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REPORT OF AB2588 AIR POLLUTION
SOURCE TESTING AT INDUSTRIAL ASPHALT
IRWINDALE, CALIFORNIA

SECTION 1
INTRODUCTION

Appendix D of California Assemb1ly Bill 2588 specifies those facilities that
will be required to perform actual stack testing to quantify emissions of various air
toxics. Industrial Asphalt of Irwindale, California, is required, per California Code
of Regulations Subchapter 7.6, Appendix C, to determine the emission rates of the
following substances from their rotary dryer: Metals (including Arsenic, Beryllium,
Copper, Cadmium, Chromium, Hexavalent Chromium, Lead, Manganese, Mercury,
Nickel, Selenium and Zinc), Volatile Organic Compounds (including Benzene,
Toluene, Methyl Chloroform and Xylenes), Aldehydes (including Formaldehyde
and Acetaldehvde), Polynuclear Aromatic Hydrocarbons (see list), Hydrogen
Sulfide and gaseous emissions (including Carbon Monoxide, Oxides of Nitrogen and
Sulfur Dioxide). To perform the stack testing, Industrial Asphalt contracted
Engineering-Science (ES) of Pasadena, California.

Equipment at the Irwindale facility is permitted by the South Coast Air
Quality Management District (SCAQMD), which regulates air poliutant emissions
from stationary sources in Los Angeles, Orange and Riverside Counties and the
non-desert portion of San Bernardino County. The dryer is permitted by the
SCAQMD under Permit to Operate Numbers M37743 and M47742.

On April 5, June 27 and June 29, 1990, Engineering-Science, Inc. (ES)
conducted air pollution source tests on the rotary dryer operated by Industrial
Asphalt in Irnwindale, California. Testing was performed to determine the emissions
status of the source per AB2588. The testing was coordinated by Messrs. Dwight
Beavers and Lester Gardner of Industrial Asphalt. The ES testing team was

comprised of Messrs. Rolando Rosario (team leader), David Julian, Brian McRae
and Tony King.
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SECTIONII
PROCESS DESCRIPTION

Industrial Asphalt plant in Irwindale, California is a typical asphalt
production facility. Coarse and fine aggregate are mixed in proper proportions in
weighing bins. The aggregate is then carried via conveyor belt into a rotary dryer,
where moisture is removed and the mixture is heated. A bucket elevator catries the
heated aggregate onto hot screens. From the hot screens, aggregate falls into the
"hot bins", where it awaits mixing with hot asphalt. Hot asphalt oil is mixed with the
aggregate in a mixing chamber directly below the hot bins. The product is then
poured into a weighing hopper. Trucks sit beneath the weighing hopper, and when
mixing is complete, the batch is dumped into the truck. Figure 1 presents a
schematic of the process.

The exhaust from the rotary dryer is routed into a dust collection system
consisting of a primary dust collector and a baghouse before entering the
atmosphere via a 48 inch diameter circular stack. The stack is equipped with two
ports oriented 90 degrees apart in the same cross sectional plane. The sample ports
are located 2.3 diameters downstream from the nearest flow disturbance and 0.5
diameters upstream from the stack output. A diagram of the stack is presented in
Figure 2.

During the three days of testing, April 5, June 27 and June 29, 1990, Les
Gardner reported an average asphalt production rate of 300 tons/hr, which is
considered typical for the plant.
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SECTION 11
TEST METHODOLOGY

The sampling and analysis methods followed for this test are CARB and
EPA approved methods. To determine the trace metal emissions, EPA Draft
Method 200.7 was followed. To determine the validity of the EPA Draft Method,
comparisons with emission rates of Beryllium by EPA Method 104 were made to the
corresponding EPA Draft Method. CARB Method 425 was followed to determine
total and hexavalent chromium emissions. Emissions of Polynuclear Aromatic
Hydrocarbons (PAH) were quantified using procedures outlined in CARB Method
429. Sampling and analysis for Formaldehyde and Acetaldehyde were performed
using CARB Method 430. Hydrogen Sulfide sampling followed techniques outlined
in EPA Method 11. Emissions of Volatile Organic Compounds (VOC) were
quantified by CARB Method 410A. All gaseous emissions testing was performed
using ES’s mobile laboratory following CARB Method 100.

Location and Number of Traverse Points

CARB Method 1 was used to determine the number and location of the
traverse points to be used for this project. The number of straight run stack
diameters (equivalent diameters) upstream and downsiream from the sample ports
was measured and these were used to determine the number of sample points
required.

The absence of cyclonic flow was determined using an S- Type Pitot tube
connected to an inclined oil manometer. In practice, the Pitot tube is rotated so the
planes of the face openings are perpendicular to the stack cross-sectional plane.
This is referred to as the 0 degree reference position. A zero reading obtained in
this position indicates no cyclonic flow. If the manometer does not read zero, the
Pitot tube is rotated until a zero reading is obtained. The angle of rotation is
measured 10 the nearest degree. All traverse points are examnined in this fashion.
Since the average of all the rotation angles was less than 20 degrees, the source

tesuing focation was considered to be acceptable.

Preliminary Velocity and Temperature Traverse
CARB Method 2 was used to determine the volumetric tlow rate of stack gas
and the stack gas temperature at the time of the tests. From the resulis of the

preliminary velocity and temperawre traverse, the diameter of the sampling train
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nozzle required for isokinetic sampling was determined. A Pitot tube and K Type
thermocouple was positioned at each traverse point and the appropriate data
recorded on a data sheet. The Pitot tube was connected to an inclined oil
manometer and the thermocouple was connected to a temperature readout device.
The pitot tube and thermocouple were calibrated prior to use in the field.

Stack Gas Molecular Weight

The carbon dioxide {CO2), oxygen (O2), and carbon monoxide (CO)
concentrations in the stack gas were used to determine the molecular weight of the
stack gas. These parameters were determined by CARB Method 100 using ES’s
Continuous Emissions Monitoring (CEM) van.

Stack Gas Moisture Content

The moisture content of the stack gas was determined in conjunction with
several of the test parameters that require the use of isokinetic sampling with
impingers. The moisture was determined gravimetrically by the weight gain of each
impinger. This procedure is in accordance with CARB Method 4.

Trace Element Sampling and Analysis

The sample system was capable of collecting the following trace elements:
arsenic, beryllium, cadmium, copper, lead, manganese, nickel, zinc, mercury,
selenium and total chromium. For differentiation of the total and hexavalent
chromium, another sample was taken by a separate sampling train described later in
this section. A train configured according to an EPA mulu-trace element (currently
published as draft EPA Method 200.7) was used to collect the trace elements. This
system was run isokinetically for a period of three hours to collect a sample of
sufficient size for analysis. Three test runs were conducted.

The samples were extracted through a glass lined probe connected to five
impingers in series via a teflon sample line. The first two impingers were each
charged with 100 milliliters of a solution of 5 percent nitric acid (HNO3) and 10
percent hydrogen peroxide, the third impinger was empty, the fourth impinger
contained 100 mis of acidified potassium permanganate, and the fifth impinger
contained about 400 grams of indicating silica gel. A filier operated at ambient
conditions was located between the fourth and fifth impingers. _

The recovered samples were analyzed for mercury by cold vapor atomic
absorption spectrophotometry. Selenmum and arsenic were analvzed by graphite




furnace atomic absorption. The remainder of the trace elements were analyzed by

inductively coupled argon plasma.

Total and Hexavalent Chromium Sampling and Analysis

Sampling for total and hexavalent chromium was conducted in accordance
with CARB Method 425. Each sampling train was configured identically to the wet
impingement sampling train specified in CARB Method 5. A sample was withdrawn
isokinetically from the baghouse stack. Chromium was collected in impingers and
on a glass fiber filter.

The sample was collected using an Inconel, goose-necked, sharp-edged
nozzle attached to a stainless steel probe. A stainless steel sheathed type K
thermocouple (TC) was used to measure stack temperature, while a stainless-steel
S-Type Pitot and inclined manometer were used to measure stack gas velocity. To
minimize mutual interference, the gas sample probe, TC and Pitot were assembled
according to CARB Method 2 specifications. Teflon tubing was used to connect the
sample probe to the first impinger. The impingers were placed in an ice bath to
maintain the sample gas terﬁperature exiting the last impinger at 60°F or less. The
first two impingers contained deionized water, the third impinger was empty and the
fourth impinger contained silica gel. A Teflon filter was mounted between the third
and fourth impinger.

An air-tight pump equipped with a bypass and a shut-off valve were used to
maintain a controlled sample flowrate through the system. Sample flowrate was
measured using a sharp-edged orifice with upstream and downstream pressure taps,
and sample volume measured using a dry gas meter.

All measurement devices (TC, TC readout, nozzle, Pitot, balance for
weightings, dry gas meter, orifice and inclined manometer) are calibrated using
NIST traceable or equivalent techniques. After train assembly, pretest leak checks
were conducted for the pitot lines and the gas sample train. The sample was
collected isokinetically at each sample point by adjusting the sample flowrate
according to the stack gas velocity and temperature conditions measured at that
point.

