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Commonwealth of Pennsylvania
Environmental Resources
January 17, 1992

Subject:  Source Test Review

To: Data File
Bethlehem Steel Corporation
Bethlehem, Northhampton County

Prom: William Schneider / '/ /\‘i
Source Testing Unit
Division of Technical Services and Monitoring
Bureau of Air Quality Control

Through: Chief, Source Testing and Monitoring Section .8

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 eonventional moving quench car. A hood mounted on the door machine captures
the emissions generated during the pushing process. This effluent passes through a
venturi scrubber and cyelonie separator system located at the west end of the battery.
The effluent is exhausted through the induced draft fan to the stack.

BCM Engineers, [nc. conducted a particulate test of the coke "A" battery scrubber 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 isokinetic 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
Volumetric Flowrate (DSCFM) 129,528
Particulate Concentration (GR/DSCF) 0.015
Actual Particulate Emission Rate (lb/hr) 1.09
Allowable Particulate Emission Rate (lb/hr) 4.66
Percent Isokinetic ' 109.5

eco: Thomas Dil.azaro, Bethlehem District Office
AP TFile through Krishnan Ramamurthy
EPA/RSL
Reading File - Source Testing

WS:mlz




october 30, 1991

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

MT“fy

TO: 1. Blaine DeHaven, Chief THRU: Thomas A. Dilazaro
Source Testing & Monitoring Section District Engineer
FROM: Ronald D. Mordosky O™

Air Quality Specialist

Attached ig a copy of the stack test which was performed on the "A" Battery
gcrubber 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
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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 10 Pennsylvania Department of
Environmental 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 OQutlet 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 O

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.
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4.0 PROCEDURES

The field sampling program was performed on August 20, 1991, The BCH 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 ihe sampling points
used during the project follaws.

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 cixteen 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 “S"-type Pitot tube which was
connected to an inclined wanometer. 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 @as
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 O0xygen;
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 the gas stream moisture content were:
sample gas volume, sample gas temperature, sample gas pressure, impinger
moisture gain, and silica gel noisture 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.

8.1.5 Particulate Sampling

The sampling procedures and sampling equipment used are those outlined in
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
pun. 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 jnternal heating element., A nozzle of
the calculated size was attached to the end of the probe, which was
jnserted into the stack. Sampled gas passed through the nozzle and the
probe to & glass fiver filter for the removal of the suspended
particulates. The filter was housed in & heated chamber with the
temperature maintained at 225 % 25G, From the filter, the stack gas
passed to the fmpinger train. The first two impingers each contained 150
milliliters (m1) 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 §00-m1 Greenburg-Smith impinger, while the first,
third, and fourth were 500-m1 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 jmmersed in an ice bath for the entire
test period so that the existing gas temperaturé 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
(1isted 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 ledak 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 Tleakage 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 polyethylene line. The front half of the
glass filter holder was also rinsed with D! 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

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

The BCM Computation gheets 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 CAL1BRATIONS

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. All data were collected during the 16
separate oven pushes. values 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

[sokinetic (%) ‘ 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 &Elm EHEM %TEE_\--EET\-\\..E.HEE\ project No.CC -qezl—- 33
Date l\.u.g'g:-r 26,93\ Run No. \

FRONT HALF CATCH

Acetone rinse container No. W&

Acetone rinse volume (Vaw) 9T
Acetone blank residue concentration (Cal &Y —_ma/g
Wa = Ca Vaw pa = (.04 ) (gh) (7850) = 7 n3 mg

Gross wt nooos'.eo mg
Tare wi gL, 2.5 Mg
Less acetone blank wt (Wa) 2. mg

et e e e e

Weight of particulate in acetone rinse TN

water rinse container No. 13
Water rinse volume (Vww) 0%

Water blank residue concentration (Lw) 0,00 mg/g
e Ca vww pa = (© ) (©B) (A82) 5 O.C0 ng
Gross wt 08esk.c0 M
Tare wt QSijMU mg
Less water blank wt (Ww) 6,00 Mg
weignt of particulate in water rinse 2,00 Mg

Filter No. 371

Eross Wt 246.05 mg

Tare wt 245,25 ™

Weight of particulate on filter \ mg

Weight of particulate in acetone rinse ;5.@2. mg

Weight of particulate in water rinse 7 0,00 W
T

ST Lt

otal weight of particulate V\S.4¢ M9

BACK HALF CATCH
& Y-y 227

Filter No. _2%9 AL, 324

Tross wt 222,60 mg
Tare wt ~ 22A,8¢ mg
Weight of particulate on filter 0.0 mg

TOTAL PARTICULATE CATCH

Front half 7.2 ™9
Back half 0,00 mg

Total 7.2 .M




ANALYT [CAL PARTICULATE DATA
PADER NETHODOLOGY

Clent Rethuenem Stee - Betyienem Project No. Co -4o2) -33

Date Avcust 20,199)  Run Nou |
Semple location * | BarTeey STRUC SCRUBRER

SOLUBLE BACKHALF

Acetone rinse container No. \4 R

Acetone rinse volume (Vaw) q
Acetone blank resfdue concentration (Ca) s OM mg/g
Wa = Ca Vaw pa » (.04 ) (A4) (.1€50) = > q% ng
Gross wt {14378, 4S =g
Tare wt \4394 20 mg
Less acetone blank wt (Wa) ZA9S mg
¥eight of particulate 1n acetone rinse W30 mg

