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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 prima~y objective of the field tests was to obtain data 

on battery stack particulate emissions using several modif ica

tions of EPA Method 5. The modifications included front half 

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

316°C (600°P), 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 underf iring 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 Sulf iban 

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. 'I'he 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. 

Compre:hensive testing was conducted at two sources: 

0 The Coke Battery No. 1 exhaust 

0 'I'he 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 (C02 )J 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 (H 2S) , carbonyl sulfide 

(COS), carbon disulfide (cs2), and so2 concentrations. Gas 

chromatographic (GC) separation and flame photometric detection 

(FPO) 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 

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 2-1 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 

316°C (600°F) probe and filter heat. Back-half train configura

tions and filter/probe temperatures varied between sample runs. 

The sample :identifications listed in Tables 2-1 and 2-2 gives the 

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

(Method 8 or Method 5), and front-half probe/filter temperature 

(op) • 

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 UNDERFIRING TESTING 

Metereda Average probe I Average filter Stack 
Sample Date volume temoerature temperature temoerature 

Run identification ( 1981) Nmj dscf oc OF oc OF oc OF 

l -M8-250 10/27 1. 76 62. 21 280 537 126 258 122 252 
2-M8-250 1. 67 58.98 281 538 126 259 125 257 

1 3-MB-350 1. 68 59.28 280 536 211 411 170 338 
4-M8-350 1. 64 57.95 281 538 239 462 169 336 
5-M5-250 1. 44 50.97 288 550 123 253 128 263 
6-M8-600 1.42 49. 99 288 550 334 634 320 608 

l-M8-250 10/27 1. 59 56.00 279 535 124 255 119 247 
2-M8-250 1. 50 52. 91 284 543 122 252 128 263 

2 3-M8-400 1.46 51. 50 279 534 203 398 198 389 
4-M8-400 1.44 50.79 283 542 210 410 207 404 
5-M5-250 1. 50 52.92 259 499 114 238 125 257 
6-M8-600 1. 65 58.42 259 499 332 630 316 600 

l -MB-250 10/28 1. 75 61 .88 279 535 125 258 113 236 
2-M8-250 1. 66 58.55 282 540 129 . 263 127 260 

3 3-M8-350 1. 63 57. 66 280 536 186 366 178 353 
4-M8-350 1. 58 55. 81 282 540 191 376 169 336 
5-M5-250 1. 72 60.90 270 518 109 229 109 229 
6-MB-600 1.84 64.99 270 518 334 633 293 560 

1-M8-250 10/28 0.99 34.78 275 527 127 261 123 254 
2-M8-250 0.88 30.89 277 531 125 257 130 266 

4 3-M8-400 0.93 32.97 274 525 248 479 177 350 
4-M8-400 0.85 30.05 276 529 138 280 169 337 
5-M5-250 2. 18 76.86 270 518 112 233 130 266 
6-M8-600 1. 11 39. 14 270 518 336 638 328 622 

(continued) 
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TABLE 2-1 (continued) 

Metered Stack Average probe Average filter 
Sample Date '{Olume temperature temperature temperature 

Run identification ( 1981) Nm" dscf oc OF oc OF oc OF 

l-M8-250 10/29 1. 64 58. 03 274 524 124 255 124 255 
2-M5-250 1. 50 52.83 276 529 127 260 123 254 

5 3-MB-350 1. 53 53.84 276 529 184 363 176 349 
4-M5-350 1.43 50. 61 275 527 178 353 186 366. 
5-M5-250 1. 61 56.68 271 520 129 265 116 240 
6-M8-600 1. 54 54.48 271 520 325 617 324 616 

l-M8-250 10/29 1.64 57.98 274 526 127 261 119 246 
2-M5-250 1. 54 54.33 277 530 121 250 126 258 

6 3-M8-400 1. 52 53.74 277 530 203 398 193 379 
4-M5-400 1.29 45.69 278 532 196 385 208 407 
5-M5-250 1.65 58.23 271 520 118 245 119 246 
6-M8-600 1. 58 55.90 271 520 328 622 302 576 

1-M8-250 10/30 1. 73 60.90 277 530 122 251 122 252 
2-M5-250 1.66 58.55 280 53~. 130 266 126 258 

7 3-M8-350 1.48 52.35 277 530 131 269 181 358 
4-M5-350 1. 57 55.56 280 536 169 336 178 353 
5-M5-400 1.66 58.63 271 520 208 407 196 385 
6-M8-600 1.60 56.60 271 520 329 624 308 587 

l-M8-350 10/30 1.58 55.91 285 545 182 360 167 332 
2-M5-350 1. 54 54.36 283 542 184 364 169 336 

8 3-M8-400 1. 70 59. 96 285 545 208 407 198 388 
4-M5-400 1.6J 56.55 286 547 214 417 201 393 
5-M8-250 1.42 50.29 271 520 128 263 131 268 
6-M8-600 1. 18 41. 72 271 520 326 619 J.13 596 

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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Sample 

TABLE 2-2. SUMMARY OF SAMPLE TRAINS TEMPERATURE AND CONFIGURATION 
DURING DCOG UNDERFIRING TESTING 

Metered a Stack Average probe 
Date volume temoerature temperature 

Run identification ( 1981) Nm3 dscf oc OF oc OF 

l-M8-250 12/8 1.25 44. 11 242 468 129 264 
2-M8-250 1.23 39.67 242 468 124 255 

Dl 3-M8-350 1.16 40.99 242 468 178 352 
4-M8-350b 1. 12 39. 61 243 470 175 348 
5-M5-250 - - - - - -
6-M8-600 0.96 34.02 252 485 265 508 

1-M8-250 12/10 1.40 49.40 253 487 238 460 
2-MB-250 1. 78 62.68 252 486 237 458 

D2 3-M8-350 1. 71 60.47 252 486 186 366 
4-M8-350 1. 79 63.26 252 486 173 343 
5-M5-250 1.84 64.79 252 486 129 263 
6-M8-600 1.68 59.35 252 486 320 608 

1-M8-250 12/11 1.48 52.29 252 486 127 261 
2-MB-250 

.. 
1.62 57.25 252 486 125 258 

D3 3-M8-400 1.40 49.32 252 486 214 417 
4-M8-400 1.44 51. 01 249 480 218 425 
5-M5-250 1. 79 63. 10 252 486 124 255 
6-MB-600 1. 72 60.82 252 486 325 616 

1-M8-250 12/12 \ 1.69 59.82 254 490 113 236 
2-M8-250 1.69 59.79 254 490 123 253 

D4 3-M8-400b 1.49 52.50 256 492 207 404 
4-M8-400 - - - - - -
5-M5-250 1. 75 61.80 254 490 134 273 
6-M8-600 1. 67 58.85 254 490 302 576 

(continued) 

Average filter 
temperature 
oc OF 

119 246 
133 272 
190 374 
167 333 
- -

268 515 

118 244 
109 229 
184 363 
197 387 
126 258 
298 569 

120 248 
132 270 
211 411 
204 400 
123 254 
280 536 

148 299 
126 259 
209 409 
- -

128 263 
325 617 
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TABLE 2-2 {continued) 

Metered Stack Average probe Average filter 
Sample Date volume temoerature temoerature temoerature 

Run identification (1981) Nmj scf oc OF oc OF oc OF 

1-M8-250 12/12 1.74 61. 31 244 471 120 248 123 253 
2-M5-250 1. 74 61.44 244 471 123 254 127 261 

05 3-M8-350 1. 56 55.07 244 471 177 350 181 357 
4-M5-350 1.60 56.59 244 471 178 352 177 351 
5-M5-250 1. 69 59. 67 244 471 132 269 122 251 
6-MB-600 1.62 57.09 244 471 327 621 316 600 

1-MS-250 12/13 1.56 54.92 235 455 121 251 132 270 
2-M5-250 1. 56 54.96 236 457 127 261 120 248 

06 3-MB-400 1.45 51. 23 235 455 211 412 204 399 
4-M5-400 1.49 52.62 232 449 204 399 219 427 
5-M5-250 1.83 64.63 235 455 125 258 131 267 
6-MS-600 1.45 51.10 235 455 324 616 319 607 

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. 

bTest 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 232° to 288°C (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 +10 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 CO~LECTION 

Average temperature, °C (°F) 
a 

Test No. Probe Filter Box Stack 

1. 5 123 ( 253) 128 ( 263} 124 (256} 288 (550) 
2.5 114 (238) 125 (257) 97 ( 207) 259 ( 499) 
3.5 109 (229) l 09 ( 229) 128 (263) 270 ( 518) 
4.5 112 (233) 130 ( 266) 132 (270) 270 (518) 
5.5 129 (265) 116 ( 240) 136 (277) 271 ( 520) 
6.5 118 (245) 119 (246) 132 (270) 271 ( 520) 
8.5 128 ( 263} 131 ( 268) 130 (267) 271 ( 520} 

D2.5 129 (263) 126 ( 258) 132 ( 270) 252 ( 486) 
D3. 5 124 (255) 123 ( 254) 129 ( 264) 252 (486) 
D4. 5 134 (273) 128 (263) 133 (271) 254 ( 490) 
D5.5 132 (269) 122 (251) 129 ( 264) 244 ( 471) 
D6.5 125 ( 258) 131 (267) 135 (275) 235 (455) 

aTrain 7.5 operated at a higher temperature. Train Dl.5 was a voided run. 

Note: Probe, filter, and stack temperature measured by thennocouple 
indic:ator. 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 316°C (600°F) prior to initial 

tare weighing. 
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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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TABLE 2-4. SUMMARY OF RESULTS FOR NCOG TEST SERIES (mg) 
.. 

Filterable particulates under various conditions (front-half results) 

l'.rnblent IPA rinse 
Run temoerature 2-h at 350°F 4-h at 350°F 2-h at 400°F 4-h at 400°F 2-h at 600°F (H:>S04) H?O rinse 
No. Rinse Filter Rinse Filter -Rinse Filter Rinse Fiiter Rinse tilter Rinse F1lter lhnse t 11 ter Rinse tilter 

1.1 101.6 125.3 38.2 43.3 0 0 
1.2 93.9 98.9 32.2 23.0 7.4 0.0 0 0 
1.3 4i.5 ji.4 9.8 0.0 0 0 
1.4 27 .1 23.5 2.1 2.6 0 0 
1.5 82.3 53.0 26.1 21.4 21.6 20.1 17.8 19.5 15.6 18.9 12.5 . 18.0 0.0 0.0 0 0 
1.6 12.1 14.9 0.0 0.0 0 0 

2.1 79.3 103.8 35.1 26.5 0 0 
2.2 81.1 68.1 . 9.1 15.7 0.0 0.0 0 0 
2.3 33.4 12.9 12.2 0.0 0 0 
2.4 49.0 12.3 14.4 0.0 0 0 
2.5 . 62.8 28.1 18.4 15.6 15.5 15.2 14.4 14.8 13.3 14.4 10.3 12.2 0.0 0.0 0 0 
2.6 23.3 16.2 2.6 0.0 0 0 

3.1 104.5 97.5 40.5 29.9 0 0 
3.2 62.6 94.3 14.9 19.3 0.0 0.0 0 0 
3.3 66.6 20.7 24.1 1.2 0 0 
3.4 20.4 19.9 3.7 0.0 0 0 
3.5 74.5 96.7 10.6 18.4 8.6 18.2 8.4 17.8 7.8 17.4 5.6 16.4 0.0 0.0 0 0 
3.6 18.9 17 .1 4.2 o.o 0 0 

4.1 64.3 75.6 23.0 24.5 0 0 
4.2 55.7 57.5 12.7 29.0 0.4 o.o 0 0 
4.3 30.0 31.1 6.4 0.0 0 0 
4.4 48.7 29.7 10.0 2.6 0 0 
4.5 59.8 114. 7 34.8 102.5 29.8 99.0 22.4 90.0 16.8 87.9 14.0 85.0 0.0 0.0 0 0 
4.6 16.3 53.4 0.0 0.0 0 0 

5.1 82.0 56.6 65.5 20.1 0 0 
5.2 101.4 84.2 18.6 18.2 . 3.0 0.0 0 0 
5.3 31.4 19. 1 9.5 0.0 0 0 
5.4 15.4 16.7 0.0 0.0 0 0 
5.5 117.8 103.2 27.6 22.8 24.7 19.5 17.9 18.3 14.7 17.6 10.9 16.8 0.0 0.0 0 0 
5.6 10.2 14.7 0.0 0.0 0 0 

6.1 102.9 81.2 47.6 23.4 0 0 
6.2 100.2 50.6 10.8 13.4 0.0 0.0 0 0 
6.3 18.9 15.4 2.8 0.0 0 0 
6.4 12.6 14.3 

'19.8 
0.0 0.0 0 0 

6.5 108.1 87.6 28.6 13.7 25.9 11. 7 21.9 11. 3 10.5 16. 5 9.3 0.0 0.0 0 0 
6.6 19.9 11.0 0.0 0.0 0 0 

7 .1 123.4 72.4 
7.2 117 .3 69.8 
7.3 48.2 16.6 
7.4 42.4 20.2 
7.5 24.4 15.8 
7.6 14.4 9.9 

8.1 19.9 45.4 
8.2 32.2 43.8 
8.J 18.6 47.5 
8.4 13.5 47.0 
8.~ 85.4 98.5 
8.6 11.0 34 .1 

aSpecial sequential analysis perfonned. 

Back-half results 

Ether chloroform 
S02 H2S04 Inorganic Organic roe 

1960 8.89 
. 1850 9.43 

H!?!! ~S.4 
1810 56.0 
- - 28.2 2.6 23.4 

1120 606 

1370 741 
1720 16.0 
1700 53.0 
1610 19.6 
- - 68.2 4.8 44.3 

1940 15.7 

1790 8.3 
1540 8.6 
1680 67 .2 
1620 89.2 
- - 99.1 3.2 77.3 

1720 164 

1300 11.5 
1170 11.9 
1250 29.8 
1160 10.4 - - 65.7 3.1 14.3 
1550 73.7 

2070 34.4 
- - 19.0 4.2 58.1 

1970 81. 5 
- - 101.2 3.2 49.! 
- - 20.9 6.3 11.8 

2050 129 

2000 24.0 
- - 109. 7 4.0 42.3 

1900 97.6 
- - 118.3 5.9 15.4 
- - 20.0 6.4 15.2 

2010 115 
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TABLE 2-5. SUMMARY OF RESULTS FOR DCOG TEST SERIES (mg) 
. 

Filterable particulates under various conditions (front-half results) 
Ambient 

Run temperature z-n at J50°i' 
No. Klnse f11ter Rinse 

01.1 18.0 14.6 8.4 
01 .2 22.2 15.2 7.5 
01.3 17.2 16.8 
01 .4a 23.6 19.7 
01.5 
01.6 15.2 12.1 

02.1 242.8~ 7.2 
02.2 25.1 13.2 12.5 
02.3 21.0 13.8 
02.4 25.9 11.3 
02.5 24.4 16.7 11.0 
02.6 14.7 15.6 

03.1 26.8 11.8 
03.2 19.4 15.1 
03.3 18.3 12.6 
03.4 27 .4 11.3 
03.5 18.9 16.1 7.3 
03.6 16. 7 8.8 

04.1 18.3 10.2 
04.2 36.9 8.3 
04.3a 16.4 8.4 
04.4 
04.5 19.6 11.6 13.4 
04.6 12.2 5.3 

05.1 17.8 5.5 
05.2 14.8 5.2 5.6 
05.3 11.0 5.3 
05.4 15.1 4.0 
D5.5 9.5 6.4 2.6 
D5.6 7.9 5.0 

D6.1 7.2 5.0 
06.2 14.2 6.9 
06.3 10.8 4.8 
06.4 8.0 4.0 
06.5 12.6 7.3 8.4 
06.6 6.8 2.4 

1 Test run voided. 
bContaminated with oil. 

r11ter 

13.4 
14.5 

12. 1 

12.4 

14.9 

8.3 

3.1 

4.3 

5.2 

ii-ii at 35ii°F A IL -& •ftftftP' £-n GL 'tUU r 
Rinse Fiiter Rinse niter 

7.9 13.2 5.4 11.4 

9.3 9.9 8.9 9.9 

6.3 11.8 

6.0 13.9 5.3 10.4 

8.1 5.4 

13.1 7. 1 7.6 7.5 

2.5 2.8 2.5 2.0 

1.7 3.7 

7.8 5.0 6.5 5.0 

IPA rinse 
• 11.. _._ •nnor "' 1.. .... ~nnor o~,so-1 H20 :-~::~:: &f-rl GL "tUV r- ,-11 G'- VUV t 

Rinse 111 ter Rinse Fii ter Rinse Fii ter Rinse FIJter S02 

5.4 11.0 3.8 10.8 o.o 0.0 0.0 <0.3 69.7 
1.0 1.0 2.1 Void 116.1 
0.0 0.0 2.5 0.0 117 .o 
0.0 0.0 0.0 0.0 115.8 

0.0 0.0 1.6 0.0 97.9 

1.0 0.0 0.9 o.o 120.8 
1.3 1.3 2.0 0.0 159.4 
0.6 0.0 3.5 o.o 155.0 
0.4 0.0 4.8 0.0 131.8 

0.0 9.7 6.2 8.9 0.0 0.0 0.0 0.0 -o.o <0.3 0.0 <0.3 152.8 

0.3 0.0 6.0 0.0 90.1 
0.1 1. 7 0.0 0.0 152.8 
0.0 0.0 4.1 o.o 130.8 
1.9 0.0 0.8 0.0 143.4 

5.3 10.4 4.2 9.2 0.0 0.0 0.9 o.o -
0.0 0.0 2.2 0.0 169.1 

0.0 0.0 0.0 0.0 135.6 
0.0 0.0 0.9 0.0 130.5 
0.7 0.0 3.2 0.0 118.3 

7.6 7.3 6.0 6.3 0.0 0.0 0.0 0.0 -
0.0 0.0 0.0 o.o 90.1 

3.4 0.0 3.7 0.0 131 .8 
0.6 0.2 1.7 0.0 -
2.2 0.0 1.6 o.o 123.6 
0.6 0.0 3.8 0.0 -

2.5 2.0 1.4 1.0 0.0 0.0 0.0 o.o -
0.3 0.0 1.4 o.o 129.0 

0.0 o.o o.o 0.0 118.3 
0.0 0.0 0.0 0.0 -
1.0 0.0 0.0 0.0 113.3 
0.0 0.0 0.0 0.0 -

6.5 4.8 1.0 3.4 0.0 0.0 0.0 0.0 -
0.2 0.0 0.0 0.0 110.1 

Back-half results 

Ether- ch1o~form 

H2S04 Inorganic Organic TOC 

115 
3.5 
9.3 
9.2 

- - -
6.3 

13.7 
14.4 
8.7 

54.8 
- 152.6 0.8 8.6 

10.7 

84.0 
7.0 

12.0 
8.2 
- 28.9 2.0 3.4 

12.8 

42.3 
15.9 
6.7 

- - -
- 84.5 2.9 8.5 

74.7 

8.8 
- 74.5 0.7 202 

7.8 
- 158. 1 4.0 572 
- 15.6 1.4 3.6 

8.2 

13.2 . 55.2 2.4 403 
7.5 
- 144.2 2.8 77 
- 10.0 2.4 8.0 

11.4 



TABLE 2-6. NCOG UNDERFIRING CONDITION, RUN NO. 1 
TEST RESULTS (10/27/81) 

Desi 
pe 

-· --

red front-ha 1 f tern-
rature, °C (°F) 

~1 average filter Ac tu 
ten 

Sequ oc 

Fron 

Pa 

Ac 
as 

as 

Back 

Su 

Su 

In 

Or 

To 

1perature, °C (0F) 
. -

E!ntial heating, 
(OF) 

t-half catch 

rticulate (ambient) 
mg 
m(:l/m3 
gr/dscf 

·-----
id soluble sulfate 

[H2so4J 
mg 
mg/m3 
gr/dscf 

[H2S04(H20l2J 
mg 
mgtm3 
gr/dscf 
--
··half catch 

'lfuric acid mist 
mg 
mg/m3 
gr/dscf 
ppm 

Hur dioxide 
mg 3 
mg/m 
gr/dscf 
ppm 

~rganic condensibles 
mg 
mg/m3 
gr/dscf 

ganic condensibles 
mg 
mg/m3 
gr/dscf 

tal organic carbon 
mg 
mg/m3 
gr/dscf 

1. 1 1. 2 

121 121 
(250) (250 

122 125 
(252) I (257) 

t-,-77 
(350) 

·-

226.9 192.8 
128.9 115.4 
0.056 0.050 

---

81. 5 7.4 
46.3 4.4 
0.020 0.002 

111.4 lo. l 
63.3 6. l 
0.028 0.003 

8.9 9.4 
5.0 5.6 
0.002 0.002 
1 1 

1960 1850 
1114 1108 
0.486 0.484 
419 416 

aHydrogen peroxide contaminated. 
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Test No. 
1.3 1.4 1. 5 

177 177 121 
(350) (350) (250) 

170 169 128 
(338) (336) (263) 

I 316 
I (600) 

72.9 50.6 135.3 
43.4 30.8 94.0 
0.019 0.013 0.041 

9.8 4.7 0.0 
5.8 2.9 0.0 
0.002 0.001 0.000 

13.4 6.4 0.0 
8.0 3.9 0.0 
0.003 0.002 0.000 

I I 
65.4 I 56.0 
38.9 34. l 
0.017 0.015 
10 8 

1870 1810 
1113 1104 
0.487 0.482 
418 415 

28.2 
19.6 
0.008 

2.6 
1.8 
0.001 

23.4 
16. 2 
0.007 

1.6 

316 
(600) 

320 
(608) 

27 .0 
19.0 
0.008 

0.0 
0.0 
0.000 

o.o 
0.0 
0.000 

606a 
426.8 

I 0.187 
105 

1120 
789 
0.346 
296 



TABLE 2-7. NCOG UNDERFIRING CONDITION, RUN NO. 2 
TEST RESULTS (10/27/81) 

Desire 
per a 

d front-half tern-
ture, °C (°F) 

l average filter Actua 
temp erature, °C (°F) 

tial heating, Sequen oc (oF) 

Front-

Part 
m 
m 
g 

Acid 
as [ 

M 
m 
g 

half catch 

iculate (ambient) 

~/m3 
r/dscf 

soluble sulfate 
H2S04] 
y 3 
g/m 
r/dscf 

H2S04 (H20) 2J 
,g 3 
,g/m 

as [ 
IT 

IT 
g r/dscf 

1alf catch Back-~ 

Sulf 
II 
II 

·uric acid mist 
1g 
1g/m3 
1r/dscf 
1pm 

'ur dioxide 
lg 
lg/m3 

Su11 
n 
n 
c 
J 
.1r/dscf 
1pm 

rganic condensibles Ino 
n 
n 

19 
lg/m3 
1r/dscf 

Org nnic condensibles 
ng 
ng/m3 
9r/dscf 

Tot 1s 1 organic carbon 
mg 
mg/m3 
1~r/dscf 

2. 1 

121 
(250) 

119 
(247) 

183. l 
115. 2 
0.050 

61. 6 
38.7 
0.017 

84.2 
53.0 
0.023 

74la 
466 
0.204 
114 

1370 
862 
0.377 
324 

1Hydr1e>gen peroxide contaminated. 

2.2 

121 
(250) 

128 
(263) 

204 
(400) 

149.2 
99.5 
0.044 

0.0 
0.0 
0.000 

o.o 
0.0 
0.000 
--

16.0 
10. 7 
0.005 
3 

1720 
1147 
0.502 
431 
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Test No. 

2.3 2.4 2.5 

204 204 121 
(400) (400) (250) 

198 207 125 
(389) (404) (257) 

316 
(600) 

46.3 61.3 90.9 
31. 7 42.6 60.6 
0.014 0.019 0.026 

12.2 14.4 0.0 
8. 3 ' 10.0 o.o 
o. 004 I 0.004 0.000 

16.7 19. 7 0.0 
11.4 13. 7 o.o 
0.005 0.006 0.000 

53. 0 19.6 
36.3 13. 6 

I 0.016 0.006 
I 9 3 
-

1700 1610 
1164 1118 
0.509 0.489 
438 420 

68.2 
45.5 
0.020 

4.8 
3.2 
0.001 

44.3 
29.5 
0.013 

2.6 

316 
( 600 ). 

316 
(600) 

39.5 
23.9 
0.010 

2.6 
1.6 
0.001 

3.5 
2.1 
0.001 

I 157 
95.7 
0.041 
23 

1940 
1176 
0.512 
442 



TABLE 2-8. NCOG UNDERFIRING CONDITION, RUN NO. 3 
TEST RESULTS {10/28/81) 

Tes.t No. 
3. 1 3.2 3.3 3.4 3.5 3.6 

Des;red front-half tern- 121 121 177 177 121 316 
perature, °C (°F) (250) (250) (350) (350) (250) (600) 

-
Actual average filter 113 127 178 169 109 293 

temperature, °C (°F) (236) (260) (353) (336) (229) (560) 

Sequential heating, 177 316 
oc (DF) (350) (600) 

Front-half catch 

Particulate (ambient) 
1119 202.0 156. 9 87.3 40.3 171.2 36.0 
n19/m3 115. 4 94.5 53.6 25.5 99.5 19.6 
~1r/dscf 0.050 0.041 0.023 0.011 0.043 0.008 

Acid soluble sulfate 
as [H2so4J 

70.4 o.o 25.3 3.7 0.0 4.2 ~~g 3 
rng/m 40.2 o.o 15. 5 2.3 0.0 2.3 
iir/dscf 0.017 0.000 0.007 0.001 0.000 0.001 

as l[H2so4(H2o)2J 
96.2 o.o 34.6 5.0 o.o 5.7 rng 3 rng/m 55.0 o.o 21.2 3.2 o.o 3.1 

19r/dscf 0.024 0.000 0.009 0.001 0.000 0.001 
-

Back-half catch 

Sulfur;c acid mist 
mg 8.3 8.6 67 .2 89.2 164 
mgtm3 4.7 5.2 41.2 56.4 89.1 
gr/dscf 0.002 0.002 0.018 0.025 0.039 
ppm 1 1 10 14 22. 

Sulfur dioxide 
mg 1790 1540 1680 1620 1720 
mgtm3 1023 928 1031 1025 935 
gr/dscf 0.446 0.406 0.450 0.448 0.408 
ppm 384 349 387 385 351 

Inorganic condensibles 
mg 99.l 
mgtm3 57.6 
gr/dscf 0.025 

Organic condensfbles 
mg 3.2 
mgtm3 1.9 
gr/dscf 0.001 

Tl>tal organic carbon 
mg 77 .3 
mg/m3 44.9 
gr/dscf 0.020 
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TABLE 2-9. NCOG UNDERFIRING CONDITION, RUN NO. 4 
TEST RESULTS (10/28/81) 

ir'ed front-half tem-Des 
pe nture, °C ( °F) 

~l average filter Ac tu 
ten 1perature, °C ( 0 F) 

Sequ oc t~n ti a 1 hell ti ng , 
(.OF) 

Fron t-half catch 

Pa rticulate (ambient) 
mg 
mgtm3 
gr/dscf 

Ac id soluble sulfate 
(lizS04) 

mg 
mg/m3 

as 

gr/dscf 

s (HzS04(H20)2J 
mg 3 
mg/m 

II 

gr/dscf 

Bae k-ha 1 f catch 

Su lfuric acid mist 
mg 
mg/m3 
gr/dsc:f 
ppm 

Su lfur dioxide 
mg 
mg/m3 
gr/dsc:f 
ppm 

Jr ~rganic condensibles 
mg 
mg/m3 
gr/dscf 

0 rganic condensibles 
mg 3 
mg/m 
gr/dscf 

T •>ta 1 organic carbon 
mg 3 
mg/m 
gr/dscf 

4. 1 4.2 

121 121 
(250) (250) 

123 130 
(254) (266) 

204 
(400) 

139.9 113.2 
141. 3 128.6 
0.062 0.056 

47.5 0.4 
47.9 0.4 
0.021 0.0002 

64.9 0.5 
65.6 0.6 
0.029 0.0002 

11. 5 11.9 
11.6 13.5 
0.005 0.006 
3 3 

1300 1170 
1313 1329 
0.577 o. 584 
494 500 
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Test No. 
4.3 4.4 4.5 

204 204 121 
(400) (400) (250) 

177 169 130 
(350) (337) (266) 

316 
(600) 

61. 1 78.4 174.5 
65.7 92.2 80.0 
0.028 0.040 0.035 

6.4 12.6 o.o 
6.9 14.B o.o 
0.003 0.006 0.000 

8.7 17 .2 o.o 
9.4 20.3 o.o 
0.004 0.009 0.000 

I 
29.8 10.4 

I 32.0 12.2 
0.014 0.005 I 

8 3 I 
1250 1160 
1344 1365 
0.585 0.596 
505 513 

65.7 
30.1 
0.013 

3. 1 
1.4 
0.0001 

14.3 
6.6 
0.003 

4.6 

316 
(600) 

328 
(622) 

69.7 
62.B 
0.027 

0.0 
o.o 
0.000 

0.0 
0.0 
0.000 

73.7 
66.4 
0.029 
16 

1550 
1396 
0.611 
525 



TABLE 2-10. NCOG UNDERFIRING CONDITION, RUN NO. 5 
TEST RESULTS (10/29/81) 

Desir 
per 

t!d front-half tern-
llture, °C (°F) 

Actua 
tern 

·1 average fi 1 ter 
perature, °C (°F) 

Seque oc ntfal heating, 
1:°F) 

Front ··half catch 

Par ticulate (ambient) 

Acf 
as 

as 

mg 
mgtm3 
!~r/dscf 

1~ soluble sulfate 
[H2S04] 
Ing 
1ng/m3 
19r/dscf 

[H2S04(H20>2J 
111g 
1ng/m3 
gr/dscf 

Back- ha 1 f catch 

Sul furic acid mist 
1mg 
-mg/m3 
gr/dscf 
ppm 

Sul fur dioxide 
mg 
mg/m3 

gr/dscf 
ppm 

Inc rganic condensibles 
mg 
mgtm3 
gr/dscf 

Org an1c condensf bles 
mg 
mg/m3 
gr/dscf 

Tot :al organic carbon 
mg 
mg/m3 
gr/dscf 

5. 1 5.2 

121 121 
(250) (250) 

124 123 
(255) (254) 

177 
(350) 

138.6 185.6 
84.5 123. 7 
0.037 0.054 

85.6 3.0 
52.2 2.0 
0.023 0.0008 

117.0 4. 1 
71.3 2.7 
0.031 0.001 

34.4 
21.0 
0.009 
5 

2070 
1262 
0.550 
474 

19.0 
12.7 
0.006 

4.2 
2.8 
0.001 

58. 1 
38.7 
0.017 
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Test No. 
5.3 5.4 5.5 5.6 

177 177 121 316 
(350) (350) (250) (600) 

176 186 116 324 
(345) (366) (240) (616) 

316 
(600) 

50.5 32. 1 221.0 24.9 
33.0 22.4 137. 3 16. 2 
0.014 0.010 0.060 0.007 

9.5 o.o o.o o.o 
6.2 0.0 0.0 0.0 
0.003 0.000 0.000 0.000 

13.0 0.0 0.0 0.0 
8.5 0.0 0.0 0.0 
0.004 0.000 0.000 0.000 

81.5 129 
53.3 83.8 
0.023 0.036 
13 20 

1970 2050 
1288 1331 
0.564 0.581 
484 500 

101 .2 20.9 
70.8 13.0 
0.031 0.006 

3.2 6.3 
2.2 3.9 
0.001 0.002 

49.2 11.8 
34.4 7.3 
0.015 0.003 



TABLE 2-11. NCOG UNDERFIRING CONDITION, RUN NO. 6 
TEST RESULTS (10/29/81) 

Des fr 
per a 

e1:! front-ha 1 f tern-
tr~re. ° C ( ° F ) 

Actua 
tern 

1 average filter 
perature. °C (°F) 

Seque ntial heating. 

Front -half catch 

Par ti cul ate (ambient) 

Aci 
as 

as 

· Back-

Sul 

Sul 

mg 
mgtm3 
gr/dscf 

d soluble sulfate 
[H2so4J 
mg 
mg/m3 
gr/dscf 

[H2S04(Hz0)2J 
mg 
mg/m3 
gr/dscf 

half catch 

furic acid mist 
mg 
mg/m3 
~1r/dscf 
J>pm 

fur dioxide 
rng 
rng/m3 
!lr/dscf 
ppm 

Ino 1rganic condensfbles 
mg 
mg/m3 
r~r/dscf 

Org ~nfc condensfbles 
mg 
mg/m3 
gr/dscf 

Tot al organic carbon 
mg 
mg/m3 
gr/dscf 

6. 1 

121 
(250) 

119 
(246) 

184.1 
112.2 
0.049 

71.0 
43.3 
0.019 

97.0 
59.2 
0.026 

24.0 
14.6 
0.006 
4 

2000 
1219 
0.532 
458 

8Contam1nated w1th 1sopropanol. 

6.2 

121 
(250) 

126 
(258) 

204 
(400) 

150. 8 
97.9 
0.043 

o.o 
0.0 
0.000 

0.0 
o.o 
0.000 

109. 7 
71. 2 
0.031 

4.0 
2.6 
0.001 

42.3 
27.5 
0.012 
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Test No. 
6.3 6.4 6.5 6.6 

204 204 121 316 
(400) (400) (250) (600) 

193 208 119 302 
(379) (407) (246) (5760 

316 
(600) 

34.3 26.9 195.7 30.9 
22.6 20.8 118.6 19.6 
0.010 0.009 0.052 0.008 

2.8 0.0 o.o o.o 
1.8 0.0 0.0 0.0 
0.0008 0.000 0.000 0.000 

3.8 0.0 o.o 0.0 
2.5 o.o o.o o.o 
0. 001 0.000 0.000 0.000 

97.6 115 
64.2 72.8 
0.028 0.032 
16 18 

1900 2010 
1250 1272 
0.546 0.555 
470 478 

118.3 20.0 
91. 7 12. l 
0.040 0.005 

5.9 6.4 
4.6 3.9 
0.002 0.002 

1548 15. 2 
119.4 9.2 
0.052 0.004 



TABLE 2•12. NCOG UNDERFIRING CONDITION, RUN NO. 7 TEST RESULTS (10/30/81) 

Test No. 
7. 1 ' 7. 2 7.3 7.4 7.5 7.6 

Desired front-half tern- 121 121 177 177 204 316 
perature, °C (°F) (250) (250) (350) (350) (400) (600) 

Actual average filter 122 126 181 178 196 308 
temperature, °C (°F) (252) (258) (358) (353) ( 385) (587) 

Front-half catch 

Particulate (ambient) 
mg 195. 8 187. 1 64.8 62.6 40.2 24.3 
mg/m3 113. 2 112. 7 43.8 39.9 24.2 15. 2 
gr/dscf 0.050 0.049 0. 019 0.017 0. 010 0.007 

TABLE 2-13. NCOG UNDERFIRING CONDITION, RUN NO. 8 TEST RESULTS (10/30/81) 

Test No. 
8. 1 8.2 8.3 8.4 8.5 8.6 

Desired front-half tern- 177 177 204 204 121 316 
perature, °C (°F) (350) (350) (400) (400) (250) (600) 

Actual average filter, 167 169 198 201 131 313 
perature, °C (°F) (332) (336) (388) (393) (268) (596) 

Front-half catch 

Particulate (ambient) 
mg 65.3 76.0 66. 1 60.5 183.9 45. 1 
mg/m3 41.3 49.4 38.9 37.8 129.5 38.2 
gr/dscf 0.018 0.022 0. 017 0.016 0.056 0.017 
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TABLE 2-14. DCOG UNDERFIRING CONDITION, RUN NO. Dl TEST RESULTS (12/8/81} 

Test No. 
Dl. 1 Dl.2 Dl. 3 Dl.4 Dl. 5 01. 6 

Desired front-half tern- 121 121 177 177 Void 316 
perature, °C (°F} (250} (250} (350} (350} (600} 

Actual average filter 119 133 190 167 268 
temperature, °C (°F} (246} (272} (374} (333} ( 515} 

Sequential heating, 316 177 
oc (oF} (600} (350} 

Front-half catch 

Particulate (ambient} 
mg 32.6 37.4 34.0 43.3 27.3 
mg/m3 26. 1 33.4 29.3 38.7 28.4 
gr/dscf 0. 011 0. 014 o. 013 0. 017 0. 012 

Acid soluble sulfate 
as [H2S04(H20}2] 

mg 0.0 2.7 0.0 0.0 0.0 
mg/m3 0.0 2.4 0.0 0.0 0.0 
gr/dscf 0.000 0.001 0.000 0.000 0.000 

Water soluble sulfate 
as [so4=] 

mg 3 <0.3 2. 1 2.5 0.0 1. 6. 
mg/m <0.2 1. 9 2. 1 0.0 1. 7 
gr/dscf <O. 0001 0. 001 0. 001 0.000 0.001 

Back-half catch 

Sulfuric acid mist 
l l 5a mg 3.5 9.3 9.2 6.3 

mg/m3 92.0 3. 1 8.0 8.2 6.6 
gr/dscf 0. 040 0. 001 0.004 0.004 0.003 
ppm 22 1 2 2 2 

Sul fur dioxide 
mg 69.7 116. 1 117.0 115. 8 97.9 
mg/m3 55.8 103. 7 100. 9 103.4 102. 0 
gr/dscf 0.024 0.045 0.044 0. 045 0.044 
ppm 21 39 38 39 38 

aHydrogen peroxide contaminated. 
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TABLE 2-15. DCOG UNDERFIRING CONDITION, RUN NO. 02 TEST RESULTS (12/10/31) 

02.1 02.2 

Desired front-half tern- 121 121 
perature. °C (°F) (250) (250) 

Actual average filter 118 109 
temperature. °C (°F) (244) (229) 

Seqijential heating. 177 
oc (oF) (350) 

Front-half catch 

Particulate (ambient) 
249.9a mg 38.3 

mg/m3 178.5 21.5 
gr/dscf 0.078 0.009 

Acid soluble sulfate 
as [H2so4(HzO)z] 

1.4 3.5 mg 
mg/m3 1.0 2.0 
gr/dscf 0.0004 0.001 

Water soluble sulfate 
as [so4=J 

0.9 2.0 mg 
mq/m3 0.6 1. 1 
gr/dscf 0.0003 0.001 

Back-half catch 

Sulfuric acid mist 
mg 13. 7 14.4 
mg/m3 9.B 8.1 
gr/dscf 0.004 0.004 
ppm 2 2 

Sulfur dioxide 
mg 120.8 159.4 
mg/m3 86.3 89.6 
gr/dscf 0.038 0.039 
PIJll 32 34 

Inorganic condensibles 
mg 
mg/m3 
gr/dscf 

Organic condensibles 
mg 
mg/m3 
gr/dscf 

Total organic carbon 
mg 
mg/m3 
gr/dscf 

aAcetone rinse contaminated with oil. 
bHydrogen peroxide contaminated. 
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Test No. 

02.3 02.4 02.5 02.6 

177 177 121 316 
(350) (350) (250) (600) 

184 197 126 298 
(363) (387) (258) (569) 

316 
(600) 

34.8 37.2 41.1 30.3 
20.4 20.8 22.3 18.0 
0.009 0.009 0.010 0.008 

0.8 0.5 0.0 <0.4 
0.5 0.3 0.0 <0.2 
0.0001 0.0001 0.000 <0.0001 

3.5 4.8 0.0 <0.3 
2.0 2.7 0.0 <0.2 
0.001 0.002 0.000 <0.0001 

8.7 I 54.8b 10. 7 
5. 1 30.6 6.4 
0.002 O.u13 O.Ou3 
1 8 2 

155.0 131.8 152.8 
90.6 73.6 91.0 
0.040 0.032 0.040 
34 28 34 

152. 6 
82.9 
0.036 

0.8 
0.43 
0.0002 

8.6 
4.7 
0.002 



TABLE 2-16. DCOG UNDERFIRING CONDITION, RUN NO. 03 
TEST RESULTS (12/11/81} 

Test No. 

03. 1 03.2 03.3 03.4 03.5 03.6 

Desired front-half tern- 121 121 204 204 121 316 
perature, °C (°F) (250) (250) (400)' ' (400) (250) (600) 

Actual average filter 120 132 211 204 123 280 
temperature, °C (°F) (248) (270) (411) (400) (254) (536) 

Sequential heating, 204 316 I oc ( 0 F) (400) (600) I 

Front-half catch I i 
I 

I 
Particulate (ambient) I 

mg 38.6 34. 5 30.9 38.7 35.0 25.5 
mg/m3 26. l 21.3 22 .1 26.9 19.6 111.8 
gr/dscf 0.011 0.009 0.010 0.012 0.008 0.006 

Acid soluble sulfate 
I 

as [H2S04(H20)2] 

I mg 0.4 2.5 0.0 2.6 0.0 I o.o mg/m3 0.3 1.5 0.0 1.8 0.0 0.0 
gr/dscf 0.0001 0.001 0.000 0.001 0.000 i 0.000 

Water soluble sulfate ! 
as lS04"] I 

mg 6.0 0.0 4.1 0.8 0.9 I 2.2 
mg/m3 4.0 0.0 2.9 0.5 0.5 1.3 
gr/dscf 0.002 0.000 0.002 0.0003 0.0002 I 0.001 

Back-half catch 
j 

Sulfuric acid mist 
mg 84.0a 7.0 12.0 8.2 I 12.8 
mg/m3 56.8 4.3 8.6 5.7 ! I 7.4 
gr/dscf 0.025 0.002 0.004 0.002 I 0.003 I 
ppm 14 1 2 1 2 

Sul fur dioxide 
mg 90. 1 152.8 130.8 143.4 169. 1 
mg/m3 60. 9 94. 3 93.4 99.6 98.3 
gr/dscf 0.026 0.041 0.041 0.043 I 0.043 
ppm 23 35 35 37 37 

Inorganic condensibles 
mg 28.9 

i mg/m3 16. 1 
gr/dscf 0.007 

Organic condensibles 
mg 2.0 
mg/m3 1.1 
gr/dscf 0.0005 

Total organic carbon 
mg 3.4 
mg/m3 1.9 
gr/dscf 0.0008 

aHydrogen peroxide contaminated. 
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TABLE 2-17. DCOG UNDERFIRING CONDITION, RUN NO. 04 TEST RESULTS (12/12/81) 

Test No. 
04.1 04.2 04.3 04.4 04.5 04.6 

Desired front-half tem- 121 121 204 Void 121 316 
perature, °C (°F) (250) (250) (400) ( 250) ( 600) 

Actual average filter 148 126 209 128 325 
temperature, °C (°F) (299) (259) (409) (263) ( 617) 

Sequential heating, 204 316 oc (Of) (400) (600) 

Front-half catch 

Particulate (ambient) 
mg 28.5 45.2 24.8 31.2 17.5 
mg/m3 16.9 26.7 16.6 17 .8 10. 5 
gr/dscf 0.007 0.012 0.007 0.008 0.004 

Acid soluble sulfate 
as [H2S04(H20)2] 

mg 0.0 o.o 0.9 o.o 0.0 
mg/m3 0.0 0.0 0.6 0.0 0.0 
gr/dscf 0.000 0.000 0.0003 0.000 0.000 

~later soluble sulfate 
as [S04"] 

mg 0.0 0.9 3.2 0.0 0.0 
mg/m3 0.0 0.5 2.1 o.o 0.0 
gr/dscf 0.000 0.0002 0.001 0.000 0.000 

Back-ha 1f catch 

Sulfuric acid mist 
42.Ja 74.7a mg 15.9 6.7 

mg/m3 25.0 9.4 4.5 44.7 
gr/dscf 0.011 0.004 0.002 0.020 
ppm 6 2 1 11 

Sulfur dioxide 
mq 135.6 130. 5 . 118.3 90.1 
mg/m3 80.2 77.2 79.4 54.0 
gr/dscf 0.035 0.034 0.035 0.024 
ppm 30 29 30 20 

Inorganic condensibles 
84.5 mg 

mq/m3 48.3 
gr/dscf 0.021 

Organic condensibles 
2.9 mg 

mg/m3 1. 6 
gr/dscf 0.0007 

Total organic carbon 
8.5 mg 

mg/m3 4.8 
gr/dscf 0.002 

aHydrogen peroxide contaminated. 
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TABLE 2-18. DCOG UNDERFIRING CONDITION, RUN NO. 05 TEST RESULTS (12/12/81) 

Test No. 

