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EXECUTIVE SUMMARY

A demonstration of the pushing emissions control system for Batteries 7, 8, and 9 operated
at USS Clairton Works was conducted on March 8, 9, and 10, 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 7, 8,
or 9.

The results of the testing showed an average particulate matter emissions rate of 0.52
pounds per hour, while the allowable emissions rate is 9.99 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 81 times. A maximum plume
opacity during the travelling operation greater than 10 percent was observed 82 times.
Both opacities for the pushing event were greater than their specified reference values 65
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 7, 8, and 9 operated at
USS Clairton Works was conducted on March 8, 9, and 10, 1994. A baghouse controls the
emissions which result from the pushing operations from the ovens of Batteries 7, 8, and 9.
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 7, 8, or 9.

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 (CO5), 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 3.31 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, 9.46 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:

331Ibx  1hrpushing x 1 min pushingx  9.46 pushes = 0.521b/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 =076 * 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 9.46 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 7, 8, and 9 equal to (3 batteries) * (0.76 Ib/hr/battery) * (10.7 tons/oven * 9.46
ovens/hr / 3 batteries)0'42, or 999 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 (0.52 Ib/hr) is less than the allowable
emissions rate (9.99 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, 181 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 81 times. A maximum plume opacity during the
travelling operation greater than 10 percent was observed 82 times. Both opacities for the
pushing event were greater than their specified reference values 65 times. During the
pushing operation, the plume opacity was greater than or equal to 20 percent for an
average of 4.1 seconds. During the travelling operation, the plume opacity was greater
than 10 percent for an average of 7.4 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 7, 8, and 9 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 7, 8, AND 9
PUSHING EMISSIONS CONTROL SYSTEM
PARTICULATE MATTER EMISSIONS DATA

DAY 1
TEST DATE: MARCH 8, 1994
TEST TIMES: 0840 to 1455

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

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

Mass Emission Rate

and Concentration

Particulate Matter (Ib/hr pushing) 0.73 1.71 1.30 0.70 4.44
(gr/dscf) 0.0037 0.0080 0.0060 0.0031

Stack Conditions

Flow Rate (acfm) 24800 27100 27700 28200 107800
(scfm) 23100 25300 25800 26300 100500
(dscfm) 22800 24900 25400 25900 99000

Temperature (°F) 100 o8 100 99

Moisture Content (%) 1.5 1.5 1.4 1.5

Sampling Conditions

Sampling Time (minutes) 60 60 60 60

Sample Volume (dscf) 38.760 38.412 44.696 45.647

Isokinetics (%) 101.9 101.6 104.1 105.4
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USS CLAIRTON WORKS
CLAIRTON, PA

TABLE 2

BATTERIES 7, 8, AND 9
PUSHING EMISSIONS CONTROL SYSTEM
PARTICULATE MATTER EMISSIONS DATA

DAY 2
TEST DATE: MARCH 9, 1994
TEST TIMES: 0835 to 1520

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

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

Mass Emission Rate

and Concentration

Particulate Matter (Ib/hr pushing) 0.45 0.87 0.79 0.51 2.62
(gr/dscf) 0.0024 0.0040 0.0036 0.0022

Stack Conditions

Flow Rate (acfm) 23200 26700 26900 28900 105700
(scfm) 22200 25600 25600 27600 101000
(dscfm) 21800 25200 25200 27100 99300

Temperature (°F) 88 87 92 89

Moisture Content (%) 1.7 1.6 1.5 1.7

Sampling Conditions

Sampling Time (minutes) 60 60 60 60

Sample Volume (dscf) 38.293 41.019 44.437 46.535

Isokinetics (%) 105.0 107.4 104.4 102.6
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USS CLAIRTON WORKS
CLAIRTON, PA

TABLE 3
BATTERIES 7, 8, AND 9
PUSHING EMISSIONS CONTROL SYSTEM
PARTICULATE MATTER EMISSIONS DATA
DAY 3

TEST DATE: MARCH 10, 1994
TEST TIMES: 0810 to 1410

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

Mass Emission Rate
and Concentration

Particulate Matter (Ib/hr pushing) 0.54 1.07 0.91 0.36 2.88
(gr/dscf) 0.0028 0.0050 0.0042 0.0015

Stack Conditions

Flow Rate (acfm) 24700 27000 27100 29200 108000
(scfm) 23100 25400 25300 27400 101200
(dscfm) 22800 25000 25000 27000 99800

Temperature (°F) 93 90 93 90

Moisture Content (%) 1.4 1.4 1.3 1.4

Sampling Conditions

Sampling Time (minutes) 60 60 60 60
Sample Volume (dscf) 37.829 38.987 45.883 46.975
Isokinetics (%) 99.4 102.6 108.6 104.0
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USS CLAIRTON WORKS
CLAIRTON, PA

TABLE 4
BATTERIES 7, 8, AND 9
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 03-08-94 4.44
2 03-09-94 2.62
3 03-10-94 2.88
Average 3.31
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USS CLAIRTON WORKS
CLAIRTON, PA

TABLE 5

7, 8, AND 9 BATTERY PUSHING EMISSIONS CONTROL
VISIBLE EMISSIONS DATA SUMMARY

Baghouse Stacks
Observation Number of Greatest
Date Observations  Opacity (%)
March 8, 1994 1504 0
March 9, 1994 1640 0
March 10, 1994 1440 0
Pushing Operation
Number of Average
Observations Time with
Observation Number of with Opacity Opacity
Date Observations >=20% >= 20% (sec)
March 8, 1994 60 25 4.2
March 9, 1994 60 24 4.4
March 10, 1994 61 32 3.6
Average 4.1
Travelling Operation
Number of Average
Observations Time with
Observation Number of with Opacity Opacity
Date Observations >10% >10% (sec)
March 8, 1994 60 21 6.6
March 9, 1994 60 24 6.9
March 10, 1994 61 37 8.7
Average 7.4
USS Clairton Works -10-
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COMPLIANCE DEMONSTRATION
NO. 7, 8, AND 9 BATTERY
PUSHING EMISSIONS CONTROL

USS CLAIRTON WORKS
CLAIRTON, PENNSYLVANIA
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TEST PROTOCOL
COMPLIANCE DEMONSTRATION
NOS. 7, 8, 9 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 7, 8, and 9 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-
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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.

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 (CO?), oxygen (O2), and nitrogen
(N2, 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
acetone blank and one deionized distilled water blank will be prepared in the same manner
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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 BAQ, 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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VISIBLE EMISSIONS OBSERVATIONS FORM
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WTE: 3'8"1‘4 J=======:mu-4 :;:8- =1
_ 0| Ol0O1o O wioclololO
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e TiE:_l0 o slp ol ol o 3 Nl KoX K2
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s\l lol Nl & slpl ool o
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wserven: Mok Zalesi

wE: 3-8-94

FACILITY: USS- Cluirton

DBSERVATION: START TIME: I0°40
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By Bt Temp. Wharf
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- e -
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VISIBLE EMISSIONS OBSERVATIONS FORM
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poTin: /290 B 4l oo ofo ulolololo
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11 0o} o] o wlololo}|?
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Mo. READINGS )= 201____ O nlolel| el nof ds 0 [of ofo
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END TINE:/ 214D

DBSERVATION POINT:

7_BATTY. Ty mP whns

SOURCE:
DISTANCE: Goo®
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BACKBROUND: SKY
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—,
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No. READINGS )= 202____ O
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OBSERVER:_ AAne s GRumLipC

e 3°97Y

FACILITY:

DBSERVATION:START TINE: /3.40

B TIE: (Y Yo
DBSERVATION POINT:
Y BATTent TemP whenF

SOURLE:

