v

/"/‘\

3.2.2 Analysis Methods

All of the particulate samples cbtained for any of the catches that
had a weight of 100 mg or greater were sent to Armament Systems Co:porationfv
Anaheim, California, for elemental compos;tion and to Rockwell Internaticnal
Air Monitoring Center (&MC), YJewbury Park, california, for sulfate, nitrate,

and carben analysis.
A. Elemental Analysis--

1. X-ravy fluorescence--During the mid 1960's, solid state devices (energy

dispersive spectometers) were daveloped which absorb X-ray radiation emitted
by a sample and generate voltage pulses whose magnitudes are proportional to the

enexgy of the absorbed X-rays. With the aid of a multichannel analyzer, these

‘pulses can ke separatad according to their size. S$Since each atom generates a

series of X-rays with specific energies, the energy specﬁrum accumulated in a
multichannel analyzer has peaks which specify the elements present. With
proper calibration, the integrated intensity of these respcnses can be related

to the concentrations of the observed elements in the analyzed sample.

{See ASTM STP435, Energy Dispersive X-ray Anadvsis: X-ray and Electron
Probe Analysis, 1971:. '

Special sample preparation procedures and laboratory techniques were
used with energy dispersive spectrcmeters to generate low prm detectability
for all chemical elements heavier than potassium in solids. The laboratory
analysis included the following procedural éteps:

(1) A representative sample was coarsely sieved and the remaining

material was thoroughly mixed before a 10-30 mg aliguot was
taken. ' '

{(2) The sample was then dried énd deqreaSed if necessary.
(3) 20 to 50 mg 4f this material were combined with a bin;er and.
pressed into a thin pellet for analysis.

A Picker X-ray generator was used to‘provide photons which excited the
prepared pellet. The tube X-rays were filtered in two different modes to
provide essentially monochromatic photons of 17 'and . 35 KeV which were used t2
fluoresce the sample. This optimized the sensitivity for elements Qith atomic
numbers 19-39 plus 57-83, and 40~56, respectively. ?rior to analysis, an

absorption measurement was made on the target according to the method of Giaque

* Pormerly Analex Corp.
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and Jaklevic (Ref. 3-25). This was reguirel for elements with atomic numbers
19-30. This measurement enabled proper comparison with NBS standard reference
materials and EPA standard reference samples. Each pellet was then fluoresced
ané +he spectrum was accumulated. The responses were corrected for absorption
effects, properly integrated and compared to standards to obtain the final
elemental concentrations. To insure accuracy, comparisons were made on a
pericdic basis wich whatever data were available from other analytical metho—

dologies in addition to the normal calibration routine.

Although X-ray fluorescence is not normally used to detect silicon and
sulfur, atomic numbers 14 and 16 respectively, Armament Systems was requested‘
to report these elements when they felt their analysis could preduce a meaning-
ful result. Those results are reported but should be used with scome reserva-

tion concerning their accuracy.

2. aAtomic Adsorption (AA)——A few samples were randomly chosen for AA analy-

sis to compare with the results of the XRY analysis. Atomic Adscrption analysis

was done by Rockwell AMC. The procedure is as follows:

Flve to teq milligrams of solld particulawe or 1" circle from the £il-
ters was treated Wlth a mixture of hydrofloric acid and aitric acid to completely
dissolve any'silicates present. The mixture was taken to dryness so that all
silicones were driven off as SiFs. The remaining solids were resuspended in
10% nitric azid. Before diluting to volume, a £flame buffer of lanthanum was
added, so that the final matrix used for AA was 10% nltrlc and 0.5% lanthanum.

Then flame analysis was performed.
B. Chemical Analysis—-

Each sample recelved was placed in a desiccator for a minimum period
of 24 hours. The samples which contain large particulates were then ground

with a mortar pestle untll they were nomogeneous.

1. Water soluble sultate (SO ) analysis-~Three samples were randomly

chosen to test relative extraction efficiency for recovery of total su--ate,
by a) 0.0l i carbonate extraction, b) water extraction, and c) ca:bonate fusion
extraction. Duplicate and trlpllcate samples were analyzed to give an indica-
tion of precision. The results are discussed in Section 3.3.2. The 0.0l M

=
carbonate extracticn method was chosen for all SO4 analvsis. The three pro-
cedures are given below:’ ’
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soluble forms.

a) 0.01 M Carbonate Extraction--A lOmg portion of solid sample or a
1" diameter circle punched from filter samples was reflux extracted in a 0.0l
M carbonate, .0036 M acetate buffer (pd 4.5) for one hour. The hot extract

solution was then filtered through Whatman #4l1 filter paper and diluted to a

T final volume of 50 ml. Colofimetric anzlysis was performed using the methyl-

thymol blue (MTB) methed. The detection limits were 1.0 pg/ml (0.5% by weight
solid).

The MTB method of sulfate determinaticn is based on the spectral difference
which exists in basic solutions (pH l2.5~l3.05, between the barium ccmplex of MTB
and the free MTB. At his pH the barium complex is blue and the free MITB is brown-
ish-red. (abosrbs light at 460mm). . Thus, the color of scolutions containing both
the free MTE and the barium complex of MTB, monitorea colorimetrically at 460 mm,
is the measure of the amoung.of sulfate in the sample because the reaction of

++ .
sulfate with MTB~Ba results in equivalent amounts of free MTB.

b)  Water Extraction--The procedure used for water extraction was the
same as the 0.1 M carbonate extraction except water replaced the 0.01M car-

bonate sol+.uion.

¢) Carbonate Fusion Extraction--In this method sodium and potassium
‘carbonates were’melted with the sample to convert all inscluble SOZ to
Procedure~=- 5-10 mg of substance, finely ground, was mixed with
40-§Olmliqf a mixture of equal §arfs‘of anhydrous sodium and
potassium carbonates, in a‘platinum‘cruCible. The sample was first
heated for t minutes gently,‘then to fusion, maiﬁtaining the mass
in the fused state for 30_minutes. When no further bubbles of
carbon dioxide were formed, it was heated as strongly as possible
for 'another 10 minutes. It was allowed to coél,‘causing the mass
to congeal as a layer Qround the walls of the crucible. (It was
easier to extract the mass afterwards if it had as larée a surface
as possible.) The crucible was then filled one-third with water
and heated gently. .The solid was then detached. If it did not
respond to‘this treatment, the crucible was placed in a beaker of

water and heated until the solid was disintegrated.
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The hot extract solution was then filtered through Whatman #41 filter
and diluted to a final volume of 50 ml. Colorimetric analysis was performed

using the MTB method discussed above.

2. Nitrate (NO_.) Analvsis--A portion of the 50 ml hot extract solution

(from SO, analysis, section 3.2.2, A.l.a. above) was filtsred for the analy-

4
sis of nitrate. Calorimetric analysis was pertormed using the C&@ reduction-

diazo dye method. The detection limit was 0.50 ug/ml (0.25% by weight solid).

The nitrate extracted from the solid and filter samples was reduced
. to nitrite by a copperized-cadmium reductor column and was re;cted'with
sulfanilamide in aqidic solution to form a diaép compound. This compound .
then coupled with N-l-naphthylenediamine dihvdrochloride to form a reddish-

purple azo dye'which was determined spectrophotometrically at 560 nm.
C. Carbon Analysis--

"A carkon analyzer made by Oceanography Inteénaﬁidnal was used for
the carbon analysis. Using this instument, carbor in the sample was con-
verted to COZ, which was analyzed using a Horiba NDIR detector. Three dif-
ferent.techniques were used to analyze the samplés. Using the direct injec-
tion technigue, microliter quantities (up to 10C ug) of samn’z were injected
onto a filament for programmed heating at 150 °C and then at 800 °C. This

filament is in a sealed system with O, flowing first over the filament,

2
then through a furnace kept at 800 °C, and firnally to the NDIR detector.
Samples were sometimes analyzed by the ampule technicue. Using this
technique, samples were sealed in a glass ampule with oxidizing sclution and
heated at 150 °C for at least eight hours. The ampules were then cooled and
and placed in the analyzer. The tip qf‘the ampule was broken and nitrogen

gas flushes_all C02

from the ampule to the NDIR detector.

Carbonate in solution was analyzed using a closed vial containing
acid solution. There was a continucus flow of nitrogen through the solution
of this vial and to the NDIR detector. Up to 1 ml of sample was injezted

through a septum into the acid snlution of the vial. .

3-48 . KVB 5806-783



Most of tile samples on this program were analyzed for volatile carbon
and tctal carbon by the direct injection technigues. Five ml of final giound

particulates were suspended in 10 ml of carbonate free water. Up to 100 ug

of these suspended particulates were injected onto the injection filament for

'programmed heating. "Volatile™ carbon was the carbon which either vaporizes
or s oxidized aézthe filament is heated at 150 °C for 200 seconds. "Non-

volatile" carbon is determined as the filament is heated to 800 °C for 80.

seconds.

Inorganic carbon was determined onvparticulate samples by injecting
1.0 ml of the suspended pa:ticﬁlate into acid solution in a closed vial.
Carhon dioxide was purged from the acid and to the detector by a flow of

nitrogen through the acid solutioh.

Filtér'samples were analyzed for inorganic and for total carbon using
the 'ampule technique. For inorganic analysis, a 1 cm circie was punched
from the filter ond pléced in a glass ampule. 'The‘ampule was then purged of
atmospheric é;rbon and sealed in a flame. Inorgaﬁic carbop was determined
by breaking the améule in a closed syétem, adding 2.0 ml 5% v/é‘phosphoric
" acid, and purging the carbon aioxide to the detecfinq system. For total
. carbon analysis, another i cm circle was punched from the filter and placed

in a g;ass ampulie. One ml 5% v/v phosghoric acid and two ml water are added'
to the ampule and the ampule is then allowed to sit for 30 minutes. Three
ml of saturated potassium persulfate were added and the ampule was pur§e§

of carbon dioxide and sealed in a flame. Several ampules were then'placed'
' in a pressure vessel and heated for eight hours at 150 °C to allo@ oxi&atioh
of organic carbon. .l!e ampules were cocled and ahalyzgd by breaking the
ampule in a sealed system and purging the carbon dioxide to the detection

system.
D. Analysis for the Organic Content of the Impinger Catch--

Sample processing was divided into t-c operations: (1) determining
i
‘ the amount of water condensed in the impingers, and (2) determining the total

weight of particulate matter collected by the impingers.
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The total volume of liquid contained in the impingers was carefully
measured. The difference between this volume and the initial volume of
distilled water was recorded as the condensate volume. When small amounts
of condensate were obtained, each impinger was weighed (to the nearest 0.1
g) before and after'the test. A small correcticn was made for particulate

matter.

~-

The impingers and associated tubing were carefully rinsed with small
portions of distilled water, the liquid and washings being kept Iin a beaker
or flask. The inner walls of thé =ampling probe and tubing were washed and
the washings kept separate. All of the inner surfaces of each of the cyclones
and tubing were washed and processed separately, after the solid material had
been transferred to tared vials. Any tar-like or orgaric material in the equip-
ment or tubing was washed out with minimum amounts of'reagerﬁ gradé acetcne
or sethyl chloroform and added to the aqueous portion. 2All washing was done
in a counter-current manner, usiﬁg each portion of water or solvent to wash
each impinger successively in a direction opposite to the sample gas travel,

in order to conserve liquid volume and avoid sxcess use of organic solvent.

The organic material.was removed from the agqueous by ewtraction with
an organic solvent, and the solvent extract was evaporated at room tempera-
ture. The combined liquid and washings {(usually a volume of about 2-3:1)
from the impinger train, were transferred to a separatory funnel apd extracted
with five 25-ml portions of reagent grade methyl chloroform-pér‘SOO ml of
water. About 25 shakings were made for each extraction. The two liguids’
were allowed to separate as much as possible after each extraction, and care
was taken not to include any water in the solvent extract that was drained
from the lower portion of the funnel after each extraction. Larger volumes

£ Solvent were used if the aqueous volume was much greater than 500 ml.
Since methyl chloroform vapors are toxic. all operations were con&u;ted in

a well vantilated or hooded location.

Finally, the aqueous fracticn was' evaporated to dryness and resicdue

weighed as described below:
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'dzscharge air from the vacuum pump or aspirator was hooded to a ventilation

The small beaker was evaporated just to dryness at 105 °C in a con-
stant temperature eiectric oven, cooled in a desiccator for one-half hour,
and weighed on an analytical balanze to the nearest 0.1 ng. The dlfference
f-om the tare weight of the beaker was recorded as the weight of part*culate
matter collected by the impingers. Determination of dissolved solids was
made on each batch of distilled water used and a correction for this blank
applied to each sample.

The solveﬂt containing the dissolved orgahic fraction of the parti-
culate matter was placed in 250-ml conical flask and the splvent evaporated .
by a stream of dry air. The flask was equipped with a two-holed cork stopper.
A short glass outlet tube was connected to a vacuum line. An inlet glass
tube, drawn out to about 1 mm in diameter at the tip, was placed at a point
just above the surface of the liquid. The vacuum was regqulated to draw a
jet of air over‘the surface of the solvent and promote fast evaporation.
The inlets air passed thrbugh a large-diameter drying tube filled with a '
desiccant such as Drierite. The flask was kept slightly above room tempera-

ture in a wate~ sath to prevent slowing of the evaporation process. The

system to remove the toxic vapors.-

When the-solvenﬁ evaporated to 15 ml or less, the liquid was trans-
ferred to a tared 50-ml beaker, using small amounts of solvent. The beaker
was placed under a small bell jar (such as Corning No. 7880) with an arrange-

- ment for drawing a stream of dry air over the surface of the liquid at room

temperature, in the manner described in the preceding paragraph. The evapora-
tion was.continuea until all of the solvent had evaporated and only an oil
or resin remained. A halideeleak‘detector (such as one manufa;tured by
Prest-O~Lite) was used to determine when all the chlorinated selvent had
evaporated The sampling tube of the detector was held above the residue

in the beaker and the color of the small acetylene Zlame over a copper grid
observed. 1If any halogen was Present as a vapor, the flame would be colored
more or less bright blue or green; otherwise the flame was almost a non-
luminous blue-biolet. This test is sensitive to a few parts per million.

In the rare event that the particulate matter contained volatile organic
halides, a series of weighings were necessary in order to determine when

all the solvent had been evaporated.
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' The beaker was placed in a desiccator for one-half hour and weighed
on an analytical balance to the nearest 0.1 mg. The difference from the tare
-Qeight represented the weight of solveﬁt-soluble particulate matter collected
by the impingers. (Only relatively high boiling point organic compounds—-—
over 320 °F boiling point-~wera retained during the evaporation of the chlori-
nated solvent.), (The lower boiling point organic compounds, e.g., aldehydes,
ketones; organic acids, would not be held.) There should be negligible
blank weight from the. evaporation of the pure solwvent. The weights of the
solvent and gquebus residues are added to give the total particulate matter
collected by‘the impingers. Due to the tar-like cons;stency of the sample
it was not possible to obtain further chemical analyses (i.e., ¥RF, sulfate,
nitrate, and carbon).

3.2.3 Data Reduction

A. Data Sheets and Data Work sheets--

This section deals with the description and use of the varicus types
of data sheets that were used to document each field test. Also in this sec-
tion are explanations of the calculation used for the reduction of thz data

to the form given ir Table 4-1.

The following is a list of data sheet and work sheet forms used
throughout the field test portion of this program and discussed in this
section. These forms are listed below and a copy is presented in

Section 3.4.

5806-6 Tgst Preparation and Plant Visit

5804-7 Gas Velocity Data

5804-5 SPOT Monitoring Data by Draeger

5806-2 Meter Sheet ,

5804-4 Water Vapor and Gas Density Calculatiéns

5806~3 Engineering Process Field Report

60~-3 Mobile Laboratory ﬁata——only used on sources that were bhaing
monifored._
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60-33 Control Room Data

5804-1 Statement of Process Weight

5806-1 Particulate Emission Calculation .
£206-10 Extraction of Impinger Water

5806-8 solid Cyclone and Filter Catch
5806-7 Particulate Emission Boil down Sheet
'5806~9 Particulate Summary Sheet

5804-8 Lzboratory Test Request

5806-A Size Distribution Work Sheet #1
5806-B Size Distribution wWork Sheet #2
5806-C Particle Size Distribution
5806~D Chemical Composition of Particulate Samples
5806-E X-ray Fluorescence Analysis Results
5806-F Sulfate and Nitrate Analysis Results
5806-G Carbon Analysis Results '

Careful selection of the test sites was made by using the ‘preliminary

inventory data. When several test sites were selected for a particular indus- -

t;ial type from the inventoryjdata,.then phone calls were made to each plant
until cooperation was obtained from at least one plant. A plant visit was
schéduled to inspect the gqu;pment and determine the best location for test
set-up (if test could be conducted at all). The field tast director or
Project engineer wéuld then visit the‘plant and use Form 5806;6 (page 1-3)
Seétion‘3.4, to acquire the information needed to plan énd prepare for

the source sampling of particulates.
 On the day of the field test, the order of events was as follows:

1. The field test director would clear the test area with the

proper personnel and safety people.

2. The test crew would begin unloading equipment, while the field
- test director would check the stack (poilution source) for toxic
matters with a Draeger tube whenever toxic matter might be pre-

sent. These data are recorded on Form 5804-5, Section 3.4.
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3. While test equipment was being set up, é velocity traverse
was taken of the stack or ducts (sometimes at both inlet and
exit to a control device if these were to be tested.) The
velocity data were recorded and calculated on Form 5304-7,

Section 3.4. Ihé equation used to calculate velocity was:

velocity (ft/sec) = 2.9 [(vel. head in 520)(Temp "K)]l/2

4. Water vapor in the gas stream was determined by using an Orsat

and/or Fryrite (0, and Co,) or sling psychrdmeter. These data

were recorded and calculated on Form 5804-4, Section 3.4.

S. The field test director calculated a proper nozzle diameter
using the nomograph technigque discussed in Section 3.2.1 B or

the eguation given in the same section.

6. As the test crew would complete the last details of the set-
up, the field test director would check with the control rocm

to assure a normal operation of the equipment being tested.

7. The test crew would wait for the field test directoxr's approval
before starting the test. The initial meter readings were '

recorded onvthe meter sheet, Form 5806-2, Section 3.4.

8. During the test interval, the test crew would record data on .
the meter sheet every 15 minutes, and the field test director
would record pfocess observations and data on Forms 5806-3,

60-3, €0-33, and 5804-1.in Section 3.4.

9. At the end of the test, the cxew would record the final reading

and caréfully load the equipment for transporting.

The next day at the KVB lab facility, the test crew would unload
the samples from the van and begin the tasks of -eighing, extracting, and
evaporating the liquids. The order of events was as follows:

1. 1Initial weight for solid catches (particulates caught in the
cyclones and filter containers) were obtainedlbefore the
field test. The material in the cyclone was carefully trans-
ferred to tared‘vials, déssicated, and Qeighed.' These data
were recorded con Form 5806--8, Section 3.4. Weight data fcr

the filter also were recorded at this time.
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2. The amount of water in the impinger was measured and reccorded
on the meter sheet, Form 5806;2, Section_3.4r The water was then
transferred to a. separatory fumnel and extracted with methyll
chloroform. This procedure is discussed in Section 3.2.2 C.

The data were recorded and calculated on Form 5806-10, Section 3.4.

3. The impinger water was then evaoorated. Also water washes of
the cyclones and probe were evaporated. These data and calcu-

lations were recorded on Form 5806-7, Section 3.4.

4. At this point, the weights of all samples were recorded on the
weight summary sheet, Form 5806-9 (Section 3.4) and the data

turned over to the project engineer.

- The project engineer would review. the weigbt summary sheets and deciie
on the samples to be sent for XRF analysis'and 504, N03, and carbon analysis.
Only samples with weights of 100 mg or larger could be sent for these analyses,’
due to the limited amount of sample necessary for determinations. He would

use Form 5804-8 (Section 3 4) to record samples sent for analysis.

The project engineer would use the various forms discussed above to . : !

calculate the parameters given cn Form 5806-1, Section 3.4. He would'also
use the data to determine the size distribution curve. Calculations and plots ‘ ]
were recorded on Forms 5806-A, 5806-B, and 5806-C, Section 3.4. The correction

for temperature and flow for the D_., cut ‘size for each cyclone was performed

50
using the data discussed in Section 3.2.3-C. Also refer to Section 3.2.3-B

for the explanation of the size distribution plots. ‘ !

When the project engineer received analysis data for semples completed
by 1) XRP-Form SBOG-E (Sect. 3.4)--major elements, 2) sulfates and nitrates--
Form 5806~F (= :. 3. 4), and 3) total carbon, volatile carbon, carbonates--
Form 5806-G (Sect. 3.4), he would check‘the results and enter the data on
Form 5806-D (Sect. 3.4) for each field test, This form allowed for easy
comparison between the different size fractions for each test and also for

assessments of the two traing when they were used simultaneocusly.

3-55 ‘ KVB 5806-783



' B. Particle Size Distribution--

In'general, the particle sizes will have a normal or Gaussian dis-
tribution. Plotting the particlé siz.e distribution in um, against the
cumulative wei§ht percent on log-normal probability paper, yields a straight
line (Refs. 3-5 to 3-8). - ‘

Each source sample for TSP was broken down into the following

fractions:

1. Probe Catch--assumed to have sizes of particles evenly dis-

tributed over total range.

2. First Cyclone Catch--contained all particles larger than
the D50 calibrated cut size for this cyclcone (9.2 um for
SASS and 8.3 um for Joy)

3. Second or Middle Cyclone Catch--contained only particles of

the D5 calibrated cut size for this cyclone (3.8 ium for

o]
SASS and 1.9 um for Joy).

4. . Third or Small Cyclone Catch--contained only particles of
the DSO calibrated cut size for this cyclone (1.3 um for
SASS and 0.6 um for Joy).

S. Filter Catch~-contained all particles of sizes less than

the D50 calibrated cut size of third cyclone but greater
than the porosity of the filter (porosity of the filter is

questionable but is estimated at 0.01 mm).

6. Impinger Catch--contained aerosols which were vapor through
the 400 °F filter and had condensed in the‘impinqer, and
submicron particles lass than 0f01 um. However, pseudo
particulates [particles formed after the filter, e;gf,

SO, + 3H.0 ~ H.S0. + 2B.0 and 2NH., + SO, + H.O -~ (¥¢,) SO,]
Z 2 3 42 4

3 2 4. 3 2
‘may add to the weight of this fraction.

The weight fraction of the probe catch was not used to define the
size distribution, because this fraction contained particles of unknown

sizes. The weights. in mg, of the remaining fractions were listed on the
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"Size Distribution Work Sheet #2 (Table B)--impinger catch not included, and

on the "Size Distribution Work Sheet #1" (Table C)--impinger catch included
(Sect. 3.4), Only the data from the second and third cyclones from these work
sheets were used to determine the straight line on a log-normal probability élot
(correctcd size, um vs weight percent less than stated size). Figure 3-28
illustrates thelconstruction of this function. The' first cyclone was not used
in generati;g the particle size distribution since it would catch rarticles
above its DSO cut point. This material could only be characterized a: being
above the cut point, i.e. the effective first cyclone catch diameter could

not: be determined. Corrections of the D calibrated cut sizes are discussed

50
in Secticn 3.2.3-C.

The sizes of particles contained in the filter catch and in the
impinger catch were determined using the straight line and the weight percent

less than stated size for these fractions.

.

This line was also used to determine the percent of particles of

sizes greater than 10 um, 3 -1 um, and less than 1 um.

gize distribution plots for each of the industrial types tested are
discussed in Section 4.0.

c. D50 Cut Size Corrections for Flow Rate and Temperature=-=

v

Temperature and flow rate corrections were needed for samples where
the temperatures and/or flow rates weré not maintained at the designed con-
.ditions,(;:e., 4 and 1 SCFM and 400 °F). Varying from the designed condi-
tions was necessary for certain sources (l) to protect the chemical makeup
of the sample (i.e., agricultural samples), (2) for safety (e.g., chemical’
fertilizers), or in a few cases, were the result of inadvertent variation

of temperatures and flow rates during the sampling time.

. Correction curves for temperature and flow rate on the D50 cut size
were derived using the data obtained from the "Developrment and Laboratory
Bvaluation of a Five-Stage Cyclone System" (Ref. 3-21.). A summary of these
data is shown in Table 3-2.

'Temperature Corrections--In Figure 3-29, the temperature is plotted

o cut points, jm, at a flow raﬁe of 1.0 acfm and a

against the cyclone Dg
particle density of 1.00 gm/cﬁ3. It is noted that when the data are extra-
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Figure 3-28. 'Illustration of particle size distribution construction.
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polated to low temperatures, the‘D50 cut points approach zero as the ten-
perature approaches absolute zero., With this information, a temperature
correction curve can e drawn for any Deo cut size at the calibration
temperature of any cyclone. Simply draw a line between absolute zero and
‘the coordinate of the D50 cut size and the calibration temperature. The cor-
rected D50 cut size is read on the line at the cperation temperature of the

cjclones. The calibrated D50 cut points for the small cyclones are plotted
this way in Figure 3-30. ‘

Flow Rate Corrections=--The DSO cut point, um, and the flow rate,

acfm, from Table 3-2, are plotted on log-log papér in Figure 3-31l. Observe

that the slope of the line for each of the cyclone plots is about -0.85.
If it is assumed that the slope is the same over the range of flow rates used
in this study, then a flow rate correction curve can be obtained for the small

cyclones. The flow rate correction curves fcr both sets of cyclones are shown
in Figure 3-32.

Example of a temperature and flow rate correction

SASS Train Data: V_, sample volume DSCF Co912
V%, water collected SCF (vapor) 96
t, sampling time, min. 240
To,.oven/cyclone.tempe:ature, °R 660

Calculate the wet actual flow rate at the cyclones, wacfm, as follows:
(Vs + Vw) . TB
t 520

(912 + 96) x'660
240 520

flow rate at cyclones =

= 5.33 wacfm

First go to Figure 3-32. Read the Dso cut point for each of the cyclones

where the correction line crosses the flow rate, 5.33 acfm.

these values are
corrected for flow

1 u cyclone - 1.6 ) .ra;e only

.10 ¥ cyclore ~'11.5
3 u cyclone - 4.6
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Figure 3-31. Cyclone flow rate vs D50 cut

poin£ for small cyclones.
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Now go to Figure 3-30. Place a dot for each of the flow rate corrected values
, above on the 860 °R line. Then draw a line from the dot to absolute zero and

read, the tgmperature corrected'Dso cut point at the oven/cyclone temperature
660 °R.

Flow Rate Flow Rate and‘

SASS Corrected Temperature Corrected.
10y cyclone s 11.5 | - 8.9%um
3 cyclone -~ 4.6 > 3.5um
1u cyqlone . - ‘ 1.6 - 1.3um

The above .procedure is repeated for the small cyclones. '

3.3 . QUALITY CONTROL

A comprehensive quality control program was conducted as an intzgral

part of the particulate emission field tests. The program featured:

1. Calibration of cyclone-at 400 °F and 4 scfm for the Sass

train and 1 scfm for the Joy train. '
2. Laboratory, quality assurance procedures.

3. .Concurrent samples taken from the same source with separate ‘ !

but identical trains for precision checks.

.

4. Calibrations of field test instruments with standard methods

and frequent respohse-factcr calibrations of laboratory
instruments. '

3.3.1 Cyclone Calibration

This section contains discussion taken from EPA 600/7-78-018, February
'1978, "Source Assessment Sampling System: Design and Development" (Ref. 3-1).

The calibration of the Sass cyélones has been uhderway almost con-~
tinuously since the development of the SASS. Initial efforts were conductad
by Southern Research Institute using a Vibrating Orifice Aefosol Generataor.
Later calibration tests were performed by Acurex using a different method
involving dispersions of polydisperse aluminum spheres. Results have been
obtainedeith both methods that are'reasonably consistent and are believed

to represent the actual performance of the cyclones.
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The object of the various cyclone calibration tasks was to determine
the cyclone effzczency curve; from that curve can be obta;ned a commonly
used figure-of-merit for the cyclone called the D50 cut diameter. Figure
3-33 illustrates these concepts. The efficiency of partlcle collection is:
plotted agalnst the particle diameter. For each particle dlameter, therefore,
- the effectiveness of the cycione is determined. For eiamplu,‘Figure 3-33
shows that for this particulate (fictitious) device, if a large number of
2.5 um diameter particles are introduced, 17.5% wiil be collected and 82.5%

‘will pass ﬁhxcugh uncollected. The particle diameter at which half of the
l particlés collected is the DSO cut diameter; ?igure 3—33.shows the.DSd cut
diameter of that device to be 3.0 m. ihe D50 cut diameter, often abbre-
viated to "cut size", is commonly used as a rough indicatica of the collec-

tion cut-cff of a cyclone.

