32,2 Analysis Methods

All of the particulate samples cobtained for any of the catches that
had a weight of 100 mg or greate; were sent to Armament Systems Co:porationf‘
Anaheim, California, for elemental compos:ition and to Rockwell Internaticnal
Air Monitoring Center (&MC), Jewbury Park, Californla, for sulfate, nitrate,

and carbon analysis.
A. Elemental Analyéis——

1. X-ray 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 cén be separatad according to their size. Since each atom generates a
séries of X-rays with specific energies, the energy specﬁrum accunmulated 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 Elactron
probe Analysis, 1971). '

Special sample preparation procedures and laboratory techniques were
used with energy dispersive spectrometers to generate low prm detectability
for all chemical elements heavier than potassium in solids. The laboratory

nalysis included the following procedural éteps:
(1) A representative sample was coarsely sieved and the remaining

material was thoroughly mixed before a 10-50 mg aliquet was
taken. ' ;

{2) The sample was then dried énd deqreaSed if necessary.
(3) 20 to 50 mg Af 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 to
fluoresce the sample. This optimized the sensitivity for elements Qith atomic
numbers 19-39 plus 57-83, and 40-56, respectively. Prior to analysis, an

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

* Pormerly Analex Corxp.
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and Jaklevic (Ref. 3-25). This was requirel 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
anc. the 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 with 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 produce a meaning-
ful resulc. Those results are reported but should be used with some reserva-

tion concerning their accuracy.

2. Atomic Adsorption (AA)--A few samples were randomly chosen for AA analy-
sis to compare with the results of the XRF analysis. Atomic Adsorption analysis

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

Five to ten milligrams of splid particulace or 1" circle from the £il-
ters was treated wlth a mixture of hydrofloric acid and nitric acid to ﬁompletely
dissolve any‘silicates present. The mixture was taken to dryness so that all
silicones were driven off as SiF6. The remaining solids were resuspended in
10% nitric aczid. Before diluting to volume, & flame pbuffer of lanthanum was
added, so that the final matrix used for Aa was 1l0% nitric and 0.53% lanthanum.

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

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

with a mortar pestle until they were homogenecus.

1. Water soluble sulfate (SOZ) analysis-~Three samples wére‘randomly
chosen to test relative extraction efficiency for recovery of totalvsulfate,
by a) 0.0l i carbonate extraction, b) water extraction, and c) carbonate fusicn
extraction. Duplicate and triplicate samples were analvzed to give an indica-
tion of precision. The results arebdiscussed in Section 3.3.2. The 3.01 M

=
carbonate extracticn method was chosen for all 504 analysis. The three pro-

cedures are given below:’
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a) 0.01 M Carbonate Extraction--A 1lOmg peortion of solid sample or a
1" diameter circle punched from filter samples was reflux extracted in a 0.01
M carbonate, .0036 M acetate buffer (pH 4.5) for one hour. The hot extract

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

T £inal 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 MIB method of sulfate determination is based on the spéctral 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 MTB is brown-
ish-rad. (abosrbs light at 460mm). . Thus, the coleor of solutions 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

o .
sulfate with MTB-Ba results in equivalent amounts of free MTB.

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

bonate sol+.iion.

¢) Carbonate Fusion Extraction--In this,methodfsodium and potassium

carbonates were melted with the sample to convert all insoluble SOZ to

soluble forms.

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 £ 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 éohgeal 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 Cd 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 N
then coupled with N-l-naphthylenediamine dihvdrochloride to form a reddish-

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

"A carbon analyzer made by COceanography International was used for
the carbon analysis. Using this instument, carbor in the sample was con-

verted to CO which was analyzed using a Horiba NDIR detector. Three dif-

2'
ferent techniques were used to analyze the samples. Using the direct injec-
tion technigue, microliter quantities (up to 10C ug) of samn’z were injected
onto a filament for prograrmed 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 finally 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 solution of the vial. .
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Most of tfe samples on this program were analyzed for volatile carbon
and tctal carbon by the direct injection techniques. 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 as the filament is heated at 150 °C for 200 seconds. "Non-

volatile"™ carbon

s determined as the filament is heated to 800 °C for 80.

seconds.

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

nitrogen through the acid solution.

Filtér'samples were analyzed for inorganic and for total carbon using
the 'ampule technigque. For inorganic analysis, a 1 cm circle was punched
from the filter ond plzced in a glass ampule. 'The‘ampule was then purged cf
atmospheric é;rbon and sealed in a flame. Inorgaﬁic carbon was determined

by breaking the ampule in a closed system, adding 2.0 ml 5% v/G‘phosphoric

" acid, and purging the carbon dioxide to the detecfing system. For total

. carbon analysis, another 1 cm circle was punched from the filter and placed

in a glgss ampule. 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 purged

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 alloﬁ oxi&atioh
of organic carbon. .!e ampules were cooled 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-¢ operations: (1) determining

‘ 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 liguid contained in the impingers was carefully
measured. The difference between this volume and the initial volume of
distilled water was recarded as the condensate wvolume. When small amounts
of condensate were obtained, each impinger was weighed (to the nearest 0.1
g) before and after'the test. A small correction 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 in a beaker
or flask. The inner walls of the sampling procbe 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 organic material in the egquip-
ment or tubing was washed out with minimum amounts of'reagerﬁ gradé acetcne
or #dethyl chlorcform and added to the aqueous portion. All washing was done
in a counter-current manner, usiﬁg each portion of water or solvent tc wash
each impinger successively in a direction opposite to the sample gas travel,

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

The organic material.was removed from the aqueous 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 extraccted
with five 25-ml portions cf reagent grade methyl chloroform'pér 500 ml of
water. About 25 shakinqs.were made for each extraction. The two ligquids’
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 ara toxic. all operations were con&ugted in

a well ventilated or hooded location.

Finally, the aqueous fraction was' evaporated to dryness and residue
weighed as described below:
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'discharge air from the vacuum pump or aspirator was hooded to a ventilation

The small beaker was evaporated just to drymess 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 mg. The difference
f-om the tare weight of the beaker was recorded as the weight of particulate
matter collected by the impingers. Determination of dissolved scolids was
made on each batch of distilled water used and a correction for this blank
applied to each sample._

The solveﬁt 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 inlét glass
tube, drawn out to about 1 mm in diameter at the tip, was placed at a point
just above the surface of the liguid. The vacuum was regulated to draw a
jet of air over‘the surface of the solvent and promote fast evaporation.

The inlet 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~ bath to prevent slowing of the evaporation process. The

system to remove the toxic Vapors. '

When the solvent evaporated to 15 ml or less, the liguid 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.continug& until all of the solvent had evaporated and only an oil
or resin remained. A halide leak‘detector (such as one manufactured by
Prest-O-~Lite) was used to determine when all the chlorinated sélvent had
evaporated. The sampling tube of the detector was held above the residue

in the beaker and the color of the small acetylene‘flame ovér a copper grid
observed. If 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 ofganic ,
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 frem 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 aqueous residues are added to give the total particulate matter
collected by'the impingers. Due to the tar-like consistency of the sample
it was not possible to cbtain further chemical analyses (i.e., XRF, sulfate,

nitrate, and carbon).

323 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 Tabie 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 Sata--only used on sources that were bLeing
monitorad.
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60-33 Control Room Data

5804~1 Statement of Process Weight ,
5806-1 Particulate Emission Calculation .
£°06-10 Extraction of Impinger Water

5806-8 Solid Cyclone and Filter Catch
5806=7 Particulate Emission Boil down Sheet
S806-9 Particulate Summary Sheet

5804-8 Laboratory Test Request

5806-A Size Distribution Work Sheet #1
5806=-B Size Distribution Work 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 ﬁesults
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 particulaf indus-

t}ial type from the inventory‘data,.then phone calls were m;de to each plant
until cooperation was obtained from at least one piant. A plant visit was
scheduled to inspect the gqu;pment and determine the best location for test
set-up (if test could be conducted at all). The field test director or
project engineer wéuld then visit the‘plant and use Form 5806;6 (page 1-3)
Section 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 (polilution 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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2 While test equipment was being set up, é velocity traverse
was taken of the stack or ducts (sometimes at both inlet and
axit to a control device if these were to he tested.) The
velocity data were recorded and calculated on Form 5304-7,

Section 3.4. The equation used to calculate velocity was:

velocity (ft/sec) = 2.9 [(vel. head in EZO)(Temp °K)}1/2

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

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

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

8 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.

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

recorded onvthe meter sheer, 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 pfoeess 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 crew would record the final reading

and carefully load the equipment for transporhing.

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. Initial weigh: for solid catches (particulates céught in the
cyclones and filter containers) were ébtained before Bhe
field test. The material in the cyclone was carefully trans-
ferred to tared‘vials, déssicated, and Qeighed.- These data
were recorded on Form 5806--8, Section 3.4. Weight data fcr

the filter alsc were recorded at this time.
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2. The amount of water in the mexnger was measured and recorded
on the meter sheet, Form 5806~2, Section 3.4. The water was then
transferred to a separatory funnel 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 evaporated. Also water washes of
the cyclones and probe were evaporated. These data and calcu-

lations were recordéd 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 decide
on the samples to be sent for XRF analysis'and 304, 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 DSO cut size for each cyclone was performed
using the data discussed in Section 3.2.3-C. Alsa refer to Section 3.2.3=-B

for the explanation of the size distribution plots. ‘ !

When the project engineer received analysis data for somples completed
by 1) XRF=-~Form 5806;3 (Sect. 3.4)--major elements, 2) sulfates and nitrates--
Form 5806—P‘(ﬂ Ve 3.45, and 3) total carbon, volatile carbon, carbonates--
Form 5806-G (Sect. 3.4), he would cﬁeck'thq results and enter the data on
Form 5806-D (Sect. 3.4) for each field test. This form allowed for easy
oomparison between the diiferent size fractions for each test and also for

assessments of the two trains when they were used simultaneously.
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' B. Particle Size Distribution--

In.general, the particle sizes will have a .normal or Gaussian dis-
tribution. Plotting the particlé size distribution in um, against the
cumzlative 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:

g R Probe Catch-—assumed to have sizes of particles evenly dis-
tributed over total range.

25 First Cyclone Catch--contained all particles larger than
the DSO calibrated cut size for this cycleone (9.2 um for
SASS and 8.3 um for Joy)

9. Second or Middle Cyclone Catch--contained only particles of
the DSO

SASS and 1.9 um for Joy).

calibrated cut size for this cyclone (3.8 um for

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

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

the DSO calibrated cut size of third cyclore but greater
than the porosity of the filter (porosity of the filter is

questicnable but is estimated at 0.01 um).

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

SO, + 3H20 - 32504,' 2320 and 2NH, + SO, + H,0 ~ (\.\:114)2 504]

3 3 2

‘may add to the weight of this fractien.

The weight fraction of the probe catch was not used to define the
gize 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)ﬂ 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
(coxrrectcd size, um vs weight percent less than stated size). Figure 3-28
illustrates the.construction of this functien. The' first cyclone was not used
in'generati;g the particle size distribution since it would catch particles
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 DSO calibrated cut sizes are discussed
in Section 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 weéight 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.

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

c. DSO Cut Size Corrections for Flow Rate and Temperature--

'

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 socurces (1) 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 "Development and Laboratory
Evaluation 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

against the cyclone Dgy cut points, um, at a flow raﬁe of 1.0 actm and a
particle density of 1.00 gm/cﬁB. 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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TABLE 3-2. LARORATORY CALIBRATION OF THE FIVE-STAGE CYCLONES

D, CUT POINTS

Cyclone” . I : 11 IIX v -V
Particle Density (gm/cm3) 2.04 1.00 2.04 1,00 2,04 1.35 1.00 1.05 1.00 1.05 1.00

Flow Temp ' : . - Cjclone D5, Cut Points

1/min ag Micrometers

7.1 25 : : © 2.5 (2.5) 1l.i  (1.5)
14.2 25 : 5.9 (8.4) 2:4 (35 (1.7) 2.1 (2.4) 1.5 (1.5) 0.85 (0.87)
28.3 ° 25 3.8 (5.4) 1.5 (2.1) 0.95 - - (1.4) 0.64 (0.65) 0.32 (0.32)
28.3 93 ‘ 4.4 (6.3) 2.3 (3.3) 1.2 - (1.8)

28.3 204 o 6.4 (9.1) 2.9 (4.1) 1.9 - (2.8)

D50 cut points enclosed in parentheses are derived from the experimental data using

Stoke's Law.
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polated to low temperatures, the D50 cut points approach zero as the tem-
perature approaches absolute zero. With this information, a temperature
correction curve can e drawn for any Dgq 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 DSO cut size is read on the line at the cperation temperature cf the

cjclones. The calibrated D50 cut points for the small cyclones are plotted

this way in Figure 3-30.

Flow Rate Correcticons--The DSO cut point, mm, and the flow rate,

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

Exanmple of a temperature and flow rate correction

SASS Train Data: V_, sample volume DSCF o912
Vw’ water collected SCF (vapor) 96
t, sampling time, min. 240

TB,.cven/cyclone.tempe:ature, °R 660

Calculate the wet actual flow rate at the cyclones, wacfm, as follows:
(V. +v) T
s w 5
€ 520

(912 + 96) x'660
240 520

flow rate at cyclones =

= 5.33 wacfm

First go to Figure 3-32. Read *the D50 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 enly

‘-10 U cyclore -:11.5
3 u cyclona - 4.6
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Fiqure 3-30. Temperature correction curves for the six 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 temperatﬁre
€60 °R.

Flow Rate Flow Rate and‘

SASS Corrected Temperature Corrected‘
10y cyclone = 11.5 - 8.9%um
3u cyclane - 4.6 - 3.5um
lu cyclone . - ‘ 1.6 > 1.3um

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

3.3 . QUALITY CONTROL

A comprehensive guality 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-factor calibrations of laboratory
instruments. '

3.3.1 Cycleone Calibration

This section contains discussion taken from EPA 600/7-78-018, February

"1978, “Sburce Assessment 'Sampling System: Design and Development“ (Ref. 3-1).

The calibration of the SASS cyclones has been underway almost con-
tinuously since the development of the SASS. Initial efforts were conducted
by Southern Research Institute using a Vibrating Orifice Aerosol Generator.
Later calibration tests were’performed by Acurex using a different method
involving dispersions of polydisperse aluminum spheres. Results have been

obtained with 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 efficiency‘curve; from that curve can be obtained a commonly

uéed figure-of-merit for the cyclone called the D_. cut diameter. Figure

3=-33 illustrates these concepts. The efficiency'zg particle collection is:
plotted againét the particle diameter. For each particle aiameter, 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 ﬁhrcugh uncollected. The particle diameter at which half of the’

particles collected is the D_. cut diameter; Figure 3-33 shows the D.. cut

50

S0 g
cut diameter, often abbre-

diameter of that device to be 3.0 m. The Bes
viated to "cut size", is comronly used as a rough indicatica of the collec-

tion cut-cff of a cyclone.

Note that Figure 3-33 expresses pa:ficle diameters as aerodynamic
particle diameters. t is important to distinguish aerodynamic diameters
from physical diameters. The physical diameter is the dimension of the
particle cbtained by physicél measurement, for example, with a microscope
- and reticle. For nonsymmetrical particles, the physical diameter of a given
particle may have several different values, depending on the measurement .
. axis chcsen. The aerodynamic diameter (scmetimes called the Stokesldiameter)
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 paztic;es used for cyclone calibration are two-fold. First, each paiticle
is uniquely characterized, independent of any choice of physical dimensicn.
Second, and more important, since the basic cyclﬁne sepazation 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.

e Polydisperse Powder Cyclone Calibration Method--

From the size distribution data, it should have beern possible to
construct a cyclone efficiency vs particle size curve for the particle size

range of the test dust. When this was attemrted, it became apparent that
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the experimental results were inconsistent, and in some cases, contradictory.
Fﬁr several experiments, for example, the mass median size of the cyclone
cup catch 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 latger explanation is the cause of .
the unexpected test results. Figures 3-34, 3-35, and 3-36 are scanning
electzod micrographs of the feed, cycléne cup, and filter fractions. respec-
tively, from a calibration run with the small cyclone. The magnification is
3000X. It is qualiﬁatively apparent that the cyclone cup'fraction'is smaller
than 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 smecoth and show clesavage
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 vexy 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-particle contacﬁ in this region 1is causing the erosion. The haxri-

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

The calibrated aerodynamic D cut points fof the three XVB (ARB)

SASS cyclones without the swirl bust:gs are 9.2, 3.8, and 1.3 um for ihe
large, middle, and small cyclones, respectively. The calibration curves
are given in Fiqure 3-37. The calibraticn results of the KVB SASS cyclone
set agree well with the calibraticn results of the EPA SASS cyclone set as

compared in Figqure 3-38.

The calibrated aerodynaric D.. cut points for the three KVB (ARB)

Joy cyclones are 8.3, 1.9, and 0.6 uiofor the large;‘middle.‘and small cyclones,
respectively. The calibration curves are given in Figure 3-39. The solid lines
are the resulté of the calibration by Acurex and the broken 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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$i0. test dust -- small cyclone filter catch.
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FRACTION OF PARTICLES COLLECTED
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Figure 3-38. Comparison - calibraticn results for two sets of SASS
cyclones.
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The calibration results (curves) £rom Acurex for the KVB Joy cyclone

set entails some gquestions:

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

Answer: The small cyclone collected 100% of all of the particle,
in the size range of the calibration. The smallest‘particles were between
0.6 - 0.7um. Theref re the collecticn efficiency curve was assumed (as

shown in Figure 3-39) and the DSO 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 locks strange
(nothing like he has even seen before), and said that 30% of +the large
particles in the size range (15-30um) of the caliﬁraticn dust got through the
cyclone somenow. EHEcwever, he could not explain ﬁow-the large particles could
do this and that there might have heen an error in the calibration but he couid
not trace it. Therefore the dashed line is an assumed projection of what the

curve should be, *

3. Why are the two calibration curves different for the middle
cyclone whicn has the same physi.al dimensicns? y

Answer: At first it was ﬁhougﬁt that possibly the physical dimensions
of the two cyclones were different. . Both SoRI and XVB remeasured the critical
dirensions for their cyclone. However, no detectible differencg in the
cyclone dimepsions was found; ﬁlake of Acurex suggested that the
calibration method was different-and would give‘different 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/DSCF.

3.3.2 Laboratory Quality Assurance Proéram
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 te 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 accurate
representation consists of 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 (Ca) in an ore, the

normality of a standard soiution, the calibration éaraméters of an instrument,
etec. 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 QE Measure
1. Mass Determinaction Analyzical Balence Calibration chacked daily
against a standard weight.
A. Samplae Analytical Balance 108 are reweighed
: B, Blank Analytical Balance 10% are reweighed
2. s0,, %0, & WM, . Technicon Auto
Analyzer II GCalibrated daily igainst

standard solutions.
Control chacks pear tray of
40 samples.

1. Extract from previcus
tray

2. Blank axtyact

3. Standard solution

4. Duplizate exposed strips

3. mecals (Pﬁ‘ ) Arsmic Absorprion Calibration check daily
against standard solucions.
Control checks per run

1. Two repeat extract.

2. Two blank extracts /one
spiked) .

3. T™wo standard solutions

4. Two duplicato exposaed
strips

4. Carbon * Oceaanography Intl. 1. Calibrated daily zgainst '
; standard solutions
2. Control checks eveIy
10 ssaplas
1. 154 variations are
re=analyzed
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TABLE 3~3. REDUNDANT SAMPLING RESUL 7S

TSP, LnclLuding 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 . 0.0021 15.04
16 0.0263 0.0199 19.59
Z1 0.0092 © 0.0071 ' 13.22
22, 0.01¢ce - *
35 0.0594 , 0.0649 6.26
38 | 0.0170 0.0136 - 15.7
25 : 0.0075 0.0078 B.TY
27 ' 0.0G37 " 0.0033 8.08
« 31 , 0.0025 -0.0028 8.00
élg 1 ;‘L 0.0672 . 0.6896 é::;;dzs 20.2
ol 3 : 0.051 0.0365 % 20 23.43
11 “ 0.0091 0.0078 10.88
12 0.2072 0.0085 15.23
o B 13 ' * 0.0083
2'318 23 * ' 0.0084
a g 2/ 24 , 0.0112 0.0144 17.68
' 32 ' 0.0124 . 0.0086 25.59
33 0.0132 0.0133 8.53

Average 16.4

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

9 ) " " sulfate analysis

7 " . " hitrate analysis

4 " m XRF analysis'for elements

3 " " atomic absorption analysis to compare with URF

Table 3-4 lists the results for redundant carbon analysis. For each set

of replicate analyses 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 average of 2C
for sulfate analysia is 3.0. Again being conservative, the precision of the
sulfate analysis is +3%. A conservative average for the nitrate analysis

is +30%. Table 3-6 lists the results for the redundant XRF analysis of the
metals. In all cases listed the results agree with the repeat analysis

within the error limit stated for each element.

' Table 3-7 1lists the results for the chemical composztlon of the.
particulate samples, comparing the XRF analysxs with the AA analysis. "For
solid particulate samples {cyclone and.filter catches) there is good agree-
ment between the two methods of analysis.

Ce Blank Runs on the Sampling Trains--

.Twice'dufing 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) Detarmine if any macerial was being left in the trains from the
previous test.

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 condensata.

379 KVB 5806-783
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REDUNDANT CARBON ANALYSIS

TABLE 3-4.
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TABLE 3~5. REDUNDANT SULFATE AND NITRATE ANALYSIS

% Standard

; % Stancdard
Sample No. Sulfate, % Deviation Nitrate, % -Deviation
12s-IC* 1. 15.8 4.8 — —
K 2. 16.8 ‘ — ———
3. 17.4 -— -
11s-IC* - 1. 15.8 W -— -
2. 161 -— -—
25-45 1. 6.2 0.2 0.07 .18.3
2. 6.0 0.12
1s-3s** . 1. 3,5 1.3 0.19 77.1
- . W, 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
v ‘ 2. 8.7 0.15 :
8J-2s 1. 0.06  18.1 0.02 12.9
2. 0.09 0.05
293-28 1. ND 0 ND 0
2. D ND
30-5-25 1. ND 0 ND 0
2. D ND
Average 2.9 Average 25.0

ND = Not Detected -

*Tests 1 and 12 were performed on the same utility boiler at

the same sampling location.
**Tests 1 and 3 as above.
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TABLE 3-6.

gty ey g g s

ELEMENT COMPOSITION OF.PARTICULATE SAMPLES BY XRF ANALYSIS
IN PERCENT FOR REDUNDANT ANALYSIS

Zing

Repeat Repeat Repeat Repeat
Sample Number 293-25 29J-25 183-28 193-25 8J-2S 8J-2s 30-5-28 30-5-28
t 1
Calcium 1.9/0.3 1.9/0.3 2.2/0.4 1.7/0:5 A& t
Chlorine 5/2 6.7/2
Chromium t £
“Iron 4.3/0.5 4.0/0.5 | 0.87/0.1 0.8/0.1 | 2.4/3  2.2/0.2
- Manganese t. L
Potassium 1.5/0.2 1.6/0.3 5.2/1 3.8/1 1.2/0.1 0.9/0.1
silicon >11 >10 17/4 15/4
Sul fur - <3 - <2 8.1/3 1/3 2 t
“Pitanium t E t
t

2/01 reads 2 + 0.1
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TABLE 3-7,. XRF VS AA FOR ELEMENT COMPOSITION
. OF PARTICULATE SAMPLES IN PERCENT

23s8-28 26J=-4S 11s-5s
(10u in Cyclone) {(lu in Cyclone) (Filter)
.Sample Number IXRF AR XRF AA XRE AA
Zalcium 1.1/0.3 It 1.1/0.4 1.17 12.2/1.0 13.5
Chlorine 14/5 31
Cobalt £ t
Copper 1.6/0.4 1.4 . t
Iron 3.4/0.4 2.1 2/0.3 2.3 4.9/0.06 4.1
Lead £ o 1373 12.4 . =
Nickel 2.5/70.3 1.2 10:87/1l:1 8.4
Potassium . £ 9/4" 1.8 £ t
Vanadium t t ' t 2.1/0.3 1.5
2inc £ t t £

t denotes <1.0%

Where values indicated as x/v

Y 15 the percent variation.
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In both cases for the Joy and SASS blank runs, the filters and cvclone
wash residues showed no significant weight gain. The probe wash residues had
a gain in weight 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 be
said that less than 2% of the matter collected in the probe remains in the
probe. The impinger condensates were extracted as normal. Normally, the
distilled water when boiled dry leaves a xesidue‘of 0.006% of thr water weight.
After the distilled Hzo was subjected to methyl chloroform 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 measuring
fine particulates is the analvtical balance. To assure the quality of the
work, XVB'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 vwere checked against one
another and against a recently calibrated dry-gas meter. four times through the

course of the program (conce 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 against
a calibrated standard type pitot tube to check the pitot correction factors.
Also the magnehelic gauges which are used to measure the Dressure 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 liquids.
Vacuum Leaks--Vacuum leaks in the sampling system were checked’for as

part of the sampling procedure for each test.
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SECTICN 3.4

FORMS

This section contains the forms referred to in

Sections 3.1 through 3.3.4.
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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 (qQuantitative, qualitative, source)

Process Weight Availability
: 5

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 COperaticn):

Annual Process Time Rate: hr/day day/week

wks/year

Process Diagram, Drawings Availability

Plant Entry and Exit

XKVB 5806-783
3-86 5806-6 ©Page 1l of 3
9/28/77
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Page 2 58066
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

Operaticnal Fluke Indicators of Down, Start-up, Stop, etc:

Revisit Contact, Name

Title

Test Documentation Photo Permit

Test Synchronizaticn with Plant Running

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

Communication to Qutside

Emergency Procedures, if any, Designated:

TEST SETUP

Best location of Test Stations
Source Geometry: Shase

Diameter

Height

Test Area Access at Height

through

Test Holes Size

Height Above Level Area
Width of Platform

General Space Availability

KVB 5806-783

3-87 | KVB, INC.

. T



Page 3 .5806-6

ﬁ ' 9/28/77
Estimate of Source: Temperatures, Inlet
' Qutlet
IN ; OUf

gas velocity

gas tpkicity

A emis#‘on load

noise

dust

Equipment Hauling to Test Area

Electricity Availability: 3Ca, 60a, 11GC 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




ST,

KVB

Sample Code

Firm and Unit

Test No.

Sampling Station

Page E=

Date

GAS VELOCITY DATA  veal

- o
Time (ft/sec)=2.9vAP( g)
Starc
Vel.Head Temp. Vel. [\Vel.Head Temp.| Vel. Vel.HeadiTemp. Vel.
Point '1In. Hy0| °F [Ft/Sec.{In.H20 | °F [Ft/Sec. |{In.Hp0 | °F |Ft/Sec.

-

{

13D EeB =T

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+460), SCFM

3-89

2474

KVB 5806-783
KVB 5804~7



Firm Name and Unit

Test Nc.

KVB

Sample Code

Sampling Station

SPCT MCONITORING DATA

Y DRAEGER CR TLV SMHIFTER

CONCENTRATION :
INSTRUMENT USED | FUNCTICONAL DATA | COMPCUND NAME | ozm | Grs/SCF . Lhs/Hour |
: [ |

! |

|

S SIS, | VI PN [ ] R

—_—t ) — - ——f—t g — =~

o 9/78

Uit o 1o Stk e s LA il ks (Ll 84 o P e ST

KVB 5804-5

KVB 5806-783



: JCATICH o RS SlER ' Page_____
KVB' -NIT - FUEL DATE o
OPERATORS AMBIENT TEMPERATURE, °F
i : METER VOL. (START/END) /
Train type : v : =
Fuel Analysis (% By Weight) Nomograph Setup Inp. VYol {End) Vol.,jStart) AvVol.(ml) | Filterd
o P : L2 S = ,
C = H= §=  O= Mk € = ! ¥2 -— = Particulate Wts
e _ stack= Tseack™ e — — Filter -
- - - e -
i " 2 H0 Tirav AL S ) Total
, . meters . . , - : Acetone ng
4 ASH = INERT = Al = Noz (Ideal)= ¥ g (End) g(Start) A grams
1 ¢ Noz (Actual)= - (Silica — . Total ___  m¢
’ Gel) = —
; $ HO = - _
DENSITY = HHV = 2 Y : Total Vol. Hy0 ml
11 21 31 41 - 51 61 71
Sampling Time |Particulate[Condensate | Fuel Flow Load Citor lotack Press. JBarometric TEST RESULTS
Per Point, Min.] Wt., mg Vol., ml - gal/hr MW P In.Hg-Gauge Pressure | Test Averageas: .
ADPg = Tgrack * F
3: : AU = - Tmeter " °F
1 S EY 21 31 : 41 . ' 51 61 Sample ‘«'ol--( ln—.’
TEIPERATURES, °F - R
Sample Time METER COHDITIONS T i . c'z" Vac, per. t o
Point APs | AL |Meter Reading| Stack |Probe 0_ven n out  [th - [onE ex_'cen 2
" | Mgeack qus = — _ _(~28
’ ] _ ] Velocity = fthe
Total Sample
Time - min,
ISOKINETICS = — )
Particulate Emissions
6
: | 1bs/10 BT
3
U I
@ | COMMEUTS: -
o)}
L}
~1
@
b .
- :
i | ek - 5006-2




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 Pressurs of Wazar at inpdnger T8wo. . 18,88

C. Volume of Metered Gas, Cu. Fr.

D. Veolume of Watar Vapor Metered,BXC/A, Cu.tPt.

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

F. Total Volume of Water Vapor in Gas Sarple, D+2,Cu.ft.

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

H. % Water Vapor in Sampled Gas, 1J0 x F/G

* See D on sarpling train data sheet

Corracesy o ;»-n-
| . . Weight Per Mole
Component Velume Percent X Moisture Collection X Mol.Wt.= wet Basis
water Aald 8.0
CarbonDioxide Orv Basis ; 44.0
CarbonMonoxiiJ Dry Basis ' 28.0
Oxygen 'Dry Basis 328
Nitrogen + N
’ qInerts Dry Basis ' 28..2
Average Molecular Weight J
y i ) . AvV.Mol.Wt.
J. Density of Gas Referred to Air = ‘—f__é_—j; =
28.935
: . N Moo =
K. Gas Density Corraction Factor =\ 1.00
J '
3-92 . ' XVB 5806-783

9/76 ' XVB 3804-4
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g ' ﬁ? | ) j que 3 T
KVB Test No. = KVEB :

ENGINEERING PROCESS  FIELD REPORT

. Eo-Name: ' ' : bate
|Address - _ ‘ 1APCD permi Na_|
Sevurce of {;qr&“ulqégs Type
Pt of obsarvation ‘Pt of discharan
hued hee ~ Jwind | time frem tn

En. ?rgss or ?1[‘,.5- r

TIME

Process obsarvation

Cowr Tetal time of discharge ef epacity
B ’bla_tk ‘ o ,
- .=w):: . : ﬁsndufe
. ‘ T kv
. ‘ KVB 5806-783
A=38 5306-3

A TR AN AR A 2 1 gt




Test No. =2 ]

KV B. INC

. : Test Engr,
MOBILE LABORATORY DATA '

Test Number Date

Cnit Number Owner

Fuel Location

Capacity (k#. hr) ' Identification

Furnace Type Burner Type

1. Test Number ' ) v 417

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

3. Flue Diameter (£ft)

4. Probe Posi+tion

5. Process Rate

6.

7. Water Centent (% vol.) ]

8. Oxvg=en (%) *

2. NCx(hot line) reading/@3% O2(pom)
10. NO(hot line) reading/23% G {pmm)

:1. NO,(hot line) reading/@3% 02(cpm) [ | i J

12. Nox dry @ 33 Q, (hot line) prm ‘ ' o [

13. NO dry @ 33 O, (hot line) (prm) |

14. NO» &rv @ 3% 05 (hot line) (pom) |

15. Carbon Dioxide (%)

.16 . Carbon Hénoxide (orm) uncer./cor .| L _ [ T Tﬁ

& 1
17 - Hvdrocarbon {(pcm)

18 . Sulfur Trioxide {pcm)

19, Sulfur Dioxide (pcm)

20. Total Particulate (g/Mcal) 17

21 . Total Particulate (lb/Mbtu)

22 . Smoke Nuzber

23 . NO(cold line)readihq/drv 23s (prm) Jﬁ { J, l l

DD SUE SESUNY [N GHPIY DU DUSSES SEIS SRS USRS (i I

24 . 1

25, Atmos. Temo. (F*/C®)

26 . Dew Point Temp. (£°,2°)

27 . Atmos. Pressure(in.Hq)

SPIRE T R P

XVB 5806-783
3-94 60-3




Test No.

KVB

Engr.

CONTROL ROOM DATA

Test Number Date
Unit Number Owner
Fuel Location
Capacity (K#/hr)
Furnace Tfpe Burner Tybe
L. Test Number
2. load (X#/hr)
3. Control Method Auto/Hand
4. Staged Air Port Open
Ss
6. Oxygen/Air Level %)
7s Drum Pressure (psiqg)
8. Final Steam Press/Temp(psig/°F) l [ ’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 .(psig)
18. Pressure Furnace/Windbox (iwg)
19. Smoke Meter
20. Stack Temp. (°F)
21l. Boiler Outlet Press. (iwg)
22. Boiler Outlet Temp. (°F)
23. Air Heater Inlet Temp. (°F)
24. Air Heater Outlet Temp. (°F)
25. Windbox Temperatura (°F,
26. ; |
27. 5
28.
KV

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

3-95

B >8Ub=/33
‘ 4/76
60-33




Firm Name

Address

Sample Code

' Tested by:

KVB

Date

STATEMENT OF PROCESS WEIGHT OR VOLUME

DATA ON OPERATING CYCLE TIME:

Scags of ;pe:at;on.?ime
£nd of Operatiorn, Time
Siapsed Time, Minutes

Idle Time During Cycle,Min.

Nert Time of Cycle, Minutes

DATA ON MATERIAL CHARGED TO PROCESS OURING OPERATING CYCLE:

Material
Material
Marerial
Materidl
Material
Material

Material

3/76

Weight

Qr

Volume

Total:

Signature
Title

KVB 'S804~-1

3-96 XVB 5806-783

lbs, gal
1bs,gal
lbs,gal
1lbs,gal

1bs, K gal

lbs,gal
lbs, gal


https://aceri.al
https://WEIGH1'.0R

PARTICULATE EMIS3ION CALCULATIONS

Test No. Cate Location Engr.
Unit No. Fuel Ioad
Pitot Factor, Fs Barometric Pressure, Pba in. Hg
Tot. Liguid Collected, ¥ ml  Total Particulate, M o g
c—— ;
Velocity Head, AP : iwg ~ Stack Temp., Ts ®*R Stack Area, As ftz
Sarple Volume, Vm 3 Stack Press., Psg iwg Excess 02. xoz\' AY
Orifice Press. Diff., H iwg Stack Gas Sp. Gravity, Gs n.d.
Sample Time, 68 min + Nozzle Dia., Dn in. Meter Temp., T °R
‘ S e
' ' ‘ 520
. & v N - = » - B
*), ‘Sample ‘Gas Volume vmstd 0.0334 Va(Pbar + H/13.6) T SCFP
2. vater Vapo:‘. VW g = 0.0474 V SCF
3. Moisture Content Bwo = Eg. 2/(Eq. 1 + Eq. 2) ‘ . N.D.
4. Concentration a. C = 0.0154 Mn,/Vmstd grains/DSCr
b. C = 2.205 x 10°° Mn/Vm 15/DSCE
; std .
- c. C = Eq. 4b x 16.018 x 10° grars/cscH
S. Abs. Stack Press. Ps =( x 13.6)+ Psg'.,‘ in. w abs.
6. Stack Gas Spzed Vs = 174 Fs YAPTs %:—7 la-z-g- ‘ ft/min
7. Stack Gas Flow a. Qsw = Eq. 6 x As x %& l:%; WSCF/min
Rate @ 60°F ‘ B e
b. - Qsd = Eq. 7a x (1. - Eq. 3) DSCT/min
8. Material Flow Ms = Eq. 7b x Eq. 4b x 60 1b/hr
9. x0, factor X0,£ = 2090/(20.9 - X0, N.D.
10. Emission a. E= Eq. 4b x Fe x= Eq; 9 1b/1MBtu
b. E = Eq. 4c x Fm x Eg. 9 x 1000 ng/jonle
11. A Isokinecic T = SA0T & TR (Vmstd i Wstd) a
' 8 x Vs x Ps x Dn>
01l Gas Coal
Fe sC Feet/10% Btu 92.2 87.4 98.2
Fm  SC Meters/10” joules| 0.002475 | 0.002346 | 0.002636 .
' - KVB 5806-733

* it ng.c_’ if dry-gas meter is temp. compensated

Data Sheet 5306-1
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KVB

EARACTION OF IMPINGER WATER

. Extraction Date

Test Number Engineer

Sampling Type: SASS Train

Vol. of Impinger Water ml

Vol. of methyl chloroform per extra=tion

Joy Train

ml

Times oI extrxacticns

Amb Temperature *r

Sample No.

Sepn. No.

. Tared Beaker No. : Tared Beaker No.

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

wt. (g)
; Residu; (g)

Organics (g)

et Rt
e e e et e
B

Tared 3Beaker No.

.

Methyl Chloroform Blank Residue g/20Ccc

Residue Total (g)

KV3 5806-733
KVB 5806-10

10/25/77



KVB

TEST NO. i TRAIN

ENGINEER

SOLID CYCLCNE CATCH

1%y 3u lu TARS TARZ

Cont. XNo.
Final We. (g)
Initial Wt.
(g) .
Inc. (q)
% Tare
Parz. Ws. (g)
FILTER CATCH
SAMPLE FILTER TARED FILTEZIR TARED FILTER
_ NO. NOQ. NO.
Final wt. (g)
Initial Wt. (3) » .
Ine. (g) _ '
% Tare ;
Part. Wt. (g) '
REMARXS :
3-99 KVB 5806-733
Kv3 5306-3
13-13-77




KVB
DATE
LABORATORY TEST REQUEST

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

ADDRESS
UNIT TeESTED
DaTE oF TEST

PROCESS MATERIAL __ Emission Tyre
REMARKS '
Test Cepe
SAMPLE CONTAINES i SOURCE OF | SAMPLING | SAMPLING SAMPLE vOLUME |
NO. TYPE SAMPLE © TIME DURATION cC, [CU.FT.
I
DELIVERY DATE BY (SIGNATURE)
RECEIVED BY ,
ANALYS!S COMPLETED BY ' DATE
PROJECTED DATA TRANSFER DATE
' 3-102 . KVB 5306-783
9/76 Whits - originator Pink - receipt 5804-8

Yallow ~ lab ) 3lue - attached to results




KVB

SIZE DISTRIBUTION WORK SHEZT #1

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

sass

10y c?clone . . _ 100% 9.2

3 ulcyclone ‘ 2.8

1 u cycloae 1.3
Filter

Impinger
Total 10C% 0%
Oven Temperazurs - |

(°R)
Flow Rate Thzough
Cyclones (wazfi/ain)
JoY
10 u cyclone 100% 8.4

I3 U cyclone ‘ .

l'u cyclone ‘ : ) 05
Filter

Izpinger
Total ‘lOO$ 0%
Oven Tempsrature -

(°Rr) ;
Flow Rate Through
Cyclones (wacf/min)

KVB 5806~-A
Rev. 3/7/78
3-103 ; KVB 5806-783




KVB

SIZE DISTRISUTION WORK SHEET #2

Test No. i Company
Weight %
Less Than  CUncorrected Corracted
mg ' Y Stated Size Size, um Size, Lm
SASS
10 u cyclone 100% 9.2
3 4 cyclone ‘ 3.8
1l u cyclone ' 1.3

Filter

Total ) 1003 0%

JOY .
10 u cyclone ___lo0% 8.4

3 p cyclone

1 u cyclone ‘0.6
Filter

Total. 1004 0%

KVB 5806-3
Rev. 3/7/78

3-104 © XVB 5806-783
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CHERICAI COMPOSLYEIUN OF PAKTICULATE SAMVLLY

I PEWCLNT

“ gum of Listings with **' eyual 100 pescent

Sample Mumoer | i ] ] T
Percant of O3t |
Aluauras |
Ancimay | |
Azzenic ] i |
Barium l { i
Bizmgth ' |
Bromane I
Cadmivm | [ i {
Caleiom ! | |
Suorine r H I
CSuro=sum | { |
Cobalt ! i i
Copome | i
Calltum | i
Indium |
Todine t } ]
Iridium : t t
irom ] L_ ' ; |
Iasd | ! ! ! f }
o | ' i t
ol sodenm ! : i "
?Nx:l.l ' : ‘
E!:aﬁx: ! i : 1 1
{Semium ! | i i )
iPalisdim ) i ) | i ‘ :
i .
et ! . 1 ! { ' !
'?‘..lcz:zul ' ! & ! ! ! i
1 Pd'!.!!lll; i | ! \ 4 2 '
!vran:= ! i i i ! i i
' Runidim ' i i ! ' ; :
{muenenyiom ! i 4 ' 1 : '
S : ] 4 il i I
‘Salenim ! i ; l. } .
;:.‘.;::— i | | { } ' I
:Sx;nr i ) ! | ! ! !
1 { i I ‘
| i i ! ; L
| | i i ! | i
| ! ! i ! | ! i
i ! ! | | ! | i
i 7 ' ‘ 1 ; 1 i
! ] | : ! ! [ !
! | ! | i ! x ;
{ ! | i i |
2 I i | | i !
] : ! i ) ] i i
[ ! | 1 } ' ¥
Sup Tocal lemanss i ; ¢ B :
‘Sullaces Ml ol i | | |, i :
Sulfur foom s34 | | ] ] ]
‘wizzaes  ‘m.3 sold i | { | ;
Total Zarsen ! | ! : ! . {
“olaciie Zarom ! | | . (L i !
—h—saratag i | i ] | )
Sus Tocal } ! i !
oeer” : t y ; !
Toeal t | i !
. XV3 538C6-D
. L6 XVB 5806-783




T,

P

Prepared for:

Sample Label:

Aluminum

ANALEX.INC.

712-C North Valley Strect, Anaberm. California 92801

(713) 5334780

Date:

P.0O.

Lab Run &

g g
h.kh—lln.‘n."

Arsenic

S8arium

Bismuth

promine

Cacmium

Calcium

Molybdenum

Cesium

Chlorine

Chromium

Cobalt

Copper

Gallium

Germanium

Gold

Hafnium

Concentrations are in

Iridius

Ircn

Lead

iManganese

Mercury

Nickel

Niobium

Osmium

Paliadium .

Phosphorus

Platinum

Potassium

Rhenium

Yttrium

Rhodium

() gqualitative estimate

%X detected (<0.4% concentration)

\ not detected

"Rubidium

w
i)
W
=]
[}
j %

£l

Selenium

Siilicon

Silver

Strontium

Sulfur

Tantalum

Tellurium

Thallium,

Tin

Titarium

Tungsten

Vanadium

Zing

Zirconium

KVB. 5806-783

5806~E



Fl1ELD C a
KVB NUMBER
m TAKEN
=
,;.--'AM:.

sSn4

Yo/ ML

3-108

CODE

XVB 3806-F
«UB $8C6-733



T

o

DATA

cos

YG/ML

vC
YL/ ML

v
-

3-109

ANALYTI

DATA

AL U AT &

KVB 5806-783

" KVBSBC6-G
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SECTION 4.0

PARTICULATE TEST RESULTS

4.1 TEST PROGRAM

) During this program, 41 source tests were conducted at 25 different
locatioas. This section is a report of each of these tests describing the
source, discussing circumstances of the test, and presenting and analyzing

the test results. The following sub-sections ave groupedvtogether according

130

to the tvse of general induscrial procoss.

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

Wood ‘Operation °

Petroleum Operation

The field tests were run to obtain particulate emission data for the
industrial types listed abcve. The distribution of the tests‘is shcwn in'
Figure 4-1. Of the completed fiéld_tests, 21 tests were ran with simul-
taneous sampling with the ‘larger SASS train and the small Jey train (as dis-
cussed in‘Section 3.2.1 3) for accuracy assessment. Eleveﬁ tests were run as
bsimultaneous sampling“df both trains (one on the iﬁlet and the other on the
outlet) to evéluate the efficiency of the particulate control equipment.
Seven tests were run using only the SASS train, and two tests were run using

only the Joy trair.

4-1 KVB 5806~-733
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QOthers

P 7.3%
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Use
cpera-

tion) fuel Combustion
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=
(Industrial

; om.
Mineral 2roducts )

24.5% 143
Metallu:-l
gical
7.3%

Figuire 4-1. Distribution of field tests (Zotal 41 tzests)



4.2 SUMMARY COF TEST RESULTS

The key results of all field tests are summarized in Table 4-1. Thu
xesulﬁs for each test have been listed on two consecutive pages. For example,
results from Test 0lS begin on the first line of the industrial boiler secticn
on the first page‘of the table and continue 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'of the source
type tested.

2) Company/Industry Type=--Type of source tested, Specific names of
clants tasted are not included in the reczors.

3) Test Number-~-A unique number assigned by XVB which identifies the
location, test procedure and test results,

4) Date of Test

S) Sample Vblume-~Volume of'gas sample taken during test [Cry Standard
Cubic Feet (DSCF) and Wet Standard Cubic Feet (WSCF)].

6) Sampie Elow Rate-={Wet Standard Cubic Feet per Minute (WSCEM) ].
This is the flow rate of gas that has passéd through our sampling
equiTment. _ '

7) Temperature °F--Shown are the tgmperatu:es of the stack, the dry
gas meter used to measure the sample volume :akeh, and the owven
in which the three cy&lones plus filter were housed.

.8) Percent Isokinetic--The amount that the sampling stream velocity
varieslfron 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, lum cyclone,

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

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

Plzat 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/vz - Tons per year

1b/hr : - pounds per hour

1b/M¥B LU - pounds per million Btu

Particle S5ize Distribubion;- 2excent 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 SCACMD 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, l-3im, <lum are taken,
from the size distribution curves {weight percent less than
stated versus particle size, um, on log-normal paper) presented

in Secticn 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)x 100 percent)
Input

measured control efficiency (

is indicated.
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TABLE 4-1 (Continued).
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: : 2/14 5 g .. 2:9 h9a,e
76.7 . 5.2 66 | .
Spray Booth 278 |10, |800 [817 ] 42 68 80 | 234 103 [ 41.5 7.6 ¥ Fig=s
Spray Booth | 271 i;;; 189 {197 | 0.99] 8 83 | 234 106 11.c 2.0 4.9 8.2} 0.8 ';‘l‘ 9.6
Spray Booth s | 2720 [94s 9se | 3.99] m1 90 | 244 102 9.8 | 6.6 2.8 6.204.8 | 21.2 }52.3
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1318 4.5
3/31 X * . 1.0 .
Rusawing 398 221977 jess| 414 s 83 ] 66| 108 41.0 | 1109 14.5 - 1.9 201.
1978 b 19.9
/31 3 i 1.5 ..
Resawing 39J 1976 9] 98 0.8% 5 92 70 59 699.1 1504, 7 2.3 4.5 - 373 2217. 4
PETROLEUM
leaters 408 :g;a 916 j1044] 1.8 460 688 | 407| 117 21.6 | 14.8 T 5.6 4.4] 1.5 1147, 30052, 4
o 57.2
P S} 4/18 i i old 5]
FCC Unit ats |00 feel |96z | a.onf 525 98 | 3ue 91 (1293.6 | 758.5 91.1 [132.5 [s2.8 |20 1074,
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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 cbjectives were as follows:

1.
2.

To check out the test crew and to check out the equirment.

Determine the time involved for completing the tests (i.e. set-up

time, test time, tear down time, turn around time, lab analysis

time).

Determine the accuracy and precision.of the %otal particulate
collection.

Determine the accuracy and‘p;ecision of the size distribution.
Determine the effect of fuel sulfur on TSP and size distributicn.
Check out elemental and chemical analysis srocsdurss 5§ sub-
contractor laboratories at Armament Systems (X-ray, £luorescance)
and Rockwell AMC (sulfates, nitrates, and carion).

Determine data reduction method for listing raw data (data sheets)
and methods for calculating aad plotting data (Section 3.2.2).
Use the data to develop profiles and emission factors for indus-
trial boilers.

Determine if SO, would cause a weight change on the filters

2
(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% sulfur. The fuel analysis results of these

two fuels are saown in Table 4-2.

Test 01 and Test 03 were done with both‘Joy and SASS trains running

Simultaneously using the high sulfur Vilmingian crude at same bciler setting.

4-17 ‘ . KVB 5806-783



TABLE 4-2.

(a)

FUEL OIL CHARACTERISTICS
(Test 01, 02, & 03)

AN

¥o. § Test 0l & 03
Fuel 0il Wilmington Cruce
API Sravity 23.9 22.6
Heating Value ' )

(EBV, Btw/lb) 19150 18,810
Viscosity, SUS210Q°F 324. - ]
Plash Point, °F 245 s
dater & Sediment, § Q:12 -—
Carbon Residue, %

(Ramsbottom) 3.44 -—
Copper Strip (e

Corrosion &2 -_
Tarson, N 6.5 36.26
Hydrogen, % 12.25 11,85
Nizrogen, % 0.24 59
Sulfiar; » c.28 1.38
Ask. § 18 d.9L7
Oxygen, % by

diflerencs 0.6C Q
AsphalZenes, % Q.58 4.96
Vanadium, ppm 15. 61
Irea, ppm: 12 i6 )
Nickel, ppm 12 26
Calcium, ppm 12 0.11
Magnesium, ppm 7.8 0.29
Sodium, ppm 12 ND
Silicon, ppm 15 & 0.24
Manganesas, ppa g.18 Q.11
Aluminum, pom 3.2 0.41
Bariua, pra 1.0 0.92
Lead, ppm <1.2 0.20
Tin, pem .11 0.14
M lybdenum, ppm c.027° ND
Copper, ppm 0.059 0.004
Zinc, ppm 0.54 .75
Titanium., ppm 0.086 0.32
Cobalt, ppa 0.66 1.1
Potassium, ppm Traca ND
Chromiwe, ppa 0.042 0:12
Strontiucs, ppa 0.082 Tracs
Boron, ppe ¥D o)
Phosphorus, ppa pe] ND
Cadmium, ppa e ND

(a)
[¢-}]
{c)
Q)

All fuel analysis preformed by Truesdai! Laboratories

Estimated from API gravity {

Slight tarnish
None detscied

4-18
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s

These two tests were exact repeats and were used to determine the precision
éf the sampling trﬁins for TSP and size distribution. For Test C3, a Method
5 and an Andersen impactor were simultaneously used in addition to the SAasSS
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, and 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;ositioﬁ and chemical content (discussed in Section 3.2.2), and 2} 2s-ermina
data sheet need for data reduction and method for data reduction and size
distribution plots (discussed in Secticn 3.2.3). For test 0Ol 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 combustion 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, ligquid, 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.

4-19  KVB 58G6-783
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Figure 4-3.

12.
13.
14.

15.
16.

17.

o

' v

Cross section
‘through windbox

Figure 4-4. Cross section
through fire-
box

LEGEND FOR FIGUPES 4-3 and s-4

Primary Air Duct

Primary Air valve

Staged Air Duct

Staged M’.: Valve

Staged Air an:u.:i .
Staged Air Flexible liose

‘ Staged Air Injecszion

Torus and IAlet Pipe,
Variable Position

Water Injection Nozzle
luhs-: Suppor; Cylinder
Air Register

Flame Detector

Ignitor '

Burner

Ceramic Quarl - S-1/2°
Throat Diametasr

OCbservation Door
Fire Brick 25" Inside
Diamecer

View Ports

18. wWatear Wall of Scotch Boiler
19. Sceam Venc

20. Pire Tubes (62 wizh
Dianeter 2~7/8%)

. 21. Recirculation Gas Duct .

