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SECTION 1 

INTRODUCTION 

,- 

During the weeks of October 26, 1981, and December 7, 1981, 

PEDCo Environmental personnel conducted emission sampling pro- 

grams at Republic Steel Corporation's Cleveland, Ohio, facility. 

The primary objective of the field tests was to obtain data 

on battery stack particulate emissions using several modifica- 

tions of EPA Method 5. The modifications included front half 

sampling train temperatures of 177OC (350°F), 204OC (400°F), and 

316OC (600°F), post-test heating of samples and wet chemistry 

analysis for sulfates. The data will be used, with other infor- 

mation, to formulate a test method to measure total non-sulfate 

particulate matter emissions from batteries underfiring non- 

desulfurized coke oven gas (NCOG) and desulfurized coke oven gas 

(DCOG); and, to determine the effect of underfiring NCOG and DCOG 

on particulate emissions. The secondary objective of the field 

tests was to measure the concentrations and types of reduced 

sulfur compounds in the fuel gas before and after the Sulfiban 

desulfurizer. Data on reduced sulfur compounds will be used, 

along with other information, to determine the impact of desul- 

furizers on sulfur compound emissions from coke ovens. 
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The purpose of this test report is to describe the measure- 

ment mode, document the results obtained, and discuss the pos- 

sible relationships between the data and process or sampling 

conditions. 

Republic's Cleveland plant was selected as the test site for 

the following reasons: 

1. A pad up rebuilt of the battery was completed in 1977. 

2. The plant uses no add-on pollution control devices at 
the coke battery exhaust. 

3. Earlier test data indicate that it is representative of 
a well controlled facility. 

4. The two test series could be conducted close enough in 
time so as to reduce the effects of changes in condi- 
tion of the battery on emissions. 

Comprehensive testing was conducted at two sources: 
0 The Coke Battery No. 1 exhaust 
0 The Sulfiban sulfur removal unit (SRU) 

At the final exit stack serving Coke Battery No. 1, particu- 

late, sulfur dioxide, and sulfuric acid mist concentrations were 

measured by EPA Methods 5 and 8* modified into a quad sampling 

train arrangement and two single sampling trains. A test run 

consisted of the operation of the quad train and two single 

sampling trains. Sampling and analytical parameters were varied 

between runs. Flue gas flow rates, temperature, moisture con- 

tent, and composition [oxygen (02) and carbon dioxide (CO211 were 

measured in conjunction with the particulate test runs. 

* 
40 CFR 60, Appendix A, Reference Methods 1 through 5 and 8, 
July 1, 1981. 
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Flue gas samples were collected at the inlet and outlet 

(during DCOG testing only) of the Sulfiban desulfurization unit 

for determination of hydrogen sulfide (H2S), carbonyl sulfide 

(COS) , carbon disulfide (CSz), and SO2 concentrations. Gas 

chromatographic (GC) separation and flame photometric detection 

(FPD) by EPA Method 15" were used. 

Visible emissions were observed at Coke Battery No. 1 exit 

stack during particulate tests according to EPA Method 9.** 

Midwest Research Institute (MRI) monitored process opera- 

tions during both test series. Mr. Yogesh Doshi monitored the 

NCOG test series, and Mr. Barry Gold monitored the DCOG test 

series. Mr. Frank Clay, EPA Task Manager, observed the NCOG test 

series, and Mr. Terry Harrison of EPA who represented Mr. Clay, 

observed the DCOG test series. 

* 
40 CFR 60, Appendix A, Reference Method 15, July 1, 1981. 

** 
40 CFR 60, Appendix A, Reference Method 9, July 1, 1981. 
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SECTION 2 

SUMMARY OF RESULTS 

-- 

-.. 

_,. 

^I. 

This section presents the results from the normal coke oven 

gas (NCOG) and desulfurized coke oven gas (DCOG) test series. 

The NCOG test series was conducted during the week of October 26, 

1981, and the DCOG test series during the week of December 7, 

1981. The delay between the two test series was necessary to 

allow the sulfur recovery unit (SRU) to stabilize after start-up. 

2.1 PARTICULATE SAMPLING PROTOCOL 

Tables 2-l and 2-2 summarize sampling trains, configura- 

tions, metered volumes, and component temperatures for the NCOG 

and DCOG underfiring test series, respectively. Sampling Trains 

1 through 4 comprised the quad train. Sampling Train 5 was the 

standard Method 5 train, and Sampling Train 6 was equipped for 

316OC (600OF) probe and filter heat. Back-half train configura- 

tions and filter/probe temperatures varied between sample runs. 

The sample identifications listed in Tables 2-l and 2-2 gives the 

sample train number (1 through 6), back-half configuration 

(Method 8 or Method S), and front-half probe/filter temperature 

(OF). 

Probe and filter temperatures were measured by thermocouples 

that contacted a well that had been blown into the glass probe 
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TABLE 2-1. SUMMARY OF SAMPLE TRAINS TEMPERATURE AND CONFIGURATION 
DURING NCOG UNDERFIR :NG TEST :NG 

- 

T 
- 

T 
- 

T 
- 

T Metereda Stack Average probe Average filter 
vol 

Iii?- 
Sample 

identification 

l-M8-250 
2-W-250 
3-M8-350 
4-M8-350 
5-M5-250 
6-M8-600 

l-M8-250 
2-M8-250 
3-M8-400 
4-M8-400 
5-M5-250 
6-M8-600 

l-t%-250 
2-t&250 
3-M8-350 
4-M8-350 
5-M5-250 
6-M8-600 

l-M8-250 
2-M8-250 
3-M8-400 
4-M8-400 
5-M5-250 
6-M8-600 

Date 
(1981) 

lture 
"F 

tempe, 
"C 

ne 
dscf 

ture 
"F 

lture 
OF 

1.76 62.21 280 537 126 258 122 252 
1.67 58.98 281 538 126 259 125 257 
1.68 59.28 280 536 211 411 170 338 
1.64 57.95 281 538 239 462 169 336 
1.44 50.97 288 550 123 253 128 263 
1.42 49.99 288 550 334 634 320 608 

1.59 56.00 279 535 124 255 119 247 
1.50 52.91 284 543 122 252 128 263 
1.46 51.50 279 534 203 398 198 389 
1.44 50.79 283 542 210 410 207 404 
1.50 52.92 259 499 114 238 125 257 
1.65 58.42 259 499 332 630 316 600 