The flue gas was sampled during the test at selected discrete sample points at
a cross section of the stack according to CARB Method 1 requirements. The cross
section was divided into equal areas, and the sample was collected at the center of

each equal area. This method was used to obtain an average gas and partculate




sample, allowing for velocity, temperature, and concentration profiles across the

stack cross section.

IHexavalent and total chromium were determined from a composite sample
comprised of the nozzle and probe washes, the impinger liquids, and the filter
digest. The chromium analysis was conducted by WCAS, Santa Fe Springs,
California.

Beryllium Sampling and Analysis T

Beryllium sampling followed procedures outlined §n EPA Method 104 An/ '
EPA Method S sampling train was used. As with EPA Met dérthe-lmplngers
contained deionized water. The collected sample was digested in an acid solution
and analyzed by atomic absorption spectrophotometry. The analyses were
performed by Thermo Analytical Laboratories of Monrovia, California.

Hydrogen Sulfide Sampling

Hydrogen sulfide was determined in accordance with CARB Method 11.
Samples for the determination of exhaust gas hydrogen sulfide were collected in a
series of midget impingers and absorbed in a pH 3.0 cadmium sulfate solution to
form cadmium sulfide. The cadmium sulfide content was then determined
iodometrically.

Five midget impingers, each of 30 ml capacity, were maintained in an ice
bath. The first impinger contained 15 ml of 3% hvdrogen peroxide to remove any
possible sulfur dioxide in the stack gas which would cause interferences. The second
impinger was empty. The last three impingers each contained 15 ml of cadmium
sulfate absorbing solution. '

Teflon tubing connected the stainless steel sampling probe to the first
impinger. Stack gas was drawn through the train by a diaphragm pump, with the
sample volume being recorded by a dry gas meter. The sampling train was leak-
checked at a minimum of 10 in. H20 before and after sampling.

The sample obtained during the April 5 source test was analvzed by Thermo
Analytical Laboratories of Monrovia, California. Samples obtained from the June
27th and 29th tests were analyzed at the ES, Pasadena, laboratory.
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Polynuclear Aromatic Hydracarbon Sampling

A modified EPA Reference Method 5 sampling train was used for the
determination of polynuclear aromatic hydrocarbons (PAH). The train design was
based on a EPA validated emission collection system with the addition of an
adsorbent cartridge of XAD-2 resin to collect vaporous emissions for semi-volatile
organics. This train was operated for a period of 4 hours during each run and
samples were collected using isokinetic sampling techniques. The train recovery
was modified from method § procedures to include a sample wash with a mixture of
methanol followed by a sample wash with methylene chloride.

A quartz glass sampling probe liner was used. Organics were collected by an
adsorbent trap containing precleaned XAD-2 resin. This glass trap was located in
the sample line downstream of a heated filter holder and upstream of the first
impinger. The module housing the trap was jacketed, with cold water circulating to
maintain an outlet temperature below 60°F. The cartridge had an aluminum foil
wrapping that minimized any possible sample reactions caused by uitraviolet light.
A glass hempal-type condenser was located between the filter and the XAD-2
cartridge to ensure that cool stack gas is entering the adsorbent trap.

All solvents used for preparing the sampling train for testing and field sample
recovery were of spectrographic grade, and were stored in glass bottles. The train
components that were in contact with the sample were handled with clean, bare
hands. These components were free of all potential interfering materials, especially
silicone grease.

The probe was rinsed with three portions of methanol and methylene
chloride and brushed during each rinse. The connecting tube between the filter and
the adsorbent.cartridge were also rinsed with methanol and methylene chloride. All
probe, filter, connecting tubing, and impinger washings were collected in precleaned
glass containers. The sample train was separated into front and back halves. The
resin cartridges were precleaned by California Analytical Laboratories, West
Sacramento, California, at least two weeks prior to the field testing. Field and
sample blanks were collected during the testing program. _

Three composite samples from each sampling run were submitted to the
laboratory for analysis. A composite sample of the “front half” was comprised of the
nozzle/ probe wash, filter wash, and filter. The "back half" composite sample was
comprised of the filter back half wash, condenser wash, flexible line wash and XAD-
2 cartridge. Another composite consisted of the impinger contents and associated
washes. The samples were sealed, labelled and shipped with Chain of Custody




forms to California Analytical Laboratories in Sacramento, California for analysis.
The PAH’s were analyzed by gg_sgﬁ{gmatography mass spectrometry (GC/MS) in
accordance with"\j\EPA Method 8270. B

The followiiig polynuclear aromatic hydrocarbons (PAH) were determined:

Fluoranthane
Pyrene
Benzo(a)anthracene
Chrysene
Benzo(a)pyrene
Acenaphthene
Naphthalene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Acenaphthylene
Anthracene
Benzo(g,h,i)perylene
Fluorene
Phenathrene
Dibenzo(a,b)anthracene
Indeno(1,2,3-cd)pyrene
The samples submitted to the laboratory included a sample train blank which
was collected on site. A sampling train was prepared as if it were 10 be used on the

stack, but without being used, the train was washed with the appropriate solvents

which were collected in the respective containers.

Aldehydes Sampling and Analysis
Formaldehyde and acetaldehyde samples were collected in accordance with
CARB Method 430. Three runs each 2 hours in duration were conducted on the

stack outlet.
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The sampling train consisted of a Teflon lined probe connected to three
midget impingers in series. The first two impingers contained 10mis of 2,4-
dinitrophenyl-hydrazine (DNPH) and the third impinger was empty. A preweighed
silica gel cartridge was attached between the third impinger and the pump to
prevent moisture from entering the pump and for use in determining the moisture
content of the stack exhaust gas. Analysis of the samples was conducted with a high
performance liquid chromatograph.

Volatile Organic Compound Sampling and Analysis

Sampling for the following volatile organic compounds: benzene, toluene,
xylenes and methyl chloroform, followed the procedures outlined in CARB Method
410A. Samples for the determination of exhaust gas organic compounds were
collected in pre-cleaned tedlar bags. Integrated bag samples were collected over a
thirty minute period. To prevent photochemical degradation, the bags were
immediately enclosed and sealed in cardboard boxes. Each sample was analyzed on
gas chromatograph equipped with a photoionization detector. Analyses were
performed withi_rf 4 days affer collection. The leve] of detection was on the order of
0.5 parts per million-—1"”

Gaseous Emissions Sampling

Carbon monoxide (CQ), carbon dioxide (CO»), oxygen (O3), sulfur dioxide
(SO2) and oxides of nitrogen (NOy) levels in the effluent gas from the stack were
measured using a Continuous Emissions Monitoring System (CEMS) in ES’s mobile
lab.

Samples were collected through a stainless steel probe inserted into the stack
through sample ports provided. |
Sample gasses passed through a sample conditioning and delivery system comprised
of an insulated, heated 0.25" OD teflon sample line, condenser ({for moisture
removal), balston filter (for particulate removal), and a pump and manifold system
(for sample distribution to the continuous analyzers).

The systemn was leak checked at a minimum of 15 inches of mercury vacuum
and sampling bias check was done after the test runs.

Nitrogen oxides were monitored using a Monitor Labs 8340 Chemiluminescent
Analyzer. The analyzer was multipoint calibrated before and after the test runs. The

imstrument full scale response used for this test was 0-100 ppm.

11
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The following criteria were applied to instument operation:

Zero Drift < 3% of full scale
Span Drift < 2% of span scale
Sample Bias Check < 5% of gas value
Response Time < 2 minutes
Sample residence time < 2 minutes

Sulfur oxides were determined using a Western Research Model 721 AD.
The analyzer was multipoint calibrated before and after each test run. The
instrument full scale response used for this test was 0-100 ppm. The following
criteria apply to instrument operation:

Zero Drift < 3% of full scale
Span Drift < 2% of span value
Response Time < 2 minutes
Sample Residence Time < 2 minutes

Carbon monoxide was determined using 2 Monitor Labs 8310, Non-Dispersive
Intra-Red analyzer. The analyzer was multipoint calibrated before and after the test
runs. The instrument full scale response used for this test was 0-500 ppm.

The operating conditions for the instrument were as follows:

Zero Drift < 3% of full scale
Span Drift < 2% ofspan scale
Sample Bias Check < 5% of gas value
Response Time < 2 minutes
Sample residence ume < 2 minutes

Carbon dioxide was measured with an Infrared Industries Model 732 Non-
Dispersive analyzer. The instrument full scale was 0-20%. The anahzer was
multipoint calibrated before and afier the test runs. The following criteria were
applied to instrument operation:

Zcro Drnift <
Spun Drift

% of full scale

3
2% of span value

I
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Response Time 2 minutes
2

<
Sample Residence Time < minutes

Oxygen was coatinuously recorded using an MSA Model 4000 analyzer
employing a micro-fuel cell detector. The instrument full scale was 25%. The
analyzer was multipoint calibrated before and after the test runs. The following
criteria cover instrument operation:

Zero Drift < 2% of chart
Span Drift < 2% of full scale
Response Time < 60 seconds

13
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SECTION [V
QUALITY ASSURANCE

Field Testing Quality Assurance

Prior to and at the conclusion of field sampling, the meter box dry gas meter
and orifice were calibrated against a wet test meter. The results of orifice
calibration were expressed as the "delta H" at various pressure drops (in inches of
water), as specified in EPA publication APTD-0576. The dry gas meter accuracy
was expressed as "gamma (Y)" and was determined as the ratio between the meter
box dry gas meter and the wet test meter.