DISTANCE: Yoo

DIRECTION FROW: _So &/ 74 __

HE16HT: /00"
WIND:

SPEED: Wz

DIRECTION: A+ W
TEWERATIRE: 3 & F

SKY CONDITION: OVERcAST
BACKBROUND: SkY

READING CONDITIONS: SA:@
COLOK OF EMISSION:

10TAL Mo. OF READINGS: L0
No. READINGS )= 201 0

Mo. READINGS ‘= 601 °

GREATEST OPACITY: 4]

OREN: 12 FoREmaN: Mc ConklS.
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oeseRvER: LANC & Gum:né

wre:_ 3§74

FACILITY: (S X~ cloinTo w

DBSERVATION:START TINE: /Y:0

Exp TInE: ) 3TF
OBSERVATION POINT:
7 Ba1Tiad TsmP wWHars

SOURLE:

pisTece: 700

MEIEHT: /oo
NIND:
SPEED: [6 mPH

DIRECTION: M- w
TEWERATURE: 3 8 °F
SKY CONDITION: o vgn cas T
BACKBROUND: SKT

READING CONDITIONS: \FAL
COLOK OF EMISSION: ___ —
TOTAL Mo, OF READINGS: 60

Mo, READINES )= 201 O
MNo. READINGS = 603 %
GREATEST OPACITY: _____ °

[
crew: 2 Foreman: e conlile

COMMENTS:

VISIBLE EMISSIONS OBSERVATIONS FORM
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Mg N Y N 0N 9N YN e 9D R

Nape __LANCE CRumive
Date <-9°7¢%
foreman /2. (oh)‘ﬂ(/-/,gtt Crew X

mrtery 7, € 7

7. PUSH TT. TRAVEL® | 117.SCRUBBER
oven | Time | > 208 Goser | > 105 Opse. | > 208 tomer | Coments:
A-18 | €9/ L 0 Joo S I N o Vitw
) 18y |2 oo 7| 198 7€ ouT - Tor Mook
2-) 1952 | /¢ 27| 13) Sox 047 LaTeH “Flookt
A-/ 9:s8 | .// 285/ a2 4qgw ouz Bl [ Tell
A-3 205 |09 $$/ 7 do/ ou7 ToF LA Ter
B¢ 1999 | :00 107 | 100 §u /N 7o/ Lo Tey
A-§ 1 91 | :00 18 00 /o /N 7P tavels
A2z |15 |:oo 0 to0 p /W 7o/ Mook
/372 | 72277 o L/ |20 asn ov7 7012 Hook
A7 193220 8/ 2y 262 ou7 T2 lpTen
29 | 2292 | :09 27 |27 20y 047 ToP 147y
A1 | %yg | 212 982 L wp 2zsy 0u7 Tol LaTeh
B-1 7252 | 02 LS |24 Sz ouw7 Tolf° Lok
AN | j0:0e | 02§57 |0 28U ov7 Tl o7k
B2 )| /o:or | ‘00 ° ‘o0 0 /N T2 Loty |
A-13 | /076 | oo o/ 1:08 s/ )N/ou 7 LATeH / ook
/8 1 s0:76 o0 S2 | o0 oy v, To P LAT L
AS /6722 |loo 1§/ | :00 o/ /N 7o Lp7ey
£ N,0i12 |06 9/ {2 wr | ou7T 70fP LATck

Note: Column #1 represe~ts fugltive emissions from the coke collecting car, coke g.ice,
and area between the coke gulde and jamt, anc emissions from the by=pacs doc* o'
the push.

Column #11  represents emissions from the ccke collecting car and by-pass cuce
curing travel.

Column #111 represents emisslons from the gas clearing car ou*le* cdurimz *¢ r_:-
and travel.

¥ 13-15 Trave! > 10% Opaclty
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S -$-?y

Foreman M Conkis /Hpee Crew /2

NN N g Ny

) SN

I. PUSH I 1. TRAVEL® I11.SCRUBBER
Seconds Max, Seconds Max, Seconds Max.
Oven | Time | 2 20% 6pac. > 10f Opac. | = 20% Opac. Comments :
A7/2 | 0:zz | 1) 20y 107 Zo). ou7 LA TeH /}) osdy
B-17 10.39 oo Jo /. l2e S/ N oy 70 /C LTk
A19 L mys |2 287 | 122 2¢y ou7 ToI” Le7el
A2/ | /02571 |06 682 | 5o ssu ou7 Vo View
28 | joise | ier 4oy 102 Ys /. ou7 T0° LaTey
A2 1700t fioo IS/ | o0 se Iy, T P Loy
A221 7009 |:)) RYA 2 G/ ou7 o0 LpTey
A29|1))s |19 20 26 28 ou7 To X (a7cs
B-2) | p:ar {00 o2 fios o /N MO Yirw
AN TR IRY, R94 00 so/. oq7/,,J Til° L5 Tey
B-28 | 1223 {00 ss/ | 106 ¢ o, 7o ta7css
Nete: Column #1 represer+s fugltive emissions from the coke collecting car, coxe goice,

anc area between the coke
the push,

- ,;:dv c;_—.'-

[

gulde and jamt, anc emiscions from the by-pass

Column #11 represents emissions from the ccke collecting car anc ty-nass cuce
during travel.

Cotumn #1171 represents emissions from the gas cleaning car ou+le+ guri=z *¢ oz
and travel.

* 13-15 Travel > |04 Opaclty
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Date 3-8-9Y

Foreman Crew
BATTERY__ g
|. PUSH Il. TRAVEL* 111.SCRUBBER
oven | Tine | > 208 bomer | > 105 opscr | > 208 Gomer | coments:
w89 | 9.29 | 11:4p | 00 10%| ivo  o% Cat See o cm

B-A7 | W Ye | :0¢ ¢57| 0® 1% . -
B-30 1 st | o3 s o0 o7 )
L-2 | us7 |02 0% -vo 0% '
A-30 | 1203 | Lo 6% | co o7
A2 12:1 1;/ L /a% Joo °7,
A j 12°2¢ | po AL 57
A 7 2:32 | v 0%\ oo o7,
48 |12:33 |.ow shl oo o

12175 | oo 0%l oo 0%
BY |izs/ |03 25%) .00 SX

Ab_ 72957 |ioo AR A
& 1o i13% 857 oo 1%,
A8 T/'-/J N B AR
By 11122 | 5% oo s
Ao 1578 |.o0 157, :0 0 /0%,
Bio |1: 35 |4 (07 | vo 5%
Alx 11 41 oo 10%1. po 5%
Bi2 |1:Y7 | .0 ARy fo%|

L

Note: Column #! represents fuglitive emissions from the coke collecting car, coke go'ce,
and area between the coke gulde and jamt, anc emissions from the by-pacs Zoc* di-i-
the push.

Coclumn #11 represents emissions from the coke collecting car anc by-pa2ss cuc*
curing travel.

Cclumn #11] represents emisslons from the gas clearing car ou*le* duri=z t-e o.:°
and travel.

* 13-15 Travel > 10% Opaclty



Marle Zalesk.

Name .