05.1 05.2 05.3 05.4 05.5 05.6 

Desired front-half tern- 121 121 177 177 121 316 
perature, °C (°F) (250) (250) (350) (350) (250) (600) 

Actual average filter 123 127 181 177 122 316 
temperature, °C (°F) (253) (261) (357) (351) (251) (600) 

Sequential heating, 177 316 oc ( o F) (350) (600) 

Front-ha 1 f catch 

Particulate (ambient) I 
I 

mg 23.3 20.0 16. 3 19. 1 15. 9 12. 9 
mg/m3 13.4 11. 5 10.4 11. 9 9.4 3.0 
gr/dscf 0.006 0.005 0.004 0.005 0.004 0.003 

Acid soluble sulfate 
as [H2S04(H20)2] 

4.6 1. 1 3.0 0.8 0.0 0.4 mg 
mg/m3 2.6 0.6 1. 9 0.5 0.0 0.2 
gr/dscf 0.001 0.0003 0.001 0.0002 0.000 0.0001 

Water soluble sulfate 
as [So4=] 

mg 3.7 1.7 1.6 3.8 0.0 1. 4 
mg/m3 2. 1 1.0 1.0 2.4 0.0 0.9 
gr/dscf 0.001 0.001 0.0004 0.001 0.000 0.0003 

Back-half catch 

Sulfuric acid mist 
mg 8.8 7.8 8.2 
mg/m3 5.0 5.0 5. 1 
gr/dscf 0.002 0.002 0.002 
ppm 1 1 1 

Sul fur dioxide 
mg 131.8 123. 6 129.0 
mg/m3 75. 7 79.2 79.6 
gr/dscf 0.033 0.035 0.035 
ppm 28 30 30 

Inorganic condensibles 
158.1 mg 74.5 15.6 

mg/m3 42.8 98.8 9.2 
gr/dscf 0.019 0.043 0.004 

Organic condensibles 
mg 0. 70 4.0 1.4 
mg/m3 0.40 2.5 0.83 
gr/dscf 0.0002 0.001 0.0004 

Total organic carbon 
202a 5728 mg 3.6 

mg/m3 116 357 2. 1 
gr/dscf 0.050 o. 156 0.0009 

aContaminated with isopropanol. 
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TABLE 2-19. DCOG UNDERFIRING CONDITION, RUN NO. 06 TEST RESULTS (12/13/81) 

Test No. 

06.1 06.2 06.3 06.4 06.5 06.6 

Desired front-half tern- 121 121 204 204 121 316 
perature, °C ( °F) (250) (250) (400) (400) (250) (600) 

Actual average filter 132 120 204 219 131 319 
temperature, °C (°F) (270) (248) (399) (427) (267) (607) 

Sequential heating, 204 316 
oc ( o F) (400} ( 600) 

Front-half catch 

Particulate (ambient) 
mg 12.2 21.1 15.6 12.0 19. 9 9.2 
mg/m3 7.8 13.5 10.8 8.0 1(J.9 6.3 
gr/dscf 0.003 0.006 0.005 0.004 0.005 0.003 

Acid soluble sulfate 
as [H2S04(H20)2] 

0.0 0.0 1.4 0.0 0.0 0.3 mg 
mg/m3 0.0 0.0 1.0 0.0 0.0 0.2 
gr/dscf 0.000 0.000 0.0004 0.000 0.000 0.0001 

Water soluble sulfate 
as [so4=J 

0.0 0.0 0.0 0.0 0.0 o.o mg 
mg/m3 0.0 0.0 0.0 0.0 0.0 0.0 
gr/dscf 0.000 0.000 0.000 0.000 0.000 0.000 

Back-half catch 

Sulfuric acid mist 
mg 13.2 7.5 11.4 
mg/m3 8.5 5.2 7.9 
gr/dscf 0.004 0.002 0.003 
P?ll 2 1 2 

Sulfur dioxide 
mg 118. 3 113.3 110. l 
mg/m3 75.8 78. l 75.9 
gr/dscf 0.033 0.034 0.033 
ppn 28 29 28 

Inorganic condensibles 
mg 55.2 144.2 10.0 
mg/m3 35.4 96.8 5.5 
gr/dscf 0.015 0.042 0.002 

Organic condensibles 
mg 2.4 2.8 2.4 
mg/m3 1.5 1.9 1.3 
gr/dscf 0.0007 0.0008 0.0006 

Total organic carbon 
403a 77a mg 8.0 

mg/m3 258 51.7 4.4 
gr/dscf 0.113 0.022 0.002 

acontaminated with isopropanol. 
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No water soluble sulfates were found on NCOG filters and acetone 

rinse residues. Figures 2-1 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 (250°F) front-half temperature], Sampling Trains 3 and 4 

[177°C (350°F) or 204°C (400°F) front-half temperature], Sampling 

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

Train 6 [316°C (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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Figure 2-1. Particulate concentration vs. average actual 
filter temperature during NCOG underfiring. 
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Actual averaqe filter 
temperature. °C (°F) 

TABLE 2-20. NCOG UNDERFIRING CONDITION, TRAINS 1 AND 2 OF QUAD TRAIN 
[121°C {250°F) FRONT HALF] 

Test 'lo. 

1 . 1 1.2 3. 1 3.2 5. 1 5.2 2. 1 2.2 4. 1 4.2 

10/27 10/27 10/28 10/28 10/29 10/29 10/27 10/27 10/28 10/28 

122 125 113 127 124 123 119 128 123 130 
(252) (257) (236) ( 260) ( 255) ( 254) ( 247) (263) (254) (266) 

Sequential heating (2 hours), 177 177 177 204 204 
(350) (350) (350) (400) (400) oc (oF) Amb. Amb. Amb. Amb. Amb. 

Front-half catch 

Particulate (ambient) 
mQ 3 226.9 192.8 55.2 202.0 156.9 34.2 138.6 185.6 36.8 183.1 149.2 24.8 139.9 113.2 41. 7 
mg/m 128.9 115.4 33.0 115.4 94. 5 I 20.6 84. 5 123.7 24.5 115.2 99.5 16.5 141.3 128.6 47.4 
gr/dscf 0.056 0.050 0.014 0.050 0.041 0.009 0.037 0.054 0.011 0.050 0.044 0.007 0.062 0.056 0.021 
:i: loss - - 72 - - 78 - - 80 - - 84 - - 62 

Acid soluble sulfate 
as [H2S04] 

70.4 61.6 0.4 mq 81. 5 - 7.4 - 0.0 85.6 - 3.0 - 0.0 47.5 -
mg/m3 46.3 4.4 40.2 0.0 52.2 2.0 38. 7 0.0 47 .9 0.4 
gr/dscf 0.020 0.002 0.017 0.000 0.023 0.0008 0.017 0.000 0.021 0.0002 

as [H2S04(H20l2l 
10.1 117 .0 4.1 84.2 0.0 64.9 0.5 mg 111.4 - 96.2 - 0.0 - - -

rtg/m3 63.3 6.1 55.0 0.0 71.3 2.7 53.0 0.0 65.6 0.6 
gr/dscf 0.028 0.003 0.024 0.000 0.031 0.004 0.023 0.000 0.029 0.0002 

Back-half cati;h 

Sulfuric acid mist 
741a mg 3 8.9 9.4 3.3 8.6 134.4 - 16.0 11.5 11.9 

mg/m 5.0 5.6 4. 7 5.2 121.0 466 10.7 11. 6 13.5 
gr/dscf 0.002 0.002 0.002 0.002 P.009 0.204 0.005 0.005 0.006 

Sulfur dloidde 
mq 1960 1850 1790 1540 ~070 - 1370 1720 1300 1170 
mg/m3 1114 1108 1023 928 1262 862 1147 1313 1329 
or/dscf 0.486 0.4R4 0.446 0.406 p. 550 0.377 0.502 0.577 0. 58' 
ppm 419 416 384 349 ~74 324 431 494 500 

Inorganic condensibles 

=/m3 
- - - - - 19.0 - - - -

12.7 
gr/dscf 0.006 

Orqanlc condensibles 
mg - - - - - 4.2 - - - -
mg/m3 2.8 
gr/dscf 0.001 

Total organic carbon 
mg - - - - - 58. I - - - -
mq/m3 38. 7 
gr/dscf 0.017 

6.1 6.2 

10129 10/29 

119 126 
(246) (258) 

204 
Amb. (400) 

184.1 150.8 24.2 
112.2 97.9 15. 7 
0.049 0.043 0.007 

- - 84 

71.0 - 0.0 
43.3 - 0.0 
0.019 0.000 

97.0 - 0.0 
59.6 0.0 
0.026 0.000 

24.0 -
14.6 
0.006 

2000 -
1219 
0.532 
458 

- 109.7 
71.2 

0.031 

- 4.0 
2.6 
0.001 

- 42.3 
27. 5 
0.012 



TABLE 2-21. NCOG UNDERFIRING CONDITION, TRAINS 3 AND 4 OF QUAD TRAIN 
[1~1°C {2~0°F) AND 204°C (400°F) FRONT HALF] 

l 77°C ( 350° F) 204 ·c c 4oo•n 
Test No. 1.3 1.4 3.3 3.4 5.3 5.4 2.3 2.4 4.3 4.4 6.3 6.4 

Date(l981) 10121 I 10121 1012s 1012s 10129 10129 10121 10121 1012s 1012s 10/29 10/29 

Actual average filter 170 16g 
temperature, •c (°F) (338) (336) 

Front-half catch 

!>articulate (ambient) j 
mg 3 72.9 I 50.6 
mg/m 43.4 I 30.8 
gr/dscf o.01g : 0.013 

Acid soluble sulfate 
as [H2S04) 

mg 3 
mg/m 
gr/dscf 

as [H2S04(Hz0)2J 
mq 3 
mg/m 
qr/dscf 

Back-half catch 

Sulfuric acid mist 
mo 
mg/m3 

gr/dscf 

I 

9.8 I 
5.8 
0.002 

13.4 
8.0 
0.003 

i 
! 
I 

I 65.4 i 
38.9 
0.017 

4.7 
2.g 
0.001 

6.4 
3.9 
0.002 

56.0 
34. 1 
0.015 

178 
(353) 

87.3 
53.6 
0.023 

25.3 
15. 5 
0.007 

34.6 
21.2 
0.009 

I I 67.2 
41. 2 
0.018 

169 
(336) 

40.3 
25.5 
0.011 

3.7 
2.3 
0.001 

5.0 
1.2 
0.001 

89.2 
56.4 
0.025 

176 
(349) 

50.5 
33.0 
0.014 

9.5 
6.2 
0.003 

13. 0 
8.5 
0.004 

81.5 
53.3 
0.023 

186 
(366) 

32. 1 
22.4 
0.010 

0.0 
0.0 
0.000 

0.0 
0.0 
0.000 

198 
(389) 

46.3 
31. 7 
0.014 

12.2 
3.3 
0.004 

16. 7 
11.4 
0.005 

53.0 
36.3 
0.016 

207 
(404) 

61. 3 
42.6 
0.019 

14.4 
10.0 
0.004 

19. 7 
13. 7 
0.006 

19. 6 
13.6 
0.006 

177 169 
(350) i (337) 

I 
61. l 178.4 
65.7 92.2 
0.028 l 0.040 

193 
(37g) 

I ; 

II ~t~ I 
I 0.010 , 

208 
(407) 

26.9 
20.8 
0.009 

6.4 112.6 I 2.s .. 0.0 
6.9 14.8 11.0 i o.o 
0.003 0.006 ' 0.0008, 0.000 

8.7 17.2 '
1

1 3.8 I o.o 
9.4 20.3 2.5 I 0.0 
0.004 i 0.009 j 0.001 . 0.000 

: ! ! 

. ii;!. I ii;1. ~;!. i -
~-~~~~~~~-+-~~t--~~t--~~~~-+-~~-+-~~+-~~t--~~~~--+-~~-+-~-~~~ 

Sulfur dioxide 
mg 
mg/m3 

gr/dscf 
ppm 

Inorganic condensibles 

1870 
1113 
0.487 
418 

mg -
mgtm3 
gr/dscf 

Organic condensibles 
mg 3 
mg/m 
gr/dscf 

Total organic carbon 
mg carbon 
mg/m3 
gr/dscf 

alsopropanol contaminated. 

1810 
1104 
0.482 
415 

1680 
1031 
0.450 
387 

1620 
1025 
0.448 
385 

1970 
1288 
0.564 
484 

2-30 

101. 2 
70.8 
0.031 

3.2 
2.2 
0.001 

49.2 
34.4 
0.015 

1700 
1164 
0.509 
438 

1610 1250 
1118 1344 
o. 489 ' o. 585 
420 505 

1160 
1365 
0.596 
513 

i 1900 

1

1250 
0.546 
470 

I 

I -

I 11s. 3 
. g1. 7 
i 0.040 

5.9 
4.6 
0.002 

154a 
119.4 
0.052 



TABLE 2-22. NCOG UNDERFIRING CONDITION, TRAIN 5 
[121°C (250°F) FRONT HALF] 

Test No. 1.5 (10/27/81) Test No. 2.5 (10/27/81) 
Actual average filter 128 (263) 125 (257) 

temperature, °C (°F) 

Front-half catch 

Filter half designa- A B A B 
tion 

Sequential heating, 177 177 204 204 316 177 177 204 204 316 
°C (°F) Amb. (350) (350) (400) (400) (600) Amb. (350) (350} {400) {400) (600) 

Heating time, h 2 4 2 4 2 2 4 2 4 2 

Particulate (ambient) 
mg 3 135.3 47.5 41. 7 37.3 34. 5 30.5 90.9 34.0 30.7 29.2 27.7 22.5 
mg/m 94.0 33.0 29.0 25.9 24.0 21.2 60.6 22.7 20.5 19.5 18.5 15.0 
gr/dscf 0.041 0.014 0.013 0.011 0.010 0.009 0.026 0.010 0.009 0.008 0.008 0.006 
'% differenceb - 66 68 73 76 78 - 62 62 69 69 77 

Acid sulfr~es NOC NO 

Total organic carbon Nil NO 

Back-half catch -
lnorqanic condensibles 

68.2 mg 28.2 
mg/m3 19.6 45.5 
gr/dscf 0.008 0.020 

Organic condensibles 
4.8 mg 2.6 

mgtm3 1.8 3.2 
gr/dscf 0.001 0.001 

Total organic carbon 
23.4 44.3 mg carbon 

ma/ml 16.2 29.5 
gr/dscf 0.007 0.013 
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TABLE 2-22 (continued) 

Actual average filter 
temperature, •c (°F) 

Front-half catch 

Filter half desiqna-
tion 

Sequential heatinq, 177 
°C (°F) Amb. (350) 

Heat inq time, h 2 

Particulate (ambient) 
mg 171.2 29.0 
mg/m3 99.5 16.9 
gr/dscf 0.043 0.007 
l differenceb - 84 

Acid sulfates 

Total organic carbon 

Baclr.-hai f catch 

Inorqanic condensibles 
mg 
mg/m3 
11r/dscf 

Organic condensibles 
mg 
mg/m3 
gr/dscf 

Total organic carbon 
mg carbon 
mg/ml 
qr/dscf 

Test No. 3.5 (10/28/81) 

109 (229) 

A 

177 204 204 
(350) (400) (400) 

4 2 4 

26.8 26.2 25.2 
15.6 15.2 14.6 
0.007 0.007 0.006 
84 84 86 

99.1 
57.6 
0.025 

3.2 
1.9 
0.001 

77.3 
44.9 
0.020 

Test No. 4.5 (10/28/81) 
130 (266) 

B A B 

316 177 177 204 204 316 
(600) Amb. (350) (350) (400) (400) (600) 

2 l 4 l 4 2 

22.0 174. 5 137.3 128.8 112.4 104. 7 99.0 
12.8 80.0 63.0 59. 1 51.6 .i8.o 45.4 
0.006 0.035 0.028 0.026 0.022 0.021 0.020 
86 - 20 26 37 40 43 

ND ND 

ND ND 

65.7 
30.1 
0.013 

3. 1 
1.4 
0.001 

14.3 
6.6 
0.003 
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TABLE 2-22 (continued) 

Test Ho. 5.5 (10/2g/81) 

Actual average filter 116 (240) 
temperature, •c (°F) 

Front-half catch 

Filter half deslgna-
tlon 

Sequential heating, 177 177 
•c ( ·n Amb. (350) (350) 

Heating time, h 2 4 

Particulate (ambient) 
mq 3 221.0 50.4 44.2 
mg/m 137.3 31.3 27.4 
gr/dscf 0.060 0.014 0.012 
i d I fferenceb - 77 80 

Ac id sulfates 

Total organic carbon 

Back-half catch 

Inorganic condensibles 

:::/ml 
gr/dscf 

Organic condensibles 
mg 
mg/m3 
gr/dscf 

Total organic carbon 
mg ~rbon 
mg/ 
gr/dscf 

aA11 weights corrected to entire filter catch. 
bcalculated from concentration. 

A 

204 
(400) 

2 

36.2 
22.5 
0.010 
83 

20.g 
13.0 
0.006 

6.3 
3.g 
0.002 

11.B 
7.3 
0.003 

204 
(400) 

4 

32.3 
20.1 
o.oog 
85 

cNO = Hot detectable, sample response equaled blank response. 

Test No. 6.5 (10/2g/81) 
llg (246) 

8 A 8 

316 177 177 204 204 316 
(600) Amb. (350) (350) (400) (400) (600) 

2 2 4 2 4 2 

27.7 1g5,7 42.3 37.6 33.2 30.3 25.8 
17.2 118.6 25.6 22.8 20.1 18.4 15.6 
0.008 0.052 0.011 0.010 o.oog 0.008 0.007 
87 - 7g 81 83 85 86 

NO NO 

tlO NO 

20.0 
12. 1 
0.005 

6.4 
3.g 
0.002 

15. 2 
9.2 
0.004 



TABLE '2-23. NCOG UNDERFIRING CONDITION, TRAIN 6 
[316°C (600°F} FRONT HALF] 

Test No. 
l. 6 2.6 3.6 4.6 5.6 

Date (1981) 10/27 l 0/27 10/28 l 0/28 l 0/29 

Actual average filter 320 316 293 328 324 
temperature, °C (°F} (608) (600) (560) (622) ( 616) 

Front-half catch 

Particulate (ambient) 
mg 3 27.0 39.5 36.0 69.7 24.9 
mg/m 19. 0 23.9 19.6 62.8 16. 2 
gr/dscf 0.008 0. 010 0.008 0.027 0.007 

Acid soluble sulfate 
as [H2S04] 

mg 3 0.0 2.6 4.2 0.0 0.0 
mg/m 0.0 l. 6 2.3 0.0 0.0 
gr/dscf 0.000 0. 001 0.001 0.000 0.000 

as [H2S04(H20)2J 
mg 3 0.0 3.5 5.7 0.0 0.0 
mg/m 0.0 2. l 3. l 0.0 0.0 
gr/dscf 0.000 0. 001 0.001 0.000 0.000 

Back-half catch 

Sulfuric acid mist 
606a mg 157 164 73.7 129 

mg/m3 426.8 95.7 89. l 66.4 83.8 
gr/dscf 0. 187 0. 041 0.039 0.029 0.036 

Sulfur dioxide 

~~/m3 
1120 1940 1720 1550 2050 
789 1176 935 1396 1331 

gr/dscf 0.346 0. 512 0.408 0. 611 0. 581 
ppm 296 442 351 525 500 

aHydrogen peroxide contaminated. 

2-34 

6.6 

l 0/29 

302 
( 576) 

30.9 
19. 6 
0.008 

0.0 
0.0 
0.000 

0.0 
0.0 
0.000 

115 
72.8 
0.032 

2010 
1272 
0.555 
478 
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TABLE 2-24. DCOG UNDERFIRING CONDITION, TRAINS l AND 2 OF QUAD TRAIN 

01. 1 01 .2 

Date (1981) 12/8 12/8 

Actual average filter 119 133 
temperature, •c (°F) (246) (272) 

Sequential heating (2 hours), 316 177 
•c ( •F) (600) l'tnb. (350) 

Front-half catch 

Particulate (ambient) 
mg 3 32.6 37.4 22.0 
111g/m 26.1 33.4 19.6 
gr/dscf 0.011 0.014 0.008 
I loss - - 41 

Acid soluble sulfate 
as [H2S04(H2Dl2J 

o.o 2.7 mg 3 -
mg/m 0.0 2.4 
gr/dscf 0.000 0.001 

Water soluble sulfate 
as [so4=1 

.o. 3 2.1 mg -
mg/ml 0.2 1.9 
gr/dscf o. 004 0.001 

Back-ha 1 f catch 

Sulfuric acid mist 
115b mg 3 3.5 

mg/m 92 3. 1 
gr/dscf 0. 040 0.001 

Sulfur dioxide 
mg 3 69.7 116.1 
mg/m 55.8 103.7 
gr/dstf 0.024 o. 045 
ppm 21 39 

Inorganic condensibles 
mg 
mg/m3 - -
gr/dscf 

Organic condensibles 
mg 3 - -
mg/m 
gr/dscf 

Total organic carbon 
mg ~rbon - -
mg/ 
gr/dscf 

aAcetone rinse contaminated with oil. 
~ydrogen peroxide contaminated. 
clsopropanol contaminated. 

[121°C (250°F) FRONT ~ALF] . 
·- ... -- -

Test No. 

02.1 02.2 05.1 05.2 03.1 03.2 IJ4. 1 04. 2 06.1 

12/10 12/10 12/12 12/12 12/11 12/11 12/12 12/12 12/13 

118 109 123 127 120 132 148 126 132 
(244) ( 229) (253) (261) (248) (270) (299) (259) 270) 

177 177 204 204 
Amb. (350) Amb. (350) Amb. (400) Amb. (400) 

249.9 38.3 24.6 23.3 20.0 8.7 38.6 34.5 18. 1 28.5 45.2 13.5 12.2 
178.5 21. 5 13.R 13.4 11. 5 5.0 26.1 21.3 11.2 16.9 26.7 8.0 7 .8 
0.078 0.009 O.OOf 0.006 0.005 0.002 0.011 0.009 0.00! 0.007 0.012 0.003 0.003 

- - 36 - - 56 - - 47 - - 70 -

1.4 - 3.5 4.6 - 1. 1 0.4 - 2.5 0.0 - 0.0 0.0 
1.0 2.0 2.6 0.6 0.3 1.5 0.0 0.0 0.0 

0.0004 0.001 0.001 0.000 0.0001 0.001 0.000 0.00( 0.000 

0.9 - 2.0 3.7 - 1. 7 6.0 - 0.0 0.0 - 0.9 0.0 
0.6 1 . 1 2.1 1.0 4.0 0.0 0.0 0.5 0.0 

0.0003 0.001 0.001 0.001 0.002 o.ooc 0.000 O.OOOl 0.000 

13.7 14.4 8.8 - 84.0b 7.0 42.3b 15.9 13.2 
g.8 8.1 5.0 56.8 4.3 25.0 g.4 8.5 

0.004 0.004 0.002 0.025 0.002 0.011 0.004 0.004 

120.8 159.4 31.8 - 90.1 152.8 135.6 130.5 18.3 
86.3 89.6 75.7 60.9 94.3 80.2 77 .2 75.8 

0.038 0.039 0.033 0.026 0.041 0.035 0.034 tl.033 
32 34 28 23 35 30 30 28 

- - - 74.5 - - - - -
42.8 

0.019 

- - - 0. 70 - - - - -
0.40 

0.0002 

- - - 202c - - - - -
116 

0.050 

06.2 

12/13 

120 
(248) 

204 
Amb. (400) 

21.1 5.4 
13.5 3.5 
0.006 0.001 
- 74 

- 0.0 
0.0 
0.000 

- 0.0 
0.0 
0.000 

-

-

55.2 
35.4 

0.015 

2.4 
1.5 

0.0007 

403c 
258 

0.113 



TABLE 2-25. DCOG UNDERFIRING CONDITION, TRAINS 3 AND 4 OF QUAD TRAIN 
[177°C (350°F) Arm 204°C (400°F) FRONT llALF] 

Test No. 01 .3 

Date (lg81) 12/8 

Actual average filter 
temperature, °C (°F) 1go (374) 

Front-ha 1f catch 

Particulate (ambient) 
mg 3 34.0 
mg/m 2g.3 
gr/dscf 0.013 

Acid soluble sulfate 
as [H2S04(H20l2l 

mg 0.0 
mg/m3 o.o 
gr/dscf 0.000 

Water soluble sulfate 
as [s04=] 

mg 3 2.5 
mg/m 2. 1 
gr/dscf 0.001 

Back-half catch 

Sulfuric acfd mfst 
mg 3 g.3 
mg/m 8.0 
gr/dscf 0.004 

Sulfur dfoxfde 
mg 3 117.0 
mg/m 100.g 
gr/dscf 0.044 
ppm 38 

Inorganic condenslbles 
mg 3 -
mg/m 
gr/dscf 

Organic condenslbles 
mg 
mg/m3 -
gr/dscf 

Total organic carbon 
mg carbon -
mg/m3 
gr/dscf 

aHydrogen peroxide contaminated. 
blsopropanol contaminated. 

177"C ( 350°F) 
01.4 02.3 02.4 

12/8 12/10 12/10 

167 (333) 184 (363) lg7 (387) 

43.3 34.8 37.2 
38.7 20.4 20.8 

0.017 o.oog o.oog 

0.0 0.8 0.5 
o.o 0.5 0.3 

0.000 0.0001 0.0001 

0.0 3.5 4.8 
0.0 2.0 2.7 

0.000 0.001 0.002 

g,2 8.7 54.8a 
8.2 5.1 30.6 

0.004 0.002 0.013 

115.8 155.0 131.8 
113.4 go.6 73.6 
0.045 0.040 0.032 

3g 34 28 

- - -

- - -

- - -

204°( (400"F) 
05.3 05.4 03.3 03.4 04.3 

12/12 12/12 12/11 12/11 12/12 

181 (357) 177 (351) 211 (411) 204 (400) zog (409) 

16.3 lg .1 30.g 38.7 24.8 
10.4 11.g 22.1 26.g 16.6 

0.004 0.005 0.010 0.012 0.007 

3.0 0.8 0.0 2.6 o.g 
1.g 0.5 0.0 1.8 0.6 

0.001 0.0002 0.000 0.001 0.0003 

1.6 3.8 4.1 0.8 3.2 
1.0 2.4 2.g 0.5 2.' 

0.0004 0.001 0.002 0.0003 0.001 

7.8 - 12.0 8.2 6.7 
5.0 8.6 5.7 4.5 

0.002 0.004 0.002 0.002 

123.6 - 130.8 143.4 118.3 
79.2 g3.4 gg,6 7g_4 

0.035 0.041 0.043 0.035 
30 35 37 30 

- 158.1 - - -
98.8 

0.043 

- 4.0 - - -
2.5 

0.001 

- 572b - - -
357 
0.156 

04.4 06.3 06.4 

Vold 12/13 12/13 
run 

204 ( 3gg) 21g (427) 

15.6 12.0 
10.8 8.0 

0.005 0.004 

1.4 0.0 
1.0 0.0 

0.0004 0.000 

0.0 0.0 
o.o 0.0 

0.000 0.000 

7.5 -
5.2 

0.002 

113.3 -
78.1 

0.034 
2g 

- 144.2 
g6.8 

0.042 

- 2.8 
1.g 

0.0008 

- 77b 
51.7 
0.022 
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Actual average filter 
temperature. °C (°F) 

Front-half catch 

Filter half deslgna-
tlon 

Sequential heating. oc (OF) 

Heating time, h 

Particulate (ambient) 
mg 3 
mg/m 
gr/dscf 
% d I fferenceb 

Ac Id sulfates 
as [H2S04(H20)2] 

mq 
mg/m3 
gr/dscf 

Water soluble sulfate 
as [so4=] 

mg 
mq/m3 
gr/dscf 

Total organic carbon 

Back-half catch 

Inorganic condenstbles 
mg 3 
mg/m 
gr/dscf 

Organic condenslbles 
mg 3 
mg/m 
gr/dscf 

Total organic carbon 
mg carbon 
mg/ml 
gr/dscf 

Amb. 

32.6 
26. 1 
0.011 

-

TAB.LE 2-26. DCOG UNDER FIRING CONDITION, TRAIN 5 
[121°C (250°F) FRONT HALF] 

Test No. 01.1 ( 12/8/81) Test No. 02.5 (12/10/81) 
119 (246) 126 (258) 

A 8 A 8 

177 177 204 204 316 177 177 204 204 316 
(350) (350) (400) (400) (600) Amb. (350) (350) (400) (400) (600) 

2 4 2 4 2 2 4 2 4 2 

21.8 21. 1 16.8 16.4 14.6 41. 1 23.4 19.2 18.8 17.7 15.1 
17.4 16.9 13.4 13. 1 11. 7 22.3 12.7 10.4 10.2 9.6 8.2 
0.008 0.007 0.006 0.006 0.005 0.010 0.005 0.004 0.004 0.004 0.003 
33 35 49 50 55 - 43 53 54 57 63 

0.0 0.0 
0.0 0.0 
0.000 0.000 

<0.3 0.0 
"'0.2 0.0 
<0.0001 0.000 

NOC ND 

N/Ad 152.6 
82.9 
0.036 

NIA 0.8 
0.4 
0.0002 

N/A 8.6 
4.7 
0.002 
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TABLE 2-26 (continued) 

Actual average filter 
temperature, •c (°F) 

Front-half catch 

Filter half deslgna-
tlon 

Sequential heating, 177 
·c ( •F) Amb. (350) 

Heating time, h 2 

Particulate (ambient) 
mg 3 35.0 22.2 
mg/m 19.6 12.4 
gr/dscf 0.008 0.005 
,; d I fferenceb - 37 

Ac Id sui fates 
as [H2S04(Hz0)2J 

mg 
mg/ml 
9r/dscf 

Water soluble sulfate 
as [s04=] 

~{ml 
gr"fdscf 

Total organic car"bon 

Sack-half catch 

Inorganic condenslbles 
mg 
mgtm3 
gr"fdscf 

Or"ganlc condenslbles 
mg 
mgtm3 
gr"/dscf 

Total organic car"bon 
mg ~rbon 
mg{ 
gr"fdscf 

Test No. 03.5 (12/11/81) 
123 (254) 

A 

177 204 204 
(350) (400) (400) 

4 2 4 

19.9 15.7 15.7 
11. 1 8.8 8.8 
0.005 0.004 0.004 
43 55 55 

0.0 
o.o 
0.000 

0.9 
0.5 
0.0002 

28.9 
16. 1 
0.007 

2.0 
1.1 
0.0005 

l.4 
1.9 
0.0008 

test No. 04.5 (12/12/81) 
128 (263) 

8 A 8 

316 177 177 204 204 316 
(600) Amb. (350) (350) (400) (400) (600) 

2 2 4 2 4 2 

13.4 31.2 21. 7 20.2 15.1 14.9 12.3 
7.5 17.8 12 .4 11. 5 8.6 8.5 7.0 
0.003 0.008 0.005 0.005 0.004 0.004 0.005 
62 - 34 35 52 52 61 

0.0 
0.0 
0.000 

0.0 
0.0 
0.000 

ND ND 

84.5 
48.3 
0.021 

2.9 
1.6 
0.0007 

8.5 
4.8 
0.002 
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TABLE 2-26 (continued) 

Test No. 05.5 (12/12/81) 

Actual average filter 122 (251) 
temperature, •c (°F) 

Front-half catch 

Fflter half designa- A 
tion 

Sequential heating, 177 177 204 
°C (°F) "1!b. (350) (350) (400) 

Heating tfme, h 2 4 2 

Particulate (ambient) 
mg 3 15.9 6.9 5.3. 4.5 
mg/m 9.4 4.1 3.1 2.7 
gr/dscf 0.004 0.002 0.001 0.001 
i dlfferenceb - 56 67 71 

Ac Id sulfates 
as [H2s04(H20)2J 

0.0 mg 3 
mg/m 0.0 
gr/dscf 0.000 

Water soluble sulfate 
as [S04-] 

mg 3 0.0 
mg/m 0.0 
gr/dscf 0.0002 

Total organic carbon 

Back-half catch 

Inorganic condenslbles 
mg 3 15.6 
mg/m 9.2 
gr/dscf 0.004 

Organic condensibles 
mg 3 1.4 
mq/m 0.8 
9r/dscf 0.0004 

Total organic carbon 
mq carbon 3.6 
mq/rriJ 2.1 
gr/dscf 0.0009 

aAll weights corrected to entire filter catch. 
bCalculated from concentration. 

204 
(400) 

4 

4.5 
2.7 
0.001 
71 

'No = Not detectable, sample response similar to blank response. 
dN/A = Not analyzed. 

Test No. 06.5 (12/13/81) 
131 (267) 

B A 8 

316 177 177 204 204 316 
( 600) Amb. (350) (350) (400) (400) (600) 

2 2 4 2 4 2 

2.4 19.9 13.6 12.8 11. 5 11. 3 4.4 
1.4 10.9 7.4 7.0 6.3 6.2 2.4 
0.001 0.005 0.003 0.003. 0.003 0.003 0.001 
85 - 32 26 42 43 78 

0.0 
0.0 
0.000 

0.0 
0.0 
0.000 

ND ND 

. 10.0 
5.5 
0.002 

2.4 
1.3 
0.0006 

8.0 
4.4 
0.002 



N 
I 

""" c 

Date (1981) 

Actual average filter 
temperature, °C (°F} 

Front-half catch 

Particulate (ambient) 
mg 
mg/m3 
gr/dscf 

Acid soluble sulfate 
dS [H2S04(H20)2] 

mg 
mg;m3 
gr/dscf 

Water soluble sulfate 
as [S04"'] 

mg 3 
mg/m 
gr/dscf 

Back-ha 1 f catch 

Sulfuric acid mist 
mg 3 
mg/m 
gr/dscf 

Sulfur dioxide 
mg 
mg/m3 
gr/dscf 
ppm 

TABLE 2-27. DCOG UNDERFIRING CONDITION, TRAIN 6 
[316°C (600°F) FRONT HALF] 

Test No. 
01 .6 02.6 03.6 04.6 05.6 

1218 12/10 12/11 12/12 12/12 

268 (515) 298 (569) 280 (536) 325 (617) 316 (600) 

27.3 30.3 25.5 17.5 12.9 
28.4 18.0 14.8 10.5 8.0 
0.012 0.008 0.006 0.004 0.003 

o.o < 0.4 0.0 0.0 0.4 
o.o < 0.3 0.0 0.0 0.2 

0.00\l < 0.0001 O.uOO 0.000 0.0001 

1.6 < 0.3 2.2 0.0 1.4 
1. 7 < 0.2 1.3 O.iJ 1.9 

0.001 < 0.0001 0.001 0.000 O.Ou05 

6.3 10. 7 12.8 74.7a 8.2 
6.6 6.4 7.4 44.7 5. 1 

0.003 0.003 0.003 0.020 0.002 
-· ·---

97.9 152. 8 169.1 90. l 129.0 
102.0 91.0 98.3 54.0 79.6 
0.044 0.040 0.043 0.024 0.035 
38 34 37 20 30 

a 
Hydrogen peroxide contaminated. 

06.6 

12113 

319 (607) 

9.2 
6.3 

0.003 

0.3 
0.2 

0.0001 

0.0 
0.0 

0.000 

11.4 
7.9 

0.003 

110.1 
75.9 

0.033 
28 



2.3 COMPARISON OF PARTICULATE RESULTS AT SELECTED TEMPERATURES 

Selected particulate samples collected at a probe and filter 

temperature of approximately 121°C (250°F) were sequentially 

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

and 316°C (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 177°C (350°F). 

Therefore, a sample was sequentially heated in 14°C (25°F) 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 [177°C (350°F) versus 121°C (250°F), but analyzing after 

heat treatment at 177°C (350°F); 204°C (400°F) versus 121°C 

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

316°C (600°F) versus 121°C (250°F) but analyzing after treatment 

at 316°C (600°F)] for NCOG underfiring. Tables 2-34 through 2-36 

present these data for DCOG underfiring. 

2-41 



TABLE 2-28. RESULTS OF SEQUENTIAL HEATING OF SELECTED NCOG 
UNDERFIRING TEST SERIES SAMPLES 

Sequential 
heat in 

Ambient 
177 (350) 
177 (350) 
204 (400) 
204 (400) 
316 ( 600) 

Ambient 
177 (350) 
177 (350) 
204 (400) 
204 (400) 
316 (600) 

Ambient 
177 (350) 
177 (350) 
204 (400) 
204 (400) 
316 (600) 

Ambient 
177 (350) 
177 (350) 
204 (400) 
204 (400) 
316 (600) 

Ambient 
177 (350) 
177 p5o) 
204 400) 
204 ~400) 
316 600) 

Ambient 
177 (350) 
177 (350) 
204 (400) 
204 (400) 
316 (600) 

- 82.3 
2 26. l 
4 21.6 
2 17 .8 
4 15.6 
2 12.5 

- 62.8 
2 18.4 
4 15.5 
2 14.4 
4 13.3 
2 10.3 

- 74.5 
2 10.6 
4 8.6 
2 8.4 
4 7.8 
2 5.6 

- 59.8 
2 34.8 
4 2g.8 
2 22.4 
4 16.8 
2 14.0 

- 117.0 
2 27 .6 
4 24.7 
2 17.9 
4 17 .4 
2 10.9 

- 108. 1 
2 28.6 
4 25.9 
2 21.9 
4 19.8 
2 16.5 

mg 

Sampling Train 1.5 

- 53.0 
68 21.4 
74 20. 1 
78 19.5 
81 18.9 
85 18.0 

Sampling Train 2.5 

- 28.1 
71 15.6 
75 15.2 
77 14.8 
79 14.4 
83 12.2 

Sampling Train 3.5 

- 96.7 
86 18.4 
88 18. 2 
89 17 .8 
89 17 .4 
92 16.4 

Sampling Train 4.5 

- 114. 7 
42 102.5 
50 99.0 
62 90.0 
72 87.9 
77 85.0 

Sampling Train 5.5 

- 103.2 
76 22.8 
79 19.5 
85 18.3 
87 17 .6 
91 16.8 

Sampling Train 6.5 

- 87.6 
73 13. 7 
76 11. 7 
80 11.3 
82 10. 5 
85 9.3 

2-42 

- 135.3 -
60 47.5 65 
62 41.7 69 
63 37.3 72 
64 34.5 74 
66 30.5 77 

- 90.9 -
44 34.0 63 
46 30.7 66 
47 29.2 68 
49 27.7 69 
56 22.5 75 

- 171.2 -81 29.0 83 
81 26.8 84 
82 26.2 85 
82 25.2 85 
83 22.0 87 

- 174.5 -
11 137 .3 21 
14 128.8 26 
21 112.4 35 
23 104. 7 40 
26 99.0 43 

- 221.0 -
78 50.4 77 
81 44.2 80 
82 36.2 84 
83 32.3 85 
84 27.7 87 

- 195.7 -
84 42.3 78 
87 37.6 81 
87 33.2 83 
88 30.3 84 
89 25.8 87 



TABLE 2-29. RESULTS OF SEQUENTIAL HEATING OF SELECTED DCOG 
UNDERFIRING TEST SERIES SAMPLES 

Sequential 
heat in 

emperature, T me, 
°C (°F) h mg 

Ambient - 18.0 
177 r50) 2 8.4 
177 350~ 4 7.9 
204 400 2 5.4 
204 ( 400) 4 5.4 
316 ( 600) 2 3.8 

Ambient - 24.4 
177 (350) 2 11.0 
177 (350) 4 9.3 
204 (400) 2 8.9 
204 (400) 4 8.0 
316 (600) 2 6.2 

Ambient - 18.9 
177 (350) 2 7.3 
177 (350) 4 6.0 
204 (400) 2 5.3 
204 (400) 4 5.3 
316 (600) 2 4.2 

Ambient - 19.6 
177 (350) 2 13.4 
177 (350) 4 13., 
204 (400) 2 7.6 
204 (400) 4 7.6 
316 (600) 2 6.0 

Ambient - 9.5 
111 pso) 2 2.6 
177 350) 4 2.5 
204 (400) 2 2.5 
204 (400) 4 2.5 
316 (600) 2 1.4 

Ambient - 12. 6 
177 (350) 2 8.4 
177 (350~ 4 7.8 
204 (400 2 6.5 
204 (400) 4 6.5 
316 (600) 2 1.0 

mg 

Sampling Train 01.5 

- 14.6 
53 13.4 
56 13.2 
70 11.4 
70 11.0 
79 10.8 

Sampling Train 02.5 

- 16.7 
SS 12.4 
62 9.9 
63 9.9 
67 9.7 
74 S.9 

Sampling Train 03.5 

- 16. l 
61 14.9 
68 13.9 
72 10.4 
72 10.4 
78 9.2 

Sampling Train 04.5 

- 11. 6 
32 8.3 
33 7. 1 
61 7.5 
61 7.3 
69 6.3 

Sampling Train 05.5 

- 6.4 
72 4.3 
74 2.8 
74 2.0 
74 2.0 
85 1.0 

Sampling Train 06.5 

- 7.3 
33 5.2 
38 5.0 
48 5.0 
48 4.8 
92 3.4 

2-43 

- 32.6 -
8 21.8 33 
9 21. l 35 

22 16.8 48 
25 16.4 so 
26 14.6 55 

- 41. l -
26 23.4 43 
41 19.2 53 
41 18.8 54 
42 17. 7 57 
47 15. 1 63 

- 35.0 -
7 22.2 36 

14 19. 9 43 
35 15. 7 55 
35 15. 7 55 
43 13.4 62 

- 31.2 -
28 21. 7 30 
39 20.2 35 
35 15.1 52 
37 14.9 52 
46 12.3 60 

- 15. 9 -
33 6.9 57 
56 5.3 67 
69 4.5 72 
69 4.5 72 
84 2.4 85 

- 19.9 -
29 13.6 32 
31 12.8 36 
31 11. 5 42 
34 11.3 43 
53 4.4 78 



Sequential 
heating 

Temperature, Time, 
oc (OF) h 

Ambient -

135 (275) 2 
4 

149 (300) 2 
4 

163 (325) 2 
4 

177 ( 350) 2 
4 

204 (400) 2 
4 

316 (600) 2 

TABLE 2-30. RESULTS OF SEQUENTIAL HEATING OF 
SELECTED NCOG UNDERFIRING TEST SERIES RUN 8.5, FRONT HALF 

Particulate weiaht 
Front-half rinse Filter Total Source concentration 

% weignt % weight % weight 
mg/m3 mg loss mg loss mg loss gr/dscf 

85.4 - 98.5 - 183.9 - 129.5 0.056 
32.3 62 43.2 56 75.5 59 53.2 0.023 
23.9 72 42.8 56 66.7 64 47.0 0.021 
22. 1 74 42.4 57 64. 5 65 45.4 0.020 
20. 1 76 42.3 57 62.4 66 43.9 0.019 
18. 7 78 42.3 57 61.0 67 43.0 0.019 
17.6 79 42.3 57 59.9 67 42.2 0.018 
15. 7 82 42.2 57 57.9 68 40.8 0.018 
15. 3 82 42.l 57 57.4 69 40.4 0.017 

11. 3 87 41.6 58 52.9 71 37.2 0.016 
10.0 88 40.9 58 50.9 72 35.8 0.016 

6.4 92 39.2 60 45.6 75 32. 1 0.014 
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Figure 2-4. Average percent weight loss from Sampling Train 5, 
121°C {250°F) front-half temperature, due to heat conditioning 

prior to weighing {NCOG underfiring). 
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~TABLE 2-31. COMPARISON OF PARTICULATE CONCENTRATIONS DETERMINED 
FROM SAMPLING AT TWO DIFFERENT TEMPERATURES UNDER NCOG UNDERFIRING 

CONDITIONS: 177°C (350°F} VS. 121°C (250°F} BUT ANALYZING 
AFTER TREATMENT AT 177°C {350°F) 

Sequential 
Actual filter heating Front-half catch 

Date temperature, temperature, Heating oarticulate 
Test No. ( 1981) oc (OF) oc (OF) time, h mg mg/mJ gr/dscf 

