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1. INTRODUCTION 

In accordance with the U.S. Environmental Protection Agency's program 

for developing New Source Performance Standards, TRW Environmental Engineering 

Division participated in emission testing on a coke oven battery stack at 

Bethlehem Steel Corporation's Sparrows Point, Maryland facility. The testing 

was conducted the week of 9 July 1979. The results of this testing effort 

will be used in the development effort for supporting the New Source Perfor- 

mance Standards for Coke Oven Battery Stacks in the iron and steel industry. 

Emission tests were conducted at the outlet of the battery stack to 

determine concentrations of the following constituents in the flue gas: par- 

ticulate, benzo-a-pyrene (BaP), oxygen (02)' carbon dioxide (COP), carbon 

monoxide (CO), nitrogen oxides (NO,), visible emissions, and sulfates (SO4). 

Particulate and B&P trains were run simultaneously. Continuous monitors were 

run throughout the test to measure concentrations of 02, CO and NO,. In ad- 

di'tion to continuous monitoring, integrated bag samples were obtained for 

measuring 02, CO, CC2, and N2. This analysis was used for molecular weight 

determination. EPA Method 7 was performed to measure NO,. Visible emissions 

were read for the duration of each test by the prescribed procedure in EPA 

Method 9. Sulfate analysis was performed on the particulate train filter and 

water (H20) impinger collection. 

Bethlehem Steel's Sparrows Point facility, manufacturing iron and steel, 

employs mobile gunning for control of battery stack emissions. Emission tests 

were conducted at the 80 foot level of Coke Oven Battery Stack No. 2. The 

test locations are described in Section 4. 

This report presents the results of the testing program. The following 

sections of the report contain: a summary of the results, descriptions of 

the sampling points, a description of the process, and delineation of the 

sampling and laboratory analytical procedures. The appendices contain field 

data, sample calculations and a daily activity log. 
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2. SUMMARY AND DISCUSSION OF RESULTS 

The results of the testing program at the Sparrow's Point facility are 

sumarized in Tables 2-l through 2-8. Table 2-l presents the coding system 

used for the testing program. 

Table 2-2 presents the concentrations and emission rates of particulates 

and sulfates. The stack parameters and test conditions are also shown. The 

total particulate concentrations ranged from 0.19614 to 0.34397 gm/scm and 

averaged 0.27741 gm/scm. Emission rates for particulates ranged from 37.13 

lb/hr (16.84 kg/hr) to 65.82 lb/hr (29.86 kg/hr) with an average of 54.43 

lb/hr (24.69 kg/hr). 

SO2 concentrations ranged from 19.34 mg/scm to 51.98 mg/scm and averaged 

35.66 mg/scm. Sulfate concentrations ranged from 63.43 mg/scm to 151.56 

mg/scm and averaged 106.16 mg/scm. 

Table 2-3 presents the concentrations and emission rates of Benzo-a- 

Pyrene (BaP) as well as the stack parameters and test conditions for these 

tests. BaP emission rates ranged from 77.29 x 10B6 lb/hr (35.07 x 103pg/hr) 

to 371.8 x 1O-6 lb/hr (169.0 x lo3 pg/hr) and averaged 267.0 x 10B6 lb/hr 

(121.3 x lo3 pg/hr). 

Tables 2-4 through 2-6 present the results of continuous monitoring for 

Oxygen (02), Carbon Monoxide (CO), and Oxides of Nitrogen (NOX). The results 

for O2 are expressed as percent (%),and the results for CO and NO, are 

expressed as parts per million (ppm). Percent O2 ranged from 9 to 13 for 

Test #l with an average of 71.2. Percent O2 ranged from 10 to 14 for Test #2 

with an average of 11.9. Percent O2 ranged from 10 to 12 for Test #3 with 

an average of 10.9. 

All concentration levels reported were calculated on a dry basis. 
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Integrated bag samples were taken and analysis was performed on a Gas 

Chromagraph (G.C.) as well as an Orsat Analyzer for comparative results (see 

Figure Z-l). The continuous results for 02 are slightly high in comparison 

with the GC results. The higher concentrations of 02 reported by the contin- 

uous monitors are due to 02 variations that resulted during Coke Oven pushing 

cycles. The Orsat results are lower than both continuous monitoring and GC 

analysis. The lower results produced by the Orsat are suspect and were the 

results of weak chemicals used in the Orsat analyzer. Figure 2-1 presents a 

comparison of gas analysis by the various methods. 

