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Through:  Chief, Source Testing and Moritoring Sectior

Coke Oven Battery "A" at Bethlehem Steel is an 80-oven battery of 6 meter high ovens with double
gas collector mains. Emissions generated during the coke pushing operation are controlled by a
venturi scrubber and a cyclonic separater located at the west end of the battery.

On December 15, 1988, particulate emission testing was concucted by BCM, Inc. at the exhaust stack
servicing the battery. The test was concuctec in accardance with pre- approved procedures and is
acceptable to the Department. The nature of the source prohibits the sample volume and sarmpling
time fram meating the requirements of Chapter 139 of the Department of Environmental Resources’
Rules and Regulations. The calculations are correct and the results appear to be valid.

The following data was extracted from the test report:

Number of Ovens Pushed During Test 14
Coke Pushed During Test (tonsfoven) 235
Volumetric Flowrate (cscfm) 126048
Ermission Rate (Ih/hr) 1.300
Allovwable Emission Rate (Ibfhr) 4,745

Percent Isolinetic 100.5
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BETHLEHEM STEEL CORPORATION
BETHLEHEM PLANT

l‘.l[ll“" ion Control & Ve fem

sions Kvaluation

Pursuant to the requirement of DER Regulations Chapter 139,
particulate emission tests were conducted on the "A" Coke Oven Battery
pushing emission control system stack on December 15, 1989. Testing and
analyses were pmmﬂknnmmﬂ in a manner similar to the procedure outlined for
the svaluation of the one spot car at our Plant's Ne. 5 Coke Owven Battery.
Use of this vrnuwdum1=thhm1maam approved by Mz, R. 8t. Louis of the
Department's Testing br anch.

Source Description

A" Battery is an 80 oven battery.of 6 meter high ovens having double
gas collector mains. Coke is pushed from the ovens into a conventional
moving quench car., The emissions generated during the pushing operation
are capturad by a hood mounted on the door machine. This hood is connected
toeilmmlbmwﬂ‘mmm‘wwﬂlMKdnwh(xmwww'ﬂw*umﬂmnmlgammiand
Emrtimlhﬂmttm‘a‘mwmuml‘%mnﬂﬂmx'amj(ﬂw]uva separator system at the west
end of the battery. The gases from the system are then exhausted through
the induced draftfans to the stack.

On the day of the test the average net coking time was approximately
25.7 hours. The ovens pushed during the testing pevicds are identified on
Attachment 1. 'Nmawmmagatmmmwﬁ(ﬂfanspﬁmﬂdcm‘HwabmmﬁmyCMrMW;ﬂMa
tast was 23.5 tons per oven.

Venturi pressure drops during the test were approximat ta Ly
water on the north and south scrubber. During the test
averaged 750 GPM to each of the venturis.

3% dinches of
, water flow rates

Test FProcedure

ALl equipment. and analytical pmmmeWQSwmmﬁkmmwd to BPA Method 5.
Sizteen pushes were sampled during the 5. Sampling commenced at the
movement of the coke mass and | FTmlﬂdlﬂd 30 seconds after the completion of

the push. Each push was samp led at a different point, with 8 points on
each diameter.

Sampling Results

Test results are sumarized in BCM's test report, Attachment 2 The

total pdlll'u]1lﬁ loading (front half plus

back half insolubles) for the
test was caleulated at 1.30 Lb./hr. The calculated allowable limit is 4,74
1b./hr.

25010126 AGC



Attachment 1

1A' Battery Scrubber Test 12/15/88
Ovens Pushed

Oven No., Time

6 8145
84 i 9e1l

f Ded5
36 13243
46 1354
56 1404
66 14119
T6 1429
86 15134
B 16520
38 16
48 1647
58 16:58
68 17:08
78 1723

1 17:5%

25010126 . AG0
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1.0 IHﬂHﬂWTIMWf!MMMWﬂWY

Bethlehem Steel Corporation (Bethlehem Steel) retained BCM Eastern Inc.
CBCMD  to conduct a compliiance emtssion determimation at 1ts Facility in
Bethleham, Pennsylvania. A single test run was performed at the coke
battery "A" scrubber outlet stack to determine the compllance status of
the coke battery with respect to Pennsylvania Department of Environmental
Resourcas (PADER)Y particulate emission standards.