1.2 10/27 125 ( 257} 177 (350) 2 55.?. 33.0 0.014 

l. 3 10/27 170 (338) No - 72.9 43.4 0.019 

1.4 10/27 169 ( 336} No - 50.6 30.8 0.013 

1. 5 10/27 128 (263} 177 ( 350) 2 47.5 33.0 0.014 
177 (350} 4 41. 7 29.0 0.013 

2.5 l 0/27 125 (257) 177 (350) 2 34.0 22.7 0.010 
177 ( 350} 4 30.7 20.5 0.009 

3.2 10/28 127 ( 260) 177 (350) 2 34.2 20.6 0.009 

3.3 10/28 178 (353} No - 87.3 53. 6 0.023 

3.4 10/28 169 (336} No - 40.3 25.5 0.011 

3.5 10/28 109 (229} 177 (350) 2 29.0 16. 9 0.007 
177 (350) 4 26.8 15. 6 0.007 

4.3 10/28 177 ( 350} No - 61.1 65.7 0.028 

4.4 10/28 169 (337} No - 78.4 92.2 0.040 

4.5 10/28 130 (266} 177 (350} 2 137.3 63.0 0.028 
177 (350) 4 128. 8 . 59.l 0.026 

5.2 10/29 123 ( 254} 177 (350} 2 36.8 24.5 0.011 

5.3 10/29 176 (349) No - 50. 5 33.0 0.014 

5.4 10/29 186 (366} No - 32.l 22.4 0.010 

5.5 10/29 116 ( 240) 177 (350) 2 50.4 31.3 0.014 
177 ( 350} 4 44.2 27.4 0.012 

6.5 10/29 119 (246} 177 (350) 2 42.3 25.6 0. 011 
177 (350} 4 37.6 22.8 0.010 
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TABLE .2-32. COMPARISON OF PARTICULATE CONCENTRATIONS DETERMINED 
FROM SAMPLING AT TWO DIFFERENT TEMPERATURES UNDER NCOG UNDERFIRING 

CONDITIONS: 204°C (400°F) VS. 121°C (250°F) BUT ANALYZING 
AFTER TREATMENT AT 204°C (400°F) 

Sequential 
Actual filter heating Front-half catch 

Date temperature, temperature, Heating :>articulate 
Test No. ( 1 981 ) oc (oF) oc (oF) time, h mg mg/m3 gr/dscf 

1. 5 10/27 128 (263) 204 {400) 2 37.3 25.9 0. 011 
204 (400) 4 34.5 24.0 0.010 

2.2 10/27 128 (263) 204 (400) 2 24.8 16. 5 0.007 

2.3 10/27 198 (389) No - 46.3 31. 7 0.014 

2.4 l 0/27 207 (404) No - 61.3 42.6 0.019 

2.5 l 0/27 125 (257) 204 (400) 2 29.2 19.5 0.008 
204 (400) 4 27.7 18.5 0.008 

3.5 10/28 109 {229) 204 (400) 2 26.2 15. 2 0.007 
204 (400) 4 25.2 14.6 0.006 

4.2 l 0/28 130 (266) 204 (400) 2 41. 7 47.4 0.021 

4.5 10/28 130 ( 266) 204 (400) 2 112. 4 51. 6 0.022 
204 (400) 4 104.7 48.0 0. 021 

5.5 10/29 . 116 (240) 204 (400) 2 36.2 22.5 0.010 
204 (400) 4 32.3 20. 1 0.009 

6.2 10/29 126 ( 258) 204 (400) 2 24.2 15. 7 0.007 

6.3 10/29 193 (379) No - 34.3 22.6 0. 010 

6.4 l 0/29 208 {407) No - 26.9 20.8 0.009 

6.5 10/29 119 (246) 204 (400) 2 33.2 20. l 0.009 
204 (400) 4 30.3 18.4 0.008 
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TABLE 2-33. COMPARISON OF PARTICULATE CONCENTRATIONS DETERMINED 
FROM SAMPLING AT TWO DIFFERENT TEMPERATURES UNDER NCOG UNDERFIRING 

CONDITIONS: 316°C (600°F) VS. 121°C (250°F) BUT ANALYZING 
AFTER TREATMENT AT 315°C (600°F) 

Sequential 
Actual fi Her heating Front-half catch 

Date temperature, temperature, Heating oarticulate 
Test No. ( l 981 ) oc (oF) oc ( o F) time, h mg mg/mJ gr/dscf 

1. 5 l 0/27 128 (263) 316 (600) 2 30.5 21. 2 0.009 

1. 6 10/27 320 (608) No - 27.0 19. 0 0.008 

2.5 10/27 125 (257) 316 ( 600) 2 22.5 15. 0 0.006 

2.6 10/27 316 (600) No - 39. 5 23.9 0.010 

3.5 10/28 109 (229) 316 (600) 2 22.0 12.8 0.006 

3.6 10/28 293 (560) No - 36.0 19.6 0.008 

4.5 10/28 130 (260) 316 ( 600) 2 99.0 45.4 0.020 

4.6 10/28 328 (622) No - 69.7 62.8 0.027 

5.5 10/29 116 (240) 316 (600) 2 27.7 17.2 0.008 

5.6 10/29 324 (616) No - 24.9 16. 2 0.007 

6.5 10/29 119 (246) 316 ( 600) 2 25.8 15. 6 0.007 

6.6 10/29 302 ( 576) No - 30.9 19.6 0.008 
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TABLE 2-34. ! COMPARISON OF PARTICULATE CONCENTRATIONS DETERMINED 
FROM SAMPLING AT TWO DIFFERENT TEMPERATURES UNDER DCOG UNDERFIRING 

CONDITIONS: 177°C (350°F) VS. 121°C (250°F) BUT ANALYZING 
AFTER TREATMENT AT 177°C (350°F) 

Sequential 
Actual filter heating Front-half catch 

Date temperature, temperature, Heating )articulate 
Test No. ( 1981) oc (OF) oc (OF) time, h mg mg/m3 gr/dscf 

Dl. l 12/8 119 (246) 177 (350) 2 2LR 17. 4 0.008 
4 21.1 16. 9 0.007 

Dl. 2 12/8 133 (272) 177 (350) 2 22.0 19. 6 0.008 

Dl. 3 12/8 190 (374) - - 34.0 29.3 0.013 

Dl.4 12/8 167 (333) - - 43.3 38.7 0.017 

D2.2 12/10 109 (229) 177 (350) 2 24.6 13.8 0.006 

D2.3 12/10 184 (363) - - 34.8 20.4 0.009 

D2.4 12/10 197 ( 387) - - 37.2 20.8 0.009 

02.5 12/l 0 126 ( 258) 177 ( 350) 2 23.4 12.7 0.005 
4 19.2 10.4 0.004 

03.5 12/11 123 ( 254) 177 (350) 2 22.2 12.4 0.005 
4 19.9 11. l 0.005 

04. 5 12/12 128 ( 263) 177 (350) 2 21. 7 12. 4 0.005 
4 20.2 11. 5 0.005 

05.2 12/12 127 (261) 177 (350) 2 8.7 5.0 0.002 

05.3 12/12 181 (357) - - 16. 3 l 0.4 0.004 

05.4 12/12 177 (351) - - 19. 1 11. 9 0.005 

05.5 12/12 122 (251) 177 (350) 2 6.9 4. l 0.002 
4 5.3 3. l 0.001 

06.5 12/13 131 (267) 177 (350) 2 13.6 7.4 0.003 
4 12 .8 7.0 0.003 
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TABLE 2-35., COMPARISON OF PARTICULATE CONCENTRATIONS DETERMINED 
FROM SAMPLING AT TWO DIFFERENT TEMPERATURES UNDER DCOG UNDERFIRING 

CONDITIONS: 204°C (400°F) VS. 121°C (250°F) BUT ANALYZING 
AFTER TREATMENT AT 204°C (400°F) 

Sequential 
Actual f i l t.er heating Front-half catch 

Date temperature, temperature, Heating Jarticulate 
Test No. ( 1981) oc (OF) oc (oF) time, h mg mg/m3 gr/dscf 

Dl. l 12/8 119 ( 246) 204 (400) 2 16.8 13. 4 0.006 
4 16. 4 13. l 0.006 

D2.5 12/10 126 (258) 204 (400) 2 18.8 10.2 0.004 
4 17. 7 9.6 0.004 

D3.2 12/11 132 (270) 204 (400) 2 18. l 11. 2 0.005 

03.3 12/11 211 (411) - - 30.9 22.l 0.010 

03.4 12/11 204 (400) - - 38.7 26.9 0.012 

03.5 12/11 123 ( 254) 204 (400) 2 15. 7 8.8 0.004 
4 15. 7 8.8 0.004 

D4.2 12/12 126 (259) 204 (400) 2 13.5 8.0 0.003 

04.3 12/12 209 (409) - - 24.8 16. 6 0.007 

04.5 12/12 128 (263) 204 (400) 2 15. l 8.6 0.004 
4 14.9 8.5 0.004 

05.5 12/12 122 ( 251) 204 (400) 2 4.5 2.7 0.001 
4 4.5 2.7 0.001 

06.2 12/13 120 (248) 204 (400) 2 5.4 3.5 0.001 

06.3 12/13 204 (399) - - 15. 6 l 0. 8 0.005 

06.4 12/13 219 (427) - - 12.0 8.0 0.004 

06.5 12/13 131 (267) 204 {400) 2 . l l. 5 6.3 0.003 
4 l l. 3 6.2 0.003 
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TABLE 2-36.. COMPARISON OF PARTICULATE CONCENTRATIONS DETERMINED 
FROM SAMPLING AT TWO DIFFERENT TEMPERATURES UNDER DCOG UNDERFIRING 

CONDITIONS: 316°C {600°F} VS. 121°C (250°F} BUT ANALYZING 
AFTER TREATMENT AT 316°C {600°F} 

Sequential 
Actual filter heating Front-half catch 

Date temperature, temperature, Heating particulate 
Test No. ( 1981) oc (OF) oc (OF) time, h mg mg/m3 gr/dscf 

Dl. 1 a 12/8 119 (246) 316 (600) 2 14.6 11. 7 0.005 

Dl. 6 12/8 268 (515) - - 27.3 28.4 0.012 

02.5 12/10 126 (258} 316 (600) 2 15. 1 8.2 0.003 

02.6 12/10 298 (569) - - 30.3 18. 0 0.008 

03.5 12/l l 123 (254) 316(600) 2 13.4 7.5 0.003 

03.6 12/11 280 (536) - - 25.5 14.8 0.006 

04. 5 12/12 128 (263) ·316(600) 2 12.3 7.0 O.OOJ 

04.6 12/12 325 (617) - - 17.5 10.5 0.004 

D5.5 12/12 122 (251) 316 (600) 2 2.4 1.4 0. 001 

05.6 12/12 316 (600) - - 12.9 8.0 0.003 

06.5 12/13 131 {267) 316(600) 2 4.4 2.4 0.001 

06.6 12/13 319 {607} - - 9.2 6.3 0.003 

aDl.5 was void run sequential heating procedure done on 01 .1. 
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2.4 PARTICULATE SULFATE 

Acetone rinse residues and filters were analyzed for isopro-

panel (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 H2so4 in mg/m3 . Assuming that the acid sulfate is 

hydrated H2so4 , the resulting concentration is presented as 

H2so4 (H 2o> 2 in mg/m3 . Nonsulfate particulate concentration is 

determined by subtracting the H2so4 (H 2o) 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 so4= in mg/m3 . 
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TABLE 2-37. SUMMARY OF PARTICULATE AND ACID SULFATE RESULTS FOR THE NCOG UNDERFIRING TEST SERIES 

Average Concentration - 1m3 

filter Conditioning Ac id ~" fa to Nonsul fate 
Test temperature, temperature, Particulate H?SOA H· S011IH?O ., Dart iculate H.,SO• 
No. oc (OF) oc (on Rinse Fl lter Total Rinse Filter Total Rinse Filter Total R1nse Fitter Total Back-ha If Total 

1.1 122 (252) Ambient 57.7 71.2 128.9 21. 7 24.6 46.3 29.7 33.6 63.3 28.0 37.6 65.6 s.o 51.3 
1.2 125 (257) Ambient 56.2 59.2 115.4 - - - - - - - - - 5.6 -

177 (350) 19.3 13.8 33. 1 4.4 0.0 4.4 6.1 0.0 6.1 13.2 13.8 27.0 - -
1.3 170 (338) ftnbient 24.7 18.7 43.4 5.8 0.0 5.8 8.0 0.0 8.0 16. 7 18.7 35.4 38.9 44.7 
1.4 169 (336) ftnbient 16.5 14.3 30.8 1.3 1.6 2.9 1. 7 2.2 3.9 14.8 12 .1 26.9 34 .1 37.0 
1.5 128 (263) ftnbient 57 .2 36.8 94.0 - - - - - - - - - NA a -

316 (600) 8.7 12.5 21.2 o.o 0.0 0.0 0.0 0.0 0.0 8.7 12.5 21.2 -
1.6 320 (608) ftnbient 8.5 10.5 1g.o o.o 0.0 0.0 0.0 0.0 0.0 8.5 10.5 19.0 426.8b -
2.1 119 (247) Ambient 49.9 65.3 115. 2 22.1 16.6 38.7 30.2 22.8 53.0 19. 7 12.3 32.0 466a 
2.2 128 (263) ftnbient 54.1 45.4 99.5 - - - - - - - - - 10.7 -

204 (400) 6.0 10.5 16.5 o.o 0.0 0.0 0.0 0.0 0.0 6.0 10.5 16.5 - -
2.3 198 (389) ftnbient 22.9 8.8 31. 7 8.3 0.0 8.3 11.4 0.0 11.4 11.5 8.8 20.3 36.3 47.7 
2.4 207 (404) Ambient 34.0 8.6 42.6 10.0 0.0 10.0 13. 7 0.0 13. 7 20.3 8.6 28.9 13.6 23.6 
2.5 125 (257) Ambient 41. 9 18.7 60.6 - - - - - - - - - - -

316 (600) 6.9 8.1 15.0 o.o 0.0 0.0 0.0 0.0 0.0 6.9 8.1 15.0 llA -
2.6 316 (600) ftnbient 14.1 9.8 23.9 1.6 0.0 1.6 2.1 o.o 2.1 12.0 9.8 21.8 95.2 96.8 

3.1 113 (236) ftnbient 5g_ 7 55.7 115.4 23.1 17 .1 40.2 31.6 23.4 55.0 28.1 32.3 60.3 4.7 44.9 
3.2 127 (260) Ambient 37.7 56.8 94.5 - - - - - - - - - 5.2 -

177 (350) 9.0 11. 6 20.6 o.o 0.0 0.0 0.0 0.0 0.0 9.0 11.6 20.6 - -
3.3 178 !353) ftnbient 40.8 12.8 53.6 14.8 0.7 15. 5 20.2 1.0 21.2 20.6 11.8 32.4 41.2 56.7 
3.4 169 336) ftnbient 12.9 12.6 25.5 2.3 o.o 2.3 3.2 0.0 3.2 9.7 12.6 22.3 56.4 58. 7 
3.5 109 (229) ftnbient 43.3 56.2 99.5 - - - - - - - - - NA -

316 (600) 3.3 9.5 12.8 o.o 0.0 0.0 0.0 0.0 0.0 3.3 9.5 12.8 - -
3.6 293 (560) ftnbfent 10.3 9.3 19.6 2.3 0.0 2.3 3.1 0.0 3.1 7.2 9.3 16.5 89.1 91.4 

4.1 123 (254J Ambient 64.9 76.4 141.3 23.2 24. 7 47.9 31.8 33.8 65.6 33.1 42.6 75.7 11.6 59.5 
4.2 130 (266 ftnbient 63.3 65.3 128.6 - - - - - - - - - 13.5 -

204 (400) 14.5 32.9 47.4 0.4 o.o 0.4 0.6 0.0 0.6 13.9 32.9 46.8 - -
4.3 177 (350) Ambient 32.2 33.5 65.7 6.9 0.0 6.9 9.4 0.0 9.4 22.8 33.5 56.3 32.0 38.9 
4.4 169 (337) Ambient 57.9 34.9 92.2 11.8 3.0 14.8 16.1 4.2 20.3 41.8 30.7 72.5 12.2 27 .o 
4.5 130 (266) Ambient 27.4 52.6 80.0 - - - - - - - - - - -

316 (600) 6.4 39.0 45.4 o.o 0.0 0.0 0.0 0.0 0.0 6.4 39.0 45.4 NA -
4.6 328 (622) ftnbient 14.7 48.1 62.8 o.o 0.0 0.0 0.0 0.0 0.0 14.7 48.1 62.8 66.4 66.4 

5.1 124 (255) Ambient 50.0 34.5 84. 5 39.9 12.3 52.2 54.6c 16. 7 71.3 -4.6 17.8 13.2 21.0 73.0 
5.2 123 (254) Ambient 67.6 56.1 123.7 - - - - - - - - - NA -

177 (350) 12.4 12. 1 24. 5 2.0 0.0 2.0 2.7 0.0 2.7 9.7 12.1 21.8 - -
5.3 176 (349) ftnbient 20.5 12.5 33.0 6.2 o.o 6.2 8.5 0.0 8.5 12.0 12.5 24.5 53.3 59.5 
5.4 186 (366) Ambient 10.8 11.6 22.4 o.o 0.0 o.o o.o 0.0 o.o 10.8 11.6 22.4 NA -
5.5 116 (240) Ambient 73.2 64.1 137.3 - - - - - - - - - - -

316 (600) 6.8 10.4 17 .2 o.o o.o o.o o.o 0.0 0.0 6.8 10.4 17.2 NA -
5.6 324 (616) Ambient 6.6 9.6 16.2 o.o 0.0 o.o 0.0 0.0 0.0 6.6 9.6 16.2 83.8 83.8 

6.1 119 !246J ftnbient 62.7 49.5 112.2 29.0 14.3 43.3 39.7 19.5 59.2 23.0 30.0 53.0 14.6 57.9 
6.2 126 258 Ambient 65.1 32.8 97.9 - - - - - - - - - NA -

204 (400) 7.0 8.7 15. 7 o.o 0.0 0.0 o.o o.o 0.0 7.0 8.7 15.7 - -
6.3 193 (379) ftnbfent 12.4 10.2 22.6 1.8 o.o 1.8 2.5 0.0 2.5 9.9 10.2 20.1 64.2 66.0 
6.4 208 (407) llmbient 9.8 11.0 20.8 o.o o.o 0.0 o.o 0.0 o.o 9.8 11.0 20.8 - -
6.5 119 (246) Ambient 65.5 53.1 118.6 - - - - - - - - - -

316 (600) 10.0 5.6 1s.6 o.o o.o 0.0 0.0 0.0 o.o 10.0 5.6 15.6 - -
6.6 302 (576) Ambient 12.6 7.0 19.6 o.o o.o 0.0 0.0 0.0 o.o 12.6 7.0 19.6 72.8 72.8 

aN/A • Not analyzed. 
bContaminated with hydrogen peroxide. 
cMost likely hydrated with less than tljO H20 per H2so4 molecule. 
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TABLE 2-38. SUMMARY OF PARTICULATE AND ACID SULFATE RESULTS FOR THE DCOG UNDERFIRING TEST SERIES 

Average 
f11ter Condtttonfng 

Test temperature, temperature, 
No. 0 c c·n •c c·n 

01.1 119 (246) Ambient 
316 (600) 

01.2 133 (272) A.T.blent 
177 (350) 

01.3 190 (374i Ambient 
01.4 167 ( 333 Ambient 
01.6 268 (515) Ambient 

02.1 118 (244) Ambient 
02.2 109 (229) AnDlent 

02.3 184 (363) 
177 (350) 
Ambient 

02.4 197 ( 387) Ambient 
02.5 126 (258) Ambient 

316 (600) 
02.6 298 (569) Ambient 

03.1 120 (248J Ambient 
03.2 132 (270 Ambient 

204 (400) 
03.3 211 (411) Ambient 
03.4 204 (400) Ambient 
03.5 123 (254) Ambient 

316 (600) 
03.6 280 (536) Ambient 

04.1 141! (299) Ambient 
04.2 126 (259) Ambient 

204 (400) 
04.3 209 (409) Ambient 
04.5 128 (263) Ambient 

316 (600) 
04.6 325 (617) Ambient 

05.1 123 (253) Ambient 
05.2 127 (261) Ambient 

177 (350) 
05.3 181 ( 357) Ambient 
05.4 177 (351) Ambient 

316 (600) 
05.6 316 (600) Ambient 

06.1 132 (270) Ambient 
06.2 120 (248) Ambient 

204 (400) 
06.3 204 (399) Ambient 
06.4 219 (427) Ambient 
06.5 131 (267) Ambient 

06.6 219 (607) 
316 (600) 
Ambient 

aHydrogen peroxide contaminated. 
bcontamlnated with oil. 
cNA = Not analyzed. 

I art <r 01latP 
Rinse Filter Total 

14.4 11. 7 26.1 
3.0 8.7 11. 7 

19.8 13.8 33.4 
6.7 12.9 19.6 

14.8 14.5 29.3 
21.1 17.6 38.7 
15.8 12.6 28.4 

173.4b 5.1 178.5b 
14.1 7.4 21.5 
7.0 6.8 13.8 

12.3 8.1 20.4 
14.5 6.3 20.8 
13.J 9.0 22.3 
3.4 4.8 8.2 
8.7 9.3 18.0 

18.1 8.0 26.1 
12.0 9.3 21.3 
3.9 7.3 11.2 

13. 1 9.0 22.1 
19.0 7.9 26.9 
10.S 9.1 19.6 
2.3 5.2 7.5 
9.7 5.1 14.8 

10.8 6.1 16.9 
21.8 4.9 26.7 
4.8 3.2 8.0 

11.0 5.6 16.6 
11.2 6.6 17.8 
3.4 3.6 7.0 
7.3 3.2 10.5 

10.2 3.2 13.4 
8.5 3.0 11. s 
3.2 1.8 5.0 
1.0 3.4 10.4 
9.4 2.S 11.9 
0.8 0.6 1.4 
4.9 3.1 8.0 

4.6 3.2 7.8 
9.1 4,4 13.S 
1.1 2.4 3.5 
7.4 3.4 10.8 
5.3 2.7 8.0 
6.9 4.0 10.9 
0.5 1.9 2.4 
4.7 1.6 6.3 

Concentration- -'m3 

"" ra+a 
u, '""f IH.,O ~ ""•5 

Rinse F lter Total Rinse Fllter 

- - - - -
0.0 0.0 0.0 0.0 <0.2 
- - - - -

1.2 1.2 2.4 1.9 Vold 
0.0 0.0 0.0 2 .1 0.0 
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 1.7 0.0 

1.0 0.0 1.0 0.6 0.0 - - - - -
1.0 1.0 2.0 1.1 0.0 
0.5 0.0 0.5 2.0 0.0 
0.3 0.0 0.3 2.7 0.0 
- - - - -

0.0 0.0 0.0 0.0 0.0 
0.0 <0.3 <0.3 :0.0 <0.2 

0.3 0.0 0.3 4.0 0.0 
- - - - -

0.1 1.4 1.5 0.0 0.0 
0.0 0.0 0.0 2.9 0.0 
1.8 0.0 1.8 0.5 0.0 
- - - - -

0.0 0.0 0.0 0.5 0.0 
0.0 0.0 0.0 1.3 0.0 

0.0 0.0 0.0 0.0 0.0 
- - - - -

0.0 0.0 0.0 0.5 0.0 
0.6 0.0 0.6 2.1 0.0 
- - - - -

0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 

2.6 0.0 2.6 2.1 0.0 - - - - -
0.4 0.2 0.6 1.0 o.o 
1.9 0.0 1.9 1.0 0.0 
0.5 0.0 0.5 2.4 0.0 
0.0 0.0 0.0 J.O 0.0 
0.2 0.0 0.2 0.9 0.0 

0.0 0.0 0.0 0.0 0.0 
- - - - -

0.0 0.0 0.0 0.0 0.0 
1.0 0.0 1.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 
- - - - -

0.0 0.0 0.0 0.0 0.0 
0.2 0.0 0.2 0.0 0.0 

Nonsulflte Hpt 
Dol rt lt:ula"• Front- ck-

Total Total Rtnse Filter Total half half Total 

- - - - - - 92.0a 92.cf 
<0.2 <0.2 3.0 8.5 11.5 0.0 - -- - - - - - - -
1.9 4.3 3.6 11.7 15.J 1.7 3.1 4.1 
2. 1 2. 1 12. 7 14.S 27.2 0.0 8.0 8.0 
0.0 0.0 21.1 17.6 38.7 0.0 8.2 8.2 
1. 7 1. 7 15.8 10.9 26.7 0.0 6.6 6.6 

0.6 1.6 171.8 5.1 176.9b 0.7 9.8 10.5 
- - - - - - - -

1. 1 3.1 4.9 S.8 10.7 1.5 8.1 9.1 
2.0 2.5 9.8 8.1 17.9 0.3 5. la 5.4. 
2.7 3.0 11. 5 6.3 17.8 0.2 30.6 30.8 
- - - - - - MAC -o.o 0.0 3.4 4.8 8.2 0.0 -

<0.2 <0.5 8.7 8.8 17.5 <0.2 6.4 6.1 

4.0 4.3 17 .8 4.0 21.8 0.2 56.8a 57.01 

- - - - - - - -
0.0 1.5 3.8 5.9 9.7 1.1 4.3 5.4 
2.9 2.9 13. 1 6.1 H.2 0.0 8.6 8.6 
0.5 2.3 16.7 7.9 24.6 1.3 5.7 7.0 
- - - - - - - -

0.5 0.5 2.3 4.7 7.0 0.0 NA -
1.3 1.3 9.7 3.8 13.5 0.0 7.4 7.4 

0.0 0.0 10.8 6.1 16.9 0.0 25.0a 25.cf 
- - - - - - - -

0.5 0.5 4.3 3.2 7.S 0.0 9.4 9.4 
2. 1 2.7 8.3 5.6 13.9 0.5 4.S 5.0 
- - - - - -

MAC -
o.o 0.0 3.4 3.6 7.0 0.0 

14.11 0.0 0.0 7.3 3.2 10.S 0.0 74.71 

2.1 4.7 5.S 3.2 8.7 1.9 5.0 6.9 
- - - - - - - -

1.0 1.6 1.8 1.6 3.4 o.s NA 
1.0 2.9 4.1 3.4 7.5 1.4 5.0 6.4 
2.4 2.9 6.5 2.S 10.0 0.4 NA -
0.0 0.0 0.8 0.6 1.4 0.0 NA 
0.9 1.1 3.8 3.1 7.9 0.2 S.1 5.l 

0.0 0.0 4.6 3.2 7.8 0.0 8.s 8.S 
- - - - - - - -

0.0 0.0 1. 1 2.4 3.S 0.0 NA 
0.0 1.0 6.4 3.4 9.8 0.7 5.2 S.9 
0.0 0.0 5.3 2.7 8.0 0.0 NA 
. - - - - - - -

0.0 0.0 0.5 1.9 2.4 0.0 NA 
0.0 0.2 4.5 1.6 6.1 7.9 7.9 8.0 



2.5 DISCUSSION OF PARTICULATE RESULTS 

As shown in Figures 2-1 and 2-2 under similar front-half 

temperatures and COG underf iring conditions particulate concen

trations were consistent between runs. During the NCOG test 

series the particulate concentration decreased as the front-half 

temperature increased. This decrease was not as marked during 

the DCOG test series. Overall, the particulate concentration was 

lower during DCOG underfiring than during NCOG underfiring, as 

shown in Figure 2-3. 

Heat treatment of a particulate catch prior to gravimetric 

analysis caused a loss of from 21 to 87 percent, depending on 

heating temperature and time, sampling temperature, and type of 

COG underfired. As shown in Tables 2-28 through 2-30, more than 

half of the total loss caused by a sequential heating takes place 

at the first heating. 

The results presented in Tables 2-31 through 2-36 are graph

ically depicted in Figures 2-6 and 2-7. The data shows a con

sistent difference between samples collected at a specified 

temperature and samples collected at a lower temperature and 

heated to the specified temperature prior to analysis. The 

sequentially heated results are always lower than the actual 

filter temperature results. 

As shown in Tables 2-37 and 2-38 acid sulfate is a major 

constituents of the particulate caught on a 121°C (250°F) heated 
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Figure 2-6. Comparison of average particulate concentration determined 
from sampling at the specified temperature and from sampling at 121°C 

(250°F) and analyzing after sequentially heating at specified 
temperatures for NCOG underfiring conditions. 
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Figure 2-7. Comparison of average particulate concentration determined 
from sampling at the specified temperature and from sampling at 121°C 

(250°F) and analyzing after sequentially heating at specified 
temperatures for DCOG underfiring conditions. 
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probe and filter collected during NCOG underfiring. Sulfate had 

a much smaller impact on particulate caught during DCOG under-

f iring. 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 171°C 

(250°F) 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 177°C (250°F) 

filter heat were highly variable whereas the 204°C (400°F) and 

316°C (600°F) filter heats yielded more consistent results. 

2.5.1 Total Organic Carbon (Filterable) Results 

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

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

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

tures [177°C (350°F), 232°C (450°F), and 316°C (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 TOC/filter. Sample filters aver

aged between 1.0 and 2.0 mg TOC/filter. A system recovery 
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Figure 2-8. Comparison of average particulate concentration from 
actual sampling temperature, sequential heating, and IPA extraction 

for NCOG underfiring conditions. 
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Figure 2-9. Comparison of average particulate concentration from 
actual sampling temperature, sequential heating, and IPA extraction 

for DCOG underfiring conditions. 
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efficiency of 99 percent was determined by treating a decane

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 underf iring 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 

underf iring 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 Organics 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 underf iring 

test series. Hydrogen sulfide (H 2S) concentrations averaged 1915 

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

(COS) averaged <17 ppm, and carbon disulfide (cs
2

) 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 underf iring test 

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

no outlet data were collected. Hydrogen sulfide concentrations 

averaged 7 ppm at the ~RU 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 cs 2 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 CJG 

Bag sample 
collection Corresponding Analysis Concentration, opm 
Date particulate Date 

cs2a (1981) Time Run No. ( 1981 ) Time H2S cos S02 

NCOG TEST SERIES 

10/27 0930 1 10/27 1000 2000 130 44 <3 
10/28 1354 2100 <3 48 <3 

10/27 1535 3800 <3 31 <3 
10/27 1430 2 10/28 1442 1440 <3 34 <3 

10/30 1550 1800 <3 39 <3 

10/28 0930 3 10/28 1036 1770 <3 40 <3 
10/28 1420 2200 <3 40 <3 

10/28 1605 4 10/28 1642 1700 <3 39 <3 

10/29 0930 5 10/29 1118 1500 <3 32 <3 

10/29 1400 6 10/29 1454 1320 <3 <2 <3 

10/30 1000 7 10/30 1042 1590 <3 31 <3 

10/30 1500 8 10/30 1606 1770 <3 33 <3 

Average 1915 <17 34 3 

DCOG TEST SERIES 

12/8 1230 Dl 12/8 1718 2300 <5 62 <6 

12/9 1150 - 12/10 1318 6600 21 54 <6 

12/10 1130 - 12/10 1336 8700 <5 58 <6 

12/10 1455 02 12/10 1712 5700 <5 190 <6 

12/11 0740 - 12/11 1600 4300 <5 72 <6 

12/11 1215 D3 12/11 1624 5600 <5 68 <6 

12/11 1005 D4 12/12 1224 2400 <5 60 <6 

Average 5086 <7 80 <6 

acs2 .reported as S02 (twice CS2 value detected). 
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2174 
2148 

3831 
1474 
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1739 
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1621 
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TABLE 2-40. SUMMARY OF RESULTS OBTAINED THROUGH METHOD 15 
ANALYSIS OF SRU OUTLET COG DURING DCOG UNDERFIRING 

Bag sample 
collection Corresponding Analysis 
Date particulate Date 

( 1981) Time Run No. ( 1981 ) Time H2S 

12/8 1230 Dl 12/8 1412 i 12 

12/9 1150 12/9 1400b 0 - 12/10 <2 1248 

12/10 1130 - 12/10 1212 4 

12/10 1455 D2 12/10 1624 6 

12/11 1318 9 
12/11 0740 - 12/11 1436 9 

12/12 1142 6 

12/11 1215 D3 12/11 1412 14 

12/12 0755 - 12/11 1018 2 

12/12 1005 D4 12/12 l 054 4 

Average 7 

acs2 reported as so2 (twice cs2 value detected). 
bNot used in average. 
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Concentration, ppm 

cos CS2a S02 

25 24 <3 
21 20 <3 
18 14 <3 

20 18 <3 

20 20 <3 

18 22 <3 
18 22 <3 
20 17 <3 

19 20 <3 

19 21 <3 

19 20 <3 

19 20 <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 
collection Corresponding Anal 1sis Concentration, porn 
Date particulate Date 

CS2a ( 1981) Time Run No. ( 1 981 ) Time H2S cos S02 

NCOG TEST SERIES 
10/27 0930 1 10/27 1200 <3 <3 4 180 

10/27 1430 2 10/27 1606 <3 <3 5 280 
l 0/30 1436 <3 <3 <2 64 

10/28 0930 3 10/28 1112 <3 <3 <2 280 

10/28 1605 4 10/28 1706 <3 <3 <2 360 

10/29 0930 5 10/29 1218 <3 <3 <2 260 

10/29 1400 6 l 0/29 1600 <3 <3 <2 190 

l 0/30 1000 7 l 0/30 1124 <3 <3 <2 300 

l 0/30 1500 8 l 0/30 1736 <3 <3 <2 210 

Average <3 <3 <2 236 

DCOG TEST SERIES 
12/8 1230 Dl 12/8 1500 <2 <2 <2 7 

12/10 1330 D2 12/10 1430 <2 <2 <2 18 
12/11 1536 <2 <2 <3 3 

12/11 1400 D3 12/11 1500 <2 <2 <2 <3 

12/12 1030 D4 12/12 1106 <2 <2 <2 <3 

Average <2 <2 <2 9 
-

a 
CS2 reported as so2 (twice cs2 value detected). 
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4 
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<8 

<8 

<8 

<8 

<8 

<8 

<8 

<8 

<6 
<6 
<6 

<6 

<6 

<6 



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 ma~or 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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Fi~ure 2-10. H2s response curve with increasing concentration. 
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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 (m3 /h) and actual cubic 

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

to standard conditions [20°C and 760 mmHg (68°F 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 dNm3/h (1,619,014 

dscfh), and the stack temperature averaged 240°C_(464°F). Prior 

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

44,134 dNm3 /h (1,558,567 dscfh), and the stack temperature was 

228 °C ( 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. 

2-71 



"' I 
.....J 

"' 

TABLE 2-42. SUMMARY OF FLUE GAS CONDITIONS DURING NCOG UNDERFIRING TESTING 

-
Flue gas flow rate 

Date Sampling 
--m3th 

Actual a 
3 Standardb Mo;sture, Temperature Carbon 

Run ~lo. ( 1981) per;od acfh dNm /h dscfh "' oc OF dfoxide, '% " 
1-1 10/27 0910-1110 106,960 3,777,241 48,666 1,718,626 12.3 280 537 4.2 
1-2 0914-1114 106, 651 3,766,316 48, 106 1,698,840 12.9 281 538 4.2 
1-3 0910-1110 107,648 3,801,518 47,148 1,665,014 15.6 280 536 4.2 
1-4 0914-1114 106,381 3,756,791 48,616 1,716,865 11.8 281 538 4.2 
1-5 0947-1057 94, 721 3,345,007 42,057 1,485,228 13.5c 288 550 4.2 
1-6 0958-1102 92,677 3,272,822 46,661 1,647,806 1. 7 288 550 4.2 

Averaged (Q) 106,910 3,775,466 48, 134 1,699,836 13.2 281 537 4.2 
(6) 102,506 3,619,949 46,876 1,655,397 13.2 283 542 4.2 

2-1 10/27 1355-1555 94,325 3,331,033 42,173 1,489,327 13. 7 279 535 4.2 
2-2 1358-1558 94,566 3,339,559 42,266 1,492,594 13. 1 284 543 4.2 
2-3 1355-1555 94,240 3,328,042 42,288 1,493,373 13.5 279 534 4.2 
2-4 1358-1558 94,471 3,336,176 42,449 1,499,060 12.6 283 542 4.2 
2-5 1424-1624 98,622 3,482,787 46,059 1,626,567 13.5 259 499 4.2 
2-6 1419-1549 98,086 3,463,857 47,253 1,668,717 10.8 259 499 4.2 

Average (Q) 94,400 3,333,702 42,294 1,493,589 13.2 281 539 4.2 
(6) 95,718 3,380,242 43,748 1,544,940 12.9 274 525 4.2 

3-1 10/28 0955-1155 102,955 3,635,799 47,583 1,680,373 12.2 279 535 2.3 
3-2 0958-1158 102,650 3,625,039 47,844 1,689,592 11.0 282 540 2.3 
3-3 0955-1155 103,600 3,658,571 46,258 1,633,571 15. 1 280 536 2.3 
3-4 0958-1158 102,839 3,631,694 47,406 1,674, 132 12.0 282 540 2.3 
3-5 0947-1147 113,803 4,018,903 53,499 1,889,290 12.3 270 518 2.3 
3-6 0950-1150 115,055 4,063,123 50,694 1,790,217 17 .8 270 518 2.3 

Average (Q) 103,011 3,637,776 47,273 1,669,417 12.6 281 538 2.3 
(6) 106,817 3,772,188 48,881 1,726,196 13.4 277 531 2.3 

-
I I 

~continued) 

Oxygen, 
% 

10.5 
10.5 
10.5 
10.5 
10.5 
10.5 

10.5 
10. 5 

10.5 
10.5 
10.5 
10.5 
10.5 
10.5 

10. 5 
10.5 

10.9 
10.9 
10.9 
10.9 
10.9 
10. 9 

10.9 
10.9 
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TABLE 2-42 {continued) 

Date Sampl 1ng 
Run No. (1981) period 

4-1 10/28 1540-1716 
4-2 1543-1718 
4-3 1540-1715 
4-4 ' 1543-1715 
4-5 1423-1706 
4-6 1427-1716 

Average (Q) 
(6) 

5-1 10/29 0940-1137 
5-2 0943-1133 
5-3 0940-1135 
5-4 0943-1135 
5-5 0943-1137 
5-6 0942-1137 

Average (Q) 
(6) 

6-1 10/29 1350-1550 
6-2 1353-1553 
6-3 1350-1550 
6-4 1354-1554 
6-5 1353-1553 
6-6 1352-1552 

·-
Average (Q) 

(6) 

I T-

(continued) 

Flue gas flow rate 

>--3/ 
Actual a Standardb 

m h acfh dNm3/h dscfh 

99,070 3,498,604 45,089 1,592,304 
99, 108 3,499,941 45,340 1,601, 155 
98,964 3,494,845 45,107 1,592,934 

100,893 3,562,981 44' 301 1,564,464 
113, 770 4,017,725 52,065 1,838,631 
113,495 4,008,004 52,670 1,860,026 

99,509 3,514,093 44,959 1,587 ,714 
104,217 3,680,350 47,429 1,674,919 

99,656 3,519,316 46, 117 1,628,613 
104,659 3,695,966 48,088 1,698, 186 
100,065 3,533,728 45,624 1,611, 199 
99, 119 3,500,352 45,544 1,608,375 

109, 724 3,874,861 50, 546 1,785,009 
109,572 3,869,468 50,881 1,796,847 

100,875 3, 562' 340 46,358 1,636,593 
103,799 3,665,615 47,800 1,688,038 

94,435 3,334,937 43,298 1,529,041 
94,734 3,345,471 43,042 1,520,006 
94,514 3, 337. 721 43,511 1,536,556 
95,053 3,356,748 42,503 1, 500, 961 

109,673 3,873,037 50,314 1, 776,813 
109,786 3,877,050 50, 346 1,777,953 

~---

94,684 3, 343, 719 43,089 1,521,641 
99,699 3,520,827 45,502 1,606,888 

-

Moisture, TPmDerature Carbon Oxygen, 
"' oc OF dioxide, ,; % ,, 

14.4 275 527 4.1 11.0 
13.6 277 531 4. 1 11.0 
14.4 274 525 4.1 11.0 
14.3 276 529 4. 1 11.0 
14.7 270 518 4. 1 11.0 
13.5 270 518 4. 1 11.0 

14.2 276 528 4. 1 11.0 
14.2 274 525 4. 1 11.0 

13.3 274 524 4.3 11.3 
13.5 276 529 4.3 11.3 
14.2 276 529 4.3 11.3 
13. 7 275 527 4.3 11. 3 
14.1 271 520 4.3 11. 3 
13.4 271 520 4.3 11. 3 

13.7 275 527 4.3 11.3 
13. 7 274 525 4.3 11.3 

14.0 274 526 4.5 10. 5 
14.4 277 530 4.5 10.5 
13.3 277 530 4.5 10.5 
15.6 278 532 4.5 10.5 
14. 7 271 520 4.5 10.5 
14.5 271 520 4.5 10.5 

14.3 277 530 4.5 10.5 
14.4 275 526 4.5 10.5 
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TABLE 2-42 {continued) 

Flue gas flow rate 
Date Sampling ~ Actual a Standardb Moisture, Temoerature Carbon 

Run No. ( 1981) period mv/h acfh dNm3/ti dscfh % oc OF dioxide, % 

7-1 10/30 0930-1130 100,034 3,532,635 46,329 1,636,079 12.9 277 530 4.0 
7-2 0933-1133 100,343 3, 543, 545 46, 251 1,633,313 12.8 280 537 4.0 
7-3 0930-1130 103,699 3,662,069 44,544 1,573,041 13.4 277 530 4.0 
7-4 0933-1133 100,267 3,540,882 46,386 1,638, 107 12.5 280 536 4.0 
7-5 0935-1135 109,520 3,867,652 51,078 1,803,803 13. 2 271 520 4.0 
7-6 0934-1134 109,489 3,866,549 51,147 1,806,240 13.0 271 520 4.0 

Average (Q) 101,086 3,569,783 45,878 1,620,135 12.9 279 533 4.0 
(6) 103,892 3,668,889 47,623 1,515,097 13.0 276 529 4.0 

8-1 10/30 1438-1638 101,278 3,576,587 45,435 1,604,520 14.4 285 545 4.3 
8-2 1441-1641 101,279 3,576,610 45, 173 1,595,254 15. 2 283 542 4.3 
8-3 1438-1638 100,996 3, 566' 612 46,068 1,626,862 12.9 285 545 4.3 
8-4 1441-1641 101, 273 3,576,390 45,672 1,612,867 13.7 286 547 4.3 
8-5 1439-1623 109,733 3,875,168 50,667 1,789,295 14.1 271 520 4.3 
8-6 1438-1608 109,966 3,883,405 50, 152 1,771,103 15. 1 271 520 4.3 

Average (Q) 101,206 J,574,050 45,587 1,609,876 14. 1 285 545 4.3 
(6) 104, 088 3,675,795 47,195 1,666,650 14.2 280 537 4.3 

-- . - -- ---- - --

aVolumetric flow rate in actual cubic meters per hour (m3/h) and actual cubic feet per hour (acfh) at stack conditions. 
bVolumetric flow rate in dry normal cubic meters per hour (dNm3/h) and dry standard cubic feet per hour (dscfh): Standard 
conditions= 20°C and 760 11111 Hg (68°F and.29.92 in. Hg) and zero percent moisture. 

cOutlier - not used in calculations. 
dAverage (Q) is average quad train tests. 
Average {6) is average of all six tests. 

Oxygen, 
"' ,, 

11.0 
11.0 
11.0 
11.0 
11.0 
11.0 

11.0 
11.0 

9.3 
9.3 
9.3 
9.3 
9.3 
9.3 

9.3 
9.3 
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Run No. 