Stack, filter, meter and impinger temperatures were monitored using a Type-
K thermocouple connected to an Omega Model 601 digital readout.

Stack velocity was determined for establishing isokinetic sampling rates and
volumetric flow using an S-Type Pitot tube attached to the probe as specified in
EPA Reference Method 2. The Pitot tube was measured for adherence to the
dimensions as specified in Reference Method 2. A Pitot tube correction factor of
0.84 was used for determining volumetric flow through the exhaust gas stack.

At the conclusion of each test run the sampling train was leak checked at a
vacuum equal to or greater than the highest vacuum observed during the test runs.
The sampling train was considered leak free if the leak rate was less than 0.02 CFM,
of 4% of the sampling rate, whichever was less.

At the beginning of the field testing program, a probe wash zand flexible line
wash were obtained and identified as field blanks. The sampling probe wash
technique, all sampling and recovery reagents, sample containers 2nd sample
handling used for the test runs were identical to those used to obtzin the field
blanks.

14
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Continuous Emissions Monitors

The analyzers employed for the continuous monitoring of NOx, CO, CO3,
SO7 and O were California Air Resources Board (CARB) approved instruments.
The instruments were calibrated at the beginning and conclusjon of the testing. The
zero and calibration gases were prepared by Scott Specialty Gases, San Bernardino,
California, and Scott Marin Inc. of Riverside, California.

The analytical range was selected so that the sample gas concentration was
between 20 and 95 percent of the full scale range. If at any time during the test the
concentration had exceeded the range, the test run would have been considered
invalid and repeated.

Sample system bias recorded during the tests was less than 0.5 percent, less
than the +5 percent limit. Analyzer calibration error was below the +2 percent
limit for all species sampled. Both zero drift and calibration drift were below the
+3 percent limit. If any of the above parameters had exceeded their respective
limits, the test run would have been considered invalid and repeated.

Laboratory Quality Assurance

Filter drydown weights were obtained using a Sartorius Model 2003 digital
analytical balance. Prior to conducting weightings, the accuracy of the balance was
checked with a 100 gram class S weight. All weightings were conducted in an
environmentally controlled balance room maintained at 70°F, with a relative
humidity of <50%. All samples were conditioned and desiccated before weighing
and a constant weight was defined as +0.5 mg between consecutive weightings with
an elapsed time between weightings greater than 6 hours. All weight data were
recorded in a permanently bound notebook maintained in the balance room. The
fiberglass filters used for the Method 5 train were Schleicher & Schuell No. 30, EPA
approved filters for particulate source sampling.

All reagents for charging the sample train and sample recovery were ACS
Teagent grade materials. Prior to conducting any titration for a batch of samples, a
blank titration was conducted. The value for each blank was then subtracted from
each analysis. Replicate titrations were ziso conducted as an additional qualiw
check. ES also participates in the EPA inier-laboratory quality assurance program
for SO2.

)
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Sample Custody

A specific Chain-of-Custody procedure was used for this project. The

elements of this plan include:

S O O 0

Train component identification
Sample identification

Sample labels

Documentation
Chain-of-Custody forms

The sequence of activities concerned with sample custody together with

identification and tracking procedures are described below:

1.

Sample train preparation by laboratory including filter holders,
impingers, and other sampling equipment identified by tags and
codes.

Sample train issued to test team and master log filled out. Sample
I.D. number stickers issued according to test identification code.
Train returned to recovery area when a valid sampie was obtained.
Sample train 'ziccompanied by all field data sheets.

Recovery team recovered samples using appropriate containers,
affixed sample 1.D. labels to sample containers, to master log, to field
data sheet, and to train recovery sheet.

All samples rewrned to ES Pasadena laboratory with Chain-of-
Custody form.

Samples examined at each transfer point for integrity (broken

containers, loss in liquid, or seal integrity).

Upon completing the required analysis, the analyst returned the Chain-of-

Custody form along with results to ES. All samples were accounted for by the ES

laboratory supervisor and project manager. Each laboratory identified samples in

its own laboratory notebooks by the ES 1.D. number as well as any internal

identification. Notebooks are retained by each laboratory according to usual

laboratory practices.

Calibration Procedures

The calibration procedures were specific to each analytical procedure.

Standards were prepared from the highest grade reagents available, using

procedures specified in the methods.

16
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SECTIONV
RESULTS

The California Assembly Bill 2588 source test was performed over a three
month period, on April 5, June 27 and June 29, 1990. Consecutive day sampling was
not possible. A minimum of 60 percent load, or 300 tons per hour, was needed for
at least four consecutive hours to perform the sampling. Since asphalt production is
based on contractor demand and weather conditions, three months passed before
the load requirements were met.

Nothing unusual was encountered during the testing, with the exception of
insufficient electric power. Gasoline powered generators were used to correct this.

Visible emissions were generally nonexistent, but occasionally large plumes
of steam were seen spewing out the stack. This indication of high moisture content
was reinforced by the saturation of several sampling train filters. In these cases the
sampling line was switched to a wailing train.

Emissions of the various pollutants tesied are summarized in Tables 1
through 4. :

17




P gL esy ey

Lox9 (R ICe0IX09 > g0l X0t > 0-01 X0'¢ > 201 X8 (upny) 2g
01 XTT Ol XTI b01 X 6L 0L X L uz
oxpe  OrCGOLXTY > -0l X6'¢ -0l X0°€ > 01 %96 > e
hl
yOLXTT ,-01 X07T p-01 X €1 0-01 XO'L qd
\wm\xmv ) na.\k w.hAv-Oﬂ X NO > v-cﬁ X w_ > M\.C_ X m— V-Oﬁ X \\.~ _Z
cOLXLT 0L XT W01 X T 01 X €€ up
0L X ¥ pOL XTI b01 X 6T 0-01 X 0'L 8H
01 X 9] p-01 X 66 yO1 X 'S 01 XZT¢ o
goxoef URECGOIXTE > 01 X0'1 > (01 X0'6 > o-01 X0'8 9440
S0r%eE TLGOLX ST > p-01 X0 > pOL XL > p-01 X0'l 10
Jorxes w701 XE9 > p-01 X 1T b0l X LT Ol X P> e
S %9°9 ,o%2¢, 01 X mm > p-01 X0T > pOLXET > 901X 09 1|
S0 GO > 0L X6 > 01 X61 > 0L X 8T sy
1A N
oAl > y/qr y/q) n/q /9 J915uIRIEyd
Ho-5ap 9BeIAAY 6Z dung Lz dung g judy
Al \\
g nq\m .
A I ‘ _ .
7 . 0661 ‘6z dun[ g Lz oun[ ‘g udy
{ - - RIILIOJI[BD) DJEp AL
Neydsy jerysupuy
. B)E(] SUOISSTIIG JUduId[g] a4 ], Jo Awuung

(RULLEAR

EEEMETENFENELIEREN




sopr s syl udy o

01 X¥'1 s-01 X1'T ¢-01 X0'T 9-01 X 01 PUDIA,

0L X09 p-01 XT'0 w01 X L€ b0l X 1°S L ESHR IUHIETTR

(28S o1RsCg 0L X8'S > 01 X6 ¢01X¢8 001 X0l > auajeyiydep

-0 X€T > g-0l XQ'1 > g0l XQ'T > 90l XQ'1 > auaikd (pa-g'z'l) vudpu

, S o 01X 6T > 01 X0'p p-01 X 81 0-01 XO'1 > au2Jon|,

s-01 X¢'1 ¢-0I X0CT ¢-01 X8I 0-01X0T auauRion].