The results of continuous monitoring for CO for test No.'s 1, 2, and 3 

also are presented in Tables 2-4 through 2-6. CO concentrations ranged from 

35 to 285ppmfor Test tl, with an average of 72 ppm. CO concentrations ranged 

from 75 to 310 ppm for Test #2 with an average of 141 ppm. CO concentrati,ons 

ranged from 40 to 400 ppm for Test #3 with an average of 112 ppm. 

The Orsat and G.C. are not capable of measuring concentrations in this 

range so no comparative data could be obtained. Figures 2-2 through 2-4 

present the relationship of CO, NO, , percent Opacity and percent O2 for the 

duration of each test. Peaks of CO occurred during monitoring, as a result 

of oven push cycles, and the average concentrations are high as a result of 

these peaks. 

The results of the three tests using continuous monitoring for NOx are 

also presented in Tables 2-4 through 2-6. NO, concentrations ranged from 25 

to 130 ppm for Test #l, with an average of 70 ppm. NO, concentrations ranged 

from 30 to 90 ppm for Test #2, with an average of 65 ppm. NO, concentrations 

ranged from 50 to 105 ppm for Test #3, with an. average of 79 ppm. 

EPA Method 7 was used to determine NO,,in addition to continuous moni- 

toring. The results are presented in Table 2-7. NO, concentrations averaged 

40 ppm for Test #3. The EPA Method 7 results are less than the results ob- 

tained by monitoring on a continuous basis. This is the result of peaks that 

occurred during oven push cycles which are presented in Figures 2-2 through 

2-4. 



Problems occurred with the continuous NO, monitor. The continuous 

monitor used operates on internal pumps. Extreme heat during the test 

resulted in lost voltage rendering the pumps inoperative. After brief cooling 

periods, the pumps were reset and continuous monitoring was resumed. This 

should not affect the results of the data obtained since the instrument 

responded to the correct calibration values at the end of each test. 

Visible emissions were recorded for the duration of Tests #l and #2. 

No visible emissions were recorded for Test #3 due to darkness. A graphic 

summary of opacities is presented in Figures 2-2 and 2-3. Additional visible 

emission data is included in Tables 2-9 through 2-11. 

The sulfate analysis on the particulate train water impingers is 

expressed as S02. It is believed that not all of the SO2 gas was caught in 

the water impingers; therefore, the SO2 emissions reported are likely to be 

less than actual. This is because there was no oxidizing agent other than 

oxygen in the stack gas to create a more reactive form of sulfur oxide such 

as S03. 
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3. PROCESS DESCRIPTION 

There are twelve coke oven batteries (No. 1 through No. 12) at Bethlehem 

Steel's Sparrows Point, Maryland integrated steel plant. Presently, there 

are 10 batteries operating with two batteries (Nos. 7 and 8) permanently shut- 

down. Future plans include the construction of a new 6-m battery and discon- 

tinuing operations of some existing batteries after the new battery is on-line. 

Only two of the coke oven battery stacks (No. 2 and No. 12) had appro- 

priate sampling ports and platforms for stack sampling. Of these, only Battery 

No. 2 was fired with coke oven gas (COC). Therefore, the battery stack 

serving Battery No. 2 at Sparrows Point, Maryland was selected to carry out 

emission tests of a coke oven facility where mobile gunning is employed. 

Battery No. 2 is a 60-oven Koppers gun-flue battery, fired with un- 

desulfurized coke oven gas from the by-product plant. No. 2 Battery began 

operations in 1961 and has not been rehabilitated since start-up. Additional 

plant design and operational data are presented in Table 3-l. Maintenance 

techniques used on Battery No. 2 are mobile-gunning and hand-held gun slurry 

patching. 

The mobile gunning device is a 200 gallon refractory slurry spraying 

system with a 50 foot water-cooled spraying boom mounted on a 50,000 GVW truck. 

It is used to spray the oven roofs and the top portion oftheoven walls. The 

mobile-gun spray patching was started on Battery No. 2 in July 1978 and 

stopped in early September 1978. During this 2 to 3 month period, all ovens 

except for Ovens No. 245 and No. 228, had the entire upper region of the 

oven above the coke line sprayed at least once with the mobile-gunner. 