Note that Figure 3-33 expresses parﬁicle diameters as aerodynamic
particle diameters. t is important to distinguish aerodynamic diameters
frem physical diameters. The physical diameter is the dimension of the
particle obtained by physicél measurement, for example, with a microscope
- and reticle. For nonsymmetrical particles, the phy51cal diameter of a glven
particle may have several different values, depeading on the measurement .
., axis chcsen. The aerodynamic diameter (scmetlmes called the Stokes dlameter)
is defined as the‘diameter of the equivalent spherical particle of unit
specific gravity having the same terminal settling velocity as the particle
in question. The advantages of using ;he aerodynamic diameter to characterize
the partic;es used for cyclone calibratien are two-fold. First, each particle
is uniguely characterized, independent of any choice of physical dimensicn.
Second, and more important, since the basic cycléne separation mechanish
depends on Stoke's Law, measuring particle diameter in terms of Stoke's Law
behavior assures that calibration‘data will be valid over wide ranges of

particle size, shape, and density.

A. Polydisperse Powder Cyclone Calibration Method--

From the size distribution data, it should have beer possible to
construct a éyclone efficiency vs particle'size curve for the particle size

range of the test dust. When this was attempted,.it became apparent that
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Figure 3-33. Typical cyclone fractional efficiency curve.

| 3-67 " KVB 5806~783.

[



the experimental results were inconsistent, and in some cases, contradictory.
For several experiments, for example, the mass median size of the cyclone

cup tatch was smaller than the feed material; the filter catch mass median
diameter was even smaller. This result is clearly impossible unless the test

dust is changing its characteristics during the test.

There is some evidence that the latéér explanation is the cause of .
the unexpected #est results. Figures 3-34, 3-35, and 3-36 are scanning
electroﬁ micrographs of the feed, cycléne cup, and filter fractions. respec-
tively, from a calibration run with the small cyclone. The magnification is
3000%X. It is qualiﬁatively apparent that the cyclone cupvfraction'is smaller
thar the feed fraction, as indicated by the X-ray Sedograph measurements.
The most interesting point, however, is the appearance of the particles.

The test dust particles (Figure 3-~34) aré generally smcoth and show cleavage
planes. The particles collected by the cyclone (Figure 3-35), however, are
very rough and pitted, and seem to be rounded off. The filter fraction
largely consists of very small particles that are not evident in the test
dust.” All of this seems to indicate that the test dﬁst has been eroded and
reduced in average size somewhere in the calibration apparatus. As velo-
cities Lu the dust cloud outdet tube and heater are kept deliberately high.
{near sonic) to avoid reagglomeration of the dust, it is suspected that
particle-parﬁicle contacﬁ in this region is causing the erosion. The hard-

ness and frangibility of the test dust undoubtedly is also a major factor.
B. Cyclone Calibration Results--

The calibrated aerodynamic D cut points for the three XVB (ARRB)

SASS cyclones without the swirl bustzgs are 9.2, 3-8, and 1.3 um for the
large, middle, and small cyclones, respectively. The calibration curves
are given in Figure 3-37. ihe calibration results of the XVB SASS cyclone
set agree well with the calibration results of the EPA SASS cyclone set as

compared in Figure 3-38.

The calibrated aerodynaric D_, cut points for the three XVB (ARS)

Joy cyclones are 8.3, 1.9, and 0.6 uiofor the large;‘middle,‘and small cyclones,
respectively. The calibration curves are given in Figqure 3-39. The solid lines
are the resulté of the calibratiocn by Acurex and the brcken line (— . —) is
the result of Southern Research Institute (Soﬁl) calibration data on a

similar cyclone set. The dashed line (---) is an assumed projection.
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Figure 3-34., Si0, test dust.

Figure 3-35. Si02

2

-- small dust cyclone cup catch.
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Figure 3-36. sic>2 test dust -- small cyclone filter catch.

3-70 - KVB 5806-783




£8L-908G5 HAY

"S9UOTDAD SS¥S (EIVY) AAX ‘UOTIeIqITEd BUOI2AD  ‘gg-f @anbrg

url ‘YALIWYIA TTIDILMVA TYOISAHA

I93uno) i1e31no) Aq

. paansedy xajoswelqg Q.HOHH.NM&
1308 0°F = 83°d MOTZ UOTIRIATILD
do 00V = °duwol, uorlRIQYITED.
— wo /b 6L°Z = A3118USg I8NG ISIVL
¢ mutuniy - 3sng 3Is9ag

‘o
otT6 8L 9
[Tt

Hl T 1T 1

S v 13 < 1 m.m.n.mu.m. AN c*
! -T_A 177

ewa/b L°T
-Aatsusg

- (*d*s ON)
auo124&D obavy

‘\I\\

{(a93owetg DTWRUApORdY)

W R 00 I O R

9TPPTH

auotok) [rews

wo/6 00*1 A3tsueq 203 paisnipy

I T O T T | l 1 5 I I O | ]

Y

9°0

QALOIATIOO STIDILHYE J0 NOIIOWMI

3-71




FRACTION OF PARTICLES COLLECTED

050 Cut Diameters, um
KVB | EPA
CycTone - Physicai Aerodynamic Physical Aerodynamic
Large? 5.6l 9.2 6.20 10.2
Med ium? 2.3 3.8 - 2.8 3.5
Small 081 1.3 O 1.05 1.7

3Swirl busters removed

KVB (ARB) cyclones
. eeeweoee EPA cyclones

1.0 ¢~

0.9 -

o small Middle
cyclone :
os b cy;lonel (No 5.8.) ]

8.4 &~ Test dyst — aluminum
Test dust density = 2.7 3/’
Calibration temp, = 400°F
0.3 p=" Calibration flowrate = 4.0 scfm
Particle dianater measured

by Coulter countar

o 1 1 1 1 [ U e R ] | N IR |
2 3 .4 .5.6.7.8.91 2 3 4 5 6 7383910 5. 20
PHYSICAL PARTICLE DIAMETER, um )

Figure 3-38. Comparison - calibration results for two sets of SASS
cyclones.
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Pigure 3-39. Calibration results, KVB 1 cfm c;vclone..
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The calibration results (curves) from Acurex for the KVB Joy cyclone

set entails some gquestions:

1. why does the small cyclonz calibration curvé stay -at 100%?

Answer: The small cyclone‘colléctgd 100% of all of the particle,
in the size range of the calibration. The smallest'particles were between
0.6 - 0.7um. Theref s re the collecticn efficiency curve was assumed (as
stiown in Figure 3-39) and the D50 cut point was taken from this curve to be
0. 6um.

2. 'Why does the calibratioﬁ curve for the large cyclone taper off
at 70% collection efficiency? '

Answer: Dr. D. élake, Acurex, admits that the curve lcoks strange
(nothing like he has even seen before), and said that 30% of zhe large
particles in the size range (15-30um) of the caliﬁraticn dust got through the
cyclone somehow. EHcwever, he could not explain How.the large particles could
do this and that there might have been an error in the calibration but he could
not trace it. Therefore the dashed line is an aséumed projection of what the

curve should bke. N

3. Why are the two calibration curves different for the middle
cyclone which has the same physical dimensiocns? .

Answer: At first it was ﬁhougﬁt t+hat possibly the physical dimensions
of the two cyclones were different. - Both SoRT and KVB remeasured the critical
dirensions for their cyclone. However, no detectible differencg in the
cyclone dimepsions was found; ﬁlake of Acurex suggestad that the
calibration method was different'and would give‘differeﬁt results, i.e.
Acurex's calibration method used a grain loading of 1.0-1.5 gr/DSCF whereas

SoRI's method used a grain loading of 0.0001-0.001 gr/DsSCE.

3.3.2 Laboratory Quality Assurance Program

a. . Rockwell Air Monitoring Centar-—

The iﬁportance of applying quality assurance control practices to
laboratory procedures was recognized very early by chemists; several texts

of analytical chemistry devote chapters *o this subject. Essentially, the
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purpose of quality assurance is to answer the question of whether data genera-
ted by an analytical procedure can be regarded as typical samples from a single
population of data. If such data can be so regarded, statistical control

can be assumed. The most commonly used method of determining accuzrate
representation consists »f contrel charts. Control charts are sequential

plofs of various quality characteristics. For exampie, qualities shown might

"be a day-to-day plot of the average content of copper (Cu) in an ore, the

normality of a standard soiution, the calibration éaraméters of an instrument,
etc. Confrol charts give a continuous record of the'quality characteristiq
and trends in data. Also, sudden lack of precision can be made evident

and causes may be sought by use of the charts. The necessity of comprehehsive
cuality assurance techniques in air quality data generated either in the field
or in the labor;ﬁory are very well known and have been recognized widely. No
study can be considered complete without the application of some type of

quality assuranca procedure. ‘

To ensure the quality of the results of the sulfate, nitrate, carbon
and metal analysis by AA the following procedures are routinely incerporated

inéo the analysis of each sample:

~Parameter Method Q& Measure
1. Mass Determinacion Analyzical Balence Calibration checked daily
against a standard weight.
A. Samplae Analytical Balance 108 are reweighed
' B, Blank Analytical Balance 10% are rewaighed
2. s0,, 0. & WM, . Technicon Auto
Analyzer II Calibrated daily sgainst

standard solutions.
Control checks per tray of
40 samples.

1. Extract from previous
tray

2. Blank axtyact

3. Standard solution

4. Duplizate exposed strips

3. metals (Pﬁ‘ ) Atsmic Absorprion Calibration check daily
against standard solations.
Control checks pexr run

1. Two repeat extTract.

2. Two blank extracts (one
spiked) .

3. ™o standard soluticns

4. Two duplicato axposad
strips

4. Carbon ' Oceanography Intl. 1. Calibrated daily z2gainst’
. standard solutions
2. Control checks every
10 ssaplas
1. 154 variations are
re=analyzad

3=75 ' KVB 5806-783
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TABLE 3~3. REDUNDANT SAMPLING RESUL 7S

TSP, LNCLUAIng lmpinger
Catch, gr/DSCF

. . % Std
Test # SASS Train Joy Train Deviation
2 0.0285 0.0278 1.73
4 0.0093 0.0154 34.92
0.0427 0.0200 51.2
10 0.0026 v 0.0021 15.04
16 0.0263 0.0199 19.59
21 0.0092 ©0.0071 ' 18.22
22, 0.01ce . *
35 0.0594 . 0.0649 . 6.26
38 | 0.0170 0.0136 15,7
25 . 0.0075 0.0078 2.77
27 ' 0.0G37 © 0.0033 8.08
© 31 : 0.0025 -0.0028 8.00
gg 1 " 0.0672 . 0.6896 zf:::zszdeS 20.2
o 0.051 10,0365 (50220 23.43
1 ‘ 0.0051 0.0078 10.88
12 0.2072 0.0085 15.23 -
13 ' * 0.0083
2§§ 23 » ' 0.0084
53?5% 24 , 0.0112 0.0144 17.68
' 32 : 0.0124 . 0.0086 25.59
33 | 0.0132 ' 0.0133 7.53

Average 16.4

*TSP data kncwn to be in error.
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10 samples for carbon analysis

9 " " sulfate analysis

7 T . " hitrate analysis

4 " " XRF analysislfor elements

3 " " atomic absorption analysis to compare with lRF

Table 34 lists the results for redundant carbon analysis. For each set

of replicate analysgs the percent of the standard deviation (%0) on the mean

was calculated. The average of these values is 18%. Therefore, the precision

of the carbon analysis is + 20%, to be conservative. Table 3-5 lists

the results for redundant sulfate and nitrate anlaysis. The averags of ¢
for sulfate analysié is 3.0. Again being conservative, the precision of the
sulfate analysis is +3%. A conservative average for the nitrate analvsis
is +30%. Table 3-6 lists the regults for the redundant XRF analysis of the
metals. In all‘cases listed the :esﬁlts égree with the repeat analysis

within the error limit stated for each element.

' Table 3-7 1lists the results for the chemical composition of the .
particulate samples, comparing the XRF analysis with the AA analysis. Por
solid particulate samples {cyclone and filter catches) there is good agree-

ment between the two methods of analysis.
C. Blank Runs on the Sampling Trains--

Twice during Phase II. (the field testing part of the progzam), both
sampling trains were treated as though a sample has been taken, although
the sampling train has never left the lab. ' These were called blank runs.

The objectives for the blank runs were:

1) Determine if any. material was being left in the trains from the
previous tast.

2) Evaluate the techniques of the technician used in the lab.

3) Determine if material was,beihg transferred from the methyl
chloroform to the water or vice versa during the extraction

of the impinger condensate.

379 KVB 5806-783
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REDUNDANT CARBON ANALYSIS
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TABLE 3-5. REDUNDANT SULFATE AND NITRATE ANALYSIS

% Standard

: % Standard .
Sample No. Sulfate, % Deviation Nitrate, % -Deviation
12s-IC* 1. 15.8 4.8 —— —-
. 2. 16.8 - -~ ——
3. 17.4 -— -
11s-IC* 1. 15. 1.1 - _—
2. 16.1 ‘ — -—
25-4s 1. 6.2 0.2 0.07 18.3
2. 6.0 0.12
15-35** 1. 3.5 1.3 0.19 77.1
2. .3.1 0.46 ‘
35-45** 1. 3.6 0.28 0.09 0
' 2. 3.5 : 0.09 -
193-25 1. 8.2 4.4 0.42 67.0
. 2. 8.7 0.15 :
83-2s 1. 0.06 18.1 0.02 12.9
2. 0.09 0.05
29J-2S 1. ND 0 ND 0
2. ND ND
30-5-28 1. ND 0 ND 0
2. WD ND
Average 2.9 Average 25.0

ND = Not Detected

*Pasts 1 and 12 were performed on the same utility boiler at
the same sampling location.

*2#magets 1 and 3 as above.
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TABLE 3-7. .

XRF VS AA FOR ELEMENT COMPOSITION

OF PARTICULATE SAMPLES IN PERCENT

11s-58

235-2S 26J-45

(10 in Cyclone) (1u in Cyclone) (Filter)
.Sample Number ‘XRF AR XRF AA XRF AA
calcium 1.1/0.3 ¢ 1.1/0.4 1.17  12.2/1.0 13.5
Chlorine 14/5 31
Cobalt t t
Copper 1.6/0.4 1.4 . t
Iron 3.4/0.4 2.1 2/0.3 2.2 4.9/0.06 4.1
Lead t t 13/2 12.4 , £
Nickel 2.5/0.3 1.2 10.6/1.1 8.4
Potassium . t 9/4° 1.8 t t
Vanadium t t ' t 2.1/0.3 1.5
Zinc t t t

£ denotes <1.0%

Where values in

dicated as x/v x is the measured percent composition and
y 15 the percent variation.
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In both cases for the Joy and SASS blank runs, the filters and cvelone
wash residues showed no significant weight gain. The probe wash residues had
a gain in weigh:t for an average of about 1.5 mg. ff it is assumed that this
gain is material left in the probe from the previous test, then it can ke
said that less than 2% of the matter colleqted in the probe remains in the
probe; The impinger condensates were extracted as normal. Normally, thé
distilled water when boiled dry leaves a residue‘of 0.006% of thr water weight.
After the distillad azo was subjected to methyl chleoroform extraction, the
residue was reduced to approximately 0.004%. Although this result is interest-

ing, it has no effect on the results of -the field test samples.

3.3.4 Equipment Maintenance and Calibration

Analytical Balance--One of the most important tools used in measuxin
fine particulates is the analvtical balance. To assure the gquality of the
work, KVB's analytical balance was serviced and certified at the beginning

of the program and half way through it.

Dry-gas Meter=--The dry gas meter is anotiaer critical instrument
used. The dry gas meters used in the sampling trains Were checked against cne
another and against a recently calibrated dry-gas meter. four times through the

course of the program (once every two months)..

Pitot Tubes--The pitot tubes used with the probes and those used to
measure stack velocities were checked oncé a month in a clean air stream zgainst
a2 calibrated standard type pitot tube to check the pitot correction factors.
Alsc the magnehelic gauges which are used to measure the pressure drop across
the pitot tube were checked against a draft gauge.

Thermocouples—-The thermocouples and pyrometers and thermometers used
for the particulate program were checked once a month against constant

-boiling ligquids.
Vacuum Leaks--Vacuum leaks in the sampling system were checked’for as

part of the sampling procedure for each test.

3-84 KVB 5806-733




SECTICN 3.4

FORMS

This section contains the forms referred to in

Sections 3.1 through 3.3.4.

3-85
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KVB

TEST PREPARATION AND PLANT VISIT

Test: firm

RESULTS tentative on date . hr

Firm Name

Address

Person Coﬁtacted Namne

Title

Process Product

Equipment to be Tested ' ‘ APCD Permit _

Size

Make

Control Equipment, if any APCD Permit

Size

Maka

Process Material Information (quantitative, qualitative, source)

Process Weight Availability
: \

Operating Schedule of Eguipment, cycle,- type

Operating Schedule of Plant

Plant Personnel Schedule {(Shifts)

Process Specifics

Process Control Location

Access -

Process Typicity (Representative of Normal Operaticn):

Annual Process Time Rate: hr/day day/week

wks/year

Process Diagram, Drawings Availability

Plant Entry and Exit

KVB 5806-783
3-86 5806~-6 Page 1 of 3
9/28/77
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Page 2 5806-6
9/28/77

Plant Restrictions in Access

Vehicle Access

Parking

Plant Safety Requirements

Plant Engineering and Maintenance Engineering Help During Test
L}

Their Liaison, Name:

Equipment Access

Operator Access _ (in Charge)

Operator's Permission (by Company Policy) to Supply Information

Operatioral Fluke Indicatsrs of Down, Start-up, Stop, etc:

Revisit Contact, Nane

Title

Test Documentation Photo Permit

Test Synchronizatiaon with Plant Running

(if overtime by test crew on rigging, take-down. etc.)
-

Communication to Qutside

Emergency Procedures, if any, Designated:

TEST SETUP

Best location of Test Stations

Source Geometry: Shaje

Diametex

Height

Test Area Access at Height

through

Test Holes Size

. Height Above lLevel Area
Wwidth of Platform

General Space Availability

' KVB 5806-783
3-87 | KVB, INC.



e

Page 3 5806-6

ﬁ ' 9/28/77
{
Estimate of Source: Temperatures, Inlet
' Qutlet
N . : ouT

gas velocity

gas tpkicity

. emié%*on load:

noise

dust

Equipment Hauling to Test Area

Electricity Availability: 3Ca, 60a, 11C V each at Distance

to be assisted in hock-up by

Water Availability

Cleanup Availability

Nearest Source of ICE Machine at

DATE: ' ) - BY

- KVB, INC.

3-88 . XVB 5806-783




T,

KVB

Sample Code

Firm and Unit

Test No.

Sampling Station

Page E=

Date

GAS VELOCITY DATA  vel

- o
Time (ft/sec)=2.9vAP( g)
Soazt
Vel.Head Temp. Vel. [[Vel.Head Temp.| Vel. Vel.HeadiTemp. Vel.
Point. '1In. H>O0| °F [Ft/Sec.{In.H0 | °F [Ft/Sec. |{In.Hp0 | °F [Ft/Sec.

S S Sy B

{

DTS =14

i

Average Velocity(Traverse)Ft/Sec

Av. Velocity(Ref. Point) Ft/Sec

Flue Factor A/B

Pitot Correction Factor

Gas Density Correction Factor

Corrected Vel., AxDxE, Ft/Sec

or BxCxDxE, Ft/Seq

Area of Flue, Sq. Ft.

Average Flue Temp., °F

Flow Rate, F¥Gx60, CFM

Flow Rate, 527 x I/(H+46Q), SCFM

3-89

2474

KVB 5806-783
KVB 5804-7



Firm Name and Unit

KV3

Sample éode

Test Nc. Page D-2
Sampling Station Data A
SPCT MGNITORING DATA 3Y DRAZGER CR TLV SMIFTER
CONCEINTERATION
INSTRUMENT USED | FUNCTIONAL DATA CCMPCUND NAME | pom | Grs/SCF | Lhs/=Hour

—_—t—

b} — —

—

|

|

T 9/76

e e bt i A s el i s

3-90

S

KVB 5804-5
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KvB

Sample Code

Firm and Unit

Test No. . ' Page

Sampling Statiog. ' : Date

WATER VAPOR AND GAS DENSITY CALCULATICNS

Percent Water Vapor in Gases

A. Gas Pressure at Meter, In. Hg (Absolute)

3. Vapor Pressur2 of Watar at Impinger Temp.,in.Hg

C. Volume of Metered Gas, Cu. Fr.

D. Velume of Watar Vapor Metered,BXC/A, Cu.ft.

E. Volume of Water Vapor Condensed, Cu.Ft.?

F. Total Volume of Water Vapor in Gas Sarple, D+2,Cu.f=:.

G. Total Volume of Gas Sample, C+E, Cu.Ft.

H. % Water Vapor in Sampled Gas, 130 x F/G

* See D on sarpling train data sheet

Corracs=3 b ;»-n-
| . . Weight Per Mole
Component: Velume Percent X Moisture Collection X Mol.Wh.= wet Basis
water i) 8.2
CarbonDioxide Orv Basis : 44.0
CarbonMonoxiiJ Dry Basis i 28.0
Oxygen 'Dry Basis 32.0
Nitrogen + N
’ qInerts Dry Basis . 28.2
Average Molecular Weight J
' . - . AvV.Mol.Wt.
J. Density of Gas Referred to Air = ‘—f__é_—j; =
28.95
: . N Moo =
K. Gas Density Corraction Factor =\ 1.00
J .
3-92 . ' XVB 5806-783

9/76 ' XVE 3804-4




-

, ' ﬁ | o : Fqgc Ne o
KVB Test No. KVB | !

EN _GlNﬁEQ(NE PRQCESS FIELD REPOLET
£0. Name: | ' - - bate
|Address _ ' APCD perrnid No |
Seurce _of parbiculates Type
Reink of ohsarvation ‘Pt of dischares
luat hee  fwind _ | time frem to
Eo. Process or P!l‘..s r S ' —
TIME pnterval {94 .
: il | B eclor Procass observation
COwR Tetal time of discharge of spacity
B *black _ ot .
w s white | aisndure
. | T . KVB
: ‘ KVB S58G6-783
3-93 5306~3

AT BN AR L D1 S o



Test No. +0

KV B. INC:
) . Test Engr,
MOBILE LABORATORY DATA )
Test Number : Date
Unit Number Qwner
Fuel ‘ Location
Capacity (k#.hr) ‘ Identification
Furnace Type Burner Type

1. Test Number

2. Load (k#/hr) Or Btu/hr

3. Flue Diameter (ft)

4. Probe Posi+ion

S. Process Rasze

5.
7. Water Ceontent (% vol.) I
8.

Oxvzen (%) ‘

2. NOx(%ot lige) reading/@3% 02 (pex)

10. NO(hot line) reading/23% Gp{pzm)

21. NO4(hot line)'readin;/@3% 02 {rpm)! ‘ : i

12. ¥ox dry @ 3s O_(hot line)orm T T
= pa

23. NO dry @ 3% 0-. (hot line) (pem) |

14. NO2 drv @ 3% 9o (hot line) (pom) |

15. Carbon Dioxide (%)

+16. Carbon Monoxide {ocm) uncer./cor.! L

17 - Hvdfocar:nn {pem)

18. sulfur Trioxide {ncm)

19, Sulfur Dioxide (pem)

20. Total Particulate (g/Mcal) '

2l . Total Particulate (1b, Mbtu)

22 . Smoke Nurber

23. NO(cold line)reading/dry @3 (ppm) | | |

24,

25, Atmos. Temp. (T*/C*)

26 . Dew Point Temp. (£7,C%)

27 . Atmos. Pressure(in.Hqg

XVB 5806-7833

60-3



Test Number

Test No.

KVB

Engr.

CONTROL ROOM DATA

Date

Unit Number

Owner

Fuel

Location

Capacity (K#/hr)

Furnace Type

Burner Type

1. Test Number
2. Load (K4/hr)
3. Control Method Auto/Hand
4. Staged Air Port Qpen
5.
6. Oxygen/Air Level (%)
7. Drum Pressure (psig)
8. Final Steam Press/Temp(psig/°F) I [
9. Fuel-Air Ratio Setting
10. Feedwater Press/Temp(psig/°F)
11. Air Flow Primary/Secondary( )
12. Air Temp Primary/Secondary(°F)
13. Fan Setting FD/ID
14. Register Setting (%open C.C.)
15. Fuel Flow (lb/hr)=*
16. Fuel Press/Temp (psig/°F) l I
17.  Fuel Atomization Press .(psiqg)
18. Pressure Furnace/Windbox (iwg)
19. Smoke Metar
20. Stack Temp. (°F)
2l. Boiler Outlet Press. {(iwg).
22. Boiler Outlet Temp. (°F)
23. Air Heater Inlet Temp. (°F)
24. Air Heater Outlet Temp. (°1)
25. Windbox Temperaturas (°F.
26. ,.1
27. o
28.
KVB >3Uob~/,33

*Fuel flow in lb/hr needed for efficiency calculatior.

3-95

4/76
60~33




KVB

Sample Cocde

' Tested by:

Date

STATEMENT OF PROCESS WEIGHT OR VOLUME

Firm Name

Address

DATA ON OPERATING CYCLE TIME:

2carz of Cperation,Time

Znd of Operation, Time

Eiassed Time, Minutes

Iéle Time During Cycle,Min.

Net Time of Cycle, Minutes

DATA ON MATERIAL CHARGED TO PRCCESS DURING OPERATING CYCLE:

Material Weight
Material or
Marerial : : Volume
Materisl
Material
Material
Material
Total: -
Signature
) Title
»
9/76
KVE 3804~1
3-96

XVB 5806-783

lbs, gal
lbs,gal
lbs, gal
ibs, gal

ibs gal

lbs, gal
lbs, gal



PRRTICULATE EMISS3JON CALCULATIONS

Test No. Date Location Engr.
Onit No. Fuel ILoad
Pitot Factor, Fs Barometric Pressure, Pba in. Hg
bar—m™——————
Tot. Liguid Collected, vy ml  Total Particulate, ¥ m gm
Velocity HBead, AP : iwg ~ Stack Temp., Ts *R Stack Area, As ftz
Sample Volume, Vm £33 sraex Press., Psg iwg Excess 0,, X0 1 ‘ 2
Orifice Press. Diff., B iwg Stack Gas Sp. Gravity, Gs n.d.
Sample Time, 8 min - Nozzle Dia., Dn in. Meter Temp., T °R
: De————
' ' ‘ 520
b le G Volu v - o= 0. v - 8y ——
1. Sample ‘Gas Volume Al 0.0334 a(?bar + H/13.6) T sCr
2. Wa-f:er V‘apor. szgd_= 0.0474 vlc SZr
3. Ho'isture Content Bwo = Eg. 2/(Eq. 1 + Eg. 2) | N.D.
4. Concentration a. C = 0.0154 MoV grains/DscY
b. C = 2.205 x 10°° Mn/vm ° 1b/DSCF
_ std —_—
_ €. C = Eq. 4b x 16.018 x 10° grams/osci
5. Abs. Stack Press. Ps S(Pbar x 13.6)+ Psg | ‘ in. w abs.
6. Stack Gas Spred Vs = 174 Fs /ipTs [20L 100 ft/min
7. Stack Gas Flow a. Qsw = Eq. 6 x As x ,—i& x l:%; WSCT/min
Rate @ 60°F ' oS
b. - Q@sd = Eq. 7a x (1. - Eg. 3) DSCT/min
8. Material Fiow Ms = Eq. 7b x Egq. 4b x 60 lb/hr
9. x02 factor xozf = 2090/(20.9 - 'xozt) N.D. ,
10. Emission a. E = Eq. 4b x Fe x Eq; 9 1b/1MBtu
b. E = Eq. 4c x Fm x Eq. 9 x 1000 ng/joule
11. 2 Isokinecic T = 14077 x Ts (Vmstd + sztd) A
8 x Vs x Ps x l:)n2
011" Gas Coal
Fe sC Feet/10% Bty 92.2 87.4 98.2
Fm SC I-‘»ei.efs/lo4 joules | 0.00247S 0.002346 0.0026386 .
' 3-97 KVB 5806-783

.'Qnitj;

520

if dry-'gas meter is temp. compensated

Data Sheet 53C6-1



. Tared Beaker No.