-0L X C'1 > -0l X0 > 9-01 x0T > 0-01 XQ'I > suadenjiue (y‘e) ozusqgiC

9-01 x.o.m > o-01 XQ'b > 0-01 XO'b > 9-01 X0'1 > SUISAI]

w.o\xm u.o\xkuﬂo.e XgL> ¢-01 X0 0-01 X0 > g-0f XO'T > ausyiueIOny (§) 0zuag

90l X LT > 9-0L XQ'b > 0-01 X0'°¢ > 9-01 XQ'1 > auajliad (1y‘d) ozudg

, O x5 u-q\xva-S XQL > 901 X0'T > cOL %81 o-01 X0'T > susyiuesony (q) ozuag

o0l X LT > g-01 X 0T > 0-01 X0'T > 9-01 X0'1 > audlhd () ozusg

o-01 X €T > -0l XQ'T > g-01 X0'p > o0l X0'1 > audoestiue () 0ZUY)

(MxT .w.exw.mﬂn-oﬂ X977 > -0l XLS 01 X0 . 9-01 XQ'T > auddeupuy

PRIAEY umtﬁa@.oﬁ X6 > 0L X6 01 X €6 001 X 01 > auatkdueuddy

SR G0 X LT > p-01 X097 01 X6 o0 XO'1 > auayiydeusoy

TROA LD m/q w/al n/ql : /g | awese
49k adelony 67 Qung [z dung ¢ |udy

0661 ‘6z dung y Lz dunf ‘g dy
CIWIOJIED) ‘DU puIAU]
netdsy jeunsopug
e)eQ suoissnu uoqaeaoapl]] onvwoay-£o g jo Lvwumg
zaael,

FE P EEEEEEEEEEEEERERN




Jap gy eyl

PRISALION = |t

LRt S 01 x g > ¢l X979 > _é XGo IN apsiaperoay
01 X€gT 21 X0 R LOLX gL aphuapio.
g0 x0T > 0L Xy = GOEXYOT > p O X b > APING HaiopA
01 X8 > L XGT > cOLX1E > 0L XY WLIOJOIOJ, 3 18112
Ul X8T > 0L X6 > AL X1e > UL XL > SOHIIfA N

,UTT YRS OLXTE > 01 X6T > O X e 0L Xge > SIRRITN

N4 .«.m_}w.\«@og XQ¢ > 701 %¥6°¢ AALXTT > 0L XgE > ULV

™AL 4/q] /4 /4 n/qp SESEIN
) 70 By a8eI9AYy 67 aung Lz [unf ¢ |1dy

0661 ‘6z aunf @ Lz aun( ‘s Ly
vnogIe) ‘opepuis)
endsy [rrosnpup
. eIg (g suoissiuri] apyng uadoapdyy pue ‘saplyapry ‘smuedag jo Lictuung

L LA B




Sope g s b uydw

pPoIs9 L 10N = LN

660 LN LN 660 opIXoI Jnyng
(49 [4A)) 4% 166 $apix( uagoniy
98°1¢ 6€°GE o1yt €091 2PIXOUOIN UOQIED
ommmh{ ohm:“\umm:. hm:o\“_ﬂ__:. m_w:\f_q SRIEINEINE|

OB EEERE B ERER R

0661 ‘6z ounf @ Lzounf ‘s udy
BIUIOJITRD) ‘DIepuUIALI]
neydsy [eLnsnpuj
BIE(] SUOISSIWY SN0asen Jo Arpwung
b olqul,




SECTION VI
TESTING CONDITIONS

The stack testing conditions for each run are presented in this section.
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; | TrAE meldes

(A+B/13.6)

(3. 14159%6~2) /ST6

(3.14159%H~2)1 /576 — Circular stack shape

{(I+J) /144 — Rectangular stack shape
(2*I*T) /7 (1+d)

(O+F) ~ C(M+N) /10001

(4.864¥A9) /C (0. 0464%AT) + CCsuml

[28.95/WI1™0.5

(29.92/A1)70.5

(K+L+M+N-R)

(AF—N-I)

All = 0.FZ2%(%402) + O.44%(%CO2) + Q. 28%[100 — (%02 + %2C02)1
All1x(l - AL/100) + 18(A&/100)

[.01543%AF/CCsuml

(1.322E-4*A10¥DDavg) /CCsum

2.9¥IXZ2 (M #* (X1 (n)+460)31°.5

AA(Nn) *CxAT*AB

[XS(n)=XS{n—1) I*D*(S20/ (460+X4(n) } I#L (A+X3(n) /13.6)/29.92]
[EB(N) ®*AT%L0% (A1 /29.92) %[ S20/{460+X1(n) I*[L1-(A6/100) ]
{AS*CC(n) #1001/ [(E*AZ¥DD(n) 1]

i
—
It

.
It

b
Ll
|

ar

>P>DDD >
= 0@~ b
b

nouw s a1 n

moOoomD>D>D>D
MO D = e

BN
[T N | O O | 1 A 1

* Average Stack Temperature ......ierecea.. (F) 1&68.83

* Aver-age Meter Temperature ............ .ae (F) &ET.42

* Average Orifice Fressure ...ececcna.. .. ("HZ0) 1.0686

* Average Traverse Velocity Head .......("HZ20) 1.07

* Sum of Sqgrts of Velocity Heads........("HZ0) . 1.07

* Average Traverse Velocity .............(fps) TS.23

* Aver-age Corrected Velocity ..sciceeas. (fps? 65.30

* Gas Volume Metered .¢..ccveenceconnnnenalcuft) 178.31

* Corrected Gas Volume «c..iaeeve s ... {dsct) 161.53

Al. Stack FresSUr-E caiecearsssnssan-eassennanans ("HQ) 29.639

AZ. Nozzle X-5ect. Area ciercacaaasrnnaaaafsgft) 0.000241

A3, Stack X-Sect. Area ......... caesans.aa.isgft) 12.5466

Ag, Equivalent Stack Diameter .............0in.) NA

5. Water Vapor Condensed .....e.040.- R S &O6. 600

Ab. Fercent HZ0O Vapor in Gas Sample (.eeueve.an (%) 14.84

AT. Gas Density Correction Factor .c..evecerieeenns 1,029

AB. Velocity Fressure Correction Factor ........ 1.005

AT, Total Farticulate .......... D Nt Ta B 0.118

A10. Solid Farticulate ...eeiiieeneanenennaan (mg) $.118

Ail. Dry Stack Gas Molecular uWeight ...{g/g-mole) 29. 000

ALZ. Wet Stack Gas Molecular Weight ... (g/g-mole) 27.368

* Average Flow Rate ......ccccieean.-. s tacfm) 49234

* e s et rasticses e es et ettt {dectfm) 34449

¥ Liaa.. crtsesrecnea s e i a e ae et {dscmm) FTE

* Average Ispokinetic Sampling Rate ........ (%) 102,38

* Overall Iscokinetic Rate ...... e reesae e (%) 109.57
Al3, fule 404: Sample Concentration ... (grn/dsctf) Q.000011 G%ﬁ::Le e

........... st mas e ancaasaaanaa... mg/desem) O.025924

Aal14. Rule 405: Spolid Emission Rate ....... (1b/hr? 0O.003335
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" rommias MET A8 R
A1 = (A+B/13.6) C_,r}ﬂ-~4/'0

Az = (3.14159+*6"2) /576
a3 = {(3.14159%H"~2) /576 — Circular stack shape

ar = (I*J)/144 — Rectangul ar stack shape
H4 = (2%I#J)/(I+3)

(O+F) ~ T(M+N)Y/1000]
(4.564%A5) /0 (0.0464%AF5) + CCsuml
AT = {28.95/W1™0.5

b
)
|

i
o~
il

AB = (29.92/A1)70.5

AT = (K+L+M+N-R)

AlQ = (A9-N-Q)

Atl = 0.32%(%02) + 0,44%(%C02) + Q.2B*[100 — (%02 + %CO2)1]

Al1x*(1l — A&/100) + 1B(A&/100M

{.01543%A%?/CCsuml

(1.322E~-4%A410xDDavg) /CCsum

2.9 IX2 (A * (XL (N)Y+460) 17”5

AA(N) ¥*CHAT*AB

[XS (M) —XS(n-1) 1*D*LS520/ (460+X4 (n) I I*L (A+X3(n) /13.6)/29.92]
[BR(N) *A3#60* (A1 /29.92) *[S20/ (460+X1 (n) I1*[(1-(A6/100} 1
[AZ*CC (NI *100J/TE*AZ*DD (N} 1

e

-

Py
o nn

=Ry
o0
0o

" EEEEEEERNENR

* Average Stack Temperature ......... e (F) 184.63
* Average Meter Temperature .........c.00..(F) 99.71
* Average Orifice Fressure ............ . ("HZED) 1.30
* Aver-age Traverse Velocity Head .......("HZ20) 1.88
* Sum of Sqrts of Velocity Heads........ ("HZO) 1.82
* Average Traverse Velocity (............ (fps) ?9.45
* Average Corrected Velocity ............ (fps) B85.64
* Gas Volume Metered ......ccvvvivancaa. (Cuft) 194,09
* Corrected Gas Volume .........c0.aeq.. (dsct) 182.17
Al. Stack Pressure .c..cacsssssssarsassanass ("Hg) 30.017
AZ2. Nozzle X-Sect. Area .......... 00000 (sgft)  0L000167
A3, Stack X—-Sect. fArea ....... caesaan veea. isgftl 2.566
A4, Equivalent Stack Diameter .............0iN) NA
S. Water Vapor Condensed «....... ceseeaaana{ml}). £59.900
Ab. Fercent HID Vapor in Gas Sample ......... (%) 14.39
7. Bas Density Correction Factor ............. . 1,027
AB. Velpcity Fressure Correction Factor ........ 0,998
A9, Total Farticulate ... v, ceeaeeatmg) 0.182
Alo, Solid Farticulate ... .ttt eneeeneas (ma) 0,182
All. Dry Stack Gas Molecular Weight ... (g/g-mole) 29.0352
A1z, Wet Stack Gas Molecular Weight ... (g/g—-mole) 27. 462
* Average Flow Rate .......... ... lacfm) 643569
* e seraaeaean P e LYot 1 1) 44833
* e e e s e e et adt et eeaesa(dscmm) 1270
* Average Isokinetic Sampling Rate ........ (%) 98. 67
* Overall Isokinetic Rate ... .cvivcienenveee (%) 98.19
CON[‘SiAf&'ﬂ
A13. Rule 404: Sample Concentration ... (grn/dscf) ©0.000015 E=iSSonS
e e enen e, (mg/dscm) 0.035329650‘: rlAs s,
Al4. Rule 405: Solid Emission Rate .......(1b/hr) 0.00591é mﬁ‘rm

