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1. Abstiacts This report summarizes previously unpublished emission data on asphaltic con-
crete plants, shows a comparlson between different sampling techniques, and presents
guidelines for evaluating the emissions of asphaltic concrete plants. The average emis-
?Ions from spray towers ? 0.65 Ib/ton, from Centrifugal scrubbers is Q.28 Ib/ton and
rom baghouses Ys 0.13 1b/ton of asphaltic concrete produced. Eng neering judgment indi-
cates that the emission from well-designed spray towers is 0.3 lb/ton from centrifuqgal
type is 0.10 1b/ton and from baghouses is 0.075 lb/ton of asphaltic concrete produced.
Baghouses have been shown to be less efficient than anticipated. Baghouses offer solu-
tlons to certain asphaltic concrete procedure problems, (e.?. shortage of waler or ade-
quate space for settling ponds). Comparative stack gas sampling with LA and EPA sampling
trains was Inconclusive. ?he LA train measured higher emissions on four baghouse systems
and lower on one wet scrubber system. The difference In particle size distribution be-
tween baghouses and scrubber Is expected to be the main contributor to the difference.
The equivalent opacity from the wet scrubber control systems ls expected to be higher

than the equivalent Opacltg from a baghouse control syst?m if both plants have equal
emission concentrations, The particle size distribution from the wet scrubber system is
expected to be flner and hence more visible.
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Minerals Flue gases
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1. INTRODUCTION

This report summarizes previously unpublished emission data on &sphaltic
concrete plants, shows a comparison betucen different sampling techniques,
and presents guldelines for evaluating the emissions of asphaltic concrete
plants. JIncluded is a summary of descriptive material on dust control
equipment and background information on plant operations. The study is
intended to provide the Environmental Protection Agency, Office of Alr
Programs with sufficient descriptions and data, that when combined with
other available information, will allow EPA (0 provide complete descriptive
and background daia to local ailr polluticon control agencies and industry
related groups. Use of all the information will allow approximation of over-
all plant emissions from production rate daca.
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11. DESCRIPTION OF ASPHALT PROCESS

For purpose of discussion and elaboration on points of emission, the asphaltic
concreLe process is here divided in:o four parts:

. Selection and handling c¢f the raw material.
. Drying the aggregate.

. Mixing the aggregate with hot asphalt.

. Fines recovery and dust control,

[ PR S

Selection and handling of the raw material is important because the size
distribution of the aggregate entering the dryer cltimately determines

the dust concentration loads that the fines recovery and control equipment
will have to handle. Since transportation costs (for raw material and final
product) are substantial, the plant 15 usually located in the vicinity of
the aggregate pit and close to the job site. Occasionally the choice of

raw materials can be enlarged by utilizing waste material such as slag

from steel mills or crushed glass.

Different types of application of bituminous concrete (e.g. hase course
and surface course) require different aggregate oize discributions. The
local and State specifications also take into account the local variations
in available aggregate supplies. Sieve analysis speclifications for twa
typical mixes are listed in Table I. The percent of the aggregate that
passes a 200 mesh screen (approximately 74 microns) is particularly im-
portant to controlling em{ssions because this fraction is an important
factor for determing the performance of the control equipment,

TABLE 1 = TYPICAL ASPHALTIC CONCRETE SIZE DISTRIBUTION

AASHO M62-64 AASHO M29-70
SIEVE SIZE COARSE MIX FINE MIX
1" 1004 100w
374" 85-100 100
/8" \ 100
No., 4 45-65 95-100
No. 8 70-100
No. 10 30-5%0
No. 16 40-80
No. 30 20-65
No. 50 7-40
No. 100 2-20
No. 200 5-10 0-10

% - percent passing given sieve size

After cruching and screening the raw aggregate i{s normally stockpiled

near the plant where the moisture content will stabllize between 3X and 52
moisture by welght. The aggregate is hauled from the storage piles and
placed {n the appropriate hoppers of the ccid feed unit. The material is
metered from the hoppers onto a conveyor belt, up a bucket elevator or a
belt conveyor, and into a rotary dryer which fa fired either by gas or ofl.
Since a substantial pcrtivn of the heat 18 transferred by radiation, dryers

-1=




I1. DESCRIPTION OF ASPHALT PROCESS (Continued)

are equipped with flights which are designed to tumble the aggregate,
exposing as much of the rock surface area as possible to the flame (Fig. 1).
1f the settling velocity* of an aggregate particle dr ping through the

hot gas flowing through the dryer is of the same order of msgnitude as the
gas velocity through the dryer. the particle will probably be swept out

of the dryer. :

Dryer drum velocities vary between approximately 450 ft./min. and 900
fr./min. (1) Exhaustc gases from the dryer comprise approximately B0O% -
902 of the total gas flow and therefore a substantial proportion of the
dust loading into the fines recovery system. The remainder of the gas
and dust comes from enclosures over the conveylng, classifying and mixing
equipment which are vented into the primary collection equi, sent along
with the dryer gas. These vents and enclosures are commonly called the
Fugitive Air System or the Scavenger System,

As 1t leaves the dryer, tne material drops into a bucket elevator and is
transferred to a set of hot screens where {t is classified by size Into as
many as four different grades. At this point it enters the mixing operaticn.

Asphalt plants can be classified by the aggregate mixing operations as
batch or continuous. A schematic of each operation appears in Fig. 2 and
Fig. 3. '

In a batch plaut, the classificd aggregate drops Into one of four large
bing. These bins provide a substantial amount of surge capacity for che
dryer system. The operator controls the particle size distribution by
opening one of the bins and allowing the clasuified aggregate to drop
into a welgh hopper until the desired weight is obtained. The bin doors
are closed aud anot'ijer bip is opened, etc. After all the material 1s
welghed out, the mixture 1 drupped into a mixer and mixed dry for about
a half a minute. The action of the mixer or pugmill fs similar to an
egg beater except that the paddles are mounted horizontally instead of
vertically. The asphalt, which is a solid at ambient temperatures, is
pumped from heated storage tanks into the mixer. The hot mix 18 then
dropped into a truck and hauled away to the job site.

In a continuous plant, the classified aggregate drops into a set of small
bine. The purpose of these bins is ro collect and meter the classified
aggregate to the mixer. Consequently, these bins do not provide a large
amount of surge capacity. From the hot bins, the aggregate is metered through
a set of feeder conveyors to another buckeét elevator and into the mixer.
Asphalt 18 metered into the inlet end of the mixer and the mix is conveyed
through by the action of the mixing paddles. Retentlion time 18 cuntrolled
(and some surge capacity provided) by an adjustable dam at the end of the
mixer. The mix flows out of the mixer into a hopper and the trucks are

loaded at this point. '

® Settling velocity of a particle is the velocity at which the particle
will settle in 6till air and is a function of the particle sfize, densi~y,
and ahape.

1. Bituminous Construction Handbook, Barber Green Company, 1963,

-3-




I1. DESCRIPTION OF ASPHALT PROCESS (Continued)

In some plants, surge capacity is provided by a set of separate storage
bins. These bins are sealed from contact with the amblent air to prevent
oxidation and may be either heatea or non-heated. If storage bins are used,
the mix is conveyed from the mixer to the storage bins and trucks are loaded
from the bins.
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111 <CNTROL EQUIPMENT

All asphalt plants have some “orm of dust control equipment. Dust control
equipment is needed tu: (1) protect equipment following the collector from
damage due to the impact of dust particles, (2) avold the expense of having
to purchase sand and mineral dust in order to meet fine particle size speci-
fications in the mix, and, (3) contrcl dust emissions to the atmosphere. The
advent of more stringent air pollution control regulations has made emission
control aspects the overriding consideration in dust control system design.

i
Design of dust control systems requires a thorough understanding of the
characteristics of both the material being handled and the system or process
that produces it. Knowledge of dust control techniques have advanced con-
siderably over the past years and many very capable producers of dust control
equipment now exist. Unfortunately, many of theae control equipment manu-
facturers do not appreciate the problems that an asphalt plant operator has
to contend with., Manufacturers of asphalt plant equipment conversely, have
been slow to respond to the need for better dust control technlques and slow
to take advantage of the ability of the dust control equipment manufacturers.
Both groups (dust control equipment manufaciurers and asphsit plant equipment
manufacturers) need to work together to provide the type of control systems
the producers want, '

The amount of duat carried out of an asphalt plant dryer depends upon the
air velocity in the dryer, the particle size distribution of the aggregate,
the specific gravity of the particles and the aerodynamic characteristics
of the particles. Chief among these factors is the air velocity in the
dryer. Figures 4 and 5 show the effect of increasing dryer air velocity
upon production capacity and dust carryout. Note thav a 50X increase in
air velocity will allow about a 30X increase in produvction while causing a
150X increase in dust carryout.

Ay asphalt plant producing 150 TPH from aggregate having 5% surface moisture
will require an air flow of about 20,000 scfm. The grain loading out of

the Arver ran vary from 20 gr/scf to 200 gr/scf in extreme cases. Taking

100 gr/scf as being representstive, the dust carryout from the dryer will

be 17,150#/hr. for the 150 TPH plant. Cocllection efficlency 1is usually

stated in percentage of irncoming material that is collected. Thus a

cyclone collector with an 80X collecrtion efticiency will pass 20X (or 3430#/hr.
in the example mentioned) on to the next piace of collection equipment. If
this cyclone is followed by a wet scrubber having a 98X cellection

efficiency, then 69#/hr., of dust will be emitted rto the atmosphere. The
69#/hr. (L.e., 0.4 gr/scf) can be compared with a 40f/hr, process weight
regulation or 0.1 gr/scf concentration regulation to determine what improvement
might be necessary. I1f the efficlency of the first collector can be

increased a relatively large amount with reasonable cost, this could

be a more economical move instead of trying to gain that last 2% on the wet
scrubber. This assumes that the collection efficlency of the wet scrubber

is totally insensitive to changes in particle size distribution. An analysis
of the entire asphalt plant operation by an engineer with a background in

both ausphalt operations and dust control techniques will often identify the
best compromise approach. The compromise approach is then a plan that meets
air pollution regulations at reasonable cost without causing plant operational
problems.




III. CONTROL EQUIPMENT ,(Continued)

The dust control aystem of an asphaltic concrete plant is normally divided
into a primary and secondary collector.