Results show that the actual emission rate of 1.300 pounds per hour
Cth/bhr) was below the allowable emission rate of 4,745 1b/hr.  Complete

results of the testing program can be found in Table 1 of Section %.0.
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2.0 SCOPE AND OBJECTIVES

The scope of the project Included & stngle particulate emission test at
the scrubber outlet stack to determine the compliance status of the coke
battery. The objectives of the sampling were to determine the followling
parameters:

Gas Flow - acfm and scfm

Gas temperature - °F

Gas mofsture content - p@ruﬁwﬂ:ﬂmw'wwumm@

Gas weloctty - Fpm

Particulate emissions - grains/dsct and 1h/hr

&
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3.0 PROCEDURES

3.1 ELELDMCRE

Fleld testing was conducted on December 15, 1988, The sampling team c¢one
ststed of the followlng BCM personnel:

Philip C. Burg, Project Manager
Carl Branton, Technician

Mr. George Ossman of Bethlehem Steel acted as 1laison between BCM and
Bethleham Steel and ensured process operating conditions were sultable
for testing.

Emisston testing was conducted according to procecdure as outltined in U.S.
Environmental Protection Agency (EPA) Reference Methods 1 through 5 of
the Federal. Realster, VYolume 42, Number 160. Descriptions of these

methodologles can be Found in Appendix A of this report.

3.2 ANALYTEGAL. METHODS

ATT samples generated during the sampling program were analyzed at the
BCM Laboratory In Norristown, Pennsylvania. An outline of the analytical
mgthodologies i contalned in Appendix B. Laboratory data are also pre-
sented In Appendix B,

3.3 CALCULATIONS

BOM's WP 3000 computer, programmed to accept input data in accordance
with EPA caleulation procedures, was used o perform most calculations.
The reduced data appear on the computer dnput sheet, which 1s presented
in Appendix B,  Appendix B also containg the equations used to determine
the test results and also the BCM computation sheets which show the
alTowable and actual particulate emisslon rate calculations.

3.4 FOUIPMENT. CALLBRATION

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

4.1 CONTROL.SYSTEM. QRERALION

The control system operates in & wanner such that particolate emissions
from the coke pushing operation are contained by & hood and routed to the
scrubber for removal. Alr dampers in the system remaln closed and are
opened only during the coke pushing operations. Atr flow through the
scrubber, therefore, only occurs during coke pushing.

4.2 TRSLING.EROCEDURE

A total of 16 traverse points Celght per port) were sampled during the
test run.  Each polnt was sampled during an dndividual oven push,  Same
pling at a particular traverse polnt corresponded to the pushing time and
commenced when coke began falltng into the car and continued for 30
seconds after all coke was pushed or unttl the dampers were closed,
whichever came first. Thé total sampling time, therefore, equals the
amaunt of time required for 16 pushaes and was used to determine the aver
age duration of & single pushing operation.

&
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§.0  TEST RESULTS

AT gas Flow rate and particulate emission data determined during Cthe

_____ testing are contained in Table 1. Al data were collected during the 16
separate oven pushes. Values as presented in Table 1V, therefore, repre-

sent stack conditions during pushing operations. The particulate emis.

slon rate, however, was calculated to represent the actual pounds of pare

Ficulate emitted in an hour period, based on the minutes per hour of
pushing time.

.....
.....
.....
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TABLE 1

..... ) TEST RESULTS
P sumg e Test Result
Gas Moisture Content Ch) 2.6

- Gas Temperature (°F) 90
Gas Velocity (Ft/min) 2,709

_____ Gas Volume Cdry scfmd 126,048
Gas Volume Cacfm)d 136,161

""" Parttculate Emission Concentration Cgr/idscf) - 0L0228
Actual Particulate Emission Rate CUb/hrd 1.300

-----

Alowable Particulate Emisstion Rate C(1b/hr) &4.74%

-----
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-----

.....