..................................... (kg/hr)  0.002683




Formulas :

METALS

e e}

r

»l_l‘“nlslm-n-lllﬁlm-ll

Al = {(A+B/13.6)
2 = (3.14159%6"2) /57
A3 = (3.14159*%*H~2)/S7& — Circular stack shape
or = (Ix®J)/144 — Rectangular stack shape
A4 = (2%I%*J)/(I+3) -
AS = (0+F) — T(M+N)/1000]
Ab = (4.64%A3) /L (0.04564%A5) + CCsuml
AT = [2B.95/W1"0.3
AB = (29.92/A1)70.5
A9 = (E+L+M+N-R)
AL10 = (AF—-N-Q)
Ail = Q.32%(%02) + 0,.44%(%C0O2) + 0.28#[100 ~ (%02 + %C02) 1]
Al2 = A11%(1 —~ AL&/100) + 18B(AL/100)
Al3 = [.01543%A9/CCsuml
Al4 = (1.322E-4%A10*DDavg) /CCsum
AA = 2.9#[X2(N)* (X1 (n)+460)1".5
BE = AA(N) *C*AT*AB
cC = [X5{(n)—XS5(n—1) I*¥D*[520/(3&60+X4(n) Y I*xL(A+X3{(n)/13.6)/279.%21
DD = [(BB(n)*A3*%60%(A1/29.92)*#[520/(4560+X1 (n) I*[1-(A&/100) ]
EE = [AZ#*CC(N)*100]1/LE*AZ*DD{(n) 1]
CALCULATED DATA
* Average Stack Temperature ....... R 2 166.25
* Average Meter Temperature ...... N B88. 48
* Average Orifice Fressure ............. ("HZ0) 0.358
* Average Traverse Velocity Head ....... ("HZ0) 3.35
* Sum of Sqrts of Velocity Heads........("HZO) 3.24
* Average Traverse Velocity ...... areneea (¥ps) 130.74
* Average Corrected Velotity .....cc..... (fps) 111.83
* " Gas Volume Metered cvieieeecncnnn.. e (cuft) 141.10
* Corrected Gas VOlume ....ciecenceaaaa, {dsct) 137.80
Al. Stack Fressur® .c..crcecesscsscnsaaancansa ("Hg) 29.997
A2, Nozzle X-Sect. Area ....... crranne--a({asgft) G,.000085
A3, Stack X-Sect. Area ..ce.ciirvanacnas .« (sgft) 12,566
Ad. Equivalent Stack Diameter ....ciceveeas fin.) NA
S. kater Vapor Condensed ......... sasesaaas {ml) 363.200
AGL. Fercent HZ0 Vapor in Gas Sample ....¢e... (%) 10.90
7. Gas Density Correction Factor ....... ahae e 1.020
Ag. Velocity Fressure Correction Factor ........ 0.999
AT. Total Farticulate .............. ceeeeesa mg) 0.072
Al1D. Solid Farticulate ..v v i itnennnans cveeena (mq) 0,072
All. Dry Stack Gas Molecular Weight ... (g/g-mole) 29.032
ALz, Wet Stack Gas Molecular Weight ... {(g/g-mole) 27.848
* Average Flow Rate ... ies.e. tactm) 84319
* RN E R EEE R T, {dsctm) 62494
* O f = 1=t} (LD 1770
* Average Isckinetic Sampling Rate ........ (%) 104,38
* Overall Isokinetic Rate ...iciunneinieenaas (%) 104,20
TOT AC
Aaild. Rule 404: Sample Concentration ... (grn/dscf) O, 000008 Vo 1By A €10
...... Ceetiercieaaaitertaaaateeea..{mg/dsem)  Q.Q1BS84 |MEASOTES
AL4. Rule 40S: Solid Emission Rate .......(lb/hr) 0,004338=2MET AL
.......... e ramsacarecscreenssanasaas tkg/hr)  0.00194B




or

(A+R/13.6)
(3.14159%G°2) /576
(3.14159%¥H~2) /576 — Circular stack shape

L

i

il

(2x1%3) / (1+3) _

(0+F) = [ (M+N) /10001
(4.64%A5) /T (0.0464%AS) + CCsum]
[28.95/W170.5

(29.92/A1)70.5

(KAL+M+N-R)

(A9-N-0)

nwnun

All1x(1 — A&/7100) + 18(A&/100)
[.01943%xA9/CCsum]
{1.322E-4%A10*DDavg) /CCsum
2.9%[X2(N)* (X1 {N)+460)1".5
QAN ) *C*xAT+AB

L) U VR I {1

N

[A3#CC(N) *100)/EXxAZ*DD(n) ]

(I*J)/144 -~ Rectangular stack sha

pe

O.X2%(%02) + 0.44%(%C0O2) + 0.28¥[100 — (%02 + %CD2) 1]

Average Stack Temperature ...............{F)
Average Meter Temperature ............-. . (F)
Average Orifice Fressure .........-...("HZO)
Average Traverse Velocity Head .......("HZ0O)
Sum of Sgrts of Velocity Heads........{"HZD)
Aver age Traverse Velocity .............(fps)
Aver-age Corrected Velocity ............{fps?
Gas Volume Metered .....ccicc0nenns eaes louft)d
Corrected Gas Volume (... ve-vancsansna (dscf)
Stack Fressure .ccceesescsscaeasan-.a..("Hg)
Mozzle X-Sect. Area ....ccvivnsrsnasnss (sgft)}
Stack X—Sect. Area .(.ceccececcercoaacas (sqft)
Equivalent Stack Diameter .............{in.?
Water Vapor Condensed ........c0ueecaes.iml)
Fercent HZO Vapor in Gas Sample .(...ce... (%}
Gas Density Correction Factor ........c..c0..
Velocity FPressure Correction Factor (......-.
Total Farticulate (...ccecicann.. Ve e eaaaa {mg)
Solid Particulate (it eeeaa. {mg)
Dry Stack Gas Molecular Weight ...{g/g—-mole)
Wet Stack Gas Molecular Weight ... (g/g-mole?

Average Flow Rate .....cvieevnnnicnna.. lactml
....... cerssssasrrenararrrscrtassaase.s tdsctfm)
S84 c e eas st anatrr e ar e . {dscmm)}
Average Isaokinetic Sampling Rate ........ (%)
Overall Isokinetic Rate ... ... .. (%)

Rule 404: Sample Concentration ... (grn/dsc#}
....... teecaretaarianeanarsra=-a..a{mg/dscm)
....... (1b/hr)

168.58
&7T.42
1.06
1.07
1.07
T9.21
&£5. 12
158.5%2
155, 09
29.639
0.000241
12.566
N&
023.900
13.52
1.026
1.0035
0.003
0,003
29.000

27.309

49098
34880

88
97T.04
V.06

[XS(N)=-XS(n—1) I*D* {520/ (460+X4(n)) I*L (A+X3(n) /13.6) /29.92]
[EEB(N) *A3#&£0*(A1/29.92) # {520/ (460+X1 (n) I*E1-(AL/100) ]