Date 3-8-94

Foreman Crew
BATTERY © °
1. PUSH IT. TRAVEL® I 11.SCRUBBER
Seconds Max, Seconds Max, Seconds Max,
Oven Time | = 20% Opac. > 10% Opac. | = 2¢% Opac. Comments :
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¥ |41e .07 e 0% 50 /%
Bl [2:13 |:00 10% | < 0o £%,

BlAIZ k-2 |0 ol 00 %/
nl1Bis 1227 |:op 1% | o0 5%
$laze 7732 |00 s loo 5%
7| Bae |X: 38 |.p0 17 |00 S%
FLARR (K. Y2 | oo sy | o0 sY
" 1822 |2:42 |’ 60 157 | 0 5%
L 42Y 12152 |10 jo%|.6e 0%

Ncte: Column #! represe~ts fugltlve emissions from the coke collecting car, coxe goice,

anc area between the coke gulde and jamt, and emissions from the Py-pges coc* di-'-

the push.

Column #11 represents emissions from the ccke collecting car ang by-pa2cce c;:lx\\
curing *ravel. “

Column #1111 represents emissions from the gas cleanling car ou*le* dur’=z *r e r.3-

angd travel.

¥ 13-15 Trave! > 10% Opaclty
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I. PUSH 1. TRAVEL® I11.SCRUBBER
| oven | vine | 208 Gmmer | Siogomen | St tel
§ | B-72 | 1:17 Joo N4 1o bl | v T MO Y g
7147 | mat]ioo ¢y [:00 o /R ToP ts7cl
F1 B9 | 112y 00 ° ‘00 o DY, N0 Urgw
T A H:34 | .00 S/ 00 o I N To® Yook
y 53-11 ]) Yo o O 1L 100 0/, /N o Ule w
7 43 | 196 | oo 16/ | rop o !~ TP LTty
¥ EENITERY Jo/ | te0 Jp Y /N Ao Vs
7 A1 16 r00 o 106 (o[ J N To /P LgTe N
§{ 315 17:02 113 207 ] 25 Lo ou7 VO UiE w
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Ncte: Column #1 represents fugitive erissions

from the coke collecting car, cote g-‘ce,
anc area between the coke gulde and jamt

» 8nC erissions from the byepacs

el e

F255 CT0UC gem'-

the push.

Column #11 represents emissions from +he ccke collecting car ane Sy-p2ce cuce
curing travel.

Column #11] represents emissions from the gas clez~Ing car outle* guri=z *re r_z-

-3

and travel,

* 13-15 Trave! > 104 Opaclty
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- for Cre
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819 /224 |07 so%lug %
A2l j12.29 |: 00 (S °7o .00 {o%
82l | ,2:2¢ 118w Tlios  20% .
A23 | 2:4 .07 S0 %o |13 15 7 :
B23 | 1247 |ioy 30 % lios  2s5% |
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R2) 1103 |18 9 Dlios 307
| 827 | 193 1'0S s %00 10 %
Ald s oo oS Tl 100 g 7 i
A29 | 122 Lo 85%|: 08 30% |
429 L1:09 100 1S %08 10%
A3 13y too STl o5 asP
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¢2 |15l oo osTlioo o5 %
AR 11:59 lioo 1§ Zli00 10 %
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e

AR | 2:.07 L o0 0{76 ‘oo 00 %

Nete: Column #1 represents fugltive emissions from the coke collecting car, coke goice,
and area between the coke gulde and jamb, and emissions from the by-pass Cuc*® dL-i-
the push.

Column #11 represents emissions from the ccke collecting car and by-pess cuc”
during travel.

Column #11] represents emisslons from the gas cleaning car outle? durinmz the ros”

and travel.

* 13-15 Travel > 10¥ Opaclty
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B¢ 224 |io0 5% 100 10%
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|
B8 12:3¢ |l S| 00 00% g
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A% 2.4\ . 00 /2 He) a5 Yo l
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Ao 12288 |too 0SS %ol 00 00 T i
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Note: Column #1 represents fugltive emissions from 4+he coke collecting car, core guice,

and area between the coke gulde and jamb, and emissions from fhe by-pass cuct CLmim

the push.

Column #11

represents emissions from the ccke collecting car anc by-peass duc
during travel.

Column #111 represents emisslons from the gas cleaning car ou*le” gurinz 1he
and travel.

* 13-15 Travel = 10% Opacity
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BACKEROUND: __,S Ay - Fsrnc Cloico(d n{o|iS{6 |
S (alolololo 81210 16 6| o
gardple{olo|o {010 {0 {o & 8ALz
READING comnuns:,g;_oia_/“ 31jl{olo|e S{o0{o{o |6
COLOK OF EmIssion: _ 210 (o loid #«1°{0 {0 {o
-E el S R ol P S{0{o {0 |o
TOTAL k. OF READINGS: 290 S5 (2101010 (D {O{Oo {0 {0
oooms = TRy T oT e o] o miolojojo i /
Ro. READINGS ‘e 03 20101060 (OO {6 {0 ;_—6‘23
GREATEST OPACITY: © o 16 s w{iolo|o ] |
CREN: FOREMAN:

-——

COMMENTS:




Nefie
Date

S-r0 55
Foreman - Gk  Crew _ 2
RATTERY -9 Do
1. PUSH i1. TRAVEL® H-SCRUBBER !
o\ Seconds Max., Seconds Max. Seconds Max, |
%\xe Oven Time | = 20% Bpac. > 10% Opac. | Z-& c. Comments : '
AMhrrleig ] 0=57 o5/l = i Lo boe 1) |
8 8.17 8:x1 =S/ /9:=3/ | ocT | 2 6./ L e&]&f_&c&_—!
9~ - 19 |18:20 o= IS/ 6= 10/ T | 3 susbeerntice v Io “mi
glR3-29 |@3x|o=lol 17236/ | 0o | Y lsistGueslae 757 fojges
1|A-3i |8:3% | 7= 357 O=/61. o.T § |Siht Gave.. bnce 7o futed |
813 840 | 0 o) | o= 30u ]| oo | & g S for coteh
9|81 |B5s | b:ney 7: 304 | ovr 2 Shoht Comrse foce o fnten
718 W [3:e5 <6 7, 1):060/ ] 60t g QbW Geggn Goce T2 lnfcy
T1R-4 s I\- 8o 4 162/ |1 T | T |6ood (pe 750 (xZ7 b
MA-y [ Jor /oY O /ol | = | /6 |9 N Cag fra Tirdds |
9 B-C |9:a1 | 1o= Joo'l. 352354, X2V Shebt Goges &LT}"’MC‘I !
MA-C |92 o=/ 1025/ | — |jdlsed buce Tor Lotn
TIR-% [9:34 | 9 ko/ 2oL 00T |13 |Goed Cace Tor tafch
2A-® [Hd | 0= 154 /0t | — iy |k Crauae Toe Lok 4
a[8/0 745 [B:807. [30:300 | oo | /5 ghisht b Brdts
7| A0 | Qg 0:a/ = [y ~ | /¢ Lsvalt Gerens b 7, toke
TBARN| 57 | 7= 86/ 1% 307 | 0°T 1,7 |(ond Gace Yop Latey
BRI jo:0n | ©O-614 O=5/7 | = /€ |Gepd facc To0 lutct
/RS [m0g o O 57 |} — 1i7 leudbrc, Tor bkl/'d.
Ncte: Column #! represents fugltive emisslons ¢from the coke collecting car, coxe gsice,

and area between the coke gulde and jamt,
the push.

Cotumn #11
during travel.