22. Recirculation Gas Venturi (net shown)
23. ,b.mpor ‘ ‘

24. Stack

Temberatures: g A
oSS oTures

25. Windbox
26. Hot Ead
27. Stack

'

28. Second Venturi
29. Racire. Venturi (not shown)
30. Primary Air (not shown)

Pressures:

' 31. Windbox

32. Secondary Vensuri

33. Racirc. Venturi (not showm)

Cas Sarvle:

4. Stack KVB 5806“783
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5.2.- S,

{ 0.36

—te

T

0.27 = 0.36 m ~— —-!
. l’x
Smoke stack Ylow rate i i

lo Frs
l \S.a-‘-plinq

L:(ﬁ Port

To baghouse™ > Lazation

2.1 >

0.9} =

About 1% of the
0.46 m fly ash gets

Ben H. MHood beyond this point

80 MP Fizetube

Poiler

REEN _ U

Figure 4-5. KVB test boiler installation
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Instrumentation is available in the Combustion Laboratory for
‘measuring fuel and air flows, temperatures (by thermocouple), and the con-
centrations of N0, <O, o, turned hydrocarbons in the flue gas, and
. 3

particulates.
B. Particulate Test Set-up-- p

A velocity traverse of Ehe stack flow was measured befglre ecach test
az twa loca;icns six feet and eight feet above the transition é ction of the
beiler ex.‘xau;c plenum  and nine feet below the top of the stack on a
straight section. The velocity profile obtained is listed in Table .4-3.

A 3/4 inch nozzle for the SASS train was posi:ioneé 4 inches into the stack

at the 6 ft. ha:i3ht and a 3/8 inch nozzle for the Joy train was cositicned

2 Lnldsgs L4C Lhe Shagk ¥t the B fwm, aesghre A L8 iagh Sosole was AaLss uded
$3r the Metaed 3 teat and for the Andersen impacior test at tne same locazicn

Test 31 ran Srom 11:30 =M to 3:30 PM on 3/13/77
ast 02 ran Srom 10:00 2M =5 2:20 PM on 3/135/77

Tesz 02 ran from 11:30 AM %o 2:9C PM on 9/20/77

S o Partizulace Test Results—-- ;
The ragults of che tests iTast 21, 22, and 23" discussed in Tnis saecs
are listed xn Table 4-1.  .Zlemenzal cofmosition, sulfaze nitrazs, andi carcbon

analysis were Zetermined for all fractions cof parziculate zatihes whilh con-

tained w2ights 1a excess of 120 mg. The derails for thesa sroceduras ars
discussed in Sscticn 3.2.2. Tatles &= . 4$-3, ani 4= 1137 Toe Zesulis
irom this analysis.

0. Discussion of Results-- . -

1. The objec:ivevof checking out the tes:t crsw and sguipment was well
Zet. The crew executed %he Test in a routine fashion whizh was exzellent
performance considering this was only the first test. The eguipment 1in
general cerfcrmed very well. A few malfuficticns wers encountered

with the SASS train’'s temperature controllers. These wers

4-23 - 73 5806-733
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sent back to Acurex for repairs. Also it was found that the original £ilter
design for the Joy train was too small. It did not have a large enough sur-

face area to collect particulates for four hours without clogging the filte

8}

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 th

test was detarmined 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 Jdown 2guigment 3 " " ' 4x2
oracess samplas (XKU3 lan)y 32 " " : 2R15
arnalysis zurn around 30 days Armament Svsctems, 30 davs

Total man tours per test = 76
2. SELPAEY a8d piresigiold ©F SRE ¥EEAl ZasMiSulife SRLlSEYion and Figs
distribuzion-=-5imultanecus tests were done to gompar:2 the total paticulate
collection and size distribution using'the SASS train, -he small cycicne

‘wrain, the current method 5 procedure and an andersen cascade impactor. The

data from these tests (Test 313, 3.0, 223, 222, =33, 332, 2323, I3A, aza ziven
in Table 4-1 along with rthe data from all the field :es<s.

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

in gr/2SCT are as Izllows:

4-25 XVB 5806~783
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. SASS Train With Impinger
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Tigure 4-7. Particle size distribution (Test 02).
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D Joy Mfg. Sampling Train Withouz Impinger

. SASS Train With Impinger

O SASS Train wWithout Impinger

O Anderson Impactor

Figure 4-8. Particle size distribution (Test 33)
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g /DSZ® % of particles *
Partaculate
Mezhod of Dronission Lass than lCum [ Less than lum
Test # Collection | With Iap.| w/o wap| With imp. w/o imp.! With imp. w/o imp.
03s SASS .081lec .Q229 89 74 76 47
03 Joy .0365 .0276 64 50 58 38
ah ] 1] Method § .0669 .0396 s -— - -
03a Andersen .
umpactor - » s 80 s as
aean '.0512 | .o3c0 | - 7 68 " 87 a1
stand dev .0148 .0oas 18 . 16 13 5
S stand dev 29 29 23 : 23 19 13

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

The reason for the two listings--one irncluding impinger catch and ore not

inoledd ng iosungere=has semecning to do with psizede partiouiases and

u

discussed in detail in Section 3.2.3 H. 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 for the TSP seems to ke *30%, and the accuracy cf the size
distribution curves is 2lso =z30%. The 230% comes from a conservative percent

of standard deviation for each of the test methods.

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

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

Particulate 8% of rarticles less chan®

' enission, §r/OSCP i0lm lum
Tast # Wish iz, | w/o 1=®. with imp.{ w/o imp. w#ith imp.| w/0 isp.
23s .0510 .0229 ‘89 74 76 47
o .036S .0276 &4 Ele] 58 38
Qols .0674 .0414 84 74 63 40
oL .0896 .0879 65 48 56 . 30
oean © L0811 0374 7% 61 63 32 i
stand : .
dev, @ .0228 ~O187 13 14 9 ?
‘a T az 17 24 14 19

* taken from

4-29 : KVB 5806-783
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Bothﬁthe SASS train and the Joy train data for the two repeat tests
were used to determine a mean, standard deviation and % of the standard
deviation from the mean. The TSP in gr/DSCF from the above list shows that
the SASS data falls close to the mean and is within the ™4C%. The TSP for
the two 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 ﬁer and an early end to the
test). Si;'?epeat utility boiler tasts were Zone duxing the Zield test
progran. TJ results of these tests are discussed in Section 4.2.4 and
show that th ‘precision for the Joy train is about *40%C0 which is consistent

with the result cbtained here.

*+*20%g from these

)

The precisicz of the size distribution curves is aroun
data and about :133%C¢ from the utility boilsr =escs discusssd iz Section 4.2.3.
he agreement from SASS run to SASS run and freom Joy run to Joy run is vern

close.

.

3. Chemical Compositicn of the Particulate Collection

Each of the five fractions (10rm cyclene, 3Lm cyclone, lum cvclene, Impin-
ger, and filter catch) for Test 01, 07, and 23 were analyzed for major elements

by x~ray fluorescence and for SO, NO3, total carbon, inorganic carbon,

and volatile carbon. These results are given in Tables 4-4, 4-5, 4-6.

Tables 4-7, 4-8, and 4-9 list the zoxzarison aﬁielementals.from the
fuel ash to the elemental from the particulate catch. The last column lists
the 10_4 lb/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

1074

1b/hr of elements that are emitted from each fraction of the particulate
catch (calculated from lb/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'normélized 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 ;articuiate catch, and it should always be less than the total catch.

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

IN PERCENT FOﬁ INDUSTRIAL BOILERS (TEST 01l)

~10Lm 3um lim .
Cyclone Cyclcne Cyclone Filter Impinger
Sample % 01s-25  01S5-3S 01S-43 0ls-1c 015-5s
SERCENT OF CUT ' 24.4 3.5 5.6 21.9 32.4
XRE Agagyszs
Calcium o t -
Chromium ' ' 0.36 t t t
Cobalt £ s
Iron 1.9 e 1.5 & 3.3
Mickel : 935 t 2.0 5.3
Potassium t
(Sulfur) (6.4) {(5.6) (6.53) (11.C) 8.5
Vanadium 0-_3 t 1.1 4.4
Sulfates, H,0 sol? : 8@ 3.5 5.0 .35 23
(Sulfur, from SO  © (2.1)  (L.4) (2.2) (3.7) (2.8)
Nitrate (HZO sol)? t ot t NA 0
Total Carbon? 37 ) 80 4.3 6.0
(Volatile Carbon)? L) (&) (t) G.1) (0)
(Carbonates) ’ () (t) (t) (t) (NAY
TOTAL ANALYZED a2 74 90 39 42
BALANCE | 58 26 10 61 58
' 1008 100% 100% 100% 100%
T dstected in concentration of <1%
T analyzed by x~ray fluorescence--Section 3.2.2 B
2 analyzed by wet chemistry--Section 3.2.2 A
3 analyzed by Ocnmgraphy carbon analyzsr--Section 3.2.2 A
4

from XRF

‘calculated from sulfatas (sulfuresulfate/3) to compare with sulfur

5 for values shown as X/Y, X is 8 of the slement presant and ¥ is the

error (i.a. Xv & Y)

() not included in total—sulfur and sulfates are accounted for in sul fur
XRF analysis and volatile carbon and carbonates are accownzed for in

total carbon
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TABLE 4-5. CHEMICAL COMPOSITICN OF PARTICULATE SaMPLES
IN PERCENT FOR INDUSTRIAL BOILERS (TEST 02)

10um 3um yym . %
Cyclone Cyclone Cyclcne Impinger Filter
Sample # Q2s-28 028-3s 025-43 Q2s8-IC 028-35
; : 27
PERCENT OF CUT 15.0 138 20.8 23.0 1682
XRF ANALYSIS
Calcium - - 3.3 t t
Cobalt ' ‘. . =
Iron o ., 1.3 = =5
Nickel = € t o 3.8
2otassium €
.(Sulfu:) {2.86) (3.1) {5.5) (31) ' (12.3)
vanadium ; o) £ Lo T
TOTAL® j t x 4.6 - 8.0
Sulfates, H,0 sol? 1.8 . 1.9 6.2 63 60
£
(Sulfur, from so;;‘ (0.9) (1L.0) (7.8) (10.5) (5.4)
Nitrate (HZO sol) € t & t
Total Carbon’ 59 93 84 Y 3.6
(Volatile Carion)’ (58 (92 (82)y - L -
{Carbonates) (v) t) 1.51 -
TOTAL ANALYZED . 61 35 35 83 72
BALANCE 39" » 5 5 37 28
" 100% 100% 100% 100% 100%
T deteczed in concentration of <1s
3 analyzed by x-ray fluworescence--Section 3.2.2 8
2 analyzed by wet chemistry--Section 3.2.2 A
3 analyzec by Oceanography carbon analyzer--3ectizn 3.2.2 A
4 calculated from sulfates (sulfur=suylfate/3) to compare with sulfuzr
. from XRF z
3 for values shown as X/¥, X is % of the element present and Y is the
error (i.e. X\_ =% ) '
() not included in total--sulfur and sulfates are accounted for in sulfur
XRF analysis and volatila carbon and carbonate are accounted for in
total carben I
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TABLE 4-6. CHEMICAL COMPOSITION OF PARTICULATE SAMPLES
IN PERCENT FOR INDUSTRIAL BOILERS (TEST 03)

10um 3pm lum
s Cyclone Cyclone Cyclone Impinger Filter

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

PERCENT OF CUT 14.2 ' B2 6.7 53.4 - 14.6

XRF ANALYSIS .
calcium t t 1.5 8
Chromium ) ‘ : | \ t
Cobalt o ‘ £ I 1
ireon ‘ - 1.7 4.9 lt
Nickel : t - 2.2 3.0 5

Potassium ‘ t
(Sulfur) (4.3) (3.4) (6.4) (11.8) (13)
Vanadium ‘ t t 1.3 6.8

ToTAL? o t . 5.2 22 14

Sulfates, H,0 sol® 2.0 1.8 3.5 47 25
(Sulfur, from soj)“ (1.5) £1.1) (2.1) ( 4.0) ( 4.7

Nitrate (HZO sol)? ’ - t t & -

Total Carbon? 44. 62 79 5.9 .
(Volatile Carbon)? (t) (t) {t) - 4.0
(Carbonates) * , (t) (t) {£) - - e ]

TOTAL ANALYZED : 46 64 88 75 44

BALANCE o 54 36 12 25 56

. 100% 100% '100% 100% 100%

t detacted in concentration .af I<1|

1 analyzed by X=-ray tluﬁresconen-—SQctim 3.2.2 8

2 analyzed by wet chcmstr?-—Scétion .22 A

=1 analyzed by Oceanography carbon analyzer~-Section 3.2.2 A

4 calculated from sulfates (sulfurmsulfate/3) to compare with sulfur

Irom XRF
S for values shown as X/7, X is % of the element present and Y is the
error (i.e. X% 2 Y}
() not included in total--sulfur and sul fatas are accounted for in sulfur
XRF analysis and volatile carbon and carbonate are-accounted for in
total carbon
4-33 KVB 5806-~783
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TABLE 4-7. MASS BALANCE FOR TEST 01

vied

TEST 01 1435 Llu/hr fuel €luw; 0.0312 Ib/hr ash gunerated; 0.318 lb/hr 'USE colly

: 1 Puail
Fraction 10 Ua Cyclone 3 im Cyclone 1 pm Cyclone Filter Impingus Swa/Totael Analysis
¥ Fraction 240 9.5% 5.6% Q2 394 100% Asli=0,017%
Units ) 1074 1/ 1074 e 107 e 107 Jusne 1074 1be 1074 b 107 e
Vanadiwe 2.1 1.2 2.0 n o 6 1o
lron - 7.8 2.4 i 23 3.4 19 29
Hickel 4.3 2.1 3.5 1 1.2 . 40 48
Calcium 0.19 .13 1.6 7.0 0.2
Haynesium 0.78 Q.3 0.1 0.7 1.2 3.2 0.53
wdiua ) -
Alkcone . ) - 0.44
Hinyanuse 0,70 0.2
Aluminum i 0.44
Barlum B 8.3 o.lu 0.7 ) ) 1.2 0.72
Lead ’ ’ 0.36
Tin 0.25
Holybdenus i E 0.78 i
Coppar 0./8 1.2 2.0 0.056
Silver ’ 0.007
zinc : 0.78 0.1 0.1y 0.7 1.2 3.2 1.4
Titanium . R 0.8 0.2 0.7 S 1.6 0.59
Cubalt’ 0.78 ) 0.1 0.1u 1.498 8.0 10 2.0
Chromium : 2.8 0.4 0.1 1.2 4.8 0.22
Strontium : hodod
Putassium i ' 2iiX 2.3 -
Sul fur 50 17 12 w 150 1200) 25000
Sul fate - 28 10 9.9 . 160 440 140
Nitrate g 0.62 1.4 0.57 1.6
Tutal Carbon 290 210 140 42 53 740
Vol. Carbon " -
Carbonate ‘ 1.2 - 0.7 0.27 - ] ) (2.2) i

Tatal 1038 x 1074 1b/ne
4

TSP 3180 x 10 Ib/hr

wy (:::n—g:;:u tutal coloumn with fucl andalysis column

KVB 5806-783
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3 TABLE 4-8, MASS BALANCE FOR TEST 02 ' =
1 : o 3
E . - TEST U2 183 Ib/hr of fuvi; 0.029) Ib/hr ash generated; 0,128 1b/lu TSP collected &
3 ) : L Fusl
Fraction 10 pa Cyclone 3 ym Cyclone 1 pm Cyclone ) Filter luproger Sum¢ Total : Analysis
% kraction - 15% L4y ) 21y . lus F1RY - 978 100% Ash«0,016%
Unity 1074 /e 1074 ibsur 10 e 10 1 whme 107 e 1078 dume 107% u/ne
Vanadium 0.19 0.28 2.1 3.8 6.1 0.6 21
frun 0.60 0.85 1.4 5.1 3.2 e e n
B Nickel Q.38 0.%8 2.5 . 4.0 0.52 12 12 a.4
Calciua 0.8 1.2 b.7 0.44 n 14 15 2
: = Maynusium - = & ) 3 14
Sodium . T : 22
¢ Stiicune S , ’ 27
r.' Nullgarn;su N 0.19 : 0.l8 0.2t u. 4 1.0 1.1 0.3
. Alcatnum ) _ . 5.9
" . Haclus 0.19 - 0.18 0.53 0.90 0.93 1.8
i Luad . C 26 0.4 0.71 0.73 2.2
Tin ) 0.2.
] % Holybdenum 0.19 0.18 0.26 - 0.21 0.4 1.2 1.3 0.05
.~ Cuppar : ' 0.1 - .18 0.26 0.21 0.4 - .2 1.3 0.1l
: - sflver ) o . 0.01
. ~ zinc 0.19 T 0.26 0.42 v.4 1.3 1.5 0.99
: Titanius ) - ] 0.4 0.4 - 0.41 0.i6
: Cuobalt ’ 0.19 - T ov.e 0.26 0.4 u.5 3.3 3.4 1.2
; Chromium 0.27 u.l8 - 0.26 0.21 u.52 1.4 1.5 . 0.08
i Strontius ’ 0.1B 0.26 u.4 0.44 0.4 0.15
b Potassium . o= 8.26 1.0 1.3 1.3 --
3 sul fur ) 5.0 5.5 14 65 77 170 170 T+ si00
i Sulfate 3.5 1.4 17 130 290 390 400
H Hittate - - 0.19 0.18 0.206 0.8) 0.65
tutal Carbun 1o . U 20 7.8 - 90 . 40
R Vol. Carbon ) -
Caibonate .41 1.0 4.0 2 ’ - 5._4 ‘ T5.6)
- - - - ) Total 880 x 10°% lw/nr
; - % : TSP 1280 x 207Y db/he
g . i T T CToIIIIT T e = £
: ! : {1} Compase tutal column with fucl -anu!;sxa column ) 5 . . ’
X Plylm catch nut analyzed KVB 5806-7483

)


mailto:E4fa.LW!@W&U:Lil

£8L-008G (AN

PozATPUD 30U HOIED Aqara

MG EAY RYSAPUY {ang i3tm M aa (raey atedmon §y)

m/ar o1 x 001z o AsL ) .
m/ar , ot Tru rang
1T )i ¢ Gf'0 0gn LI BIPUOTIR)
thr) (44 > ALSIELS I L0}
ary 06€ ) v at il ) on . ory - unIFy [ranyg
660 TRl ) [2R0] w0 51°0 PMITIVTH
09r ory o ary . (0 4 (4 f°s margng
voz ’ 0ot ot Bl ne vy o aryyng
B 4 6°1 61 miRsrIog
0z 6°1 A 15°0 BUD neo wnyng
9°€ 5t 67 L il , (1o nrg WO
‘ 3 vt P 790 Pio0 f1'o . 00 1reann
16°0 LER e . t1°o £1°0 of o ey
i | 91 AR Yoo f1'o nE'o oy,
r9A118
L 9t e 2 Yo o 0t'o PERALS)
1'% 0z 71 10 P10 (o 0eo wnuapA oy
% ury
ze'o 1 o 170 pray
18 [ 4 A 170 rt°o L 4] wnyarg
A MnuyeEnty
ag4 61 . 71 1o TR aro waniwhuryg
‘.—JQ-qqﬂ
wmpos
emranuhry
0ot 6 ) (A Sy i o fTt'o . wnionyry
ag " 61 34 1% Lo n6°0 TRYITH
1t of. ; or 1 L4 o tt noly
1 £4 2z L£4 R arn N At o ENIPPUPA
/AL, T, 7T, ot 7 AT AT, AT, ot /AT, ot /AT, ot : Fitm
110 DY 001 L T4 L 12 (YA (Y A9 "W AL PRLERIE )
_:__.”,—_MS. 1o sung 20hur ity magty .\:5@.:0..~ wd PUOToAD WM £ nuatad) wd ot ) waryarag
VRIDBLI0D 5L DI/AE 01700 thmanaauah /gt F1reco fpavmng ang o a/at (At LA A

€0 JSHL HOA FONVIVE SSYW  "6-1 T8Vl

4«36

i
4
1

sty

o
|



The value of sulfur from XRF analysis cén be compared to the value
of sulfate (SOZ/S = ?6/32 = 3). Divide the suliate lb/hrx10'4 by the
sulfur lb/hrxlo-4; the guotient 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 distribution 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 particﬁlate‘emiss;ons obtaiﬂed by KVB 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 paxticles than the higher sulfur' fuel.
xvﬁ'é data agrees with this. Figure 4-11 shows the particle size distribu-.
tion for Goldstein's and KVB's data. ’

5. Alrecent 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 £iliter.
The first filter would collect all filterxable partigulates and the second
Reeve Angel 934aH filter would only see very small particles, 862, and flue

gases. The Reeve Angel filter was desiccated and weighed in the usual wav
after the test. It was found that the‘Réeve Angei paper did not change

. in weight.

4-37 KVB 5806-783
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PARPICULATE EMISSIONS

ASH + ASPHALTENE

Wi+ ON FUEL

Wiy ON FUEL

MO >OO

{ I 1 T
u O -
- g ] =
- ‘ © A\ = Test 22
. ldstein & Siegmund (:>.= Test 01 & O3
Ref. 4-1
LA B
i | 1 |
0.5 - 1.0 i.5 2.0
FUEL SULFUR CONTENT, WT%
Figure 4-9. Ash + asghaltenes vs Zuel sullur.
! i | |
— (=] | ~
by : <t
& Goldstein & Siegmund
- Ref. 4-1 .
! | | |
0.5 1.0 1.5 2:9 2.5
%S

Figure 4-~10. ©Particulate
‘ emissions (Test CO1,

02, 5 03) vs

Test 0l--Joy " fuel sulfur.

Test 01--5ASS

Test 02--SaSS
Test 02--Joy
Test 03--S5ASS

Test 03--Joy
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Figqure 4-11. Particle size distribution for high £fuel sulfur-
low fuel sulfur comparison.
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Also a test was designed as described below to determine any weight

change. A gas stream of 831 ppm SO. from a gas cylinder was passed first

2
throuch a Gelman AE filter paper, next throdgh-a Reeve Angel 934AH filter
paper, and finally the volumes of gas were measured cn a 4ry ggé meter. Over
15 scf of gas was passed.ovei the filters. The filters were Aéocessed in the
normal way (desiccate and weigh). Neither the Gelman nor the‘ugeve Angel

paper showed any weight change. Based on the data in 3ef. 4-2, the Reeve Angel

filters were used throughout the program. ) : u
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4.2.2 #2 Fuel Oil-Fired Industrial Boiler

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

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

however, affect production of air contaminants.

' A hoiler 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 eguipment~-from the smallest domestic 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, soot blowers, air preheaters, economizers, 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 49550 ftz} a
design pressure of 160 1lb. It was built in 1946.

B. ' Particulate Test Setup=-

Two 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. '

4=41 " KVB 5806-783
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TABLE 4-10. VELOCITY PROFILE FOR INDUSTRIAL BOILER (TEST 16)

.

Joy Sample Point
1/2" Nozzle

12 11 10

SASS Sample
Point 1" Nozzle -

. Temperature 515 °F

Static Pressure 0.6 in. Hzo
Steam Load 18-22,000" 1b/hr
. Distance From ' | Velocity
End of Port, * inches Point No. . ft/sec Point No. . ft/sec
7-1/8 1 20,1 7 . 18.6
12-1/2 2 2% S 8 - 21.s
20-3/8 3 20.1 9 . 2001
31-1/4 R 18.6 R &8.6
42-1/8 4 17.0 - 10 18.6
50 5 17.0 11 . 18.6
55-3/8 6 18.6 - 1z 18.6
* Includes 4-3/4" nipple length ' Average 18.8 ft/sec

9170 SCEM
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Ce Test Results-—--

The results of the tests (16J and 16S) discussed in this section
are listed in Table 441; 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 procecdures

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

performed.

D. Discussion of Results-—-—

1. Particle Size Distribution--Figure 4-13 is a plot df particle size

(pm) vs. accumulated weight vercent, the latter plotted on a pfobability
scalé‘as explained in Section 3.2.3B. Two curves are pfesented, one including
the impinger catch, and the other ignoring it. Considering the lsrge amount
of material cocllected in the impinger, it would seem that the effect of
oseudo pvarticulates would be insignificant. Therefore, the impingexr catch
was beliaved 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 catch, i3 as follows:

Percent of Particles

210 um 10 - 3 um 3 -1um <l um
Test 167 o7 0.9 1.4 97
Test 165 2.5 ' 0.8 0.8 96

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

analysis of the particulate fracrtion for each of the tests discussed in this
section. Sulfates are the most abundant species found in the particulate
catches. 'Carbon, iron and nitrates are next in order. All other elements

detected were found in concentrations less than 1%.

Using the results from the XRF analysis and the fuel analysis results
{Table 4-12) a2 mass balance was determined for éach trxain for the elements.
This is listed in Table 4-13. The rate of elements (10-4xlb/hr) calculated

from the ash content iIs compared to the total of the elements detected in

4-44 KVB 5806-783
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Pigqure 4-13, Particle size distribution for industrial boiler. (Test 16).
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TABLE 4-11. CHEMICAL COMPCSITION OF PARTICULATE SAMPLES
IN PERCENT FOR TEST 16

SASS Joy J_oy SASS
.. Impinger Filter Impinger Filter
SAMPLE # - L6s-1IC © L6J-5S 163-1IC . 18S-35
PERCENT OF CUT , 84 19 68 9.4
XRF ANALYSIS

Calcium a - A 2.2/0.5

Chromium t '

Iron 27/0.3 3.9/0.5 2:7/0:3

Lead : £ - » 4 €

Nickel t

Sulfur (18/5) (24/10) © {(18/6) (L1/3.1)

Zine * €
ToTAL® L 2.0 3.9 o - 4.9

Sulfates, .0 sol? 32 30 14.3 17.5

(Sulfur, from soj)" (10.7 - {4.8) (5.8)
Nitrate (§,0 sol)? o 4.10 3.12 0.2
Total Carbon® 20 © 16 13 5.4

(Volatile Cartom) . (17.84) : . (9.0)

Carbonates)®. - - == = ==
TOTAL ANALYZED : 58 49 28 28
BALANCE - 42 51 72 72

100% 100% 100% 150%
5 detscted in concantration of <l
1 analyzed by x-ray fluorsscence--Section 3.1.2 EI
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 (sulfuresulfate,/3) to compare with sulfur

from XRF

5 for values shown as X/Y, X is % of the element present and Y is the
error {i.e. Xy = Y ) -

(i not included in total-—sulfur and sulfates are accounted for in sulfur
XRF analysis and volatile carbon and carbonate are accounted for in
total carbon
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Chromium . 0.035

TABLE 4-12, FUEL ANALYSIS RESULTS TEST NO. 1l6--#2 FUEL OIL
by Truesdail Laboratories, Inc. .
Carbon, % ' 86.63 -
Hydrogen, % oo 12.96
Sulfur, % ‘ : 0.38
Ash, % ; ' 0.001
Heat of Combustion:
Gross Btu/lb ) 19,470
Net Btu/lb 18,290
The results of the séectrographi: analysis of the ash ar= as
follows:
Percent in Ash
Iron ‘ ‘ ‘ 48
Silicon ' ' -~ 6.0
Boron ‘ 0.53
Manganese ' 0.29
Magnesium N 0.39
Lead ‘ 1.7
Nickel ~ . | 0.85
Aluminum S 1.0
Calcium : 0.71
Copper ; ) 023
Silver ' 0.006
Sodium . ' < 1.3
Zinc . : 0.47
. ‘Titanium | 0.061
Cobalt ' 0.080

4-47
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TABLE 4-13. MASS BALANCE ELEMINTS FOR INDUSTRIAL BOILER (TEST 16)

1098 lb/hr fuel flow; Q.01 lb/hr pasticusate from ash; 1.43 lb/hr purticulate from SAuSy, 0.61 lb/hr par'uculatu trom Joy

Total Catch (L.4. TSP} 14, WU

i Valuus in "Total" coluww are obtainud by dividing values an “Suw® column by the ¥ T8 collectud for the “Sus® column. Thiw
for maturial collected in the probe and in other collecturs uol analyzed, .

2. “Sultur® valuo listed 16 trum XIW analysis. "Sulfate” vlaue 1 from wet vhewmtoal anglysis and fnciudus tha sutfur plus tha
oxygen in tho sulfate value. Theorctically the “sulfur® value should equal /1 of the “sulfate® valua,

SASS - . Joy
. L 3 " 1
Cullactar Ispingur Piltar Suam ) Tctal Fuel Inpingar Filier Sum Total
c o & 48 BoThusted g4y - 9.4% 93.4% 100s Aunalyuls 66.2% 18.38 87 100%
Units of Table 10 /s whnar . 10 A 10 4 10 e 1 heme w0 twar 10 e 10 Y0
Bromine 4 t t [ 4 314.7 : 4 (4
iron 240 6.2 276 295 53 ¢ © 6
Wickul 51 53 86 t t B t (3
Calclus 5 29.5 - ) 45 3 5 ] t
Hagicsiue . 7 t
Stllcon 2 bL.6
Ranyanuse 3 s t L t [4 t
Aluminus N . ) L
Laad ) t 3 t 2 t t t t
Holybdenus : c t
Coppur t ) T t L . £ ot ' t €
" Bibver é 3
2inc 5 5 5 - 5 t 5 5 5 t
Cobalt [3 E t x t 3 [4 [3
Chromius 55 . 55 59 t s t t
Potaasium t _ \ 3 -
sebtues 2162 141 2103 (2465) 4200 BT 275 1024 (I -
Cadmium t 4 ) t L t
Sultate _387% 215 4ll0 4400 595 319 934 1073
Witrate 492 452 527 0.4 4 12.2 "
Total Catbun ~ 2162 164 2526 2704 C oS4 400 941 1081
Volatile Carbon 214y 2140 (2300} ’ 374 = 4 (430)
Sulunium t L e e t t = [ 4 _t
Total Accountad for by Analysia 4,091 Total accounted forx by Aaalysis 2,054

Total Cetch (F5F)  €,100

e e At R e S SR e e AR

avcouwit s

() Mot inchuded 10 the tolal. ’ y ’ KVB 5806-783
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each sarpling train. Comparison of the mass rate of the elements (lb/hr)
for thé Joy train with that of the fuel ié reasonable. However, the 3ASS
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 fnr Test 16S.

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

listed with several different units. The ZSollowing lists'some'of these

emissions and factors.

Frederiksen (Ref. &¢-4)

Units Test 183* ‘Tast 1&J . How 25 Yio. 28
gr/DSCF 0.02 0.0087 0.0071 0.010
/yr o 6.2 2.7 2.9 . 4.3

1b/hr ' o 1.43 0.61 0.67 0.97
Lb/¥MBtu | 0.043 . 0.018 0.02 0.029
1b/1000 gal Burned ~10.0 4.3 ' 4.7 ‘”’ 6.8
15/1000 gal Burned, 2.0 " 2.0 2.0 2.0

(Ref. 4-5) '
% wt on fuel : 0.13 0.958 0.064 £ 0.093

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

Alsc 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 0.32% sulfur

fuel ash particulate emission cf 0.058% on fuel is on Goldstein's line).

4-¢9 . KVB 5306-783



4.2.3 Wood Waste Boiler

Sawdust, wood chips, and bark are used as fuel in boileré of lumber
sawmills. Thése wood waste boilers have replaced nearly all of the conical
(or 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 varicus processing stations, and delivered into.a large silo-
like hopper. The waste is dampened to a 60 to 70% water content to prevent
ignition. 'The waste is fed from the hopper into the boiler az a controlled

raté to meet steam demand.
A. Boiler Description

The unit tested was a Wellens Hog Fuel Boiler, cconsisting of the

following components:

1. Babcock and Wilcox watertube boiler, 3952 £e3 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.
3. ' Hagan Pneumatic Controls.
6. Three £t diameter, 40 £t higk stack.

The .rated steambload is 27,000 1b/hr maximum, ‘15,000 1lb/hr average. It is
operated continuou;ly 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'Z%vor less of the dry

. 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 actual 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 }m 106

Filter ‘ 347 ‘ 8
Impinger water ' 2170 . 50
Impinger extrac§ . lo4l ‘I ' 24

Total: 4330 100
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Fuel ts bonv-yed(:)to the storags btr(;)..Ponl-flo nqltntor(:)uorkl it way
around the fwed-out conw, sliminating bridging or arches which occur aloig
the cone side) fusl fecds down the agltator to ths feed-ou ngans(:)uhich
malntaln a constant level of fusl Gver tha conveyar chaln(f)..?ho conveyor
chain, feed-out augera and agltator operste only ag necessary to keep a
constant supply of fuel in the metsring surge bi whosa variaile speed
asugers are governed by the combustion controla to fuitch the steam loading
on the boiler. The fuel passes through a screen fa)which seperates the saw-
LEGEND dust from the chips. 7he sawdust 1ls heated ar.! passes through a cyclonas

éb where the water In the sawdust is reduced by 10 to 154 and tha aawdust

8 introduced into the surge bin. The furnace fased auger delivers a

metered amount of fuel to the Wellons Cyclo-blast high temperature furnacs
cells where wood fuel gasification and carbon c ustion occure in a small
controlled pile on Wellony Water-cooled G-ates{8)..Dlscharged grate cooling
water is returned to the boiler feedwater system, conserving haat., Pre-
heated primary cosbustlon ale is introduced under the grates, secondary
and tertiary combustion air is injected through directional porta in the
furnaca wallsg sbove the fuel plie., Completlon of combustlan takes plece
in chamber‘, hera radlant energy is directed to the radiant section of
the boiler (Tiy..Ash and entralned matter fall into the dropout chamber .
Combustion Ydsses pass through & convection section ot the boller and on
through a multiclone collector .. Particulate passes through a rotary
seal (14)to a dump box@.. Stack gasaes pass through & combuation air pre-
heater .. The forced draft air from fan clrculates through the alr
preheat and 18 metered to the furnace through linear flow dampers (21) for
proper fual combuatlon. Stack gauses leave tne alr jreheater, pasa through
an induced draft damper which maintains & presst controlled p.essure in
the boller combustion chamber...Final journey of the stack gasses is through
the induced draft fan (E?“"d out the axhaust stack to atmosphere. Steam
anergy diacharges through outlet(fs to process,

V///(D .Fiqure 4-14. Wood chip

and sawdust
boiler.
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TABLE 4-14. WOOD WASTE BOILER -~ STACK VELOCITY PROFILE (TEST 5)

Sampling Point

A sampling Port

Distance from

Port Entrance, Velocity Head,
.in. : in. 1-120 in ft/sec
- . 0.05 = 14.9
3.8 0.08 = 18.8
6.8 0.12 = 23.1
X2 0.10 = 21.1
172.5 012 = 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
Q.132 = at 754 °R = 24,2 ft/sec
Average . . Average
Velosity

4-53 KVB 5806-7383
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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 impinger. In 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% + ¢.01s,

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 SeEtian 3.2.2. Table 4-15  lists the results from this analysis.

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

in Table 4-15.
D Discussiocn 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 scals

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

the impinger catch, and the other ignoring it. Considering the largs 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 sir= distribution is as follows:

—
>10um i
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 1lpm

Cyclone Cyclone Cyclone Filtey Impinger
SAMPLE # 55-2S 55-3S 55~4s 55-58 55-1IC
Percent of Cut 3 12 2 8 50
XRF ANALYSIS
Barium t ' t £ t
Calcium 6 .S/i 14/2 | 10/2 3.3/0.4 t
Chlorine ‘ - 2/0.4 2/0.8
P 4.2/0.5  4.6/0.3 3.6/0.4 .
Manganese t t . t. t
Potassium 2.6/0.3  5.5/0.5 2.4/0.3  9.3/1.3
Silicon 10 10 ’
(Sulfur) (3.1/0.7) (<3) (3.8/1.5} (2.1/0.7)
Tantalum t t
Zi!llc t t
Total Elements’ 23 34 16 15 2.0
Sulfates, H,0 sol? € 1.2 2.3 7.0 2.4
‘(Sulfur; from soZ)“ (t) (t) (£) 2.3 (t)
Nitrate (i, sol)’ ot .- t
Total Carbon® 30 30 ' e 23. "0
(Volatile Carbon)® (15.6) (7.4} (£) (7.0)
(Carbonates)® (3) (6.5) ('I:) ()
TOTAL ANALYZED 53 65 18 45 11
BALANCE 47 35 82 55 89
100% 100% 100% 100% . 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 analyzed by Oceancgraphy carbon analyzer--Section 3.2.2 A
' calculated from sulfates (sulfurwsulfate/3) to compare with sulfur
from XRF E ‘ )
5 for values shown as X/Y, X is § of the element prasent and Y is the

error (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

XVB 5806-783



2. Chemical CcmDosition--Tablé 4-15 lists the resplts from the chemical

'analysis of the particulate fraction for tests discussed in this section.
Carbon was found to be most' abundant followed by potassium, calcium, iren

and carbonates.

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

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

2 - 2",
O.iS | grams T3P/Dry SCF Exhaust Gas
20 x 10_6‘ 1lb TSP/Dry SCF Exhaust Gas
Q.3 # grams TSP/Dry SCF Exhaust Gas
7 , . 1b TSP/hxr of operatiocn
30 Ton TSP/yr of operatidn
1L 1n TSP/Ton of dry wood waste
0.5 1b TSP/Ton of stored wood waste (wéﬁ)
0.7 1b TSP/Ton of steam pruluced.
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Figure 4-15. Particle size distribution for wood waste boiler (Test 05).
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4.2.4 Utility Boilers

A, Boiler Description—-—

1. Toiler 1l--The first.utility boiler tested was an opposed face-fired’
B&W supercritical 480 MW steam generator with 32 zas and residual oil burners.
The unit operates at a supercritical pressure of approximately 3500 psig; the
first water pass is through a division wail which di?iaes the furnace in
half. The feedwater pumps control the steam pressure. The firing rate is
adjusted to maintain a 100C°F superheat temperature. The control of reheat
temperature at 1000°F is accomplished by flue gas proportional 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. Boiler 2--The second utility boiler tested was a facé—fireﬁ, balanced
éraft, 180 MW steam generator with 16 gas and residual oil burners. The
unit operates at a supercritical pressure of approximately 1800 psig and the
first water pass is through a division wall which divides the furnace into
halves. The feedwater pumps control the steam pressure and the firing zate
is adjusted to maintain a 1000°F superheat temperature. The control of re=~
heat temperature at 1000°F is accomplished by flue gas proportional dampers,
reheat spray, and hoppef flue gas recirculation. Full locad 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-
late tests performed on utility boilers in order to have redundant tests '
for accuracy determination. Tests 11, 12, and 13 were plamned 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 operating for a peri;d of tiﬁe long enough to be
considered a dirty boiler (>12weeks). Test 24 was ccnducted 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 reguired 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, respegtively" The
_ following comparisons can be made.

High load vs low load Boiler 1

High load vs low load _Boiler 2

Boiler 1 vs Boiler 2

Clean Roiler vs Dirty Boiler

Repeats: Tests 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 located on the
vertical section of tre steel—iined, reinforced conérete stack abcut 100 It
above ground level, and about 10 £t above the location where the gases enter
the stack (see Figure 1-16). The internal diameter of the stack was 270".
Because of the largé diameter of the‘stack, a velocity traverse was not
possiple. 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 beiler load.

2. The sampling station for Boiler 2 was located on the lower of two
12" x 12' horizontal ducts leading to the base of the concrete sﬁack (see
Figure 4-185). This station was about 50' above ground level and on tbe
straight section of the duct about 40 ft downstream from the nearest bend
and about 15 ft from where the flow enters the concrete stack. Because of the
1argeldiameter'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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figure 4-16. Flue gas flow from utility Doilers.
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TABLE 4-16. PARTICULATE TEST SET-UP DATA FOR UTILITY BOILERS

Sample Location -

Distance Velociey Hozzlo Stach Stack Flow
Fiom internal From fr/sec Diametorg Temperulure Static Pressurae Calculated Load
Tust § tuin‘ wall, inchus - Direction At Test Poine inches ¥ Inchus of Water DSCEN MM Boil

1S SASS 34 North 8.0 © /4 275 +1,0 8v3,730 472
[PB ] Joy E2) e East 42.1 174 27y +1.0 . 833,730 472
128 SASS 34 North 40.1 /8 2u4 5 11.0 898,170 276
125 Joy 34 East . 54.6 174 27 0 898,170 - 276
135 SASS 34 Nogeh B8.6 /8 241 +1.0 943,230 472
139 - Joy Y} . East 30.8 To/4 - 273 4.0 913,230 472
z)s’ SASS EE) North - 76.1 9/16 242 +1.0 849,434 450
23 . Joy M4 " kast © ar.0 5/16 290 +1.0 649,444 450
248 SASS i} North 46.1 S 11/16 222 +1.1 481,018 438
244 Joy 34 East 23.0 1/16 220 +1.3 481,018 238
328 SASS 34 East 51.7 5/8 BT +1.0 795,981 453
YAl Joy 34 East 51.7 /4 2y2 +1.0 745,981 453
118 SASS 3 East 45.0 s/8 s ) +1.0 855,043 455
EEN Joy 3 East 45.0 5/16 2uu +1.0 655,043 455
218 SASS 53 Woest 32.9 & 5/9 - 214 -0.8 378,394 174
213 Joy 65 West 32.9 . S/16 27 -0.8 378, 3494 174
228 SASS 53 Wust 15.6 1.0 222 -0.75 215,124 90
PYRR Joy ) &5 West “15.6 1/2 22 -0.75 215,124 90

L I I T

er

*Bad data; not included in subsequent analyses
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Ce Test 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 sgction are listed in
Table 4-1. Elemental composition, sulfate, nitvate, and carbon analysis
were determined fcr all fractions of particulate catches which contained
weight in excess of 100 mg. The details for these procadures are discussed
in Section 3.2.2. Tables 4-17 to 4-24 list the results from-these
analyses. A fuel analysis for each test 1s 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. Parﬁicle

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

1. Particie size distribution--Figures 4-17 to 4-25 are plots of

particle size (um) vs accumulated weight percent, the latter plotted on a
probability scale as explained in Section 3.2.2 B. Two sets of curves are
presented for each test, oﬁe‘including the impinger catch, and the other
without it.  The EPA Method 5 (Ref. 4-8) dées not include the.impingg:

catch. However, the lo;al agency (SCAQML) does includg the iﬁpinger gatchs
Also considering the large amount of material collected in the impipger: i
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 utilit} boilers fof particle size dig=
tribution. The 'breakdown of the particle size distribution taken £rom

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

IN PERCENT FOR UTILITY BOILERS (TEST 1)

CHEMICAL CMMPOSITION OF PARTICULATE SAMPLES

SASS
Impinger SASS
(inorganic) Filter
SAMPLE # 11s5-IC 115-53
PERCENT OF CUT 58 18
XRF ANALYSIS
Barium Tt
Calcium 12/%.6
Cobalt t
Izcn £ $.9,/5.85
Jickel t 1J.6/1.1
Potassium £
(Sulfur) (12/4) (3.3/5)
Ticanium t
| vanadium o 2.1/0.3
( ' : . .
3 rorar’ E 2.2 . ’ 27
Sulfates, HZO sol)? 15° : 35
(Sulfur,” frem S0 ) * (4.9) ‘ (11.8)
Nitrate (H)0 sol)? ‘
Total Carbon® 8.8. " 5.9
(Volatile Carbon)’ (7.7)
{Carbonates) ? i -
TOTAL ANALYZED - 26 . 68
BALANCE : | 74 ’ 32
' 100% - 1008
e detected in concentration of <1%
: analyzed by x-ray fluorescence--Section 3.2.2 B
o2 analyzed by wet chemistIy-—Section 3.2.2 A )
3 analyzed by Gcgunoqzaphv carhon analyzer--Section 3.2.2 A
4 calculated from sulfates (sulfuresulfate/3) to compare with sulfur
R from XRF i
S . for values shown as X/Y.. X is v of the oicment presant and Y is the
arror (i.e. X% 2 1)
() not included in total=—sulfur and sulfates are accounted for in sulfur
XRF analysis and volatile carbon and carbonate are accounted for in
. total cartbon C '
‘ - ' | 4-63 KVB 5806-7833
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TABLE 4-18.

FOR UTILITY BOILERS (TEST 12)

CHEMICAL COMPOSITION OF PARTICULATE SAMPLE

SASS
Impinger Jey SASS
(imorganic) Filtar Pilter

SAMPLE # 128-IC 12J-58 12555

WT. PERCENT OF CUT 50 29 23 '

XRF ANALYSIS
Barium .

Bismuth -
Calcivm 18/1.2
Chromium -8

Cobalt L.
Iron 1/0.4 1.2/3.3 4.2/0.35
Laad t

Nickel & 6.5/0 8 a7z.1
Potassium . t
(Sulfuz) (9.7/2) (30) (37/6.3)
Titanium £
Vanadium * 1.6/0.32
Zine T (3

ToTAL} _ . 1.0 a0 35

Sulfates, !-!2('.‘ sol?" 16 41 40
(Sulfuzr, fzom s03)" ' (5.3 (14 ) Lo a3

Nizrate (8.0 sol}? '

Total Carbon® .14 ) " 20 9.5
(Volatile Carbon)’ (13 '
{Carbanates) ?

TOTAL ANALYZED 1 C 89 85

BALANCE ' 69 31 A5

100% 100% 1cos

& W oo

wn

d-:ictad in concentration of <l :
analyzed by x~ray fluoreacsnce--Section 3.2.2 8B
analyzed by wet chemistry--3ection 3.2.2 A

analyzed by Oceanograghy carbon analyzer--Sectiom 3.2.2 A

' calculatad from sulfates (sulfur=sulfate/3) to compare with sulfur

from RF

for values shown as X/7, X is % of the element present and Y is the
error (i.e. X% = Y ) '

not included in totai--sulfur and sulfates are accounted for in sulfur
XRP analysis and volatile carbon and carbonate are accounted for in
total cagrbon
KVB 5806-783
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TABLE 4-19.

CHEMICAL COMPOSITION OF PARTICULATE SAMPLES

IN PERCENT FOR UTILITY JOILERS (TEST 13)*

SASS SASS Joy
3um Impinger SASS Impinger
Cyclone (inorganic) Filter, {inorganic)
SAMPLE # 13s-3s 13s-1IC 13S-5S 13J-iC
PERCENT OF CUT 72
XRE ANALYSIS
Calcium &
Chromi um
Iron o
Nickel
Potassium
(Sulfur) (1g/6)
Vanadium
Zinc t
ToTAL' t
Sulfates, .0 sol? 21
(Sulfur, from SOZ)h (6.9)
Nitrate (Hzo sol)? £
Total Carbon® 28
(Volatile Carbon)? (23)
(Carbonates) *
TOTAL ANALYZED 49
BALANCE 51
100%
€ detectad in concentration of <1V
1 analyzed by x-ray fluvoresscence--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 valces shown as X/Y, X is % of the alement prasent and Y is the
: error (i.e. X% = Y ) ‘
() not included in total--sulfur and sulfates are accounted for in sulfur
XRF arzlysis and volatile carbon and carbonate are accounted for in
total carbon

o~ Test 13S invalid

4-65
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TABLE 4-20. CHEMICAL COMPQSITION OF PARTICULATE SAMPLES
IN PERCENT FOR UTILITY BOILERS (TEST 21)

: ‘ ~ sass
SASS Impinger
Filter (incrganic)
SAMPLE # ! 215—55U 21s-1IC
WT. PERCENT OF CUT 11 f S3
XRF ANALYSIS . F _
Iron . 1/0.2 t
Nickel -~ 1.4/0.2 |
Selenium . o o t
(Sulfur) (6.2/2) (19/4)
Vc;madium : - B '
ToTAL} ‘ ‘ 1.4 t
Sulfates, H,0 sol? 55 g 31
(Sulfur, from So,)* 8.3 (10.4)
Nitrate (H,0 sol)? t St
Total Caiv:bcm3 ' g.L - ' ' 9
(Volatile carhon)’ . (6)
(Carbonates) ? . . :
TOTAL ANALYZED | 65 40
BALANCE ' , 35 . 80
100% - 100%

v

e W oN o

deteczed in concantration of <13

analyzed by x-ray flucrescence~-Section 3.2.2 B

analyzad by wet chemistry--Section 3.2.2 A

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

calculatad from sulfactes (sulfurvsulfate/3} to compars wizh sulfar
from XRF

for valuss shown as X/Y, 4 13 % of the element present and Y is the

errcr (i.a. Xy = ¥ ) ‘

a0t included in total-—sulfur and sulfates are accowntad for in sullur
XRF analysis and volatile carbon and carbcnate are accounted for in’
total carbon :
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TABLE 4-21, CHEMICAL COMPOSITION OF PARTICULATE SAMPLTS

IN PERCENT
FOR TEST 22*

SASS
Filter
SAMPLE % 225-58
WT. PERCENT OF CUT 10
XRF ANALYSIS
Iron ' ’ ' 3.5/0.4
Nickel - 4.8/0.5
(Sulfur) (27/10)
Vanadium 1.3/0.2
oAt ‘ 10
Sulfates, H,0 sol? ' 67
(Sulfur, from SO;)" . , (22),
Nitrace (H,0 sol)? , -
Total -Carbon® ’ 7.5
(Volatile Carbon)?
(Carbonates) ? ‘ .
TOTAL ANALYZED f 84
BALANCE 16
100%

& W N

¢

detected in concentration of <1% :

analyzed by x-ray fluorescence--Section 3.2.2 B

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

analyzed by Ocnlmoqtlphy carbon analyzer--Section 3.2.2 A

calculated from sulfates (sulfurwsulfate/]) to compare with sulfur
from XIRF

for values shown as X/Y, X is % of the element present and Y is the
error (i.s2. Xv = Y ) '

not included in total--sulfur and sulfates are accounted for in sulfur
XRP 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 FCR TEST 24

SASS Joy
SASS Impinger Impinger
Filter {inorganic) {inozrganic)

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

WT. PERCENT OF CUT i4 '}2 34

XRE ANALYSIS .

Barium =

Calcium t P
Chromium . =

Iron 232/2:3 2.5/0.3 t
Lead :

Nickel 6.6/0.8 t

{Sulfuzr)y (26/10) (22/7) (30/10)
Vanadium & ¢
Zinc t

ToTaL’ 9 3 t

Sulfates, Hzo_sol2 48‘ 24 25
(Sulfur, from S0,)"° ' (16) (8.1) (8.5)

Nitrate (H20 sol)?

Total Carbon® 12 25 13
(Volatile Carbon)’ 12
(Carbonates) ’ t.