TOTAL CHEOME

0. 000776 |€mig & (0om

a VAT

R A

—
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. Formulas : # Fage 3
v mEmmssm=o== C{f‘ J_ CV’ .====2==::==
N C-272-70
Al = (A+B/13.6)
2 = (3.14159%6"2)/576
A3 = (3.14152¥H~2) 75876 — Circular stack shape
. grr = (I%*J)/144 - Rectangular stack shape
A4 = (2%I+#J)/(1+J)
aS = (0+F) — [(M+N) /100017
. AL = (4.64+A5) /{ {0.0464%A5) + CCsuml
av = [28.95/W170.3
AB = (29.92/A1)"0.3
AT = (K+L+M+N-R)
. ALO = (A9-N-Q)
A1l = 0.32%(%02) + 0.44%(%C02) + 0.28*L100 ~ (%02 + %C02) 3
A2 = All*(1 — AL6/100) + 18(A6/100Q)
. Al3 = £.01543%A%/CCsuml )
Al4 = (1.32ZE-4*%A10%xDDavg}) /CCsum
AA = 2.9%[X2(n)# (X1 (N)+4460) 1", 5
. BE = AA{N) *C*AT*AB
cC = [XS(N)—X5(n—1) I*¥D*[(S20/ (460+X4 (n)) I*L (A+X3(n) /13.6)/272.921
DD = [BB(N) *A3*L0# (A1 /29.92) *[S20/ (460+X1 (n) I*[1-(A&/100) ]
. EE = [AZ*CC(N)*100]1/TE*AZ*DD{n} ]
. CALCULATED DATA
. * Average Stack Temperature .......c..ceeae- (F) 184. 63
* Average Meter Temperature ........ceec....(F) 100.08
* Gverage Orifice Fressure ..cc.cieeccaaa. ("HZD) 0. 62
* Average Traverse Velocity Head ....... ("H20) 1.88
. * Sum of Sqrts of Velocity Heads........ ("HZ0) 1.82
* Average Traverse Velocity ......c.......(Ffps) 99.45
* Average Corrected Velocity (... e...ae.. (fps) B&6.12
- * Gas Volume Metered ..c.ieienicccecana.. {cuft) 183.79
* Corrected Gas Volume .....c .iveecseeea. ldsct? 172. 10
Al, Stack Fressure ..i.eieesccicensacrasere=s= ("HQ) 30.017
. AZ, Nozzle X—-Sect. Aread s:sctceareccescacaselsgft) 0O.0001&7
A3. Stack X-Sect. Ared ciise-c-crienceneaanna tsgft) 12.566
A4, Egquivalent Stack Diameter .(....4i..icce..(ing} NA
AS. Water Vapor Condensed ..c.euiicecaneensnaaaiml) T6EF. 100
. Ab. Fercent HZ20 Vapor in Gas Sample ..vec.a.. (%) 17v.17
AT, Gas Density Correction Factor ‘.. cereceeacan 1.033
AB. Velocity PFressure Correction Factor ..... e 0.998
- A%, Total Farticulate ........ P ¢ o)) Q. 000
Al0, Solid Particulate teeeniieniennrinennnes . (mg) 0.Q00
All, Dry Stack Gas Molecular Weight ... {(g/g-mole) 29.0352
. ALz, Wet Stack Gas Melecular Weight ... {(g/g—-mole) 27.13%54
* Average Flow Rate . ..iiiie i iinneen (actm) L4934
* I €= £ Yk 31 D) 434619
- * Ces et a st e crresrcraaccnnaea.. . {dscmm) 1235
* Aver-age Isokinetic Sampling Rate ........ (%) 23.70
* Overail Isokinetic Rate ... eiie i (%) 95.34
.- Al3. Rule 404: Sample Concentration ... (grn/dscf) O.000000
................................... (mg/dscm) (. 000000
. AR Rule 405: Solid Emission Rate .......(1b/hr) Q,QQ0000
..................................... (kg/tr) QL 0GQO0OA0
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! Foramulas :

Ot cn o et T

G-29_
. Al = (A+B/13.4) )? ?(.)
AZ = (3.14159%G"2) /57
A3 = (3.14159%*H"~2) /376 — Circular stack shape
. or = (I®J)/144 ~ Rectangular stack shape
A4 = (2xI%J)/(1+J)
AS = (0+F) = [{(M+N) /7100G]
. AL = (4.64%A5) /[ (0.0464%AS) + CCsum]
a7 = [28.95/W1"0.S :
A8 = (29.92/A1170.5
AT = (K4L+M+N-R)
. Al10 = (AF-N-&)
All = Q.32*(%02) + 0.44%(%C0Z) + 0.28%{100 — (X0Z + %ZLCO2 ]
a1z = Al1* (1 — A&L/100) + 18(A6/100)
' A13 = [.01543%A9/CCsum]
Ata = (1.322E-4%A10%DDavg) /CCsum
AR = 2.9%IX2(N)* (X1 (R)+460) 17,5
. BB = AA(N) *C*AT*A8
cc = (XS(nN)—-XS(n~1) J*D* {520/ (460+X4(n)) I*xC (A+X3(n) /13.6} /27.72]
DD = [EB(N)#AZ*4L0%(A1/29.92)*TS20/ (460+X1 (M) I1x[1-(A6/100) ]
. EE = [A3#CC(N)*100]1/[E*AZ*DD(n) 1]
. CALCULATED DATA
* Average Stack Temperature ... ccoviaeaans (F) 166.25
. * Average Meter Temperature ....sveessecenana(F) 88. 48
* Average Orifice Fressure .............("HZO) 0.61
* Average Traverse Velocity Head .......("HZO) 3.35
. * Sum of Sqgrts of Velocity Heads........ {("H20) 3.24
* Average Traverse Velocity ........ ..., (Ffps) 130.74
* fAiver-age Corrected Velocity ....cc-va... (fps) 112.73
* Gas Volume Metered ......ccceeeenecsn. (cuft) 145.38
N * Corrected Bas VOIUumE ...ccicicienreneaas, (dsct) 138. 80
Al Stack Pressure ccceecacersscaeeesasasaas ("HG) 29.997
‘. AZ. Nozzle X-Sect. Area (.iccecccccasseans (8gqft) 0.000085
) A3. Stack X~5ect. ArFBE wiiiesansncaarsas-. (85gft) 12.566
A4, Equivalent Stack Diameter .............¢{in.) NA
AS. Water Vapor Condensed ......cccieceanaans{ml) $23.300
- AbL. Fercent H2Z0D Vapor in Gas Sample ......... (%} 14.8%9
A7, Gas Density Correction Facter ........... . 1.028
AB. Velocity Fressure Correction Factor ........ 0,999
. Aa9. Total FParticulate ... ....c-0ccan cee-.-a{mg) Q.00
ALG. Solid Particulate ... .. i iiiciieeaa . (mg) 0. 000
All. Dry Staclk Gas Molecular Weight .., (g/g—mcle) 29.032
. A1z, Wet Stack Gas Malecular Weight ...(g/g-mole) 27.406
* Average Flow Rate .......ceeec.n. eeeas tactm) 84995
* N e rser s sauataniaetan s aa e « {dscfm) 60181
- * e € = R Y f gt M) 1704
* Aver-age Iscokinetic Sampling Rate ........ (%) 108,62
* Overall Isokinetic Rate ... .cciciiiiennse. (%) 109.02
AL13. Rule 404: Sample Concentration ... {(grn/dsct) ©O.000000
et e e Cer e eee e e (mg/dscm)  O.0000G0
Al4, Rule 405: Solid Emission Rate .......{1b/hr) Q. QO0000
............................ serrene.. tkg/hr) Q000000
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L Formulas

ar

. Fage 3
\_‘;’l 6//((: e e e
) P
= (A+B/13.6) e
= (3,14159%G6"2) /576
= (3.,14159%H~2)/576 - Circular stack shape
= (I*J)/144 - Rectangular stack shape
= (2%I%*J)/(1+J)
= (0+F) — [ (M+N) /10001
= (4.64%A5) /L (0.0464%A5) + CCsuml
= {28.93/W1"0.5
= (29.92/A1)70.5
= (H+L+M+N-R)
= (A?-N-Q)
= Q.32%(%02) + Q.44#%(%ZC02) + 0.28*[100 — (%0Z + %CO0=) 1
Al11%(1 — A&L/100) + 18B(A6/100)

[.01543%A9/CCsum]

(1.322E-4%A10%DDavg) /CCsum

2.9%[X2(n) * (X1 (n)+460) 1~.5

AA (N) *C*AT*AB

[XS(n)—XS{n-1) 1#D*[S20/(460+X4 (N)) I*[ (A+X3(n) /13.6) /29.92]
[BE(N) *A3*60% (A1/29.92) #[S20/ (460+X1 (n) I*L1—(A&/100) 3
[AZ%CC (n) #1001/ [E*AZ#DD (n) 3

(2 L O A |

A13.

