i s ,  I x .  

a s p h a l t  r e c y c l i n g  plan: l o c a t e d  n e a r  T i ionka ,  Iowa, oil ::io 

s e p a r a t e  occas ions ,  under t h r e e  d i f f e r e n t  p l a n t  o p e r a t i a g  ccc -  

d i t i o n s .  

B r i e f l y ,  t h e  f i r s t  two c o n d i t i o n s  involved  changes i n  t h e  

l o c a t i o n  o f  t h e  r e c y c l e d  m a t e r i a l  i n j e c t i o n .  Only one se t  o f  

s imultaneous p a r t i c u l a t e  t e s t s  a t  t h e  i n l e t  and o u t l e t  o f  t h e  

w e t  s c rubbe r  c o n t r o l  equipment was made on September 2 9 ,  1 9 7 6 ,  

because o f  problems encouiitered w i t h  t h e  conveyor e q u i p e n i  used 

t o  i n t roduce  t h e  r e c y c l e d  m a t e r i a l  midway in t h e  d r i e r .  P-- .,.-e 

s e t s  o f  s imultaneous i n l e t - o u t l e t  p a r t i c u l a t e  t e s t s  ax?, one s e i  

o f  p a r z i c l e  s i z i n g  t e s t s  were made on S q t e m b e r  30 aiid Oczooer 
E- 3 



1, 1976 (after process changes were made to feed all of the 

recycled asphalt material into the drier at the elevated end, 

along with the virgin material). In addition to the par- 

ticulate tests, air samples 'before and after the scrubber were 

taken for a hydrocarbon analysis. 

The last condition constituted a change in the type an& 

rate of production of asphalt mix produced and an increase in 

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

changed from 66% recycled/34% gravel at a production rate o f  

185 to 204  tons per hour to 70% recycled/j03 limestone at 245 

to 2SO tons per hour, while the drier slope was increased froin 

2' to 2 . 9 8 "  Three particulate tests were run at the separator 

outlet on October 6, 1976; three venturi-scrubber iniet 

particulate tests were performed on October 7 ,  1976 along with 

a set of inlet-outlat particle sizing tests. 

During all the testing, water samples were :a'sen at t he  .. 

scrubber water p u p  inlet and at the separator water Cischarge 

for a water analysis. 
~ ~ ~ 

~ ~ ~ ~ ~ - ~ 
- ~ ~~ ~ 

Present during the testing were Ronald Sol?a of :he Zowa 

Department of Environmental Quality and Robert Farnham aad Lss 

Sinz f r o m  Barber-Greene Company, the manufactilrers of the 2lanr 

facility. 

The measurements made f o r  stack gas flow rates aad jarticul 

emissions were made accordiag to the Iowa Departiaent of Enviror, 

mental Quality's recommendations and gznerally followed :he G . S  

Environmental Protection Agency's requirements. Due to the 

sampling problem o f  pluggig filtsrs encountered durizg the ? y e -  

ViOUs tests, a modified Nethod 8 sampling t i a h  was used i n  
E- 4 
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attempt to alleviate the problem. 

Following sections of this report treat the sumar y  of 

results, a brief descrition of the process and its operation, 

and the sampling and analytical procedures used. 



SUMMARY OF RESULTS I 

The r e s u l t s  o f  t h e  p a r t i c u l a t e  t e s t i n g  program a r e  

summarized and presented belaw i n  Table  1. Tine v a l u e s  used i n  

computing t h e  averages  p r e s e n t e d  below were reasonab ly  cons is te l  

c o n s i d e r i n g  t h e  n a t u r e  o f  t h e  p r o c e s s  and t h e  c o n t r o l  equipment 

Table  1 

g r a i a s / d s c f  
. AVERAGE PARTICULATE CONCENTUTIONS 

Opera t ing  Venturi Inlet  Seuarator Cu:lec 
Condi t ions"  EP.4 S €PA 5 + Test 3.4 5 3.4 5 - corresjo 

d Imoinqers - Set d & b i n g e y s  - iabie s t  

1 2.04 2.35 1 0.22 0.31 2 - 3  
2 5 .55  s:s4 2-4 0.45 0 .55  4 - j  
3 CNA 20.67  L-.i IMA 0.99 5-7  

* See "Process Description and Operation" for &tails 



(most probably tangential). Generally, the results would be l one r  

than real due to sampling over isokinetically; however, due to 

the extremely small particle sizes as noted below, there jrobably 

was a negligible effect. 

Results o f  the particle sizing tests on conditions two and 

three are given in Tables 8-11; no particle sizings were nade 

under the first operating condition of  the plant. During the 

second and third conditions, the aerodynmic diameter o f  5 0 %  

of the particles was less than the following sizes - second con- 
dition: inlet, 5 . 5  microns; outlet, 0.43 microns; third condition: 

inlet, 99% greater than 10 microns; outlet,7.1 inicyons. 

Analysis for gaseous hydrocarbons on the air sain?les taken 5:: 

the venturi inlet and scrubber outlet during condition t?v’o resaltec 

in values f o r  the .inlet only. TSe outlet bag sanples developed 

a leak during shipment, resulting in dilutiors and lower iigures . 
3y.assming the amount of carbon monoxide to be constant I’ron 

the venturi inlet to the scrubber outlet, the total hydrocarboc 

content reported at the outlet was iecalcnlated aiid found. to 5s  

approximately the same as at the inlet. The inlet data was 

reported as follows: total hydrocarbons, 4 6 8  ?arts ?er niLliGz; 

methane, 18 parts per million; carbon monoxide, 206: parts ?sr 

million. On the total hydrocarbon measurement, an apparently 

very heavy hydrocarbon was present since the relative decay 05 

a portion of the total was very SLOW. If heats2 liaes wsre USES 

t o  bring the sampl? from the stack directly iaco thc instr-xcnt, 

the total hydrocarbon iCSUlts m.i.i:ht havc bccn :nuc!i ii.L;!hcr, 

-. 

E- 7 



Analys i s  o f  t h e  wa te r  samples r e s u l t c d  i n  t h e  valcrcs 

r e p o r t e d  i n  Table  1 2  Secause t h e  a n a l y r i c a l  ne thod  used 

i n  de te rmin ing  t h e  d i s s o l v e d  s o l i d s  is des igned  f o r  concen- 

t r a t i o n s  lower  than t h o s e  found,  t h e  resu l t s  f o r  t h e  d i s s o l v e d  

s o l i d s  a r e  q u e s t i o n a b l e .  

No v i s i b l e  emissions d a t a  was t aken  becailse o f  che c a t u r e  

of  t h e  steam d i s s i p a t i o n  in  t h e  plume. 

t h e  o p a c i t y  was noted  t o  be approximate ly  25-301.. 

I n  g e n e r a l ,  however, 

E-8 
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4.2.12 ' Asphaltic Concrete Batch Plants 

A. . Process Description (Ref. 4-20 6 4-21)-- 

Plants produce finished asphal t ic  concrete through e i the r  batch or 

continuous aggregate mixing operations. 

concrete require different  aggregate s i z e  distributions, so t h a t  t!e raw 

aggregates are  cmshed and screened a t  the quarries.  The coarse aggregate 

usually consists of c-nshed stone and gravel, but waste materials,  such as  

s l ag  from s t e e l  mills or crushed glass ,  cur be used as raw material. 

Different applications of  asphaltic 

A s  processing for e i t h e r  type of operation (batch or continuous) 

begins, the aggregate is hauled from the  storage p i l e s  and placed i n  the 

appropriate hoppers of tbe cold-feed uni t .  
hoppers onto a conveyor b e l t  and is transported in to  a gas o r  o i l - f l  ' red rota3 

dzyer. 

The material is metered from t?e 

As it leaves the dryer, :he hot material dmps in to  a bucket elevatc: 

a n d . i s  transferred to  a s e t  of vibrat ing screens where it is c l a s s i f i e d  by 

size into as  many as four d i f f e r w t  grades. 

.mixing operation. 

A t  this point  it enters the 

In a batch plant ,  which w a s  t!e type tested i n  t h i s  program, :he 

c l a s s i f i ed  aggregate dmps i n t o  one of the  four la-qe bins. After all the 

material  is weighed out ,  t!e sized aggregates a r e  dropped in to  a mixer and 

mixed dry f o r  about 30 seconds. 

t emera tures .  is pumped from heated storage ' A s ,  weighed, and %?en injeccei. 

i n t o  the mixer. The hot ,  mixed batch is *&en dropped Into a t-uck and harrlec 

t o  the job s i t e .  Figure 4-48 i l l u s t r a t e s  s batc5 p l a n t  s i n i l a r  t o  t h e  one 

t es ted  and indicates the location of par-iculate sources i n  che operation. 

There a r e  m y  sources of fugi t ive par t icu la te  emissions a s  shown i n  the 

sketch. 

chAracterized,.as were .the p a r t i a l l y  controlled emissions entering L?e 

baghouse. 

The asphal t ,  which is a so l id  a t  ambient 

In t h i s  program the ducted emissions cont ro l le .  by a baqhouse.wers 

KVB 3806-763 
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B. Part iculate  Test Set-up-- 

T w  t r a ins  were used simultaneously t o  sample the i n l e t  and outlet 

Of the  baghouse. 

approximately 12 ft ahead of the bend entering the baghouse. 

p rof i le  of the i n l e t  duct was taken through the tSree 3“ d i a w t e r  przs 

provided. 

are l i s t e d  i n  Table  4-58. 

The i n l e t  s t a t ion  was located on the  v e r t i c a l  duct 

The velocity 

The velocity p ro f i l e  i n  t h e  inlet and e x i t  ducts of the baghouse 

The o u t l e t  sample s t a t ion  w a s  located on the  horizontal  section of  

the  duct about e ight  ft  upstream of the fan. 

Of the  crew, the  ve loc i t ies  were n o t  taken chrouqh the vertical  gort .  

fore  Velocity Points 10 through 15 were obtained by swinging the p i t o t  tube. 

A 7/16” nozzle w a s  used a t  Velocity Point #3 on the  o u t l e t  duct and a 5/16’’ 

nozzle w a s  used a t  Point #3 of t h e  i n l e t  duct. 

In t h e  in t e re s t  of the safer‘f 

There- 

C. P a r t i c d a t e  Test Results-- 

The re su l t s  of the two t e s t s  (Test 29s and 295) discussed i n  tNs 

section are  l i s t e d  in  Table 4-1. Elewnta l  compsi t ion,  su l f a t e ,  n i t r z t a ,  

and carban analysis were determined for a l l  fractions of par t icu la te  catches 

which  contained weights i n  excess of 100 mg. 

a r e  discussed in Section 3.2.2. 

s i d e  of the baghouse, the cyclones and f i l t e r  in the small sampling t ra in  had 

f i f i e d  t o  t o t a l  capacity and caused a pressure drog during sampLiag which 

resulted in stopping the sampling. 

The de ta i l s  f o r  these procedure. 

D u e  to  the very heavy loading on the i n l e t  

D. Discussion of Test ResuLts-- 

1- Efficiency of the Saghouse--Using the so l id  zatch data ( i . e .  witsoour 

the impinge= catch) from both s-ling t r a i n s  for  t \ e  i n l e t  and e x i t ,  the 

baghouse efficiency was calcf ia ted to be 99.95%. 

the  efficiency would be 99.92%. 

Using the to ta l  catch, 

2. Par t i c l e  s ize  distribution-Figure 4-49 is a plot  of pa r t i c l e  s ize  

(Urn) vs accumulated weight percent, t h e  l a t t e r  plotted on a probabili ty scale 

as explained i n  Section 3.2.3 E. 

including the inq?inger c a t d ,  the other ignoring it. Considering the larse 
anuunt of material collected upstream of t h e  f i l t e r ,  it woulC seem tha t  the 

Tuu s e t s  of c m e s  a r e  presented, one 

4-1.62 
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TABLE 4-58.. VELOCITY PROFILZ-ASPIULLT BATCi  PIdppp (TEST 29) 

C. 

"I 

t 

ristance from Velocity Velocity 
'd of P o r t  P o i n t  B fVsec 
- 

8" 

20" 

32" 

44" 

8" 

20" 

32" 
44" 

8" 

20" 

32" 

44" 

1 30.2 

2 30.2 

3 34 .1  

4 37.2 

5 

6 

7 

8 

9 

10 

ll 
12 

~ 

31.9 

36.7 

38.2 

41.8 

31.2 

34.1 

28.9 

28.3 

Average: 34.1 fVsec 

75337 scf 

Distance from Ve'locity Ve1ocit.I 
End of Port p o i n t  t ft/sec 

5" 1 68.8 

14-5/8" 3 85.3 

22-3/8" 4 85.3 

33" R 95.4 

4 3 4 / 8 "  5 95.4 

51-3/8" 6 85.3 

56-5/8" 7 85.3 

61" 8 81.0 
37" 10 95.4 
35" 11 81.0 
34" 12 89.5 

34" 13 85.3 

9-3/8" 2 76.3 

- ~ ~ ~ 

35 " 14 73.9 

37" 15 68.8 

Average: 84.6 ft/sec 

75354 scf 
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0.3- - 
0.2  - - 

0.01 0.1 0.5 1 2 5 l o  20 30 40 5060  70 80 go 95 98 95 90.8 g?.?9 
WEIGHT, PERCENT ?LESS THAN STA- SIZE 

381, JOY Mfg. sampling Train w i t h  Impinger 

Joy Mf3. Sampling Train Without Impinger 

SASS Train W i t h  Impinger 

0 SASS Train Without Impinper 

F igure  4-49. P a r t i c l e  s i ze  distr ibut ion for asphalt ic  concrete 
batch plant  (Test 29) 
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effects of pseudo par t iculates  would be insignificant.  Therefore, the 

@nger catch w a s  believed t o  be properly included i n  the measurements of 

&e suspended par t iculates  from asphal t ic  concrete plants. As a r e su l t  of 

&e f i l l i n g  of  the  cyclones i n  the Joy t r a i n ,  a p a r t i c l e  s ize  dis t r ibut ion 

could not be made. It is estimated from visual examinations t h a t  

*e wan par t i c l e  s ize  for the i n l e t  i s  greater  than 100pm. 

of the par t i c l e  s ize  d is t r ibu t ion  fo r  the  baghouse o u t l e t  including the 

Minger is a s  follows: 

The breakdown 

Percent of Par t ic les  

a u a, 
13 
$ 3  Greater than l o p  10-3Um 3-1pm Less than 1I.m 
nb 60 6 4 30 
w z  

T e s t  295 

I t me 'man par t i c l e  size for  the baghouse o u t l e t  i s  approximately 60Um. 

achough the baghouse has a high efficiency some of the  coarser pa r t i c l e s  

still penetrate, no doubt due to  small leaks in and around t!!e bags. 

3. Chemical c o w s i t i o n  of particulates-Table 4-59 lists the r e su l t s  

from the  chemical analysis of the pa r t i cu la t e  f ract ion for  the t e s t s  dis- 
*sed i n  t h i s  section. 

i t i o n  3.2.2 E), it is c l ea r  t ha t  s i l i con  is the  wst ahundant element i n  

<lese samples. The =analyzed portion of Table 4-59 is primarily S i 0  and 

other compun&.-of s i l icon.  