Organics (g)

KVB

EX RACTION OF IMPINGER WATER

Test Number

Sampling Type: 'SASS Train

. Extraction Date

Engineer

Vol. of Impinger Water
Vol. of methyl chloroform per extraztion

Times oI extracticns

Joy Train

ml

Amb Temperature *r

Sample No.

Sep No.

Pinal wt. (g)
Initial (g)
Increase (g)
* Tare

wt. (g)

- Residue (g)

T

REMARKS :

Tared Beaker No.

Tared 3Beaker No.

Methyl Chloroform Blank Residue g/200cc

Residue Total (g)

KV3 5806-783
XVB 5806-10

10/25/77



TEST NO.

KVB

10y

Cont. No.

SQLID CYCLCNE

3u

Final wWe. (g)

Initial Wt.
(g).

Inc. (g)

¥ rare

Part. Wz. (g)

Final wt. (g)
Initial We. (g)
Inc. (g)

I Tare

Part. We. (g)

REMARXS:

TARZD FILTZIR
NO.

|

TRAIN
ENGINEER
CATCH
1u TARE TARZ

TARED FILTER

NO.,

|

KVB 5806-733
. KV3 5306-3
19-13-77

i
{
3
i
H
]
i
&




KVB
| DATE
LABORATORY TEST REQUEST

ProGraM: C.A.R.B. ORGANIC COMPOUND EMISSION INVENTORY
TesT: Firm Name |

ADDRESS

UNIT TesTeD

DaTE oF TEsT
PROCESS MATERIAL____ __ Emrssion Type
REMARKS '
Test Cope
SAMPLE CONTAINER | SOURCE OF | SAMPLING | SAMPLING |SAMPLE vQOlUME.
NO, TYPE SAMPLE T TIME DURATION cc, [CU.fFT.
|
DELIVERY DATE BY (SIGNATURE)
RECEIVED BY
ANALYS!S COMPLETED BY ' DATE
PROJECTED DATA TRANSFER DATE
' 3-102 . KVB 5306-783
9/76 white - originator Pink - receipt 5804-8

Yellow ~ lao ‘ Blue - attached to results




™

KVB

SIZE DISTRIBUTION WORX SHEEZT 41

Test No. Company
Weight %
Less Than Uncorracted Correcied
mg 3 Stated Size Size, um Size, um

sass

10y cfclone . . _ 100% 9.2

3 u eyclone ' ‘ 2.8

1 u cyclone 1.3
Filter

Impinger
Total 10C% 0%
Qvan Temperasursa - |

(°R)
Flew Rate Throusgh
Cyclonas (wazf/ain)
JoY
10 u cyclone 100%

‘3 4 cycleone ‘ 1.9

1l u cyclone ‘ ) ) 0.5
Filter

Izpinger
Total ‘lOO$ 0%
Oven Tamperature -

(°Rr) .
Flow Rate Through g
Cyclones (wacf/min)

KVB 5806-a
Rev. 3/7/78
3-103 , KVB 5806-783




KVB

SIZE DISTRISUTION WORK SHEERT #2

Test No. : Company
Weight %
Less Than  Uncorrected Corrected
ng % Stated Size Size, um Size, Lm
sass ‘
10 u cyclone 100% 9.2
3 u cyclone ‘ 3.8

1l p cyclone ' 1.3

Filter

Total ) 1003 0%

JoY . -
10 Y cyclone ‘ ___1oo0% 8.4
3 i cyclone ) ) 1.9
1 u cyclone ‘ ‘0.6

Filter '

Total. 100 04

KVB 5806-8
Rev. 3/7/78

3-104 © XVB 5806-783
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(HEMICA! CORFOSITIUN OF PAKTICULATE SAWILIL

I PKWCLNT

“ sum of Listings with **' squal 100 pescent

Sample Wusper I J ! : ] T
Percant of car | i
Al uuras }
Ascimoay | |
Aryenic ] | l
Barium ] ) )
Bizmgth | |
Sromuine { |
Sadmivm |
Calcivm | |
lorine I
Curomsum | ! |
Cobals ! ; |
Copoms t i
Salliom l i
Indium |
Iodine ! | !
Iridium ] i ¢
irom i L | i )
asa | ! ! ] g i
‘wanzarese ' ! : ! ¢
j.-'t:'_—’ i !
0 L rodan R . i ) i )
'Nicval i | :
i¥1301m ! i ; i i
{Semum ! | i i ] :
iPaiisdiom ! i j i : \
:m‘n—.‘mnﬂ ! . 1 { i !
l?‘..-:;:.\a- . ! ! ' ! ! !
fm.IIII.L; i | H \ i < .
'mran:m ! i i i ! i !
'mupidie ' i i ! ' ; .
imr_ﬂﬂuia { | ! | ! ! t
Scand:um ; i B ) i : |
‘Salenym : i ; |. ! ,
;:.‘.;:— - i | | | i ' !
:s;;wr i ! ! ! ! ! !
lseoonc:m | | i ¥ . :
'suizer | i i ! ; '
{zanzaioe i | i i ! | s
=en ! ! ! i I } ! i
‘Sizanium i | ! | | I 1 i
:?Lmql:-u ! [ j ! | : | 1
"vanadym ! i | : [ ! { i
Tozriam ! | 1 f ! ! | :
2ime ! ] | i i i ;
::1::::-!1;- ! ] | | i f
! ‘ ! i ] ] i i
[ ! I | | Y '
Sun Tocal ¥lements i i v I
‘Sultaces !l-c_an‘.i i | | I, i i
Sultar foow sS.-d i ] ] !
wizsees’ 'm.3 sold i i | '
Torsl :m- ! ' ' ! ! . \
“olaeile zarson ! i | | lL i :
SATSOCATRS : | i ] ] )
Oener ! ! | i !
Toeal : | i !

) /3 5806-D

3-106 ’
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S~

Prepared for:

Sample Label:

ANALEX.INC.

712-C North Valley Strect, Anaherm. California 92801

Arsenic

garium

Bismuth

promine

Cadmium

Calcium

Malybdenum

Cesium

Chlorine

Chromium

Cobalt

Copper

Gallium

Germanium

Gold

Hafnium

Concentrations are in

Indium

(714) 5334780

Date:

P.0.&

Lab Run #

"Ryhbidium

Iodine

13

T e

Iridium

w

Ircn

,,-.‘;,7-'...—

-

cangium

Selenium

Lead

Silicon

ianganese

Sitver

Mercury

Strontium

Sulfur

Nickel

Tantalum

Niobjum

Osmium

Tellurium

Thallium,

Pa]Tadium ‘

Tin

Phosphorus

Titanium

Platinum

Potassium

Tungsten

Vanadium

Rhenium

Yitrium .

Rhodium

Zinc

() gqualitative estimate

" % detected ({0.4% concantration)

\ not detected

Zirconium

KVB. 5806-783

5806-E



Fl1ELD CATA
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m TAKEN
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DAT A
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FVEZ
ANALYTI
TC

YG/ML
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SECTION 4.0

PARTICULATE TEST RESULTS

4.1 TEST PROGRAM

_ During this program, ﬁl source tests were conducted at 25 different
locatioas. This section is a report of éach of these tests describing the
source, discussiag éircumstances of the test, and presenting and analyzinq‘
the test results. The following sub-sections ave groupedvtogether a;cording

to the tvze of genmeral induscrial prozoss.

Fuel Combustion
Mineral Products
Food and Agriculture
Mztal Fabrication
‘Metallurgical
Organic Solvent Use
Chemical

Weod Operation °

Petroleum Operation

The field tests were run to obtain particulate emission da:a for the
industrial types listed abcve. The distribution of the tests‘is shcown in'
Figure 4-1. Of the completed fiéld_tests, 2l tests were run with simul-
tanecus sampling with the 'larger SASS train and the small Jecy train (as dis-
cussed in.Section 3.2.1 7) for accuracy assessment. Eleveﬁ tests were run as
éimultaneous sampling”éf both trains (one on the ihlet and the other on the
outlet) *o evéluate the efficiency of the particulate control equipment.
Seven tests were run using only the SASS train, and two tests were run using

dniy the Joy train.

4-1 KVB 5806-733




Qthers

rganic 7.3%
3 b : .
includin
Solvent g
waood
Use
. cpera-—
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4.2 SUMMARY OF TEST RESULTS

The key results of all field tests are swummarized in Table 4-1. The
resulﬁs for each test have bzen listed on two consecutive pages. For exampie,
results from Test OlS begin on the first line of the industrial boiler secticn
on the first page‘of the table and ccntinue on the first line of the second
page. The following is a brief explanﬁtion of each of the ené;ies in the -
Table 4-1:

1) Application Categories--Combustion of Fﬁel, Pood and Agriculture,
Metal Fabrication, etc.; general classification'cf the source
type tested.

2) Company/Industry Type--Type of source tested. Specific names of
rlants tasted are not included in the recors.

3) Test Number--A unique number aésigned by XVB which identifies the
location, test procedure and tes: results.

4) Date of Test

5) Sample Vélume—-Volume of‘gas sample taken during test [Cry Standard
Cubic Feet (DSCF) and Wet Standard Cubic Feet (WSCF)].

6) Sampie Slow Rate-={Wet Standard Cubic Feet per Minute (WSCFM) ].
This is the flow rate of gas that has passéd through our sampling
equirment. .

7) Temperature °F--Shown are the temperatures of the stack, the dry
gas meter used to measure the sample volume takeh, and the oven
in which the three cfclones pPlus filter were housed. -

'8) Percent Isokinetic-—Thg aﬁount that the sampling stream velocity
varies fron stack gas velocity. Over 100% means the sampling
stream was faster than the stack gas'stream.

9) Particulate Weights, mg--These are the weights of particulates
collected in probe, lOuﬁ cyclcne, 3um cyclone, lim c¢yclone,

- the filter, and the impinger. The impinger catch is broken down

into two parts, the organic fraction and the nonorganic fraction.

4-3 ' KVB 5806-783




10)
11
.12)
i3)
14)

15)

16)

17

Stack Flo@ Rate--Dry Standard Cubic Feet per Minute {DSCIM).
This is the exhaust gas velocity measured at the sample location
Excess Oé‘-This is the oxygen concentration in the exhaust gas
measured at the sampling location. Combustion Souzces.
C02-~This is the carbon dioxide concentration in the exhaust gas
measured at the sampling location. Combustion Scurces.

Sampling Fime-—The time taken in minutes to complete the source
samplae,

Plaat Operation Time--This is the number of hours the plant or

.eqﬁipment sampled is operated in one year.

Emissions--These are factors related to the device type tested.

gr/DSCE ‘i - Grains per dry standard cubic feet
T/vx - Tons per yearxs

1b/hr : - pounds per hour

1b/MvMB LR - pounds per million Btu

Particle Size Distribution,. Percent of Particles--Distribution

into size rang“es; greater than 10 microns, 3 to 10 microns, 1 to 3

microns and less than 1 micron. This table includes the impinger

catch as part of the total suépended particulate (TS?) as
directed by the ARB (E?A Method 5 does not include the impinger
catch in the measﬁrement of TSP. The SCAGQMD includes the
impinger tch in their methodg. Results with and without the
impinger catch are presented in the detailed discussions in

Section 4.2).

The percent of particles >10um, 3-10um, 1-3um, <lum are taken,
from the size distribution curves {weight percent less than
stated versus particle size, um, on log-normal paper) presented

in Secticon 4.2.

Canttnl—flf the inlet and exit to a control device were sampled,
the type of control device (i.e., baghouse, cyclone, etc.) and
efficiency is listed. Where a control device was tested, the

I -—
aput - Output, .4, percent)
Input

measured control efficiency {

is indicated.
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4.2.1 KVB Boiler Tests

KVB set out to accomplish several objectives for the first few tests

performed on the KVB boiler. These abjectives were as follows:

1. To check out the test crew and to check out the egquirment.

2. Determine the‘time involved for completing the tests (i.e. set-up
time, test time, tear cdown time, turn around time, lab analysis

time). | '

3.. Determine the accuracy and precision. of the total particulate
collection.

4. Determine the accuracy and‘p;ecision of the size distribution.

5. Determine the effect of fuel sulfur on TSP and size distribution.

5. Check out elemental and chemical analysis zroczdurss o€ sup-
contractor laboratories at Armament Systems (X-ray, fluorescesnce)
and Rockwell AMC (sulfates, nitrates, and carson). |

7. Determine data reduction method for lisﬁing raw data {(data sheets)
and methods for calculating and plotting data (Section 3.2.121).

8. Use the data to develop profiles and emission factors for indus-
trial boilers.

9. Determine if SO2 would cause a weight change on the filters

{(i.e. pseudo particulates).

Due to the amount of effort involved in performing particulate tests
using both the SASS and Joy train, three test runs were designed to accomplish
the above cbjectives.

Two fuels were chosen with different sulfur contents but with similar
characteristics--especiaily carbon, hydrogen, ash content and composition and
heating value. These fuels were a No. 6 fuel 0il with 0.28% sulfur and a
Wilmington crude oil with 1.35% Sulfu:. The fuel analysis results of these
two fuels are snown‘in Table 4-2, ' '

Test 0l and Test 03 were done with both'Joy and SASS trains running

simultaneously using the high sulfur Wilmingisn crude at same bociler setting.

4-17 ‘ / KVB 5806-783




TABLE 4-2.

FUEL OIL CHARACTERISTICS

(Test 01, 02, & 03)

¥o. § Test 01 & 03
Fuel 0il Wilmington Cruda
API Sravity 23,2 22.8
Heating vValue ' >

(EBV, Btu/lb) 1915Q 18,810
Viscosity, SUS3100°r 324. B8O
Plash Point, °*F 23S -
Water & Sediment, % Q.12 -—
Carbon Residue, %

(Ramsbottom) 3.4 -
Copper Strip (o)

Corzesion S.7. -
Carton., o 36.52 36.26
Hydrogen, 12.35 1l.82
Nizsogen, & 0.24 .55
Sulfur, 3 c.28 1.35
Ask, % 0.018 9.017
Oxygen, % by

difierencs 0.60 Q
Asphaltenes, % Q.58 4.%6
Vanadium, ppa 1s. 61
Irca, ppm: 12 i6
Nickel, ppm 1 26
Calcium, ppm 12 0.11
Magnesium, ppm 7.8 0.29
Sodium, ppm 12 ND
.Silicon, ppm s ., 0.24
Manganesa, ppm 0.18 Q.11
Aluminum, pom 3.2 0.41
Bariua, ppa 1.2 0.92
‘lead, ppm <1l.2 Q.20
Tin, ppm Q.11 0.14
Molybdanum, ppm 0.027° NO
Copper, ppm 0.059 0.004
Zinc, ppm Q.54 0.7%
Titanium, ppm 0.086 0.32
Cobalz, ppa Q.66 1.1
Potassium, ppm Tracs ND
Chiromium, ppa 9.042 0.12
Strontium, ppa 0.082 Tracs
Boron, ppa ¥D o]
Phosphorus, ppa uD ND
Cadmium, ppm no ND

(a) All fuel analysis Preforaed by Truasdail Laboratories

(D) Estimated from API
(c) Slight tarnish
(d) Mone detacted

gravity [Q = 22,32C ~ 3,780 (s9)2] (Ref. 3)
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These two tests were exact repeats and were used to determine the precision
éf the sampling trﬁins for TSP and size distribution. For Test 03, a Method
5 and an Andersen impactor were simultaneously used in addition to the SAaSS
and Soy trains to determine the accuracy of the sampling trains for the TSP
and size distribution. Test 0l was used to check out the test crew and
equipment And determine the times involved for the different cperations of
the test. Test 02 was run with the low sulfur No. 6 fuel o0il at the same

.boiier conditions as for Test 0l and 03.

Test 01, 02, 2nd 03 were used to determine the effect of fuel sulfur
content on TSP and size distribution (discussed in subsequent sections). All
‘three were usad to 1) evaluate the methods of analysis for major elemental
com;csitioﬁ and chemical content (3iscussed in Section 3.2.2), and 2) 3s=srmina
data sheet need for data reduction and method for data reduction and size
distribution plots (discussed in Section 3.2.3). For test Ol a back-up filté:

was used to determine if 502 was adding weight to the filter.

A. Test Facility=-=-XVB 80 HP boiler--

The XVB ~ombustion laboratory has a 5,000,000 Btu/hr Scotch dry-back
boiler having a combustion chamber three feet in diameter and eleven feet in
length, with air supply up‘to 65C °F and 1 psig. Flue gas recirculation of
up.to 35% into the combustion air is possible. This unit, as shown schemat-
ically in Pigures 4-2, 4-3 and 4-4, is equipped to fire nearly any type of
gaseous, liguid, or solid fuel. The boiler, its flues, and the locations of
its four sampling ports are shown schematically in Figure 4~5. The sampling

ports are located in the vertical flue section on the right.
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12.
13.
1a.
1s.
16.

17.

LEGEND FOR FIGUPES

ross section
‘through windbox

Figure 4-4, Cross section
through fire=

4-3 and 4-4

Primary Air Suce
Primary Air Valve
Staged Air Duce
Staged A.;.: Valve
Staged Air an:u:i

Staged Air Flexaiblae liose

Staged Air Injecs.on
Torus and IAlez Pipe,
Variable Position

Water Injection Nozzle
luknc: Suppor; Crlinder
ALlr Register

Flame Detector

Ignitor '

Burner

Ceramic Quarl -~ S«1/2°
Throat Diameter

Cbservation Door

Fire Brick 25" Inside
Diamecsr

View Ports

Cas Sarmle:
e

4.

4-21

Stack

box

18. water Wall of Scotch Boiler
19. Sceam vent
25. Pire Tubes (62 Wwith
Dianster 2-7/8%)
.21, Recirculaczion Cas Duct .
22. Recirculation Gas Vesruri (net shown)
23. ,bampor . ‘
24. Stack
Temderatures: ‘; '
25. Windbox
26. Hot End
27, stack
28. Second Venturi
29: Recire. Venturi (not shown)
30. Primary Air (not . shown)
Pressures:
' 31. Windbox
32. Secondary Vensuri
33, Racirc. Venturi (not shown)
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0.9} =
0.46 m
Ben A. ¥ood
80 MP TFizstube
Poiler

REEN _ uJ

Figure 4-5.

—_—
{ 0.36
-+ L]
i — | '
. { i
0.27 = 0.35 m ~— —-!2.1 =™
. l—l
Smohe stack Ylow ratei."]
lo Fr3 i

l \S.a-‘-plinq

L:(ﬁ Port

To baghouse > Lozation

About 12\ of the
fly ash getrs
beyond this point

KVB test boiler installation
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astrumentation is available in the Combustion Laboratory for
'measuring fuel and air flows, temperatures (by thermocouple), and the con-
centrations of %@, <O, O,, unburned hydrocarbons in the flue gas, and
. . .

- particulates.
B. particulate Test Set-up-- .

A velocity traverse of E;e stack flow was measuraed befgire each test
az two loca;icns six feet and eight feet ahove the transition s ction of the
boiler exhau;: plenum and nine feet below the top of the stack on a
straight section. The velocity profile obtained is listed in Table .4-3.

) ; ‘ 4 3/4 inch nozzle far the SAS3 train was positioned 4 inches into the stack

at the 6 €=, na2:3nt and a 3/8 inch nozzle for the Joy train was 5os ticned

-

ev
2 inzmss inTo T2 smacsk at the 3 f=, neiInT. A 405 Lnln QIIZle w33 Al30 law
i asd ©~r wha Andersen iTgacsor test at Ine same locaticn
Tegt Ol ran Srom 11i:30 M to 3:30 P on 9/13/77 .
Y ~ag® 02 ran Srom 10:00 2M =3 2:20 PM on 3/15/77
) Tege 02 ran from 11:30 AM %o 2:0C 21 on 9/20/77
i
' <. Particulaze Test Resulis—- .
e ragults of The tests (Tast 31, 22, and 01 drscussed 1n Tnis saecs
are listed iun Table +-1l. Tlemental cofposizion, sulfaza nitrate, and carko

2. Discussion of Results-- _ ‘ ‘

! ' _ 1. The objec:ivevof checking out wha test criw and aguipment was well
met. The crew executed %“he Test In a routine £ashion whizh was exIellent
performance considering tiis was only the first test. The egulpment in
general gerfcrmed Qery,well. A few malfuhcticns wers encounterad

with the 5A53 train’'s temperature contrell

w
'y
(7]
ri
'
(17
i
4]
x
[
"
1]
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TABLE 4-3. VELOCITY PRCFILE IN XV3B BCILER STACK

Jov Samgle
foin=

.
3 Loz

Jiszance from 22int valociay S5int Valozity

zdge oI Juct # f=/sec 3 Sozez
2.3 1 25.3 3 P
2.3 2. 24:7 3 2.4
5.5 R ,24‘7 R 2507
3.2 3 24.7 7 2z.3
SR 4 2507 3 253

$-24 KVB 5806-
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sent back to Acurex for repairs. Also it was found that

design for the Joy train was too small. It did not have

face area to collect particulates for four hours without

the origirnal filter
a large enough sur-

clogging the filte

8}

o)
4=~7, and 4-9 and the emission in 3

A filter holder similar to and the same size as the SASS filter was manu-
factured and located in the Joy oven (discussed in Saction 3.2.1 A-2).
The lengtn of time involved for the different parts associated with the

test was determined as follcws:

man x hours

prepare trézn for test 8 man hours ‘ 2x4

sét up equipment for test 12 " " ' 4x3

take stack sample ls " ’ " 4x4

t2ar down 2guigment 3 " " ' ix2

oracess samplas (XW3 laoy iz " " : 2x1id

aralysis surn around 30 days Armament Svscems, 30 davs
' Rockwell

Total man tours per test = 76

~ . - . ~ oy ~ - M N — Y - -
2. ccuracy and oreSision of the tstal cartniculate2 collaction and za

fu

istribuzion--3imultanecus tests were done to gomparza the total paticulate

[¢]

ollection and size distribution using the SASS train, -he small cycicne

"erain, The current method 5 procedure and an Andersen cascade impactor. The

data from these tests (Test 313, 3.5, 223, 222, =33, 332, 2323, I3a, aza2 jiven
in Table 4-1 along with the data from all the field ues<s.
-

n curves f£ar these tests. The curves are shown in Figures 4-95,

H

/SSCE are as Izllows:

4-25 XVB 5806~783
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|
0 e
° SASS Train with Impinger

SASS Train wWithout Impinger

Figure 4-5. Particle size distribuzion (TeszT Jl).
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TTT 1 11 T 1 T T 011 1/l b 1 1L 1
N\ a - —
C p—
= S j= —
— —
3
2 b= p—
£
)
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—
0
2 0.3 —
£ 0.6
z .
S ok ]
2.4 pu—
C.3M™ p_—
C.ZM ‘—-
K 0.1 |1 | | 1 I 1 S S A O EE | ll’
g.01 6.1 0.51 2 § 10 20 30 40506070 82 9C 95 98 39 39.8 33.29
'WEICHT, PERCENT LESS TE'ANI STATED SIZZ2
H Joy MIz. Sampling ‘mrain With Impinger
D oy Mf3. Sampling Train Without Imginger
. SAS5 Train wWith Impinger
O' 5A3S Train Without Impinger .
Figure 4-7. Particle size distribution (Test 02).
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O 3ASS Train without Impinger
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Figure 4-8. Parmicle size distribution (Test 33)
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o,

N

gr /0SSP S of particles *
Particulace
Mezhod of Dmrission Lass than lCum Less than lum
Tast # Collection | With Ixp.| w/o wap| With imp. w/0 imp.! With 1mp. w/0 imp.
03s SASS .0810 .0229 a9 74 76 47
033 Joy .0365 .0276 64 50 58 38
obe 1 3] Method S .0660 .0396 -— -— - -—
Q3 Andarsen .
mpactor - | — 80 -— 38
nean L0512 .0300{ - 78 68 T 67 41
stand dev .0148 . 0086 19 .16 13 -]
S stand dev 29 9 23 ' 23 19 13

* Taken from curves in Figure 4-8
# TSP not determined for Andersen sampler

The reason for the two listinQSa—one'including‘impinger‘catch‘and sne not

u

ncluding impinger--has scmething to do with psuede particulates ani il
discussed in detail in Section 3.2.3 #. Also the EPA Method 5 does not

include the impinger, whersas the SCAQMD and ARB =methods do.

Sased on the results from the above data (Test 03) the accuracy of
the sampling trains ZSor the TSP seems to be £30%, and the accuracy cf the size
distribution curves i< 2lsc =30%. The =30% comes from a conservative pezczent

of standard deviation for each of the test methods.

The precisinn of the data was determined using the data from repeat

tests, Test Cl and 03. These data are as follows:

Particulate 8% of rarticles less chan”

' eri1ssion, gr/CSCY 10lm lum
Tast # With izgs, | w/0 imo. with imo. | w/o imp. «ith imp.| w/0 isp.
23s .0S10 .0229 ‘89 74 76 47
03y .0368 0276 | 64 S0 sa g
ols .0674 .0414 84 74 63 40
oLy .0896 .0579 &5 43 56 . 30
man " .0611 03174 7% 61 63 32 T
stand . .
dev, @ .0228 .0187 13 14 9 ?
‘a T ow a2’ 17 24 14 18

* taken from
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Bothﬁthe SASS train ané the Joy train data for the two repeat test
were used to determine a mean, standard deviation and % of the standard
deviation from the mean. The TSP in gr/DSCP from the above list shows that
the SASS data falls close to the mean and is within the ™4C%. The TSP for
the =wo Joy runs is not as good as the SASS runs. This may be due to the smélL
sample size (as a result of clogging of the £i ﬁe: and an early end to the
test). S5i.repeat utility boiler tasts were done duzing the Sield test
program. TJ results of these tests are discussed in Section 4.2.4 'and

show that the precision for the Joy train is about *40%0 which is consistent

with the result cbtained here.

The precisicz of the size distribution curves is arouné *=20%g from these
data and about 21330 from the u=ility boile:r fescs discussed in Secction $.2.4.
The agreement f£rom SASS run to SA3S run and freom Joy run toe Joy run is very

close.

.

3. Chemical Compositicn of the Particulate Collecticen

Each of the five fractions (10km cyclone, 3Lm cyclone, lum cvclene, impin-
ger, and filtar catch) for Test 01, 07, and 23 were analyzed for major elements
by x~ray fluorescence and for SOZ, NO3, total carbon, inorganic carcbon,

and volatile carbon. These results are given in Tables 4-4, 4-53, 4-6.

Tables 4-7, 4-8, and 4-9 list the zraparison oﬁ.elementals,from the

fuel ash to the elemental from the particulate catch. The last column lists

the 10—4 1b/hr of elements that would be emitted from the fuel ash {(calculated

rom fuel flow rate x ppm of elements in oii). T;e first five colﬁmﬁs are the

10-4 1bh/hr of elements that are emitted from each fraction of the particulate
%

catech (calculated from 1b/hr of particulates x cut % of total x elemental of

cut). The next column is the sum of the 10“4 lb/hr for each cut. The next
column. is the 1lb/hr x 10”4 for each'element'normAlized to 100% if ;hé five
fraction columns did not total lOO%L This column can be compared to the last
column for each element. The sum of the last column can be compared to the

total particulate catch, and it should always be less than the total catch.

