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EXECUTIVE SUMMARY

A demonstration of the pushing emissions control system for Batteries 1, 2, and 3 operated
at USS Clairton Works was conducted on February 22, 23, and 24, 1994. The purpose of
the test program was to determine (1) the particulate matter emissions rate in the exhaust
of the baghouse, (2) the opacity of the plumes of the baghouse exhaust, (3) the opacity of
the plume which resulted from the pushing of the coke into the hot car, and (4) the opacity
of the plume which resulted from the travelling of the hot car to the quenching station.
Emissions testing was conducted only when coke was pushed from an oven in Battery 1, 2,
or 3.

The results of the testing showed an average particulate matter emissions rate of 0.75
pounds per hour, while the allowable emissions rate is 10.10 pounds per hour. No visible
emissions were observed from the baghouse stacks during the three day test program. Over
the three day test program, 180 pushing events (each event includes a pushing and
travelling operation) were observed. A maximum plume opacity during the pushing
operation greater than or equal to 20 percent was observed 85 times. A maximum plume
opacity during the travelling operation greater than 10 percent was observed 96 times.
Both opacities for the pushing event were greater than their specified reference values 75
times.
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1.0 INTRODUCTION

As required by Paragraph V.A. (5)(f) of the amended Mon Valley Consent Decree, a
demonstration of the pushing emissions control system for Batteries 1, 2, and 3 operated at
USS Clairton Works was conducted on February 22, 23, and 24, 1994. A baghouse controls
the emissions which result from the pushing operations from the ovens of Batteries 1, 2,
and 3. The purpose of the test program was to determine (1) the particulate matter
emissions rate in the exhaust of the baghouse, (2) the opacity of the plumes of the
baghouse exhaust, (3) the opacity of the plume which resulted from the pushing of the coke
into the hot car, and (4) the opacity of the plume which resulted from the travelling of the
hot car to the quenching station. Emissions testing was conducted only when coke was
pushed from an oven in Battery 1, 2, or 3.

The field work activities were completed by Chester Environmental. All test procedures
were witnessed by a representative from the Allegheny County Health Department -
Division of Air Quality (DAQ).
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20 METHODOLOGIES

A test protocol was prepared by Chester Environmental and submitted to DAQ prior to
the execution of the test program. A copy of the test protocol can be found in Appendix A.
Specific methodologies employed in the test program are outlined below.

The baghouse exhausts through four stacks; the emissions from each of these 36 inch
diameter stacks were sampled simultaneously. A total of three test runs were completed
on each of the four baghouse stacks with one series of tests completed on each of the three
days of testing. Testing was performed only during periods of normal plant operation.

Each traverse for each stack included 12 traverse points as calculated from EPA Method 1
(40 CFR 60 Appendix A). For each stack, sampling was conducted along a total of five
traverses, or 60 traverse points, with each push sampled for the required one minute at one
traverse point. Sampling was conducted on each stack through two sampling ports which
are separated by 90 degrees in the same horizontal plane. Three traverses were travelled
through one port, while the remaining two traverses were travelled through the other port.

In accordance with EPA Method 2, exhaust gas velocities and volumetric flow rates were
measured using a calibrated S type pitot tube. Positive and negative pitot lines were leak-
checked at the beginning and end of each test run. Gas velocity differential pressures along
with stack gas temperatures were recorded at each sampling point.

Gas concentrations of carbon dioxide (CO,), oxygen (O,), and nitrogen (N, by difference)
were measured using Fyrite apparatus as specified by EPA Method 3. Gas concentrations
were used to obtain molecular weight of the process gas on a dry basis.

Percent moisture content, by volume, of the exhaust gas was measured from the weight
gain of the four sample train impingers in accordance with EPA Method 4.

Particulate matter sampling was performed in accordance with EPA Method 5 and
Sections 139.11 and 139.12 of the Pennsylvania Department of Environmental Resources
(PA DER) Source Testing Manual (Revision Number 1, January 1983) with the exception
that the DER requirement of sampling 50 cubic feet of exhaust gas was replaced with the
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requirement of sampling the emissions from 60 pushes. The emissions from each push
were sampled for one minute. Thus, a total of 60 minutes of sampling was completed.

Clean up of the sampling trains included separate water and acetone rinses of both the
front-half and back-half components of the sample trains, as per Section 139.12 of the PA
DER particulate matter test method. The water soluble and water insoluble portions of
the front-half of the sampling train were determined as a total; that is, the water rinse was
not filtered to determine soluble and insoluble portions. Front-half acetone and water
rinses were evaporated to dryness, desiccated, and weighed to a constant weight. The
water soluble and water insoluble portions of the back-half were determined separately in
accordance with Section 139.12 of the PA DER Source Testing Manual. The back-half
water rinses and first three impinger solutions were combined and then filtered under
suction through a preweighed 0.22 micrometer membrane filter. The filter used to capture
the insoluble material was dried, desiccated, and weighed to a constant weight. The filtrate
was then evaporated to dryness, desiccated, and weighed to a constant weight. Back-half
acetone rinses were also evaporated to dryness, desiccated, and weighed to a constant
weight. Sample train filters were desiccated for 24 hours, and particulate matter weight
was determined gravimetrically. Rinse residue weights and filter weights were measured to
the nearest 0.1 mg. One acetone blank and one deionized distilled water blank were
prepared in the same manner as the test sample rinses. The blank residue weights were
subtracted from the test sample residue weights. After blank correction, front-half water
and acetone rinse residue weights, sample train filter weights, and back-half water insoluble
filter weights were used to determine total particulate matter catch.

All plume opacity measurements were performed in accordance with EPA Method 9 and
Section F of Chapter 18 of the DAQ Source Testing Manual. During the pushing
operation, the maximum plume opacity and length of time (in seconds) when the plume
opacity was greater than or equal to 20 percent were recorded. During the travelling
operation, the maximum plume opacity and length of time (in seconds) when the plume
opacity was greater than 10 percent were recorded. Visible emissions from the baghouse
stacks were recorded continuously each day of the test program.
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3.0 RESULTS

The particulate matter emissions test results have been summarized in Tables 1 through 4.
The total particulate matter emissions rate for each day of testing was obtained by
summing the emissions rates from each stack. The three day average particulate matter
emissions rate is 4.64 pounds per hour of pushing (Ib/hr pushing). Since emissions do not
occur continuously, the mass emission rate has to be adjusted for the number of pushes
which occurred during the testing periods. Since there were, on average, 9.7 pushes of coke
per hour, and each push was sampled for one minute, the actual emission rate (based on a
continuous operation) is equal to the following:

4641bx 1 hrpushing x 1 min pushingx 9,7 pushes = 0.751b/hr
hr pushing 60 min pushing 1 push hr

The allowable particulate matter emissions rate is equal to the Best Available Control
Technology (BACT) standard defined as the greater of the following two values:

(1)  Outlet concentration of 0.020 grains per dry standard cubic foot (gr/dscf)

(2)  Outlet mass emission rate determined by the formula
A = 0.76 * w042
where A = allowable mass emissions rate (Ib/hr/battery)
W = coke pushing rate (tons/hr/battery)

For this test program, there were on average 10.7 tons of coke per oven and 9.7 ovens were
pushed per hour. Substituting these values into the equation listed above yields an
allowable particulate matter emissions rate for the pushing emissions control system for
Batteries 1, 2, and 3 equal to (3 batteries) * (0.76 1b/hr/battery) * (10.7 tons/oven * 9.7
ovens/hr / 3 batteries)0°42, or 10.10 Ib/hr. All particulate matter concentrations
determined in this test program were less than 0.020 gr/dscf. The average particulate
matter emissions rate determined in the test program (0.75 Ib/hr) is less than the allowable
emissions rate (10.10 1b/hr).