01-1 
01-2 
01-3 
01-4 
01-5c 
01-6 

Averaged (Q) 
(5) 

02-1 
02-2 
02-3 
02-4 
02-5 
02-6 

Average (Q) 
(6) 

03-1 
03-2 
03-3 
03-4 
03-5 
03-6 

Average (Q) 
(6) 

I 

{continued) 

TABLE 2-43. SUMMARY OF FLUE GAS CONDITIONS DURING DCOG UNDERFIRING TESTING 

Flue gas flow rate 
Date Sampling .., Actual a 

3 Standard!> Moisture, TfllllDerature Carbon Oxygen, 
(1981) period m-/h acfh dNm /h dscfh % oc OF dioxide, % % 

12/8 1205-1335 90,548 3,197,639 45,170 1,595,142 9.9 242 468 4.5 9.4 
1208-1338 90,863 3,208,783 44,444 1, 569, 507 11. 7 242 468 4.5 9.4 
1205-1335 91,316 3,224, 786 44, 715 1,579,103 11.6 242 468 4.5 9.4 
1208-1338 91,309 3,224,520 44,920 1,586,320 11.0 243 470 4.5 9.4 - - - - - - - - -
1209-1339 80,795 2,853,244 39,471 1,393,914 10.2 252 485 4.5 9.4 

91,009 3,213,932 44,812 1,582,518 11.1 242 469 4.5 9.4 
88,966 3,141,794 43,744 1,544,797 10.9 244 472 4.5 9.4 

12/10 1341-1511 102,820 3,631,049 49,481 1,747,391 12.2 253 487 4.3 12.3 
1308-1508 lOJ, 171 3,643,425 49,815 1, 759, 182 12.0 252 486 4.3 12.3 
1310-1510 103, 773 3,664,702 49,927 1,763,133 12.3 252 486 4.3 12.3 
1312-1512 103,721 3,662,869 50,043 1,767,255 12. 1 252 486 4.3 12.3 
1310-1510 98, 778 3,488,292 47,600 1,680,969 12.2 252 486 4.3 12.3 
1311-1511 98,700 3,485, 548 47. 775 1,687. 140 11.8 252 486 4.3 12.3 

1OJ,371 3,650,511 49,817 1,759,240 12.2 252 486 4.3 12.3 
101,827 3,595,981 49,107 1,734,178 12. 1 252 486 4.3 12.3 

12/11 1131-1540 84,440 2. 981, 939 41,798 1,476,086 9.9 252 486 4.0 12.0 
1134-1540 84,484 2. 983, 501 41,491 1,465,237 10.6 252 486 4.0 12.0 
1134-1542 86, 574 3,057,331 41,852 1,477,970 12.0 252 486 4.0 12.0 
1139-1548 86, 156 3,042,559 42,185 1,489,756 11. 5 249 480 4.0 12.0 
1145-1544 94, 944 3,352,885 47,202 1,666,931 9.5 252 486 4.0 12.0 
1137-1546 95,278 3,364,702 46,443 1,640,093 11. 3 252 486 4.0 12.0 

85,414 I 3,016,332 41,832 1,477 ,262 11.0 251 486 4.0 12.0 
88,646 3,130,486 43,495 1,536,012 10.8 252 486 4.0 12.0 -

I I 
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TABLE 2-43 (continued) 
. - -

Flue gas flow rate 
Date Sampling 

m3/h 
Actual a Standardb Moisture, Temperature Carbon 

Run No. ( 1981) period acfh dNm3/h dscfh % oc OF dioxide, i 

04-1 12/12 0940-1140 91,867 3,244,223 44,981 1,588,494 11.0 254 490 3.7 
04-2 0943-1143 91,898 3, 245, 338 44,895 1,585,451 11.2 254 490 3.7 
04-3 0940-1140 92,085 3,251,926 44,617 1,575,619 11.8 256 492 3.7 
04-4c - - - - - - - - -
04-5 0940-1140 94, 584 3,340, 189 45,882 1,620,295 11. 9 254 490 3.7 
04-6 0942-1142 94,488 3,336,804 46, 101 1,628,021 11.4 254 490 3.7 

Average {Q) 91,950 3,247,162 44,831 1,583, 188 11. 3 255 491 3.7 
(5) 92,984 3,283,696 45,295 1,599,576 11. 5 254 490 3.7 

05-1 12/12 1404-1604 93, 540 3,303,306 46,412 1,639,024 11.8 244 471 3.7 
05-2 1407-1607 93,658 3,307,488 46, 137 1,629,300 12.5 244 471 3.7 
05-3 1358-1558 94,219 3,327,285 46,292 1,634,772 12.7 244 471 3.7 
05-4 1400-1600 94,313 3,330,605 46,074 1,627,070 13.2 244 471 3.7 
05-5 1358-1558 90,983 3,213,030 44,907 1,585,882 12.3 244 471 3.7 
05-6 1359-1559 90,680 3,202,302 45,615 1,610,872 10.6 244 471 3.7 

Average (Q) 93,932 3, 317' 171 46,229 1,632,542 12.6 244 471 3.7 
(6) 92,899 3,280,669 45,906 1,621,153 12.2 244 471 3.7 

06-1 12/13 0945-1145 86,817 3,065,894 43,962 1,552,508 11.6 235 455 5. 1 
06-2 0947-1147 87, 102 3,075,958 43,438 1, 534 ,002 12.8 236 457 5. 1 
06-3 0945-1145 86,868 3,067,686 •43,837 1,548,066 11.9 235 455 5. 1 
06-4 0947-1147 86, 712 3,062,194 43,681 1,542,579 12.6 232 449 5. 1 
06-5 0945-1145 88, 151 3, 112,999 44,327 1, 565, 391 12.2 235 455 5. 1 
06-6 0946-1146 88,127 3,112,161 44,383 1,567,349 12. 1 235 455 5. 1 

Average (Q) 86,875 3,067,933 43,730 1,544,289 12.2 235 454 5. 1 
(6) 87,296 3,082,815 43,938 1, 551 ,649 12.2 235 454 5. 1 

.. --

aVolumetric flow rate in actual cubic meters per hour (m3/h) and actual cubic feet per hour (acfh) at stack conditions. 

bvolumetrfc flow rate in dry normal cubic meters ~er hour (drll!l3/h) and drv standard cubic feet oer hour (dscfhl: 
Standard conditions = 20°C and 760 nm Hg (68°F and 29.92 in. Hg) and zero percent moisture. 

crest voided due to excessive post-test leak rate. 
dAverage (Q) is average quad train tests. 
Average (5) or (6) is average of all five or sfx tests. 

Oxygen. 
'.Y, 

11. 1 
11. 1 
11. 1 -
11.1 
11.1 

11.1 
11.1 

11.8 
11.8 
11.8 
11.8 
11.8 
11.8 

11.8 
11.8 

11.0 
11.0 
11.0 
11.0 
11.0 
11.0 

11.0 
11.0 



TABLE 2-44. SUMMARY OF FLUE GAS FLOW RATE AND TEMPERATURE 
AS MEASURED BY A FULL VELOCITY TRAVERSE 

Flue gas flow rate 
Date Actual a Standardb Temoerature 

Run No. (1981) m3/h I acfh dNmj/h I dscfh oc I OF 

NCOG underfiring test series 
Pre. l l 0/22 93,236 3,292,608 47,368 l, 672, 794 228 442 

Pre. 2 l 0/22 89,465 3,159,420 44,999 l,589,130 233 451 

V.T. l 0/27 95, 169 3,360,858 45, 169 1,595,118 259 499 

Average 92,623 3,270,962 45,845 l , 619, 014 240 464 

DCOG underfiring test series 
Pre. 12/7 86,169 3,043,045 44,134 1,558,567 228 443 

aVolumetric flow rate in actual cubic meters per hour (m3/h) and actual cubic 
feet per hour (acfh) at stack conditions. 

bVolumetric flow rate in dry normal cubic meters per hour (dNm3/h) and dry 
standard cubic feet per hour (dscfh): Standard conditions= 20°C and 760 
mmHg (68°F and 29.92 in.Hg) and zero percent moisture. 
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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 277°C (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 247°C (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. 
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TABLE 2-45. SUMMARY OF VISIBLE EMISSIONS DATA NUMBER 1 COKE BATTERY EXIT STACK, NCOG UNDERFIRING TEST SERIES 

Particulate Date Particulate Corresponding VE set VE observation Average 
Run No .. ( 1981} test time VE run No. No. time % opacity Range 

1 10/27 0910-1114 N/Aa 

2 10/27 1355-1624 N/A 

3 10/28 0955-1158 N/A 

4 10/28 1423-1716 VE-1 VE-1-1 1455-1500 30 20-45 
VE-1-2 1501-1506 11 0-35 
VE-1-3 1507-1512 7 0-15 
VE-1-4 1513-1518 10 0-25 
VE-1-5 1519-1525 17 10-25 
VE-1-6 1526-1531 10 5-20 
VE-1-7 1532-1537 16 0-25 
VE-1-8 1538-1543 17 10-20 
VE-1-9 l 544-l 549b 18 10-20 
VE-1-10 1550-1551 10 5-15 

5 10/29 0940-1137 VE-2 VE-2-1 1035-1040 6 5-10 
VE-2-2 1041-1046 3 0-5 
VE-2-3 1047-1052 3 0-5 
VE-2-4 1053-1058 2 0-5 
VE-2-5 1059-1104 2 0-5 
VE-2-6 1105-1110 0 0 
VE-2-7 1111-1116 0 0 
VE-2-8 1117-1122 0 0 
VE-2-9 1123-1128 0 0 
VE-2-10 1129-1134 . 0 0-5 

6 10/29 1350-1554 VE-4 VE-4-1 1431-1436 1 0-5 
VE-4-2 1437-1442 0 0 
VE-4-3 1443-1448 0 0 
VE-4-4 1449-1454 0 0-5 
VE-4-5 1455-1500 2 0-5 
VE-4-6 1501-1506 0 0 
VE-4-7 1507-1512 0 0 

(continued) 
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TABLE 2-45 ( cont"inued) 

Particulate Date 
Run No. (1981) 

6 10/29 
(cont'd) 

7 10/30 

8 10/30 

(continued) 

Particulate Corresponding 
test time VE run No. 

1350-1554 VE-4 

VE-5 

0930-1135 VE-6 

1438-1641 VE-7 

VE set VE observation Average 
No. time % opacity Range 

VE-4-8 1513-1518 0 0 
VE-4-9 1519-1524 0 0-5 
VE-4-1.0 1525-1530 3 0-10 

VE-5-1 1536-1541 8 5-10 
VE-5-2 1542-1547 <6 <5-20 
VE-5-3 1548-1553 <18 0-40 
VE-5-4 1554-1559 9 0-20 
VE-5-5 1600-1605 <2 0-5 
VE-5-6 1606-1611 0 0 
VE-5-7 1612-'1617c 0 0 
VE-5-8 1618-1620 0 0 

VE-6-1 1003-1008d 0 0 
VE-6-2 1011-1012 0 0 
VE-6-3 l 018-1023 0 0-5 
VE-6-4 1024-1029 <5 <5-5 
VE-6-5 1030-1035e <2 0-<5 
VE-6-6 1036-1040 0 0 

VE-7-1 1443-1448 <6 0-15 
VE-7-2 1449-1454 <3 0-5 
VE-7-3 1455-1500 <2 0-5 
VE-7-4 1501-1506 <6 0-15 
VE-7-5 1507-1512 8 5-10 
VE-7-6 1513-1518 <6 0-10 
VE-7-7 1519-1524 <5 0-10 
VE-7-8 1525-1530 <5 <5-10 
VE-7-9 l 53l - l 536f <7 0-15 
VE-7-10 1540-1544 <5 0-10 
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TABLE 2-45 (continued) 

Particulate Date 
Rli.n. ·No. (1981) 

8 
(cont'd) 

10/30 

aN/A = Not analyzed. 
bTwo-minute set. 
cThree-minute set. 
dTwo-minute set. 
eThree-minute set. 
f Five-minute set. 

Particulate Corresponding VE set 
test time VE run No. No. 

1438-1641 VE-8 VE-8-1 
VE-8-2 
VE-8-3 
VE-8-4 
VE-8-5 
VE-8-6 
VE-8-7 
VE-8-8 
VE-8-9 
VE-8-10 

VE observation Average 
time % opacity Range 

1551-1556 11 <5-20 
1557-1602 <3 0-5 
1603-1608 0 0 
1609-1614 0 0 
1615-1620 0 0 
1621-1626 0 0 
1627-1632 2 0-15 
1633-1638 8 5-10 
1639-1644 <5 0-10 
1645-1650 <5 0-5 



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 ft 3/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 mmH 2o (3.1 in.H 20) on the push side, 

and 81 mmH 2o (3.2 in.H 20) on the coke side. 

Average COG to Battery No. 1 during the DCOG underfiring 

testing was 4,339 m3 /h (153,210 ft 3 /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 ~H2o (2.2 in.H 20) on the push side, 

and 60 mmH 2o (2.4 in.H 20) 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. 

2-83 



TABLE 2-46. NCOG TEST SERIES PROCESS DATAa 
===::;:====;:=====;;=:::====-··=-·==rc===-===---:-:.:...:=-..::.~===:=.:.::--::-.;_·7~.-=::::_ ::y======r============ 

Date 
(1981) 

Average COG Average coal 
to battery~ in battery No. of No. of 

Exhaust main oressure 
No. of Push side Coke side 

Run No. Time >-mJth ft~/h Mg tons pushes charges ovens empty nmH20 in.H20 mmH20 in.H20 