Al4,

Average Stack Temperature .....:cececs0esa (F) 172.5
Average Meter Temperature ....... caanasaetF) &3.83
Average QOrifice Fressure ............. ("HZ2O) 1.08
Average Traverse Velocity Head ....... ("HZO) 1,08
Sum of Sqrts of Velocity Heads........ ("HZD) 1.08
Average Traverse Velocity .........0....(Ffps) TS.83
Average Corrected Velocity .......cc... (fps) &65.97
Gas Volume Metered ....... B ¥ S E A 135.540
Corrected Gas VoOIuUmME ..iviicearcneesans (dscf) 138.13
Stack Fressure .c...eescesonaccasaa-aaas ("Hg) 29.639
Nozzle X—-Sect. Area ........ cesaeeaaas{sgft) O.000192
Stack X-Sect. Area ....cccau.. seeneena tsgft) 12.566
Equivalent Stack Diameter ..........-..(in.? NA
Water Vapor Condensed ......ccctuenceeas (ml) 444,399
Fercent H20 Vapor in Gas Sample ......... (%) 12.99
Gas Density Correction Factor .....cccecee.es 1.015
Velocity Fressure Correction Factor ...ee... 1.005
Total Farticulate ............ seeasaeens {mg) . 0.530
Solid Particulate ......... P i = ¢.530
Dry Stack Gas Molecular Weight ... (a/g-maole) 29,600
Wet Stack Gas Molecular Weight ... (g/g—-mole) 22,093
Average Flow Rate ..... teeea et baae (acfm) 42983
e e e s s s esaseece e e cierreaana (dsctm) 24816
Che et et eananaa e f e m et e eeea (dscmm) 786
Average Isokinetic Bampling Rate ........ (%) 108,67
Over <1 i L& e aeeeaen e Yo 03, &
erall Isokinetic Rate (%} 105. 68 Be EMILYC:
Rule 404: Sample Concentration ... {grn/dscf) 0.000059 2ATE
........... cer st st areseaa., (mg/dscm) 0.1358L34j
Rule 405: Solid Emission Rate ....... (1b/hr)  O.Q1T&E60
..................................... (L A/hr) O.OCE010
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Formulas : Fage 3
Al = (A+B/13.6}
RZ = (3.14159%G6"2) /576
A3 = (3.14159%H~2) /576 — Circular stack shape
or = (I*J)/144 - Rectangular stack shape
a4 = (2¥I*J)/(I+J) ’
AS = (O+F) — [{(M+N) /10007
Ab = (4.64%A5) /L (0.0464%A5) + CCsuml
AT = [2B.95/W1"0.5
AB = (29.22/A1)"0.95
AT = (K+L+M+N-R)
Al0 = (A9-N-Q)
All = 0.32%(%02) + 0.44%(%C02) + 0.28%[100 — (%02 + %ZL02)1
Al2 = Al1l*%(1 - AL/100) + 1B(A&L/10M)
Al3 = [.01543%AZ/ECsum]
al4 = (1.322E-4+A10%¥DDavyg) /CCsum
AA = 2.9%[X2(n)* (X1 (n)+460)1".5
BB = AA(N) *CxA7*A8
cC = [X5(n)—XS{(n—1) 1*D*[{S520/ (4560+X4(n)) I*L (A+X3(n) /13.6)/29.92]
DD = [BE(N) *AZ*L60% (A1/29.92) *[S20/ (460+X1 (n) I*[(1-(A&/100Q) ]
EE = [A3*CC(n)*100]/[E+*AZ*DD(n) ]
CALCULATED DATA
* Average Stack Temperature ...........c....(F) 1i84.63
* Average Meter Temperature .......... veewa (FD 96.42
* Average Orifice Fressure ............ . (UHZO) 1.10
* Average Traverse Velocity Head .......("HZO) 1.88
* Sum of Sqrts of Velocity Heads........{("H20) 1.82
* Average Traverse Velocity ........... <. (Fps) 99.45
* Average Corrected Velocity ...« ... fps) BS.76
* Gas Volume Metered .....ccaciiiaanaan <« {cuft) 170,02
* Corrected BGas Volume ....ciiiesaaaesss dset) 170. &0
Al. Stack PresSsure ciccessvascatinancsassess ("HQ) 30.017
AZ. Nozzle X-Sect. Area ....estasasneans .. {sgft) O,000158
A3. Stack X-Sect. Area ....ccveveeean P & =R ) 12.5686
A4. Equivalent Stack Diameter .............(in.? NA
AS. Water Vapor Condensed .c.easeeavvecceasan. {ml) 653,900
A&, Fercent HZ0 Vapor in Gas Sample ......... (%) 15.10
AT, Gas Density Correction Factor ............ .- 1.028
AB. Velocity Fressure Correction Factor ........ 0.9%98
Ag. Total Farticulate ........ et e e e e meae (mg) O, 000
Al0, Solid Farticulate .....iciiiiiiiieiinaee. tmg? 0,000
All, Dry Stack Gas Molecular Weight ... {(g/g—mole) 29.0352
Al2. Wet Stack BGas Melecular Weight ... (g/g—male) 27.383
* Average Flow Rate .....civiiecerenaa.. tactm) L4662
* Ch et e i aseaamm e n et e «vs.ldscfm) 443525
* S s e ea s et st e n e e ecaaans (decmm) 1261
* Average Isokinetic Sampling Rate ........ (%) 98.38
* Overall Isckinetic Rate .. .iiieiiiieeennes (%) ?2.74
A13. Rule 404: Sample Concentration ... (grn/dscf) O, 000000
.............. s heetreacecaensaaaa.s (mg/dscm) 0O.000025
A14. Rule 40S: Solid Emissicn Rate ....... (1b/hed 0, 000004
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Formulas : Fage 3
Al = (A+B/13.6}
2 = (. 14159#G72)/S7é6
A3 = (3.14199%H"2) /576 - Circular stack shape
or = (I*J)/144 — Rectangular stack shape
A4 = (2%I%J)/(I+T)
AS = (0+F) — C{M+N)/1000]
Ab = (4.64%A5)/L(0.0464+A5) + CCsuml
AT = [{Z2B.95/W170.5
AB = (29.92/A41)70.5
av = (K+L+M+N-R)
Alo = (AF-N-01)
All = O.32%(%4D2) + 0.44%(%CO2) + 0.28*[100 — (%0OZ + %CO2) 1]
A12 = AL1*(1 — A&/100) + 1B8(AL/100)
Al13 = [.01543%«AF/CCsum]
Al4 = (1.322E-4#A10%DDavg) /CCesum
AA = 2.2¥[XZ2 (MY ¥ (X1 N)Y+460) 1.3
BB = AA(N) *CxAT*AB
CcC = [XS(n)—XS(n—1) 1%D*(S20/ (460+X4(n} ) I+ L (A+X3(N) /13,463 /29.923
DD = (RE(N) *A3%&60% (A1/2F.92)*[S20/ (560+X1 (n) 1*[1-(A6/100) ]
EE = [AZ*CC(n}*100I/LE*AZ*DD(n) 1
CALCULATED DATA
* Average Stack Temperature ...... e e . (F) 166.25
* Average Meter Temperature ........... .- (F) 8r.92
* Average Orifice Fressure ....... ceaae s (THED 0.61
* Average Traverse Velocity Head ....... {"HZ0) 3.35
* Sum of Sqrts of Velocity Heads........("H2O) 3.24
* Average Traverse Velocity .............(fps) 130.74
* Average Corrected Velocity ............(fps) 112.52
* Gas VYolume Metered .............. ee. . fouft) 144.19
* Corrected Gas Volume .....v.iccuuaasa.tdsct) 137.88
Al. Stack Fressure ....-ceecsscesssasssanas ("Hg) 29.997
AZ2. Nozzle X—Sect. Ared cvececrercerecaeea=tsqgft) 0.000085
A3. Stack X-Sect. Area ......ccc0scacinn .. {(sqft) 12.566
A4, Equivatent Stack Diameter ... ...+ ... {(in.) NA
AS. Water Vapar Condensed ........-.. creasas (ml) 482.800
Ab. Fercent HZ0 Vapor in Gas Sample ...... o= (%) 13.98
AT. BGas Density Correction Factor ........... N 1.02¢8
AB. Velocity Fressure Correction Factor ..... .. Q.999
A9, Total Farticulate ..... G he et e {(mg) 0. 000
AlD, Sclid Farticulate ... vesanns e neseaa (mg) . Q00
All. Dry Stack Gas Malecular Weight ... (gc/c—mole) 29.052
ALZ. Wet Stack BGas Molecular Weight ... (g/c—mole) 27,307
* Average Flow Rate . .....icniveinnsnna.. lactm) 84839
* e S 1 =Y g U, 60713
* cecreaacenaas e e sasrarsesasscacnaaesaa dsCMM) 1719
* Average Isokinetic Sampling Rate ........ (%) 107,46 .
* Overall Isokinetic RAte eeeevreeennonns.a (%) 1a7.50 Be emigsren
AT LSS T
A13, Rule 404: Sample Concentration ... (grrn/dsct) Q. 000000 TS VALY
......................... cerirnaams/dscm) G. 000011
Al4. Rule 405: Solid Emission Rate ....... {ib/hr)  0.000003
..................................... itg/hr} Q. 0Qa0a0l




TOTAL LM

Formulas J(& , Frage 3
Al = (A+B/13.6)
Az = (3.14159%G"2) /876
A3 = (3.14159%H"2) /576 — Circular stack shape
or = (I®J)/144 — Rectangular stack shape
a4 = (Z*I*J)/(I+T)
5 = (D+F3) —~ [(M+N) /710007
AL = (4.64%45) /T(0.0464*A5) + CCsuml
AT = [2B.95/W1™0.35
A3 = (29.92/A1)"0.35
AT = (K+L+M+N-R)
Al0 = {(AF-N-G)
All = O,32%(%02) + 0.44#(%C02) + 0.28+T100 -~ (%02 + %CO2 ]
A1 = Al1#(1 - A6/710Q) + 12(A6/100)
Al13 = [.01543%xA9/CCsum]
Al4 = (1.322E-4%¥A10*DDavg) /CCsum
AR = Z2.9%[X2(N)¥* (X1 {n}+460) 3™, 5
EB = AAN) ¥*C*AT*A8
cC = [XS5(N)—XS(n—-1}I1%D*[S20/{460+X4(m) ) 1% [ (A+X3(n) /13,6)/29.F2]
oD = [BE(N) #A3%60% (A1/22.92)%¥(S20/(3604+X1 (n) I% L1~ (R&E/100Y T
EE [AZ*CC(nY*10Q0I/[E*AZ*DD(n) ]
CALCULATEZD DATA
* Average Stack Temperature ......cc.ceecean (F) 171.83
* Aver-age reter Temperature .......... oo (FD 62.92
* Average Orifice Fressure ... .oeeeeees ("HZ0» 1.61
* Average Traverse Velocity Head ....... ("HZQ) 1.72
* Sum of Sqrts of Velocity Heads........ (“HZ20) 1.72
* Average Traverse Velocity ..o ieeoan {(fps) SS.47
* Average Corrected Velocity -........... (fpe) B1.91
% Gas Volume Metered .....ieeeenneeeann- (cuft) 128,25
* Corrected Gas Volume . ... v (decH? 124,42
Al. Stack Fressure ....ccirenessrsnsenccanas {"Hg) 29.63°
2. Nozzle X-Sect. Area ...ccerccieunnnonsan (sqfty ©.000158
A3, tack X-Sect. Area ....... it e (sqft) 2,586
&4. Equivalent Stack Diameter .......i.0044 (in.) A
AS. Water Vapor Condensed ......... e eaeaaaan (ml} 425,000
A&, Fercent HZ0 Vapor in Gas Sample ......... (%) 13,468
AT . Gas Density Correction Factor .............. 1.017
AB. Velocity Fressure Correction Factor o....... 1,005
A9. Total Farticulate ....coieencnnann. «.--.(mg) L0473
A10, Solid Farticulate ... ... . (mg) 0,043
All Dry Stack Bas Molecular Weight ... {(g/g-mole) 29. 600
ALz Wet Stack Bas Molecular Weight ... {(a/g-mole) 28.013
* Average Flow Rate ... eeecensannsonseeas {actfm) &175S
* o ... “ e e se e et e s eean e et (d=c+m) 535358
it et e e et e e e s s e m e e aeaaa (d=cmm) 1233
* Average Isokinetic Sampling Rate ........ (%) 75.08
* Overall Isckinetic Rate ..... .t (%) G3.09
A13. Rule 404: Sample Concentration ... {(grn/dscf) Q.000005 PATA
................................... (mg/dscm) 0.@122054}
Al4a. Rule 405: Solid Emiscsion Rate ....... (1b/hr) 0.001985