Tables 1 through 3 also list other pertinent stack and sampling parameters including the
exhaust gas flow rate in units of actual cubic feet per minute (acfm), standard cubic feet per
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minute (scfm), and dry standard cubic feet per minute (dscfm), moisture content of the
exhaust gas, exhaust gas temperature, gas volume sampled for each test (dscf), and the
isokinetics value for each test. The isokinetics value is equal to the ratio of the average
linear gas velocity sampled through the probe nozzle to the average exhaust gas velocity.
An isokinetics value between 90 percent and 110 percent is considered acceptable. All
sample volumes were greater than 30 dscf per test. All isokinetics values were within the
acceptable range.

The plume opacity data has been summarized in Table 5. No visible emissions were
observed from the baghouse stacks during the three day test program. Over the three day
test program, 180 pushing events (each event includes a pushing and travelling operation)
were observed. A maximum plume opacity during the pushing operation greater than or
equal to 20 percent was observed 85 times. A maximum plume opacity during the
travelling operation greater than 10 percent was observed 96 times. Both opacities for the
pushing event were greater than their specified reference values 75 times. During the
pushing operation, the plume opacity was greater than or equal to 20 percent for an
average of 5.7 seconds. During the travelling operation, the plume opacity was greater
than 10 percent for an average of 9.9 seconds.

All testing was performed during periods of normal plant operation. Copies of the field
data sheets can be found in Appendix A. Copies of the plant operational data for each day
of the test program for Batteries 1, 2, and 3 can be found in Appendix B.

All sampling equipment was calibrated and operated in accordance with EPA Methods 1
through 5. Copies of the pre-test calibration results, post-test calibration results, and
results of an audit of the control boxes conducted with a critical orifice provided by DAQ
can be found in Appendix A.

The gravimetric results and emissions calculations for each test can be found in Appendix
C.
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USS CLAIRTON WORKS
CLAIRTON, PA

TABLE 1

BATTERIES 1, 2, AND 3
PUSHING EMISSIONS CONTROL SYSTEM
PARTICULATE MATTER EMISSIONS DATA

DAY 1
TEST DATE: FEBRUARY 22, 1994
TEST TIMES: 9:05 TO 15:40

Stack Number 1-1 1-2 1-4 1-5 Total
Test Number CLR-1-1-1 CLR-1-2-1 CLR-1-4-1 CLR-1-5-1

Mass Emission Rate
and Concentration

Particulate Matter (Ib/br pushing) 2.13 0.59 1.48 0.85 5.05
(gr/dscf) 0.0104 0.0026 0.0069 0.0038

Stack Conditions

Flow Rate (acfm) 25900 28200 27000 27800 108900
(scfm) 24200 26300 25300 26600 102400
(dscfm) 23800 25900 25000 26300 101000

Temperature °F) 103 102 102 89

Moisture Content (%) 1.6 1.4 1.2 1.3

Sampling Conditions

Sampling Time (minutes) 60 60 60 60
Sample Volume (dscf) 39.555 48.936 37.909 42.930
Isokinetics (%) 98.4 105.0 97.8 107.8
USS Clairton Works -6- 3934-45-09 4/94
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USS CLAIRTON WORKS
CLAIRTON, PA

TABLE 2

BATTERIES 1, 2, AND 3
PUSHING EMISSIONS CONTROL SYSTEM
PARTICULATE MATTER EMISSIONS DATA

DAY 2
TEST DATE: FEBRUARY 23, 1994
TEST TIMES: 8:40 TO 15:05

Stack Number 1-1 1-2 1-4 1-5 Total
Test Number CLR-1-1-2 CLR-1-2-2 CLR-1-4-2 CLR-1-5-2

Mass Emission Rate
and Concentration

Particulate Matter (Ib/hr pushing) 2.46 0.46 0.60 1.06 4.58
(gr/dscf) 0.0122 0.0021 0.0028 0.0048

Stack Conditions

Flow Rate (acfm) 26000 28300 27300 28100 109700
(scfm) 24100 26300 25100 26500 102000
(dscfm) 23600 25800 24600 26000 100000

Temperature (°F) 97 95 102 89

Moisture Content (%) 2.0 1.8 1.8 1.7

Sampling Conditions

Sampling Time (minutes) 60 60 60 60
Sample Volume (dscf) 40.602 47.244 43.150 42.793
Isokinetics (%) 101.7 101.8 100.5 108.3

ENVIRONMENTAL
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USS CLAIRTON WORKS
CLAIRTON, PA

TABLE 3

BATTERIES 1, 2, AND 3
PUSHING EMISSIONS CONTROL SYSTEM
PARTICULATE MATTER EMISSIONS DATA

DAY 3
TEST DATE: FEBRUARY 24, 1994
TEST TIMES: 8:40 TO 14:40

Stack Number 1-1 1-2 1-4 1-5 Total
Test Number CLR-1-1-3 CLR-1-2-3 CLR-1-4-3 CLR-1-5-3

Mass Emission Rate
and Concentration

Particulate Matter (Ib/hr pushing) 1.80 0.40 0.86 1.23 4.29
(gr/dscf) 0.0084 0.0018 0.0040 0.0055

Stack Conditions

Flow Rate (acfm) 27200 27100 27200 28000 109500
(scfm) 25300 25300 25100 26400 102100
(dscfm) 24900 25000 24800 26100 100800

Temperature (°F) 93 90 96 84

Moisture Content (%) 1.5 1.3 1.2 1.3

Sampling Conditions

Sampling Time (minutes) 60 60 60 60
Sample Volume (dscf) 39.809 48.441 42.827 42.174
Isokinetics (%) 94.6 108.0 99.1 106.7
USS Clairton Works -8-
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USS CLAIRTON WORKS
CLAIRTON, PA

TABLE 4
BATTERIES 1, 2, AND 3
PUSHING EMISSIONS CONTROL SYSTEM
PARTICULATE MATTER EMISSIONS DATA

SUMMARY OF DAYS 1, 2, AND 3

Particulate
Matter
Emissions
Day Test Date  (Ib/hr pushing)