.....



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

(BOM]

6.0 DISCUSSTON OF RESULTS

6.1 GENERAL.

Gampling went well and no problems were experienced. lIsokinetic deriva-
rtons wers within the allowable range and pre- and post-leak checks were
below the maximum allowable leakage rate.

-----

6.2  GALGULATIONS

The BCM Computation Sheets contained Tn Appendix B show the coke produt-

pion rate and allowable and actual emlssion rate calculations. The coke
_____ production rate of 78,33 tons per bour was calewlated uwsing the histor-
feal values of 23.% tons of coke per oven and 80 ovens pushed fn 24
hours . The allowable emission vate was caloulated according  to
129.73(00(2) of the Pennsylvania Alr Pollutlon Control Act. The actual
particulate emission rate was calculated Ffrom the particulate concentra.
tion (gr/dsct), the stack gas Flow rate C(dscf/mind, and the coke pushing
time <minfhr). The coke push time was calculated from the average dura-
..... tion of a single push determined during the test run and the historical

number of ovens pushed tn 24 hours. '
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APPENDIN A
FIELD SAMPLING PROGRAM

1.0 SAMPLING. PROGEDURES
1.1 Tesk Station. and. Travecss. lacatlon

The Tocations of the sampling stations angd traverse points are critical
to the performance of the project. An explanation of the sampling polints
used during the project follows.

The internal diameter of the “A" Battery Push Emission Scrubber exhaust
stack 13 96 tnches. Two test ports, located 90 degrees apart, were used
for partlculate sampling. Sheteen traverse points were splected Celght
per port) to account for each of the 16 coke oven pushes.

1.2 Gas. Flow and. Tempecaturce Detevminatlions

The gas flow rate and temperature proflles were measured by conducting
velocity and temperature ftraverses simultaneously with the particulate
sampling. Gas wvelocity heads were measured with a "3" type pltot tube
connected to an inclined manometer. A Chromel-Alumel thermocouple con-
nected to a potentiometer was used to determing the gas temparatures.

.30 Modshure Content

Sampling was conducted employing the principles presented in EPA Method 4
and concurrently with particulate sampling. The parameters evaluated to
determine the gas stream's moisture content were: sample gas volume,
sample gas temperature, sample gas pressure, Impinger molsture gain, and
silica gel mofsture galn.,  Some minor modifications were made to the
Method 4 train to allow for concurrent sampling of particulate and mois-
ture  content. These modifications dd not  deviate Ffrom sampling
principles.

The modifications made included the substitution of & glass Fiber for
Pyrex wool as a Filtering medium and the substitutton of @ callbrated
orifice for & rotameter as & flow metering device.
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1.4 Packiculake. Sampllog

The sampling procedures and sanmpling eculpmaent used are those outlined in
Mathod % of Appandix 1, 40 CFR 60. This methodology also complies with
the Pennsylvania Department of Environmental Resources CPADERD  testing
regulations.

The size of the nozzle required to maintain isokinetic sampling was cale
culated from the results of a previously completed velocity and tempera-
ture traverse. The sampling traln used a glass-Vined stainless steel
probe, which was heated by an internal heating element. A nozzle of the
caleulated size was attached to the end of the probe, which was Inserted
into the stack. Sampled gas passed through the nozzle and the probe to a
glass Fiber F1lter for the removal of the suspended particulates. The
F11ter was housed in a heated chamber with the temperature maintained at
225 4 2%'F.  From the Filter, the stack gas passed to the Tmpinger
traim. The First two impingers each contained 150 millilTiters <mi) of
defonized ¢DIY water. The third tempinger contained no reagents and was a
knockout impinger. The fourth tmpieger contained approximately 200 grams
of coarse silica gel, which collected any moisture and/or vapors that had
not bheen captured tn the preceding impingers. :

The second Tmpinger was a 500-ml Greenburg-Smith fmpinger, while the
First, third, and fourth were S00-m1 impingers of the Greenburg-Smith
fjesign, modified by replacing the tip with a 1/2-inch inside diameter
CIDy glass tube. Note: the impinger tratn was lmmersed in an ice bath
for the entire test period so that the exiting gas temperature would not

mceed GB°F.

