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Commonwealth of Pennsylvania
Environmental Resources
January 17, 1992

Subjeet:  Source Test Review

To: Data File
Bethlehem Steel Corporation
Bethlehem, Northhampton County

w
From: William Schneider 5
Source Testing Unit
Division of Technical Services and Monitoring
Bureau of Air Quality Control

Through: Chief, Source Testing and Monitoring Section s

The Bethlehem Steel Corporation operates a coke oven battery at its Bethlehem plant.
The "A" battery consists of 80 ovens, six meters high. The coke is pushed from the ovens
into a conventional moving quench car. A hood mounted on the door machine captures
the emissions generated during the pushing process. This effluent passes through a
venturi serubber and cyclonic separator system located at the west end of the battery.
The effluent is exhausted through the induced draft fan to the stack.

BCM Engineers, Ine. conducted a particulate test of the coke "A" battery serubber outlet
stack on September 13, 1991. On the day of the test, the average net coking time was
24 hours and the average tons of coke pushed during the day was 22.5 tons per oven. The
test was conducted in accordance with standard procedures for the isokinetie collection

of a particulate sample. The test results are acceptable to the Department. The
following results were extracted from the test report:

Effluent Moisture Content {percent) 1.7
Effluent Temperature (°F) 119.1
Volumetrie Flowrate (DSCFM) 129,528
Particulate Concentration (GR/DSCF) 0.015
Actual Particulate Emission Rate (1b/hr) 1.09
Allowable Particulate Emission Rate (1b/hr) 4.66
Percent Isokinetie 109.5

cce:  Thomas DiLazaro, Bethlehem District Office
AP File through Krishnan Ramamurthy
EPA/RSL

Reading File - Source Testing

WS:mlz
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October 30, 1991

SUBJECT: BETHLEHEM STEEL CORP.
"A" Battery Scrubber
Bethlehem
Northampton County

ﬁ At

TO: L. Blaine DeHaven, Chief THRU: Thomas A. DiLazaro
Source Testing & Monitoring Section District Engineer
FROM: ronald D. Mordosky QO™

Air Quality Specialist

Attached is a copy of the stack test which was performed on the "A" Battery
scrubber stack at Bethlehem Steel's Bethlehem Coke Works.

Please review the test report to determine if the test was conducted in
accordance with the Department's regulations.

RDM/bas

Attachment



PARTICULATE EVALUATION
OF
COKE BATTERY "A" SCRUBBER STACK
AT
BETHLEHEM STEEL CORPORATION
BETHLEHEM, PENNSYLVANIA
BCM NO. 00-4021-33

SEPTEMBER 13, 1991

PREPARED BY

g g [ .
PAUL JADLOWIEC
SECTION MANAGER

APPROVED BY

(i/’l:QEchh!’/f7£{/<2;£/?£229

N DAVID G. ngﬂoLgé P.E.
VICE PRESIDENT

N

BCM ENGINEERS INC.
5777 BAUM BOULEVARD
PITTSBURGH, PENNSYLVANIA 15206
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1.0 EXECUTIVE SUMMARY

Bethlehem Steel Corporation (Bethlehem Steel) retained BCM Engineers Inc.
(BCM) to conduct a compliance particulate emission determination at its
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 Pennsylvania Department of
Environnental Resources (PADER) particulate emission standards. Testing
and analysis were conducted according to EPA Method 5 and appropriate
PADER test methodology.

Results indicate the actual emission rate of 1.09 pounds per hour (1b/hr)
was below the allowable emission rate of 4.66 1b/hr. Complete results of
the testing program can be found in Table 1 of Section 5.0.

2.0 SCOPE AND OBJECTIVES

The scope of this project was to determine particulate emissions from Coke
Battery "A" Scrubber Outlet Stack. The test results will be used to
determine compliance with PADER particulate emission standards. The
following parameters were determined for the one test run:

Gas Flow acfm and dscfm
Gas Temperature F

Gas Moisture % by Volume
Particulate Emission gr/dscf and 1b/hr

3.0 CONTROL SYSTEM OPERATION

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



BOM
4.0 PROCEDURES

The field sampling program was performed on August 20, 1991. The BCHM test
personnel consisted of Messrs. Paul Jadlowiec, Daniel Petrovay, and Karl
Brenton. Mr. Lawrence Kriegler served as plant coordinator.