TCTAL ANALXZED 69 53 59

BALANCE 31 47 50

100% 100% 100%
t dutected in concentration of <l
1 analyzed by x-ray fluorescence—Secticn 3.2.2 B
2 analyzed by wet chemistry-—Section 3.2.2 A
3 analyzad by Oceancgraphy carbon analyzer--Section 3.2.2 A
4 calculated from sulfates (sulfurwsulfite/3) to compare with sulfur

from XRF

U

error (i.e. X3 1 YT

for values shown as X/¥, X is ¥ of the element presant and Y is the

G} not included in total—sulfur and sulfates are accounted Zor in sulfex
XRF analysis and volatile carbon and carbonatas are accounted for in

total carbon
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TABLE 4-23.  CHEMICAL COMPOSITION OF PARTICULATE SAMPLES
'IN PERCENT FOR TEST 32 ‘

SASS, -
Impinger Joy
o {irorganic) Filter
SAMPLE # . 32s-IC 323-58
WT. PERCENT OF CUT . ' 66 . 16
XRF ANALYSIS
Barium ' ' : t
caleium : £ 8.6/3
_ Chromium & '
Cobalt S ' t
Iron t L9703
Lead : ; t
Nickel ' , : £ 7.9/0.3"
Se‘lénium t ;
(Sulfur) ‘ (15/5) | (25/10)
Vanadium ' ‘ t
Zinc o ot i .
‘ToTAL! - ' , t ' " 18.4
Sulfates, H,0 sel’ ) : 24 59
© (Sulfur, from SOZ’)"I -« (7.9) (20)
Nitrate (H,0 sol)? '
Total Carbon?" : 18 : t
'(Volatile Carbon)?® {9 | .
(Carbonates) ?
TOTAL ANALYZED : 42 77
BALANCE o o 58 - 23

100% 100%

& W N e T

(

detected i1n concentration of <ls

analyzed -y x-ray tiuor_‘ucencc-—Scction 3.2.28

‘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 X

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

not included in total--sulfur and sulfates are accowized for in sulfur
XRP analysis and volatile carbon and carbonate are aczoumnzed for in
total carbon
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TABLE 4-24. CHEEMICAL COMPOSITION OF PARTICULATE SAMPLES
IN PERCENT FOR TEST 33

; Joy
S2SS .Impinger
‘ . Filter (inorganic)
SAMPLE # - : 33s-55 . 33s-IC
WT. PERCENT OF CUT ‘ 14 31
XRF ANALYSIS .
Barium £
Calcium _ lo/3
Chromium ' , ' ' t
Cobalt . - v |
Iron 3.6/3.8 1.2/3.2
Nickel . 6.3/0.7 t
. Selenium ' E
(Sulfux) ‘ (30/10) (16/5)
Vanadium ‘ 2 3 _ t
Zinc _ | ' # £
TOTAL® 20 2
Sulfates, H,0 sol? ' 59 : 23
(Sulfur, from SO,)" 20 (7.8)
Nitrate (Ezo sol) 2
Total Ca‘rbcm3 o . € 20
(Volatile Carbon)’ ' | (20)
(Cérbonates) 3 , _
TOTAL ANALYZED 79 45
'BALANCE : | 21 : 55
“ - 100% 100%

[ I S 1
.

deteczcd in conc:atration of <1

analyz.d by x-ray fluorescence-~Sec=ion 3.2.2 3

. analyzed by wet cnn'mistry--ch:ion 3.2.2 A

analyzed .by Ocsancgraphy carbon analyzer--Section 3.2.2 A

calsulated from sulfates (sulfurwsulfaca/3) to compare with sullfur
from XRF ‘

for values shown as X/Y, X i3 % of the element present and Y is the
error (i.e. X2 = Y,

rot included in total--sulfur and sulfates are accowntad for in sulfur
XR? analysis and volatile carbon and carbonate are accounted for in
total carbon
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TABLE 4-25. FUEL §NALYSIS RESULTS OF UTILITY BOILER #6 FUEL OIL

Test® . Test* Tast® Test* Test® Testt Test? Tesct
21 & 22 23 24 32 33 11 C12 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
Sulfuz, % 0.20 Il o0.20 0.1 0.22 0.20 0.22 0.22 0.22
Ash, 0.012 .| 0.015 0.012 0.011  ©0.013,  0.014  0.00%  0.CO7
Moisture, % Q.12 | 0.2 0.12 0.26 0.70 0.08 0.2 0.05
Nitrogen, % |- — - - 0.23 0.23 0.19 0.22 0.24
Oxygen, v ' = -~ = . 032 0.6 0.25 0.25 0.16
Heat of Combustion: ; ) )
Gross Btu/lb 13,310 19,280 19,250 19,260 19,250 18,278 19,297 13,255
Net Btu/ld 18,170 13,130 13,130 138,183 13,100 - - -
Alphaltenes, & 0.44 0.63  0.58 0.66 0.56 - - -
Me=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 58 12 12 © 9.8 9.3 14.4 12.43
Sodium 13 "13 15 9.2 - 8.6 4.79 5.11° 5.8
Calcium ) 5.5 4.8 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
. Aluminum 0.43 1.1 0.61 3.5 6.1 0.86 1.89 1.57
Barium Q.31 0.57  0.41 - 0.42 0.42 0.86 1.22 '1.24
Soron ' 0.051 0.016 0.018 0.011 ' <0.008 0.0l 0.02 ' 0.02
Magnesiim 2.5 3.6 2.8 4.2 3.8 1.79 2.44 2.57
'Manganese 2.11 0.28  0.13 0.13 0.16 6.08 0.12 0.12
. Laad 0.43 0.85° 0.70  0.58 0.42 0.29  0.54 0.37
Tin . 0.11  0.26 0.35 . 0.16 0.19 0.s8 .08 1.57,
Chromium 0.067 0.22 0.1 0.15 0.19 0.07 0.06 0.05
Titanium 0.34 0.17 0.25 0.065  ©0.084 0.1l 0.14 0.14
Copper ‘ 0.085 0.77  0.092 5.11 . 0.08 0.1  0.17 0.10
Silver 0.0024 0.0044 0.0023  0.0023 0.0024 ¢t . 't t
Zinc 1.5 10 1.2 0.57  0.21 0.23 0.41 0.30
Cobalt 0.28  0.31 0.31 0.47 0.42 0.44 0.47 0.59
Strontium - 0.11 0.11  0.12 0.075  0.073  0.10 c.09 0.09
Molybdenum - . - - 0.023 . 0.024  0.13 0.12 C.06

* Truesdail Laboratories Inc.
t E. W. Saybolt & Co., Inc.
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TABLE 4-26. MASS BALANCE FOR TEST 11

218,755 lb/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
8 Zraczion 18» 68% 86% ©120% Ash=C. 014y

Units 1a/nr 1b/hr 1b/hr lo/hr IEyfnr
Vamadiv | 9424 .. .24 0.28 d-us
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;.\n } : ) ) . 2.05
Silicon © Q.86
Manganese 0.01 g.0L 0.01 0.03
b B ol l i . . 3.37
Sarium 0.03’ ‘ , c.ca oy 0.37
—_— ' 0.01 0.01 0.02 .02 0.13
Tin . Q.29
Molybdenum 0.01 0.01 9.01L 9.108
Covper 0.01 0.01 0.02 0.02 808
Silver 9.0l _ 0.01 2.51 0.0002
Zire 0.03 0.01 2.04 ' 0.05 0.10
Titaniwm 0.03 : 0.01 0.4 g.0s 0.05
Cobalt ‘ 0.19
Chramium | 0.02 ¢.0z 0.02 0.03
Strontium . Q.01 . o.oL 0.02 0.02 0.04
Potassium ‘ Q.95 o 0.0l 0.06 3.07

Sulfur . 3.94 B 54 5.65 (6.57 2 48l.3
3:9::5.5- s.or 0.91 e »
Sulfate 4.19 2.11 ' 6.3 7.33

Nit;:atc' — C

Total Carbon " 0.70 1.25 1.95 2.37

vol. Carbon - 1.1 2, (1.28)%

Carbonate 0.01 - 0.01 (o.on?

Cacmim s 0.01 0.01 0.01

Rubidiom ' 0.01 0.0L ., 0.01

Selenium 6.0 0.01 0.01

Arsenic 0.01 0.0z g1

callium .01 ' " oo .01

Towal 15,21

rgp  65.03

1 Comnare Zotal columm with fuel analysis column

2 Not included in summation
£ KVB 5806~783
—-la




TABLE 4-27. MASS BALANCE FOR TEST 12

220,497 lb/hr fuel flow: 19.34 lb/hr particulate from ash; 55.5 1b/Mr particulate from SASS: 44.8 lb/hr
partic.late from Joy. e < 0.1 lu/hr. :

SASS Joy
fraction Filter Impinger Sum “.'o!n.l.I Fuel Analvsis Pilter TculI
\ Fraction 238 s5e 78% o Ash=0.009% 29% 1008
4 : Unxzs ib/Mr lb/hr ib/hr /s 15/Ax W/he y/hr
- ' Vanadium 0.2 0.2 n.26 Q.5 I § 0.34
Iren c.53 9.0 0.83 155 .77 0.16 0.55
Nickel 1.4 t © 1.4 1.3 2.58 0.85 2.9
Calcium 2.23 e ) 3.2 2.5 0.18
agnasium € T c 0. 44
Sodaum . ! 8.9
Sitlicone . ) 3.9
ManGanesa ‘ 3. 32
Aluninum 3.34 c &
3arium ' z (- ¢ 3.22 2-5 2.17
Lasd e = 3 e 0.19 5.02 3.37
Tin Y 0.19
Molybdenum . Q.02
Copper 3 1 g ~ 0.03 ’
Silver 3 S 3 0.0001
2tne Q.04 € [3 0.06 0.07 0.02 0.97
Titanium Q.04 € 13 t ‘ 0.23
Cobale 0.04 3 t € c.08 t 3
hromium ‘0.13 0.13 17 " s.01
. ‘Stroncium € £ e 0.02
( Potassium 9.08 t t €t
- Sul fug .7 2.98 7.1 9.92 ass 3.94 (13.5) 2
Iromine ‘ ‘ & e t
Sulfase $.92 4.3 9.9 12,7 . 5.38 18.36
Nitrace ' .
Tocal Carbon 1.13 4.3 S.S 7.1 2.68 9.1
vol. Cacboa 4.2 4.0 ©o(s.02
Carbonate '
Cadmium e c .=
Selanium t ' & t
3tswuch 0.0e 0.04 0.05
Gallium T € .
T towal WO Total 31.6
' ‘ 9 55.% : TSP 44.3 !

Cumpare total column with fuel analysis column

Not included in susmation

i ' 4-73 : ‘ KV3 5206-783

L ) it i < et e B e o S



TABLE . 4-28.

MASS BALANCE FOR TEST 13

219,063 lb/hr fuel flow; 15.33 lb/hr particulata from ash; 63.5 lb/hr particulate fxom Joy

Fraction
3 Fractian
Unics

Arsenic
Janadius
Izon
Mickel
Calsimm
!nqns?xua
Sodium
Siiicone
Manganese
Aluminum

3arium i

Chroea um
St::ntxu;
Potassium
Sullur
Rubidaium
Sulfate
Nitrate
Total Carbon
Vol. Cardon
Carbonate
Bromine
Sclqniul
Gallium

Joy

1

Impinger Total

738 1008

"1b/ar . 1lb/Mmx

0.1% 0.19

.0.05 ©.06

0.06 2.08

‘ 0.35 2.36
Q.05 9.C6

1.95 Q.06

Q.05 0.06

a.0% 0.06"

0.05 Q.06

0.05 3.06

9.59 (12.4)2

10.34 14,1

0.10 0.13

14.88 19.2

' 12:23 (1s.m?
0.08 0.06

0.08 0.06

Total  34.3°

TSP 68.5

Fusl Analysis
Agh=Q.007%

1b/hx

o o
o

©
3

o
(=3
o

QcoQ?

Q3
.22
.06
.0as
.209

OOOOOOOOO_Q0.0P
o
=

482

2Not included in summation

1 .
Compare total column with fuel analysis column
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TEST 4-29.

MASS BALANCE FOR TEST 21

85,316 lb/hr fuel flow; 10.25 lb/hr particulate fzoam ash; 29.8 lb/hr particulate from SASS

Praction SASS Pilter SASS Impinger Sum Totall Fuel Analys:ia
% Fraction ils 73% 84% 100% Ash=0.212%
Units 1b/hr lb/hr 1b/hr lb/hr B ib/hr

Boron . 0.005
Arseic 0.003 0.003 0.003
Vanadium 0.01 0.01 0.01 0.40
Iron 0.03 0.08 0.11 0.33 1.95
Nickel 0.05 0.02 0.07 0.08 0.85
Calcium 0.003 ' 0.003 0.003 0.56
Magnesium 0.26
Sodium 1.33
Silicone 0.22
Manganese 0.02 0.02 0.02 0.01
Aluminum ' 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 . Q0.0002
Zinc 9.001 0.02 .0.023 0.03 0.15
Titanium ' 0.03
Cobalt 0.003 0.02 0.023 0.03 . 0.03"
Chromium 0.02 0.02 ©0.02 0.006
Strontium 0.003 0.02" 0.023 0.03 0.01
Potassium . 0.003 0.02 0.023 0.03
Sulfur 0.21 4.16 4.37 (s.1m2 .78
Selenium 0.003 0.08 0.083 (1%
Sulfata 1.81 6.82 8.63 10.21
Nitrate 0.01 0.03 0.04 0.05
Total Carbon .0.30 1.97 2.27 2.69
Val. Carbon e 1.31 1.31 (1.55) .
Carbonate I« v
Bromine 0.02 - 0.02 Q.02
Zizxconium 0.02 0.02 0.02

Total 13.5

TSP 29.8

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

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

Fraction . SASS Fill';er Swum Tctall Fuel Analysis
8 Fraction 10% 1cs - locs Ash=Q.012%

Units 1b/hr 1b/Mr 1o/mr 15/hr
Boron ; 0.002
Arsenic 0.002 0.002  g.02
Vanadium 0.03 0.03 G.29 0.20
Iron . ) 0.07 © o 0.07 . 0.85 . ~ 0.98
Nickel 0.13 0.10 Q.98 Q.43
Calciua . a.28
Magnesiuam ' . a.13

‘ Sodium ! : 0.67
Silicone 0.06
Manganese 0.002 0.002 0.02 J.005
Aluminum 0.02
Barium o , 0.02
. Lead 0.0Q02 0.002 0.02 0.02
Tin . 0.905
Coppar 0.002
Silver 0.0001
Zinc 0.002 0.002 0.02 2.08
Titanium _ ~0.02
Cobaltz 0.C02 ' 0.002 G.02 (0 o]
Strontium . . ) 0.005
Sulfur 0.56 0.56 (5.49% g6
Selenium €.002 Q.002 0.02
Sullate 1.38 1.38 15.53
Nitrate Q.0004 0.0004 0.004
Total Carbon 0.15 0.15 (1.4m2
) Vol. Carbon -
Carbonate -
i ' Total 17.6
TSP 20.2

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

115,238 id/hr fuel {low; 13.583 lb/hr particulate from ash; 46.2Z ib ir
particlate from SASS; 59.) Is/Mr particulate from Joy )

SASS Say
Fractioa Filter Ispinger Sum ‘!‘onll Pual Analysis izpinger Total
s Fraction 14s 753 898 100% Aabm0.012% 748 1008
tnits e b/he 1b/mr 1b/hr 1b/Mr Wb/he ib/Mr
Poros ' 0.002
Sromine 0.006 0.03 0.036 0.04
Vanadiwm 0.05S 0.05% 0.06 a.57 ]
© Irom ‘ 8.143 ' 0.86 1.003 0.09 182 0.12
Wickel 0.43 0.16 0.59 0.68 1.66 0.04 . 0.0%
Calcium Q.12 0.12 0.14 0.66 ' 0.13 0.18
Magnesius ! 0.19
Silicone - 0.30
“anganese 7.006 0.03 0.036 Q.04 0.02 0.04 . 0.05
Aluminam .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 ' 0.01 0.03 0.03 0.0
Molytdanum 6.03 ~ 0.93 0.02 ‘ :
Copper : : 0.03 0.03 0.03 0:013 : 0.04 0.0S
Silver 0.03 0.03 0.03 " ¢.0003
Zino ‘ 0.016 0.03 0.46 0.05 0.17 '0.04 " Q.08
Titanium 0.03
Cobalt : : . 0.04 ' 0.04 0.9%
hromiue - 0.21 0.21 0.24 0.02 2.0 0.08
Stroncium ' 0.03 0.03 0.03 0.02
' pocassium 0.03 0.03 0.03
Sulfur 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 3Lk 8.41 11.52 12.97 ‘ s 11.2 15.11
Nitrate -— - ' ' i
Total Carbon 0.8 8.63 9.43 10.62 .71 1.7
vol. Carton - 1.04 1.04 (1.an? 5.27 (7.1 2
Cacbonata .~ - I Q.09 16.12} 2
Tocal 26.3 ' Towal 23.4
TSP 46.2 1) 59.3

1 Compare total colum with fuel analysis column
2 Not included in summation
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TABLE 4~32. MASS BALANCE FOR TEST 32

210,857 lb/hr fuei flow: 23.19 lb/hr particulate from ash; 84.5 1b/hr particlate from 5ASS:
$8.7 lb/hr particulate from Joy. ) '

t < 0.1 lb/hr

Fractioca SASS Impinger SASS Filter S Total® Fuel Analysis |

\ Fracticn 6% 10w ) 1008 Ash=0.0Lllv

Units W/ hr lb/hrx lb/hr 1b/hz : 1b/hr
Boron . ‘ T . Q0.5003
Vanadium 0.09 0.09 Q.1 2.69
Iren ' 0.47 0.09 0.5 0.65 2.32
Nicxal 0.11 . 9.73 3.33 Cs.33 2.7
Calcium @:13 o ©3.32 Bae %54
Magnesium o 2.97
Sodium ‘ . .14
Silicone , : Q.46
Manganese t ) A T 0.03
Aluminua ' . ' 5.31
Barium ' . t t t H.1
Lead ' t : LR = 0.13
Tin 0.34
Molybdcnum - T ) t 0.005
Copper € : ) t t 0.03
Silver ' ' ' ' 0.0005
Zine t - t ' c a.12
Titanium } 0.0l15
Cobalt ' € o 3 ) £ . . 0.11
Chromium =~ - 0.11 . ‘ , 0.11 0.13 | 5. 55
Scrontium € ‘ . -3 . t 0.017
Cadmium T * . ]
sulfur ' 9.6 2.3 11.9 (13.9)2 . 464
Selenium . . .13 . ; 0.13 018
Sulfate . 15.2 : 5.4 : 20.5 24.0
Nitrate ’ " 13,3 13.8 15.5
Total Carbon 11.5 : 11.5 13,4

Total 56
TSP 84.5

1 Compare total column with fuel analysis c¢columm
2 Net included in summation
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TABLE 4-33.  MASS BALANCE FOR TEST 33

209,055 lb/hr fuel flow; 27.18 lb/hr particulate from ash; 96.9 lb/hr particulate from SASS:

97.7 Ih/hr particulate from Joy.

Praction . SASS Izpinger SASS Filter Sua Total } Fuel Analysis
% Praction 64% o 14n 78% 100% Ast=0.213%
Units . lb/hr lb/hr 1b/hr 1b/hr lb/hrx
Boren ¢.002
Arsenic 0.01 0.01 0.01
Vanadium 4 ' e.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 L84 1.4
Magnesium 1.0
Sadium 2.3
Silicone 2.6
Manganese Q.06 0.06 0.08 0.04
Aluminum 1.7
Bariua 0.06 0.09 0.15 0.19 0.1
Lead ‘ 0.06 0.01 0.07 3.09 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 " 0.0 ; 0.15 0.19 0.05
Titanium 0.02
Cobalt 0.06 0.02 0.08 0.1 0.1
Chromium 0.2 8.02 0.03 0.0%
Strontium 6.0 0.01 ‘ 0.01 0.02
" Svlfur 0 4.2 14.2 (18.06) 2 420
Bromine 0.06 0.06 - 0.08
Sulfate 14.54 8.14 . 22.68 28.84
Nitrate ‘ 12.63 737" " 20.0 25.44
Total Carbon ‘ 12.47 - . 12.47 15.8€
vol. Carben 12.47 - i 12.47 {15.86) 2
Carbonate —I -
Cadmium 0.06 " 0.06 0.08
Selenium ; 0.07 ‘ ' 0.07 0.09
' Total  75.5
e ‘ ' o ‘ "1sP 96.9

1 Compare. total column with fuel analysis colum
2 Yot included in summation
: ‘ 4-79
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utility boilers (Test 24).
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Weight Percent of Particles*

Test No. >10um 10-3um 3-1lum <lum
118 3 2 <1 e
1ig 9 3 3 85
‘125 2 3 5 90
125 9 3 3 85
137 2 o 0 98
237 8 1 1 90

248 5 £.5 0.5 94
243 2 0.5 0.5 97
328 3 1 1 .95
323 0.1 0.9 3 %6
33s 4 4 5 87
333 8 1 1 90
218 0.3 0.7 1 98
217 0.9 0.4 0.7 98
228 0.1 0.9 4 35

Mean* 4 1 2 93

For two of the tests (137, 23J), ‘e amount of matter collected in the middle
cyclone was so small taat when plotted 'on the size distribution curve it would
appear to give a vert.cal line. For this reascn the line for these two tests
‘were not d:a&n. Care must be take": when projecting the size dictribution
curve to outside the range cf 1-10 m. This is outside the range of the data

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

*Taken from Figure 4-26
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%igure 4-26 is the particle size distribution range determined for the 18
utility boiler tesﬁs. The area between the solid lines is the particle size
distribution range with the impingér catch, and the area betwean the dashed
lines is witbout the impinger catch. The mean particle size including the

impinger catch (i.e. particle size at the 50% point) is less than 0.1 ym.

3. Particulate mass balance {(elements in ash vs. elemerts in particulate
catch) =—-The mass of each element in the’ash of the fuel going into the atmo-
sphere as particulates (sécond law of thermodynaxics). Tab.e 4-26 lis<s the
results of the fuel analysis foi eachlof the fuels burned fqr =zach utility
boiler particulats test. T5 calculate the mass rate ¢f each element Irom
the fuel analysis, the following equaticn was used:

{element %/100) x (ash%/100) x (lb/hr of fuel burned) = lb/hr of elémentIN

Chemical Compositiocn

Tables 4-17 to 4-24 present the chemical compwsitieon for the various
utility boiler tesﬁs. In each case the primary ceonstituents 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 anélysis apd on the
Re analysis.' The agreement is fair. sometimes the XRF value is highér and
other timés the sulfate value is higher. The sulfate value is the more reliable
determined by, accurate wet chemistry technigues. The XRF method for sulfur is
only approximate because sulfur is on the low limit of the XR®F 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, cobalt, selenium, potassium, titanium, vanadium, and zinec.

y KVB 5806-783
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Figure 4-26. Summary of particle size distribution for utility boilers
: (15 tests).
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The results ¢f this calculation for each element are listed in the lefs

column in Table 4-25 to Table 4-33 for each test. To calculata the mass

rate of each elemental from the chemical analysis of the particulats catches

the following eguation was used:

element % % fraction " ; ; S i
( 100 Y 2€ 100% )} x (parciculate emission izZ/nr)

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

The mass rate, lb/hr of each element for the fracticns 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/hx, of elements going out the stack. These are listed in Tabls 4-23

L)

te Tacls »-3

In some cases, as ia Tasts 12 and 24, bo%h SASS and |

(9]
1t
s
|
¢!
b4
b
$3
W)

tFa2ns f88 8t L53sm f88 Sraovsisn with laxds an

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

4. EZmissions and emissicn factors--Imissions and emission factors can ce

listed for several different units. The list below shows scme ¢f these

emissions ané factors.

Paiysicos
Test O gt/ oS T yre Moo lh/ Mty 1n,130C Al Surmed [
1is 2.0091 284 65.23 0.2154 2.19
sz a.2078 243 55.6 9.0132 1.9
12s 0.5c72 242 55,8 0.0130 1.9¢ '
123 3.0058 196 44.3 a.cics 1.5
13s° B3 az8: ia ¥ a.asa 74T
133 9.c08e 299 6d.5 0.0162 2.4
138° 0.328% s 0.3 0.0534 0.0
233 0.0084 88 6.3 0.3162 2.34
a8 2.0112 202 4.2 9.0214 3.55 ¢
3 0.0144 %9 49.3 0.317s a.S?
1 S.c124 389 4.5 0.3212 3.29
122 9.5086 %  %8.7 0.0147 . 2.14
1s 9.3332 23 3.3 3.0244 356
kot 2.9133 a7 9T 0.0348 3.59
ns 0.0092 135 29.2 0.732 DAY
554 2.0071 91 23.3 9.017 #i5
% 9.3137 'Y 3.2 0.223 3.70
225 3.0046 38 5 6.0099 z.87
Average  3.3C98 32 st 0.3185 P
® Wor included in the aversge (had daca) B 33Ce-783
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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 system. This is because EIS system has not been updated since the new
low 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 relaticnshi
from AP-42 (Ref. 4-7, top line) which uses only the front half cf the parti~
culate catch (does not include impinger cat&h) seems to be high compared to
the obtained data. The relationship given by SCAQMD (Ref. 4-8) which is for

the total catch (impinqef catch included) seems correct for high sulfur fuel,

but seems too high for lower sulfur fuels. The relationship given by Goldstein

ard Sigmond (Ref. 4-1) seems to fit most of the dara presented here. What

is th2 emission Jactor for the 2.25% sullfur fuel? The averaze of zne i3

KXV3/ARB tests was 2.77 1b/1000 gal and the average of six other particulate
tasts was 2.9 1b/1020 gal. The emission factor is suggested =o be 3.0 1z/1300

gal.
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i



[

T

1 1 | ] K] | ! f/
. AP-42
froat hal?
b EKVB TESTS Currant emission 7 -
O Proot helf factor used in EIS SCAQMT
(total)
-135 “200 @ votal 123
.129 v
2122 18 pe Q Other -
) front H
-115 O\ bas (Tota))
data »
-108 16 = O =
y 4
-102 @ Cther total data _:_
o9s § 14 i ".415
2 2
.c8s8 (5 z
=4 =
3 osip 312 b oy~
g 07 i "
} 5 X :;
065 ' 32 12 - 2
J061
054 8 -3
048
041 é s
034 5 =
627 4 -
02¢ 3 e
014 2 -2
007 i e
o] 1 1 1 i 1 1 8 !
) 0.25 0.50 0.75 1 1.25 1.50  1.7% 24/ 2
FUZL STLFUR CONTENT, WWT S
4-27. ©Emission factors as a Sunctisn of fuel sulfur content Ior
utility boilers. ‘
4-34 XVB 38C6-783

TR . ke sl el e e o ke




B2 5 Internal Combustioﬁ Engines

A. Process‘Desc:ipticn--‘

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

for pneumatic machinery. '

1. The function of the IC engine in Test 7 is to pump £luids. This is
a Climax, gas fueled, 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
gowazr., 7This 2420 hp, turbocharged, diesel=Zuelsd [EMD) sngine was mansiac-
tured by Electro Motive Division, General Motors {orporation.

‘B. Pasticulate Test Set-up-- g

1. Test 7, IC engine with digester gas fuel--Two sampling trains were
used simultareously at the 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 duct diameters from ché
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 ?oint 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 Jov train

was used to sample particulates f{rom this source. . The sampl%ng station 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.
Ch 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, nitrate, and

4-95 ! ' KVB 5806~-733
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TABLE 4-34. VELOCITY PRCFILE FOR INTERNAL COMBUSTICN ENGINE

(TEST 7)

3ASE: sampling
point

9/16" nozzle

5-1/8"

Temperature: 412°F

Static Pressure: OJ.1" HZD

Distance from ) Velocity

end of duct Point % ft/sec Doint 3 =gy
S B 1 - 48.4 s 46.9
d d 7.7 6 59,3
2.8 R 58.1 R 61.2
3.9 3 59.3 7 60.6
4.8" 4 58.7 8

60.0

Average: 56.0 ft/sec

285 s5CT™
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TABLE 4-35. VELOCITY PROFILE FOR IC ENGINE
(TEST 13)

Joy sampling
soilnss

1/4" nozzle

9 10 11 12 (=) 13 14 15 16

80 min. each

18-3/4" C
= . _________dﬁ

Temperature: 520°F

Static Pressura: +4=-1/2" =0

2
‘ Velocity
Distance from Point Poinr .
internal wall E] ft/sec # ft/sec
0.6" 1 137 8 97
2.0 2 134 3 51
3.7 3 142 10 72
6.0 3 131 11 77
9.4 R 102 2 93
12.% 5 102 14 53
15.1 6 ‘118 14 104
16.8 7 136 . 15 113
18:1 ‘8 133 6 1ls

© Average: 103 ft/sec
5508 sSC™

T =

£ S b e el < s
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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 particle size
(um) vs. accumulated.weight percent, the latter plotted on a probability
scale as explained in Section 3.2.3 B. Two curves ara presented, one
including the impinger catch, and the other ignoxring 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 belisved to be properly included ia tn2 measur

[}

anTs 2 zna

suspended particulates from IC engines. The breakdown of the particle size

distribution taken from Figure . 4-29 including the irpinger caz=h, 15 as

follows:
Percent of Particles
. . . >10um ' 10-3um 3-1lum <ium
Test 75 (digester gas) ’ 0.6 0.15 0.38 99.1
Test 7J (digester gas) 0.8 0.4 0.6 98.4
Test 157 (#2 diesel oil) | 4 ‘ 2 2 92

No=e that the size of particle appears %o be smaller for IZ engines burning

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

2. Chemical composition--Tatles 4-36 and 4-37 lict *he results from

e 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 oil used for Test 15
is listed in Table 4-40. For Test 15, 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
4-99
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Fuel--Digester Gas ' Fuel--#2 Diesel Oil

Units Test 7S Test 7.0 Tast 137
gT/DSCF h 0.04 0.02 : 0.03
T/yT ' 0.4 g.3 4.5
lb/hr 0.09 0.04 : 1.4
1b/MMBtu : 0.06 0.03 3
1b/100G gal burned RS . . 8
15/1000 gal burned (Ref. 1} = — - .13
Ib/million ££° - 105 5 --

aczounts Ior about 3% of the cement production in the United States.
more than 30 raw materials used to make cemert mav be diviZed into four hasic
comzonents: lime (:alcareousf, siliza (siliceous), alumina (argiilaceOpS),
and’' iron (fer:iferous). Approximately 3200 poﬁndslbf dry raw materials are
zequired o groduce cne ton Of cemexnt. Agcroximately 35% of the faw material
weight is removed as carben dioxide and water vﬁpor. As shown in Figure 4-
30, the raw materials undergo separate crushing after the gquarrying operation,
and when needed for process.ng, are proportioned, ground, and blended using

the dry process.

In the dry process, the moisture content of the raw material is
reduced to less thar 1% either before or du:ing the 4rinding operation; The
dried materials a:é then pulverized into a nowder and fed dirsctly into a
rotary kilao. 051aily, the kiln is a long, hﬁrizontal, steel cylinder with
a refractory brick lining. The kilns are slightly inclined and rotate
abouﬁ the longitudinal axis. The pulverized raw materials are f=2d into the
upper 2né and travel slowly to the lower end. The kilns are firzd from the
lower end so that the hot gases pacs upwa.rﬁ and through the raw material.
Drzing, decarbonating, and calcining are accomplished as the material travels
through a heated kiln, finally burning to incipient fusion 2nd forming the '
clinker. The clinker is cooled, mixed with about 3% gypsum py weight, and
ground' to the.finai product fineness. The cement is then stored for ‘ater
packaging and shiment;

(Ref. 4-3) ‘ ' KVB 3806-783
4-100
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TABLE 4-36.  CHEMICAL COMPOSITION OF PARTICULATE SAMPLES
IN PERCENT FOR IC ENGINES (TEST 7)

SASS , Sass Soy

‘Filter Impinger Impinger
SAMPLE # . Q07s-35 7S°IC_ 70-IC
PERCENT OF CUT o ) 2 92 T2
XRE ANALYSIS
Calcium . ) 2 £ €
Chlorine ) i ‘ 7:2
Potassium ' L ‘ <2
(Sulfur} (5.2} (7.9 (22)
Zin% -
oAt . 13.9 t -
Sulfates, HZO sol? ' 5.3 43 . 48
(Sulfur, from so;)“ S 2n (14.5) (18)
Nitrate (Hzo sol)? , t <Il.l
‘Total Carbon’ 8.4 22 20
(Volatile Carbon)’ : C (18) (14.5)
(Carbonates) ’ ! '
TOTAL ANALYZED - 28 65 72
BALANCE 2 35 28
1008 100% : 1c0%

detected in concentration vl <1%

T,

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--Sectiom 3.2.2 A

4  calculated from sulfates (sulfuresulfate/]) to compare with sulfur
from XRE . C

5 for values shown as X/Y, X 13 % of the element present and Y ig the
error (i.e. XV = Y )

(] not included in total—sulfur and sulfates are accounted for in cul fur

XRF analysis and volatile carbon and carbonate are accounted for in
total carben ;

KV8 5806-783
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TABLE 4-37. CHEMICAL COMPOSITICN OF PARTICULATE SAMPLES
IN PERCENT FOR IC ENGINES (TEST 15)

Joy Joy
Joy Icpinger Izgineex
Filter Organics Corndernsats
_.SA“!PLE 3 . 15J-5S 155-IC 153-3C
PERCENT CF CUT 18:5 25.4 31.9
IRF ANALYSIS
Calcium ‘ ' . 4.7 £
Chlcrine ' . ' . t
TIron ‘ ‘ e
Potassizm o s
] :.licoﬁ &
(Sullur) 1530 <)) (12}
Vanadium t
ToTAR! 5 & t
Sulfates, H,0 sol? 8.2 % 20-4
(Sulfur, from so;) ¥ (2.7 s - (7
Nitrate (HZO sol)? T
Total Carbon’ 5.34 ¥ 1.14
(Volatile Carbon? . : £
(Carbonates) . _ ' v ’ (L.2)
TOTAL ANALYZED 19 ' 3 21
BATLANCE 81 97 72
100% 100% 100%

£ catacted in concentration of <l%

k4 analyzed by x-ray fluorescence--Section 3.2.2 B

2 . analyzad by wet chemistry--3Sec=ien 3,2.2 A

3 analyzad by Oceanograpny <irben analyzer~-Secticn 3.2.2 3

4 calculated frrm sulfates (sulfurwsul fate/3) to compare with sulfur
from XRYF

s for values shown as X/Y, X is § of the =lement present and ¥ is =he
&rxor (i.e. X% =z ¥ ) .

() aot included in totai--sulfur and sulfates arye accounted f£3r in sulfur

IRF analysis and wvolatile carbon and cazbcnate are accounted for in
tozal carson
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Figure 4-29. Particle size distribution for IC engines (Test 07)
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TWwo ZTests wers Jdone 9n the same cement Xiln ccerating at aggroxizata-
Jitions, and at the same Tosition on the stadk dcwnstream of
. q

iewel on the strarght saftisn

the hachouse at about 120 ££ ancove grzumd
l2ading to the atmesphera. Jatural gas was used as zhe fuel scurc2 Icr the

first test, Test 3, and soal was used Ifcr the seccnd tast,
velaocity grofiles ia the stack for the Two taests are listed 1n Tabla =3
Velocity goints greater than 72 inches were not able to e measured Ior
Test 9 and velocicy points greater than 121 inches were not anle =0 ke

Teasurad even with the piszot tube ‘extensicon for Test 13. Note that

13, ccal firing, the mean velocity in the szack is somewRhasz nicher than the

as satsral gas

Train was used

trate azd zarscn

L pastizulats sarches walol

R -y Sy
tails for these Zrocacduress

and 4=~41 1ist the rasults

(um) vs. accumylazed weight gpercent, the latter picttad cn a srobabilicy
scale as ex;lained>in Section. 3.2.3 3. TwWO zurves are gSrasencted, one.
incliading the irpinges gatch, And the other ighidrisg ic. ThHe 5132 iistridu-
ticn curve Zor both tests i"no:i:g':he impinger cazch are identzcal. However,
when the impinger catch is dagluded the gurve shifcs to the right; more so ¢
for the coal £iring than gas. The breakdcwn oI the particle sige distribw-

tion including the impinger +taken from Figuxe 4-31 is as fcllcws:

*loum B3 I=lum €i.m
Test 3, gas fired 32 30 22

- " : A o i s Sl R b,
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TABLE  4-39. VELOCITY PRCFILE FOR CEMENT MANUFACTURING

|
Test 9 |Test 18
Tempearature Jes°r 378
Static
Pressure —0.1'520 +0.2
Fuel | Sas | Soal
5/8" nozzle
3" pors
3" deep
e 139- T i SN
/
’
C
i : Test 9 Test 18
Distance from Velocity Velocity Velocity
End of port foint 4 ft/sec fr/sec
6" 1 1.1 41.5
14-3/8 2 3.1 42.7
23 3 32.6 43.2
34-3/8 4 32.86 4.15
50-1/2 S 20.3 39.7
72 R ALzl 37.8
93-1/2 6 -~ 39.7
109-5/8 ) — 3.2
a1 8 - 4.7
6" u 32.6 46.0
14-3/3 12 36.8 47.0
23 13 4.8 44.4
24-3/8 14 34.1 43.2
50-1/2 15 3l.X 41.5
n R 3%.1 38.4
93-1/2 16 - 39.0
109-5/8 7 -— 39.7
21 ‘18 -— 39.0
Average 32.8 fe/sec 40.2 fr/sec
128760 s 154514 sC*
‘ 4~107
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TAZRLE 4-40. CEEMICAL COMPOSITION CF PARTICZULATE SaMPLES

IN PERCENT FOR GAS FIRED CEIMENT XIIN (Test:5)

10um b

Cyclone Cvzlone Filzer

SAMPLE @ S 9s-23 - 9s-3s3 735-53
PERCENT GF ZUT ' 28.7 ;<365

X5 ANALYSIS
Calzium 27/3 . 22/3 16.1/3

Chromium ' b=

Potassiuo 1.4/2. 1.:3/9:3 2.3/2.35
3ulfur 2.2/7.5) 3 B0
Pl o 12515 ] -
TCTAL” 30 24 -
Sulfatas, .9 soll o 1.25 1.62 4.27
{Sulfur, from 500 (0.42) (3.38) (1.42
‘ 3 o
Nitrate (HZO saly? t e €
Total ‘Carbona 16 19
(Volatile Carbon)?® (3.22) (2.85)
(Eachenarss) ? : (3.73) (3.19)
TOTAL ANALYIZD ' 47 35 23

u
ur

SALANCE 53
120% . 12C% 130%

datected 11 —oncentration'Aaf <ls

IS analyzad by x-ray flucrescence--Section 3.2.2 3

2 analyzed by wet chemistsy--3action 3.2.2 A

e analyzed Dy Oceanography carbon aralyIer--Section 3.2.2 A

4° caiculated from sulfates [(sulfuresulfats/3) to compare wizh sulfur
Zrom XRF

5 far vailes shown as X/7, X 23 V 2f Zhe element present and Y 1§ zhe
erra3r {(l.&. X% = ¥ )

§ % not iacladed it zotal-—sullur and sullataes are actowmntad for in sulfur
XAF analysis and wolatile carbcon and Zabonate are accounted Do in
totai Tarbon

/B 58C9=
4-1328




TABLE g4-4]. CHEMICAL COMPOSI™7 N OF PARTICULATE SAMPLES

IN PERCENT FCR CCAL FIRED CEIMENT KILN (TEST 18)

Clpm 10um  3m
e : Cyclone Cyclone Cyclone Inpinger Pister
SAMPLE # 188-4s 185-25 185-3s 13s8-IC 185-53
- PERCENT QF CU 8.9 24.1 30.5 26.2 5.0
XRE ANALYSIS ‘
Calcium 22/6 17/4 120/6 t 2277
Iron 1.2/2 1.1/2 t t 1.740.2
Nickel =
Fotassium . 1.5/3.4 L.170 .3 1.8/2.5 1.573.5
- (Sulfar) (<3) {27/ 2a) (3ecvlndl D T P St -~
waart 25 20 22 2 25
Sulfates, H,0 sol’. 1.82 3.8 3. 2 70 6.4
. (Sulfur, from 504;“ () (1.25) (1.06) (23) (2.1
Nitrate (H,0 solj® & “ 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% 100% 100% 1004
14 detacted in concentration of <i\
1 analyzed by x-ray fluorescances--Seczion J).2.2 B
2 analyzed by wet chemistry-—-Section 3.2.2 A
; 3 analyzed by Qceancgraphy carbon analyzer--3aeczion 1.2.2 A
B \ 3 calculated from sulfates (sulfurwsulfate/3) o compare with sulfur
~ {rom XRF )
5 for values shown as X/Y, X 15 A 3f the alament present and Y is the

error {(i.e. X% =2 Y. )

not includad in total--sul. .r and sulfates zre accounted for in sulfur
XRF analysis and volatile carbon and carbonate are accountad for in
total cardon

KVB 58C6-733
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)
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) b
P , f 1. .t 3 ' & 1. 11 i1 1
2% @.1X 0.5 2 5 12 20 30 40508070 80 90 93 288 2% 99.3 23 .52
WEIGHT, PIRCENT _ESS'THAN STATED SIZE
a SAS3 Train with Impinger ) Test 18
coal
[J sass Traia without Impinger ) fired
. SAS5 Train With Impinger ) Test 9
' - ) gas
(:) SASS Train Without Impinger ) .fired
Ficure 4‘31-.'Particle size '‘distributicn for. cement manufacturing
(Test 09).
XV3 33C6-733
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The mean particle size, including the impinger, for Test 18 is 13.m and 23um:*
for Test 2; icnoring the impinger catch it is 27um for both tests. These re-.
sults are similar to other size distribution data available in the literature

(Ref. 4-13 and 4-14).

2. Chemical Composition-- Tables 4-40 and 4-4] list the results frcao

the chemical analysis of the particulate fraction for each of the tEStF
discussed in this section. Calcium is the most pcredomizant species, asg cne
would expect. Carbon is second most abundant. Its origin is most lik.iy
from.the uncombusted fuel. The concentration of carbon is sligﬁtly mor=a

for coal firing than natural gas firing. Sulfate is third.mast abundan; and
tends to ,co-néentrate in the impingers. As erpected, sulfate concentrazion
is higher for coal firiag than gas firing, 3ue &3 higher sulifur conzant 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 elements listed

were detected in trace amounts.

3. Emissions and emission factors--Emissions and emission factors van

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

emissions and factors based on these two tests alone.

. Test 9 (gas) | Test 18 (coal)
gr/oscr 0.0056 - 0.0099
T/yT . ; A2 o 48
lb/hr | 5.9 , 12.5
1b/ton produced 0.21 A : 0.43
1b/bbl produced 0.041 , 0.084

4.2.7 Calcination of Gyosum

Gypsum is a mineral that occurs in large deposits throughout the
werld. It is hydrated calcium sulfate, with the formula CaSO4'2H20. When
heated slightly, the following reaction occurs: '

CaSOA'ZH

Q = C3504'1/2 H

2

,0 *+ 1-1/2 H,0(q); A4 ='+19,700 cal.

KVB 5806-783
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If the heating is at a higher temperature, gypsum loses all of irs water and
becomes anhydrous calcium s;lfate 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 paris ané is used

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

The usual method of calcination of gypsum consists of grinding the
mineral and slacing it in a large czalciner which holds about ten toas of
gypsum. The temperature is raised to about 350°F with constant agitation

e
to maintain a uniform temperature. The materials in the kettle, commonly

"2laster of zaris" and called "first-settle plaster Ly the manu~
fagctirers, DAY Ze wWitzhivawn znd markaztad at this Socins, 97 L% =3y be Heazad

N

Surther to 4CC°F to give a material xnown as “second-settle plaster.
irs;—settle plaster is approximatsly the half aydrate, CasC,.l/Z #,D, and
the second form is anhydrous. Practically all of the gypsum plaster sold

is =n the form 2f£ first settle plaster mixed with sand or wood pulp. The
seconé form is used in the manufacture of plasterboard and other gygsum
sroducts. Gygsumn may be calcined also in rotary Kilns similar tl these used
for limestone. Figure 4-32 is a schematic of the calcinator which was

testad for this study.

3. Test Set-up--

The best locaticn for the sampling of particulate was at the baghouse
exie, through a 3" test por: locatéd in the stack 3 ft 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 samrple the particulate laden cgases from Velocity
Point 3. The XVB cbjective was %o sample one complete batch. However, cue to
a ainor 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.

Cs Test Results--

The resul:zs of this test (Test 06S) discussed in this section are

listed in Table 4-1. Major elemental corposition, sulfate, nitrate and

o)
L)

X773 33Cs-
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TASLE 4-42. VELOCITY PROFILE FOR GYPSUM CALCINATION (TEST 6)

Sampling

ceint

Pressure: +3.34“Hzc
3" teFe, 3" Jeeg

Distance

from E=nd Velocity Velocity
gf Port .Poiat 2 ft/sec
6-3/3 1 14.1
9-3/8 2 18.6
13-1/4 3 17.2.
18-1/5 4 13.86
26 R . 18.6
33—1)2 5 17.2
38-7/8 6. 15.7
42-5/8 7 14:1°
45-5/3 8 14.1

Average - 16.4

4-114
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carbon analysis were determined for all fracticons of particulate catches

which contained weights in excess of 1CO mg. The details for 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 garzicle

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 (18% by wt.) of material collected in the impinger, it would

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

Y

the izpinger catch was beliavai o e properly not included in zhe measurs-
ments o
distrinution not including the imginger catch, taken Irom FTigure 5-~33,

is as follows:

% by weight >loum . 10-3um S 3-lum . <lum
impinger not . :
P 5 4
"included 8 A B 2
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 ovar the
entire size range. This is as expected. Gypsum is calcium sulfate. Iren

was also found in each fraction in concentrations of around 0.3-1.2%. All

. other elements have low concentrations, 0.l% or-less. Carbonates were found

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

T

o

carbon found in the impinger catch (34%) seems to be wrong, tecause <h 1S

il

e

{
w

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

T

ot

ar
catches. We believe 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. CHEMICAL COMPOSITION

IN PERCENT FOR GYPSUM CALCINATCR (TEST 5)

10um= 3im lam
Cyclone Cyc;one Filter frpircer CeLer
SAMPLE 3 065-2S ©5-33 cS5-28 £35-IC 53-43
PERCENT OF CUT 40 36 2 0. 5-%
XRE ANALYSIS
Calcium 10.0 8.8 13.0 5.9 135
Chlerine =
Iron £ E 125 = =
Potassium 4 t ot
Strontivn & et = & z
(Su;fu:) (1-0) (8.6) (22} {13) (33}
o, 10 9.7 15 7 i3
Sulfates, E,0 sol?’ 62 57 12 41 51
(5ulfur, from soi)‘* (20) (19) . (4.12)  (13) (29)
Witrare (4,0 sol)? & & £ t
Total Carbon’® 1.67 & 1.10 38 %
(Volatile Carton)’ {35} {2.04
(Carbonates) 3,' # £ &
TOTAL ANALYZED | 74 57 28 86 75
 BALANCE 26 43 72 14 24
10C% 100% 100% 100% 150%

tl Jatected in concentration of <1ls .

1 analyzed by x-ray fluorescence-—Seczion 3.2.2 3

2 analyzed by wet chemistry-—-Section 3.2.2 A

3 analyzed by Ocasancgraphy carbon analyzer~~Section 3.2.2 A

4 calculated from sulfates (sulfur=sulface/3) to compare with sulfur
from XR&

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

) not included in torul--sulfur and sulfates are accounted for in sulfur

IRP analysis and wolatile cazbon and carbonate are accounted 9r in

total carbon

KVB 5806-733
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PARTICLE SIZE,

i1 11 1
8 | ]
s _
4 | e
3
2 b _
1
0.8} —_
0.0 = —
0.5p= -
0.4f -
0.3 -—
02 —
0.1 L 1 1 | I T I 1 1 .| 1 1
0.01 0.1 O.‘S 1 2 5 10 20 30.40506070 80 90 95 98 99 99.8 99.99

WEIGHT, PERCENT LESS THAN STATED SIZE

- Joy Mfg. Sampling Train With Impinger

D Joy Mfg. Sampling Train Without Impinger

. SASS Train With Impinger

O SASS Train Without Impinger

.‘ Figure 4-33. Particle size distribution for calcination of
. gypsum (Test 06) ‘
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3. Emissions 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/hx

C.2 1b/ton éroduced

4.2.8 Brick Manukaturing--Clay Grinding Process

A. Process Desc#iption {Ref. 4-16)--

The manufacture of brick.and related products such as clay pipe,
pottery, and some tyges of refractory brick involwves the mining, grinding,
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 rermove stones
and stirred before it passes onto screens that are ussed 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 and_screéning procsss. For this reason.KVB
tested the grinding operation. The major fraction of paéticles is genérated
by the grinding and screening operations wnich are-controiled by a baghouse

(see Figure 4-35).

To evaluate the efficiency of the baghouse, 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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»

+8J, are listed in Takle +4-1l. Ma<or elemental domposicicn, suifaza,

baghouse leading from the screens and grincder, only the section of Suct
attached to the grind:ng.qperﬁtion was accessible for sampling. A 2"
sampling por: Qas cut into this secticon con a long s::vight section; 2% £%
from “he nearest beﬁd (see Figure 4-35).° The velocity profile in the inlet
ducsz, at this locé:;on, and in the baghouse ex:t is given in
A 3" sacmpling port was cut in the exit 2uct at the underside of tha roof

jure <-35). . It was not cossikle =0 samp.e Devond Zhis zpoint Zecausa the
rcef was unsafe for waikiag. This section cf zha duct was only two £t above
the fan. Therefore, che turbulence was high. Also cnliy 1/3. 0f the flow

through the baghouse came frcom the clay grinding ogeratiocn. 1t was dezar-

arned by difference t.at the other 2/3 came from the scrasning ogeraticn

By Tegt Resulis--

The resulzs of the tests discussed in =his sect=ion, Teszs 3S ang

catches which contained weights i1n excess of 10C mg. The Zetaiils £or zhese

‘procedures are d;scusseé in Section 3.2.2. Tanla 4-45 1i3Ts =ma2 raesules
frem these analyses for Test 37 and 3S.
D. Ciscussion of Resulis-- S
1. Efficiencv of the baghcuse--The eflicisncy of a 2ontrol Zevice 15 cal- .

culated from the following eguaZzion:

efficisncy = [{wo in - wt ous)./wt in} x 13I0%

where the wt in and wt cut does no: include the impinger catch.

4-1221 XVB 38C5=-783
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from XRF

for valies shown as X/Y, X 15 'V of zhe elepent present and Y :

error (i.e.

X%

+

Y )

4-123

not included in total—sulfur and sulfates are accownted for
XRF analys:is and volactile carbon and carbonate
total carbon

are accounted for in

TABLE 4—45. CHEMICAL COMPOSITICN CF PARTICULATE SAMPLES
FROM BRICK GRINDING OPERATICIN (T=ZST &)
Joy SASS
10um Cyclcne lm C;fﬁ-:re
SAMPLE # 32-25 85-28
PERCENT OF CUT 98.3 43.0 '
XRF ANALYSIS ‘
Barium : o
Calcium 0.95/0.1 1.3/0.2
Izon 2.4/C.3 23/ 0.3
Manzanesa
Potassium N Body Dn s
3iliczon L7 15
(5ulfur) ‘ (2.1.2.8,
Titanium bt £
ToTaL’ 23 22
SulZfates, H,0 sol?® t L.o2
(Sulfuzr, from SO, ° ity ' (%)
Nitrate (#,0 sol)® t t
Total Carbon’ - ‘
(f]olatile Carkon) I . ‘
(Cé.:bonates) ¢ e ' g
TCTAL ANALYZEZ i 23
BAIANCE 73 77
5 100% 10Cs
e detected in concentration of <l
1 analyzed by x-ray fluorescenca—-Section 3.2.2 8
2 analyzed by wet chemistry--Section 3.2.2 A
v 3 anaiyzed by Cceanography carzbon analyzer--3ection 3.21.2 A
4 calcuia:cd 2rom sulfates {sulfuresulfate/l) to compare with sulfur

B e e s i i



HSowever, in this case the zass of matter going into the zaghouse
has 'two origins; the grinding operaticn and the scrzening goperaticn. The
grain loading from the grinder was measured, but the grain loading from the

screening oreration was not. It was assumed that the grain Lcad:in

ul
%
[
W

similar o the loading for the grindex. Thus the efficiency of the Dachouss

was calcoulated.