1 02-22-94 5.05
02-23-94 4.58
3 02-24-94 4.29
Average 4.64

USS Clairton Works -9-
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1, 2, AND 3 BATTERY PUSHING EMISSIONS CONTROL

USS CLAIRTON WORKS

CLAIRTON, PA

TABLE 5

VISIBLE EMISSIONS DATA SUMMARY

Baghouse Stacks
Observation Number of Greatest
Date Observations  Opacity (%)
February 22, 1994 1586 0
February 23, 1994 1380 0
February 24, 1994 1284 0
Pushing Operation
Number of Average
Observations Time with
Observation Number of with Opacity Opacity
Date Observations >=20% >=20% (sec)
February 22, 1994 60 11 1.6
February 23, 1994 60 47 11.5
February 24, 1994 60 27 4.1
Average 5.7
Travelling Operation
Number of Average
Observations Time with
Observation Number of with Opacity Opacity
Date Observations >10% >10% (sec)
February 22, 1994 60 13 53
February 23, 1994 60 49 19.9
February 24, 1994 60 34 4.6
Average 9.9
USS Clairton Works -10-
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COMPLIANCE DEMONSTRATION
NO. 1, 2, AND 3 BATTERY
PUSHING EMISSIONS CONTROL

USS CLAIRTON WORKS
CLAIRTON, PENNSYLVANIA

APPENDIX A
TEST PROTOCOL, FIELD DATA SHEETS, CALIBRATION
RESULTS
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TEST PROTOCOL
COMPLIANCE DEMONSTRATION
NOS. 1, 2, 3 BATTERY PEC

USS CLAIRTON WORKS
CLAIRTON, PA

As required by the amended Mon Valley Consent Decree (Paragraph V.A. (5)(f)), a
compliance demonstration will be conducted on the baghouse which controls the pushing
emissions from Batteries 1, 2, and 3 operated at the USS Clairton Works. The purpose of
this testing is to (1) determine the particulate matter emissions rates and concentrations
from the exhaust stacks of the baghouse, (2) compare the measured particulate matter
emissions rate with the allowable particulate matter emissions rate, (3) determine the
presence of visible emissions from the baghouse stacks, and (4) measure the opacity of the
plumes which result from the pushing of the coke into the hot car and during the travelling
of the hot car to the quenching station. The three day test program will be performed
during periods of normal plant production and operation.

Particulate matter sampling will be performed in accordance with EPA Stationary Source
Sampling Methods 1 through 5, requirements set forth in Chapter 18, Section F of the
Allegheny County Health Department - Bureau of Air Quality (BAQ) Source Testing
Manual, and Sections 139.11 and 139.12 of the Pennsylvania Department of Environmental
Resources (PA DER) Source Testing Manual (Revision Number 1, January 1983) with the
exception that the PA DER requirement of 50 dry standard cubic feet sample volume of
exhaust gas will be replaced with the requirement of sampling the emissions from 60
pushes. The emissions from each push will be sampled for 1 minute. Thus, a total of 60
minutes of sampling will be completed. A total of three test runs (one test run per day) will
be performed for each of the 4 stacks of the baghouse with all stacks being tested
simultaneously.

The baghouse exhausts through four individual stacks. All of the stacks measure 36 inches
in inside diameter. Each diametral traverse for the stack will include 12 traverse points as
calculated by EPA Stationary Source Sampling Method 1. Sampling will conducted along a
total of 5 traverses, or 60 traverse points, with each push sampled for the required 1 minute
at one traverse point. Sampling will be conducted through 2 sampling ports which are

USS Clairton Works -1- 39 CHESTER
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separated by 90° in the same horizontal plane. Three traverses will be performed through
one port, while the remaining 2 traverses will be performed through the other port. A
schematic diagram of the stack and traverse points is presented in Figure 1.

In accordance with EPA Method 2, velocities and volumetric flow rates of the exhaust gas
will be determined using a calibrated S type Pitot tube. Positive and negative Pitot lines
will be leak-checked at the beginning and end of each test run. Gas velocity differential
pressures along with stack gas temperatures will be recorded at each sampling point. Static
pressure of the exhaust gas stream will be measured with the same Pitot tube.

During each test, gas concentrations of carbon dioxide (COp), oxygen (O2), and nitrogen
(N>, by difference), will be determined with the use of a Bacharach "Fyrite" apparatus as
specified by EPA Method 3. Gas concentrations will be used to obtain molecular weight of
the exhaust gas on a dry basis.

Percent moisture content, by volume, of the exhaust gas will determined by measuring the
weight gain of the four sample train impingers in accordance with EPA Method 4.

As specified by EPA Method 5, each sample train will be assembled as required by the
method, leak-checked on site at the beginning and end of each test run, and operated so
that isokinetic conditions are maintained. Clean up of the sampling train will include a
water rinse followed by an acetone rinse of both the front-half and back-half components of
the sample train, as per PA DER particulate matter test method requirements. The water
soluble and water insoluble portions of the front-half of the sampling train will be
determined as a total; that is, the water rinse will not be filtered to determine soluble and
insoluble portions. However, the water soluble and water insoluble portions of the back-
half will be determined separately in accordance with Section 139.12 of the PA DER
Source Testing Manual. The back-half water rinses and first three impinger solutions will
be filtered under suction through a pre-weighed 0.22 micrometer filter. The filter used to
capture the insoluble material will be dried, desiccated, and weighed to a constant weight.
Front-half acetone and water rinses and back-half acetone rinses will be evaporated to
dryness, desiccated, and weighed to a constant weight. Sample train filters will be
desiccated for 24 hours, and particulate matter weight will be determined gravimetrically.
Rinse residue weights and filter weights will be measured to the nearest 0.1 mg. One
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acetone blank and one deionized distilled water blank will be prepared in the same manner
as the test sample rinses. The blank weights will be subtracted from the test sample
weights. After blank correction, front-half residue weights, sample filter weights, and back-
half water insoluble filter weights and acetone residue weights will added together to
determine total particulate matter catch.

All visible emissions determinations from the baghouse exhausts stacks will be performed
in accordance with EPA Stationary Source Sampling Method 9 and BAQ Method 18F.
Visible emissions will be recorded for the duration of each of the sixty oven pushes. All
plume opacity measurements will also be performed in accordance with EPA Method 9
and BAQ Method 18F. During the pushing operation, the maximum plume opacity and
length of time (in seconds) when the plume opacity is greater than or equal to 20% will be
recorded. During the travelling operation, the maximum plume opacity and length of time
(in seconds) when the plume opacity is greater than 10% will be recorded.

A report summarizing the compliance test program will be submitted within 60 days
following completion of field work. The report will describe test methodologies utilized
and present a textual and tabular summary of the emissions results and related sampling
information. Copies of operational data will be included in the report to verify that all
testing was performed during periods of normal plant operation. Also incorporated into
the report will be copies of the pre-test calibration results, post-test calibration results, the
results of an audit conducted with a critical orifice provided by the BAPC, field data sheets
for the particulate matter sampling and visible emissions determinations, computer-
generated emissions calculations, and analytical results for each test.
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-
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¥ 13-15 Travel > 10% Opaclty

and travel.