Although silicon is not  detected w i t h  XFJ.F (52e 

2 

~ 

~~ 
-~ - ~~ 

~~ 
~~ 

4. Emissicns and emission f a c t o r s - - s s s i o n s  aid-emission factors- can 

be l i s ted  w i t h  several  d i f fe ren t  units. The following lists some of these 

aissions and-fac tors  fo r  these t e s t s :  

Controlled Uncontrolled - ani ts T e s t  295 Test 29.7 

grASCF 0.00776 11.485 

T/y r 1.56 2079.9 

l b h r  4.34 5777.5 
lb/ton produced 0.02 34 

&/ton produced (Ref. 4-22) 0 .1  45 

4-165 

F-20 



TABLE 4-59. CiEMICAL COMPOSITION OF P A R T I C J U T E  SMPLES 

I N  PERCENT FOR ASPHALT BATCH PLANTS (TEST 29) 

low low 
Cyclone F i l t e r  Cyclone 
295-25 295-55 29J-25 WMPLE # 

WT. PERCENT OF CUT 

XRF ANALYSIS 

Arsenic 
Barium 

Calcium 

Chromium 

Iron 
p o t a s s a m  

Silver 

(Sulfur) 
Titanium 

ToT;2LL 
Sulfates, H ~ O  SOL‘ 

Nitrate (H20 sol)* 

(sulfur, f r o m  so4-)* 

 tal mrbon3 
(volatLle carbon) ’ 
(carixnates~ 

TOTAL ANALYZED 

B W C E  

62.1 

t 

t 

2.4/0.3 

t 

3 . W 0 . 5  

1.5/0.5 

t 

(<E) 
t 

8 

2 

tt 1 
t 

LO 
90 
100% 

3.57 54.3 

t 

10/3 1.9/0.3 

t 

i/o.i 4.3/0.5 

1.W0.2 

t 

( t )  
11 8 

89 92 
100% 1004 
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and is deposited i n  a hopper located beneath the co l lec tor .  The col lected 

dust i s  returned t o  the drum from the hopper using a p o s i t i v e  flow pneumatic 

system. 

2.2 PROCESS OPEXATION 

As an integral p a r t  o f  the f i e l d  sampling program, data  on the oper- 

a t ion  of  the p lan t  were obtained which characterized the various parameters 

affecting the generation of emissions. Such data  included the p l an t  pro- 

duction rate, the raw mater ia l  throughput, the asphal t  content of the  mix, 
the r a t i o  of recycle mater ia l  t o  t o t a l  aggregate, and the  temperature 06 
the hot m i x  and the e f f luent  gas from the drum mixer. This information was 

collected i n  the form of hard copy pr in touts  from the computerized system 

control l ing p l an t  operation. The pr in touts  were obtained approximately 

every 30 min throughout each sampling period. 

e ra t ing  data  col lected during the program is presented i n  Table 2.2, and 

photocopies of the o r i g i n a l  pr intouts  a re  provided i n  Appendix B .  

A summary of the process op- 

During the period when t e s t ing  was being conducted a t  the Bowen p lan t ,  

a number of d i f f e ren t  types of asphal t  paving were produced depending on 
individual customer requirements. Each type of m i x  i s  designated according 

t o  i ts job mix number, a s  shown i n  Table 2.2. The job mix number spec i f ies  

the type and quant i ty  of aggregate and asphal t  cement required t o  produce 

a pa r t i cu la r  grade o f  asphal t  paving. 

material  from each of the cold feed b i n s  (including the recycle feed b i n )  

is provided t o  supply aggregate of the  appropriate gradation. Hot  asphal t  

cement is  also metered t o  the process according t o  the j o b  mix specif ica-  

t ions.  Allowances have been made in the j o b  mix formula t o  account f o r  

the asphal t  content of the old asphal t  concrete when recycled mater ia l  i s  
used. 

In the process ,  the  p r o o e r  amount of 

Table 2.3 provides a summary of the  job m i x  specif icat ions avai lable  

for  each type of paving produced by the Bowen p lan t  as a function of the 

aggregate gradation and asphal t  content. 
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I t  should be  noted that the mineral f i l l e r  content shown i n  Table 2.4 
i s  that percent of t he  t o t a l  aggregate (or recycle) below 200 mesh which i s  

indigenous t o  the material  itself and should not be misinterpreted a s  sup- 

plementary mineral f i l l e r  added t o  the aggregate. 

In addition t o  col lect ing process da ta ,  samples of  both the v i rg in  a g -  

gregate and the recycled asphalt  concrete being used as  raw material  were 

collected. 

p r ior  t o  being t ransferred i n t o  the drum mixer. 
polyethylene bo t t l e s  in the f i e l d  f o r  t ransport  back t o  the laboratory for  

analysis.  These samples were then analyzed gravimetrically f o r  surface 

moisture. The v i r g i n  material  dr ied in a: laboratory oven a t  110°C for  24 h; 

and the recycle- material  a t  110°C f o r  1.5 h. The raw data sheets of the 

moisture analyses a re  contained in Append* C .  The aggregate and recycle 

samples were then graded according t o  size by dry sieving using standard 

M E T O  tes t  methods, Since ~ I ' s  nes t  of sieves does not contain a So. 8 

screen, which i s  the cutoff between coarse and f i n e  aggregate, the percent 

in each o f  these ranges was obtained through a l inear  regression analysis 

of  the en t i r e  aggregate s i ze  d is t r ibu t ion .  Again, it should be noted t h a t  

the mineral f i l l e r  content is tha t  which is indigenous t o  the material  it- 

self and not added t o  the mix. The results of the raw material  analyses are  

provided-& Table 2.4. The raw data of the dry sieve a d  moisture analyses 

are  provided in Appendix D.  .Also contained in this appendix are the graohs 

plot ted t o  determine the cut point between coarse and f ine aggregate. 

These samples were taken from the  appropriate b e l t  conveyor j u s t  

The samples were stored i n  

Included in the data col lected during the sampling program was an 

analysis o f  the asphalt  cement used by Bowen in  t h e i r  process. 

was a standard 60-70 paving asphal t  manufactured by the .hoco O i l  Company a t  

their ref inery in Sugar Creek, Missouri. 

i s  contained in Table 2.5. This information was supplied by h o c 0  O i l  

This cement 

An analysis o f  the  asphalt  cement 

Company. ~. 
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TABLE 2 . 5 .  AttALYSIS OF ASPHALT CEMCYT 

Parameter Specification Test results 

Penetration (at 77OF) 0.6-0.7 mm 0.62 mm 

Flash point 45 0 OF 6 15 OF 

Ductility (at 77OF) 100 an 150+ an 

Solubility 99% 99.96% 

1.035 Specific gravity - 

Source: AUIOCO Oil Company. 

i3 
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3.3 S W L I N G  PROCEDURES 

The preliminary i n l e t  and o u t l e t  t es t  data taken p r i o r  t o  performing 

the ac tua l  emission tests a t  the  asphal t  p l an t  a r e  contained in  Appendix F. 
The preliminary i n l e t  data contain an attempted Xethod 17 run using 48 sam- 

pl ing points  ( t ravers ing 24 points p e r  p o r t ) .  

sampled because of the high loading. 

discussed in more d e t a i l  in Section 3.3.2. 
the d r y  molecular weight determinations used i n  the f i n a l  calculat ions.  

dry molecular weight o f  the stack gas was determined da i ly  a t  the i n l e t  and 

o u t l e t  of the baghouse. 

However, o n l y  two points  were 

The tes t ing s t ra tegy  decided upon i s  

Also contained in Appendix F are 

The 

3.3.1 Pre te s t  Preparations 

3.3.1.1 . P a r t i d a t e  Xass-- 
~~ ~ ~~~ ~ ~~ ~ 

3.3.1.1.1 EPA Method 5 train--Four-inch diameter Type 4/E (Gelman S c i -  

ences, Inc.)  glass  f i b e r  f i l t e r s  were used.for pa r t i cn la t e  col lect ion sub- 

s t r a t e s  in the ZPA Method 5 t r a i n  used a t  the baghouse inlet .  The f i l t e r s  

were placed in numbered (r-314 in. diameter by 3/16 in. deep aluminum xeighing 

pans.  The f i l t e r s  and weighing pans were then placed in a constant humidity 

and temperature room for 24 h, a f t e r  which each f i l t e r  and its corresponding 

numbered weighing pan were weighed on a Mettler Model AK 160 e l ec t roa i c  bal-  

ance t o  the nearest  0 . 1  mg. The f i l t e r s  and weighing pans were again equi l i -  

brated fo r  6 h and weighed. 

we igh ings  agreed within 1.0 mg. The Xethod 5 f i l t e r  t a r e  weights a re  found 

in Appendix G.  A f t e r  completion of weighings, the f i l t e r s  were placed in 
p l a s t i c  p e t r i  dishes for t ransport  t 3  the tes t  s i t e .  

This procedure was repeated un t i l  two consecutive 



Two-hundred and f i f t y  mi l l i l i t e r  capacity glass beakers were used fo r  

recovery of mass t r a i n  samples. The beakers were f i r s t  washed in  Alconox 

detergent and the rinsed with tap water. After the beakers were nunbered 

with a lead penci l  on the etched surface o f  the beaker, they were rinsed 

w i t h  d i s t i l l e d  water. The beakers were then heated i n  an oven t o  500'F fo r  

1 h t o  b u r n  off any organic  material present.  The beakers were t ransferred 

using beaker tongs t o  an equi l ibra t ion  room and equi l ibrated fo r  24 h. The 
beakers were then weighed on a Mettler Model AK 160 e lec t ronic  balance t o  

the nearest  0 . 1  mg. The beakers were equi l ibra ted  f o r  6 h and then re- 

weighed. This procedure was repeated u n t i l  two consecutive weighings agreed 

w i t h i n  1.0 mg. Tare weights f o r  250 m l  beakers  a r e  presented i n  Appendix G. 

After completion of weighing, the beakers were placed in s t e r i l e  p l a s t i c  

Whirl-Pak containers and put i n t o  t h e i r  o r ig ina l  box f o r  shipping. 

3.3 .1 .1 .2  EPA Method 17 train--Gelman type A/E 47-mm diameter glass 

f ibe r  f i l t e r s  were used f o r  pa r t i cu la t e  co l lec t ion  subs t ra tes  i n  the EPA 

Method 17 t r a i n  used a t  the baghouse o u t l e t  location. Tine f i l t e r s  were 
placed in  numbered 57-mm.diameter aluminum weighing pans. 

and weighing procedures used on these f i l t e r s  were iden t i ca l  t o  :he proce- 

dures  used f o r  '&e F 2 A  Nethod 5 f i l t e r s .  Method 17 f i l t e r  tare weights a re  

presented-..& Appendix G. P l a s t i c  p e t r i  dishes were used as shipping con- 

tainers. 

The equi l ibra t ion  

One-hundred and f i f t y  mi l l i l i t e r  capacity glass beakers were used f o r  

recovery of EPA Bethod 17  samples. The beakers were cleaned, equili5rateti :  

and weighed according t o  t h e  procedures described above for  the EP9 Yethod 5 

beakers. Tare weights f o r  the 150-ml beakers a re  presented i n  Appendix G.  

These beakers were transported in s t e r i l e  p l a s t i c  kihirl-Pak containers. 

3.3 .1 .2  Par t i c l e  Size-- 

3.3.1.2.1 .Andersen high caoacity s tack s a w l e r  w i t h  15-um ?reseg- 

arator--The e n t i r e  .hdersen KCSS impactor and 15-pm preseparator system and 

nozzles were washed i n  detergent and rinsed Kith taq water, d i s t i l l e d  water, 

and acetone. The accelerat ion and vent tubes were cleaned with a high pres- 

sure a i r  stream. 
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h 1-1/2 in. diameter by 4-3/4 in. long aluminum tube was used as a con- 

t a ine r  f o r  each glass  f ibe r  thimble f i l t e r .  The aluminum tube also served 

as a weighing container.  

f o r  f i e l d  use as follows: 

The thimble f i l t e r  and aluminum tube were prepared 

A l u m i n u m  ttlbes were numbered with an engraver. 

- Aluminum tubes and l i d s  were washed ia Alconox detergent.  

' Aluminum tubes and l i d s  were f i r s t  r insed w i t h  t a p  water, then 

w i t h  deionized, d i s t i l l e d  water. 

* Aluminum tubes and l i d s  were heated i n  an oven t o  500°F for  1 h 
t o  remove any poten t ia l  organic contaminants. After heating, the 
aluminum tubes were handled only with beaker tongs. The aluminum 

l i d s  were handled w i t h  l a t e x  surgical  gloves since they were n o t  
weighed. 

* The aluminum tubes and l i d s  were removed from the oven and allowed 

t o  cool. 

* A thimble f i l t e r  was placed in each container.  
-~~ 

The thimble f i l t e r  and aluminum tube were placed in a constant 

humidity room for  24 h a t  ambient temperature and pressure. 

The aluminum tube and thimble f i l t e r  were weighed t o  the nearest 

0 .1  mg on a Het t le r  Kodel .AK 160 e lec t ronic  balance. 

tube lid was not desiccated o r  weighed. 

The alruninum 

The aluminum tube and thimble f i l t e r  were desiccated f o r  6 h. 

* The aluminum tube and thimble f i l t e r  were weighed a second time. 

25 
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* Weighings were repeated u n t i l  two consecutive weighings agreed 

w i t h i n  1.0 mg. 

* The l i d  was placed on the aluminum tube. 

Aluminum tubes were wrapped in aluminum f o i l  and placed i n  p l a s t i c  

Whirl-Paks f o r  shipment. 

Aluminum weighing pans 57 mm i n  diameter and 20 m deep were used in 

recovering samples from the f i r s t  four impactor stages.  Each weighing pan 

was numbered with a metal engraver. The aluminum weighing pans were then 

desiccated and weighed according t o  the procedures used for the aluminum 

tubes and thimble f i l t e r s .  

diameter by 20 mm deep p l a s t i c  petr i  dishes used as shipping containers.  

Thimble f i l t e r  and aluminum weighing pan t a r e  weights can be found i n  Ap- 

pendix G. 

The aluminum weighing pans were placed in 100 m 

3.3.1.2.2 Andersen ?lark 111 imuactor with 15-pm ureseoarator-Ten 

3-in. aluminum f o i l  squzres were cut  t o  serve as holders for  each f i l t e r  

s e t .  The aluminum f o i l  squares were folded in ha l f ,  labeled, and the ap- 

propriate  glass  f ibe r  f i l t e r  subs t ra te  (Andersen 2000) placed inside.  The 

equi l ibrat ion and weighing procedures used were as  f o l l o w s :  

The , f i l t e r  s e t s  were equi l ibrated i n  a constant humidity room 

f o r  24 h. 

.- The f i l t e r  and i ts  aluminum f o i l  holder were weighed on a Cahn 

instruments tlodel 27 electrobalance t o  the nearest  0.01 mg. 

The f i l t e r  s e t s  were equi l ibrated for  another 6 h. 

- The f i l t e r s  were weighed a second time. 
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a The equi l ibra t ion  and weighing proceduzes were repeated u n t i l  two 
consecutive weighings agreed within 0.05 mg. 

* Each complete f i l t e r  set was placed i n  a glassine envelope for  

shipping. 

. 

dix  G. 

Andersen Mark 111 impactor subs t r a t e  t a r e  weights a re  found in Appen- 

3.3.2 Testing S t r a t e a  

The Southern Research I n s t i t u t e  "Procedure Hanual f o r  Inhalable Particu- 

l a t e  Sampler Operation," November 30, 1979, prepared for EPA (SORI-WS-79-761, 
4181-37), was used to  determine most of the sampl ing  c r i t e r i a  f o r  both the 
p a r t i c l e  s iz ing  and mass t e s t s .  Four individual sampling points were used 

ra ther  than a standard t raverse  of the duct,  except f o r  the i n l e t .  A l s o ,  

the  c r i t e r i o n  f o r  i sokine t ic  sampling was expanded t o  t 20% ra ther  than the 

standard f 10%. 

3.3.2.1 Baghouse Inlet--  

According t o  the procedures manual c i t ed  above, the recommended sam- 

pl ing points  f o r  c i r cu la r  and square o r  rectangular ducts can b e  determined 

using Figure 3.7. However, due to  the  duct coafiguratioa and ~ the extremely - 

high loading a t  the i n l e t ,  it was decided t o  deviate from the recommended 

sampling points for  the t o t a l  mass tests. 

during a mu, it was decided t o  t raverse  six points .  

was necessary t o  obtain t o t a l  mass data t h a t  would be unbiased by s t r a t i f i c a -  
tion. 

the high loading of the i n l e t .  

ing normal inhalable  pa r t i cu la t e  testing procedures. 

~ ~~ ~ ~-~ 
~ - 

Instead of sampling a t  one pa in t  

A t raverse  of the duct 

S i x  points were chosen because of the shor t  sampling time dictated by 

The p a r t i c l e  s iz ing  tests were conducted us- 

(Refer t o  Figure 3.2.) 