12 

4 

12 i) 78 3. 1 80 

3 6 74 2.9 82 

5 3 76 3.0 83 

9 11 3 78 3. 1 81 

7 6 3 79 3. 1 81 

5 7 3 79 3.1 80 

3.1 

3.2 

3.2 

3.2 

3.2 

3.1 

1 

2 

3 

4 

5 

6 

7 

8 

10/27 0910-1114 4874 

10/27 13j5-1624 4754 

10/28 0947-1158 4117 

10/28 1423-1718 5012 

10/29 0940-1137 4990 

10/29 1350-1554 5213 

10/30 0930-1135 4528 

10/30 1438-1641 5068 

1;2,120 604.6 666.6 

167,880 622.7 686.6 

145,390 635.1 700.2 

176,990 655.2 722.4 

176,220 650.3 717.0 

184,070 650.4 717.1 

159,880 648.1 714.6 

178,940 657.2 724.6 

3 6 3 80 3 . 1 80 3 . 1 

4 4 3 79 3. 1 80 3 . 1 
~~~_,_~~-'-~~~---it--~~+-~~--~~---~-+-~~-~-~~~-+-----~-~--~~---~--t~~--~~ 

Average 4820 170,190 640.4 706. 1 6 7 4 78 3. 1 81 3. 2 
===========-====:=··~-,:;;;. =-:.=:....-=.-:: .. -.:=...'-:==.· . .=.::..'=::-=:·=-=·..:::· ==-=·-= -·=-==~=;7'"--=.=··'"""· -~=-~-=======:::!:::==~== 

aThe following information was provided by Republic Steel Corporation: 1) Average amount of coal charged per coke 
oven: -15.3 tons/coking cycle. 2) Average amount of coke produced per coke oven: -10.2 tons/coking cycle. 
3) Coking temperature: -2300°F. (This is the temperature recorded in the flues. The temperature of the coke would 
be approximately 150°F lower.) 4) Average coking time: -20.5 hours. 

bAt 40°C (140°F). 
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TABLE 2-47. DCOG TEST SERIES PROCESS OATAa 
-· ---· ---~· ·-

Average COG Average coal Exhaust main pressure 
Date to battervb in batterv No. of No. of No. of Push side t.m:e s~e 

Run No. (1981) Time m"/h ft"/h Mg tons pushes charges ovens empty 1111!1H20 in.H20 mmH20 ~n.H20 

0-1 12/8 1150-1352 4591 162.100 598.6 660.0 11 10 3 64 ?. • 5 62 ?. • 4 

0-2 12/10 1305-1512 4521 159 .640 598.6 660.0 7 8 3 62 2.4 65 2.6 

0-3 12/11 1134-1142 4234 149.520 585.9 646.0 4 4 3 55 2.2 55 2.2 1350-1548 

0-4 12/12 0940-1145 4130 145.850 598.6 660.0 4 3 3 55 2.2 60 2.2 

0-5 12/12 1355-1607 4348 153. 530 598.6 660.0 3 2 3 55 2.2 60 2.4 

0-6 12/13 0945-1147 4209 148.620 598.6 660.0 5 5 3 52 2.0 60 2.4 
i--.----- ---- ~------- ----- -

Average 4339 153. 210 596.4 657.7 6 5 3 57 2.2 60 2.4 
-- ---------- -· -·-·--- - -·-·· ·-·. .. - .. 

aThe following information was provided by Republic Steel Corporation: 1) Average amount of coal charged per coke oven: 
-14 tons/coking cycle during November/December. 2) Average amount of coke produced per coke oven: -10 tons/coking 
cycle during November/December. 3) Coke temperature: -2175°F to 2250°F. (This is the temperature recorded in the 
flues. The temperature of the coke would be approximately 150°F lower.) 4) Average coking time: -24 hours. 5) Btu 
content of DCOG: 540 Btu/scf. 

bAt 40°C (104°F). 



TABLE 2-48. SULFUR CONTENT OF COAL AND COKE DURING 
NCOG TESTS (PERCENT) 

Date analyzeda Coal Coke 

10/25/81 0.75 0.70 

10/26/81 0.77 0. 72 

10/27 /81 0.98 0.75 

10/28/81 0.80 0.65 

10/29/81 0.78 0.70 

10/30/81 0.85 0.65 

Average 0.82 0.70 

TABLE 2-49. SULFUR CONTENT OF COAL AND COKE DURING 
DCOG TESTS (PERCENT) 

Date analyzeda Coal Coke 

12/07 /81 0.78 0.78 

12/08/81 0.78 0.75 

12/09/81 0.83 0.73 

12/l 0/81 0.80 0.68 

12/11/81 0.78 0.68 

12/12/81 0.87 0.70 

12/13/81 0.80 0.70 

Average 0.80 0. 72 

aSulfur content of coal is usually analyzed 1 to 2 days before the 
coal is charged to the ovens. Sulfur content of coke is usually 
analyzed the same day the coke is pushed from the ovens. 
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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 3-1 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 underf ired to the battery 
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Figure 3-1. 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 1038° to 1093°C (1900° 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. 
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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 collected at the inlet and 

outlet (during DCOG underfiring) of the SRU and the exit stack 

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 4-1). 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. 
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Figure 4-1. Coke Battery No. l flue gas exit stack . 
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Figure 4-2. Coke Battery No. l exit stack sampling site and 
traverse point locations. 
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4.2 GAS STREAM FLOW RATE, TEMPERATURE, AND COMPOSITION 

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 

315°C (600°F) 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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TABLE 4-1. NCOG UNDERFIRING TEST SERIES, OCTOBER 26-30, 1981, 
REVISED SAMPLING SCHEDULE 

Run Sample Probe, filter temperature. Back-ha 1 f 
No. train No. oc OF configuration 

l 1. 1 121 250 Method 8 
1. 2 121 250 Method 8 
1.3 177 350 Method 8 
l.4 177 350 Method 8 
1. 5 121 250 Method 5 
1. 6 316 600 Method 8 

2 2. 1 121 250 Method 8 
2.2 121 250 Method 8 
2.3 204 400 Method 8 
2.4 204 400 Method 8 
2.5 121 250 Method 5 
2.6 316 600 Method 8 

3 3.1-3.6 Same as Run 1 Same as Run 1 
I 
I 

4 4.1-4.6 Same as Run 2 Same as Run 2 
•' 

5 5. 1 121 250 Method 8 
5.2 121 250 Method 5 
5.3 177 350 Method 8 
5.4 177 350 Method 5 
5.5 121 250 Method 5 
5.6 316 600 Method 8 

6 6. 1 121 250 Method 8 
6.2 121 250 Method 5 
6.3 204 400 Method 8 
6.4 204 400 Method 5 
6.5 121 250 Method 5 
6.6 316 600 Method 8 

7 7. 1 121 250 Method 8 
7.2 121 250 Method 5 
7.3 177 350 Method 8 
7.4 177 350 Method 5 
7.5 204 400 Method 5 
7.6 316 600 Method 8 

8 8. 1 177 350 Method 8 
8.2 177 350 Method 5 
8.3 204 400 Method 8 
8,4 204 400 Method 5 
8.5 121 250 Method 8 
8.6 316 600 Method 8 

Note: All filters were Whatman Reeve Angel 934 AH. Sampling trains 
1 through 4 operated simultaneously in quad system. During 
every run, gas samples were collected at the COG inlet to the 
battery and at the outlet stack for TRS and so2 analysis. 
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TABLE 4-2. DCOG UNDERFIRING TEST SERIES, DECEMBER 6-13, 1981, 
REVISED SAMPLING SCHEDULE 

Run Sample Probe, filter temperature, Back-half 
No. train No. oc OF configuration 

Dl 1. l 121 250 Method 8 
1. 2 121 250 Method 8 
1. 3 177 350 Method 8 
l. 4 177 350 Method 8 
1. 5 121 250 Method 5 
1. 6 316 600 Method 8 

D2 2.1-2.6 Same as Run Dl Same as Run Dl 

D3 3. l 121 250 Method 8 
3.2 121 250 Method 8 
3.3 204 400 Method 8 
3.4 204 400 Method 8 
3.5 121 250 Method 5 
3.6 316 600 Method 8 

D4 4.1-4.6 Same as Run D3 Same as Run D3 

D5 5. l 121 250 Method 8 
5.2 121 250 Method 5 
5.3 177 350 Method 8 
5.4 177 350 Method 5 
5.5 121 250 Method 5 
5.6 316 600 Method 8 

D6 6. l 12·1 250 Method 8 
6.2 121 250 Method 5 
6.3 204 400 Method 8 
6.4 204 400 Method 5 
6.5 121 250 Method 5 
6.6 316 600 Method 8 

Note: All filters were Whatman Reeve Angel 934 AH. Sample trains 
1 through 6 operated simultaneously. Gas samples were 
collected during every r~n at the inlet and outlet of the 
desulfurization unit and~at the outlet stack for TRS and sc2 analysis. 
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TABLE 4-3. NCOG AND DCOG UNDERFIRING TEST SERIES ANALYTICAL SCHEDULE 

Probe and filter Laboratory protocol 
Sampling Filter temoera tu re. 

Front halfa Run train I.D. No. oc Of Back half 

1,3, Method 5 with 1. 1 121 250 1. Desiccate and weigh Standard Method 8 
Dl ,D2 Method 8 back 3.1 2. IPA-rinse and titrate 

half Dl. 1 3. H20-rinse and titrate 
D2. 1 

Method 5 with 1. 2 121 250 1. Desiccate and weigh Standard Method 8 
Method 8 back 3.2 2. Heat 2 h at 177°C (350°F) 
half Dl.2 3. Reweigh 

D2.2 4. IPA-rinse and titrate 
5. H20-rinse and titrate 

Method 5 with 1.3 177 350 1. Desiccate and weigh Standard Method 8 
Method 8 back 3.3 2. IPA-rinse and titrate 
half Dl.3 3. H20-rinse and titrate 

D2.3 

Method 5 with 1.4 177 350 1. Desiccate and weigh Standard Method 8 
Method 8 back 3.4 2. IPA-rinse and titrate 
half Dl.4 3. H20-rinse and titrate 

D2.4 

Method 5 with 1. 5 121 250 1. Desiccate and weigh 1. TO Cb 
H20 in the 3.5 2. Divide filter, desic- 2. E-C ext.c 
impingers Dl.2 cate and weigh 

D2.5 3. a. Heat 2 h at 177°C ( 350°F), 
heat 4 hat 177°C (350°F). 
heat 2 h at 204°C (400°F), 
heat 4 h at 204°C (400°F), 
heat 2 hat 316°C (600°F), 
IPA-rinse and titrate, 
H20-rinse and titrate 

(continued) 



TABLE 4-3 (continued) 

.. _____ -·::-=.,-:--;- -·:· -
Probe and filter Laboratory protocol 

Sampling Filter temperature. 
Front hal~ Run train I. D. No. oc Of Back-half 

b. 121°C (250°F) + TOC 
temperature profile 
+ 316°C (600°F) 

CCS filter 1.6 316 600 1. Desiccate and weigh Standard Method 8 
holder with 3.6 2. IPA-rinse and titrate 
Method 8 Dl.6 3. H20-rinse and titrate 
back half D2.6 

2,4, Method 5 with 2. 1 121 250 1. Desiccate and weigh Standard Method 8 
D3,04 Method 8 back 4. 1 2. IPA-rinse and titrate 

half D3. 1 3. H20-rinse and titrate 
04. 1 

Method 5 with 2.2 121 250 1. Desiccate and weigh Standard Method 8 
Method 8 back 4.2 2. Heat 2 h at 204°C (400°F) 
half D3.2 3. Reweigh 

04.2 4. IPA-rinse and titrate 
5. H20-rinse and titrate 

Method 5 with 2.3 204 400 1. Desiccate and weigh Standard Method 8 
Method 8 back 4.3 2. IPA-rinse and titrate 
half D3.3 3. H20-rinse and titrate 

04. 3 

Method 5 with 2.4 204 400 1. Desiccate and weigh Standard Method B 
Method B back 4.4 2. IPA-rinse and titrate 
half D3.4 3. H20-rinse and titrate 

(continued) 
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TABLE 4-3 (continued) 

Sampling Filter 
Run train I. D. No. 

Method 5 with 2.5 
H20 in the 4.5 
impingers D3.5 

04. 5 

CCS filter 2.6 
holder with 4.6 
Method 8 back D3.6 
half 04.6 

5,D5 Method 5 with 5. 1 
Method 8 back D5.1 
half 

Method 5 with 5.2 
H20 in the D5.2 
impingers 

Method 5 with 5.3 
Method 8 back D5.3 
half 

(continued) 

Probe and filter 
temperature. oc OF 

121 250 

316 600 

121 250 

121 250 

177 350 

Laboratory protocol 

Front hal~ Back half 

1. Desiccate and weigh 1. TOCb 
2. Divide filter, desic- 2. E-C ext.c 

3. 
cate and weigh 
a. Heat 2 hat 177°C (350°F), 

heat 4 hat 177°C (350°F), 
heat 2 hat 204°C (400°F), 
heat 4 hat 204°C (400°F), 
heat 2 hat 316°C (600°F), 
IPA-rinse and titrate, 

b. 
H20-rinse and titrate 
121°C (250°F) + TOC 
temperature profile 
+ 316°C ( 600°F) 

1. Desiccate and weigh Standard Method 8 
2. IPA-rinse and titrate 
3. H20-rinse and titrate 

1. Desiccate and weigh Standard Method 8 
2. IPA-rinse and titrate 
3. H20-rinse and titrate 

1. Desiccate and weigh 1. TOCb 
2. Heat 2 h at 177°C (350°F) 2. E-C ext.c 
J. Reweigh 
4. IPA-rinse and titrate 
5. H20-rinse and titrate 

1. Desiccate and weigh Standard Method 8 
2. IPA-rinse and titrate 
3. H20-rinse and titrate 



~ 
I 

..... 
0 

TABLE 4-3 (continued) 

-

Sampling Filter 
Run train I.D. No. 

Method 5 w; th 5.4 
H20 fo the 
impfngers 

D5.4 

Method 5 with 5.5 
H20 ;n the D5.5 
impingers 

CCS fllter 5.6 
holder with D5.6 
Method 8 
back half 

6,06 Method 5 with 6. 1 
Method 8 back D6. 1 
half 

Method 5 with 6.2 
H20 in the D6.2 
;mpingers 

(continued) 

-----··----- -----·---------·-----· --- ···--··- --·- - ----- ·---·------ -----
Probe and filter Laboratory protocol 
temoera~~-

.___ ____ 
-

oc OF Front hal fa Back half 

177 350 1. Desiccate and weigh 1. TOCb 
2. IPA-rinse and titrate 2. E-C ext.c 
3. H2o-r;nse and titrate 

121 250 1. Desiccate and we;gh 1. TOCb 
2. Divide filter, des;c- 2. E-C ext.c 

3. 
cate and weigh 
a. Heat 2 hat 177°C (350°F), 

heat 4 hat 177°C (350°F), 
heat 2 hat 204°C (400°F), 
heat 4 hat 204°C (400°F), 
heat 2 hat 316°C (600°F), 
IPA-rinse and t;trate, 

b. 
H20-rinse and titrate 
121°C (250°F) .. TOC 
temperature profile 
.. 316°C (600°F) 

316 600 1. Desiccate and weigh Standard Method 8 
2. IPA-rinse and titrate 
3. H2o-r;nse and t;trate 

121 250 1. Desiccate and we;gh Standard Method 8 
2. IPA-r;nse and t;trate 
3. H2o-r;nse and titrate 

121 250 1. Desiccate and weigh 1. TOCb 
2. Heat 2 h at 204°C (400°F) 2. E-C ext. c 
3. Reweigh 
4. IPA-rinse and titrate 
5. H20-rinse and titrate 
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TABLE 4-3 (continued) 
-· 

Sampling rnter 
Run train I.D. No. 

Method 5 with 6.3 
Method 8 back D6.3 
half 

Method 5 with 6.4 
H20 in the D6.4 
impingers 

Method 5 with 6.5 
H20 in the D6.5 
impingers 

CCS filter 6.6 
holder with D6.6 
Method 8 
back half 

7 Method 5 with 7. 1 
Method 8 back 
half 

(continued) 

Probe and filter 
temoera tu re. 
oc or 

204 4DO 

204 400 

121 250 

316 600 

121 250 

- -
Laboratory protocol 

Front hal fa Back half 

1. Desiccate and weigh Standard Method 8 
2. IPA-rinse and titrate 
3. H20-rinse and titrate 

1. Desiccate and weigh 1. TOCb 
2. IPA-rinse and titrate 2. E-C ext.c 
3. H20-rinse and titrate 

1. Desiccate and weigh 1. TOCb 
2. Divide filter, desic- 2. E-C ext.c 

3. 
cate and weigh 
a. Heat 2 hat 177°C (350°F), 

heat 4 hat 177°C (350°F), 
heat 2 hat 204°C (400°F), 
heat·4 hat 204°C (400°F), 
heat 2 hat 316°C (600°F), 
IPA-rinse and titrate, 
H20-rinse and titrate 

b. 121°C (250°F) + TOC 
temperature profile 
+ 3l 6°C ( 600°F) 

1. Desiccate and weigh Standard Method 8 
2. IPA-rinse and titrate 
3. H20-rinse and titrate 

1. Desiccate and weigh Hold 
2. Hold 



TABLE 4-3 (continued) 

-- -- ::-=-=-~-=--..:...-:.::.:.:..=:::._-::.:~-==-~ -----------
Probe and filter Laboratory protocol 

Sampling Filter temperature. 
Run train l.D. No. oc OF Front hal ,a Back half 

Method 5 with 7.2 121 250 1. Desiccate and weigh Hold 
H20 in the 2. Hold 
impingers 

Method 5 with 7.3 177 350 1. Desiccate and weigh Hold 
Method 8 back 2. Hold 
half 

Method 5 with 7.4 177 350 1. Desiccate and weigh Hold 
H20 in the 2. Hold 
impingers 

Method 5 with 7.5 204 400 1. Desiccate and weigh Hold 
H20 in the 2. Hold 
impingers 

CCS filter 7.6 316 600 1. Desiccate and weigh Hold 
holder with 2. Hold 
Method 8 
back half 

8 Method 5 with 8. 1 177 350 1. Desiccate and weigh Hold 
Method 8 back 2. Hold 
half 

Method 5 with 8.2 177 350 1. Desiccate and weigh Hold 
H20 in the 
impingers 

2. Hold 

Method 5 with 8.3 204 400 1. Desiccate and weigh Hold 
Method 8 back 2. Hold 
half 

(continued) 
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TABLE 4-3 (continued) 

--~ 
··=-~--=:-===-· .:=....:.=_-__ :..-_-:- ..:=:.·. :·:.- -· 

Probe and filter Laboratory protocol 
Sampling Filter temoerature -

Run train I. D. No. oc OF Front halya 

Method 5 with 8.4 204 400 1. Desiccate and weigh 
H20 in the 2. Hold 
impingers 

Method 5 with 8.5 121 250 1. Desiccate and weigh 
Method 8 back 2. Heat 2 hat 135°C (275°F), 
half heat 4 hat 135°C (275°F), 

heat 2 hat 149°C (300°F), 
heat 4 hat 149°C (300°F), 
heat 2 hat 163°C (325°F), 
heat 4 hat 163°C (325°F), 
heat 2 hat 177°C (350°F), 
heat 4 hat 177°C (350°F), 
heat 2 hat 204°C (400°F), 
heat 4 hat 204°C (400°F), 
heat 2 hat 316°C (600°F), 
IPA-rinse and titrate, 
H20-rinse and titrate 

CCS filter 8.6 316 600 1. Desiccate and weigh 
holder with 2. Hold 
Method 8 
back half 

---

aFront half filter catches were saved after their analysis. 
bTotal organic carbon. 
cEther-chloroform extraction. 

Back half 

Hold 

Hold 

Hold 



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. 

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. 

4-14 



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 105°C (221°F). 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 (H 2s, 

COS, and cs 2 ) 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. 



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 (µV-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 

0 

0 

0 

0 

Calibration of field sampling equipment. Tables 5-1 
through 5-12 summarize calibration of equipment used in 
this test series. Calibration guidelines are described 
in more detail in Appendix E. 

Train configuration and calculation checks. 

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

Use of designated analytical equipment and sampling 
reagents. 

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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U1 
I 

N 

. 
Equipment 

Meter box 

Pitot tube 

Digital 
indicator 

Thermocouples 
and stack 
thermometers 

Orsat analyzer 

lmpinger 
thermometer 

Trip balance 

Barometer 

Ory gas 
thermometer 

Probe nozzle 

1.0. 
No. 

FB-2 

1001 

125 

174 

C02 
231 02 

co 

194 

271 

Inlet 
Outlet 

l 
2-1 

TABLE 5-1. FIELD EQUIPMENT CALIBRATION, QUAD TRAIN NO. 1 (NCOG) 

Within 
Calibrated Allowable Actual allowable 

against deviation deviation 1 imits Comments 

Wet test meter y +0.02 y -3.0% I 
AH-@ +O. 15 

(Y .:!:_0.05 Y-post-test) 

Standard pitot Cp :_0.01 OK I 
tube 

Millivolt signals 0. 5~~ +0.3% I 

ASTM-2F or JF 1. 53 0.4% / 
(:_2r, saturated) 

/ +0.2% 
Standard gas +0.5~ +0.1% / 

-0.4% / 

ASTM-2f' or JF +2°F OK / 
-

Type S weights .:!:_0.5 g +O. 1 g / 

NBS traceable +0.10 in. H~. +0.02 / 
barometer (0.20 post test) in. 

ASTM-2F or JF +5°F -2°F / 
- -1°F / 

Caliper On +0.004 in. 0.001 in. / 
0.002 in. / 



U1 
I 
w 

Equipment 

Meter box 

Pitot tube 

Digital 
indicator 

Thermocouples 
and stack 
thermometers 

Orsat analyzer 

lmpinger 
thermometer 

Trip balance 

Barometer 

Ory gas 
thermometer 

Probe nozzle 

I. o. 
No. 

FB-10 

1001 

125 

174 

co 
231 o~ 

co 

194 

271 

Inlet 
Outlet 

2 
2-2 

TABLE 5-2. FIELD EQUIPMENT CALIBRATION, QUAD TRAIN NO. 2 (NCOG) 

Within 
Calibrated Allowable Actual allowable 

against deviation deviation 1 imits Conmen ts 

Wet test meter y +0.02 y -3. 1 % I 
t\H-@ +O. 15 

(Y .:!:_0.05 Y-post-test) 

Standard pitot Cp .:!:_0.01 OK I 
tube 

Millivolt signals 0.53 +0.3% I 

ASTM-2F or JF 1. 53 0.4% I 
(.:!:_2~'. saturated) 

+0.2% I 

Standard gas +0.53 +O. 1 ~~ I 
-0.4% I 

ASTM-2f or JF +2°F OK I 
-

Type S weights :_O. 5 g +O. 1 g ./ 

NBS traceable +O. 10 in. H~. +0.02 in. I 
barometer (0.20 post test} 

ASTM-2F or JF +5°F -2°F ./ 
- -1°F ./ . 

Caliper On +0.004 in. 0.001 in ./ 
- 0.002 in ./ 



U1 
I 
~ 

Equipment 

Meter box 

Pitot tube 

Digital 
fodicator 

Thermocouples 
and stack 
thermometers 

Orsat analyzer 

Impinger 
thermometer 

Trip balance 

Barometer 

Dry qas 
thermometer 

Probe nozzle 

I. D. 
No. 

FB-1 

1001 

124 

174 

C02 
231 02 

co 

194 

271 

Inlet 
Outlet 

3 
3-3 

TABLE 5-3. FIELD EQUIPMENT CALIBRATION, QUAD TRAIN NO. 3 (NCOG) 

Within 
Calibrated Allowable Actual allowable 

against deviation deviation 1 imits Co!TITients 

Wet test meter y +0.02 y -2.2% I 
liH-@ +0.15 

(Y .:!:_0.05 Y-post-test) 

Standard pHot Cp .:!:_0.01 OK I 

tube 

Millivolt signals 0.5~ -0.4% I 

ASTM-2F or 3F 1.53 0.4% I 

(.:!:_2o/, saturated) 

+0.2% I 
Standard gas +0.53 +0.1 % I 

-0.4% I 
AsTM-2t= or 3F +2°F OK I -

Type S weights .:!:_0. 5 g +O. 1 g I 

NBS traceable +0.10 in. H~. +0.02 in. I 
barometer (0.20 post test) 

ASTM-2F or 3F +5°F 0°F I 
- -1°F I 

Caliper On +0.004 in. 0.001 in. I 
- 0.000 in. I 



U1 
I 

U1 

Equipment 

Meter box 

P;tot tube 

Digital 
indicator 

Thermocouples 
and stack 
·thermometers 

Orsat analyzer 

Impinger 
thermometer 

Trip balance 

Barometer 

Dry gas 
thermometer 

Probe nozzle 

I.D. 
No. 

FB-5 

1001 

124 

174 

co 
231 o~ 

co 

194 

271 

Inlet 
Outlet 

4 
3-4 

TABLE 5-4. FIELD EQUIPMENT CALIBRATION, QUAD TRAIN NO. 4 {NCOG) 

Within 
Calibrated Allowable Actual allowable 

against deviation deviation 1 imits Conmen ts 

Wet test meter y +0.02 y -3.-63 ./ 
i\H-@ +0.15 

{Y :_0.05 Y-post-test) 

Standard pitot Cp :_O. 01 OK ,/ 

tube 

Millivolt signals 0.53 -0.4% ,/ 

ASTM-2F or 3F 1.53 0.4% ,/ 

c:.2r. saturated) 

+0.2% ,/ 

Standard gas +0.53 +O. 1 % ,/ 
- -0.4% ./ 

ASTM-2f" or 3F +2°F OK ,/ 

Type S weights :_o.5 g +0.1 g ,/ 

NBS traceable +0.10 in. H~. +0.02 in. ,/ 

barometer {0.20 post test) 

ASTM-2F O't' JF +5°F 0°F ./ 
-1°F ,/ 

Caliper On +0.004 in. 0.000 in. ./ 
- 0.003 in. I 



U1 
I 

°' 

Equipment 

Meter box 

Pitot tube 

Digital 
indicator 

Thermocouples 
and stack 
thermometers 

Orsat analyzer 

Impinger 
thermometer 

Trip balance 

Barometer 

Dry gas 
thermometer 

Probe nozzle 

I. 0. 
No. 

FB-4 

186 

207 

203 

C02 
231 02 

co 

194 

271 

Inlet 
Outlet 

6-1~~ 6-1 
8"".103 

TABLE 5-5. FIE.LO EQUIPMENT CALIBRATION, TRAIN NO. 5 (NCOG} 

Within 
Calibrated Allowable Actual allowable 

against deviation deviation limits Comments 

Wet test meter y +0.02 y -0.6% ./ 
t\H-@ +O. 15 

(Y .:!:_0.05 Y-post-test} 

Standard pitot 
tube 

Cp .:!:_0.01 0.00 ./ 

Millivolt signals 0. 5% -0.4% ../ 

ASTM-2F or 3F 1. 53 0.3% ./ 
(.:!:_2'Y, saturated} 

+0.2% ./ 
Standard gas +0.53 +0.1% ../ 

-0.4% ./ 
AsTM-2F' or JF +2°F OK ./ -

Type S weights .:!:_0. 5 g +0.1 g ./ 

NBS traceable +O. 10 in. H~. +0.02 in. ./ 
barometer (0.20 post test} 

ASTM-2F or JF +5°F -3oF ~ +l°F 

~·~W in. ~ Caliper On +0.004 in. . ~ l n. ./ - . in. 



U1 
I ...., 

Equipment 

Meter box 

Pitot tube 

Digital 
indicator 

Thennocouples 
and stack 
thermometers 

Orsat analyzer 

Impinger 
thermometer 

Trip balance 

Barometer 

Ory gas 
thermometer 

Probe nozzle 

TABLE 5-6. FIELD EQUIPMENT CALIBRATION, TRAIN NO. 6 (NCOG) 

Within 
I. 0. Calibrated Allowable Actual allowable 
No. against deviation deviation 1 imits Comments 

FB-8 Wet test meter y +0.02 y -0.4% I 
hH-@ +0.15 

(Y _:0.05 Y-post-test) 

186 Standard pitot Cp _:o. 01 0.00 I 
tube 

207 Millivolt signals 0.5% -0.4% ' 
203 ASTM-2F or JF 1.53 0.3% I 

(_:2r. saturated) 
+0.2% I 

C02 +0.1 % I 
231 02 Standard gas +0.53 -0.4% I 

co -
ASTM-2F or 3F +2°F OK ' -

194 Type S weights ,:o. 5 g +O. l g ./ 

271 NBS traceable _:O. 10 in. H9. +0.02 in ./ 
barometer (0.20 post test} 

Inlet +2°F I 
Outlet ASTM-2F or 3F +5"F -3°F I 

A 0.001 in. I 
B Caliper On +0.004 in. 0. 001 in. I 



ti, 
I 

00 

Equipment 

Meter box 

Pitot tube 

Digital 
indicator 

Thermocouples 
and stack 
thermometers 

Orsat analyzer 

Impinger 
thermometer 

Trip balance 

Barometer 

Ory gas 
thermometer 

Probe nozzle 

1.0. 
No. 

FB-2 

1001 

125 

133 

co 
230 o~ 

co 
1 

196 

225 

Inlet 
Outlet 
1-1 
2-1 

TABLE 5-7. FIELD EQUIPMENT CALIBRATION, QUAD TRAIN NO. 1 (DCOG) 

Within 
Calibrated Allowable Actual allowable 

against deviation deviation limits Comments 

Wet test meter y +0.02 y -2.7% I 
i\H-@ +0.15 

(Y :_0.05 Y-post-test) -

Standard pitot Cp :_0.01 OK I 
tube 

Millivolt signals 0.5% +0.3% ./ 

ASTM-2F or 3F 1.53 -0.5% ./ 
(:_23 saturated) 

+0.4% ./ 
Standard gas +0.53 -0.3% ./ 

-0.5% I 

ASTM-2F or 3F +2°F -4°F Correction factor used 

Type S weights ,::o. 5 g +0.3 g I 

NBS traceable +0.10 in. HCJ. +0.01 in. ./ 
barometer (0.20 post test} 

ASTM-2F or 3F +5"F +4°F ./ 
+2°F ./ 

Caliper On +0.004 in. 
0.001 in. ./ 
0.001 in. ./ 



V'I 
I 

'° 

Equipment 

Meter box 

Pitot tube 

Digital 
indicator 

Thermocouples 
and stack 
thermometers 

Orsat analyzer 

Impinger 
thermometer 

Trip balance 

Barometer 

Dry gas 
thermometer 

Probe nozzle 

I.D. 
No. 

FB-5 

1001 

125 

133 

C02 
230 02 

co 
2 

196 

225 

Inlet 
Outlet 
1-2 
2-2 

TABLE 5-8. FIELD EQUIPMENT CALIBRATION, QUAD TRAIN NO. 2 (DCOG) 

Within 
Calibrated Allowable Actual allowable 

against deviation deviation 1 imits Conmen ts 

Wet test meter y +0.02 y -2.3% ./ 
t\H-@ +0.15 

(Y _:o.os v-post-test) 

Standard pitot Cp .:!:_0.01 OK ./ 
tube 

Millivolt signals 0.5% +0.3% ' 
ASTM-2F or 3F 1.53 -0.5% ./ 

(:_2r, saturated) 

./ +0.4% 
Standard gas +0.53 -0.3% ./ 

-0.5% / 

ASTM-2F or 3F +2°F -4°F Correction factor used 
-

Type S weights _:0.5 g + 0.3 CJ ./ 

NBS traceable +0.10 in. H~. +0.01 in. ./ 
barometer (0.20 post test} 

ASTM-2F or 3F +5°F +4°F ./ 
- +2°F / 

0. 001 in. ./ 
Caliper On +0.004 in. 0.000 in. / 



U1 
I ..... 

0 

Equipment 

Meter box 

Pitot tube 

Digital 
fodicator 

Thermocouples 
and stack 
thermometers 

Orsat analyzer 

Jmpinger 
thermometer 

Trip balance 

Barometer 

Ory qas 
thermometer 

Probe nozzle 

I. 0. 
No. 

FB-8 

1001 

124 

133 

co 
230 o~ 

co 
3 

196 

225 

Inlet 
Outlet 

1-3 
2-3 

TABLE 5-9. FIELD EQUfPMENT CALIBRATION, QUAD TRAIN NO. 3 (DCOG) 

Within 
Calibrated Allowable Actual allowable 

against deviation deviation 1 imits Comments 

Wet test meter y +0.02 y -0.6%" I 
tiH-@ +0.15 

(Y .:!:_0.05 Y-post-test) 

Standard pitot Cp .:!:_0.0l OK I 
tube 

Millivolt signals 0.53 -0.5% ' 
ASTM-2F or 3F 1.53 -0.5% I 

(.:!:_2'.'1, saturated) 

+0.4% I 
Standard gas +0.53 -0.3% I 

-0.5% I 

' ASTM-2F or 3F +2°F -2°F 

Type S weights .:!:_0. 5 g +0.3 g I 

NBS traceable +0.10 in. H!J. +0.01 in. I 
barometer (0.20 post test) 

-3°F I 
ASTM-2F or 3F +5°F -2°F ,I 

0.000 in. I 
Caliper On +0.004 in. 0.001 in. I -



U1 
I .... .... 

Equipment 

Meter box 

Pitot tube 

Digital 
indicator 

Thermocouples 
and stack 
thermometers 

Orsat analyzer· 

Impinger 
thermometer 

Trip balance 

Barometer 

.Ory gas 
thermometer 

Probe -nozzle 

I. D. 
No. 

FB-4 

1001 

124 

133 

co 
230 o~ 

co 
4 

196 

225 

Inlet 
Outlet 

1-4 
2-4 

TABLE 5-10. FIELD EQUIPMENT CALIBRATION, QUAD TRAIN NO. 4 (DCOG) 

Within 
Calibrated Allowable Actual allowable 

against deviation deviation 1 imits ColTITlents 

Wet test meter y +0.02 y +0.9% I 
i\H-@ +0.15 

(Y .:!:_0.05 Y-post-test) 

Standard pitot Cp .:!:_0.01 OK I 
tube 

Millivolt signals 0.53 -0. 5% I 

ASTM-2F or 3F 1.53 -0.5% I 
(.:!:_21i saturated) 

+0.43 I 
Standard gas +O. 5~~ -0.3% I 

- I -0.5% 
ASTM-2F or 3F +2°F 0°F I -

Type S weights .:!:_0. 5 g +0.3 g I 

NBS traceable +0.10 in. H!J. +0.01 in. I 
barometer (0.20 post test) 

0°F I 
ASTM-2F or 3F +5°F 0°F I -

0.001 in. I 
Caliper On +0.004 in. 0. 001 in. I 

- --· 



VI 
I ..... 

I\) 

Equipment 

Meter box 

Pitot tube 

Digital 
indicator 

Thermocouples 
and stack 
thermometers 

Orsat analyzer 

Impinger 
thermometer 

Trip balance 

Barometer 

Dry qas 
thermometer 

Probe nozzle 

I. D. 
No. 

FB-1 

034 

221 

133 

co 
230 o~ · 

co 
5 

196 

225 

Inlet 
Outlet 
352-104 

7-101 

TABLE 5-11. FIELD EQUIPMENT CALIBRATION, TRAIN NO. 5 (DCOG) 

Within 
Calibrated Allowable Actual allowable 

against deviation deviation 1 imits Comments 

Wet test meter y +0.02 y -3.7% I 
t\H-@ +0.15 

{Y .:!:_0.05 Y-post-test) 

Standard pitot Cp .:!:_0.01 0.00 I 
tube 

Millivolt signals 0.5% +0.4% I 

ASTM-2F or 3F 1. 53 -0.5% I 
(.:!:_2o/i saturated) 

+0.4% I 
Standard gas +0.5% -0.3% I 

- -0. 5% I 

ASTM-2F or 3F +2°F OK I 
-

Type S weights .:!:_0. 5 g +0.3 g I 

NBS traceable +0.10 in. H!J. +0.01 in. I 
barometer (0.20 post test) 

ASTM-2F or 3F +5°F -2°F I 
- -5°F I 

Caliper On +0.004 in. 0.002 in. ./ 
- 0.002 in. I 



U1 
I 

..... 
w 

Equipment 

Meter box 

Pitot tube 

Digital 
indicator 

Thermocouples 
and stack 
thermometers 

Orsat analyzer 

lmpinger 
thermometer 

Trip balance 

Barometer 

Ory gas 
thermometer 

Probe nozzle 

I. 0. 
No. 

FB-6 

034 

221 

133 

co 
230 o~ 

co 
6 

196 

225 

Inlet 
Outlet 
6-108 
6-105 

TABLE 5-12. FIELD EQUIPMENT CALIBRATION, TRAIN NO. 6 (DCOG) 

Within 
Calibrated Allowable Actual allowable 

against deviation deviation 1 imits Co1T111ents 

Wet test meter y +0.02 y -1.6% I 
f)H-@ +0.15 

(Y .:!:_0.05 Y-post-test) 

Standard pitot Cp .:!:_0.01 0.00 I 
tube 

Millivolt signals 0.5% +0.4% I 

ASTM-2F or 3F 1.53 -0.5% I 
(.:!:_21. saturated) 

+0.4% I 
Standard gas +0.53 -0.3% I - -0.5% ./ 

ASTM-2F or 3F +2°F - OK I 

Type S weights .:!:_0. 5 g +0.3 g I 

NBS traceable +O. 10 in. HIJ. +O. 01 in. I 
barometer (0.20 post test} 

ASTM-2F or 3F +5°F -4°F I 
-4°F I 

0. 001 in. I 
Caliper On +0.004 in. 0.000 in. I 



TABLE 5-13. FILTER AND REAGENT BLANK ANALYSIS, NCOG TEST SERIES 

Sa mp 1 e type and Lab No. (sample Blank weight, 
analytical procedure volume, ml) mg Comments 

Acetone 
Gravimetric CB 954 (219) 0.4 

CB 955 (348) 0.7 
IPA extraction CB 954 <0.3 
H20 extraction CB 954 <O. 21 

Filter 
Gravimetric CB 894 0.3 

CB 895 0.8 
CB 900 0.3 
CB 901 0.7 

IPA extraction CB 901 <0.3 
H20 extraction CB 901 <0.42 
Total organic carbon CB 900 1.28 

(oxidation tech- -
nique) 

Method 5 back half 
Ether/chloriform 

Inorganic cc 026 (196) 4.0 0.01 used in 
cc 027 (384) 3.8 calculations 

Organic cc 026 (150) 1. 6 
cc 027 (150) 1. 3 

Total organic carbon cc 026 (60) 0.5 
(ampute tech- cc 027 (60) 0.05 
nique) 

Method 8 IPA solution 
H2S04 titration CB 982 0.25 

CB 983 0.22 
CB 984 0.20 
CB 985 <O. 15 

Method 8 H20? solution 
so2 titration cc 013-15 <l 

5-14 



TABLE 5-14. FILTER AND REAGENT BLANK ANALYSIS, DCOG TEST SERIES 

Sample type and Lab No. (sample Blank weight, 
analytical procedure volume, ml) mg Comments 

Acetone 
Gravimetric cc 769 (270) -0.9 0.0 used in cal-

cc 770 (275) 1 . 1 culation 
IPA extraction cc 769 <0.05 
H2o extraction cc 769 <0.24 

Filter 
Gravimetric cc 666 0.2 

cc 672 o. 1 
cc 671 0.3 
cc 673 0.2 

IPA extraction cc 669 <0.3 
H20 extraction cc 669 <0.24 
Total organic carbon cc 666 1. 58 

(oxidation tech- cc 666 1. 65 
nique) 

Method 5 back half 
Ether/chloriform 

Inorganic cc 771 (225) -0.9 0.0 used in cal-
culations 

cc 772 (205) -0.5 0.0 used in cal-
culations 

Organic cc 771 (150) 4.7 0.01 used in cal-
culations 

cc 772 ( 150) -0.3 0.0 used in cal-
culations 

Total organic carbon cc 771 (60) 0.3 
(ampute technique) cc 772 (60 0.7 

Method 8 IPA solution 
H2so4 titration 773-6 <O .11 

Method 8 H202 solution cc 778-9 0.0 
so2 titration 

5-15 



0 Internal and external audits to ensure accuracy in 
sampling and and analysis. Onsite audit data sheets 
are included in Appendix B, Section 1.1 and 2.1. 

Audit solutions prepared by EPA were used to check the 

analytical procedures and reagents prior to onsite so2 sample 

analysis. The results of the onsite analytical audit are pre-

sented below: 

Audit solution Measured 
Audit sample concentra3ion, concentra3ion, Percent 

lot No. mg/dNm mg/dNm difference 

3291 (NCOG) 22.89 22.75 -0.6 
3575 (NCOG) 17.16 16.98 -1. 0 
8026 (DCOG) 381. 3 383.3 +0.5 
6220 (DCOG) 1334.6 1321.2 -1. 0 

Table 5-15 details the results obtained by Method 15 analy-

sis of EPA-prepared reduced-sulfur gases. 

Sampling equipment, reagents, and analytical procedures for 

this test series follow and meet all necessary guidelines set 

forth for accurate test results. Calibrations of particulate 

sampling equipment are all within limits described for Method 5 

in the Federal Register.* Sample analysis and reagent quality 

also meet with Federal regulations described in Method 5 of the 

Federal Register.* 

* 40 CPR 60, Appendix A, Reference Method 5, July 1, 1980. 

5-16 



TABLE 5-15. SUMMARY OF RESULTS OBTAINED THROUGH METHOD 15 
ANALYSIS OF AUDIT GASESa 

Cylinder TRS concentra-
I. D. Date Time tion, ppm Comments 

b RTI- -704 1/26/82 1400 .449 Dynamic dilution 
428 ppm H2S 

RTI-705 12/8/81 1754 797 Bag sample 
649 ppm H2S 12/9/81 1730 540 Dynamic dilution 

35. 1 to 1 

RTI-1584 12/9/81 1648 94 Bag sample 
l 00 ppm COS 12/9/81 1757 l 03 Dynamic dilution 

3. 18 to 1 
12/12/81 1530 96 Bag sample 

aAll acceptable COS results required a correction factor of 1.257 because of 
an incorrect permeation rate. 

bRTI = Research Triangle Institute. 

5-17 



APPENDIX A 

COMPUTER PRINTOUTS AND EXAMPLE CALCULATIONS 
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CONCENTRATION CALCULATIONS 

CS (Part), mg/m3 = MN/V (m3) 
mstd 

CS (Part), gr/dscf = 0.001 x MN x 15.43/V (ft3) 
mstd 

CS (so2 or H2so4), mg/m3 = SN/Vm (m3) 
std 

CS (S02 or H2so4), ppm= CS (S02 or H2so4), mg/m3 x 24.06/MW 

CS (S02 or H2so4), gr/dscf = 0.001 x SN x 15.43/Vm (ft3) 
std 

where 

CS (Part) = concentration of particulate at stated parameters 

CS (S02) = concentration of sulfur dioxide at stated parameters 

MN = particulate catch at stated parameter (mg) 

V = volume method at 68°F and 29.92 in.Hg, (m3 or ft 3) 
mstd 

SN = sulfur dioxide catch {mg) or sulfuric acid catch {mg) 

MW = molecular weight of so2 = 64 g/g mole, H2so4 = 98, 
H2so4.2H20 = 134 
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STACK VELOCITY DATA 

PLANT 
DATE 
SAMPLING LOCATION 
RUN NUMtJER 

CLOCK TIME 
OPERA TON 
AM~IENT TEMP. (OEG.F) 
BAR.PRESS.(IN HGJ 
STATIC PRtSS.(IN H20) 
MOLECULAR WEIGHT 
STACK INSIDE OIMlINJ 
PITOT TUBE COEFF; 
MOISTURE CONTENTll) 

TRAVUSE 
POINT 

NO. 

POSIT ION 
INCHES 

REPUBLIC STEEL CLE~ELANO 
10/i2/61 
COKE BATTERY STACK•NO.l 

PRE•l 

'1511 
CB•DO 
54. 
2'1.&0 
-1.20 
2'1.00 
'17.500 

.a11 
li!.OO 

VELOCITY 
HEAO 

llN H20) 

STACK 
TEMP 

lDEG.F) 

---------------------------------------------------------------------
01 .o • 020 ize • 
02 .o • oso 305 • 
03 .o • 0115 4 .5(1 • 
04 • o .o&o 510 • 
OS .o .ot10 480. 
0 f> .o • ot10 48& • 
U7 .o • 010 487 • 
oa· .o • ottO 4'1i! • 

°' .o • oso 4'11 • 
to .o • 010 4CJ& • 
11 .o • o&o 4CJ7 • 
12 .o • 050 4cn • 

--AVE-l'fi&E- • os8 44i! • 



;i:.o 
I 

U1 

PUNT 
DATE 
SAMPLING LOCATION 
RUN 1'4UMlfER 

STACK AREA, SQ. FT. 
STACK ABS. PRES., IN HG. 
STACK GAS TEMPERATURfr OE&., 
SYRT(YEL HD X STACK TEMP ABSJ 

STACK 
STACK 
STACK 
STACK 

GAS VELOCITY, ACT. FPS 
GAS VOLUME (WETJ, ACT. 
GAS VOLUME (ORY), ACT. 
GAS VOLUME a zq.q2 IN. 

(ORY) 
(.,ET) 