From the impinger train, the gas was conducted through an umbilical cord
to the control console which contained the following pieces of equipment
(listed 1n the order 1n which sampled gas passed through themd: & main
valve, a bypass valve for flow adjustment, an alrtight 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 tralin was subjected to a leak check prior to and after each
sample run, The Inlet of the nozzle was plugged and the pump vacuum was
held at the highest vacuum attained during that period of testing. In
all cases the leakage rate was minimal and did not exceed the maximum
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allowable leakage rate of 0.02 cubtc feet per minute Cefmd.  Upon comple-
tlon of a test, the soiled glass Fiber F11tar was removed from 1ts f11ter
hotder and placed tn & Peted dish, which was subsequently seated. The
probe and nozzle were washed tnternally First with DI water and then with
acetons. The particulate matter remaining 1n the probe was removed with
a nylon brush attached to a polyethylene Tine. The front half of the
glass F11ter holder was also rinsed with DL water, then acetons, and the
washlngs obtained were added to those collected from the nozile and the
probe. AT water and acetons washings were stored in separate sealed
polyethylene sample bottles for transfer to the BCM Laboratory.

The silica gel used in the fourth impinger was removed and stored in a
sealed sample bottle. The contents of the Flrst, second, and third
fmplngers were combined, measured volumetrically, and stored In sealed
sample bottles for transfer to the BOM Laboratory. The first, second,
and thivd tmpingers were Finally rinsed with acetone and the washings
placed in separate bottles.

.5 Molasulac. elabt Determinatiens

A Fyrite gas analyzer was used to determine the molecular wetght of the
exhaust gas at each source. The following parameters were measured in
order to calculate molecular welight:  volume percent carbon dioxide
(COp),  wolume percent owxygen (Q2), and  volume percent nitrogen
(Ma), determined by differance.

2.0 EIELD. DATA SHEETS

The following data were rvecorded during the sampling program: the flue
gas veloctty head, flue gas temperature, inlet and outlet dry gas meter
temperatures, oriftce pressure differential, sample volume, sampling
time, pump vacuwm, Filter temperature, and the impinger train outlet gas
temperature. The Field data sheets generated cduring the program appear
at the end of this appendix.
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APPENDIX &
LABORATORY ANALYSIS AND OATA REDUCTION

1.0 ANALYLICAL. METHORS

AT samples gensrated during the test program were analyzed at the BCM
Laboratory in Horristown, Pennsylvania, The Following discussions
describe the analytical methods employed.

1.1 Packienlate Samples

Prior to their use In the Field, all glass Fiber f1lters used 1n the sam-
pling program had been tare-welighted Following a 2ib-hour destccation
perfod.  Upon their return to the laboratory, the filters were desiceated
and reweighed. The wetght difference was the amount of sample collected.

Mozzle, probe, and filter holder water and acetone washlings warg evapo.-
rated to dryness in separate tared beakers. The residue was desiccated,
and the beakers were rewvelghed to a constant weight. The welght dif-
farence was the amount of particulate matter collected at these locations
in the sampling tratn,

ACT00 ml altquot of the fmpinger solutions was filtered through tared
0.22 micron Filters. The Fllters were desiccated and rewelghed and any
welght galn represented the insoluable particulate matter contained 1in

the back-half portlon of the particulate catch. The 100 mi filtrates and
impinger acetone washes were evaporated in tared beakers, destccated and
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 rewelghed. Any residue that remained was a contami-
nant in the reagent and was considered a blank weight used a&s a cor-
rection factor in subsequent calculations.