A. PRIMARY:

J

The simplest type of primary collector 1is the settling chamber
(also known as an expansion chamber or knockout box). The
principle of operation is that if the velocity of the gas is
lowered, airborne particles will settle by gravity. The velocity
is lowered by enlarging the cross-sectional area of the duct that
the gas passes through. Typical velocities in the chamber are in
the neighborhood of one to five ft./sec. Collection efficiency
ia directl proportional to (l) the settling velocity of particles
in the gas stream and, {2} the length of the charbers. It 1s
inversely proportional to, (1) the height of the chamber and, (2)
the velocity of the gas through the chasber. A simple chamber is
flluscrated Fig. 6. A baffle is often placed in the air path to
improve particle removal.

The most common type of primary collector used by the Hot Mix
Asphalt Industry i{s a cyclone or a centrifugal collector (Fig. 7).
Tue particulate laden gas is caused to swirl in the cylinder

and ccone by admitting it axially or tangentially. The gas
proceeds downward to the apex of the (one, forms another

spiral upward within the downward upiral, and then exits.
Separation 1s effected by centrifug«l forces driving the paruvicles
out of the gas stream lines to the wall. The particles are held
at the wall and moved toward the dust discharge by the axial
component of the vortex flow and gravity.

The efficlency of a cyclone is dependent upon, (1) the flow rate,
densicy, and viscosity of the gas; and, (2) the density, size

and concentration of the particles passing through the collector,
Presaure drop through'a cyclone is in the range between 1/2"

and 6" of water. The efficiency range for typical primary collector
system is shown in Table II.

B. SECONDARY:

The secondary control system of an asphaltic concrete plant usually
consists of a wet scrubber system or a baghouse. The principles

of operation of wet scrubbers are similar to those of dry collectors,
Wet collectors increase particle removal efficiency because: (])
fine particles are conditioned, so that their effective size and
weight are increased, thus enabling them to be collected more
efficiently; and, (2) ‘re-entrainment of the collected particles is
prevented by trapping theu in a liquid film or stream and then
wvashing the liquid (and trapped particles) away.

Problems assoclated with the operation of a wet collection
system are: (1) corrosion, (2) erosion, (3) dust bulld-up
at the entrance (and other areas) of the collection device,
(4) mist 2limination, and, (5) sludge disposal.

-6-




III.

CONTROL EQUIPMENT . (Continued)

L4

Review of our sampling data indicates rhat cthe design of the collection
stage or mist elimination stage of the wet scrubber systems s
significant in achieving high collection efficiency. the collection
efficiency 1s directly related to the magnitude of inertial forces

that are applied to the conditioned particle.

Wet scrubber systems are classified herein as gystems using
significant cencrifugal forces on the conditioned particle to
affect separation and those using water impaction or water sprays
to wet and remvove the particulate from the gas stieam. The wet
scrubber gystems on asphaltic concrete plants are tiuen CIAﬁsiiied
as a "centrifugal” or '"water spray' type system. e
The most common spray . type wet scrubber aystems on’ asphaltic
concrete plantg are of the gravity spray tower type (See Fig. 8).
The tower may be either horizontal or vertical. Advantages of
this type of device are: {1) the ability to handle large volumes
of gas with a low pressure drop (1l to 4 inches water), and,
(2) low cost. Baffles or packing materfals are often placed in
the path of the gases traveling through the system to lncrease
the probability of particle contact with water droplets. Collecticn
efficiency 18 relatively luw for particle diumeters of 10 microns
or less. Centrifugal flow within the spray tower is sometimes
incorporated to improve collection efficiency.

-
Centrifugal wet scrubber systems employ significant centrifugal
{cyclonic flow), gravitational and/or directional change forces
on a pre-coaditioned particle to increase collectlon efficiency.
The secondary control system will usually include a pre-conditioning
stage followed by an inertial separation stage. The most common
centrifugal separation stage for an asphaltic concrete plant wet
scrubber system i8 a cyclonic separator. Collection efficiencies
are higher for centrifugal systems than for those of spray type
systems., (Ref, Table II).

The pre-conditioning stages of centrifugal wet scrubber systems are
most commonly of the wventuri and orifice typea. In both devices,
the crosas-sectional area of the duct carrying the particulate

laden gas into the scrubber is reduced, creating a turbulent,

high velocity flow. Water is introduced before the restriction and
as the gas and water droplets pass through the throat of the
venturi or orifice, the turbulance and high gas velcoclties atomize the
droplete into @ fine mist, thereby increasing the probability of
collision and entrapment of a dust particle fin a water droplet.

The gas and dust laden liquid then enter the cyclonic separator
vhere the liquid is thrown against the walls by centrifugal forces
and drains to the bottom by gravity. The treated gas exits out

the top. A venturl scrubber {3 {llustrated in Figure 9.

The baghouse filter has been gaining wide acceptance as a form of
dust control equipment by the asphaltic concrete industry. A
schematic of a shaker; type baghouse appears in Figure 10.

-7-
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I%E."‘/EONTRDL EQUIPMENT {Continued)
.“. i
L The dust laden gas enters the bottom of the collector (in some
i baghouses the gas enters the top). As the gas passes through
i the tubes, the dust is deposited on the fabric, forming a cake.
A significant amount of the filtration is accomplished by the
dust cake after it has been built up. The primary function of
the fabric is to suj.port the cake. Ao time passes, more dust is
deposited on the cake, increasing its thickness, and thus the
resistance to gas flow through the cake, When baghouse resistance
begins to limit the air flow required to properly ventilate tne
dryer, the fabric is cleaned by removing the dust cake which is
allowed to fall into the hopper. There is a variety of different
fabric cleaning mechanisms. In the model illustrated in Figure 10,
the top of the fabric tube is attached to a vibrating device and
the dust is shaken off the tubes. Normally the tubes are divided
into airtight compartments and the compartment being cleaned is
isolated from the gas stream. Pulse cleaning mechanisms remove
the dust cake by flexing the fabric with compressed air. In
other designs, the dirty air i introduced into the "shell"
side of the fabric tubes and flows out the inside of the tubes.
An air jet cleaning mechanism wmoves up and down each tube, or
pulse jets at the top of the bag dislodge the dust.

The air to cloth ratio (i.e. the bulk velocity of the gas divided
by the cloth area) for most shaker type baghouses is in the
neighborhood of 2-to-3 acfm per square foot of cloth area. The

pressure drop of ahaker type systems 1is approximately 3 to 7 inches
of water,

The alr-to-cloth ratio for the air pulse and/or jet cleaning
baghouses 18 around 5-to-10 acfm per square foot of cloth. The
reduced bag area required for the pulse or jet type baghouse
has made the pulse and/or jet type baghouses the most widely
used on asphalt plants. The pressure drop of such systems 1is
around 5" to 8" of water.

TABLé I1 COMPONENT EFFICIENCIES

TYPE EFFICIENCY RANGE

Primary Collectors:

!
Large diameter cycldnes 60 - B5%

Small diameter cyclones 70 - 954
and milticlones '

Becondary Collectors:

Spray type scrubber . 80 - 974

Centrifugal scrubber 90 - 99,8%

Fabric filter . 95 - 99,0%
o— et > Eﬁhﬁﬁﬁqgnl_LmeAdxnm.. _q-
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1V__EFFECTS OF OPERATIONAL FNVIRONMENT UPON EMISSIONS

The operational environment that surrounds an asphalt plant is as critical

to the atmospheric emissions as the type of control equipment. Variations in
aggregate, in how and when the plant 1s operated, in the local climatic
conditions, frequency of plant relocations, quality of maintenance provided,
and the degree of automatic control available, can seriously degrade the
operation of the most efficient dust control systems. One of the most
important factors required to assure adequate control of atmospheric
enissions 1is a proper working relationship between the owner and local air
pollution control authofity.

The variations in aggregate type that ave most important to the performance
of a dust control aystew are those that relate to the fraction of the total
feed that will pass a 200 mesh screen. In most mix aspecifications the maximum
percentage 200 minus allowed is 10%. It is not unusual to encounter
fines percentages at the inlet to the dryer varying all the way from under 2%
to as high as 20%. The primary cause of this variation is the rock available
at various geographical locations. Most staces regulate percentage fines
approximately as shown in. Table I, hence possibly recuiring wasting of fines
to meet state asphaltic concrete specifications., The atmospheric emission
control system, therefure, is required to remove the larger amount of fines
while still meeting clean air regulations. Some pit locations simply run
high in fine natural material, while the type ~f rock encountered in other
areas is such that fines are heavily produced waring normal crushing and
screening operations, The latter type of rock {such as basalt) shatter
to powder when crushed and also break down significantly when processed through
the asphalt plant. The size distribution within the fine fraction is expected
to be a significant variable in the efficiency of the emission control system.
Some geographical areas are short of fines so dry-type emission control
systems solves thuis problem.

1
An asphalt plant that operates continuously for several hours will allow better
emission control than a plant that 1s being continually started up and then
shut down. The very nature of wost particle separation mechanisms requires
flow conditions that are reasonably stable with time. Gas and aggregate
transient flow conditions that are present during start-up and shutdown tend
to cause low efficiency in devices that depend upon inertial forces to produce
particle separation.

As a plant starts up, a significant time {5 required to reach stable temperature i
an? preggure conditions. Before the plant is sufficiently warmed up, the

molsture from the aggregate will condense on the cool interior surfaces and i
the water droplets will travel through the plant., This 18 an abnormal situation |
for any dust control device and mud will accumulate in low velocity areas, 1
This moisture problem can be very acute in climatic regions that have wide

temperature fluctuations. Insulation of ducting and control equipment may 1
be a necessary measure. Upon shutting down the plant, particles that have :
been trapped in the system by high velocities will become dislodged by gravity.
These particles can then be carried out by the lower velocity gases or will
settle in the ducts to be{picked up the next time the plant is operated.
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IV. EFFECTS OF OPERATIONAL ENVIRONMENT UPON EMISSIONS (Continu d)

Y

4

The measures necessary to make an asphaltic concrete plant easily portable
require some compromises on dust control system design. The most easily
ideatified compromise affects the large diameter cyclones and forces them

to have short cones or be replaced on small radius multicones in order to

stay under highway height restrictions. Sealing of equipment and scavenging
the resultant enclosures .is often inconvenient on portable plants and
therefore neglected. Power for portable plants is frequently furnished by
diesel-electric generator sets which dictate low power consumption types

of control systems. Restriction or total absence of adequate water

supplies often prevent the use of wet scrubbers. Dry fabric type dust
collectors will probably /gain their quickest acceptance in portable operations.
Adequate control of stockpiles from wind, rejecting of exca2ss fines and
incident dust from truck traffic are all gpecial problems that can become more
gserious at a portable plant site.