....... S T T I I S - a2l el
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Al = (A+R/13.6)
az = (3.14159#6"2) /576
A3 = (3.14159¥H"2) /576 - Circular stack shape
o~ = (I*J)/144 — Rectangqular stack shape
AL = (2%I*J}Y/{1I+3)
< = {(0+F) — [ (M+N) /10003
Ab = (4.64%045) /0{0.0464%A5) + CCsumi
AT = [2B.FS/WI170.5
A8 = (29.92/AR1})"0.5
AT = (K41 +M+hN-R}
AlO = {AF-N-Q1)
ALl = 0.32%(%02) + 0.44%(%C02) + 0.28=*x0100 — (%02 + %CO 1
A12 = Al11%{1 — A&/100) + 1B8{AL/10Q)
AL3 = [,01543%A%/CCsum]
Al4d = (1.3Z22E-4#A10%¥DDavg) /CCe=um
AA = 2.9% (X2 (M (X1 n)+4560)2™, 35
2y = AG(N) ¥*CH*AT*AB
CcC = [X5(n)Y=%XS(n—1)1*¥D*[S20/(460+X4(n)) 14T (A+X3(N) /13.6) /29.923
oD = [BE{N) *AZ*60*(AL/29. 9 ¥ {20/ (450+KX1 (n} 30 1-(AR&/100) ]
EE = {AZ*CC(nY*100]1/[E*AZ=DD(Nn) ]
CALCULATED DATA
* Average Stack TemMPEerature .. ... eee-oeensass (=) 154,63
* Average Meter TeaperafUre ......c.ieeeceaasna {F3 95.50
* Average Orifice Fressure .....c..oeee.. ("H207 .51
* Average Traverse Velocity Head ....... (“HZO) 1.88
* Sum of Sgrits of Velocity Heads........ ("H20) 1.82
* Average Traverse Velocity ....ciciiaana. {(fos) F9.45
* Average Corrected Velocity ... .00, (fps) 55.19
* Gas Volume Metered ... ¢ttt nn {cutt) 130.95
* Corrected Gas Volume ... .. vieninnns.- {d=c+) 123.85
AL, Stachk Fressureé c.cieieeerresvoeensnnans ("Feg) 30.01°7
AZ. Nozzle X—-Sect. Area .ivesararscassasran {sgft) ©Q.000107
A3, Stack X-Sect. Aread .....ceciiecnineanaa {(sgtt 12,566
4. Equivalent Stack Diamster ............. (in.) NA
3. Weter Vapor Condensed . ... vimecceenenna (ml} 355,500
Aé Fercent H20 Vapor 1n Gas Sample ..... R 11.75
A7, Gas Density Correcticn Factor .....c.ocuie.... 1.021
~AS. Velocity Frescure Correction Factor ........ 0.998
AT. Total Farticulate ..ot i et e enan- {mg) 0.190
ALD, Solid Particulate .. it ve .. tmz? 0,190
All. Dry Stachk Gas Moleculer Weight ... (g/g-moie) 29,052
A12. Wet Stack Gas Moleculer Weight ... {(g/g-mele) 27T.7T53
* Average Flow Rate .. e it i, v.o.lactm) &&229
E i e et nea i aae e C e eamrrasaae (decfm) 43971
¥ et st i i ena e ceeaes e e et .. (dscmm} 1332
* Average Iscokinetic Sempling Rate ........ (%) 101,69
* Overall Isokinetic REte ...veeeevennnno.. (%) 101,72 CembiLen
r)M Bﬂr&;'
ALS. Rule 404: Sample Concentration ... {(gen/dect)  O,000024
................................... (mg/dece) O,0553235
Als, Rule 403%: Solid Zmiscsion Rate ....... (Lb/hv3 O,.Q0%312
..................................... {(kg/hr} Q,0O0322
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Foarmulas Fage 3
Al = {(A+BR/13.6)
AZ = (3.14159%G"2) /576
A3 = (I.14159%H"2) /376 — Circular stack shape
or = (I*J}/144 — Rectangular stack shape
A4 = (2xI*J)/(I+d)
AS = (Q+F) — [ (M+N) /10001
A& = (4.64%A5S) /L{0.04464%A5) + CCsuml
AT [28.95/W170.3
AS = (29.92/A1)"0.35
AT = (K+L+M+N-R)
AlO = (A9-N-&)
All = Q.32% (%02) + O, 44% (RCO2) + O.28%0100 — (%02 + %CO2) )
Al12 = A11#*(1 — AL/100) + 1B(AL/100)
Al13 = [.01543%A%9/CCsum]
Al4 = {1.32Z2E—-4+A1G*DDavg) /CCsum
AR = 2,9 [X2(M)* (X1 (M +460) 1.5
EH = AA(N) *C*AT*AB
cc = £XS(N)=X3(n—1) I*D*[320/ (460+X4(n) ) I*L(A+X3(n) /13.6)/29.92]
bD = [BR((N)*AT*&0% (A1/29. 9¢)*E520/(460+X1(n)]*tl—(ﬁé/lOO)J
EE = [AZXCC(n)*100]1/E#AZ*DD{(n) 1
CALCULATED DATA
* Average Stack Temperature ...ivieaveesans . (F) 166. 25
* Average Meter Temperature ........ eseeees {F) ?6.08
* Average Orifice Fressuwre ... .00 .a. ("HZ0) 0.49
* Average Traverse Velocity Head ....... {("HZO) 2.35
* Sum of Sgqrts of Velocity Heads........ {"HZO) 3.24
* Average Traverse Velocity ..c.iierneees.. (fps) 130.74
* Aver-age Corrected Velocity ............ (fps) 112.96
* Gas Volume Metered ........ e a... flouft)d 118. 046
* Corrected BGas Volume .......c--c21202a.- {dscf) 111.45
Al. Stack Fressure .(.iiicicicecicescrssaansess ("HG) 29.997
2. Nozzle X-Sect. Area ....... crersssanaa (8gft) Q,0000T9
A3, Stack X—-Sect. Area ........ e e e (sgqft? 12.366
A4, Equivalent Stack Diameter ........c0cc-4 (in.? NA
AS. Water Vapor Condensed ....ieecccaeno-ns . {ml) 454,300
Ab. Fercent HZO Vapor in Gas Sample ......... (%) 15.91
AT. Bas Density Correction Factor ....eceveuen.. 1.030
AB. Velocity Fressure Correction Factor .o..c... 0.999
AT, Total Farticulate ....... cee et rrea e e (mg) . 137
AlQ Solid Farticulate ........... e i e e {mg) 0.15?
All. Dry Stack Gas Molecular Weight ... (g/g-mole) 29.05
ALZ. Wet Stack Gas Molecular Weight ... (g/g-mole) 2?.294
* Average Flow Rate ........... rereasn. lactfm) B3149
* e e Eeseate e eet st ciaes. (dscfm) 59374
* cerencan e vt e et e eaaae e (dscmm) 1687
* Average Iscokinetic Sampling Rate ....... . (%) F6.48 (Jomgidén
* Overall Isokinetic Rate ........ e e reeane (%) ?5.86 t+oTdC CF
A13. Rule 404: Sample Concentration ... {(grn/dscf) Q.000027 Potf @mess)e.
et et e e s aaa it ea et {mg/dsam? O.049762
Al4. Fule 40%: Solid Emiscion Rate ....... (lb/hr) 0.011072

i O AH 097

..................................... (kg/hr)

Q.0030272