Water filtrate container No. (HX

Water filtrate volume (Yww) 2pS

Water blank residue concentration (Cw) O ng/g

W = CaVwwpa = (0O ) (3%5) (a82) » (o ng
Gross wt 10445 20 mg
Tare wt |O%H3| , 25 wg

Less water dblank wt (Ww) .00 ng

Weight of particulate in water filtrate IS5 mg
Weight of particulate fn acetone rinse 1,30 mg
Total weight of particulate IS. 85 ng




BLANK ANALYTICAL DATA

plant RETHLEHEM DTEEL-T DETRLENEM

sample location®¥ | DOATTER STACe  SCRMRBER
Type of blank _ACETONE
Container numper _\S P

Density of blank (pa) 850 g/m
glank volume (Va) L0 ml

Gross wt. \\272.9C m9

Tare wt. |\\20,715 Mg
- Weight of blank (ma) -.05 mg

c .s ma = ( é\og ) = ‘Oﬂ
® " Vap (zoo] (L7850 no/e




BLANK ANALYTICAL DATA

Plant BeThieren Sreel - BeTwenwent

Sample locatton ¥ | Rarreey <rAck SCRURRER
Type of blank DISTLLLED wATEE

Contafner number | S\

Density of blank (pa) ,Q9&7 g/ml

Blank volume (Va) _ 20O ml

Gross wt. \0%\4\,S  mg
Tare wt. 104131, S mg
_ Weight of blank (ma) OO0 mg

Ca'= ma = ( O'OC ) =
Yapa Toon T (aeez)

C.00 mg/g
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COMPUTATION SHEET
Sheet Number . _Of __ a2
Name of Cllant 62. +_ hlehem Ste-el Caraarcd'ton Date 9-9-91
v il Job Number QQ-4031-3§
i +
Project CoKe. Goutte ry A sc rubﬁr’_ﬁlu'ﬂ-& Compumd by T o oy 38
Description EMssion Rute. Cede vl +wa

L ui
{cﬁﬂ@ﬁi’ ( Flow Rate
(g r'/d,sc_(3 ) (dSC'D./Mm )

A tueel Emission

Rate Clb/hr)

) (P UZ"“‘ ':7: r‘T)

Joco 7mms/ 16

where |

Papticuiate Corceatration = c.0l§ gr /3 sed

Flow rate = 129, 53y Sscdfmn

Pos h TIMQ = (

19.9°7 min totd push 'IW-Q_)(

FO ovens Fushq_é

e Total ouens pus hed

= 3,93 rmn/hf

Actual Emission _

Rute. ( 15/he)  ~

24 hovrs

(015 gr /Asc.M(laq, sag dsctfmm) (3,92 mn [ar)

o0 3rams/ b

= }locf ‘b[hl"

)
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BETHLEHEM STEEL CORPORATION
COKE BATTERY "A" SCRUEBER OUTLET

PARTICULATE EMISSIONS

DESCRIPTION

Duration of test, min.
Dry sample volume
(meter conditions), def
Aaverage of square roots of pitot
pressure differential, in. H20
Ovifice pressure drop, in. water
Average stack temperature, deg. F
Average dry pas meter temperature,
deg. F
CO& in stack gas, ”
D2 in stack gas, %
CO in stack pas, %
N2 in stachk gas, *
Barametric pressure, in. Hg
Stack pressure (absclute), in. Ho.
Pitot correction factor,
dimensionless
Dry gas meter correction factor
Diameter of nozzle, in.
Diameter of stack, ft.
VYolume o=f liguid eollected
in impingers and silica gel, ml
Eront half particulate catch, mg
Back half insoluble part. catch, mg
Back half scluble part. catch, mg
Total particulate catch, mg

orea of the nozzle, sq. ft.
Area =f the stack, sq. ft.
Dry molecular weight of stack gas,
dry basis, 1b/lb—mole
Volume of liguid collected, cu . ft.
Malecular weight of stack gas,
wet basis, lb/lb-mole
Dry sample volume
(standard conditions), dscf
Stack velocity, ft/sec

it ]