4-30  XVB 5806-783
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TABLE 4-4. CHEMICAL COMPOSITION OF PARTICULATE SAMPLES

IN PERCENT FOR INDUSTRIAL BOILERS (TEST 01)

~10Lm 3pm lim '
Cyclone Cyclcne Cyclone Filter Impinger
Sample % . 01s-2s 01ls-3S 015~-43 Qls-1C 015-5S
DERCENT OF CUT ' 24.4 9.5 5.6 21.9 32.4
XRE ANALYSIS
Calcium ' e t t
Chromium 0.36 t t t
Cobalt t t
Zren 1.0 £ 1.3 < 3.3
Mickel J.35 T 2.0 3.3
Potassium ' t
(Sulfur) (6.4) (5.6) (6.5) (11.C) 8.8
Vanadium 0.3 t 1.1 4.4
Sulfates, H,0 so1? ] 3.6 3.5 5.0 .35 23
(Sulfur, from SO,)  ~ (2.1) (1.4) (2.2) (3.7 (2.8)
Nitrate (HZO sol)? t t t NA- 0
Total Carbon® 37 70 80 4.3 6.0
(Volatile Carbom)® (%) S I € (3.1) (0)
(Carbonates) > (t) () .o(e) () (NAY
TOTAL ANALYZED 42 74 30 39 42
BALANCE 58 . 26 10 6l 58
100% 100% 100% 100% © 100%
T detacted in concentration of <l%
1 analyzed by x-ray fluorescence--Section 3.2.2 B
2 analyzed by wet chemistry--Section 3.2.2 A
3 analyzed by Oc-anography carbon analyzer--Saection 3.2.2 A
‘ 4 ‘calculated from sulfates (sulfuresulfate/3) to coopars with sulfur
' from XRF ' .
S for values shown as X/Y, X is & of the element p:es-nt‘and Y is the
|rror (i.sa. Xv & ¥) . }
) not includad in total—sulfur and sulfates az.'accouhted for in sulfur
XR¥ analysis and volatile carbon and carbonata are accownzed for in
total carbon '
4-31 ‘ KVB 580¢~783
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TABLE 4-5. CHEMICAL COMPOSITION OF PARTICULATE SAMPLES
IN PERCENT FOR INDUSTRIAL BOILERS (TEST 02)

10m 3um im . %
Cyclone Cyclone Cyclcone Impinger Filzer
Sample # 025-2S 02s-3s 025-45 02s-IC Q25-35
pERCENT OF CUT 15.0 13.8 20.5 23.0 16.2
XRF ANALYSIS
Calcium 4 t t 3.3 t t
Cobalt : ' | e
Iron t . Lt 1.3 t "5
Nickel ' t € Lt t _ 3.8
2otassium S
(Sulfur) (2.6) (3.1) (5.5) (31) ©(19.3)
Vanadium . t t 1.7 .
ToTAL j e t 4.6 -t 8.0
Sulfates, H,O so1? 1.8 . . l.9 6.2 63 60
(Sulfur, from SO,3° (0.9 (1.0) (7.8) (10.5) (6.4)
Nitrate (¥,0 sol) 2 t t t
Total Carbon’ 59 93 84 — 3.6
(Volatile Carson)® (53 (92 (82) - -
(Carbonates) ’ (£) () 1.51 -
TOTAL ANALYZED . 61. 95 95 63 : 72
BALANCE 39 - 5 37 - 28
" 100% 100% 100% 100% 100%

T deteczed in concentration of <1s

1 analyzed by x-ray fluorescence--Section 3.2.2 B

2 analyzed by wet chemistry--Section 3.2.2 A

3 analyzed Sy Oceanogrzphy carbon analyzer--3ecticn 3.2.2 A

4 calculated from sulfates (sulfure=sulfate/3) to compare with sulfux

. from XRF '

5 for values shown as X/¥, £ is % of the element present and Y is the
error (i.e. Xv = Y ) '

() not included in total-—sulfur and sulfates alze accounted for in sulfur

XRF analysis and volatila carbon and carbonate are accounted for in
total carbon :

4-32 - KVB 5806-783




TABLE 4-6. CHEMICAL COMPOSITION OF PARTICULATE SAMPLES

IN PERCENT FOR INDUSTRIAL BOILERS (TEST 03)

XRF analysis and volatile carbon and carbonate are-accounted for in

total carbon

10um 3um lum
Cyclone Cyclone Cyclone Impinger Filter

Sample # P 038-17 03s-18 03s-~-12 Q3S-6b Bs-47

PERCENT OF CUT 14.2 6.2 6.7 53.4 14.0

'XRF ANALYSIS .
Calcium t t ‘1.5 8
Chromium t
Cobalt €’ 1.1
Iren = £ 1.7 4.9 e
Nickel ' t t 2.2 9.0 .5

Potassium t
(Sulfur) (4.3) (3.4) (6.4) (11.8) (13)
Vanadium ‘ t t 1.3 5.8

TOTAL' o t t 5.2 22 14

Sulfates, H,0 sol? 2.0 1.8 3.5 47 25
(Sulfur, from SO,)" (1.5) 11.1) (2.1) ( 4.0) ( 4.7

Nitrate (HZO sol)? ’ - t t t -

Total Carbon? 44. 62 79 5.9 4.7
(Volatile Carbon)? (t) (t) {t) - 4.0
(Carbonates) 4 (t) () (t) - (t )

TOTAL A_\IAL¥ZED ' 46 64 88 75 44

BALANCE o 54 36 12 25 56

. 100% 100% '100% 100% 100%
t detacted ;n conceantration .of I<1\
1 analyzed by x-ray flusrescance--Section 3.2.2 B
2 analyzed by wet chemistry-—-Section 3.2.2 A
3 analyzed by Oceanography carbon analyzer--Section 3.2.2 A
4 calculated from sulfates (sulfurmsulfate/l) to compare with sulfur
Irom XRF

S for values shown as X/7, X is ¢ of the element presaent and Y is the
error (i.e. X% 2 Y}

() not included in total--sulfur and sulfatas are accounted for in sulfur

XKVB 5806-783
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The value of sulfur from XRF analysis cén be compared to the value
of sulfate (SOZ/S = 96/32 = 3). Divide the sgLfate lb/h::xl()_4 by the
sulfur lb/hrxlo-4; t;e quotient should be akout 3.0. Tables 4-4; 4-5
and 4-6 are in the general form of an emission profile for these sources.

The development of emission profiles is discussed in detail in Section 2.3.2.

4. The effect of sulfur content in fuel on size distributicn and on

total particulates--Goldstein and Siegmund (Ref. 4-1) pointed out that the

fuel sulfur content is directly proportioral to.the ash plus asphaltene
content of the fuel. Their data are shown by the line in Figure 4-9; the
circle represents the KVB high sulfur fuel used for Tests 01 and 03, and
the triangle represents‘that for the low sulfur fuel used for Test 02.
Goldstein andlsiegmund (Ref. 4-1) also determined that the particulate
emissions are proportional to the fuel sulfur content. ‘Thei: cdata are

represented by the line in Figure 4-10. = The KVB data are as noted.

The particulate emissions obtained by XVB for the three boiler tests

follow‘this relationship. The particle size distribution is affected by the

sulfur content of the fuel (Ref. 4-1). The lower sulfur fuel tends to pro-

duce a larger percentage of smaller particles than the higher sulfur fuel.
KVB's data agrees with this. Figure 4-11 shows the particle size distribu-~.
tion for Goldstein's and KVB's data.

5. Avrecent study (Ref. 4-2) shows that different types of filter péper
would gain weight when exposed only to SO2 and water. For Test 01, $SASS, a
back-up Reeve Angel filter was used in series with the SASS train £ilter.
The first filter would collect all filterable particulates and the second

Reeve Angel 934aH filter would only see very small particles, scz, and flue

' gases. The Reeve Angel filter was desiccated and weighed in the usual wav

after the test. It was found that the Reeve Angei papér did not change

. in weight.
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Alsc a test was designed as described below to determine any weight
chaﬁge. A gas stream‘of 831 ppm 502 frem a gas cylindexr was passed fi:st
througch a Gelman AE filter paper, next throdgh-a Reeve Angel 934AH filté:
paper, and finally the volumes of gas were measured cn a 4ry gaé meter. Cver
15 scf of gas was passed.ovef the filters. The filters were §Eocessed in the
normal way (desiccate and weigh). Neither the Gelman nor the‘“geve Angel
paper showed any weight change. Based on the data in Rgf. 4-2, the Reeve Angel

filters were used throughout the program.
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4.2.2 #2 Fuel 0il-Fired Industrial Boiler

A. Process Descripticn (Ref. 4-3)--

Boilers, heaters, steam generators, and similar coabustion equipment
Ffired with :#2 fuel oil are used in commerce and industry‘to transfer heat
from combustion gases to water or other fluids. The only significaht emis-
sions to the atmosphere from this eéuipment in normal operation, ;egardless
of the fluid being heated or vaporized, are those resulting from the burhing
of fossil fuels. biffe:ences in désign and operation of this eguipment can,

however, affect production of air contaminants.

A boiler or heater consists essentially of a burner, firebox, heat
exchanger, and a means of creating and directing a flow of gases through
the unit. All combustion egquipment--from the smallest demestic water heatar
to the largest power plént steam generator--includes these essentials. Most
also include some auxiliaries. The number and complexity of auxiliaries
tend to increase with boiler size. Larger combustion equipment often includes
flame safety devices, socot blowers, air preheaters, eccnomizers, superheaters,

fuel heaters, and automatic flue gas analyzers.. .

The industrial boiler tested was:a Babcock & Wilcox type H Stirling
boiler as shown in Figure 4-12. It has a heating surface of 4950 ftz; a
design pressure of 160 lb. It was built in 1946.

B. " Particulate Test Setup-=-

WO sampling trains were used simu;taneously to sample the exhaust
gases of the boiler. The sampling station was located on the vertical
section of the stack above the roof, at least 6 duct diameters from the
nearest disturbance. The velocity profile in the stack is shown in
Table 4-10. Howevar, the velocity in the stack varied as the load varied
to meet the steam demand of the plant. The steam deﬁand varied from 10,000 to
‘28,000 lb/hr during the sampling time. This was a typicél type of operation.
The fuel for the boiler was low sulfur No. 2 fuel oil. The results of the
fuel analysis is listed in Table 4-12.
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Figure 4-12. An industrial water tube boiler (The Babcock & Wilcox Co.,
New York).
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TABLE 4-10. VELOCITY PROFILE FOR INDUSTRIAL BOILER (TEST 16)

.

Joy Sample Peint
1/2" Nozzle

SASS Sample
Point 1" Nozzle -

e 53" —
. Temperature 515 °F
Static Pressure 0.6 in. Hzo
‘ Steam Load - 18-22,000' lb/hr
, Distance From ' ~vVelocity
End of Port,* inches Point No. . ft/sec Point No.l ‘ ft/sec
7-1/8 1 20,1 7 . 18.6
12-1/2 2 | 22.8 . 8 21.5
20-3/8 3 20.1 9 .. 201
31-1/4 R 18.6 R 18.6
42-1/8 4 17.0 - 10 18.6
50 5 17.0 11 : 18.6
55-3/8 6 18.6 - 12 18.6
* Includes 4~3/4"'nipple length ‘ Average 18.8 ft/sec

9170 SCEM
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C. Test Results-—-

The results of the tests [16J and 16S) discussed in this section
are listed in Table 4-1. Elemental compositions, sulfate, nitrate, and
carbon analysis were &etermined for all fraction of particulate caﬁches
which contained weights in excess of 100 mg. The details for these procedures

are discussed in Section 3.2.2. An analysis of fuel composition was alsag

performed.

D. Discussion of Results--

l. Particle Size Distribution--Figure 4-13 is a plot &f particle size

(im) vs. accumulated weight percent, the latter plotted on a pfobability
Scalé‘as explained in Section 3.2.3B. Two curves are pfesented, one includinq‘
the impinger catch, and the other ignorirg it. Considering the large amount
of material cocllected in the impinger, it would seem that the. effect of

pseudo particulates would be insignificant. Therefore, the impinger catch

was believed to be properly included in the measurements of the suspended
particulates from industrial boilers for particle size distribution. The
break-down of the particle size distributioh, taken from Figure 4-13

including the impinger cateh. is as follows:

Percent of Particles

>10 um 10 - 3 um 3 -1 um <l um
Test 167 . 0.7 0.9 . 1.4 ' 97
Test 163 . 2.5 ‘ 0.8 0.8 - 96

2. Chemical Composition--Table 4-11 1lists the results from the chemical

analysis of the particulate fracrion for each of the tests .discussed in this
section. Sulfates are the most abundant species found in the particulate
catches. "Carbon, iron and nitrat=s are next in order. All other elements

detected werg'found in concentrations less than 1%.

Using the results from the XRF analysis and the fuel analysis results
{(Table 4-12) a mass balance was determined for éach train for the elements.
This is listed in Table 4-13. The rate of elements (lO_4xlb/hr) calculated

from the ash content i1s compared to the total of the elements detected in
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Figure 4-13. Particle size distribution for industrial boiler. (Test 16).
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TABLE 4-11.

CHEMICAL COMPCSITION QF PARI‘ICULATE. SAMPLES

IN PERCENT FOR TEST 16

SASS Joy Joy SASS
Impinger Filter Izpinger Filter
SAMDLE # 16s-1C L5J~58 16J-IC 165-53
PERCENT OF CUT 84 19 68 9.4
XRF ANALYSIS

Calcium’ 2.2/0.5

Chromium t .

Iron 2/0.3 3.9/0.5 2.7/0.3

Lead t t

Nickel t

Sulfur (18/5) (24/10) {18/6) (11/3.1)

Zinc t t
TOTAL® 2.0 3.9 4.9

Sulfates, 7,0 sol? 32 30- 14.3 17.5

(Sulfur, from st)“ (10.7) (9.9) (4.8) (5.8)
Nitrate (H,0 sol)? 4.10 3.12 0.26
Total Carbon® 20 16 13 5.4

(Volatile Carbton)? (17.84) (9.0)

Carbonates) 3 -- - -- --
TOTAL ANALYZED 58 49 28 28
BALANC= | 42 51 72 72

100% . 100% 100% 150%
t detacted in concantration of <1l%
1 analyzed by x-ray f{luorescence--Section 3.21.2 B
2 analyzed by wat chemistry-—Saction 3.2.2 A
3 analyzed by Ocainography carbon analyzar--Section 3.2.2 A
4" calculated from sulfates {sulfurwsulfate,/3) to compare with sulfur

from XRF

for valuas shown as X/Y, X is % of the element prasmt and Y is the

error {(i.e. Xy 2 ¥ )

] not included in total-—sulfur and sulfates are accountad for in sulfur
XRF analysis and welatile carbon and carbonate are accounted for in

total carbon

4-486
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TABLE 4-12, FUEL ANALYSIS RESULTS TEST NO. 16--#2 FUEL OIL

by Trueéda;l Laboratories, Inc.

Carbon, %
Hydrogen, %
Sulfur, %
Ash, %

Heat of Combustion:
Gross Btu/lb
Net Btu/lb

86.63

12.96
0.38
0.001

19,470
18,290

The results of the spectrographic analysis of the ash arzs as

follows:

Iron
Silicon
Boron
Manganese
Magnesium
Lead
Nickel
Aluﬁinum
Calcium
Copper
Silver
Sodium
Zinec
‘Titanium
Cobalt

Chromium

Percent in Ash
48
6.0
0.53
0.29
0.39
1.7
0.85
1.0
0.71
0.23
0.006
< 1.3
0.47
0.061
0.080
0.035
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each sarpling train. Comparison of the mass rate of the elements (Ib/hr)
for the Joy train with that of the fuel i§ reasonable. However, the SASS
train comparison indicates that there was some iron contamination in the
sample. t is believed that this contamination was caused py oxidation of
the nozzle.. Several weeks after the test, rust was detected on the nozzle

used for Test 163.

3. Emission and Pmission Factors--Emission and emission factors can be

listed with several different units. The Zollowing lists some of these

emissions and factors.

Fraderiksen (Ref. 4-4)

Units Test 1&83* ‘Tast 16J . oNo. 253 No. 26
gr/DSCF 0.02 0.0087 0.0071 0.01C
/yr o 6.2 2.7 2.9 . 4.3

1b/hr ‘ O 1.43 0.61 0.67 0.97
1b/MMBtu | 0.043 0.018 0.02 0.029
1b/1000 gal Burned ~10.0 4.3 4.7 ' 6.8
1b/1000 gal Burned, 2.0 " 2.0 2.0 2.0

(Ref. 4-5) : ‘
% wt on fuel : 0.13 0.938 0.064 £ 0.093

* Results suspected to be in error--see Section 4.2.2 D2

Also the emission follows the Goldstein relation (Ref. 4-1) of
emission vs & S, see Figure 4-10; Section 4.2.1 (i.e. the point 0.38% sulfur

fuel ash particulate emission of 0.053% on fuel is on Goldstein's line).
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4.2.3 wWood Waste Boiler

sawdust, wood chips, and bark are used as fuel in boileré of luxmber
sawmills., Thése wood waste boilers have replaced nearly all of the conical
(oz teepee)‘buinérs formerly used to dispose of what was considered a waste
product. The steam generated by the wood waste burners is typically used to
heat the kilns in which the fresh-cut lumher is cured. The wood waste is
collected at various processing stations, and delivered into.a large silo-
like hovper. The waste is dampened to a 60 to 70% water content to prevent
ignition. 'The waste is fed from the hopper intc the boiler a:'a controlled

rate to meet steam demand.
A. Boiler Description

The unit -ested was a Wellons Hog Fuel Boiler, consisting of the

following components:

1. Babcock and Wilcox watertube boiler, 3952 £t3 nheating surface,
160 osig rated, and 125 psig operating.

2. Wellons Double Cell Type Furnace, with refractory lining, water
cooled grates, 5'6" inside diameter.

3. Wellons Posi-Flo Storage Bin, 32000 ft3 capacity, with automatic
feed system to furnace.

4. Wellons Multi—Cone Collector, with 35 8" collector tubes.
5. ' Hagan Pneumatic Controls.
6. ‘Three £t diameter, 40 £t high stack.

The«rated steambload is 27,000 1b/hr maximum, 15,000 1n/hr average. It is
operated continuouély all year round. Fuel feed rate is 450C 1lb/hr maxi-

mum, 2500 1lb/hr averagevdiy weight. The average heating value of the fuel

~1s 8500 Btu/lb dry weight, and the ash content is 2% or less of the d&ry

_ weighc. The annual wood consumption is approximately 11,000 ton/year dry

weight.
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The unit is shown in Figﬁre 4-14 which includes a step-by-step descripf
tion of the process operations. Note that near the top of the conveyor the
unit contains a sawdust screen which éxtracts the sawdust which contains
75% water and.blows it with 600 °F exhaust gas through a cyclone which removes

approximately 15% of the water before'retu:ning the sawdust to the surge bin.
B. = Particulate Test Setup

A three inch diameter port was made in the three foot diameter
étack located ﬁidway up the 30 ft high‘stack, 15 £t above the induced.draft
fan located at the rase of the stack. Table 4-14 presents the velocity pro-
file in the stuck, which was slightly unusual due to the asymmetric flow
caused by the induced draft fan. A 0.75 diameter nozzle was used with
the SASS train probe which was inserted 24 inches into the stream from the
test port. Sampling occurred continuously from 12:00 noon to 2:10 pm, on
October 13, 1977. Sampling rate was 6.5 ACFM + 5% at 400 °F + 10 °F. Total
volume of gas sampled was 455 SCF. The test was stopped due to a clogged

filter.
c. rest Results .
The following lists the actuval weight collected in milligfams;

mg and weight % of total for each fraction of the total catch:

ng Weight % of Total

Probe - 30 1
Large Cyclone ~ 9.2 um 126 3
Mediuﬁ Cyclone - 3.8 um 515 12
Small Cyclone - 1.3 1m 106

Filter ‘ 347 ‘ 8
Impinger water ' 2170 . 50
Impinger extrac§ . 104l ‘I ' 24

Total: 4330 100
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TABLE 4-14. WOOD WASTE BOILER -~ STACK VELOCITY PROFILE (TEST 5)

Sampling Point

2!

L__ Sampling Port

Distance from

Port Entrance, Velocity Head,
.in. : in. x-izo in ft/sec
1.2 . 0.05 = 14.9
3.8 0.08 = 18.8
6.8 : 0.12 = 23.1
C1l.2 0.10 = 21.1
17.5 0.12 = 23.1
23.8 0.16 = 26.7
28.2 0.20 = 29.8
31.3 ' 0.21 = 29.8
33.9 . 0.20 ' = ___29.8
0.132 = at 754 °R = 24,2 ft/sec
Average , , Average
Velosity
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The im;inger water had turned a dack amber color by the end of the
test, Later it was determined that 75% of the particulate was caught in
the impingex. 1In Table 4-15 the rasults of XRF analysis of the va:ious
particulate sémples are summarized. For each sample caught in Ehe tréps,
as indicated, the percentage of eacn element‘is presented with the error

indicated after the slash, i.e., 1.2/0.01 means 1.2% + (.0Q1%.

The results of the test discussed in this section are listed in
Table 4-1. Slemental composition, sulfate, nitrate, and carbon analysis
were determired for all fractioms of particulate catches which contained

weights in excess of 100 mg. The details for these procedures are discussed

in Secﬁion 3.2.2. Table 4-15 ' lists the results from this analysis.

The sulfate, nitrate, and carbon analyses resulcs are also summarized

in Table 4-15.
D. Discussion of Results—-

1. Particle Size Distribution -— Figure 4-15 is a plot of particle size

vs. accumulated weight percent, the latter plotted on a probability scale

as expléined in Séction 3.2.3B. Two curvés.are presented, cne includiﬁg

the impinger catch, and the other ignoring it. Considering the largn amount
of matgrial collected in‘the impinge; (ovér three g;ams), it would seem that
the effects of pseudc particulates would be negligible. Thefefore, the
impinger catch was believed to be properly included in the measurement of

total suspended particulates from this waste wocd boiler. Therefore the

breakdown of particle sire distribution is as follows:

=2
>10um 1
3-10um 3
I -3um ' 16
< 1 um 80
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TABLE 4-15. CHEMICAL COMPOSITION OF PARTICULATE SAMPLES
. IN PERCENT FOR WOOD WASTE BOILER (TEST 5)

10um 3um lum

- : ' Cyclone Cyclone Cyclone Filter Impinger
SAMPLE # ' 55-25 5s-35  55-4S 55-58 55-1C
’ Percent of Cut ' 3 12 2 8 50
XRF ANALYSIS
Barium . t e t t
Calcium , ‘ 6.$/i 14/2 | 10/2 3.3/0.4 t
Chlorine ‘ - 2/0.4 2/0.8
Iron 4.2/0.5  4.6/0.3 3.6/0.4 t
Manganese v : t £ St | t. t
Potassium | " 2.6/0.3  5.5/0.5 2.4/0.3  9.3/1.5
Silicon : 10 10 .
(Sulfur) : , . (3.1/0.7) (<3) (8.8/1.5) (2.1/0.7)
Tantalum | t t
. Zinc 3 t t
- ' Total Elements' 23 34 16 - 15 2.0
{ ' Sulfates, H,0 sol? x 1.2 2.3 7.0 2.4
'(Sulfur; from soZ)“ NG (t) (£) (2.3) (t)
Nitrate (i,C sol)? ‘ ot e t
Total Carbon® ‘ 30 30 - e 23 7.0
(Volatile Carbon) 3 (15.6) . (7.4; () (7.0)
(Carbonates) 2 (3 (6.5) (é) Co(r)
TOTAL ANALYZED : 53 65 18 45 11
BALANCE ' 47 35 82 .55 89
100% 100% 100% 100% . 100%
.: d-tect.-é. in concentration of <1\
1 analyzed by x-ray fluorescence--Section 3.2.2 B
2 analyzad by wet chemistry--Section 3.2.2 A
3 analyzed by Oceancgraphy carbon analyzer--Sacticn 3.2.2 A
'y calculated from sulfates (sulfurwsulfate/3) to compare with sulfur
from XRF t .
H for values shown as X/Y, X is V of the element presant and Y is the

- erzror (i.e. X% 2 Y )

() not included in total—sulfur and sulfites are accownted for in sulfur
XRF analysis and volatile carbon and carbonate are accounted for in
total carbon '
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2. Chemical Ccmnosition——Tablé 4-15 lists the results from the chemizal

analysis of the particulate fraction for tests discussed in this section.

Carbon was found to be most abundant followed by potassium, calcium, iron

and carbonates.

3. Emission Factors--Based on this test alone, the following smission

factors can be calculated at 4.3% CO_. and 16.6% O,.

2 27
O.iS grams T3P/Dry SCF Exhaust Gas
20 x 10_6. lb TSP/Dry SCF Exhaust Gas
0.3 - grams TSP/Dry SCF Exhaust Gas
7 ) . 1b TSP/hxr of operaticn
30 Ton TSP/yr of operatidn
1 1n TSP/Teon of dry wood washe
0.5 1b TSP/Ton of stored wood waste (wéﬁ)
0.7 1b 'TSP/Ton of sceam preluced.
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Figure 4-15. Particle size distribution for wood waste boiler (Test 05).
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4.2.4 ytility Boilers

A. Boiler Description——

1. 7%oiler 1--The first.utility beiler tested was an opposed face-fired
B&W supercritical 480 MW steam generator with 32 gas and residual oil burners.
The unit operates at a supercritical pressure of approximately 3500 psig; the
first water pass is throuch a division wail which di&iaes the furnace in
nalf. The feedwater pumps c¢ontrol the steam pressure. The firing rate is
adjusted to maintain a 1l00C°F superheat temperature. The control of reheat
temperature at 1000°F is accomplished by flue gas proporticnal dampers, reheat
spray; and hopper flue gas recirculation. Full load for this unit is 480 MW

and the current minimum load is 180 MW.
2. 3Boiler 2--The second utility boiler tested was a face-fired, balanced
draft, 180 MW steam generator with 16 gas and residual oil burners. The

unit operates at a supercritical pressure of approximately 1800 psig and the

th

irst water pass is through a division wall which divides the furnace into

halves. The feedwater pumps control the steam pressure and the firing rate
is adjusted to maintain a 1000°F superheat temperature. The control of re-
heat temperature at 1000°F is accomplished by flue gas proportional dampgrs,
reheat spray, and hoppef ﬁlue gas recirculation. Full lcad for this unit is

180 MW and the current minimum load is 80 MW.
B. Particulate Test Set-up--

Two sampling trains were used simultanéously for each of the particu-
la2te tests performed on utility boilers in order to have redundant tests ’
for accuracy determination. Tests 11, 12, and 13 were planned as identical
tests to determine precision. These three tests were performed on a clean
boiler. Test 23 was iun at the same condition and on the same boiler but
after the boiler had been cperating for a peri;d of tiﬁe long enough to be
considered a dirty boiler (>12 weeks). Test 24 was conducted on a dirty boiler

under low load conditions. Tests 32 and 33 were performed at high load and
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dirty boiler condition; repeats of Test 23. However, for Test 32 the two
sampling trains were run with equal sample volumes. Th;s regquired over
13 hours of sampling time fcr the smaller Joy train. Tests 21 and 22 were
performed on the second boiler at high and low load, respeqtively.' The
. following comparisons can be made. '

High locad vs low load Boiler 1

High load vs low load . Boiler 2

Boiler 1 vs Beiler 2

Clean Roiler vs Dirty Boiler

Repeats: Tes+s 1), ;2 and 13; Tests 23, 32, and 33
Joy vs SASS for each test

1. Boiler l--The sampling stations for Boiler 1 were locatsd on the
vertical section of tre stgel—iined, reinforced conérete stack about 100 It
above ground level, and about 10 ft above the location where the gases enter
the stack (see Figure‘-i-lﬁ)- The internal diameter of the stack was 270".
Because of the la:gé diameter of the‘stack, a velocity traverse was nat
possible. Velocity was measured up to SO" into the stack from the north énd
from the east. However, the stack flow rate was determined from fuel combustion
calculations because 'a complete velocity profile was not obtained. Table
4-16 lists the stack flow rate for each test and sample train along with
sample locatian,. a&erage stack velocity, ft/sec, during the test, nozzle

diameter, stack temperature, static pressure of the stack, and boiler load.