Column #111 represents emisslons from the gas cleaning car outlet durinz *toe [us

and emissions from the by-pzss coct dumi-

represents emissions from the ccke collecting car anc by-peass cuc™

and travel,

* 13-15 Trave! ™ 10% Opaclty

o -



‘Name

. Date _ 2 0-2¥
Foreman - 4 Crew _A
mrreey_ /-] Pec
A T. PUSH TT.TRAVEL® | 111.SCRUBBER
* Seconds Max, Seconds Max. Seconds Max.
¥ { oven | Time | = 20% 6pac. > 104 Opac. | = 20% Opac. Comments:
Y34 io:g 5490 J o :s0/ | Ovl | o 5“@&(0 7or Letet,
019 | 7002 o:/0 Y. o/ Y/ = A 1 Ged frce Tor Lateh
9B e |jora {1300k | 332907 | 00T | lghlt bagwliec 7o coks
A6 Jjerza] o1k | 0210 h | — |13 9 ks Gounboe, Hrsans
T18-18 /0232 | ?7° 6o ), [3 =20/ |ovt LY | chobt foocen bree 157 Lut t;
e (93 | 021574 |19: 707 | o |15 |Gt Game faee fip toren.
91820 |)p.4¢, | fo=100'/ | 40= fook | ovT | b Algim(;,uwgm Top Loten
21A-20 |je. sy 0= ¢fp / 2o 964 | ooT [ L) |green Vace 751 Lakch '
NR-ax |iorsg | r2zr00/ | jo= 27 | 607 | 1B |cokefoee poctlisikte
Haan o | 0267 (027 | = |2 |slyli Gecon focs bolutd
91824 {n:io | /o=B0o) |Id=290/ |ovT |30 §fisht Grean (e Pl y |
Note: Column #1 represents fugltive emissions from the coke collecting car, coke guice,

and area between the coke gulde and jamb, and emissions from the by-pass cuct dum -

the push.

Column #11
guring travel.

represents emissions from the ccke collecting car anc ty-pess cuc”

Column #111| represents emisslons from the gas cleanling car outlet durinz The fus”

and travel,

¥ 13-15 Trave! = 10% Opaclty



~O N I T ™ R T A PR PN I L R

BATTERY /-9 FeC

Name Az ZRLcGI!

Date 2 -,0-94

FO reman

Crew

1. PUSH I1.TRAVEL® | 111.SCRUBBER
Seconds Max, Seconds Max. Seconds Max.
Oven | Time | = 20% 6&pac. > 10¢ Opac. | = 20% Opac. Comments :

azd Lt wlioo s |0 5t o pidnat see faee
Bac |y 21 V1oY @o% |03 15%| our [ cur|7c. a
A26 |/ 27 N YAt ol . to Jo e \our /) Cur | T. ¢ 3
B3 H 32 | W2  és T | F0F o P mcrll/ ouyr |Can't see faca i '
azg | w:30ios 725 %y 20 % a«,rj/ Our |7t Zeeen Hace s :
8% |H' Y3 | 09 55% o Yo Duf7/auf’ Ca,v‘f Spe tuce ¢ '\
A30 |yss oo 10P)ioa w? | v/ To. 7
Al |1:5§ |:03 ys |87 /5% awrl/ Oud |Cant sce face g
B | 1209|203 % Tol 09 30 A Md:/ﬂafr’— T L. Greco q |
A3 lm:po):92 15 7| :60 10 To| w /“/ Cani See 1ace ‘oo
B 3 \z.:g 00 o i oo o /«///,,\/ 7.4 . /
AS |R2, |03 I Tl 108 B Yo 0«.{’/&% Cans See *feq 2
85 |i2:33\0f 3 Zl1e a5 T | Mt SOt 13
A" 1/72:38 |: o0 5 Tl oo so o | g /j)\/ Y
89 (12:44 |00 /5 % too /2, /A/’//A/ /5
A9 |98l 03 0| co5 207 | pur )z e
89 12:8Y1:90 /o Zolioz % | /Oﬂf 17

A il jieo0 200 o %Yo li0o 10 7o /A//Z/A/ /&
Bl [[0G 100 570 | 72 40Pl ),d:/auv- 12
Nete: Column #1 represents fugltive emissions from the coke collecting car, coke guice,

and area between the coke gulde and jamt, and emissions from the by-pess

the push,

Column #11
during travel.

Column #1111 represents emisslions from the gas cleaning car outlet durinz T-e

and travel.

* 13-15 Trave! = 10% Opaclty

-

represents emissions from the coke collecting car anc by-pass cuc®

\_\\

~.
y-=

doct diumi-



3 oo Q 00.__] QNQ ~J S =™ ~;] o

Name L7AZK ZALESIT!
Date =2-,0 -9«

Foreman Crew
mTTERY_ 7~ FPES
). PUSH 11, TRAVEL* 1 11.SCRUBBER
Seconds Max., Seconds Max, Seconds Max.
Oven | Time | = 20% 6pac. > 10f Opac. | = 20% Opac. Comments :
CF T 7 & ves
Az | 7y Voo ys2|:02 10D | v Jow <o
B3 | I 105 4%l ipe 307 9«4;/9% 2
Als | 112 ‘00 o Pl 00 o5 T Jn///n/ 22
Bi5 /1 2D |00 /0'77 ro0 o I ;A/ ‘73;
7 |
4/7 /! 31 ;oo /{79 ./‘ &‘,70 /*//a«—ﬂ" .:,yi
817 1/:30 10g 6o 7o y 2 awf/ooar' .z;‘t
A/? /. '// 7/ /00070 - ¢o 7 J«tf/ovvt’ ¢ |
7 ,
Bis | iunliop 45 Zlioe 0%l /S 25 |
AR| | /:52 ;07 35 % s 3% au//awr ,?J;[
A ~ ;
| 21 | 1:57 |03 é0 Tol-00 57| oir/ 0/ 29 |
/ i
AR3 202 |y to To| 45 50D\ our) o S|
/
23 |2:07 |05 g5 7|08 20D |0lr/0ur 2
/
Note: Column #1 represents fugltive emissions

f

c

Column #1111 represents emissions from the gas cleaning car outle* durinz T e ¢

¥ 13-15 Travel > 10% Opaclty

he push.

olumn #11

during travel.

and travel.

from the coke collecting car, coke guice,
and 2rea between the coke gulide and Jjamb, and emissions from the by-pacs

guct domi-

represents emissions from +he ccoke collecting car and ty-pace duc*

o -

-
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COMPLIANCE DEMONSTRATION
NO. 7, 8, AND 9 BATTERY
PUSHING EMISSIONS CONTROL