1.75 
1.66 
1.63 

E 
1:84 

61.88 279 535 125 258 113 236 
58.55 282 540 129 ' 263 127 260 
57.66 280 536 186 366 178 353 
55.81 282 540 191 376 169 336 
60.90 270 518 109 229 109 229 
64.99 270 518 334 633 293 560 

0.99 34.78 275 527 127 261 123 254 
0.88 30.89 277 531 125 257 130 266 
0.93 32.97 274 525 248 479 177 350 
0.85 30.05 276 529 138 280 169 337 
2.18 76.86 270 518 112 233 130 266 
1.11 39.14 270 518 336 638 328 622 

Run 

1 

lo/27 

lo/27 

h) 

I!J 
2 

lo/28 

lo/28 

3 

4 

(continued) 
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TABLE 2-1 (continued) - 
T Stack Average probe Average filter tel Mel 

vol 
lGiP-- 

red 

%r 
tempt 

"C 
nture 

"F 
+!?s! lture 

"F 
tempe 
OC 

lture 
OF 

1.64 58.03 274 524 124 255 124 255 
1.50 52.83 276 529 127 260 123 254 
1.53 53.84 276 529 184 363 176 349 
1.43 50.61 275 527 178 353 186 366 
1.61 56.68 271 520 129 265 116 240 
1.54 54.48 271 520 325 617 324 616 

1.64 57.98 274 526 127 261 119 246 
1.54 54.33 277 530 121 250 126 258 
1.52 53.74 277 530 203 398 193 379 
1.29 45.69 278 532 196 385 208 407 
1.65 58.23 271 520 118 245 119 246 
1.58 55.90 271 520 328 622 302 576 

1.73 60.90 277 530 122 251 122 252 
1.66 58.55 280 537 130 266 126 258 
1.48 52.35 277 530 131 269 181 358 
1.57 55.56 280 536 169 336 778 353 
1.66 58.63 271 520 208 407 196 385 
1.60 56.60 271 520 329 624 308 587 

1.58 55.91 285 545 182 360 167 332 
1.54 54.36 283 542 184 364 169 336 
1.70 59.96 285 545 208 407 198 388 
1.63 56.55 286 547 214 417 201 393 
1.42 50.29 271 520 128 263 131 268 
1.18 41.72 271 520 326 619 3J3 596 

Date 
(1981) 

Sample 
identification 

l-M8-250 
2-M5-250 
3-MB-350 
4-M5-350 
5-M5-250 
6-M8-600 

l-M8-250 
2-M5-250 
3-M8-400 
4-M5-400 
5-M5-250 
6-M8-600 

l-MB-250 
2-M5-250 
3-M8-350 
4-M5-350 
5-M5-400 
6-M8-600 

l-M8-350 
2-M5-350 
3-M8-400 
4-M5-400 
5-M8-250 
6-M8-600 

Run 

1 o/29 

5 

10/29 

6 

lu 
.I 
w 

10/30 

7 

10/30 

8 

aMetered volume in dry normal cubic meters (dNm3) and dry standard cubic feet (dscf). Standard condi- 
tions = 20°C and 760 mmHg (68°F and 29.92 in.Hg) and zero percent moisture. 
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TABLE 2-2. SUMMARY OF SAMPLE TRAINS TEMPERATURE AND CONFIGU!4ATION 
DURING DCOG UNDERFIRING TESTING 

- 

Sample Date 
identification (1981) 

zd 1 

- 

T Metereda Average probe 1 Average filter Stack 

l-M8-250 
2-M8-250 
3-M8-350 
4+%35Ob 
5-M!j-250 
6-M8-600 

l-M8-250 
2-M8-250 
3-M8-350 
4-M8-350 
5-M5-250 
6-M8-600 

l-M8-250 
2-M8-250 
3-M8-400 
4-M8-400 
5-M5-250 
6-M8-600 

l-M8-250 
2-M8-250 
3-M8-400 
4-M8-400b 
5-M5-250 
6-M8-600 

+!w ature 
"F 

ature temperature 
"F OC OF 

264 119 246 
255 133 272 
352 190 374 
348 167 333 

508 268 - 515 

460 118 244 
458 109 229 
366 184 363 
343 197 387 
263 126 258 
608 298 569 

261 120 248 
258 132 270 
417 211 411 
425 204 400 
255 123 254 
616 280 536 

236 148 299 
253 126 259 
404 209 409 

2;3 1;8 263 
576 325 617 

me 
dscf Run 

1218 1.25 
1.23 
1.16 
1.12 

0.96 

44.11 
39.67 
40.99 
39.61 

34102 

468 129 
468 124 
468 178 
470 175 

485 265 

242 
242 
242 
243 

252 

1.40 49.40 253 487 238 
1.78 62.68 252 486 237 
1.71 60.47 252 486 186 
1.79 63.26 252 486 173 
1.84 64.79 252 486 129 
1.68 59.35 252 486 320 

1.48 52.29 252 486 127 
1.62 57.25 252 486 125 
1.40 49.32 252 486 214 
1.44 51.01 249 480 218 
1.79 63.10 252 486 124 
1.72 60.82 252 486 325 

1.69 
1.69 
1.49 

1:75 
1.67 

59.82 
59.79 
52.50 

61.80 
58.85 

254 490 113 
254 490 123 
256 492 207 

254 490 134 
254 490 302 

Dl 

12/10 

12/11 

12/12 

';' D2 
IP 

D3 

D4 

(continue 



TABLE 2-2 (continued) 

Run ! 
/ 

D5 

06 

Sample 
identification 

l-M8-250 
2-M5-250 
3-M8-350 
4-M5-350 
5-M5-250 
6-M8-600 

l-M8-250 
2-M5-250 
3-M8-400 
4-M5-400 
5-M5-250 
6-M8-600 

Date 
(1981) 

12/12 

12/13 

- 

T Metered 1 Stack 1 Average probe 1 Average filter 
volume 

Nm3 I scf 

1.74 61.31 244 471 120 
1.74 61.44 244 471 123 
1.56 55.07 244 471 177 
1.60 56.59 244 471 178 
1.69 59.67 244 471 132 
1.62 57.09 244 471 327 

1.56 54.92 235 455 121 251 132 270 
1.56 54.96 236 457 127 261 120 248 
1.45 51.23 235 455 211 412 204 399 
1.49 52.62 232 449 204 399 219 427 
1.83 64.63 235 455 125 258 131 267 
1.45 51.10 235 455 324 616 319 607 

're lture 
"F 

tempe 
"C 

248 123 
254 127 T 350 181 
352 177 
269 122 
621 316 

aature 
OF 

253 
261 
357 
351 
251 
600 

tu 
il 

'Metered volume in dry normal cubic meters (dNm3) and dry standard cubic feet (dscf). 
tions = 

b 
20':: and 760 mnHg (68OF and 29.92 in.Hg) and zero percent moisture. 