3.3.2.2 Baghouse Outlet-- 

The t e s t i n g  s t ra tegy  used i n  t e s t ing  the o u t l e t  -Loved noma1 inhal- 

able pa r t i cu la t e  t e s t ing  procedures f o r  both p a r t i c l e  s iz ing.and t o t a l  mass 
t e s t s .  
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Figure 3 . 7 .  Xscomended sampling points. 

Source: Souchen Lesearch I n s c i c x t e ,  
"Procedure !!anual f o r  h h a i a b l a  
? a r t i c u l a t e  Sa;?;ar Ogeracioc." 
? regarea  f o r  ZP.?.. :;ovei;?ber 20, 
1 3 7 9 .  (Soi(I-"S-j9-TZi, L T S 1 - 3 i ) .  
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SECTION 4.0 

S-Y OF RESULTS 

Results of the t e s t ing  program a t  the Bowen Construction Company as- 

pha l t  p l an t  a r e  summarized in t h i s  section. The tabular  and graphic pre- 

sentat ions that follow were derived from reduction of the raw f i e l d  data 

found in Appendix I and the laboratorg and ana ly t ica l  data found in Appen- 
d i x  G. The raw data were combined and reduced by a computer program devel- 

oped by HRI t o  produce the pr in touts  found in Appendix J. The information 

contained in  these computer pr in touts  was used in the construction of the 

graphs and tables  i n  t h i s  section. 

Only data t h a t  have met spec i f ic  acceptance c r i t e r i a  are  summarized i n  

t h i s  section. These c r i t e r i a ,  as obtained from "Procedures Hanual f o r  In- 
halable  Par t icu la te  Sampler Operation," prepared by Southern Research In- 
s t i t u t e  f i r  EPA, are:  

~~~ ~~~~~ ~ ~~ ~~ ~~~~ ~~ ~ ~~ ~ 
~~~~~ -~ 

1. Each t o t a l  mass and p a r t i c l e  s iz ing run must be within 2 20% o f  
i sokine t ic .  

2 .  The par t icu la te  grain loading from the t o t a l  mass t r a i n  (E?:\ 
Method 5 or Method 17) and the corresponding p a r t i c l e  s i z e  t r a i n  (.hdersen 

HCSS o r  Andersen nark I11 with 15 pa preseparator) must be  within 2 50%. 

The data that has met t h i s  c r i t e r i a  is i n  Table 4 .1 .  Two t o t a l  mass and 

four p a r t i c l e  s iz ing t e s t s  consisting of  four runs per t e s t  (one run p e r  quad- 

cant on p a r t i c l e  sizing) were conducted a t  the baghouse i n l e t  t e s t  s i t e .  Two 

t o t a l  mass and two p a r t i c l e  s iz ing t e s t s  consisting o f  four runs each (one run 
per quadrant) were conducted a t  the baghouse ou t l e t  t e s t  s i t e .  
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To fur ther  sc ru t in ize  the p a r t i c l e  s i z ing  data an average grain loading was 

determined f o r  the 16 islet mas and the 8 o u t l e t  runs. This average was 

compared t o  the average grain loading o f  each t e s t .  I f  the average varied 

by more than SO%, runs within t h a t  t e s t  would be  compared t o  the grain load- 

ing found in the corresponding mass rua. If these values disagreed by l ess  

than SO%, the deviation probably indicated a high degree of s t r a t i f i c a t i o n  

and a l l  data were retained. 

4.1 INHALABLE PARTICULATE (IP) MISSION FACTORS 

The IP emission factors  f o r  a t gp ica l  source were calculated f o r  15.0,  
10.0, and 2.5 pm p a r t i c l e s  as follows: 

A t o t a l  mass emission fac tor ,  indicat ing the amouat of pa r t i cu la t e  mat- 
t e r  released i n t o  the atmosphere per  u n i t  of asphal t  concrete produced, in  

pounds per ton was calculated f o r  ea& run of each mass test .  The t o t a l  

mass emission fac tor  (lb/ton) was derived by dividing the t o t a l  mass emission 

r a t e  ( lb /hr )  calculated from the mass t r a i n  data ,  by the production r a t e  (tons/ 

hr). 
Company as  described in Section 1. 

on the assumption that the average s tack  veloci ty  during the run was the same 

as the veloci ty  measured a t  the sampling point of the quadrant b a n g  sampled. 

Production data f o r  the  p lan t  was provided by the Bowen Construction 

The calculat ion for  a s ingle  run was based 

-In addition,-the individwl-emission factors  for  each m were c a l c u l a t e d  ~ 

based on the p lan t  production r a t e  during the period when the samples were 

collected with no adjustment being made for  other variations in process 

operating conditions. The IP emission fac tors  were calculated using the 

t o t a l  mass emission fac tor  derived from the Method 5 and Method 17 data 

ra ther  than a fac tor  w h i c h  could have been calculated from the t o t a l  mass 

collected by the p a r t i c l e  sizing device. 

The t o t a l  mass collected during a run in the p a r t i c l e  s iz ing device, 

and the mass col lected on each individual stage was entered in to  a computer 
program along with the c r i t e r i a  t o  determine the actual  05, of each stage. 
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The DSO of a stage is the p a r t i c l e  diameter a t  which the stage achieves 50% 

efficiency; one half of the pa r t i c l e s  o f  t ha t  diameter a r e  captured and one 

half  are  not. 

dix J indicate  cumulative percent grea te r  than the s ta ted  Ds,, whereas the 

graphs and tables  indicate  D,, as cumulative percent l e s s  than s t a t ed  s i ze .  

The cumulative percent Less tban s t a t ed  size vs.  the s t a t ed  size (Dso) were 

then p lo t ted  f o r  each of the four runs t h a t  cons t i tu te  a test .  Note: The 
cumulative percent l e s s  than s t a t ed  size is determined by subtract ing the ' 

numbers found i n  the row labeled "cum.% with f i l t e r "  from 100. 

The computer pr intouts  of the  p a r t i c l e  s iz ing t e s t s  i n  Appen- 

To determine exact ly  what percentage of the t o t a l  mass was l e s s  than 

2 . 5 ,  10, and 15 microns, the cumulative percent greater  than s ta ted  s i ze  and 

D5o from the abovementioned computer pr intouts  were entered inco a sp l ine  

equation. 

developed by J. E. Johnson e t  a l .  ("A Couquter Based Cascade Impactor Data 

Reduction System," EPA-600f7-78-042, Yarch 1978). An improvement t o  t h i s  

program has recently been completed by MRI and was used i n  this study t o  de- 

termine emission factors .  IP emission fac tors  were calculated by multiply- 

ing the percentage of  the t o t a l  mass derived by the sp l ine  equation for  the 

desired D50 by the t o t a l  mass emission f ac to r  ( lb f ton ) .  

upper l i m i t  was set  a t  5 0 . 0  p a  for  the calculat ions using the sp l ine  f i t .  

A program for  handling'impactor data using a sp l ine  f i t  has been 

The p a r t i c l e  diameter 

4.2 CALCULATION PROCEDURES FOR THE IXLET AND CUTLET OF THE BAGHOUSE 

Due t o  the extremely high loading a t  the i n l e t ,  a deviation f rom normal 

IP protocol was used t o  calculate  these emissions. The ou t l e t  emissions 

were calculated using the normal IP methods discussed e a r l i e r .  The t o t a l  

mass runa were matched with the p a r t i c l e  s i z e  runs as shown i n  Table 4.2 
and 4 . 3 .  

A l l  t o t a l  mass samples taken a t  the i n l e t  were collected using a s i x  
point t raverse  instead of being collected from one point a t  the center o f  a 

quadrant. Because of t h i s ,  the mass and p a r t i c l e  s iz ing runs could n o t  be 

matched quadrant by quadrant. Total mass runs were matched with p a r t i c l e  

s iz ing runs according t o  time and day (see Appendix A ) .  The l a s t  2 days o f  
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TABLE 4.2. BAGHOUSE OUTLET TOTAL W S  
AND PARTICLE SIZIXG 
COORDINATION 

Par t i c l e  sizing run Total mass run 

-~ 
0-1-3 
0-1-4 

0-2-1 
0-2-2 
0-2-3 
0-2-4 

0-1-1 (B) 
0-1-2 (recycle) 

(recycle) 

(recycle) 

0-1-1 
0-1-2 (recycle) 
0-1-3 (B) (recycle 1 
0-1-4 (recycle) 

0-2-1 
0-2-2(B) 
0-2-3 
0-2-4(C) 
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TABLE 4.3. BAGEOUSE INLET TOTAL MASS 
rwD PARTICLE SIZING 
COORJIIXATION 

Particle sizing run Total mass run 

None 1-3 (recycle) 

None 1-4 (recycle) 

1-1-4 
1-1-2 

1-1-3 
I-2-2(B) 

I - l ( C )  

1-2 

1-2-4 1-5 

1-2-3 
1-3-2 
I - I - l ( B )  
1-3-4 

1-3-1 
1-3-3 

1-7 

1-8 

1-4-2 I-6(B) 

1-4-1 
1-4-3 
1 - 4 4  None 
I - Z - i ( C )  (recycle) 
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tes t ing no t o t a l  mass runs were conducted. 

f ac to r  ( lb / ton) ,  calculated from a l l  e igh t  of the i n l e t  mass mas (Table 4 . 3 )  

was applied t o  t he  p a r t i c l e  s iz ing  runs conducted on t h a t  day. 

The average t o t a l  mass emission 

4 .3  DATA PRESENTATION FORMAT 

Slmnnary  t ab les  f o r  both the baghouse inlet and o u t l e t  test  locations 

a r e  presented as  follows: 

Tables 4 . 4  and 4 .5  present impactor p a r t i c l e  s i z e  run sampling data 

including mass (mg), D50 values,  and the cumulative percent less than s ta ted 

size f o r  each s tage o f  the impactor. 

Tables 4 . 6  and 4 .7  present the t o t a l  mass emission factors  ( lb/ ton)  

and the IP emission fac tors  f o r  2 . 5 - ,  10.0-,  and 15-pm par t i c l e s .  .h aver- 

age r a t i o  of the grain loading determined from the p a r t i c l e  s iz ing  t r a i n  t o  

the grain loading determined from the mass t r a i n ,  is presented in Table 4.7. 
This r a t i o  was not  included in the data  f o r  the inlet (Table 4 .6)  due to  the 

six-point t raverse  (instead o f  quadrant sampling) used t o  obtain the sample. 

The-computer r e su l t s  of the modified EPA Yetbod 5 and Hethod 17 t r a i n  

f i e l d  d a t a  containing the calculated grain loading and the emission r a t e  in 
pouuds per  hour,  a r e  presented in Appendix 3. IP emission factors  f o r  both 

the i n l e t  and the o u t l e t  are  summarized i n  Table 4 . 8 .  

-~ ~~ 
~~ 

~~ 
~~~~~ ~ ~ 

The data r e su l t s  a r e  also presented in  graphic form for both the bag- 

house inlet and o u t l e t  t e s t  locat ions.  These graphs are  presented a s  

follows: 

Figures 4 . 1 ,  4.2,  4 . 3 ,  4 . 4 ,  4 . 5 ,  and 4 . 6  present the r e su l t s  of each 

individual t e s t ,  which consisted of four separate runs (one p e r  quadrant). 

The data presented include p a r t i c l e  s i z e  (DSO) versus cumulative percent 

l e s s  than s t a t ed  s i z e  and emission fac tors  f o r  2 . 5 ,  10 .0 ,  and 1 5 . 0  pm. 
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The data for particle size (Dso) versus cumulative percent less than 
stated size data have been plotted for each of the four separate runs. 
average of :he 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 pa). 

The 

The calculated emission factors for 2.5, 10.0, and 15.0 pm 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 . 8  present the average of the results of all tests 
conducted at each testing location. 
of four runs per test conducted at the inlet location and txo particle siz- 
ing tests of four runs per test conducted at the outlet location. 

There were four particle sizing tests 

, The average particle size versus cumulative percznt less than 
stated size for all tests is presented graphically. The plot was con- 
structed by averaging all test data generated by the spline fit for the se- 
lected diameters of 2.5, 10.0, and 15.0 prn. The ranges of the individual 
test averages are also presented' at the selected diameters. 

The average emission factor for all tests is also represented by a 
line. 
results at the selected diameters of 2.5, 10.0, and 15.0 ;~m. The ranges 
of the individual test averages are presented at the selected diameters. 

The line was constructed by averaging the average of individual test 
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SECTION 5 .O 

CONDENSABLES TESTING RESULTS 

This sec t ion  summarizes t e s t s  f o r  condensable emissions conducted by 

Southern Research I n s t i t u t e  (SORI) a t  Bowen Construction Company. The t e s t s  

were conducted during the week of October 5 t o  10, 1981. The I P  condensable 

t e s t i n g  was performed using the EP.4 Stack Dilution Sampling System (SDSS) 
according t o  IP p r o t o c o l .  
a r e  described in t h i s  section, followed by a presentation of t e s t  data and 

a brief discussion of the tes t  r e su l t s .  

Both the sampling equipment and the protocol used 

5.1.1 Design o f  Stack Dilution S k l i n p  System (SUSS) 

A diagram o f  the major components o f  the SDSS is shown in Figure 5 .1 .  

~ In operation, gases from ~~ the process ~ st ream are  dra+-~throug&_rhe IP Dwl 
~~~ - 

~~~ ~- 

Cyclone Sampler in which pa r t i c l e s  with an aerodpaamic diameter greater  than 

15 pin and those i n  the range 2.5 t o  15 pm a re  removed in two s tages .  The 

s tack gas containing the fine p a r t i c l e  f rac t ion  (< 2.5  pin) and condensable 

vapors passes through the heated probe and f lex ib le  sample l i n e  and i s  in- 

troduced ax ia l ly  i n t o  the boctom o f  the cyl indr ica l  d i lu t ion  chamber. A t  

t h i s  poin t  the s tack gases are  mised with cool, dry d i lu t ion  a i r  t o  form a 

simulated plume which flows upward through the d i lu t ion  chamber. 

20 x 25 an hi-vol f i l t e r  is i n s t a l l e d  a t  the discharge end of the chamber 

W h i c h  co l l ec t s  the fine pa r t i cu la t e  including any new pa r t i cu la t e  formed by 

condensation. 

by a standard hi-vol blower. 

A standard 

The d i lu ted  stream is exhausted by a 1-hp b l o w e r  o r  optionally 

Stack gas flaw r a t e  is measured by an o r i f i c e  
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. .  

a t  the base o f  the d i lu t ion  chamber. Dilution and exhaust flow a re  measured 

by o r i f i c e s  in the i n l e t  and o u t l e t  l i n e s ,  respectively.  

.Ambient d i lu t ion  a i r  is  drawn through a blower and forced through an 

i c e  bath condenser. In t h i s  condenser the a i r  i s  cooled t o  5 t o  8 O C  (41 t o  

G O T ) ,  depending on the flow and ambient temperature. Hore s ign i f i can t ly ,  

the d i l u t i o n  a i r  humidity i s  reduced t o  about 0.57% by volume, correspond- 

ing t o  saturated a i r  a t  the i c e  point .  After the condenser, the a i r  is re- 

heated as required t o  reach 21.1OC (70°F) a t  t he  d i lu t ion  chamber in le t ,  
f i l t e r e d  through a HEPA-type absolute f i l t e r ,  and introduced in to  the di lu-  

t i on  chamber. The d i lu t ion  a i r  enters a s ingle  tangent ia l  inlet  a t  the 

base of the d i lu t ion  chamber and passes through a s e t  of flow straightening 

screens i n t o  the annular region surrounding the sample gas i n l e t .  The r a t io  

of the areas o f  the two in l e t s  is such that f o r  sample gas a t  room temper- 

a ture  the ve loc i t ies  of the sample and d i lu t ion  S t r D a m s  a r e  equal. Sample 

gas a t  s tack temperature w i l l  be  in jec ted  a t  a higher veloci ty  proportional 

t o  the thermal expansion o f  the heated gas stream. This was judged the 

b e s t  simulation o f  a buoyant plume injected in to  stagnant a i r .  

5.2 SPECEIUTIONS 

.. 
The geometric and f low spec i f ica t ions  were s e t  by several  constraiots .  