USS CLAIRTON WORKS
CLAIRTON, PENNSYLVANIA

APPENDIX C

GRAVIMETRIC RESULTS, EMISSIONS CALCULATIONS

\

CHESTER

ENVIRONMENTAL
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STACK SAMPLING CALCULATIONS

CLIENT: USS CLAIRTON WORKS TEST DATE: 03-08-94
TEST SITE 7,8,9 BATTERY PEC TEST NUMBER: CLR-2-1-1
A. Barometric Pressure 29.47 in. Hg
B. Static Pressure 0.8 in. H20
C. Stack Pressure 29.53 in. Hg [A+(B/13.6)]
D. Average o H 1.10 in. H20
E. Meter Pressure 29.55 in. Hg [A+(D/13.6)]
F. Average o P 1.0 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%1%)
K. Nozzle Diameter 0.190 in.
L. Nozzle Area 1.97E-04 ft? (0.00545%K?)
M. Average Stack Temperature 100 °F
N. Average Stack Temperature 560 °R (460+M)
0. Average Meter Temperature 62 °F
P. Average Meter Temperature 522 °R (460+-0)
Q. Condensate Volume 5.8 mL
R. Absorbed H20 6.7 mL
S. Total H20 12.5 mL (Q+R)
T. Filter Weight 0.0032 g
u. Probe Weight 0.0059 g
V. Impinger Weight 0.0003 g
W. Total Weight 0.0094 g (T+U+V)
X. Metered Gas Volume 38.418 dcf
Y. Corrected Metered Gas Volume 38.798 dcf (X*H)
A H20 Gas Volume 0.591 cof (0.00267%S*P/A)
AA, Total Sample Volume 39.390 cf (Y+2)
BB. Percent H20 1.5 % (100*%Z/AA)
CC. Gas Volume Sampled 38.760 dscf [Y*(528/P)*(E/29.92)]
DD. Grain Loading 0.0037 gr/dsef  (15.43*W/CC)
EE. Average Molecular Weight:
Component % Volume | *(1-BB/100) | * Mol. = Weight/Mol
+100 Weight
H20 0.015 18 0.270
CO2 0.000 0.985 4 0.000
CcO 0.000 0.985 28 0.000
02 0.205 0.985 32 6.462
N2 0.795 0.985 28 | 21.926
Average Molecular Weight 28.66 1b./16. mol
FF. Average Stack Velocity 58.4 fps {85.49*G*[(F*N)/(C*EE)]*0.5}
GG. Averge Flow Rate 24800 acfm (60*FF*J)
HH. Standard Flow Rate 23100 scfm [GG*(528/N)*(C/29.92)]
1. Sample Time 3600 sec
11 Percent Isokinetic 101.9 % {[100*CC*60+J)/[HH*L*I1*(1-BB/100)]}
KK. Mass Flow Rate 0.73 Ib/hr [DD*HH*(1-BB/100)*60/7000]




STACK SAMPLING CALCULATIONS

CLIENT: USS CLAIRTON WORKS TEST DATE: 03-08-94
TEST SITE 7,.8,9 BATTERY PEC TEST NUMBER: CLR-2-2-1
A. Barometric Pressure 29.47 in. Hg
B. Static Pressure 1.0 in. H20
C. Stack Pressure 29.54 in. Hg [A+(B/13.6)]
D. Average aH 1.13 in. H20
E. Meter Pressure 29.55 in. Hg [A+(D/13.6)]
F. Average a P 1.2 in. H20
G. Pitot Coefficient 0.84
H. Gas Meter Coefficient 1.0179
L Stack Diameter 36 in.
J. Stack Area 7.07 f2 (0.00545+12)
K. Nozzle Diameter 0.181 in.
L. Nozzle Arca 1.79E04 fi? (0.00545*K?)
M. Average Stack Temperature 98 °F
N. Average Stack Temperature 558 °R (460+M)
0. Average Meter Temperature 54 °F
P. Average Meter Temperature 514 °R (460+0)
Q. Condensate Volume 5.9 mL
R. Absorbed H20 6.5 mL
S. Total H20 124 mL (Q+R)
T. Filter Weight 0.0054 g
u. Probe Weight 0.0128 g
V. Impinger Weight 0.0017 g
Ww. Total Weight 0.0199 g (T+U+V)
X. Metered Gas Volume 37.192 def
Y. Corrected Metered Gas Volume 37.858 dcf X*H)
z. H20 Gas Volume 0.577 f (0.00267*S*P/A)
AA. Total Sample Volume 38.435 of (Y+2)
BB. Percent H20 1.5 % (100%Z/AA)
CcC. Gas Volume Sampled 38.412 dscf [Y*(528/P)*(E/29.92)]
DD. Grain Loading 0.0080 gr/dscf  (15.43*W/CC)
EE. Average Molecular Weight:
Component % Volume | *(1-BB/100) | * Mol. = Weight/Mol
+100 Weight

H20 0.015 = 18] 0270

CO2 0.000 0.985 4 0.000

Cco 0.000 0.985 28 0.000

02 0.205 0.985 32 6.461

N2 0.795 0.985 281 21.926

Average Molecular Weight 28.66 ib./Ib. mol

FF. Average Stack Velocity 63.9 fps {85.49*G*[(F*N)/(C*EE)]*0.5}
GG. Averge Flow Rate 27100 acfm (60*FF*))
HH. Standard Flow Rate 25300 scfm [GG*(528/N)*(C/29.92)]
. Sample Time 3600 sec
1. Percent Isokinetic 101.6 % {{100*CC*60+J)/[HH*L*I1*(1-BB/100)]}
KK. Mass Flow Rate 1.71 1b/hr [DD*HH*(1-BB/100)*60/7000]




STACK SAMPLING CALCULATIONS

CLIENT: USS CLAIRTON WORKS TEST DATE: 03-08-94
TEST SITE 7,8,9 BATTERY PEC TEST NUMBER: CLR-24-1
A. Barometric Pressure 29.47 in. Hg
B. Static Pressure 1.2 in. H20
C. Stack Pressure 29.56 in. Hg [A+(B/13.6)]
D. Average o H 1.57 in. H20
E. Meter Pressure 29.59 in. Hg [A+(D/13.6)]
F. Average AP 1.25 in. H20
G. Pitot Coefficient 0.84
H. Gas Meter Coefficient 1.0054
I Stack Diameter 36 in.
1. Stack Area 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 100 °F
N. Average Stack Temperature 560 °R (460+M)
0. Average Meter Temperature 64 °F
P. Average Meter Temperature 524 °R (460+0)
Q. Condensate Volume 5.3 mL
R. Absorbed H20 8.5 mL
S. Total H20 13.8 mL (Q+R)
T. Filter Weight 0.0019 g
uU. Probe Weight 0.0152 ¢
V. Impinger Weight 0.0002 g
Ww. Total Weight 0.0173 ¢ (T+U+V)
X. Metered Gas Volume 44.618 dcf
Y. Corrected Metered Gas Volume 44.859 dcf X*H)
z. H20 Gas Volume 0.655 f (0.00267*S*P/A)
AA. Total Sample Volume 45.514 of (Y+2Z)
BB. Percent H20 14 % (100*Z/AA)
CC. Gas Volume Sampled 44.696 dscf [Y*(528/P)*(E/29.92)]
DD. Grain Loading 0.0060 gr/dscf  (15.43*W/CC)
EE. Average Molecular Weight:
Component % Volume | *(1-BB/100) | * Mol. = Weight/Mol
+100 Weight

H20 0.014 18 0.259

Cco2 0.000 0.986 4 0.000

CO 0.000 0.986 28 0.000

02 0.205 0.986 32 6.466

N2 0.795 0.986 28| 21.940

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

FF. Average Stack Velocity 65.3 fps {85.49*G*[(F*N)/(C*EE)]*0.5}
GG. Averge Flow Rate 27700 acfm (60*FF*))
HH. Standard Flow Rate 25800 scfm [GG*(528/N)*(C/29.92)]
1. Sample Time 3600 sec
1. Percent Isokinetic 14.1 % {[100*CC*60*J)/[HH*L*I1*(1-BB/100)]}
KK. Mass Flow Rate 1.30 Ib/hr [DD*HH*(1-BB/100)*60/7000]