Standard condi- 

Test voided because of excessive post-test leak rate. 



and the back-half of the glass filter holder. During a typical 

EPA Method 5 test*, the filter box temperature is the only param- 

eter monitored to control front-half heat. Table 2-3 summarizes 

the sampling train component temperatures that were recorded 

during all tests for Sampling Train 5. In this case, the stack 

temperature was high 232O to 288OC (450' to 550°F), and the 

sample gas stream temperature was reduced to the desired filter- 

ing temperature. The filter box temperature and the actual 

filter temperature compared closely. 

Sampling was conducted isokinetically by regulating the 

sample flow rate relative to the flue gas flow rate as measured 

by the pitot tube attached to the probe assembly. Except for 

Train 6 during NCOG underfiring, sampling trains were operated at 

100 +lO percent isokinetic. - An oversized quartz glass nozzle and 

a higher than expected grain loading prevented proper isokinetics 

from being maintained throughout the entire scheduled sample run 

on Train 6. During NCOG underfiring, Train 6 sampling rate 

averaged 47 percent isokinetic. The oversized nozzle problem was 

rectified for the DCOG underfiring test series. 

Whatman Reeve Angel 934 AH glass fiber filters were used in 

all sampling trains except Train 6, in which a quartz glass 

filter was used. Filters were chosen for their proven tare 

weight stability when subjected to the heat treatments in the 

analytical procedures. Appendix H details a study conducted by 

PEDCo to assess the effect of heat treatment on various filter 

*40 CFR 60, Appendix A, Reference Method 5, July 1, 1981. 
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TABLE 2-3. COMPARISON OF SAMPLE TRAIN 5 COMPONENT TEMPERATURES 
DURING STANDARD METHOD 5 SAMPLE COLLECTION - r 

Test No.a 

::: 
4”*; 
5:5 

E 
D2:5 
D3.5 
D4.5 
D5.5 
D6.5 

229) 
266) 
240) 
246) 
268) 
258) 
254) 
263) 
251) 
267) 

aTrain 7.5 operated at a higher temperature. 

Probe 

123 (253) 
114 (238) 
109 (229) 
112 (233) 
129 (265) 
118 (245) 
128 (263) 
129 (263) 
124 (255) 
134 (273) 
132 (269) 
125 (258) 

- 

Average temperature, "C (OF) 

Filter 

128 
125 
109 
130 
116 
119 
131 
126 
123 
128 
122 
131 

Box Stack 

Y g;j 
128 (263) 
132 (270) 
136 (277) 
132 (270) 
130 (267) 
132 (270) 
129 (264) 
133 (271) 
129 (264) 
135 (275) 

288 (550) 
259 (499) 
270 (518) 
270 (518) 
271 (520) 
271 (520) 
271 (520) 
252 (486) 
252 (486) 
254 (490) 
244 (471) 
235 (455) 

Train D1.5 was a voided run. 

Note: Probe, filter, and stack temperature measured by thermocouple 
indicator. Box temperature measured by dial thermometer. 
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tare weights. The Whatman Reeve Angel 934 AH proved to be one of 

the most stable. As a matter of routine, all filters used in 

this test program were heated at 316OC (600OF) prior to initial 

tare weighing. 

2-8 



”  

.,. 

- 

o- 

2.2 SUMMARY OF PARTICULATE AND RELATED ANALYSES RESULTS 

Tables 2-4 and 2-5 present the results obtained through 

analysis of samples collected during the NCOG and DCOG test 

series. All results are reported as milligrams (mg). The ana- 

lytical scheme used is presented in Section 4 and is discussed in 

detail in Appendix D. Appendix C presents actual laboratory 

data. 

In addition to the particulate analysis, acetone rinse 

residues and filters were analyzed for isopropanol soluble sul- 

fate (acid sulfate) and water soluble sulfate (inorganic sul- 

fate). Selected filters also were analyzed for total organic 

carbon (TOC). Because the quantity of TOC proved to be negligi- 

ble, the data were not included on the summary tables (refer to 

Section 2.5.1 of this report for more information). 

Back half solutions were analyzed for sulfuric acid mist and 

sulfur dioxide by EPA Method 8 or inorganic and organic content 

by ether/chloroform extraction and total organic carbon ampule 

techniques depending on the back-half configuration. 

Tables 2-6 through 2-13 present the analytical results for 

each sampling train within a test run for NCOG underfiring, and 

Tables 2-14 through 2-19 for DCOG underfiring. Analytical 

results are reported in mg, milligrams per cubic meter (mg/m3), 

and grains per dry standard cubic foot (gr/dscf). These tables 

also present details on desired front-half temperature, on 

average filter temperature, and on whether sequential heating of 

the front-half samples was performed prior to sulfate analysis. 
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No water soluble sulfates were found on NCOG filters and acetone 

rinse residues. Figures 2-l and 2-2 present graphs plotting 

particulate concentration versus average filter temperature for 

NCOG and DCOG underfiring, respectively. A line of best fit was 

determined for each data set by a least-squares linear regression 

calculation. Performance of this calculation, showed that the 

NCOG data more accurately depicted a bimodal line of best fit. 

Figure 2-3 presents the NCOG and DCOG best fit lines for partic- 

ulate concentration versus average filter temperature. 

Analytical results obtained from Sampling Trains 1 and 2 

[121°C (250OF) front-half temperature], Sampling Trains 3 and 4 

[177OC (350OF) or 204OC (400OF) front-half temperature], Sampling 

Train 5 [121°C (250OF) front-half temperature], and Sampling 

Train 6 [316OC (600'F) front-half temperature] are presented in 

Tables 2-20, 2-21, 2-22, and 2-23 for the NCOG underfiring test 

series and Tables 2-24, 2-25, 2-26, and 2-27 for the DCOG under- 

firing test series, respectively. 