4,1 FIELD WURK

4.1.1 Test Station and Traverse Location

The locations of the sampling stations and traverse points are critical to
the performance of the project. An explanation of the sampling points
used during the project follows.

The internal diameter of the “A" Battery Push Emission Scrubber exhaust
stack is 96 inches. Two test ports, located 90 degrees apart, were used
for particulate sampling. Sixteen traverse points were selected (eight
per port) to account for each of the sixteen coke oven pushes.

4.1.2 Gas Flow and Gas Temperature Measurements

The flow rate and temperature profiles for the gas streams were measured
by conducting simultaneous velocity and temperature traverses. Gas
velocity head was measured with a calibrated “SY-type Pitot tube which was
connected to an inclined manometer. The static pressure was measured
using the same Pitot tube and manometer. A Chrome-Alumel thermocouple
attached to a digital potentiometer was used to measure the gas
temperature at each of the traverse points. The gas flow and gas
temperature measurements follow EPA Method Two.

4.1.3 Molecular Weight Determination

A Bacharach Fyrite analyzer was used to determine the molecular weight of
the flue gas. Fyrite gas analyzers give accurate readings within +/- 0.5%
Carbon Dioxide or Oxygen up to 53®C. Readings are unaffected by most
other gases. The average of three samples was used for each test run,
The following parameters were measured in order to calculate molecular
weight: volume percentage carbon dioxide and volume percentage oxygen;
the volume percentage of carbon monoxide and nitrogen was determined by
difference. These parameters were measured using the principle of gas
absorption in specific absorbing solutions.
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4.1.4 Moisture Content Sampling

Moisture sampling was conducted employing the principles presented in EPA
Method Four and concurrently with particulate sampling. Parameters
evaluated in order to determine tne gas stream moisture content were:
sample gas volume, sample gas temperature, sample gas pressure, impinger
moisture gain, and silica gel moisture gain. Some minor modifications were
made to the Method Four train to allow concurrent particulate and moisture
content sampling; these modifications involve no deviations from sampling
principles. Modifications such as the substitution of a glass fiber filter
for Pyrex wool as a filtering medium and the substitution of a calibrated
orifice for a rotameter as a flow metering device were incorporated.

4.1.5 Particulate Sampling

The sampling procedures and sampling equipment used are those outlined 1in
Method 5 of Appendix 1, 40 CFR 60. This methodology also complies with
PADER testing regulations.

A total of 16 traverse points (8 per port) were sampled during the test
run. Each point was sampled during an individual oven push. Sampling 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 dampers were closed, whichever came first.
For this test, the dampers closed before the end of the 30-second time
period. The total sampling time, therefore, equals the amount of time
required for 16 pushes and was used to determine the average duration of a
single pushing operation.

The size of the nozzle required to maintain isokinetic sampling was
calculated from the results of a previously completed velocity and
temperature traverse. The sampling train used a glass-lined stainless
steel probe, which was heated by an internal heating element. A nozzle of
the calculated 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 filter for the vremoval of the suspended
particulates. The filter was housed in a heated chamber with the
temperature maintained at 225 + 25%. From the filter, the stack gas
passed to the impinger train. The first two impingers each contained 150
milliliters (ml) of deionized (DI) 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 design,
modified by replacing the tip with a 1/2-inch inside diameter (ID) glass
tube. Note: The impinger train was immersed in an ice bath for the entire
test period so that the existing gas temperature would not exceed 680F.
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From the impinger train, the gas was conducted through an umbilical cord to
the control console which contained the following pieces of equipment
(listed in the order in which sampled gas passed through them): a main
valve, a bypass valve for flow adjustment, an air-tight vacuum pump, a dry
gas meter, and a calibrated orifice. The orifice was equipped with
pressure taps which were connected across the inclined manometer and were
used to ensure that isokinetic conditions were maintained.

The sampling train 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
allowable leakage rate of 0.02 cubic feet per minute (cfm). Upon
completion of a test, the soiled glass fiber filter was removed from its
filter holder and placed in a Petri dish, which was subsequently sealed.
The probe and nozzle were washed internally first with DI water and then
with acetone. The particulate matter remaining in the proble was removed
with a nylon brush attached to a polyethyiene 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. All water and acetone washings were stored in separate sealed
polyethylene sample bottles.