REPUBLIC STEEL CLEVELAND 
10122181 
CUKE BATTERY STACK•NO.t 
P~E·l 

51.84q 
2q.s1 
•02. 

7. i! 

17 .ti 
CFM. 5487b.8 
CFM. 11e2q1.s 
HG AND bll OG. 

21an.q 
3lb8l.1! 

F I 



SYMBOLS I 

AREA 
BPRES 
DELP 
DU 
DI Ml 
DIM2 
MOIST 

"'" NP 
ew 

SAMPLE CALCULATIONS 

CROSS•SECTIONAL STACK AREA, SQ FT 
BAROMET~IC PRESSURE, IN HG 
DELTA P 
DIAMETER OF CIRCULAR STACK, IN 
LENGTH OF RECTANGULAR STACK, IN 
WIDTH OF RECTANGULAR STACK, IN 
MOISTURE CONTENT 
lolOLECULAR WEIGHT 
NUMBER Of TRAVERSE POINTS 
lolOLE FRACTION WATER VAPOR 

PTC 
5PRES 
STEMP 
STPAES 
STVEL 
TElllP 
VH 
SVOLfLW 
VOLFLW 
SVOLFLD 

PITOT TUBE CDEFFICENT 
STATIC PRESSURE, IN Hi!O 
STACK TEMPERATURE, DEG F 
STACK PRESSURE, IN HG 
STACK VELOCITY, AFPM 
TEMPERATURE, DEG F 
VELOCITY HEAD, JN H20 
STANDARO VOLUMETRIC FLOW l~ETJ, ACFfll 
VOLUMETRIC FLO~ (WET), ACFM 
STANDARD VOLU~ETRIC FLOW CORT), DSCFM 

FORMULAS ANO SAMPLE CALCULATIONS: 

SUMISQRTIVH • TEMPJJ 

DELP = -·-·----···-----·-··-- : ·--------- = 1.2 NP ti! 

STPRES : BPHES + lSPRES/13.6) : 2q.60 + ( •l.20113.6) : 

SUMISTEMPJ 5305. 
-9tEMP : ···-···--··· : -·····--·· : 442. DEG F 

NP 12 

3.1416 • (OlA/2)••2 !.1416 • l q7.500/2J••2 
AREACCJRCULAA STACK) : ••••••••••••••••••••• : •••••••••••••••••••••••••• • 

144 14 Q 

e5.4q • PTC • DELP 
STVEL • •••••••••••••••••••• = ••••••••••••••••••••••• : 17.6 AfPfll 

SDRTIMW • STPRFSJ 

VOLFLW s 60. • STVEL • AREA : 60. • 17.6 • 51.84q : 5487&.8 ACFM 

SVOLFLW • VDLfLW • STPRES • l 460. + 68. J 

-------------------------------- = ---------------------------------- = 31&81.8 ACFM 

SVOLFLD : SVOLFLW • ll • BW) : 31&81.8 • ll - .12) = 
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-....) 

STACK VELOCITY DATA 

PLANT 
DATE 
SAMPLING LOCATION 
RUN NUMBER 

CLOCK TIME 
OPERATOR 
AMBIENT TEMP. COEG.F) 
BAR.PRESS.(IN HG) 
STATIC PRESS.(IN H20) 
MOLECULAR WEIGHT 
STACK INSIDE DIM(IN) 
PITOT TUBE COEFF. 
MOISTURE CONTENT(l) 

TRAVERSE 
POINT 

NO. 

POSIT JON 
INCHES 

REPUBLIC STEEL CLEVELAND 
I 0122181 
COKE BATTERY STACK•NO.I 

PRE•2 

4'54 
CB•DO 
54. 
24'.60 
-1.20 
zq.oo 
4'7.500 

.84 
u.oo 

VELOCITY 
HEAO 

CIN Hi!O) 

STACK 
TEMP 

lOEG.F) 

---------------------------------------------------------------------
01 .o .045 345. 02··---. .o .o5o 3q2. 
03 .o .060 415 • 
04 • o • 060 430 • 
05 .o .ObO 452. 
06 .o .060 473. 
01 .o .ObO 480. 
08 .o • 055 483 • 
oq .o .050 484 • 
10 .o • 050 486 • 
ll • o • 040 487 • 
12 .o • 040 487 • 

. AVERAGE. .0,2 451. 



:;i:.o 
I 

00 

PLANT 
DATE 
SAMPLING LOCATION 
RUN NUMBER 

STACK AREA, SO. FT. 
STACK ABS. PRES., IN HG. 
STACK GAS TEMPERATURE, DEG.F 
SDRTCVEL HD X STACK TEMP ABS} 

STACK GAS VELOCITY, ACT. FPS 
STACK GAS VOLUME C"ETJ, ACT. 
STACK GAS VOLUME (DRY), ACT. 
STACK GAS VOLUME a 2q.qz IN. 

(ORY) 
(WET) 

REPUBLIC STEEL CLEVELAND 
IOIZZ/81 
COKE BATTERY STACK•NO.l 

PRE•2 

5l .8Qq 
2q.s1 
1151. 
6. q 

lf».q 
CFM. 52657.0 
C,M. 116338.2 
HG ANO 68 DG. 

261185.5 
300CJ7.2 

F l 



SYMBOLS: 

AREA 
BPRES 
DELP 
DU 
DIMI 
DIM2 
MOIST 
MW 
NP 
8W 

SAMPLE CALCULATIONS 

CRDSS•SECTIONAL STACK AREA, SQ FT 
BAROMETRIC PRESSURE, IN HG 
DEL TA P 
DIAMETER OF CIRCULAR STACK, IN 
LENGTH OF RECTANGULAR STACK, IN 
WIDTH OF RECTANGULAR STACK, IN 
MOISTURE CONTENT 
MOLECULAR WEIGHT 
NUMBER OF TRAVERSE POINTS 
MOLE FRACTION WATER VAPOR 

PTC 
SPRES 
STEMP 
STPRES 
STVEL 
TElllP 
llH 
SVOLFU 
VOLFLW 
SVOLFLD 

PITOT TUBE COEFFICENT 
STATIC PRESSURE, IN Hi!O 
STACK TEMPERATURE, DEG F 
STACK PRESSURE, IN HG 
STACK VELOCITY, AFPM 
TEMPERATURE, DEG F 
VELOCITY HEAD, JN H20 
STANDARD VOLUMETRIC FLOW (WET), ACFM 
VOLUMETRIC FLO~ (WETJ, ACFM 
STANDARD VOLUMETRIC FLOW (ORY), DSCFM 

FORMULAS AND SAMPLE CALCULATIONSl 

SUMISQRTIVH • TEMPJI 82.7 
D~L~ • --··-··---·-·········• c •••••••••• • 6.• 

NP ti! 

STPRES : BPRES + (SPRES/13.6) • i!•.60 + ( •1.20/13.6) : 

SUMISTEMPJ 54111. 
lfEMP a •••••••••••• a •••••••••• : 451. DEG F 

NP Ii! 

AREA(CIRCULAA STACK) : ••••••••••••••••••-•• : -------------···-··••••••• : 51.84• SQ FT 
1411 144 

85.•• • PTC • DELP 
STVEL : •••••••••••••••••••• • ••••••••••••••••••••••• : 16.• AFPM 

SQRT(MW • STPRESJ 

VOLFLW : 60. • STVEL • AREA c 60. • 16.• • 51.84• • 5i!657.0 ACFM 

SVOLFLW • VOLFLW • STPRES • ( 160. + 68. ) 5i!657.0 • i!•.5 • ( 060 •• 68. ) 

-------------------------------- . ---------------------------------- . 30097.i! ACFM 

SVOLFLD c SVOLFLW • II • BW) = 30097 .2 • (I - • Ii!) • 26485.5 DSCFM 



:t>' 
I 

...... 
0 

STACK VELOCITY DATA 

PLANT 
DATE 
SAMPLING LOCATION 
RUN NUM8ER 

CLOCK TIME 
OPERATOR 
AMBIENT TEMP. (DEG.,) 
BAR.PRESS.CIN HG) 
STATIC PRESS.(lN H20) 
MOLECULAR WEIGHT 
STACK INSIDE OIM(JN) 
PITOT TUBE COEff~ 
MOISTURE CONTENTtl) 

TRAVERSE 
POINT 

NO. 

POSITION 
INCHES 

REPUBLIC STEEL CLEVELAND 
10127181 
COKE STACK 

v.T. 

llOO 
DO/MP 

ft2. 
29.l't 
-1.20 
29.00 
•n .5oo 
.e1 

12.00 

VELOCITY 
HUD 

(IN H20) 

STACK 
UMP 

CDEG.f) 

-------··----·-------··-----------·----------------------------------
Ol • o .0•2 .. , . 
02 ----- .o .OIJ8 •e•. 
03 .o .005 4Tft • 
OCI .o • o•o •••• OS • o .055 515 • 
Oft .o .o5ei 515. 
07 • o .ofl5 '512 • 
08 .o .o•s ·'5 l'. 
OIJ .o • 064 ·'510 • 
10 .o 9062 '509. 
11 .o 9HO '507. 
1i! .o • o55 '507 • 

. AYF.iUH-· . ,OIJ7 "'· 



PLANT 
DATE 
SAMPLING LOCATION 
RUN NUMBER 

STACK AR!Ar SG. FT. 
STACK ABS. PRES., IN HG. 
STACK GAS TEMPERATURE, DEG., 
SQRT(VEL MD X STACK TEMP A8S) 

STACK GAS VELOCITY, ACT. 'PS 
STACK GAS VOLUME (MET), ACT. 
STACK GAS VOLUME (ORYj, ACT. 
STACK GAS VOLUME a z•.•2 IN. 

(ORY) 
(WET) 

REPUBLIC STEEL CLEVELAND 
10/ZTIU 
COKE STACK 

v.T. 

!I.I•• 
2•.30 
•••• 1.• 
u.o 

CFM. '5f)014.3 
CFMe e•z•z.5 
HG ANO H OG. 

26585.J 
30210.f) 

, . 



SYMBOLS I 

AREA 
8PRES 
OELP 
OIA 
DIMI 
DIMZ 
MOIST 
MW 
NP 
BW. 

SAMPLE CALCULATIONS 

CROSS•SECTIONAL STACK AREA, SQ FT 
BAROMETRIC PRESSURE, IN HG 
DEL TA P 
DIAMET!R 0, CJACULAR STACK, IN 
LENGTH OF RECTANGULAR STACK, IN 
WIDTH OF RECTANGULAR STACK, IN 
MOISTURE CONTENT 
MOLECULAR WEIGHT 
NUMBER OF TRAVERSE POINTS 
MOLE FRACTION WATER VAPOR 

PTC 
SPREI 
STEMP 
STPRES 
ITVEL 
TEMP 
VH 
SVOLFLll 
VOL FU 
SVOLFLD 

PITOT TUBE COEFFICENT 
STATIC PRESSURE, JN HZO 
STACK TEMPERATURE, DEG F 
STACK PRESSURE, IN HG 
STACK VELOCITY, AFPM 
TEMPERATURE, DEG F 
VELOCITY HEAD, IN H20 
STANDARD VOLUMETRIC FLOM (WETJr ACFM 
VOLUMETRIC FLOW (WET), ACFM 
STANDARD VOLU~ETRIC FLOM IDRYJ, DSCFM 

FORMULAS AND SAMPLE CALCULATIONSI 

SUM(SQRT(VH • TEMPJJ •••• D!l' • ·-·••••••••••••••••••• • ·•••••••••• • 1.1 
NP IZ 

StPRE~ • BPRES • (SPRES/IJ.6) • 29.39 • ( •l.20113.6} • 29.J IN HG 

SUM ISTEMPJ 599!. 
IT!MP • •••••••••••• s ·••••••·-~- a •••• DEG F 

NP 12 

lel•I• • (DIA/2)••2 J.1•16 * ( '97e50012J••2 
AREA(CJRCULAR STACK) a ••••••••••••••••••••• • •••••••••••••••••••••••••• • 51.119 H FT 

••• • •• 
15.19 • PTC • DELP 15.•9 • . .13 • 1 •• 

STVEL • •••••••••••••••••••• • ••••••••••••••••••••••• ·• UeO AFPM 
SQRTIMW • STPRESI. SQRT( 29.00 • 29.3 

VOLFLM • 60. • ITVEL • AREA • 60. • 11.0 • 'l.819 • 560U.3 ACFM 

SVOLFLM • VOLFLW • STPAES • ( •60. • 61. ) 56011.s • z•.s • < ••o. • •1. > 

-------------------------------- . -------------------·-------------- :• 30210.6 ACFM 
29.92 • ( STEMP • 160. ) 

SVOLFLO • SVOLFLW • 11 • Ill) • 30210.6 • (l - • n> • 26511!.3 OSCFM 



FIELD DAU 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AM8IENT TEM-P.-lDEG~FJ 
BAR.PRESS.lIN.HG) 
STATIC PRESS.lIN.H20) 
FILTER NUM8ERlS) 
STACK INSIDE DIM.llN) 
PJTOT TUBE COEFF. 
THERM. NO. 
LEAKAGE 
METER CALI&. FACTOR 
READ & RECORD DATA EVERY 

REPUBLIC STEEL CLEVELAND 
NO. l COKE BATTERY STACK 

PART/H2S04/S02 
BRUFFEY 

bi!. 
2q.3q 
-1.20 
3530115 

q7.50 .oo 
.84 

• ooo CFM a 5 0 0 IN.HG 
1.001 
10.0 MINUTES 

TRAVERSE 
POINT 

NOe 

SAMPLE 
TIME 

(MIN.) 

CLOCK 
TIME 

(24•HR 
CLUCK) 

GAS METER 
READING 
lCU 0 FT •) 

VELOCITY 
- HEAD 
llN.Hi!O) 

ORIFICE PRESSUHE 
DIFFERENTIAL 

(IN.H20) 

DESIHEO AC IUAL 

STACK 
TE~P 

lOEG.FJ 

OATE 
RUN NUMBER 

PROBE LENGTH A TYPE 
NUZZLE I I l.O. 
ASSUMED MOISTURE 
SA~PLE BOX NU~HER 

~ETER BOX NU~BtR 

~ETEH tH:AO OIFF. 
C FACTOH 
PROBE HEATER SETTING 
HEATER 80X SETTING 
REFERENCE PRESS. OIFF • 

I Ot.?718 l 
l•l 

5• HEATEU GLASS 
.3q5 

12.0 
u 

f82 
I.Tb 
.8b 

250. 
2~0. 

.15 

OHY GAS flllETE.R 
TEMP 

lOEG.F) 

PU~P SA~PLE IMPINGEH 
TEMP 

lDEG.F) 

l"lET OUTUI 

VACUUM BOX TEMP 
(IN.HG) lOEG.F) 

--------------------------------------------------------------------------------------------------------------------
JN ff-- -

TOTALS 
AVERAGE 

. --- - --
0 q10 

10.0 q20 
20.0 q30 
30.0 q4o 
iao.o q5o 
50.0 1000 --
flo.o 1010 
10.0 1020 
eo.o 1030 
110.0 1040 

100.0 1050 
ito.o 1100 
120.0 ii 10 

120.0 

b5"f.·.-·12 
bbl.b30 • ObO • 7fl 
flbb.670 .ObO • 12 
b1l.720 • obo • 1i 
fl17 .2fl0 .010 .87 
U2 0 830 .010 .81 
u1.q20 .obo .12 
f1q3.050 • ObO .12 
6q8.110 • 060 • 12 
703.250 • obo .1i 
708.370 • oflo .12 
713.910 • 010 .87 
1i!0.08b .oqo l • I I 

63.614 
.19 

.1b 51q. b1. fl 1 • i!.O 270. 54. 

.12 538 • fl8. fl8. 2.0 258. 55. 

.12 ~4S • 72. fl8. 3.o 2ll2. 53 • 
• 81 545. 75. b8. 3.o 258. 52 • 
• 87 555 • 1 fl. 10. 2.0 255. 54. 
• 12 550. 11 .- 71 • .5. 0 248. 54. 
.12 520. 18. 72. 3.5 24q. 55 • 
.12 535 • 78. 12. 3.b 251. 52 • 
.12 510. 78. 1~. 3.b 252. 53 • 
.12 544. 79. 73. 3.b 250. 52 • 
.87 558. 79. 1.5. 3.fl 244. 53 • 

1.11 520. 111. -- 13. 3.b 250. 52. 

• 111 5H. 7b. 71 • 3.0 252. 53. 



PARTICULATE FIELD DATA & RESULTS TABULATION 

PLANT• NAME ANO ADDRESS TEST tEAM LEADER 

REPUBLIC STEEL CLEVELAND BRUFFEY 

TEST NO. I COKE BATTERY STACK 

TEST DATE 

TB 
TF 

TT 

NP 

y 

DN 

CP 

PM 

TIME•START 
TIME•F INISH 

NET TIME OF TEST, MiN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DiAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

:t:i VM 
I 

VOLUME OF ORY GAS SAMPLED 
AT METER CONDITIONS 

--1-' 

""" TM AVERAGE GAS METER TEMP 

VMSTO VOLUME OF DAY GAS SAMPLED 
AT STANDARD CONDITIONS* 

VLC ----TOTAL H20 COLL EC TEO IN 
IMPINGERS AND SILICA GEL1ML. 

VWC VOLUME OF WATER VAPOR 
AT STANDARD CONDITIONS* 

- BWO PERCENT MOlStURE BY VOLUME 

FMD MOLE FRACTION DAY GAS 

PC02 PERCENT C02 BT VOL., ORY 

P02 --PERCENf 02 ·9-y- ·vol·;· -l>RY 

PCO PERCENT CO BY VOL., ORY 

PN2 PERCENT Ni? BY VOL., DRY 

MD MOLECULAR Wf•ORY STACK GAS 

MWS MOLECULAR WT•STACK GAS 

ENGLISH UNITS 

101&!7/81 

910--
1110 

izo.o 

Ii? 

1.003 

.n IN•Hi?O 

63.Ull CU•FT 

73.0 F 

6Z.20'5 SCF 

8.731 SCF 

.877 

11.20 

-n~so 

.oo 

8'5.30 

27.73 

llo!ETHIC UNITS 

10127181 

1HO 
1110 

120.0 

12 

1.003 

I 0 •I 

1.801 CU•M 

2i?.8 c 

1.161 SC~ 

t85.s 

.247 SC~ 

12.31 

.611 

11.20 

10.50 

.oo 

85.30 

21.13 



PB BAROMETRIC PRESSURE i?CJ.3CJ IN•HG 74&.51 "'llo'•HG 

PSI STATIC PRES OF SUCK GAS -1.20 IN•Hi?O •.50.48 "'llo'•H20 

PS STACK PRES, ABS. lCJ.30 IN•HG 744.2& "'lil•HG 

TS AVERAGE STACK TEMP 537. F 280. c 

vs AVG STACK- GAS VELOCITY zo~2 FPS &.2 .-ps 

AS STACK AREA 7 4ftft. SQ•IN 4.617 SQ•M 

QSSTO STACK FLOW RATE, ORY• 171 Bfti!ft. SCFH 46&&&. SClllH 

QS --iCTUAL ~fjc~ FL6W ~~t~ 3111iiat. ACFH l 0&%0. AC"'H 

ISO PERCENT UOKINETIC 108.& 108.& 

MN FILTERABLE PART .o .o 
MG. EPA 5 - - - ---- - .. 

cs FILTERABLE PART .oooo GR/OSCF• .ooo "'G/OSC" 

PMR FILTERABLE PART .ooo LB/HR .oo KG/H~ 

EMISSION RATE 

• 6i-OEG F, l~~CJl iN~HG • 



EXAMPLE PARTICULATE CALCULATIONS TEST NO. l•l 

NO. i COKE BATTERY STACK 

VOLUME OF DRY GAS SAMPLED AT STANDARD CONDITIONS 

VMSTD. ll1.tt4f·· VM. y. {PB. PM I 13~6)) I (TM. Q60.J 

VMSTO • ·---····-·••••••-·--···-••••••••••••••••••••••••••••• : &2.20'j USCF 
13 0 + QbO.J 

VOLUME OF WATER VAPOR AT STANDARD CONDITIONS 

v"c • • 04101 • VLC 

V"C i. e04J07 • . T86. a .. ·9;73 stF 

PERCENT MOISTURE IN STACK GAS 

B"~ ~-lioo. • ~wCJ 1·1ij~~to i vwtj 

too. • 
BWO • -------------------------- = 12.li PERCENT 

lt2.205 • 8.73 

MOLE FRACTION OF DRY STACK GAS 

FMD • <too. - BWO) I 100. 

FMO • ••••••••••••••••••••••• : .877 
too. 

AVE~lGE MOLECULAR WEIGHT OF DRY STACK Gl~· 

MO • lPC02 • 0 44) + (POZ • .32) + tPN2 + PCO) • .28 

MO • 

MOLECULAR WEIGHT OF STACK GAS 

MWS c MD • (1. • lBWO/lUOJ) + 18. • (BW0/100) 

MWS ~- 2q.oq* (I. •(12~31/100)) + 18. • (12.31/100) : 27.73 



::t::' 
I 

I-' 
. -..J 

STACK GAS VELOCITY AT STACK CONDITIONS 

DELP a SUM. OF THE SQRT(VH * tts + 4b0.)) 

VS : 85.49 * CP • DELP I lSQRT(MWS * PS) • PNTSJ 

VS • 85.49 * .84 * 

STACK GAS VOLUMETRIC FLOW AT STACK CONDITIONS 

OS : VS * AS * 3b00/l44 

OS • - i0.24 * 14bb. 3~00/i44 • 3177Ziif. ACFH 

STACK GAS VOLUMETRIC FLOW AT STANDARD CONDITIONS 

ossTo•· i1.b47 • os • Ps··.--n;--~- ie•-01100» , <Ts • tibo.> 

l1.b41_ * 3777241. • 29.30 • (l. • (12.31/IUO)) 
QSSTD • •••••••••••••••••••••••••••••••••••••••···--------· : 

537. + 4bO.J 

PERCENT ISOKINETIC 

20.24 FPS 

17ltlbcb. SCFH 

ISO • (305.58•lTS•4b0.))*((0.002bb9•VLC)+(VM*Y*(P8+(PM/13.b))/(TM+4bO.J))/lTT•VS•PS•DN•DhJ 

.n31U.tt>Jll 13.+UO.))) 
ISO • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• : IOI.bi PERCEhT 

120 •• 20.24 • 

CS • 0 0 001 • MN • 15.43 I VMSTO 

cs • 0.001 • 0 0 * 15.43 I bC!.205 • 0 000 GR/OSCF 

PARTICULATE LBS/HR EPA METHOD 5 

PMR • CS • QSSTD I (15e43 * 453.bJ 

PMR • .oo 



Run No. 1 . 1 

Sample volume= 1.76 m3, 62.21 scf 

Example calculations 

CS {Part) =227.1/1.76 = 129.0 mg/m3 

CS {Part)= 0.001 x 227.lx 15.43/62.21 = 0.56 gr/dscf 

cs {so2) =rn /Ll.6... =ll l 3.,6mg/m3 

=11.U..6x 24. 06/..6.L. = _il9ppm 

= 0.001 x 1960x 15.43/62.21 = 0.486 gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

Ambient 226.9 128. 9 0.056 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As H2S04 81. 5 46.3 0.020 
As H2S04•2H20 111. 4 63.3 0.028 

Sul fur dioxide 1960 1113.6 0.486 

Sulfuric acid mist 
As H2S04 8.9 5.0 0.002 

Inorganic condensibles 

Organic condensibles 

TOC {Condensible) 

A-18 

ppm 

-

419 

1 



::t>o 
I 

...... 
\0 

FIE.LO l>ATA 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT f°!MP.(DEG.FJ 
BAR.PRESS.lIN.HGJ 
STATIC PRESS.llN.HZOJ 
FILTER NUMBERlS) 
STACK INSIDE DIMellN) 
PITOT TUBE COEFF. 
THERM. NO •. 
LEAKAGE 
METER CALIB. FACTOR 
READ & RECORD DATA EVERY 

REPUBLIC STEEL CLEVELAND 
NO.I COKE BATTERY STACK 

PART/H2SOll/S02 
BRUFFEY 
bl. 

ZCJ.3'9 
-1.20 
3530019 

'97.50 .oo 
.811 

oOOl CFM i 6.0 IN.HG 
1.01111 
10.0 MINUTES 

TRAVERSE 
POINt 

NO. 

SAMPLE 
tlME 

(MIN.) 

CLOCK GAS METER 
TIME·-· AUblt4G 

VELOCITY 
HUD 

CIN.H20) 

ORIFICE PRESSURE 
DIFFERENT UL 

(IN.H20) lZll•HR lCU.FT.J 
CLOCK) 

DESIRED ACTUAL 

STACK 
lE"'P 

(OEG.F) 

DATE 
MUN NUMBER 

PROBE LENGTH & TYPE 
"UZZLE 2 : 1.D. 
ASSUMED fllOISTURE 
SA~PLE BOX NUMHEN 
ll'E. TER 8011 NUll'81:.R 
ll'E.TER HEAD OlFF. 
C FACTON 
PROBE HEATER SETTING 
HEAJER BOX SETTING 
REFERENCE PRESS. OIFF. 

10/Z7/81 
1-2 

5• HEATED GLASS 
•.sen 

12.0 
g 

FBI 
1.80 

.8& 
25u. 
.?50. 

.15 

OM Y GAS fllE TEA 
TEMP 

lDEG.F) 

PUf'P SAf'PLE lfllPINGEM 
TEMP 

lDEG.FJ 

11\LET OUTLET 

VACUUM BOX TEMP 
(IN.HG) lOEG.F J 

-------------------------------------------------------------------------------------------------------------------. 
iNif·- o·--- .. ·414 ·- 402.817 . 

10.0 9211 '907.5'90 .oeio .1& .1b 527. 12. 73. 3.5 283. 11'9. 
20.0 '9.54 '912.ZbO .oeio .1z .12 5111. 71. 73. 3.5 2115. 50. 
30.0 '91111 '917.320 .010 .87 .87 542. 7b. 111. 3.5 2b3. 4'9. 
110.0 '954 '922.400 .010 • 87 .87 54'9 • 80. 75. 11.0 25:5. 50. 
so.o 1004 '927.530 .010 • 87 .87 5bl • 81. 75. 11.0 255. 51. 
&o.o· ·- 1014 .... 

·uz.230 -· .oeio .12 • 12 515 • 83. ··1&. 11. 0 260. 52. 
10.0 10211 '93b. 4HO .oeio .12 • 12 523. 83 • 7b. 11.0 251. 511. 
eo.o 1034 '9111.610 .oeio .12 • 12 538. 8Q. 11 • o.o 255. 53. 
'90.0 1044 '911&. ho .010 .87 • 87 SB. 84. 78. o.o 253 • 52. 

100.0 1054 '951.470 .oeio .12 .12 550. 8CI • 78. 11.0 2511. 51. 
110.0 1104 '95b.bb0 .010 .87 .111 5b2. 84. 7'9. 11.0 258. so. 
120.0 1114 - - . '9bl.3Z8 .oeio • 12. • 12. 520. 83 • . 18. 11.0 254. so. 

TOTALS 120.0 58.511 
AVERAGE • 1q .7CJ 538. 80. 7b. 3.'9 257 • 51. 
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PARTICULATE FIELD DATA & RESULTS TABULATION 

TEST TEAM LEADER 

REPUBLIC STEEL CLEVELAND BWUFFEY 

TEST 1-2 NO.I COKE BATTERY STACK 

TEST DATE 

TB 
TF 

TT 

NP 

y 

ON 

CP 

PM 

VM 

TM 

VMS TO 

VLC 

BWO 

FMO 

PC02 

P02 

PCO 

PN2 

MD 

Mlif S 

TIME•START 
TIME•FINISH 

NET TIME OF TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF DAY GAS SAMPLED 
AT METER CONDITIONS 

AVERAGE GAS METER TEMP 

VOLUME OF ORY GAS SAMPLED 
AT STANDARD CONDITIONS• 

TOTAL HZO -COCLECTED iN 
IMPINGERS ANO SILICA GELrML. 

VOLUME OF WATER VAPOR 
AT STANDARD CONDITIONS• 

PERCENT-MOiSfURE -BY VOLUME 

MOLE FRACTION ORY GAS 

PERCENT C02 BY VOL., ORY 

PE~CENT 02 ~y ijd(;; DRY 

PERCENT CO BY VOL., DAY 

PERCENT Ni? BY VOL., DAY 

MOLECUL1A WT•OR~ STACK GAS 

MOLECULAR WT•STACK GAS 

ENGLISH UNITS 

10/27/81 

n• 
1114 

120.0 

1.044 

.e11 

• 711 IN•H20 

58.511 CU•FT 

78.2 F 

58.CJ81 SCF 

8.7111 SCF 

.871 

11.20 

-io~iso 

.oo 

27.66 

METN IC UNITS 

10/27181 

CJIQ 
1114 

120.0 

1 t? 

t.044 

1O.1 

20.0 _,l'ol•H20 

l.&57 CU•M 

25.7 c 

t.&70 SCM 

185.1 

.248 so· 

.871 

to.so 

.oo 

85 • .50 

27.&6 



PB BAROMETRIC PRESSURE zq.3q IN•HG 711&.Sl "'M•HG 

PSi STATIC PRES OF STACK GAS -;;i.i?O IN•H20 •.50.118 "'"'•H20 

PS STACK PRESr ABS. zq.30 IN•HG 71111.i?b lllM•HG 

TS AVERAGE STACK TEMP 538. F 281 • c 

vs AVG STACK GAS VELOCITY 20.2 FPS &.2 .-PS 

AS STACK AREA 74&&. SQ•IN Q.617 SQ•M 

QSSTO STACK FLOW RATE, ORY• lbCJ8840. SCFH 4610&. SC"'H 

QS ACTUAL STACK FLOW RATt 31&&iit». ACFH 10&&51. AC"'H 

ISO PERCENT ISDKINETIC 104.7 104.7 

MN '1L TERABLE PART .o .o 
MG. EPA 5 .. ------·- --

cs '1LTE:RABLE PART .oooo GR/OSCF• .ooo "'GIOSC"' 

PMR FILTERABLE PART .ooo LB/HR .oo KG/HH 
EMISSION RATE 

• t.8-DEG Fr ~9~-92 hi;tt&~ 

:i:oi 
I 

IV 
I-' 



>' 
I 

N 
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EXAMPLE PARTICULATE CALCULATIONS TEST NU. 1•2 

NO.I COKE BATTERY STACK 

VOLUME OF DRY GAS SAMPLED AT STANDARD CONDITIONS 

VMSTO a (11.&oj • VM • Y • (~8 + PM I 13~~)) I (TM + Qb0 0 ) 

17 .&47 • 
VMSTO • ••••••••••••••••••••••••••••••••••••••••••••••••••••• : 

VOLUME OF WATER VAPOR AT STANDARD CONDITIONS 

VwC a .04707 * VLC 

VwC • .00101 • iH. • &-;?ii -SCF 

PERCENT MOISTURE IN STACK GAS 

BwO • (100. • vwfj I lVMSTD + VWCJ 

100. • a.1• 
BWO • -------------------------- . 12 • 'H PERCENT 

MOLE FRACTION OF OAT STACK GAS 

FMD • (100. • BWOJ I 100. 

FMD • ••••••••••••••••••••••• a .871 
100. 

MD a (PC02 • .44) + (P02 • .32) + (PN2 + PCO) • .28 

MD • < 4.20•44/lOOJ • ll0.5•3211001 + ((85.3+ .o> • 2e1100 11 

MOLECULAR WEIGHT OF STACK GAS 

MRS II MO * Cl. - (8WO/l00)) • 18. * (BW0/100) 

MWS a ~9.0IJ• lt. •(12 0 91/lOO)) + 18. * H2.~l/l00) II 

58.!J8l OSCF 



::t:" 
I 

IV 
w 

STACK GAS VELOCITY AT STACK CONDITIONS 

DELP • SUM. OF THE SQRTlVH • (TS • 460.Ji 

VS • 85.49 • CP • DELP I (SQRT(M"S • PS) • PNTSJ 

vs • 85.49 • .84 • 

STACK GAS VOLUMETRIC FLO" AT STACK CONDITIONS 

US : VS • AS • 3600/14• 

OS • Z0.18 • 74b6. 3600/144 • 3766Ji6. ACFH 

STACK GAS VOLUMETRIC FLO" AT STANDARD CONDITIONS 

11.647 • 3766316. • 29.30 • llo • llZ.91/lOOJJ 
QSSTD • ••••••••••••••••••••••••••••••••••••••••••••••••••• : 

( 538 •• 460.J 

PERCENT JSOKINETIC 

20.18 FPS 

16988110 0 SCFH 

.186113.6))/( 78.•460.JJJ 
ISO• ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• a 104.71 PEACE~T 

120 •• 2u.1e • 

PARftCULUE LOADIN' ;.;;·-£pj METHOD 5 CAT -!TA~OARO CONDITIONS) 

CS • OeOOl • MN • 15.43 I VMSTD 

cs • 0.001 • .o • 15.43 I .OOO GR/OSCF 

PARTICULATE LBS/HR •• EPA METHOD 5 

PMR • CS • QSSTD I (15.43 • 453.6) 

PMR i. .ooo • .oo 



Run No. l . 2 

Sample volume = 1.67 m3, 58.98 scf 

Example calculations 

CS (Part) =192.8 /..l§l= 115.4 mg/m3 

CS (Part) = 0.001 x 192.8x 15.43/58.98 = 0.050 gr/dscf 

CS (S02) =1850 /..l:..§Z.=ll07.8mg/m3 

=ll07.8x 24.06/.§.L.= 416ppm 

= 0.001 xl850 x 15.43/58.98 = 0.484 gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

192.8 115. 4 0.050 Ambient 
2-h at 350°F 55.2 31.0 0.014 
4-h at 350°F 
2-h at 400°F 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As H2S04 7.4 4.4 0.002 
As H2S04·2H20 10. 1 6. 1 0.003 

Sulfur dioxide 1850 1107. 8 0.484 

Sulfuric acid mist 
As H2S04 9.4 5.6 0.002 

Inorganic condensibles 

Organic condensibles 

TOC {Condensible) 

A-24 

ppm 

416 

l 



::r::-
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FIELD DATA 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT TtMP.(OEG~~) 
BARePRESS.llN.HG) 
STATIC PRESSellNeHZO) 
FILTER NUMBER(SJ 
STACK INSIDE DIMellN) 
PITOT TUBE COEFF. 
THERM. NO. 
LEAKAGE 
METER CALIB. FACTOR 
READ & RECORD DATA EVERY 

REPU8LIC STEEL CLEVELAND 
COKE OVEN OUTLET 

1•3•M8•350 
CLARKE 
1z. 

i?CJ. ]CJ 
-1.zo 
.55300CJi? 

en.so .oo 
• 811 

• ooo CFM a 3 0 5 IN.HG 
• CJCJ2 

IO.O MINUTES 

TRAVERS£ 
POINT 

NO. 

SAMPLE CLOCK 
TIME .. TIME 

(MIN.) (i!4•HR 
CLOCK) 

GAS METER 
READING 
lCU 0 FT.J 

VELOCITY 
HEAD 

CJN.Hi!O) 

ORIFICE PRESSURE 
DIFFERENT JAL 

CIN.Hi?UJ 

DESIRED ACTUAL 

STACK 
TE~P 

lDEG.FJ 

DATE 
HUN NUfllBER 

PROBE LENGTH & TYPE 
NUZZLE 3 I l.D. 
ASSUMED fllOISlUHE 
SA~PLE BUX NUMBER 
~ETER BOX NU~8ER 

~ETEM HEAD DlFF. 
C FACTOR 
PROBE HEATER SETTING 
HEATER BOX SETTING 
REFEHENCE PRESS. DIFF • 

10/27/81 
1•3 

5FT GLASS HEAH.O 
• 3CJll 

12.0 

FBI 
1.87 
.88 

350. 
.ssu. 

.15 

OHY GAS fllETER 
TE"4P 

(DEG.FJ 

PUfllP SA~PLE lfllPINGEN 
TEMt' 

lDEG.FJ 

-------------JllLET OUTLET 

VACUUM BOX TEMP 
( Jt~.HGJ lOEG.F J 

--------------------------------------------------------------------------------------------------------------------
INIT 

TOTALS 
AVERAGE 

0 
10.0 
zo.o 
10.0 
110.0 
so.o 
tio.o 
10.0 
eo.o 
CJO.O 

100.0 
110.0 
tzo.o 

uo.o 

4flO ____ 

CJi?O 
CJ30 
CJllO 
CJ50 

1000 
1010 
1020 
1030 
1040 
1050 
llOO 
lilO 

4110.861 
4lfi.OOO .060 • 111 
4i?l.475 .ObO .18 
425.175 .ObO .78 
430.6CJ5 .010 • 81 
435.5CJ5 .010 • 81 
4110. 111 .o-.o • 78 
445.CJlO .o-.o • 78 
450.824 .060 • 18 
455.b87 .ObO .78 
460.660 .ObO • 111 
4ti6.500 .010 • 81 
471 .CJ32 

.. 
.oc,o i.10 

61.065 
• 83 

• 111 51 CJ • 68 • 63. i!. 0 308. 52. 
.1& 53b. 10. 63. 2. 0 331. 110. 
.16 545. 13. bll. 2.0 3116. 110. 
• 81 5115 • '"· 611 • z.o 3117. 110. 
• &1 555 • 111. ""· 2. 0 31111 • 42. 
.78 550. 80. 6b. i!. 0 341. Iii! • 
.18 5i!O. 80. ti6. z.u 331. Iii • 
.78 535. 80 • 67. 2. 0 3115. 1111. 
.78 510. 811. 68. z.o 3115. llb. 
• 78 5114 • 80 • 68. i!. 0 336. llb. 
• 81 558 • so. 68. 3.u 331. 48 • 

I • I 0 516. 78. tio. 3.5 335. ""· 
• 83 536. 11. 65 • 2. i! 338. 1111 • 



PARTICULATE FIELD DATA & RESULTS TABULATION 

PLANT• NAME AND ADDRESS 

REPUBLIC STEEL CLEVELAND 

TEST 

TEST DATE 

TB 
TF 

NP 

y 

DN 

CP 

PM 

VM 

TM 

VMS TD 

YLC 

vwc 

BWO 

FMD 

PC02 

POi! 

PCO 

PNi! 

MO 

Ml'IS 

COKE OVEN OUTLET 

TIME•START 
TIME•FINISH 

NET TIME OF TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF DRY GAS SAMPLED 
AT METER CONDITIONS 

AVERAGE GAS METER TEMP 

VOLUME OF ORY GAS SAMPLED 
AT STANDARD CONDITIONS• 

. fOtAL H20 COll!ffE:O -IN 
IMPINGERS AND SILICA GELrML. 

VOLUME OF WATER VAPOR 
AT STANDARD CONDITIONS• 

P£RCENt MOISfUAE aY VOLUME 

MOLE FRACTION ORY GAS 

PERCENT C02 BY VOLer ORY 

Pt~tt~T 02 8V VOL.; DRY 

PERCENT CO BY VDLer DRY 

PERCENT Ni! 8Y VOL.r DAY 

MOLECULAR WT•ORY Sf ACK GAS 

MOLECULAR WT•STACK GAS 

TEST TEAM LEADER 

CLARKE 

ENGLISH UNITS 

10127181 

9io 
1110 

12 

.83 IN•Hi!O 

61.06'5 CU•FT 

11.1 F 

511.280 SCF 

10.1181 SCF 

··15.63 

I0.50 

.oo 

85.30 

METRIC lJNITS 

10/27/81 

IJ t 0 
11l0 

120.0 

12 

lo.o 

.84 

21.1 

l .12'1 CU•M 

21.1 c 
l.&1'1 SC~ 

.311 SC~ 

15.63 

.844 

10.50 

.oo 

8'5.30 

27.36 
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PB 

PSI 

PS 

TS 

vs 

AS 

QSSTD 

QS 

ISO 

Mrf 

ca 
PMR 

* 

BAROMETRIC PRESSURE 

SUTIC PRES OF STACK GAS 

SUCK PRES, ABS. 

AVERAGE STACK TEMP 

AVG STACK ·us VELOCiTY 

STACK AREA 

STACK FLOW RATE, ORY• 

ACTUAL .TACK FLO~ RATt 

PERCENT ISOKINETIC 

FILTERABLE PART 
MG. EPA 5 --

FILTERABLE PART 

FILTERABLE PART 
EMISSION RATE 

t>i-DEG F~ Zif .-9z--i N ;H&. 

2q.3q IN•HG 7Clb.5l ... M•HG 

;.i .20 I N•H20 •30.'18 llM•H20 

24J.30 IN•HG 7'14.2b ... M•HG 

53f>. F 280. c 

zo.4 FPS f>. 2 f'PS 

74f>f>. SQ•IN 11.817 SQ•M 

l f>f>50 l4. SCFH 471'18. SCMH 

38015ia. ACFH 107b'18. AC.-H 

in.o l04J 0 0 

.o .o 

.oooo GRIDSCF• .ooo ... G/OSCll 

.ooo LB/HN .oo KG/t<~ 
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EXAMPLE PARTICULATE CALCULATIONS TEST NO. 1•3 

COKE OVEN OUTLET 

VOLUME OF ORY GAS SAMPLED AT STANDARD CONDITIONS 

VMSTb. • (i1.&•1 • V~ ~ ~ • (P~ i PM I tj;~)j ~ tt~ + 4~0.J 

VMSTD a ••••••••••••••••••••••••••••••••••••••••••••••••••••• : 
l 11 •• 4&0.) 

VOLUME OF WATER VAPOR AT STANDARD CONDITIONS 

VMC • .04101 • VLC 

vwc •·· .04to1 • z33~ • --To~c;a··scF" 

PERCENT MOISTURE IN STACK GAS 

8"0 i Hoo •• Y"C) . I tVMStD • VMC) 

100. • 10.•e 
8"0 c •••••••••••••••••••••••••• : 15.b] PERCENT 

MOLE FRACTION OF DRY STACK GAS 

FMO • llOO. • BMOJ I 100. 

FMD • ••••••••••••••••••••••• • .BQQ 
100. 

AVERAGE MOLECULAR MtlGHt OF ORY StACK GAS. 

MD = (PCOZ •• 44) • (POZ •• 32) • (PN2 • PCOJ •• 2e 

MO = l 4.20•441100) + (l0.5•321100) + ((85.3+ .OJ • 281100 : 

MOLECULAR WEIGHT OF STACK GAS 

MWS : MD • (I. • (8WO/IOOJJ + 18. • (BW0/100) 

27.3& 

Sq.i?80 USCF 



STACK GAS VELOCITY AT STACK CONDITIONS 

DELP • SUM. OF THE SQRTlVH * lTS + 460.)J 

VS • 85.4~ • CP • DELP I (SQRT(MWS • PSJ * PNTSJ 

20.H FPS 

STACK GAS VOLUMETRIC FLOW AT STACK CONDITIONS 

OS • VS • AS • 36001144 

OS • . zo.3t • 1466. j600li4• • 38015i8. ACFH 

STACK GAS VOLUMETRIC FLOW AT STANDARD CONDITIONS 

ossTD • i7.641 • us • fis -.-··-er;·.; tewo110·0H / ns • 460.; 

3801518 •• 2~.30 • ll. - (15.631100)) 
QSST0 • ••••••••••••••••••••••••••••••••••••••••••••••••••• = 16650111. SCFH 

l 536. + 460.) 

PERCENT JSOKINETJC 

.82'1113.f>))/( 
ISO • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• a 10,.0J PENCEhT 

120 •• 

CS a O.OOl • MN • 15.43 I VMSTD 

cs • 0.001 • .o • 15.43 I .ooo GR/DSCF 

PARTICULATE LBS/HR •• EPA METHOD 5 

PMR • CS • QSSTO I (15.43 * 453.6) 

PMR Ii .ooo .•. ~ C) 0 



Run No. l . 3 

3 Sample volume = l. 68 m , 59. 28 scf 

Example calculations 

CS (Part)= 12.9/ l.68=43.4 mg/m3 

CS (Part) = 0.001 x 73 x 15.43f.i9.28 = 0.019 gr/dscf 

CS (S02) = 1870 / 1.68 = lll3. lng/m3 

=11.11:_1 x 24. 06/ _M_ = 418 ppm 

= 0.001 x 1870 x 15.431.29.28 = 0.487gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf ppm 

Particulate following 
conditioning at: 

72. 9 Ambient 43.4 0.019 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As H2S04 9.8 5.8 0.002 
As H2S04·2H20 13.4 8.0 0.003 

Sul fur dioxide 1870 1113.l 0.487 4.18 

Sulfuric acid mist 
As HzS04 65.4 38.9 0.017 10 

-· 

Inorganic condensibles 

Organic condensibles 

TOC (Condensible) 

A-30 
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PLANT 

FIELD DATA 

REPUBLIC STEEL CLEVELAND 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 

. AMBIENT fEMP.lDE~.lj 
BAR.PRESSelIN~HG) 
STATIC PRESS.lINeHlO) 
FILTER NUMBER (SJ 
STACK INSIDE OIMellN) 
PJTOT TUBE COEFF •. 
THERM. NO. 

COKE OVEN OUTLET 

l•4•M8•350 
CLARKE 

12. 
2CJ.3CJ 
-1.20 
3530012 

CJ1.50 .oo 
.84 

LEAKAGE 
METER CALJB. FACTOR 

eOOO CFM i 5.0 JN.HG 
1.010 

READ I RECORD DATA EVERY 10.0 MINUTES 

TRAVERSE 
POINT 

NO. 

SAMPLE 
TIME 

(MIN.) 

CLOCK 
TIME 

(24•HR 
.CLOCK) 

GAS METER 
READING 
lCU.FT.J 

VELOCITY 
HE Ab 

(INeH20) 

ORIFICE PRESSURE 
0 IFFE.RENT JAL 

(JN.H20) 

OESIHEO ACTUAL 

SUCK 
TEfl'P 

(DEG.F) 

DATE 
kUh NU1'1BER 

PROBE LENGTH & TYPE 
NOZZLE 4 I I.D. 
ASSUMED ~OISTURE 
SAMPLE BOX NUMBEN 
,.ETEH BOX NUfolBER 
fllETEN HEAD OIFF. 
C FACTOR 
PRUSE HEATER SETTING 
HEATER BOX SETTING 
REFERENCE PRESS. OIFF. 

10/21/81 
1•4 

&FT GLASS HEA TEO 
.3CJ7 

12 .o 

FB5 
1.8& 
.88 

J5o. 
350. 

.15 

ORY GAS 1'1ETER 
TEMP 

lDEGeF) 

PUIW'P SA,.PLE lll'PJNGER 
TEMP 

(DEG .F) 

Jf\LE T OU flt. T 

llACUU"4 eox TEMP 
llN.HG) (OEG.F J 

--------------------------------------------------------------------------------------------------------------------
INIT 0 -·. •i·-· . 838~·60. 

10.0 CJ24 843.&65 .060 .78 .18 527. 11. 12. 1.0 211. 52. 
20.0 CJ34 848.801 .oeio .18 • 78 541. 7 l. 71. 1.0 338 • 52. 
10.0 CJ44 853.800 .010 .87 • 87 532 • 74. 12. l.o 11•. 5<1. 
40.0 CJ54 858.&13 .010 • 87 .87 54CJ • 76. 72. l.U 1112. 54. 
50.0 1004 863.150 .010 .81 • 81 5&1 • 80. 72. l.u ]Cl8. 5&. 
60.0 . .. '0 l 4 --· - 868.413 • 060 .78 • 78 51& • 81. 73 • 1.0 344. 54. 
10.0 lOZ4 813.3CJ2 • o&o • 78 .78 523 • 82. 14. l.O 342. 54. 
80.0 1034 818.250 • 060 .18 .78 538 • 82. 15. l.O 345. 5&. 
cto.o 1044 883.416 .010 .87 .87 533. 8i. 7b. l.u llCJ. 5&. 

100.0 1054 888.380 .o&o .78 • 78 550 • 83. 11. l.o 33CJ. 58. 
110.0 1104 8CJ3.125 .010 .87 • 87 5&2. 82 • 1&. a.u 332. 58. 
li!o.o 1114 -- . -

&•8.155 -··.060 ····.18 • 78 . 521. 80. 
. . ·75. 1.0 3111. &O. 

TOTALS 120.0 5CJ. ICJ5 
AVERAGE • 82 .82 538. 7 CJ. 74. 1.0 33&. 55 • 
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PARTICULATE FIELD DATA & RESULTS TABULATION 

PLANT• NAME AND ADDRESS 

REPUBLIC STEEL CLEVELAND 

TEST 

TEST DATE 

TB 
TF 

TT 

NP 

y 

ON 

CP 

PM 

VM 

TM 

VMS TD 

VLC 

vwc 

BWO 

FMO 

PC02 

POi! 

PCO 

PNC! 

MD 

M"S 

COKE OVEN OUTLET 

TIME•START
TIME•FINISH 

NET TIME OF TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT_ 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF DRY GAS SAMPLED 
AT METER CONDITIONS 

AVERAGE GAS METER TEMP 

VOLUME OF DRY GAS SAMPLED 
AT STANDARD CONDITIONS• 

TOTAL H"i"o -cou:tcfED- nr --
IMPINGERS AND SILICA GELrML. 

VOLUME OF WATER VAPOR 
AT STANDARD CONDITIONS• 

PERCENT MOiSTURE- BY VOLUM-E 

MOLE FRACTION DRY GAS 

PERCENT C02 BY VOLer ORY 

PERCENT oz 9y·· v--oc.--,- ORY 

PERCENT CO BY VOL., ORY 

PERCENT N2 BY VOL., ORY 

MOLECULAR "T•ORY STACK GAS 

MOLECULAR WT•STACK GAS 

TEST tEAM LEADER 

CLARKE 

ENGLISH UNITS 

10127181 

cjfQ 
1114 

120.0 

12 

1.010 

.n1 IN 

.82 IN•H20 

5CJ.14'5 CU•FT 

F 

57 .CJ47 SCF 

1.1b1 SCF 

11.20 

.oo 

85.30 

27.78 

METRIC lJNilS 

10127181 

120.0 

lC! 

1.010 

l 0. l 

C!0.8 

1.b7b CU•M 

c 

11.82 

10.50 

.oo 

27.78 



PB BAROMETRIC PRESSURE zq • n IN•HG 7qb.51 "'M•HG 

PSi STATIC PRES OF .STACK GAS --;:;1 ;zo IN•H20 •.50.48 "M•Hi:!U 

PS STACK PRE Sr ABS. 2'f.30 IN•HG 744.i?b "'M•HG 

TS AVERAGE STACK TEMP 538. F 281. c 

vs ~v~ sTit~-i•s ~tLocit~- -u~1 FPS b.1 "'PS 

AS STACK AREA 74116. SQ•IN 4.817 SQ•M 

QSSTO STACK FLOW RATE, ORY* 1716865. SCFH 48616. SCMH 

QS ACTUAL STACK FLCUf RATE :!1561'i. ACFH 10b381. ACllolH 

ISO PERCENT ISOKINETIC 101.e 101.8 

MN FILTERABLE PART .o .o 
MG. EPA 5 

-·· --- -------

cs '1LTERA8LE PART .oooo GA/OSCF• .ooo fllG/OSC"' 

PMR FILTERABLE PART .ooo LB/HR .uo KGl~H 

EMISSION RATE 

• 68. DEG f, -24~92. iN~HG-_ . 



EXAMPLE PARTICULATE CALCULATIONS TEST NO. 

COKE OVEN OUTLET 

VOLUME OF DRY GAS SAMPLED AT STANDARD CONDITIONS 

VMSTD a (11 0 647 it VM • ,- * (PB + PM I 13.6)) I lTM + Qf>0 0 ) 

VMSTO • ••••••••••••••••••••••••••••••••••••••••••••••••••••• : 
l 16. + 4f>U.) 

VOLUME OF "ATER VAPOR AT STANDARD CONDITIONS 

v"c • • 0•101 * VLC 

V"t ~ ~0•101 * i~5. ~---J;t1 -StF 

PERCENT MOISTURE IN STACK GAS 

ho • (ioo. * v"C> i (VMSTO + -VWCJ 

100._• 1.11. 
8~0 z •••••••••••••••••••••••••• • ll.8~ PERCENT 

1.11 

MOLE FRACTION OF DRY STACK GAS 

FMO e CIOO. • BWO} I 100. 

FMD • ••••••••••••••••••••••• • .882 
100. 

MO = lPCOZ • ·••> • (POZ •• 3Z) • (PNZ • PCO) •• Z8 

MO : ( 4 0 Z0•441100) + ll0.5•321100) + ((85.3+ .O) * 281100 : 

MOLECULAR "EIGHT OF STACK GAS 

MWS • MD * Cl. • lB"OllOOJ) + 18. * (8WOll00) 

MWS : 2~.09• (1; •lll.&21100)) + 18. * (11.821100) & 27.78 



~ 
I 
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STACK GAS VELOCITT AT STACK CONDITIONS 

DELP • SUM. OF THE SQRTlVH • lTS + 460.)) 

VS : 85.49 • CP • DELP I lSQRT(M"S • PS) • PNTS) 

vs = 85.49 • .84 • t?0.13 FPS 

STACK GAS VOLUMETRIC FLOW AT STACK CONDITIONS 

QS • VS • AS • 3600/144 

QS • 20.13 • ?466. 3600/144 • 3756141. ACFH 

STACK GAS VOLUMETRIC FLOW AT STANDARD CONDITIONS 

QSSTD • 11.u? .• US ll n·• (1~ • tew0/100)) I (TS + 4M.) 

3756791. • 29.30 • Cl. • Cll.8i!llOOJJ 
QSSTO c •••••••••••••••••••••••••••••••••••··-------------· : l7lb8b~. SCFH 

( 538 •• 460.J 

PERCENT ISOKINETIC 

.818/13.6))/( 76.+460.J)) 
ISO • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• • 

li!O. * i!o.u • 

CS e O.OOl • MN • 15.43 I VMSTD 

cs • 0.001 • • o • 15.43 I 51.947 • .OOO GR/OSCF 

PARTICULATE LBS/HA •• EPA METHOD 5 

PMR • CS • QSSTO I (15.43 • 453.6) 

PMR ii .ooo • .oo 

IOJ.80 PERCENT 



Run No ....... 1 ..._. 4,____ 
3 Sample volume= 1.64 m, 57.95 scf 

Example calculations 

CS (Part) =~6/l.64 = 30.8 mg/m3 

CS (Part) = 0.001 x50.7 x 15.43/57.95 = 0.013 gr/dscf 

CS (so2) =.J.§10/1.64 =ll03.7mg/m3 

=ll03.7x 24.06/.§L=415 ppm 

= 0.001 x 1810 x 15.43/57.95 = 0.482 gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

50.6 30.8 0.013 Ambient 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 
4-h at 400°F 
2-h at 6QQ°F 

Acid sulfates 
As H2S04 4.7 2.9 0.001 
As H2S04·2H2D 6.4 3.9 0.002 

Sul fur dioxide 1810 1103. 7 0.482 

Sulfuric acid mist 
As H2S04 56.0 34. l 0.015 