STACK SAMPLING CALCULATIONS

CLIENT: USS CLAIRTON WORKS TEST DATE: 03-08-94
TEST SITE 7,8.9 BATTERY PEC TEST NUMBER: CLR-2-5-1
A. Barometric Pressure 29.47 in. Hg
B. Static Pressure 0.6 in. H20
C. Stack Pressure 29.51 in. Hg [A+(B/13.6)]
D. Average s H 1.85 in. H20
E. Meter Pressure 29.61 in. Hg [A+(D/13.6)]
F. Average AP 1.3 in. H20
G. Pitot Coefficient 0.84
H. Gas Meter Coefficient 1.0032
L Stack Diameter 36 in.
I Stack Area 7.07 fi? (0.00545%12)
K. Nozzle Diameter 0.190 in.
L. Nozzle Area 1.97E-04 fi? (0.00545*K?)
M. Average Stack Temperature 99 °F
N. Average Stack Temperature 559 °R (460+M)
0. Average Meter Temperature 64 °F
P. Average Meter Temperature 524 °R 460+0)
Q. Condensate Volume 6.4 mL
R. Absorbed H20 8.1 mL
S. Total H20 14.5 mL (Q+R)
T. Filter Weight 0.0025 g
u. Probe Weight 0.0062 g
V. Impinger Weight 0.0006 g
Ww. Total Weight 0.0093 ¢ (T+U+V)
X. Metered Gas Volume 45.636 dcf
Y. Corrected Metered Gas Volume 45.782 dcf X*H)
Z. H20 Gas Volume 0.688 cf (0.00267+S*P/A)
AA. Total Sample Volume 46.470 cof (Y+2)
BB. Percent H20 1.5 % (100*Z/AA)
CC. Gas Volume Sampled 45.647 dscf [Y*(528/P)*(E/29.92)]
DD. Grain Loading 0.0031 gr/dscf  (15.43*W/CC)
EE. Average Molecular Weight:
Component % Volume | *(1-BB/100) | * Mol. = Weight/Mol
+100 Weight

H20 0.015 18 0.267

CO2 0.000 0.985 4 0.000

CO 0.000 0.985 28 0.000

02 0.205 0.985 32 6.463

N2 0.795 0.985 28 | 21.930

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

FF. Average Stack Velocity 66.6 fps {85.49*G*[(F*N)/(C*EE)}*0.5}
GG. Averge Flow Rate 28200 acfm (60*FF*])
HH. Standard Flow Rate 26300 scfm [GG*(528/N)*(C/29.92)]
|1 8 Sample Time 3600 sec
1. Percent Isokinetic 1054 % {[100*CC*60*J)/(HH*L*11*(1-BB/100)]}
KK. Mass Flow Rate 0.70 Ib/hr [DD*HH*(1-BB/100)*60/7000]




STACK SAMPLING CALCULATIONS

CLIENT: USS CLAIRTON WORKS TEST DATE: 03-09-94
TEST SITE 7,8,9 BATTERY PEC TEST NUMBER: CLR-2-1-2
A. Barometric Pressure 29.68 in. Hg
B. Static Pressure 0.6 in. H20
C. Stack Pressure 29.72 in. Hg [A+(B/13.6)]
D. Average o H 1.06 in. H20
E. Meter Pressure 29.76 in. Hg [A+(D/13.6)]
F. Average AP 0.9 in. H20
G. Pitot Coefficient 0.84
H. Gas Meter Coefficient 1.0099
L Stack Diameter 36 in.
J. Stack Area 7.07 fi2 (0.00545%1%)
K. Nozzle Diameter 0.190 in.
L. Nozzle Area 1.97E-04 fi? (0.00545*K?)
M. Average Stack Temperature 88 °F
N. Average Stack Temperature 548 °R (460+M)
0. Average Meter Temperature 53 °F
P. Average Meter Temperature 513 °R 460+0)
Q. Condensate Volume 4.1 mL
R. Absorbed H20 9.7 mL
S. Total H20 13.8 mL (Q+R)
T. Filter Weight 0.0029 g
u. Probe Weight 0.0015 g
V. Impinger Weight 0.0016 g
Ww. Total Weight 0.0060 g (T+U+V)
X. Metered Gas Volume 37.041 def
Y. Corrected Metered Gas Volume 37.408 dcf (X*H)
Z. H20 Gas Volume 0.637 cf (0.00267*S*P/A)
AA. Total Sample Volume 38.045 of (Y+2Z)
BB. Percent H20 1.7 % (100*Z/AA)
CC. Gas Volume Sampled 38.293 dscf [Y*(528/P)*(E/29.92)]
DD. Grain Loading 0.0024 gridsef  (15.43*W/CC)
EE. Average Molecular Weight:
Component % Volume | *(1-BB/100) | * Mol. = Weight/Mol
=100 Weight

H20 0.017 18 0.301

co2 0.000 0.983 4 0.000

Cco 0.000 0.983 28 0.000

02 0.205 0.983 32 6.450

N2 0.795 0.983 28 | 21.887

Average Molecular Weight 28.64 16./1b. mol

FF. Average Stack Velocity 54.7 fps {85.49*G*[(F*N)/(C*EE)]*0.5}
GG. Averge Flow Rate 23200 acfm (60*FF*J)
HH. Standard Flow Rate 22200 scfm [GG*(528/N)*(C/29.92)]
0. Sample Time 3600 sec
1J. Percent Isokinetic 1050 % {[100*CC*60*J)/[HH*L*I*(1-BB/100)]}
KK. Mass Flow Rate 0.45 Ib/hr [DD*HH*(1-BB/100)*60/7000]




STACK SAMPLING CALCULATIONS

CLIENT: USS CLAIRTON WORKS TEST DATE: 03-09-94
TEST SITE 7,8,9 BATTERY PEC TEST NUMBER:  CLR-2-2-2
A. Barometric Pressure 29.68 in. Hg
B. Static Pressure 1.0 in. H20
C. Stack Pressure 29.75 in. Hg [A+(B/13.6)]
D. Average a H 1.08 in. H20
E. Meter Pressure 29.76 in. Hg [A+(D/13.6)}
F. Average a P 1.2 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 87 °F
N. Average Stack Temperature 547 °R (460+M)
0. Average Meter Temperature 45 °F
P. Average Meter Temperature 505 °R (460+0)
Q. Condensate Volume 44 mL
R. Absorbed H20 10.0 mL
S. Total H20 144 mL (Q+R)
T. Filter Weight 0.0053 g
uU. Probe Weight 0.0037 g
V. Impinger Weight 0.0017 g
w. Total Weight 0.0107 g (T+U+V)
X. Metered Gas Volume 38.750 def
Y. Corrected Metered Gas Volume 39.444 dcf (X*H)
Z. H20 Gas Volume 0.654 cf (0.00267*S*P/A)
AA. Total Sample Volume 40.098 cf (Y+2Z)
BB. Percent H20 16 % (100*Z/AA)
CC. Gas Volume Sampled 41.019 dscf [Y*(528/P)%(E/29.92)]
DD. Grain Loading 0.0040 gr/dscf  (15.43%*W/CC)
EE. Average Molecular Weight:
Component % Volume | *(1-BB/100) | * Mol. = Weight/Mol
+100 Weight

H20 0.016 f; 18| 0.294

CO2 0.000 0.984 44 0.000

Co 0.000 0.984 28 0.000

02 0.205 0.984 32 6.453

N2 0.795 0.984 28 | 21.897

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

FF. Average Stack Velocity 63.0 fps {85.49*G*[(F*N)/(C*EE)]*0.5}
GG. Averge Flow Rate 26700 acfm (60*FF*))
HH. Standard Flow Rate 25600 scfm [GG*(528/N)*(C/29.92))
II. Sample Time ° 3600 sec
1. Percent Isokinetic 1074 % {[100*CC*60+J}/[HH*L*I1*(1-BB/100)]}
KK. Mass Flow Rate 0.87 1b/hr [DD*HH*(1-BB/100)*60/7000]