= 99.3%

The £factor 3 comes £rom the flow split--1/3 of the total flow is frcm the

R = v - - AL ma - —— S b ] & 1 & 3
L. Farrtrg s g5hifta digssoansteon-oPligira 438 is A Bigk g garziels
- r. o e p— A e - —~ o - - e ™ - - - - = s
sxZ2 (Lot Vs aboumuniazed wWeiIhs porgsnt, Loe J8ctteETLoTT ©f & Fithass -al

sase the lgading of the large crclone on tie Joy traiz overwnselms the

L P o |
[ SRy

impinger catch so thiat there was negligible diffsrencs betwaen tne
and "without" curves. Considering that there were no gases present which

would cause pseudo particulates, it would seem that only the very £fine

zarticies wiich would findé cheir way through the £ilter would =nd up in the
izmpinger. Therefora, the impinger catch was beliewved to be properly included
in the measuraments of the suspencded particles. The breaxdown of th

particle size distribution including the impinger cacch is as follows:

Inlet (Test 89) 98.6 0.85% o}
Qutlet (Test 8S) 44 4 4 48

expliained as follows referring to the sketch below. The sketch shows a
conceptual particle size distribution for the inlew and ouflet of the

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

KVB 58C6-
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a3
[99]




10
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0.01
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1 2 5 10 20 30 40506070 80 90 95 98 99 99.8  29.99
WEIGHT, PERCENT LESS THAN STATED SIZE

Joy Mfg. Sampling Train With Impinger 2
Inlet to baghouse

<Joy Mfg. Sampling Train Without Impingers
. SASS Train With Impinger

‘Outlet to baghouse
O SASS Train Without Impinger

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 >10pm ané a much lesser amount of the
very fine materials, <lum. Some of the coarse material in the outlet can be
attributed to "sneqkage" which is material that leaks around the kag points

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

bimodal distribution.

Cutlet size distriburtion
(++3% greater than 1l0um,
& 48% less than lpm)
=
<
=)
9
=
=
<
o Inlet size distribution
o. (98.6% greater than 10um)
=

/ \ PARTICLE SIZE, um

;Pm 10um (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 1is about 2um.

4-126 . KVB 5806-783
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3. Chemical Composition--Table 4-45 1lists the results £rcm 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
credominant species. Iron, titanium, calcium, and carbonates are next in

order. All ather elements detected were in low concentrations

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

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

emissions and factors.

Inlet (Test 8J) Qutlet (Test 8S)
gi/DSCE ’ ' 1.1e9 ; - 0.0064
T/yTr 26.6 0.4
ls/hr 21l.5 0.354
1k/ton produced ‘ .7 ' ) 0.01

KVB 58C6-783
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4.2.9 Glass Melting Furmace

Soda-lime .glass is produced in large, direct-firsd, continuous meltin.

furnaces, and other types of glass are melted in small batch furnaces naving
capacities ranging Zrom only a few pounds to several tons per day. Air
pollution from small batch furnaces is minor, but the production of soda-lime

glass creates problems of air pollution control.
Al Desczription-{(Ref. 4-17)--

A complete process £low diagrar for the continucus production of
soda-lime giass is shown in Figure 4-37. Silica sand, carbonates, cullet {bro-
ken glass), and other raw materials are transferred from railroad hoﬁpe:‘ca:s
zrd trucks =To stcorage bins and other raw matorials ars raceive? pre-packaged.
Tndse macarials ars withizawnm f:cm':he storage bins, weighad, and blsandsd in

a mixexr, The mixed batch is then conveyed to the batch charged to the sice

oo . Twa basic configurations are used in designing conﬁinuous, regenera-
tive furnaces--end port, Figurse 4-38 and side port, Figures 4-33 and
- 4-40. In the side port furnace (type of furnace tested in Tesz 20) the
flamre passes in one direction across the melter for 15-20 minutes, then tn
flow is reversed during the next time cycle. The side tort design is

commonly 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 furmace. While thé end port design has been used
extensively in smaller furnaces with melter areas from 50 to 300 sguare feet,

it has also been used in furnmaces with melter areas up to 800 sguare feet.

¥VB 5806
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Figure 4~37. Flow diagram f£or soda-lime

glass manufacture (Ref. 4-17).
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B. Particulate Test Setup--

1. Test #20, flint glass melting furnace with an electrostatic

Ereéigitatn:—-Two sarpling trains were used simulténeously to sample the

inlet and exit of the ESP. The inlet station was located on the horizontal
duct (53-1/2 inch diameter) leading 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 the
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. token through a 5/16" diameter nozzle at Ve.ocity Point #17.

‘ Thesampling'ports for the ESP exit were locatad on thé vertical section
of the'stack:leading'to the atmosphere, aporoximately 80 £t above ground level.
Table 4-47 Llists the velocity profile in the exit stack. The particulate

sample was taken through a 3/4" nozzle at Velocity Point #18.

2. Test #28 and Test #35, flint glass melting furnace having no particd-

" late control equipment--These two tests werz done on the same glass melting

. furnace operating at approximétely the same conditions, and at the same

position on the stack at about 60 ft above ground level on the straight sec-
tion lea&ing to the atmosghere. An accidentally melted vacuum line during
Test #28 resulted in no data for the small Joy sampling train. Both Sass
and Joy sampling tfains were run simultaneously for Test #35. The wvelocity
profile for both these tests aie listed in Table 4-48. For both SASS tests
(fest 28 and Test 35) a nozzle diameter of 7/8 inch was used at velocity
point #12, and a nozzle diameter of 7/16 inch was used for the doy tréin on

Test #35 at velocity peint #3.
c. Test Results--

The results of the three tests discussed in this section arxe listed
in Table 4-1. Elemental composition, sulfate, nitrate, and carbon

analysis were determined for 21l 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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Figure 4-41. Flow diagram for glass furmace with ESP control.
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TABLE 4-46. ' VELOCITY PROFILE (TEST 20S)

TABLE 1

| t— A ST

Static Pressure = -5.2"‘320

Temperature = 540°F 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" 3 68.0 13 69.8
5-5/8" 2 74.5 ‘ 14 73.9
_ 8-3/8" 3 75.6 15 74.5
11-1/2" 4 77.8 16 ' 778
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

KVB 5806-783
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TABLE 4-47. VELOCITY PROFILE {TEST 208)

Static Pressure = +.25“ﬂ20 g

Temperatuzre = 440°F

4" diametar
4™ deep

78"

exit duct
Distance from Velocity
End of Port Point § £z/ sec Point # t/sec
$-5/8 i 34.8 13 . 337
9-1/4 2 36.9 14 38.9
13-1/8 3 3.9 i5 39.9-
17-7/8 4 36.9 16 39.9
23-1/2 s i 37.9 17 39.9
31-5/8 &6 ! 7.9 : 18 38.9
43 R 40.8 R 33.9
54-3/8 i 40.8 =19 38.9
62-1/2 8 2.9 20 8.9
. 68=-1/8 9 37.9 21 37.9
T2-7/8 10 38.9 22 38.9
76-3/4 1 - 37.9 3 37.9
80-3/8 12 34 .8 24 35.9
Average ' 38.1 ft/sec
75856 acfm
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TABLE l4-48. VELOCITY PROFILE FOR GLASS MELTING FURNACE
(TEST 28 & 35)

Tast #28

Static Pressure = -l.O"HzO JOY sampling point 7/16" nozzle

Temperature = B800°F

Tast #35

Static Pressure = -.82"1-120'
i & ¢

Temperature = 320°F ~ SASS sampling point

7/8" nozzle

= 4" por:
4" deap
48" . ’
;
Velocitvy Test #2 \ : Velosity Test #3
Distance from |- Point Point Point Point
End of Port * fr/sec * ft/sec » fr/sec L] ft/sec
‘ 5.1% 1 3s.5 9 37.8 1 36.9 s 1 34.
8.5 2 38.5 10 37.6 2 4.8 | 10 | 30.1
12.9 3 40.4 11 37.6 3 45.1 ‘ 11 36.9
18.9 s | a3 C12 8.5 4 46.0 12 39.9
27.5 R 43.6 va 40.4 R 48.4 | R 39.8
36.1 s 45.6 13 43.1 5 54.3 | 13 44.3
A 3 50.3 14 44.8 6 50.7 ‘14 '_45.0
46.5 1T 7 47.2 15 45.6 7 49.1 15 46.0
49.3 8 44.8 16 44.8 8 | 47.6 | 16 44.3
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" TABLE 4-49. CEEMICAL COMPCSITICN CF PARTICULATE SAMPLES IN PERCENT

error {(i.e. X% = 1)

() not included in toral-—sulfur and sulfatas are accounted for in sulfur
XRF analysis and volatile carbon and cazhbonate ars accounted for in

zotal carbon

4-138

FOR TEST 20
Inlet Impinger Catch
lum Cyclone Filter Qutlet Inlet
SAMPLE # 20J-4S 203-55 205-iC 263-IC
PERCENT OF TOTAL CATCH 24.3 57.0 91.2' 14.5
XRE ANALYSIS
Arsenic g - £
Calcium 2.8/0.4 t
Chromium £ t
Cobalt =
Iron t
Lead = ot
Potassium 2:1/0.5 2-3/1
Selenium ‘ = 4.6/0.5 3.5/0.4
. (Sulfur ). (24/7) (30/10) (10/3) (15/4)
Tin & "4.6/0.6
ToTaL! ' 5 7 = Ty
Sulfates, H,O sol? '60.91 53.83 21.36. 43.25
(Sulfuz, from so:)“ (20.3) (18) (7.1) (14.4)
Nitrate (H,0 sol}? x
Total Carbon? 13 2.46 12 1%
(Volatile Carbom)?® (9 - (12) (12)
(Carbonates)?
TOTAL ANALYZED 79 82 37 64
BALANCE 21 18 63 3¢
100% 100% 100% 100%
qr. datactad in concentration of <1
1 analyzed by x-ray fluorsscance--Section 3.2.2 B
2 analyzed by vat chemistry-—Seczion 3.2.2 A ’
"3 analyzed by Ocsanography carbon analyzer--Secticn 3.2.2 A
4 calculated from sulfates (sulfur=sulfate/3) to compars with sulfur
) from XRF
5 for values shown as X/Y, X is ¢ of the elament present and Y is the

XVB 5306-783



TA3LE 4-~50. CHEMICAL CCMPOSITION OF PARTICULATE SAMPLES IN PERCENT

(TEST 28)-

, Filter Impinger
SAMFLE # 288-5s8 2858=-IC
PERCENT OF CUT 73.24 16. 28
XRF ANALYSIS

Arsenic 2.8/0.3
Calecium t
Chromium t t
Iron t
Lead t
Molybdenum
Mickel &
Potassium 2.0/0.3 .
Selenium 3.8/0.4
(Sulfur) (26/10) (20/7)
TOTAL' 3 4
Sulfates, H,0 sol? 60 29
(Sulfuz, from SO,)" (20) (9.55)
Nitrate (H20 sol)?
Total Carbon® 29
(Volatile Carbon)? (29)
TOTAL ANALYZED 63 60
BALANCE 37 40
100% 100%
e detected in concentration of '<1\‘
1‘ mnllyud by x-ray fluorescence—Section 3.2.2 8
2 analyzed by wat chemistry--Section 3.2.2 A
3 analyzed by Oceanography 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 element present and Y is the

error (i.e. XV t Y )

() not included in total—sulfur and sulfates are ascowntad for in sulfur
XRF analysis and volatile carbon and carbonate are accountsd for in

total carbon

4-139
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TABLE 4-51. CHEMICAL COMPOSITION OF PARTICULATE SAMPLES
' IN PERCENT (TEST 35)

Joy

()

error (i.e. X% 2 ¥ )

not included in total--sulfuor and sulfates ars accounted for ia sulfur
IRF analysis and volatile carbon and carbonate are accountad for in
total carbon ‘ : ' '

lum Joy Joy Suss SASS
: Cyclone Filter °~ Impinger Filtexr Impingev
SAMPLE # ) 35J-4S 35J3-58 353-IC 355~38 358-I1C
PERCENT QF CUT 35.93 25.31 25.40 55.82 14.63
RE AN_ALY‘SIS ;
Arsenic 2.1/0.3 1.9/0.3  3.7/0.5 1.4/0.2 t
Calcium - 1.1/0.2 B t t
Chromium - ' % e T - v -
Iron: t 4
Lead £ t e
Nickel £
Sotassiwa - ¢ 2.9/1 3.7/0.8 t 3.1/0.5 t
Selenium ' ' 3.5/0.5 ' 6.7/0.7
(Sulfu=x) . (21/8) (27/10) (14/4) (24/3) (13/4)
Zinc ' ‘ t t
TOTAL . 5 6 8 6 8
Sulfates, H,O sol? , 62 67 22 59 34
(Sulfur, frem SO,) (20.80)  (22.19)  (7.48) . (19.51) (11.23)
Nitrate (HZO sol) -l _ ND
Total Carbon ‘ 31 22
(Volatile Carbon) {28) (20)
TOTAL ANALYZED 67 73 &l e3 64
BALAKCE 3 27 39 .35 0
’ 100% 100% 100% 100% 100%
-] detected in concentracion of <l%
1 analyzed by x-ray tluoru.cence-'-s.ction 3.2.2 8
2 analyzed by wet chemistry--Section 3.2.2 A
3 analyzad b Ocsanograghy carbon analyzer--Section 3.2.2 A
4 calculated from sulfates (sulfur=sulfate/3) to compare =7ith sulfur
from XRY ‘
5 for valuas shown as X/Y, X is 8 of the element presant and Y is the
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D. . Discussion of Resualts--

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.QO » d4.50,). 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. Consideriag the
large amount of matarial collectzd on the filter,‘it would seem tihat pseudo
particulates were present. Therefore, the impinger catch was believed to be
properly not included in the me=asurements 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 <lyum
‘Controlled (Test 20S) 14 13 25 58
Uncontrolled (Test 20J) ' -7 -5 1.8 98
" (Test 283) .6 -8 1.6 97
» (Test 355) 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.
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3. Chemical composition—--~Tables 4-49, 4-50, and 4-51 list the

results from the chemical analysis of the particulate fraction Zor 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 ccncentration is about halved for the controlled particulates.

Nitrates seem to appear more strongly in the impinger catches.

4. Emission factcrs--Emission factors can be listed with several

different units. The following lists some of these emissions and factors.

~ Contzrolled ‘ Uncontrolled
Units Test 20S , Test 20J Test 285 Test 355 Test 35J
gr/D3CF ‘ .0062 ;0364 l.O6l2 . -0594 .0489
6 ‘ 8.0 37 30.2 25.5 ©27.8
1b/hr -‘ 1.83 8.59 719 6.06 6.62
1b/MMBtu .02 .11 .19 .19 .20
1lb/ton glass melted .14 .67 1.5€ 1.31 1.43

1b/hx* == 9.26 - 10.35 9.96 9.96

* calculated from the following eguatiocn

X =a + 0.0226(S )2 - 0.329 X - 4.412 X, -
1 2 2 3

0.9379 X4 - 0.635 (XS)2 + 6.170 XS
(Ref. 4-17)
where
X, = particulate emissions, 1b/hr
= process wt, lb/hr—ft2 melter
= wt fraction of cullet in charge

= checker volume, ft3/ft2 melter

m W

= melter area, ftz/lOO

a " constant inveolving two.ncnqualitative,independent‘factors
relating the type of furnace (side port or end port) and.

 type of fuel (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.4l6 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 manufactured 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 into 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 converted 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 wool,manﬁfactuxing processaes are

from the forming line and curing oven.
B. Particulate Test Set-up--

Two sampling trains were used simultaneously 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 PROFILE FOR FIBER GLASS MANUFACTURING

(TEST 38)

Temperature:

Static Pressure: +0.55" 904 3

Joy sample point
; e i o LEBR 5/16" nozzle

160°F 4 (o) Q1o 24 -
g SASS sample point

B o iy
W nd = 11/16" nozzle

! HZO
2 7 12 17 22
v 1 € 11 16 21
- 7on L Lo
Distance
From End — Velocity )
of port - Point # ft/sec Point # ft/sec Point # ft/sec
8 ah 60.3 11 50.5 21 7,5
22 2 60.3 12 48.6 22 T8
36 3 55.6 13 46.7 23 171
5¢C 4 53.9 14 43,5 2% 27.0
64 5 50.5 15 38.2 25 23.4
8 6 8742 16 1.9
22 7 53.9 17 27.0
36 8 51.2 . 18 4.1
S0 9 43.5 19 41.8
64 10 47.7 20 40.5

Average: 40.9 ft/sec
70,019 SCFM

KVB 5806-783
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Cs 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 analysis were determinéd for all fractions of particulate catches
which contained weights in excess of 100 mg. The d2tails Zfor these proce-
dures are discussed in Section 3.2.2. Table 4-53 lists the results frcm

this analysis.
D. Discussion of Results--~

" 1. Particle size distribution--Figure 4-45 is a plot of particle size

(bm) vs accunulated weigh*t 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 imminger catch, and the other ignoring it. (Considering the large
amount of material collected in the impinger catch, it would seem that the
effects 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 10um 10-3um 3-1lum, Less than lum
38s 0.6 0.2 0.2 98.9
387 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 1iﬁe, larger particles (1/2 = 1" diameter discs) were occasionaliy
observed. It appeared that these particles had been formed by agglomeration

on the wall of the ducf and had then broken loose.

2. Chemical compositior of the particulate matter--Table 4-33. presents

the chemical analysis of the particulate fraction for each cf 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
elenments 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 COMPQOSITION OF PARTICULATE SAMPLES
IN PERCENT FOR FIBE? GLASS.WCOL MANUFACTURING (TEST 38)

SASS . SAss ¢ ' Joy
» : Filter Impinger Impinger
SAMPLE # , . 385-58 _ 385-1iC - 333-1C
PERCENT OF CUT : 12 86 76
XREF ANALYSIS |
Chlorine - ' 2,5/0.5 25/8 7.8/2
Iron . ’ ‘ t
Potassium 3.9/1
(Sul fur) (<3) BRCE (<4)
ToraL! _ 7 25 8
Sulfates, HZO sol? t t t
(Sulfur, from SO,)" _ (t) (t) t
Nitrate (H,0 sol)? ; B - £ t
Total Carbon? 15 So21 46
(Volatile Carbon)? ' (18) , (42)
K (Carbonates) 3 . .
‘ TOTAL ANALYZED . 22 46 54
BALANCE N o 78 54 46
100% B 100% 100%

detected in conc-ﬁtrqcion of <1%

analyzed by x-ray fluorescence~-Saction 3.2.2 B

analyzed by wet chemigtry-—Section 3.2.2 A )
qalyzed by Oceanography carbon analyzer--Section 3.2.2 A

& W N

calculated from sulfates (sulfuresulfate/3) to compare with sulfur
from XRF

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

{2 not includad in total--sulfur and sulfates are accounted for in sulfur
XRF analysis and volatile carbon and caibonate are accounted for in
total carbon ' ' . .

} ‘ . P ; KVB 5806-783
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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. "r.he 0w carbon wvalue on t.‘ie SASS
f£ilter 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. FEmission and emi_sion factorse-Emission and emission Ifactors can be

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

emissions and factors.

Unitsl ' : Test #38S8 ' Test #387 Average
gr/DSCF 0.0170 0.0136 0.0153
T/yr ' 84.0 _ 67.2 | 75.6
1b/hr o 19.2 15.4 17.3
1lb/ton produced 32.0 ‘ 25.8 28.8
1b/uncontrolled . ‘

ton produced 57.6

ver AP-42 (Ref. 4-18)

4.2.11 Asphalt Roofing Manufacture

A. Process Description (Ref. 4~19) =~

The manufacture.of asphalt foofing felts and shingles involves
saturating fiber media with asphalt by means of dipping and,/or spréying.
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 %then 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 variols weights:

15, 30, and 55 pounds per 100 square feet (0.62, 1.5, and 2.7 kg/m°).
Regardless of the weight of the final product, the matérial distribution

is approximately 40% dry felt and 60% asphalt saturant.

Figure 4-46 1is a schematic drawing of the prcduction‘iine for
wmanufacturing asphalt shingles similar to the asrhalt roofing tested in this

study. The major sources of particulate emissions from asphalt roofing

4-151 - KVB 5806-783
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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 mirst.
B. Particulate Test §et-up--

The location of the parti u.ate sampling was at the end of the duct
from the control device ieading to the atmosphere (see Figure 4-48) . The

velocity profile in the duct at. this sectica is listed in Table 4-~54,

Both sampling trai.s were used near the same point to obtain more
pracise 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 morning

of 1/31/78.

s C.. , 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 Results--

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 Sectiocn 3.2.3 B. Two sets of curves are presented, one
incinding the impinger catch, and the other ignoring it. Considering the
lérge amount of material éollected in the impinger, it would seem that ‘
this fractidn 5hould be'pruperly included in the measurements of the' suspen-
ded particulates. The matter in the impinger.is mostly organics. These are
aerosols and solvents that were condenéed 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 for
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:

4-153 : XKVB 58(6-7C3



TABLE 4—54. VELCCITY PROFILZ FOR ASPHALT ROOFING (TEST 25)

SASS samplé point
5/8" nozzle

Joy sanmple polint
5/18" nozzle

72 "

Distance from . Velocity ; Velocity Velocity Velécity
Edge of Stack Point # ft/sec Point # ft/sec
1.8% 1 31;5 < 1X : 26.3
5.97 2 41.1 12 44.3
10.5" 3 38.6 13 ) 41.6
1i6.3" 4 373 14 35.5
24.6" 5 35.2 15 | 33.0
36 .07 R 33.78 R 33.0
47.4" 6 35.2 . 16 34.5
55.71" Z 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 20 39.3
' Average: 37.0
45521 SCFM
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TABLE 4-55. CHEMICAL COMPOSITION

IN PERCENT FOR ASPHALT ROOFING MANUFACTURE

XRF ANALYSIS
Calcium
Chlorine
Chromiua
Cobalz
Iron
Manganese
Nickel
Potassium
Selenium
(Sulfur)
innc

ToTAL’

Sulfates, H,0 so1?
(Sulfur, from SO,)"

Nitrate (Hzo sol)?

Total Carbon?
(Volatile Carbon)?
(CarbCJates)?

TOTAL ANALYZED

BALANCE

(TEST 25)

. Impinger
SAMPLE # 258-1IC
'PERCENT OF CUT 13

(wate ' residue only)

3.4/0.7
12/3

t
1.876. 3
2.1/0.3

o

t

t

£
(20/7)

t

o5
23
("N

24
(23)

69
31
100%

datectad in concentration of <1%

analyzed by x-ray t;uozllconc-—soction 3.2.2 8

analyzad by wet chemistry--Section 3.2.2 A

analyzed by Oceanography carbon analyzer--Section 3.2.2 A
calculated from sulfates (sulfuresulfate/3) to compare with sulfur

from P

for values shown as X/Y, X is 8 of the element present and Y is the

error (i.e. X3 ¢t Y )

" not included in total--sulfur and sulfates are accounted for in sulfur

XRP analysis and volatile carbon and carbonate are accountsd for in

total carbon
' 4-155
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) Figure 4-47. Particle size distribution for asphalt roofing
: ' : manufacturing (Test 25).
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P

Percent of Particles
Greater than 1l0um 10-3um 3-lum Less than lum
With impinger 2.3 . 2.8 4 91 = *
Less impinger 18 40 T3 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 this type should not be used to determine the size distribution of .

solid particles.

2. Chemicil corzosition of sarticulatas--Table 4~53 lists the results

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 (83%) of the impingex catch '(which

is 85.4% of the total catch) was not analyzed for major chemical compcsition

because it was believed to be mostly volatile carbon. It was not possible to

analyze this fraction, methyl chloroform extract, for chemical compositicn
because of the tarry nature - the sample (see Section 3.2.26). Of the 13%
of the impinger catch that was analyzed, wvolatile carbon was the most abundant
séecies.' 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 diffecent units. The following lists some of these

emissions and factors.

Units ‘ Test 255 Test 25J
' gr/DSCF | ' 0.0075 ' 0.0078
T/yr 10.4 B 10.5
lb/hr . 2.94 2.98
1b/ton of w
felt produced 0.28 ‘ 0.28
4157 KVB 5806-783
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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 applications of asphaltic

concrete require different aggrega:te 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 balt and is transportad into a gas or oil-firsd rotar;

dryer.

As it leaves the dryer, the not material drops into a buckst elevatcr
and is transferred to a set of vibrating screens whera it is classifi=d by
size inco as many as four different gradss. At this point it enters the
mixing operation.

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’

nixed 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 Jropped 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.
There 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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Figure 4-48, Batch hot-mix asphalt plant. "P" denotes particulate emission points.
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B. Particulate Test Set-up-—

Two trains were used simultaneously 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" diamater pofts
provided. The-veIQCity profile ih the inlet and exit ducts of the baghcuse

‘are listed in Table 4-56.

The outlet sahple station was locatad 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 5/16"

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

The results of the two tests (Test 295 and 29J) discussed in this
section are listed in Table 4-1. Elemental composition, sulfate, nitratre.
znd carbon analysis were determined for all fracticns of particulate catches
which contained weights in excess of 100 mg. The cdetails for thase procedures
are discgssed 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.
Dy Discussion of Test Results-=

1. Efficiency of the baghouse--Using the solid catch data (i.e. without

the ilmpinger 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

(Lm) 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)

et 109" J
4 8 12
Sampling . :
poant 4
5/16" nozzle @ i/ 11
58~
2 6 10
1 5 : 9
g | Ld L .
20 20
=~ fr -
3" port
I‘—SS"——-‘ 2" deep

Inler o Baghouse

Sample Pcint
1716 nozz‘u\

3° port
3" deep

[}
i

UP

Outlet of Baghouse

Temparature: 160°F Temperature: 160°F
Static Pressure: «=4.5" H20 Static Pressure: -11'H20
’ Distance from Velocity " Vzalocity Distance from Velocity Velocity
~End of Port Point # ft/sec End of Port Point # ft/sec
8" ‘l 30.2 5" 1 68.8
20" 2 30.2 - 9-3/8" 2 76.3
32" 3 34.1 14-5)8“ 3 85.3.
44" 4 37.2 22-3/8“- 4 85.3
8" S 31.9 33" R 95.4
20" 6 36.7 43-5/8" 5 95.4
32" 7. ' 38.2 31-3/8" 6 85.3
a4v ‘ 8 al.s 56-5/8" 7 85.3
g" 9 37.2 61" 8 81.0
20" 10 34.1 37" 10 95.4
32" 11’ 238.9 - 35" 11 81.0
44" 12 28.3 340 12 89.5
Average: 34.1 ft/sec 34" 13 85.3
75337 scf 35" 14 73.9
37" 15 68.8
Average: 84.6 ft/sec

75354 scf
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Figure 4-49. Particle size distribution for asphaltic concrete

batch plant (Test 29)
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effects of pseudo particulates would ke insignificant. Therefore, the
impinger catch was believed to be properly included in the measurements of
the suspended particulites from asphaléic concrete plants. As a result of
the £illing of the cyclones in the Joy train, a particle size distribution
curve could not be made. It is estimated from visual examinaticas that

the mean particle size fer tre.inlet is greater than 10Cuim. The breakdown
of the particle size distribution for the baghouse outlet including the

impinger is as follows:

Percent of Particles ‘
Greater than 1lOum lO*Bum‘ 3=-1um Less than lum
Test 29S8 . 60 ‘ 6 . 4 ‘ 30

The mean particle size

[A]]

or the bacghouse outlat is approximately sCumn.
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 wnanalyzed portion of Table 4~57° is primarily S$iO, 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%9
1b/hr ' 4.34° " 5777.5
1b/ton produced 0.02 ‘ 34
1b/ton produced (Ref. 4-22) © 0.1 45
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TABLE 4-57. - CHEMICAL COMPOSITICN OF PARTICULATE SAMPLES
IN PERCENT FOR ASéHALT BATCH PLANTS (TEST 29)

10um ) 10um
Cyclone Filter Cyclone .
SAMPLE # ) 295-25 . 29s-55 29J-28
'WT. PERCENT OF CUT ' 62 3.6 54
. XIF ANALYSIS '
Arsenic t
Barium ? o ; t
Calcium 2.4/0.3 10/3 1:9/0.3
Chromium = t
Iron 3.6/0.5 1/9.1 4.3/0-5
Potassiun 1.5/Q0.5 ) 1.5/0.2
Silver b’
{sml fur) .  (<8) (<4) (<3)
“Titanium ' t £ t
rotant s 143 8
Salfates, H,0 sol? . 2 |
(Sulfur, from so:)“ (t)
Nitrate. (HZO sol)? £
Total Carbon? ‘ - +
{(Volatile Carbon)’ _
(Carbonates) > ' (t)
| TOTAL ANALYZZD 10 11 .8
BALANCE ‘ 90 89 92
100% 100% 100%
4 datectad in comcentraticn of <1y
Y analyzed by x-~ray fluorescance——Section 3.2.2 B
2 analyzed by wet chemistry--Section 3.2.2 A
3 analyzed by Ocsanograghy carbon analyzar--Section 3.2.2 A .
4 calculated from sulfates (sulfuresulfate/3) to compars with sulfur
from XRF
H for values shown as X/Y, X is & of the element present and Y is the
error (i.e. X% = Y )
{)  not included in total—sulfur and sulfatas are accoumntsd for in sulfur

XRF analysis and wlatils carbon and carSonata ars accounted for in
total carbon
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	Structure Bookmarks
	3.2.2 Analysis Methocs 
	3.2.2 Analysis Methocs 
	All of the particul_ate samples obtained for any of the ca':ches t::1at had a weight of 100 cg or greater were sent to Armament Systems Co=poration:, Anaheim, California, for elemental composjtion and to Rockwell International Air Monitoring Center (;:.."IC), :Jewbury Park, Califor.1ia, for sulfate, nitrate, and carbon analysis. 
	A. Elemental Analysis-
	-

	l. X-rav fluorescence--During the mid l960's, solid state devices (energy dispersive spectometers) were d.:.?veloped whic..~ absorb X-ray radiation emitted by a sample and generate voltage pulses whose magnitudes are proportion-al to the energy of the absorbed X-rays. With the aid of a multichannel analyzer, these 
	.pulses can be sep.::.r~:::ad accor~:u·1q· to cheir size. Since eac!'l. atom ger:erates a series ::if X-rays wit::1 specific energies_, the energy spectrum 'accu.'nulated in a mu.I;tichannel analyzer has peaks which spec'ify the elements present. With proper calibration, the integrated intensity of these . responses ca.n be related to the concentrations of the ol:::served el'ements in the a.."1alyzed sample. 
	(See ASTM STP435, Energy Dispersive X-ray Anail.y:;;'is: X-ray 2nd Electron Probe Analysis; 1971;. 
	Special sample preparation procedures and laboratory techniques were used with energy dispersive spectrometers to generate low p~m detectability for all chemical elements heavier than potassium in solids. Tr.e laboratory a.~alysis included the following procedural steps: 
	{l) 
	{l) 
	{l) 
	A represen~ative sample was coarsely sieved and material #as thoroughly mixed before a 10-50 mg taken• 
	the remaining aliquot was 

	.(2) 
	.(2) 
	The sample 
	was 
	then dried and degreased if nece
	ssary. 

	(3.) 
	(3.) 
	20 to 50 mg of this material were combined '4th pressed into a tl:µ.n pellet for analysis. 
	a 
	bi."'lder and . 


	A Picker X-ray generator was _used to provid,e 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 to fluoresce the sample. This opti.~ized the sensitivity for element~ with atomic numbers 19-39 plus 57-83, and 40-56, respectively. Prior to analysis, an absorption measurement was made on the target according to the method of Giaque 
	rp. 
	* 
	Formerly Analex Co

	3-45 KVB 5806-783 
	and Jaklevic (Ref. 3-25) • This ;.;as for elements with atomic numbers 19-30. This measurement enabled proper comparison with NBS s.tandard. reference materials and EPA standard reference samples. Each pellet was then fluoresced an~ the spectrum was accumulated. Tb~ responses were corrected for absor~tion effects, properly integrated and compared to standards to obtain the final elemental concentrations. To insure accuracy, corr.parisons were made on a periodic basis with whatever data were available from o
	re(i"-1.::.re-_': 

	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 produce a meaning­ful result. Those results are reported but should be used ;.;ith some rese::vation concer.-.ing their accuracy. 
	-

	2. At•Jrnic Adsorotion (AA) --A few samples were randomly chosen for AA a."lal::i­sis to co;npar.e with the results of the XRE analysis. Atomic Adsorpt.ion analysis was done by Rockwell A..'1C. The procedure is as follows: 
	~ or l" circle from the fil­ters was treated ..,ith a mixture of hydroflor.i:: acid and nitric acid to completely any silicates present. The .mixture was ta.1<en to dryness so that all silicones were driven off as SiF • The remaining ~olids were resuspended in
	Five to ten tnilligrcilI\s of S_?lid particula...
	diss.oJ.ve 

	6 lO\ nitric a~id. Before diluting to volume, a flame. buffer of lanthanum was added, sn that the final matrix used for AA was 10% nitric and 0.5% lanthanUJ:1. Then flame analysis was perforr.ied. 
	B. Chemi=al Analysis-
	-

	Each sample received was placed in a desiccator for a minimum period of 24 hours. The samples which contain large particulates were then groW'ld with a mortar pes~le until they were homogeneous. 
	1. Water soluble sulfate (so'"'i analysis-..J!'hree samples were_randomly chosen to test relative extraction efficiency for recovery of total sulfate, by, a) O.Ol 1·, carbonate extraction, bl water extraction, and c) carbonate fusicn ext=action. Duplicate and triplicate samples were analyzed to give an i~ciica­~ion of precision. The results are discussed in Section 3.3.2. The 0.01 M 
	:z 
	carbonate extraction method was chosen for all so =alysis. The three pro
	-

	4 
	cedures are given b~low: 3-46 KVB 5806-783 
	/, 
	: \ 
	/ 
	a) 0.01 M Carbonate Extraction--A 10mg portion of solid sample or a l" diameter circle punched •from filter samples was reflux extracted in a 0.01 M carbonate, .0036 M acetate buffer (pa 4.5) for one hour. The hot extract solution was then filtered through What:nan #41 filter paper and diluted to a final volume of SO ml. Colorimetric anclysis was performed using the methyl­thymol· blue (MTB) method. The detection li.:nits were 1. 0 µg/ml (0. S't by weight solid). 
	The MI'B method of sulfate determination is based on the spectral difference wl:,ich exists in basic solutions (p8. ;!.2. 5.-:).3. 0) , between the barium ccmplex of MTB and the free MTB. At his pH the barium is blue and the free MTB is brown­ish-red. (a::,osrbs light a-c 460mm) •. Thus·, the color of sol..itions containing both the free MT:S and the barium complex of ~lTB, r.:onito:;:ed colori.-netrically at 460 n.-n, is the measure of the amount of sulfate in the sample because the reaction of sulfate wit
	compJ.ex 

	b) . Water Extraction--The procedure used for water extraction was the same as the 0. l M car.bonate extraction except water replaced .the 0. 0L.'-1 car­bonate sol •·-~ion. 
	0 

	c) Carbonate Fusion Extraction--In this.method:sodium and potassium carbonates were melted with the sample to convert all insoluble so: to soluble forms. 
	Procedure--5-10 mg of substance, finely ~round, was mixed with 40-50 .ml of a. mixture of equal pari-.s .of anhydrous sodium and potassium carbonates, in a_ ?latinum crucible. The sample·was first heated for S minutes gently, then to fusi~n, mai~taining the mass in the, fused state for 30 minutes. When no furth'er bubbles of • carbon dioxide were formed, it was heated as strongly as possible for 'another 10 minutes. It was allowed to cool, causing the mass to congeal as a layer around the walls of the cruci
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	The hot extract solution was then filtered thJ:ough What..""1.3.n #41 filter and diluted to· a fi:ial volume of 50 ml. Calorimetric ana,;.ysis was perfor::1ed using the MTB method discussed above. 
	2. Nitrate (NO ) Analvsis--A portion of the 50 ml hot ext=act solution
	3 (from SO~ analysis, section 3.2.2, A.La. above) was filtered for the analy­sis of nicrate. Calorimetric analysis was per:rormed. using c:he Cd reduction·­diazo dye method. The detection limit was O.S;J Ug/ml (0.25t by weight solid). 
	The nitrate extracted from the solid and filter samples was reduced to nitrite by a copperized-cadmium reductor column and was reacted with sulfanilainide in acidic solution to fo:rm a diazo compound.. This compound then coupled with N-1-naphthylenediamine di.hydrochloride to for~ a reddish~ purple azo dye which was dete=ined spectrophotornetrically at 560 :'l.~. 
	C. Carbon Analysis-
	-

	.A carbon analyzer :nade by Oceanography International was used for the carbon analysis. Using this instu.ment, carbor in the sample was con­verted to co, which was analyzed using a Eoriba NDIR detector. Three dif­ferent techniques were used to analyze t1re samples. Using the direct injection technique, .nicroliter quantities Cup to 100 ugl of samn . .::: were. injected onto a filament for programmed heating at 150 "C and then at 800 o-c. Tl1is filament is in a sealed system with o flowing first over the fi
	2
	-
	1 

	2 then through a furnace kept ·at 800 "C, and finally to the NDIR detector. 
	Samples were sometimes analyzed by the ampule technic:ue. Using this technique, samples were sealed in a glass ampule with oxidizing solution and heated at 150 °C for at least eight hours. The a!Ilpules were then cooled and and placed in the analyzer. The tip of the ampule was broken and nitrogen gas flushes .. all co from th~ ampule to the NDIR detector.
	2 
	Carbonate in solution was analyzed using a closed vial containing acid solution. There was a continuous flow of nitrogen through the solution of this vial and to the NDIR detector. Up to l ml of sample was inje~ted through a septum into the acid solution of the vial. 
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	j
	Mo,st of t..,_e samples on this program were analyzed for volatile carbon and tctal ,:arbon by the direct injection techniques. Five ml of final ground particulates were suspended in 10 ml, of carbonate free water. Up to 100 ~g of these suspended particul,ates were injected onto the injection filament for. programmed heating. "Volatile" carbon was the carbon which either vaporizes or '.s oxidized as the filament is heated at 150 °c for 200 seconds. "Non­volatile" carbon ~s. d;termined as the filamen.t is he
	Inorganic carbon was determined on particulate samples by injecting 
	l. 0 ml of the suspendecl partic~i.ate into acid solution in a closed vial. car~n dioxide was· pt·.,rged from the· acid and to the detector by a flow of nitrogen through the acid solution. 
	Filter samples we.re analyzed for inorganic and for totci.l carbon using the'ampule technique. For inorganic analysis, . a l cm circl~ was punched from the. filter ,'.nd placed in a glass ampule. The·ampule was then p~ged of atmosphe.ric c"'.rbor.. and sealed in a flame. Inor.ganic carbon was determined by breaking ~he ampule in a closed system, adding 2.0 ml 5\ v/v phosphoric acid, and pw:ging the ·carbon dioxide to the detecting system. For total carbon analysis, another l cm circle was punched from the f
	o. Analysis for the Organic Content of the Impinger Catch-
	-

	Sample processing was divided into t..·'C operations·: (l) dett:!rmining 
	I 
	the. amount of wilter condensed •in the impingers, and (2) determining the total weight of pa~ic~late !T'atter collected by tl,e impi.,gers. 
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	/ 
	The total. volume of lis_uid contained in the impingers wa:; carefully measured. The difference bet-..reen this ,,olume 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 correction was made for partic·i..late matter. 
	The impingers and associated tubing were carefully ri:ised with srna1.l portions of distilled water, the liquid and washings being kept in a beaker or .flask. Th_e inner walls of the !:3.lllpling probe and tubing were washed and the washings kept separate. All of the inner surfaces of each of tJ:,e cyclones and tubing were washed and processed separately,. after the solid material had been transferred to tared vials. Any tar-lik_e or orgar:ic materi.=tl in ':he equip­me.~t or tubing was washed out with mini
	The organic material.was removed from the aqueous by 2.i.traction with an organic solvent, and the solvent extract was evaporated at room tempera­ture. The combined liquid and washings (usually a volume of about 2-3:1) from the impinger traL,, were transferred to a separatory funnel and extrac-ced with five 25-ml·portions of reagent grade methyl chlorofonn per 500 ml of water. About . 25 sha~ings were made for each extraction. The two liquids · were allowed to separate as much as possible after each extract
	Finally, the aqueous fraction was· evaporated to dryness and residue weighed as described below: 
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	•· 
	....,...-:----. 

	The small beaker was evaporated just to dryness at 105 ~c in a con­stant temperature electric oven, cooled in a desiccator for one-half hour, and weighed on an analytical balan=e to the nearest 0.1 mg. The difference f:om the tare weight of the beaker was recorded as the weight of particulate mattu collected by the impingus. Determination of dissolved solids was made on each batch of distilled water used ·and a correction for this blank applied to each sample. 
	The solvent containing the dissolved organic fraction of the parti­culate matter was placed in 250-ml conical flask and the solvent evaporated by a stream of dry 'air. The flas~ was equip9ed with a t"WO-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 regulated to draw a jet of air ovu the surface of the solvent and promote fast evapora
	( 
	·discharge air from the vacuum pump or aspirator was hooded to a ventilation system to remove the toxic vapors. · 
	When the solvent evaporated to 15 ml or less, the liquid was trans­·ferred to a tared 50-ml beaker, using small amounts of solvent. The beaker placed under a small bell jar (such as corning No. 7880) with an arrange­ment 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 evapora­tion was ,continued until all of the solvent had evaporated and only an oil or resin remained. A halide·leak· detector (such as one manufacture
	was 

	( 
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	l 
	l 
	The beaker was placed in a desiccator for one-half hour and weighed 
	on an analytical _balance to t·he nearest O. l mg. The difference from the tare weight represented the weight of solvent-soluble p~culate matter collected by the impingers. (Only relatively high boiling point organic compounds-ove.r 320 °?' boiling point-were retained during the evaporation of_the .chlori­nated solvent.), (The lower boiling point organic compounds, e.g., aldehydes, ketones, organic acids, woul.d not be held.) There should be negligible blank weight from the-evaporation of the pure solvent. 
	-

	-solvent and ~queous residues are added to give the total particulate matter collected by ·the impingers. Du~ to the tar-l.ike consistency of the sample it was not possible to obtain furt;her chemical analyses (i.e., XRF, sulfate, nitrate, and carbon). 
	j ! 
	,3. 2. 3 Data Reduction 1 l I
	l 

	A. Data Sheets and Data Work sheets-
	-

	l 
	l This section deals with.the descri?tion and use of the various types j
	j 

	of data sheets that were used to document each field test. Also in this sec­
	1 
	tion are explanations ?f the calculation used for the reduction oft~~ data to the for:n given m Table 4-1. 
	The following is a list of data sheet and work sheet forms used 
	1 
	throughout the field test portion of this program and discussed in this 
	t 

	j 
	section. These forms are listed below and a copy is presented in 
	i 
	l
	Section 3.4. j l 
	,j
	5806-6 Test Preparation and Plant Visit 5804-7 Gas Velocity Data 
	1 
	5804-5 SPOT Monitoring Data by Draeger 5806-2 Meter Sheet 5804-4 Water _Vapor and Gas Density calcul.ations 5806-3 Engineering Process Field Report ·60-3 MObile Laboratory Data--only used on sources that were lieing 
	monitor:?d. 
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	60-33 Control Room Data 
	5804-1 .Statement of Process Weight 5806-1 Particulate Emission Calculation ~~06-10 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 Laboratory Test Request 5806-A Size Distribution Work Sheet #l 5806-B Size Distribution work Sheet #2 5806-C Particle Size Distribution• 5806-D Chemical Composition of ?arti'culate Samples 5806-E X-ray Fluorescence Analysis Results 5806-F Sulfate and Nitrate Analysis Results 5
	Careful selection of the test sites was made by using the ·preliminary inventory data. When several test sites were selected for a particular indus
	-

	.. 
	trial type from the inventory data, , then phone calla were ~de to each plant until cooperation was obtained frbm at least one plant. A plant visit was schedu.led to inspect the equipment anrl determine the best location for test set-up CV test could be conducted at ail). The field t-:?st director or project engineer would then visit the plant and use Form 5806-6 (page l-31 Sectio~ 3.4, to acquire the information needed to plan and prepare for the source sampling of particulates. 
	On the day of the field test, the order of events was as follows: 
	1. 
	1. 
	1. 
	The field test director would clear t~e test area with the proper personnel and safety peop:e. 

	2. 
	2. 
	The test crew would begin unloading equipment, · while the field test director would check the sta~k (pollution source) for toxic matters with a Draeger tube whenever toxic matter might be pre­sent. · These data are recorded on Form 5804-5, Section 3.4. 
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	( 
	3. While test equipment was being set up, a velocity traverse -.ra.s 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 we.re recorded and calculated on Form SS04-7, 
	Section 3.4. The equation used to calcula-t:~ velocity was: . l/2
	velocity (ft/sec) "' 2. 9 ( (-..:el. head in E 0) (Temp °K) 1
	2 
	4. 
	4. 
	4. 
	4. 
	Water vapor in the gas stream was determined by using an Orsat and/or Fryrite (0and co ) or sling psychrometer. These data
	2 


	2 w~e recorded and calculated on Form 5804-4. Section 3.4. 

	5. 
	5. 
	The field test di.rector calculated a proper nozzle diameter using the nurnograph technique discussed in Section 3.2.l 8 or t.,e equation given i.~ the same section. 

	6. 
	6. 
	As the test ~rew would complete the last details of the set­up, the field test director 'WOuld check with the control rocm to assure a nor.nal operation of the equipment being tested. 

	7. 
	7. 
	The test crew would wait for the field test director's approval before starting the tes.t. The initial meter readings were recorded on the meter sheet, Form 5806-2,. Section 3.4. 

	8. 
	8. 
	During the test interval, t.'1.e test .::rew would record data on the meter sheet every 15 minutes,. and the field test director would record process observations and data on Forms 5806-3, 60-_3, 60-33, and Section 3.4. 
	5804-1.in 


	9. 
	9. 
	At the end of the test, the crew would record the fi.~al reading and carefully .l.oad the eqlri.pment 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 ·,;eigh:ing, extracting, and evaporating the liquids. Th~ order of eve.nts was as follows: 
	l~ Initial weigh~ for solid catches (particulates caught in the cyclones and filter containers) were obtained before the field test. The material in the cyclone was c~refully trans­ferred to ta.red vials, dessicated, and weighed. These data w@rl" recorded on Form 5806··8, Section 3.4. Weight data fer the filter also were recorded at this ti.me. 
	KVB SBOE-783
	3-54 
	2. 
	2. 
	2. 
	The amount of water in the impinger was measured and r~corded on the meter sheet, Form 5806-2, Section .3.4. The water was then transferred to a .separatory funnel and extracted with methyl chloroform. This procedure is discussed ir. Section 3.2.2 C. The data were recorded and .calculated on Form 5806-10, Section 3.4. 

	3. 
	3. 
	The impinger water was then evaporated. Also water washes of the cyclones and probe were evaporated. These data and calcu­lations were recorded cin Fo·rm 5806-7, Se.ction 3. 4. 

	4. 
	4. 
	At this point, the weights of all samples were recorded on the weight summary sheet, Fonn 5806-9 (Section 3.4) and the data turned over to the project engineer. 


	The project engineer would review .the weight summary sheets and deci:ie on the samples to be sent for XRF analysis •and so, N0, and carbon analysis. Only samples with weights of 100 mg or larger i::ou,ld be sent for these analyses, · due to the limited amount of sample necessary for dete.rminations. He would. use Form 5804-8 (Section 3.4) to record·samples sent for analysis. 
	4
	3

	( The project engineer would use the various forms discussed above to calculate the parameters given en Form 5806-:l~ Sectio!". 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, ar..d 5806-C, Section 3.4. The correction for temperature and flow for the 0 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 ~ize distribution ~lots. 
	When the project engineer received analysis data for samples completed by l) XRF-Form 5806-E (Sect. 3.4)--major elements, 2) sulfates and nitrates-Form 5806-P (.' .• 3.4), and 3) total carbon, volatile carbon, carbonates-Form 5806-G (Sect. 3.4), he woul.d check the results and enter the data on Fonn 5806-0 (Sect. 3.4) for e,:,ch field test. This form allowed for easy comparison between the diZferent size fractions for each ~est. and also for assessments of the t'lolO trains when they were used sillnlltaneou
	-
	-
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	B. Pa...-ticle Size Distribution-
	-

	In c;eneral, the particle sizes will have a .normal or Gaussian dis­tribution. Plotting the particle siz-! distribution in inn, against the cumulative weight 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~ 
	l. Probe catch-assumed to have sizes of particles evenly dis­OVtll" total range. 
	tributed 

	2. 
	2. 
	2. 
	2. 
	First Cyclone catch--contained all particles ~drger than the c calibrated cut size for this cyclone (9.2 µm for

	50 SASS and 8.3 µm for Joy) 

	3. 
	3. 
	3. 
	Second or Middle cyclone catch--contained only particles of the 0 calibrated cut size for this cyclone (3.8 ~m for

	50 SASS and l.9 inn for Joy). 

	4. 
	4. 
	4. 
	Third or Small Cyclone Catch--contained only particles of the 0 calibrated cut size for this cyclone (l.3 ].lln for

	50 SASS and 0.6 µm for Joy). 

	5. 
	5. 
	Filter Catch--contained all particles of sizes less than the 0 calib=ated cut size of third cyclor.e but greater


	50 than the porosity of the filter (porosity of the filter is 
	questionable but is estimated at 0.01 ].Im). 
	6. I:npinger Catch--contained aerosols which were vapor through t.lie 400 °F filter and had condensed in the impinger, and submicron particles less than 0.01 l,ml. However, pseudo particulatos (particles formed after the filter, e.g., so + 3Ho _. aso. • 2Ho and 2NH3. + so + Ho _. (NHJ so]
	4
	2
	4
	4

	3 222 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 remainJng fractions were listed on the 
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	"Size Distribution Work Sheet #2 (Table B)--impinger catch not included, a.nd 
	on the "Size Distribution Work She~t #l" (Table C)--ir;ipinger catch included (Sect. 3.4). Only .the c.lata from the second a.nd third cyclones from these work 
	sheets were used to determine the straight line on a. log-normal p~obability plot (correct-:d size, µm vs weight percent les:-than stated ~ize). Figure 3-28 
	ill".J.Strat~s th~ construction of this function. The· first cyclone. was not used 
	in generati~g the particle size distribution since it would catch harticles 
	above its c, cut point. This 1:1ateri..al could only be characterized a.; being
	50 above the cut point, i.e. the effective first cyclone catch diameter could 
	not be determined. Corrections of th1! calibrated cut sizes are discussed
	0 

	50 in Section 3.2.3-C. 
	The sizes of particles contained in the filter cacch and in the a.pinger cat;h 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 si:Zo!s greate·r than 10 µm, 3 -l µm, and less than 1 µm. 
	Size distribution plots for· each of the industrial tTI)es tested are discussed in Section 4.0.
	( 
	C. 0CUt Size Corrections for Flow Rate and Temperatur~
	50 
	-

	T~orature and flow rate corrections were needed for samples where the temperatures and/or flow rates were not maintained at the designed con­ditions (i.e., 4 and l SCFM and 400 °F). Varying from the designed condi­tions 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 inad•1ertent variation of temperatures and flow rates durin9 the sampling time. 
	· Correction curves for temperature and flow rate on the 0 cut size were derived using the data obtained from the noevelopment and Laboratory Evaluation of a .Five-Stage Cyclone systP.111" (Ref. 3-21.). A summary of these data is shown in Table 3-2. 
	50 

	Temperature Corrections--In Figure 3-29, the temperature is plotted against the cyclone 0 cut points, 'l,lm, at a flow rate of 1.0 acfm and a
	50 
	,3 
	particle density of l.00 gm/c:m. It is noted that when the data are extra
	-
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	4 2 Third Cyclone 
	WEIGHT, PERCENT LESS THAN STATED SIZE 
	Figure 3-28. Illustration of·particle size distribution construction. 
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	/ 
	TABLE 3-l. ~ORATORY CALIBRATION 01-' THE FIVE-S'l'AGE cYCLONES D5o· CUT .POINTS 
	Cyclone· I II III IV -V 
	Particle Density (gm/cm) l.05 1.00 1.05 1.00 
	3
	2.04 l.00 2.04 1.00 2.04 1. 35 1.00 

	Flow Temp Cyclone Cut Points 
	0 
	50 

	1/min oc Micrometers 
	7.1 25 2.5 (2. 5) 1. j · (1. 5) w 
	J 14.2 25 5.9 (8.4) 2, 4 (3 5) (1. 7) 2.1 (2.4) l.5 (l. 5) 0.85 (0.87)
	Ill ID 

	28.3 25 3.8 (5.4) 1.5 (2.1) 0.95 -(1.4) 0.64 (0.65) 0.32 (0.32) 
	28.3 25 3.8 (5.4) 1.5 (2.1) 0.95 -(1.4) 0.64 (0.65) 0.32 (0.32) 
	28.3 93 4.4 (6.3) 2.3 (3. 3) 1.2 -.(1.8) 
	28.3 204 6.4 (9.1) 2 . 9 {4 .1) 1.9 -(2. 8) 
	0cut points enclosed in parentheses a,:e derived from the experimental data using 
	50 

	Stoke's Law. 
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	Figure
	~Cyclone II 
	Figure
	/ 
	polated to low temperatures, the 0 cut points approach zero as the tem­
	50 peratur.e approaches absolute zero. With this infonnation, a temperature correction curve can :e dra-:.m f~r any cut size at the calibration temperat1;re of any cycl~ne. Simply draw a line between absolute zero and .t11e coordinate of the cut size and the calibration temperature. The cor­rected 0 cut ·size is read on the line at the operation tempe~ature of the cyclones. The calibrated 0 cut points for the small cyclones are plotted
	0 
	50 
	0 
	50 
	50 

	50 this way in Figure 3-30. 
	Flow Rate Corrections-The 0 cut point, )JIii, and the flow rate,
	50 acfm, from Tc,,.ble 3-2, are plotted on log-log paper in Figure 3..31. Observe that the slope of the line for each of the Cj"Clone plots is about -0.85. If it is assumed that the slope is the same over the range of flow rates used i., this study, then a flow rate correction curve can ~e obcained for the sniall ~~e flo~ rate correction curves fer both sets of cyclones are shown in Figure 3-32. 
	cyclones. 