Inorganic condensibles 

Organic condensibles 

TOC (Condensible) 

A-36 

ppm 

415 

8 
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PLANT 

FIELD DATA 

REPUBLIC STEEL CLEVELAND 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT TEMP.(DEG~F) 
BAR.PRESS.llN.HG) 
STATIC PAESS.lIN.H20) 
FIL TEA NUMBER lS J 
STACK INSIDE OIMellNJ 
PITOT TUBE COEFF. 
THERM. NO. 

COKE OVEN STACK 

METHOD S•2'50 
00 

&2. 
2CJ • lCJ 

.oo 
353008& 

en.so .oo 
• 84 

LEAKAGE 
METER CALIB. FACTOR 

• uoo CFM a e..o IN.HG 
le OH 

READ & RECORD DATA EVERY to.o MINUTES 

TRAVERSE 
POINT 

NO. 

SAMPLE 
TIME 

(MIN.) 

CLOCK 
TIME 

lU•HR 
CLOCK) 

GAS METER 
READING 
(CU.FT.) 

VELOCITY 
HUD 

llNeH20) 

ORIFICE PRESSURE 
DIFFERENT lAL 

(IN.H20) 

OE.SIREO ACTUAL 

STACK 
tE"'P 

lOEG.F) 

DATE 
NU"" NUMBER 

PROBE LENGTH & TYPE 
NOZZLE 6•1031 I.D. 
ASSUMED "'OISTUNE 
SAMPLE BOX NUMBER 
11'-ETEH BOX NUMBER 
~ETEH HEAD OIFF. 
C FACTOR 
PROBE HE.ATER SETTING 
HEATER BUX SETTING 
REFERENCE. PRESS. OIFF • 

10127/81 
1•5 

e.• GLASS 
.520 

11.0 

FB4 
l.88 
.q2 

2so • 
zso. 
.us 

ORY GAS fl!ETER 
TEMP 

lOEG.F) 

PU ... P SAflolPLE lflolPINGEH 
TEMP 

lDEG.FJ 

It.UT OUTLET 

VACUUM BOX TEMP 
(IN.HG) lOEGeF) 

--------------------------------------------------------------------------------------------------------------------
iNIT - .. 

TOTALS 
AVERAGE 

c,. ·-- CJ47- ·-·. 
10.0 CJ57 
20.0 1007 
10.0 1017 
110.0 1027 
50.0 lOH 
e.o.o i041- ·-
10.0 1057 
10.11 1057 

70.4 
. ·-. --- --

5CJ3.i&l 
e.oo.510 • 050 1.81 1.81 
&01.1so .oso l.81 l.81 
bl4.950 • 050 l.81 l.81 
&22.140 .oso l.81 l.81 
&29.310 .050 1.81 l.81 
Ctl&.500 .050 l.8i l.81 
Ct4l.Ct40 .050 l.81 l.81 
&44.151 .oso l.81 1.81 

so~no 
1.81 l.81 

550. 11. 11. 4.7 230 • 36. 
sso. 74. TS. '5 .1 268. 40. 
550. 7 6. 74. 5.2 2911 • 110. 
550. 78. 73. 5.3 291. so. 
550. 80. 111. 5.3 262. 5U. 
550. 80. 74. 5.3 200. '"· 55U. 80. 74. '5. 5 2S3. s2. 
550. so. 74. '5. '5 253. s2. 

sso. 78. 74. s.2 263. 47. 
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PARTICULATE FIELD DATA & RESULTS TABULATION 

PLANT• NAME AND ADDRESS 

REPUBLIC STEEL CLEVELAND 

TEST 

TEST DATE 

TB 
TF 

TT 

NP 

y 

ON 

CP 

PM 

VM 

TM 

VMS TD 

VLC 

vwc 

- BWO 

FMD 

PC02 

Po~ 

PCO 

PN2 

MD 

llo1WS 

COKE OVEN STACK 

TIME•STAin 
Tlllo1E•FINISH 

NET TIME OF TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORI,ICE PRESSURE 
DROP 

VOLUME OF DRY GAS SAllo1PLED 
AT llo1ETER CONDITIONS 

AVERAGE GAS METER TEMP 

VOLUME OF DRY GAS SAMPLED 
AT STANDARD CONDITIONS• 

TOTAL H20 COLLECfED tN 
IMPINGERS ANO SILICA GELrML. 

VOLUME OF WATER VAPOR 
AT STANDARD CONDITIONS• 

PERCENT l40JSTURE BY- VOLUME 

MOLE FRACTION DRY GAS 

PERCENT C02 BY VDL.r DRY 

PERCENT CO BY VOL., DRY 

PERCENT N2 BY VOL., DRY 

MOLECULAR WT•ORY STACK GAS 

MOLECULAR WT•STACK GAS 

DO 

ENGLISH UNITS 

1Uli!7181 

447 
1057 

8 

l.on 

.5i!O IN 

.84 

1.81 IN•Hi!O 

50. no CU•FT 

F 

SO.'H3 SCF 

., .•ne SCF 

.8b5 

--10.50 

.oo 

85.30 

METRIC UNITS 

10127181 

CJ47 
1057 

8 

1.033 

10.50 

.oo 
85.30 

27.SCJ 

c 
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PB 

PSI 

PS 

TS 

vs 

AS 

QSSTD 

QS 

JSO 

MN 

cs 

PMR 

• 

BAROMETRIC PRESSURE 

STATIC PRES OF STACK GAS 

STACK PRES, AB Se 

AVERAGE SUCK TEMP 

AVG STACK.GAS VELOCITY 

STACK AREA 

STACK FLm• RATE, DRY• 

actuA( jTit~ F(6i ~ATE 

PERCENT ISOKINETIC 

FILTERABLE PART 
MG. EPA. 5 . -------·-

FILTERABLE PART 

FILTERABLE PART 
EMISSION RATE 

680!.G Fr · -2·~-·2--n•;t1&~ 

i!9. H IN•HG 74&.51 "M•HG 

.oo IN•Hi!O .ou .-M•H20 

i!9.39 IN•HG 74&.51 ... M•HG 

550. F 268. c 

i1 ·' FPS 5.5 "PS 

7466. SQ•IN 11.817 SQ•M 

1485228. SCFH 420'51. SCMH 

3345007. ACFH 94721. ACJilH 

IOi!.8 102.a 

.o .o 

.oooo GR/DSCF• .ooo lllG/OSC" 

.ooo L8/HR .oo KG/HR 



EXAMPLE PARTICULATE CALCULATIONS TEST NO. l•S 

COKE OVEN STACK 

VOLUME OF DRY 6AS SAMPLED AT STANDARD CONDITIONS 

VMST6 ~ (lt.6•1 i ~~ ~-, • tP~ +PM I lJ~6j) I CT~+ 460.j 

11.647 • 
VMSTD • ••••••••••••••••••••••••••••••••••••••••••••••••••••• z 

l 76. + 4bO.) 

VOLUME OF WATER VAPOR AT STANDARD CONDITIONS 

VWC • .04707 • VLC 

VMC •• ooto7 • 170 •• -----,, .498 SCF 

PERCENT MOISTURE IN STACK GAS 

awo ~ <loo. ~ ~wtJ I (~~stn • vwc>-

loo. • 1.•a 
BWO 

• -------------------------- s 

MOLE FRACTION OF DRY STACK GAS 

FMD • llOO. • BWO) I 100. 

100.--. -- n.;-

13.53 PERCENT 

FMO a ••••••••••••••••••••••• a .865 
100. 

AVERA~£ MdLECOLlR ~El~MT OF ORt tfACK GAS -

MD • lPCOZ •• •4) • lPOZ •• 3Z) • (PNZ • P~O) •• ze 

MD s l 4.Z0•00/100) + (l0.5•32/100) + ((85.3+ .O) • 281100 : 

MOLECULAR WEIGHT OF STACK GAS 

MWS a MO • Cl. • lBW0/100)) + 18. • (BW0/100) 

MWS • z•.o•· ll. •ll3.S3/lOOJ) • 18 •• (13.53/100) • 

so.q73 OSCF 



STACK GAS VELOCITY AT STACK CONDITIONS 

DELP s SUM. OF THE SQRT(VH * lTS + 4bO.Ji 

VS s 85.49 • CP * DELP I lSQRT(MWS • PS) * PNTSJ 

STACK GAS VOLUMETRIC FLOW AT STACK CONDITIONS 

QS • VS * AS • 3600/144 

QS : 3345001. ACFH 

STACK GAS VOLUMETRIC FLO" AT STANDARU CONDITIONS 

QSSTD. i7.647 -. g9·-··p9-.-·rr;·; (8 .. 0/iOOjj i CTS • 4b0.J 

8. = 

17.647 • ]345007 •• 29.39 • ll •• (13.53/100)) 
QSSTD • ••••·-••••••••••••••••••••••••••••••••••••••••••••• : 

l 550 •• 460.J 

PERCENT ISOKINETIC 

l7.q2 FPS 

1485228. SCFH 

ISO • (305.58•(TS+460.JJ•llOe0026bq•VLC)+lVM•Y•lP8+lPM/l3.6JJ/(TM+4bO.JJ)/lTT•VS•PS•DN•OhJ 

l .8lbll3.b)) I ( 
ISO a ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• • IOi.8Q PlNCE~T 

10 • • 29.3q • .520 • .520 

PARTICULATE i..OADINif ~-;··EPA METHOD 5 OT ShNDARD CONDitIONSJ 

cs c o.oo~ • MN • 15.43 I VMSTD 

cs • 0.001 • .o • 15.43 I 50.973 = .ooo GR/DSCF 

PARTICULATE LBS/HR •• EPA METHOD 5 

PMR • CS • QSSTD I (15.43 * 453.6) 

PMR • .ooo • .oo 



Run No. 1. 5 

Sample volume= 1.44 m3, 50.97 scf 

Example calculations 

CS (Part) =135.3 /] .44 = 94.0 mg/m3 

CS (Part) = 0.001 x 135.~x 15.43/ 50.97= 0.041 gr/dscf 

CS (so2) = __ /_= mg/m3 

= __ x 24.06/_=_ppm 

= 0.001 x __ x 15.43/ __ . - __ gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

135. 3 Jlmbient 94.0 0.041 
2-h at 350°F 47.5 33.0 0.014 
4-h at 350°F 41. 7 29.0 0.013 
2-h at 400°F 37.3 25.9 0.011 
4-h at 400°F 34.5 24.0 0.010 
2-h at 600°F 30.5 21. 2 0.009 

Acid sulfates 
As HzS04 0.0 0.0 0.0 
As HzS04·2HzO 0.0 0.0 0.0 

Sul fur dioxide 

Sulfuric acid mist 
As H2S04 
As HzS04·2H20 

Inorganic condensibles 28.2 19.6 0.008 

Organic condensibles 2.6 1.8 0.001 

TOC (Condensible) 23.4 16. 2 0.007 

A-42 

ppm 
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FIELD DATA 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT TEMP.(DEG.FJ 
BAR.PRESS.CIN.HGJ 
STATIC PRESS.CIN.HZOJ 
FILTER NUMBER (SJ 
STACK INSIDE DIM.CINJ 
PITOT TUBE COEFF. 
THERM. NO. 
LEAKAGE 
METER CALIB. FACTOR 
READ & RECORD DATA EVERT 

REPUBLIC STEEL CLEVELAND 
COKE OVE.N STACK 

METHOD 8•UO 
DO 
62. 

zq.3q 
-1.zo 
3530i!l0 

q7.50 .oo 
.84 

.OOO CFM i Zl.O IN.HG 
·"8Z 

10.0 MINUTES 

TRAVERSE 
POINT 

NO. 

SAMPLE 
TIME 

CMIN.J 

CLOCK 
TIME 

CZQ•HR 
CLOCK) 

GU METER 
READING 
(CU.FT.) 

VELOCITY 
HEAD 

(IN.H20) 

ORIFICE PRESSURE 
DIFFERENTIAL 

CIN 0 HZOJ 

DESIRED ACTUAL 

STACK 
TEll'P 

CDEG.FJ 

DATE 
HUl'<l NUlil8ER 

PHOBE LE~GTH & TYPE 
NOZZLE I I.O. 
ASSUMED fllOISTURE 
SAMPLE BOX NUfll8EH 
ll'E TER 8011 NUfllBER 
ll'ElEN HEAD OIFF. 
C FACTOH 
PROBE HEATER SETTING 
HEATER BOX SETTING 
REFERENCE PRESS. DIFF. 

lOIZ718l 
l•b 

4• QUARTZ 
.b20 

ll .O 

F88 
I .'JI 

• q4 
bOO. 
bOOe 

.oz 

ORY GAS fllETER 
TEMP 

lOlGeF) 

PUfllP SAlllPLE lfllPINGER 
TEMI-' 

CDEG.FJ 

-------------lfl.UT OUTLt:T 

VACUUM BOX TEMP 
l IN.HGJ lOEG.F) 

--------------------------------------------------------------------------------------------------------------------
INIT 0 -- 959--·· . 88.~3e-· 

10.0 1008 q9.q60 .050 3. 66 3.66 550. 64. 63. "·6 62•. 38. 
zo.o 1018 101.100 .050 3.66 2.20 550. &8. b 3. 13.q 653. 110. 
30.0 1028 115.080 .050 3.6b z.20 550. 10. b3. l7 .1 u2. 110. 
•o.o 1038 122.680 .050 3.66 z.oo 550. 11. 114 • 1q.4 6b7. so. 
so.o 1048 no. oqo .oso 3.66 l.87 550. 11. b5. 1q.1 b3q. 50. 
60.0 tose· 131.250 --·.oso J.66 l.80 550. 1l. 65. "'.8 sz8. 54. 
64.5 llOZ 140.342 .050 3.b6 l.60 550. 10 •' 65. zo.z 5.55. 52. 

TOTALS 64.5 51.404 
AVERAGE 3.66 2.1 q 550. 6"· ""· 11.z 608. 4b. 



PARTICULATE FIELD DATA & NESULTS TABULATION 

PLANT• NAME AND ADDRESS 

REPUBLIC STEEL CLEVELAND 

TEST I·• COKE OVEN STACK 

TEST DATE 

TB 
TF 

TT 

NP 

y 

ON 

CP 

PM 

VM 

TM 

VMS TD 

vi.C 

ih•o 

FMO 

PCOZ 

POZ 

PCO 

PNZ 

MO 

MWS 

TIME•STARf- -
TIME•F JNISH 

NET TIME OF TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF ORY GAS SAMPLED 
AT METER CONDITIONS 

AVERAGE GAS METER TEMP 

VOLUME OF DRY GAS SAMPLED 
AT STANDARD CONDITIONS• 

TbTA(-~~O COLLECTED IN 
IMPINGERS ANO SILICA GELrML. 

VOLUME OF WATER VAPOR 
AT STANDARD CONDITIONS• 

PERCENT ~OlSfO~E-·ev VOLU~£ 

MOLE FRACTION ORY GAS 

PERCENT COZ BY VOLe1 DRY 

PERCENT CO BY VOLe1 ORY 

PERCENT NZ BT VOL., ORT 

MOLECULAR Wf•ORY STACK GAS 

MOLECULAR WT•STACK GAS 

JEST TEAM LEADER 

00 

ENGLISH UNITS 

10127181 

958 
llOi 

1 

.ti20 IN 

51.404 CU•FT 

F 

.843 SCF 

4.20 

.oo 

85.30 

METRIC UNITS 

IO/l1181 

CJ58 
1102 

1 

55.6 

lo45f> CU•M 

c 

0 0211 SCM 

.CJ83 

10.50 

.oo 

85.30 



PB BAROMETRIC PRESSURE i!CJ • .5 CJ IN•HG 74&.51 fllfll•HG 

PSI STATIC PRES OF SUCK GAS .;i.zo IN•Hi!O •30.48 fll._.•H20 

PS STACK PRES, ABS. i!lf • .50 IN•HG 740 0 2& fllM•HG 

TS AVERAGE STACK TEMP 550. F 288. c 

vs . AVG STACK GAS VELOCITY -• ., • 5 FPS 5.3 fllPS 

AS STACK AREA 7466. SQ•IN o.817 SQ•M 

QSSTD STACK FLO" RATE, DAY• 1&4780&. SCFH Q&flbl • SCfllH 

QS ACTUAL STACK FLO" RATE .5i!7i!82i!. ACFH IJ2f177. ACl"'H 

ISO PERCENT ISOKINETIC 6CJ.8 &CJ.8 

MN FILTERABLE PART .o .o 
MG. EPA 5 

cs FILTERABLE PART .oooo GR/OSCF• .ooo "'G/DSC!ol 

PMA FILTERABLE PART .ooo LB/HR .oo KG/t4~ 

EMISSION RATE 

* 68 DEG F, 2•.4'2 IN;Hs.· 

~ 
I 

.i::. 
U1 



EXAMPLE PARTICULATE CALCULATIONS TEST NO. 1•6 

COKE OVEN STACK 

VOLUME OF ORY GAS SAMPLED AT STANDARD CONDITIONS 

VMSTD • c11.ut • ·vM • y • (PB + PM I 13;6)) I (TM + 460.) 

VMSTD • ••••-•••••••••••••••••••••••••••••••••••••••••••••••• 2 

VOLUME OF WATER VAPOR AT STANDARD CONDITIONS 

VWC • .04707 • VLC 

vwc •• 04707 • 

PERCENT MOISTURE IN STACK GAS 

ewo • ·uoo. • vt.cT / cvMs·To + v"c> 

100. • .84 
BWO :1 -------------------------- = l.66 PERCENT 

MOLE FRACTION OF ORY STACK GAS 

FMO • ClOO. • BWO) I lOOe 

FMD • ••••••••••••••••••••••• s .~83 
100. 

AvERAGE MOLECULAR WEIGHT OF DRY SUCK GAS··· 

MD : lPC02 • .44) + CP02 * .32) + lPN2 + PCOJ • .28 

MO : ( 4.20•441100) + Cl0.5•32/100) + ((85.3+ .o) * 28/100 • 

MOLECULAR WEIGHT OF STACK GAS 

MWS • MD • ll. • (BW0/100)) + 18. * (BW0/100) 

MWS: 2•.0~• (1. •( l.b~i100)) + 18. * ( l.66/100) s 



STACK GAS VELOCITY AT STACK CONDITIONS 

DELP • SUM. OF THE SQRTlVH • lTS • 460.)) -

vs • es.•• • CP • DELP I lSQRT(MWS * PS} • PNTS} 

vs • e5.•• • .eo • ••• 744 I (SQRT( 2e.•1 • 2q.30J • 

STACK GAS VOLUMETRIC FLOW AT STACK CONOITIONS 

QS • VS • AS • 3600/144 

QS • 32728ZZ. ACF"4 . 

STACK GAS VOLUMETRIC FLO" AT STANDARD CONDITIONS 

QSSTD. l't.6'7 .-g;·•-liSi-·-u~-··· (BWO/lOOJ) I ns. 460.) 

7. :r 

11.6•7 • 1212e22. • 2q.30 • ti. - < 1.661100>> 
QSSTD • ••••••••••••••••••••••••••••••••••••••···---------- : 

550 •• 460.} 

PERCENT ISOKINETIC 

17.53 FPS 

lt>47806. SCFH 

-·- uos.sse·csso~+uo.»•«o~oot?tt6CJ• ·u~J•< s1~•oh .1Ja2•t 21J.3••< 2.l'•o1u.6>Jll 67.+460.JJJ - . ISO • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• : &q.1e PERCE~T 
65. • 11. 53 * 

PARTICUL.AtE LOADING ••EPA METHOD 5- ursn~OARO COt.OITJONS) 

CS • O.OOl • MN • 15.43 I VMSTD 

cs • 0.001 • .OOO GR/DSCF 

PARTICULATE LBS/HR EPA METHOD 5 

PMR • CS • QSSTD I (15.43 • 453.6) 

PMR 11· .ooo • .oo 



Run No. 1. 6 

Sample volume = 1. 42 m3 ,49. 99 scf 

Example calculations 

CS (Pa rt) = 27. O I -1..:.if = 19. 0 mg/m3 

CS (Part) = 0.001 x 27.0 x 15.43/49.99 = 0.008 gr/dscf 

CS ( so2) = 1120 / l.:..1.£ = 788. 7 mg/m3 

= 788. 7 x 24. 06/6.L_ =~ppm 

= 0.001 x 1120 x 15.43/49.99 = 0.346 gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

Ambient 27.0 19.0 0.008 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As H2S04 0.0 0.0 0.0 
As H2S04·2H20 0.0 0.0 0.0 

Sulfur dioxide 1120 788.7 0.346 

Sulfuric acid mist a 
~s H2S04 606 426.8 0. 187 

Inorganic condensibles 

Organic condensibles 

TOC (Condensible) 

aHydrogen peroxide contaminated. 

A-48 

ppm 

296 

105 
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PLANT 

FIELD DATA 

REPUBLIC STEEL CLEVELAND 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT t~~~.(DE~.~j 
BAR.PRESS.lIN.HGJ 
STATIC PRESSelIN.HZO) 
FILTER NUMBER(SJ 
STACK INSIDE OIMellNJ 
PITOT TUBE COEFF. 
THERMe NO. 
LEAKAGE 
METER CALIB. FACTOR 
READ I RECORD DATA EVERT 

NO.I COKE BATTERY STACK 

PART/HC!SOll/SOC! 
BRUFFEY 
bll. 

C!CJ.30 
-1.20 
3530080 

CJ7.5o .oo 
.e11 

eOOl CFM a 5.0 IN.HG 
1.001 
10.0 MINUTES 

TRAVERSE 
POINT 

NO. 

SAMPLE 
TIME 

(MIN.} 

CLOCK 
TIME 

li'•HR 
CLOCK) 

GAS METER 
READING 
lCU.FT.} 

VELOCITY 
HEAD 

lIN.HZOl 

ORIFICE PRESSURE 
DIFFERENT JAL 

(1N.H20) 

DESIRED ACTUAL 

STACK 
TE.-P 

lDEG.F) 

DATE 
RUN NU1ii18ER 

PNUBE LENGTH & TYPE 
NUZZLE Z•l I l.D. 
ASSUMED MUJSTUHE 
SA,..PLE BOX NUMBEH 
.,ETER BOX NU,..Bl:R 
.-ETER HEAD OlFF. 
C FACTOR 
PROBE HEATER SETTING 
HEATER ROX SETTING 
REFERENCE PRE.SS. DIFF. 

l0/C!118l 
c?•l 

5• HEATED GLASS 
.1q1 

IC!. 0 

FBc? 
1.7b 

.8b 
2su. 
250. 

• l 5 

ORY GAS ll'ETER 
fE.jlllP 

lOEG.F) 

PU.-P SA.,PLE llii!PINGEH 
TEMP 

lDEG.F) 

It.LET OUTLET 

VACUUM BOX TEMP 
l lNeHG) lDEG.F) 

-------------------------------·------------------------------------------------------------------------------------
INIT ___ -·-·-o --· ... n,;-·- 7ZO.Z5ct 

10.0 1405 725.000 .050 .f>C! .f>C! 525. b7. b8. 1.5 250. 55. 
zo.o 1415 12q.1110 .050 .e.z • e.2 5 tCJ. b8 • e.e. C!. 0 C!5 I. 54. 
30.0 lllC!5 134.500 .050 .bZ .b2 'S30. 7U. b8. ~.o c?4CJ. 53. 
•o.o 1435 11q.z110 .050 .bZ .bZ 531. 13. b8. z.o 2115. 53. 
50.0 1445 11111.010 .050 .e.C! • b2 535. 74 • bCJ. C!.u C!SU. 53. 
ftO.O i•55 148. no .050 .e.2 .b2 553. 15. b9. 2. 5 253. 52. 
10.0 1505 153.bOO .050 • bC! ebC! 5b5. 15. bCJ. 1.u z11q. 5U • 
eo.o 1515 7'!18.380 .050 • be? .f>C! 511. 15. f>CJ. 1.0 24CJ. 51 • 
CJo.o l5C!5 1f>3.120 .050 .b2 • e.2 522. 15. bCJ. 3.o 2112 • 5u. 

100.0 1535 1b1 .BCJO .050 .be? • bl 534. 15. 10. 1.u 242 • 51. 
110.0 1545 112.b'JO .050 .bZ .bl 534. 15. 10. 1.0 211. 52. 
1~0.0 - l5S5 .. 111.ii&b • 050 .bZ • bC! 553. 13. 68. 1.0 2112. so • 

TOTALS 120.0 57.Zi!1 
AVERAGE .bl .bl 535. 73. bCJ. C!. 5 C!47. 52. 



::i::i 
I 

U1 
0 

PARtlCULATE FIELD OAfA & RESULTS TABULATION 

PLANt• NAME AND ADDRESS TESt lEAM LEADER 

REPUBLIC STEEL CLEVELAND BRUFFEY 

TEST NO.I COKE BATTERY STACK 

TEST DATE 

TB 
TF 

TT 

NP 

y 

ON 

CP 

PM 

VM 

TM 

TIME•STAift·· 
TIME•FINISH 

NET TIME OF TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 
-· - - -

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF DRY GAS SAMPLED 
AT METER CONDITIONS 

AVERAGE GAS METER TEMP 

VMSTD VOLUME OF DAY GAS SAMPLED 
AT STANDARD CONDITIONS• 

YLC -- TOTAL ttlt COLi.£CTE0 .. 1N 
IMPINGERS AND SILICA GEL,ML. 

v"c VOLUME OF "ATER VAPOR 
AT STANDARD CONDITIONS• 

FMD MOLE FRACTION ORY GAS 

PC02 PERCENT C02 BY VOLe1 ORY 

P02 PERCENT 02· ervoa:;;-ny 
PCO PERCENT CO BY VOL., DRY 

PN2 PERCENT N2 BY VOL., ORY 

MD MOLECULAR WT•O~Y STACK GAS 

MWS MOLECULAR WT•STACK GAS 

ENGLISH UNITS 

10127181 

12 

1.003 

.n1 IN 

.84 

57.227 CU•FT 

70.8 F 

.863 

.oo 

85.30 

27.57 

METRIC UNITS 

10/27/81 

1355 
1555 

120.0 

12 

1.003 

10.l 

15.7 

21.6 c 

I. 586 Sc..-

18~. t 

.2S2 SCM 

n.n 
.863 

10.50 

.oo 

85.30 
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PB 

PSI 

PS 

TS 

vs 

AS 

QSSTD 

QS 

ISO 

MN 

cs 

PMR 

* 68 

BAROMETRIC PRESSURE 

STATIC PRES OF STACK GAS 

STACK PRES, ABS. 

AVERAGE STACK TEMP 

AVG STACK GAS VELOCITY 

STACK AREA 

STACK FLO• RATE, ORY* 

ACTUAL STACK FLO" RATE 

PERCENT ISOKINETIC 

FILTERABLE PART 
MG. EPA 5 

FILTERABLE PART 

FILTERABLE PART 
EMISSION RATE 

DEG F, i9.9l iN~-HG •. 

29.30 lN•HG 74Q.22 folM•HG 

-1.20 iN•H20 •30.46 folM•H20 

29.21 IN•HG 74t.'J8 lol.fll•HG 

535. f 2H. c 

i7~8 FPS 5.4 folPS 

74ti6. SQ•IN 4.817 SQ•M 

1489327. SCFH 42 t 73. SCfolH 

33310]3. ACFH 94325. ACll'H 

113.4 t 13.4 

.o .o 

.oooo GR/DSCF• .ooo ll'GIOSCfol 

.uoo LB/HR .oo KG/11H 



EXAMPLE PARTICULATE CALCULATIONS TEST NO. 2•1 

NO.I COKE BATTERY STACK 

VOLUME OF ORY GAS SAMPLED AT STANDARD CONDITIONS 

VMSTO • (17.,47 • VM * Y * (PB + PM I i3;6)J I (TM + Q&O.J 

VMSTD • ·-··-•••••••••••••••••••••••••••••••••••••••••••••••• : 
7 l. + 4&0.) 

VOLUME OF "ATER VAPOR AT STANDARD CONDITIONS 

VwC • .04707 * VLC 

vwc • .0001 * ie•. • ··e-;·90· scf: 

PERCENT MOISTURE IN STACK GAS 

B"O • <i~o ••. ~"C) ,. (~~STD + vwt) 

100. • e.•o 
~ B~O s •••••••••••••••••••••••••• : 13.72 PERCENT 
1 55.4'4'& + a.•o 

Ul 
N 

MOLE FRACTION OF ORY STACK GAS 

FMO • uoo. - B"O) I 100 • 

100 • · u.1·- ·-· • 
FMO = ----------------------- • 

100. 

AVERAGE MOLECULAR WEIGHT OF ORY.STACK Gii .. 

MO = lPCOZ * .44) + (P02 * .32) • (PN2 • PCO) * .za 

MD : ( 4.20•44/100) + (I0.5t3Z/IOOJ + ((85.3+ .OJ * ~8/100 : 

MOLECULAR "EIGHT OF STACK GAS 

MwS • MO * (I. • lBWOllUO)) + 18. * (8WO/l00) 

Mws ~ 2•.o•• ll. ·<11.1211001> • 18. • 111.121roo1 = 27.57 
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STACK GAS VELOCITY AT STACK CONOITlONS 

~ELP ~ SUM. OF tHE SQRTlVH • (TS + 4bO.J) 

VS • 85.4• • CP • DELP I lSQRT(MWS • PS) • PNTS) 

vs = 85.4• • .84 • 

STACK GAS VOLUMETRIC FLOM AT STACK CONDITIONS 

QS = VS • AS * ]6001144 

QS • i7.85 • 7466. 3600li44 • 33llOJJ. ACFH 

STACK &AS VOLUMETRIC FLOW AT STANDARD CONDITIONS 

QSSTD • 17.647 * QS • Ps-·•-u;··· lBW0/100)) I (TS • 460.) . . 

Jlll033. • i•.Zl * (1. • (ll.7ill00)) 
QSSTD • -••••-••••••••••••••••••••••••••••••••••••••••••••• z 

( 535 •• 4b0.) 

PERCENT ISOKINETIC 

17.8'5 FPS 

.620/13.b)}/( 71.•460.))) 

ISO • ------------------------------------------------------------------------------------------------- • 113.•0 PlRCE~T lC!O. * 11 .e5 • 

CS • OeOOl • MN • 15.43 I VMSTO 

cs • 0.001 * .o • 15.43 I .OOO GRIDSCF 

PARTICULATE LBSIHR •• EPA METHOD 5 

PMR • CS • QSSTD I ll5.4J * 453.6) 

.ooo • ~00 



Run No. 2 .1 

Sample volume =l .59 m3, 56.00 scf 

Example calculations 

CS (Part) =183.1/1.59 = 115.1 mg/m3 

CS (Part)= 0.001 xl83.l x 15.43,S6.00 = 0.050 gr/dscf 

cs (so2) =1370 /1......5.2...= 861.6ng/m3 

=861.6 x 24.06/...c.L.=.J.2A.ppm 

= 0.001 x 1370 x 15.43/56.00 =0.377 gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

Ambient 183. 1 115. 2 0.050 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 
4-h at 4QQ°F 
2-h at 600°F 

Acid sulfates 
As HzS04 61. 6 38.7 0.017 
As HzS04·2HzO 84.2 53.0 0.023 

Sul fur dioxide 1370 861 .6 0.377 

Sulfuric acid mist 
74la As H2S04 466.0 0.204 

Inorganic condensibles 

Organic condensibles 

TOC (Condensible) 

aHydroqen peroxide cont~rninn~n.~. 

A-54 

ppm 

324 

114 



FIELD DATA 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT TEMPe(DEG.FJ 
BAR.PRESS.lINeHGJ 
STATIC PRESSelIN.H2DJ 
FILTER NUMBER{SJ . 
STACK INSIDE DIMellNJ 
PITOT TUBE COEFF.. . 
THERM. NO. 
LEAKAGE 
METER CALI&. FACTOR 
READ & RECORD DATA EVERT 

REPUBLIC STEEL CLEVELAND 
ND.I COKE BATTERY OUTLET 

PART/H2S04/S02 
8RUFFEY 

6CJ. 
zq. 30 
-1.20 
35300013 

CJ7.50 .oo 
• 84 

• ooo CFM i 5.0 IN.HG 
1.044 
IU.o MINUTES 

TRAVERSE 
POINT 

NO. 

SAMPLE 
fIME 

(MIN.) 

CLOCK 
TIME 

l24•HR 
CLOCK) 

GAS METER 
READING 
lCU.FT.J 

VELOCITY 
HUD 

lIN.H20) 

ORIFICE PRESSURE 
DIFFERENT UL 

(IN.H20) 

DESIRED ACTUAL 

STACK 
THP 

lDEG.FJ 

DATE 
HUN. NU.,.BER 

PROBE LENGTH & TYPE 
NOZZLE 2•2 : l.U. 
ASSUMED ~OJSTURE 
SAfi'PLE BOX NUfi'HEH 
fl'l::TER BOl NUfi'BER 
fi'UER HEAD OIFF. 
C FACTOH 
PROHE HEATER SETTING 
HEATER BOX SETTING 
HEFERENCE PRESS. OIFF. 

l0/Z7/8l 
2-2 

4• HEAH.O GLASS 
.1cn 

12.0 

FIO 
l.80 

• 86 
2511 • 
250 • 

.15 

DHY GAS METER 
TEllolP 

lDEG.F) 

PUfi'P SAfi'PLE IMPJNGEH 
TElolP 

lDEG.FJ 

Jl\LET OUTLET 

VACUUM BOX TEMP 
l IN.HG) lDEG.F) 

--------------------------------------------------------------------------------------------------------------------

TOTALS 
AVERAGE 

0 . -- ·-1159 
10.0 1408 
20.0 14l8 
30.0 1428 
40.0 1038 
so.o 1448 
60.0 . use··-
10.0 1508 
ao.o 1518 
110.0 1528 

100.0 1538 
110.0 1548 
120.0 .. 1558 ---

120.0 

CJeti.4ilJ8 
fJ65.CJIO .050 .62 
'170.265 • 050 .62 
CJ74.650 .050 .62 
CJ7CJ.OOO .050 .62 
'183.345 .oso .62 
'187. 710 ·--.050 .62 
CJCJ2.070 .oso .62 
CJCJ6.400 .oso .62 

.120 • oso • 62 
5.090 .050 .62 
CJ.420 • oso .62 

13. 753 ·-- .oso .62 

52.255 
• 62 

.62 573. 11. 12. 1.0 268. 48. 
• 62 524 • 11. 11. 1.u 262. 41 • 
.62 5Jc?. 13. 1 c?. 1.0 i6i. 49. 
• 62 540. 76. 12. 1.s 254. 51. 
.62 543. 11. 12. 1.0 264. 50. 
• 62 555. 78. ·11. 1.0 265 • 50. 
.62 568. 78. 73. 2.0 267. so. 
• 62 513. 11. 13. 2. 0 2&5. so • 
.62 52& • 78. 72. 2." 262. 53 • 
.&2 536. 78. 13. 2.5 263. 511. 
.62 541. 11. 72. 2.5 2511 • sei. 
• 62 55CJ. 111. 71. 2.6 2&3. 52 • 

.62 543. 76. 72. l.7 263. 51 • 



PARTICULATE FIELD DATA & RESULTS TABULATION 

PLANT• NAME AND ADDRESS TEST TEAM LEADER 

REPUBLIC STEEL CLEVELAND BRUFFEY 

TEST NO.I COKE BATTERY OUTLET 

TEST DATE 

TB 
TF 

TT 

NP 

y 

ON 

TIME•START 
TIME•FINISH 

NET TIME OF TEST~ MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

CP . _ .. PITOT TUBE COEFFICIENT. 

PM 

VM 

TM 

VMS TD 

VLC 

FMD 

PC02 

PO~ 

PCO 

PN2 

MD 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF ORY GAS SAMPLED 
AT METER CONDITIONS 

AVERAGE GAS METER TEMP 

VOLUME OF DRY GAS SAMPLED 
AT STANDARD CONDITIONS• 

TOTAL HZO COLLECTED IN 
IMPINGERS AND SILICA GELrML. 

VOLUME OF WATER VAPOR 
AT STANDARD CONDITIONS• 

PERCENT.MOISTURE-BY VOLUMt 

MOLE FRACTION ORY GAS 

PERCENT COl BY VOLer DRY 

PERCENT 02 8Y ·vol;~ O~Y 

PERCENT CO BY VOL., ORY 

PERCENT Nl BY VOLer DRY 

MOLECULAR WT•DRY STACK GAS 

MOLECULAR WT•STACK GAS 

ENGLISH UNITS 

10127181 

f)58 
1558 

12 

5l.C!55 CU•FT 

5l.CJl4 SCF 

7 .CJ64 SCF 

.oo 

27.64 

METRIC UNITS 

lOIC!l/81 

1358 
1558 

120.0 

12 

10.1 

1.480 CU•M 

23.3 c 

l.4CJ8 SC~ 

.2l6 SC~ 

13.08 

4.20 

l0.50 

.oo 

8'5.30 

27.64 



:J:" 
I 

(JI 

-..J 

PB BAROMETRIC PRESSURE 

PSI STATIC PRES OF STACK GAS 

PS STACK PRES, us. 

TS AVERAGE STACK TEMP 

-;;9 •·vs STACK 60 VEi.OCITY 

AS STACK AREA 

QSSTO STACK FLOM RATEr ORY* 

GS ACTUAL STACIC FLOM RATE 

ISO PERCENT ISOKINETIC 

MN FILTERABLE PART 
MG. EPA 5 -·---·--·- ··-· ---- .. 

cs FILTERABLE PART 

PMR FILTERABLE PART 
EMISSION RATE 

• .. -,,i-DE& F, 2~;92 Ui;H&; 

i!CJ.30 IN•HG 11u.22 "'llol•HG 

--;,;i ei!O iN•H20 •30.118 fllfhHi!O 

i!!Jell IN•HG 7111.CJ8 fllllol•HG 

543. F 2811. c 

tl~q FPS s.~ fllPS 

7466. SQ•IN 11.817 SQ•llol 

14CJ25CJ4. SCFH 1122&&. SCllolH 

j3]q559~ ACFH . IJll5&&. ACfllH 

106.CJ to&.CJ 

.o .o 

.oooo GRIOSCF• .ooo fllGIOSCfll 

.ooo LBIHR .uu KGIH~ 

-----···. 
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EXAMPLE PARTICULATE CALCULATIONS TEST NO. 2•2 

NO.l COKE BATTERY OUTLET 

VOLUME OF DRY GAS SAMPLED AT STANDARD CONDITIONS 

V~STO • ••••••••••••••••••••••••••••••••••••••••••••••••••••• : 

VOLUME OF MATER VAPOR AT STANDARD CONDITIONS 

v"c •• 04707 • VLC 

v"c • .ouo1 • in. • --7~CJtt -scf' 

.PERCENT MOISTURE IN STACK GAS 

. B"O • tfoo •• V"C) I (VMSTO • -vlft> 

BMO • -------------------------- = 13.08 PERCENT 

MOLE FRACTION OF DRY STACK GAS 

FMD • (100. • BWO) I 100. 

FMD • ••••••••••••••••••••••• • .e6~ 
loo. 

AVERAGE MOLECULAR WEIGHT OF Dh STACK GAS --

MO • lPC02 • .44) + (P02 • .32) + (PN2 + PCOJ • .28 

MO : l 4.Z0•44/l00) • (l0.5•3Z/lOOJ + ((85.3+ .OJ * 28/100 : 

MOLECULAR "EIGHT OF STACK GAS 

M•S • MD • ll. • lB"O/lOOJ) + 18. • lBW0/100) 

27.b4 



STACK GAS VELOCITY AT STACK CONDITIONS 

DELP • SUM. OF THE SQRTlVH * lTS + 460.J) 

VS • e5.4q * CP * DELP I (SQAT(M"S * PS) * PNTS) 

17.eq FPS 

STACK GAS VOLUMETRIC FLO" AT STACK CONDITIONS 

QS • VS * AS * 3600/144 

QS • 

STACK &AS VOLUMETRIC FLOW AT STANDARD CONDITIONS 

QSSTD-• 17.60 • QS e "JJ"Si- o;·,,;. lh0/100)) I (U + 460.) 

QSSTD • ••••-•••••••••••••••••••••••••••••••••••••••••••••• : 
( 543. + 4ttO.) 

PERCENT ISOKINETIC 

.620/13.6))/( 74.+460.)J) 
ISO • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••·····-----······· • 

120 •• 

PARTICLiLUE i.OADlNl; -..-- EPA METHOD 5 UT SlANDARD CONDITIONS) 

CS • 0.001 * MN * 15.43 I VMSTD 

cs • 0.001 • .o * 15.43 I .OOO GR/OSCF 

PARTICULATE LBS/HR EPA METHOD 5 

PMR • CS * QSSTD I ll5.43 * 453.6) 

PMR • .ooo • .oo 



Run No. 2. 2 

Sample volume= 1.50 m3, 52.9 scf 

Example calculations 

CS (Part) =149.2 /l.50 = 99.5 mg/m3 

CS (Part) = 0.001 x 149.~x 15.43/52.91 = 0.044 gr/dscf 

cs ( so2) = 1720 / ..l..:2Q =1146. 7 mg/m3 

=1146. 7 x 24. 06/§.1_ =..ill ppm 

= 0.001 x 1720 x 15.43/52.91 =a 501 gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

Ambient 149.2 99.5 0.044 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 24.8 16. 5 0.007 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As H2S04 0.0 0.0 0.0 
As H2S04·2H20 0.0 0.0 0.0 

Sulfur dioxide 1720 1146. 7 0.502 

Sulfuric acid mist 
As H2S04 16. 0 10.7 0.005 

Inorganic condensibles 

Organic condensibles 

TOC (Condensible) 

A-60 

ppm 

431 

3 



FJELD DATA 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT TEMP.(OEG.Fj 
BAR.PRESS.(IN.HG) 
STATIC PRESS.(JN.HZOJ 
FILTER NUMBER(SJ 
STACK INSIDE DIMellN) 
PITOT TUBE COEFF •. 
THERM. ND. -
LEAKAGE 
METER CALIB. FACTOR 
READ I RECORD DATA EVERY 

REPUBLIC STEEL CLEVELAND 
COKE OVEN OUTLET 

Z•3•M8•400 
CUR KE 

6CJ. 
ZCJ.30 
-1.20 
.5530057 

CJ7.SO .oo 
.84 

eOOO CFM i i!.O IN.HG 
• CJCJC! 

10.0 MINUTES 

TRAVERSE 
POINT 

NO. 

SAMPLE 
TIME 

(MIN.) 

. CLOCK 
TIME 

lZ••HR 
CLOCK) 

GAS METER 
READING 
(CU.FT.) 

VELOCITY 
HUD 

(IN.H20) 

ORIFICE PRESSURE 
DIFFERENTIAL 

(IN.H20) 

DESIRED ACTUAL 

SUCK 
TEIVP 

foEG.F) 

OATE 
RU~ NUfl.BER 

PROBE LENGTH & TYPE 
NOZZLE 2•3: l.D. 
ASSUMED fi'OJSTUHE 
SAMPLE BOX NUfi'BER 
!VETER BUii NUIV8tH 
IVETEH Hl::AD OIFF • 
C FACTOk 
PROHE HEATER SETTING 
HEATER BOX SETTING 
REFERENCE PRESS. DIFF. 

l0/Z7/81 
2•3 

5 FT GLASS HEATED 
.3CJ8 

li!. 0 

FBl 
1.87 
.88 

400. 
400. 

.1 s 

OkY GAS METER 
TEMP 

lOEGeFJ 

PUfi'P SAIVPLE lfolPINGEH 
TEMP 

(OEG.FJ 

11\LET OUTLET 

VACUUM eox TEMP 
(lfll.HG) lDEG.F) 

--------------------------------------------------------------------------------------------------------------------

TOTALS 
AVERAGE 

0 -li5'. 
10.0 1405 
20.0 1415 
10.0 1425 
110.0 1435 
so.o 1445 
60.0 1455 
10.0 1505 
eo.o 1515 
CJO.o 1525 

loo.o 1515 
uo.o 1545 · uo.o ·-- 1S55 

120.0 

- - -----· - -

•12.012 
476.400 .oso .60 • ftO 
480.CJOO .oso .60 • ftO 
485.315 • oso .60 .&o 
48CJ.68CJ .oso • 60 • ftO 
4CJ4.l20 .oso • ftO • ftO 
4if&.525 .oso • 60 • ftO 
SOi!.CJlS • oso .60 • ftO 
507.405 .oso • ftO • ftO 
5ll.6CJS .oso .60 • &O 
516. lCJ8 .oso .60 .bO 
520.470 .oso .60 .&O 
524.if84 ---- .oso .60 • 60 

52.CJli! 
• 60 .60 

525. ft4. ftO • i!. 0 300. 52. 
5JCJ. &e1. 6U • 2. (I 365. 4c?. 
530. 70. bU. 2. u 38CJ. SC! • 
531. 7 2. ft l. 2. 0 3115. sz. 
535. 74. 112. 2.0 4011. 54. 
543. t fl. 64. 2.0 383. 5a • 
5115. 7fl • fl2. 2. 0 416. 5fl. 
511. 7 fl. fl4. 2. 0 3CJ3. 5fl. 
Sc?c? • 7fl. fl2. 2. 0 404. Sc?• 
5.54. 76. 61. 2. 0 40CJ. Si. 
534. 76. 65. 2. 0 426. 58. 
553. 78. . . 64. i!. 0 414. 58 • 

534. .73. 6c?. 2.0 389. 53 • 



PARTICULATE FIELD DATA & RESULTS TABULATION 

)"' 
- I- - -
O'I 

PLANT• NAME AND ADDRESS 

REPUBLIC STEEL CLEVELAND 

TEST 

TEST DATE 

TB 
TF 

TT 

NP 

y 

DN 

CP 

PM 

VM 

COKE OVEN OUTLET 

TIME.;START - -
TIME•FINISH 

NET TIME OF TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF DRY GAS SAMPLED 
AT METER CONDITIONS 

"' TM AVERAGE GAS METER TEMP 

VMSTD VOLUME OF DRY GAS SAMPLED 
AT STANDARD CONDITIONS• 

VLC -- - TOTAL H2·o COLLECfED IN --
IMPINGERS ANO SILICA GELrML. 

VWC VOLUME OF MATER VAPOR 
AT STANDARD CONDITIONS• 

ewo -PERCENT MOISTUR£ BY VOLUME 

FMD MOLE FRACTION DRY GAS 

PCOZ PERCENT COZ BY VOL., DRY 

POZ PERCENf- 02 a·rvoc:~• ORY -

PCO PERCENT CO BY VOL., ORY 

PNZ PERCENT NZ BY VOL., DRY 

MO MOLECULAR WT•DRY STACK GAS 

MWS MOLECULAR WT•STACK GAS 

TEST lEAM LEiOEA 

CLARKE 

ENGLISH UNITS 

101Z7 /81 

1355 -
1555 

lZo.o 

lZ 

.3q8 IN 

67e8 F 

8.021 SCF 

.865 

- 10~50 

.oo 

85.30 

z1.60 

METRIC UNITS 

10/27181 

1355 
1555 

120.0 

12 

10.l 

15 • i! 11'114•H20 

l.4q8 CU•,. 

• 221 SCfll. 

13.118 

.8&5 

10.50 

.oo 

27.&0 



;i::. 
.1 
CTI 
w 

PB 

,u 
PS 

TS 

va 
AS 

USS TD 

OS 

ISO 

MN 

cs 

PMR 

BAROMETRIC PRESSURE 

STATIC PRES OF STACK GAS 

STACK PRES, ABS. 

AVERAGE STACK TEMP 

AVG STACK GAS VfLOCitY 

STACK AREA 

STACK FLOW RATE, ORY• 

ACTUAL STACK FLOW RATE 

PERCENT ISOKINETIC 

FIL TERAllLE PART 
MG. EPA 5 

'IL TERABLE PART 

FILTERABLE PART 
EMISSION RATE 

534. F 

-n~a FPS 

14q3373. 

332SC}iz~ 

103.5 

.o 

SQ•IN 

SCFH 

ACFH 

.OOOO GAIOSCF• 

.ooo l8/HH 

ZH. C 

5.4 l"PS 

42288. 

q4240. 

103.5 

.o 

.OOO l"GIOSCI" 

.OO l<Gl~R 



EXAMPLE PARTICULATE CALCULATIONS TEST NO. 2•3 

COKE OVEN iJUTi..ET 

VOLUME OF DRY GAS SAMPLED AT STANDARD CONDITIONS 

VMSTD • (17.~•? ~ VM * ~ * iPB + PM I tS~~)) I (TM + QflO.J 

sz.•12 • ·••z • ( 29.lO + .&OO I 13.6) 
VMS TO • •••••••••••••••••••••••••••••••••••••-••••••••••••••• s 

68. + 4tiO.J 

VOLUME OF "ATER VAPOR AT STANDARD CONDITIONS 

VWC : .0•101 * VLC 

v"c • -• o•t01 • no·; • --9 ;o~ sc, 

PERCENT MOISTURE IN STACK GAS 

100. • a.oz 
B"O • •••••••••••••••••••••••••• • 13.48 PERCENt 

MOLE FRACTION OF DRY STACK GAS 

FMD • llOO. • B"OJ I lOO. 

FMD • ••••••••••••••••••••••• • .865 
100. 

MD • (PC02 •• 44) + (P02 •• 32) + (PN2 + PCO) •• 211 

MD : ( 4e20•441100) + (10.5•321100) + ((85.3+ .O) * 281100 : 

MOLECULAR "EIGHT OF STACK GAS 

MWS : MD * (l. • (BW0/100)) + 18. * (8"01100) 

M"s • 2•.n• n;- •cu~-11111001 > + ta. • ·u3~4a11001 • 27.60 

51.CICICI OSCF 



:i:ir 
I 

O\· 
Ul 

STACK GAS VELOCITf AT STACK CONDITIONS 

DEL~ i S~M. OF THE SQRt(~H ~ ltS ~ 460.)] . 

VS • 85.•• • CP • DELP I lSORT(M"S • PS) • PNTS) 

vs • 85.•• • .84 • 

STACK GAS VOLUMETRIC FLO" AT STACK CONDITIONS 

QS • VS • AS • J600/l4• 

·us • --11.ei • ,.-,,~ 16001u• • 

STACK 6AS VOLUMETRIC FLO" AT STANDARD CONDITIONS 

ossTD • 11.,0 •·is ·- iis·--. ·n; ~ li1"oi100H·; us • •u.> 

DSSTD • ••••••••••••••••••••••••••••••••••••••••••••••••••• : 
( 534 •• 460.) 

PERCENT ISOKINETIC 

17.83 FPS 

ISO • (305.58•(TS••60.J)•(l0eOOZ669•VLC)+(VM•Y•CP8+(PM/13.6))/(TM+460.JJ)llTT•VS•PS•DN•DNJ . . 

.600/13.6))/( 68.•460.J)) 
ISO • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• s 

1zo. • 11.83 • 

CS • OeOOl • MN * 15.4J I VMSTO 

cs • 0.001 • .o • 15.43 I .OOO GR/DSCF 

PARTICULATE LBS/HR EPA METHOO 5 

PMR • CS • QSSTO I ll5.•3 • 453.6) 

PMR • 

IOl.4CJ PERCENT 



Run No. 2. 3 

Sample volume =_l.~m3 , 51 so scf 

Example calculations 

CS (Part) = 46.3 / 1.46 = 31.7 mg/m3 

CS (Part)= 0.001 x46.3 x 15.43/51.50=0.014 gr/dscf 

CS (so2) = 1700 / ~ = 1164. 4ng/m3 

= 1164.3x 24.06/64 =438 ppm 

= 0.001 xl700 x 15.43~1.50 = 0.50 gr/dscf 

Catch weight, 
mg/m3 Concentration, 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

Ambient 46.3 31. 7 0. 014 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As H2S04 12.2 8.3 0.004 
As H2S04·2H20 16. 7 11. 4 0.005 

Sulfur dioxide 1700 n 164. 7 0.509 

Sulfuric acid mist 
As H2S04 53. 0 36.3 0.016 ... -

Inorganic condensibles 

Organic condensibles 

TOC (Condensible) 

A-66 

ppm 

438 

9 
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FIELD DATA 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT TEMP.(OEG.FJ 
BARePRESS.llNeHGJ 
STATIC PRESS.llN.H20J 
FILTER NUMBER(SJ 
STACK INSIDE DIMellN) 
PJTOT TUBE COEFF. 
THERM. NO. 
LEAKAGE 
METER CALIB. FACTOR 
READ & RECORD DATA EVERY 

REPUBLIC STEEL CLEVELAND 
COKE OVEN OUTLET 

C!•4•M8•400 
CLARKE 

. b'f. 
i!Cf.30 
•1.C?O 
3S300bi? 

1n.so .oo 
.84 

0 000 CFM i 2 0 0 JN.HG 
l.Olb 
10.0 MINUTES 

TRAVERSE 
POINT 

NO. 

SAMPLE 
TIME 

(MIN.) 

CLOCK GAS METER 
fIME -·- RUD1NG 

VELOCITY 
HUO 

llNeH20) 

ORIFICE PRESSURE 
bif:FERENT UL 

(IN.H20) l24•HR lCU.FT.J 
CLOCKJ 

DESIRED ACTUAL 

STACK 
TEfllP 

lDEG.F) 

OAT£ 
HUN NU"18ER 

PRUBE LENGTH & TYPE 
!';UZZLE C?•4l I.D. 
ASSUMED flOISTUHE 
SAMPLE BOX NUfll8EH 
fllETEA BOX NUMREH 
"'E. TEM HEAO OIH • 
C FACTOR 
PRUBE HEATER SETTING 
HE.ATtR BOX SETTING 
NEFEHENCE PRESS. OIFF. 

10127/61 
i•4 

b FT GLASS HEATED 
.391 

1C?.0 
F 
FB5 
l.6b 
.68 

400. 
400. 
.1s 

DHY GAS "4ETER 
TEMP 

lDEG.F) 

PUflP SAfllPLE 1"1PINGER 
TEMP 

(DEG.Fl 

ll';LET OUTLET 

VACUUM 8011 TEMP 
(IN.HG) lOEG.F J 

--------------------------------------------------------------------------------------------------------------------
lNIT ___ 0 · ·--n;-e -- · ne.15:S 

10.0 1408 IJ02.bb5 .050 .tto • tto 573. b8 • f,IJ. 1.0 405. 112. 
20.0 1418 IJOb.IJOO .050 .tto obO 524. ""· bll. 1.0 3b9. 38. 
3o.o l4i!8 llll .18b • oso .tto obO 5.50. 7 c • 70. l .• 0 38&. 110. 
110.0 1438 IJl5.7b2 • oso .tio obO 531J. 74 • 10. 1.0 430. 4l. 