STACK SAMPLING CALCULATIONS

CLIENT: USS CLAIRTON WORKS TEST DATE: 03-09-94
TEST SITE 7,8,9 BATTERY PEC TEST NUMBER: CLR-24-2
A. Barometric Pressure 29.68 in. Hg
B. Static Pressure 0.8 in. H20
C. Stack Pressure 29.74 in. Hg [A+(B/13.6)]
D. Average a H 1.57 in. H20
E. Meter Pressure 29.80 in. Hg [A+(D/13.6)]
F. Average AP 1.20 in. H20
G. Pitot Coefficient 0.84
H. Gas Meter Coefficient 1.0054
L Stack Diameter 36 in.
I Stack Area 7.07 f2 (0.00545%12)
K. Nozzle Diameter 0.191 in.
L. Nozzle Area 1.99E-04 fit2 (0.00545%K?)
M. Average Stack Temperature 92 °F
N. Average Stack Temperature 552 °R (460+M)
0. Average Meter Temperature 59 °F
P. Average Meter Temperature 519 °R (460+4-0)
Q. Condensate Volume 3.1 mL
R. Absorbed H20 114 mL
S. Total H20 14.5 mL (Q+R)
T. Filter Weight 0.0023 g
U. Probe Weight 0.0064 g
V. Impinger Weight 0.0018 g
w. Total Weight 0.0105 g (T+U+V)
X. Metered Gas Volume 43.627 def
Y. Corrected Metered Gas Volume 43.863 dcf (X*H)
Z. H20 Gas Volume 0.677 of (0.00267*S*P/A)
AA. Total Sample Volume 44.540 of (Y+2)
BB. Percent H20 1.5 % (100*Z/AA)
CC. Gas Volume Sampled 44.437 dscf [Y*(528/P)*(E/29.92)}
DD. Grain Loading 0.0036 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

C02 0.000 0.985 4 0.000

Cco 0.000 0.985 28 0.000

02 0.205 0.985 32 6.460

N2 0.795 0.985 28| 21.922

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

FF. Average Stack Velocity 63.3 fps {85.49*G*[(F*N)/(C*EE)]*0.5}
GG. Averge Flow Rate 26900 acfm (60*FF*))
HH. Standard Flow Rate 25600 scfm [GG*(528/N)*(C/29.92)]
1L Sample Time 3600 sec
5. Percent Isokinetic 1044 % {[100*CC*60*J)/[HH*L*II*(1-BB/100)]}
KK. Mass Flow Rate 0.79 Ib/hr [DD*HH*(1-BB/100)*60/7000]




STACK SAMPLING CALCULATIONS

CLIENT: USS CLAIRTON WORKS TEST DATE: 03-09-94
TEST SITE 7,8,9 BATTERY PEC TEST NUMBER: CLR-2-5-2
A. Barometric Pressure 29.68 in. Hg
B. Static Pressure 0.6 in. H20
C. Stack Pressure 29.72 in. Hg [A+(B/13.6)]
D. Average s H 1.82 in. H20
E. Meter Pressure 29.81 in. Hg [A+(D/13.6)]
F. Average a P 1.4 in. H20
G. Pitot Coefficient 0.84
H. Gas Meter Coefficient 1.0032
I Stack Diameter 36 in.
J. Stack Area 7.07 f? (0.00545%1%)
K. Nozzle Diameter 0.190 in.
L. Nozzle Area 1.97E-4 ft? (0.00545*K?)
M. Average Stack Temperature 89 °F
N. Average Stack Temperature 549 °R (460+M)
0. Average Meter Temperature 55 °F
P. Average Meter Temperature 515 °R (4604+0)
Q. Condensate Volume 2.5 mL
R. Absorbed H20 14.0 mL
S. Total H20 16.5 mL (Q+R)
T. Filter Weight 0.0019 g
u. Probe Weight 0.0044 g
V. Impinger Weight 0.0003 g
w. Total Weight 0.0066 g (T+U+V)
X. Metered Gas Volume 45.406 dcf
Y. Corrected Metered Gas Volume 45.551 def (X*H)
Z H20 Gas Volume 0.764 cf (0.00267+S*P/A)
AA. Total Sample Volume 46.316 cf (Y+2)
BB. Percent H20 1.7 % (100*%Z/AA)
CC. Gas Volume Sampled 46.535 dscf [Y*(528/P)*(E/29.92)]
DD. Grain Loading 0.0022 gr/dscf  (15.43*W/CC)
EE. Average Molecular Weight:
Component % Volume | *(1-BB/100) | * Mol. = Weight/Mol
+100 Weight
H20 0.017 18 0.297
co2 0.000 0.983 4 0.000
CcO 0.000 0.983 28 0.000
02 0.205 0.983 32 6.452
N2 0.795 0.983 28| 21.893
Average Molecular Weight 28.64 1b./1b. mol
FF. Average Stack Velocity 68.2 fps {85.49*G*[(F*N)/(C*EE)]*0.5}
GG. Averge Flow Rate 28900 acfm (60*FF*J)
HH. Standard Flow Rate 27600 scfm [GG*(528/N)*(C/29.92)]
. Sample Time 3600 sec
1. Percent Isokinetic 102.6 % {[100¢CC*60*J)/[HH*L*11*(1-BB/100)]}
KK. Mass Flow Rate 0.51 Ib/hr [DD*HH*(1-BB/100)*60/7000]




STACK SAMPLING CALCULATIONS

CLIENT: USS CLAIRTON WORKS TEST DATE: 03-10-94
TEST SITE 7,8,9 BATTERY PEC TEST NUMBER: CLR-2-1-3
A. Barometric Pressure 29.22 in. Hg
B. Static Pressure 0.6 in. H20
C. Stack Pressure 29.26 in. Hg [A+(B/13.6)]
D. Average s H 1.09 in. H20
E. Meter Pressure 29.30 in. Hg [A+(D/13.6)]
F. Average AP 1.0 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 0.190 in.
L. Nozzle Area 1.97E-04 fi2 (0.00545%K2)
M. Average Stack Temperature 93 °F
N. Average Stack Temperature 553 °R (460+M)
0. Average Meter Temperature 56 °F
P. Average Meter Temperature 516 °R (460+0)
Q. Condensate Volume 4.6 mL
R. Absorbed H20 7.1 mL
S. Total H20 11.7 mL (Q+R)
T. Filter Weight 0.0048 g
U. Probe Weight 0.0012 ¢
V. Impinger Weight 0.0008 g
Ww. Total Weight 0.0068 g (T+U+V)
X. Metered Gas Volume 37.381 def
Y. Corrected Metered Gas Volume 37.751 def (X*H)
z. H20 Gas Volume 0.552 of (0.00267*S*P/A)
AA. Total Sample Volume 38.303 of (Y+Z)
BB. Percent H20 14 % (100%Z/AA)
CC. Gas Volume Sampled 37.829 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 0.014 : 18 0.259

Co2 0.000 0.986 4 0.000

Cco 0.000 0.986 28 0.000

02 0.205 0.986 32 6.466

N2 0.795 0.986 28| 21.939

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

FF. Average Stack Velocity 58.3 fps {85.49*G*[(F*N)/(C*EE)]*0.5}
GG. Averge Flow Rate 24700 acfm (60*FF*J)
HH. Standard Flow Rate 23100 scfm [GG*(528/N)*(C/29.92)]
n Sample Time 3600 sec
1. Percent Isokinetic 94 % {[100*CC*60*J)/[HH*L*II*(1-BB/100)]}
KK. Mass Flow Rate 0.54 Ib/hr [DD*HH*(1-BB/100)*60/7000]