2. The sampling station for Boiler 2 was located on the lower of two
12' = 12' horizontal ducts leading to the base of the concrete sfack (see
Figure 4-186). This station was about 50°' above ground level and on the
straight section of the duct about 40 ft downstream from ghe nearest bend
and about 15 £t from where the flow enters the concrete étack. Because of the
large diameter of the stack, a velocity traverse was not possible. Velocity-
was measured up to 50" into the stack from the west on the lower of the two
‘ducts. However, the stack flow rate was determined from fuel combustion
calculations because a complete velocity profile was not obtained. The

.‘particulate test set-up data are also given in.Table 4-16.
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?igure 4-16. Flue gas flow from utility boilers.
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c. Tast Results——

The results of the eight valid tests for Boiler #1 and for Boiler #2
(Tests 11-13, 21, 22, 24, 32, 33) discussed in this section are listed in
Table 4-1. Flemental composition, sulfate, nitrate, and carbon analysis
were determined for all fractions of particulate catches which contained
weight in excess of 100 mg. The details £for thesa procedures are discussed
in Section 3.2.2. Tables 4-17 to 4-34 list the results from-these
analyses. A fuel analysis for each test is presented in Table 4-25. Using
the results of the particulate and fuel analyses 2 material balance of
elements was made, these are listed in Tables 4-26 to 4-33. Par#icle

size distribution curves for each test are given in Figures 4-17 to 4-25
D. Discussicn of Results--

1. Particie size distribution--Figures 4-17 to 4-23 are plots of

particle size ({m) vs accumulated weight percent, the latter élotted on a
probability scale as explained in Section 3.2.2 8. Two sets of curves are
presented for each test, one 'including the impinger catch, and the other
without it. The EPA Method 5 (Ref. 4-9) does not include the. impinger
catch. However, tbe local agéncy (scagMr) does include the iﬁpinge: catch.
Also considering the large amount of material collected in the impinger: it
would seem that the effects of pseudo-particulates would be small. Tﬁerefore,
, the impinger catch was believed to be properly included in the measurements
of the suspended particulates from utilitf boilers fof particle size dis=-
rribution. The breakdown of the particle size distribution taken from

Figures 4-17 to 4-25, . including the impinger catch, is as follows:

4-62 . KVB 5806-783




TABLE 4-17. .CHEMICAL COMPOSITION OF PARTICULATE SAMPLES
IN PERCINT FOR UTILITY BOILERS (TEST 1l)

SASS )
Impinger - . SASS
(inorganic) Filter
SAMPLE # 11s-IC 115-53
PERCENT OF CUT ' 58 ’ : 18
XRF ANALYSIS
Barium 4 v
Calcium ' ‘ 12/1.6
Cobalt ' t
Iren t 1.9,/0.25
Nickel t 10.6/1.1
Potassium . t
(Sulfur) , (12/4) (3.3/5)
Ticanium t
“ Vanadium - 2.1/0.3
( - : ) _
' TOTAL! - 2.2 - ' 27
Sulfates, H,0 sol)? 15’ ’ 35
(Sulfur, from S0 ) * (4.9) ‘ (11.8)
Nitrate (H,0 sol)? ‘
Total Carbon? ‘ 8.8 " 5.9
(Volatile Carbon)’? (7.7)
{Carbonates) ? - +
TOTAL ANALYZED o 26 . 68
BALANCE | : 74 ' 32
' 100% . 100%
t detected in concentration of <1%
1 analy=ed by x-ray fluorescance=-Section 3.2.2 3
2 analyzed by wet chemistry--Section 3.2.2 A )
3 analyzed by Gcgunoqraphv carhon analyzer-~Section 3.2.2 A
1 calculated from sulfates (sulfuresulfate/l) to compare with sulfur
R from XRF
S . for values shown as X/Y. X is v of the eiemnnt presant and Y is the
arror (i.e. Xv 2 1) '
() not included in total—-sulfur and sulfates are accounted for in sulfur
XRF analysis and volatile carbon and carbonate ars acrountad for in
~ total carbon , '
/ ‘ . : 4-63 ‘ KVB 5806-783




TABiE 4-18. CHEMICAL COMPOSITION OF PARTICULATE SAMPLES
FOR UTILITY BOILERS (TEST 12}

SASS _

Impinger Joy : SASS
(incrganic) iltar Piltar

SAMPLE # . 125-1IC 123-55 125-55

WT. PERCENT OF CUT 50 ©29 23 '

XRF ANALYSIS
Barium : ' t
Bismuth ' ‘ -
Calcium 18/1.2
Chromium . 1
Cobalt T,
Iron , 1/0.4 1.2/2.3 4.2/0.05
Laad t
Nickel = 6.5/0 8 11/1.1
Potassium , : t
{Sulfur) - (9.7/2) (39) (37/6.5)
Titaniom ' t
Vanadium , * 1.6/0.32
Zinc 3 ’ 3

ToraL? . - 1.0 a.o 35

Sulfates, Hzc sollz 16 4l 40
(Sulfaz, fzom 500" ' (5.3 (14 Low

Nizrate (8.0 sol}? '

Total Carben’ .14 ] " 20 9.5
(Volatile Carbon)? (13} '
(Carbanates) ! .

TOTAL ANALYZED n T 89 85

BALANCE ' &9 31 3

100% 1008 1cos

~ wn oo

detected in concentration of <l
analyzed by x-ray Zluoreacsnce--Section 3.2.2 8
analyzad by wet chemistIry--3ection 1.2.2 A

analyzed by Oceanograghy carbon analyzer--Section 3.2.2 A

" calculatad from sulfates (sulfur=sulfate/3) to cospare with sul fur

from XRF

for values shown as X/%, X is % of the element present and Y is the
error (i.e. XV =2 Y) '

aot included in totai--sulfur and sulfates are accounted for in sulifur
XRP analysis and volatile carbon and carbooace are accounited for in
total carbon

' KV3 S806-783
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TABLE 4-19. CHEMICAL COMPOSITION OF PARTICULATE SAMPLES
IN PERCENT FOR UTILITY DOILERS (TEST 13)*

SASS SASS - Joy
3um - Impinger SASS Impinger
< Cyclone (inorganic) Filter | inorganic)
SAMPLE # 138-3¢ 13s-1IC 135-55 137-1C
PERCENT OF CUT ‘ .72
'KRF ANALYSIS '
Calcium o t
Chromi um
Iron *
Nickel
Potassium
(Sul fur) , {(1g/6)
Vanadium
Zing , t
TOTAL' _ t
Sulfates, HZO sol? 21
(Sulfur, from soZ}“ . (6.9)
Nitrate (H,O sol)? ' : S
Total Carbon?® - 28
(Volatile Carbon)? : : . (23)
(Carbonates) * . ‘
TOTAL ANALYZED : . . 49
BALANCE } 51
100%
t detectad in concentration of <1
1 analyzed by x-ray fluorescence--Section 3.2.2 B
2 analyzed by wet chemistry--Section 3.2.2 A
3 analyzgd by Oceanography carbon analyzer-=Section 3.2.2 A
'S calculated from sulfatas (sulfuresulfate/3) to compare with sulfur
from XRF .
5 for valeoes shown as X/Y, X is v of the element prasant and Y is the
: error (i.e. Xv ¢ Y ) ) ‘
() ot included in total--sulfur and sulfates are accounzaed for in sulfur
XRF anxl)ysis and volatile carbon and carbonate are accounted for in
total carbon
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TABLE 4-20. CHEMICAL COMPOSITION OF PARTICULATE SAMPLES
IN PERCENT FOR UTILITY BOILERS (TEST 21)

: } ~ sass
SASS Impinger
Filter (incrganic)
SAMPLE # ‘ 21S8-55 215-1IC
!

WT. PERCENT OF CUT 11 | ’ 53

XRE ANALYSIS e _
Iron ‘ . 1/70.2 t,
Nickel : " 1.4/0.2 '
Selenium o L t
(Sulfur) (6.2/2) (19/4)
Vénadium . S

TOTAL! ‘ ' 1.4 t

Sulfates, H20 sol? 55 g 31
(Sulfur, from SOz)“ . (18.3) (10.9)

Nitrate (H,0 sol) 2 t } -

Total Cai:bcm3 ' 3.1 - ’ 9
(Volatile carbon)’ . (&)
(Carbenates) * .

TOTAL ANALYZED | 65 | 40

BALANCE ' , 35 60

100% - 100%

e w N -

w

detected in concantrasion of <1V

analyzed by Xx-ray flucrescence——Section 3.2.2 B

analyzad by wet chemistry--Section 3.2.2 A

analyzad by Ocsanography carbon analyzer--Section 3.2:2 A

calculatad from sullaces (sulfurwsulfate/3) to compars with sulfur
from XRF

for valuzs shown as X/Y. % 13 V% of the elemant present and Y is the

errcr (i.e. Xv 2 Y ) ‘

a0t included in total—sulfur and sulfateas are accountad for in sulfur
XRF analysis and volatile carbon and carbcnate are acsounted for in’
total carbon ' .
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TASLE 4-21. CHEMICAL COMPOSITION OF PARTICULATE SAMPLTS
IN PERCENT '
FOR TEST 22*

sass
Filter
SAMPLE # 225-53
WT. PERCENT OF CUT 10
XRE ANALYSIS
Iron ‘ 3.5/0.4
Nickel 4.3/0.5
(Sulfur) (27/10)
vVanadium 1.3/0.2
TOTAL! 10
Sulfates, H,0 sol? ' 67
(Sulfur, from so;)“ . | (22)
Nitrace (H,0 sol)? ‘ St
Total Carbon?® ' 7.5
(Volatile Carbon)?
{(Carbonates) ‘ .
TOTAL ANALYZED 5 84
BALANCE 16
100%

& W N

(

detected in concentration of <1% )

analyzed by x-ray fluorescence--Sacticn 3.2.2 8

analyzed by wet chemigtry--Section 3.I2.2 A

analyzed by o:.lanoqtnphy carbon analyzer--Section 3.2.2 A

calculated from sulfates (sulfurwsulfate/)) to compare with sulfur
from XRF .

for valuas shown as x/‘z,‘ X is % of the element present and Y is the
error (i.e. Xv = Y ) '

not included in total--sulfur and sulfatas aze acccm:od for in sulfur
XRPF analysis and volatile carbon and carbonate are accounted for in
total carbon '

Test 22J invalid
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TABLE 4-22. CEEMICAL COMPOSITION OF PARTICULATE SAMPLES
‘ IN PERCENT FOR TEST 24

SASS Joy

SASS Impinger Impinger
Filter {inorganic} {inorganic)

SAMPLE # 245-53 248-IC 24J-1IC

WT. PERCENT QF CUT i4 ?2 534

XRF ANALYSIS .

Barium . ‘ t

Calcium ' | t St
Chromiun ' - t

Iron : 2.2/2.3 2.5/0.3 ' t
L=ad | ' t

Nickel . 6.6/0.8 t

(Sulfury ‘ (26/10) (22/7) (30/10)
Vanadium t ‘ '
Zinc ' t

toraL’ 9 3 t

Sulfates, Hzo_sol2 48‘ 24 v 25
(Sulfur, from SO,)* \ (16) (8.1) (8.5)

Niktrate (HZO sol)2 )

Total Carbon’ ' 12 ‘ 25 13
(Volatile Carbon)> ' _ 12
(Carbonates) : t.

TCTAL ANAL‘;ZED 69 53 32

BALANCE - 31 a7 50

100% 100% 100%

dutected in concentrarion of <1y

analyzed by x-ray fluorescence——Sectiom 3.2.2 B

analyzed by wet chemistIy--Section 3.2.2 A

analyzad by Oceancgraphy carbon analyzer-~Section 3.2.2 A

How

calculated from sulfates (sulfurwsulfite/3) 2 compare with sulfur
from XRF

for valuss shown as %/7, X is ¥ of tha elemant presant and Y is the
error (i.e. X% = YT}

Ly

(] not included in total—sulfur aad sulfates ars accounted Zor in sulfur
XRF analysis and volatils carbon and carbonats are accountad for in
total carbon:
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TABLE 4-23.  CHEMICAL COMPOSITION OF PARTICULATE SAMPLES
'IN PERCENT FOR TEST 32 '

SASS, -

Impinger Joy
- {inorganic) Filter

SAMPLE # . 328-IC 323-58

WT. PERCENT OF CUT ‘ 66 . 16

XRF ANALYSIS
Barium ' ' : t
Calcium ' ’ t ‘ 8.6/3

' Chromium : t
Cobalt ‘ o ' | t
Iron ‘ t 1.9/0.3
Lead : . t
Nickel ' , : v 7.9/0.9"
Selénium t .

(Sulfur) ‘ (15/5) | (25/10)
Vanadium ' ‘ ‘ t
zZing B ot , £

'TOTAL' - ' , t | " 18.4

Sulfates, H,0 sel’ , 24 53

© (sulfur, from $O)" (7.9 (20)

Nitrate (Hzo sol_)2 ' '

Total Carbon?®" ‘ ‘ 18 - t
‘(Volatile Carbon)? TS o
(Carbenates) * “

TOTAL ANALYZED ‘ 42 77

BALANCE T 58 . | 23

100% 100%

F "I S I o R L

)

detected in concentration of <1s

analyzed -y x-ray Ziw.’ﬂnctncn—-&mon 3.2.2 8

‘analyzed by wet chemistry--Section 3.2.2 A

analyzed by Cceanography carbon analyzer--Section 3.2.2 A

calculated from sulfatss (sulfuresulfate/3) to compare with sulfur
from XR¥

for values shown as X/Y, X is v of the slement present and ¥ is the
error (i.e. X% =2 Y)

not included in total--sulfur and sulfates are accowized for in sulfur
XRF analysis and volatile carbon and carbonate are aczownted for in
total carben '
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TABLE 4-24. CHEMICAL COMPOSITION OF PARTICULATE SAMPLES
IN PERCENT FOR TEST 33

. Joy
S2S5S Impinger
‘ . Filter (inorganic)

SAMPLE # - : 33s-55 33s-IC

WT. PERCENT OF CUT , 14 31

XRF ANALYSIS '

Barium t

éalcium _ 10/3 - t
Chromium ' , . ' £
Cobalt t . »

Iron 3.8/3.3 1.2/5.2
Nickel . 6.3/0.7 t

. Selenium » t
(Sulfur) ) (30/10) (16/5)
Vanadium ‘ s _ t
Zinc _ | . t t

TOTAL® 20 2

Sulfates, H,0 sol? ' 59 : 23
(Sulfur, from 50,)" (20) (7.8)

Nitrate (Ezo sol)?

Total C;rbon3 o : t 20
(Volatile Carbon)’ ' | {20)
(Cérbonates)3

TOTAL ANALYZED - 79 45

'BALANCE : | 21 : 55

“ - 100% 100%

oW Nt
.

deteczid in concaatration of <IN

analyz:d by x-ray Zluorescence--Section 3.2.2 3

| analyzed by wet chemistry--section 1.2.2 A

analyzed by Oceancgraphy carbon analyzer--Section 3.2.2 A

calculated from sulfates (suifurewsulfata/3) %o compare with sulfur
from XRF :

for values shown as X/Y, X is % of =he element present and Y is the
error (i.e. Xd = Y,

rot included in total--sulfur and sulfates are accowmnted for in sulfur
XRT analysis and wvolatile carbon and carbonate are accounted far in
total carbon
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TABLE 4-25. FUEL &NALYSIS RESULTS OF UTILITY

BOILER #6 FUEL OIL

Test® . Test* Tast® Test* Test® Tastt Test? Testt
21 & 22 23 24 32 33 11 12 13
Carbon. % 86.86 86.68  86.50 86.24  86.09  86.39  86.35  86.34
Hydrogen, % 12.51 12.59 ° 12.62°  12.72  12.61  12.93  12.97  13.02
Sulfur, v 0.20 0.20  0.19 0.22 0.20 0.22 0.22 0.22
Ash, 0.012 0.015 0.012 0.011  0.013, 0.014  0.009  0.C07
Moisture, % 0.12 0.2 0.12 0.26 0.70 0.05 0.2 0.05
Nitrogen, 4 - — - ©0.23 0.23 0.19 0.21 0.24
Oxygen, s - - - - e.32 o.16 0.25 0.25 0.16
Heat of Combustion: . )
Gross Btuw/lb 13,310 19,280 19,250 19,260 19,250 19,278 19,297 13,255
Net Btu/ld 18,170 13,130 13,130 13,180 18,100 -- - -
Alphaltenes, 0.44 0.63  0.38 0.56 0.56 - - -
Mec=als in % og Ash
Vanadium 3.9 2.8 4.1 5.0 8.2 1.93 2.78 3.00
Iron 19 14 11 10 15 3.14 4.33 3.00
Nickel 8.3 1 12 12 9.8 9.3 14.4 12.43
Sodium 13 '13 15 9.2 8.6 4.79 5.11°  5.86
Calcium 5.5 4.4 4.8 4.5 3.6 0.79 1.00  1.00
silicon 1.2 2.8 2.2 2.0 2.2 2.0 3.33 2.29
. Alumimm 0.43 1.1 0.61 3.5 6.1 0.86 1.89 1.57
Sarium 0.31 0.57 0.4l 0.42 0.42 0.86 1.22 '1.24
Boron ‘ 0.051 0.016 0-018 0.011 ' <0.008 0.0l 6.02 0.02
Magnesiim 2.5 3.6 2.8 4.2 3.8 1.79 2.44 2.57
'Manganese 0.11 0.28  0.13 0.13 0.16 0.08 0.12 0.12
. Lead 0.43 0.85° 0.70 0.58 0.42 0.29 0.54 0.37
Tin . 0.1 0.26 0.35 . 0.16 0.19 0.s8 1.08 1.57,
Chromium 0.067 0.22 0.11 0.15 0.19 0.07 0,06 0.05
Titanium 0.34 0.17 ' 0.25 0.065  ©0.084  0.11 0.14 0.14
Copper 0.0S5 0.77  0.092 5.11 . 0.08 0.14  0.17 0.10
Silver 0.0024 0.0044 0.0023  0.0023 0.0024 't . ‘¢ t
Zinc 1.5 1.0 1.2 0.57 9.21 0.23 0.41 0.30
Cobalt 0.28 .31 0.31 0.47 0.42 0.44 0.47 0.59
Strontium S0.11 0.11  0.12 0.075  0.073  0.10 c.09 0.09
Molybdenum - - - 0.023 . 0.024  0.13 0.12 G.06
* Truesdail Laboratories Inc.
t E. W. Saybolt & Co., Inc.
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TABLE 4-26. MASS BALANCE FOR TEST 11

218,765 1b/hr fuel flow; 30.627 lb/hr particulate from ash; 65.03 lb/hr partic-late from SASS

Fraction SASS Pilter SASS I:upingo:. Sum ' ‘rotall Fuel Analysis
s Zrac:ion 18» 6B% 86% B Ko Lo Ash=G. J1lay

Units ~1a/hr 1b/hr 1b/hr lo/hr 1b/hr
Vanadiv 9.24 .. 0.24 0.28 0.33
Iron ‘ 0.58 0.08 . 3.66 0.77 1.35
Nickel L. ' 0.02 1.28 1.49 3.98
Caleim 1.45 o.0L 1.46 1.70 0.37
Magnesium . » Q.77
sod;_m ) ' ) ) . 2.05
Silicon - Q.86
Manganese 0.01 0.01 0.01 0.03
Alvominunm . . J.37
Sarium 0.03’ ‘ , o.ca 0.03 0.37
Lead ' 0.01 0.01 0.02 .02 0.13
Tin . 0.25
Molybdenum 0.01 0.0l 9.01L 0.06
Covper 0.0 0.01 0.02 .02 0.06
Silver 8.01 _ 0.01 9.51 0.0002
Zirc 0.03 0.01 2.04 ' 0.05 0.1c
Titanium 0.03 : 0.01 0.:4 g.0s 0.05
Cobalt ‘ 0.19
Chramium | 0.02 6.02 0.02 0.03
Strontium . .01 . o.oL 0.02 0.02 0.04
Potassium ‘ 0.95 C ¢.01 0.06 0.07

Sulfur . 3.94 oL 5.65 (6.57 2 48l.3
3:9::5.5- .01 0.91 e »
Sulfate 4.19 2.11 ' 6.3 7.33

Nit;:atc' - -—

Total Carbon " o.70 1.25 1.95 2.27

Vol. Carbon - 1.1 1. (1.28)%

Carborate 0.01 - 0.01 (o.on?

Cactmiam - 0.01 6.0L 0.01

Rabidimm ' 0.01 .01 ., 0.01

Selenium 6.0 0.01 0.01

Arsenic 0.01 0.0z s.or

callium .01 : " oo .01

Towal 15,21

rgp  65.03

1 Compare total column with fuel analysis column

2 WNot included in summation
472 KVB 5806-~783
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TABLE 4-27.

MASS BALANCE FOR TEST 12

220,497 lb/hr fusl flow: 19.34 lb/hr particulate from ash; 55.5 lb/Mz particulate from SASS: 44.8 lb/hr

parzic.lace from Soy.

Fraceion
\ Fraction
Unuts

Vanadium
Iron
Nickel
Calcium
H-q;\u iwm
Sodaum
Silicone
ManGanese
Aluminum
Sari-im
Laad

Tan
Molybdanum
Copper
Silver’
Tine
Titanium
Cobalt

Shromium

‘Stroncium

Potassium
Sul fur
Iromine
Sulfaze
Nitrace
Tocal Carbon
val. Cacrbon
Carbonate
Cadmium
Selanium
3iswuch
Gallium

e < 0.1 b/,

Filter
23
/e

9.2
c.53
1.4
2.23

0.04
0.04
0.04

2.08
4.71
$.02

1.19

Impinger
S5%
lb/hr

0.3

"

4.3
4.2

Sum
78%

1b/hr

0.2
0.83
1.4
2.2

L2 B B A )

5.5
4.0

?otAlI

oo
/hr

1.1
1.9
2.5

2
(9.9

Fusl Analvsis
Ash=).009%
/e

0.5
0.77
2.58
0.18
044
5.91
3.6
3.22
3.34
2.22
5.19
0.19
0.02
0.03
0.0001
0.07
0.23
0.08
0.01
0.02

485

Joy
T

Filter Tocal

29% 100%
b/hy /kr
0.1 0.34
Q.16 0.55
0.85 2.9

14 c
2.5 9.17
5.02 3.37
0.02 0.07
¢ £
3.94 (13.5 2
5.18 18.36
2.68 9.1

Total 1.6

TSP

44.3 !

2

Cumpare total column with fuel analysis column

‘%ot included in susmation
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TABLE, 4-28.

MASS BALANCE FOR TEST 13

219,0G3 lb/hr fuel flow; 15.33 lb/hr particulata from asd; 63.5 lbshr particulace fxom Joy

Fraction
3 Fractian
Unics

Arsenic
‘Janadius
Izon
Mickel
Calsi:m
!nqna?;uﬂ
Sodium
le;:cncb
Manganese
Aluminum

3arium

Chros um
St::)ntxu;
Potassium
Sulfur
Rubidiam
Sulfate
Nitrate
Total Carban
vol. Carbon
carbonate
Bromins
S.l,nl:ll
Gallium

Joy
1
Iapinger Total
8% 1004
. ib/ar ib/hr
0.1% 0.19
.0.05 0.c6
0.06 0.08
‘ 0.35 3.56
0.05 2.c6
3.05 0.06
Q.05 Q.96
0.0% 0.06"
0.0% Q.06
.08 a.06
9.59 (12.4)2
10.34 14,1
0.10 0.13
14.88 19.2
' 12.23 t1s.m?
0.0% 0.06
Q.0% Q.06
Total 34.3°
TSP 68.5

Tual Analysis
Agh=Q.007v

lb/hmx

0.13
Q.c4
0.17
Q.3¢e
0.0l
9.00007
Q.03
0.22
.06
Q.008
¢.209%9

482

1 . .
Compare total column with fuel analysis column

2 . . . .
Not included in summation
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TEST 4-29.  MASS BALANCE FOR TEST 21

85,316 1b/hr fuel flow; 10.25 lb/hr particulate fzoa ash; 29.8 lb/hr particulate from SASS

Praction SASS Pilter SASS Impinger Sum Totall Fuel Analysia
% Praction 1ly 738 848 100% Ash=0.212%
Units lb/hr lb/hr lb/Mr lb/hr ib/hr
Boron , 0.005
Arsmic 0.003 o 0.003 0.003
Vanadium 0.01 0.01 0.01 0.40
Iron 0.03 ' 0.08 0.11 0.13 1.95
Nickel 0.0S , 0.02 . 0.07 0.08 0.85
Calcium - 0.003 ‘ " 0.003 0.003 0.56
nagnesium l 0.26
Sodium 1.33
Silicone ) 0.12
Manganese , ‘ 0.02 0.02 0.02 0.01
\luminum ‘ 0.04
Barium 0.03
Lead . 0.003 0.003 0.003 0.04
Tin 0.01
Molybdenum ' 0.02 0.02 0.02
Copper . ' 0.02 0.02 0.02 0.005
Silver ' 0.0002
Zinc 0.002 0.02 .0.023 0.03 0.15
Titanium o 0.03
Cobalt 0.003 0.02 0.023 0.03 0.03’
Chromium ‘ 0.02 0.02 £ 0.02 0.006
Strontium o 0.003 0.02" 0.023 0.03 0.01
Potassium . 0.003 : 6.02 0.023 0.03
Sulfur 0.21 a.16 4.37 (5.1m2 1.71
Selenium ) 0.003 0.08 0.083 0.1
Sulfata 1.8 T e.82 8.63 10.21
Nitrate ‘ 0.0l ' 10.03 0.04 0.0%
Total Carbon . .0.30 ) 1.97 2.27° 2.69
vol. Carbon ' - 1.31 1.31 (1.55) 2
Carbonate I-- . . —
Bromine : ' 0.02 | - 0.02 0.02
Zirconium ' 0.02 0.02 0.02
Total 11.5
' TSP, 29.8

1 Compare total column with fuel analysis column'’
2 Not included in summaticn
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TABLE 4-30. MASS BALANCE FOR 1EST 22

43,174 lb/hr fuel flow; 5.18 lb/hr particulate
frem ash; 20.2 1b/hr particunlate from SASS

Frac::xon . SASS Filt';ar Sum Tctall Fuel Analysis
% Fraction 10% 1on - loex Ash=Q.012%
Units lb/hr 1b/Mr o/hr n/hr
Boron . 0.002
Arsenic 0.002 0.002  90.02
Vanadium 0.03 0.03 6.29 0.20
Izon ' 0.07 < 0.07 . 0.89 . . o.s8
Nickel ‘ 0.13 0.10 Q.98 ) Q.43
Calciua a.23
Mz jnesian ' . ‘ 0.13
‘ Sodium . . a.67
Silicone 0.06
Manganese 0.002 0.002 0.02 J.005
Aluminum 0.02
Barium t , 0.0z
. Lead 0.002 g.00z2 0.02 0.02
Tin ‘ . 0.905
Coppar Q0.002
Silver 0.0001
Zinc 0.002 0.002 0.02 2.08
Ti,taniun R ) 0.02
Cobalt 0.002 © 0.002 6.02 . 0.01
Strontium : . N 0.005
Sulfur 0.36 0.56 (s5.49° s6
Selanium ¢.002 Q.002 0.02
Sulfate 1.38 1.38 15.53
Nitrate Q.0004 0.0004 0.004
Total Carbon 0.15 0.15 (1.4m2
g Vol. Carbon -_
Carbonats -_
’ ' Total 17.86
TSP 20.2

1 Compare total column with fuel analysis colum
2 Not included in suwmmation :
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TABLE 4-31. MASS BALANCE FOR TEST 24

115,238 idb/hr fuel {low; 13.83 lb/hr particulate from ash; 6.2 ib ir
particlate from SASS; 59.3 Is/Mr particulate from Joy )

SASE Soy
Fraction Filtar Ispinger Sum ‘!‘onll Tual Analysis izpinger Total
s FPraction 148 753 898 100% Asb=0_ Q12 748 1008
onits - Wwhr n/he 1b/hr 1b/hr 1b/Mr W/he ib/Mhr
Boron ' 0.002
Sromine 0.006 0.0) 0.036 0.04
Vanadium 0.05S 0.05% 0.06 0.57 ]
© Iromn ‘ 8.143 ' 0.6 1.003 0.09 182 0.12
Wickel 0.43 0.1 0.59 0.66 1.66 0.04 . 0.08
Calcium Q.12 0.12 0.14 0.66 ' 0.13 0.18
MAagnasium ! 0.19
Silicone : 0.30
manganese 7.006 0.03 0.036 Q.04 0.02 0.04 . 0.05
Alusanue 0.08
Barium 0.009 ' 0.009 0.01 0.06
Laad 0.008 0.03 0.038 c.04 0.10 0.04 0.05
Cadmium ' 0.03 0.03 0.03 0.0
Molybdanum 6.03 ° 0.3 0.02 . i
Copper : : 0.03 0.03 0.03 0:013 ‘ 0.04 0.05
Silver 0.03 0.03 0.03 " ¢.0003
Zine ‘ 0.016 0.03 0.46 0.05 0.17 ‘0.04 " Q.08
Titanium 0.03
Cobalt : ) L 0.04 ‘ 0.04 0.9%
hromiue - 0.21 0.21 0.24 0.02 o.08 0.08
_ Stroncium ' 0.03 0.03 0.03 0.02
' Pocassius 0.03 0.03 0.03
Sul fur 7.59 ' 7.59 (8.55)2 220 13.18 {17.79)
Selenium 0.006 0.03 0.036 0.04 ‘ ) 0.04 0.05
Sulfate .11 8.41 11.52 12.97 ‘ ‘ 11.2 15.11
Nitrate -— - ! ' —
Total Carbon 0.8 9.63 9.43 10.62 s.71 1.7
vo}. Cacbon - 1.04 1.04 (an? 5.27 (7.1 2
Cacbonate .~ - I Q.09 16.12) 2
Tocal 26.3 ' Total 23.4
TSP 46.2 TSP 59.3
1 Compare total column with fuel analysis columm

2 Not included in summation
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TABLE 4-32.

MASS BALANCE FOR TEST 32

210,857 lb/hr fuei Elov 23.19 lb/hr particulate from ash; 84.5 lb/hr particlate from SASS:
'58.7 1b/hr particulate froa Joy.

t < 0.1 lb/hr

Fractica SASS Impinger ' SASS Filter Sum Total Fuel Analysis

% Fracticn T6% 1Cs =11 Y 100% Ash=0.01llv

Units b/hr 1b/hr lb/hre 1lb/hr lb/hr
Boron ' 0.003
Vanadium 0.09 0.09 a.l 2.69
Iron 0.47 0.09 0.56 0.65 2.32
Nickali Q.11 . Q.73 J.343 .33 2.73
Calceium Q.13 J.73 ©3.232 PN 1.4
Magnaesium 2.97
Sodium 3.12
Silicone Q.46
Manganese t t T g.03
Aluminus 7.81
Barium T 2.1
Lead t k e 0.13
Tin 0.94
Molybdcnum € T € 0.005
Copper 14 t t 0.03
Silver ' . 0.0005
2inc 13 t t < LL2
Titanium 0.015
Cobalt T ' t z z Q.11
Chromium " 0.11 0.11 0.13 0.03
Strontium 14 T t 3.o17
Cadmius e t T
Sulfur 9.6 2.3 11.9 (13.9) 464
Salenium Q.13 0.13 Q.15
Sulfate 15.2 - 5.4 20.5 24.0
Nitrate 13.3 13.3 15.5
Total Carbon 11.5 11.5 13.4

Total 56

1 Compare total column with fuel analysis column

2 Net included

in swmation
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TABLE 4-33.