	Example of a temperature and flow rate correction 
	SASS Train Data: Vs, sample volume CSCF 912 V, water collected SCF (vapor) 96 
	w 
	t, sampling time, min. 240 T ,.oven/cyclone .temperature, R 660
	0

	0 . 
	calculate the wet actual flow rate at the cyclones, wacfm, as follows: (V + V ) T 
	s w 0
	:a X
	flow rate· at. cyclones 

	t 520 660
	(912 + 96) 

	,. 
	X
	240 520 
	.. 5.33 wacfm 
	First go to Figure 3-32. Read ~e 0cut 1?0int for each of the cyclones where the correction line crosses the flow rate, 5.33 acfm 
	50 

	10 JJ cycler.'! -·ll.5 
	these values are 3 JJ cycler.a -4.6 corrected for flow
	I 
	rate only
	l JJ cyclone -1.6 ) 
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	Figure 3-30. Temperature correction curves for U1e si_x cyclones used in the program, 
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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 temperature corrected cut point at the oven/cyclone temperature
	0 

	50 660 °R. Flow ~ate· Flow Rate and SASS Corrected. Temperature Corrected lOµ cyclone 11.5 .... 8.9µm 3µ cyclone .... 4.6 .... l.5µm l\.l cyclone l.6 .... l.3µm 
	.... 
	.... 

	The above .procedure is repeated for the small cyclone~. · 
	3.3 QUALITY CONTROL 
	3.3 QUALITY CONTROL 
	A compre,hensive quality control program ..as conducted as a.'1 into:gral part of the particulate emission field tests. The ~rogram featured: 
	l. Calibration of cyclone·at 400 °F and 4 scfm for the SASS train and 1 scfm for the Joy train. 
	2.. Laboratocy. quality assurance procedures. 
	2.. Laboratocy. 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 standar.d method·s and frequent response-factor calibrations of laboratory instruments. 
	3.3.1 Cyclone Calibration 
	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 calibratio~ of the SASS cyclones has been underw-'ty almost con­tinuously since the development of the SASS. Initial efforts were conducted by Southern Research Institute using a Vibrating Orifice Aerosol Generator. Later calibration tests were performed by Acurex using a different method involving dispersions of polydisperse aluminum spheres. Results have been obtained with both methods that are reasonably consistent and are believed to represent the actual perfonnance of the cyclones. 
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	( 
	The object of the various cyclone calibration tasks was to determine the cyclone efficiency .curve; from that curve can be obtained a commonly used figure-of-merit for the cyclone called the 0 cut diameter. Figure
	50 3-33 illustrates these concepts. The efficiency ·of particle collection is plotted against t.~e particle diameter. For each particle diameter, t.~erefore, the effectiveness of the cyclone is dete.._'"Illined. For e~amph,,· Figure 3-33 shows that for this particulate (fictitious) device, if a large number of 
	2.5 ]Jm diameter particles are introduced, 17.5% will be collected and 82.5% will pass through uncollected. The particle diameter at which half of the particl~s collected is the n cut diameter; Figure 3-33 shows the 0 cut
	50 50 diameter of til.at device to be 3 •. 0 m. The 0 cut diamet~, often abbre­
	50 viated to "cut size", is COllllilOnly used ~s a rough indicatic~ of the collec­
	tion cut-off of a cyclone. 
	Note that Figure 3-33 ~xpresses particle diameters as aerodynamic particle diameters. It is important to distinguish aerocynamic diaz:ieters from physical diameters. The physical diameter is the dimension of the particle obtained by physical ~easurement, for example, with a microscope and reticle. For nonsymmetrical particles, the ~hysical diameter of a given particle may have several different values, d~pending on the measurEI!lent axis chosen. The aerodynamic diameter (sometimes called the Stokes diameter
	A. Polydisperse Powder OJclone calibration Method-
	-

	From the size distribution data, it should have beer.-possible to 
	' . 
	construct a cyclone efficiency vs particle siz~ cur-Te for the particle size range of ti,e test dust. When this was attempted, .it became apparent ;:hat 
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	Figure
	~ 
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	0 ....______ ...__ _.__ _.____.__ l 2 3 4 5 6 7 8 9 10 PARTICLE AERODYNAMIC DIAMETER, l,Jm Figure 3-33. Typical cyclone fractional efficiency curve. 
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	the experimental results were inconsistent, and in some cases, contradictory. For several experiments, for example, the mass me~ian size of the cyclone cup catch 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 te:;;t. 
	There is some evide.~ce that the latter explanation is the cau~e of . the uneJ1.pected test results. Figures 3-34, 3-35, ,md 3-36 are scanning electron micrographs of the feed, cyclone cup, and filter fractions. respec­tively, from a calibration run with the small cyclone. The magnification is 3000X. It is qualitatively apparent that the cyclone cup fraction ::.s smaller thar. the feed frflction, as indicated by the X-ray Sedograph mea!:,l:!rements. The most interesting poi.~t, however, is the app~arance of
	{near so~ic) to avoid reagglomeration 9f the dust, it is suspected that particle-particle contact in this region is causing the erosion. The ha=~­ness and frangibility of the test dust undoubtedly is· also .a major factor. 
	B. Cyclone calibration Results-
	-

	The calibrated aerodynamic 0 cut points for the three KVB (ARB)
	50 SASS cyclones without the swirl busters are 9.2, 3.8, and 1.3 µm for the large, middJ.e, and small cyclones, respectively. The calibration curves are given in Figure 3-37. The calibration results of the KVB SASS cyclone set agree well with the calibration results of the EPA SASS cyclone set as compared in Figure 3-38. 
	The calibrated aerodynar+c 0 cut points for the three KVB (ARB)
	50 Joy cyclones are 8.3, 1.9, and 0.6 µm for the large, middle, and small cycJ.ones, respectively. The calibration curves are given in Figure 3-39. The sol.id lines are the results of the calibration by Acurex and the broken line (-• -) is the result of Southern Research Institute (SoRI) calibration data on a similar cyclone set. The dasheq line (---) is an assumed projection. 
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	Figure 3-34. Sio test dust.2 
	Figure 3-34. Sio test dust.2 
	Figure 3-34. Sio test dust.2 

	Figure 3-35. SiO small dust cyclone cup catch.2 
	Figure 3-35. SiO small dust cyclone cup catch.2 
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	Figure 3-36• Sio test dust --small cyclone filter catch.
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	Figure 3-37. Cyclone calibration, : KVB (ARB) SASS cyclones. 
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	Cyclone 
	Cyclone 
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	Aerodynamic 
	Physical 
	Aerodynamic 
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	Figure 3-38. Comparison -calibration results for two sets of SASS cyclones. 
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	The calibration results (curves) fr:i:n Acurex for t.~e KVB Joy cyclone set entails some questions: 
	l. W!'J.y does the small cyclone calibration curve stay at 100\? 
	Answer: The small cyclone .collected 100\ of all of the pa+ticle, in the size range of the calibration. The smallest.particles were between 
	0. 6 -0. 7µm. 'I'heref ire the collection efficiency curve was ass'u:ned (as shown in Figur~ 3-.39) and the 0 cut point was taken from this curve to be
	50 
	0.6µm. 
	2. Why does the calibration curve for the large cyclone taper off at 70\ collection efficiency? 
	A:ns-wer: Dr. D. Blake, Acurex, admits that the curV'e looks strange (~ot.'1ing like he has even seen before), and said that 30\ of ':..~e lar~e particles in the size range (15-30µm) of the calibration dust got thro1..gh t.'1e cyclone so~ehow. Ecwever, he could not explain how the large particles could do this and t.'1at there might have been an error in the calibration but he cou1.d not trace it. Therefore the dashed line is an assumed projection of what t.'1e curve should be~ 
	3. Wh7 are the two calibration curves differerit for the middle cyclone which has the same physi~d~ dimensions? 
	Answer: At first it was thought that possibly the physical dimensions of t.~e two C"'£clones were different. •Both SoRI and l<VB remeasured the critical d~nsi'ons for their cyclone. However, no detectible difference L, the cyclone ,'lime_nsions was found. Blake of Acurex sugqested that the calibration met.~od was different· and would give different results, i.e. Acurex's calibration method used a grain loading of 1.0-1.5 gr/DSCF whereas SoRI's method use:d <1 grain loading of 0.0001-0.00l gr/DSCT. 
	J.3.2 
	J.3.2 
	J.3.2 
	Laboratory Quality Assurance Program 

	A. 
	A. 
	Rockwell Air Monitoring Center-

	TR
	T!le importance of applying quality assurance 
	control practices to 


	laboratory procedures was recognized. very early by chemists; . s,e•Teral texts of analytical chemistry devote chapters ~o this subject. Essentia~ly, the 
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	purpose of quality assurance is to answer the question of whether data genera­ted by~ 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 coll!IIIOnly used l!lethod of determining accuz-ate representation consists of control =harts. Control charts are sequenti~l plots of vari9us quality characteristics. For example, qualities shown might be a day-to-day plot of the average content of copper 
	To ensure t.1i.e quality of the results o.f the sulfate,. nitrate, carbon and metal analysis by AA the following procedures are routi~ely incorporated into the analysis of each sample: 
	-Parameter Method Q~ Measure 
	ch■ck■d d.aJ.ly 
	C~l:.J:>r■tJ.on 

	~•in.at a ai,::&nd.&rd '4iqht.. 
	Figure
	Alw.lyt.icaJ. 
	Alw.lyt.icaJ. 
	Alw.lyt.icaJ. 
	IJ&lanc ■ 
	10, ar■ 
	r.v.ighood 

	Alw.lytical -■ lance 
	Alw.lytical -■ lance 
	10, an 
	r-igh■d 

	T■chnl.con Auco
	T■chnl.con Auco
	-



	Juw.lyzer t:t CAJ.i.br■t■d daily ..q■ in ■ t IUDdard 90lU:eiona • COnt:ol ch ■cJ<• p,or tray of 40 •-1... 
	l. Extrac:t r.,,. pnviou■ tray 
	2. llanl< extract' 
	l. Scandard ■al ution 
	4. OUpli:::at■ ■xpo■40d •cripa 
	Cali.brat.ion ch■cl< duly 
	agairul,: •taadard ■ol11t1on ■• 
	ch■cu p,oz .,.,. 
	c:onc:ol 

	l. TWO repea,: ex,:.rac1:.~ 
	2. Tvo bl&nk •xtr.1cts (on• 
	•Pil<■d) 
	3. Two •utld&rd 0011.:tion ■ 
	4. Two duplicat0 upoaad 
	•trip ■ 
	1. 
	1. 
	1. 
	Calihrat■d d■.ily -.qainst · t't.And.ard solu~ion ■ 

	2. 
	2. 
	Control c-.t.ecJu eve,:y 


	10 ...~1.. 
	3. '-~• v•....iatian9 are 
	rPan■ lyz ■d 
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	Figure
	TS?, Including Impinge~ Catch, gr/DSCT 
	11 Std 
	Deviaticn
	Test # SASS Train Joy Train 
	TABLE 3-3. REDUNDANT SA.."!PLING RESL"'.L '.'S 
	TABLE 3-3. REDUNDANT SA.."!PLING RESL"'.L '.'S 
	TABLE 3-3. REDUNDANT SA.."!PLING RESL"'.L '.'S 

	2 
	2 
	0.0285 
	0.0278 
	1. 73 

	4 
	4 
	0.0093 
	0.0154 
	34.92 

	7 
	7 
	0.0427 
	0.0200 
	Sl.2 

	lO 
	lO 
	0~0026 
	0.0021 
	15.04 

	16 
	16 
	0.0263 
	0.0199 
	19.59 

	21 
	21 
	0.0092 
	o.oon 
	18.22 

	..,,,~-=. 
	..,,,~-=. 
	-

	J.OlC9 
	· 
	* 

	35 
	35 
	0.0594 
	0.0649 
	6.26 

	38 
	38 
	0.0170 
	0.0136 
	15.7 

	25 
	25 
	0.0075 
	0.0078 
	2.77 

	y 
	y 
	27 
	O.OC37 
	0.0033 
	8.08 

	TR
	31 
	0.0025 
	·0.0028 
	8.uo 

	TR
	.. 

	TR
	c:: ~ 1> ....;.::-.-!0 l 3al 12rl13 ~ .... ..-fd'!rrn::: ~ 24 ::::r 
	0.0672 0.051 0.0091 O.:J072 * * 0.0112 
	O.Ge96 0.0365 0.0078 0.0085 0.0068 0.0084 0.0144 
	(Test 3 Method 5 0.066) 
	20.2 23.43 10.88 15.23 17.68 

	TR
	. 
	32 
	0.0124 
	0.0086 
	25.59 

	TR
	33 
	0.0132 
	0.0133 
	i}.53 


	Average 16.4 
	*TSP ·data known to be in error. 
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	10 samples for carbon analysis 
	9 
	9 
	9 
	" 
	" 
	sulfate analysis 

	7 
	7 
	" 
	" 
	nit,rate analysis 

	4 · 
	4 · 
	.. 
	·" 
	XRF analysis for elements 

	3 
	3 
	" 
	" 
	atomic absorption analysis 
	to compare with ::.11" 

	Table 
	Table 
	3-4 
	lists the results. for redundant carbon analysis. 
	For each set 


	of replicate analyses t.~e percent of the standard deviation (\O) on the mean was calculated. The average of'these values is 18%. Therefore, the precision of the c~bon analysis is.::. 20%, to be con~ervative. Table 3-5 lists. the results for redundant sulfate and nitrate anlaysis. The average of ta for sulfate analysis is 3.0. Ag'3in b,eing conservative, the precision of the sulfate analysis is +3\. A average for the nitrate analysis is +30%. Table 3-6 lists the results for the redundant XRF analysis of the
	co·nservati.ve 

	Table 3-7 lists the results for the chemical composition of the. particulate samples, comparing the XRF analysis with the AA analysis. ·For solid particulate samples (cyclone and .filter catches) there is good agree­ment between the two methods of analysis. 
	c. Blank Runs on the Sampling Trains-
	-

	Twice during Phase II . (the field testing part of the prog::-am) , •both sampli'ng 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) Oetermiue if any,::aterial was being left in the trains from the p:::-evious test·. 
	2) Evaluate the techniques of the technician usad in the lab. 
	3) Determine if material was. being transferred from the methyl chlorofor111 to the water or vice versa during the extraction of the impinger condensate. 
	; I 
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	TABLE 3-4. REDUNDANT CARBON ANALYSIS 
	Total \ Standard Volatile \ Standard SamEle No. carbon,· \ Deviation Carbon,\ Deviation 
	SJ-2S l. < 2 2. < 2 
	1S-4S l. 85.3 2. 74.l 3. 81.4 
	lS-3S l. 67.7 2. 72.5 3. 69.l 4. 51.0 5. 74.7 
	1S-2S 1. 43.7 2. 29.7 3. 39.7 
	2S-4S l. 85.8 2. 82.4 
	3S-4S l. 79.7 2. 77.8 
	3S-2S l. 31.8 2. 50.4 
	19J-2S 1. 11.·2 2. 9.5 3. 9.5 
	30-5-2S 1. 48.6 2. 60.7 3. 39.5 4. 50.4 
	s. 41.4 6. 41.4 
	26.J-2S l. 5.7 2. 5.9 3. < 2 
	7.8 
	14.0 
	19.l 
	2.9 l.7 32.0 9.7 
	17.0 
	48.5 
	< 2 < 2 
	10.2 8.l 9.0 
	46.6 56.9 36.8 49.0 35.4 35.4. 
	2 •. 3 l.l < 2 
	11.6 
	20.5 
	34.7 
	Average 18% 
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	TABLE 3-5. REDUNDANT SULFATE AND ANALYSIS 
	TABLE 3-5. REDUNDANT SULFATE AND ANALYSIS 
	TABLE 3-5. REDUNDANT SULFATE AND ANALYSIS 
	NITR.?!.TE 


	TR
	Sam le No. 
	\ Standard Sulfate,. \ Deviation 
	\ Standard Nitrate, \ · Deviation 
	f 

	TR
	12S-IC* 
	l. 15.8 4.8 2., 16.8 3. 17.4 

	TR
	11S-IC* 
	1. 15.8 l.l 2. 16.l 

	TR
	2S-4S 
	l. 6.2 0.2 2. 6.0 
	0.07 18.3 0.12 

	✓ ( 
	✓ ( 
	lS-35** 3S-4S** l9J-2S 
	l. 3.5 l.~ 2. 3.l l. 3.6 0.28 2. 3.5 l. 8.2 4.4 2. 8.7 
	0.19 77 .1 0.46 0.09 0 0. 09 · 0.42 67.0 0.15 
	t ' i l,, .i l l 

	TR
	SJ-2S 29J-2S 
	l. 0.06 18.l 2. 0.09 l. ND 0 2. ND 
	0.02 12.9 0.05 ND 0 ND 
	l1 l 

	TR
	30-5-2S 
	l. ND 0 i. ND 
	ND 0 ND 

	TR
	Average 2.9 
	Average 25.0 


	a NOt Detected . 
	ND 

	*Tests l arid 12 were performed on the same utility boiler at the same sampling location. 
	**Tests land 3 as above. 
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	Figure
	Figure
	TABLE 3-6. ELBMENT COMPOSITION OF, PAR'l'ICULATE SAMPLES B'l XRF ANALYSIS IN PERCENT FOR REDUNDAN'l' ANALYSIS 
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	~~77-z 
	~~77-z 
	~~77-z 
	-::, -3-
	r· 
	77XT 
	;:;:
	-

	'ifi· 
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	TR
	Repeat 
	Repeat 
	Repeat 
	Repeat 

	Sample Number 
	Sample Number 
	29J-2S 
	29J-2S 
	19J-2S 
	19,J-2S 
	f:!J-2S 
	8J-2S 
	30-5-28. 30-5-2S 


	Calcium 
	Chlorine 
	Chromium 
	Iron 
	w 
	I 
	0) 
	Manganese
	IJ 
	Potassium 
	Silicon 
	Sulfur 
	'ritanium 
	Zinc 
	......
	1 -Z re 
	2/0l reads 2 ! 0,1. 
	t l. 9/0. 3 
	t 4.3/0.5 
	t. 
	l. 5/0. 2 
	>11 
	<] t 
	t 
	t 
	t 

	1.9/0. l 
	1.9/0. l 
	2.2/0.4 
	l. 7/0. 5 
	t 
	t 

	TR
	5/2 
	6.7/2 

	t 4.0/0.5 
	t 4.0/0.5 
	I0.87/0.l 
	0.8/0.l 
	I2. 4/3 
	2.2/0.2 

	l 
	l 

	1.6/0. 3 
	1.6/0. 3 
	5.2/1 
	3.8/1 
	1. 2/0. l 
	0.9/0.l 

	>10 
	>10 
	17/4 
	15/4 

	. Q 
	. Q 
	8.1/3 
	7/3 
	I 
	2 
	t 

	t 
	t 
	t 
	t 

	TR
	t 
	t 

	""'""-·"-"""=-=' • 
	""'""-·"-"""=-=' • 
	-===~L 


	KVB 5806-783 
	TABLE 3-7. XRF VS AA FOR ELEMENT COMPOSITION OF PARTIC'CJI.ATE SAMPLES IN PERCENT 
	23S-2S 26J-~S 11S-5S (10µ in Cyclone) (lµ in Cyclone) (Filter) Sample Number Y.RF AA XRF AA XRF AA 
	calcium 
	calcium 
	calcium 
	1.1/0.3 
	t 
	l.l/0.4 
	1.17 
	12.2/1.0 
	13.S 

	Chlorine 
	Chlorine 
	14/5 
	31 

	Cobalt 
	Cobalt 
	t 
	t 

	Copper 
	Copper 
	l.6/0.4 
	1.4 
	t 

	Iron 
	Iron 
	3.4/0.4 
	2.l 
	2/0.3 
	2.2 
	4.9/0.06 
	4.i 

	Lead 
	Lead 
	t 
	-~ 
	13;.: 
	12.4 
	t 

	Nickel 
	Nickel 
	2.5/0.3 
	l.2 
	10.6/1.l 
	8.4 

	Potassium 
	Potassium 
	t 
	9/4 
	1.8 
	t 
	t 

	Vanadium 
	Vanadium 
	t 
	t 
	t 
	2.1/0.3 
	1.5 

	Zinc 
	Zinc 
	t 
	t 
	t 
	t 
	t 


	t denotes <l. 0\ 
	Where values indicated as .xi? xis the measured percent composition and y is the percent variation. 
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	In both cases for the Joy and SASS blank runs, the filters and cyclone wash residues showed no significant weight gain. The probe wash residues had a gain in weigr.:: for an average of about l. 5 mg. If it is ass=ed that this gain is material left in the probe from the previous test, then it can be said that less than 2\ of the matter collP.cted in the probe remains in the probe. The impinger condensates were extracted as nor:nal. Normally, the distilled water when boiled dry leaves a re£idue of 0.006% of t
	2

	3.3.4 Equipment Maintenance and Calibration 
	3.3.4 Equipment Maintenance and Calibration 
	A.,alytical Bala.,ce--One of t~e =st tools used i~ ~easu=i~g fine particulates is t.'le a.,alytical balance. To assure the quality of the work, K'JB's analytical balance was serviced and certified at the beginni~g of the progra:::i an_d half way through it. 
	iropor<::a.nt 

	Dry-gas Meter--'l'he dry gas meter is anot·:1er cr1.tical instr.Jment used. ~he dry gas' meters used in the sampling trQins were checked against one another and against a recently calibrated dry-gas meter.four times thr.ough the course of the program (once every two months) • . 
	~itot Tubes--The pitot, tubes used with the probes and those used to measure stack velocities were checked once a month in a clean'air stream against a calibrated standard type pitot tube to check the pitot correction factors. Also the magnehelic gauges which are used .to measure the pressure d~op acro~s the pitot tube were checked against a draft gauge. 
	TherI!lOcouples--The the:rl!X)couples and pyrometers and ther.:,ometers used for the particulate program were checked once a month ag~inst constant boiling liquids. 
	Vacuum I.ealcs--Vacu-um leaks in the sampling system were checked for as part of the sampling procedw:e for. each test. 
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	SECTION 3.4 FORMS 
	This section contains t.~e forms referred to in .Sections 3.1 through 3. 3. 4. 
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	·' 
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	TEST PREPARATION AND PLANT VISIT 
	Test: firm RESULTS on date. hr
	tentative -------
	-

	Firm Name_----------------------------------Address 
	-

	Person Contacted Name 
	Title 
	Process Product 
	Equipment to be.Tested APCD Permit Size 
	Make Control Equipment, if any APCD Per.:tit 
	----
	-


	Size 
	Maka 
	Process Material Infor::iation (qua.'1.titative, qualitative, source) 
	Process Weight Availability ___________________________ 
	\ 
	Operating Schedul·e of Equipment,' cycle,· type 
	Operating Schedule of Plant __________________________ 
	Pldnt Personnel Schedule (Shifts) 
	Process Specifics 
	Process Control Location ________..____________________ 
	..__________________________
	___

	Access· Process Typicity (Representative of Normal Operation): 
	Annual Process Time Rate: hr/da.y ____day/week ______ vks/year _____________ 
	Process Diagram, Drawings Availability 

	Plant Entry and Exit----------------------------
	Plant Entry and Exit----------------------------
	-

	KVB, 5806-783 
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	Page 2 .5806~ 9/28/77 
	Plant Restrictions in Access 
	\ 
	Vehicle Access 
	Puking 
	Puking 
	Plant Safety ~equircments 
	Plant Engineering and Maintenance Engineering Help During Test Their Liaison, ~ame: 
	Equipment Access 
	Operator Access.(in Charge) 
	Operator's Permission (by Company Policy) to Supply Information 
	Operational Flu.1<e Indicators of Down, Start-up, Sto?, etc: 
	Revisit Contact, Na.~e -----------------------------­Title Test Documentation Photo Permit Test Synchronization with Plant 'Running ____________________ 
	(if overtime by test crew on rigging, take-do~n, etc.) Communication to Outside 
	-
	Emergency Procedures, if any, Designated:____________________ 
	TEST SETUP 
	Best Location of Test Stations 
	Source Geometry: Sha.?e Diameter 
	Height---------T~st Area Access at Height through Test Holes Size . Height Above Level Area 
	-


	------------------
	------------------
	Width of Platform 
	-

	General Space Availability 
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	~ 
	Estimate of Source: Temperatures, Inlet OUt let 
	IN OUT ________________ gas velocity ________________ gas toxicity 
	on 
	e~~~:r_

	load· noise
	-, ---------------------------------,-------------------
	----------------
	-
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	SECTION 4.0 
	PARl'ICULATE TEST RESULTS 
	4.1 TEST PROGRA.'1 
	4.1 TEST PROGRA.'1 
	During this program, 41 source tests were conc.ucted at 25 different locatio,1s. This sec-:ion is a report of each of t.hese tests describing the source, disc~ssi.!.g circumstances of the test, a.no presenting and analyzing the test results. The following sub-sections a~e grouped together according 
	Figure
	Fuel Combustion 
	~ineral Products 
	Food and Agriculture 
	~ota!. Fabrication 
	Metallurgical 
	Organic Solvent Use 
	( 
	Chemical 
	\. 
	Wi:od ·Operation_ Petroleum Operation 
	The field tests were run to obtain particulate emssion da~ for the industrial types listed c1bcve. The distribution of the tests is shewn in Figure 4-l. Of the completed field tests, ~l tests were r.m with si.r.rultaneous sampling wit."1 tr.e ·larger SASS train a.,d the small Jcy tra'in (as dis­cussed in _Section 3.2.!. A) for accuracy assesS111ent. Eleven tests were run as simultaneous both trains (one on the inlet and the. o~her on the outlet) to evaluate the efficiency of the particulate control eq"ipmen
	-
	sampling.of 
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	Figure
	Dist~ibutio:i of field tests (total 41 tests) 
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	4. 2 SUMMARY OF TEST RESULTS ,,..,., .
	The key results of all field tests are summarized in Table 4-1. ....,.~ results for each test have b:!en listed on two consec1.1tive pages. For exampl~ . results from Test 015 begin on the first line of the ind~::;trial boiler ·sectic:: on the _first page of the table ~d continue on t~e first line of the second page. Th= foll~wing is a brief explanation of each of the entri~s in the Table 4-l: 
	1) 
	1) 
	1) 
	Application Categories--Combustion of Fuel, Pood and Agriculture, 

	TR
	Metal Fabrication, 
	et~~: 
	general classification of the 
	source 

	TR
	type tested. 

	2) 
	2) 
	Company/Indus.try Type-Type of 
	sour:::e 
	tested. 
	Specif::.:: r..a::ies of 


	3) Tes.t Number--A unique number assigned by KVB which ide:.tifie!2 t:.e location, test procedure and test results. 
	4) Date of Test 
	5) Sample Volume--Vo~ume of gas sample take~ during test [:ry Standard Cubic Feet (DSCF) and We~ Standard Cubic ~eet (WSCF)J. 
	6) Sample Flow Rate--(Wet Standard Cubic Feet per Minute {WSCF~)]. This is the flow rate of gas that has passed through our sampling equi~nt. 
	7) Temperature °F-Shown are the teaperatures of the stack, the dry gas meter used to ~easure the sample volume ta~en, a.~d the ·oven in which the three cyclones plus filter were housed. 
	8) Percent Isokinetic--The amount 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, mq--These are the weights of particulates collected in probe, 101.im cyclcne, 3~m cyclone, l~m cyclone, t~e filter, and the i..m;;.inger. The impinger catch is broken down into t-.10 parts, the organic fraction and the noriorganic fraction. 
	4-3 i<VB 5806.-7B3 
	( 
	\ 
	10) Stack FljRate--Dry Standard CUbic Feet per Mi.~ute {DSC~). 
	Y, 

	This is the ex..ltaust gas velocity measured a~ the sar:iple location 11.) Excess o --This is the. oxygen ::oncentration in the exhaust gas
	2 i:iea.sured at the sampling location. Combustion Sou=ces. 
	12) co--This is the carbon dioxide concentratio~ in the exhaust gas measured at the sampling location. Combustion Sources. 
	2

	13} Sampling rrime--The time ~ake..~ in minutes to complete the source 
	sample. 
	1 
	14} Pl~.';'lt Ope ation Time--This is the number of hours the plant or equipll".ent sampled is O)?era.ted_in one yea.r. 
	15) E~issions--These are factors related to the device type tested. 
	gr/DSCF -Grains per dry standard cubic feet T/y-:: -Tons per yea= lb/hr -pou.1ds per hour lb/Mr'!Btu -pounds per million Btu 
	16) Pa!'."ticle Size Distri:::iution, Percent of Particles--Distri~ution 
	.into size ranges; greater than 10 microns, 3 to 10 microns, 1 t:o 3 microns and less than l :.u.cron. 1'his table inclu.:ies the L."1pinger catch as part of _the total suspended particulate (TSP) as. directed by the A..'IB (EPA Method 5 does not include t.'l.e i:npinger catch in th.e measurement of TSP. The SCAQMD incl..i.des the imp'inger catch ,in their methods. Results wit."l and wit.'l.out the imf;inger catch are presented in the detailed discussions in Section 4.2). 
	The percent of particles .>10µ.:n, 3-l0µm, l-3uri, ,.<lµm are taken from t.'l.e size distribution cur~es (~eight percent less than stated versus particle size, µm, on log-nor:nal paper) presented in Section 4.2. 
	17) C~n~r::>1-~If t.'l.e inlet and exit to· a control devi~e were $ampled, · t.~e type of control device (i.e., baghouse, cyclone, etc. l and efficiency is listed. Where a conttol device was tested, the 
	measured conttol efficiency (InPut -Outuut)x 100 percent)
	Input is indic-11ted. 
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	4.2.l KVB Boiler Tests 
	4.2.l KVB Boiler Tests 
	KVB set out to accomplish several objectives for the first few tests perfo:cmed on t.~e KVB boiler. These objectives were as follows: 
	l. To check out the test crew and to check out the equi_;;::::ent. 
	2 • . oetermine the time involved for completing the tests (i.e. set-u:;;:, 
	time, test time, ~ear down ti.:ie, tu..--n aroun~ ti~e, lab a;-:alysis 
	time). 
	3 •. Dete:::mine the accuracy and precision .of the ~otal particU:ate collection. 
	4. 
	4. 
	4. 
	Determine the accuracy and p~ecision of the size distribution. 

	5. 
	5. 
	Determine the effect of fuel sulfur oi1 TSP and size distributicn. 

	6. 
	6. 
	C1eck out ele::,ental and c::e~ical a.-:a!.ysis ;:.::-cc:'-::.'..;.::-":s •;)= s~­contractor laboratories at A."1:nament Systems (X-r.3.y, :luorescence) a."ld Rockwell Aa:·!C (sulfates, nitrates, and car:-on). 

	7. 
	7. 
	Det~rmine data reduction method for tisting raw data (data sheets) and metho~s for calculatir.g and plotting data (Section 3.2.~). 

	8. 
	8. 
	Ose ehe data to develop profiles and emission factors for indus­trial boilers. 

	9. 
	9. 
	Determine if so would cause a weight change on the filters
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	(i.e. ps_eudo particulates). 
	Due to t.'"le amount of effort involved in performing particulate tests using .both the _SASS and Joy train, three test runs were designed to accom:;;:,lish the above objectives. 
	T'-o fuels were chosen with different sulfur contents but with similar characteristics--especially carbon, hydrogen, ash content and compo~ition and heating value. These fuels were a ~o. 6 fuel oil with 0.28\ sulf.ir 'and a Wilming~on crude oil with l.35\ sulf~. The fuel analysis results of t..~ese t-,ro fut:ls are snown in Table 4-2 . 
	Test Ol. and Test 03 were done with both Joy and SASS trains running si:nultaneously using the high sulfur Wii:ning~on crude at same boiler setting. 
	4-17 . KVB 5806-783 
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	(al
	TABLE 4-2. FUEL OIL CHARACTERISTICS (Test 01, 02, & 03) 
	l'lo. 6 Test 01 i; 03 Fuel Oil W1l.:unqton C.rud■ 
	lw'I :;raviey H~tinq V&llJ'9 
	IHBV, Btw'lbl Visc:osity, SL'Sll00•~ l'l.uh Point, •~ W&t•r • S~t. \ ~::!>oa -~•.i..due, \ 
	IRamsbottolU 
	Copper Strip Cor::"Osion 
	23.0 
	23.0 
	23.0 
	22.6 

	19150 (bl 
	19150 (bl 
	18,810 

	324 . 
	324 . 
	90 

	245 
	245 

	0.12 
	0.12 

	3.44 
	3.44 

	S.":'. (cl 
	S.":'. (cl 


	::a=-:o~. , 
	Hyc:!rogen, , 
	?h~-:,gen, , SW.!!l:, 'I 
	As!':.. \ 
	Oxyg•n, , by 
	di!! ■ ranea 
	,,,sphaleane•, , 
	1.:.:s 
	0.H 
	0.60 0.58 
	3,;,. ~6 11.a: 
	.53 
	1. 35 
	O. ·:Jl7 
	Vazu1diU111, ppa 
	Ire:,, ppm · 
	Miclr:el, ppm 
	~Ci\llll, ppm 
	Magnesium, ppm 
	Sodium. ppm ,Silicon, PP111 
	Manganese, ppm 
	Al.~--ppm 
	Bar:.,=, ;,pa 
	·IA&d, ppm 
	Tin, ppm Molybdenum, ;,pm Copper. ppm Z!.nc:. ppm Ti~ium. pp,,, Cocale, wa 
	Potaaaium, ppm C'lrcai1JIII. ppal Serontium, ppa Boron, ppa Pb·ospnorus. ppm C..:lai-.;,pa 
	15. 12 l2 12 
	7.8 l2 15 
	0.18 3.2 l.0 
	<l.2 0.ll 
	0.027 ' 0.059 0 . 54 0.086 0.66 
	Tl:aoa 
	0.042 0.082 
	!ID 
	lit) 
	!ID 
	61 16 
	26 
	0.ll 0.29, IIO 0.24 0.ll 0.41 0.92 0.20 0.14 
	so 
	0.004 0.75 0.32 l.l 
	110 
	0.12 
	":race MD 
	ll0 
	11D 
	(al Al.l fuel ~ysis pr■fo~ by T~•daE I.aboratories (bl :!st1-ted from A.PI gra•iey [~ • 22,32C -3,780 (sg) ] (cl Slight tarnish (dl Kone detaeted 
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	"r.lese two tests were exact repeats and were used to deter.nine t....,_e precision of t....,_e sampling trai."ls for TSP and size distribution. For :rest 03, a Met....,,od 5 and an Andersen i:ipactor were simultan-eously used in addition to t.-ie SASS and ;;O'f trains to determine the accuracy of the sampling trains for t.'1-e TSP 
	and size distribution. Test 01 was used to check out t.."'le test crew and 
	equipment a."ld determine t."'le ti.mes involved for t.'le different operations of 
	the test. Test 02 was run wit.'. t....,_e low sulfur ~o. 6 fuel oil at the same 
	boiler conditions as for Test 01 and 03. 
	Test 01, 02, and 03 were used to determine the effect of• fuel sulfur content on TSP and size distrfr•.ition (discussed in subsequent sections). AJ.l three were used to· 1) evaluate the methods of analysis for major elemental co:r;:os i tio.~ and che~ical conter:t: (iiscussed i :a Section 3. 2. 2) , a::c 2} ::e-:e:-::\.:.::e data 5heet need for data reduction and met....,_od for data reduction and size :iist:::i=iution plots (discussed in Section 3,2.3). For test 01 a back-up filter was used to deter.tine i
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	A. Test Facility--lCVB 80 HP ooiler-~ 
	The !CVB -:ombustion laboratory has a 5,000,000 Btu/hr Sco.tch dry-back boiler having a comb11!:t.ion chamber three feet in diameter and eleven· feet in length, •.;.i.i:h ai;-supply up to 65C °F and l psig. Flue gas, recirculation of up to 35\ into the combustion air is possible. This unit, as shown schemat­ically in Figures 4-2, 4-3 and 4~4, is equipped to fire nearly any type of gaseous, liquid, or solid fuel. The boiler, its flues, and the locations of its four sampling ports are shown schematically in F
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	.Figure 4-3. Cross section ·through wi;;idbox 
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	.. whJ:t.· pl·t 
	Instrumentation is available in the. Co~.bustion Laboratoi:y for · :::,.easuring fu~l and air flows, temperatures (~y ther.:iocouplel, and t.~e con­cent:-ations of ·:;o, C'J, o..,, unburned hyd..>:oca.:bons ,;.,n the flue gas, ar,d 
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	A velocity traverse of the stack flow was ~eas~red !:>efoke ~ach test at t:-...a locatior.s six feet a.-id eight ::eet a.."'°ve the t.ra.,sition s~ction of the !:>oiler ex.1a-.ist plenum and ni..-ie feet !:>elo,., the top of the stack on a strai~ht sect~on. The velocity pro:ile obtained is listed in Table .4-3 . .; 3/4 inch no:::z:e for t~e SA,5S train was positioned 4 in:::-:~s into t.:1.e stack at the 6 ft. h::!:.;~-: a..... d. a 3/9 i::.c:-i no::zle for the Joy tr:i.in was ::os:.':icr.~d 
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	sent back to Acurex for repairs. Also it ~as fou."1.d t."lat t.'le original filter design for t."le Joy train was too small. It did not have a large enough sur'face a.rea to collect particulates for four hours without clogging ':.!-.e filter. A filter ho!.:!er si:nilar to and t."le sa.:ne size as the SASS filter ...as r:ia."1.u­factu.red a.:1d located in t."le Joy oven (c.iscussed in Sec'tion 3. 2 .1 A-2) . T!':e lengt.1. of ti;ne i.:1volved for t.'":.e diffe::-er.t pa=ts associated wi ':..'l the test was d
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	. a."1.d size d..:.st::-~utio-:i. ~:.ng· the SASS tra.in, -_-:.e smaE =yc.;.cne train, ':."le c~=rent :nethod 5 ?roced~re and a."1. .;ndersen cas=a~e i~pactor. 7he 
	collect.:.or

	in Table 4-1 
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	discussed in detail in Section 3. 2. 3 ii. ,\lso t~e E?A :-!et."'loc 5 does not 
	Figure
	Sased on the· results f.::-om the above data (Test O 3)· the ac::u1:acy of t.Ji.e sa.z:ipling t.::-ains for the 7SP seems to be :t3o,, ar.d t!'le acci.;rac1 cf t.'":'! size dis <:r~ution curves i-= ~lso ::30\. The !30\ comes fro:n a conservative pe.:::::ent of standard deviation for each of the t.ast met~ods. 
	7he precision of the data was determined using the data from repeat tests, '!'est 01 and 03'. These data are as follows: 
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	Bot.~ the SASS t=a.£.n and t-.he Joy trai.'l cat.a for t."le two repeat test3 
	used to· deter1lline a mean, stancard deviation and t of' the standa~d. deviation from the mean. The TS? L"'l gr/DSCP from ':he above list shows <:.'7.at the SASS data falls close to the mean and is within the ",4c;. The TSP for the two Joy r.ms is not as good as the SASS r-l!1s. This =.y be d~e to the . sarnp2.e size. (as a result of clogg.:...:ig of' the filtec a:id an early end to the 
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	show t.~at tn~•precision for t.'7.e Joy train is about =~tcr which is consistent wit.'-1 the result obtained he.re. 
	1'•.i::·ou_rc =20%0' from these 
	The precisic:: of the size distribution ::urves is 

	Figure
	T:::e agree1::ent fro!!! SASS ru.."'l. to s:;;35 run a.-:.6. frcr:i Joy run to Joy run is very close. 
	3. Chemical. Corr.position of t.'7.~ Particulate Collection 
	Each of t.'1e five fractions (10].:.rll cyclone, 3]..l:l cyclone, l;.:.~ cyclone, .:.!:!?in­
	ger, and filter catch) for Test 01, 0 ,', and ·.)3 were analyzed for major elements by x-ray fluores~ence and for so~, NO;, total carbon, inorganic carbon, and volatile carbon. These resuli:s are given in Tables 4.-4, 4-5, 4-6. 
	Tables 4-.7, 4-8, and 4-9 list t.'1e ::<: u:.~arison of ele?I:entals .from the 
	fuel ash to the elemental from the particulate catch. The last column li=ts 4
	the 10-lb/hr o.f elements that would be emitted from the fi,el ash (calculated 
	from fuel flow rate x ppm of elements in oi~): T~e first five columns are the 4
	10-lb/hr of ele.~ents that are emitted from each fraction of the partic~late 
	catc.~ (calculated from Th/hr of particulates x cut t of ~otal x elemental~ of 
	-4 . SUIII of the 10 lb/hr for each cut. The next -4 .
	cut). The next column ~s the 

	column is the lb/br x 10 for each element normalized to lOOt if the five 
	fraction col=is did not total 100~. This column can be compared to the last column for each element. The sum of the 1a·st column can be compared to the 
	total particulate catch, and it should always be less than the total catc~. 
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	TABLE 4-5 • CHEMICAL COMPOSITION OF PARTICULATE SAMPLES IN PERCENT FOR INDOS':.'RL\L BOILERS (TEST 02) 
	TABLE 4-5 • CHEMICAL COMPOSITION OF PARTICULATE SAMPLES IN PERCENT FOR INDOS':.'RL\L BOILERS (TEST 02) 

	lOi;m 
	lOi;m 
	lOi;m 
	3µ.!ll 
	4tm 
	\ 

	Cyclone 
	Cyclone 
	Cyclone 
	Cyclone 
	I:npi:iger 
	Fil~e.:
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	Sample 
	Sample 
	~ 
	02s-2s 
	02S-3S 
	02S-4S 
	02S-IC 
	02S-SS 


	15.0 13. 8 20. 5 2::.. 0 16.2 
	15.0 13. 8 20. 5 2::.. 0 16.2 
	15.0 13. 8 20. 5 2::.. 0 16.2 

	XRF ANALYSIS Calcium t t 3.3 t t Cobalt t Iron t t 1:.3 t Ni::kal t t t t J.8 
	?ct.as.sit.:.w 
	?ct.as.sit.:.w 
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	. 2
	Nitrate (F o sol) t t t
	2 
	Total Carbon 93 84 3.6
	3 

	59 (Volatile Car~on) (58) (921 ( 82} 
	3 

	. 3 
	{Carbor.ates) (t) (t) 1.51 TOTAL ANALYZED 61 95 95 63 72 39 5 5 37 28 
	BALA.i.'-.CE 

	100\ 100\ 100\ 100\ 100\ 
	100\ 100\ 100\ 100\ 100\ 






	--------------------------------,,.,,---~~------.,,-~= 
	--------------------------------,,.,,---~~------.,,-~= 
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	!rom lCRF 
	5 !or v~ue• shown as X/"!, X i.s , ot the element pr~sent and Y is tile error (i.e. X\: Y) 
	not included in tota.1--sul!ur and sulfates are accounted !o:r in sulfur ~ analysis an<ivoLJ.tilo car!:lon and cart>onate are accounted !or in total car.bon 
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	TABLE 4-6. CHEMICAL COMPOSITION OF PARl'ICULATE SA.'1PLES IN PERCENT FOR INDUSTRIAL BOILERS (TEST 03) 
	l0um 
	l0um 
	l0um 
	3um 
	l\.ll?I 

	Cyclone 
	Cyclone 
	Cyclone 
	Cyclone 
	Irr.pinger 
	Filter 

	Sample# 
	Sample# 
	03S-l7 
	03S-18 
	03S-12 
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	035-47 


	PERCENT OF CUT 
	14.2 6.2 6.7 53.4 14 .6 
	14.2 6.2 6.7 53.4 14 .6 

	XRF ANALYSIS 
	XRF ANALYSIS 
	Calcium t t l.5 8 Chromium t Cobalt t l.l Iron ... l. 7 4.9
	.. 
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	t t Ni:::kel t t 2.2 9.0 5 Potassium t (Sulfor) (4.5) (3. 4) (6.4) (lLS) (13) Vanadium t t 1.3 6.8 
	TOTAL t t 5.2 22 14 Sulfates, Ho sol2.0 1.8 3.5 47 
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	Nitrate (H o sol) · t t t
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	2 Total Carbon44. 62 79 4.7 (Volatile Carbon) t t ) t (Carbonates) t t t ( t TOTAL A.."i;\LYZED 46 64 88 iS 44' BALANCE 54 36 12 25 56 100\ 100% 100\ 100% 100\ 
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	~::om XRF 
	s !or values shown as X/"!, X is \ of t.'ie ele111ent pr■ Hnt and Y is the error (i.e. x,: Y ! not included in cotal-sulfur and sul faces are accounced for in sulfur 
	XRF analysis and 1t0latile carbon and car:>onac• are -accounced for in tocal carbon · 
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	The value of sulfur from XRF analysis car: be compared to the value of sulfate (SO~/S z 96/32; 3). Divide the sultate lb/hrxlOby the -4 
	-4 
	-

	sulfur lb,'hrxlO ; the quotient should be about 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 distribution ar.d on total particuiates--Goldstein and Siegmund (Ref. 4-ll pointed out that the fuel sulfur content is directly proportional to the ash plus asphaltene content of the fuel. Their data are shown by the line in Figure 4-9; t."le circle represents the KVB high sulfur fuel used for Tests Oland 03, and the .triangle represents that for the low sulfur fuel used for Test 02. Goldstein and Siegr.iu."ld (Ref. 4-1) .also determined t:ie partic-:.ilate em
	t."'l.at 

	The particulate emissions obtained by KVB for the three boiler tests 
	follow. this relationship. The particle size distribution is affected by the sulfur content of the fuel (Ref. 4-l) ~ The lower s·ulfur fuel tends to pro­duce a la:cger percentage of smaller particles than the higher sulfu:zi" fuel. KVB's data agrees with t."lis. Figure 4-11 shows the particle size distribu­tion -for Goldstein's and KvB ':; data. 
	( 

	S. A recent study {Ref. 4-2) shows that different types of filter paper would gain weight when exposed only to so and water. For Test'Ol, SASS, a
	2 back-11p Rt,eve Angel filter was used in series with the SASS train filter. The first filter would collect all filterable particulates and the second Reeve Angel 934AH filter would only see ·very small particles, sc, and flue gases. The Reeve Angel filter was desiccated and weighed in the usual wQy after the test. It was found that the Reeve Angel paper did not change in weight. 
	2
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	Figure 4-11. Particle size distribution for high fuel sulfur­low fuel sulfur comparison. 
	Figure 4-11. Particle size distribution for high fuel sulfur­low fuel sulfur comparison. 
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	Figure
	Also a test was designed as described below to deter.tine any weight change. A gas stream of 831 ppm so fr= a gas cylinder was passed fi=st
	2 through a A.E filter paper, next through a Reeve Angel 934.AH filte~ 
	Geb::.an 

	paper, and finally the vol=es of gas were measured on a Ir,ete:::-. Over
	9'.:3-.5 1:,5 scf of gas was passed over :the filters.. The filters were ~ocessed io the nor1I1al way (desiccate and weigh). Neither the Gelman nor the. . eeve Angel paper sho,..-ed any ;.eight change. Based on the data in Ref. 4-21, the Reeve A..'lgel filters were used throughout the program. 
	:!ry 
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	#2 Fuel Oil-Fired Industrial Boiler 
	A. Process Description (Ref. 4-3)-
	-

	Boilers, heaters, steam generators , and similar cou~ustion equipment fixed with ,#2 fuel oil are u.._c::ed in commerce and ind,;stry to transfer :ieat from combustion gases to water or other fluids. The only significant emis
	-

	-
	-

	sions to the ,tmosphere from this equipment i.~ normal operation, ~egardless of the fluid being heated or vaporized, a.re those resulting from the burning of fossil fuels. Differences in design and operation of this equipment can, however,· affect production of air contaminants. 
	A ooiler or heater consists essentially of a burner, fire~ox, heat exchanger, and a means of creating and directing a flow. of gases through the unit. All combustion equip~ent--from t.~e smallest dc~estic water heat e= to the largest power plant steam generator--includes these essentials. Most also include some auxiliaries. The nt:mber and complexity of auxil~aries 
	tend to increase with boiler size. Larger combusti_on equipment often includes flame safety devices, soot blowers, air preheaters, economizers, superheaters, fuel heaters, and automatic flue gas analyzers., 
	The industrial boiler tested was ·a Babcock & Wilcox type H Stirling ' 2 
	~ a design pressure of 160 lb. It was built in 1946. 
	boiler as shown in Figure 4-12. It has a heating surface of 4950 ft 

	B. Particulate Test Setup-
	-

	Two sampling trains were used simultaneously to sample the exhaust gases of the boiler. The sampling station was located on the vertical 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. However, the velocity' in the stack varied as the load varied to meet t.~e steam demand of the plant". The steam demand varied from 10,000 to 28,000 lb/hr during the sampling time. This was a typical type of operation. The fuel. for th
	section.of 
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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. VELOC.I":'Y PROF.ILE FOR .INDUSTRIAL BOILER (TEST 16) 

	SASS Sa...--:!ple Point l" Nozzle 6 5 4 12 11 10 R Joy Sample Point 1/2" Nozzle Nipple 
	.Temperature 515 °F Static Pressure 0.6 in. H O
	2 Steam Load 18-22 ,ooo· lb/hr 
	2 Steam Load 18-22 ,ooo· lb/hr 

	. Distance From 
	. Distance From 
	. Distance From 
	Velocity 

	End of Port,• 
	End of Port,• 
	inc."les 
	Point 
	No. 
	ft/ sec 
	Point No. 
	ft/sec 

	7-1/8 
	7-1/8 
	1 
	20.l 
	7 
	18.6 

	12-1/2 
	12-1/2 
	2 
	, 2:?. 8 
	8 
	21.5 

	20-3/8 
	20-3/8 
	·3 
	20.1 
	9 
	20~1 

	TR
	f 

	31-1/4 
	31-1/4 
	R 
	18.6 
	R 
	"l.8. 6 

	42-1/8 
	42-1/8 
	4 
	'17 .o 
	10 
	18.6 

	so 
	so 
	5 
	i7.0 
	' 11 
	18.6 

	55-3/8 
	55-3/8 
	6 
	18.6 
	1,2 
	18.6 


	• Includes 4-3/4" ·nipple length Average 18.8 ft/sec 9170 scra 
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	c. 'i'est Results-
	The result~ of the tests (16J and 16S) discussed in this section are listed in Table 4~1. Elemental compositions, sulfate, nitrate, ar;d carbon analysis were determined for all fraction of particulate catches which contained weights in .excess of 100 mg. The details for these procedures are discussed L-,. ·Section 3.2.2. An analysis of fuel coa;iosition was also performed. 
	D. Discussion of Results-
	-

	1. 
	1. 
	1. 
	Particle Size Distribution-.-Figure 4-13 is a plot cif pa=ticle size (].lln) vs. accumulated weight percent, the latter plotted on a probability scale as explai!'led in Section 3.2. 3B. -r-.,.o curves are presented, _one i!'lclucling t:...\e i..upi~ger catch, a!'ld t~e other ig:,.ori~g it. Consideri~g t~e large a:::ou:.t of material collected in the impinger, it would seem that the .effect of pseudo particulates would be insignificant. Therefore, the ir:ipinger catc:i was beli~ved to be properly included in

	2. 
	2. 
	Chemical Conmosition--Table 4-11 lists the results from the chemical analysis of tne particulate frac"t:ion for each of the tests .discussed in this section. Sulfates are the most abundant species four.din the particulate catches. · carbon, i.ron and nitrat~s a.z::e next in order., All other elements detected ~ere found i..~ concentrations less than 1%. 