Visible emissions observations and process data collected 

during particulate testing are presented in Sections 2.5 and 2-10 

of this report. 
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2.3 COMPARISON OF PARTICULATE RESULTS AT SELECTED TEMPERATURES 

Selected particulate samples collected at a probe and filter 

temperature of approximately 121OC (25OOF) were sequentially 

heated to determine weight loss at 177OC (350°F), 204OC (400°F), 

and 316OC (600'F). Tables 2-28 and 2-29 present the results from 

the sequential heating of the NCOG and DCOG samples, respec- 

tively. This data showed that more than half of the weight loss 

occurred when the sample was initially heated to 177OC (350OF). 

Therefore, a sample was sequentially heated in 14OC (25OF) incre- 

ments to determine at what temperature the highest weight loss 

occurred. This data is presented in Table 2-30. Figures 2-4 and 

2-5 present this data graphically. 

Tables 2-31 through 2-33 present data comparing particulate 

concentrations determined from sampling at two different tempera- 

tures [177OC (350OF) versus 121OC (250°F), but analyzing after 

heat treatment at 177OC (350OF); 204OC (400OF) versus 121OC 

(250°F), but analyzed after heat treatment at 204OC (400OF); and 

316OC (600OF) versus 121OC (250OF) but analyzing after treatment 

at 316OC (600OF)J for NCOG underfiring. Tables 2-34 through 2-36 

present these data for DCOG underfiring. 
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2.4 PARTICULATE SULFATE 

Acetone rinse residues and filters were analyzed for isopro- 

panol (IPA) soluble sulfate (acid sulfate) and water soluble 

sulfate (inorganic sulfate). Tables 2-37 and 2-38 summarize the 

acid sulfate concentrations determined for the NCOG and DCOG test 

series. The IPA extractable acid sulfate concentration is pre- 

sented as H2S04 in mg/m3. Assuming that the acid sulfate is 

hydrated H2S04, the resulting concentration is presented as 

H2S04(H20)2 in mg/m3. Nonsulfate particulate concentration is 

determined by subtracting the H2S04(H20)2 concentration from the 

total particulate concentration. 

No water soluble sulfates were found on particulate col- 

lected during NCOG underfiring. A few outliers were attributed 

to incomplete IPA extraction. Water soluble sulfate data for the 

NCOG test series is presented in Appendix C. The water soluble 

sulfate found on particulate collected during the DCOG tests are 

presented in Table 2-38 as S04= in mg/m3. 

..- 
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probe and filter collected during NCOG underfiring. Sulfate had 

a much smaller impact on particulate caught during DCOG under- 

firing. No water soluble sulfate was found on particulate col- 

lected during NCOG underfiring. A few outliers were attributed 

to incomplete isopropanol extraction. 

Average particulate concentration versus average filter 

temperature determined from actual sampling temperature, actual 

sampling temperature with IPA extraction, and sampling at 171OC 

(250OF) with sequential heating prior to analysis are depicted 

graphically in Figures 2-8 and 2-9 for NCOG and DCOG underfiring, 

respectively. The data indicate actual sampling temperature will 

yield a consistently higher concentration than from actual sam- 

pling temperature with IPA extraction which will yield a con- 

sistently higher concentration than from sequential heating prior 

to analysis. The data points averaged at the 177OC (250OF) 

filter heat were highly variable whereas the 204OC (400OF) and 

316OC (600OF) filter heats yielded more consistent results. 

2.5.1 Total Organic Carbon (Filterable) Results 

The TOC content of Sampling Train 5 [121°C (250OF) probe/fil- 

ter heat] filters was determined by an oxidation/reduction tech- 

nique. The TOC content was negligible at all three purge tempera- 

tures [177OC (350°F), 232OC (450°F), and 316OC (600°F)] when 

compared with the blank filter TOC content. Air and nitrogen 

purge blanks for the TOC recovery system averaged 0.9 mg TOC. 

Filter blanks averaged 1.5 mg TOG/filter. Sample filters aver- 

aged between 1.0 and 2.0 mg TOG/filter. A system recovery 
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efficiency of 99 percent was determined by treating a decane- 
I... 

spiked filter (10 mg by gravimetric analysis) with the oxida- 

tion/reduction technique. Actual laboratory data is presented in 

Appendix C. 
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2.6 DISCUSSION OF BACK-HALF RESULTS 

Sample trains consisted of either a Method 5 back-half for 

condensible organics and inorganics determination or a Method 8 

back-half for sulfuric acid mist and sulfur dioxide determina- 

tion. 

2.6.1 Sulfuric Acid Mist 

The amount of sulfuric acid measured in the back half of the 

sample train during NCOG underfiring is related to the front half 

filter/probe temperature. The hotter the filter and probe, the 

greater the amount of sulfuric acid mist collected in the back 

half. As the results in Tables 2-37 and 2-38 show, the total 

sulfuric acid measured by different sampling trains seem to 

correlate well. This correlation was not as apparent during DCOG 

underfiring where the amount of sulfur in the flue gas was 

greatly reduced. 

2.6.2 Sulfur Dioxide 

The measured SO2 concentration, which stayed relatively 

constant throughout each test series, averaged 439 ppm during 

NCOG underfiring and 33 ppm during DCOG underfiring. Sulfur 

dioxide concentration data were presented in Tables 2-6 through 

2-27 for each individual run. 

2.6.3 Condensible Orqanics and Inorganics 

The measured condensible organic concentration was constant 

throughout both test series. The ampule technique proved to be 

much more sensitive than the ether/chloroform extraction. High 

biases (attributed to isopropanol contamination) were observed by 

the ampule technique but not by the ether/chloroform extraction. 
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2.7 REDUCED SULFUR ANALYSIS BY METHOD 15 

Table 2-39 presents the results obtained through Method 15 

analysis of SRU inlet COG during the NCOG and DCOG underfiring 

test series. Hydrogen sulfide (H2S) concentrations averaged 1915 

ppm v/v during the NCOG test series, whereas carbonyl sulfide 

(COS) averaged ~17 ppm, and carbon disulfide (CS2) averaged 34 

ppm for an average total reduced sulfur (TRS) concentration of 

1961 ppm. Hydrogen sulfide concentrations averaged 5086 ppm 

during the DCOG test series, whereas COS averaged ~7 ppm and CS2 

averaged 80 ppm, for an average TRS concentration of 5112 ppm. 