Several changes in plant operation are necessary when a fabric type dust
collector 1is added to thé’plant. An upper limit on operating temperature is
introduced where none has been present before., The plant ocperator has
previously been interested only in the rock temperature coming out of the dryer.
If that temperature is toc low then the burner setting is increased. No
attention is given to the temperature coming out of the dryer as evidenced by
the burned paint existing on most dryer cutlet ducts. Such a philosophy can
quickly lead to problems in a plant equipped with a baghouse. Continuous
monitoring is required on dryer outlet temperature and baghouse inlet
temperature. The installation of a primary collector between the dryer and
the baghouse can be debated from a collection efficiency atandpoint but other
considerations such as temperature and erosion protection make it an absolute
necessity. The most significant change to plant operation is the requirement
to work within a temperature band that has the dew point as its lower limit
and about 400°* F. as 1its upper limit.

Automatic controls on an asphalt plant are important in three areas: (1)

the cold feed system, (2) the batching tower, and, {3) the burner. The use

of automatic controls can help to quickly stabilize the operation of the

plant. Flow conditions for aggregate, fuel, and ailr are more quickly established
and maintained without step changes that disturb cthe plant system. Plants

not having remote contrels on the aggregate feed rate must be overfired at the
beginning of operation so the first batches of mix will be at the proper
temperature. Plants having remote contrel to the cold feed can gradually
increase the feed rate during start-up and thus avoid any slugging of the

dryer although in practice this is seldom done. During steady operation,

changes in the rock chute temperature out of the dryer can be altered by

either changing the feed rate or changing the burner setting. Usually, ;
the burner will avtomatically keep the rock temperature at approximately
325° F.*

The introduction of better surge and hot storage systems to the asphalt

industry has caused a change in the attitude of producers toward the desirable
production rate their plants should possess. Without any surge or hot

* Remote controls to the cold feed allow easy changes to the proportioning ]
of the aggregate so the dryer 1is not drying rock that cannot be used in the mix. i
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Iv. EFFECTS OF OPERATIONAg ENVIRONMENT UPON EMISSIONS (Continued)

storage capacity, the time required to load a truck was directly dependent
upon the production capacity of the plant. Taking 45 seconds as the average
time between batches and using a truck payload of 28,000 pounds; a 4,000 pound
batch plant will require a truck under the plant for 5-1/4 minutes, while a
10,000 pound batch will require a truck for only 2-1/4 minutes. 1f the 4,000
pound plant has a surge hopper the truck could probably be loaded in about
one minute. Now the capacity of the plant is dictated by the number tons
that can be laid on a grade rather than the number that can be hauled away.
In theory, the hauling should not influence the desired plant production but
in practice the trucks will’ always tend to bunch up and then sit and walilt

to te loaded. A surge system can overcomes the bunching problem and allow

small capacity plant to be fully utilized, and present less of an emission
problen.

Once the design of a dust control system is fixed, the single most important
item determining its performance is the maintenance it receives. Periodic
maintenance of all plant equipment can prevent failures and prolong control
equipment life. The maintenance measures for fabric type dust collectors
assoclated with asphalt operations are only now beginning to be studied.
Very little factual data is available concerning the cause of performance
degradation. Tightening of bags, adequate caulking between clean and dirty
air sides, and careful attention to bag wear appear to be items that must

be watched. On wet systems, the eroding of spray nozzles should be checked
monthly during the operating season. Ruat and corrosion of all duct interiors
arealways encountered and necessitate patching, lining or replacement on a
one to three year cycle depending on the local conditions. The conditians
under which asphalt paving mix has been produced are difficult to envision
and all equipment must be carefully maintained. A chorough once-a-week
inspection 18 performed by good operators.

-11-
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: V. EMISSIONS

Unpublished stack gas sampling data from 45 asphaltic concrete plants
which represent over 100 indcpendent samples has been compiled. The

raw test data has been reduced using a computer program based on EPA
data calculation techniques. The results of the data reduction are
listed in Table Al, along!with as much additional information about
each plant as was available. Table III summarizes the final particulate
concentration and emission factors using the classification of control
systems presented previougly in Section I1II.

Note that the concentration data in Table IlI has & fairly well defined
lower limit in the “range of concentration" column and that the median

in all cases but one is less than the average concentration. Such relation-
ships in the data lead one to believe that the data is actually fitting

a nonsymmetrical or skewed-to-the-right distribution. Also, nonsymmetrical
distribution is expected because asphalt plants have more difficulty 1in
achieving a low emission than a high one and because alr pellution regulations
across the United States vary. Notice also that the lower limit on the range
of concentration for the data constituting this study compares fairly close
to Los Angeles Air Pollution Control Districu data several years ago which

i8 an indicator of a lower limit on currently available control technology.

The data analyzed in this study was collected primarily to establish current
enission factors on asphaltic concrete plants., Approximately half of the
data originated from tests prior teo modifying the dust control system. There-
fore, the data represent current emission from asphaltic concrete plants across
the country. o

{
The typical asphalt plant ‘that operates outside of aggressive air pollution
control reglons has rather elementary dust control equipment. A large
diameter cyclone or a pair of such cyclones is typically followed by a low
pressure spray chamber. The removal of the wetted dust is done by injecting
the flow tangentially to & large diameter stack. The resulting cyclonic
flow at the stack exit plane is thus quite common. The accurate measurement
of gas velocity and the subsequent calculation of gas flow are subject to
significant errors when such cyclonic flow conditions exist. Representative
particulace concentration data can be collected from cyclonic flow stack by
carefully designed sampling procedures,

It has been recommended bf Cooper and Rossano® that cyclonic flow stacks be
sampled at an angle from the duct centerline and at a velocity discovered by
the maximum deflection of the pitot tube. However, it 1s also known tha: the
maximum deflection across a'''S" type pitot tube occurs at 10-15° offset from
the true ditection of flow.. Therefore, the authors recommend that cyclonic
flow stacks be sampled by establishing the average vertical velocity component
by weasuring the gas flow at a more desirable location in the ductwork. The
sampling rate in the cyclonic flow stack can then be set at a constant rate
or varied acroas the duct in proportion to the veloclity reading recorded by
the pitct tube during sampling. The vertical velocity compunent is assumed
to be the same as the vertical particle velocity as It enters the nozzle

8o representative sampling) velocities can best be maintained.

® Cooper, H.B.H., Jr., Rossano, A.T., Source Testing for Air Pollution Control,
Pg. 56, Environmental Scieﬁce Services, Wilton, Conn.

-12-
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V. EMISSIONS (Continued)

3

In order to determine the pollutant mass rate in cyclonic flow processes,

the gas flow rate must beé derermined at some othsr location in the system
where more favorable flow conditions exist. Rarely will these more favorable
flow conditions meet suggested requirements for distances from the last flow
disturbance. Experience from the field evaluations in this study indicate
that errors are encountered by using an "S" type pitot tube in cyclonic flow.
Velocity readings can be:high by a factor of two or three depending on the
degree of cyclonic flow.

Asphaltic concrete plants are one of the most difficult industrial sources
from which to eveluate atmospheric emissions. It is extremely costly and
often impractical to sample a 10 foot diameter stuck at 8 diameters from
the last obstruction, especially if the stack itself serves as part of the
control system.

Dual train source sampling was performed on five plants as an addition to
this study. A summary ~f the tests is shown in Table AII. An EPA

source sampling c<railn an Los Angeles source sampling triin were used
simultaneocusly in obtaining these results. The t(wo sampling trains used

on the additional five plant evaluations are shown 1in Figures 11 and 12.
Clean-up and analysis of the two trains was performed as described in the
Appendix. A discussion on the sampling and the reports are included in the
Appendix,

Capacities were verified by spot production calculations. The controls systems
were in average states of repalr and the plants were operated at normal
production rates, The data, therefore, represents results that are obtained
during day-to-day operatiocns of control systems using recent technology. The
plants could perform better with more extensive maintenance programs,

Asphaltic concrete plantsgoften operate on a very cyclic schedule, Start-up
and shut-down of the systeuw and sampling train does not favor collection of
long duration stack gas samples. Careful coordination was made to avoid
shutting down the sampling trains during a test, but the sampling on most

of the plants was necessarily interrupted at least once or more, especially
on the batch type plants.

Baghouse control systems appeared during our evaluation to have a less
equivalent opacity emission than the emissions from wet scrubber systems,

Note that the concentration (gr/scf) from the wet scrubber system (Plant #3)
in Table AII was less than the concentration from a well-controlled (Flant #2)
baghouse system while the equivalent opacity was greater from the wet scrubber
system. The limited possibility that an unrepresentative sample may have

been obtained from the cyclonic flow wet scrubber system could also explain
the difierence in emission concentration.

It has been shown that a given concentration of small size particles have a
greater light scattering effect (i.e., they are more noticeable) than an
equivalent concentration of large size particles. Such a light scattering
phenomenon of small particles may help to account for the more noticeable
visual effect from wet scrubber systems versus baghouse systems.

-14=
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V.  EMISSIONS (Continued)

3
It is suggested that the particle sizes emitted bv baghouses (installed on
asphalt plants) are larger than the particles emitted by wet scrubber systems.
The fabric must flex (i.e., by shaking, reverse air, pulse jet, etc.) to
properly dislodge the ccllected material from the bags. This flexing action
could sift materfal through the fabric to the "clean'" air side. The wet
scrubber system, by virtue of the inertial forces that are exerted on the
particulate for removal, definitely tend to remove the larger size fraction
more readily from the air stream. This would explain the observations mada
during the testing and the. resulting grain loadings that were calculated.