MASS BALANCE FOR TEST 33

209.C55 lb/hr fuel flow; 27.18 lb/hr particulate from ash; 96.9 lb/hr particulate from SAS3:

97.7 ln/hr particulate from Joy.

Praction SASS Impinger SASS Tilter Sua Total } Fuel Analysis
% Fraction 64! 4%, 78% 100w A.;hvo.alq\
Units b/hr lb/hr lb/Mmr 1b/hr lb/hr
Boron 0.002
Arsenic 0.01 0.01 0.01
Vanadium 0.01 0.01 0.01 2.2
Iron 0.7 .49 1.19 1.51 4.1
Nickel 0.1 0.87 0.97 1.23 2.7
Caicium 3.99 1.4 1.13 1.33 1.9
Magnesium 1.0
Sadium 2.3
Silicone 3.6
Manganese 0.06 0.06 g.08 0.04
Aluminum 1.7
Barium 0.06 0.09 0.15 0.19 0.1
Lead 0.06 0.01 0.07 0.09 0.1
Tin 0.05
Molybdenum 0.06 £ 0,06 0.08 0.006
Copper I ‘ 0.06 0.06 0.08 0.02
Silver 0.0006
Zine 0.1 0.05 0.15 0.19 0.05
Titanium 0.02
Cobalt 0.06 0.02 0.08 0.1 0.1
Chremium 0.2 0.02 0.03 0.05
Scrontium .0 0.01 ‘ 0.01 0.02
" Selfur 10 i . 14.2 (18.06) 2 420
Bromine 0.06 0.06 " 0.08
Sulfate 14.54 8.14 . 22.68 28.84
Nitrate 12.63 7.37 20.0 25.44
Total Carbaon 12.47 - 12.47 15.8€
Vol. Carbon 12.47 -— 12.47 {15.86) 2
Carbonate -I -
Cadmi um 0.06 0.06 0.08
Selenium 0.07 0.07 0.09
Total 75.5
"tsP 96.9

1 Compare. total column with fuel analysis colum

2 Not inecluded in summation
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Weight Percent of Particles*

. Test No. >10um  10-3um 3-1um <lum
11s 3 2 1 ‘ 94
. 113 9 3 3 85
‘1258 2 3 5 90
. 127 - 9 .3 3 85
133 2 0 0 98
237 8 1 1 90
24s . 5 .5 0.5 94
243 2 0.5 , 0.5 97
325 3 1 1 .95
323 0.1 0.9 3 96
33s 4 4 5 87
333 8 1 1 30
21s 0.3 0.7 1 98
217 0.9 0.4 0.7 o8
22s 0.1 0.9 4 95
Mean® 4 1 2 93
< ‘ ' For two of the-tests (137, 23Jf, e amount of matter collected in the middle

cyclone was so small taat when plotted on the size distribution curve iz would
appear to give a vert.cal line. For this  reasen the line for these two tests
‘were not dra&n. Care must be take. wﬁen projecting the size di:tfibution
curve to outside the range cf 1-10 m. This is outside the range of the cdata

and when projections ace made “the error in doing so is greatly increased.

*Taken from Figure 4-26
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figure 4-26 is the particle size distribution range determined for the 18
utility boilerx tesﬁs. The area between the solid lines is the particle size
distribution range with the impingér catch, and the area betwean tne dashed
lines is without the impinger catch. The mean particle size including the

impinger catch (i.e. particle size at the_ 30% pcint) is less than 0.1 wm.

3. Particulate mass balance (elements in ash vs. elemerts in garticulate

catch)=-The mass of each element in the ash of the fuel going into the atmo-
sphere as particulates (second law of thermodynaxics). Tab.e 4-26 lis=s the
results of the fuel analysis foi each.of the fuels burned for cach utility
boilexr ga:ticulate Lest. T5 calculate the mass rate cf each element Irom
the fuel analysis, the following equaticn was usad:

(element %/100) x (ash%/100C) xi(lb/hr of fuel burned) = 1lb/hxr of elémentlw
A

Chemical Composition

'

}Tables 4-17 to 4-24 present the chemical compwsitien for the varicus
utility boiler tesﬁs. In each case the primary constituents of the particulate
mattef was found to be sulfates ranging from 20 to 50% by weight. The sulfur
determined by XRF should be 1/3 of the pe;;eﬁt of the sulfates determined by
wet chemistry., The table shows sulfur based on the sulfate anlal.lysis apd on the
XRe analysis.' The agreement is fair, sometimes the XRF value is highér anc
other timés the sulfate value is h;gher. The sulfate value is the more reliable
determined by, accurate wet chemistry technigues. The' XRF method for sulfur is
only aporoximate because sulfur is on the low limit of the XRF sensitivity.
the next largest constituént is total carbon averaging approximately 10%
although values'vary from 1 to 83%. The values reported afe the average of

two determinations and several apparent cthers were retested and confirmed.

The other elements detacted in measurable guantities are iron, nickel,
and to a lesser extent calcium. Traces of the following metals were also

found: barium, cchalt, selenium, potassium, titanium, vanadium, and zinc.

. KVB 5806-783
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The results of this calculation far each element are listed in the laIt
column in Table 4-25 to Table 4-33 for each test. To calculata the Tass
rate of each elemental from the chemical analysis of the particulata catches

the following eguation was used:

element % % fraction, . C s N
( 100 } x o0 [ x (parciculate emission ib/nhx)

= lb/hr of element (outz) for each fraction

The mass rate, lb/hr of each element for the fra;tions are added and the
percentage of the fractions are added. The sum of each element is divided
by the sum of the fractions {decimal equivalent) to give the total mass rate,
1b/hr, of elements going out the stack. These are listed in Tabls 4-25

to Tazla -3

[¥F)

In some cases, as i Tasts 12 and 24, both SASS and Jov sampling

: N - - . s .
e - 7 o= - 2 — i i e Y s
#rains nad at L22sT on2 IXACTLIOD WLIn LarTe ang

nalvsis. Thus a mass balance was done for each sampling train.

4. Tmissions and emissicn factors--Emissions and emission factors can te

lis=ed <for several different units. The list below shows scme cf these

emissions and factors.,

missicos
Test 8 g/ s T P-TAT 1h/ wtu 19,1300 Fal Dusmed ‘
118 3.0091 284 65.23 0.2154 1.29 ’
15 a.2078 241 55.8 8.0132 1.9
12 a.5¢72 242 38.5 9.0130 - 1.9¢ '
127 3.0058 196 4.3 0.c108 1.5
135 2.7 328 i3 9.0s@ 747
137 0.c08e 299 6d.5 o.ote2 2.41
118 0.428% 1 2l0.3 0.0534 0.08
133 a.0084 264 6.3 0.9182 2.34
las a.o112 202 46.2 9.0214 3.8
243 0.0144 me 491 0.527S a.s?
123 g-0c124 69 @S 0.3211 1.09
12z 9.008€ % | 58.7 0.0147 2.14
s 9.2332 a3 el 3.0244 356
"o 2.9133 27 9T 0.0348 1.59
us 0.0092 135 9.3 a.ox2 .77
s 2.0071 9 3.3 9.017 FIPE
223 9.3152 7 1.2 0.323 3.70
225 2.0046 3 A 0.3099 .57
Average  3.0C98 12 st 0,285 2.7
* mor included in the average (had daca) LB 38Ce-783
4-32




The

average emission factcr for these tests is 2.77 1b/1000 gal. However,

this value is about half the emission factor that the SCAQMD uses in the

EIS

low

syStem. This is because EIS system has not been updated since the new

sulfur (0.25%) requlation has been in effect. Figure 4-27 plots the

emission factor vs fuel sulfur contents. Particulat: emission data from

several sources have been obtained to generate this plot. The relationship

from AP-42 (Ref. 4-7, top line) which uses only the front half of the parti-~

culate catch (does not include impinger catch) seems$ to be high compared to

the
the
but
ard

is

ch2 emission Jactor Sor the 2.25% sullur fuel? The avara

obtained‘da;a. The relationship given by SCAQMD (Ref. 4-8) which is for
total catch (impingef catch inclpded) seems correct for high sulfur fuel,
seems too high for lower sulfur fuels. The relationship given by Goldﬁ:ein
Sigmond (Ref. 4-1) seems to fit most of the data prasented nere. What

2 oI Tne i3

*l

LUB/ARB tests was 2.77 15/1000 gal and the average of six other particulate

sasts was 2.9 1b/1000 gal. The emission factor is suggested to be 3.0 1z/1300Q

gal.
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4.2.5 Internal Combustioﬁ Engines

A. Process Description--.

The internal combustion engines, for this study, are in general, large,
heavy-duty, general utility reciprocating engines. These are generally used
to generate slectric power, to pump gas or other fluids, or to compress airx

for pneumatic machinery.

1. The function of the IC engine in Test 7 is to pump fluids. This is
a Climax, gas fueiad, reciprocating engine. The fuel was digested gas from

a waste disposal operation.

2. The function of the IC engine in Test 15 is to generate electric
caowar, This 23423 hp, turbocharged, diesel-Zualsd (EMD) an3ine was manciace
turad by Electro Motive Division, General Motors {orporation.

B. Pasticulate Test Set-up-- .

1. Test 7, IL engine with digester gas fuel~--Two sampling trains were
used simultarecusly at t;.‘xé sane location on {:he exhaust duct of the IC
engine. This sampling station was on the vértical section of the duct (5-1/8"
diameter) ieading to the atmosphere, at least six dﬁct diameters from thé
nearest bend. The velocity profile in this duct is listed in Table 4-34
The particulate sample was taken through a 9/15" nozzle for the larger SASS
rain at Velocity foint 6 and through a 5/16™ nozzle for the smaller Joy

train at Point 7.

2. Test 15, IC encine with #2 diasel fuel--Only the smaller Joy train

was used to sample particulates from this source. . The sampl%ng s:a;ion was
located on the vertical section of the duct (18-3/4" diameter) leading to the
muffler. (see Tigure 4-23).° The velocify profile in the duct is listed in
Table 4-35. The particulate sample was taken through a 1/4" nozzle at

Velocity Points 1, 3, and R for 80 minutes each.
cC. Particulate Test Results--

The results of the tests (Test 7 and Test 13) discussed in this sec-

‘tion are liszed in Table 4-1. Elemental composition, sulfate, nitrats, ani
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TABLE 4-34.  VELOCITY PRCFILE FOR INTERNAL COMBUSTICN ENGINE
(TEST 7)

NN
, v

3ASE sampling
point
3/16" nozzle

. 5-1/8"

Temperature: 412°F

Static Pressure: J.1" H23

Distance from , Velocity

end of duct Point % ft/sec Point # ft/sec
0.37 1 - 48.4 s 46.9
L3 2 47.7 6 59.3
2.8" R 38.1 R 61.2
3.5 3 59.3 7 60.6
M 4 38.7 8 60.0

Average: 56.0 ft/sec

285 SC™
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TABLE 4-35. VELOCITY PROFILE FOR IC ENGINE
(TEST 13) '

Joy sampling
So1nts

1/4" nozzle

13 14 15 16

9 10 11 12

30 min. each []

13-3/3" |
Tamperature: 520°F
.Static Dressura: +4-1/2" HZO
. Velocity
bistan;e from Point Point T
internal wall § ft/sec F . ft/sec
0.6" 1 137 8 .97
2.0 2 136 9 51
3.7 3 142 10 72
6.0 4 131 11 77
9.4 R 102 B | 93
12.7 5 102 13 o3
15.1 8 118 14 104
1l6.8 7 134 . 15 113
18:1 '8 137 6 1l

» Average: 103 ft/sec
5508 SC™

T o

| bt -t e s stk e

XVB 5806-783



carbon analysis were determined for all fractions of particulate catches
‘which contained weights in excess of 100 mg. The details for these pro-
cedures are discussed in Section 3.2.2. Tables 4-3G and 4-37 list the

results from these analyses.

D. Discussion of Results--

1. Particle size d;stribution——Figu:e,»4—29 is a plot parzicle size
(um) vs. accumulated.weight percent, the latter plotted on a probability
scale as explained in Section 3.2.3 B. Two curves aza presented, one
including the impinger catch, and the other ignoring it. Considering the
lérge amount of material collected‘in the impinger, it would seem that the
effect of pseudo particulates would be insignificant. ‘Therefore, the impinger

catch was beliaved to be progerly included i tn2 measur

]

2nTs 3 zne

suspended particulates from IC engines. The breakdown of the particle size
distribution taken from Figure = 4-29  including 'the impinger catsh, 1s as

follows:

Percent of Particles

. . . >10um ' 10-3um 3-lum <ium
Test 75 (digester gas) ’ 0.6 0.15 0.3% 99.1
Test 7J (digester gas) 0.8 0.4 0.6 98.4
Test 157 (#2 diesel oil) | 4 ‘ 2 A 92

No=e that the size of particle appears to be smaller fSor IT engines burning

digester gas than for IC engines using #2 diesel fuel.

2. Chemical composition--Tatles 4-36 and 4-37 lict +he results frem

ey

the chemical analysis of the particulate fraction for each of the tests
discussed in this section. For Test 7, sulfates and carbon are most abundant,
followed by chlorine. The fuel analysis of the diesgl 0il used for Test 135
is listed in Table 4-40. For Test 13, sulfates and carbon are most

abundant followed bv calcium on the filter.

3. Emissions and emission factors--Emissions and emission factors can

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

emissions and factors.

KVB 5806-783
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Fuel--Digester Gas ' Fuel-—#2 Diesel 0il

Units Test 7S Tast 7.7 Tast 157

gr/DSCF h 0.04 0.02 . 0.03
T/yT ' 0.4 0.2 4.5
. 1b/mx 0.09 .04 : 1.4
1b/¥Btu ' 0.06 0.03 0.1
1b/100G gal burned R L - .8

- 1b/1000 gal burned (Ref. 1) = — - ~13
Ib/million £t - s s --

4.2.6 Portlani Cement Manufacturing

a. frocess Desc:i;:ian {Ref. 3-1J to 4-12)--Portland cs2man%t manufaz-urs
accounts Ior about 98% of the csment production in the United States.
more that 30 raw mazerials used to make cemert mav be divided into four basic
components:  lime (:alcazeousf, silica (siliceous), alumina (argillaceops),
and iron (fer:iferous). Approximately 3200 poﬁndslbf dry raw materials are
zequired %o groduce cne ton  of cemexnt. Agrproximately 35% of the faw material
weight is removed as carbon dioxide anéd water vﬁpor. As shown in Figure 4-
30, the raw materials undergo separate crushing after the guarrying operation,

and when needed for process.ng, are proportioned, ground, and blended using

the dry procass.

In the dry process, the moisture content of the raw material is
reduced to less than 1% eitber before or du:iné the arinding oge *atlon. The
dried materials are then pulwverized into a :owder ar.é fed dirsct ints a
rotary kiln. Lsxall;, the kiln is a long, norlzontal steel cylinder with
a refractory brick lining. The kilns are slightly inclined and rotate
abouﬁ the longitudinal axis. The pulverized raw materials are faod into the
upper 2nd and travel slowly to the lower end. The kilns are fir=d from the
lower end so that the hot gases pacs ucward and through the raw material.
Drzing, decarbonating, and calcining are accomplished as the material travels
through a heated kiln, finally burning to incipient fusion and fo:ming‘the
clinker. The clinker is cooled, mixed with about :% gypsum by weilght, and
ground: to the.final product fineness. The cement is then stored for later
packaging and shipment.

{Ref. 4-9) ' ' ' KVB 3306-783
' 4-100
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TABLE 4-36. CHEMICAL COMPOSITION OF PARTICULATE Sal

IN PERCENT FOR IC ENGINES (TEST 7)

reoo
il D

SASS : SASS

from XRF i :

for valuas shown as X/Y, X 13 v of the element present and Y isg the
errer (i.e. Xv = Y ) '

not included in total-——sulfur and sulfatas are accounted for in culfur
XRF analysis and volatile carbon and carbonate are accounted for in
total carben ‘

4-101

Joy
‘Filter Impinger Impinger
SAMPLE # | 07s-35 7s-IC 73-IC
PERCENT OF CUT o ‘ 2 92 72.
XRE ANALYSIS
Calcium - o2 t t
Chlorine 5 . . ‘ 7.2
Potassium ' ' ‘ <2
(Sulfur) ' (5.2} (7.9 (22)
Zing <
TooaL! . 13.0 t t
Sulfates, HZO sol? ' 6.3 43 43
(Sulfur, from SO,)" (2.1) (14.5) (18)
Nitrate (HZO sol)? ‘ . ,‘ t é-l
‘Total Carbon’ 8.4 22 20
(Volatile Carbon)? . C (18) (14.53)
(Carbonates) * ! 5
TOTAL ANALYZED - 28 65 72
BALANCE 72 35 28
1008 100% 100%
T, dlctnc.::ed in concentration ol <1%
1 analyzed by x-ray flucrescence--Section 3.2.23
2 analyzed by wet chemistry--Section 3.2.2 A
3. analyzed by Ocaanograpny carbon analyzer--Section 3.2.2 A
L)  calculated from sulfates (sulfuresulfate/3) to compare with sgl.fu:

KV3 5806-783



TABLE

4-37.

CHEMICAL

IN PERCERT

COMPOSITION OF PARTICULLTE

FOR IC ENGINZS (TZST 135)

wn

calculated from sulfates

Irom XRF

for values shown as X/Y.

/IIDr (l.e.

a0t included in total--sulfur and sulfates arze
IRF anaiysis and volatile carbon and cazbcnate

tozal cardon

Xv = ¥ )

X is % of the =2lesment

are

4-102

present and v

accounted
accow ted

compare wirh sulfur

15 the

in sulfuz
for in

Sor

Joy Joy
Joy Imoinger Impinger
Filter Crganics Condensata

SAMPLE # 15J3-5s 1533~I0 155-zC

PERCINT CF CUT 13.5 25.4 31.9

{REF ANALYSIS
Calcium 4.7 t
Chlorine t
Iron t
Pctassium T <
Silicon T
(5ullur) (3.3) () (12)
Vanadium t

TOTAL' 5 € t

Sulfates, 0 so1? 8.2 T 20.4
(Sulfur, from so;)“ (2.7 T (7

Nitrate (HZO sol)? -

Total Carbon’® 5.34 t 1.14
(Volatile Carbon? T
{(Carbonates) 3 - (1.8)

TCTAL ANALYZZD 19 3 21

BALANCE 81 97 72

100% 100% 130%
t dataczed in concenzration of <lw
1 _analyzed by x-ray fluorescence--Section 3.2.2 B
2 analyzad by wet chemistry--3ectien 3.2.2 A
k] analyzad by Ocsanograpny cirben analyzer--Section 3.2.2 3
4 {sul furwsul faze/3) to

XKVB 3306-733
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AJoy Mfg. Sampling Train without Impinger (Test 15J)
Figqure 4-29. Particle size distribution for IC engines (Test 07)
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5. Farticulate test set-up--

Two zests wers Jone on the same cement Xiln ccerating 3T asgroximate-

Jitions, and at the same Tosition on the stask Zcwnstream cof

l2ading to the atmosghera. .atural gas was used as zhe fuel scurc: IS

velgcity grofiles ia the stack Ior the Two t2sis are
Velocity coints greater than 72 inches wers not able

Test 9 and velocity points greater than 121 inches we

Deasurad even with the pizor tube extensicon f£or Test 13

13, czal firiag, the mean wvelocity in the szack is sowmewnaz nigher than the

as natural zas IS ¢fesating $he Drocsess.

wrain was used with o x 3/3" ngzzle at Velogity PoLnt 3L, .
c.
4 -

Table
analysis wera determined for all fractions of partigulate catches wniil
conzained weights in excess of 120 &g. The Zetails f2r thase grocacures.
are discussead in Section 3.2.2. Tables 4=-40 and 4~41 1ist the results
from <his analvsis.
2. Disgussicn i Results-—

1. 2article size Z2istribution--Figure 1-31 15 a plor 9% zartwiclz siz=

(um) vs. accumulazed weizhz gercent, the latter plotzad con a probability
scale as ex;lained'in Section. 3.2.3 3. Two curves are crasented, one.
including the impinger zatzh, and the other ignoring it. The size iistridbu-
ticn curve Zor both tests igno:i;g':he impinger cazch are idenctical. Howevar,
when =he impinger catsh is included the gurve shifzs D the righi; mere 5o
for the coal firing than cas. The breakdcwn oI the raTticle size distrilu-

tion including the impinger +taken from Figaxe 4-31 i5 as




TABLE  4-39, VELOCITY PROFILE FOR CEMENT MANUFTACTURING

|
: Test 9 |Test 18
. \ Temperature 3es°P 375
sl s/ 2 o Static
Pressure -Q. 1'1'120 +0.2
Sa=sle Fuel | oses | zoa
poLntT :
5/8" nozzle
3" peors '
3" deep
138% cevm————
) Test 3 Test 18 '
Distance from Velocity Valocity Valocity
End of port Foint # ft/sec ft/sec
6" 1 1.1 4.5
l4-3/8 2 3.l 42.7
23 3 32.6 43.2
33-3/8 4 2.8 4.15
50~-1/2 S 20.3 39.7
ks R . 37.8
93-1/2 6 -— 39.7
109-5/8 7 -— 3.2
21 8 - 4.7
6" 1 32.6 46.0
14-3/3 12 36.8 47.0
23 13 4.8 44.4
24-3/8 14 4.1 43.2
50-1/2 15 1.1 41.5
n R 31.1 38.4
93-1 16 -— 39.0
109-5/8 17 -— 39.7
121 " 18 -— 39.0
Average 312.8 ft/sec 40.2 fr/sec
128760 scr 154514 sc»
4-107 KVB 5806~733




TARLE 4-40. CEEMICAL COMPOSITION CF PARTICZULATE SaMPLES

IN PERCENT FOR GAS TIRSD CIMENT XIIN (Test 5)

10um 3z

Cyclone Cvzlone Filzer
SaMPLE @ - 9s-213 © 9s-33 735-53
PERCENT GF CZUT ' 28.7 . 36.5

XZ3 ANALYSIS
Calcium 27/3 . 22/3 16.1/3

Chromium ' z

Potassiuao 1.4/2. 1.53/2.3 2.4/C.3
Iuliur 2.25003) R
Trtanzum ket
ToTaL” 30 24 13
Sulfatas, #.9 soll 1.25 1.53 4.27
(Sulfur, from 50)° (0.42) (3.36) (1.2
! -
Nitrate (HZO saly? t = €
':‘otal‘Ca:bon3 15 19
(Volatile Carbon)?® (3.22) (2.565)
(Cartonates) : (3.79) (3.13)
TOTAL ANALYZED . ' 47 35 23

u
(V1]

3ALANCE 53
120% . 12C% 130%

datectad 11 -oncentration'Aaf <ls

1S analryzad by x-ray flucrescance--Section 3.2.2 3

2 analyzed by wet chemistTy--3action 3.2.2 A

3 analyzed Sy Jceanography carbon aralyIer--Section 3.2.2 A

4° caiculated from sulfates [(sulfuresulfacas/3) to compare wizh sulfur
Irom XRF

5 for vailes shown as X7, X 23 V of Zhe elenent gresent and Y 15 the
&rr3r {(l1.&. XV = ¥ )

t not iacladed it zotal—sullur and sullataes are actowmntad for in sulfur
XAF analysis and wolatile carben and zabonate are accounted T in
totai Tarbon

- 73 33Ch-
4-128
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TABLE 4-41.

CHEMICAL CCMPCSI™™™N OF PARTI(CLATE SAMPLES

IM PERCENT FCR CCAL FIRED CEMENT KILN (TZST 138)

,lum 10um B,
: Cyclone Cyclone Cyclone Impinger Fiiter
SAMPLE # 185-45S 185-25 185-3s 13s8-:IC 185-53
PERCENT QF CU 3.9 24.1 30.5 26.2 3.8
XRE ANALYSIS ' v
Calcium 22/6 17/4 ,20/6 t 22/7
Iron 1.2/72 1.1/2 t t 1.7/0.2
Nickel t
Sotassium 1.5/3.4 1.1/0.3 1.67C.5 1.5/72.5
(Sulfuxn) (<3) (2.7,72.70) (3.2,2.2)0 a2 iy o= 200
totant 25 20 22 2 25
Sulfates, HZO sol?. 1.82 3.8 3.2 70 6.
(SulZur, from 504;“ (£) (1.25) (1.06) (23 (2.1)
Nitrate (HZO sol)z‘ t t ‘ t 3.2
Total. Carbon? 10 9.8 11.4 4.1 4.7
(Volatile Carbon)’ (4) (4.1) (4.7 3.9
" (Carbonates) ’ (6.8) (7.4) (8.5) (4.4)
. TOTAL ANALYZED .37 34 37 80 36
BALANCE 63 66 63 20 64
' 100% 100% 1003 100% 100%
€ detectad in concentration of <i\
1 analyzed by x-ray fluorescance--Section 1.2.2 B
2 analyzed by wet chemistry--Section 3.2.2 A
3 analyzed by Oceanography carbon analyzer--3aczion 1.2.2 A
1 calculated from sulfates (sulfuresulfate/3) %o compare with sulfur
from XRF
5 oresent and Y is the

()

st ettt

2or values shown as X/Y, X is A of the alament
arror {i.e. XV 2 Y.) C

not includad in rotal——sul. .r and sulfates zre accountad for in sulfur
XRF analysis and volatile carbon and carbonata are aczountad for in

total carbon

4-109
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(3]

21 0.1 0.51 2

i i 0
I 1

1 1!
2 20 30 40305070 SO 9

[

WEIGHT, PIRCENT _ESS THAN 3TATED SIZZ
a SAS3 Train with Impinger ) Test 18
D SASS Train without Impinger ) £fired
o SASS Train With Impinger ~) Test 9

SAS3 Train wWithout Impinger ) .fired

Ty ’ - o . . - . . - .
Figure 4-3l. ‘parvticle size 'distributicn for cement manufacturin
(Test C9). :
XVB 533C6-783
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The mean particle size, including the impinger, for Test 18 is 13um and 23ume
for Test 9;'icnoring the impinger catch it is 27um for both tesss. These ro—t
sults are sxm.lar to other size d1str1butlon data available in the literaszure
(Ref. 4-13 and 4-14). ‘ - '

2. Chemical Composi=ion-- Tables 4-40 and 4-41 list the results from

the chemical analysis of the particulate fraction for each of the test%
discussed' in this section. Calcium is the most predominant species, as cne
would expect. Carbon is second most abundant. Its origin is most lik iy
from,the uncombusted fuel. The concentration of carbon is sllgﬁtly mors

for ceoal ;1rlng than natural gas firing. Sulfate is thlrd most abundant and
tends to concentrate in the impingers. As expected, sulfate concentration

is higher for coal firia

\(l

than gas firing, Zue &5 higher sulfur sonmsans of
the fuel. Nitrates also tend to end up in' the i1mpinger. Iron and potassium
are in the range of 1% of the total particulates. All other elaments listad

were detected in trace amounts.