No changes in process operation or conditions (refer to Section 

2.10) were recorded between the two test series to corroborate 

the large difference in average TRS concentration. 

Table 2-40 presents the results obtained through Method 15 

analysis of SRU outlet COG during the DCOG underfiring test 

series. The SRU was bypassed during NCOG underfiring; therefore, 

no outlet data were collected. Hydrogen sulfide concentrations 

averaged 7 ppm at the SRU outlet during DCOG underfiring, whereas 

COS averaged 19 ppm and CS2 averaged 20 ppm, for an average TRS 

of 46 ppm. Sulfur dioxide concentrations at the inlet and outlet 

of the SRU averaged ~3 ppm during both test series. 

Table 2-41 summarizes the results obtained through Method 15 

analysis of No. 1 coke battery exit stack gas. Hydrogen sulfide 

concentrations averaged ~3 ppm during NCOG underfiring; whereas 

COS averaged ~3 ppm CS2 averaged ~2 ppm, for an average TRS of <8 

PPm. Hydrogen sulfide, carbonyl sulfide, and carbon disulfide 
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TABLE 2-39. SUMMARY OF RESULTS OBTAINED THROUGH METHOD 15 
ANALYSIS OF SRU INLET C3G 

Bag sample 
collection Corresponding Analysis Concentration, ppm 
Date particulate Date 

(1981) Time Run No. (1981) Time H2S cos pza so2 TRS 

NCOG TEST SERIES 

130 44 
<3 48 

c3 
<3 

2'174 
2148 

<3 
<3 
<3 

cl 
39 

<3 3831 
<3 1474 
<3 1839 

<3 40 <3 1810 
<3 40 <3 2240 

<3 39 <3 1739 

<3 32 <3 1532 

<3 <2 <3 1320 

<3 31 <3 1621 

<3 33 <3 1803 

cl7 34 3 1961 

<5 

21 

<5 

c5 

4 

<5 

<5 

62 

54 

58 

190 

72 

68 

60 

2362 

6675 

8758 

5890 

4372 

5268 

2460 

c7 80 ~6 5112 
- - - 

1000 
1354 

1535 
1442 
1550 

2000 
2100 

3800 
1440 
1800 

1770 
2200 

1700 

1500 

1320 

1590 

1770 

1915 

lo/27 
lo/28 

lo/27 
lo/28 
10/30 

10128 
lo/28 

lo/28 

10/29 

1 o/29 

10/30 

10/30 

lo/27 0930 

lo/27 1430 

lo/28 0930 

lo/28 

70/29 

10/29 

10/30 

10/30 

1605 

0930 

1 
1 

036 
420 

642 

118 

1 

1 

400 

000 

500 

1454 

1042 

1606 

1 

1 1 1 
- 

Average 

DCOG TEST SERIES 

Dl 

D2 

D3 

D4 

12/8 1718 

12/10 1318 

12/10 1336 

12/10 1712 

12/11 1600 

12/11 1624 

12/12 1224 

2300 

6600 

8700 

5700 

4300 

5600 

2400 

5086 

12/8 1230 

12/9 1150 

12/10 1130 

12/10 1455 

12/11 0740 

12/11 1215 

12/11 1005 

Average 

aCS2,reported as SO2 (twice CS2 value detected). 
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TABLE 2-40. SUMMARY OF RESULTS OBTAINED THROUGH METHOD 15 
ANALYSIS OF SRU OUTLET COG DURING DCOG UNDERFIRING 

Date 
(1981) 

1218 

12/9 

12/10 

12/10 

12/11 

12/11 

12/12 

12/12 

Bag sample 
collection 

Time 

1230 

1150 

1130 

1455 

0740 

1215 

0755 

1005 

Corresponding 
particulate 

Run No. 

Dl 

D2 

D3 

D4 

- 
l- Anal 

Date 
(1981) 

12/8 

1219 
12/10 

12/10 

12/10 

12/11 
12/11 
12/12 

12/11 

12/11 

12/12 

412 

400b 
248 

212 

sis 

Time 

1 

1 
1 

1 

1 

1318 
1436 
1142 

1412 

1018 

1054 

624 

Average 

H2S 

.12 

6 
<2 

4 

6 

9 
9 
6 

14 

Concentration. porn 

aCS reported as SO2 (twice CS2 value detected). 

bNoE used in average . 

2-66 

cos 
25 

:A 

20 

20 

1': 
20 

19 

19 

19 

19 

csza 

24 

20 
14 

18 

20 

'2; 
17 

20 

21 

20 

20 

T-- SO2 

<3 

(3 
<3 

<3 

<3 

<3 
<3 
<3 

<3 

<3 

<3 

<3 

TRS 

61 

47 
32 

42 

46 

46 
49 
43 

53 

42 

43 

46 



TABLE 2-41. SUMMARY OF RESULTS OBTAINED THROUGH METHOD 15 
ANALYSIS OF NO. 1 COKE BATTERY EXIT STACK GAS 

Bag sample Bag sample 
collection collection I Corresponding Corresponding Analysis Analysis Concentration, ppm Concentration, ppm 
Date Date particulate particulate Date Date 

(1981) Time (1981) Time Run No. Run No. (1981) Time H2S COS CS2a SO2 TRS (1981) Time H2S COS CS2a SO2 TRS 

lo/27 

lo/27 

0930 

1430 

lo/28 0930 

lo/28 1605 

10/29 0930 

10/29 1400 

10/30 1000 

10/30 1500 

Average 

NCOG TEST SERIES 

lo/27 1200 

lo/27 1606 
10/30 1436 

lo/28 1112 

lo/28 1706 

1 o/29 1218 

10/29 1600 

10/30 1124 

10/30 1736 

1218 

12/10 

12/11 

12/12 

1230 

1330 

1400 

1030 

Average 

Dl 

D2 

D3 

D4 

<3 <3 

<3 <3 
<3 <3 

(3 <3 

<3 <3 

<3 <3 

<3 <3 

<3 <3 

<3 <3 

<3 (3 

DCOG TEST SERIES 

1218 1500 <2 (2 

12/10 1430 <2 <2 
12/11 1536 ~2 <2 

12/11 1500 <2 <2 

12/12 1106 ~2 <2 

<2 <2 
I 4 

aCS2 reported as SO2 (twice CS2 value detected). 
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5 
<2 

<2 

<2 

<2 

<2 

<2 

<2 

<2 

<2 

<2 
<3 

<2 

<2 

<2 
-- 

L 
I - 

180 4 

280 5 
64 ~8 

280 <8 

360 ~8 

260 <8 

190 ~8 

300 ~8 

210 <8 

236 ~8 

7 

18 
3 

<3 

<3 

9 I - 



concentrations all averaged ~2 ppm during DCOG underfiring, for 

an average TRS concentration of ~6 ppm. 