Estimation of emissions can be determined by establishing the plant

flow rate and then applying an average concentratlon to the stack gases
entering the atmosphere.  Concentration times flow rate will then yleld

a pounds/huur of emission’. A regression analysis to determine scfm versus
given plant production has been performed on the data in this study and is
shown in Figure 13. The average concentration values for the contrnl systems
as defined ln Section Illjare listed in Table III. An emission can also

be calculated by measuring the plant production rates, clasifying the

type of contrcl system as. listed in Section IIl and then multiplying the
production by an emission; factor (lb/ton) as listed in Table III. 1n

addition to the emission factors listed in Table III, engineering judgment

has been exercised to suggest reasonable particulate emission factors for
asphaltic concrete plants. The suggested emission factors are listed in

Table 1V,

Hydrocarbon emissions from asphaltic concrete plants are not considered to

be a problem. Asphalt 1s:a heavy Distillate from the refinery process

leaving only trace amounts of low vapor pressure hydrocarbon compounds available
to enter the atmosphere. "An arcticle by Von Lehmden, Hangebrauck, and Meeker (2)
list total polynuclear hydrocarbon emission factors of 1.1 mg/ton

of product without control and 0.35 mg/ton of product after a wet scrubber
control eystem. The asphaltic concrete plant evaluated for these¢ numbers
vented the pugmill into the nuisance dust control 3ystem.

Hydrocarbon vapors from heated asphalt storage tanks can be adequately
controlled by fluted, air-cooled vent pipes. Hydrocarbon emission released
from loading asphaltic concrete into the trucks can be vented into the dryer,
Several methods of introducing the hydrocarbons into the dryer for
combustion have been tried but more development work is required.

Particle size datsa {8 avallable in the Los Angeles County Air Pollution
Engineering Manual and some was included in this study. Particle size
distribution by mass using an Anderson sampler and particle size by count
from filter catches on wet scrubber systems haw been included in the
Appendix. More work should be performed to generate additional particle
size data. <

2. Von Lehoden, D.J., Hengebrauck, R.P. & Meeker, J.E. Polynuclear
Hydrocarbon Emissions from Selected Industrial Processes; Journal
of the Alr Pollution Control Aescciation, Volume 15, No. 7, July 1965.
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TABLF 1V
SUGGESTED PARTICULATE EHIESION FACTORS FOR ASPHALTIC CONCRETE PLANTS

'tpounds per ton of product)

Source and Type of Control Emission Factor

+

Rotary Dryer

Uncontrolled* 50
Precieaner 20
High-efficiency cyclone 5
Multiple centrifugal scrubber 0.2
Baffle Spray Tower : .3
Orifice-type or venturi scrubbers 10

Baghouse 073
Other Sources (Vibrating screens,
hot aggregate bins, aggregate weigh 1.0
hopper and mixer) Uncoatrolled.

e Almost sl]l plantse have at least a precleaner following the rotary
dryer to return fines for the asphaltic concrete.

=16~




VI _COST OF CONTROL

The cost of effective dust control systems or equipment covers a wide range.
The major variable in determining accurate cost figures is the varlation

of installation costs. The costs of the bare equipment can be determined

on the basis of air flow data. The most frequently used parameter to express
the cost of various types of equipment is dollars per actual CFM ($/ACFM).
Shown in Table V are cost ranges for complete dust control systems starting
from the dryer outlet and including the exhaust fan and dust augers. The
systems are categorized by the type of final cleaning equipment in the system,

TABLE V

DUgT CONTROL SYSTEM COSTS

TYPE OF SECONDARY SYSTEM COST
CONTRAOL EQUIPMENT ($/ACFM)

Spray Tower 1.00 - 1.75
Centrifugal Scrubber 1.25 -,2.00

Fabric Collector 2,50 - 4.00

In considering equipment to retrofit an existing dust control system, the

cost of major components are only a part of the overall cost. Changes in
ducting, changes in fans or fan motors, changes in dust augers and then

the electrical changes in the power and control system cause large differences
in final cost. For instance, a bare baghouse can be obtained for $1.00/ACFM
from many manufacturers. By the time that baghouse is installed the cost
will be around $2.00/ACFM. Wet scrubbers can be built for as little as
$.30/ACFM but again the ductwork, water supply, and pond syster can double

or triple this figure,

Maintenance and operating -costs are difficult to obtain accurately. Dry
fabric collectors are only now beginning to builad vp enough operatiocnal
time that intelligent bag life estimates can be made. The increase in
demend for "Nomex" material has reduced the price of bags by 15% and 20%
recently. However, when compared with the problems associated with ponds
and sludgze disposal over a bag life of five years the costs are about even.
High pressure drop in the wet scrubber results in higher operating costs
but in most instances the amount is not important. The most accurate
Statement sbout which type of system is best is, "It depends..." Even

experienced personnel approach each different plant with no preconceived
solutions.
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VII SUMMARY & CONCLUSIONS

Tnis study indicates that the average emissions from spray towers is

0.64 1b/ton, from Centrifugal scrubbers is 0.28 1b/ton and from baghouses
is 0,13 1b/ton of asphaltic concrete produced. Engineering judgment
indicates that the emission from well-designed spray towers is 0.3 1b/ton
from centrifugal type is 0.10 1b/ton and from baghouses is 0.075 1b/ton
of asphaltic concrete produced.

Baghouses included in the sunmary and evaluated in this contract have been
shown to be less efficient than anticipated. Baghouses offer solutions to
certain asphaltic concrete procedure problems, (e.g. shortage of water or
adequate space for settling ponds). Extensive, careful maintenance is required
for the baghouses to perform to expectation.

Comparative stack gas sampling with LA and EPA sampling trains was inconclusive,

The LA train measured higher emissions on four baghouse systems and lower on
one wet scrubber system. The authors believe that a difference in particle
size distribution of the emissions from the baghouses and wet scrubbers may
account for the difference in opacity.

-18-

i i R



-
¥

O
i3

? 6500/

3

i
s
7 ™~
: ™

¢o0

o 1
o Dos

FLIGHTS TJES/SUED 7o
JISTRIBUTE ROCK. ACROSS
EWTIRE CROSSECTION OF

THE ROTARY DRUM TO
- CRERTE R EVEL "VE/LY

2N ~TYPICRL. FRIGHT
~ X ABLIGN AENT.
N
: ‘6 :\ :"a B
2 o
v er arg

rob % 3 &
- Q - % bf_d_

oo o ok

K/
®oTaTioN

\5/’&2"0 VAR/ES BETWEE,
FRAM TO ORPM,

: duced lrom
t:flroavailable copy. I

-19-




U S

) WW.E\.W)«MM

1
FFISOM ~ HDIIM L\ W mhgm

H— X OLIAFTI | UTETIOOY T10D

vy
" sy

N 2/~ 4

: gﬁwﬁw‘w
FEOITEN LSINT -

PIIHASONLY
QL LENYHXT.




TTFOUMATD,

" $TVYNOIId0}

RS da (4
FOUIUS |

2OAIFANOCD
Sa¥CIT

vy

T ap- oo

~ YOLWASTIZ e

BRSO
" (AEYONOI38 SO FkL.
NN - = N A

MIOILEDOT) Yo LT -

FOLOFIIQD .
LSO Adrvidd

1 R r : . .
L AT LT A S T 1 R B . P R 4 N
ShEd Syd it ",53’,«’,;_"#!-&5“‘.‘:\’*\'-« R O S R T T
5 T SADNACS (i gt AT e

NOIL2FTTIN0
AXVTNOIIS

FeyFIFE LS

FFTIHASOWLY .

OL LSTTVMXT ~




Dryer Production Capacity

100

o ~ © =
o o o L =]

o
[a=]

+
O

(%4 Increase)

L
o

N
<o

* —
o

DRYER PRODUCTION CAPACITY
VS -
DRUM GAS VELOCITY..

"Baghouses", not yet published.

- 2%
|
|
S— |
|
i
|
[ I
g
: i
ISR TN N VORI DU NN NS N A
I0 .20 30 40 S0 60 70 8 S0 100
Prum Gas Velocity (% inc¢rease) -
600 700 800 900 . 1000 . 1100 1200
' Drum Gas Velocity (FPM) |
. FIGURE 3
Source: Loquercio, P.S. and Skinner, C.F.{ "Abatipng Pollution
: a

from Acphalt Mixing Plants, &specially vy Heans of

-22-

o T E A e i

ecker danth e

I L SR NP Tt SP S

e H o e T




Dust Caniyout (% Incredss)

RS TEERA R e

i...&

. DUST CARRYOUT
i— VS

;__ .  DRUM GAS VELOCITY
-

A . !

! 4 i H

10 .20 30 . 40 50 &0

70 80 - 90 100

Drum Ges Velocity (% Increase)

600 700, £00 9C0 1600

1100 1200

Drum Gas Velociiy (FPM)

' FIGURE" &
Source: .. Loguergio,.P.S. and Skinner, C.F.,

"Abating Pollution from

Asphalt’ Mixing Plants, Especially by Means of Baghouses",

"+ - not yet published.