3. Emissions and emission factors--Emissions and emission factors wan

be listed with several different units. The followlng lists some of these

em;ss;ons and fac*ors based on these two tests alone.

. ‘ Test 9 (ggs) . Test 18 (coal)
gr/oscr 0.0056 - 0.0099
T/yT . 22 o o 48
lb/mr 5.9 , 12.5
1b/ton produced ‘ 0.21 . : 0.43
1b/bbl produced 0.241 ‘ 0.084

4.2.7 Calcination of Gyosum

Gypsum is a mineral that occurs. in large deposits throughout t‘ue

werld. It is hydrated calcium sulfate, with the formula C?SO4 2H20. When

heated slightly, the following reacticn occurs:

CaSO4'2H20 = Caso "1/2 HyO0 + 1-1/2 H,0(q); &4 =‘+l?.700 cal.

KVB 5806-783
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If the heating is at a higher temperature, gypsum lcses all of its water and

beccmes anhydrous calcium sulfate or "anhydrite.” Calcined gypsum can be

made into wall plaster by the addition of filler materials such as asbestos,

wood pulp, or sand. Without additions, it is plaster cf garis and is used

for making casts and for plaster.
A. Description (Ref 4-15)-- :

The usual method 2£f calcination of gy;sum.ccnsists of grinding the
mineral and nlacing it in a large zalciner which holds about ten tons of
gypsum. The temperature is raised to about 350°F with constént agitaticn
to maintain a uniform temperature. The materials in the kettle, commonly
and called "first-settle plaster by the manu~
2 withiraun 2nd markazad at this zoins, or
Surthier to 4C0°F to give a material known as “second-settls plaster.

is approximataly the half avdrate, Casc,.l/Z2 .2, and

is zn the form of £irst settle plaster mixed with sand or wood pulp. The
seconé Sorz is used in the manufacture of plasterboard and other gygsum
croducts. Gyzsum may be calcined also in rotary kilns similar tl these used
for limestone. Figure 4-32 is a schematic of the calcinator which was

test2d for this study.

3. . Test Ser—-up--

™he best locaticn for ﬁhe sampling of particulate was at the baghouse
exit, through a 3" test por: locatéd in the stack 3 £t above the rcof (see
Figurs 4-32). The velocity profile in the stack is listed in Table 4-42
A one-inch nozzle was ﬁsed to sample the particulate laden cgases from Velocity
Point 3. The XVB cbjective was %o sample one complete batch. However, due to
a minor difficulty of electricél power consumption for the sampling train the

tail end of one batch and the fron:t and of the next batch were sampled to

approximate cne compiete hatch t.me.

c. Test Results--

The resulis of this test (Test 06S) discussed in this section ars

listed in Table 4-1. Major elemental corposition, sulfate, nitratas and
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TARLE 4-42.

VELOCITY PRCFILE FOR GYPSUM CALCZINATION (TZST 6)

Samolin

coint

Distance
Trom Znd
of Port

Velocity
.Poiant #

Velocity
Lt/sec

6-3/3 1 14.1
9-3/8 2 18.86
13-1/4 3 17.2.
18-1/3 3 13.9
26 R . 18.6
33-1)2 5 17.2
38-7/8 6. 15.7
42-5/8 7 14:1°
45-5/38 8 1a.1
Average - 156.4
4-114 XV 5806-733




carbon analysis were determined Zor all fractions of particulate catches

which contained weights in excess of 1CO mg. The details f{or these procedures

are discussed in Section 3.2.2. Table 4-43 lists the results from these
analyses. . )
D. - ' Discussion of Results--

1. Particle size distritution--Figure 4-33 is a plot of gar=zicle

size (um) vs. accumulated weight percent, the latter plotted on a probability .
scale as explained in Section 3.2.3 B.. Two answers are presented, one
including the impinger catch, and the other ignoring it. Considering the
small amount (13% by wt.) of material collected in the impinger, it would

seem that the effects of pseudo particulates would be present. Therelore,

e

the izpinger catch was telisvaed to e groparl
ments o
distrizution not including the imoinger cazch, taken from Tigure 3$-33,

is as follows:

% by weight >loum . 10-3um C3-lum. <dum

impinger not . :

. 5 4

"included & 4 43 7

The particle size distribution curve, Figure 4-33, indicates that the mean

particle size is 3.0um. This size of particle has the greatest potential

health effects.

2. Chemicél Composition--Table 4- 43 ' lists the results Erbm the chemical
analysis of the particulate fractions. Sulfates are the most p:edominaﬁ:
species present along with calciﬁmb and seem to be evenly distriZutad over the
entire size range. This is as expected. Gypsum is calcium sulfate.’ Iren

was also focund in each fraction in concentrations of around 0.3-1.2%. all

. other elements have low concentrations, 0.1% or-less. Carbonates were found

‘in the cyclone catches and not in the impinger or filter catches. The volatile

)

carbon found in the impinger catch (34%) seems to be wrong, tecause thar

{7

is

{

no volatile carbon detected in-'the first and second cyclone$ and on the

T

il

ot

er
catches. We beélieve that possible metﬁyl chloroform from the organic

extraction of the impinger water may have contaminated this fraction.

4~115 ‘ KV8 5806-783




TABLE 4-43.

CHEMICAT COMPOSITION

IN PERCENT FOR GYPSUM CALCINATCR {(TEST 8)

10un 3im um
Cyclone Cyclone Filter Impincer Cyclan
SAMPLE # 065-23 55-35 55-38S £3-IC £55-433
PEZRCINT OF CUT 40 36 2 i0. 3.7
XREF ANALYSIS
Calcium 10.0 8.8 13.0 5.9 15
Chlorine t
Iron t T 1.25 t o
Potassium t t =
Strontium - = = = b
(Sulfur) (1.2) (8.6} (22} (18) (33]
ToTAL® 10 3.7 15 7 13
Sulfates, ¥,0 sol? 62 57 12 41 51
(3ulfur, from SO )° (20) (19) C(4.12) (13 (o))
. -
Misrate (H,0 sol)? £ t t t
e
Total Carbon’® 1.67 t 1.10 38 z
(Volatile Carkon)’ (35) (2.04
(Carbonates) 3 t t it
TOTAL ANALYZED 74 57 28 86 75
. BALANCE 26 43 72 14 24
10C% 100% 100% 100% 1G0%
:. Jatected in concentration of <1 )
1 analyzed by x-ray fluorescance-—Section 3.2.2 3
2 analyzed by wet chemistry--Section 3.2.2 3
3 analyzed by Ocasancgraphy carbon analyzer~~-Section 3.2.2 A
4 calculatad from sulfates (sulfurwsulface/3) to compare with sulfuas
from K&
5 for values shown as X/¥, X is % of the element present and Y is the

arror {i.e. X% = ¥

}

() not included in toral--sulfur and sulfates are accounted for in sulfur
IRP analysis and wolatile cazbon and carbonata are accounted for in

total cardon

KVB 5806-733
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. Figure 4-33. Particle size distribution for calcination of
. gypsum (Test 06)

99.99

KVB 5806-783

4-117

i i i 1 e 7 e a8 o L




3. FEmissions and emissions factors--Imission factors can be listed with
several different u%@ts. The following lists some of these emissions and

*
factors based on this test alone:

0.056 gr/DSCF

9.4 T/yr

2.2 1b/hr

c.2 1b/ton éroduced

4.2.8 Brick Manukaturing--Clay Grinding Process

A. Process Description (Ref. 4-16)--

The manufacture of brick.and related products such as clay pipe.,
pottery, and some tyres of refractory brick involves the mining, grimding,
screening, and blending'of the raw materials, and the forming, cutting or

shaping, drying or curing, and firing of the final product.

Surface clays and shales are mined in open pits; most fine clays are
found underground. After mining, the material is crushed to remove stones
and stirred before it passes onto screens that are used to segregate the

particles by size.

The basic flow diag:am of a brick manufacturing process is

shown in Figure 4-34.
B. Particulate Test Set-up—-

The heaviest grain loading of particulate from brick manufacture
comes from the clay grinding andvscreéning procass. For this reason. KVB
tested the grinding operation. The major fraction of pa;ticles is generated
by the grinding and screening operations which are' controlled by a baghouse

(see Figure 4-35).

To evaluate the efficiency of the baghcuse, the inlet and exit duct
were sampled for particulate. The larger SASS sampling train was used to
sample the exit -duct and the smaller Joy sampling train was used to sample

the inlet duct. However, due to the geometry of the inlet ducts of the

4-118 | KVB 5806-783
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»

bBaghouse leading from the screens and grincer, only the section of duct
ttached to the ;:ind;ngkqpe:Stion was accessible for sampling. A 2"
sampling pors wés cut into this secticn on a long s::iight section, 20 £«
from the nearest bend (see Figure 4-135).° The velocity profi
duct, at this locé:zon, and in the taghouse exit is given in Table 4-44

A 3" sarpling port was cut in the exit 2uct at the undevside of the rogf

(Figure 4-35). . It was not gossikle %o sample Deyond Zhls Dolnt Decausa -he
rocf was unsafe for walkiag. This section of s=ha duct was only <wo £t azove

the fan. Therefore, the turbulence was high. Also only 1/3 cf tha fiow
Through the baghouse came from the clay grinding ogeration. It was detar~

a:ned by difference ti.at the other 2/3 came from the $Traaning ogeratizn

. - p 'mer . = 3 - k N T
nd l2aks in tha systenm.  I- was T@Ci:533ar7 T3 as3ume *hat the inlas swraanm
ITIm tne Frinier wi3 r2srisancTative oF toa inles semraas fooe Tl sIT=sEnLr
ccder to devsrmine Zashouse afficiancy.

X .
) - T iy P R T mem A - ey
<he particulate samplas were taken at LVa2lecity Foinct S TnIsugsn a

t

3/3" nozzle wizh Joy sarpling Train Sor the bachcuse inles and Througzh o a T.Le”
d = 2
fozzle Velocity Point 3 wizh SASS s5ampling train for the faghousa axit.

<. Test Resultsg—- ’

The results of the tests discussed in =nis section, Tests 35 ang

'8J, are listed in Tanle 4-1. Masor  elemental Corzesiszicn, suifasza,

3

nié:a:e and carzen analysis wers determined Sor all fractizcns of Tarticulacza
catches which contained weigh%s 1n ex
P ‘procedures are discussed in Section 3.2
s ' ‘ ad 3

rem these analyses for Tast 37 and

D. Ciscussion of Resultsg-- C

l. Efficiencv 0f the haghcuse~-The efliciency of a zontrol Zdevize is cal-

: culated from the following eguation:

(o in = w= sut) we in} x 120%

1
f
m

where wt in and wt cut does not include the impinger catch.
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TASLE +—44. VELICITY PRCFILE FCR 3RICK SRINDING PROCESS (TIST )

~1

Samgle
J(,/Poi::

7/.8" nczzle

G

4

s
[+ ]}
\\:\
(%)
(8 7]
SRS . -

A
! - . » .
L} 1 f pE=) 1
SNIEZ™ TR 3ASHECTET SUTIET TEIM SAIHTUST
Temgeratura: 7377 Tamzera_ure 3:°7T
S=maciz Pressure: <=2.1"4 0 S%3tiz Pressure: <1 273 0
Zistance Srom Velocity Veloclity E Distance from Valocicy Valocity
End of Pare Point % £+/sec ¢ End of Port Soint # Su/sec
/4" 1 1 39.1

o

44.5 3

o
a4
W

46.2

o
59.1 8"
53.9 E 10° 5 75.8
50.1 : ize
45.2 15"

44.1 } 1"
|
l

)
l. ]
1
}~
~
4
3
4w
F W N
O
LJ
-

w
3
™ W

46.9 8"
3" | 7 46.9 - g~
11-1/4" 3 -

(Yo RN RS ]
[
[+
w W

Average 47.5 | ' 51.5
2175 sC™ . , 6020 sC¥
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error (i.e.

not included
XRF analysis
total carbon

+

X% Y )

in total—sulfur and sulfates are accounted for
and volactile carbon and carbonate are accounted

4-123

TASBLE 4—45. CHEMICAL COMPOSITICN CF FARTICULATE 5aMPLES
FROM BRICK GRINDING OPERATICIN (TEZST &)
SOy SASS
10un Cyclicne l01m Cyclcone
SAMPLE % 3.-25 33-2S
PERCENT CF CUT 98.3 43.0
m ANALYSIS

Barium t t

Calcium 9.95/0.1 1.3/0.2

Iron 2.4/C.3 2.3/2.3

Minzanesa

Pocassium i.2 %% 1.2, 2.4

3ilizon 17 15

(3uifux) (2.1, 2.8,

Titanium te t
TOTAL® 23 A2
Sulfates, H,0 sol? t 1.02

(Sulfur, from SO, ° R ' (%)

. 4
Nizrate (H.,0 sol)* S t
-
‘ Total Carbon’ : ‘

(Volatile Carbkon) I .

(Carbonates) ® * et
TCTAL ANAZYZE ' b 23
BAIANCE 73 77

. 100% 13Cs
e detected in concentration of <l%
1 analyzed by x-ray fluorescenca—-Section 3.2.2 8
2 analyzed by wet chemistry--Section 3.2.1 A
3 anaiyzed by Sceanography cazbon analyter--3Seczion 3.21.2 A
4 calculated Zfrom sulfates {(sulfuresulfate/l) to cospare with sulfur
from XRF
S for valies shown as X/Y, X 15 'V of the elesent present and Y is =ihe

B e e i e

to



Yowever, in this case the zmass of matter going into the Zaghouse
has two arigins; the grinding operaticn and the screerning operaticn. Tha
grain loading from the g;inder was measured, kbut the g:ain loading from the
screening operation was not. It was assumed that the grain Lcading was

similar %o the loading for the g¢grinder. Thus the efficiency of the Zachouse

was caloulated.

{{3(1.183) - 0.006x]/3(1.183)] x 100%
= 99.3%

The faczor 3 comes from the £flow split--1/3 of the total flow is Irocm the

grinder. '

2. Partizlas size Zdistribution--Tigure 4-32 iz a olot of particlsz
5122 [Lm! ws agcumulated welInT Tarcsent, the L3TTer 2Tt Sno2 fril2aziolT
scale as explained in Secticn 3.2.3 3. Two plozs are sresentes Ioxr sa:zh
zrain, ons inzluding the impinger zaczh, and the other Ignoring ft.  In this

zase the loading of the large cvclone on the Joy train overwnelms the

Mo s mtm ™
[ e

impinger cazch so that there was negligible diffarence between tne
and "without" curves. Considering that there were no gases present which

waould cause gseudo particulates, i1t would seem that only the very fine
carticles which weuld find their way through the filszer would =2nd ug In the

impiager. Therefora, the impinger catch was belleved to be oroperly included

in the measurements of the suspendad particles. The breaxdown of the

-
r
particle size distributicn including the impinger cacch is as Iollows:

Percan

ocf Fa
>10wz 10-3um 3-lcm
3

rt

Inlet (Tast 89) 98.6 0.85 o]
Zutlet (Test 85) 44 4 4 43

expiained as follcws referxzing to the sketch below. The sketch shows a
conceptual parnicle size distribution for the inlen and outlet of e

baghouse {99.8% of the particulate matter is removed). The inlet

KVB 5806~

3

~}
a3
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Figure 4-35. particle size distribution for brick grinding
process (T‘e.st 08)
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distribution shows 98.6% of the particles with size >10um. The baghouse
removes nearly all the material that is >10um ané a much lesser amount of the
very fine materials, <lum. Some of the coarse material in the outlet can be
attributed to "sne;kage" which is material that leaks around the bag points

or through small holes in the bags, etc. The net result is an apparent

bimodal distribution.

Zutlet size distribution

(<3 greater than 1l0im,
+ 18% less than lim)
=
<
=
0
=
< |
o Inlet size distribution
o. (98.6% greater than 1l0um)
z

/ \ PARTICLE SIZE, um

;pm lOHm (not to scale)

The mean particle size of the particulate material entering the

- baghouse is greater than 10um, and the mean particle size exiting the bag-

house is about 2um.
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3. Cherical Composition--Table 4-45

lists the

results f£rcom the

chemical analysis of the particulate fraction for each of the tests discussed

in this .section (inlet-Test 8J and outlet~Test 8S). Silicon is the most

rradominant species. Iron, titanium, calcium, and carbonates are next in

order. Aall other elements detected were in low concentrations

4. Emission and emission factors--~Emission and emission factors can be

listed with several different units.

emissions and factors.

Inlet (Test 8J)

‘The following lists some of these

Qutlet (Test 8S8)

gf/DSCE S 1.169 0.0064
T/YTr 26.6 0.4
1s/ar 21.53 0.35%
'lb/ton produced 0.7 0.01
KvB 58C6-783
4-127
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4.2.9 Glass Melting Fuwrmace

Soda-lime .glass is produced in large, direct-fi ired, continucous meltin.
furnaces, and other types of glass are melted in small batch furnaces naving
capacities ranging Irom cnly a few pounds to several tons per day. Air

pollution from small batch furnaces is minor, but the production of soda-liime

glass creates prcblems of air pollution control.
A. Description-(aef. 4-17) -~

A complete process flow diagrar for the continuous production of

soda—llme glass is shown in Figure 4-37. Slllca sand, carbonates, cullet {bro-

ken glass), ané other raw ‘materials are transferred f*om railroad hopoe:-ca::

zrd trucks To stcorage bins and other raw matorials ars receive?! pre-packaged.

!)‘
[oNs

- 3 I - P, = ey i = Nt amAn3 1 e
m2se ;atarials ars withdrawn Ircm the sterage ins, Me*,‘.ed, arn QL2822 140

a mixer. The mixed batch is then conveyed to the batch charged tc the side

2f the furnace.

Twa basic configurations are used in designing contlnuous, regenera-

tive furnmacss--end port, Tigurs 4-38 and side port, Figures 4-39 and

4-40. Tn the side port furnace (type of furmace tested in Test 20} the

lare passes in one direction across the melter for 15-2C minutes, then the
flow is reversed during the next time cycle. The side vort design 1s

cormonly used in large furnaces with melter areas in excess of 300 square feet.

In the eﬁd port conficuration (type of furnace tested in Test 28 and
35) the flames travel in a horizoﬁtal U~-shaped éath across the surface of the
glass within the melter. Fuel and air are mixed at the port and ignite in
the furnace and discharge through a second port adjacent to the first on the
same end wall of the furnace. While the end port design has been used
extensively in smaller furnaces with melter areas from 350 to 300 sguare feet,

it has also been used in furnaces with melter areas up to 800 sguare feet.

¥VB 5806
4-128
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Mactarials dry, ar nearly drya{

Centinuous tank furnace

- looking down througn =i

top (crown)

Submergad throat in bridgewalll

At aboutr 1,472° - 2,612 °F

depend:rg an article and-——->m

process

I Fiaishing

Hot zone about 930 °F
60-90 minutes L0 conclauous
tunnel lehr

Warensousing

Figure 4~37.

Batch mixing

l

Melcing
a“aut 2,7300 °F

Relining:

/ iining and
homogenizing
about 2,300 °F

Fabrication

Hot, viscous liguid glass
shaped Sy pressing, blow-
1ag, gressing and biowing,
drawing, or Jolling

Crushed culles
of same COmPOSLtiON as
that to be melted.

!

Cullet crushing

[ Annealing. .

|

Inspection and
product testing

N

Finishing

j

l Packing J

Shipping l .

Flow diagram for soda-lime

glass manufacture (Ref. 4-17).
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: {veprging vt Mexeng i
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i/ < T GLaSS BATINM TmaRSING

A CENERATON ¢

Pigure 4-40.

S CRE PwOR

Glass melting furmace (side port)

FORCLE ANT™ =

with ESP. Similar to Test 20

furnace.
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B. Particulate Test Setup--

l. Test #20, flint glass melting furnace with an electrostaulc

Ereczaltatc*—-Two sarpling tra¢ns were used s;multaneously to sample the
inlet and exit of the ESP. The inlet station was located on the horizontal
duct (53-1/2 inch diameter) leadlng to the ESP (see Figure 4-41). Two

2-1/3 inch diameter test Ports were provided at least six duct diameters

from the nearest bend or obstrgction. Table 4- 48 lists the velocity profilé
in the inlet duct at a static Pressure of —5.2"520 and 540°F. Due to thé
small diameter of the port openings, the velocity points for distances greater

than 36-1/2 inches into the stack were not able to be measured. The par-

ticulate sample was.t;ken through a 5/16" diameter nozzle at Ve.ocity Point #17.

‘ Thesampl’ng ports for the ESP exit were locatad ont:e'vaft;cal section
of the stack leadlng to the atmosphere, apurox¢mately 80 £t above ground‘lavel.
Table 4-47 lists the velocity profile in the exip stack. The particulate
sample was taken ﬁhrough a 3/4" nozzle at Velocity Point #18.

2. Test #28 and Test #35, flint glass mel ting furnace having no partlcu-

late control equipment--These two tests wers done on the same glass meltlng

. furnace operating at approxlmately the same conditions, and at the same

pOSlthn‘On the stack at about 60 ft above ground level on the straight sec-~
tion leading to the atmosphere. an accidentally melted vacuum line during
Test #28 resulted ln no data for the small Joy sampling train. Both Sass
and Joy sampling tralns were run simultaneously for Test #35. The velocity
profile for both these tests aie listed in Table 4-4s. For both SASS tests
(Test 28 and Test 35) a nozzle diameter of 7/8 inch was used at veloc1ty
point #12, and a nozzle diameter of 7/16 inch was used for the Joy train on
Test #35 at velocity peint #3.

C. Test Results--

The results of the three tests discussed in this section are listé&d
in Table 4-1. Elemental composition, sulfate, nitrate, and carbon

analysis were determined for all fractions of particulate catches which

‘contained weights in excess of 100 mg. The details for these procedures are

discussed in Section 3.2.2. Tables 4-49, 4-50, and 4-51 list the

results from this analysis for Tests 20, 28, and 35 respectively.

KVB 5806-783
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Glass
Furnace

(Q<—1Inlet station

‘N To
Atmosphere
valve . ?
rield rield
No. 1 No. 2- | ontlet
S ‘ ‘r” Station
: : C
Electro-
Field ) Field
No. 3 static No. 4
Precipitator
Field Field
No. 5 No. 6
Stack

Figure 4-41. TFlow diagram for glass furrace with ES? control.
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TABLE 4-=46.

VELOCITY PROFILE (TEST 20S)

Static Pressure = -5.2"'320

Temperature = 540°F

TABLE 1

| t— QST

up

- 2=~1/2" diameter
2" deep

53-1/3"
Inlet Duct

Distance from Velocity '

End of Port Point # ft/sec Point # ft/sec
3-1/8" 1l 68.0 13 69.8
5-5/8" 2 74.5 14 73.9

. 8=-3/8" 3 75.6 15 74.5
ll—;/Z" 4 _ 77.8 16 . 77.8
15~-3/8" 5 77.8 17 77.8
21 - 6 76.7 18 ' 78.9
28-3/8 R 76.2 12 79.4
36-1/2 7 - 75.6 19 86.0

Average 76.3 ft/sec
71436 acfm

4-135
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TABLE 4-47. VELOCITY PROFILE {(TEST 208S)

Static Pressure = +.25'H20 :

Temperatuze * 440°F

A 4" diametsar
P 4" deep
" P
3
B
3
8
78" exit duct
Distance from Velocisy
End of Pport Point § £/ 3ec point # t/sec
$=-5/8 1 34.8 13 . 33.7
9-1/4 2 36.9 14 38.9
13-1/8 3 37.9 is 39.9-
17-7/8 4 36.9 16 39.9
23=-1/2 s i 37.9 17 39.9
!
31-5/8 -] ! 37.9 : 18 38.9
43 R 40.9 R 33.9
54-3/8 7 40.8 - 19 38.9
62~1/2 8 2.9 20 38.9
. 68-1/8 9 37.9 21 37.9
T2-7/8 10 38.9 22 38.9
76-3/4 - 37.9 23 37.9
80-3/8 12 4.8 22 35.9
Avarage " 38.1 ft/aec

75856 acfm

KVB 5306-783



TABLE 4-48.

i et gy S eSS4 b b o 4 1

VELQOCITY PROFILE FOR GLASS MELTING FURNACE

(TEST 28 & 35)

Tast #28

Static Pressure = -1.0"H.O

Temperature = BOO°F

Tast #35

Static Pressura = -.BZ"HZO'

Tamperature = 320°F

2

JOY sampling point 7/16" nozzle

~ SASS sampling point
7/8" nozzle

= 4" Dozt
4" gdeep
8" ’
)
Velocity Test #2 Valonity Test #3
Distance from |- Point Point Point Point
End of Port # fr/sec * ft/sec * ft/sec # ft/sac
. 5.1 1 35.5 9 37.6 1 36.9 9 i 4.
8.5 2 38.5 10 37.6 2 40.8 10 30.1
12.9 3 40.4 11 37.6 3 45.1 11 36.9
18.9 4 41.3 , 12 38.5 4 46.0 12 9.9
27.5 R 43.6 VR 40.4 R 48.4 R ' 39.8
36.1 s 45.6 13 43.1 5 54.3 13 44.3
1 6 50.3 14 44.8 6 50.7 ‘14 46.0
46.5 7 47.2 15 45.6 7 49.1 15 46.0
49.9 8 44.8 16 44.8 8 47.6 16 4a.3
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" TABLE 4-49. CEEMICAL COMPCSITION CF PARTICULATE SAMPLES IN PERCENT

FOR TEST 20

H for values shown as X/Y, X is ¢ of the elament present and Y is the

arror {(i.e. X3 = 1)

() not included in toral-—sulfur and sulfatss are accounted for in sulfur
KRF analysis and volatile carbon and carbonate ars accownted for in

tatal carbon

4-138

Inlet Imoinger Catch
. lum Cycleone  Filter Outlet Inlet
SAMPLE # ' - 203-4s 20553 203-iC 2059-IC
PERCENT OF TOTAL CATCH 24.3 57.0 91.2' 14.5
XRE ANALYSIS
Arsenic ‘ l t t
Calcium . 2.8/0.4 t
Chromium . t t
Cobalt v ‘ <
Izon t
Lead ' ' t t
Potassium | 2.1/0.5 2.3/1
Selenium ' ‘ t 4.6/0.5 3.58/0.4
. (Sulfur ), ‘ , (24/7) (30/10) (10/3)  (15/4)
Tin ’ t '4.6/0.6
ToTAL® ) 5 7 5 Ty
Sulfates, H,O sol? : '60.91 53.83 21.36. 43.25
(Sulfur, from $0,)" (20.3) (18) (7.1) (14.4)
Nitrate (5,0 sol}? t
Total Carbon?® , 13 2.46 12 17
(Volatile Carbon)? | o (93 - (12) (12)
(Carbonates)’ .
TOTAL ANALYZED 79 82 37 64
BALANCE ' 21 18 63 3¢
1003 100% 100% 100%
qt datactad in concentration of <l -
1 analyzed by x-ray flucrescance--Section 3.2.2 B
2 analyzed by vat chemistry-—Section 3.2.2 A
"3 analyzed by Oceanography carbon analyzer--Secticn 3.2.2 A
4 calculated from sulfates (sulfuresulfate/3} o compars with sulfur
. from XRF

XvB 5306-783



TABLE 4-~50. CHEMICAL CCMPOSITION QOF PARTICULATE SAMPLES IN PERCENT

(TEST 28)-

. Filter Impinger
SAMFLE # 288-5s 288-IC
PERCINT OF CUT 73.24 l6. 28
XRf‘ ANALYSIS

Arseniz 2.6/0.3
Calcium t
Chromium t t
Iron t
Lead t
Molybdenum t
Vickel ! t
Potassium 2.0/0.3 .
Selenium 3.8/0.4
(Sulfur) (26/10) (20/7)
TOTAL' 3 4
Sulfates, H,0 sol? 60 29
(Sulfur, from SO)" (20) (9.55)
Nitrate (H20 sol) 2
Total Carbon® 29
(Volatile Carbon)? (29)
TCOTAL ANALYZED 63 60
BALANCE 37 40
100% 100%
i detected in concentration °t,<1‘
1‘ mn}yud by x-ray fluorescence—Section 3.2.2 B
2 analyzed by wet chemistry--Section 3.2.2 A ‘
3 analyzed by Oceancgraphy carbon analyzer--Section 3.2.2 A
4 calculated from sulfatas (sulfurwsulfate/3) to compare with sulfur
from XRF ‘
5 for values shown as X/Y, X is % of the elemant prasent and Y is the

error (i.e. XN 2 Y )

[ I not included in total—sulfur and sultitu are azcomntad for in sulfur
XRF analysis and volatile carbon and catbonate are accountsd for in

total earbon

4-139
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TABLE 4-51.