According to Method 15 analysis, sulfur dioxide concentra- 

tions averaged 236 ppm during NCOG underfiring and 9 ppm during 

DCOG underfiring; however, Method 8 analysis showed an average 

sulfur dioxide concentration of 439 ppm during NCOG underfiring 

and 33 ppm during DCOG underfiring. 

Harmon Engineering and Testing provided analytical services 

for determination of reduced-sulfur constituents of selected flue 

gas samples by EPA Method 15." The major modification made to 

Method 15 was the analysis of gas bag samples instead of the 

usual gas samples continuously extracted via heat-traced Teflon 

tubing. The highly explosive nature of COG and the great distance 

between the three sample sites necessitated this modification. 

Method 15 uses gas chromatographic separation and flame photo- 

metric detection to determine the reduced-sulfur constituents and 

sulfur dioxide concentrations. 

The FPD used has a linear response range up to 70 ppm. 

Self-absorption of the sulfur molecular light occurs at higher 

concentrations and reduces the slope of the line. Figure 2-10 

presents a typical H2S calibration curve as the concentration 

increases. Having a dynamic dilution system prior to the sample 

loop is the preferred method for staying in the FPD linear range. 

Because the COG bag sample could not be diluted prior to analy- 

sis, the sample loop size was reduced. Reduction in sample size 

* 
40 CFR 60, Appendix A, Reference Method 15, July 1980. 
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also lowers FPD sensitivity and accuracy. Analysis of the COG 

inlet sample required a factor of 22 reduction in sample loop 

size over calibration loop size. Because response was still 

above the FPD linear response range, self-absorption of the 

sulfur molecular light is the most likely reason for the high TRS 

values resulting from the use of Method 15 at the SRU inlet. As 

self-absorption occurs and the slope of the response versus 

concentration curve decreases, a relatively small increase in 

response is interpreted as a large increase in concentration. 

True calibration in this region of the curve is not possible. 

The data show an increase in the COS concentration through the 

SRU during DCOG underfiring. This is most probably due to the 

small sample loop used for inlet analysis, which was 22 times 

smaller than the outlet (calibration) loop. 
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2.8 GAS STREAM FLOW RATE AND COMPOSITION 

Tables 2-42 and 2-43 summarize the flue gas conditions data 

collected at the No. 1 coke battery exit stack during the NCOG 

and DCOG underfiring test series. Actual volumetric flow rates 

are expressed in cubic meters per hour (mj/h) and actual cubic 

feet per hour (acfh) at stack conditions. Flow rates corrected 

to standard conditions [20°C and 760 mmHg (68OF and 29.92 in.Hg) 

and zero percent moisture] are expressed as dry normal cubic 

meters per hour (dNm3/h) and dry standard cubic feet per hour 

(dscfh). 

Prior to the first test run of each series a full velocity 

traverse was performed. Table 2-44 details the data collected 

from these full velocity traverses. Before the NCOG test series, 

the volumetric flow rate averaged 45,845 dNmj/h (1,619,014 

dscfh), and the stack temperature averaged 240°C (464OF). Prior 

to the DCOG test series, the volumetric flow rate was measured at 

44,134 dNmj/h (1,558,567 dscfh), and the stack temperature was 

228OC (443'F). 

The particulate sampling train nozzles were placed in the 

stack at an accessible point of average velocity, as determined 

by the preliminary velocity traverse. This position was main- 

tained throughout the test period. Velocity head and stack 

temperature were recorded every 10 minutes. Sample trains were 

operated simultaneously, with few exceptions, within each run. 

Tables 2-42 and 2-43 also contain all sample train start and stop 

times. 
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During the NCOG underfiring test series, the volumetric flow 

rate averaged 46,882 dNm3/h (1,634,766 dscfh) , temperature aver- 

aged 277OC (531°F), and moisture content averaged 13.6 percent. 

Oxygen and carbon dioxide contents averaged 10.6 and 4.0 percent, 

respectively. 

During the DCOG underfiring test series, the volumetric flow 

rate averaged 45,247 dNm3/h (1,597,894 dscfh) , temperature aver- 

aged 247OC (476'F), and the moisture content averaged 11.6 per- 

cent. Oxygen and carbon dioxide contents averaged 11.3 and 4.2 

percent, respectively. 
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2.9 VISIBLE EMISSIONS 

Table 2-45 summarizes visible emissions data collected 

during the NCOG underfiring test series. Data were not collected 

during Runs 1, 2, and 3. During Run 4, opacities ranged from 0 

to 45 percent and averaged 15 percent. These opacities were 

markedly higher than those during Runs 5 through 8, which ranged 

from 0 to 40 percent and averaged 3 percent. Frank Clay of the 

EPA made the visible emissions observations. 

Extreme adverse weather conditions prevented the observation 

of visible emissions during the DCOG underfiring test series. 

Cloud cover was 100 percent during the entire test series, and 

snow fell during most of the test series. 

.,-- 

.yY 
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2.10 PROCESS DATA 

During each test, the process operation was monitored by an 

MRI representative. Tables 2-46 and 2-47 summarize the process 

data collected during the NCOG and DCOG test series, respec- 

tively. The following parameters were monitored: average COG to 

battery average coal in battery, number of pushes and charges, 

number of ovens empty, and exhaust main pressure (push and coke 

side). 

Average COG to Battery No. 1 during the NCOG underfiring 

testing was 4,820 m3/h (170,190 ft3/h). The coal in the battery 

averaged 640.4 Mg (706.1 tons). There were an average of 6 

pushes, 7 charges, and 4 empty ovens during a test run. Exhaust 

main pressure averaged 78 mmH20 (3.1 in.H20) on the push side, 

and 81 mmH20 (3.2 in.H20) on the coke side. 