) l 744
Name Jw" \ﬂ/’

Dete __2-22-92¢"
Foreman jééifLm;pQ Crew _gz_‘;

BATTERY__ /- ™D

I, PUSH I1. TRAVEL® I11.SCRUBBER
Seconds Max. Seconds Max. Seconds Max.
Oven Time | = 20% Opac. > 10¢ Opac. > 20% Opac. Comments :
R [ AP
-, o < (, [ “
claady oo asilon oo [P e

o - . Loyt Lecaen
A2 257 oo /e o ! e e AL Gt
Y 7

D3XHNz20l | ve 65 loe wog v 3
[ ,43!/1 de |l oo ok | co et He P el
A2 ] 66 onl oo sx Ui

HA2e 13 @ | ce o] of acy AT
Vi Ay 333 o o% oo 09 W 1’3\1 -

. p - tgf o ‘(\’CCJK,
C‘@ A S’ﬂ (& o (/f‘c oo S?‘\ . Te i T PC‘:_,L«\
‘ 5

- . N - l-)‘t:) Lo QA
’ 3 :lz) 3 ) ‘7 "(\C) o 72' OO /é (& _M“:J“;\_\',‘\_:) ‘,'—'L,x’- i
P ~ - - /
S (I 2% P) BL/ OO0 el ”C ¢~ /o e (B :}
3R 32271 co % 00 w7 LN
| F} 5 TC P vzt l)k‘!"("\a

Nocte: Ccluma #1 represerts tugitive emisslons from the coke collecting car, cote gu'ce,

S-
3nc area between the coke gulde and Jjamt, anc emissions from the by=-pzee Zoc g~ -
the push.

Colu~~ #11 represents emissions frorm the ccke collecting car ang by-pacse croz-

guring travel,

Column #1111 represents emisslons from the gas clearing car ou*le* dori=z =¢
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STACK SAMPLING CALCULATIONS

CLIENT: USS CLAIRTON WORKS
TEST SITE 1,2,3 BATTERY PEC
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TEST DATE: 02-22-94
TEST NUMBER: CLR-1-1-1

Barometric Pressure 29.74 in. Hg
Static Pressure 1.0 in. H20
Stack Pressure 29.81 in. Hg [A+(B/13.6)]
Average s H 1.49 in. H20
Meter Pressure 29.85 in. Hg [A+(D/13.6)]
Average AP 1.1 in. H20
Pitot Coefficient 0.84
Gas Meter Coefficient 1.0032
Stack Diameter 36 in.
Stack Area 7.07 f? (0.00545%12)
Nozzle Diameter 0.191 in.
Nozzle Area 1.99E-04 fi2 (0.00545*K?)
Average Stack Temperature 103 °F
Average Stack Temperature 563 °R (460+M)
Average Meter Temperature 54 °F
Average Meter Temperature 514 °R (460+-0)
Condensate Volume 6.8 mL
Absorbed H20 6.9 mL
Total H20 13.7 mL (Q+R)
Filter Weight 0.0096 g
Probe Weight 0.0160 g
Impinger Weight 0.0011 g
Total Weight 0.0267 g T+U+V)
Metered Gas Volume 38.474 dcf
Corrected Metered Gas Volume 38.597 dcf (X*H)
H20 Gas Volume 0.632 cf (0.00267*S*P/A)
Total Sample Volume 39.229 of (Y+2)
Percent H20 1.6 % (100*Z/AA)
Gas Volume Sampled 39.555 dscf [Y*(528/P)*(E/29.92)]
Grain Loading 0.0104 gr/dscf  (15.43*W/CC)
Average Molecular Weight:
Component % Volume | *(1-BB/100) | * Mol. = Weight/Mol
+100 Weight

H20 0.016 E 18 0.290

CO2 0.000 0.984 44 0.000

CO 0.000 0.984 28 0.000

02 0.205 0.984 32 6.454

N2 0.795 0.984 28 | 21.901

Average Molecular Weight 28.65 1b./1b. mol

Average Stack Velocity 61.2 fps {85.49+G*[(F*N)/(C*EE)]*0.5}
Averge Flow Rate 25900 acfm (60*FF*))
Standard Flow Rate 24200 scfm [GG*(528/N)*(C/29.92)]
Sample Time 3600 sec
Percent Isokinetic 984 % {[100*CC*60*J)/[HH*L*11*(1-BB/100)]}
Mass Flow Rate 2.13 Ib/hr [DD*HH *(1-BB/100)*60/7000]
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STACK SAMPLING CALCULATIONS

CLIENT: USS CLAIRTON WORKS TEST DATE: 02-22-94
TEST SITE 1,2,3 BATTERY PEC TEST NUMBER: CLR-1-2-1
Barometric Pressure 29.74 in. Hg
Static Pressure 0.06 in. H20
Stack Pressure 29.74 in. Hg [A+(B/13.6)]
Average aH 1.65 in. H20
Meter Pressure 29.86 in. Hg [A+(D/13.6)]
Average aP 1.3 in. H20
Pitot Coefficient 0.84
Gas Meter Coefficient 1.0099
Stack Diameter 36 in.
Stack Area 7.07 fi2 (0.00545*1%)
Nozzle Diameter 0.197 in.
Nozzle Area 2.12E-4 fi2 (0.00545*K?)
Average Stack Temperature 102 °F
Average Stack Temperature 562 °R (460+M)
Average Meter Temperature 56 °F
Average Meter Temperature 516 °R (460+0)
Condensate Volume 6.3 mL
Absorbed H20 8.1 mL
Total H20 144 mL (Q+R)
Filter Weight 0.0019 g
Probe Weight 0.0058 g
Impinger Weight 0.0007 g
Total Weight 0.0084 g (T+U+V)
Metered Gas Volume 47.448 dcf
Corrected Metered Gas Volume 47.918 dcf (X*H)
H20 Gas Volume 0.667 cf (0.00267*S*P/A)
Total Sample Volume 48.585 cf (Y+2Z)
Percent H20 14 % (100*Z/AA)
Gas Volume Sampled 48.936 dscf [Y*(528/P)*(E/29.92)]
Grain Loading 0.0026 gr/dsef  (15.43*W/CC)
Average Molecular Weight:
Component % Volume | *(1-BB/100) * Mol. = Weight/Mol
+100 Weight
H20 0.014 | 18 0.247
C0o2 0.000 44 0.000
Co 0.000 0.986 28 0.000
02 0.205 0.986 32 6.470
N2 0.795 0.986 28 1 21954
Average Molecular Weight 28.67 Ib./1b. mol
Average Stack Velocity 66.5 fps {85.49*G*[(F*N)/(C*EE)}*0.5}
Averge Flow Rate 28200 acfm (60*FF*J)
Standard Flow Rate 26300 scfm [GG*(528/N)*(C/29.92)]
Sample Time 3600 sec
Percent Isokinetic 1050 % {[100*CC*60+J)/[HH*L*11*(1-BB/100)]}
Mass Flow Rate 0.59 Ib/hr [DD*HH*(1-BB/100)*60/7000)