~23~

e e e+t i e i PR o Pt s tans mrey




AT GLIR FE

R AL E T T IMPROVE
(:::ﬂﬁ/( TICLE TCOLLECTION

~

_l_

o \.'l

T

—

——

TN G CHAMBE RE

SR BT

o ————

-—nu-_

LLEAN AR T

_
Y

/‘

e e T

] B
E T IRUSTULADENED AR T

e
t._...t%

i
I

= ATR L CHK  VALWVE T

A

TUST

CENTRIFEIGAL 500 L0 ECTe R

......

i
L1

-24=




T=RAEFLE T IMPROVE. ..
TPARTICLE “COLLECTION.” .

i ~— DUST LADENED AR ~

/

pl=======]--

= A E“T\

\_J/
AR IO T VALVE T

\

Rasy

 AFEERE=T | CENTRICIGAL COLEECTOR

Source: National Asphalt Pavement Association

~24=




\\:&mmzsm%aw -

YO MPRVE WATER ~
CONTACT WiTw [DUST:

GAS (N — = | HATEA T SEITEING
_GAS_ 1 HATEX T _

_ L

<", Separator

[ outiet

=7 Sy bt
. P :
Throat -«
Venturi 17 s

Inlet Nozzle

Source: HNational Asphalt Pavement Association

il A O s Gt g e, e, .
: ‘v T‘jx:i l,\}}?} PR, end WM, S e dadets e e




A

TSR0 TONG)——

—m% _3 | / Mi%

-26-

AT Vg Aot R et - ’
Jrpa il BORSRUAN ke i et as L e
R R%%’Mﬁvﬂ“\k?&“‘:?‘lﬂ‘? G EE O Sy e




NIVEL ONITAWYS S¥D MOVIS ,Vdd,

TT JUNOTd

TJ00

YILIW SV Xdd IJ
3 LIHONVH

AITITHO
YOI TISHN
TAIVIAdWI L TINIVITINEL _
HIVE 301 MALINONVH
pemiinneny

o

aqoad Buyydmes
_ Y3ta Teadajuy
3031d °2dLy-,.S.,

mwwwmomm QaivVad

TANIVIIINAL

X04 J3ILVIR

TIVM AIVIS |\*

TT1ZZON

-27-

TR PLICIN

et AR



L YALIW SYD AN

W TN

¥

FWNSSINS T

LHAYS. 257

——

S, ALY YvaIs

TV YOVLS — ]

—FFNL Lolld™

hy
T

i

n_
: To\.auaﬁxw\\k
@l =

 SLIFNNOIVIINI-
‘ SSY TD=
et NI ONITWI
el L OLNI TGN .
BSOMH _2IGIXFTo

 JOOM SSYIB/M Qm\.\u,\\

FTEW/IHL YIL S

WNONN IV

-28-




T Ty P T R S S

NOLLONQOWd INvid NO WwsH2S <0 m,m\5<2< zo_mmuxomx - £} °old

ANIT NDISS359id NIVLUO UL 2AZ NY3W 3h1i MLIM NDILINJ0ad 47 INTUA whelranw 40 KNaAINIb LV £0F GHL

e m e e , (w/sroL) MG 113NG0%E=, _ — ——————

£3°C69 Ji*(on gie10s 15°%0 42 troene “e ey

—— i e— . C i aow

[t i it it To=tT P ettt bkl foch- S A 1 S SO

1 I 1 L 1
I. ) L. I T . I
I 1 I i I
! e 1 I SR T S I
1 I I I 1
— — I, I S R I R S
1 I 1 1 1 1
- 1 1 R S 1 ) SR N S
1 1 i I i : I
" b Sttt tedededvdviudetetetiel Aottt el L) llOltllllllllllllllll“l..l+.dﬂﬂ\l.l‘l\l:lllllll‘lll“&.hllllllllllllllllll# JL*2210T
1 I I 1 1 _ E
1 S SRS . D SO e
i I I I - 1 ; ,m
— I e I I S I " 1 - EL Y
1 I I I * - IEE
- B e 1 1 Lo .. e e
I I 1 . I . « I - O
I B S | S R { o < et
1 I I I . I T
4lllllllllllllllIllH:l.c.l!l-.."llllll|JlJlll mefw = .&0Ill.ﬂnﬂ.ﬂﬂdllllrlﬂwl\lid:lillllllo! ot 0c. . ] 3 J.n%k
1 I I - 1 o - .._o
1 1 EER IR (P i x 1 < ,M
I . I I I oA
L U SUSR I ..“\r\ 1) SO, ) -
1 i CHH/SHOL E9T = W g 1 R
i S 1 . ew ol Fha
I i * I I o
L - =~ I S 1 i~ T
1 1 I . 1 1 g
s u-..H+.u.Hdu\nh..I“nnnnu-:un-«nn-nnnnnuauaunuunnn.uh,nll.nu.nh.nn|..ao|.-...in... Wreenag H pwaw
L~ 1 . _ I 1 PR -5
~ - .\y.H .|||||..|.l..l.wllnl1|nu.u - le H .I - - A .ll.lll..|\L|.n4i! P m—— el e M M“r ‘MM
. e : m,.mm
- R

i el

D — ——— 1 —
1 H )
SO SR I 1 4 .7
1 3
el ety dediefgdedededa i, Attt bdal ittty EE LTSS E RS L L L SN Y i 2202308, S__

NOILINO0ag NO (34d) waJS 353¥92% —_—
e o "NOLLVI¥VA OSNIVI4X3_L33100399 341 WEIN NOISSZe93b 3L 9% _MA0I5u _HIYEI_CNv S3INTYA 3IHL __ ¢




*juefd yoea uo
Arsnoauei(nuls pajerado 219a sujery Bujrdwes awf yowis (sweadoig ATV
JO 301330 '£ouaidy u0FINII0AJ [PIMIWUCITAUT) V43 pur (saraBuy 5071) V1

ST°0 £1°0 ST'0 SIT' 0 s€o°¢c $%0°0 600 SL0'0 S9€-0 14 4]

Lr*nf €170 »1°0 z1°0 91°0 ?1°0 10 o 70°0§ €0°0 5070 %00 6070 60°0 £0'0| 800 9% "G LE°0 €EZ°0 920

SeCub} 278901 3°9CZ) 0°80Z | 06| 165y | yoe9t ] ¢r7er 8¢ tin | 88 tge ) vaggel onzse b stzgt | gvwoz | aesRt| 1os00z | €£rze9 fEtITOT

89"06 | L0°S6| 06°v6| DE°%6 | BI'69| w2'T2 | $0°9L § 8978 [LO°LIT| 8y 921 | 90726 | 9996 | 80"SOT{ 00°S0T | 66°90T | £6°TIT | 05°86] €6°86] 89811 [ Z£ 12T
434 672

L0S000°0 2£000°0 £0s000°0 | ooo'o [ ooo-o 188000°0 v9ET00° 0 L0S000°0 T9€000° 0 £05000°0 19€000°C

996 €T | 9SE WY | 96" 2T | 6£4°2T [£0S* 9T | 2201 | 65°5T |eee*6T | sez°9c | 0019t |evu'se |o66°ve | uvs zr| wse*z1 | s6€ 2T | 62121 | Sez sz 166°s2 | €6 ez {€ce'ce

11°92 | 99°€z | ¢v*92] tz'sr | ¢s'8r| StU'ST| e7r9r | ®9sU} wI°L 60" % ¥ 6 1€°9 t1-ze| esrze | occze | zzee | ootoc| os-sz| 9vcie | OrCif

L6°1€] EET0v| 999 | 90°SZ | .19°6E | IS'Zv | 6S 6T | Le°6Z| T19°TZ| 09°w2 | teez | £9-¢z| wv-es| €£'09| zE€17{ 6729 | f9-6z| e1°28| f1°€9 | <8-99

78 N | T4 N | Z# Anu f T# nna | z# Nu | T# N0d | 26 wnd (12 NOu | 28 Nnd | TF N0 {ze e | Tf wnd | z# wnd| 14 sod HONME | T4 Mo Ze RNY) TH wnu | Z NOH [ T4 NMH

v1 vd3l 1 ¥d3 ¥1 ¥d3 ¥l ¥d3 ¥1 ¥d43

ASAOHIYE - § “ON INV'Id AS00HOIVE — % "ON LINVId HIFANYIS I3m - £ “ON INVId ASN0HOVE - T "ON INV1d ASNOHOVE - T "ON 1INVId

Yy

8 OQ

nhw,mo...

HIL3RW
=Vivd

SINVId 3LIMINOD DILTIVHASY NO SNIVHL s¥Vdd GNV »VT HLIM DNITIKVS NOISSINI JALLVHVIKOD 40 A¥VIGAS -IIV 318Vl

=30~

1

;

é“,',‘:‘;’,‘

X

4

gy )]

4




BIBLIOGRAPHY

Aase, Glen D., "Dust Control of the Hot-Mix Asphalt Plants" - Unpublished
Report June, 1961.

Barber-Greene Company, Bitumlnous Construction Handbook - Aurora, Illinois
(1963).

'
!

Berg, Dave B. & Underwood, Lowell - "Dust Filter Reclaims 10,000 ib./hr. of
Hot Asphalt Plant Aggregate". Chemical Processing 31 4, No. 47:66
(April 1963)

i .
Danielson, J.A. Ed., Air Pollution Engineering Manual, National Center for
Alr Pollution Control. PHS Publication No. 999-AP-40, Cincinnati, Ohio, 1967.

Environmental Engineering, Inc. Asphalt Batch Plants., Report prepared for
the EPA Contract No. CPA’ 70-142, Task Order No. 2. March 15, 1971.

T
Environmental Protection'Agency ''National Ambient Alr Quality Standards - Parc I1'".
Federal Register 36:No. 7, 6687-6694 (April 7, 1971).

Environmental Protection;Agency "National Primary & Secondary Ambient Air
Quality Standards." Federal Register 36:No. 84, 8186-8194 (April 30, 1971).
1

Friedrich, H.E. "Air Poliution Control Practices & Criteria for Hot-Mix
Asphalt Batch Plants" - Proceedings of 62rnd APCA Convention - June 22-26, 1969
(APCA Paper No. 69-160).°

Herod, Buren C., "NCSA's Dust Control Seminars Reflect Industry's Concern
with Effective Measures". Pit and Quarry 61, No. 12:118-124 (June 1969)

|
i

Holton, John T., "Portable Filter Baghouses for Mobile Asphalt Plants."
Filtration Engineering (Nov. 1969).

Ingels, R.M., Shaffer, N.R., and Danielson, J.A. "Control of Asphaltic Concrete
Flants in Los Angeles County.'" JAPCA 10, No.l:29-37 (Feb. 1960).

Larson, Thomas D., Portland Cement & Asphalt Concretes - McGraw-Hill Book Co.,
New York, 1963 282pp. 1

Loquercio, Peter A. & Skﬂnner, Charles F. (Environmental Pollution Control
Systems Inc.). "Abating Pollution from Asphalt Mixing Plante Especially by
Means of Baghouse.' (Not yet published).

Lundberg, G.R. (Barbcr-Gfeene Co. Aurora, Illinois) '"Summary of Dust
Collection Systems in Asphalt Plants." Proceedings of the 10th Annual Convention
of the National Bituminous Association, Feb. 3, 1965.

Modern Power and Engi neering. "Asphalt Plant Beats Dust Problems'. 63,No. 6:76-77,
{June 1963)

National Asphalt Pavement; Association, Environmental Pollution Control of
Hot Mix Asphalt Plants - Information Series 27, 22pp.

! -31-

@W"‘?Vﬁ‘fm}u R
WMMW#

O AR 2




National Asphalt Pavement Assoclation - Correspondence to Office of Assoclate
Comeissioner, Air Pollution Control Office, EFA,

National Asphalt Pavement Association, Guide for Air Pollution Control of Hot-
Mix Asphalt Plants, Information Series 17, 25 pp.

