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The Bethlehem Steel Corporation operates a coke oven battery at its Bethlehem plant.
The "A" battery consists of 80 ovens, 6 meters high, The coke is pushed from the ovens
into o conventional moving gquench ear. A hood mounted on the door mechine captures
the emissions genersted during the pushing process. This elffluent passes through a
venturl serubber and eyelonie separator syatem located ot the west end of the battery.
The effluent is exhausted through the indueed dralt fan to the stack,

BCM Engineers, Ine. condueted a particulate test of the coke "AY battery serubber
outlet stoek on August 30, 1990, On the day of the test, the average net coking time was
24 hours and the average tonnage of colee pushed during the test was 23.0 tons per oven.
The test was conducted in accordance with standard procedures for the inokinetie
collection of & particulate sample. The test results are scceptable to the Department
and the caleulations are correct.

The following results were extracted from the test reports

Test Date Augrust 30, 1990
Effluent Moisture Content (percent) 3.0
Effluent Temperature (degrees ¥) 137
Yolumetrie Flowrate (DSCENM) ’ 117,308
Partioulate Concentration (GR/DSCE) 0.0150
Actund Particulate Bmission Rate (.97
(1T

Allowable Particulate Emisslon Rate 4662
(Lhy/ e

Pereent Isoldnetic 1119

cer Thomas Dilazaro, Bethlebem Distelet Offiee
AP File theough Dowy Lesher
BFA/REL
Reading Pile
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STRUCTURAL PRODUCTS DIVISION

BETHLEHEM ST/
15

2L CORPORATION
JHEM, PA 18016

November

Mr. Gerald Zvirblis

FA Department of Environmental
Bureau of Air Quality Control
G0 E. Union Street
Wilkes-Barre, PA

Resources

16701

Dear Me., Zvirblis:
Pursuant. to

the requirements of DER Regulations
is a report of

the particulate emissions testing
Structural Products Division’s "A" Coke Qven Battery
control system stack for the year 1990. The results
particulate emissions are within the allowable limit
Sect: R23.13¢h) of PA title

25,

Chapter
conducted”

7, 1990

134,
the

atvached
on

pushing emission
show that

the
stipulated in

Very truly yours,

BETHLEHEM

e :’;'
( o

T. E. Kreichelt
Superintendent
Safety and Healith

Environment,

Attachment

cer Mr, T. AL DiLazaro
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BETHLF
STR

THEM STEEL CORPORATION
URAL PRODUCTS DIVISION

A" Battery Pushing Emission Control System
Particulate Emissions Evaluation

Fursuant to the requirement of DER Regulations Chapter 139,
particulate emission tests were conducted on the "A" Coke Oven Battery
puashi gglon control system stack on August 30, 1990, Testing and
were performed according to procedures as outlined in US EPA
we Methods 1 through § of the Federal Register, Volume 62, Number

m
N9

160.

Source Description

"A" Battery is an 80 oven battery of 6 meter high ovens heawing double
gas collector mains., Coke is pushed from the ovens into a conventional
ey quench car. The emissions generated during the pm
are stured by a hood mounted on the door machine. Thi
to a land based duct system which conveys the captured j

shing epevs

hood is connec

es and

particulate to a venturi scrubber and cyclonic separator system at the west

end of the battery. The gases from the system are then exhausted through
induced draft fans to the stack.

Cn the day of the test the average net coking time was approximacely
24 hours. The ovens pushed during the testing periods arve identified on
Attachment 1. The average tonnage of coke pushed on the batte
test was 23.0 tons per oven.

v during the

Venturd pressure dy
water on the

averaged BSS

i during the test were between 33 to 0 inches of
north and south scrubber. During the test, water flow rates
GPM to each of the venturis.

Test Procedure

ALl equipment and analytical
Sixteen pushes were samp.
movement of the coke mas:
completion of the push.
points on each diameter.

procedures conformed to EPA Method 5.
ring the tests. Sampling commenced at the
and terminated approx. 30 seconds aft e

Each push was sampled at a different peoint, with 8

RR W]

Sampling Ke

Test o

esults are summari in BCM’s test report, Attac v 2. The
total par wlate loading (f: : plus baclk half insoluble for the
test was calculated av 0.917 1b./hr. The caleulated allowable Limit is
4.662 1b. [hr.