STACK SAMPLING CALCULATIONS

CLIENT: USS CLAIRTON WORKS TEST DATE: 02-22-94
TEST SITE 1,2,3 BATTERY PEC TEST NUMBER: CLR-14-1
A. Barometric Pressure 29.74 in. Hg
B. Static Pressure 0.9 in. H20
C. Stack Pressure 29.81 in. Hg [A+(B/13.6)]
D. Average s H 1.26 in. H20
E. Meter Pressure 29.83 in. Hg [A+(D/13.6)]
F. Average AP 1.20 in. H20
G. Pitot Coefficient 0.84
H. Gas Meter Coefficient 1.0054
I Stack Diameter 36 in.
J. Stack Area 7.07 fi2 (0.00545*12)
K. Nozzle Diameter 0.183 in.
L. Nozzle Arca 1.83E-04 fi2 (0.00545*K?)
M. Average Stack Temperature 102 °F
N. Average Stack Temperature 562 °R (460+M)
0. Average Meter Temperature 58 °F
P. Average Meter Temperature 518 °R (460+0)
Q. Condensate Volume 3.6 mL
R. Absorbed H20 6.4 mL
S. Total H20 10.0 mL (Q+R)
T. Filter Weight 0.0013 g
u. Probe Weight 0.0155 g
V. Impinger Weight 0.0002 g
Ww. Total Weight 0.0170 g (T+U+V)
X. Metered Gas Volume 37.100 def
Y. Corrected Metered Gas Volume 37.300 dcf (X*H)
Z. H20 Gas Volume 0.465 cf (0.00267*S*P/A)
AA. Total Sample Volume 37.765 of (Y+Z)
BB. Percent H20 1.2 % (100*Z/AA)
CC. Gas Volume Sampled 37.909 dscf [Y*(528/P)*(E/29.92)]
DD. Grain Loading 0.0069 gr/dscf  (15.43*W/CC)
EE. Average Molecular Weight:
Component % Volume | *(1-BB/100) | * Mol. = Weight/Mol
+100 Weight

H20 0.012 E 18 0.222

co2 0.000 0.988 44 0.000

Cco 0.000 0.988 28 0.000

02 0.205 0.988 32 6.479

N2 0.795 0.988 28 | 21.986

Average Molecular Weight 28.69 Ib./1b. mol

FF. Average Stack Velocity 63.8 fps {85.49%G*[(F*N)/(C*EE)]"0.5}
GG. Averge Flow Rate 27000 acfm (60*FF*))
HH. Standard Flow Rate 25300 scfm [GG*(528/N)*(C/29.92)]
1I. Sample Time 3600 sec
1. Percent Isokinetic 978 % {[100%CC*60+J)/[HH*L*II*(1-BB/100)]}

KK. Mass Flow Rate 1.48 1b/hr [DD*HH*(1-BB/100)*60/7000]




STACK SAMPLING CALCULATIONS

CLIENT: USS CLAIRTON WORKS TEST DATE: 02-22-94
TEST SITE 1,2,3 BATTERY PEC TEST NUMBER: CLR-1-5-1
A. Barometric Pressure 29.74 in. Hg
B. Static Pressure 0.6 in. H20
C. Stack Pressure 29.78 in. Hg [A+(B/13.6)]
D. Average s H 1.20 in. H20
E. Meter Pressure 29.83 in. Hg [A+(D/13.6)]
F. Average a P 1.3 in. H20
G. Pitot Coefficient 0.84
H. Gas Meter Coefficient 1.0179
I Stack Diameter 36 in.
J. Stack Area 7.07 fi? (0.00545*1%)
K. Nozzle Diameter 0.181 in.
L. Nozzle Area 1.79E-04 fi? (0.00545*K?)
M. Average Stack Temperature 89 °F
N. Average Stack Temperature 549 °R (460+M)
0. Average Meter Temperature 43 °F
P. Average Meter Temperature 503 °R 460+0)
Q. Condensate Volume 4.3 mL
R. Absorbed H20 7.3 mL
S. Total H20 11.6 mL (Q+R)
T. Filter Weight 0.0030 g
u. Probe Weight 0.0071 g
V. Impinger Weight 0.0004 g
w. Total Weight 0.0105 g T+U+V)
X. Metered Gas Volume 40.302 dcf
Y. Corrected Metered Gas Volume 41.023 def (X*H)
z. H20 Gas Volume 0.524 f (0.00267*S*P/A)
AA. Total Sample Volume 41.547 of (Y+2)
BB. Percent H20 13 % (100*Z/AA)
CcC. Gas Volume Sampled 42.930 dscf [Y*(528/P)*(E/29.92)]
DD. Grain Loading 0.0038 gridscf  (15.43*W/CC)
EE. Average Molecular Weight:
Component % Volume | *(1-BB/100) | * Mol. = Weight/Mol
+100 Weight

H20 0.013 | 18 0.227

CO2 0.000 0.987 4 0.000

Co 0.000 0.987 28 0.000

02 0.205 0.987 32 6.477

N2 0.795 0.987 28 21.979

Average Molecular Weight 28.68 Ib./1b. mol

FF. Average Stack Velocity 65.6 fps {85.49*G*[(F*N)/(C*EE)}*0.5}
GG. Averge Flow Rate 27800 acfm (60*FF*J)
HH. Standard Flow Rate 26600 scfm [GG*(528/N)*(C/29.92)]
. Sample Time 3600 sec
1. Percent Isokinetic 1078 % {[100*CC*60*J)/[HH*L*11*(1-BB/100)]}
KK. Mass Flow Rate 0.85 Ib/hr [DD*HH*(1-BB/100)*60/7000]