	Percent of Particles 
	Percent of Particles 

	>10 
	>10 
	>10 
	um 
	10 
	-3 
	um 
	3 
	-1 
	um 
	<1 
	um 

	?est 16J 
	?est 16J 
	0.7 
	0.9 
	1.4 
	97 

	Test 16S 
	Test 16S 
	2.5 
	0.8 
	0,.8 
	96 


	Using ·the results from the XRF analysis and the fuel analysi~ results (Tab1e 4-12) a !lla.SS ' balance was determined for each train for the elements. This is lis-:ed in Table 4-13. The rate of elem~nts (l0-xlb/hr) calculated from the ash content is compared to the total of the elements dete·cted in 
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	Figure 4-13. Particle size distribution' for industrial boiler, (Test 16). 
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	SASS ImpL-,.ger SA.'1PLE # 16S-IC 
	PERCENT OF CUT 
	XRF ANALYSIS Calciux:i Chromum Iron Leac i.hckel Sulfur Zi.""J.C 
	TOTALSulfates, Ff. 0 sol
	1 
	2
	2 

	=:, .. 
	=:, .. 

	( S •.llfur, from SO )
	4 
	4 

	Nitrate (Ho sol) 
	2
	2 

	Total Ca;bon(Volatile Carbon) , Carbonates) • 
	3 
	3 
	3 

	TOTAL A..';jALYZED 
	BALA..~CZ: 
	!:14 
	!:14 
	t 2/0.3 
	t (18/6) 
	2.0 32 (10. 7) 4.10 20 (17.84) 
	58 42 100% 
	Joy Filter J.oJ·-5S 
	19 
	3.9/0.5 t 
	(24/10) t 
	3.9 30 · (9.9) J.12 16 
	49 51 100% 
	Joy I..'!f)inqe= 16J-IC 
	68 
	(18/6) 
	14.3 {4.81 0.26 
	13 
	(9.0) 
	28 
	72 
	100% 
	SASS Filter l5S-S5 
	9.4 
	2.2/0.S 
	2.7/0.3 t 
	(11/3 .1) t 
	4.9 17.5 (5.8) 
	5.4 
	28 
	72 
	100% 
	100% 
	T;\BLE 4-12. FUEL ANALYSIS RESULTS TEST NO. 16--#2 FUEL OIL by Truesdai'l.. Laboratories, Inc. 
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	Figure
	Ca:bon, \ 
	Hydrogen, \ 
	Sulfur, \ 
	Ash, \ 
	Ash, \ 
	Heat of Combustion: 
	Gross Btu/lb 
	Net Btu/lb 
	The results of t~e 
	follows: 
	Iron Silicon Boron 
	Manganese 
	/ 
	/ 
	I


	Magnesium 
	\ 
	\ 

	Lead 
	Nickel Aluminum Calcium Copper Silver 
	Sodium 
	Zinc Titanium Cobalt Chromium 
	86.63 
	86.63 
	12.96 0.38 
	0.001 
	19,470 18,290 
	spectrographic analysis of tie ash ar~ as 
	Per.cent Ash 
	i:1 
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	0~006 < 1.3 0.47 0.061 0.080 0.035 
	4-47 KVB 5806-783 
	------=--==-=-=-~-:-_:-_. ~:·•:_:-=============::::===== 
	101J8 U./hr tual 1·1aw, 0.0l lb/hr ~•1tlcua.•t• fl·~ •~h, 1.41 U.1/hc ""'rticulatu fro ■ ~A:..~, 
	5ASS 

	TABLE 4-13. MASS DALANCE ELEMENTS FCJR INDUS'l'RIAL BOII.ER (TEST 16) 
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	Colhctar· , T5P Col luctod Unit• of \'.t,l• 
	Colhctar· , T5P Col luctod Unit• of \'.t,l• 
	J9"Jill(JUC b4\_, 10 lb/hr 
	ftlt,u ~.H-,ID lu/1,r -
	Swt 91.4\ ID "41b~,r 
	Tctal l 10o, ID 4lu/hr 
	-

	J'uc:l A11dv~1• -~ 10 11;/hr 

	&roaln• 
	&roaln• 
	t 

	hon. 
	hon. 
	240 
	]6 .1 
	276 
	n~ 
	5l 

	Nickol 
	Nickol 
	51 
	51 
	56 

	C.a lei u,a 
	C.a lei u,a 
	5 
	n.5 
	,2 
	,~ 

	kit.1J,11t:dua 
	kit.1J,11t:dua 

	~11lcon 
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	L.6 
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	. t 
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	TR
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	'92 
	4'11 
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	TR
	Tot11l 
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	16' 
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	21,u 
	2l4U 
	(HOO) 

	TR
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	Tut11l A.ccount.ttd for lJy A.ua.lytdt 't:ot•l Cl\lch h .tt. T!,Y) 
	U,0'.tl U, )Ou 
	u.61 
	u.61 
	u.61 
	lW11i
	-

	pArt..lcul111t• 
	trua .Joy 

	JOV 
	JOV 

	Jll(,ing•r 
	Jll(,ing•r 
	fl Her 
	SUIO 
	1foul 

	66.1' 
	66.1' 
	19. l\ 
	87\ 
	100, 
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	10·•11,i11r 
	10-,lb/hr 
	10·•1b/hr 
	I0.4l b/hr 
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	each sar::plL-,,g train. Comparison of t.'1e mass r~te of the elements (lb/hr)
	\ 
	\ 

	for t.'1e Joy train with that of the fuel is reasonable. However, t~e SASS train comparison indicates t..'1at there ...,as some iron con~..1ination :..-i the sample. It is belie'v-ed t.'1at this contamination was caused .t:>y oxidation of the no::::le. Several ...,eeks after t.'ie test, _rust was detected ·on t!"te nozzle used for Test 165. 
	3. Emission and E::ussion Factors--E:n.ission. and emissio:i factors can be listed with several·different units. '':'he ::ollowing lists some of these emissions and factors. 
	Frederiksen (?.e f. 4-4) , ,..,... 1r .., . ,........ '
	Frederiksen (?.e f. 4-4) , ,..,... 1r .., . ,........ '

	C:.its 
	Test ... -:i;:, 
	':~st lGJ 
	:io. _:, .l.._, • 26 

	gr/DSC!: 0.02 0.0087 0.0071 0.010 't/yr 6.2 2.7 2.9 4.3 lb/hr 1.43 0~61 0.67 0.97 U,/~tu 0.043 0.018 0.02 0.029 
	ll.l/1000 gal Burned 10.0 4.3 4.7 -6.6
	( 

	. 
	. 

	lb/1000 gal Bur::1ed, 2.0 2.0 2.0 2.0 (Ref. 4-5) 
	\ wt on fuel 0.13 0 .')58 0.064 0.093 
	* Res\llts suspected to be in orror--see Section 4. 2. 2 D2 
	Also the emission follows t.'1e Goldstein relation (Ref. 4-l) of emission vs\ S, see Figure 4-10, Section 4.2.l (i.e. the point 0.38% sulfur fuel ash parti~ula~a emission of o.o5a, on fuel is on Goldstein's li~el. 
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	( 
	Figure
	4.2.3 Wood Waste Boiler 
	Sawdust, wood chips, and bark are used as fuel in :boilers of lu=ber sawmills. These wood waste :boilers have r€placed nearly all of t..~e conical (or teepee) ·bu:rn.ers formerly used to dispose of whai was considered a waste product. The steam generated by the :,1QOd waste b•.irners is typically used to heat the kilns in which the fresh-cut llJl':lber is cured. The ;.K)Od waste is collected a't various processing stations, and delivered into .a large silo­like ho~per. The waste is dampened to a 60 to 70% w
	A. Boiler Description 
	T~e Ui.!it ~ested was a ~ellons Hog Fuel Boiler, ~cnsist~r.g of t~e 
	T~e Ui.!it ~ested was a ~ellons Hog Fuel Boiler, ~cnsist~r.g of t~e 

	following compone."lts: 
	1. 
	1. 
	1. 
	Babcock and Wilcox watertube boiler, 3952 ftheating surface, 160 osig rat,ed, and 125 psig operating. 
	3 


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

	3. 
	3. 
	Wellons Posi-Flo Storage Bin, 32000 ftcapacity, with automatic feed sy~tem to furnace. 
	3 


	4. 
	4. 
	Wellons Multi-Cone Collector, with 35 8''. collector tubes. 

	5. 
	5. 
	Hagan Pneumatic Controls. 

	6. 
	6. 
	Three ft diameter, 40 ft hig~ stack. 


	The .rated steam load is 27,000 lb/hr maximum, 15,000 lb/hr average. It is operated continuously all year round. Fuel feed rate is 450C lb/hr maxi­mum, 2500 lb/hr average dry weight. The· average heating value of the fuel 
	is 8500 Btu/lb dry weight, and the ash content is 2% or less of the dry weigh·.:. The annual wood consumption is approximately 11,000 ton/year dry weight. 
	4-50 lCVB 5806-783 
	4-50 lCVB 5806-783 
	which includes a step-by-step descrip-

	The unit is shown i.1. Figure 4-14. tion of the process operations. Note th.it near the top of the conveyor the unit contains a sawdust ~creen which extracts the sawdust which contains 75\ water and blows it with 600 °F exhaust gas through a cyclone whjch removes approximately 15\ of the water before returning the sawdust to the surge bin.• 
	a. Particulate Test Setup 
	A three inch diameter port was made in the three foot diameter stack located midway up the 30 ft high stack, 15 ft above the .induced, draft fan located at the rase of the stack. Table 4-14. presents the velocity pro­file in the , which was slightly unusual due to the asymmetric flow caused by the induced draft fan. A b.75 diameter nozzle was used with the SASS train probe which was inserted 24 inches into the stream from t~e test port. Sampling occurred continuously from 12:00 noon to 2:10 Fffi, on October
	st.:i.ck

	c. ·.1:est Results The following lis.ts the ,actual weight collected in milligrams, mg and weight\ of total for each fraction of the total catch: 
	rleight 
	rleight 
	% of Total

	~ 

	Probe 30 l Large Cyclone -9.2 µm 126 3 Medium Cyclone -3.8 µm 515 12 ~mall Cyclone -l. 3 µm lOO 2 Filter 347 8 Impinger water 2170 so 
	Impinger extract 1041 24 Total: 4330 100 
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	( 
	-~ 
	-~ 
	rud h ·con11•yao.1G)to the ttorage bi..fi), ,Poai-flo egitatorQ)work• tu way uound the heJ-out con.. , eliaiMtl1~°Yrldglng or erchotll which occur 110119 t.1,11 cone aidd I fu•l feed• dmm th• agiutor to th• fud-o~ aug ■ c~which ulntain a conutant levul ol tual ov•~ th• conveyor chain~ ••The conveyor chain, feed-out augers and agitator o~rate only ~n~cea&ary to keep a co11Ktant supply of tuel in the ••taring. aurge bl~whou vuiable epeed 
	•uger• an governed by th" coailiu1tion control<a to n.,tch the 1t11... loading on th• baller. The fuel paa ■ea through a acre11n @which Hperate ■ the ••w
	-

	U:Gt:t/Oi dust froia the chit••• 1'1iu K11wduat la heated ar,J pa•••• through • cyclone · where tl,e wa tar in thi, eawdu11t: ii reduc..ed by 10 to 15\~d the uwduat introduced into the surye bin, The furnace ·teed 1ug•r0Jeliver ■ a 
	16§} 
	ls 

	.,etur"d amount of fue 1 tu the Wellon• Cyclo-bla11t high tempera tura turMct cell• whi,re wood tu11l gdsitlcatlon and carbon ~ustiun occurs in• Aall controlhd pile.on Wdlon~ Water-cooled G·ate1~.. DlBch11r9ed grate cooling watu 1a raturn"d to U,u lJoil<1r feedw~Ur 1yateia, conserving hut, Pre­heated prilll4ry co•ibustlon air h introduced under the 9rate11:, ucondary and terthry combustion alr ii injected thro·ugh dinctiofl.111 port• in the wa~ahov• thi, fuel pile, CD1>Platlon ot· coll\buation take• phce in
	furna.co 
	-
	fan@clrc-.late1 


	~ I preoeat end is metered to the r,-rnac ■ through linear flow daa,per1 21 for 
	IJ1 
	tv proper fuel coll\Lustion. Auck gnus have tile air ,.reheater, pau t ough an induced draft dAJnperQ_2)which Nintaina a preset controlled r••••ur• in the boiler colllhustion cha1nber, ,.Fina.l journey of thHtack guaea ii through the_ induced draft fan i\ll)And out Jtt• &><hauat atAclt 'l_'V to at.Jllosphere, Steaa 
	•n.,rgy discharges thro~fi, outletQ_3) to procee1, 
	•n.,rgy discharges thro~fi, outletQ_3) to procee1, 
	Figure 4-14. Wood chip and sawdust boiler. 
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	Sampling Port 

	TABI..E 4-14. WOOD WASTE BOILER -STACK VELOCITY PROFILE (TEST 5) 
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	\ 
	( 

	Distance from Port Entrance, 
	. in. 
	1.2 3.8 6.8 11.2 17.5 23.8 28.2 31.3 33.9 
	r 
	r 
	Sampling Point 
	1 
	2 I 
	l 

	Velocity Head,
	a o__
	in. in ft/sec
	2 
	0.05 14.9
	"' 
	0.03 = 18.8 
	0.12 .. ' 23.l 
	0.10 .. 21. l 
	s 23.l 
	,0.12 

	0.16 26.7
	"' 
	0.20 29.8
	"' 
	0.2'1 29.8 
	-

	0.20 ' .. 
	29.8 

	0.132 at 754 OR,. 24.2 ft/sec
	"' 
	Average Average Velosity 
	Figure

	The impirtger water had tur.ied a da.::k arrber color by ~he end of the test. Later it was determined that 7Si of t.~e particulate was·caught in the impinger. In Table 4-15 t.'le results of XRF analysis of t...~e various particulate samples are summarized. For each sample caught in the traps, as indicated, the percentage of each element is presented with the error indic"'-tec. after the slash, i.e., 1. 2/0.01 means l.2i + l.. Ol'L 
	The results of the test discussed in this section are listed in Table 4-1. Elemental composition, sulfate, nitrate, and carbon analysis were for all fractions of particulate catches which contained weights in excess of 100 mg. The details for these procedures are discussed 
	deteriri.r.ed 

	in Section 3. 2. 2. Table 4-15 lists the results from this _analysis. 
	0 a.:.so s~-,-~-~ -;:'.) .'.: in Table 4-15. 
	The sulfate, nit.rate, and car:bon a."1alyses result.s a.,,.

	D. Discussion of ::,.esults-
	-

	1. Particle Size Distribution --Fig-..u-e 4-15 is a plot of p~rticle size vs. accumulated weight percent, the latter plotted on a probability scale as explained in Section 3.2.3B. Two curves.are presented, one including tbe impinger catch, and the other ignoring it. Considering the larg~ =ou..~t of :caterial collected in the impinger (over t.~ee grams), it would seem that t.'le effects of pseudo particulates would be negligible. Therefor.e, the impinger catch was believed to be p=perly included in the measu
	% 
	% 
	> 10 µ .m l 3 -10 µ m 3 3 ]J I:l 16 < l ].lill 80 
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	TABLE 4-15. CHEMICAL COMPOSITION OF PARl"ICULATE SAMPLES . IN PERCENT FOR WOOD WASTE BOILER (TEST 5) 
	l0µm 
	l0µm 
	l0µm 
	3im,. 
	l).llII 

	Cyclone 
	Cyclone 
	Cyclone 
	Cyclone 
	Filter 
	Impinger 

	SAMPLE 
	SAMPLE 
	# 
	55-2S 
	5S-3S 
	5S-4S 
	5S-5S 
	5s-rc 


	Percent of Cut 
	XRF ANALYSIS 
	Barium calcium Chlorine Iron ~a.•1.'ganese ?ot:ass i UI:\ 
	Silicon 
	(Sulfur) Tantalum Zinc 
	Total Elements Sulfates, ao sol
	1 
	( 
	2
	2 

	::: .. 
	::: .. 

	· (Sulfur; from so )
	4 
	4 

	Nitrate cac sol) 
	2
	2 

	Total Carbon(Volatile Carbon) (Carbonates) 
	3 
	3 
	3 

	TOTAL ANALYZED 

	'9AbNCE 
	'9AbNCE 
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	3 
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	23 t 
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	30 (15.6) (3) 53 
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	100\ 
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	34 l.2 
	(t) 
	t 
	30 (7.4; (6. 5) 
	65 35 100, 
	2 
	t 10/2 
	3.6/0.4 t 2.4/0.3 
	(<3) 
	t 
	16 
	2.3 
	(t). 
	t 
	(t) 
	(t) 
	18 82 100\ 
	8 
	t 
	3.3/0.4 
	2/0.4 t t 
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	(8.8/1.5) 
	t 
	15 7.0 (2. 3) 
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	23 
	(t) 
	45 55 100, 
	50 
	t 2/0.8 
	t 
	(2 .1/0. 7) 
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	2.4 
	(t) 
	' 7.0 
	(7.0) 
	11 
	89 
	100% 

	t 
	t 
	t 
	~tected in concentration of <ll 

	l 
	l 
	malyzed lly 
	x-ray fluorescence--Section 
	3.2.2 B 

	2 
	2 
	analyzed lly 
	vet chelllistry--Secti.on 3. 2. 2 
	~ 

	3 
	3 
	anal.}zad lly ·oceanoqraphy carbon analyzer--Section 
	3.2.2 A 

	4 
	4 
	calculated frt,111 sulfates 
	(sultur-suJ..fate/3) 
	to co~• vith sulfur 

	TR
	fr,:ia XRF 

	5 
	5 
	for "Jalwos shown 
	as 
	X/Y, 
	x 
	is \ 
	of the element present and Y is the 

	TR
	error 
	(i.e. 
	n 
	! 
	Y) 

	TR
	not included in total-sulfur and sul:"~tes 
	are acco\,nted for 
	in sulfur 

	TR
	XJlF 
	analysis and volatile carbon and carbonate are 
	accounted for in 

	TR
	total c:artx>n 

	TR
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	2. 
	2. 
	2. 
	Chemical Comoosition--Table 4-15 l~sts the results from the ch e.~i~al analysis of the particulate fraction for tests discussed in this section. Carbon was fou..~d to be most· abundant followed by potassium, calcium, iron and carbonates. 

	3. 
	3. 
	Emission Factors--Based o_n this test: alone, the fol.lowing emission factors can be calculated at 4.3% co and .16.6% o •


	2 2 
	2 2 

	0.15 grams T3P/Dry SCF Exhaust Gas 20 X 10-6 lb TSP/ Dry SCT Exhaust Gas 
	0.3 grams TSP/Dry scr Exhaust Gas 7 lb TSP/hr of operation 30 Ton TSP/yr of operation 
	· 1 lb TSP/ Ton of cry wcod waste 
	o.s lb TSP/ Ton of stored wood waste (wet) . o. 7 lb .TSP/Ton of steam prc;:..iced. 
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	Figure 4-15. Particle size distribution for wood w~ste boiler (Test OS). 
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	( 
	Figure
	4.2.4 Utility Boilers 
	4.2.4 Utility Boilers 
	A. Boiler Description-
	-

	1. 
	1. 
	1. 
	~?iler 1--The first utility boiler tested was an opposed face-fired' B&W supercritical 480 MW steam generator wit.~ 32 gas and residual oil burners. The unit operates at a supercritical pressure of approximately 3500 psig; the first water pass is throush a division wall which divides the furnace in ha::.f. The feedi.1at~r pumps control the steam pressure. The firing rate is adjusted to maintain a l000°F superheat temperature. The control of reheat temperature at 1000°F is accomplished by flue gas p=portiona

	2. 
	2. 
	3oiler 2--~he second u•.::.i:ity boiler tested was a face-fired, bala~cec draft, 180 MW steam generator with 16 gas and resijual oil bu..-;iers. The unit operates at a s~percritical pressure of approximately 1800 psig and t~e fir:;;t water pass is ·through a division wall which divides the furnace into halves. The feedwater pumps control the s~eam pressure and the firing :~te is adjusted to maintain a 1000°F superheat temperature. The control of re­heat temperature at 1000°:F'. is accompUshed by flue gas pr


	B. Particulate Test Set-up-
	-

	T·...,o sampling trains were used simultaneously for each of the particu17.te tests performed on !l<:.ility boilers in order to have redwidant tests for accuracy determination. Tests 11, 12, and 13 were planned as identical tests to deter.nine precision. These three tests were performed on a clean boiler. Test 23 was run at the same condition and on the same boiler but after t.~e boiler had been operating for a period 9f time long enough to be considered a dirty boiler (:>12 weeks) • Test 24 -was conducted 
	-

	' 
	' 
	-


	under ·low load conditions. Tests 32 and 33 were perfor.ned at high lea~ and 
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	Srice 
	( 
	\ 

	dirt"/ boiler condition; repeats of Test 23. However, for Test 32 ~he two sampling trains were run with equal sampl,e volumes. This required over 13 hours of s~ling time fez: the. smaller Joy train. Tests 21 and 22 were performed on t.~e second boiler at high and low load, respectively . · The 
	following comparisons can be made. 
	High load vs low load Boiler l High Joad vs low load Boiler 2 Boiler l vs Boiler 2 Clean Boiler vs D~rty Boiler Repeats: Tes-::s l:., 12 and 13; Tests 23, 32, and 33 Joy vs SASS for e~ch test 
	High load vs low load Boiler l High Joad vs low load Boiler 2 Boiler l vs Boiler 2 Clean Boiler vs D~rty Boiler Repeats: Tes-::s l:., 12 and 13; Tests 23, 32, and 33 Joy vs SASS for e~ch test 

	L Boiler 1--The sampling stations fo:z:· Boiler l were locateq on the vertical section of tr'e s-:eel-lined, rein.£0::-=ed concrete st.J.ck about 100 -=~ above ground level, and about 10 ft above the location where the gases e~ter the stack (see Figure 1-16). The'internal,diam.eter of the stack was 270". Because of the la:ge diameter of the-stack, a ve!ocity traverse was not possible. Velocity was measure<! up to 50" ,into the stack from the north and from the east. How~ver, the stack flow rate was determin
	2. The sampling station for Boiler 2 was located on the lower of two -12' x 12' horizontal ducts leading to the base of the concrete stack · ( see Figure 4-16) . This station wa_s about 50' above ground level and on the straight section of the duct about 40 ft downstream from ~e nearest bend and a.J:xJut 15 ft from where the flow enters the concrete Stack. Because of the large diameter.'of the stack, a ~elocity traverse was not possible. Velocity· was me·asured up to SO" into the stack from the west on the 
	particulate test set-up data are also given in ,Table 4-16. 
	,I 
	,I 
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	Economizer and 
	Test .:.ocac.ic:: 
	Economizer and Preheater 
	A 
	Test location 
	Boi:;.er i I 
	Figure 4-16. Flue gas flow· from utility. :::oilers. KVB 5806-783
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	Figure
	.,-·--....__ A ,..--......__ 
	.,,. 
	TABLE 4-il6. PARTICULATE TEST SET-UP DA'I'A FOR U'l'ILITY BOILERS 
	TABLE 4-il6. PARTICULATE TEST SET-UP DA'I'A FOR U'l'ILITY BOILERS 
	t 
	\ 
	\ 
	I 

	S.1111t•l-.: Luc.it lUO 
	I 
	-

	01:.t1111cc Vu loci.ty NO~~lo ~l..1d. StAck l'low t-'-111,.1 ■ intcr11.:. l t•ro ■ 01.Aact~r 1\.:-uq_,..: Lu LUCU Static Pr,uaaure Calcu.latud LoAd 
	01:.t1111cc Vu loci.ty NO~~lo ~l..1d. StAck l'low t-'-111,.1 ■ intcr11.:. l t•ro ■ 01.Aact~r 1\.:-uq_,..: Lu LUCU Static Pr,uaaure Calcu.latud LoAd 
	fl/ai.oC 


	... 
	!-
	-
	-


	Tc.t»l I Tr•in WJ.11, inclhUi DiructlOU ltil. 'l'c~t iui nt i11ch..:_.. lnchu111 ot water OSCl'H lloUer 
	Tc.t»l I Tr•in WJ.11, inclhUi DiructlOU ltil. 'l'c~t iui nt i11ch..:_.. lnchu111 ot water OSCl'H lloUer 
	1


	llS SASS H Horth 10.0 l/U "/"I'> tl.O 001, no 472 
	i 

	llJ Joy 34 l:4.iit. 42. l 1/~ 21·~ tl.O 8)),730 472 
	llJ Joy 34 l:4.iit. 42. l 1/~ 21·~ tl.O 8)),730 472 
	Norlh 110.1. l/11 lU-l 11.0 898,170 276
	llS SASS 34
	i 

	r 12J Joy )4 ~lllil . 54.6 l/4 n~ ♦ 1.0 U98,l70 n6 
	SAS:i H Kocth 811.6 )/8 281 tl.O 9U,2l0 ◄ 72 l)J Joy H !.>It 30.8 1/4 211 tl.O 9ll,HO 47l 2lS SI.SS H Hocth 76.1 9/16 .!'J] tl.O 84'>. 04 450 
	ns• 
	t 
	' 
	t 
	* 

	HJ Juy H t:.1S.l 47.0 5/16 :l'JU tl.O 80,4J4 450
	HJ Juy H t:.1S.l 47.0 5/16 :l'JU tl.O 80,4J4 450

	"'"I 
	I 

	ti.) 481,018 ,38
	ti.) 481,018 ,38
	HS SASS 34 Horth 46.1 ll/16 J..U

	I-' 
	"'

	Joy 1:cU>l 23.0 7/16 :uu ti.) 481,019 238 llS H 
	Joy 1:cU>l 23.0 7/16 :uu ti.) 481,019 238 llS H 
	24J 34 
	SAS~ &.st 51.1 5/0 'J.'J'".1 tl.O 7'1~. IJ81 453 llJ Joy 34 £a st 51. 7 1/4 ~•J.,! ♦ 1.0 7~5,981 45] llS SASS l4 l::J.:it 45.0 5/U ;!8l, tl.O 855,043 455 l),J Juy H l::.J~l 45.0 5/l,:; 'J.tJl., tl.O 855,043 455 l 2lS SASS 51 Wl..l::iol ll.'J 5/tl :.! 14 -o.e 378,lH 174 
	21J Joy 65 Wc!il ]2,9 5/16 ",l"/') -o.e 178, l'J4 114 2 
	llS SASS 5) Wi.:lil l!>. b 1.0 J.i ! -o. '15 215,124 90 l 
	22J * Juy 65 W-.::itl l~.b 1/2 i.!'.1 -0. 7S l'5, 124 90 
	*Bad data; not included in subsequent analyses 
	KVl1 5806-783 

	c. Test Results-The results of the eight valid test3 for Seiler #1 and for Boiler #2 (Tests 11-13, 21, 22, 24, 32, 33) discussed in this section are listed in Table 4-1. Elemental composition, sulfate, ni<:=ate, and carbo~ ~~alysis were determined for all fractions of partj::ulate catches which contained weight in excess of 100 mg. The details for these procedures are discussed in Section 3.2.2. Tables 4-17 to 4-~.; list the results from-these analyses. A fuel analysis for each test is pre-:;ented in Table 
	-

	elements was made, these are listed in Tables 4-26 to ~-33. Particle size distribution curves for each test are given in Figures 4-17 to 4-25 
	D. Discussion of Results-
	-

	1. Particle size distribution--Figures 4-17 to 4-25 are plots of particle size (µm) vs accumulated weig'1t percent, the latter plotted o~ a probability scale as explained in Section 3.2.3 S. Two sets of curves are presented f~r each test, one •including the inpinger catch, and the ot~er \."ithout it. The EPA Method 5 (Ref. 4-6) does not include the. i:ripinge:catch. However, the local agency (SCAQMI:) does include the impinger catch. Also consi~ering the large amount of material collected in the impi~ger: i
	-
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	Figure
	TABU 4-17. CHE..'UCAL Cf'~1POSITION r)F PARTICULAT'E:" SA:-IT'LES IN PF.RC~ FJR UTI:;..ITY BOILERS (TEST 11) 
	TABU 4-17. CHE..'UCAL Cf'~1POSITION r)F PARTICULAT'E:" SA:-IT'LES IN PF.RC~ FJR UTI:;..ITY BOILERS (TEST 11) 
	s.:.ss 
	s.:.ss 
	s.:.ss 

	I.npinger 
	I.npinger 
	SASS 

	(inorganic) 
	(inorganic) 
	Filter 

	US-IC 
	US-IC 
	llS-5.S 


	PERCEm' OF CUT 
	XRF ANALYSIS Barium Calcium Cobalt 
	:~ickel Potassium (Sulfur) ':'ii:ar.ium Vanadium 
	( 
	TOTAL Sulfat~s, tt o sol) 
	1 
	2 

	2 
	(Sulfur,· frolll so),. Nitrate (Ho sol) Total Carbon
	2
	2 
	3 

	(Volatile Carbon) (Carbonat2s) 
	3 
	3 

	TOTAL A.'JALYZED 
	BALANCE . 
	58 
	t t 
	(12/4) 
	2.2 15 " (4.9) 
	8 . 8.. (7. 7) 
	26 74 100\ · 
	18 
	t 12/1..6 t 
	lJ.6/ 1.1 
	t (3 .3/ 5) t 
	t detected in c:cncenuation of <l\ l analy~ed by x-ray fluorescence•-Section 3. 2.2 B 2 analy::ed by -t chellll.i.t..-y-Secticn 3.-2.i A 3 analyzed by Cc~ano~r•p~v cari-on analyzer--Section 3.2 . 2 ~ ~ ~ !rota sulfates (sw.f,:r-sul!a~e/3) to cc°"are vit.'l sclf,ir 
	calcul.ae


	2.1/ 0.3 
	2.1/ 0.3 
	2.1/ 0.3 
	27 35 (ll.3) 
	5.9 
	t 68 32 100\ 

	from l.llF 
	from l.llF 

	S !or valuas shown as X/Y •. X is ,. of t."le element present and Y is t.'la snor (i.e. x,: l l not includa.d in total-sulfur and sulfaees are accounted fer in sul~ur 
	XlU' analysis and volatile carbon and ca:c:>onat:.e are aco:ountad for in total cart.on 
	XlU' analysis and volatile carbon and ca:c:>onat:.e are aco:ountad for in total cart.on 
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	TAB.LE 4-18. CHEMICAL COMPOSITION OF PARTIC:JLAT:. SA.'!?!...ES FOR UTILITY BOILERS (TEST 12) 
	TAB.LE 4-18. CHEMICAL COMPOSITION OF PARTIC:JLAT:. SA.'!?!...ES FOR UTILITY BOILERS (TEST 12) 
	~· 
	WT. i'DCtNT O!' CL'I' XR1' AN'U.YSIS hrilllll 
	B1smutll 
	calcium Chromium Cobalt 
	!:-on 
	L&•d ll.i.ckel Potassium 
	(Sulfur) Titanirma 
	Vanadium 
	Zi:l.c 
	TOT~l sulfu:e.s, H C .sol,:z.
	2 (Sul!ur, " so=i •
	4 
	:-:om 

	2
	Ni~&te <B o sol:
	2 
	1
	Total c:amon (VoLatil• carton) 
	1 

	(C&rbanatas) 'l'OTJU. ANAI.n:DJ 
	3 

	BAJ:.ANC% 
	SASS Imping•r (i..oorglll"Uc) l2S-~C 
	so 
	t l/0.4 t (9. 7/2) 
	l.O 
	16 
	(S.3 l 
	l4 (13) 
	ll 69 
	lOO'I 
	Joy 
	Filter 
	12.J-5S 
	2.9 
	t 
	l. 2/'.) . J 
	t 6. 5/0 8 
	(JO) 
	t t 
	8.0 
	41 
	(14 ) 
	20 
	;,9 Jl 100, 
	SASS 1':i.l~r l2S-SS 
	2J 
	': 
	18/l.2 
	t, .;. 2/C . .::S 
	11/l. l t (37/6.5) t l. 6/0. 32 
	t 35 40 
	(13 
	9.5 
	as 15 1co, 

	t datected in concentration of <1, 
	l ~ly:i:ed by x-ray !l:xire:icence--Sec--ion J .• 2.:;: 9 
	2 aa.lyu-i by -t <:hemistry--Section 3.2.2 ~ 
	3 An&ly:e<:l by Ocaanoqraphy car.oon 3.2.2 ~ 
	ana.ly::.er--Secti.on 

	4 ' e&lc:lll.,,ated from sulfates (sulfur-sulf&te/3) to co~re with sulfur trom XXF 
	5 !or val,,..s shown ~ X/7., X i.s , of the •l-t present &nd 'f i;i t."l.e an-or (i.e. n : Y l 
	( l not includad in total--s,:,..fur ar.d suJ.fates are accocnted for in sulfur ~ analysis and "':>Lai.tile .:ar.,on And c&QOQ&ta are accounted for in total ca~ 
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	SASS SASS Joy 31.:m Impinger SASS I:npi.nger Cyclone (inorganic) Filt.er . . (i:-:.organic) SAMPLE ~ l3S-3S l3S-IC i.JS-5S l3J-IC 
	TABLE 4-19. CHEMIQL COMPOSITION OF PARTICULATE SAI1PLES IN PERCENT FOR UTII.ITY. :'OILERS (TEST 13)* 
	TABLE 4-19. CHEMIQL COMPOSITION OF PARTICULATE SAI1PLES IN PERCENT FOR UTII.ITY. :'OILERS (TEST 13)* 
	TABLE 4-19. CHEMIQL COMPOSITION OF PARTICULATE SAI1PLES IN PERCENT FOR UTII.ITY. :'OILERS (TEST 13)* 

	PERCENT 
	PERCENT 
	OF 
	CUT 
	72 

	.XRF ANALYSIS 
	.XRF ANALYSIS 

	Calc.ium 
	Calc.ium 
	t 

	chromium 
	chromium 

	Iron 
	Iron 
	,t 

	Nickel 
	Nickel 

	Potassicr.i 
	Potassicr.i 

	(Sulfur) 
	(Sulfur) 
	(18/6) 

	Va.:,adium 
	Va.:,adium 

	z·inc 
	z·inc 
	t 

	TOTAI. 1 
	TOTAI. 1 
	t 

	Sulfates, Ho sol2 2
	Sulfates, Ho sol2 2
	21 

	(Sulfur, 
	(Sulfur, 
	= ..from so)4
	(6.9) 

	Nit;ate (Ho sol) 2 2
	Nit;ate (Ho sol) 2 2
	t 

	Total Carbon3 
	Total Carbon3 
	28 

	(Volatile Carbon) 3 
	(Volatile Carbon) 3 
	(23) 

	(carbonates) 3 
	(carbonates) 3 

	TOTAL ANALYZED 
	TOTAL ANALYZED 
	49 

	BALANCE 
	BALANCE 
	51 

	TR
	1001!! 


	t cieta.ttad in concentration of <l\ l · analyz:ad by x-ray !luorescence--Section 3.2.2 B 2 an.alyz:ed by -t chamistry-S.ction 3.2.2 A 3 analyz~d by Ocaanoqraphy cartx>n analyz:er--S•ction J.2.2 ·A 4 calculated from sulfai:es (sulfuz-sulfal:e/31 to compare wi1:.'l sulfur 
	fr0111UF 5 !~r val~•• shown as X/Y, Xis\ of the ele-nt present and Y is 1:.'le 
	•rror (1.e. n : Y l 
	( I noi: included in total-sul!ur and sul!ai:es are acco121::ed for in sulfur XRF an~lJsis and volai:ile carlxln and cartx>nai:e are accouni:ed for in total cartxm 
	• Test 13S invalid KVB 5806-783
	4.,.55 
	4.,.55 
	/ 

	¼ .. ..... . __,.<>--· -_ -,· --,·
	......... -....,..-.,/t,dr.-r11111111111!~!::'_.. -~•-··· 

	. ~ -· ~·---· -~...,_., ........~ 
	~~ ;,,.._ 
	TABLE 4-20. CHE.~ICU. COMPOSITION OF PARTlCULA'rE SAi.'PLES IN PERCENT FOR UTILITY BOILERS (TEST 21) 
	SASS 
	SASS 
	SASS I:npinger Filter () 21S-5S 215-IC 
	inorga."1.ic

	1: 
	59

	WT. PERCENT OF CUT 11 
	XRF ANALYSIS Iron . l/0.2 t 
	Nickel l.4/0. 2 Selenium t (Sulf..ir) (6.2/2} (19/4) Vanadium t· 
	TOTAI. 1.4 t Sulfates, Ho sol55 
	1 
	2
	2 

	31 
	31 
	~ 
	' = 

	(Sulfur, from so J (18.3) C10. ➔l

	4 'Nitrate (Ho sol) t t Total Carbon9.1 9 (Volatile carbon) (6) (Carbonates) TOTAL ~'lAI.yzE;D 65 40 
	2
	2 
	3 
	3 
	3 

	60
	60

	BA.LANCE. 35 
	1aoi 100~ 
	1aoi 100~ 

	t. 
	t. 
	t. 
	detected in 
	conc:,;nt.rat.ion of <l\ 

	l 
	l 
	.analyzed 'cr/ )(-ray 
	!lL>Orescenc..--5..::ticn 
	3.2.2 B 

	2 
	2 
	analyzed 'er/ 
	-t. chei&St..-1--Sect.icn 
	J.2.2 A 

	J. 
	J. 
	analyud !:ly· Oc■ anoqraphy 
	~rt:,on 
	~ly::ar--section 3.2:2 A 

	4 
	4 
	calcul.at.ed f=m su.l!at.es 
	(sulfw:-sul.fal.U/3) 
	.to 
	ccmpar■ "i:..'l sul!;..r 

	TR
	f.:-omXM 

	5 
	5 
	for v&.:.u2s 
	shc,,,n 
	as 
	X/Y, 
	;. 
	1.s \ 
	cf t:h• element present and Y is t.!1e 

	TR
	error 
	(i.e. X\ 
	~ 
	Y l 
	I 

	TR
	~t. included in 
	total-sul!= a.nd sul!.atn are account.ad 
	for 
	1.n sul!<.r 

	TR
	XRF analysis 
	and vol•t.il• carbon and car~nat• are 
	ac=unted fer 
	i:1· 

	TR
	total ca~ 
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	TABLE 4-21. CHEMICAL COMPOSITION OF PARTICUI..ATE SAMPL."'S IN PEP-C-'C'NT FOR TEST 22 * 
	------------------------------------------~
	-

	SASS 
	SASS 
	Filter 22S-5S 

	WT. PERCENT or· CUT 
	XRF A..'lALYS IS Iron Nickel (Sulfur) Vanadiu."11 
	TOTAL Sulfates, H o s01
	1 
	2 

	2 (Sulfur, from SO~)~ Nitrace (Ho sol) Total. Carbon(Volatile Carbon) (Carbonates) TOTAL ANALYZED 
	2
	2 
	3 
	3 
	3 

	BALANCE 
	10 
	10 
	3.5/0.4 4.8/0.5 (27/ 10) 1. 3/0. 2 
	10 67 (22) 
	t 
	7,. 5 
	84 
	16 
	100\ 

	t 
	t 
	t 
	datected 
	in concenttaeion of <1' 

	l 2 J 4 
	l 2 J 4 
	analyzed by x-ray fl1.10rescence--Section 3.2.2 B analyzed i:,y -t c:heaiat:ry-Section 3. 2. 2 A analyzed by Oceanograp>,.y carbon an&lyzer--S.cti<.:a 3.2.2 A calculAtad froa sulfatas (sultu.r-sulfate/31 to =mp~n with sul!ur from DF 

	S 
	S 
	for values shown as X/Y ; X is , of the el-nt present and Y is tlle error (i.•. X\ t Y l not included in total--sulf1.1r and sul!ates are ae=unted for in suHur DY analysis and volatile eartlon dlld :arbonate are accounted tor in tot&l carbon 

	* 
	* 
	Test 22J invalid 

	TR
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	TABLE 4-22. CHEMICAL COMPOSITION OF l?AR'!'ICULATE SA.'1PLES IN PERCENT FOR TEST 24 
	TABLE 4-22. CHEMICAL COMPOSITION OF l?AR'!'ICULATE SA.'1PLES IN PERCENT FOR TEST 24 

	SASS Joy SASS Impinger Impinger Filter {inorganic) (inorganic) SAMPLE# 24S-55 24S-IC 24J-IC 
	WT. PERCENT OF C,-..,"'T x.~ ANALYSIS Barium Calcium Chromium Iron ~~~c. Nickel (Sul:ur) Vanadium Zinc 
	1
	TO'!'AI.. Sulfates, H 0,...$ol2
	2 (Sulfur, frora SO 4.) Nitrate {H () sol} 
	= 
	.. 
	2 

	2 Total Car!::>on(Volatile CarbonJ {Carbonates) 
	3 
	3 
	3 

	TC'l'AL ANALYZED 
	BAI.A.'<CE 
	14 
	14 
	t 
	2. 2/2. 3 t 6.6/0.8 (26/10) t t 
	9 48 (16) 
	12 
	69 31 100\ 
	72 
	t t 2.5/0.3 
	t (22/7) 
	3 
	24 (8 .1) 
	25 
	53 47 100% 
	54 
	t 
	t 
	(30/ 10) 
	t 25 (8.5) 
	13 
	12 
	t SJ 50 100'!1 

	t 
	t 
	t 
	d.ttected in conanuation of <1, 

	l 
	l 
	an&.l.yied by 
	x-ray fluoresc:-enca-Sectlcn 
	3.2.2 B 

	2 
	2 
	analyzed by 
	-t chemisay-Sect:ion 3.2 . 2 .\ 

	3 
	3 
	~.,.l;rzed by Oceanography ca.c,on an&lyzer--Seci:ion 3.2.2 A 

	4 
	4 
	calc,ul,ated from sul!ates 
	(sul!u.r-sul!.i.te/3) 
	t:, 
	co~r• vit:1 sul!ur 

	TR
	t'mlll lCRF 

	S 
	S 
	for 
	·values shown 
	.as 
	XI?.. 
	X is \ 
	of t!1e 
	elea,ent :;,n-nt and 't 
	is "::.',e . 

	TR
	err,:,r 
	Ci. e. 
	x, 
	! 
	Y ) 

	TR
	!101:. 
	incl\Jded in tot.al-su.I.!ur and sul.!at"s 
	are 
	account~ !or in su.!.!= 

	TR
	XRF 
	an.aly•i• and volatile car.x,n and 
	ca.c,onat ■ 
	.an 
	.ac==ted for 
	in 

	TR
	~l c~mcin -

	TR
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	TABLE 4-23 •. CHEMICAL COMPOSITION OF PARTICULATE SAMPLES IN PERCENT FOR TEST 32 
	TABLE 4-23 •. CHEMICAL COMPOSITION OF PARTICULATE SAMPLES IN PERCENT FOR TEST 32 
	_SASS , 
	_SASS , 
	_SASS , 

	Impinger 
	Impinger 
	Joy 

	{inorganic) 
	{inorganic) 
	Filte::: 

	32S-IC 
	32S-IC 
	32J-5S 


	WT. PERCENT OF CUT 
	XRF ANALYSIS Barium 
	Calcium Chromium Cobalt Iron 
	Lead 
	Nickel 
	Selenium (Sulfur) Vanadium Zinc 
	'TOTALSulfates, H0 sol
	1 
	2
	2 

	(Sulfur, from so;;~ Nitrate (Ho sol) Total Carbon ' 
	2
	2 
	3 

	·(Volatile Carbon) (Carbonates) TOTAL ANALnED 
	3 
	3 

	BALANCE 
	66 , 
	t t 
	t 
	t t (15/5) 
	t 
	t 24 (7.9) 
	18 
	(9) 
	42 . 58 100% 
	16 
	t 8.6/3 
	t 1. 9/'.). 3 t 7. 9/0. 3 ' 
	(25/10) t 
	18.4 59 (20) 
	t 
	77 ,23 100'\ 

	t 
	t 
	t 
	,jetec-:ed 
	~n 
	=ncl!!n~auon of <1, 

	l 
	l 
	&n&lyzed t,y 
	x-ray fi:JO~~sc~nc-s.~on 
	3.i.2 B 

	2 
	2 
	&n&lyze<l by -t c:hemi.st:y--S.ction 
	3.2.2 A 

	3 
	3 
	&n&lyzed by OCei!IDO<;raphy 
	ca..--!:>on" &n&lyzer--S.ction 
	3.2.2 A 

	4 
	4 
	cali:ulated !rem sul~ta.s 
	(sulfUPsul!ate/31 
	to 
	co~are 
	wit.'1 
	sulfur 

	TR
	from XB!' 

	S 
	S 
	for v'&l...as 
	shclvn 
	u 
	X/Y. 
	ll: 
	is \ 
	of t.'le el_.,t ~re!ier.t uid '! 
	is t.'le 

	TR
	or:or 
	(i.e. 
	n 
	! 
	Y l 

	TR
	not 
	incl\lded in total--sulf= and suUatn an accot:i-:lld 
	for in sulfur 

	TR
	DP analysis and 901.£til• cart>on 
	and ca~ate ue ac::::olln~d 
	for in 

	TR
	total cart)on 

	TR
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	TABLE 4-24. C:IBMICAL COMPOSITION OF PAR:ICL"LATE SA.'1PLZS m PERCBIT FOR TEST 33 
	TABLE 4-24. C:IBMICAL COMPOSITION OF PAR:ICL"LATE SA.'1PLZS m PERCBIT FOR TEST 33 

	Joy 
	Joy 
	Joy 

	SASS 
	SASS 
	Impinger 

	Filter 
	Filter 
	(inorganic) 

	SAMPLE 
	SAMPLE 
	~ 
	335-55 
	33S-IC 


	WT. PERCENT OF CUT 
	XRF ANALYSIS Barium Calcium Chromium Cobalt 
	Nickel Seleniu.'tl (Sulfur) Vanadium Zinc 
	Nickel Seleniu.'tl (Sulfur) Vanadium Zinc 

	TOTAL. 
	Sulfates, H o sol
	2 

	2 (Sul.fur, from SO~)~ Nit.:ate (no sol) Total Carbon(Volatile Carbon) (Carbonates) TOTAL ANALYZED 
	2
	2 
	3 
	3 
	3 

	·aALANCE 
	14 
	14 
	10/3 
	t 
	6. 3/0. 7 
	( 30/10) t t 
	20 
	59 
	(20) 
	t 
	79 
	21 
	lOO't 
	31 
	t t 
	1.2;::; .: t t 
	(16/5) 
	t 
	2 23 
	( 7. 8) 
	20 
	(20) 
	45 55 100\ 

	l 
	l 
	l 
	a.caly:z: ·:d l:Jy 
	x-ray 
	!'::.:.oresc ■ nc ■ --S.c:.io:: 
	3. 2. 2 3 

	2 
	2 
	£Nllyud by ...,t chem.uuy--S.ction 
	3. 2. 2 
	?. 