~~~~ -~ ~ 
~ ~~ 

~ ~~ - ~~ 

T h e y q l e  f l G  ra t e  was s e t  by the So;  requirements of &e IP cyclone 

sampler. Idea l ly ,  t o  approximate the conditions found i n  actual  plumes, 

the d i lu t ion  r a t i o  should be high (approaching lo3  t o  IO4) and the mixing 

tines long ( tens  o f  seconds). The ac tua l  d i lu t ion  conditions represent a 

compromise d ic ta ted  by l i m i t a t i o n s  on the s i ze  of a portable f i e l d  inscru- 

ment. Geometric and flow specif icat ions are  given in Table 5 . 1 .  

Since the e f f e c t  of varying d i l u t i o n  a i r  temperature and humidity can- 

not b e  ea s i ly  predicted for  all t yp ica l  process streams, standard conditions 

o f  0.57% moisture by volume a t  21.1OC (corresponding t o  about 24% r e l a t ive  

humidity a t  70°F) were chosen. 

be subject  t o  water condensation for aonnal stack samples, y e t  is more 

r e a l i s t i c  t!mn t o t a l l y  d r y  a i r .  

This r e l a t ive ly  d r y  d i lu t ion  a i r  should n o t  
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TABLE 5.1. SPECIFICATIONS FOR DILUTION SAMPLLUG SYSTElf 

Geometric 
* 

* Diameter of d i lu t ion  chamber: - 
Active length of  d i lu t ion  chamber: 

Diameter o f  sample i n l e t  tube: 
Active d i lu t ion  volume: 

F& - Sample flow (determined by inhalable 
pa r t i cu la t e  cyclone t r a i n )  : 

- Sample velocity:  

- Dilution airflow: 

- Dilution a i r  velocity:  

* Dilution r a t io :  

* Residence time: 

48 in.  (122 cm) 
8 .4  in. (21.3 cm) 
1.68 in. ( 4 . 2 7  an) 
1,54 f t 3  (43,600 cm3) 

0 .6  ft3/min 

0.86 f t l s e c  
., (- 27 cm/sec) 

15 ft’lmin 

0:66 f t / s e c  

- 25:l (up to 4 0 : l  

6 . 2  sec 

(- 17 l i t e rs /min)  

a t  302OF (15OoC) 

(425 l i t e rs lmin)  

( 2 0  an/sec) 

possible) 

Gas conditions 
* Sample gas: T < 250°C; par t i c l e s  > 2.5 p removed by cyclones 

Dilution a i r :  T = 21.1OC; r e l a t ive  humidity 24%, f i lcered  ambient 
a i r  

Sample co.llection 
* Par t icu la te  col lected o a  nlass f i b e r  f i l t e r  
* Optional impactor gives cuts a t  0 .5 ,  1 . 0 ,  2 . 0 ,  and 4.0 pm 

Optional extract ion of di luted stream f o r  s iz ing by opt ica l  counter, 
e l e c t r i c a l  mobility analyzer, condensation nuclei  counter, e tc .  
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5.3 OPERATING PROCEDURE 

The in-stack IP dual cyclone train is the intended precutter for the 
SDSS. This device is fully described in the “Procedures Manual for Inhal- 
able Particulate Sampler Operation” cited earlier. The flow rate of stack 
gas entering the dilution system is determined by the necessity to obtain a 
DSO of 15 pm (50% collection efficiency at 15 pm) f o r  the initial IP cyclone 
(SRI-X).  This flow rate, which varies with temperature, can be determined 
from the experimental calibration data for the cyclone train. Nominally, 
23 L/min ( 0 . 8  ft3/min) is required for standard air at 150°C (300°F). 
the entire operating temperature range of the sampler, Cyclone SRI-I11 ob- 
tains 50% collection efficiency at 2.5 2 0.5 pm for the flow rate determined 
by cyclone SRI-X. Particulate with aerodynamic diameter smaller than 2.5 pm 
(the fine particulate fraction) passes into the SDSS and provides the nuclei 
for the accumulation of condensable material in the dalution/cooling process. 

Over 

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. 
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, and-the gas-iscosity-calculatFd. Usinccali- 
bration data for Cyclone X of the d u l  cyclone 1P sampler, a flow rate i s  

selected to obtain a Ds0 of 15 pm for this device. 
isokinetic sampling, and the sampling trains, after warnup, are inserted at 
different points in the stack that are demonstrated not to have dramatically 
different loadings due to stratification of emissions. The protocol for the 
SDSS calls for sampling at a minimum of two points in a duct rather than a 
minimum of four as specified for the dual cyclone train. In either case, 
sampling points are chosen at the centroids of quadrants of the duct. 
the minimum two-point measurements are taken, as they were in this test, the 
dual cyclone tzain is used to sample at one point while  the SDSS is used at 
the other. In alternate runs, the sampling trains are switched, especially 
if stratification is noted. 

The setup and operating procedures for 

Xozz les  are selected for 

kben 
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After sampling, the cyclones a re  unloaded and the cyclone catches a re  

collected according t o  the procedures manual f o r  the dual cyclone t r a in .  

The probe, heated hose, and sample gas inlet assembly of the SDSS are  

washed wi th  

t o  dryness and the residue weighed as i n  EPA Reference Method 5 .  The probe 

wash weights a re  included with the SDSS f i l t e r  in calculat ing the f ine  par- 

t i c u l a t e  plus condensable emissions f rac t ion .  

a su i tab le  solvent,  usually acetoae. The rinses are  evaporated 

5.4 TEST CONDITIONS 

The sampling czew from SORI arrived on-site w i t h  the SDSS on Honday, 

October 5 ,  and began setup. Due t o  delays in obtaining e l e c t r i c a l  power, 

the f i r s t  run could n o t  b e  made u n t i l  Wednesday, October 7.  A second nm 
was performed on Thursday, October 8;  in order t o  make up  f o r  the l o s t  run 
on Tuesday, two runs were made on Friday, October 9 .  

A l l  samples were taken from the o u t l e t  of the baghouse with the p lan t  

u t i l i z i n g  recycled paving material .  A cross-section of the stack is shown 

in Figure 5 . 2 .  Samples were taken a t  points  2 and 4 of Figure 5 . 2 .  These 
points l i e  105 an (41.0 in . )  from the entrance of each port  along the diam- 

e t e r  of the stack; in other words, a t  the centroids of the quadrants of the 

s tack crass sect ion which l i e  away from the baghouse. Stack ve loc i t ies  

were measured a t  quadrant centroid points 1 t o  4 and averaged t o  s e l ec t  

sampling nozzle s izes .  Gas composition (dry bas is )  was measured by Orsat 

and determined t o  be 15% O,, 3% CO,, and 82% X z ,  respectively.  Stack mois- 

tu re  as  determined a t  the end of a l l  IP runs varied fzom 14 t o  19% by vol- 

ume. Obviously, this f igure  w i l l  vary with production r a t e  and the moisture 

content of the aggregate, but  it was roughly constant except for  Run 4. 

Other relevant var iables  a re  presented in Table 5 . 2 .  

To provide a "clean" substrate  for  any future  chemical ana lys i s , .  

Zefluor Teflon membrane f i l t e r s  (GHIA, I n c . ) ,  2-l.lm pore s i ze ,  were used 

for a l l  SDSS runs. F o r  the in-stack backup f i l t e r s  on the conventional IP 
t r a i n ,  preweighed 47-mm glass  f i b e r  f i l t e r s  were eq loyed .  Xo pressure 
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Port 

ID Ports 

Outlet Cross Section 

F i g u r e  5 . 2 .  Cross seccion of baghouse o u t l e t  stack. 
Quadrants umbered as f o r  condellsables 
testing. 

~ 
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drop problems were noted w i t h  e i t h e r  f i l t e r .  The SDSS f i l t e r  from Run 1 

was dropped a f t e r  the run and was contaminated thus voiding the r e su l t s .  

W other  f i l t e r s ,  including one blank f i l t e r  of each type, were kept pro- 

tected in covered containers. 

5 . 5  RESULTS 

The weights of t he  cyclone and f i l t e r  catches are  presented i n  

Table 5.3 .  

balance a t  SORI. All f i l t e r  weights represent the r e su l t s  of  rep l ica te  

weigbings in the controlled humidity weighing room at.HR1. The var ia t ion  

of a l l  r ep l i ca t e  weighings was in s ign i f i can t  except for  the loaded SDSS 
Teflon f i l t e r s .  

with time, as  shown in Figure  5.3 .  A blank SDSS f i l t e r  which was taken t o  

the t e s t  site and returned f o r  weighing showed no such var ia t ion .  For eea- 

sons discussed below, this loss was interpreted as  evaporation of condensed 

organic compounds col lected on the f i l t e r  of the di lu ted  stream. ?io similar  

weight loss was noted on the glass  f i l t e r s  used for  the in-stack cyclone 

t r a in .  The var ia t ions  in the weights of these f i l t e r s  were w i t h i n  the 

0.2-mg r e l i a b i l i t y  of the Hettler AK160 balance used and were not monotonic 

with time. Over the 3- o r  4-day weighing period, the glass  f i l t e r s  were as 

l i ke ly  t o  gain weight as  t o  lose w e i g h t  between reweighings. Thus, w e  con- 

The cyclone catches were weighed a f t e r  desiccation on a C a b  27 

The f i l t e r s  from R u n s  2 t o  4 showed a steady loss of weight 

-~ cluded ~ ~~ t h a t  the systematic weight ~~ Loss was r e a l  ~~~~~ and unique ~~~ to  the ~ ~-~ f i l t e r  ~~~~ 

samples taken with the SDSS. Therefore, the weights reported for these fil- 
ters i n  Table 5 . 3  are  not averages, bu t  ra ther  the individual weights  a s  

measured 1 day a f t e r  sampling. The ra t iona le  for  t h i s  decision is  discussed 

be low.  

Inspection of the data in Table 5.3 reveals that the two p a r a l l e l  cy- 

clone t r a i n s  col lected roughly comparable amounts of dust  for  the runs in 

this t e s t .  For a l l  pa i r s  .of cyclone catches except those in Run 1, the 

deviation from the mean is less than 30%. In R u n  1, the SIISS cyclone Y was 

s igni f icant ly  higher than the standard LP t r a i n  with a deviation of 4% 
above the mean, but this is s t i l l  w i t h i n  reasonable limits for  simu1:aneous 
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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 zoom tem- 
perature. The most likely candidate species appear to be l o w e r  molecular 
weight aliphatic hydrocarbons from the asphalt mix, 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. Obviously, the weights of 
the filters immediately after sampling would give best lower  bounds to the 
samples, but there were technical problems in obtaining these data. First, 
it is not always desirable to take an appropriate balance.to the field site. 
Second, it is customary to equilibrate filters for several hours in a con- 
stant humidity atmosphere o r  a desiccator before weighing to avoid artifacts 
due to adsorbed moisture. In t h i s  test, prompt weighings were available 
only for Run 4. However, for all t k e e  runs weighings were in the Vicinity 
of 24 h after sampling. Since t h i s  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 weight 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 l i e  along the same curve. Ex- 
trapolating this curve, it is estimated that the filter catches immediately 
after sampling are 5 to 10% higher than t h e  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 1-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 Lp train from the corresponding 
fraction from the SDSS data. This value, divided by the total emissions 
Concentration measured in the SDSS, is tabulated as percent condensable. 
As can be seen, on the average 45% of the particulate measured in the SDSS 

at this source was formed by condensation. 

The total mass concentrations in Table 5.4 are listed in metric and 
English units and have been converted to emissioos factors in pounds per 
hour using the stack volume flow listed in Table 5.2. 
on a four-point velocity average rather than a full pitot traverse. 

This number is based 

Table 5.5 presents the IP emission factors that were calculated from 
the condensables testing data. The IP emission factors were determined by 
first calculating a total mass emission factor (pounds/ton). The total 

mass emission factor was calculated by multiplying the ratio of the stack 

flow rate to the sampler flow rate by the total weight collected in the 
sampler and converting to pounds per hour. Pounds of emissions per ton of 
product were calculated by multiplying the average production rate (tons 

per hour) during the test period by the total emissions (pounds per hour). 
In order to calculate emission factors for > E ,  2.5 to 15, and <2.5 prn 
(pounds per ton), the ratio of the individual stage weight (Table 5.3) to 
+-he 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 has 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 Level 1 organic analysis. 

These more volatile hydrocarbons will not be retained by the SDSS filtsr, 
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as they will not remain in the condensed particulate in the acthal plume of 

a stack. To obtain values of total organic emission, a sampling train such 
as the Source Assessment Sampling System is recommended. The present re- 
sults are representative of the particulate emissions as they would exist 
in the near-stack ambient environment after emission, including 'chat frac- 
tion of the volatile emissions found in the condensed phase. 
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COMPLETE LISTINGS OF JSKPRG, JSKRAW, AND JSKLOG 
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$3 FUR n U = l  TU C1W:FOR I=l TO NF:XN( I ) = X R <  I 9 Q U ) : Y 0 (  I )=YR< 1,RU):NEXT I 
84 P R I N T  T1MEB:LPRINT T A H C 6 ) i " T E S T  I D :  " i 1 D B i R V ) : L P R I N T  " " :LPRINT TAHl  6 ) i " I N P U l  

PARTICULATE EMISSION RATE = " i J Y i  RU ) i "  LH/HR" :LPRINT TAB( 24 ) ; "PARTICLE IIENSITY = '  

82 I-OR ~ = i  -ru L~:PNPUT"ENTER AERODYNAMIC D S O " ; X D (  I ):NEXT I 
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APPENDIX I 

DESCRIPTION OF TI-59 PROGRAM TO COMPUTE 
L O G - N O W  PARTICLE SIZE DISTRIBUTION 



Par t i c l e  size data  f i t t i n g  a l o g - n o m 1  d i s t r ibu t ion  y ie lds  a straight 
To graphical ly  determine l ine when plot ted on log-probabili ty graph paper.  

the mass f r ac t ion  of  particles smaller than 15 km in diameter ,  the da t a  
points would have t o  b e  plotted. Then, the b e s t - f i t  l i ne  would be drawn 
through the da ta  points a d  the IJ! fraction determined. 
approach is time consuming and requires  a subject ive j u d p e n t  in drawing 
the  b e s t - f i t  l i n e  throu& the da ta  points. 

Such a g r a p h i c a l  

AU analytical technique u t i l i z i n g  the TI-59 programmable ca lcu la tor  
w a s  developed as p a r t  of chis  study. 
nates into a l i n e a r  format. as sham in Figure 6, and then performs a stan- 
dard linear regression analysis  t o  f i n d  the slope and in te rcept  of the least 
squares l i ne  f i t  t o  the data. The ordinate  is l inear ized  by taking the log- 
a r i t h m  of the aerodynamic p a r t i c l e  diameter. 
i t y  function is represented by the in t eg ra l  

The program transfonns both coordi- 

The abscissa o r  the probabil- 

This i n t e g r a l  can not be solved e x p l i c i t l y ,  but can be approximated by 

2 + e(F), where t =im and 0 < F 0.5 x = -t + '0 + '1': + '2' 
1 + d i t  + d2t' + d3tJ 

- 
The constants needed for the  probabi l i ty  function approximation are given 

~ ~ ~ 
~ ~ 

i n  Table A-1. ~ ~~~ 

161 TABLE A-1. CONSTANTS u s m  IN TRE LOG XORUL DATA ANALYSIS- 

c = 2.515517 dl = 1.432788 
d2 = 0.189269 c1 = 0.802853 b2 = -0.356563782 

b,, 1.78 147193 7 cz = 0.010328 d3 = O . O O l 3 0 8  
b4 = -1.821255978 

0 f 0.31938153 bl 

b5 = 1.330274429 r = 0.2316419 

Ic(x) (  < 7.5 x lo-8 Ie(F)I < 4.5 x 
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Once the data  points aretransformedto l i nea r  coordinates, the stan- 
dard l inear regression function of the TI-59 is used t o  determine the slope 
and intercept  of the l e a s t  squares l i n e  f i t  through the da ta  points. The 
mass median diameter is the anti-log of the y-intercept,  as shown i n  Fig- 
ure 6 ,  and the geometric standard deviation is the a n t i - l o g  of the s l o p e .  
The l inear  correlation coef f ic ien t  is a l so  calculated.  