CHUEMICAL COMPOSITION OF PARTICULATE SAMPLES

" IN PERCENT (TEST 35)

Joy

lum - Joy Joy SASS SASS
: Cyclone Filter Imeinger Filter Impingev
SAMPLE # 35J-4S 35J-55 353-IC 355~33 258-1IC
PERCENT OF CUT 35.93 25.31 25.40 $35.82 14.69
XRF ANALXSIS
Arsenic 2.1/0.3 1.9/0.3  3.7/0.5 1.4/0.2 t
Calcium 1.1/0.2 ot t t
Chromium - T t ' ' t -
Iron: t t
Lead ol t t
Nickel t
Dotassium 2.9/1 3.7/0.6 ot 2.1/0.6 £
Selenium _ 3.5/0.5 6.7/0.7
(Sulfuax) (21/8) (27/10) (14/4) (24/3) (13/4)
Zine ‘ t t
TOTAL . 5 a y 8 6 8
Sulfates, #,0 sol® 62 67 22 59 Co34
(Sulfur, £ram SO,) (20.80) (22.19)  (7.48) (19.51) (11.23)
Nitrate (HZO sol) T ND
Total Carbon 31 22
(Volatile Carbon) (28) (20)
TOTAL ANALYZED 67 73 61 65 64
BALAKCE 33 27 39 35 6
' 100% 100% 100% 100% 100%
t derected in concentracion of <1%
1 analyzed by x-ray tlmrnqcenee-;s.cﬁon 3.2.2 8
2z analyzed by wet chemistry--Sectiosn 3‘.2.2 A
3 analyzed bv 0c-nnoqrap&y cfxbcn analyzear--Section 3.2.2 A
4 calculatad from sulfatas (sulfur=sulfats/3) to compare :7ith sulfur
from XRY ‘
5 for valuss shown as X/¥, X is % of the element presant and ¥ is the
error (i.s. Xv 2 ¥ ) -
() not included in total-—sulfur and sulfates ars accowmted for in sulfur

IRF analysis and wolatile carbon and carbonate are accountad for in

total carbon

4-140
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D. . Discussion of Results--

1. Electrostatic precipitator --Using the solid weight data

(does not include impinger catch) from both szmpling trains for the irlet
and exit to the ESP, the efficiency was calculated to be 98.2%. If the total
catch is used the efficiency is 83%. The added weight in the impingers may
be due to pseudo particulates (i.e. gases that react to form particles

SO. + H.Q » H.50,). Baghouses and scrubbers are also available and are

3 2 2774
efficient as the control equipment reported here.

2. Particle size distribution--Figures 4-42 and 4-43 are a plot of

particle size (um) vs accumulated weight'percent, the latter élottéd on a

',probability scale as explained in Secticn 3.2.3 B. Two answers are presentad,

one incluvding the impinger catch, and the other icnoring it. Considering the
large amount of matarial collectzd on the filter,‘it would seem tiuat pseudo
particulates were present. Therefore, the impinger catch was believed to e
properly not included in the measurements of the suspended particulates from
glass furnaces for particle size distribution. The break-down of the particle

size distribution, not inciuding the impinger catch, is as follows:

Percent of Particles = '

>10um 10-3yum 3-1lum <lum
‘Controlled (Test 208) 14 13 25 58
Uncontrolled (Test 20J) ' .7 .5 1.8 9g
" (Test 283) .6 -8 1.6 97
" (Test 35S) 6 3 4 87
(Test 35J) 2.5 2 2.5 93

Figur: 4-43 is the size distribution plot for Test 28 and Test 35. Note
that the uncontrolled emissions from these two glass furnaces have a mean
particle size of less than 0.1 um and that the controlled emissions with

ESP have a mean partvicle diameter of about 1 um.

4-141 . ‘ KVB 5806-783
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Figure 4~-42.

Particle size distribution for glass furnace (Test 20).
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Fiqﬁre 4-43. Particle size distribution for glass furnace. (Tests 28 & 35)
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3. Chemical composition--Tables 4-4%9, 4-350, and 4-51 list the

results from the chemical analysis of the particulate fraction for each of the
tests discussed in this séction. Sulfates are the most predominant species
present and seem to be evenly distributed over the entire size range. Note
that the sulfate concentration is about halved for the controlled particulates.

Nitrates seem to appear more strongly in the impinger catches.

4. Emissicn factcrs--Emission factors can be listed with several

different units. The following lists some of these emissions and factors.

: - Contzolled ‘ Uncontrolled
Units Test 20S , Test 20J Test 285 Test 35S Test 35J
gr/D3CF ‘ .0062 .0364  .0612  .0594 .0459
T/yT . ‘ 8.0 37 30.2 25.5 ©27.8
1b/hr ©1.83 5.59 7.19 6.06 6.62
1b/MMBtu .02 .11 .19 .19 .20
1lb/ton glass melted .14 .67 1.56‘ 1.31 1.43

lb/hx* - 9.26 - 10.35 9.96 9.96

* calculated from the following egquation

X =a + 0.0226(S )2 - 0.329 X_ - 4.412 X -
1 2 - 2 3

' 2
0.9379 X4 - 0.8635 (XS) + 6.170 XS
(Ref. 4-17)

X, = particulate emissions, ib/hr

= process wt, lb/hr—ft2 melter

= wt fraction of cullet in charge

= checker volume, ft3/ft2 melter

¥. = melter area, ft2/100

a - constant involving two'nonqualitativeVindependentlfactors
rélating the type of furnace (side port or end port) and.

© type of fuei (U.S. Grade 5 fuel or natural gas).
a = -0.493 end port--U.S. Grade 5 fuel oil

a = -0.623 side port--~U.S..Grade 5 fuel oil-
a = -1.286 end port--natural gas

a =‘fl.416 side port--natural gas.
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. 4.2.10 Fiber Glass Wool Manufacturing

A. Process Description==

Glass fiber products are manufactured by melting various raw materials
to form glass (predcminantly.borosilicatn); drawing the molten glass into
fibers, and coating the fibers with an organic material. iThe two basit _ypes
of fiber glass products, textile and woocl, are manufacturefl by different

processes. A typical flow diagram for wool products is sh in Figure 4-44.

In the manufacture of wool products, which are generally used in the

.construction industry as insulation, ceiling panels, et=., glass marble is

fed directly intoc the forming line. The marbles are melted with natural gas
at 1250°F. The liguid glass passes through fine holes, which produces 1/64"
fibers. These fibers are convertaed to wool as they éass through high

vélocity gas Jjets. ‘A secondary blower directs the wood through the collecting

surface. The organic binder is sprayed onto the hot fibers as they fall from

the forming device. The fibers are collected on a moving, flat collecting
surface and traﬁsported through a curing oven at a temperature of 4OQ°F

to 600°F (200° to 315°C) where the binder sets. Depending‘upoh the product,
thelﬁool may alsc be compressed as a part of this operation. The major
particulate amiszsions from the fiber glass wocl,manﬁfactuxing processaes are

from the forming line and curing oven.
B. Particulate Test Set-up--

Two sampling trains were used simultaneocusly to sample one of two
exhaust ducts from the forming line. The velocity profile in this duct is

listed in Table 4-52. Note that the velocit:es across the stack were very

uneven., Two velocity points were choéen for sampling which had‘values similar

to the averége velocity. Velocity point 9 was used for the smaller Joy train

" with a 5/16" nozzle and &eiocity ?Qint 14 was used for the larger SASS train

with a 11/16" nozzle.
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TABLE 4-52.

VELOCITY FROFILE FOR FIBER GLASS MANUFRCTURING

(TEST 238)
Joy sample point
5 10 15 20 25 o 5/16" nozzle
Temperature: 140°F a (9) Qg 24 '
Static Pressure: +0.55";0d 3 8 13 18 23 ~SASS sample point
H.0 : 11/16" nozzle
2 2 7 12 17 22
1l € 11 16 21
- 70" -

Distance
From EZnd Velocity ‘
of port © Point # ft/sec Point # ft/sec Point # ft/sec

8 1 60.3 11 50.5 21 7,5

22 2 60.3 12 48.6 22 7.5

36 3 55.6 13 46.7 23 17.1

5C 4 53.9 14 43,5 2% 27.0

64 5 50.5 15 38.2 25 23.4

8 6 57.2 16 1.9

22 7 53.9 17 27.0

36 8 51.2 . 18 34.1

S0 9 43.5 19 41.8

64 10 47.7 20 40.5

Average: 40.9 ft/sec

70,019 SCFM

]
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C. Test Results--

The results of the two tests (385 and 38J) discussed in this section
are listed in Table 4-1. Elemental composition, sulfate, nitrate,
and carbon analyéis were determinéd for all fractions of particulate catches
which contained weilghts in excess of 100 mg. The d2tails for these proce-
dures are discussad in Secticn 3.2.2. Table 4-53 lists the results frem

this analysis.
D. Discussion of Results=—--~

"1. pParticle size distribution--Figure 4-45 is a plot of particle size

(bm) vs accumulated weight percent, the latter plotted on a probability scale
as explained in Section 4.2.3 B. Two sets of curves are prgsented, one in-
cluding the imuinger catch, and the other ignoring it. Considering the largs
amount of naterial collected in the impinger catch, it would seem that the
effacts of pseudo pérticulates would not be significant. Therefore, the
impinger catch was beligved to be properly included in the measurements of
the suspend=d particulates from fiber glass forming lines. The breakdown

of the particle size distribution including the impinger catch is as follows:

Percent of Particles

Test # : Greater than 1l0um 10-3um 3-1lum, Less than lum
38s 0.6 0.2 0.2 98.9
383 0.2 0.2 0.4 99.2

Both sampling trains gave very similar size dis;ribution curves which had a
mean size of less than 0.lum. However, during the test at this glass fiber
forming liﬁe, larger particles (1/2 - 1" diameter discs) were occasionaliy
observed. It appeared that these particles héd been formed by agglomeration

on the wall of the duct and had then broken loose.

2. Chemical composition of the particulate matter--Table 4-33. presents

the chemical analysis of the particulate fraction for each of the tests
discussed in this section. Carbon in the form of volatile carbon is the most
abundant species, followed by chlorine, nitrates, and sulfates. ‘Most of the
elements tended to be fairly evenly distributed over the size range éxcept

for chlorine and potassium. Chlorine tended to concentrate in’ the impingers;
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TABLE 4-53. CHEMICAL COMPOSITION OF PARTICULATE SAMPLLS
IN PERCENT FOR FIBER GLASS WCOL MANUFACTURING (TEST 38)

SASS sass ' Joy
» . Filter Impinger Impinger
SAMPLE # , . 385-58 _ 385-1IC - 383-1C
PERCENT OF CUT : 12 86 76
XRF ANALYSIS
Chlorine - ' 2.5/0.5 25/8 7.8/2
Iron . ' ; t
Potassium 3.9/1
(Sulfur) (<3) BECE I (<4)
TOTAL' ‘ 7 25 8
Sulfates, HZO sol? t t. t
(Sulfur, from SO,)" _ (t) (£) t
Nitrate (H,0 sol)’ . t t t
Total Carbon? 15 Co21 46
(Volatile Carbon)? ' (18) , (42)
Q (Carbonates) ? | .
‘ “TOTAL ANALYZZD . 22 46 54
BALANCE y o 78 54 46

100% ' 100% 100%

detected in concentration of <l

t

1 analyzed by x-ray fluorescence--Section 3.2.2 B

2 analyzed by wet chemistry——Section 3.2.2 A )

3 analyzed by Oceanography carbon analyzer--Section 3.2.2 A

4 calculated from sulfates (sulfurmsulfate/3) to compare with sulfur
from XRF .

S for vnlues shown as X/¥, X is & of the elsment prescnt and Y is t:he
error (i.e. Xv 2 Y )

() not includad in total--sulfur and sylfates are accounted for in sulfur

XRF analysis and volatile carbcn and carbonate are accountad for in
total cnrbon '
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Figure 4-45. Particle size distribution for fiber glass

manufacturing (Test 38)
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potassium ended up mostly on the filter. 'The iow carbon value on the SASS

filter and the absence of volatile carbon can be attributed to the fact that

the filter is held in a 400°F oven which bakes cff the volatile portion of

. the carbon.

3. Emission and emi_sion factorse-Emission and emission factors can be

listed with several different units. .

emissions and factors.

Units

The following lists some of these

Average

Test #38S Test #387
gr/DSCF 0.0170 0.0136 "0.0153
T/yr ' 84.0 67.2 75.6
1b/hr 19.2 15.4 17.3
lb/ton produced 32.0 ‘ 25.6 28.8
1b/uncontrolled . ‘
ton produced 57.86

ver AP-42 (Ref. 4-18)

4.2.11 Asphalt Roofing Manufacture

A. Process Description (Ref. 4-19) =~

The manufacturevof asphalt foofing felts and shingles involves
saturating fiber media wifh asphalt by means of dipping and/or spréyiag.
Although it is not always done at the same site, preparatioa of the asphalt
saturant is an integral part of the operation. This preparation, called
“blowing," consiéts of oxidizing the asphalt by bubbling air through the ligquid .
asphalt for 8 to 16 hours. The saturant is hen transported to the saturation
tank or spray area. The saturation of the felts is accomplished by dipping,
high~-pressure spréys, or both. The final felts ars made ia variolis weights:
15, 30, and 'S5 pounds per 100 square feet (0.62, 1.5, and 2.7 kg/mzf.
Regardless of the weight of the final product, the raterial distribution
is approximately 40% dry felt and 60% asphalt saturant.,

Figure 4-46 is a schematic drawing of tne production‘line for
manufacturing asphalt shingles similar to the asphalt roofing tested in this

study. The major sources of particulate emissions from asphalt roofing
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Figure 4-46. Schematic for manufacturing asphalt
shingles, mineral-surfaced rolls and
smoocth rolls (Test 2S).
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plants-are the asphalt blowing operatiors and the felt saturation. The
felt saturator was the part of the operation tested in this study. The form

of particulate was mostly asphalt mist.
B. Particulate Test §et-up--

The location of the partisw.ate sampling was at the end of the duct
from the control device ieading to the atmosphere (see Figure 4~46). The

velocity profile in the duct at. this secticn is listed in Table 4-54;

Both sémplinq trai.s were used near the same point to cbtain more
precise data (duplicate tests). The larger (4 SCFM) SASS train was run
with a 5/8" nozzle at Velocity Point 4 and the small (1 SCFM) Joy train was

run at 5/16" nozzle at velocitv point 5. The test was done in the merning

of 1/31/78.

© Ca ‘ Test Results-~-

Thg results of the two tests (255 and 25J) discussed in this
section are listed in Table 4-1. Elemental composition, sulfate,

nitrate, and carbon analyses were determined for all fractions of particulate

. catches which contained weights in excess of 100 mg. The details for these‘

procedures are discussed in Section 3.2.2. Table 4-55 lists the results

from this analysis.

D. Discussion of Resultsg--

‘1. Particle size distribution--Figure 4-47 is a plot of particle size

(um} vs. accumulated weight percent, the latter plotted on a probability
scale As explained in Section 3.2.3 B. Two sets of curves are presented, one
ineInding the impinger catch, and the other ignoring it. Considering the
lérgeramount of material éollected in the impinger, it would seem that ‘
this fractidn éhould be'pruperly included in the measurements of the' suspen-
ded particulates. The matter in the iqpinger.is mostly organics. These are
aerosois and solvents that were condensed in the impingers. Also because of
the very small weight percent of matter captured in the cyclones of'the

small 1 CFM Joy train, it is believed that this size distribution data fo:‘
the Joy train is not as accurate as the SASS train. The breakdown of the

particle size distribution for the SASS test is as follows:
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TABLE 4—54.

VELQCITY PROFILZ FOR ASPEALT ROOFING (TEST 25)

— 72"

SASS samplé point
5/8" nozzle

™~ Jov sarple point
5/16" nozzle

——————mmie

Distance from Velocity Velocity Velocity Velbcity'

Edge of Stack Point # ft/sec Point # ft/sec
1.8" 1 31.5 11 . 26.3
5.9" 2 41.1 12 : 44.3
10.5" 3 38.6 13 _ 41.6
16.3" 4 37.3 14 35.5
24.6" 5 35.2 15 | 33.0
36.0" R 33.78 ® 33.0
47.4" 6 35.2 16 34.5
55.7" 7 37.9 17 ‘ 36.6
61.5" 8 39.2 18 40.5
66.1" 9 42.2 19 © 42,3
70.0" 10

44.0

' Average: 37.0

45521 SCrM

20 39.3
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TABLE 4-55.

CHEMICAL COMPOSITION

IN PERCENT FOR ASPHALT ROOFING MANUFACTURE

XRF ANALYSIS

Calcium

(TEST 25)

. Impinger
SAMPLE # 258-1IC
'PERCENT OF CUT 13

(wate ' residue only)

: 3.4/0.7
Chlorine 12/3
Chromiua t
Cobalz 1.8/0.3
Iron 2.1/0.3
Manganese t
Nickel t
Potassium t
Selenium { t
(Sulfur) (20/7)
IZinc t

TOTAL' 22

Sulfates, H,0 sol? 23
(Sulfur, from s0,)" °(n

Nitrate (H20 sol)?

Total Carbon® 24
(Volatile Carkton)? (23)
(Carchates)?

TOTAL ANALYZED 69

BALANCE. 31

100%

t detectsd in concentration of <1w

1 analyzed by x-ray fluorescence--Section 3.2.2 R

2 Analyzad by wet chemistry--Section 3.2.2 A

3 analyzaed by Oceanography carbon analyzer--Section 3.2.2' A

4 calculated from sulfates (sulfuresulfate/3) to compare with sulfur

from XRF ,

s for values shown as X/Y, X is 8§ of the elemsnt present and Y is the

i ' )

error (i.e. X8 £ Y )

" not included in total--sulfur and sulfates are accownted for in sulfur

XRF analysis and wvolatile carbon and carbonats are accountad for in

total carbon
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Figure 4-47. Particle size distribution for asphalt roofing
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e

Percent of Particles
Greater than 1l0um 10-3um 3-1lum Less than lunm
With impinger 2.3 . 2.8 4 91
Less impinger 18 40 31 1

From Figure 4-47 the mean particle size is 0.Clum including the impinger,

» and 4um withcut the impinger.

An appropriate reminder here is that the SCAQMD includes the

' condensible material. Howevar, it is believed that condensible material

of thi; type should not be used to determine the size distribution of .

solid particles.

2. Chemicil corzosition of sarticulatas--Tabls 4~55 lists the rasulrs

from the chemical analysis of the impinger fraction for the SASS train.
Unfortunately, this was the only fraction with a large enough sample for
chemical analysis. The organic fraction (85%) of the impinger catch '(which

is 85.4% of the total catch) was not analyzaed for major chemical compesition

because it was believed to be mostly volatile carbon. It was not possible to

analyze this fraction, methyl chloroform extract, for chemical composition
because of the tarry nature = the sample (see Section 3.2.26). Of the 15%
of the impinger catch that was analyzed, volatile carbon was the most abundant
species.' Sulfates were next abundant folléwed by calcium ané iron. All

other elements detected were in small amounts (<1.0%).

3. Emissions and emission factors--Emissions and emission factors can

be listed with several diffe:ent units. The follewing lists some of these

emissions and factors.

Units ‘ Test 258 ‘ Test 25J
'gr/DSCF | ’ 0.0075 ' 0.0078
T/yr | 10.4 o 10.5
ib/hr . 2.34 2.98
1b/ton of : ‘
felt produced 0.28 ‘ 0.28
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4.2.12 BAsphaltic Concrete Batch Plants

A. Process Description (Ref. 4-20 & 4-21)--—

Plants produce finished asphaltic concrete through either batch or

‘continuous aggregate mixing operations. Different applicaticns of asphaltic

concrete require different aggrega:ze size distributions, so that the raw

aggregates are crushed and screened at the guarries. The coarse aggregate

" usually consists of crushed stone and gravel, but waste materials, such as

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

As processing for either type c¢f operation (batch or continucus)
begins, the aggiegate is hauled from the storage piles and placed in the
aporopriate hoopers of the cold-feed unit. The material is metered from the
noggers onto a conveyor belt and is transportad into a gas or oil-firsd rotar;

dryer.

As it leaves the dryer, the not material drops into a buckst elsvatcr
and is transferred to a set of vibrating screens whera it is classifie=d by
size inco as many as four different gradss. At this point it enters the
mixing operatiocn.

In a katch plant, which was the type tested in this program, the

classified aggregate drops into one of the four large bins. After all the

material is weighed cut, the sized agjregates are dropped into a mixer and’

mixed dry for about 30 seconds. The asphalt, whick is a solid at ambient

.temperatures, is pumped from heated storage tanks, weighed, and then injected

into the mixer. The hot, mixed batch is then dropped into a truck and haulad
to the job site. Figure 4-48 iilustrates a batch plant similar to the one
tested and indicates the location of particulate sources in the operation.
Thers are many sources of fugitive particulate emissicns as shown in the
sketch. In this program the ducted emissions controlled by a baghouse were
characterized,,as were the partially controlled emissions entering the |

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

Two trains were used simultanecusly to samp..a the inlet and cutlet
cf the baghouse. The inlet station was located on the vertical duct
approximately 12 ft ahead of the bend.enteriné the baghouse. The velécity
profile of the inlet duct was taken through the thrée 3" diameter pofts
provided. The velccity profile ih the inlet and exit ducts of the baghcuse

‘are listed in Table 4-56.

The outlet saﬁple station was located on the horizontal section of
the duct ;bout eight £t upstream‘of the fan. 'In the interest of the safety
of the crew, the velccities were nct tzken through the vertical port. Thera-
fore Veloéity Points 10 through'ls were obtained by s&inging the'pitot tupe.
A 7/18" nozzle was used at Veloéity Point %3 orn the outlet duct and a 5/1&6"

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

The results of the two tests (Test 295 and 29J) discussed in this
section are iisted in Table 4-1. Elemental composition, sulfate, aitratre.
znd carbon analysis were determined for all fracticns of particulate carches
which contained weights in excess of 100 mg. The cdetails for thase procedures
are discussed in Section 3.2.2. Due to the very heavy loading on the inlet
side of the baghouse, the cvclones and filter in the small sampling train had
filled to total capacity and caused a press@re'drop during sampling which

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

1. Efficiency of the baghouse--Using the solid catch data (i.e. without

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

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

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

. amount of material collected upstream of the filter, it would seem that the

160 KVB 5806-783‘
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TABLE 4-56. VELOCITY PROFILE--ASPHALT BATCH PLANT (TEST 29)

Sample Pcint up

} 209" J 1/16" nozzia
) —— \,
4 a 12
Suquq_;l;; :
:7:25 sozzie | 0 7 T on aRoX RI s s 1 8
58"
2 6 10 3° port 13 /
37 deep 14
1 5 : 9
i 1s
o d Ld d -
H e
3" pore
H——SS'—-‘ 2" deep 57"
Inlet to Baghouse . Qutlet af Baghouse
Tmpcratuxgx 160°P ' Temperature: 160°*F
Static Pressure: «4.5" H20 X Static Pressure: -ll'Hzo
Distance from Velocity " Valocity Distance from Velocity Velocity
~End of Port Point # ft/sec End of Port Point # ft/sec
8" 1 30.2 5" 1l 68.8
20" 2 30.2 - 9-3/8" 2 76.3
32u 3 34.1 . 14-5/8“ 3 85.3.
44" -4 37.2 22-3/8" 4 85.3
g" 5 31.9 - 33 R 95.4
20" . 6 36.7 43-5/8" 5 95.4
32" 7 , 38.2 51-3/8" 6 85.3
44" . 8 41.8 56-5/8" | 7 85.3.
8" 9 37.2 61" 8 81.0
20" 10 34.1 37 10 95.4
32" 11" 28.9 - 35" 11 81.0
44" 12 © - 28.3 gm 12 89.5
Average: 34.1 ft/sec: 34" 13 85.3
75337 scf 35" 14 73.9
37" 15 68.8
Average: B84.6 ft/sec
) ' 75354 scf
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effects of pseudo particulates would ke insignificani. Therefore,  the
impinger catch was believed to be properly included in the measurements of
the suspended particulétes from asphalﬁic concrete plants. As a result of
the filling of the cyclones in the Joy train, a particle size distributiocn
curve could not be made. It is estimated from visual examinaticas that

the mean particle size fecr the_inlet is greater than 10Cum. The breakdown
of the particle size distribution for the baghcuse outlet including the

impinger is as follows:

Percent of Particles ‘
Greater than 1lOum lo~3um‘ 3~1um Less than lum
Test 295 : 60 ‘ 6 . 4 30

The mean particle size

(A1)

or the bacghouse outlat 1s approximately &0um.
Although the baghouse has a high efficiency some of the coarser particles

still penetrate, no doubt due to small leaks in and ardund the bags.

3. Chemical composition of particulates--Table 4-57 lists the results

from the chemical analysis of the particulate fraction for the tests dis-
cussed in this section. Although silicon is not detected with XRF (see
Section 3.2.2 B), it is ¢lear that silicon is' the most ahundant element in

these samples. The unanalyzed portion of Table 4-57" is primarily SiO, and

2
other compounds of silicon.

4. Emissions and emission factors--Emissions and emission factors can
be listed with several different units. The following lists some of these

emissions and factors for these tests:

~ Controlled Uncontrolled

Units Test 295 ' Test 29J
gr/DSCF - 0.00776 © 11.483
T/yr 1.56 ' 2079.9
1b/hr ‘ ' 4.34° " 5777.5
1b/ton produced 0.02 ‘ © 34
lb/ton produced (Ref. 4-22) - 0.1 45
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TABLE 4-57. - CHEMICAL COMPOSITION OF PARTICULATE SAMPLES
IN PERCENT FOR ASPHALT BATCH PLANTS (TEST 29)

10um ) 10um
Cyclone Filter Cyclone
SAMPLE # ' 295-25 . 298-55 29J-28
'WT. PERCENT OF CUT ' 62 3.6 54
_XRF ANALYSIS '
Arsenic t
Barium ° ' t B t
Calcium 2.4/0.3 10/3 1:9/0.3
Chromium b t
Iron . 3.6/0.5  1/0.1 5.3/0.3
Potassiud 1.5/0.5 i 1.5/0.2
Silver t
{Snl fur) . . (<8) (<4) (<3)
Titanium ‘ t t t
rotaLt -8, 11 8
Salfates, H,0 sol? . 2 |
(Sulfur, from SO4=)“ (1} .
Nitrate. (H,0 sol)? t
Total Carbon? ‘ - +
(Volatile Carbon)’ .
(Carbonates) - ’ (t)
| TOTAL ANALYZED 10 11 .8
BALANCE 90 89 92
100% . 100% 100%
t datoctad in comcantration of <1s
1 analyzed by x-ray fluorsscance—Section 3.2.2 B
2 analyzad by wet chemistry-~Section 3.2.2 A
3 analyzed by Ocsanograghy carbon analyzsr--Secticn 3.2.2 A '
4 calculated from sulfates (sulfuresulfate/3) to compars with sulfur
from IRF
s for values shown as X/Y, X is 4 of the slement present and ¥ is the
errcr (i.e. X% 2 Y )
() not included in total—sulfur and sulﬁtn are accountsd for ia s'ul.‘.ur
XRF analysis and volacils carbon and carbonata ars accounted for in
total carban
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