	3 
	3 
	&nalyud by Oceanogr&phy 
	car.xin ui.al:,-..:er--Sect:i.on 
	3.2.2 A 

	4 
	4 
	calcal.ated from sulfates 
	(sul!ur-sul!at.11/3) 
	1:0 
	compare v:i.':h 
	sul!'ur 

	TR
	from= 

	5 
	5 
	!or ·.ralues S""""'
	-

	.as 
	X/'f. 
	X HI 
	\ 
	of -:.•a 
	ele:ant present a.nd 'f 
	i,s t.",e 

	TR
	error 
	(i.e. :n 
	! 
	Y, 

	TR
	not 
	included 
	i.n 
	tot.al-sul!ur and sul!ates .are a.ccounud 
	!or in sul!= 

	TR
	r;a analysis and Vlllatile car.:ion and cac,cn.ate a.re 
	acco=tad !or u, 

	TR
	total. car!>On 

	TR
	4-'ZO 
	KVB 
	5806-783 


	TABLE 4-25. FUEL i"iALYSIS RESULTS OF UTILITY BOILER #:6 FUEL OIL 
	., 
	., 
	Test• Test• T~st• Test• Test* THtt Testt T.estt 2l & 22 23 24 32 33 ll 12 13 

	~.bon, 86.86
	' 
	' 

	Hydrogen, 12.51
	' 
	' 

	Sul!u:, 0.20 Mb., O.Ol2
	' 

	' 
	Mcistuze, 0.12 
	' 

	Nitx'Oqan, 
	' 
	-
	-


	Oxygen, 
	' 
	' 

	HHt o! COmlNstion: (;ros3 at.1:./l.b B,3.:.0 :.e~ BttJ/l~ 18,l.iO 
	Alphaltenes, 0.44
	' 
	' 

	Metals in\ of! 
	!'.sh 

	V&tl&dil& 3.9 Iron l9 Nic.kel 8.3 SOdi1.1111 13 C&lcim 5.5 Silicon 1.2 AlUIIIJ.num 0.43
	I 
	I 
	\ 

	BArium •0.31 Boron 0.051 Magnesium :.s Mangan••• 0.11 Lead 0.43 Tin. 0.11 Chroaium 0.067 Tit&Dilm 0.34 copper 0.055 Silver 0.0024 Zinc. l~S 
	Cobalt 0.28 
	St..--cnti,a O.ll 
	Ml:tlybdanum 
	• T%ui19d&il L.MioratoriH Ille. t E. _If. Say.bolt & Co., Inc. 
	86.68 86.50 
	86.68 86.50 
	l2.S9 12.62
	I! 
	0.20 0.19 0.015 O.Ol2 0.12 0.12 
	19,280 19,250 l3 •l.lO 1s,.:.:o 

	0.63 o. sa 
	0.63 o. sa 
	0.63 o. sa 
	2.8 4.1 l4 11 ll. 12 13 15 

	4.4 4.8, 
	4.4 4.8, 
	4.4 4.8, 
	2.8 2.2 l.l 0.61 0.57 0.41 0.016 0.018 3.6 2.8 0.28 O.l,3 0.85 · 0.70 0.26 0.35 0.22 0.11 O.l7 0.25 0. 77 0.092 0.0044 0.0023 l.0 1.2 0.31. 0.31 O. l.l 0.12 
	86.24 
	12. 72 0.22 O.Oll 0.26 0.23 0.32 
	l.3, 260 
	18,100 0.66 
	9.0 lO 12 
	9.2 4.5 2.0 3.5 0.42 O.Oll 4.2 0.13 0.58 0.16 0.15 0.065 0.11 0.0023 0.57 0.47 0.075 0.023 
	86.09 
	12.61 0.20 0.013. 0•. 70 0.23 0.16 
	19,2S0 
	18,100 0.56 
	8.2 15 9.8 
	8.6 
	3.6 2.2 6.1 0.42 <0.008 3.8 O.:i.6 0.42 0.19 0.19 0.084 0.08 0.0024 Q.21 0.42 0.073 0.024 
	86. 39 
	86. 39 
	86. 39 
	86. 35 
	86.34 

	12.93 
	12.93 
	12.97 
	13.02 

	0.22 
	0.22 
	0.22 
	0.22 

	O. Ol.4 
	O. Ol.4 
	0.009 
	0.007 

	0.05 
	0.05 
	0.2 
	o.os 

	0.19 
	0.19 
	0.21 
	0.24 

	0.25 
	0.25 
	0.25 
	0.16 

	!9,278 
	!9,278 
	i9,297 
	!.3,255 

	l.93 
	l.93 
	2.78 
	3.00 

	3.14 
	3.14 
	4.33 
	3.00 

	9.3 
	9.3 
	14.4 
	12.43 

	4.79 
	4.79 
	5.ll 
	S,86 

	0.79 
	0.79 
	1.00 
	l.00 

	2.0 
	2.0 
	3.33 
	2.29 

	0.86 
	0.86 
	1.89 
	1.57 

	0.86 
	0.86 
	1.22 
	l.24 

	0.01 
	0.01 
	0.02 
	0.02 

	l..79 
	l..79 
	2.44 
	2.57 

	0.08 
	0.08 
	0.12 
	0.12 

	0.29 
	0.29 
	0.54 
	0.37 

	0.58 
	0.58 
	J:'.08 
	l. 57, 

	0.07 
	0.07 
	0,06 
	0.05 

	0;11 
	0;11 
	0.14 
	O.l4 

	0.14 
	0.14 
	0.17 
	0.10 

	t 
	t 
	·t 
	t 

	0.23 
	0.23 
	0.41 
	0.30 

	0.44 
	0.44 
	0.47 
	0.59 

	0.10 
	0.10 
	0.09 
	0.09 

	0.13 
	0.13 
	0.12 
	C.06 


	4-71 KVB 5806-783 
	ii 

	·-··•a-------..-:•·----t·w~.,,;,;,.,~~..-._...._,.,.,,_.........J·· ✓ ··-·•·' ' 
	-

	... · ··. 
	... · ··. 
	TABIZ 4-26. MASS BAL.A.'-lCE FOR T"'....ST 11 

	218,755 ll:1/hr fuel !1ov1 30.627 lb/hr p&rticulate !rom a.sh; 65.03 l!>/hr pare:.c-·lite f=oc SASS 
	rn.c:uon SASS P'ilter SASS I:opinger Sum Fuel A.~a!.,-s.~s , trac=on 1a, 68\ SM A,,h-C . .Jl~\ l.l)/br lb/hr lb/hr lb/~ 
	Oniu 

	0.24 
	0.24 
	0.24 
	0.24 
	0.28 
	O.ll3 

	Iran 
	Iran 
	0.58 
	0.08 
	J.66 
	0. 77 
	l. 35 

	Nic:ll:el 
	Nic:ll:el 
	1.26 
	0.02 
	1.28 
	1.49 
	3.98 

	C&J.c:ilA 
	C&J.c:ilA 
	l.45 
	0.01 
	1.46 
	1.70 
	0.37 

	Magnuiaa 
	Magnuiaa 
	o.77 

	Scd.iim 
	Scd.iim 
	2.05 

	Silicon 
	Silicon 
	0.86 

	Manganese 
	Manganese 
	0.01 
	O.Ol 
	0.01 
	0.03 

	A.:.=i:o.= 
	A.:.=i:o.= 
	8.37 


	Figure
	0.03 
	0.03 
	0.03 
	0.03 
	O.C3 
	0.()3 
	0. 37 

	0.01 
	0.01 
	0.01 
	0.02 
	0.02 
	0.13 

	TR
	0.25 



	Molybdenum 
	Molybdenum 
	Molybdenum 
	0.01 
	0.01 
	0.01 
	0.06 

	copper 
	copper 
	0.01 
	0.01 
	0.02 
	0.02 
	0.06 

	Silvar 
	Silvar 
	a.a~ 
	O.Ol 
	o.:n 
	0.0002 

	Zir.c 
	Zir.c 
	0.03 
	0.01 
	0.04 
	a.as 
	0.10 

	Ti4!.anium 
	Ti4!.anium 
	O.OJ 
	0.01 
	o. )4 
	0.05 
	0.05 

	Cobalt 
	Cobalt 
	0.19 

	Chrcmium 
	Chrcmium 
	0.02 
	0.02 
	0.02 
	0.03 

	Strontilm! 
	Strontilm! 
	0.01 
	0.01 
	0.02 
	0.02 
	0.04 

	i'01:.&ssium 
	i'01:.&ssium 
	a.as 
	0.01 
	0.06 
	0.07 

	Sulf= 
	Sulf= 
	3.94 
	::..n 
	5_.,;5 
	2(6.57) 
	481. J 

	ar011Une 
	ar011Une 
	O.Ol 
	0.01 
	0.0l. 

	Sulfate 
	Sulfate 
	4.19 
	2.ll 
	6.3 
	7.33 

	Nitrate· 
	Nitrate· 

	Total. Carbon 
	Total. Carbon 
	0.70 
	l.25 
	1.95 
	2.27 

	17ol. 
	17ol. 
	~ban 
	Ll 
	1.1 
	c1.2a/ 

	C&l:boc.ata 
	C&l:boc.ata 
	0.01 
	0.01 
	2(0.01) 

	Cldmiia 
	Cldmiia 
	0.01 
	0.01 
	0.01 

	Rtl.bid.iall 
	Rtl.bid.iall 
	0.01 
	0.01 
	0.01 

	Selenium 
	Selenium 
	0.01 
	O.Ol 
	0.01 

	Arsenic 
	Arsenic 
	a.a.:. 
	O.Ol 

	G&l.lita 
	G&l.lita 
	0.01 
	0.01 

	TR
	To't&l 
	14.21 

	TR
	TSi' 
	65.03 


	!. 
	!. 
	!. 
	Com::iare 
	':Otal column wit:. 
	f'.lel 
	analysis 
	column 

	2 
	2 
	Not 
	included in summation 

	TR
	KVB 
	5806-i83 

	TR
	4-72 


	Wt bts 
	Wt bts 
	litet, 


	220. ~91 1.l:,/hr tu.·1 flow, l'J.84 lb/hr pa.-Uc:ul.&,._ !roa un, 55. 5 l.b/lu, par.J.=late from SASS' 4<1.8 l.b/hr 
	TABLE 4-27. MASS BALANCE FOR TEST 12 
	TABLE 4-27. MASS BALANCE FOR TEST 12 
	TABLE 4-27. MASS BALANCE FOR TEST 12 

	par-J.~... !.ac.a 
	par-J.~... !.ac.a 
	!:oa :ay a 
	c 
	< O.l lb/hr. 

	( ~ 
	( ~ 
	rr~!.on \ !'raction UN.:.a v.a.n-U.ua t:CA Nicul C&l~iia !iW.qn..iia. S.,dJ..i:.!..1.,:one ~an.;.ar.•s• Ali.MB1.n._. !3ar1•Jm: r.••~ TU\ ""ty~el\ua COpp•r S.i.lv.r · Zl.l\C T1C&ll~ua Cobalt Chroaiua St:onuia Paeaa ■ iua Sw.f~ sro1111ne i:,.ll.~•:;· !h.trau TO<&l C&rl>oa Vol. Carbon C.irt>on&te C&dllila Sel•ftit.a 31-Cll G&Ui1a 
	-

	rilcu: 21' lb/hr 0.2 0.5J 1.4 2.23 C Q.04 0.04 0.04 t o.oa 4.71 5.02 l.l<J 0.04 t 
	s.us I.mp1nqer ss, l.l>/hr a.JO C C t ,:. C C C C t 0.13 t 2.n t.., 4.3 4.0 t t 
	Sua,a, l..b(hr 0 . 2 0.8J 1 . 4 2 . 2 t t C C t C t t O.ll t t 7 . 7 t <J.<J 5.5 4.0 t t 0.04 C, "1'<,e.J, TSP 
	'!'ot..&l. :.co, lb/hr 1'.l6 1.1 l.3 2.s C C t t o.oj; C t •.17 t t 2 (9.'J) t 12. 1 7 •. l (5.ll 2 C t 0.05 " n.o 55.5 
	!"U•l M•l'!'Sia .-.n"'3.009• U./hx 0.5 a.rt 2.58 o. 1a 004'6 0.91 ) .6 J. J2 o. 34 J. 22 0. ~':) 0.19 O.Ol 0 .03 0.0001 0.07 0.03 0.08 0.01 0.02 485 
	Joy ~1lter To<:&l 29• :.oo, lb/hr l.b/hr O. l 0.:14 0.16 0.55 0.85 2.9 t 0.5 0.17 J .02 J. J7 0 .02 0.07 t t ).'J4 <lJ.Sl 2 S . 38 18.36 2.68 9.1 Toed 31.6 TSI' ~,.a 


	1 
	1 
	1 
	c;._.mpare 
	tqtal column with fuel analysis co,l.umn 

	2 
	2 
	Not included in su.~ation 

	TR
	4-73 
	KV3 
	5~C6-783 


	/ 
	·. ---
	·. ---
	-

	TABLE.4-29. MASS BALANCE FOR TES'l' 13 
	::Zl9.003 lb/hr !ual !10111"1 1.5.ll lb/hr p&rtic:ul.at.a !r011 ~: 6a.s lb/hr 9.a.r:1.cul4it:e !~om Joy 
	Joy 
	Joy 
	Joy 

	!"rac:Uc:n 'I rr.ac"t.J.on 
	!"rac:Uc:n 'I rr.ac"t.J.on 
	~1.nqer1a, 
	Tot:.&l l 100, 

	0niu 
	0niu 
	' l,l:,/hr 
	ll>/hr 

	'lanadiua 
	'lanadiua 

	I.ron 
	I.ron 
	O.l5 
	o.19 

	TR
	. 0.05 
	0.06 

	TR
	0.06 
	0.09 

	:5.1,..:.:.con.e 
	:5.1,..:.:.con.e 

	M&nq&ncse 
	M&nq&ncse 
	0.05 
	:l .:6 

	Alusu.nua 
	Alusu.nua 

	3.arii.= 
	3.arii.= 

	Lead 
	Lead 
	0.05 
	O. C6 

	n,:, 
	n,:, 

	!1te:lybd.m1u.a 
	!1te:lybd.m1u.a 

	eopp..r 
	eopp..r 
	J.05 
	0.06 

	S11ver 
	S11ver 

	Z.1.nc; 
	Z.1.nc; 
	0.05 
	0.06 

	'!'it..&nl.Uoa 
	'!'it..&nl.Uoa 

	TR
	0.05 
	0.06 · 

	TR
	0.05 
	0.06 

	?o-c.a•s1.UZ1: 
	?o-c.a•s1.UZ1: 
	0.05 
	0.06 

	TR
	9.59 
	2(12.41 

	Rubl,Cll-.a 
	Rubl,Cll-.a 

	TR
	10.9<1 
	l4,l 

	llittate 
	llittate 
	0.10 
	O. ll 

	Tot&l <:aJ:1:1<:Jn 
	Tot&l <:aJ:1:1<:Jn 
	U.88 
	19.l 

	Vo.l. 
	Vo.l. 
	c:.ac:)Oft 
	ll.23 
	cis.ai2 

	caJ:1:10...~• 
	caJ:1:10...~• 

	•raa1
	•raa1
	-

	Q.05 
	0.06 

	S.al1i:a 
	S.al1i:a 
	0.05 
	0.06 

	C:.lliua 
	C:.lliua 

	TR
	Tou.l 
	3<1. 3 ' 

	TR
	TSP 
	68.5 


	l'uel .J.n.alysi• Uh•0.007\ 
	l.b/h: 
	o.n 
	0. ll l. 33 
	J.l3 
	0.6) 
	0.13 O.G4 0.17 0.006 0.01 0. 00007 0.03 
	O. J2 
	0.06 0.005 0.009 
	48l 

	l 
	Compare total column with fuel analysis column 
	2 . . ' 
	Not included in SUllllllation 
	.4-74 KVB 5806-783 
	.4-74 KVB 5806-783 

	Figure
	Sect
	Figure
	TEST 4-29. MASS BALANCE FOR TEST 21 

	85,316 ll)/hr fuel flow: 10.25 lb/hr i== ash: 29·.S lb/hr part:i.culaca from SASS 
	pa.rt.icul.,.ce 

	!'raccion SASS P'ilcar SASS Impinger Sum Frac:cion 11' 73, 84\ UniCJI l.b/hr lb/hr lb/hr 
	' 

	Boron Arsaic 0.003 0.003 Van.ail.a O.Ol O.Ol 
	Iron 0.03 0.08 0.11 Nicltal 0.05 0.'02 0.07 CalciUIII 0.003 0.003 !'lagnesium Sodium 
	Silicone 
	!'lanc;an .. se 0.02 0.02 
	\.lUlllinum Bar:i.11111 Lead 0.003 0.003 Tin !!olybdenua 0.02· 0.02 Copper 0.02 0.02 Silver 
	( 

	Zinc 0.003 0.02 . 0.023 Tiuniua 
	Cobalt 0.003 0.02 0.023 Chromiwa 0 . 02 0.02 Strontium 0.003 0 . 02 · 0.023 Pot.aasium , 0.003 0.02 0.023 
	Sultur 0.21 4.16 4.37 Seleniua 0.003 0.08 0.083 Sulbte l.81 6.82 8.63 Nitraee 0.01 0.03 0.04 T~tal Carbon .0.30 l.97 -2.27 Vol. carbon l.Jl l.31 
	Carbonate 
	. 
	. 
	--


	0.02 0.02 .%1:rconiua 0.02 0.02 
	Broai.ne 

	Tocal TSP . 
	Tocal TSP . 

	".",_ '.I., 
	Tocal100\ lb/hr 
	Tocal100\ lb/hr 
	1 

	0.003 
	0.01 
	o.::.3 
	0.08 
	0 .003 
	0.02 
	0.003 
	0.02 
	0.02 
	0 .03 
	0.03 
	0.02 
	0 . 03 
	a.OJ 
	(5.17)2: 
	O.l 
	10.21 
	a.as 

	2.69 (1.55) 
	2.69 (1.55) 
	2.69 (1.55) 
	2 

	0.02 
	0.02 
	lJ.5 
	29.8 
	Fuel Analys.1.3 Ash-0 . Cl2\ l.bi hr 
	o.oos 

	0.40 l. 95 
	0.40 l. 95 
	0.40 l. 95 
	a.as 
	0.56 0.26 l.33 0.12 0.01 0.04 0.03 0.()4 0.01 
	0.005 o. 0002 0.15 0.03 0. 03 0.006 
	0.01 
	l. 7l 
	total column with fuel analysis column ·

	1 Compare 2 Not included in summation 
	KVB 5806...783 4-75 
	KVB 5806...783 4-75 

	' / 
	··>Xrlitbf···. e·: f(ff' ' ·y 'Iii; fl . "l'nttzttlite-.1'+-:iiet:'•' •· ·tt 
	TABLE 4-30. MASS BALANCE FOR 'lEST 22 
	TABLE 4-30. MASS BALANCE FOR 'lEST 22 
	43,l74 lb/hr fu•l flew, 5.18 lb/hr p~rti.culace from uh; 20.2 lb/hr pa.rticulace from SASS 
	Fraction 
	Fraction 
	Fraction 
	SASS 
	Filcer 
	lTotal 
	Fuel Analysis 

	Ill Fr=ion 
	Ill Fr=ion 
	101 
	100, 
	Ash-0.012' 

	On.its 
	On.its 
	lb/hr 
	lb/hr 
	U:>/hr 


	Boron 
	Arsenic VAn~Ulll 
	Iron Sickel 
	calci--=.:i !'!z...p1e~il.:in 
	~odil!lll Silicone !-1.anganese 
	Aluminum Sariu:n 
	wad 
	Tin Copper Silver Zinc Titanium Cobalt StrontiUII'· Sulfur 
	Selenium 
	Sill.fate 
	NitJ:ate 
	'!Ot&l. Carbon voi.. CUl:>cn _ca~nate 
	0.002 
	0.0_3 0.07 0.10 
	0.002 
	0.002 
	0.002 
	0.002 
	0.56 0.002 
	l.38 0.0004 0.15 
	0.002 0.03 0.07 0.10 
	0.002 
	0.002 
	0.002 
	0.002 
	0.56 0.002 l. 38 0.0004 0.15 
	Total TSP 
	o.o: 
	0.29 0.69 0.98 
	0.02 
	0.02 
	0.02 
	C.02 
	(5.49) 0.02 15.53 0.004 
	2 

	2
	(l-47) 
	17.6 
	20.2 
	0.002 
	0.20 0.98 0.43 0.28 
	O. lJ 
	0.67 
	0.06 
	J.005 
	0.02 
	0.02 
	0.02 
	0.005 
	0.002 
	0.0001 
	:I.OS 
	0.02 
	0.01 
	0.005 86 
	l Corr.pare total column with fuel analysis colu= 2 Not included in sUI!lII\ation 
	4-76 KVB 5806-783 

	Figure
	TABLE 4-31. MASS BALANCE FOR T~T 2 4 
	TABLE 4-31. MASS BALANCE FOR T~T 2 4 
	TABLE 4-31. MASS BALANCE FOR T~T 2 4 
	MASS BALANCE FOR TEST 32 


	115, 23& ll>/hr f""'l !lOWf lJ.dl l.b/lu p.,nicul.at• !r0&1 p&rt.ic:l.ate froa SASS, 59. J ll>/hr ~rticw.at• froa .JO'/ 
	115, 23& ll>/hr f""'l !lOWf lJ.dl l.b/lu p.,nicul.at• !r0&1 p&rt.ic:l.ate froa SASS, 59. J ll>/hr ~rticw.at• froa .JO'/ 
	115, 23& ll>/hr f""'l !lOWf lJ.dl l.b/lu p.,nicul.at• !r0&1 p&rt.ic:l.ate froa SASS, 59. J ll>/hr ~rticw.at• froa .JO'/ 
	•ah; 
	46,2 U, 
	,r 

	P"rac:t:ioa , Pr..::tioll on.I.ta 
	P"rac:t:ioa , Pr..::tioll on.I.ta 
	Filter u, ll>ll\r 
	tJll)inqer,s, ll>/hr 
	SA.iS 
	s .... 891 ll>ll\r 
	l Tot.al 100, lb/hr 
	ru.1 An•ly ■ i• Aar,,,I)_ 012, ll>/hr 
	i.::;:;a1.....~•r 14, l.l>/hr 
	.Jay 
	Total 100, ll>/hr 


	.,,_-
	.,,_-
	.,,_-
	0.002 

	TR
	0.006 
	0.0J 
	0.036 
	0.04 

	v.....u.. 
	v.....u.. 
	0.055 
	a.ass 
	0.06 
	o. 57 

	I~ 
	I~ 
	0.10 
	Q.86 
	l.003 
	0.09 
	l.52 
	Q.H 

	IUcllel 
	IUcllel 
	o.u 
	0.16 
	0.59 
	0.66 
	l.66 
	0.04 
	0.05 

	C..kiua 
	C..kiua 
	O.l2 
	0. 12 
	0.14 
	0.66 
	0. lJ 
	0.18 

	~qn• ■ iua 
	~qn• ■ iua 
	0. 39 

	Sill.con• 
	Sill.con• 
	O. lO 

	IW'lqan••• 
	IW'lqan••• 
	).006 
	0.03 
	0.036 
	0.04 
	0.02 
	0.04 
	0.05 

	.u ........ 
	.u ........ 
	0.08 

	lariua 
	lariua 
	0.009 
	0.009 
	O.Ol 
	0-06 

	IAad 
	IAad 
	0.ooa 
	0,03 
	0.03& 
	0.04 
	0.10 
	o.o• 
	o.os 

	C.dai
	C.dai
	-

	O.Ol 
	0.0] 
	0.03 
	a.as 

	' 
	' 
	MDlt~ru.
	-

	0.0l 
	O.OJ 
	O.OJ 

	( 
	( 
	Co!>i>er su-r 
	0,03 0.03 
	0.03 Q.03 
	Q.03 0.03 
	0;011 C.0003 
	0.04 
	0.05 

	TR
	Zina 
	0:016 
	0,0] 
	0.46 
	o._os 
	0.17 
	0.04 
	o.os 

	TR
	'!.'itARJ.ua 
	0.03 

	TR
	Cobalt. 
	0.04 
	0.04 
	0.05 

	TR
	C,.-1..a 
	0.21 
	0.21 · 
	0.24 
	0.02 
	,:l.04 
	0.05 

	TR
	S1:ronci~ 
	O.OJ 
	O.OJ 
	O.OJ 
	0.02 

	TR
	Pot.aaai.a 
	0.03 
	0.03 
	O,OJ 

	TR
	Slllf..i, 
	7.59 
	7.59 
	(8. 55) 2 
	220' 
	lJ.18 
	2 117. 79) 

	TR
	S.leni.a 
	0.006 
	O.Ol 
	0-036 
	0.04 
	0.04 
	o.os 

	TR
	S\llfat.e 
	J.ll 
	8.41 
	11.52 
	12.97 
	ll.2 
	1s.11 

	TR
	\titrate 

	TR
	Tocal c,u:t• ... 
	0.8 
	8.63 
	9.43 
	10.62 
	5.71 
	7.71 

	TR
	1101. 
	c
	-

	1.04 
	1.04 
	(l.17)2 
	5.27 
	2(7.11) 

	TR
	ca.-u 
	0,09 
	(0.11) z 

	TR
	'!.'at.al 
	26. 3 
	Tot.al 
	n., 

	TR
	'l'SP 
	46.2 
	'l'SP 
	59.] 


	1 
	1 
	1 
	Compare total column with fuel analysis col\Jlllil 

	2 
	2 
	Not 
	included in SUJilil\ation 

	TR
	4-77 
	KVB 
	5806-783 


	<cw 
	Sect
	Figure

	210,857 lb/hr !uei flow: 23.19 lb/hr paniculat.• ~rom ash; 8~.S l~/hr p&rticlata from S"'5S; 
	58. 7 U,/h.r p&rt.icul.ate froa Joy. t < 0. l l.!l/hr 
	Fraction SASS Impi.nger SASS Filter Fuel Ana,ly,ns , Fraction lC\ .uh•O. 01:, Unit.JI lb/hr l.l>/hr !.b/hr 
	76\ 

	0.003 
	0.003 
	0.003 

	VAl\.l.diua 
	VAl\.l.diua 
	0.09 
	0.09 
	0.l 
	2 .09 

	Iron 
	Iron 
	0.47 
	0.09 
	0. 56 
	0.65 
	2.32 

	TR
	O. ll 
	Q.7] 
	;_ ;;, 

	i.:alc:.~ 
	i.:alc:.~ 
	o.u 
	J. 73 

	!lagnasi.a 
	!lagnasi.a 

	Sodium 
	Sodium 
	: . lJ 

	Sil:i.cone 
	Sil:i.cone 
	0.-16 

	!'IAngane:1e 
	!'IAngane:1e 
	t 
	t 
	0.03 

	AlUIILl.n~ 
	AlUIILl.n~ 
	'.). 31 

	!l&.riu. 
	!l&.riu. 
	t 
	t. 
	t. 
	0.1 

	Le.ad 
	Le.ad 
	t 
	t: 
	0. l3 

	Tin 
	Tin 
	0.94 

	l">lybcknum 
	l">lybcknum 
	t 
	t 
	0.005 

	Copper 
	Copper 
	t 
	t 
	t 
	0.03 

	Silver 
	Silver 
	0.0005 

	Zinc 
	Zinc 
	t 
	t 

	Tituti.ua 
	Tituti.ua 
	0.015 

	Co~lt 
	Co~lt 
	t 
	t 
	t 
	:. 
	0.11 

	Chroai.um 
	Chroai.um 
	o,.li 
	O.ll 
	0.l3 
	0. :JJ 

	Strontium 
	Strontium 
	t. 
	t 
	0.017 

	C.adai.ua 
	C.adai.ua 
	t 
	t 
	t 

	Sulfur 
	Sulfur 
	9.6 
	2.3 
	ll.9 
	2 (13.9) 
	464 
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	O.l3 O.ll 0.15 15.2 5.4 20. 5 24.0 

	Nitr,.te 
	Nitr,.te 
	Nitr,.te 
	13. 3 
	13. 3 
	1s. s 

	To~ c.amon 
	To~ c.amon 
	ll.S 
	ll.S 

	TR
	Tot.al 
	56 

	TR
	TSP 
	84. S 
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	209,055 Ul/hl" fual new, 27.-18 Ul/hr particulate from ash; 96. 9 Ul/hr pa:tieul..t■ from 5>..s:5, 
	97. 7 J.b/hr partic::ulate fro,a ~a-,. 
	Fraction 
	Fraction 
	Fraction 
	SASS 
	1-,pinqer 
	SASS .P'ilter 
	Slllll 
	Total l 
	Fu..1 .>.n.uys1s 

	' Fraction 
	' Fraction 
	641 
	14' 
	19, 
	100, 
	A.,~..O. JD• 

	tlnJ.ta 
	tlnJ.ta 
	Ui/hr 
	Ul/hr 
	Ul/hr 
	lb/hr 
	Ul/hr 


	Boron 
	Boron 
	Boron 
	().002 

	Arsenic 
	Arsenic 
	0.01 
	0.0i 
	0.01 

	Vanadiia 
	Vanadiia 
	0.01 
	0.01 
	0.01 
	2.2 

	Iron 
	Iron 
	0.7 
	.49 
	1.19 
	l.Sl 
	4.1 

	Nickel 
	Nickel 
	O.l 
	0.87 
	0.97 
	l.23 
	2.7 

	ca:..ci'.Jm 
	ca:..ci'.Jm 
	0.09 
	l.4 
	l.13 
	1. .... 
	l.J 

	!'ld<;n ■ si.1.1111 
	!'ld<;n ■ si.1.1111 
	l.O 

	Sodium 
	Sodium 
	2.3 

	S.i.licone 
	S.i.licone 
	'J . 6 

	"anganese 
	"anganese 
	0.06 
	0.06 
	0 . 08 
	0.04 

	AlUlllinua 
	AlUlllinua 
	l. 7 

	Bariua 
	Bariua 
	0.06 
	0.09 
	0.15 
	0.19 
	0.l 

	Lead 
	Lead 
	0.06 
	0.01 
	0.07 
	'J.09 
	0.l 

	/( 
	/( 
	Tin 
	0.05 

	' 
	' 
	MOlybdenua 
	0.06 
	n.06 
	0.08 
	0.006 

	TR
	Cop~r 
	0.06 
	0.06 
	0.08 
	0.02 

	TR
	Si!vet 
	0.0006 

	TR
	Zinc 
	0.l 
	o.os 
	0.15 
	0.19 
	0.05 

	TR
	Titaniia 
	0.02 

	TR
	C:OC.lt 
	0.06 
	0.02 
	0.08 
	0.1 
	0.1 

	TR
	ChrOlaiua 
	0.2 
	0.02 
	0.03 
	o.os 

	TR
	S1:rontiua 
	O.Ol 
	0.01 
	0.01 
	0.02 

	TR
	· s,'1fur 
	10 
	4.2 
	14.2 
	2(18.06) 
	420 

	TR
	B~ 
	0.06 
	0.06 
	0.08 

	TR
	Sulfate 
	14.54 
	8.14 
	22.68 
	28.84 

	TR
	Nitrate 
	U.63 
	7.37 ' 
	20.0 
	25.44 

	TR
	Total C&r!)an 
	U.47 
	12.47 
	15.SE 

	TR
	VOl. 
	Cartloa 
	U.47 
	12.47 
	(lS.86l 
	2 

	TR
	C&rbonat ■ 

	TR
	C&daiua 
	0.06 
	0.06 
	0.08 

	TR
	Selen1.. 
	0.07 
	0.07 
	0.09 

	TR
	"n:>Ul 
	75.S 

	·~ 
	·~ 
	TSP 
	96.9 
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	Figure 4-17. Particle size distribution for ·.:.tili::y boilers (Test: 11). 
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	Figure 4-24. Particle size distribution for utility boilers (Test 32) . 
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	Figure 4-25. Particle size distribution for utility boil.e= (Test 33) . 
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	For two of the ·tests (13J, 23J), ·:':"e amount of matter collected in the middle cyclone was so small t:1at when plot.ted ·on the size distribution curve it would appear to give avert-cal line. For this· reason the line for these two tests were not drawn. Care im,;,st be take•1 wl:en projecting the size diztribution 
	curve to outside the r;anr~e c:f 1-10 m. This is outside the range of t:ie c.ata and when projections a:..:e nade ,:he error in doing so is greatly increased. 
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	Figure
	Figure 4-26 is the particle size distribution range determined for the 18 utility boiler tests. The area between the solid lines is. the particle size distribution range with the illlpinger catch, and .t..'le area betwe2n tb.e dashed lines is without the i.mpinger ·catch. The mean particle S'.ze i.ncluding the impinger catch (i.e. Pal:ticle size at the.SO% point) is less than 0.1 J.;rn. 
	3. Particulate mass balance (elements in ash ~-s. elemer:ts in particulate catch)-The n.ass of each element in the ash of the fuel going into the atmo­sphere as particulates (second law of thermodyn=:ics). Tab.:.e 4-26 lis-:s the 11rned for <',ach utility boiler particulate ~est. To calc~late tte mass rate c: eac~ ele~en~ from the fuel . , t.'"le following equaticn was used: 
	results of the fuel analysis for each of the fuels b
	analys.is

	(element %/100) x (ash%/l00) x (lb/hr of fuel burned) = lb/hr of 
	Sect
	Figure

	Chemical Comoosition 
	Tables 4-17 to 4-24 Fresent the· che.~ical com;03iticn for the various utility boiler tests. In ~ach case the primary constituents of. t...'"le particulate matter was found to be. sulfates ranging from 20 to 50% by weight. The sulfur deter.nined by X.~ should be 1/3 of the pe::;:cent e;f the sulfates determined by wet chemistry... The table shows sulfur :iased on the sulfate analysis and on t.11.e XR=' analysis. The agreement is fair.-sometiices the XRF value is higher anci other times the sulfate value' is
	only approxi.:nate because sul.=ur is on the low limit of the 
	aver3.ge 

	The other elements detected i.:l :nea.surabli:! c;:uantities are iron, nicke1, and to a lesser extent calcium. Tr3.ces of the following rr.etals were aiso found: .barium, cobalt, selenium, potassium, titanium, vanadium, o.nd zinc. 
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	Figure 4-26. Summary of particle size distribution for utility boilers (15 tests). 
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	Figure
	T.le resclts cf this calculation f~r eac~ ele~ent are listed in t~e le:~ ➔ -33 for each test. rate of each elemental from t~e chemica~ a..~alysis of t he pa=ti c'..l.l.ate catc~es the fallowing equation was used: 
	column in Table 4-26 to Table 

	(ele::::ent i ( '!l fracti,on) 100 X 100 ' 
	(ele::::ent i ( '!l fracti,on) 100 X 100 ' 
	Figure
	" D,/hr of ele=ne (a c e) 'f~r 

	The :nass rate, lb/hr of each element percentage of t."le fractions are added. The sum of each eler:ier.t is di·.rided by _the sum of the fractions (decimal to give t."le total :::ass :::-a<:e, lb/:'.r, of elements going out t.he stack. These are listed in 7able 4-:s 
	. e<i'..ii.valent) 

	Figure
	a.-:alysis. 
	4. E::lissions ar.d eo.issicn factors--::Z::issions a~d emission factors can =e listed for several dif::e:::ent units. 7he list below shows scce c: t~ese el:lissions and factors., 
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	The average emissi-:m factcr for these tests is 1:.1]_ lb/1OOO gal. However, this value is about half the emission factor that t.~e SCAQMD uses in the EIS system. This is b~cause E!~ system .has not been updated since the new low sulfur (0. 2s~.) rt?gulation has been in effect. Figure 4-27 plots the el"\i.ssion fact.Jr vs fuel sulfur contents. Particulat ' emission data from !leveral sources ha;re been obtained to generate t.~is· plot. :·he relationshi,i from AP-42 (Ref. 4-7, top line) which uses only the f
	the obtai,ned data. ":'he relationship given by SCAQMD (Ref. 4-8) which is for 
	the t.:>lal catch (impinger catch incl1;1ded) seems correct for high sulfur f·.iel, 
	but seems too high for lower sulfur fuels. The relationshi,i given by Goldstein a~d S:~cnd (~ef. 4-1) seems to fit r.iost of t~e data prese~ted here. What 
	le'l'3/ARB tests ...,as 2. 77 lb/1OOO gal and the average of six ot.'1er parti:;:..:.late 
	::ests .,.as :?.3 lb/lOGO gal. The er.iission factor is s·.lggested to :>e 3.0 l:::/ l:J0O 
	gal. 
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	4.2.5 Inte:::nal Combustion E:1.gines 
	A. Procgss Description-
	-

	Th~ internal combustion enc;ines. for t.liis st~dy,, a.re in general , large, heavy-duty, general utility reciprocating engi~es. These are generally u:;ed to generate electric power, to pump gas or other fluids, or to compress air for pneumatic oachi.."lery. 
	l. Toe function of t.'le IC engine in Test 7 is to pump fluids. This is a Climax, gas ~~ei~d. reciprocating engine. The fuel was digested gas from a waste disposal operation. 
	2. The function of the IC ,engine in -::est 15 is to generate electric 
	Figure
	tu.red by Electro :-iotive Division, General :-1otors Cor?ora::.ion. 
	B. Pa=ticulate Test Set-up-
	-

	.1. Test i, IC engine with digester gas fuel--Two samplin~ trair:s ..,ere used simultar:.eously a,t the sa.r.ie locat..i.on on the ex.'iaust: duct of t.'1e IC engine. This sampling station was on the vertical section of t.'1e duct (5-1/ 8" diameter) leading to the atmosphere, at least six d~ct diameters from the nearest bend. Toe velocity profile in this duct is listed in Table 4-34 The particulate sample was taken through a 9/16" nozzle for the larger SASS train at Velocity Point 6 and through a 5/16"· noz
	2. Test 15, IC encine wi t."l ~2 diesel f~e'l.-~nly t..'"le s~,ller :;oy tr.=1.i.n '.-las used ~o Samt,>le par~culates from this source. The sampling 3~a.tion was loca.ted on the vertical _section of t.'1e duct (18-3/4" diameter) leading to t.':e muffler, (see ::'igure 4-28). · The velocity profile in t.'1e duct is listed in T3ble 4-35. The pa~iculate sample was ta.1<en through a l / 4" no;:;,;:;,le at Velocity Points l, 3, and~ for 80 minutes each. 
	c. ?articulate Test rtesults-
	-

	The results of t.'1e tests (Tes-c 7 and Test 15) dis.cussed in this section are lis'Ced in Table 4-1. 
	-

	Elemental cocposition, sulfate, nitrate, a.,i 
	Elemental cocposition, sulfate, nitrate, a.,i 
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	Sect
	Figure
	Figure
	requi::-e exte:,sion 
	... .C,F"I -­
	.. w. ............... c:. ... 

	T 2C' 3" 1.D. Sar.,?le Four Total ?o::::-ts ~ :Sx?a:,sion .:Joint C.:::a.ni<.case Vent -A.. I 10" '--4-1/2' .~ . 3 -.• -·--:a ... -~ l 
	Vl2 2400 h;, 
	End View 
	End View 
	:'igure 4-28. ~ of IC engi:,e (Test 15). 
	Schema.ti
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	I! s'51 , samplingpol.tt 9/16" no::zle 
	TABLE' 4-34. 'JE!.OCITY PRCFI:.E FOR INTER.'IIAL COMBUSTICN E:-iGI!-,E (TEST 7) 
	TABLE' 4-34. 'JE!.OCITY PRCFI:.E FOR INTER.'IIAL COMBUSTICN E:-iGI!-,E (TEST 7) 


	...,_____....5-1/9_"_____..,. 
	Te~perat~re: ~l2°F 
	Static Pressure: J.l" a ·J
	( 
	2 
	\ 
	Distance from end of duct 
	Distance from end of duct 
	Distance from end of duct 
	Point 
	:t 
	Velocity ft/sec Point 
	;j 
	:t/s~c 

	o. 3'.' l. 3," 2.6'' 3. 9" 4 .8", · 
	o. 3'.' l. 3," 2.6'' 3. 9" 4 .8", · 
	l 2 R 3 4 
	48.4 47.7 56.l 59.3 58.7 
	5 6 R ' 7 8 
	<:6.9 59.3 61.2 60.6 60.0 


	Average: 56.0 ft/sec 285 5Cn1 
	4-97 
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	/ 
	I

	h '#ttt·r ._., .... ,..,:.. -•'"-jt '·•ntTHf'~~·:·• .....~...-....~~"'"'.u~-.·-~•------------
	-

	(TEST 15) 
	(TEST 15) 

	1/4" nozzle 8 7 6 5 ~ 13 14 15 16 
	TABLE 4-35. vELOCITY PROFILE FOR IC ENGI~IE 
	TABLE 4-35. vELOCITY PROFILE FOR IC ENGI~IE 


	N 
	N 
	Ter.tperat~re: 520°F 
	Static ?~ess~re: 
	Figure
	Velocity 
	Distance f~'U Point Point inter:1a.l wall it ft/sec ii: 
	. 
	---
	-

	ft/sec 

	0.6" 
	2.0 
	3.7 
	6.0 
	9.4 12.7 15.1 16.8 18~1 
	l 2 3 
	4 
	R 
	5 
	6 
	7 8 
	137 
	134 142 131 102 102 118 
	13"4 · 
	137 
	8 9 10 
	11 a 
	13 14 15 J.6 
	97 51 72 
	77 
	93 
	~3 104 113 116 
	Average: 108 ft/sec 5508 SCFM 
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	carbon analysis were determined for all hactions of particulate cat:ches whic.~ contained weights in excess of lOO mg. The det~ils for these pro­cedures are discuss~~ in Section 3.2.2. Tables 4-~5 and 4-37 list t.'1e 
	results from these analyses. 
	D. Disc•!Ssion of Results-
	-

	l. Particle size distrihution--Figure , 4-29 is a plot pa:-:icle size (J,llll) vs. accll!mllated weight percent, t.~e latter plotted on a probability scale as explained in Section 3.2.3 B. T\ooi0 curves ar2 presented, one including the impinger catch, and t.~e other ignoring it. Coru;idering the large amount of material collected in the impinger, it would s.:em t.1-iat t:he effect of pseudo particulates would be insig:1ificant. ·Therefore, t.1-ie im;>inger 
	Figure
	suspended particulates from IC enginEas. Th1;; :lreakdown of t.'"ie particle size distribution ta.<.?n from Figure 4-29 i:i.cl'.lding the cat=:1, : s as 
	i::-;ii:i.ge!." 

	follows: 
	Percent of ?articles 
	Percent of ?articles 
	>lOum · 
	Figure

	Test 7S (digester gas) 0.6 0.15 0.35 99.l 
	Test 7J (digester gas) 0.8 0.4 0.6 98.4
	( 
	( 

	_Test lSJ' (#2 dies~l oil) 4 2 2 92 
	Note t.'1at t.'1e size of particle appears to be smaller for I~ engi~es bu::::-:i.i~g digester gas than for IC engines using t2 diesel f~-:el. 
	2. Chemical 4-36 and 4-37 li~t. the results frc::i the chemical analysis of the particulate fraction for eac.'1 of the tests discussed in this section. For Test: 7, sulfates a.nd carbon are rost abundant, followed by . The fuel analysis of the dies~l oil used for Test 15 is listed in Table 4-40. For Test 15, sulfates and carbon are 110st ab•.mdant foll.owed .by calcium on t.'1e filter. 
	corn"DOsition--Ta=l.es 
	chlori.ne

	3." Emissions and emission factors--Emis.,;ions and emission factors can be listed with several different units. 7he following lists some of these emissions and factors. 
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	Table
	TR
	Units 
	Test 
	7S 
	Test 7,T 
	Test lSJ 

	gr/DSCF 
	gr/DSCF 
	0.04 
	0.02 
	0.03 

	T/yr 
	T/yr 
	0.4 
	0.2 
	4.5 

	ll>/hr 
	ll>/hr 
	0.09 
	0.04 
	1.4 

	ll>/~tu 
	ll>/~tu 
	0.06 
	0.03 
	o.:. 

	l.b/100(1 
	l.b/100(1 
	gal bur.ied 
	8 

	lb/1000 gal burned 
	lb/1000 gal burned 
	(Ref. 
	l) 
	13 

	ll>/m.illion ft3 
	ll>/m.illion ft3 
	lLS 
	5 


	4.2.6 
	co~onents: li~~ (calcareous), sili~a (sili~eousl, (argillaceous), ar.d iron (ferri:erous). Approxi:nately 3200 pot::.,ds of dry raw :naterials are 
	al'-l-"1.i.na 

	Figure
	weight is remcr.red as carbon dioxide a.,d water va?or. As shown in Figure 430, t.'1.e ra~ :naterial3 t::.,dergo separate c~~shing after the q-~ar~Jing operation, and ..he:1 needed for proc:ess.."lg, are proportioned, ground, and blended using the d...--y ?recess. 
	-

	!rt t.':.e drJ pr~cess, the =x:iist•ire =ntent of the raw material is reduced to less t..'1.an li before or du.ring the 7=indi:1g ope::::ation. The d::::ied materials a::::e t:i.en pul·.re.::i::ed into a :::,cwder a..c fed directly i::to a rotary kil:l. Cs·ially, the kiln is a long, horizontal, steel cylinder wit..'1. a refractory brick lining.. '!!le kilns are slightly inclined and rotate about the longitudinal axis. '!'he pul~rized r;r.,/ materials are fed i:1to the upper ~nd and travel slowly to t:he low
	eit.':.er 
	caef. 
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	Figure
	TABLE 4-36 • CHE.'1.ICAL COMPOSITION OF PARTICULATE SA."!?LZS IN PERCENT FOR IC ENGINES ( 1'EST 7) 
	SASS 
	SASS 
	SASS 
	SAS.S 
	::oy 

	Filt.er 
	Filt.er 
	Impinger 
	Impi~ger 

	07S-5S 
	07S-5S 
	7S-IC 



	PERCE!.'T OF ct,'T 
	lraF ANALYSIS Caicium C.'i.lorine Potassium 
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	, H o sol
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	" •Total Car!)on(Volatile Ca~on) (Carbonates) ':OTAL A.~ALYZED BAL.\NCE 
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	detected in concenuation ~: <l\ an.aly:ed by x-ray !luorescence--Secticn 3.2.2 3 an.aly:ed ~Y -t cheau.nry-Sec-cion l. 2. 2 A an.a.lyzad by O=anoqrapny c~n anuy:er--Section 3.2.Z A calculated from sulf~tes (sulfur-su.l.!ate/3). tt> co"l)&re wit.'\ ■ ulf= from XlU° !or values shown a~ X/Y, X ~s , of .u.• ele-nt present and Y is t..~e error (i.e. x,: Y l not included in total-sulfur and sulfates are accounted for in ~ul!:1r llRY an.alysi.s and val.ati.le car!>on and cart,onace &= 4ccounced !or 1.n toul C&J:tl
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	TABLE 4-37. 
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	IN PERCE:.u' FOR IC ENGINZS (T:C:ST 15) 
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	Figure 4-29. Particle size distri.blltion for IC engines (Test 07) 
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	Fi=re 4-31. 'particle size •cistr=-bution :or-cement :r.ar.u::act-..:ri::g (Test 09) • 
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	~e mean particle size, including the ~-,pinger, for Test 18 is 15\,..;n and 23~~• for Test '); ·i~oring t::ie ll'lpinger catc:1 it is :27',.lm for bo~, tes-;s. ~ ·ese re-. sults are sL'"'lilar to other size distJ:::i;:iution data available in the li~era~~re 
	(Ref. 4-13 and 4-14). 
	2. Cheru.cal Comoosition--Tables 4-40. ar.d 4-41 list the res-..:.l~s :rc::i' the chemical analysis of t.'le particulate fract4on for each of t.~e testfi discussed in this section. Calciu.n is the most predo~~~a."'lt spec~es, al ,cne would expect. Carbon is second irost abundant. Its on.gin is most likJly from .the uncombusted fuel. The concentration-of carbon is s l_ightly :nor~ for coal firing t..1-i.an natural gas firing. Sulfate is third rrx,st abundant a:1-1 tends to .concentrate in the impingers.. As 
	concentr:i-:.i'.Jn

	Figure
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	t!12 f1..lel. ~iit:rates al.so tend to end '..l.? in' the i.:np.!.rlger. I.:-on an-i pot..J.Ss.i. ..xi are in t::ie ra."'lge. of 1\ of the to.tal particulates. All oi.':er ele:nen ts listed were detected in trace ar.iou."'lts. 
	1

	3. E."Tlissions and emission faco;ors--Emissions a:id emission factor:; c.:•a.-i. be listed with several different units. The following lists some of these emissions and factors based on t.'lese two tests alonf",. 
	Test 9 (gas) Test 18 ,( coal) gr/DSC:' 0.0056 0.0099 T/yr 22 48 lb/hr 5.9 12.5 lb/ton produced 0.21 0.43 lb/bbl produced o.~41 0.084 
	4.2.7 Calcination of G"-rosum 
	Gypsum is a m.i.,eral that occurs in large deposits throughout the world. I't is hydratec calcium sulfate, wit.'l t."'le formula caso ·2H o. When
	42 
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	heated slightly, the following reaction occurs: 
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	If t.i.e heating is at a h.igher temperature,· 5Y.?s= loses all of its wate.:-aw;. becomes ar.h.ydrous calci:..m s~lfate or "anhydrite." Calcined gyps= can be made into wall plaster by the addition of filler ;nate.:-ials si.:.ch as asbestos, ',l'QOC pulp, or sand. Wit.'1.aut additions, it i~ plaster of paris and is ~sed 
	for making casts and for plaster. 
	A. Desc=iption (Ref 4-15)-
	-

	The usuzl method '.;;Jf calcination of ~su:n consists of grinding t.'-ie mineral and ?lacing it in a la.rge calciner whic.'1 holds about ten tons of gypsUlll. The te!:tperatu=e is =aised to about 350 °F wit.'1 constant agi':ation to maintain a u."1.:..for.n temperatu=e. The caterials in t.:!::e kettle. known as "plast~= of ;a.:-is" and called "fi:-st-set.tle plaste.:-:::y t::1e ::iar.u
	co=or.ly 
	-

	Figure
	Figure
	second for=: is '.lsed in t..'-:.e :nani.:.factii.:-e of plaster!XJard and ot."ier gyps= :;:=ct.:.cts. Gyps= ::iay be calcined also in rotarJ kil.ns si::ti.lar t~ these use·:' ::or li:::iestone. Figure 4-32 is a of t.i._e calcinato= which ,...,as 
	sc:hemat.ic 

	Figure
	3. . Test Sec-c:p-
	-

	~e best location for the sampling of particulate was at the baghoi.:..se ex::.t., a 3'' t.est port located in the stack 3 ft above the ::co:: (see Figur~ 4-32). The velocity pr'.;;Jfile in the stack is listed in Table 4-42 A one-inch nozzle was used to sa:r.ple t.~e particulate laden gases from Veloci~J Paint 3. The KVB obje~ive was to sample one col!i)lete batc:h. However, c~e to a :ru..~ar diffic·..:..lty of electrical power consumption for t..~e sampling train t.~e tail end of one batch and the front e.n
	t.'1roi.:.gh 

	C. Test Results-
	-

	listed in Table 4-1. ~.ajor elemental coc:positian, sulfate, nitrate and 
	T~e resul~s of t.~is test (Test 06S) :iiscussed in t~is section a-
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	VELOCITY ?ROFI:..E FOR GYPST..~ CA.LC!~':'I::N (TEST 6) 
	VELOCITY ?ROFI:..E FOR GYPST..~ CA.LC!~':'I::N (TEST 6) 
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	ca:cbon analysis were-detec:.ined for all fractions of pa...'""t:iculate catches 
	which contained weights 
	which contained weights 
	which contained weights 
	in excess 
	of lCO :::ng. 
	The details for these p=cedc:.res 

	are 
	are 
	discussed in Section 3.2.2. 
	Table 4-43 
	lists the results 
	f=o:n 
	~~ese 

	analyses. 
	analyses. 


	l. ?article size distri;:;utior.--Figure 4-33 size (;.mi) vs. accumulated weight percent, the latter plott=d on a probability scale as explained L"l Section 3.2.3 B •. Two answers are presented, one including t.'i.e i:11pinger catch, and the othe:: ignoring it. Consicering the small amount (18\ by wt.) of material collected in the i:npinger, it would seem that the effects of pseudo particulates would be present. !herefore, 
	Figure
	rnents of t.ie suspended particulates. The breakdown of the partic:e size 
	Figure
	is as follows: 
	t by weight >lOc:.m 10-3].!m 
	imping!::!:'. not 
	6 44 43 7
	6 44 43 7

	'included 
	The particle size distribution curve, Figure 4-3.3, indicates that the mea.~ particle size is 3.0um. This size crf particle has the greatest potential health effects. 
	2. Chemical Cornoositior:.--Table 4-43 ' lists the results from t.':e che:nical a."lalysis of the particulate fractions. Sulfates are the roost predo~~nant species present along with calei:Jm,. '"-"'ld see:n to be evenly distri;:;uted over t:ie entire size range. This is as expected. Gypsum is calc.:1..1lll sulfate.· Iron was als~ fou."ld in each fraction in concentrations of around 0.3-1.2\..:Ul 
	. other elements have ·1ow concentrations, 0. l\ or· less. Carbonates ware foi.l."1d ·in t.~e cyclone catches and not in t.~e impinger or filter catches. The vol~tile 
	carbon found i."l t.,e impinge.:-catc:l (34'\) seeirs to be ·~rong, -~eca.use 4:...1;.2.=e ·is 
	no volatiie carbon detected in·the first and second cyclones and on the filter catches. We believe that possible methyl chloroform from the organi:::: extraction of t.~e i.:lpinger water :::,ay have contaminated tl-,is fraction. 
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	TABLE 4-43. rn PE..qCENT FOR GTI'St.'M Gu.CINA':'CR (T::::sr 6) 
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	Figure 4-33. Particle size distribution for calcination of gypsum (Test 06) 
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	WEIGHT, PERCENT LESS TiiAN STATED SIZE 
	Mfg. Sarnpli;,g Train With Imp.inger 
	Mfg.· _sampling Train Wi t!''.::>Ut. Impinger Train With Impinger Train Without Impinger 
	#': '> Y h h :ttW· 1'

	lnt't·1r:rt f ' t I 
	3. Emissions and emissions factors--:::mission fact:ors can be listed with several different ➔ts. The following lists sorae of these emissions and factors based on thi1 test alone; 
	0.056 gr/DSCF 
	0.056 gr/DSCF 
	9.4 . T/yr 
	2.2 lb/hr 
	C.2 lb/ton produced 

	4.2.8 Brick Manuf 
	Grinding Process 
	Grinding Process 

	A. Process Desc 
	Figure
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	The manufacture of brick .and reiated products such as clay pipe, pottery, and some ty:i;:es of refractory brick involves t!-le minins, g:::-i.c1ding, screening, 3nd blending of the raw materials, and the forming, cutting or 0.1ct. 
	shaping, drying o_r curing, and firing of t.l-ie final prod

	Surface clays and shales are mined in open pits; most fine clays are found underground. After mining, the material is crushed to rerr-0ve stones and stirred ·befor~ it passes or-~o screens that are us~d to se9regtite the particles by size. 
	The basic flow diagram of a brick manufacturing process is shown in Figure 4-34. 
	B. Particulate Tesc Set-~o-
	-

	The heaviest grain loading of particulate from brick rnanufac~ure comes from the clay grinding and screening process. For this reason . KVB tested the grinding operation. The '.llajor fraction of particles is generated by tjle grinding and screening operations wi1ich are· controlled by a baghouse 
	(see Figure 4-35). 
	To evaluate 'the efficiency of the ~g':1ouse, the inl~t and exit duct were sampled for particulate. The larger SASS sampling train was used to sample the exit·duct and the smaller Joy sam9ling train was used to sample the inlet duct. However, due to the geometry of the inlet ducts of the 
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	baghouse leading from the screens and grinc!er, only t.:;e _:;o: c~c':. a..ttac~ed to t.'1e :;ri:i.d.:...-ig operation o1as accessible for sa:::pl~:,.g . A 2" sampling per-: was c~t into t.'1is s~ction c:i. a lor.g s~rai;~t sec':.~cr. , 
	ec'':.::.on 
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	Figure 4-30. Particle size distribution for brick g~inding process (Te.st 08) 
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	distribution shows 98.6% of the particles wit.'l s~ze >10µ~. The bas~ouse reI10ves nearly all the material t::at is >lOj..lill anc a much lesser a:c0u.'"lt of t.'-,e very f_ine :naterials, <l)Jm. Some of t.'le coarse material in t..'le outlet cari tie attributed to "sneakage" which is material that leaks arou..'"ld the bag points or t...-i:::-ough small holes in t!'.e bags, etc. The net result is. an appare:-it birrodal distribution. 
	Cutlet size distribucion (..;~ \ g::·e.3.:.~r ~han 10~m, 
	~o~ less than 1~m) 
	;:,.. 0 
	(98.6% greater 
	(98.6% greater 

	::.. 
	3: 
	\ PARTICLE SIZE, ).Im 
	(not to scale) 
	(not to scale) 

	The mean particle size of the particulate material ent""ring t!:e baghouse is greater than 101-lrn, and the mean particle size exitir,g the baq-· house is about 21Jm. 
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	Cheri.cal Composition--Table 4-45 lis~s the results from the chemical analysis of the particulate fraction for each of t.'l.e, tests discussec. L'l this .section (inlet-Test SJ and outlet-Test 8S). Silicon is the n-ost predominant .species. Iron, 'titaniw:i, calcium, and carbonates are next in order. ?,11 other elements detected were in low concentrations 

	4. 
	4. 
	Emission and emission factors--Emission and emission factors can be listed with several different units. 'The following lists some <.)f these emissio:'IS and factors. 