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

4.1.6 Field Data Sheets

The following data 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 time,
pump vacuum, filter temperature, and the impinger train outlet gas
temperature. The field data sheets generated during the program are

contained in Appendix A.

4.1.7 Sample Recovery Procedure

Sample recovery was conducted in the BCM air van.

4.2 ANALYSIS

All analytical data sheets and calculations are contained in Appendix B.
A1l sample analyses were conducted by BCM at their Pittsburgh,
Pennsylvania, office.



4.3 CALCULATIONS

The BCM Computation Sheets contained in Appendix C show the coke production
rate and allowable and actual emission rate calculations. The coke
production rate of 75.00 tons per hour was calculated using the historical
values of 1802 tons of coke per day and 80 ovens pushed in 24 hours. The
allowable emission rate was calculated according to 123.13(b)(2) of the
Pennsylvania Air Pollution Control Act. The actual particulate emission
rate was calculated from the particulate concentration (gr/dscf), the stack
gas flow rate (dscf/min), and the 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 in
24 hours.

4.4 CALIBRATIONS

Field equipment calibrations are contained in Appendix D.

4.5 PROCESS DATA

A1l process data are contained in Appendix E.

5.0 TEST RESULTS

A1l gas flow rate and particulate emission data determined during the
testing are contained in Table 1. Al data were collected during the 16
separate oven pushes. VYalues as presented in Table 1, therefore, represent
stack conditions during pushing operations. The particulate emission rate,
however, was calculated to represent the actual pounds of particulate
emitted in an hour period, based on the minutes per hour of pushing time.

The actual emission rate measured was 1.09 1b/hr. The allowable emission
rate was 4.66 1b/hr.



TABLE 1

SUMMARY OF RESULTS

COKE BATTERY "A" SCRUBBER OUTLET

Parameter Results

Gas Flow (acfm) 146,648
Gas Flow (dscfm) 129,528
Gas Temperature (°F) 119.1
Gas Moisture (%) 1.7
Isokinetic (%) 109.5
Actual Particulate Emissions:

gr/dscf 0.015

1b/hr 1.09
Allowable Particulate Emissions:

1b/hr 4.66
Backhalf Soluble Emissions:

gr/dscf 0.014




APPENDIX A
FIELD DATA SHEETS
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APPENDIX B
ANALYTICAL DATA SHEETS



ANALYTICAL PARTICULATE DATA
PADER METHODOLOGY

Client RETHLEREMN STEEL - BETRLEHEM Project No.CO -H4C21— 33

Date AuecusT 26, 1) Run No. \

FRONT HALF CATCH

Acetone rinse container No. \4§

Acetone rinse volume (Vaw) L7
Acetone blank residue concentration (La} .CY mg/g
Wa = Ca Vaw pa = (.04 ) (87) (.7850) = Tz 73 mg
Gross wt \0CCs,C Mg
Tare wt |cAq¥s. 2SS Mg
Less acetone blank wt (Wa) Z.773 mg
Weight of particulate in acetone rinse \H.&2. Mg
Water rinse container No. |43
Water rinse volume (Vww) OB
Water blank residue concentration [Lw] O),00 mg/g
Ww = Ca Vww pa = ( © ) (w%) (A\8L) = 5.cC mg
Gross wt \08csb. 0 mg
Tare wt V€84, 40 mg
Less water blank wt (Ww) o000 Mg
Weight of particulate in water rinse 2,0 Mg

Filter No. 371

Gross wt 29 .0S mg
Tare wt 295,25 Mg

Weight of particulate on filter \BO mg
Weight of particulate in acetone rinse .62 Mg
Weight of particulate in water rinse T 0,00 Mg
Total weight of particulate \S.H42- Mg