During February and March of 1979, the mobile gun sprayer was used to 

patch 14 additional ovens (Nos. 201, 202, 206, 208, 211, 221, 246, 248, 249, 

256, 258, 259, 264 and 266) on Battery No. 2. On May 3, 1979, use of the 

mobile gunner was restarted on Battery No. 2. The dates when each oven was 

sprayed since that time are shown in Table 3-2. 

In addition to oven spraying with the mobile gun truck, hand-held slurry 
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spraying guns were used to patch the end flues and door jambs of the ovens. 

This procedure has been employed frequently for a long time. For example, 

in the first half of 1979 each oven (door jambs and end flues) in No. 2 

Battery has been patched at least four times. The actual hand-held gun 

patching occurred after an oven was pushed and before the door-machines 

replaced the doors on the oven. This maintenance technique takes 10 to 15 

minutes for each door. 

During each test day, process operating data was obtained at approx- 

imately l-hour intervals. The time that each oven was pushed and charged was 

recorded whenever possible. Bethlehem Steel performed daily coke oven fuel 

gas and coal analysis. The daily average fuel gas and coal analysis results 

during the testing period are reported in Table 3-3. Copies of circular 

charts recording the daily process data were obtained along with the flue 

inspection sheets and the wall temperature logs. All process operating logs 

and charts obtained during the tests are presented in Appendix E. 

3.1 PROCESS DESCRIPTION 

The process description that.follotis was supplied by 

Midwest Research Institute 
425 Volker Boulevard 
Kansas City, Missouri 64110 
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4. SAMPLING LOCATIONS AND LOCATION OF TRAVERSE POINTS 

The sample locations were at the eighty (80') foot level of Battery 

stack No. 2. Access to the testing platform was gained by way of a caged 

ladder. Equipment was transported to the testing platform by means of a 

pulley and davit. Cumnunications ore established by citizen band radio 

between the testing location and the mobile laboratory. Figure 4-l is a 

generalized schematic of Battery Stack No. 2. 

Table 4-l lists the traverse point location as calculated and utilized 

in the field. The normal procedure of two perpendicular traverses was modi- 

fied in order to facilitate easier sampling. Therefore, eight (8) points at 

four (4) locations were utilized rather than sixteen (16) points at two (2) 

1 ocati ons. These traverse points at all four ports were used for preliminary 

velocity traverse, the particulate, and the benzo-a-pyrene sampling. Port 

D was used for the continuous monitoring. Port A was used for the Method 7 

sampling. 







5. SAMPLING AND ANALYTICAL PROCEDURES 

PARTICULATE SAMPLING 

Flue gas particulate concentrations were measured at the outlet of 

the battery stack. The sampling procedure used was EPA Method 5 as 

outlined in the Federal Register (40 CFR, Part 60, Appendix A). The 

only deviation from Method 5 was in the analysis and is discussed under 

Sulfate Analysis and Ether Chloroform extraction. The prescribed Method 

5 analysis was performed prior to the Sulfate analysis and Ether chloroform 

extraction. A diagram of the Sampling train is shown in Figure 5-l. 

The particulate and BaP trains were run simultaneously. A process 

upset occured midpoint of Test No. 2 which resulted in a 2-hour hold 

before testing could be resumed. The particulate train sampled four 

minutes at thirty-two points during Test No. 1. The time sampled at 

each point was increased to five minutes for the next two tests to 

assure that adequate volumes would be sampled. 

SULFATE ANALYSIS OF PARTICULATE SAMPLES 

After analysis of the particulate samples, a 25ml portion of the 

H20 collection was removed for sulfate analysis. Analysis was performed 

by titrating with 0.0100 N Barium perchlorate. The filter was soaked in 

80% Isopropyl alcohol and titrated for sulfate analysis. 

ETHER CHLOROFORM EXTRACTION 

Ether and chloroform extraction was performed on the H20 portion of 

the particulate samples for condensibles. This was performed on the H20 

collection minus the 25ml portion used for sulfate analysis. The remaining 

portion of the H20 samples was evaporated and the residue weighed and 

included in the particulate emissions. 
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BaP SAMPLING 

The Bc~P train and the particulate train were run simultaneously. 