National Asphalt Pavement Association, Model Air Pollution Ordinance for Hot-
Mix Asphalt Plants - Inférmation Series 17A, 10pp.

National Oceanographic &}Atmospheric Agency, ''Crushed Glass Plus Asphalt Equals
Glasphalt - A Sparkling New Pavement'' - Pollution Abstracts (April 1971).

Perov, 0.B. & Boris, D.M., Dust Discharged by Plants Producing "Cold Asphalt",

and Its Effect on the Sanitary Conditious of Residential Localities (Translated
from Russian)

i
Research Triangle Institute, "Asphalt Batching" Comprehensive Economics Cost
Study of Air Pollution Control Costs for Selected Industries & Selected Regions,
Sub Report I-7 Contract 22-69-79 Project 0V-455 (June 26, 1965).

Research Triangle Institute, '"Asphalt Batching Industry". Economic Cost Study
of Air Pollution Control Costs for Selected Incustries & Selected Regions, Appendix
Q Contract 22~-69-79 Project 0V-455.

Roads & Streets; '"Bay Collectors Meet Chicago Pollution Control"™. 12,No. 7:97-98
(July 1969) 2

»
¥

Schell, T.W., "Cyclone/Scrubber System Quickly Eliminates Dust Problem.' Rock
Products 71 No. 7:66-68 (July 1968).

Shannon, Larry J. & Vandegrift, A. Eugene, "Particulate Pollution & Its Control"
A publication by the Midwestern Research Institute.

Skinner, Charles F. (Skinner Engineering Company) 'New Use for Baghouse Filter:
Handling Hot Effluent". Plant Engiaeering. June 26, 1969 pp. 57-59

VonLehmden, ND.J., Hangebranck, R.P. & Mecker, J.E. "Polynuclear Hydrocarbon
Emissions from Selected Industrial Processes'. JAPCA 15, No. 7:66-68

Vandegrift, A.E., Shannon, L.S., Sullee, E.E., Gorman, P.G. & Park, W.R. -
“Particulate Air Pollution in the United States" JAPCA 21, No. 6:321-328 (June, 1971).

Weimer, Dr. Ing. Peter "DQst Removal from the Waste Gases of Preparation Plants

for Bituminous Road - Building Materials". Staub-Reinhalt-Luft 27, No. 7:9-22
(July 1967). :

[
{

-32-

~1

W

et

!
i
i ;

L 3 T b A S i L2 ST et s b T e R e e 84




APPENDIX

TABLE AI - Summary of Emission Data
TABLE AIl - Summary of Comparative Emission Data
List of Data ContributoFs & Sampling Procedures
Discussion on Comparatipe EPA-LA Emission Sampling
Atmospheric Emission Evaiuation Reports

Plant i#1

Plant #2

Plant #3

Plant #4

Plant #5 '
Clear-up & Analysis (EPA Train)
Clean-up & Analysis (LA Train)
Computer Program Equati%ns and Term Definitions
Particle Size Data - Wef Scrubber Systems

By Mass

By Count
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DATA CONTRIBUTORS AND RESPECTIVE EVALUATION EQUIPMENT DESCRIPTION

1

Data was submitted for this study by several organizations and was collected
by various sampling trains. Appreciation 1s also expressed to the following
organizations.

b

Crim Engineeriné (Ref. JC)
3826 Woodland Avenue North
Seattle, Washington

(Sampling Train described in Appendix of Report)

Puget Sound Air Pollution Control Agency (Ref. PSAPCA)

410

West Harrison

Seattle, Washington 98119

The "PSAPCA" sampling train consisted in series of a 0.125 -
0.50 inch diameter nozzle, close-coupled, high-efficiency glass-
fiber filter, probe, rubber hose, an ice bath with the first two
of three impingers filled with 100 mils of distilled water, a
silica gel drying tube, rubber hose, dry gas meter, temperature
and vacuum indicators, countrel valve, and pump.

A separate pitot tube traverse was taken prior to the sampling
to determine flow rate and nozzle size. Total particulate consisted
of the nozzle and filter catches.

Frank L. Cross Jr. {(Ref. FC)
North 215 William Henry Apartments
Malverr, Pennsylvania 19355

San
172
San

The "FC" sampling train consisted in series of a 0.25 - 0,50 inch
dliameter nozzle, a close-coupled coarse alundum thimble holder,
probe, rubber hose, an ice bath (two ilwpingers with 100 mils of
distilled water, rubber hose, dry gas meter, vacuum and temperature
indicators, a control valve, and pump.
A separate pitot tube traverse was conducted prior to the sampling
to determine flow rate and nozzle size, Total particulate included
the nozzle and thimble catches.

i
Bernadino County Air Pollution Control District (Ref. SBCD)
Weat Third Street
Bernadino, California 92401

The SBCD gampling train consisted in series of a 8-10 mm nozzle,

an ice bath with two impingers €£illed witin 100 ml of distilled water
in each, a probe, a third dry impinger with a thermometer inside, a
thimble, Whatman paper thimble, a dry gas meter, temperature and
vacuum indicators, a control valve, and a pump.

A separate pitot tube traverse was conducted prior to the sampling
to determine flow rate and nozzle gize, Total particulate consisted
of the nozzle, probe, lmpinger and filter catches,.
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Clark County District Health Department (Ref. CCAPCD)
Alr Pollution Control Division

P. 0. Box 4426

Las Vegas, Nevada 89106

The “CCAPCD" sampling train consisted of the standard EPA
sampling train described elsewhere in this report.
Columbia Willamette Air Pollution Authority (Ref. CWAPA)
1010 N.E. Couch Street
Portland, Oregon 97232

The "CWAPA" sampling train consisted of the same components as
the EPA stack gas sampling train. The impingers were used prior
to the filter and a flexible, unhezted teflon-lined hose was used
between thé probe and impingers.

CMI Systems, Iﬁc. (Ref. CMI)
P.O. Box 6249

Chattanocoga, Tenneasee 37401

The "CMI" sampling train was designed and manufacturered by

2000 Inc. It consisted of a 0.125 to 0.5 inch diameter nozzle,
particle size and total mass collection device (Ref."Stack head')
probe, condenser, rubber hose, vacuum gauge, flow control valve,

pump, thermometer, and flow meter. A separate pitot tube traverse
was conducted prior to the sampling to determine flow rate and nozzle
size. Total particulate included the nozzle and "stack head" catches.

Valentine, Fisher & Tomlinson (Ref, VF&T)
520 Lloyd Building
Seattle, Washington 98101

The “VFT" sampling train was identical to the EPA train described
elsewhere in this report.
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DISCUSSION ON COMPARATIVE &PA=L.A, HMISSION SAMPLING ON :
ASPHALTIC COWCRETE PLANTS

]

(-
The L, A, traln measured 37% more than the [PA train on emissions from

baghouse control systenms, ThéiL. A, train measured 20% lower than the LPA
train when sampling the wet scrubber system, Reasons for the difference may
include: '

A, The EPA glass fiber-filter mat adhered to the molded rubber-composition
glass frit filter backing thaéfwas used on the first two evaluationas, These
filter holders were not used onjthe last three evaluatlons,

B, The presence of molsture on the thimble and in the sampling hose between

LT B R S T

the probe and impingers of tha L, A, train could have increased the collection
oefficiency of the thimble (a greater percentage of the total particulate was
oollected in the thimble on tﬁe wet scrubber systems) and the particulate

hang=up in the hose, The hose was not cleaned out on evaluations after the first
evaluatlon because it was detérmined on the first evaluatlion that the amount
collected in the liose was less than 1% of the total particulate,

C, The L, A, train sampling head was Inserted nozzle up to the far side of
the stack and allowedl to remaln for a number of minutes which could have allowed
particulate deposition inside the nozzle,

D. The coarse zlass frit. of the SPA train may have collected materlale passing
through the glass fiber mat. ;Tﬁe zlasa frit was rinsed with water and acetone
during cleanup, '

E. The presence of dust on the L, A, thimble may make 1t more hygroscople
and therefore add excesalve moisture welsht to the final thimble welght,

F. DBoth dry gas meters in the trains were calibrated and found to be comparable
within 1%, A wet test meter was used as the standard for the calibration,

G, The average percent of the total particulate that was caught in the impinger
section of each train was 6.6?% for the iPA train and 18,04 for the L, A, train, j
If chemical reactlons could take place in the impingers that would add to the total :
wedght, the L, A, train could bias the sample higher than the LEPA train, %.

H. A third Hi-Vol type stack gas sampling train was used between the two simul- ;
taneous EPA and L. A.runs that were taken on Plant #4. Three samples were taken i
by CWAPA and found to contain ‘an average of 0.0%934 grains per standard cubic foot

of exhaust gas. These three samples are closer to the «115 grains per standard
cubic foot value measured by the EPA train.

43
g3

ay ag?
F




STACK GAS EVALUATION
AT 5
PLANT NO. 1-5

Prepared for

ENVIRONMENTAL PROTECTION AGENCY
OFFICE OF AIR PROGRAMS
RESEARCH TRIANGLE PARK, NORTH CAROLINA 2771l
CONTRACT NO. 68-02-0076

Prepared by
VALENTINE, FISHER & TOMLINSON
Consulting Engineers
520 Lloyd Building
Seattle, Washington 98101
(206) 623-0717

AUTHORS

J.C. Crim - Crim Engineering
W.D. Snowden ~ Valentine, Fisher & Tomlinson

September 15, 1971

i

) 14

Li oy

‘aﬁhuua;m¢¢¢u“ﬁ--

5 59 e T g e D TR R @%W'"%3l“ﬁﬁﬁwkvvﬁhmﬂirmﬁ¢‘wn¢¢g
: 53 i R 4 ; ' M . ‘ A
i‘%mf A e SN M«'rwwi A, ’ it ‘*” A ‘*-'i;m hi2 ~.=.J-¢-.a'h..¢~1.-&;.._, Z

el r\-"‘&‘-‘-fm»m.—sn«wv&rﬂpé\z-' W




ar ot e )

VALENTINE, FISHER & TOMLINSON
CONBULTING ENGINEERS

AR H A AE, A AADR, B A MK, .8

S20 LLOYD BUILDING ¢ MAIN 3-0717
SEATTLE, WABHINGTON 9810

WM. M, VALENTINE, M. E,
ARTHUR X. FISHER, M. E.
GEDRGE D. TOMLINSBON, E.E,

o S

AGBOCIATEA:

WAYNE A, HMANSON, M. E.
P, “CHIC" CICCHETTI
DOUGLAS W. PASCDE, E.E.
PHILIP W. WOODRUFF
DENNIS W. FINLAYSON
HENRY L. ROYCE, iLLUM.
THOMAS B, JOHNS, M.E.
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DEAN A. HANNIG

PURPOSE

The purpose of this stack gas evaluation is to determine the concentration

A—

(grains per standard cubilc foot) and the pollutant mass rate (pounds per
hour) of the atmospheric emission from Asphaltic Concrete Plant #1.