Po f ind  the mass f rac t ion  of particles smaller than 15 p, the log of 
1.5 (y-coordinate) is entered and the corresponding value of the x-coordinate 
is computed using the  least squares line previously determined. T h i s  pro- 
gran can be modified very e a s i l y  i f  the mass f rac t ion  f o r  another pa r t i c l e  
cut  size is desired. The computed x-coortiinate value is then converted 
back to  a mass f rac t ion  using the following formulas: 

x 5 0 F = f(x)[bLt + b 2 t Z  + b3t 3 + b4t 4 + b5t 5 ] + e ( x )  

x > 0 F = 1 - f(x)[b t + b 2 t  2 + b3t3 + b q t  4 f b 5 t  5 ] f c(x) 
1 

where 

The constants for  the formula a re  presented in Table A-1. Appendix B 
contains the log-normal d i s t r ibu t ion  program used for a n a l y s i s  of the 
p a r t i c l e  s i z e  test data. 

The log-normal method is a useful procedure for interpolat ing betveen 
points as w e l l  as extrapolat ing beyond the measured range of the parcicle 
size dist r ibut ion.  It is common t o  f ind  deviations from log-normality a t  
the extremes of the size dist r ibut ion.  There are 1imi:ations of the log- 
normal method; however, this procedure f a c i l i t a t e s  the extrapolation needed 
t o  arrive a t  a mass f r ac t ion  l e s s  than 1.5 pm, from measured pa r t i c l e  size 
dis t r ibu t ion  data. 
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APPENDIX J 

COMPUTER PRINTOUTS AND HAND CALCULATIONS 

(Included i n  Tables 3-16 through 3-26) 

.. 
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REFERENCE 1 DATA 

(Ftom Tables 3-3, 3 - 4 ,  and 3-5) 
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S f L I f . 1 2  PROG2kl i  - 02/22/92 'JL 

' E S ' i  :XI: 1.k COUHTY SUHMkRY TABLE TEST C-359 SCRUBBER INLET 

:[$i?iJi IjkTk: PROCESS WEIGHT RkTE = 113 TQNS PROD. iHR 
'TOTAL PARTICULATE EnIssxaN RATE = 352 LWHR 
P ~ R T X C L E  DENsI-rY = 2.4 GKC 

iiEhiUi3iED I'kH'iXCiE SIZE D I S T R I B U T I O N  

( X i  (urn) Hkid X < CUT CUfi, X % CUT 

1 ii 76.4 76.4 
2tj 6.3 92.7 

I 44 2.3 85.5 
74 i4.5 100 

FACTOR 
( KG/HT ) 

,446372 

. 630353 
,770518 
,943776 

.54aso2 

1.1OX9 
1 + 13273 
1.23063 

3- 3 



SPLIN~ P R O G R A ~ ~  - o w m a 2  v i  

'TESL IL: Lk COUNTY SUHMARY TABLE TEST C-369 SCRUBBER OUTLET 

1Wd.i. DkTk: PROCESS WEIGHT RATE = 113 TONS PROD, /HR 
TOTAL PARTICULATE EHISSION'RATE = 2 4 . 4  LB/HR 
PARTICLE E N S I T Y  = 2.4 G/CC 

..~ghS.~.2EIi. I?AH'i XCLE S I Z E  DISTRIBUTION 

C U ' i  (urn.) HkU X < CUT CUH. Z i CUT 

,I?.. 79.9 
ai 3.8 

,qL 2 
74 14.3 

79.9 

85.7 
100 

83.7 

(Id TPil i 1;ikTk : 'rr EMISSION FACTOR = .xsm LB/T ( 
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s ~ i . 1 ~ 2  PROGRAM - o 2 / m a t  v i  

'TEST :[15: LA COUNTY SUitikRY TABLE TEST C-37% SCRUBBER INLET 

IiiW i LikTk; PROCESS WEIGHT RATE = 158 TONS PROD. /HI? 
TOTAL PARTICULATE EHISSION RATE = 76 LWHR 
PkRTICLE DENSITY = '2 64 tf CC 

iiEAHili3ED PARTICLE S I  i E  UI STRI HUT1 ON 

(Xi  (urn) RkW X q: CUT CUH, 2 e: CUT 

IC1 73 . 79 
2il I8 96 

74 2 100 
44 2 98 
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SPi.IN2 PHOGHAii - 02/22/32 V i  

'TES'i X!j: LA COUNTY SilMiARY TABLE TEST C-372% SCRUBBER OUTLET 

, Ipir) iJ 'i KtkTk: w:aCms WEIGHT RATE = 153 TC?E m a n ,  ,+IF: 
TUTAL PARTICULATE Ef5ISSICN RATE = 10 L W H R  
PkHTICLE DENSITY = 2 . 4  G/CC 

i i S j i L i i X 1 1  P A Z ' i I C l E  S I Z E  DI STRI BGT I O N  

(:UT IurllLo I3AU X i CUT CUH, i: CUT 

33 
88 
39 
100 

Oi! iPil  i TtkTla : TP EI I ISSION FACTCR = .0bZ2911 L B / T  I ,0316456 S;G/HTi 

EHISSION FACTOR 
CiJT umk)  CUM . ;< C" .. CUT I LB/T 1 I i.;G/?iT j 
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S P L l N Z  PRUSRkH - 0 2 / 2 2 / 3 1  'I1 

' E S ' i  :(R: 1.A COUNTY SUtihARY TABLE TEST C-372B SCRUBHER INLET 
... 

PROCESS WEIGHT RATE = 142.9  TONS P R O D .  / H R  
TDTAL PARTICULATE EHISSION RATE = 121 L W H R  
PkRTlCLE DENSITY = 2.4 G/CC 

. \ : -  , m j  i MTA: 

t?Ef'i~;iJdiXi PART I2l.E SIZE DISTRIBUTION 

Cil i < u m )  RkU ;! +: CUT CUH, i: .:: CUT 

* Model will not accept zero values. 
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~ I I ~ W J I ? E I I  PAi3'iICi.E SIZE DISTRIBUTION 

( X i  I: utn j R A W  X c: CUT CUM. X .: CUT 

i i l  Y a 82 
;:lj 3 85 
.i 4 2 07 

13 100 . - ,  
,' 1 

.0335596 
e0414206 
-0427524 
,0467192 
e0503195 
0534 176 

-.Os49472 . o55aw7 
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SPi-IN2 PROGRAM - 02/22/52 Ul 

TES'i 215: LA CiluiqTiy SUtiRARY TABLE TEST C-422C 1 ) SCRUBBER OUTLET 

.Li.tr'd i LiA'TA: PKOCESS WEIGHT RATE = 198 TONS PROD. /HE 
TnTAL PARTICULATE EHISSION RATE = 16.6 LB/'HF: 
PkRTICLE DENSITY = 2.4 G/CC 

i-iCASiJ,i?ELt Pk3'iXCI.E SIZE DISTRIBUTION 

( ;a i  I UIP) HkU X <: CUT CUH. X .: CUT 
..- iu i 3 . 2  

..!tj 5.i 
4.4. 4 . Y  
74 . (, 17.2 

73.2 
78 .3  
32.3 
100 
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SPCIN? PROGRAM - 02/22/82 V 1  

TEST ID: 1960 LOS ANGELES COUNTY TESTIC-426 VENT LINE 

INPUT KIkTA: PROCESS WESGHT RATE = 192 TONS PKDD./HR 
TOTAL PARTICULATE EHISSION RATE = 2000 LWHF: 
PARTICLE DENSITY = 2.4 G / C C  

tiEkSUKEn SIZE DISTRIBUTION 

CUT( urn)  CUH, X TC CUT 

- L 

10 
15 

L- 
J 

~~ ~ 

20 
30 
40 
50 
60 

3 
19.3 
39.7 
52.7 
60 .7 
74 
81.6 
85.8 
sa 

OUTPUT CIATA: TP E H I S S I O N  FACTOR = 10.989 LF/T ( 5.49451 

EMISSION FKTOF: 
( L R / T  ) 

1.02708E-03 
7.70684E-03 

,179295 
-+ 975215 
2.95612 

,01924 i a  

4.22208 
5.24548 

J-10 

( KG/HT 1 

5 13539E-04 
3,85342E-03 
9.1209E-03 

.487613 ~~ 

1.12806 
2.11104 
2 * 62274 

,0896475 



SPLIN? PROGRAH - 02/22/92 L'l 

'TEST iD: IYbO LOS ANGLES COUNTY TESTIC-426 CYCLONE OUTLET 

I iWJT DkTA : PROCESS WEIGHT RPTE = 192 TONS PHOD,/HR 
TOTAL PARTICULATE EMISSION RRTE = 2620 LB/HR 
PWTICLE DENSITY = 2 .4  G/CC 

* I?EkSURED SIZE DISTRIBUTION 

CUT( urn) CUH, X .: CUT 

2 

10 
15 
26 
30 
40 
50 
60 

F 
J 

1.3 
5.4 
10.3 
14.3 
17.8 
25.4 
33.8 
44.6 
51.1 

OUTPUT DATA: TP EHISSION FACTOR = 14,3956 LB/T ( 7.1979 KG/MT) 

EHISSION FACTOR 
CU'T I umA) CUH. X c: CUT ( LB/T ) < KG/MT ) 

. $25 ,0221413 3.19737E-03 1.5936sE-03 
1 .0894a64 .0128821 6.44105E-03 
1.25 163537 ,0235494 .0117747 
2 . 5  .333455 .119991 .OS99904 

2.9292 ,421532 .210766 

:is 9,95612 1,43324 , T l o Q 2 2  
2 r3 12,6159 1.31613 .909065 

u 
J 

1 r; 6 92055 ,996256 ,499128 

E N 1  OF TEST SERIES 

* Particles > 60 pmS and 3-4 pmS not used as Fnput to model (see Sqction 3 . 5 . 2  
of text).. 
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SPLIN~ PROGRAM - o?/m/a2 v i  

TEST In: 1960 LOS ANGELES COUNTY T E S T t C - 4 2 6  CYCLONE I N L E T  

OUTPUT DATA: 

PROCESS WEIGHT RATE = 132 TONS PROD./HR 
TOTAL PARTICULATE E t i I S S I O N  RATE = 0700 LB./HF: 
PARTICLE DE?ISITY = 2.4 G/CC 

KcI S'f R I WJTION 

CUM, X <: CUT 

1.5 
10.1 
21.1 

32.1 
40  .% 
47.7 
J3.5 
56.6 

27 .a 

c- 

TP EMISSION FACTOR = 36.3132 L B / T  ( 18.4006 K G / t i T )  

EMISSION FACTOR 
CUH, X cz CUT ( L H / T  ) KG/MT ) 

4 O2547E-03 1,4819E-03 7 40952E-04 
,03184 ,0117213 5.3606OE-03 . a7707 .0283719 -0 14186 
.e0332 ~~~~ ~ ,295728 .147364 
4 + 55854 1,67315 ,339073 

2 52672 13.1 i/ 3 

20,4088 7.51313 3'. / J O . J ~  

25,2256 9.28636 4.64318 

5 05344 -q--. - - 5 . 5  

EMI LIF -rEsr SERIES 

* Particles > 6 o p n S  and 3-4 /.unS not used as input to model (see Section 3 . 5 . 2  
of text). 
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S P L I N 2  PROGRAil - 02/22/02 V1 

'TEST 11): 1966 LOS ANGELES COUNTY TESTDC-393 SCRUBBER I N L E T  

INPU r LIATA : PROCESS WEIGHT RATE = 92.3 TONS PROD,/HF\' 
TOTAL PARTICULATE E M I S S I O N  RATE = 4260 LB/HF: 
PARTICLE UENSITY = 2.4 G/CC 

riEHSUi%EII SIZE D I S T R I B U T I O N  

CUT( URI ) CUti. Z <I CUT 

10 
20 
44 
74 

13 
04.1 
93.7 
100 

ClUTPUT DATA: TP  EMISSION F4CTOR = 4.5.1530 LEVT ( 23.0769 KG/MT) 

E M I S S I O N  FACTOR 
Cil 'T ( u m H )  Cili'i, % .:: CUT (LH/T ) ( KG/HT ) 

2 + 2 iE-12  1.02E-12 5 I€-13 , qL- 
.CJSJ 

1 2 .  ibE-09 9.96923E-10 4 *90462€-10 

2 ,s 1-12E-04 5 16923E-05 . 2 *50462E-05 
1.2y 4E-08 1 ,a4~15~-08 9.23077~-09 

,0449 .0207231 .0103615 

13.9 5.41530 3 6 20769 

L- 
J 

i o 2.8 1.29231 ,546154 

- . ~  30.8 14,2154 7,10769 
15 
2 .j --. , " i n r i j  Dk'Tk SET WAS F I T  T O  A LOG-NORHAL S I Z E  D I S T R I B U T I O N  
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REFERENCE 3 DATA 

(From Tables 3-6 and 3-7) 
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0.2 
0.6 
0.8 
1.6 
3. z 
6 4  
12.8 
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0.4 
04 3 
1.6 
3’z 3-16 L4- 
12.8 
2C.L 



13.4 
I$. 6 
27.7 

I 
I 

i 
! 

I 
! 

! 

! 

~ 

I 
I 
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PROCESS UATA NOT AVAILABLE; EHISSION FACTOR DIRECTLY INPUT 
-rEs.r ID: GEHHAN STUUY PLANT ID NO. ~4 CYCLONE INLET 

INPUT DATA; PROCESS WEIGHT RATE = 0 TONS PROD*/HR 
TOTAL PARTICULATE EHISSION RATE = 0 LB/HF: 
PARTICLE DENSITY = 2.4 G/CC 

iiEASUREIl S I Z E  DISTRIBUTION 

CUT( um ) CUP!. % .: CUT 

5.3 
7.5 
10.6 
15 
21.2 
30 
42.4 
60 
74 

10.5 
16.7 
23.2 
28.6 
34.3 
39.7 
46 
57.1 
t o o  

OUTPUT DATA: TP EMISSION FACTOR = 13.0 LEVT ( 9 .4  KG/tiT) 

1.25 
2.5 
F 
.I 

.0010376 
774093 

4.20616 
10 13.8925 
15 21.5391 
20 26.2601 

END OF 'TEST SERIES 

EMISSION FACTOR 
( L B i T  1 C KG/HT) 

9.52240E-04 4.76074E-04 
6.659WE-03 3.33E-03 
0153855 7,69273E-03 

805799 402099 
.I45529 .0727647 

2 -61 170 1.30509 
4 * 04934 2.02467 
4 * 9369 2.46a45 
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S P L I N ?  PROGRAM - 02/22/82 U 1  

I’ROCESS TMTA NOT AVAILARLEi EMISSION FACTOR DIRECTLY INPUT 
-rEs-r 111: GERMAN s T u w  PLANT ID  N O ,  ~4 CYCLONE OUTLET 

INPUT !M T A : r R o c E s s  W E I G H T  R A T E  = 0 TONS PROII. ./HE 
TOTAL PARTICULATE E3ISSICN EATE = 0 LS/HR 
PbRTICLE DENSITY = 2 . 5  Gi‘CC 

MEASURED PARTICLE S I Z E  DISTRIBUTION 

CUT ( u r n )  w u  :< .: CUT CUM. X .:: CUT 

10 23.2 23.2 
20 11.1 34.3 

74 54 100 
40 11.7 46 

OUTPUT m T a :  T P  EMISSION FCICTOR = ,916 LP/T ( ,453 KC/MT) 

EMISSION FACTOR 
CUT ( u i n A )  CUM. % i: CUT ( LP/T ) ( KGiMT ) 

,625 
1 
1.25 
2,s 
5 
10 
15 
20 

.. 