LI |

uouinn i}

Hinn

i

8-20-91
RUN 1

VALUE

18. 87
17.986

0. 820

2. 920
119.1
76.6

0. Q0
21. 00
0. 00
73.00
29. 46
29. 48
©. 838

1. 020
0,248
8. 000

6.6

17.62
0.00
15. 85
17.6&

0. 00034
50.27
28. 84

0.311
28. 66

17.897

48.63




BETHLEHEM STEEL CORPORATION 8-z0-91
COKE BATTERY "A" SCRUBBER OUTLET RUN 1

FARTICULATE EMISSIONS

SYMBROL DESCRIPTION VALUE
Qs = BStack gas flow, acfm = 146678
Gsd = Stack gas flow, dscfm = 129528
Bwes * Moisture content of the gas stream, = 1.7

%
cog = CO0Z in stack gas, % = 0. 00
oz = 02 in stack gas, % = 21, 0o
co = CO in stack gas, % = 0. 00
Nz = N2 in stack gas, % = 79. 00
I = Isokinetic ratio, percernt = 109.8
C's = Particulate concentration, gr/dsef = 0.015
PADER INFORMATION
C's = Part. conec. (front half), gr/dscf = 0.01%
C's = Part. conc. (back half), gr/dscf = 0. 000
C's = Part. conc. soluble, (back half), = 0.014

gr/dscf
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FIELD EQUIPMENT CALIBRATIONS




P1TOT CALLBIAYLILON

pitot Ho. 4=l _ bate ) 2 >4 Engincer_ B
- : A _SIOE ' —SToC
@ Range [Run_No. Msea | 8P €, | - | ar | % Giv. | ore.
i |,p25 |.o3S |, 5 0% |2k | D
b T T Lo leze | @ Loz L83 7
3 02 .03C zw_g.oar.@g__@
AVG.. . .g% | g ‘

v | 20 275 | k4 | 60 | 83 | pp3
2 % | 20 |,28 |.§% | 02 295 | .88 |,
7 .20 128 |82 | fp2 1128 el lp3l

S &3 50 P25
1148 - 2| o |2 | 8311 T
s 7 |48 83\ é L2 |83 2
R an: 7 L _|.%3! A
AVG. J ) ‘.63\ ' Q \
v V4 1,90 |84 | 2 g |.&43].002
® | o2 L L4 |s4s 1.2 4o .k L.op2
3 90 1.k |Lop2 1190 N L2
AVG. _‘845 &4 s 2

1 [,8% 1120 1.&47 D 12018411 &
T a7l @ [t2ol i) ©
7 1.gy y20 |81 @ 1120 M1l @

. 41 L 541 ] | D
— 2 _ldohao Lo L & 4767 840\ 3
e T 20 oo Lide| @ o |.gdo @
3 //90 1070 lg"\o @ 1'30 ‘qu
o, €0 840 O
4o |0 Lse | (B 12,9 gl D |
1 [ 2|40 1D 10K & o | 08\ O
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APPENDIX E

PROCESS DATA




NQZZLE CALIBRATION

pate F-Ac-—d/ Calibrated by P1
Nozzle . _ _
identification Dy, inm. D,., in. D,y in. 4D, in. Davg
number
or Bathiehu C,avy | 0ay7 o.249 | ciook cfee:; &5
Ciad

5T¢£/,CUH<;
Becttary
Sepvbben Outlet
Test

where:

D1 2.3 = nozzle diameter measured on a different diameter, in.
10 = Tolerance = measure within 0.001 in.

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

Davg = average of Dys Dy, and D,.

Ndzzle calibration data.
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COMPUTATlON SHEET

Sheet Number { of o
Name of Client BQA'HG. M Steel Co.-:acmd'(on Date Q-9- 9 :
Project Co¥-e Botlary A" scevbbic outlet - Job Number 00~ 4O&1 oa/[-33

f Computed by pJ Chacked by __ 3%
Description _£A1195/01 Raile Caledetton o

Coke ProducTtion Rute

! §02 'Toﬁs/oq.?/ and FO ovend F‘us&-cé/pa.y

|. ? i%ol 'lbns/Da-y

g0 OUMS/Da.r ans/Ou-en

2.5 Tu.es/ou-en X %0 ouens/a‘f hoosy = 185:00 Tons éég

Allowable Emission Rate , cs p4r 123,73 (b)Y (1) oD PR Pir
PolluTion Control At

Hz 0'_76 E-Ot"fa

where ! A= a.l)ou-l.\ole, emMission rade,, tb/hr
£z Exw, ib/he
F= Process Factor (fublet), / Ib/fon
wz Pro&x.x;ﬂ’wn (la.:fe., 15100 oa/h,r-

A= 016 ( 116/Ton x 700 ronfne) 1 TE = 466 1b[h