A process upset occurred midpoint of Test No. 2 which resulted in a 2- 

hour hold before testing could be resumed. The BaP train sampled four 

minutes at thirty-two points during Test No. 1. The time sampled at 

each point was increased to five minutes for the next two tests to 

assure that adequate volumes would be sampled. 

Testing was conducted to determine concentrations of BaP at the 

outlet of the battery stack. The sampling procedure used consisted of 

an EPA Method 5 train, modified in the following manner (see Figure 5- 

2). A Battelle trap was used as an adsorbent sampler and was inserted 

between the heated filter and first impinger. A thermostatically controlled 

water bath was used to control the temperature of the adsorbent sampler 

at 127°F. The Battelle trap was shielded from visible and ultraviolet 

light during sampling by wrapping with aluminum foil. The adsorbent 

sampler was capped after sampling and remained covered until analysis 

was performed (see Figure 5-3). Methylene Chloride was used for rinsing 

the probe, filter holder, and connecting glass-ware up to the Battelle 

trap. Acetone was used for rinsing the remainder of the train. 

The adsorbent sampler consists of a length of Bmm Pyrex tubing wound 

for approximately eight coils. The adsorbent is retained by an extra 

coarse Pyrex frit and a spring loaded ,glass wool plug. The adsorbent 

section has dimensions equal to a 15mm radius and 7Dmm in length. 

Analysis was performed by extracting the BaP from the XAD-2 resin using 

Cyclohexane. The samples were refrigerated until analysis was performed. 

Final analysis was performed by measuring the wavelength of the extracted 

BaP. 

Since the adsorbent trap is located in the train prior to the 

impingers and is cooled to 127OF, some condensation occurs in the trap 

prior to the impingers. Impingers and silica gel moisture catches do 

not reflect the total moisture in the stack gas. For this reason, 

moisture content values from Method 5 runs were used for BaP calcula- 

tions. 
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ANALYSIS PROCEDURE FOR BuP 

A fluorescence spectrophotometry analysis was used to determine 

concentrations of BaP. The equipment used for this analysis was the 

Aminco Model SPF125 Spectrofluorometer with a 7mm lightpath cell. This 

instrument accurately measures concentrations of BaP as low as 0.001 

pm. The wavelength settingswere 378 nm excitation and 403 nm emission 

with respective slit width openings of lmn and 5mm. All the samples 

were in a liquid state, so the only preparations involved with examining 

each sample was diluting in Cyclohexane any sample which was darkly 

colored, contained abundant suspended material, or was extremely viscous. 

This was necessary because any particles or opacity will affect the 

absorbence. This instrument (the Spectrofluorometer) becomes extremely 

substance specific at very narrow slit widths, as were used in this 

analysis. 

Filtered particulates and sol id samples required an eight hour 

extraction period in Cyclohexane before analysis could be performed. A 

Cyclohexane blank was run and taken into account on all extracted and 

diluted samples in the final calculations. 

The quality control procedures taken for this analysis included 

preparation of a series of BaP standards, exclusion from light, and 

spiking. A set of standards were prepared for each range (high, medium, 

and low concentrations) by serial dilutions. Each set was analyzed for 

linearity by continual measurement throughout the days testing. Since 

BCIP is light sensitive, standards and sample aliquots were discarded 

after analysis and the samples were kept in closed, dark containers. 

Lastly, a spiking procedure was used to determine recovery efficiencies 

on solid and filtered samples, and on samples with very low BaP concen- 

trations. A spiking procedure was followed to assure accurate detection 

near the limits of the i-nstrument. 

No major problems were encountered with the fluorescence spectro- 

photometric procedure for BaP analysis. This method is preferred over 

the thin layer chromatographic (TLC) method for low level BaP analysis, 

as the TLC method had only about 0.01 the sensitivity of direct liquid 

measurement. The benzo-a-pyrene method was tailored to these samples. 
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The method originally chosen was intended to be a thin layer chromatography 

separation with measurement by scanning in situ with a scanning attachment for 

the fluorescence spectrophotometer. This method lacks the sensitivity 

required for the analyses. The samples were to be preconcentrated using 

Kuderna-Danish concentrators with a nitrogen stream flowing over them. It was 

found, reviewing the literature, that no compound expected to be present in 

these samples had similar excitation/ emission spectrum to benzo-a-pyrene. 