STACK SAMPLING CALCULATIONS

CLIENT: USS CLAIRTON WORKS TEST DATE: 02-23-94
TEST SITE 1,2,3 BATTERY PEC TEST NUMBER: CLR-1-1-2
A. Barometric Pressure 29.25 in. Hg
B. Static Pressure 0.6 in. H20
C. Stack Pressure 29.29 in. Hg [A+(B/13.6)]
D. Average A H 1.58 in. H20
E. Meter Pressure 29.37 in. Hg [A+(D/13.6)]
F. Average AP 1.1 in. H20
G. Pitot Coefficient 0.34
H. Gas Meter Coefficient 1.0032
1 Stack Diameter 36 in.
J. Stack Area 7.07 fi2 (0.00545%12)
K. Nozzle Diameter 0.191 in.
L. Nozzle Arca 1.99E-04 fi2 (0.00545%K?)
M. Average Stack Temperature 97 °F
N. Average Stack Temperature 557 °R (460+M)
0. Average Meter Temperature 52 °F
P. Average Meter Temperature 512 °R (460+0)
Q. Condensate Volume 39 mL
R. Absorbed H20 13.3 mL
S. Total H20 17.2 mL (Q+R)
T. Filter Weight 0.0034 g
u. Probe Weight 0.0284 g
V. Impinger Weight 0.0002 g
Ww. Total Weight 0.0320 g T+U+V)
X. Metered Gas Volume 39.986 dcf
Y. Corrected Metered Gas Volume 40.114 dcf (X*H)
Z. H20 Gas Volume 0.804 cf (0.00267*S*P/A)
AA. Total Sample Volume 40918 cf Y+2Z)
BB. Percent H20 20 % (100¢Z/AA)
CC. Gas Volume Sampled 40.602 dscf [Y*(528/P)*(E/29.92)]
DD. Grain Loading 0.0122 gr/dscf  (15.43*W/CC)
EE. Average Molecular Weight:
Component % Volume | *(1-BB/100) | * Mol. = Weight/Mol
+100 Weight
H20 0.020 E 18 0.354
CO2 0.000 0.980 4 0.000
Cco 0.000 0.980 28 0.000
02 0.205 0.980 32 6.431
N2 0.795 0.980 28 | 21.823
Average Molecular Weight 28.61 1b./1b. mol
FF. Average Stack Velocity 61.4 fps {85.49*G*[(F*N)/(C*EE)]"*0.5}
GG. Averge Flow Rate 26000 acfm (60*FF*))
HH. Standard Flow Rate 24100 scfm [GG*(528/N)*(C/29.92)]
II. Sample Time 3600 sec
5. Percent Isokinetic 101.7 % {[100*CC*60*J)/[HH*L*II*(1-BB/100)]}
KK. Mass Flow Rate 2.46 1b/hr [DD*HH*(1-BB/100)*60/7000]




STACK SAMPLING CALCULATIONS

CLIENT: USS CLAIRTON WORKS TEST DATE: 02-23-94
TEST SITE 1,2,3 BATTERY PEC TEST NUMBER: CLR-1-2-2
A. Barometric Pressure 29.25 in. Hg
B. Static Pressure 0.06 in. H20
C. Stack Pressure 29.25 in. Hg [A+(B/13.6)]
D. Average s H 1.72 in. H20
E. Meter Pressure 29.38 in. Hg [A+(D/13.6)]
F. Average o P 1.3 in. H20
G. Pitot Coefficient 0.84
H. Gas Meter Coefficient 1.0099
I Stack Diameter 36 in.
J. Stack Area 7.07 fi? (0.00545*12)
K. Nozzle Diameter 0.197 in.
L. Nozzle Area 2.12E-04 fi? (0.00545%K?)
M. Average Stack Temperature 95 °F
N. Average Stack Temperature 555 °R (460+M)
0. Average Meter Temperature 59 °F
P. Average Meter Temperature 519 °R (460+0)
Q. Condensate Volume 5.2 mL
R. Absorbed H20 12.8 mL
S. Total H20 18.0 mL (Q+R)
T. Filter Weight 0.0023 g
U. Probe Weight 0.0038 g
V. Impinger Weight 0.0002 g
Ww. Total Weight 0.0063 g (T+U+V)
X. Metered Gas Volume 46.834 def
Y. Corrected Metered Gas Volume 47.298 dcf (X*H)
Z. H20 Gas Volume 0.853 of (0.00267*S*P/A)
AA. Total Sample Volume 48.150 of (Y+2)
BB. Percent H20 18 % (100%Z/AA)
CC. Gas Volume Sampled 47.244 dscf [Y*(528/P)*(E/29.92)]
DD. Grain Loading 0.0021 gr/dscf  (15.43*W/CC)
EE. Average Molecular Weight:
Component % Volume | *(1-BB/100) | * Mol. = Weight/Mol
+100 Weight

H20 0.018 18 0.319

CO2 0.000 4 0.000

CO 0.000 0.982 28 0.000

02 0.205 0.982 32 6.444

N2 0.795 0.982 28 | 21.866

Average Molecular Weight 28.63 Ib./1b. mol

FF. Average Stack Velocity 66.7 fps {85.49*G*[(F*N)/(C*EE)]*0.5}
GG. Averge Flow Rate 28300 acfm (60*FF*])
HH. Standard Flow Rate 26300 scfm [GG*(528/N)*(C/29.92)]
i Sample Time 3600 sec
JJ. Percent Isokinetic 101.8 % {[100*CC*60*J)/[HH*L*11*(1-BB/100)]}

KK. Mass Flow Rate 0.46 Ib/hr [DD*HH*(1-BB/100)*60/7000]




STACK SAMPLING CALCULATIONS

CLIENT: USS CLAIRTON WORKS TEST DATE: 02-23-94
TEST SITE 1,2,3 BATTERY PEC TEST NUMBER: CLR-14-2
A. Barometric Pressure 29.25 in. Hg
B. Static Pressure 1.0 in. H20
C. Stack Pressure 29.32 in. Hg [A+(B/13.6))
D. Average a H 1.57 in. H20
E. Meter Pressure 29.37 in. Hg [A+(D/13.6)]
F. Average a P 1.20 in. H20
G. Pitot Coefficient 0.84
H. Gas Meter Coefficient 1.0054
L Stack Diameter 36 in.
J. Stack Area 7.07 fi2 (0.00545%12)
K. Nozzle Diameter 0.194 in.
L. Nozzle Area 2.05E-04 fi2 (0.00545*K?)
M. Average Stack Temperature 102 °F
N. Average Stack Temperature 562 °R (460+M)
0. Average Meter Temperature 59 °F
P. Average Meter Temperature 519 °R (460+0)
Q. Condensate Volume 6.4 mL
R. Absorbed H20 10.2 mL
S. Total H20 16.6 mL (Q+R)
T. Filter Weight 0.0021 g
u. Probe Weight 0.0055 g
V. Impinger Weight 0.0003 g
Ww. Total Weight 0.0079 g (T+U+V)
X. Metered Gas Volume 42.983 dcf
Y. Corrected Metered Gas Volume 43.215 def (X*H)
z. H20 Gas Volume 0.786 of (0.00267+S*P/A)
AA. Total Sample Volume 44.002 of (Y+2Z)
BB. Percent H20 1.8 % (100%Z/AA)
CC. Gas Volume Sampled 43.150 dscf [Y*(528/P)*(E/29.92)]
DD. Grain Loading 0.0028 gr/dscf  (15.43*W/CC)
EE. Average Molecular Weight:
Component % Volume | *(1-BB/100) | * Mol. = Weight/Mol
+100 Weight

H20 0.018 18 0.322

CO2 0.000 0.982 4 0.000

CO 0.000 0.982 28 0.000

02 0.205 0.982 32 6.443

N2 0.795 0.982 28 | 21.862

Average Molecular Weight 28.63 1b./1b. mol

FF. Average Stack Velocity 64.4 fps {85.49+G*[(F*N)/(C*EE)]*0.5}
GG. Averge Flow Rate 27300 acfm (60*FF*))
HH Standard Flow Rate 25100 scfm [GG*(528/N)*(C/29.92))
1. Sample Time 3600 sec
1. Percent Isokinetic 1005 % {[100*CC*60*J)/[HH*L+II*(1-BB/100)]}
KK. Mass Flow Rate 0.60 Ib/hr [DD*HH*(1-BB/100)*60/7000]