1.01021 
1 .814i1 
2 35923 
4,99792 
9.50428 
16.7416 

26.4721 
22.1483 

ENTI OF TESS S E E I E S  

9.2535E-CZ 4 * 62675E-03 
-0 16622.7 8.31 13iE-03 
021 6106 .0103053 
.0457309 .0?28905 
,0ai9i52 ,0439576 
+ 153353 .0766767 
202375 .IO1439 
,2424a5 121242 
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SPLINZ PROGRAM - 02/22/32 V 1  

PROCESS U A T A  NOT AVAILABLE; EMISSION FACTOR DIRECTLY INPUT 
- r E s r  ID: GEHPIAN STUDY PLANT 111 NO. a i  CYCLONE INLET 

INPUT UCITA: PROCESS WEIGHT RATE = 0 TONS PF:OD./HR 
TOTAL PARTICULATE E%ISSION F:ATE = 0 LB/HR 
PARTICLE IlENSITY = 2 . 6  GiCC 

riEASURED S I Z E  L~ISTRIBUTION 

CUT( urn) 

5.1 
7.2 
10.2 
14.4 
20.4 
29.8 
40.8 
57.7 
74 

OUTPUT KlATd: 

CUT I.umA 1 

, 6 2 5  
1 
1 .?,s 
2 . 5  

io  
15 
'0 

- ~~~~ 

c 
.I 

cun, :; ..: CUT 

7 
13.1 
13.2 
22.3 
26.7 
20.3 
32 
38.2 
130 

T P  EMISSION FACTOR = 42  LH/T ( 21 KG/HT) 

CUM. Z .:. CUT 

4 90417E-06 
2.26465€-04 
1.14969E-03~ 
.0903031 
1.67117 
10.362 

20 8641 
16.a9os 

EHISSION 
< CB/T 1 

2.05975E-06 
9.51154E-05 
4 0237E-04p_- 

0337273 
-70  109 
4 .SJL05 -= 9 
7 *0?415 
3,76291 

FACTOR 
< KG/HT ) 

1.02903E-06 
4.755?7€-05 
2.414XE-CM 
-0168637 
350945 

2.17602 
3.54708 
4.33146 

EN11 CF TEST SERIES 
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S P L I N 2  PROGRAH - 02/22/82 V1 

PROCESS UATA NOT AVAILABLE; EMISSION FACTOR DIRECTLY INPUT 
TEST ID: GERMAN STUDY PLANT I D  NO. I31' CYCLONE OUTLET 

INPUT DATA: PROCESS WEIGHT RATE = 0 TONS PROD. /HR 
TOTAL PARTICULATE EHISSION RATE = 0 LR/HR 
PARTICLE DENSITY = 2 . 6  G/CC 

HEASUfEIi PARTICLE SIZE n I S T R I B U T I O N  

CUT C u m )  RAW Z $:: CUT CUH, X CUT 

10 18.2 18.2  
20 8.5 26.7 
40 5.3 32 
74 68 100 

OUTPUT ClATA : TP EHISSION FACTOR = 5.24 LP/T  ( 2.62 KG/MT 

Ei'lISSION FACTOR 
CUT I umA ) CUH. X q: CUT LP/T ) ( KG/MT ) 

,625 ,203426 +0106595 
1 .512888 .0263753 
1,25 ,770152 .0403549 
2,s 2.3519 * 124811 
5 6.01839 .315364 
10 12 + 4233 +650982 
15 17,2845 . 905708 

.. 20.9305 1 e09781 20 .. 

EN11 OF TEST SERIES 
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S P L I N 2  PROGHAH - 02122f82 V 1  

PROCESS DATA NOT AVAILABLE', EMISSION FACTOR DIRECTLY INPUT 
TEST I D :  GERMAN STUDY PLANT ID NO, H2 CYCLONE INLET 

iNPUT DATA: rKocEss WEIGHT RATE = o TONS rRon./HF: 
TOTAL PARTICULATE EMISSION RRTE = 0 LB/HR 
PARTICLE DENSITY = 2 . 6  G/CC 

tiEASUHED SIZE I I ISTRIBUTION 

CUT( urn 1 CUM, X *I CUT 

5.1 
7.2 
10.2 
14.4 
20.4 
28.8 
40.9 
57.7 
74 

8.7 
17 
23.4 
27.6 
33.4 
3 6 . 2  
45.9 
59.1 
100 

OUTPUT DATA: TP EMISSION FACTOR = 24.6 LB/T ( 12 .3  KG/MT) 

EMISSION FACTOR 
CUT I u r A )  CUM. X .: CUT ( L R / T  ) ( KG/MT ) 

,625 
1 

-1.35 
2 . 5  
F J . 

10 
15 
20 

a. 47661~-07 
6.96992E-05 
lr49736E-04 
0575943 

1 + 78027 
13.2926 
21 t 8806 
23.7017 

2.08525E-07 

IT1 Qo35Ez04 
1,71435E-09 

0141692 
,437947 
3.26751 

6.32261 
s.3a262 

1.04262E-07 
8-57 177E-06 
5.53175E-05- 
7.08409E-03 
.2ia974 
1,63376 
2.69131 
3.16131 

€NU OF TEST SERIES 
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SPLIN2  PROGRAH - 02/22/52 V 1  

PROCESS TMTA NOT AVAILABLE; EMISSION FACTOR OIHECTLY INPUT 
TEST ID :  GEKtiAN STUDY PLANT ID NO. H2 CYCLONE OUTLET 

INPUT DATA: PROCESS WEIGHT RATE = 0 TONS PEOLI. /HE 
TOTAL PARTICULATE EHISSION RATE = 0 LB/HR 
PARTICLE KIENSITY = 2 e 6  G i C C  

f'lEASURED PARTICLE S I Z E  DISTRIBUTION 

CUT (urn)  RAW X .: CUT CUti. X ' z  CUT 

10 23.4 
20 10 
40 12.5 
74 54.1 

23.4 
33.4 
45.9 
100 

OUTPUT DATA: TP EHISSION FACTOR = 2 . 0 5  LB/T  ( 1 +03 KG/HT ) 

EMISSION FACTOR 
CUT ( umA) CUM. X .'; CUT LB/T ) < KG/MT ) 

,625 
1 
1.25 
2.5 
5 
10 
15 
20 

2 t 66049 bo54306 1 .e274031 
3.33612 ,0790242 . 0395121 
4 53626 ,093447 .0467235 
7.4460 + 153404 .0767021 
11.77 ,242462 .121231 
17.911 ,368967 ,134433 
22.4984 ,463467 .231733 
26 + 2421 . 540587 -270294 

€NU OF TEST SERIES 
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SPLIN? PROGRA?! - 02/22/02 01 

PROCESS DATA NOT AVAILABLE; EHISSIOH FACTOR DIRECTLY INPUT 
TEST ID: GERHAN STUDY PLANT I D  NO. I 2  CYCLONE INLET 

I W T  DATA: PROCESS WEIGHT RATE = @ TONS PROD./HR 
TOTAL PARTICULATE EHISSION RATE = 0 LWHR 
PfiRTICLE DENSITY = 2.9 G/CC 

MEASURED SIZE DISTRIYUTION 

CUT[ urn ) CUH. X e: CUT 

4 -0 10 *s 
6,s 14 
9,6 17e2 
13.6 25.1 
19.2 34 v 5  

38.4 47.2 
54.3 64.1 
71 1@Q 

27.2 38.5 

OUTPUT DATA: TP EHISSION FACTOR = 42e2 LR/T ( 21.1 KGiHT) 

EHISSION FACTOR 
CUT ( umA 1 CUH. Y. .: CUT ( LB/T 1 ( KC/tlT ) 

,625 . -  ,319802 L 1349% ,0674782 
1 ,751574 ,317164 ,150582 
1 b25 ~ ~ ~ ~ - ~ l r 0 9 @ 9 3  ,230107 
2 $5 3+03057 1 2709 ,639451 

460374 ~~~~~~~ ~~ - 
~~ 

E 
J 

10 
15 

6 .a5584 2.89315 1.44658 
12,6301 5.3299 2 .&A495 
16,1233 6 804@2 3,40201 

20 21,4591 9 I M573 4 +52706 

EilD OF TEST SERIES 



SPLIN2  PHOGRAH - 02/22/82 V 1  

PROCESS !JATA NOT AUAILAHLE? EHISSION FACTOR nIRECTLY INPUT 
TEST ID: GEKhAN STUW PLANT I D  NO+ I 3  CYCLONE OUTLET 

INPUT DATA t PROCESS WEIGHT RATE = 0 TONS PROD. /HR 
TOTAL PARTICULATE Ei i ISSION RATE = 0 LBiHR 
PARTICLE DENSITY = 3.6 G/CC 

MASURE11 PARTICLE S I Z E  DISTRIBUTION 

CUT (UIII) RAW X q: CUT. CUM, X CUT 

10 
20 
40 
74 

17.2 
17.3 
12.7 
5 2 . 8  

17 b 2  

34.5 
47 .2  
100 

OUTPUT f lATA:  TP EMISSION FACTOR = 1.12 LB /T  I .56 KG/HT > 

2 * 5  
5 
J 

,396545 
2.2256 

10 9 51994 +0?54234 0477 117 
15 15 e6471 175247 .0975236 
20 .. 22.2464 ,249159 .E458 

ENCl OF TEST SERIES 
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SPLIN2 PROGRM - 02/22/82 U t  

PROCESS DATA NOT AVAILABLE; E?lISSION FACTOR DIRECTLY INPUT 
TEST ID: GERRAN STUDY PLANT ID NO. 13 CYCLONE INLET 

IiiPUT DATA: m m s  KIGHT RATE = o TONS PRODJHR 
TOTAL PARTICULATE EHISSION RATE = 0 LWHR 
PARTICLE DEHSITY = 2.7 G/CC 

ilEASUHEU SiZE DISTRI5UTiON 

CUn, 'L .: CUT 

13.7 
29.1 
4@.9 
49.2 
58.1 
64.7 
70 .2  
90.9 
160 

TP Et!ISSION FACTOR = 29.4 LB/T ( 14.7 KG/WT) 

EfiISSION 
( LB/T ) 

5 * 592 1 E-08 
7*89294E-06 
6.39644E-05 
,0147534 
,687574 
6.46156 
11.1925 
13.4306 

FACTOR 
( KG/HT ) 

2.79605E-08 

3,19022E-05 
i.3517E-03 
$343787 
5,23078 

6.71528 

3.94642~-06 

5.59126 

E M  OF TEST SERIES 
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s P L w  PROGRAM - 02/2z/s2 V I  
PROCESS CtATA NOT AVAILABLE; EMISSION FACTOR OIRECTLY INPUT 
TEST IU: GERMAN STUDY PLANT 111 NO. I 3  CYCLONE OUTLET 

INPUT DATA: PROCESS WEIGHT RATE = 0 TONS PROD, /HR 
TOTAL PARTICULATE EMISSION RATE = 0 LB/HR 
PARTICLE DENSITY = 2 . 6  G/CC 

CUT Cum) 

10 
20 
40 
74 

RAW % <: CUT 

40+9 
17.2 
12.1 
29.9 

HEASURED PARTICLE S I Z E  DISTRIBUTION 

CUM. X %'; CUT 

40.9 
38.1 
70.2 
100 

OUTPUT DAT 

CUT (umA) 

,625 
A 
1.25 
2.5 

10 
15 
20 

5 
J 

TP EHISSIOi 

CUM. X C: CUT 

.?lo363 
1,9669 
2 76234 
7.12934 
15 6506 
29.2229 

46.4114 
39 .a639 

FACTOR = 2.9 H/T 1.4 KG/MT) 

EMISSION FACTOR 
C LB/T ) < KG/MT ) 

,0254902 +0127451 
,0550703 ,0275352 

.0386,728 
0998 108 

,0773456 
199622 
,438218 .219i09 
9 19241 ,409121 
1.09279 546895 
1 29952 .649?6 

EN11 OF TEST SERIES 
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SPLIN2  PROGRAH - 02/22/52 U1 

PROCESS DATA NOT AVAILABLE; EHISSION FACTOR OIRECTLY INPUT 
TEST ID: GEHHAN STUDY PLANT ID NO. U2 CYCLONE INLET 

INPUT [[AT A:  PROCESS WEIGHT RATE = 0 TONS PROD./HR 
TOTAL PARTICULATE EHISSION RATE = 9 LB/HH 
PbRTICLE DENSITY = 2.9 G/CC 

nEASURETI S I Z E  UISTRIBUTION 

CUT( urn 1 CUH. X <z CUT 

4.8 
6.3 
9.6 
13.3 
19.2 
27.2 

15.1 
25 
41.1 
58.1 
65.4 
67 

39.4 69.1 
54.3 73.3 
74 100 

OUTPUT I I A T A :  TP EMISSION FACTOR = 37.5 LEVT ( 1s.a KG,/HT) 

EMISSION FACTOR 
CUT <unlA) CUH. X e: CUT ( L H i T  ) ( KG/HT 

,625 .34275 128874 .064437 
.. -690512 ' 259632 . l29816 1 

1.25 .96 1659 36 1554 ,130792 
~ 2 . 5  
c 
J 

is 
20 

13.5033 6,90163 
19 .6293  9. a i  467 

END OF TEST SERIES 
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SPLIN2 PROGRAM - 02/22/52 U 1  

PROCESS ClkTA NOT AVAILABLE; EMISSION FACTOR DIRECTLY INPUT 
TEST ID: GEKW STUDY PLANT ID NO. ~2 cYcLaNE OUTLET 

INPUT DATA: PROCESS WEIGHT RATE = 0 TONS PROD, /HR 
TOTAL PARTICULATE EMISSION RRTE = 0 LF/HK 
PARTICLE DENSITY = 2 . 6  G/CC 

llEASURE11 PARTICLE S I Z E  DISTRIBUTION 

CUT < u m )  RAW X CUT CUH+ % .c CUT 

10 41.1 
20 24,s 
40 3.7 
74 30.9 

41.1 
65.4 
6 9 . 1  
100 

OUTPUT DATA: TP EMISSION FACTOR = 7.54 L B / T  ( 3.77 KG/MT) 

EMISSION FACTOR 
CUT i umA) CUM. % CUT LB/T ) I KGiMT 

,625 *I) 197552 1.45954E-03 7.44771E-C4 
1 ,104072 7 .S4705E-03 3.92352E-03 

2.5 1 e.54576 ,11655 .0582752 
7.39811 .557818 b275909 

10 23 -5107 1.7727 . S56SJi 
15 38,2439 2.85359 1.44179 

1.25 ,214452 .0161696 s , O ~ ~ B ~ E - Q Z  
c 
.I 

-c? 

34 .. 49,6107 3,74064 1.97032 

ENLI OF TEST SERIES 
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SPLIN2 PROGRAH - 02/22/32 V1 

PROCESS DATA NOT AOAILAELEi EHISSION FACTO5 DIRECTLY INPUT 
TEST TTC: GERHAN STUDY PLANT ID MO. C1 CYCLONE INLET 

INPUT DATA: PROCESS WEIGHT RATE = 0 TOnS PROD./HR 
TOTAL PARTICULATE EHISSIO?4 RATE = 0 LB/HR 
PARTICLE DENSITY = ?+5 G/CC 

HEASUREB SIZE DISTRIYUTION 

CUT( urn ) C U I ,  Z .: CUT 

6.9 
13.8 
22 

45.9. 
54.7 
74.1. 
100 

OUTPUT DATA: TP EHISSION FACTOR = 72.6 L 9 / T  ( 36,s KG/HT) 

EHISSION FACTOR 
CUT (urn&) cun. x e: CUT ( L W T  ) ( KGlHT ) 

I625 6.75364E-05 4.90314E-05 ?,15157E-05 
1.2935'3E-03 9,39393E-04 4 ,69696E-04 

1.25- 4,60419E-03 3,34265E-03 1.67132E-03 
2 +5 ,137719 .$999a3i * 0499918 

I - 
F 
J 

10 
15 

1,8074 1 . 3 2 1 7  ,656086 
10.4@73 7,55571 3.77785 
19 7365 14.3287 7 16434 

2Q 26 2973 19.09ia 9.54591 

ENB OF TEST SERIES 
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SPLIN2  PROGRAM - 02/22/52 V 1  

PROCESS L M T A  NOT AVAILABLE; EMISSION FACTOR UIRECTLY INPUT 
TEST ID: GEHHAN STUDY PLANT IKC NO. C 1  CYCLONE OUTLET 

INPUT DATA: PROCESS WEIGHT KATE = I) TONS PROD. /HR 
TOTAL PARTICULATE EMISSION RATE = 0 L P i H S  
PARTICLE DENSITY = 2.6 G/CC 

HEASUHEII PkRTiCLE S I Z E  DISTRIBUTION 

CUT ( u r n )  RAW X .: CUT CUM, Y. .'; CUT 

10 
20 

22 
15.2 

40 17.5 
74 45.3 

54.7 
100 

OUTPUT DfiTA: TP EMISSION FACTOR = 3 - 5 4  LB/T { 1 e 7 7  KG/HT > 