Table B-1 containg the portions of the particulate catch which were used
as pev PADER regulations to determine particulate emissions. These por-
tions include the particulate contained on the filter, the front half
water and acetone washes, and the insoluable back-half particulate
catch. Table B-2 contains the soluble back-half particulate catch which
was reported (as per PADER vegulations) but not fncluded tn the emission
calculations.



TABLE -1

----- T LABORATORY RESULTS
e e PENNSYLYANEA PARYICULATE CATCH -

.....

Sample Fraction Particulate Wetght Cmg
----- F1lter (.6
Front-Ha'lf Water Wash 5.4
Front-Half Acetone Wash 1.7
_____ Insoluble Back-Half €0.22 u F11ter) 4.4
TOTML 17.7

.....

TABLE B2

_____ LABORATORY RESULTS
SOLUBLE PARTICULATE CATCH
Sample Fraction Particulate Welght Cmg)
Implnger Acetone Magh 6.7
_____ Soluble Back-Half Cimpinger Filtrate) 3.8

TOTAL 10.3

.....

------



.....

.....

......
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/

1.2 Molstuee Gontend

The silica gel had been tare-walghad prior to tts use in the fFleld.
After 163 use, the silica gel was reveighed., The entire welght gadn was
due to water vapor. The total volume of the impinger soluttons, minus
the original volume of water n the Ympingers, plus the volume of  mol g
pure andlfor vapor collected by the silica gel, sgqualed the total moisture
galn of the sampling train. This wvolume was wsed as the bashs for per-
cent molsture by volume calculations.

2.0 COMPUTER. JIMPUT _SHEET
The reduced data calculated from the fleld data sheets were combined with
the laboratory results on the computer fnput data sheets to facilitate

programming.  The  computer fnput data sheets are included dn this
appendi.

1.0 EOUATIONS. FOR_THE. CALCULATIONS. QF TEST RESULLS

The equations following the data input  sheet were programmed inte the
computer to fachlitate the caleulation of the test program results. The
equations were prescribed in EPA Methods 2, 3, &, and % of 40 CFR 60,
Appendix 1, Reference Test Methods, and were wused to calcutate the
results of particulate, flow, temperature, and static pressure tasting.

4.0 PARTIGULATE. TEST RESULTS

The complete results of the computer analyses of the data gengrated From
the particulate test program are presented on the computer printout fol-
Towing the eguations.
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My (mtd) ©

W

mistd)

hrea of gtack, in

"
Area of nozzle, Fft°

”)

I'4

Moisture content of gas stream, dimensionless

Pitot correction factor, dimensionless

particulate concentration (stack conditions), gr/ft3
particulate concentraticn at 12% CO» (dry), gr/dsct
Particulate concentration (dry), gr/dsct

particulate concentration (wet), gr/scf
Diameter of nozzle, in.

Particulate emission rate, 1lb/he

Pwoess alr, percent

orifice pressure drop, in. Hmm
Tsokinetic ratio, percent

Dy molecular waeight of stack gas, 1lb/lb-mole
Molecular weight of stack gas, lh/lb-mole
Barometric pressure, in. Hg

Stack pressure (absolute), in. Hg

Average of sguare roots of pitot pressure differential,
in., Ha0

stack gas £low, acfm

CStack gas f£low, s fm

. O,
Average dry gas meter temperarare, TF

. ‘ e

Average stack temperature, TF

Dry sample volume (meter conditions), fa

Dry sample velume (standard conditions)., fmj



. Vﬁ m Srack velocity, £&/min

L. o Volune of l$qm%ﬂ1mﬂh“mﬂmm1imximwinq@mm'mmi:quMM.
We gel, ml :

y I ot . . o

AU volume of Liguid collected, £t

w gt ‘

W, m Total weight of parciculates collected, mg
..... ] s Duration of test, min.

.....