CLIENT: USS CLAIRTON WORKS
TEST SITE 1,2,3 BATTERY PEC

-EE

1.

pNXYgecdpwmomoZIrA-rmOmMmMOOD)

STACK SAMPLING CALCULATIONS

TEST DATE: 02-23-94
TEST NUMBER: CLR-1-5-2

Barometric Pressure 29.25 in. Hg
Static Pressure 0.6 in. H20
Stack Pressure 29.29 in. Hg [A+(B/13.6)]
Average s H 1.22 in. H20
Meter Pressure 29.34 in. Hg [A+(D/13.6)]
Average AP 1.3 in. H20
Pitot Coefficient 0.4
Gas Meter Coefficient 1.0179
Stack Diameter 36 in.
Stack Area 7.07 fi3 (0.00545*12)
Nozzie Diameter 0.181 in.
Nozzle Area 1.79E-04 fi2 (0.00545*K?)
Average Stack Temperature 89 °F
Average Stack Temperature 549 °R (460+M)
Average Meter Temperature 46 °F
Average Meter Temperature 506 °R (460+-0)
Condensate Volume 5.1 mL
Absorbed H20 10.5 mL
Total H20 15.6 mL (Q+R)
Filter Weight 0.0021 g
Probe Weight 0.0108 g
Impinger Weight 0.0003 g
Total Weight 0.0132 g (T+U+V)
Metered Gas Volume 41.086 dcf
Corrected Metered Gas Volume 41.821 def (X*H)
H20 Gas Volume 0.721 of (0.00267*S*P/A)
Total Sample Volume 42.542 of (Y+Z)
Percent H20 1.7 % (100*Z/AA)
Gas Volume Sampled 42.793 dscf [Y*(528/P)*(E/29.92)]
Grain Loading 0.0048 gr/dscf  (15.43*W/CC)
Average Molecular Weight:
Component % Volume | *(1-BB/100) | * Mol. = Weight/Mol
+100 Weight

H20 0.017 | 18 0.305

CO2 0.000 0.983 4 0.000

co 0.000 0.983 23 0.000

02 0.205 0.983 32 6.449

N2 0.795 0.983 28 | 21.883

Average Molecular Weight 28.64 1b./1b. mol

Average Stack Velocity 66.2 fps {85.49+G*[(F*N)/(C*EE)]"0.5}
Averge Flow Rate 28100 acfm (60*FF*J)
Standard Flow Rate 26500 scfm [GG*(528/N)*(C/29.92)]
Sample Time 3600 sec
Percent Isokinetic 108.3 % {1100*CC*60*J]/[HH*L*11*(1-BB/100)]}
Mass Flow Rate 1.06 Ib/hr [DD*HH*(1-BB/100)*60/7000]




STACK SAMPLING CALCULATIONS

CLIENT: USS CLAIRTON WORKS TEST DATE: 02-24-94
TEST SITE 1,2,3 BATTERY PEC TEST NUMBER: CLR-1-1-3
A. Barometric Pressure 29.04 in. Hg
B. Static Pressure 1.0 in. H20
C. Stack Pressure 29.11 in. Hg [A+(B/13.6)]
D. Average a H 1.65 in. H20
E. Meter Pressure 29.16 in. Hg [A+(D/13.6)]
F. Average a P 1.2 in. H20
G. Pitot Coefficient 0.84
H. Gas Meter Coefficient 1.0032
I Stack Diameter 36 in.
I Stack Aree 7.07 fi2 (0.00545+*12)
K. Nozzle Diameter 0.191 in.
L. Nozzle Area 1.99E-04 fi2 (0.00545*K?)
M. Average Stack Temperature 93 °F
N. Average Stack Temperature 553 °R (460+M)
0. Average Meter Temperature 60 °F
P. Average Meter Temperature 520 °R (460+0)
Q. Condensate Volume 4.1 mL
R. Absorbed H20 89 mL
S. Total H20 13.0 mL (Q+R)
T. Filter Weight 0.0018 g
u. Probe Weight 0.0196 g
V. Impinger Weight 0.0003 g
Ww. Total Weight 0.0217 g T+U+V)
X. Metered Gas Volume 40.098 dcf
Y. Corrected Metered Gas Volume 40.226 def (X*H)
Z. H20 Gas Volume 0.622 cf (0.00267*S*P/A)
AA. Total Sample Volume 40.848 cf (Y+2Z)
BB. Percent H20 1.5 % (100*Z/AA)
CC. Gas Volume Sampled 39.809 dscf [Y*(528/P)*(E/29.92)]
DD. Grain Loading 0.0084 gr/dscf  (15.43*W/CC)
EE. Average Molecular Weight:
Component % Volume | *(1-BB/100) | * Mol. = Weight/Mol
+100 Weight

H20 0.015 18 0.274

Cco2 0.000 0.985 44 0.000

Cco 0.000 0.985 28 0.000

02 0.205 0.985 32 6.460

N2 0.795 0.985 28 | 21.921

Average Molecular Weight 28.66 1b./1b. mol

FF. Average Stack Velocity 64.0 fps {85.49¢*G*[(F*N)/(C*EE)]*0.5}
GG. Averge Flow Rate 27200 acfm (60*FF*J)
HH. Standard Flow Rate 25300 scfm [GG*(528/N)*(C/29.92)]
I Sample Time 3600 sec
5. Percent Isokinetic 94.6 % {[100*CC*60*J]/[HH *L*11*(1-BB/100)]}
KK. Mass Flow Rate 1.80 1b/hr [DD*HH*(1-BB/100)*60/7000}




STACK SAMPLING CALCULATIONS

CLIENT: USS CLAIRTON WORKS TEST DATE: 02-24-94
TEST SITE 1,2,3 BATTERY PEC TEST NUMBER: CLR-1-2-3
A. Barometric Pressure 29.04 in. Hg
B. Static Pressure 1.0 in. H20
C. Stack Pressure 29.11 in. Hg [A+(B/13.6)]
D. Average A H 1.56 in. H20
E. Meter Pressure 29.15 in. Hg [A+(D/13.6)]
F. Average AP 1.2 in. H20
G. Pitot Coefficient 0.84
H. Gas Meter Coefficient 1.0099
I Stack Diameter 36 in.
I Stack Area 7.07 f2 (0.00545+12)
K. Nozzle Diameter 0.197 in.
L. Nozzle Area 2.12E-04 ft* (0.00545%K?)
M. Average Stack Temperature 90 °F
N. Average Stack Temperature 550 °R (460+M)
0. Average Meter Temperature 60 °F
P. Average Meter Temperature 520 °R (460+0)
Q. Condensate Volume 1.2 mL
R. Absorbed H20 12.5 mL
S. Total H20 13.7 mL (Q+R)
T. Filter Weight 0.0015 ¢
u. Probe Weight 0.0041 ¢
V. Impinger Weight 0.0002 g
W. Total Weight 0.0058 g (T+U+V)
X. Metered Gas Volume 48.479 dcf
Y. Corrected Metered Gas Volume 48.959 dcf X*H)
z H20 Gas Volume 0.655 «f (0.00267*S*P/A)
AA. Total Sample Volume 49.614 of (Y+2Z)
BB. Percent H20 13 % (100*Z/AA)
CC. Gas Volume Sampled 48.441 dscf [Y*(528/P)*(E/29.92)]
DD. Grain Loading 0.0018 gr/dscf  (15.43*W/CC)
EE. Average Molecular Weight:
Component % Volume | *(1-BB/100) | * Mol. = Weight/Mol
+100 Weight