Two different types of sampling trains were used simultaneously. The
first train was designed by the Environmental Protection Agency. The

second train was designed by the Los Angeles County Air Pollution Control

District (See Figures 1 and 2).

SUMMARY

The concentration and;pollutant mass rate measured by the EPA train for
Runs 1 and 2 were 0.26 grains/scf and 0.23grains/scf and 53.0 1b/hr

and 46.7 1b/hr respectively. The concentration and pollutant mass rate

measured by the LA train for Runs 1 and 2 were 0.37 grains/scf and 0.36
grains/scf and 8l.4lb/hir and 77.9 lb/hr respectively. The air to cloth

ratio of the baghouse was 6.2

to 1 and 4.5% of tha aggregate passed a #200 sieve.

it was found after the evaluation that openings existed between the air
inlet and clean ailr outlet and that some bags were plugged. The openings
were sealed and the plugged bags were restored to reduce stack opacity and

possibly resample the plant.

Following restoration, the stack opacity

was judged to be excessive by EFA and the plant was not resampled.

The emissions are considered higher than well controlled baghouses.

Comparability of sampling methods and quantizing the emissior frem a not

unusually maintained baghouse system justified evaluation of this plant.
Plant production rate during the evaluation was 330 tons per hour.
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PURPOSE

The purpose of this stack gas evaluation i1s to determine the concentration
{grains per standard cubic foot) and the pollutant mass rate (pounds per
hour) of the atmospherlc emission from Asphaltic Concrete Plant #2.

Two different types of sampling trains were used simultaneously. The
first train was designed by the Environmental Protection Agency. The
second train was designed by the Los Angeles County Alr Pollution Control
District (See Figures 1 and 2).

SUMMARY

The concentration and pollutant mass rate measured by the EPA train for

Runs 1 and 2 were 0.079 grains/scf and 0.070 grains/scf and 8.22 1b/hr

and 7.48 1b/hr respectively. The concentration and pollutant mass rate
measured by the LA train for Runs 1 and 2 were 0.091 grains/scf and 0.085
grains/scf and 9.92 1lb/hr and 9.32 1b/hr respectively. The air to cloth

ratio of the baghouse was 7.3 to 1 and 4% of the aggregate passed a #200 sieve.
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1

; PURPOSE

The purpose of this stack gas evaluation is to determin. the concentration
(grains per standard cubic foot) and the pollutant mass rate (puunds per
hour) of the atmospheric emission from Asphaltic Concrete Plant #3.

Two different types of sampling trains were used simultaneously. The
first train was designed by the Environmental Protection Agency. The
second train was designed by the Los Angeles Couaty Air Pollution Control
District (See Figures 1 and 2).

SUMMARY

The concentration and pollutant mass rate measured by the EPA train for

Runs 1 and 2 were 0.04 grains/scf and 0.05 grains/scf and 12.8 lb/hr

and 14.2 1lb/hr respectively. The concentration and pollutant mass rate
measured by the LA train for Runs 1 and 2 were 0.034 grains/scf and 0.043
grains/scf and 10.5 1lb/hr and 13.3 lb/hr respectively. The gallons to

1000 cfm ratio for this wet scrubber system was approximately 5 to 7 gallons
per 1000 cfm and the static pressure drop across the system is approximately
2.5" water across the pre~conditioner and 2.5 acrgss the stack mist eliminator
for a total secondary control system pressure drop of 5,0" water.
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PURPOSE WILLIAM T. MEDONALD
. DEAN A. HANNIG
The purpose of this stack gas evaluation is to determine the concentration
(grains per standard cubic foot) and the pollutant mass rate (pounds per
hour) of the atmospheric 'emission from Asphaltic Concrete Plant #4.
Two different types of sampling trains were used simultaneously. The
firat train was designed by the Environmental Protection Agency. The
second traln was designed by the Los Angeles County Alr Pollution Control
District (See Figures 1 and 2).

SUMMARY

The concentration and pollutant mass rate measured by the EPA train for

Runs 1 and 2 were 0.12 grains/sef and 0.11 grains/scf and 19.6 lb/hr

and 18.0 1lb/hr respectively. The concentration and pollutant mass rate

measured by the LA train for Runs 1 and 2 were 0.14 grains/scf and 0.16
grains/scf and 21.0 lb/hr and 22.9 1b/hr respectively. The air to cloth

ratio of the baghouse was 5.3 to 1 and 3% of the aggregate passed a #200 sieve.
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PURPOSE DEAN A. HANNIG

The purpose of this stack gas evaluation is to determine the concentration
(grains per standard cubic foot) and the pollutant mass rate {pounds per
hour) of the atmospheric emission from Asphaltic Concrete Plant #5.

Two different types of sampling trains were used simultaneously. The
first train was designed by the Environmental Protection Agency. The

second- train was designed by the Los Angeles County Air Pollution Control
District (See Figures 1 and 2).

SUMMARY

The concentration and poilutant mass rate measured by the EPA train for

Runs 1 and 2 were 0.12 grains/scf and 0.14 grains/scf and 13.6 lb/hr

and 15.31 1b/hr respectively. The concentration and pollutant mass rate
measured by the LA train for Runs 1 and 2 were 0.13 grains/scf and 0.17
grains/scf and 16.6 lb/hr and 19.9 1b/hr respectively. The air to cloth

ratio of the baghouse was 6.7 to 1 and 6% of the aggregate passed a #200 sieve.




PROCEDURE

To allow comparison of sampling procedures, two stack gas sampling

trains were used simultaneously. One gampling ctrain was designed

by the Environment Protection Agency (EPA), Office of Air Programs

and the other was designed very similar to the Los Angeles County Alr
Pollution Control District (LA). The trains sampled gases from ports

90° apart. The LA train was inserted to the far side of the stack,allowed
to reach stack temperature, and sampling begun <ith traversing being
toward the near side of the stack. The EPA train was inserted at the
near side of the stack with traversing being toward the far :ide of the
stack. Total elapsed sampling time for each run was the same.

The EPA sampling train did not use the cyclone since large diameter particulates
were not expected. The equipment measures the stack gas velocity at the

same time and traverse location that the sample is being collected. See

Figure 1 for more details on the EPA particulate stack gas sampling train.

The stack velocity was calculated from velocity readings taken during
sampling. The sample probe and filter were heated to 250°F. to insure
that water did not condense on and plug the filter. An ice bath to cool
the gas from the filter consisted of a bubbler with 100 milliliters of
delonized-distilled water, an impinger with 100 milliliters of the same
water, a dry bubbler, and a bubbler with a weighted amount of silica gel
respectively.

Following the sampling, the true moisture conteat of the stack gas was
obtained by measuring the amount of water that was added to the impinger,
bubblers, and silica gel weight.

A schematic of the LA stack gas sampling train used for the evaluation
is shown in Figure 2. The procedure followed 1n using the LA sampling
train is detailed in the Los Angeles County APCD Source Testing Manual, 1963.

With the LA train, a velocity traverse was run prior to sampling using "3"
type pitot tube. Thz average velocity was calculated and the flow rate
through the sampling train was determined so that the probe nozzle velocity
equaled the average stack velocity. The probe was then inserted into the
stack and equal areas were sampled for a pre-determined length of time.

At the end of the traverse, the true molsture content of the stack was
obtained by measuring the amount of water that was added to the impingers
and silica gel weight. The alundum filter thimble was removed and dried,
the impinger water evaporated, aud the probe and impingers rinsed with
water which was alsn evaporated to obtain the particulate weight,

Two sampling ports were located at 90° apart. See Figure 3 for more
details on sampling port locations. The number of traverse points
were determined by EPA specification for the EPA train and by the Los
Angeles County Source Testing Manual for the LA train.
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PROCEDURE (Continued:)

Plant #1 burned diesel oil to dry the aggregate. A stack analysis
for Sulfur Dioxide indicated that some sulfur could be present in the

fuel oil.

The fines recovery (primary) system utilized 24-12"¢ multiclones.

The emission control (secondary) system consisted of a reverse flow

pluse jet type baghouse uslng 7916 square feet of felt-type media. The
air to cloth ratio was 6.2 to 1.0. During this evaluation an estimated
25% of the bags were iroperative. The effective air to cloth ratio could
then be as high as 10.0 to 1.0.

The percent of the aggregate passing a #200 sieve was 4.5%. The plant
production rate measured durir this evaluaricn was 250 tons per hour.

VAt
—

b e eemrmmems ipm = =




PRECEDURE (Continued:)

Plant #2 burned natural gas to dry the aggregate. Diesel oil is utilized
as a standby fuel during the winter when natural gas is unavailable.

The fines-recovery (primary) system consisted of two parallel cyclones
with an 88" diameter, 40" long cylinder and 85" long cone. The emission
control system consisted of a reverse flow-pulse-jet type baghouse using
felt-type media. The air, to cloth ratio is 7.3 to 1.0.

- The percent of the aggregace passing a #200 sieve was 4%. The plant
production rate was measured at 142 tons per hour.
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PROCEDURE (Continued:)

Cyclonic flow was expected, observed and measurad at the points where the
sample was collected. ,A separate "S" type pltut tube was first used to
measure the velocity of the stack gases. A velocity indicating a flow rate
of over 150,000 acfm was recorded. The integral "S'" type pitot tube (Pitobe)
on the EPA train with the nozzle in place measured a velocity which iudicated
a flow rate of over 100,000 acfm. It is hypothesized that the presence of

the buttonhook nozzle on the pitohe affects the velocity head reading in
multidirectional flow stacks.