2I0L0L26 . AG0



Actachment 1

"A" Battery Scrubber Test 8/30/90
Owvens Pushed

Qven No, Lime

6 9: 4845
16 LO:06435
26 10: 24253
46 L0515 50

36 11:00:57
66 11:05255

T6 LLe29:55
86 1l:eb8212
8 LL:e56:00
18 12:06:25
a8 3eX0:00
48 3:¢19:00
58 3e28:50
Je60:33
T8 3:87:18
&6 Gal3dl
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1.0 EXECUTIVE SUMMARY

Bethlehem Steal Corporation (Bethlehem Steel) retained BOM Engineers Inc.
(BCM) to conduct @ compliance emission determination at fts facility in
Bethlehem, Pennsylvania. A single test run was performed at the coke
battery “A" scrubber outlet stack to determine the compliance status of
the coke battery with respect to Pernsylvania Department of Environmental
Resources (PADER) particulate emission standards.

Results show that the actual emission rate of 0,917 pounds per hour
(1b/hr) is below the allowable emission rate of 4,662 Tb/hr.  Complaete
results of the testing program can be found in Table 1 of Section 5.0.



.....

N

-----

-----

......

2,0 SCOPE AND OBJECTIVES

The scope of the project included a single particulate emission test
the scrubber outlet stack. The objectives of the sampling were to det
mine the following parameters:

at

Gas flow - acfm and dscfm

Gas temperature - °F

Gas moisture content - percent by volume
Gas velocity - fpm

Particulate emissions - grains/dscf and Th/hr

&
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3.0 PROCEDURES

3.1 FIELD WORK
Field testing was conducted on August 30, 1990. The sampling team con-
sisted of the follming BCM personnel:

Karl Brenton - Tachnician 111
Edward DiEgidio - Scientist Il

Mr., Robert Leonard of Bethlehem Steel acted as liaison between BCM and
Bethlehem Steel and ensured process oparating conditions were suitable
for testing.

Emission testing was conducted according to procedures as outlined in
U.5. Environmental Protection Agency (EPA) Reference Methods 1 through 5
of the Faderal Register, Volume 42, Number 160, Descriptions of these
methodoTogies can be tound in Appendix A of this report.

3.2 ANALYTICAL METHODS

A1l samples generated during the sampling program were returned to the
Taboratory for analysis. An outline of the analytical methodologies is
contained in Appendix B. Laboratory data are also presented in Appen-
dix B

3.3 CALCULATIONS

BCM's HP 3000 computer, programmed to accept fnput data in accordance
with EPA calculation procedures, was used to perform most calculations.
The reduced data appear on the computer input sheet, which fs presented
in Appendix B. Appendix B also containg the equations used to determine
the test results and the BCM computation sheets which show the allowable
and actual particulate emission rate calculations.

3,4  EQUIPMENT CALIBRATIQM

In accordance with accepted procedures published by the EPA, all gas
velocity measuring equipment, gas volume metering equipment, and tempera-
ture measuring equipment had been calibrated prior to the test program.
Appendix € provides calibration data.
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4.0 CONTROL SYSTEM OPERATLON AND TESTING PROCEDURE

- 4.0 CONTROL SYSTEM QPERATTON

The control system operates in a manner such that particulate emissions
----- ' from the coke pushing operation are captured by a hood and routed to the
scrubber for removal. Afr dampers in the system remain closed and are
opened only during the coke pushing operations. Air flow through the
sorubber, therefore, only occurs during coke pushing.