H20 0.013 18 0.238

CO2 0.000 0.987 4 0.000

CoO 0.000 0.987 28 0.000

02 0.205 0.987 32 6.473

N2 0.795 0.987 28 | 21.966

Average Molecular Weight 28.68 1b./1b. mol

FF. Average Stack Velocity 63.8 fps {85.49*G*[(F*N)/(C*EE)]*0.5}
GG. Averge Flow Rate 27100 acfm (60*FF*J))
HH. Standard Flow Rate 25300 scfm [GG*(528/N)*(C/29.92)]
L. Sample Time 3600 sec
1. Percent Isokinetic 1080 % {[100*CC*60*J)/[HH*L*II*(1-BB/100)]}
KK. Mass Flow Rate 0.40 Ib/hr [DD*HH*(1-BB/100)*60/7000]




CLIENT: USS CLAIRTON WORKS
TEST SITE 1,2.3 BATTERY PEC
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STACK SAMPLING CALCULATIONS

TEST DATE: 02-24-94
TEST NUMBER: CLR-14-3

Barometric Pressure 29.04 in. Hg
Static Pressure 0.6 in. H20
Stack Pressure 29.08 in. Hg [A+(B/13.6)]
Average a H 1.54 in. H20
Meter Pressure 29.15 in. Hg [A+(D/13.6)]
Average AP 1.2 in. H20
Pitot Coefficient 0.84
Gas Meter Coefficient 1.0054
Stack Diameter 36 in.
Stack Area 7.07 fe? (0.00545*1%)
Nozzle Diameter 0.194 in.
Nozzle Area 2.05E-04 fi2 (0.00545%K?)
Average Stack Temperature 96 °F
Average Stack Temperature 556 °R (460+M)
Average Meter Temperature 53 °F
Average Meter Temperature 513 °R (460+0)
Condensate Volume 44 mL
Absorbed H20 6.4 mL
Total H20 10.8 mL (Q+R)
Filter Weight 0.0030 g
Probe Weight 0.0080 ¢
Impinger Weight 0.0002 ¢
Total Weight 0.0112 g (T+U+V)
Metered Gas Volume 42,475 dcf
Corrected Metered Gas Volume 42.704 dcf (X*H)
H20 Gas Volume 0.509 «f (0.00267%S*P/A)
Total Sample Volume 43.214 of (Y+Z)
Percent H20 1.2 % (100*Z/AA)
Gas Volume Sampled 42.827 dscf [Y*(528/P)*(E/29.92)]
Grain Loading 0.0040 gr/dscf  (15.43*W/CC)
Average Molecular Weight:
Component % Volume | *(1-BB/100) | * Mol. = Weight/Mol
+100 Weight

H20 0.012 E 18 0.212

co2 0.000 0.988 44 0.000

(00) 0.000 0.988 28 0.000

02 0.205 0.988 32 6.483

N2 0.795 0.988 28 | 21.998

Average Molecular Weight 28.69 1b./1b. mol

Average Stack Velocity 64.2 fps {85.49*G*[(F*N)/(C*EE)]*0.5}

Averge Flow Rate
Standard Flow Rate
Sample Time
Percent Isokinetic
Mass Flow Rate

27200 acfm (60*FF*])

25100 scfm [GG*(528/N)*(C/29.92))

3600 sec

9.1 % {[100*CC*60+J)/[HH*L*II*(1-BB/100)]}
0.86 Ib/hr [DD*HH*(1-BB/100)*60/7000]
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CLIENT: USS CLAIRTON WORKS TEST DATE: 02-24-54
TEST SITE 1,2,3 BATTERY PEC TEST NUMBER: CLR-1-5-3
Barometric Pressure 29.04 in. Hg
Static Pressure 0.6 in. H20
Stack Pressure 29.08 in. Hg [A+(B/13.6)]
Average & H 1.19 in. H20
Meter Pressure 29.13 in. Hg [A+(D/13.6)]
Average AP 1.3 in. H20
Pitot Coefficient 0.84
Gas Meter Coefficient 1.0179
Stack Diameter 36 in.
Stack Area 7.07 fi2 (0.00545%1%)
Nozzle Diameter 0.181 in.
Nozzle Area 1.79E-04 ft? (0.00545*K 2)
Average Stack Temperature 84 °F
Average Stack Temperature 544 °R (460+M)
Average Meter Temperature 39 °F
Average Meter Temperature 499 °R (460+0)
Condensate Volume 23 mL
Absorbed H20 9.7 mL
Total H20 120 mL (Q+R)
Filter Weight 0.0033 g
Probe Weight 0.0114 g
Impinger Weight 0.0004 g
Total Weight 0.0151 g T+U+V)
Metered Gas Volume 40.222 dcf
Corrected Metered Gas Volume 40.942 dcf (X*H)
H20 Gas Volume 0.551 «f (0.00267*S*P/A)
Total Sample Volume 41.493 cof (Y+2Z)
Percent H20 13 % (100*Z/AA)
Gas Volume Sampled 42.174 dscf [Y*(528/P)*(E/29.92)]
Grain Loading 0.0055 gr/dsef  (15.43*W/CC)
Average Molecular Weight:
Component % Volume | *(1-BB/100) | * Mol. = Weight/Mol
+100 Weight
H20 0.013 18 0.239
Co2 0.000 0.987 4“4 0.000
Co 0.000 0.987 28 0.000
02 0.205 0.987 32 6.473
N2 0.795 0.987 28 | 21.965
Average Molecular Weight 28.68 1b./1b. mol
Average Stack Velocity 66.1 fps {85.49*G*[(F*N)/(C*EE)]*0.5}
Averge Flow Rate 28000 acfm (60*FF*])
Standard Flow Rate 26400 scfm [GG*(528/N)*(C/29.92)]
Sample Time 3600 sec
Percent Isokinetic 106.7 % {[100*CC*60*J]/[HH*L*I1*(1-BB/100)]}
Mass Flow Rate 1.23 1b/hr [DD*HH *(1-BB/100)*60/7000]

STACK SAMPLING CALCULATIONS