BACK HALF CATCH
& NS 22 ‘

Filter No. 3%q DdHb 384

Gross wt  224.80 mg
Tare wt 229,80 mg
Weight of particulate on filter o.0¢) mg

TOTAL PARTICULATE CATCH

Front half \'7.62.  mg
Back half 0,00 mg

Total 7.2 Mmg




ANALYTICAL PARTICULAYE DATA
PADER METHOOOLOGY

Client Retuenem Steer - Betienem Project No. CC-4oz| -33
Date AucusT 29,199)  Run No. |

sample location * | Barreey STRGe OCRUBRER

SOLUBLE BACKHALF

Acetone rinse contafner No. _\H R
Acetone rinse volume (Yaw) g
Acetone blank residue concentration (Ca) O\ ng/9
Wa = Ca Vaw pa = (.04 ) (A4) (,E€s0) = 2 95 ag
Gross wt |4{378.4S mg
Tare wt | \4 374 .20 mg
Less acetone blank wt (Wa) 2485 ng
Weight of particulate 1n acetone rinse W20 mg

Water filtrate contatner No. _{HX

Water filtrate volume (Yww) 285

Water blank residue concentration (Cw) O mg/g

Ww = Ca Vww pa = ( O ) (3%5) (AW82) = (O ng
Gross wt {041A5. R0 mg
Tare wt |O2M%l ., 25 mg

Less water blank wt (Ww) O.00 mng
Weight of particulate in water filtrate \4. S5 mg
Weight of particulate in acetone rinse 1,230 mg

Total weight of particulate \S. 85 mg




BLANK ANALYTICAL DATA

Plant ?)ETH\,E@’;M STEEL. ~ BET‘H\_EHEW\

Sample location XF | Batteey S1AcCk SCpuRBER
Type of blank ACETONE.
Container number |\S P

Density of blank (pa) ,T¥SC g/ml
Blank volume (Va) 2L0C m

Gross wt. \1\272,9C mg
Tare wt. |\\206,75  mg
- Weight of blank (ma) .05 mg

Co s (_&OS ) - .04 myg

{(z00 ) (.7¢50)




BLANK ANALYTICAL DATA

plant BETHWEHEM STEEL. - BETHLEWEM

Sample location &\ BDATTERY  STACK S RURRER
Type of blank DISTUAED WATER

Container number SN

Density of blank (pa) .9AGL g/ml
Blank volume (Ya) 2L O ml

Gross wt. \0®\4\. S mg
Tare wt. |C%\21. S mg

- Weight of blank (ma) O.CO  mg

Ca.: ma = ( C.cC ) =
Va pa (200 1 Uag)

O0.00 mg/g
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[ mA COMPUTATION SHEET

Name of Client 80:“1 , e ‘1 €M S+€€' Co»- :oc rCChC'ﬂ

project Lo K- &LHQ«‘;/ "A" scrvpbee Outlet

Sheet Number { of A

Date @-9- 9/

Job Number ou- 402 [-3D

Computedby _ PJ~_ Checkedby _ 3%

Cescription fMI&S/M Rute Cafc./la'hénv

Coke Production Rute

! g0 Tons"/oq./ and  §O cuems Fusied [Day

'y 190U Tong/Day

Q0 ov mS/Dq,y

= 23.85 Tons foven

22.5 Tu.1s/ou-en X g0 ac,wn‘s/a‘f hocss = 25,00 To.ms/},,.

Alloweble Emission Rcd'e,j cLs

per 123,73 (b) (1) o PA pir

BojivTior Coatrol At

H: 0)76 E—Ol"{a

where | A= allowxible emesseon racfej lb//m

E: Fxw ib/'Ar

Fz Process Factor (fuble i), 1 1b]ton
wz Productwa w&, '75100"'04//”‘

Az 07¢( |Ib)jTon x 7500 Ton/ne) S 75 = e Ib/he




Sheet Number & Of 2
Name of Client Bethlehemn Steel Corlpc')rcd'lor\ Date -9-91
. ‘ ' JobNumber O Q-40al—33
Project Coke Guttery \AHSC robber Cutlet ob Tum
7 _ » Computed by e:f Checked by _J%
Description E/"}IQCIQ/l RC&"’Q, COL/L V/C{"f—l(li’\

COMPUTATION SHEET
(BCM

L
Actuel] frissien _ Cﬁi’;ﬁiﬁtﬁ’ Flow Rate (Push Time
Rate (lb/hr) (grfasch) |\ (dscdfoma) (i [hr)

Joce 7(%»45/ b

where |

Particuinte Corceatration= G015 9:‘/5565}
Flow cute = 139 528 dsc b/

Push Time, = (’8'87’”’.” fotel posh T'MQ')( 8O cvens Pusheé\)