4.2 TESTING PROCEDURE

-

A total of 16 traverse points (four per port) were sampled during the
‘ test run. Each peint was ssmpled during an individual oven push. S
~~~~~ pling at a particular traverse point corresponded to the pushing time and
commenced when coke began falling into the car and continued for 30
seconds after all coke was pushed or until the cdampers were closed,
whichever came first. The total sampling time, therefore, equals the
amount of time required for L6 pushes and was used Lo determine the aver-
age duration of a single pushing operation.

57
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5,0 TEST RESULTS

A1l gas flow rate and particulate emission data determined during the
sting are contained in Table L. AlT data were collected during the 16
separate oven pushes. Values as presented in Table 1, therafore, repra-
sent stack conditions during pushing operations., The particulate emis-
sion rate, however, was calculated to represent the actual pounds of par-
ticulate emitted in an hour period, based on the minutes per hour of
pushing time. Appendix B contains a description of the allowable and
actual particulate emission caleulations.

B
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TABLE 1
TEST RESULTS

Parameter

Tast Result

Gas Moisture Content (%)
Gas Temperature (°F)

Gas Velocity (ft/min)
Gas Molume (dry scfm)
Gas Volume (acfm)

Particulate Emission Concentration (gr/dscf)
Actusl Particulate Emission Rate (1b/hr)
A Towable Particulate Emission Rate (1h/hr)

3.0
137
2,764

117,328
138,937

0. 0150
0.917
4,662

JOO28N
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G0 DISCUSSTON OF RESULTS

6.1 GENERAL

With the exception of a damper malfunction during testing at |lHVH No. 3
of Port A, no other process problems were encounterad., Testing was
stopped, then resumed when the hhﬂquu1 fon was corrected. Only zl‘sﬂm91e
push, therafore, was sampled during the damper muh1mmx||un"

During data reduction and emission calculations, it was  discoverad that
the isckinetic deviation was 111.7 percent, which is not in the 90 to 110
percent allowable range. However, due to the fact that the demonstrated
PMH%%ILH rate was well below the allowable emission rate, BOM feel 'Hnar

he slightly high isokinetic deviation of the test run did not affect the
nmiltm1'd compliance status of the source.

6.2 CALCULATIONS

The BCM Computation Sheets contained fin "mqmwuln‘!ﬂ show the coke produce
tion rate and nhluwuhl@‘1nn!.nzhuml emission rate calculations. The coke
production rate of 75,10 tons per hour was Cﬂﬂcmﬂdﬂnmi uging the histori-
cal values of 22.53 tons of coke per oven and 80 ovens pushed in 24
ann',. The allowable emissions rate was calculated according to Section

123,13(0) (2) of the Pennsylvania Air Pollution Control Act  wtilizing
these historical wperat1|m|\ﬁrhuw$“ The actual pmr%11|nmn|' um1wﬁ|um|1wmh-
was caleulated from the particulate concentration (gr/dscf), the stack
gas flow rate (dscf/min), and Hma coke pushing time (min/hr). The coke
push time was calculated from the average duration of a single push
determined during the test run and the historical number of ovens pushed

24 hours.




..............................

BCM

..............................

—

......

s

-----

-----

APPERNDTX A

FIELD SAMPLING PROGRAM
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APPEND 1X A

FIELD SAMPLING PROGRAM

1.0 SAMPLING PROCEDURES

1.1 Test Station and Traversy Location

Tha internal diameter of the "A" Battery Push Emission Scrubber exhaust
stack is 96 dnches. Four test ports, located 90 degrees apart, were
used for particulate sampling., Sixteen traverse points were salected
(four per port) to account for each of the 16 oven pushes.

1.2 Gas Flow Temperature Determinations

The gas flow rate and temperature profiles were measured by conducting
velocity and temperature traverses simultaneously with the particulate
sampling. Gas velocity heads were measured with an “S" type pitot tube
connected to an inclined manometer. A Chromel-Alumel thermocouple CoT-
nected to a potentiometer was used to determine the gas temperatures.

1.3 MWoisture Content

Sampling was conducted employing the principles presented in EPA Methed 4
and concurrently with particulate sampling. The parameters evaluated to
determing the gas stream's mwoisture content were: sample gas volume,
sample gas temperature, sample gas pressure, impinger mofsture gain, and
silica gel moisture gain, Some minor modifications were made to the
Method 4 train to allow for concurrent sampling of particulate and moise
ture content. These modifications did not deviate from sampling princi-
ples.

The modifications made included the substitution of a glass fiber filter
for a Pyrex wool filter as a filtering medium and the substitution of a
calibrated orifice for a rotameter as a flow metering device,

Lo4 Particulate Sampling

The sampling procecdures and sampling equipment used are those outlined in