Velocity readings were taken in the lo.agest available straight duct after
twin long-cone cyclones and prior to the wet scrubber system. A more
reagsonable velocity was measured indicating a flow rate of around 50,000 acfm.

The fines-recovery (primary) and emisslon control system (secondary) for
this plant include twin cyclones (98" @, 45" long cyclinder and 150" long cone).
The emission control system consisted of a cyclonic pre-contactor, a wet
fan, and a cyclonic stack mist eliminator. Total 4P across the secondary
is 5.0 inches of water. Water usage is judged to be 6 gzi/Mcfm.

Plant production rate duripng the evaluation was measured at 173 tons per

hour. Plant dryer capacity is higher than 173 tons per hour but the screening
process limits production.
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PROCEDURE {(Continued:)

The fines-recovery (primary)system on plant #4 consists of two cyclones
in parallel. The cylinder of the cyclones are 96" diameter and 58" long
with a 156" long cone. The emission control (secondary) system consists
of baghouse system with 5973 feet? of felt type filter media,

The air to cloth ratio is 5.3 to 1.0.

Diesel oil was burned to dry the aggregate. Three percent of the
aggregate was found to be able to pass a #200 sieve. The plant
production rate was found to be 133 tons per hour.




PROCEDURE (Continued:)

The fines recovery (primary) system on plant #5 consisted of two parallel
cyclones. The cyclinder of the cyclone was 90" in diameter, 40" long and
the cone was 82" long. The emission control (secondary) system consists

of a baghouse with 3393 square feet of felt—-type filter media. The air
to cloth ratio is 6.7 to 1.0.

Natural gas was burned to dry the aggregate. Six percent of the aggregate
was found to be able to pass a #200 sieve. The plant production rate was
found to be 135 tons per hour.
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VALENTINE, FISHER & TOMLINSON @ CONSULTING ENGINEERS :
COMPUTATION & DESIGNING SHEET
408 Name _EMISSIONS FROM HOT MIX ASPHALT PLANTS DATE July 22, 1971 )
PREPARED BY ey D, Snowden _ PAGE 3 oF. 4
‘susJeer. Plant No. 1 LA Train Run No. 1 (40°F Impinger Exit Temperature)
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VALENTINE, FISHER & TOMLINSON @ CONSULTING ENGINEERS
COMPUTATION & DESIGNING SHEET

JOB Namg _EMISSIONS FROM HOT MIX ASPHALT PLANTS
Wesley D. Snowden

. DATE Iuly 26, 1971

PREPARED BY PAGE 4 or b

susjecy_ Plant No. 1 - LA Train Run No. 2 (40°F Impinger Exit Temperature)
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CLEAN~UP AND ANAEYSIS (EPA TRAIN)

Clean-up was performed by first carefully removing the filter

and placing it in a container marked "Run X, Container A." Reagent
acetone and brushes were used to clean the nozzle, glass probe and
cyclone. The acetone wash was placed in a container marked "Run X,
Container B.". The volume of water in the impinger and bubblers was
measured to the nearest 0.1 milliliters. The original volume of 200
milliliters was subtracted and the difference plus the water weight
added to the silica gel was considered as the amount of water
collected during the run. The water from the impinger and the -
water rinse of the impinger, bubblers and connectors were placed in
one container marked "Run X, Container C." An acetone rinse of the
impinger, bubblers and all connectors was performed and placed in a
container marked "Run X, Container D." The silica gel was weighed
within the bubbler before and after the run.

Analysis of the samples in each container was performed according te
the following “Specification'" or equivalent procedures:

Run X, Container A - Transfer the filter and any loose particulate

from the sample container to a tared glass weilghing dish and desiccate
for 24 hours in a desiccator or constant humidity chamber containing

a saturated solution of calcium chloride or its equivalent. Weigh

to a constant weight and report the results to the nearest 0.1 milligram.

Run X, Container B - MNeasure the volume to the nearest 0.1 milliliter.
Transfer acetone washings from container into a tared beaker and
evaperate ro dryness at ambient temperature and pressure. Desiccate
for 24 hours and weigh to & constant weight. Report the result to
the nearest 0,1 milligram.

Run X, Container C - Measure the volume to the nearest 0.1 milliliter.
Extract organic particulate from the water solution with three 25 milliliter
portions of chloroform and three 25 milliliter portions of ethyl ether.
Combine the ether and chloroform extracts and transfer to a tared beaker.
Evaporate until no solvent remains at about 70°F, This can be

accomplished by blowing air that has been filtered through activated
charcoal over the sample. Desiccate for 24 hours and weigh to a constant
weight. Report the results to the nearest 0.1 milligram. After the
extraction, evaporate the remaining water to dryness and report the

results to the nearest 0,1 milligram.

Run X, Container D - Measure the volume to the nearest 0.1 milliliter.
Transfer the acetone washings to a tared beaker and evaporate to dryness
at amblent temperature and pressure. Desiccate for 24 hours and weigh
to a constant weight. . Report the results to the nearest 0.1 milligram.

Blanks were taken on the acetone, ether, chloroform, and deilonized

water and subtracted from the respective sample volumes. The filter
paper used was a Mine Safety Appliance 1106 BH, heat treated glass fiber
mat. o
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CLEAN UP AND ANALYSIS (L.A. TRAIN)

Clean-up was performed immediately after collecting the sample in the

fleld. The Alundum thimble was removed from the holder and placed in the
thimble carrying case. The ingide of the sampling nozzle and the gasket
against which the timble was held during the test were both washed care-

fully into a field sample bottle. The bottle was marked with the timble
number,

Any condensate that may have collected in the hose between the sampling
probe and the impinger case was carefully shaken inte the impingers.

The impingers were then remoVed from the insulated case holding the ice
bath and the olume of condengate measured. The condensate was put into
a sample bottle and marked with the thimble number., HNormally the eatire
set of impingers was changed after each sample.

In the laboratory the thimbles and contents were placed in an oven at

230° F. to 250° F. for four hours, cooled in a desiccator, allowed to reach
laboratory humidity and then weight determined to the nearest 0.1 mg.

The thimbles were held in 250 ml. beakers so the weight determination
required two weighings. A similar procedure had been followed in preparing
the clean thimbles for fleld sampling in order to determine their tare
weight. The difference between the tare weight and the "dirty" weight

is the weight of particulate collected by the thimble.

The condensate and the nozzles washings were placed in separate tared
beakers and evaporated to dryness at 230° F, to 250° F. The beakers were
placed in a desiccator to cool, then allowed to reach laboratory humidity
and then weighed to the nearest 0.1 mg. The total of the particulaie
collected from these liquids and that collected in the thimble represents
the total particulate collected during the test.

Blanks were taken from the deionized water that was used to initially load
the impingers and to wash the nozzle. No weight was detected for the
blanks during these tests.
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PARTICULATE CONCENTRATION AND PMR CALCULATION TERMINOLOGY
VOL = Dry gas meter volume € meter temperature and pressure, dry - acf

Pp =@ Dry gas meter pressure (recorded as inlet deflection accross orifice
meter) - '"Hg

Tm = Dry gas meter temperature (average of inlet and outlet)

PsTD = Standard atmoépheric pressure (29,92" Hg)

Tsp = Standard Temperature (520 or 530° R)

VOL = Volume of water collected (expressed as vapor at standard temperature

and pressure} - scf

M = % water, calculated from amount the train collected in impinger,
bubblers, and on silica gel

MF = Mole fraction of dry gas
WD = Molecular weight of dry stack gas - 1b/1b mole
Wy = Molecular weight of wet stack gas - 1b/lb mole
W, = Molecular weight of air - 1lb/1lb mole
Cp = Velocity correFtion coefficient for gas density
Py = Stack pressure {(static + barometric) - "Hg
CS = Velocity correction for stack pressuyre
VH, = Pitot tube pressure differential =~ "H,0 ‘
Vo = Stack velocity @ stack conditions - fps %
Qo = Stack flow rate at ~tack conditions - acfm j
Ts = Average stack Eemperature %
Qs = Stack flow rateé at standard conditions «~ scfm é
T = Time over which sample was collected - minutes %
Vo = Velocity of gases inside nozzle during sampling - fps ?
I = X isokinetic (+ 10% desirable)
Co » Particulate concentration - grains/scf
N = X COp by volume in stack (12 indicate mno X CO; correction is to

be made)
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PARTLICULATE CONCENThATION AND PMR CALCULATION TERMINOLOGY

C a Particulate concentration corrected to 12% C02
PMRP _ = Pollutant mass rate ~ "concentration method" - lb/hr
PHRAR = Pollutant mass rate - "area ratio method" - lb/hr
PMR, v = Average pollutant mass rate - lb/hr
C' = Particulate concentration corrected for non-isokinetic sampling
conditiongrains/scf
Pp = Total Particulate collected by sampling train - mg
Ag @ Area of Stack .- FTZ
! An = Area of Nozzle - FT2 _
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PARTICULATE CONCENTRATION & PMR CALCULATIONS

‘ (VoLgp) () (Tgrp)
Pgrp*) (Ty)

15. PMR

L. VOLg - = 0 (Cg) (Qpg) (0.008571)

Pr Ag
16. PMRag = = a.  (0.000132)
, y (100) (VOL,) : T An
' VOLgrp + VoL, - PMRp+PIRAR
100 - M .
3. MF = =N
. 100 18. ¢’ = PMRave 1400
‘ Qosy  (1400)
= .92" Hg.
bW, = (Wp) (MF) + 18 (1-MF) FsTD 29.92" g
: * oW, = 28,95 LB/LB MOLE
Wox
5. ¢ = ﬁf-
Pstp
] VH f\
. z X Sn
E ) K :
11
¢
5 8. v, = 2.9 (K,) () (Cp) (Cg)
;‘f
i'
] 9. Q = (Vy) (Ag) (60)
E _
‘ 0. g _Q (Tgpp) (Pgy) F)
? 08 (T5) (Psrp)
i n (VOLgrp) (Pgp){Tq)
* Va T (MF) (Tgrp) (Pgy) (T) (Ay) (60)
\Y
, 12, 1 = (100) _n
; Vo
. Py
: 13. ¢ n ot (0,0154)
g} (4] VULSTD
‘g
12%
g 14. C = E.Q._._(...___.?.
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