STACK SAMPLING CALCULATIONS

CLIENT: USS CLAIRTON WORKS TEST DATE: 03-10-94
TEST SITE 7,8,9 BATTERY PEC TEST NUMBER: CLR-2-2-3
A. Barometric Pressure 29.22 in. Hg
B. Static Pressure 1.0 in. H20
C. Stack Pressure 29.29 in. Hg [A+(B/13.6)]
D. Average a H 1.15 in. H20
E. Meter Pressure 29.30 in. Hg [A+(D/13.6)]
F. Average aP 1.2 in. H20
G. Pitot Coefficient 0.84
H. Gas Meter Coefficient 1.0179
I Stack Diameter 36 in.
J. Stack Area 7.07 fi2 (0.00545*12)
K. Nozzle Diameter 0.181 in.
L. Nozzle Area 1.79E-04 fi* (0.00545*K?)
M. Average Stack Temperature 90 °F
N. Average Stack Temperature 550 °R (460+M)
0. Average Meter Temperature 49 °F
P. Average Meter Temperature 509 °R (460+0)
Q. Condensate Volume 0.7 mL
R. Absorbed H20 11.0 mL
S. Total H20 11.7 mL (Q+R)
T. Filter Weight 0.0062 g
u. Probe Weight 0.0061 g
V. Impinger Weight 0.0003 ¢
Ww. Total Weight 0.0126 g T+U+V)
X. Metered Gas Volume 37.699 dcf
Y. Corrected Metered Gas Volume 38.374 dcf (X*H)
Z. H20 Gas Volume 0.544 f (0.00267#S*P/A)
AA. Total Sample Volume 38.918 «of Y+Z)
BB. Percent H20 14 % (100*Z/AA)
CC. Gas Volume Sampied 38.987 dscf [Y*(528/P)*(E/29.92)]
DD. Grain Loading 0.0050 gridscf  (15.43*W/CC)
EE. Average Molecular Weight:
Component % Volume | *(1-BB/100) [ * Mol. = Weight/Mol
+100 Weight

H20 0.014 2 18 0.252

CO2 0.000 0.986 44 0.000

Cco 0.000 0.986 28 0.000

02 0.205 0.986 32 6.468

N2 0.795 0.986 28 | 21.949

Average Molecular Weight 28.67 1b./1b. mol

FF. Average Stack Velocity 63.7 fps {85.49*G*[(F*N)/(C*EE))*0.5}
GG. Averge Flow Rate 27000 acfm (60*FF*J)
HH. Standard Flow Rate 25400 scfm [GG*(528/N)*(C/29.92))
. Sample Time 3600 sec
1. Percent Isokinetic 102.6 % {[100*CC*60*J/[HH*L*I1*(1-BB/100)]}
KK. Mass Flow Rate 1.07 lb/hr (DD *HH*(1-BB/100)*60/7000]
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STACK SAMPLING CALCULATIONS

CLIENT: USS CLAIRTON WORKS TEST DATE: 03-10-94
TEST SITE 7,8,9 BATTERY PEC TEST NUMBER: CLR-24-3
Barometric Pressure 29.22 in. Hg
Static Pressure 1.0 in. H20
Stack Pressure 29.29 in. Hg [A+(B/13.6)]
Average o H 1.64 in. H20
Meter Pressure 29.34 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 fi2 (0.00545*1%)
Nozzle Diameter 0.191 in.
Nozzle Area 1.99E-04 f2 (0.00545*K?)
Average Stack Temperature 93 °F
Average Stack Temperature 553 °R (460+M)
Average Meter Temperature 52 °F
Average Meter Temperature 512 °R (460+0)
Condensate Volume 45 mL
Absorbed H20 8.1 mL
Total H20 12.6 mL (Q+R)
Filter Weight 0.0076 g
Probe Weight 0.0048 g
Impinger Weight 0.0002 g
Total Weight 0.0126 g (T+U+V)
Metered Gas Volume 45.050 dcf
Corrected Metered Gas Volume 45.293 dcf (X*H)
H20 Gas Volume 0.589 cf (0.00267*S*P/A)
Total Sample Volume 45.883 of Y+2)
Percent H20 13 % (100*Z/AA)
Gas Volume Sampled 45.804 dscf [Y*(528/P)*(E/29.92)]
Grain Loading 0.0042 gr/dscf  (15.43*W/CC)
Average Molecular Weight:
Component % Volume | *(1-BB/100) | * Mol. = Weight/Mol
+100 Weight
H20 0.013 18 0.231
CO2 0.000 4 0.000
Cco 0.000 0.987 28 0.000
02 0.205 0.987 32 6.476
N2 0.795 0.987 28| 21974
Average Molecular Weight 28.68 Ib./1b. mol
Average Stack Velocity 63.8 fps {85.49*G*[(F*N)/(C*EE))*0.5}
Averge Flow Rate 27100 acfm (60*FF*J)
Standard Flow Rate 25300 scfm [GG*(528/N)¥(C/29.92)]
Sample Time 3600 sec
Percent Isokinetic 108.6 % {[100*CC*60+J1/[HH*L*11*(1-BB/100)]}
Mass Flow Rate 0.91 1b/hr [DD*HH*(1-BB/100)*60/7000]




STACK SAMPLING CALCULATIONS

CLIENT: USS CLAIRTON WORKS TEST DATE: 03-10-94
TEST SITE 7,8,9 BATTERY PEC TEST NUMBER: CLR-2-5-3
A. Barometric Pressure 29.22 in. Hg
B. Static Pressure 0.6 in. H20
C. Stack Pressure 29.26 in. Hg [A+(B/13.6)]
D. Average o H 1.88 in. H20
E. Meter Pressure 29.36 in. Hg [A+(D/13.6)}
F. Average AP 1.4 in. H20
G. Pitot Coefficient 0.84
H. Gas Meter Coefficient 1.0032
I Stack Diameter 36 in.
1. Stack Area 7.07 fi? (0.00545%12)
K. Nozzle Diameter 0.190 in.
L. Nozzle Area 1.97E-04 fi2 (0.00545*K2)
M. Average Stack Temperature 90 °F
N. Average Stack Temperature 550 °R (460+M)
0. Average Meter Temperature 55 °F
P. Average Meter Temperature 515 °R (460+0)
Q. Condensate Volume 0.6 mL
R. Absorbed H20 13.0 mL
S. Total H20 13.6 mL (Q+R)
T. Filter Weight 0.0023 ¢
u. Probe Weight 0.0023 g
V. Impinger Weight 0.0001 ¢
Ww. Total Weight 0.0047 ¢ T+U+V)
X. Metered Gas Volume 46.546 dcf
Y. Corrected Metered Gas Volume 46.695 dcf (X*H)
z. H20 Gas Volume 0.640 cf (0.00267*S*P/A)
AA, Total Sample Volume 47.335 of (Y+2)
BB. Percent H20 14 % (100*Z/AA)
CcC. Gas Volume Sampled 46.975 dscf [Y*(528/P)*(E/29.92)]
DD. Grain Loading 0.0015 gr/dscf  (15.43*W/CC)
EE. Average Molecular Weight:
Component % Volume | #(1-BB/100) | * Mol. = Weight/Mol
+100 Weight
H20 0.014 k 18 0.243
C02 0.000 0.986 4 0.000
Co 0.000 0.986 28 0.000
02 0.205 0.986 32 6.471
N2 0.795 0.986 28 | 21.959
Average Molecular Weight 28.67 1b./1b. mol
FF. Average Stack Velocity 68.8 fps {85.49‘G*[(F*N)/(C*EE)]‘0.5}
GG. Averge Flow Rate 29200 acfm (60*FF*])
HH. Standard Flow Rate 27400 scfm [GG*(528/N)*(C/29.92)]
. Sample Time 3600 sec
1. Percent Isokinetic 140 % {[100#CC*60*J)/[HH*L*1I*(1-BB/ 100)]1}

KK. Mass Flow Rate 0.36 Ib/hr [DD*HH*(1-BB/100)*60/7000]