Mathod 5 of Appendix 1, 40 CFR 60, This methodology also complies with
the Peansylvania Department of Environmental Resources (PADER) testing
regulations.
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The size of the nozzle required to maintained isokinetic sampling was
caleulated from the results of a previously completed velocity and tem-
perature traverse., The sampling train used a glass-Tined stainless steel
probe, which was heated by an internal heating element. A noezle of the
caleulated size was attached to the end of the probe, which was inserted
into the stack. Sample gas passed through the nozzle and the probe to a
glass fiber filter for the removal of the suspended particulates. The
filter was housed in a heated chamber with the temperature maintained at
226 + 25°F,  From the filter, the stack gas passed to the impinger

train.  The first two impingers each contained 150 milliliters (ml1) of
defonized (D1) water. The third impinger contained no reagents and was a
knockout impinger. The fourth impinger contained approximately 200 grams
of coarse silica gel, which collected any moisture and/or vapors that had
not been captured in the preceding impingers.

The second impinger was a 500-ml Greenburg-Smith impinger, while the
first, third, and fourth were 500-ml impingers of the Greenburg-Smith
jesign, modified by replacing the tip with a 1/Z-inch inside diameter
(1D} glass tube. MNote: the impinger train was immersed in an fce bath
for the entire test period so that the exiting gas temperature would not
exceed G8°F.

From the impinger train, the gas was conducted through an umbilical cord
to the control console which contained the following pieces of equipment
(isted in the order in which sampled gas pass through them): & main
valve, a bypass valve for flow adjustment, an airtight vacuum pump, a dry
gas meter, and a calibrated orifice. The orifice was equipped with pres-
sure taps which were connected across the inclined manometer used to
ensure that isokinetic conditions were maintained. A schematic diagram
of the sampling train is depicted following the data sheets,

The sampling train was subjected to a Teak check prior to and after each
sample run, The inlet of the nozzle was plugged and the pump vacuum was
hald at the highest vacuum attained during that period of testing. In
all cases the leakage rate was minimal and did not exceed the maximum
allowable leakage rate of 0,02 cubic feet per minute (cfm). Upon comple-
tion of a test, the soiled glass fiber filter was removed from its filter
holder and placed in a Peteri dish, which was subsequently sealed. The
probe and nozzle were washed internally first with DL water and then with
acetone, The particulate matter remaining in the probe was removed with
a nylonm brush attached to polyethylene line. The front half of the glass
filter holder was also rinsed with DI water, then acetone, and the
washings obtained were added to those collected from the nozzle and the
probe. ATl water and acetone washings were stored in separate sealad
polyethylene sample bottles for transfer to the laboratory.

10



,,,,,,,

,,,,,

The silica gel used in the fourth fmpinger was removed and stored in a
sealed sample bottle. The contents of the first, second, and third
impingers ware combined, measured volumetrically, and stored in sealed
sample bottles for transfer to the BCM Laboratory. The first, second,
and third impingers were finally rinsed with acetone and the washings
placed in separate bottles.

1.5 Molecular Weight Determination

A Fyrite gas analyzer was used to determine the molecular weight of the
exhaust gas at each source., The following parameters were measured in
order to calculate molecular weight: volume percent carbon dioxide
(CO2), volume percent —oxygen (02), and wvolume percent nitrogen
(Np), determined by difference.

2,0 FIELD DATA SHEETS

The following dats were recorded during the sampling program: the flue
gas velocity head, flue gas temperature, inlet and outlet dry gas meter
temperatures, orifice pressure differential, sample volume, sampling
tima, pump vacuum, filter temperature, and the impinger train outlet gas
temperature. The field data sheets generated during the program appear
at the end of this appendix.
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APPENDIXN B

LABORATORY ANALYSIS AND DATA REDUCTION

1.0 ANALYTICAL METHODS

The following discussions describe the analytical methods employed.

1.1 Particulate Samples

Prior to their use in the field, all glass fiber filters used in The sam-
pling program had been tare-weighed following a Z4-hour desiccation
period. Upon their return to the laboratory, the filters were desiccated
and reweighed. The waight diffarence was the amount of sample collected.

The water and acetone washing of the nozizle, probe, and Filter holder
were evaporated to dryness in separate tarved beakers. The residue was
desiccated, and the beakers were reweighed. Any residue was considered
the soluble back-half portion of the particulate catch,