	Inlet (7est SJ) Outlet (Test 8S) gr/OSCF l.169 0.0064 T/yr 26.6 0.4 l~/hr 21.5 O.Js.; lb/ton proc:uced 0.7 0.01 
	Inlet (7est SJ) Outlet (Test 8S) gr/OSCF l.169 0.0064 T/yr 26.6 0.4 l~/hr 21.5 O.Js.; lb/ton proc:uced 0.7 0.01 
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	Figure
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	4.2.9 Glass Melting F-:.L'":lace 
	Soda-lime .glass is prod-:.:.ced in large, direct-fired, conti:1'..lCUS ::ie:::i.:; fur.1aces, and typ·es of glass dre melted in s:iall batch fur:1aces :,avi:i.g capacities rangi:i.g =rom onl7 a few pounds to several tons per day. Air pollution from s::iall batc.'1 furnaces is minor, ;,ut th.e production of soda-l.J..:;1e glass creates problems of _air pollution control. 
	ot.'J.er 

	A. Descri?tion · (Ref. 4-17)-
	-

	A complete process flow diagr~ for the continuous production of soda-li.:ne glass is shown in Figure 4-37. Silica sand, car!:Jonates, cullet (~ro,<en glass) , and ot:{er raw materials are transferred from railroad hop;ier · cz.r:s ,:,.;--d trucks -:o storage !:ii= and ot.'1er raw :nat~rials are receive: p:::-e-packaged. 
	-

	a ;:u~e:::-. The mixed ;,atch is t:.hen conveyed to the batch chdrged to the side 
	Two basic configurations are used in designing continuous, reger:era­tive fu=aces--er:d ,?Ort, Fi;'-lre 4-38 and side ;iott, Figures 4-39 and 4-40. L~ t..'J.e side port f-:znace (t~tpe of fur:iace tested in Test 20) the fla!I'e passes L~ one direction across the melter for 15-20 minutes, then t:,e flow is reversed during t.~e next ti.ne cycle. The side ~ort desisn is cor.mr::lnly used L"l. large fu:::-naces, with melter areas in excess of 500 square feet. 
	In t.'J.e end port confi,:-uration (type of furnace tested in Test .28 and 
	In t.'J.e end port confi,:-uration (type of furnace tested in Test .28 and 

	35) the flames travel in a horizontal 0-sha.ped path across the surface of the glass within the melter. Fuel and air are mixed at the port and ignite in the tu.mace and discharge through a second port adjacent. to the first on the same end wall of the fu_--:iace. While the end port design ha.3 been used extensively in smaller fu_-rnaces wit.'1 melter areas from 50 to 300 squa:re feet, it has also been used in fur.iaces with :neJ.ter areas up to 800 s.;:uare feet. 
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	Figure
	Figure
	Figure 4-37. Flow ~iagram for soda-lime glass manufacture (Ref. 4-17) 
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	Batch au.xing 
	Batch au.xing 
	Batch au.xing 

	Ccntinuous ta.nk furnace loo~ing d""'n t.hrouyn-----~ tOI? (crown) Sull!Mrged throat i.n bridgewall 
	Ccntinuous ta.nk furnace loo~ing d""'n t.hrouyn-----~ tOI? (crown) Sull!Mrged throat i.n bridgewall 
	MelU:'\g a· out. 2, :coo ~F Relining: lining and homogenizing Ai:x>..at 2, 300 °F 


	Fabricacion 
	Fabricacion 
	Mot, vcsc~us llquid glass

	~ta.bout l.~72• -2,012 "F 
	de?enC.:.r.g .Jn .:l:-:. 1.cl~ .:tn..:! 
	sha~ed =Y ?ressing. blcw­
	sha~ed =Y ?ressing. blcw­
	i~~, ~rdss~n~ ~nJ C~V~l~g ,

	proc~;SiS 
	dra...:ing, or .-olling 
	dra...:ing, or .-olling 
	F1;u,.ih1.n.g 
	Figure

	Annealing Hot ~one a.bout 930 •i; /'-------,.-----~ 60•~ minutes in =ntinuous tunnel Lahr Inspection and product testing 
	( 
	( 
	Packing 
	wace.,ousing 
	Crushed ~~l. l. e-: of saine compos~c~on as 
	t.',at to b,e mel ~ed. 
	Cullet cru.ahing 
	Finishing 
	Figure
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	Figure 4-39.. <;!ass melting f •.1rnace (side port) . Similar to 'l'est 20 furnace (Hef. 4-17). 
	Figure 4-39.. <;!ass melting f •.1rnace (side port) . Similar to 'l'est 20 furnace (Hef. 4-17). 
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	Figure 4-40. Glass melting fo._--nace (side por,;:) with ESP. Simi.la.:: to Test 20 furnace. 
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	Figure
	B. Particulate Test Setup-
	-

	l. Test #20, flint glass melting furnace with an electrostatic precipitato=--Two sarpling trains were used simultaneously to s~ple the inlet and exit of the ESP. The inlet station was located on the horizontal duct (53-1/2 inch dialllt.•ter) leading to t!)e 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 obstruction. Table 4-48 lists ehe velocity profile in the inlet duct at a static pressure of -5.2''no and 540°F. Due to the small
	2

	The sampling ports for the ESP exit were on L':.e vertical section of the stack. leading. to the atmosphere, approxi.'l\ately 80 ft above g::::ound le.vel. Table 4-47 lists the velocity profile in the exit, stack. The particulate sample was taken through a 3/4" nozzle at Velocity Point ltl8. 
	locat.ed 

	2. Test"#28 and Test #35, flint glass melting .furnace having no particu­late control equ·ipment--Thf~se two tests wera done on the same· gla_ss melting 
	. furnace operating at approxi.!nately the same conditions, and at the same position on the stack at about 60 ft above ground level on the straight sec­tion leading to the atJr.osphere. An accidentally melted vacuum line during Test #28 resulted in no data for the small Joy sampling train. Both Sass and Joy sampling trains were run simultaneously for Test #35. The velocity p:i::ofile for both these tests are listed in .Table 4-48·. Fo~ bot.~ SASS tests 
	(Test 28 and Test 35) a nozzle diameter of 7/8 °inch was used at velocity point #12, and a nozzle diameter of 7/16 inch was .JSed for the Joy train on Test #35 at velocity point #3. 
	c. Test Results-
	-

	The results of the .three tests discussed in this section are listed in Table 4-l. Eiemental compos_ition, sulfate, nitrate, and carb~n analysis were detennined for all f:::a~tions of particulate catches which contained weights in excess qf 100 mg. The details for these procedures are discussed in Section 3.2.2. Tables 4-49, 4-50, and 4-51 list the re-sults from this analysis for Tests 20, 28, and 35 respectively. 
	( 
	( 
	\ 
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	r-r 
	Glass Fur.1ace 
	Glass Fur.1ace 
	To
	N 
	Atmosphere 

	1 
	Field No. !. Field No. 3 F1.eld No. s Fidd No. 2 Field No. 4 Field No. 6 

	I 
	I 
	Gut.let
	I 
	Station 
	0 
	Electrostatic Precipitator 
	-

	Stack 
	Fan 
	Figure

	4-41. Flow diagram !or glass furr.ace wit.'1. SS:? contr:)l. 
	Fig-.J.re 
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	TABLE 4-46. VEI.OCin PROFII.E: (TEST 205) 
	TABLE l 
	.-zast 

	Static Pressure• -5.2" ao 
	2

	Temperature• 540°F 
	up 
	up 
	Figure

	2-1/ 2" diameter 2" deep 
	53-1/3" Inlet Duct 

	Distance from 
	Distance from 
	Distance from 
	Velocity 

	End of Port 
	End of Port 
	Point * 
	ft/sec 
	Point * 
	ft/sec 

	TR
	.. 

	3-1/8" 
	3-1/8" 
	l 
	68.0 
	13 
	69.8 

	5-5/8" 
	5-5/8" 
	2 
	74.5 
	14 
	73.9 

	8-3/8" 
	8-3/8" 
	3 
	75.6 
	15 
	74.5 

	ll-l/2" 
	ll-l/2" 
	4 
	-
	77.8 
	16 
	77.8 

	15-3/8" 
	15-3/8" 
	5 
	77.8 
	17 
	77.8 

	21 -
	21 -
	6 
	76.7 
	18 
	78.9 

	28-3/8 
	28-3/8 
	!I. 
	76.2 
	12 
	79.4 

	36-1/2 
	36-1/2 
	7 
	75.6 
	19 
	86.0 


	Average 76.3 ft/sec 71436 acfm 
	Average 76.3 ft/sec 71436 acfm 
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	TABLE 4-47. VEI.OCITY PROFILE (TEST 20S) 

	Figure
	Tamperatur• • 440"F 
	2 
	2 
	Figure

	l 
	0 
	Figure
	4" di.amets.r 4" de~p 
	Figure

	78" 
	exit duct 
	Disunce from End of Por1: 
	Disunce from End of Por1: 
	Disunce from End of Por1: 
	Poin'!: 
	• 
	veloc'~ !-::/sec Point 11 
	ft/sec 

	5-5/8 
	5-5/8 
	l 
	34.8 
	13 
	33.7 

	9-1/4 
	9-1/4 
	2 
	36.9 
	14 
	38.9 

	13-1/8 
	13-1/8 
	3 
	37.9 
	15 
	39.9 · 

	17-:7/8 
	17-:7/8 
	4 
	'I 
	36.9 
	16 
	39.9 

	23-1/2 
	23-1/2 
	5 
	I 
	37.9 
	17 
	39.9 

	TR
	I 

	31-5/8 
	31-5/8 
	6 
	' 
	37.9 
	18 
	38.9 

	43 54-3/8 
	43 54-3/8 
	R 7 
	I 
	40.8 40.8 
	R · 19 
	33.9 38.9 

	62-1/2 
	62-1/2 
	8 
	3g_g 
	20 
	38.9 

	. 68-l/8 
	. 68-l/8 
	9 
	37.9 
	:Zl 
	37.9 

	72-7/8 
	72-7/8 
	10 
	38.9 
	22 
	38.9 

	76-3/4 
	76-3/4 
	u 
	3·1 .9 
	13 
	37.9 

	80-3/8 
	80-3/8 
	u 
	34.8 
	;;4 
	35.9 


	38. l ft/nc 75856 actm 
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	TABLE 4-48. VELOCITY PROFll.E FOR GLASS MELTING FUR.._ACE (TEST 28 & 35) 
	SASS sampling point 7/ 8~ nozzle 
	SASS sampling point 7/ 8~ nozzle 
	· 


	Tast #28 St.a.tic Prassur• • -i.o•Ho JOY sampling point 7/16" nozzle Tamperatura • 800°F Tast 135 Static Prassw:• • -.82"1½~· T,amparatur• • 820°? 
	2

	4" ?Qr':. 4" deep 
	4" ?Qr':. 4" deep 

	·•· 
	·•· 
	·•· 

	Veloci tv Test 
	Veloci tv Test 
	•29 
	velor: it• 
	Test 
	•1~ · 
	" 

	Distanca from End of Pon 
	Distanca from End of Pon 
	Point• 
	ft/sec 
	Point ,; 
	ft/sec 
	Point # 
	ft/sec 
	Point I I !t/sec• 

	TR
	' 

	5.1· 
	5.1· 
	l 
	JS.S 
	9 
	37.6 
	l 
	36.9 
	9 
	i 
	34.u 

	8.5 
	8.5 
	2 
	38.5 
	lO 
	37.6 
	2 
	40.8 
	lO 
	! 
	30.l 

	U.9 l8.9 27.5 36.l 
	U.9 l8.9 27.5 36.l 
	3 4 R 5 
	40:4 4l.l .43.6 45.6 
	11 12 R ll 
	37.6 38. S 40.4 43.l 
	3 4 R s 
	I I 
	45.l 46.0 48.4 S4 . 3 
	i I I I I 
	11 12 R 13 
	i I i I I I I 
	36.9 3'3. 9 39 .8 44.l 

	.l 
	.l 
	6 
	50.3 
	l4 
	4.4.8 
	6 
	50.7 
	·14 
	46.0 

	46.5 
	46.5 
	1 
	47.2 
	l5 
	45.6 
	7 
	49.l 
	15 
	46:o 

	49.9 
	49.9 
	8 
	44.8 
	l6 
	44 . 8 
	8 
	47.6 
	i6 
	44. 3 


	4-137 
	4-137 
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	TABLE 4-49. CHEMICAL COMPOSITION OF PARTIC'OLATE SA.."lPLES IN PERCENT FOR TEST 20 
	Inlet 
	Inlet 
	Inlet 
	II:1Pinaer Catch 

	l]..lm Cyclone 
	l]..lm Cyclone 
	Filter 
	Outlet 
	Inlet 

	SAMPLE 
	SAMPLE 
	# 
	20J-45 
	20.J-55 
	205-IC 
	2CJ-IC 


	PEBCENT OF TOTAL CATCH 
	XRF A.'IALYSIS Arsenic ca1cil.ll!I Chromium 
	Iron 
	Lead 
	Potassium Selenium ( Sulf= ). Ti., 
	TOTAL. Suli:ates, Ho sol(Sulfur, from SO:),. Nit~te (Ho sol) 
	1 
	2
	2 
	2
	2 

	Total · Carbon· (Volatile Carbon) (Carbonatesl 
	3 
	3 
	3 

	ANALYZED 
	TOTAL 

	BALANCE 
	24.3 
	24.3 
	t 2.8/0.4 t 
	t 2.1/0.5 
	( 24/7 ) t 
	s 
	60.91 (20. 3) 
	l.3 
	(9) 
	79 21 100\ 
	57.0 
	t 
	t 
	t 
	2. 3/1. t ( 30/10 ) ·4.6/0.6 
	7 53.83 
	(18) 
	2.46 
	82 18 100\ 
	91.2 
	91.2 
	91.2 
	14.5 

	TR
	t 

	TR
	t 

	t 
	t 

	4.6/0. 5 
	4.6/0. 5 
	3.6/0.4 

	( 10/3 ) 
	( 10/3 ) 
	( 15/4 ) 

	5 
	5 
	4 

	21. 36. 
	21. 36. 
	43. 25 

	(7.1) 
	(7.1) 
	(14.4) 

	t 
	t 

	12 
	12 
	17 

	(12) 
	(12) 
	(,12) 

	37 
	37 
	64 

	63 
	63 
	3(' 

	100, 
	100, 
	100% 



	t 
	t 
	t 
	det•ct•d in conc•nuation of <l, 

	l 
	l 
	arualy::ed cy x-ray fluoresc•nc.--sec~ia1 3.2.2 B 

	2 
	2 
	&naiyud cy ~t chelllist.ry-S.Ction 3.2.2 A 

	3 
	3 
	analyzed by Ocean0qr3phy caz±)on an&lyzer--S.ction 3.2.2 A 

	4 
	4 
	calculated !roa sul!at•• 
	(sulfur-sul!ate/J) 
	to co~r• vith sulfur 

	TR
	fro• :car 

	5 
	5 
	tor valu.s shown a.!I 
	X/Y, 
	X is 
	, 
	o! th• elammit pn.!lent and '! 
	i.!I 
	the 

	TR
	error (i.e. x, ~ 1) 

	TR
	not inc:l.uded in total-sulfur and sul.fatas ara acc01lntad for in sulfur 

	TR
	Jal!' anaJ.ysis and .-olatil• c:arbOn and c:an:,onat• ar• acc:cunted !or in 

	TR
	toe&l carbon 

	TR
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	TABLE 4-50. CHEMICAL COMPOSITION OF PARTI::tI"....ATE SAMPLES IN PERCENT (TEST 28) · 
	Filter Impinger SAMPLE# 28S-SS 28S-IC 
	OF CUT 
	PERCE.NT 

	XRF ANALYSIS 
	Ar.seni:: Calcium Chromium Iron Lead Molybdenum ~ickel Potass~um Selenium 
	(Sulfur) 
	( 
	( 

	'l'OTAL l 
	Sulfates, a o sol
	2 

	2 (Sul!ur, from so;i,. Nitrate (H o sol) 
	2 

	2 Total Carbon 
	3 

	(Volatile Carbon) 
	3 

	TOTAL ANALYZED 
	BAI.ANCE 
	73.24 
	73.24 
	2.6(0.3 t t 
	2.0/0.3 
	(26/10) 
	3 
	60 (.20) 
	63 37 100'\ 
	16.28 
	t t 
	t t 
	3.8/0.4 (20/7) 
	4 
	29 (9.55) 
	29 (29) 
	60 40 100'\ 

	t 
	t 
	t 
	det~ed i:1 
	concentration ot <1• 

	1 
	1 
	analyzed 'by 
	s-ray nuorescence-S.Ction 3.l.l a 

	2 
	2 
	analyzed by ,..t c:hemistry--Section J.2.2 A 

	3 
	3 
	&ll&lyud l:ly Oceanoqr~y ::anion ~ly-zer--Section J·.2.l A 

	, 
	, 
	calculated t:z:om sulfates 
	(sulfur-sulfaee/3) 
	eo··compare wit.h 
	sul:fur 

	TR
	troa 'Kn 

	5 
	5 
	for value• shown •• X/Y, 
	I 
	i• , 
	ot the •l-nt prHent and Y ia t:he 

	TR
	erJ:Qr (i.e. :n t 
	Y) 

	TR
	DOt included in tot.al-sulfur and sulfates ar• a-:comcad for 
	in sulfur 

	TR
	DP analyai• and volatile cazbon and ccl:IOnate are 
	ac:count..S 
	tor in 

	TR
	total carbon 

	! 
	! 

	\ 
	\ 
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	TABLE 4-51. CHEMICAL COMPOSITION OF PARTICCLATE SA..'!?LES IN PERCENT (TEST 35) 

	Joy 
	Joy 
	Joy 

	lµm 
	lµm 
	Joy 
	Joy 
	SASS 
	SASS 

	Cyclone 
	Cyclone 
	Filter 
	Impinger 
	Filter 
	Impinge 1;.· 

	SAMPLE 
	SAMPLE 
	it 
	35J-4S 
	35J-55 
	35J-IC 
	35S-5S 
	25S-IC 


	PERC:..."lT OF ct'T 
	PERC:..."lT OF ct'T 
	PERC:..."lT OF ct'T 
	35.93 
	25.31 
	25.40 
	(,5.82 
	14.69 

	XRF ANALYSIS 
	XRF ANALYSIS 

	Arsenic 
	Arsenic 
	·2.110. 3 
	1.9/0.3 
	3. 7/0. 5 
	1.4/0.. 2 
	t 

	Calci.um 
	Calci.um 
	l.l/0.2 
	t 
	t 
	t 

	Chromium • 
	Chromium • 
	t 
	t 
	t 
	t 

	Iron· 
	Iron· 
	t 
	t 

	Lead 
	Lead 
	t 
	t 
	t 

	Nickel 
	Nickel 
	t 

	Potass·iu;n 
	Potass·iu;n 
	2.9/1 
	3.7/0.6 
	t 
	3.1/0.6 
	t 

	Selenium 
	Selenium 
	3.5/0.5 
	6.7/0. 7 

	(Sulfu:::). 
	(Sulfu:::). 
	(21/8) 
	(27/10) 
	(14/4) 
	(24/8) 
	(13/4) 

	Zinc 
	Zinc 
	t 
	t 

	TOTAL 
	TOTAL 
	5 
	6 
	8 
	6 
	8 

	Sulfates, HO sol4 .2
	Sulfates, HO sol4 .2
	62 
	67 
	22 
	59 
	34 

	(Sulfur, frOl!l SO~) 
	(Sulfur, frOl!l SO~) 
	(20.80) 
	(22.19) 
	(7.48) 
	(19.51) 
	(11. 23) 

	Nitrate (Ho sol)2
	Nitrate (Ho sol)2
	t 
	ND 

	Total carbon 
	Total carbon 
	31 
	22 

	(Volatile Carbon) 
	(Volatile Carbon) 
	(28) 
	(20) 

	TOTAL A..~ALYZEO 
	TOTAL A..~ALYZEO 
	67 
	73 
	61 
	65 
	64 

	BAI.AliCE 
	BAI.AliCE 
	33 
	27 
	39 
	35 
	36 

	TR
	100\ 
	100\ 
	100\ 
	100\ 
	100~ 


	e 
	e 
	e 
	~>:•=ed in =ncent:.ra.:ion o! <l\ 

	l 
	l 
	analyz ■d 
	:by 
	x-ray 
	fluor•~cence-~S.ction 
	3.2.2 B 

	2 
	2 
	&naly%■ d 
	by 
	wee 
	ch■mis1!ry--Sect:.= 
	3.2.2 ,\ 

	3 
	3 
	analyzed~: Oceanography 
	c~ 
	a.nalyzer--S.cticn 3.2.2 ,\ 

	4 
	4 
	c;alculat: ■ d 
	from sul!.aus 
	(sul!ur-sulfat:e/31 
	to 
	compare ••ith sul!= 

	TR
	!rom XRF 

	5 
	5 
	!or values shovn 
	as 
	X/'!, 
	X is \ 
	o! 
	th ■ 
	■ lemene 
	pres.ne and '! 
	is t.',e 

	TR
	•rror (i. •· 
	n 
	: 
	Y l 

	TR
	rl01! 
	included in t.oeal--ul!ur and 
	suU.at:•• 
	a.re 
	a.cco1Jnt:ed 
	!or in •ml!ur 

	TR
	D7 analysis .and 
	vol.ae:'..l ■ 
	c.ar.ion and cart,on.ae ■ 
	are 
	a.ccount:■ d 
	for in 

	TR
	tof:al C&r:)QII 

	TR
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	O. Discussio.n of Res..il.ts-
	-

	1~ Electrostatic precipitator-Using the solid weight data 
	(does not include impinger catch) from both s.::.mpling trains for the ir.let and exit to the ESP, the efficiency was calculated to be 98.2~. If the total catch is_usP.d the efficiency is 83%. ~he added weight in the impingers rnay be due to pseudo part.iculates (i.e. gases that react to form particles so + Ho ~ a so ). Baghous~s and scrubbers are also available and are
	3 2 24 efficient as the control equipment reported here. 
	2. Particle size distribution--Figures 4-42 and 4-43 are a• plot of particle size (µm) vs accumulated weight percent, the latter plotted on a 
	_probability scale· as explained in Secticn 3.2. 3 B. Two answers are presented, one inc.!.t~c!ing the ir.-:.pinger ca':.c:i, a."ld the ot."'ler isnori:i.g it. Considering the large amoU,,t of material collect~d on the filter, it would seem ~lat pseudo particulates were present. Therefore, the impinger catch was believed to be properly not included in the measurements of the suspe,1ded particulat-:s from glass fu...-naces for particfo size distributior.. The break-down of th~ particle size distribution, not
	Percent of PartiClt;S 
	Percent of PartiClt;S 
	Percent of PartiClt;S 
	..: 

	TR
	>lQ ~Im 
	l0-3µm 
	3:-1µm 
	<l ].Im 

	· Con trolled 
	· Con trolled 
	(Test 20S) 
	14 
	13 
	25 
	58 

	uncontrolled 
	uncontrolled 
	(Test 20J) 
	.7 
	.5 
	1.8 
	9C 

	" 
	" 
	(Test 223) 
	.6 
	.8 
	1.6 
	97 

	.. 
	.. 
	(Test 35S) 
	6 
	3 
	4 
	87 

	II 
	II 
	(Test 35J) 
	2.5 
	2 
	2.5 
	93 


	1 4-43 is the size. distribution plot fo~ Test 28 and Test 35. Note t."'lat the uncontrolled emissions from these t',,10 glass furnaces have a mean pdrticle size of less than 0.1 µm and t."'lat the controlled emissions with ESP have a I:'.ean particle diameter of about l l,im. 
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	Figure 4-42. Particle size distribution for glass furnace (Test 20} . 
	KVB 58G6-783 4-142 
	KVB 58G6-783 4-142 

	-0.1-----..i....._.i,.._,,__ _.__......_J_ __,__.__......_.__,_-L"--'-.L..J.---'-....I.-~--"-"--.,_, 0.01 0.l 0.5 1 2 5 10 20 30 '40 50 60 70 80 90 95 98 99 99. 8 99.99 
	10 8 6 5 
	10 8 6 5 
	/ 

	4 
	3 
	2 e 
	.:i 
	.. 
	~

	/ 
	N 
	N 
	H 
	Ul 
	1 

	c.:i 
	...l 

	0.8
	u 
	u 
	H 
	<""
	Q:; 

	0.6 0.. 
	.;; 
	.;; 

	0.5 0.4 
	0.3 
	0.2 
	I 
	I 
	\ 
	WEIGHT, PERCENT LESS THAN STATED SIZE . 

	■ Joy Mfg. Sampling Train With Impinger Joy Mfg. Sampling Train Witho1Jt Impinger 
	D 

	• SASS Train Wit~ Impinger SASS Train Without Impinger 
	0 

	Figure 4-43. Particle size distribution for glass furnace. (Tests 28 & 35) 
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	3. 
	3. 
	3. 
	Chemical composition--Tables 4-49, 4-50, a.-1d 4-51 list the results from the chemical analysis of the particul~te fra~tion fer each o f t...~e tests discussed in this section. Sulfates are the most predor:ti.n.:int species present and seem to be eve:1ly distributed over the entl.re size range. Note that the s .llfate concentration is abci..;.t hal·Jed for the cont.rolled partic'..llates. Nitrates seem to appear il'Ore strongly in the impinger catches. 
	1


	4. 
	4. 
	Emission factcrs--Emission fact ois can be listed with several d.ifferent units. The following lists some of these emissions and factors. 


	ContriJlled! 
	ContriJlled! 
	ContriJlled! 
	Uncontrolled 

	Units 
	Units 
	Test 20S 
	1 
	Test 20J 
	Test 28S 
	Test 35S 
	Test 35J 

	gr/DSG' 
	gr/DSG' 
	.0062 
	.0364 
	.0612 
	.0594 
	.0469 

	T/yr
	T/yr
	-

	8.0 
	37 
	30.2 
	25.5 
	27 .. 8 

	lb/hr 
	lb/hr 
	1.83 
	8.59 
	7.19 
	6. 06 
	6.62 

	lb/MMBtu 
	lb/MMBtu 
	.02 
	.11 
	.19 
	.19 
	.20 

	lb/ton glass melted 
	lb/ton glass melted 
	.14 
	. 67 
	1.56 
	1.31 
	1.43 

	lb/hr* 
	lb/hr* 
	9.26 
	10.35 
	9.96 
	9.96 


	* calcula~ed from the following equation 
	\=a+ o.0226(S) -o.329 x -4.412 x 
	2
	2 
	-

	2 3 
	2 3 
	2
	0.9379 x -0.635 (XS) + 6.170 x
	4 5 (Ref. 4-17) 







	where 
	where 
	particulate emissions, lb/hr 
	Figure

	. . 2 
	. . 2 
	process wt, lb/hr-ft melter 
	= wt fraction c,f cullet in charge 3 2 
	= checker volume, ft /ft melter 2 
	= melter area, ft /100 
	= constant involving two ncnqualitative .:i.ndependent .fac,tors relating the, type of furnace _(side port or end port) and . type of fuel (U.S. Grade 5 fuel or natUZ"al gas). a -0.493 end port--.u.s. Grade 5 fael oil a= -0.623 side port--U.S •. Grade 5 fuel oil a=--1.286 end port--natural _gas a= -1.416 side port~-natural gas. 
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	4.2.10 
	4.2.10 
	4.2.10 
	Fiber Glass Wool Manufacturing 

	A. 
	A. 
	Process Description-
	-


	TR
	Glass fiber products 
	are manufactured by melting various 
	raw materials 


	to form glass '.predominantly borosilicat~}, drawing the molten glass into fibers, and coating t.1se fibers with an organic material. jThe two basic _ypes of fiber glass products, textile and wool, are manufacture~ by different processes. A typical. flow diagram for wool products is sh~ in Figure 4-44. 
	In the manufacturP of wool products, which a.re gene:.:any used in 'the con,:;::.ruction industry as i.nsulation, ceiling ~nels, et-:., glas·s marble is fed directly into the forming line. The marbles are melted wit.~ natural gas at 1250°F. The glass passes through fir-.e holes, which produces 1/64" fibers. These fibers are converted to wool as they pass r.hrough high velocity gas jeLs. A secondary b:ower directs the wood through the collecting surface~ The organic binder is sprayed onto the. hot fibers as 
	liqi;.id 
	collecr.ed 

	B. Particulate Test Set-up-Two sampling trai:1S were used simultaneously 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 vecy uneven. Two velocity points were chosen for sampling which had values similar to the average velocity. Velocity point 9 wa.s used for the smaller Joy train 
	-

	with a 5/16" nozzle and velocity point 14 was used for the larger SASS train with a 11/16" nozzle. 
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	Figure 4-44, Typical flow diagram fc r fiber glass pruduction (forming line). 
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	TABLE 4-52. VELOCITY PROFILE FOR FIBER GLASS MANUFP.CTtJRING (TEST 38) 
	KVB 5806-783 
	KVB 5806-783 
	4-147 

	T-erature, 1S0°F Static Pressure: +0.55"70• 
	Distance 
	From End 
	of port 
	8 
	22 
	36 
	( 

	50 
	64 
	8 
	22 36 50 64 
	H o
	H o
	2 
	?ojnt if l 
	2 3 
	4 5 
	6 7 8 9 lO 
	Velocity
	.. ...· .... ft/sec 
	60.3 60.3 55.6 53.9 50.5 
	57.2 53.9 51.2 43.5 47.7 
	Average: 40.9 ft/sec 70,019 SCFM 
	~ 
	Point 

	ll 12 13 14 l!j 
	16 17 18 19 
	,20 
	~oy sample point nozzle 
	sample point 
	ll/16" nozzle 
	ft/sec 
	Point lf 
	50.5 
	21 
	I 
	48.6 46.7 43.5 38.2 
	~l.9 27.0 14.l 41.8 40. 5 
	22 
	2) 24 ·25 
	ft/ sec 7,5 7.5 17.l 27.0 2.3. 4 

	c. Test Results-
	-

	The results of the two tests ( 38S and 38J) discussed in this section 
	are listed in Table 4-1. Elemental compositio~, sulfate, nitrate, and carbon analysis were dete=m.ined for ~ll fractions of pa.!'."ticulate catches which conta_;_1,ec weight's in excess of 100 mg. The d2tails for these proce-dures are discussed in Section 3. 2. 2. Tc:.ble 4-53 lists t.11.e results from this analysis. 
	-

	D. Discussion of Results.-:.. 
	l. Particle si:z:e dis~ibution--Figure 4-45 is a plot of particle si:z:e (µm) vs acc1..llmllated weigr.t percent, the latter plotted on a probability scale as explained in Section 4.2.3 B. Two sets of cur-Jes are presented, one in­cl:.i-::..:.:-:.g t::e i:::-,,;inger catc:--,, and the ot:::er i;noring it. amount of :::iaterial collected in the impinger catch, it would se.em t.':.at the effects of pseudo particulates would not be si;nificant. Therefore, the impinger catch was believed to be properly included
	t.11.e suspend-::d particulates from fiber glass formng lines. The breakdown of the particle size distribution including the impinger cath is as follows: 
	7

	Percent of Particles Greater than l0µm l0-3µm 3-lµm, Less than lµm 
	Percent of Particles Greater than l0µm l0-3µm 3-lµm, Less than lµm 

	38S 0.6 0.2 0.2 98.9 
	38.J' 0.2 0.2 0.4 99.2 
	Both sampling trains gave very simlar size distribution curves which had a mean size of leS$ than 0.lµm. However, during t.~e ~est at t.11.is glass fiber 
	forming line, larger particles (1/2 -l" diameter discs) were occasionally observed. It appeared tha~ t..~ese particles had been formed by agglomeration on the wall of the duct and had t..'iai broken ·loose. 
	2. Chemical compositior.. of the particulate !l\i3,tter--'!'ab_le 4-53, presents t.~e chemical analysis of the particulate fraction for each of the tests discussed .in section. Carbon in the form o=· volatile carbon is the r:ost ~bundant species, followed by chlorine, nitrates, and sulfates_ Most of the ele::ients tended to be fairly evenly distributed over the size range except for chlorine and potassium. Chlorine tended to concentrate i~ the ' impingers; 
	t.l-:.is 
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	TABLE 4-53. CHEMICAL COMPOSITION OF PARTICULATE SAMPLES IN PERCENT FOR FIBER GLASS WCOL MANUFACTURING (TEST 38) 
	SASS 
	SASS 
	SASS 
	SASS 
	Jcy 

	Filter 
	Filter 
	Impinger 
	Impinger 

	SAMPLE# 
	SAMPLE# 
	38S-5S 
	38S-IC 
	33.J-IC 


	PERCENT OF COT 
	XRF ANALYSIS Chlorine Iron Potassium (Sulfur) 
	TOTAL 1. Sulfates, H o sol
	2 

	2 
	= ..
	= ..

	(Sulfur, from so )
	4 
	4 

	Nitrate (Ho sol) 
	2
	2 

	Total Carbon(Volatile Carbon) (Carbonates) 
	3 
	3 
	3

	( 
	( 

	"TOTAL ANALYZED · 
	BALANCE 
	12 
	12 
	2.5/0.5 
	3.9/1 
	(<3) 
	7 
	t 
	( t) 
	t 15 
	22 
	78 
	100% 
	86 
	25/8 t 
	(< 3) 
	25 t 
	( t) 
	t 21 (18) 
	46 54 100% 
	76 
	7.8/2 
	(<4) 
	8 
	t t t 46 
	( 42) 
	54 46 100% 

	t detected in concentration of <l\ 
	1 analyz~d by x-ray fluorescence--Soction 3.2.2 B 
	2 analyzed by -t chemistry-Section 3.2.2 A 3 analyzed by Oceanography carbon analyzer--Section 3.2.2 A 
	-' calculated from sulfates (sulfur-sulfate/3) to compare with sulfur 
	. fro■ XIU' 
	S for :..aiues shown as X/Y, X is \ of the el•-nt present and Y is the er.or ,(i.e. X\ :I: 1' ) 
	( l, not includad in total-sulfur and sulfates are accountnd for in sulfur XRF analysis and volatile carbon &11d C&U)On&te· are accounted toe in total ceartxln 
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	Figure 4-45. · Particle size distribution for fiber glass manufacturinj (Test 38) 
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	potassium ended up IOOstly on the filter. The :.ow 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 ~ff t.~e volatile port.~on of 
	the carbon• 
	.3. Emission ancf emi_sion fact-.ors...-Emission and emission :actors can be listed with several different units. , The following lists some of these emissions and fa::tors. 
	Units 
	Units 
	Units 
	Test #38S 
	Test lt38J · 
	Average 

	gr/DSCF 
	gr/DSCF 
	0.0170 
	0.0136 
	0.0153 

	T/yr 
	T/yr 
	84.0 
	67.2 
	75.6 

	lb/hr 
	lb/hr 
	19.2 
	15 . 4 
	17 . 3 

	lb/ton prodt.:::ed 
	lb/ton prodt.:::ed 
	32.0 
	25.6 
	28 .8 

	lb/uncontrolled ton produced 
	lb/uncontrolled ton produced 
	57.6 

	per AP-42 
	per AP-42 
	(kef. 4-18) 


	4.2.ll 
	4.2.ll 
	4.2.ll 
	Asphalt Roofing Manufacture 

	A. 
	A. 
	Process Description (Ref. 4-19);;,-· 


	The manufacture of asphalt roofing felts and shingle,s involves saturating fiber media with asphalt by means of dipping and/ or sprayi:1g. Although it' is not always done ~t the same site, preparation of the asphalt satu:;ant is an integral par-e of the operation. This preparation, called "blowing," consists of oxidizing the asphalt by bubbling air through the liquid . asphalt for 8 to 16 hours. The saturant is then transport,!d to the saturation tank or spray area. The saturation of the felts is accomp.Lis
	2,
	2,

	15, 30, and 55 pou.;ds per 100 square feet (0.62, 1.5, and 2.7 kg/m). Regardless of the weight of the final product, the ~aterial distribution 
	is approxilllately 40\ dry 'felt and 60\ asphalt saturant., 
	Figure 4-46 is a schematic drawing of the production line for manufacturing asphalt shingles similar to the asphalt roofing tested in t.~is study. The major sources of particulate emissions from asphalt roofing 
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	To Atmosphere 5tation 
	F:in 
	Figure

	Paper feed 
	.. 
	Clean roll Dirty roll Vent Asphalt Saturator (enclosed) -_ /\._Spray section Ccnt:::-ol device co:--.. t i::uot:s glass fiber filter Vent Granules , applicator 1'0 ,.;---!-----+--➔---+--------• p roducts Coater 
	Figure .4-46. s~hematic ,for manufacturing ~sphalt shingles, mineral-surfaced r,olls and smooth rolls (Test 2S). 
	Figure .4-46. s~hematic ,for manufacturing ~sphalt shingles, mineral-surfaced r,olls and smooth rolls (Test 2S). 
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	plants ·are t..11.e asphalt blowing operatior.s and the felt saturation. The felt saturater was the part of the ope:ation tested in t.11.is study. The fon:i of particulate was mostly asphalt mi~t. 
	B. Particulate Test Set-up-
	-

	The locat~on of the parti;1.U.ate sampling was at the end of the duct from t..11e control device ieading to the at:rosphere (see Figure 4-461. The · velocity profile .in t."le duct at. this sectio;~ is listed in Table 4-54. 
	Both sampling trai.is were used near the same point to obtrlin more precise data (duplicate tests). The larger (4 SCFM) SASS train was run with a 5/8~ nozzle at Velocity Point 4 and t."le small (l SCFM) Joy train was run at 5/16'' nozzle at velocity poi:tt 5. The test was done i:i .the :ncrning of l/31/78. 
	C. Test Results-
	-

	The results of the two tes~s (255 and 25J) discussed in this section are listed in Table 4-l. Elemental co:r;,osition, sulfate, nitrat:e, a,nd carbon analyses were determined for all fractions of particulate catches which contained weights in excess of 100 ~g. The details for these procedures are discussed in Section 3.2.2. Table 4-55 lists the results from this analysis. 
	o. 
	o. 
	o. 
	Discussion of Results-
	-


	l. 
	l. 
	Particle size distribution--Figure 4-'47 is a plot of particle size (µm) vs. accumulated weight percent, the latter plotted on a probability scale as explained in s~ction 3.2.3 B. Two sets of curves are presented, one inc111~.ing the impinger catch, and the other ignoring it. Considering the large ·amount of material collected in the impinger, it would seem that this fraction should be .properly included in the measurements of the' suspen­ded particulates. The matter in the impinger. is ioostly organics. Th
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	Figure
	TABLE 4-54. VELOCITY PROFILZ FOR ASPHALT ROOFING (TEST 25) 
	TABLE 4-54. VELOCITY PROFILZ FOR ASPHALT ROOFING (TEST 25) 


	N 
	N 
	SASS sa,::ple point 5/8" nozzle 
	9 19 8 18 7 17 6 16 lS 14 13 12 

	Joy sau~le point 5/ 16" nozzle 
	72" 

	Distance .:rom Velocity Velocity Velocity Velocity Edge of Stack Point # ft/sec Point# ft/sec 
	/ 
	/ 
	/ 
	l.S" 5.9" 10.5" 16.3" 24.6" 36 .O" 47.4" 55.7" 61.5" 66.l" 70.0" 
	1 2 3 4 5 R 6 7 8 9 10 
	31.5 41.1 38.6 37.3 35.2 33.78 3S.2 37.9 39.2 42.2 44.0 
	11 12 13 14 15 P. 16 17 18 19 20 
	26.3 44.3 41.6 35.5 33.0 33.0 34.5 36.6 40.5 42. 3 39. a 

	TR
	Ave;-age: 
	37.0 

	TR
	45521 SCTM 
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	TABLE 4-55. CHEMICAL COMPOSITION 
	IN PERCENT FOR ASPHALT ROOFING MANUFACTuRE (TEST 25) 
	Impinger SAMPLE# 25S-IC 
	PERCE~ OF CUT 
	XRF ANALYSIS 
	,, 
	calcium Chlorine Chromiu..;i Cobalt. Iron Man~anese Nickel Potassium Selenium 
	(Sulfur) 
	Zinc 
	1 

	TOTAL 
	I 

	\ 
	\ 
	5.ulfates., Ho sol
	2
	2 

	(Sulfur, from so:)'+ Nitrate (Ho sol) Total Carbon 
	2
	2 
	3 

	·(Volatile Carbon) (Carbc.,ates) 
	3 
	3 

	TOTAL ANALYZED 
	BALANCE 
	(wate 
	13 residue only) 
	3.4/0.7 12/3 t l. 8/0. 3 2.1/0.3 t t t t (20/7) t 
	22 
	23 
	( 7) 
	24 
	(23) 
	69 31 
	100\ 

	t ~tected in a,ncentration of <l\ 
	l analysed by x-ray Umrncence--Sec:tion 3.2.2 11 
	2 analysad by -t ch■-iatry-Section 3.2.2 A 3 Ul&lyud by Oceanography eazt,cn analyser--Secticn 3.2.2 A· 
	4 calc:ulated froa ■ ulf&ce. ( ■ ul!ur-sulfate/3) to c:ompan with sulfur 
	froa IRF 5 for value ■ ■ hovn u X/Y, X i■ , of the •1-nt pr■ •nt and Y i■ the 
	■rror (1.a. n t Y l 
	■rror (1.a. n t Y l 
	not included in total--■ul!ur and ■u.UatH an aec:o...itecl for in ■ w.!ur 
	XU' an&ly■ i ■ and wlat1l• carbon and earlxloata an ae00...it■ d for in 
	total earbcla 
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	Figure 4-47. Particle size distribution for asphalt roofing manufacturing (Test 25}. 
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	Figure
	l 

	.( 
	Percent o.-:: 
	Percent o.-:: 
	Percent o.-:: 
	Particles 

	Greater than io~ 
	Greater than io~ 
	l.0-3um 
	~
	-

	Less t!1an 
	·1um 

	With ~inger 
	With ~inger 
	2.3 
	2.8 
	4 
	91 

	Less impinger 
	Less impinger 
	18 
	40 
	31 
	11 


	From Figure 4~47 the mean particle size is O .Olµm includin~ the illl!?inger. "nd 4-µa: withcut the i.I:pinger. 
	An appropriate reminder here is that the SCAQMD iricludes the condensible. material. aowev~r, it is believed that condensible material , of this type should not be used to dete:cmine the size distribution of , ~ particles. 
	from the ~hemical analysis of the impinger fraction for the SASS train. Unfortunately, t.~i~ was the only fraction with a large enougtt sa.~ple for chemical analysis. The organic fraction (85\) of the irnpinger catch ·rwhic!1 is 85.4\ of the total ca~ch) was not analyzed for major chemical composition because it was believed to be mqstly volatil~ carbon. It was no·t possible to analy~e this fraction, a-ethyl chloroform extract, for chemical comgosi~ion because of the tarry nature ::;.: the sample (see Secti
	3. Emissions and emission factors--Emissions and ~mission factors can be listed with several diffe~ent uhits. The,following lists some of these emissions a.,d factors. 
	Units Test 25S Test 25J 
	Units Test 25S Test 25J 

	gr/OSCF 0.0075 0.0078 T/yr 10.4 10.5 lb/hr 2.'.34 2.98 lb/ton of 
	felt produced 0.28 0.28 
	felt produced 0.28 0.28 
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	( 
	Figure

	4.2.12 Asphaltic Concrete Batch Plants 
	A. Process Description (Ref. 4-20 & 4-21}-
	-

	Plants p=duce fin±s.'1ed asphaltic concrete t.'"i=ugh either batc.'1 or continuous aggregate mixing operations. Different applications of asphaltic concrete require different aggregace size distri.hutions, so that the raw aggregates are crushed and screened at t..~e quarrie~. The coarse aggregate usually consists of crushed stone and gravel, but waste materials, such as slag from steel mills or crushed gl~s3, can be used as raw material. 
	As processing for either.' type cf :Jperation (batc.11 or continuous) begins, t.'1e aggregate is hanled ·f=m the storage piles and placed in the a:;r9ropriate hoppers of t..'"ie cold-feed ur..it. The material is metered from t.he 
	Figure
	dryer. 
	As it leaves t.":ie dryer, the n,ot material drops into a bucket elevator and is transferred to a set of vibrating screens whera it is classified by size into ~s .:iany as four different grad~s-At this point it enters the mixing operaticn. 
	In a l:atch plant, which was the type tested i.n this program, th~ classified aggregate drops into one of the four large bins. After all the material is weighed out, the sized aq~regat~s are dropped into a tti.xer and ruixed cry for allout 30 seconds. The asphalt, whicr. is a solid at arnl::ient 
	.temperatures, is 'pumped from heated s:::.orage tanks, weighed, and then inj ec':.ed into the mixer. The hot, mixed batch is then dropped ir.to a truck and hauled to the job site. Figure 4-48 illustrates a batch plar-t similar to the one tested and indicates t.'1e location of ~artic-.ilate sources in the operation. There are many sources of fugitive p~rticulate emissions as shown in the sketch. In :this program the ducted emissions controlled by a baghouse. were characterized,, as were the partially contro
	i ba.ghouse. 
	t 
	t 
	I 
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	Figure
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	Figure 4-48, Batch hot-mix asphalt plant. "P" denolt,s particulate emission points. KVD 5U06.:.783 

	B. Particulate Test Set-up-
	-

	Two trains were used simultaneously to samp: a the inlet and outlet cf the baghouse. The inlet sbtion was located on the vertical duct approximately 12 ft ahead of the bend entering t."le baqhouse. The velocity profile of the inlet duct ;.as_take."l ':the t.'u:ee 3" dia=.ter ports provided. The· velocity profile in the inlet and exit ducts of the baghc.use 
	' 
	' 
	hrct:.gh 

	·are listed in Table 4-56. 
	The outlet s~J.e station was located on the horizontal zection of the duct about eight ft upstream of the fan. ·In the interest of the safety of the crew, the velccities were :1ot t;:ken through the vertical port. The.:,,:-.~­fore Velocity Points 10 through 15 were obtained by s~inging t."le ·pitot tube. i\ 7/16" nozzle ;;as used at Velocity Point ~3 or.. t:ie outlet duct a.."1c:. a 5/ 16'' nozzle was used at Point it3 of the inlet duct. 
	C. Partic,.1late Test Results-
	-

	The res:.tlts of t."le two tests (Test 29S and 29J) discussed in this section are listed in Table 4-1. Elemental composition, sulfate, nitra~e. ::.nd carbon analysis were determined for all fractions of partic:ulati:: -:::1t-.r-hes which contained weights in excess of 100 mg. The C:etails for t."lese pcocedures are discussed in Section 3.2.2. Due to the very heavy loading on the inlet side of the baghouse, the cyclones and filter in t.'le small sampling train had filled to total capacity and caused a press.
	D. Discussion of Test Results-
	-

	1. 
	1. 
	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 bagho~e efficiency was calculated to be 99.95%. Using the total ;;::atch, the efficiency would be 99.92\. · 

	2. 
	2. 
	Particle size distribution--Figure 4-49 is a plot of particle size (~~) vs accumulated weight percent, the latter plotted on a probal::lilit:y scale as explained in Section 3.2.3 B. Two sets of curves are presentea., one i~cluding the impinger catch, the other ignoring it. Considering the large amount of material ;;::ollected upstream of the filter, it would seem. t.."lat t."le 


	KVB 5806-783
	KVB 5806-783
	160 
	Figure

	TABLE 4-56. VELOCITY PROFILE--ASPHALT BATCH PLANT (TEST 29) 
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	Figui:e 4-49. Particle size distribution for asphaltic concrete batch plant (Test 29) 
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	effects of pseudo particulates would be insignifican'i.:. Therefore, .the 
	impinger catch was believed to be properly included in the measurements of 
	t.'1.e suspended particulates from aspr.altic concrete plants. As a res~lt of 
	the filling of the cyclones in the :oy train, a particle size distribution 
	curv~ could not be made. It is estimated from visual examinations 
	t:.'1.at 

	t.'1.e i:-.ean particle size fer tl-e...inlet is greater t.'1.an 100,.J.m. ~e breakdown 
	1

	of the particle size distrillution for the baghouse outlet including the 
	impinger is as follows: 
	Percent of Particles Greater than lOµm 10-3µm 3-lµm Less than lµm Test 29S 60 6 4 30 
	7:-:.e ::iean particle size for t:1e baghouse out2.et is approxi::-.ately .60w:i. Although the baghouse has a high efficiency some of the coarser particles still penetrate, no doubt due to small leaks in and ardund ~he bags. 
	3. Chemical COlllPOSition of particulates--Table 4-57 lists the results from the chemical analysis of t.'1.e particulate fraction for the tests dis­cussed in t~i~ section. Although silicon is n~t detected wit.'1. XRF (sP.e Section 3.2.2 B), it is 9lear that silicon is the most abundant element in
	( 
	( 

	these samples. The unanaly.zed portion of Table 4-57' i~. primarily Sio. and 
	2

	other COlllpOunds of silicon. 
	4. Emissions and emission factors--Ernissions 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 29S 
	Test 29J 

	gr/DSCF 0.00776 11. 485 
	T/yr 1.56 2079.9 
	lb/hr 4.34 . 5777. 5 
	lb/ton produced 0.02 34 
	lb/ton produced (Ref. 4-22) 0.1 
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	":'ABLE 4-57. CHEMICAL COMPOSITION OF PARTICULATE SA..'1.?U:S rN PERCENT FOR ASPHALT BATCH PLANTS .(TEST 29} 
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