Average COG to Battery No. 1 during the DCOG underfiring 

testing was 4,339 m3/h (153,210 ft3/h). The coal in the battery 

averaged 596.4 Mg (567.7 tons). There were an average of 6 

pushes, 5 charges, and 3 empty ovens during a test run. Exhaust 

main pressure averaged 57 mmH20 (2.2 in.H20) on the push side, 

and 60 mmH20 (2.4 in.H20) on the coke side. 

Tables 2-48 and 2-49 summarize the sulfur content of the 

coal and coke during the NCOG and DCOG test series. During the 

NCOG test series, the coal and the coke contained an average of 

0.82 and 0.70 percent sulfur, respectively. During the DCOG test 

series, the coal averaged 0.80 percent sulfur, and the coke 

averaged 0.72 percent sulfur. 
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The MRI process description and data as received by PEDCo 

are included in Appendix I. 
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SECTION 3 

PROCESS DESCRIPTION 

The Republic Steel facility in Cleveland currently operates 

three Koppers gun-flue coke oven batteries. The testing was 

conducted on the flue gas from the No. 1 coke oven battery, which 

consists of 51 ovens. Coke was first pushed from this battery in 

January 1977. Initial startup of the Sulfiban desulfurization 

system was in March/April 1981. Coke is produced continuously 

24-hours per day. This facility uses byproduct coke ovens to 

produce furnace coke from coal; the coke is used in blast furnaces 

for the reduction of iron ore to metallic iron. Figure 3-l is a 

simplified process flow diagram. 

The gas collecting system has two offtakes, one located at 

each end of the oven. The volatile products liberated during the 

coking process pass through the battery's dual collection main 

and are processed by the byproduct recovery system, which con- 

sists of a primary cooler, exhauster, detarrer, ammonia absorber, 

final cooler, a benzol scrubber, Sulfiban desulfurization system, 

pressure regulator, and booster. After leaving the byproduct 

recovery system, the normal or desulfurized coke oven gas (NCOG 

or DCOG) is used to heat the ovens in the battery. 

About 40 percent of the COG (DCOG or NCOG) generated by the 

battery during the coking process is underfired to the battery 

3-l 
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Figure 3-l. Process flow diagram, 
Republic Steel-Cleveland Works. 
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along with combustion air. The products of combustion from 

underfiring with coke oven gas leave the battery via the waste 

gas stack. There are no add-on pollution control devices serving 

the battery stack. Naturally induced stack draft, which is 

regulated by dampers at the end of each flue gas canal, draws air 

required for combustion through an airbox at the bottom of the 

regenerator chambers. 

Approximately 15 tons of coal (0.75 to 1.0 percent sulfur) 

is charged through three openings in the top of each oven. A 

leveling bar on the pusher machine is used to level the coal 

before the coking operation begins. The coke ovens are under- 

fired with coke oven gas (NCOG or DCOG), and the firing takes 

place from either the coke side or the push side. More gas is 

fired on the coke side of the oven since it is approximately 3 

inches wider and, hence, contains more coke to heat up than the 

pusher side of the oven. Heat for the coking operation is pro- 

vided by a regenerative combustion system located below the 

ovens. Since the combustion flue gas contains a significant 

amount of process heat, two regenerators (one for combustion air 

and one for combustion waste gas) are located below each oven. 

Flow between the two regenerators alternates at about 30 minute 

intervals as the firing of the coke ovens is reversed every 30 

minutes to keep the ovens operating within the safe temperature 

range of the silica refractories. 

When the coking operation is complete [skin temperature of 

the coke has reached 1038O to 1093OC (19OOO to 2000°F)], the coke 
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guide and quench car are moved into place, and the oven doors are 

removed. The pusher then pushes the coke out of the oven through 

the coke guide and into the quench car. The coke is then trans- 

ported to the quench tower, where it is cooled by water sprays. 

From there, it is removed to the wharf, where it is further 

cooled before being conveyed to storage. 

The operation of each oven is cyclic, but the battery con- 

tains a sufficiently large number of ovens to maintain an essen- 

tially continuous yield of byproducts. Although the time between 

charging and discharge is approximately equal for all ovens, 

charging times are staggered so that the flow of evolved gases 

from the ovens is constant. This helps to maintain a balance of 

pressure in the flues, collecting main, and battery stack. 

-3 
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SECTION 4 

SAMPLING AND ANALYTICAL PROCEDURES 

Samples collected at the exit stack were analyzed for par- 

ticulate, sulfur dioxide, sulfuric acid mist, and other related 

pollutants. In addition, grab samples collec e at the inlet and 
wa outlet (during DCOG underfiring) of the S U&and the exit stack I? 

were analyzed for total reduced sulfurs (TRS). This section 

briefly describes the sampling and analytical procedures used in 

this test; detailed descriptions of these procedures are pre- 

sented in Appendix D. 

4.1 SAMPLING LOCATIONS 

Sampling ports were located at the 15.2-m (50-ft) level of 

the 68.6-m (225-ft) outlet stack. This site is 6 stack diameters 

from the nearest downstream flow disturbance and 21 stack diam- 

eters from the nearest upstream flow disturbance in the 2.5-m 

(8.1-ft) diameter stack (see Figure 4-l). Figure 4-2 shows the 

sampling site configuration and traverse point locations. Twenty- 

four points were used for velocity traverse. Particulate sam- 

pling was conducted at a point of average velocity for the entire 

2-hour test period. 

Gaseous grab samples were collected at the inlet and outlet 

of the SRU via positive pressure taps located in the connecting 

ductwork. 
4-l 
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Figure 4-1. Coke Battery No. 1 flue gas exit stack. 
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6-in. PORT 
(TRAINS 1-4) 

VELOCITY TRAVERSE POINT LOCATIONS 

POINT NO. 