Previous analyses by GC/MS on similar samples were the basis of the compounds 

to be considered as interferences. In addition, a general compendium of 

polyorganic materials and other organics showed no similar spectrum.' It was, 

therefore, decided to go to a direct in situ method as previously described. 

Analysis for BaP was also conducted in the water impingers, but no 

significant concentrations were found. 

'Fluorescence and Phosphorescence Data Compendium, 
Donald L. Helman, American Instrument Co., 1977. 
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SAMPLING FOR NITROGEN OXIDES 
Oxides of Nitrogen (NO,) were sampled according to EPA Method 7 and by 

continuous monitoring. One sample flask (CK-15M7-2B) was opened inadver- 

tently by the sampler, and low concentrations are suspected for that flask. 

Method 7 uses a grab sample of the flue gas which is collected in an evacu- 

ated 2-liter flask containing 25 ml. of a dilute Sulfuric acid-Hydrogen 

peroxide absorbing solution. Four NOx samples were taken during each test 

run. A diagram of the sampling train is shown in Figure 5-4. 

ANALYSIS 

Nitrogen oxides, except nitrous oxide, were measured calorimetrically 

using the phenoldisulfonic acid (PDS) procedure which is the Federal Register 

Method. 

GAS SAMPLING AND ANALYSIS 
Two grab bag samples were taken for each test. The samples were analyzed 

for C02, 02, N2, and CO. Two methods were employed for determining gas 

composition. Samples of each bag were analyzed on a Gas Chromatograph (GC) 

using the thermal conductivity principle, and then the bag samples were 

analyzed using an Orsat analyzer. The GC concentrations were slightly higher 

than the Orsat concentrations. The Orsat analyzer was suspected of having 

weak chemicals which would result in the lower concentrations. This would be 

substantiated by the greater than normal number of passes required before 

complete absorption occurred. The Orsat analyzer was used, in addition to 

bag sample 

iding support- 

the GC, for the purpose of maintaining program 

analysis was used for determining molecular we 

ive data for the continuous monitors. 

continuity. The 

ight and for prov 

CONTINUOUS MONITORS 

Continuous monitors were run throughout each test to measure 02, CO, and 

NOx . A stainless steel probe was inserted into the centroid of the stack for 

removal of flue gas for the continuous monitors (see Figure 5-5). The probe 

was followed by an ice bath moisture trap for removal of moisture. A pump 

followed the ice bath moisture trap and supplied flue gas to a mobile labora- 

tory located adjacent to the Battery stack. A second ice bath moisture trap 

was located inside of the mobile laboratory and was followed by a filter for 
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removal of particulate. Each continuous monitor was equipped with a flow 

meter to control flows to the desired operating range of the equipment (see 

Figure 5-6). The electrical output of the continuous monitors was connected 

to recorders and recordings were made of emission levels throughout each test. 

The continuous monitors were conditioned prior to field testing to verify 

the accuracy of the instruments. Calibration gases certified as traceable 

to National Bureau of Standards (NBS) were applied to analyzers to determine 

analyzer response, drift, linearity, and traceability of calibration gases. 

The instruments were operated in the field prior to testing and data was 

obtained to determine the arithmetic mean value and 95% confidence interval 

of the equipment. The calibration error determination for these instruments 

can be found in Appendix D. 

Oxides of Nitrogen were sampled by EPA Method 7 and by continuous moni- 

toring. Problems occurred with the continuous monitor used for monitoring NO, 

periodically. The continuous monitor used operates on internal pumps. Extreme 

heat at the sampling location resulted in lost voltage which rendered the 

pumps inoperative. After brief cooling periods, the pumps were reset and 

continuous monitoring was resumed. This should not affect the results of the 

data obtained, since the instrument responded to the correct calibration values 

at the end of each test. 

Continuous monitors were run to monitor O2 and CO in addition to NO,. 

Comparative results for the O2 and CO continuous monitoring were obtained by 

the GC and Orsat analysis. The averages of the concentrations obtained by 

the CO continuous monitor are high in comparison with the bag sample analysis. 

The higher concentrations are the result of peaks of CO that occurred during 

monitoring on a continuous basis. This is shown in Figure Z-l. 

OPACITY 

Visible determination of Opacity was performed for the duration of tests 

No. 1 and No. 2. Test No. 3 was performed at night and no visible determination 

could be obtained. The observations were performed in accordance with EPA 

Method 9 by a qualified visible emission person. 
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