Water and acetone blanks were evaporated to dryness in tared beakers and
were desiccated and reweighed. Any residue that remained was a contami-
nant in the reagent and was considered a blank weight used as & correc-
tion factor in subsequent calculations.

Table B-1 contains the portions of the particulate catch which were used
in accordance with PADER regulations to determine particulate emissions.
These portions include the particulate contained on the filter, Che
front-half water and acetone washes, and the insoluble back-half particu-
late catch. Note that both the soluble and insoluble portions of the
front-half water wash were determined. Table B-2 contains the soluble
back-half particulate catch which was reported {in accordance PADER regu-
Tations) but not included in the emission calculations.
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TABLE B-1

LABORATORY RESULTS
FPENNSYLVANIA PARTICULATE CATCH

Sample Fraction Particulate Weight (mg)
Filtar | 4,2
InsoTuble Front-Half Water Wash 0.8
Soluble Front-Half Water Wash 1.6
Front-Half Acetone Wash 5,4

Insoluble Back-Half (0.22 u filter) 4,4

TOTAL 16.4

TABLE B2

LABORATORY RESULTS
______ SOLUBLE PARTICULATE CATCH

_____ Sample Fraction Particulate Weight (mg)
Impinger Acetong Wash <l1.8
Soluble Back-Half (fmpinger filtrate) 3.6

TOTAL B

Q926N



L. Moisture Content

The silica gel had been tare-weighed pricor to its use in the field.
After its use, the silica gel was reweighed. The entire weight gain was
due to water vapor. The fotal volume of the impinger solutions, minus
the original volume of water in the impingers, plus the volume of mois-
ture and/or vapor collected by the silica gel, equaled the total moisture
gain of the sampling train, This volume was used as the basis for per-
cent moisture by volume calculations.

2,0 COMPUTER INPUT SHEET

The reduced data caloeulated from the field data sheets were combined with
the Taboratory results on the computer input data sheets to facilitate
programming., The computer fnput data sheets are included in this appen-
dix.

3.0  EQUATTIONS FOR THE CALCULATIONS QF TEST RESULTS

The equations following the data input sheet were programmed into the
computer to facilitate the calculation of the test program results. The
equations were prescribed in EPA Methods 2, 3, 4, and 5 of 40 CFR 60,
Appendix 1, Reference Taest Methods, and were wused to calculate the
results of particuwlate, flow, temperature, and static pressure testing.

4.0 PARTICULATE TEST RESULTS

The complete results of the computer analyses of the data generated from
the particulate test program are presented on the computer printout fol-
Towing the equations.

5.0 BCM COMPUTATION SHEETS

The actual and allowable emission rate calculations are contained on the
BOM Computation Sheets. Copies of the computation sheets follow the Come
puter printout sheests.
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An = Area of nozzle, Fft°
. ‘ .

Aq ut Area of stack, in

me S Moisture content of gas stream, dimensionless

C. un Pitot correction factor, dimensionless

T . : ‘o e
2 a5 Particulate concentration (stack conditions), gr/ft

Cl e a Particulate concentration at 12% COa {dry), gr/dsct

(G 2 Particulate concentration (dry), gr/dsct
o Jd
?“w Particulate concentration (wat), gr/scf

Dy = Diameter of nozzle, in.
““““ B e Particulate emission rate, 1lb/hr

EA = Excess alr, percent

""" A H e OQrifice pressure drop, in. H,O
tn

T 8 Tsokine

Leoratio, percent
Mﬁ = Dry molecular weight of stack gas, lb/lb-mole
_____ Mq u Molecular waeight of stack gas, lb/lbh-mole

Baromet:

pressure, in. Hyg

Stack pressure (absolute), in. Hg

E Average of square zoots of pitot pressure differential,
..... in., Ha0

g = Stack gas flow, acfm
g rgtd) ™ Stack gas flow, sofm

Chge
T = Average dry gas meter temperarure, CF

(]

. : ol
T an Average stack temperature, TF
; S :

----- v = Dry sample volume (meter conditicns), i
3

m std) ™ Dry sample volume (standard conditions), ft
n I



1

W

v Loam
W& td)

Stack velocity, ft/min

Volume of liguid collected in impingers and silica
gel, ml

Volume of Liguid collected, ft-

Total weight of particulates collected, mey

Duration of test, min.



BETHLEHEM STEEL BATERY A SCRUBEBER ODUTLET, PARTICULATE EMISSTONS

. PARAMETERS : 1

L AREACOF . BREECHING  TSQ FT) B R26
. BAMPLE VO LUME (nSEF) 16834
Pt TS TURE 1) N
e MOLECULAR WELGHT  (LB/LB-MOLE) 28 B
¢ A TEMPERATURE {F) 366

Tl o Gl NELOG LYY CFET/ZMEN ) , area.1

----- 6! BV QLM CHRY SOFMD T1H3RY .9
: OGN OLAE CAGEN) 138936 .9
_____ PORRT LGCULATE EMISSIONS:
CONCENTRATIOMN (GRAINS/DECE ) 10
15 AN ETICCONT T CERNTNS S CF ) UonEy
! EMIHSTON RATE (LE/HR) 15, 1836

OREAT ANALYSTS:
————— L GARBON TXOMXTOE (VOL %) M

RGN MONGWTmE OV T 0

3 Y GEN CVOL W) B0
_____ : N TG N (VOL %) 9.0
a EXCESS ALR ty -V 4GB P

& THQW TNET LGS (s te 7
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EQUIPMENT CALIBRATION
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