PORT 

LOCATION, in. 

i l/2 
11 l/2 
17 l/4 
24 3/8 
34 3/4 
62 314 
73 l/8 
80 3/4 
86 

;: l/2 

Figure 4-2. Coke Battery No. 1 exit stack sampling site and 
traverse point locations. 
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4.2 GAS STREAM FLOW RATE, TEMPERATURE, AND COMPOSITION 
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Gas stream flow rate and temperature before each test series 

and in conjunction with each particulate run were measured ac- 

cording to the procedures described in EPA Method 2," Velocities 

were measured with an S-type pitot tube and a 0 to 0.25-inch, 

inclined, draft gauge manometer. Temperatures were measured with 

a calibrated thermocouple and digital potentiometer. During each 

particulate test an integrated bag sample was collected, the 

oxygen and carbon dioxide content was determined by Orsat analy- 

sis. Method 3* sampling and analytical procedures were used in 

all cases. 

4.3 PARTICULATE, SULFUR DIOXIDE, AND SULFURIC ACID MIST EMISSION 
TESTS 

Samples were collected from a single point in the exit stack 

by use of a quad train Method 5 sampling system, a standard EPA 

Method 5 train, and a particulate sampling train equipped for 

315OC (600OF) filter box and probe heat. Sampling was conducted 

isokinetically by regulating the sampling rate relative to the 

flue gas velocity. Tables 4-1 through 4-3 detail the sampling 

and analytical schedules used during the NCOG and DCOG test 

series. Particulate filters were glass fiber,** sample train 

back halves consisted of four impingers in a Method 5 water 

configuration or five impingers in a Method 8 isopropanol, 

* 40 CFR 60, Appendix A, Reference Methods 2 and 3, July 1980. 
**Whatman Reeve Angel 934 AH. 
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Total organic carbon was determined from selected filters by 

heating to the indicated temperature in the presence of a leak- 

free nitrogen purge. After the purge gas had been diluted and 

oxidized, it was collected in a stainless steel tank. An aliquot 

was injected into a gas chromatograph with oxidation-reduction 

capabilities. 

Sulfuric acid mist and sulfur dioxide concentrations were 

determined from the sampling trains with Methods 8 back halves. 
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hydrogen peroxide configuration. Stack, probe, filter, and 

impinger gas temperatures were monitored for each train during 

sampling. 

After sampling was completed, filters were removed and 

placed in a petri dish. The nozzle, probe, and filter holder 

portions of the sample train were then acetone-rinsed. The 

acetone rinse and particulate caught on the filter media were 

dried at room temperature, desiccated to a constant weight, and 

weighed on an analytical balance. Total filterable particulate 

matter was determined by adding these two values. Selected 

filters were heated at indicated temperatures for 2 to 4 hours, 

desiccated to a constant weight, and weighed on an analytical 

balance. After the indicated heat treatment, the filterable 

particulate matter content was determined by adding these two 

values. 

Acid sulfate and water-soluble sulfates were determined by 

washing the particulate catch samples sequentially with IPA and 

distilled water, and titrating the eluates with barium perchlo- 

rate. 
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The first and second impingers contained the acid mist sample, 

and the third and fourth impingers contained the SO2 sample. In 

each case, the concentrations were determined by titrating with 

barium perchlorate. 

The Method 5 impinger contents for selected samples were 

treated by an ether-chloroform extraction technique to determine 

organic and inorganic condensibles. The respective extracts were 

placed in tared beakers and evaporated to dryness. The organic 

fraction was dried at ambient temperature, and the inorganic 

fraction, at 105OC (221OF). The beakers were then desiccated to 

a constant weight and weighed to the nearest 0.1 mg. Condensible 

total organic carbon also was determined, by subjecting an ali- 

quot of Method 5 back-half water to the ampule technqiue of 

organic oxidation. This method involves heating the aliquot in a 

carbon-free atmosphere in the presence of a catalyst and quanti- 

tatively determining carbon dioxide. 

4.4 REDUCED-SULFUR EMISSION TESTS 

Gas samples were analyzed for reduced-sulfur compounds (H2S, 

COS, and CS2) and SO2 by gas chromatographic (GC) separation and 

flame photometric detection (FPD). Fifteen-liter TedlarR bags 

were filled with COG via positive-pressure taps located in the 

ductwork at the inlet and outlet of the SRU or filled with exit 

stack gas by a leak-free Teflon diaphragm pump. Only Teflon 

tubing and connections were used during sample collection. Inlet 

and outlet SRU samples were collected simultaneously. 
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A sample aliquot was taken for analysis by a sample loop and 

multiport valve system. Aliquot size was determined by the 

sample loop size. For separation of the reduced-sulfur and 

sulfur dioxide components, the sample aliquot was passed through 

various chromatographic columns. Flow through the sample loop 

and columns was controlled by electronic integration. After 

separation, the relative quantity of each component was measured 

as the electrical potential (uV-s) produced from the flame photo- 

metric detector and measured by the integrator. Component cali- 

bration curves of response versus concentration were made daily 

by permeation devices and dynamic dilution. The FPD response was 

determined to be linear from 0 to 70 ppm. Samples with component 

concentrations greater than 70 ppm were analyzed in the FPD 

linear range by reducing the sample loop size. Audit and stan- 

dard gases were diluted dynamically before they entered the 

sample loop. Harmon Engineering and Testing of Auburn, Alabama, 

provided an onsite GC-FPD analysis. 

Appendix D presents a complete description of the sampling 

and analytical procedures used. Appendix A presents calcula- 

tions, including gas velocity data. Appendices B and C present 

field and laboratory data sheets, and Appendix E describes the 

equipment calibration procedures and results. 
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SECTION 5 

QUALITY ASSURANCE 

Because the end product of testing is the production of 

representative emission results, quality assurance is one of the 

primary facets of stack sampling. Quality assurance guidelines 

outline what is pertinent to the production of acceptable data 

and emission data are considered reliable only if the proper 

quality assurance measures are taken. The steps outlined herein 

are intended to ensure the production of quality data through our 

testing and analysis procedures. 

Quality control procedures for the standard reference 

methods were used throughout this test series. These included, 

but were not limited to, the following: 
0 Calibration of field sampling equipment. Tables 5-l 

through 5-12 summarize calibration of equipment used in 
this test series. Calibration guidelines are described 
in more detail in Appendix E. 

0 Train configuration and calculation checks. 

0 Onsite quality assurance checks such as leak checks of 
the sampling train, the pitot tube, and the Orsat line. 

0 Use of designated analytical equipment and sampling 
reagents. 

0 Lab analysis procedures. Tables 5-13 and 5-14 show the 
results of quality assurance tests for accuracy of the 
analysis of field samples. 
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