EMISSION FACTOR 
CUT ( u m A j  CUM. X .:: CUT < LB /T  ) KG/MT ) 

,625 
1 
1.25 
2,s 
D 
J 

10 
15 
20 

,290659 *0102879 5+14396E-03 
,556995 .0232576 .0115?89 
,946186 ,033495 .0167475 
2 67886 .0948318 ,0474159 
6.59549 ,23348 11674 
14 121 499884 ,249942 
20.6603 ,731376 365688 
26.295 ,930703 465551 

ENKl OF TEST SERIES 
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PRacEss DATA NOT AVAILABLE; EHISSION FACTOR DIRECTLY I w u T  
TEST I D :  GERHAN STUDY PLANT ID NO, C2 CYCLONE INLET 

INPUT DATA: PROCESS WEIGHT RATE = 0 TONS PROD,/HR 
TOTAL PARTICULATE EHISSION RATE = 0 LWHR 
PARTICLE DENSITY = 2.5 G/CC 

rlEASUREIl SIZE DISTRIBUTION 

CUT( urn 1 CUH. I e: CUT 

5 *2 
7 -4  
10.4 
14.7 
20,8 
29e4 
41.4 

74 
5a.3 

7.6 
16.9 
24.9 
31 *7 
37,4 
42.6 
so .9 
58.9 
100 

OUTPUT DATA: TP EHISSION FACTOR = 72.2 LB/T  ( 36.1 KG/HT) 

EHISSIOH FACTOR 
CUT (unA 1 CUH. Y. CUT ( LB/T 1 

7,5331 1E-08 

8.191 13s-005 

,394697 

1 , omas-05 

.@186886 

a . 9 ~ 5 1  
16,4754 
20,3295 

5-34 



sPLIm PROGRAM - 0 2 / 2 2 / 0 2  v1 

PROCESS LlATA NOT AL'AILABLE) E H I S S I O N  FACTOR DIRECTLY INPUT 
TEST ID: GERMAN STUDY PLANT IT( NO, C2 CYCLONE OUTLET 

INPUT DATA: PROCESS WEIGHT RATE = 0 TONS PROO* /HR 
TOTAL PARTICULATE EMISSION RATE = 0 LB/HF: 
PARTICLE I E N S I T Y  = 2.6 G iCC 

HEASUREKI PARTICLE S I Z E  D ISTRIBUTION 

CUT ( u r n )  RAW % .: CUT CU11. X s: CUT 

10 24.9 25 t 0836 

40 13.5 52.9106 
20 12.5 38. a773 

74 45.3 100 

OUTPUT DATA: TP EMISSION FACTOR = 4.1 L B / T  C 2 . 0 5  KG/MT) 

E M I S S I O N  FACTOR 
CUT (urnCI) CUH. X .: CUT L B / T  ) ! KG/MT 

,525  1.03112 .0422761 ,021138 
1 1.8791 .0770431 .ma5215 
1.25 2.45924 .lo0829 -0504 144 
2.5 5.31454 .217896 .I08945 

10 + 4065 -426667 f 213334 
IO 18 4638 + 7570 15 378507 

24 6679 1.01135 ,505692 15 
2.0 .. 2 9 + 6 8 3 2  1.21701 .008505 

c 
J 

.. 

ENTI OF TEST SERIES 

5-35 



SPLIN? PROGRA3 - 02/22/32 V 1  

PROCESS DATA NOT AVAILABLE'; EHISSIUN FACTOR DSRECTLY INPUT 
TEST ID: GEHNAY STUDY PLANT ID NO. B3 CYCLONE INLET 

I W ' J T  UATA: PROCESS !EIGHT RATE = 0 TONS PRODJHH 
TOTAL PARTICULATE EnIssIov RATE = Q LWHR 
PARTICLE DENSITY = 2 . 6  G/CC 

HEASUHED SIZE DISTRIBUTION 

CUT( urn 1 

L. d.1 
7.2 
l o t 2  
14.4 
7Q,4 

40.9 
57.7 
74 

2a,3 

OUTPUT DATA: 

CUT ( umA 1 

L 625 
1 
1.3 ~ ~~ 

. ) c  

4 

L .* 
e 

1Q 
15 
2c 

CUM. X cz  CUT 

4.2 
7.7 
12.5 
18.3 
25.4. 
32.7 
4 1 + 4  
56.7 
1Q0 

TP ENISSION FACTOR = 9 3 ,  .B/T 

ERISSION FACTGH 
C W z .  Z <: CUT ( LB/T ( KGiRT 1 

'4 

END OF TEST SERIES 

5-36 
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sPLm2 PROGRAM - 0 ~ 2 ~ 8 2  111 

PROCESS DATA NOT AVAILABLE; EMISSION FACTOR UIRECTLY INPUT 
TEST IP: GERHAN STUUY PLANT In NO+ 83 CYCLONE OUTLET 

INPUT PATA: P s o c E s s  WEIGHT RATE = o TONS PROD. /HR 
TOTAL PARTICULATE EHISSION RATE = 0 LB./HF: 
PARTICLE CENSITY = 2 . b  G/CC 

EASUHED PARTICLE S I Z E  D ISTRIBUTION 

CUT c u m )  RAW % e.: CUT CUM, % e:: CUT 

10 12.5 
20 12.9 
40 16 
74 38.6 

12.5 
25.4 
41 * 4  
100 

OUTPUT IIATA: TP EHISSION FACTOR = 2.44  L B / T  I 1.22 KG/MT) 

E M I S S I O N  FACTOR 
CUT (uca14) CUM. X CUT I L B i T  ) I KG/MT ) 

,625 
1 
1.25 
2.5 
c 
J 

10 6.74413 164557 . 0822734 
15 
20 

11 ,4626 
15,9333 

.27?657 

.389261 

EN11 OF TEST SERIES 

5-37 

+ 139543 
-19453 



PROCESS DATA NOT AVAILABLE; E X S S I O N  FACTOR DIRECTLY INPUT 
TEST ID: GERM54 STUbY PLANT I D  EO. D4 CYCLONE INLET 

INPUT DATA: PROCESS E I G H T  RATE = 0 T O ? S  YHOD, /HR 
TOTAL PARTICULATE EMISSICY RATE = 0 
PARTICLE DENSITY = 2.3 G/CC 

LB/HR 

HEASURED S IZE DISTRIBUTION 

CUTtum ) 

4.9 
6 +9 
9 $8 
13.9 
19.6 
27.7 
39.2 
55.4 
74 

OUTPUT DATA: 

CUT ( u m A )  

,625 
1 
1 .25 ~ 

2.5 

1@ 
15 
2@ 

c J 

CUM, X r: CUT 

15.9 
26.a 

53.8 
41 - 5  

61.5 
67.6 
72 
SO + &  
lo@ 

TP EHISSION FACTOR = 149,2 L B i T  ( 74.6 MGiHT) 

EMISSION FACTOR 
CUM, % i CUT LB/T ) ( K G A T  ) 

- - ! .oma2 . m a o m  .0114004 
.oac9clis .120705 ,0603526 

-* 167706 ~ ~ ~ . 2 5 o z a  * 125109-- 
1.25014 1*86521 *932&06 
6.33C09 9.4445 4,72225 
21.7722 32.4941 16.2423 
37,7312 56.2947 23.1474 
4a.886 72 * 9373 36,4689 

END OF TEST SERIES 
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SPLINZ PRUGRAM - 02/22/52 U 1  

PROCESS OATA NOT AUAILABLE; EMISSION FACTOR DIRECTLY INPUT 
TEST ID: GERtiAN STUUY PLANT ID NO. 04 CYCLONE OUTLET 

I INPUT DATA: PHocEss WEIGHT KATE = o TONS rRot1. /HS 
TOTAL PARTICULATE EHISSION RATE = 0 LEVHR 
PARTICLE DENSITY = 2.6 G/'CC 

REASUKEIr PARTICLE S I Z E  DSSTRSEUTION 

CUT ( u r n )  RAW X <: CUT CUM. % <: CUT 

10 
20 
40 
74 

4 1  - 5  
20 
10.5 
28 

41 - 5  
61.5 
72 
100 

UUTPUT I IATA:  TP EMISSION FACTOR = 20.9 LB/T ( 10.4 KG/MT) 

EHISSION FACTOR 
CUT I crnA) CUH. X <. CUT C LP/T ) KG/MT 

,625 
1 
1.25 
2.5 
c 
J 

10 
15 
20 

.282783 
,80151 

*0535159 .02?4094 
t 166735 0933675 

1.26568 .263261 ,131631 
4 t 47531 .930854 .46543? 
12.5012 2 60O2cJ 1 .jCO12 
27 5872 5.73815 2 .a6907 
39 295 9 17336 4 ,08663 
48.0945 10.0036 5+00182 



SPLIN? PROCRAE - 02/22/92 V1 

PROCESS 84TA NOT AVAILABLE; EHISSION FACTO3 DIRECTLY INPUT 
TEST ID: G E R M 4  S T U W  PLAUT ID NO. F3 CYCLONE INLET 

I?iPUT UATA: PHCCCSS MEIGHT RATE = 0 TO3S PROD,/HR 
T2TAL PARTICULATE EHISSION RATE = 0 LB/HR 
PARTICLE DENSITY = 2 , 4  GiCC 

MEASURED SIZE DISTRIYUTION 

CUT( urn 1 

5.3 
7 b 5  
14*6 
15 

34 
42+4 
5@ 
74 

i1.2 

OUTPIJT DATA: 

CUT (umA) 

L 625 
L 
?i 25 
2 . 5  

1 c? 
15 
20 

E 
J 

CUH, 5 .: CUT 

11 
19.9 
27.7 
35.5 
43.2 
48.9 
57.6 
66.9 
100 

TP EHISSION FACTOR = .73,9 L U T  ( 3 6 . 9  KGihtT) 

EXISSION FACTOR 
CUH. Y. .: CUT ( LB/T 1 < SG/MT ) 

5-40 



s r L I N 2  PROGRAM - 02/22/82 v i  
PROCESS KMTA NOT AVAILABLE) EMISSION FACTOR UIRECTLY INPUT 
TEST ID: GEFihAN STUDY PLANT ID NO. F3 CYCLONE OUTLET 

INFUT DATA: PROCESS UEIGHT KATE = 0 TONS PROD+ /'HR 
TOTAL PARTICULATE EHISSION RATE = 0 L W H R  
PARTICLE DENSITY = 2 b 6  G/CC 

ilEASURED PARTICLE S IZE DISTRIBUTION 

CUT ( u a )  KkW % .. CUT CUtl. Z <:: CUT 

10 27.7 
20 15.5 
40 14.4 
74 42.4 

27.7 
4 3 . 2  
5 7 . 6  
100 

UUTF'UT KIATA: TP. EMISSION FACTOR = 4.7 LB/'T ( 2.35 KG/MT 1 

EMISSION FACTOR 
CUT ( u ~ I A )  CUM, % .:: CUT ( LB/T ) ( KG/tlT 

*426108 ,0200271 .o100 135 
,904358 + 0453248 +0226624 

to325057 1.38577 00d I  213 
3.95301 . rai1092 ,090545a 
9,15894 ,43347 + 215235 
ia.6134 .874832 -4374 16 
26.2079 1.23177 .615885 

,=,- 

32.3433 1.52 759995 

J-4 1 



SPLIN2 PKOGKAH - 02/22/52 U 1  

PROCESS UATA NOT AVAILABLE; EMISSION FACTOR DIRECTLY INPUT 
TEST ID: GEHHAN STUDY PLANT I D  NO. G 2  CYCLONE INLET 

W" DATA: PROCESS WEIGHT RATE = 0 TONS PHOD./HH 
TOTAL PARTICULATE EHISSION KATE = 0 LB/HF: 
PARTICLE UENSITY = 2 . 5  G/CC 

tiEASUHED SIZE DISTRIBUTION 

CUT< urn 1 CUM. X e: CUT 

I.. d . 2  
7.4 
10.4 
14.7 
20.8 
29.4 
41+6 
58.8 
74 

3.3 
20.1 
37 
dQ.2 
59.A 
66.7 
72.1 
82.5 
100 

c 

OUTPUT LIATA: TP EMISSION FACTOR = 60.8 LB/T < 30.4 KG/MT) 

10 
15 
20 

13.9952 9.50906 4.25453 
32.3192 
44.3617 

€NU OF TEST SERIES 

5-4 2 



SPLINZ PROGRAM - 02/22/82 01 

PROCESS DATA NOT AVAILABLE; EMISSION FACTOR DIRECTLY INPUT 
TEST ILL: GERtiAN STUUY PLANT ID NO. G?L CYCLONE OUTLET 

INPUT DATA: PROCESS WEIGHT RATE = I) TOMS PROD. /HH 
TOTAL PARTICULATE EMISSION RATE = 0 LB/HR 
PARTICLE DENSITY = 2.b G/CC 

~EASURED PARTICLE S I Z E  DISTRIBUTION 

CUT ( u r n )  HAW % C: CUT CUM. X e: CUT 

10 
20 
40 
74 

37 
22.6 
12.5 
27.9 

37 
5 9 . 6  
72.1 
100 

OUTPUT DATA: TP EMISSION FACTOR = 6.16 LB/T ( 3-08 K G / M T )  

EMISSION FACTOR 
CUT C umA) CUM. % C; CUT < L W T  ) ( KG/tiT ) 

1.23 
2,s 
c 
J 

-0868022 5.34702E-03 2.67351E-03 
.307537 + 0109443 9.47215E-03 
.53s432 
2 48041 
8 62957 

-0329826 +0154913 

.531582 ~265791 
152793 .0763967 

10 22 5476 i t  38893 .6?4466 
1.06659 15 34 + 6296 2.13315 

20 44.2443 2.72545 1 * 3 8 d  5 
, ?-- 

ENU OF TEST SERIES 
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SPLIN2  PROGRAM - 02/22/82 U 1  

PROCESS UATA NOT AVAILABLE; EMISSION FACTOR UIRECTLY INPUT 
TEST I D :  GERMAN STUDY PLANT I D  NO. G1 CYCLONE INLET 

INPUT IIATk: PROCESS WEIGHT RATE = 0 TONS PROU*/HR 
TOTAL PARTICULATE Ei l ISSION RATE = 0 LP/HR 
PARTICLE UENSITY = 2 . 5  G/CC 

hEASUREU SIZE l3ISTKIBUTION 

CUT( urn ) CUM. Z c: CUT 

c d . 2  
7.4 
lQ.4 
14.7 
20.8 
29 I 4 
41.6 
58.8 
74 

5.9 
16.5 
29.1 
54.1 

53.9 
66 
81 e 9  
100 

-I3 

43.8 

OUTPUT I IATA: TP EMISSION FACTOR = 55.8 LB/T C 27.9 KG/MT) 

5-44 



SPLIN2 PROGRAM - 0 2 / 2 2 / e 2  V 1  

PROCESS DATA NOT AVAILABLE? E n I S S I O N  FACTOR DIRECTLY INPUT 
TEST I D :  GERMAN STUZ[Y PLANT I D  NO. G1 CYCLONE OUTLET 

INPUT DATA: PROCESS WEIGHT RATE = 0 TONS PROD+ /HR 
TOTAL PARTICULATE E n I S S I O N  EATE = 0 LB/HR 
PARTICLE IJENSITY = 2.6 G/'CC 

HEASUREKI PARTICLE S I Z E  D ISTRIBUTION 

CUT ( u r n )  RAW X c: CUT CUM. % .'; CUT 

10 29.1 29.1 
20 14.7 43.8 
40 22.2 66 
74 34 100 

OUTPUT DATA: TP EMISSION FACTOR = 6.4 L B / T  ( 3.2 KG/MT) 

E M I S S I O N  FACTOR 
CUT < u m A )  CUM. Z .: CUT ( LB/T ) ( KG/MT :) 

,625 
1 
1.25 
2.5 
5 
10 
15 
20 

4.34206 
5.70821 
6.50104 
9,74449 
14 6226 
21,9674 
.27.0869 
33.0397 

.277892 .130946 

.355325 182663 
,416067 209033 
t 623648 .311524 
.935047 ,467923 
1.40592 742958 
1.70476 ,892302 
2.11448 1,05725 

EN11 OF TEST SERIES 

5-45 



PROCESS UATA NOT AVAILABLE; E M I S S I O N  FACTOR DIRECTLY INPUT 

INF'i lT DATA: PF:OCESS WEIGHT HATE = 0 TONS PROD./HR 

TEST ID: GERMHN STUDY PLANT IT1 NO. 51 CYCLONE I N L E T  

~- 
TOTAL PARTICULATE EMISSION KATE = 0 LR/HF: 
PARTICLE UENSITY = 2 . 5  G/CC 

i3EASURED SIZE DI S T H I  BUTION 

CUT< urn 1 CUM+ % .'; CUT 

F J.2 
i . 4  
10.4 
14.7 
20.3 
29.4 
41.6 
58.3 
74 

3.6 
5.1 
7 
8.9 
10.9 
12.8 
16 -3  
23.7 
100 

OUTPUT LIATH: TP EMISSION FACTOR = 31.8 L B / T  ( 15.9 KG/MT) 

EMISSION FACTOR 
CUT < umA) CUM, X e:: CUT L B / T )  ( KG/MT ) 

.152491 0434921 -024246 ,625 

.294359 ,0936062 + 0463031 1 
+ 126304 t 063 3.522 
*3041~~~-- . l J i O J  

1.25 t 397183 
,956238 
2.12932 + 676505 333402 

-. 

~~ c? c ~ ~ ~-q--c ~ ~~ 

i . 4  

J 
L- 

1 0 
15 
20 