PETHLEMEM STEEL, COKE BATTERY A SCRUBBER STACK OUTLET 18/15/88

..... ' R T T BE 1R 5 1
AREMA QF BREEGCHING (S0 FT) Bo.dh
_____ SAMPLE W OLUMIE CL& GF D 1. 115
MOTBTURE ) .6
o MOLECULAR WETGHT (LB AL EB-MOLE) a8 . B
GAS TEMPERATURE « F) 90.0
™ al S VELQGCITY CET/MIND eros. 9
G WVOLUME CORY  SOFM) TEGOAT . &
Gas VOLUME - CAGEM) THEYVE0 .7
...... FPORTICULATE EMISSTONS:
- GONGENTRATION CHRATNE/DSCF) COEEs

______ GONG . @ STIC COND. TGRAINS/CF ) CDEDY
- EMTSSTION RATE (LBSHRD @, TheE

......

e REAT ANALYSTS :
K CARBON DIOXIDE  (VOL %) 0
CARBON MONOXIDE (VOL %) X
----- T ONYGEN (WOl %) 21.0
: WL TROGEN (VOL %) 79 .0

o e B S S AR i) o AERE
TEOUTNETT S (#) 100.%

.....

.....

-----

-----

.....
-----
.....
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EQUIPMENT CALIBRATION
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1.0 PITOT CALIBRATION

The pitot tubes were calibrated by measuring the weloodtsy
...... heacd in oa duct with both an "8 type-pitot and a standard pitot
with a known coefficient. This was done at several different
valocities., The pitot tube coefficient can be caloulated as

follows:

Qom0 ) [M'P
_____ p(test) p(std) \‘mr -
|f‘m test
..... Wheres
ﬂp(tﬁmt)'mlwmmM;tmmm=cm@ffim%mmhmﬂf“%N’tmw@:pitmt
----- cﬁ{mtdy lwumwaﬂmmmacmmfﬁimﬁmmtmﬂﬁ&ﬂmwMWWﬂlwitmt
APeost = Veloelty head measured by "8" type pitot
uﬂpﬁtd = Valocity head measured by standard pitot
..... kkmﬁﬁﬁmﬂmntﬁ'w&mmthﬂ“ﬂmummmlfmw each leg of the "8" type
pitot. Nn‘ﬂpimwy|MWMMMNmmmmﬁ:than ko, 01 from the average Gp,

and the difference between Mmaamwmmwmmc%'fhw‘@ach leg must be

< [:' o ‘E]‘ :]. "

..... 2.0 DREY - GARS METER AND OQRTETCE METER

The dry gas meter and orific were calibrated using a wet

tast meter. Gases were moved through the dry gas meter at owvifice

""" pressure differentials (QH's) of 0.5, L.0, and 2.0 inches of
" rt"
wa e, \MMMmiﬂmmjmﬁhmmmti@nlmHMmMMmm,J,‘tmm:mmtmm‘mﬁ<mmmmmmmr

of wet test meter to dry test meten; amﬂg&ﬂm” the orifice pressure

.....



.....

.....

......

-----

differential that gives 0.75 cfm of air at 68YF and 29,92 inches

My

of mercury, were caloulated. The |lwm.m.tml@mmmmmtxﬁ:L%Mlﬂmwﬁﬂ

g q L . 1 N, ” P »y, "!' - a
&mmlﬁmmeﬁﬂ@ has a tolerance of L.84 +0.26 ~0,24, ﬂmmsd mnddmm@

are determined as followws:

Vwﬁb (g + 460)

V4
/

-------

UVTHIWWH]it +del)

—

)
By 7 LB ).

W‘ + 460) @
i -

Wherea:

Orifice pressure differential, in H?G

Barometric pressure, in Hg

p PO [ P
1%’ = Average temperature of dry gas meter, TR

L Average temperature of wet test meter, G
1

] = Duration of test, min.

Vg = Dry gas meter W Lvme , g1

Wet test meter wvolume, ﬁtj

-
YW

3.0 POTENTIOMETER CALIBRATION

The Thermo - Electron potentiometers were calibrated by using

a lknown voltage source as an input te the potentiometer.

4.0 PROBE CALLRBRATICN

The probes were calibrated by measuring the outlet

at. various varliable transformer settings while passing alr

through

at approximately 0.75% cublc feet

per minute.

temperatures
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