’G TU*“—‘ ovens f)ushﬁé 2'1 llOJI‘S

= 3,93 M/n//)/\

Actual EmMission

Rade. ( 1o/hr) = oo faseh) (124 525 dscbfum) (390 mn [ar)
pielela) 3pam5/ b

o9 1b/hr
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BETHLEHEM STEEL CORPORATION
COKE BATTERY "A" SCRUBEER OUTLET

PARTICULATE EMISSIONS

DESCRIPTION

Duration of test, mir.
Dry sample volume
(meter conditions), def
Average of square roots of pitot
pressure differential, in. H20
Orifice pressure drop, in. water
Average stack temperature, deg. F
Average dry gas meter temperature,
deg. F
COZ in stack gas, %
02 in stack gas, %
CO in stack pas, *
NZ in stack gas, %
EBarcometric pressure, in. Hg
Stack pressure (absoclute), in. Ho.
Pitot correction factor,
dimensionless
Dry gas meter correction factor
Diameter of rnozzle, irn.
Diameter of stack, ft.
Volume of ligquid collected
in impirngers and silica gel, ml
Fromt half particulate catch, mg
Back half imsocoluble part. catch, mg
Back half scluble part. catch, mg
Total particulate catch, mg

Area of the nozzle, sq. ft.
Area of the stack, sqg.ft.
Dry molecular weight of stack gas,
dry basis, 1lb/lb-mole
Volume of liguid callected, cu . ft.
Molecular weight of stack gas,
wet basis, lb/lb-mole
Dry sample valume
{standard conditions), dscf
Stack velocity, ft/sec

il

8—-20-91
RUN 1

VALUE

18.87
17.986

0. 820

2. 920
119.1
76.6

0. 00
z21. 00
0. 00
73. 00
29. 46
29. 48
0. 838

1.0=0
0.248
8. 000

&.6
17. 6
0. 00

15. 85
17. 62

0. 00034
50. 27
8. 84

0.311
£8. 66

17.897

48.63
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EETHLEHEM STEEL CORPDRATION
COKE BATTERY "A" SCRUREER OUTLET

PARTICULATE EMISSIONS

DESCRIPTION

Stack gas flow, acfm

Stack gas flow, dscfm

Moisture content of the pas stream,
%

CoZ irn stack gas, *

02 in stack oas, *

CO ir stack gas, %

N in stack gas, %

Isokinetic ratioc, percent

particulate corcentration, gr/dscf

PADER INFORMATION

Part. conc. (fromt half), gr/dscf
Part. conc. (back half), gr/dscf

Part. conc. soluble, (back half),
gr/dscf

il

n

VALUE

146678
123528
1.7

O, 00
21,00
0,00
73. Q0

0.015
Q. 000

0.014



APPENDIX D
FIELD EQUIPMENT CALIBRATIONS



P1TOT CALLINRATILON

Pitot No-ﬂ_’!é__. D“",LL;E'&“ Engincer K/B_
Range [Run N.o. APsra | AP i Sé‘:” DEV. AP i Sé:E DEV, DIF.
T | p25 035 1,236 o _1.0% 22 | D
R 035 |83 | & 035 |.836
3 | o2 | 03¢ |82 | O 035 |.826
we. L2 &2 Z |
1 [ 20 |78 | ¥4 ).06C LZX ol | pp3 |
2 7 | 20 |,28 |.§% |.0@% 295 | .89 | ot
3 .ZD 02—2 183‘9 nﬁﬁi’, 128 ,gﬁ(o .9@3 .
AVG. | <3¢ 2% LLﬂzééiJ
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APPENDIX E
PROCESS DATA



NOZZLE CALIBRATION

Date g -Ac -/ Calibrated by ij’

Nozzle

ijidentification D,. in. D.,, in. D., in. AD, in.
1 2 3

number

D
avg

For Bethlelion C,avy 0.3y 7 O 349 | ©.00&
Steel, Coke
Becttury N
Servbben Cutlet
Test

orég- o
Olé\‘—/g

where:

= nozzle diameter measured on a different diameter,

Dy,2,3
1= Tolerance = measure within 0.001 in.

AD = maximum difference in any two measurements, in.
Tolerance = 0.004 in.

Davg = average of Dl' Dz, and D3'

Noz22le calibration data.

in.
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