~~~ .- 

4.37359 1 .3923 .6?6196 
6.47235 
8 06365 2.56424 1.23212 

2.05921 1 +O291 

ENKI OF TEST SERIES 
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SPLIN~ PROGRAM - o2/22/a2 v i  
PROCESS LIATA NOT AVAILAHLE; EMISSION FACTO2 DIRECTLY INPUT 
TEST ID: GERMAN STUDY PLANT 111 NO. 81 CYCLONE OUTLET 

INPUT DATA: PROCESS WEIGHT KATE = 0 TONS PROD+ /HE 
TOTAL PARTICULATE EHISSION RATE = 0 LB/HR 
PARTICLE DENSITY = 2.6 G/CC 

HEASUREU PARTICLE SIZE DISTRIBUTION 

CUT ( u r n )  RAW % .: CUT CUM. X -:: CUT 

10 7 
20 3.9 
40 5.4 
74 53.7 

7 
10.9 
16.3 
100 

OUTPUT DATA: TP EMI.SSION FACTOR = .a98 LF/T c . .449 KG/MT ) 

EMISSION FACTOR 
CUT I u m A )  CUM, X c, CUT ( LR/T ) ( KG/MT ) 

,625 .Si1156 4.593ai~-o3 2.29501~-03 
1 789009 7,08531E-03 3,54265E-03 

,962941 
1.74075 
3.02207 

10 5 .  03858 ,0452464 .0226232 
15 6 6685 05980,31 SO299416 
20 a. 0676 .0724471 .0362235 

ENII OF TEST SERIES 

5-4 7 



PROCESS UATA NOT AVAILABLE; EMISSION FACTOR DIRECTLY INPUT 
'TES'T 111: GERMAN STUDY PLANT ID NO. f 2  CYCLONE INLET 

INPUT UATA: PROCESS WEIGHT RATE = 0 TONS PROD+/HR 
TOTAL PARTICULATE EHISSION F:ATE = 0 LB/HR 
PARTICLE DENSITY = 2 . 5  G/CC 

I~EASURED S I Z E  UISTRIBUTION 

CUT( urn ) CUi'i. X .: CUT 

F 4.2 
7.4 
10.4 
14.7 
20.8 
29.4 
41.6 
58.8 
7 4  

16.5 
24 
32.5 
41.5 
45.6 
40.5 
53 
60.4 
100. 

OU'TPUT KlATA : TP EHISSION FACTOR = 2 9 . 2  LB/T ( 14.6 KG/MT 1 

EMISSION FACTOR 
CUT < uniA CUH. Y. .:: CUT ( LR/T 1 ( KG/MT 1 

,625 165785 .04a4093 .0242046 
1 .. .4a994 + 143063 -07 1531 3 
1+25 * 78883 + 230338 

2.?&063 ~~~~ ~;964505~-~ .432252- 2 .  *j-- ~~ 

8.76495 2.55937 1.27969 
10 20.4681 5,9767 2.98335 
15 30.1277 , . 8 79728 4.39864 
20 37.953 11.0824 5.54121 

-115169 
~ ~~ 

5 
J 

ENKl OF TEST 'SERIES 
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SPLINZ PROGRAM - o 2 n 2 , w  v i  

PROCESS UATA NOT AVAILABLE! EMISSION FACTOR IIIRECTLY INPUT 
TEST ID: GERMAN STUDY PLANT 111 NO. F Z  CYCLONE OUTLET 

INPUT DATA: PROCESS WEIGHT RATE = o TONS won. /HR 
TOTAL PARTICULATE Ei l ISSION RATE = 0 LBiHR 
PARTICLE DENSITY = 7 . 6  G/CC 

EASUKED PARTICLE S I Z E  DISTRIBUTION 

CUT (urn) RAW % .: CUT CUM. X CUT 

10 32.5 32.5 
20 13.1 45.6 
40 7.4 4.3 
74 47 100 

c- 

EMISSION FACTOR 
CUT uniA 1 CUM, X ., CUT LB/T 1 ( KG/NT 

,625 
1 - 1,25 

.530796 
1.25917 
1.82739 

*0122845 5 14220E-03 
* 0297091 + 0143545 
+ 041676 .020838 

5 13696 117123 * 0585613 2 . 5  

10 23 0623 ,525521 t 26291 1 
15 31.0333 . io7572 353786 
20 

11 9509 ,2726&2 136331 

.. 36.8422 040002 .420001 

L- 
.d 

.. 

€NU OF TEST SERIES 

__ 
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REFWENCE 8 DATA 

(From Tables  3-8 and 3-9) 
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SPLIEl2 PROGRAH - 02/22/92 U 1  

TEST 12: SLOAl i  1971 k!ASHER INLET 

I i iP i lT  chi”:  PROCESS UEIGHT RATE = 225 TONS PROD, /HR 
TOTAL PkRTICULATE EHISSION RATE = 2135 LB/HH 
PARTICLE EENSITY = 1 G/CC 

EA.W?EZ PARTICLE S I Z E  DISTRIBVTION 

U T  ( U T U )  RkU 2 < CUT cun. r. c: CUT 

.7 
I 2.3 

9 .5 
3.3 i2,2 

13.3 
9.2 14.8 
30 I9 
f zlj 23.7 

1 .* 

.I L 

r c  
J v J  

,763518 
3.01508 
12.5628 
24.8241 
38.191 
53 0653 
72 * 1608 
100 

&.iTPUT LATli: TP EHISSION FACTOR = 9.48899 LB/T ( 4.74444 KG/HT) 

1.46364 
3 e 13G28 

138983 +0694414 
,297029 ~149514 

I .?j 4.99144 ,473632 ,236816 
2 . 5  17 + 5365 1.66976 * 934381 

35,5693 3.37504 1,68752 r 
J 

I 5 54.6757 5 * 19912 2.59406 
15 61.7131 5.95599 2.92795 
25 65.37‘36 6 * 25039 3.12519 
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s P L I t x  PROG~A):  - o x m a 2  v i  

TEST ID; SLOAii i371 UASHER EXHAUST 

I W J T  CriT6: PROCESS UEIGHT RATE = 225 TONS PROD. /HR 
TOTAL PkRTICULATE EHISSION RATE = 181 LB/HR 
PARTICLE DENSITY = 1 G/CC 

KAStiHEE PARTICLE SIZE t4STRIEUTION 

CUT ( cs)  Rkl: 7; fz CUT CUH, Z < CUT 

=-I . j  .I., 

2 4 .? 
3.3 4.4 
5 . 5  . 4,7  
7 . 2  8.3  
3 0 ?,2  
I X  54.9 

I a 
5.7 
13.7 
18.6 
23 
27.7 
36 
45.2 
100 

OLiTPUT M T A :  TP EEISSIOtl  FACTOR = ,804414 LB/T ( 

.oa24569 ,04 12284 
,109662 + 054831 1 

.0610313 
* 164992 .OS24959 
,214278 ,107139 
,293727 146863 

,32581 1 163406 

~~ 

122063 

, 3 2 7 7 2  . 156386 

,402222 KG/HT ) 

EiiC GF TEST SERIES 
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S P L I t Z  PROGRAH - 02/22/02 U1 
TESi IC: HARRISJH 1971 PRE-MASH ENTRANCE 

iri3ilT likTH: PROCESS WEIGHT RATE 3 180 TONS PROD, /HR 
TOTAL PMTICULATE EHISSION RATE = 1715 LB/HR 
PARTICLE DENSITY = 1 G/CC 

EEkSURili PkHTICLE SIZE DISTRIBVTION 

CUT ( UG: ) kkl! ;i t: CUT cun. r t: CUT 

& ' 14.9 14.9 
5 . 5  35.1 50 
33 26.9 76,9 
i 20 23.1 lo@ 

OllTPUT liHTA: TP EHISSIOn FACTOR = 7.52778 LB/T ( 4.76389 KG/HT) 

1, 53489 ,146241 , ,0731205 
4.3074 ,4104 ,2052 
6 ,661 73 ,6347 14 ,317357 
20 6907 1.97136 98568 
45. 5494 4.33985 2.16992 
62.6116 5 9655 2.98275 
63.@623 6 -48482 3.24241 
71,678 6 32932 3.41466 
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SPLIN? PROGRAtl - 02/22/92 V 1  

TEST I C :  tiAitRISDti 1371 UASHER EXHAUST 

Iti i4JT J j k i i L  PROCESS UEIGHT RATE = 190 TONS PROD, /HR 
TOTAL PARTICULATE EHISSION RATE = 63 LB/HR 
PARTICLE DENSITY = 1 G/CC 

?EkSiiREL PARTICLE S I Z E  DISTRIBUTION 

Cl iT  ( UE ) RAG 5 f: CUT CUH, E 1: CUT 

2 88 88 

3 :> 2.2 97 
i 20 3 100 

6 , s  94.8 c e  
J > J  

A25 76 * 375 9267312 133656 
1 91 ,4615 ,295115 + 142558 
i.23 a3.7361 ,292971 v 116486 
2 . 5  99.9@65 ,314323 157161 
5 94.2514 v 32988 1 b494 
iiJ 95.831 335408 ,167704 

,168858 
15 - 96*1995 336698 .i6a349 

~ ~~ 

2.3 96.4901 3377 16 
~ ~~ ~ ~~~ 

Et;: Of TEST SERIES 
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REFERENCE 12 DATA 

(From Table 3-10) 
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SPLIN2  PROGRAH - 0 2 / 2 2 / 8 2  V 1  

'TEST ID: TABLE 94 AP-40 C-537 INLET TO PRIHARY CYCLONE 

INPUT DATA: PROCESS WEIGHT HATE = 173 TONS PROD,, /HR 
TOTAL PARTICULATE EHISSION RATE = 5463 LB/HR 
PARTICLE DENSITY = 2.4 G/CC 

tiEHSUHEII PARTICLE S I Z E  DISTRIBUTION 

CUT ( urn 1 RAW X .: CUT CUH. X c: CUT 

6 . 2  c 
J 

10 
20 
50 

9.4 
13.3 
22.9 

7 4  47.7 

6 . 2  
15.6 
2 9 . 4  
52.3 
100 

OUTPUT DATA: TP EMISSION FACTOR = 31.578 L W T  ( 15.789 KG/MT) 

EMISSION FACTOR 
CUT ( umA) CUH, X q: CUT ( LB /T  ) ( KG/HT ) 

,625 + 0136489 

1.25 v 134485 
2,s ,726412 

2.93889 
10 3 90582 
15 1 4  3 7 4 3  

1 + 0734769  

F 
J 

20 19.9991 

.0424676 
,229387 
+ 7 2 5 0 4 4  
2.81220 
4 .69702  
6.31533 

2 .?4447€-03 
.0 116013 
.0212333 
.114593 
464022 

1.40614 
2.34351 
3 15766 

END OF T E S T S E R I E S  
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S P L I N 2  PROGRAH - 02/22/82 U 1  

TEST ID: TABLE 94 AP-40 c-537 INLET TO SCRUBBER 

INPUT DATA:  PROCESS WEIGHT RATE = 173 TONS PROD. /HR 
TOTAL PARTICULATE EMISSION RATE = 118.3 LH/HR 
PARTICLE nENSI7Y = 2.4 GiCC 

HEASUREU PARTICLE S I Z E  D ISTRIBUTION 

CUT ( um) RAW X e', CUT CUM, X q: CUT 

5 
10 
20 
50 
74 

57 
91 

100 
100 

99.8 

EMISSION FACTOR 
CUT ( umA 1 CUM, X .. CUT < L W T  ) ( KG/MT ) 

I-)'.- . 3 L J  

1 
1.25 
2.5 

10 
15 
20 

L- 
J 

ii.6as3 ,0799265 ,0399633 

70.3109 -480796 240398 

95 .5844 ,053621 ,3268 1 

34.5881 e236519 t 115259 

89 + 0992 609273 I 304637 

END OF TEST SERIES 
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SPLIN2 PROGRAM - 0 2 / 2 2 / 9 2  V I  

TEST I U :  TABLE 94 AP-40 INLET TO HULTICLONE 

INPUT UATA: PROCESS WEIGHT RATE = 173 TONS PROD. /HR 
TOTAL PARTICULATE EHISSION KATE = 1525 LB/HR 
PARTICLE UENSITY = 2 . 4  G/CC 

PiEASUREIl PARTICLE S I Z E  DISTRIBUTION 

CUT ( urn) RAW % ., CUT CUM. % *: CUT 

19.3 19.3 e 
.I 

10 
20 
50 

31.9 
31.6 
15.1 

c 41.2 
82.8 
97.9 

74 . 2.1 100 

OUTPUT DATA: TP EMISSION FACTOR = 8.91503 LB/T ( 4.40752 K G / M ? l  

CUT I umA) CUH, X .: CUT 

,625 8+38504€-03 
1 0582523 
1 ,XI * 135014 
2.5 1.32526 

7 92999 
10 28 + 9263 
F 
J 

15 4a.846 
20 -.. 63.2283 

~ 

E-NII OF TEST SERIES 

EHISSION FACTOR 
I LB/T ) ( KG/HT ) 

7.39 144E-04 
5,13496E-03 
.O 1190 15 
,116322 

2,54986 

5 5736 

.699031 

4.3102 

5-58 

3 t b957ZE-04 
2 e56748E-03 
5,9507x-03 

0584 111 
.349516 
1,27493 
2.1551 
2 . is68 



REFERENCE 26 DATA 

(From Table 3-11) 
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SPLIN2  PROGRAH - 02/22/82 V 1  

TEST I D :  KUB 5806-703 TEST 29s  OUTLET 

INPUT UATA: PROCESS WEIGHT KATE = 175 TONS PROD, /HR 
TOTAL PARTICULATE EMISSION RATE = 4 . 3 4  LR/HR 
PFIRTICLE DENSITY = 1 G/CC 

nEASUHED PARTICLE S I Z E  DISTRIBUTION 

CUT (urn) RAW X q: CUT CUM. Y. .: CUT 

1 30 30 
3 4 34 
10 6 4 0  
120 60 100 

UUTPUT IiATA: "TP EHISSION FACTOR = , 0248  LE/T ( ,0124 KG/HT) 

EHISSION FACTOR 
CUT I urn&) CUM. X 4: CUT (LB/T  ) ( SG/MT ) 

,625 20 6202 7*09901E-03 3 ,5499E-03 
1 
1.25 
2.5 

30 
30.7175 
33.2376 

.. 

END OF TEST SERIES 

*Calculated 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 Inc luded  i n  T a b l e  3-35) 
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