50.0 11148 IJllJ.UO • 050 .bO • bO 543. 7b • 10. 1.u 3 7 .5. 4b. 
60.0 1458 IJ24.085 -.050 • tto • 60 555 • 18 • . 1 i!. 1.0 31Jll. 48. 
10.0 1508 Cfi!8 0 i!OO • oso .tto obO 5b8o 78 • 12. 1.0 .51J2. 4b. 
80.0 1518 Cf3i!.7li! • oso .tto ebO 514. 78 • 1 i!. 1.0 3CJ4. 44. 
IJO.o 1528 '93b.IJ20 .oso .bO • bO 525. 78 • 1 C?. l.U «122. 42. 

lOO.O 1538 Cf40.IJ20 .050 .bO .tto 53fl. 78. 1 i!. 1.0 413. 44. 
110.0 1548 IJ45.77fl • oso .bO ebO 541. 76 • Jc. 1.0 45Uo Qfl. 
120.0 ···--1559 ---- IJ41J

0
8U • 050 obO .60 55q • BC?• ·111. l.O 1118. 118. 

TOTALS tzo.o 5l.4CJ5 
AVERAGE .tio • bO 542. 1b. 71. l.O 4011. 44. 

--··--··----·· - . 



PARTICULATE FIELD DATA & RESULTS TABULATION 

PLANT• NAME ANO ADDRESS 

REPUBLIC STEEL CLEVELAND 

TEST 

TEST DATE 

TB 
TF 

TT 

NP 

y 

ON 

CP 

PM 

VM 

TM 

COKE OVEN OUTLET 

TIME.;STARf 
TIME•F INISH 

NET TIME OF TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF DRY GAS SAMPLED 
AT METER CONDITIONS 

AVERlGE GAS METER TEMP 

VMSTD VOLUME OF DRY GAS SAMPLED 
AT STANDARD CONDITIONS• 

VLC -TOTAL i42o-·c-OLLECfEi> IN. 
IMPINGERS ANO SILICA GELrML. 

VWC VOLUME OF "ATER VAPOR 
AT STANDARD CONDITIONS* 

B"D - PERCENT- MOISfllRt BY VOLUME 

FMD MOLE FRACTION ORY GAS 

PC02 PERCENT C02 BY VOL.r DRY 

P02 PERCENT 02-n·-·vol~-·- DRY 

PCO PERCENT CO BY VOLer DRY 

PN2 PERCENT N2 BY VOLer DRY 

MD MOLECULlff- "T•ORY SUCK GAS 

TEST TEAM LEADER 

CLARKE 

ENGLISH UNITS 

10127181 

i:S58 
1558 

12 

73.5 F 

5o. 781 scF 

7.348 SCF 

.874 

11.20 

.oo 

85.30 

METRIC UNITS 

10127181 

1358 
15'58 

l.?O.O 

12 

l.Olb 

10.1 

1.4'58 CU•M 

c 

I 0438 SCI' 

l '5&. l 

.208 SCM 

.874 

10.50 

.oo 

27.&CJ 



PB BAROMETRIC PRESSURE C!IJ.30 IN•HG 11111.22 ""'•HG 

PSI STATIC PRES OF STACK GAS .;l.C!O IN•H20 •30.48 .-M•H20 

PS STACK PRESr ABS. z11.21 IN•HG 141.118 .-M•HG 

TS AVERAGE STACK TEMP 5112. F 28.5. c 

vs AVG SUCK GAS VELOCITY ·u .11 FPS 5.4 .-Ps 

AS STACK AREA 7 llftft. SQ•IN 4.817 SQ•M 

8SSTD STACK FLO.- RATEr DRU l1111'10ft0e SCFH llC!11411. SCMH 

as ACTUAL 1TACK FLOM RATE J33ftih. ACFH 114471. ACMH 

no PERCENT ISOKINETIC 102.2 102.2 

MN FILTERABLE PART .o .o 
MG. EPA 5 

.. - ·--- -- -

cs FILTERABLE PART .oooo GR/DSCF• .ooo "'G/OSC.-

PMR FILTERABLE PART .ooo LB/HR .oo KG/~R 

EMISSION RATE 

* Ct& DEG ,, 2~;•2-IN.HG. 



EXAMPLE PARTICULATE CALCULATIONS TEST NO. 2•4 

COKE OVEN OUTLET 

VOLUME OF DAY GAS SAMPLED AT STANDARD CONDITIONS 

VMST~ • (l7e6~t i VM • Y • (PB + PM I 1j~6)) I (TM + 4b0.) 

VMSTO • ••••••••••••••••••••••••••••••••••••••-•••••••••••••• : 
l 73. + 4bO.) 

VOLUME OF MATER VAPOR AT STANDARD CONDITIONS 

YMC • .04707 • VLC 

VMC •• 04107. i56 •• ·-·7.35 SCF 

PERCENT MOISTURE IN STACK GAS 

BMO s CIOO. • VMC) I lVMSTO + VMCJ 

IOU. • 7e:S5 
BWO a •••••••••••••••••••••••••• s 12.~0 PERCENT 

50.787 • 7.35 

MOLE FRACTION OF DAY STACK GAS 

FMO • llOOe • BMOJ I 100. 

fOO~ • . U.6 
FMD • ••••••••••••••••••••••• s .870 

100. 

AVERAGE MOLECULAR ~!lGHf OF ORY STACk GAS 

MD • lPCOZ •• 44) • (POZ •• ll) • (PN2 • PCO) •• z8 

MO • l 4el0•44/l00) + (l0.5•3l/100) + ((85.3+ .OJ • 281100 : 

MOLECULAR MEIGHT OF STACK GAS 

MMS • MO • (1. • (8"0/lUO)) + 18. • lBM0/100) 

so.787 OSCF 



STACK GAS VELOCITY AT STACK CONOITIONS 

DELP • SUM. OF THE SUAT(VH • lTS + 4bO.j) 

VS • 85.49 • CP • DELP I lSQRT(M"S • PS) • PNTS) 

l7 .87 FPS 

STACK GAS VDLUMETAIC FLO" AT STACK CONDITIONS 

gs • VS • AS • 5600/144 

gs • 3336116. ACFH 

STACK GAS VOLUMETRIC FLO" AT STANDARD CONDITIONS 

gsSTD- • 17.641 e -GS *-PS- .--ti~ ;. lB"0/10-0)) I (TS + 460.> 

3336176. • Z9.Zl • (l. • llZ.64/100)) 
QSSTD • ••••••••••••••••••••••••••••••••••••••••••••••••••• : 

l 54Z. + 460.) 

PERCENT ISOKINETIC 

.600113.6) JI l 73.+460.))) 

ISO • ------------------------------------------------------------------------------------------------- • 1oz.1e PENCE~T lZO •• 11.87 • 

PAAT!CULUE LOADING ••-EPA METHOD 5 UT STANDARD CONDITIONS) 

CS • 0.001 • MN • 15.43 I VMSTO 

cs • 0.001 • .o * 15.43 I 50.787 • .OOO GR/OSCF 

PARTICULATE LBS/HA •• EPA METHOD 5 

PMR • CS • QSSTO I (15.43 * 453.6) 

PMR a .ooo • .oo 



Run No. 2. 4 

3 Sample volume = 1.44 m , 50. 79 scf 

Example calculations 

CS (Part) = 61.3 / 1.44 =42.6 mg/m3 

CS (Part) = 0.001 x 61.3 x 15.43/ 50.79 = 0.019 gr/dscf 

CS (S02) =1610 /1.44 =1118.0ng/m3 

~ 118. 0 x 24. 06/...§L = 420 ppm 

= 0.001xl610x15.43/50.79 = 0.489 gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

61. 3 42.6 0.019 Ambient 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As H2S04 14.4 10.0 0.004 
As H2S04·2H20 19. 7 13. 7 0.006 

Sul fur dioxide 1610 1118.0 0.489 

Sulfuric acid mist 
As H2S04 19.6 13. 6 0.006 

Inorganic condensibles 

Organic condensibles 

TOC (Condensible) 

A-72 

ppm 

420 
I 

3 



;i::. 
I 

......i 
w 

FIELD DAU 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT TEMP.lDEG;FJ 
BAA.PRESS.llN.HGJ . 
STATIC PAESS.llN.H20J 
FILTER NUMBEA(S) 
STACK INSIDE OIMellNJ 
PJTOT TUBE COEFF. 

. THEAM. NO. 
LUKA GE 
METER CALIB. FACTOR 
READ I RECORD DATA EVERT 

REPUBLIC STEEL CLEVELAND 
COKE OVEN SUCK 

METHOD 5•250 
00 

&3. 
29.43 
-1.20 
3530044 

'11.50 .oo 
.84 

e012 CFM i 7.0 IN.HG 
I.OH 
10.0 MINUTES 

TRAVERSE 
POINT 

NO. 

SAMPLE 
TIME 

lMINeJ 

CLOCK 
TIME 

l21t•HA 
CLOCKJ 

GAS METER 
READING 
lCU.FT • J 

VELOCITY 
HEAD 

(IN.H20J 

ORIFICE PRESSURE 
DIFFERENTIAL 

lIN.H20J 

DESIRED ACTUAL 

STACK 
TEfolP 

(DEG.FJ 

DATE 
HUN NUMBER 

PHOBE LENGTH & TYPE 
NOZZLE &•1141 I.O. 
ASSUMED MOISTUHE 
SAMPLE BOX NUMBER 
"'EYER BOX NUMBEH 
"'UER HEAD OIFF. 
C FACTOH 
PROBE HEATER SETTING 
HEATER BOX SETTING 
HEFERENCE PRESS. OIFF. 

10127181 
C?-5 

& • GLASS 
• 377 

11.0 

FB4 
1.88 
·"2 

250 • 
2so. 

.11 

ORY GAS ME1ER 
TEMP 

lOEG.FJ 

PUfolP SAfolPLE l"'PINGER 
TEMP 

lOEG.f) 

lf\LE T DUTLE T 

VACUUM BOX TEMP 
(IN.HG) (OEG.FJ 

--------------------------------------------------------------------------------------------------------------------
IN if 

TOTALS 
AVERAGE 

0 
10.0 
20.0 
30.o 
40.0 
so.o 
60.0 
10.0 
eo.o 
90.0 

100.0 
110.0 
ii!!o.o 

120.0 

-- i•z•· -
1434 
1444 
1454 
1504 
1514 .. --
i5Z4 

... 

1534 
1544 
1554 
1600 
1614 
i6Z4 ·-

, •. 5.o51 
649.480 .os1 • 63 
6S3.710 .057 • 63 
658.110 • os1 • 63 
&62.460 .os1 • 63 
666.820 .os1 • 63 
fl7 l .190 -·.os7 • fll 
&75.5b0 .os1 .63 
679.940 • 057 .63 
b84.320 • os1 .6J 
688.710 • os1 .63 
693.140 • 057 .63 
697.SSB --· .os1 .&] 

52.507 
.63 

• 63 4'19 • &1. 6&. 3.7 234. su. 
• &3 4'1'1 • 68. 66. 3.7 211. so. 
.&3 """· 7 2. b1. ". 0 c? 71 • su. 
.b3 """· 74. b8. 4.1 238. 48. 
• 63 4'1'1 • 11. &'I. 0.2 25.?. 48 • 
.b3 499. 78. 10. "." 262. 48. 
• 63 Q'l9 • 1'1. 11. 11.s 248. 48 • 
.63 4'19. 8U. 72. 4.8 ill. so. 
• bl 4qq • 6U • 73. '5. u 2Cl5 • 5U. 
• bl 4'19 • 60 • 11. s.u 252. 5U. 
• b3 4'19 • 6U. 73. 5.1 t? 7 '5. so. 
• b3 4'19. 79. 73. 5.7 .?bl • 48. 

• b3 499 • 76. 10. 4.6 257. 4'1. 



PARTICULATE FIELD DATA & RESULTS TABULATION 

PLANT• NAME ANO ADDRESS 

REPUBLIC STEEL CLEVELAND 

TEST 

TUT DATE 

TB 
TF 

TT 

NP 

y 

DN 

CP 

PM 

VM 

TM 

VMSTO 

Vi.t 

vwc 

BWO 

FMO 

PC02 

P02 

PCO 

PN2 

MD 

COKE OVEN SUCK 

TIME•START 
TIME•F INISH 

NET TIME OF TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF ORY GAS SAMPLED 
AT METER CONDITIONS 

AVERAGE GAS METER TEMP 

VOLUME OF DRY GAS SAMPLED 
AT STANDARD CONDITIONS• 

fOtAL HlO COLLECtEO IN 
IMPINGERS ANO SILICA GELrML. 

VOLUME OF WATER VAPOR 
AT STANDARD CONDITIONS• 

PERCENT MOISTURE BY VOLUME 

MOLE FRACTION DRY GAS 

PERCENT COl BY VOL., ORY 

PERCtNT 02 av-voL •• ORY 

PERCENT CO BY VOL., DRY 

PERCENT Ni! BY VOL., ORY 

MOLECULAR WT•ORY STACK GAS 

MOLECULAR WT•STACK GAS 

TEST TEAM LEADER 

00 

ENGLISH UNITS 

10127 /81 

ld4 
1624 

120.0 

12 

l.033 

.377 IN 

52.507 CU•FT 

73.l F 

·13.50 

4.20 

to.so 

.oo 

85.30 

METRIC UNITS 

10/27181 

1424 
1624 

120.0 

12 

1.033 

.84 

1 0 487 CU•M 

22.8 c 

175.5 

.234 SCM 

13.50 

11.20 

10.50 

.oo 

85.30 
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V1 

PB 

PSI 

PS 

TS 

vs 

AS 

QSSTO 

ils 

ISO 

MN 

cs 

PMR 

* 
,,, 

BAROMETRIC PRESSURE 

SUTIC PRES OF STACK GAS 

SUCK PRES, ABS. 

AVERAGE STACK TEMP 

AV& STACK &AS VELOCITY 

STACK AREA 

STACK FLOW RATE, DRY* 

ACTUAL STACK FLOW RATE 

PERCENT ISOKINETIC 

FILTERABLE PART 
MG. EPA.5 

FILTERABLE PART 

FILTERABLE PART 
EMISSION RATE 

ots F~ ·z9.92 iN;Hs. 

iCJ.43 IN•HG 747.52 fi'fi'•HG 

-1.20 IN•H20 •30.48 fi'M•H20 

iCJ.34 IN•HG 745.28 fi'M•HG 

QctCJ. F 2SCJ. c 

i8.7 FPS s.1 fi'PS 

74116. SO•IN 4.817 SQ•M 

1626567. SCFH 4b05CJ. SC~H 

3482781. ACFH CJ8bc?2. ACMH 

108.8 108.8 

.o .u 

.oooo GRIOSCF• .ooo fi'GIOSC~ 

.ooo LB/HR • 00 KG/HR 
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EXAMPLE PARTICULATE CALCULATIONS TEST NO. 2•5 

COKE OVEN STACK 

VOLUME OF DAY GAS SAMPLED AT STANDARD CONDITIONS 

VMSTD • (17~b4f .• v~. y • tPB ~ PM I 15.~)) i (tM + q~o.> 

52.507 • t.033 • ( 2•.43 + .630 I 13.bJ 
VMSTD • ••••••••••••••••••••••••••••••••••••••••••••••••••••• : 

73. + 4&0.J 

VOLUME OF "ATER VAPOR AT STANDARD CONDITIONS 

PERCENT MOISTURE IN STACK GAS 

BMO. (ioo •.•. V"Cfi (VMSTD + vlilcj 

100. • e.2f> 
8"0 • •••••••••••••••••••••••••• 2 13.50 PERCENT 

MOLE FRACTION OF DAY STACK GAS 

FMD • (too •• 8"0) I 100. 

FMO a ••••••••••••••••••••••• • .865 
100. 

AVERAGE MOLECULAR WEIGHT OF DRY STACK GAS 

MD • (PC02 • .44) + (P02 • .32) + CPN2 + PCOJ • .28 

MO • l 4o20•44/l00) + ll0.5•32/100) + ((85.3+ .OJ * 28/100 • 

MOLECULAR "EIGHT OF STACK GAS 

MMS •MD • (le • l8MO/lOOJJ + 18. * CBW0/100) 

MMS • 2•.o•• (l.· •(1J~S0/1UO)) + 18. ~ (13.501100) • 



::t:" 
I 
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STACK GAS VELOCITY AT STACK CONDITIONS 

DELP • SUM. OF THE SQRT(VH • lTS + 460.)f 

VS • 85.49 • CP • DELP I lSQRT(MWS • PS) • PNTS) 

STACK GAS VOLUMETRIC FLOW AT STACK CONDITIONS 

QS • VS • AS • 3600/144 

QS • 18.66 • 7466. 3600/i44 • 3482187 • ACFH 

STACK GAS VOLUMETRIC FLOW AT STANDARD CONDITIONS 

QSSTD ~ ~7.647 ~ ~~ • P~ ~-11;-~ t~W0/100)) I CT$ + 460 0 ) 

QSSTD a ••••••••••••••••••••••••••••••••••••••••••••••••••• c 

PERCENT ISOKINETIC 

18.&6 FPS 

1626567 • SCFH 

ISO • (305.58•(TS+460.JJ•l(O.OOl669•VLC)+(VM•Y•(PB+lPMll3.6))1(TM+460.)J)llTT•VS•PS•DN•DNJ 

.630/13.6))/l 73.+460.J)) 
ISO • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• s 

llO. • C!9.34 • .377 • .111 

CS • O.OOI • MN • 15.43 I VMSTO 

cs = 0.001 • .o • 15.43 I .OOO GR/OSCF 

PARTICULATE LBS/HR •• E,A METHOD 5 

PMR • CS • QSSTO I (15.43 • 453.6) 

PMR • .oo 

. . .. -, 

l08.8l PEHCElloT 



Run No. 2. 5 

Sample volume= 1.50 m3, 52.92 scf 

Example calculations 

CS (Part) = 90. 9 !..l.:.E_ = 60.6 mg/m3 

CS (Part) = 0.001 x90.9 x 15.43/52.92 = G.026 gr/dscf 

CS (so2) =_ /_= mg/m3 

=-- x 24.06/_=_ppm 

= 0.001 x __ x 15.43/ __ = __ gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf ppm 

Particulate following 
conditioning at: 

Ambient 90.9 60.6 0.026 
2-h at 350°F 34.0 22.7 0.010 
4-h at 350°F 30.7 20.5 0.009 
2-h at 400°F 29.2 19.5 0.008 
4-h at 400°F 27.7 18.5 0.008 
2-h at 600°F 22.5 15. 0 0.006 

Acid sulfates 
As H2S04 0.0 0.0 0.000 
As H2S04·2H20 0.0 0.0 0.000 

Sul fur dioxide 

Sulfuric acid mist 
As HzS04 
As H2S04·2H20 

Inorganic condensibles 68.2 45.5 0.020 

Organic condensibles 4.8 3.2 0. 001 

TOC (Condensible) 44.3 29.5 0.013 

A-78 
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FIELD DATA 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT Tt~P.(OE~.~J 
BAR.PRESS.llN.HG) 
STATIC PAESS.llN.H20) 
FILTER NUMBEA(SJ 
STACK INSIDE DIM.(INJ 
PJTOT TUBE COEFFe 
THEAM. NO. 
LEAKAGE 
METER CALIB. FACTOR 
READ I RECORD DATA EVERY 

REPUBLIC STEEL CLEVELAND 
COKE OVEN STACK 

METHOD 8•ft00 
00 
ftl. 

29.41 
-1.20 
1510212 

'H .50 .oo 
.84 

• OOO CFM i 21.7 IN.HG 
.CJ82 

10.o MINUTES 

TRAVERSE 
POINT 

NO. 

SAMPLE 
tIME 

lMIN.J 

CLOCK GAS METER 
. TIME-- READING 

VELOCITY 
HUD 

(IN.H20J 

ORIFICE PRESSURE 
DIFFERENT UL 

CIN.H.!0) (24•HR CCU.FT.) 
.CLOCK) 

DESIRED ACTUAL 

STACK 
T£(11lP 

COEG.F > 

IJATE 
NUN NU(lllBER 

PROBE LENGTH & TYPE 
~OZZLE : l.o. 
ASSUMED (lll01STUAE 
SA~PLE BUX NU~~EH 

lo'E TEA BOX NU~BE R 
lolllEN HEAD OlFF. 
C FACTOH 
PROBE HEATER SETTING 
HEATER BUX SETlING 
kEFEAENCE PRESS. OIFF • 

10127181 
2-b 

4° QUARTZ 
.SClO 

11.0 

FB8 
l.Cll 
.q4 

bUO. 
bOO. 
.ol 

DAY GAS METER 
TEMP 

lDEG.F) 

PU(lllP SAlolPLE l(lllPINGER 
TEMP 

(OEG.FJ 

I~LET OUTLET 

VACUUM BOX TEMP 
(IN.HG) lDEG.F J 

---------------·----------------------------------------------------------------------------------------------------
IN If. 

TOTALS 
AYER AGE 

0 
10.0 
20.0 
lO.o 
110.0 
50.0 
60.0 
10.0 
80.0 
90.0 

90.0 

· nn 
l4ZCJ 
1434' 
l411CJ 
145CJ 
1509 

- 1519 
15Z9 
1519 
1549 

Ul.tt27 
14CJ.070 • 051 J.ft8 l.CJO 
15ft.480 .051 l.b8 l.CJO 
lbl.&10 .os1 3.b8 1.90 
170.8110 • 057 3.b8 1.80 
117.430 • os1 l.b8 1.49 
183.180 ·- .os1 J.b8 I. 18 
189.800 .057 l.b8 1.28 
n5.120 .os1 l.b8 1.15 
20l.b20 • os1 3.b8 1.13 

59.94Jl 
3.68 I. 55 

499. bl • ft2. 1.2 ftl1. 112. 
499. bbe b~. 8.b 584. 44. 
1199. 10. bi!. 12.8 596. so. 
QClCJ. 12. bl. lCl.8 bl9 • bO. 
499. 71. bl. 20.s 5b7 • 58. 
499. 10. ft4. C!0.8 576. Sb. 
49CJ. b9. b4. 21.0 588. 5b. 
499. b8. bl. 21.4 blb. 54. 
499. b8. bl. 21.11 b35 • so. 

499. b9. •.. ·61. 11. l ttoo. 52 • 
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PARTICULATE FIELD DATA I RESULTS TABULATION 

PLANT• NAME AND ADDRESS 

REPUBLIC STEEL CLEVELAND 

TEST 

TEST DATE 

TB 
TF 

TT 

NP 

y 

ON 

CP 

PM 

YM 

TM 

VMS TD 

vl.c 

YWC 

BWO 

FMD 

PCOZ 

POC! 

PCO 

PNZ 

MD 

MWS 

COKE DYEN STACK 

TIME•START 
TIME•FINISH 

NET TIME OF TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT_ TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF DRY GAS SAMPLED 
AT METER CONDITIONS 

AVERAGE GAS METER TEMP 

VOLUME OF DRY GAS SAMPLED 
AT STANDARD CONDITIONS* 

TOTAL HC!~··tolLECTED IN 
IMPINGERS AND SILICA GELrML. 

VOLUME OF WATER VAPOR 
AT STANDARD CONDITIONS• 

PERCENf-MOt9fUR£ BY VOLUME 

MOLE FRACTION DRY GAS 

PERCENT COZ BY VOLer DRY 

PERCENt ·02 n··voL.·, DAT 

PERCENT CO BY VOLer DRY 

PERCENT NZ BY VOL., DRY 

MOLECULAR WT•DAY STACK GAS 

MOLECULAR WT•STACK GAS 

TEST TEAM LEADER 

DO 

ENGLISH UNITS 

10127/81 

1oi' 
154, 

e5CJO IN 

.84 

l.55 IN•HC!O 

F 

58.424 SCF 

7.05f> SCF 

10~50 

.uo 

85.30 

METNIC UNITS 

10/27181 

CJ0 0 0 

q 

15.0 

.84 

18.7 c 

I. f>SQ SCll' 

.200 SC~ 

10. 78 

l0.50 

.oo 
85.30 



PB BAROMETRIC PRESSURE 2q.43 IN•HG 747.52 ll'M•HG 

PSI STATIC PRES OF SUCK GAS -1.20 IN•H20 •30.48 "M•H20 

PS SUCK PRES, AB Se 2q.34 ll'l•HG 745.28 ll'M•HG 

TS AVERAGE STACK TEMP 4qq. F 25q. c 

vs AVG STACK GAS VELOCITY ·u.6 FPS 5.7 fllPS 

AS STACK AREA 7466. SQ•IN 4.817 SQ•M 

QSSTD STACK FLOlll RATE, DRY. 1668717. SCFH 47253. SCll'H 

QS ACTUAL iTACK FLOlll RATE 3463857. ACFH qeoe6. ACMH 

ISO PERCENT ISOKINETIC 63.7 63.7 

MN Fil TERABLE PART .o .o 
M;. EPA 5 

cs FILTERABLE PART .oooo GR/DSCF• .ooo fllG/DSCll' 

PMR FILTERABLE PART .ooo LB/HR .oo KG/HR 
EMISSION RATE 

• 61 DEG F, -z9~f:Ji IN.HG~ 

:i::-
I 

00 
f-' 
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EXAMPLE PARTICULATE CALCULATIONS TEST NO. 2•& 

COKE OVEN STACK 

VOLUME OF ORY GAS SAMPLED AT STANDARD CONDITIONS 

VMSTD s (t7.ft4T • VM • Y • CPB + PM I li~&j) I (TM + QftO.) 

VMSTD • ••-•••••••••••••••••••••••••••••••••••••••••••••••••• = 
l &&. + 4&U.) 

VOLUME O' WATER VAPOR AT STANDARD CONDITIONS 

YWC • .04707 • YLC 

v .. c • .011101 • i 5o~ • · -- 7 .oc. ·scF 

PERCENT MOISTURE IN STACK GAS 

8 .. 0 i (too •• ~Wf) 1 (~MSTD + VWC) 

too. • 1.0& 

a"o. -------------------------- = 10.78 PERCENT 58.424 • 1.0& 

MOLE FRACTION OF DRY STACK GAS 

FMD • (tOO. • BWO) I too. 

FMO • ----------------------- = .e~z 100. 

MD • (PC02 • .44) + (P02 • .32) + CPN2 + PCO) • .28 

MD • ( 4e20•44/tOO) + (t0.5•32/100) + ((85.3+ .O) * 281100 : 

MOLECULAR _,,EIGHT OF STACK GAS 

MWS •MO • (t. • (8 .. 0ltOOJ) + 18. * (BW0/100) 

MWS • i!9.0lj• u. •(10.78/tUO)) • u. * Tt0.781100) • 21.qo 

58.424 OSCF 
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STACK GAS VELOCITY AT STACK CONDITIONS 

DELP • SUM. OF THE SQRTlVH • lTS + 460.)J 

VS s 85.49 • CP • DELP I lSORT(MWS • PS).• PNTS) 

vs • 85.49 • .84 • 

STACK GAS VOLUMETRIC FLOW AT STACK CONDITIONS 

QS • VS • AS • ]6001144 

QS • 

STACK GAS VOLUMETRIC FLOW AT STANDARD CONDITIONS 

QSSTD • 11.ut ii QS .• PS.* (t. • l8WOl100J) I CTS + 1160.) 

9. :II 

J46J857. • i9.34 • lie • CI0.781100)) 
QSSTD • --------------------------------------------------- = 

PERCENT ISDKINETIC 

18.56 FPS 

lbb87l7. SCFH 

t.5411113.6))1( 
190 • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• • 63.75 PlNCE~l 

90 •• 

PARTICULATE LOAD!f4'·-..· !PA MEfHOb 5 (AT !fANOARO COi'<IOITtONS) 

CS • o.OOI • MN • 15.4] I VMSTD 

cs • 0.001 • .o • 15.43 I .OOO GR/DSCF 

PARTICULATE LBS/HR •• EPA METHOD 5 

PMR • CS • QSSTD I (15.4] • 453.6) 

PMR i .ooo • .oo 



Run No. 2. 6 

Sample volume= 1.65 m3, 58.42 scf 

Example calculations 

cs (Part} = 39.5 ;~ = 23. 9 mg/m3 

CS (Part} = 0.001 x 39.5 x 15.43/ 58.42= 0.010 gr/dscf 

CS (so2) = 1940;~:1175.8mg/m3 

:11 7 5. 8 x 24. 06~ = 442 ppm 

= 0.001 x 1940 x 15.43~8.42 = 0.512 gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

Ambient 39.5 23.9 0.010 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As H2S04 2.6 1. 6 0. 001 
As H2S04·2H20 3.5 2. 1 0.001 

Sulfur dioxide 1940 1175. 8 0. 512 

Sulfuric acid mist 
As H2S04 157 95.7 0.041 

Inorganic condensibles 

Organic condensibles 

TOC {Condensible} 

A-84 

ppm 

442 

23 
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FIELD UATA 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT TEMP~lDEG.FJ 
BAR.PRESS.(IN~HGJ 
STATIC PRESS.llNeHiO) 
FILTER NUMBERlSJ 
STACK INSIDE DIMellN) 
PITOT TUBE COEFF. . 
THERM. NO. 
LEAKAGE 
METER CALll. FACTOR 
READ I RECORD OATA EVERY 

REPUBLIC STEEL CLEVELAND 
NOi COKE BATTERY OUTLET 

PARTIS02/H2SU4 
BRUFFEY 
58. 

i'l.18 
-1.20 
35300'13 

'17.50 .oo 
.84 

• ooo CFM i 3.0 IN.HG 
1.001 
to.u MINUTES 

TRAVERSE 
POINT 

NO. 

SAMPLE 
TIME 

(MIN.) 

CLOCK 
TIME 

l24•HR 
CLOCK) 

GAS METER 
RE AO ING 
lCU.FT.J 

VELOCITY 
HEAD 

CIN.H20) 

ORIFICE PAESSUNE 
DIFFERENTIAL 

CIN.H20) 

DESIRED ACTUAL 

STACK 
TE~P 

lDEG.F) 

DATE 
RU"4 NUlilBER 

PROBE LtNGTH & TYPE 
NOZZLE l I.O. 
ASSUMED li!UISTUNE 
SAMPLE BOX NUMBER 
~ETEN BOX NUMBlk 
~ETEN HEAD OIFF • 
C FACTOR 
PROBE HEATER SETTING 
HEATER BOX SETTING 
NEFERENCt PRESS. DIFF. 

10128181 
3•1 

'5' HEATEO GLASS 
.JCJ8 

12.0 
u 

FB2 
l. Ht 

e8ft 
2'5Ue 
2so • 

• l '5 

ORY GAS METER 
TEMP 

(OEG.F) 

PU~P SOPLE Ifi'PINGEH 
TEMP 

lOEG.F) 

IlllLET OUTLET 

VACUUM BOX TEMP 
UN.HG) lDEG.F) 

--------------------------------------------------------------------------------------------------------------------
INIT 

TOTALS 
AVERAGE 

0 
10.0 
zo.o 
30.0 
•o.o 
so.o 
ftO.O 
10.0 
80.0 
•o.o 

100.0 
110.0 
120.0 

120.0 

- . -955 - -~· 

1005 
1015 
102'5 
1035 
1045 
1055 
1105 
1115 
1125 
1135 
11115 
ii55 

111.'ft,4 
783.020 .ott5 .80 
788.040 .o&o .13 
7CJ3.070 .060 .73 
7'18.5110 .010 .87 
803.570 .o&o • 1.3 
808.ft20 • OftO • fl 
813.UO .ObO .73 
818. 720 .otto .73 . . 

823.350 .050 • ft l 
828.440 0 0ftO .73 
8 . .53.520 .o&o .73 
818.555 .ofto .1.i 

60. 791 
.74 

• 80 54ft. '54 • 55. 2.0 I ftO • 44. 
.11 51'5. Sb. 55. 2.0 228. 411. 
.73 525. '56. 5ft. i'. 5 .?5 l. 43. 
.87 '5 Jft. bl. 55. 2.0 23'1. 011. 
• 73 S31. &2 • Sb. 2.5 C!48. 113. 
.73 5'50 • bl. Sb. 2.'5 248. 44. 
.73 558. &3. ~b. 2. '5 C!4 7. 4He 
.73 517. ft4. 57. 2.5 2115. 4& • 
• ft I 528. bll. s 7. 3.0 2112. 114. 
.73 53'1. &4. s 7. 3.o 24S. 42. 
.73 52'1. bll. S 7. 3.0 C,141. 411. 
• 73 545 • &4. 57. 3.o 234i. 43. 

.74 '535. ft 1. Sb. 2. '5 23&. 411. 



PARTICULATE FIELD DATA & RESULTS TABULATION 

PLANT• NAME AND ADDRESS. TEST fEA"' LEADER 

REPUBLIC STEEL CLEVELAND BRUFFEY 

TUT 3•1 NOi COKE BATTERY OUTLET 

TEST DATE 

TB 
TF 

TT 

NP 

T 

ON 

CP 

PM 

VM 

TM 

VMS TO 

VLC 

vwc 

FMD 

PCD2 

Poi! 

PCO 

PN2 

MO 

MWS 

TJME•START 
TIME•FINISH 

NET TIME OF TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF ORT GAS SAMPLED 
AT METER CONDITIONS 

AVERAGE GAS METER TEMP 

VOLUME OF ORT GAS SAMPLED 
AT STANDARD CONDITIONS• 

. TOTAL H~lf tOL.LECno -IN 
IMPINGERS ANO SILICA GELrML. 

VOLUME OF WATER VAPOR 
AT STANDARD CONDITIONS• 

PERCENT MOISTURE BY VOLUME 

MOLE FRACTION DRY GAS 

PERCENT COZ BY VOL., ORY 

PERCENT 02 81 VOL~~ DRY 

PERCENT CO BY VOL., ORT 

PERCENT NZ BY VOL., ORT 

MOLECULAR WT•DRY STACK GAS 

MOLECULAR WT•STACK GAS 

ENGLISH UNITS 

10128181 

120.0 

12 

1.001 

• .Jq8 IN 

.74 IN•H20 

60. 791 CU•FT 

58.8 F 

61.883 SCF 

8.633 SCF 

.818 

10~~0 

.oo 

METRIC UNITS 

10128181 

qs5 
11 SS 

120.0 

12 

1.003 

10.1 

1.721 CU•M 

1.1S2 SCM 

183.4 

.244 SClll 

.878 

2.1u 

.oo 

8b.80 

28.80 

27.48 



PB BAROMETRIC PRESSURE i!CJ.78 IN•HG 7Sb.4l "'flll•HG 

PSI STATIC PRES OF STACK GAS ·~· .20 IN•H20 •30.48 ,.,M•H2 0 

PS STACK PRESr us. i!CJ.bCJ IN•HG 7'54.17 flllM•HG 

TS AVERAGE STACK TEMP 535. F 21q. c 

vs AVG STACK GAS VELOCITY iCJ.5 FPS s.q "'PS 

AS STACK AREA 746&. SQ•IN 4.817 SQ•M 

QSSTO STACK FLO" RU Er DR'* lb80373. SCFH 47'583. SC,.,H 

QS ACTUAL STACK FLO" RATE 3&35JCJCJ. ACFH 102q~s. ACfolH 

ISO ,ERCENT ISOKINETIC 110.s II o.5 

MN FILTERABLE PART .o .o 
MG. EPA 5 .. ···--· .. - . -- . 

cs FILTERABLE PART .oooo GRIOSCF• .ooo ,.,GIOSCfol 

PMR FILTERABLE PART .ooo LB/HR .oo KG/HH 
EMISSION RATE 

• t.i DEG Fr i!~~·c;z· iN;H&. 

:i:-
I 

co 
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EXAMPLE PARTICULATE CALCULATIONS TEST NO. 3•1 

NOi COKE BATTERY OUTLET 

VOLUME OF ORY GAS SAMPLED AT STANDARD CONDITIONS 

VMSTO. (17.641"• YM. '. (PB. PM I 13.6)) I (TM+ 460.J 

17 .647 • 60.791 • 1.003 • ( 29.78 + .738 I 13.6) 
VMSTD • ••••••••••••••••••••••••••••••••••••••••••••••••••••• = 

( 59 •• 460.) 

VOLUME OF "ATER VAPOR AT STANDARD CONDITIONS 

VlllC a .04707 • YLC 

v111c • .oca101 • tu. • ·· 8.63 st, 

PERCENT MOISTURE IN STACK GAS 

81110 i. <ioO •• VMCJ ·r(vMStO • VMCJ 

loo. • 8.63 
BWO • •••••••••••••••••••••••••• • i2.24 PERCENT 

61.88] • 

MOLE FRACTION OF DRY STACK GAS 

FMD • (100. • 81110) I 100. 

100~ - 12~2 
FMD • ••••••••••••••••••••••• s .878 

100. 

AVERAGE MOLECULAR lllElGHt OF O~Y STACK GAS 

MO • (PCOZ • .44) + (POZ • .3Z) + (PN2 + PCOJ • .28 

MO • ( 2.30•44/100) + (l0.9•32/100) + ((86.8+ .OJ • 28/100 : 

MOLECULAR WEIGHT OF STACK GAS 

MlllS •MD • ll. • (81110/IUOJ) + 18. • (BW0/100) 

MWS 8 28.80• ll~ •(12.241100)) + 18. * (12.241100) • 27.48 

61 0 883 USCF 
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STACK GAS VELOCITY AT STACK CONDITIONS 

DELP • SUM. OF THE SQRT(VH • lTS • 4&0.jj . 

VS • 85.49 • CP • DELP I lSQRTlMWS • PS) • PNTSJ 

vs • 85.49 • .8• • 

STACK GAS VOLUMETRIC FLOW AT STACK CONDITIONS 

QS • VS • AS • 3&001144 

QS • 

STACK GAS VOLUMETRIC FLOW AT STANDARD CONDITIONS 

QSSTD • 11.'47 tt OS• Ps-•·«1.;; f8MOllOO)j I (TS• 4&0.J 

QSSTD • ••••••••••••••••-•••••••••••••••·-···-······-··-··- : 
( 535 •• 4&0.) 

PERCENT ISOKINETIC 

1&8037 3. SCFH 

ISO • -----~·------------------------------------------------------------------------------------------ . lZO. • 

CS • 0.001 • MN • 15.43 I VMSTD 

cs • 0.001 • • o • 15 0 43 I 61.883 • .OOO GRIOSCF 

PARTICULATE LBS/HR •• EPA METHOD 5 

PMR • CS • QSSTD I (15.43 • 453.6) 

PMR ii .oo 

110.'Sl PEHCENT 



Run No. 3 · 1 

Sample volume = 1. 75 m3, 61.88 scf 

Example calculations 

cs (Part) :202.0/~=115.4 mg/m3 

CS (Part) = 0.001 x202.0 x 15.43,61.88 = 0.050 gr/dscf 

cs ( so2) = 1790 / 2:.J.2 = 1022·1'lg/m3 

= 1022.f3x 24.06/..§i_ = 38~pm 

= 0.001 xl790 xlS.43/61.88 = 0.446gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

Pmbient 202.0 115.4 0.050 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As H2S04 70.4 40.2 0.017 
As H2S04·2H20 96.2 55.0 0.024 

Sulfur dioxide 1790 1022. 8 0.446 

Sulfuric acid mist 
As H2S04 8.3 4.7 0.002 

Inorganic condensibles 

Organic condensibles 

TOC (Condensible) 

A-90 

ppm 

384 

1 



FIELD DATA 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT TEMP;(OEG.FJ 
BAR.PRESS.(IN.HG) 
STATIC PRESSe(IN.HZO) 
FILTER NUMBER(SJ 
STACK INSIDE OIMelINJ 
PITOT TUBE COEFF •. 
THERMe NO. 
LUU GE 
METER CALlle FACTOR 
READ I RECORD DATA EVERT 

REPUBLIC STEEL CLEVELAND, OH 
NO.l COKE BATTERY 

PART/S02/H2S04 
BRUFFE T 
58. 

lll.18 
-1.20 
3530081 

111.50 .oo 
.84 

.015 CFM i 4.0 JN.HG 
l.044 
10.0 MINUTES 

TRAVERSE 
POINT 

NO. 

SAMPLE 
TIME 

(MIN.) 

CLOCK 
TIME 

(l4•HR 
CLOCK) 

GU METER 
RE AO ING 
(CU.FT.) 

VELOCITY 
HEAD 

(JN.Hi!O) 

ORIFICE PRESSURE 
DIFFERENTIAL 

(IN.H20) 

DESIREO ACTUAL 

STACK 
TEfllP 

(OEG.F) 

DATE 
RUN NUlllMR 

PROBE LENGTH & TYPE 
~UZZLE : l.D. 
ASSUMED ~OISTURE 
SAMPLE BOX NUfllBEH 
fllE TER BOX NUMBER 
fllf:TER HEAD OIFF. 
C FACTOR 
PROBE HEATER SETTING 
HEATER BOX SET1ING 
REFERE~CE PRESS. DIFF. 

10128181 
.s-2 

Q0 HEATED GLASS 
.34H 

12.0 
g 

FIO 
t.80 
.ttb 

2'50. 
250. 

• l 5· 

ORT GAS METER 
TEMP 

lDt::G.F) 

PUlllP SAfllPLE IlllPJNGER 
TEMP 

(OEG.F) 

-------------l~Lt.T OUTLl:T 

VACUUM BOX TEMP 
(IN.HG) lOEG.F) 

--------------------------------------------------------------------------------------------------------------------
INIT. 

TOTALS 
AVERAGE 

0 
10.0 
C?o.o 
30.0 
110.0 
so.o 
60.0 
10.0 
80.0 
110.0 

100.0 
110.0 
120.0 

120.0 

--,59 -· 15.111~-
1008 zo.010 
1018 z11.•10 
1028 2q.510 
1038 34.130 
1048 38.150 
1058 43.360 
1108 47.1180 
Ul8 52.600 
1128 56.870 
1138 61.510 
1148 66.180 
1158 10.ns 

55.603 

.065 • 80 • 80 

.065 • 80 • 80 

.060 • 1 j • 7 3 

.060 • 7 3 • 73 

.060 .13 • 13 
····.060 .73 • 11 

.060 .73 • 73 
• 060 .73 .73 
.oso • 61 .61 
.060 .13 • 73 
.060 .13 • 73 

. -- .oeio .13 • 73 

.13 • 73 

561 • 51. 58 • 3.0 213. 110. 
5llf. 58 • 58 • 3.5 260. 111. 
5 31. 61. 58 • 3.5 211. 42. 
531f. b3 • 511. 3.u 2b8. Q3. 
536 • bCI. 54'. 3.0 265. Q Cl. 

552 • 66. 60. 2.5 264. 45. 
564. b7 • 61. 3.o 2b5. Q6. 
520 • b1. 61 •. 3.U 266. 45. 
52•. 61. 61 • 3.0 261. Q Cl. 

542 • b7. bl. 3.0 266. 43. 
533 • b7. 61. 3.o 2ti5. 41. 
552 • b7. 61. 3.0 260. 42. 

540 • &Cl. 60. 3.o 260. 43. 
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PARTICULATE FIELD DATA & RESULTS TABULATION 

PLANT• NAME AND ADDRESS 

REPUBLIC STEEL CLEVELAND, DH 

TEST 

TEST DATE 

TB 
TF 

TT 

NP 

y 

ON 

CP 

PM 

VM 

TM 

VMSTD 

vlc 

FMD 

PC02 

P02 

PCO 

PN2 

Mb 

MWS 

NO.I COKE BATTERY 

TIME•SUAT" 
TIME•FINISH 

NET TIME OF TEST, MINe 

NET SAMPLING_POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF DRY GAS SAMPLED 
AT METER CONDITIONS 

AVERAGE GAS METER TEMP 

VOLUME OF DAY GAS SAMPLED 
AT STANDARD CONDITIONS• 

TOTAL HZO t-OLLECTED IN 
IMPINGERS AND SILICA GELrMLe 

VOLUME OF WATER VAPOR 
AT STANDARD CONDITIONS• 

PERCENT -MOtSTU~E 8Y VOLUME 

MOLE FRACTION DRY GAS 

PERCENT C02 BY VOLer ORY 

PERCENT 02·av VOGi ORY 

PERCENT CO BY VOL., DRY 

PERCENT Ni! BY VOL., DAY 

MOLECULAR "T•DR1 STACK GAS 

MOLECULAR WT•STACK GAS 

TEST TEAM LEADER 

BRUFFEY 

ENGLISH UNITS 

10128181 

c;59 
1158 

li!O • 0 

I 2 

le044 

.3cn IN 

.84 

.73 IN•H20 

55.b03 CU•FT 

fl2.0 F 

58.541 SCF 

.84'0 

.oo 

86.80 

-u.80 

27.61 

METRIC UNITS 

10128181 

q58 
1158 

120.0 

12 

l.0441 

10.1 

1.514 CU•M 

16.7 c 
l.&58 SC~ 

.205 SCIM 

11.02 

.84'0 

2.30 

10.4'0 

;,00 

86.80 

28.80 

21.&l 



PB BAROMETRIC PRESSURE zq.1e IN•HG 75f>.4l fllM•HG 

PSI STATIC PRES OF STACK GAS -1.20 IN•Hi!O •30.48 fllM•Hi!O 

PS STACK PRES, AB Se 2CJ.f1CJ IN•HG 754.11 fllM•HG 

TS AVERAGE sue~ TEMP 540. F 282. c 

vs AVG STACi(. GAS VELOCITY -. ij. Q FPS s.ci fllPS 

AS STACK AREA 7Qflfl. SQ•IN 4.817 SQ•M 

QSSTO STACK Fl.OW RAT Er ORh lfl895CJ2. SCFH 47844. SCfo!H 

QS ACTUAL STACK.FLOW RATE jf1250Jq. ACFH 102fl50. ACMH 

ISO PERCENT ISOKINETIC 104.5 1011.5 

MN FILTERABLE PART .o .o 
MG. EPA 5 --·-· ---··· ... ·-

cs 'ILTERABLE PART .oooo GRIDSCF• .ooo fllG/OSCfll 

PMR FILTERABLE PART .ooo LB/HR .oo KG/HH 
EMISSION RATE 

• 68 DEG F,. ·2if.ii2 iN.HG~ 

:i::i 
I 
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EXAMPLE PARTICULATE CALCULATIONS TEST NO. 3•2 

NO.I COKE BATTERY 

VOLUME OF DRY GAS SAMPLED AT STANDARD CONDITIONS 

VMSTD • (17.6•i • VM * Y • (PB + PM I ll~6)) I (TM + 460.) 

VMS TO • ••••••••••••••••••••••••••••••••••••••••••••••••••••• = 58.5111 OSCF 
62. + 460.) 

VOLUME OF "ATER VAPOR AT STANDARD CONDITIONS 

v"c • • 0•101 • VLC 

vwc •• 04707 • is4 •• - 7.z5-SCF 

PERCENT MOISTURE IN STACK GAS 

. j"o ~ Cllo •• ~"t)-1 (ijM~T~ + VWC) 

--·----------------------- . 11.oz PERCENT 
58.50 + 7 .i!S 

MOLE FRACTION OF DRY STACK GAS 

FMD • (100 0 • B"OJ I 100. 

100. -~ . ii .o 
FMO • ----------------------- = .e•o 100. 

AVERAGE MOLECULAR .W.EiGHT OF DRY STACK GAS .. 

MD • lPCOZ * .44) • (POZ •• 3Z) + lPNZ • PCO) * .Z8 

MO • ( Z0 30•44/IOO) + (I0.9•3i!/IOOJ + ((86.8+ .o) * 281100 = 28.80 

MOLECULAR WEIGHT OF STACK GAS 

MWS • MD * (I. • (BW0/100)) + 18. * (BW0/100) 

MWS : Z8.80• (I. •ltt~OZ/100)) + 18. • ·ctl.021100) • 27.61 
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STACK GAS VELOCITY AT STACK CONDITIONS 

DELP • SUM. OF THE $URtlVH • {TS • 460.)J 

VS s 15.4• • CP • DELP I lSQAT(MWS • PS) * PNTSJ 

vs •• , ••• * .14 • 

STACK GAS VOLUMETRIC FLOM AT STACK CONDITIONS 

QS • VS • AS * 3600/144 

QS • 

STACK GAS VOLUMETRIC FLOM AT STANDARD CONDITIONS 

QSSTO. 11.fl•t .-QS. Ps·• tr;··;;-lBW0/10"0)) I tts. 460.) 

11.647 * 
QSSTD • ••••••••••••••••••••••••••••••••••••••••••••••••••• : 

l 540 •• 460.) 

PERCENT ISOKINETIC 

• 732113.6)) I ( 
ISO • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• • 104.SI PEHC~~T 

IC!O. • 

PARTICULATE LOAOlt.G .;.; E:PA METHOD S UT .. lfANDARO CONOlTlONS) 

CS • 0.001 * MN • 15.43 I VMSTO 

cs • 0.001 • .ooo GR/DSCF 

PARTICULATE LBS/HA EPA METHOD 5 

PMA a CS • QSSTD I ll5.43 • 453.6) 

PMR ii .oo 



Run No. 3. 2 

3 Sample volume = l. 66 m , 58. 55 scf 

Example calculations 

CS (Part) = ~9/ 1. 66 = 94. 5 mg/m3 

CS (Part) = 0.001 x 156.9 x 15.43/ 58.55 = 0.041 gr/dscf 

CS {so2) = l 540 / l. 66 = 927. 7 mg/m3 

= 927. 7 x 24. 06/.M_ = 349 ppm 

= 0.001 xl540 x 15.43/58.55 = 0.406 gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

Ambient 156. 9 94.5 0.041 
2-h at 350°F 34.2 20.6 0.009 
4-h at 350°F 
2-h at 400°F 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As HzS04 0.0 0.0 0.000 
As H2S04·2H20 0.0 0.0 0.000 

Sulfur dioxide 1540 927.7 0.406 

Sulfuric acid mist 
As H2S04 8.6 5.2 0.002 

Inorganic condensibles 

Organic condensibles 

TOC {Condensible) 

A-96 

ppm 

349 

1 
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FIELD DATA 

PLANT 
SAMPLING LOCATION 

SAMPLE TTPE 
OPERATOR 
AMBIENT TEM~.(DEG.FJ 
BAR.PRESS.llN~HGJ 
STATIC PRESSellN.Hi!OJ 
FILTER NUMBER(S) 
STACK INSIOE DIMe(INJ 
PITOT TUBE COEFF. 
THERM. NO. 
LEAKAGE 
METER CALIBe FACTOR 
REAO & RECORD DATA EVERT 

REPUBLIC STEEL CLEVELAND 
COKE OVEN OUTLET 

3•3•1148·3~ 
CLARKE 

58. 
2q.18 
-1.20 
3530020 

q7.50 .oo 
• 84 

eOOO CFM i 2.0 IN.HG 
.992 

to.o MINUTES 

TRAVERSE 
POINT 

NO. 

SAMPLE 
TIME 

(MIN.) 

CLOCK 
. TIME. 
(24•HR 
CLOCK) 

GAS METER 
READING 
lCU.FT.J 

VELOCITY 
HEAD 

llN.H20J 

ORIFICE PRESSURE 
OIFFE.RENT UL 

(IN.H20) 

OESIHEU ACTUAL 

STACI< 
TE"P 

lDEG.FJ 

DATE 
1'UN NU1148ER 

PROBE LENGTH & TYPE 
NUZZLE : l.O. 
ASSUMED "'01STUNE 
SA"PLE BOX NU,.,HEN 
"ETEM BOX NUMHl:R 
lilETER HEAD OIFF. 
C FACTOR 
PROBE HEATER SETTING 
HEATER eux SETTING 
MEFEHENCE PRESS. DIFF. 

10128181 
J-3 

4° GLASS HEATEIJ 
.3q4 

l 2. 0 

FBI 
l.87 

e88 
350 • 
350. 

• 15 

DJO GAS fllETER 
Tt:.,. p 

PUlilP SAlilPLE IfllPINGER 
TEMP 

lDEG.FJ lOEG.F) 

11\Ll:T UUTLl:T 

VACUUM ROii TEMP 
(IN.HG) lOEG.F) 

--------------------------------------------------------------------------------------------------------------------
INIT -

TOTALS 
AVERAGE 

0 
10.0 
20.0 
30.0 
40.o 
50.0 
60.0 
1·0.0 
110.0 
90.0 

100.0 
110.0 
uo.o 
120.0 

C'55 
1005 
1015 
1025 
1035 
1045 
1055 
1105 
1115 
1125 
1135 
1145 

··--·· i 55 

5z5.-i 1• 
530.233 • 065 .1q 
535.270 eOftO • 74 
53q.tt87 eObO • 74 
544.8b4 .010 • 87 
549. 778 .o&o • 74 
554.615 --· • OftO .74 
559.325 .OftO • 74 
564.660 eOftO .74 
5ft8.b22 .050 • ftO 
573.180 .ObO .74 
578. lltO .OftO • 74 
583.i58 --~oe.o • 1 ia 

57.979 
• 74 

.1q 546. 60. 55 • 2.0 3q4. 48. 

.74 514. 62. 5!1. 2.0 378 • 4b. 

.74 525. bb. Sb. 2.0 335 • 48. 
• tt 1 537. bq. 58. 2.0 3U • 48. 
.74 550. 71. 58. z.o 340 • 50. 
.74 548. 12 • !18 • 2.0 352. 52. 
.1• 558. 111. 60. 2.0 3511 • 52. 
.74 517. 7b. 60. 2.0 .554. 50. 
• 60 528. 11. 62. 2.0 350. 52. 
.74 537. 7b. b2. 2.0 349. 54. 
.111 527. 7b • ft .5. i?. 0 152. 5!:1. 
• 1. 545. 7b • 62. 2.0 ]46. 50. 

.74 536. 11 • SCJ. 2.0 353. 50. 
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PARTICULATE FIELD DATA I RESULTS TABULATION 

;LANT• NAME AND ADDRESS 

REPUBLIC STEEL CLEVELAND 

TEST 

TEST DATE 

TB 
TF 

TT 

NP 

y 

ON 

CP 

PM 

VM 

TM 

VMS TD 

VLC 

IWO 

,MO 

PC02 

Po2 

PCO 

PN2 

MD 

MWS 

COKE OVEN OUTLET 

TIME•START 
TIME•F I NISH 

NET TIME OF TEST, MIN. 

NET SAMPLING POINTS 

M£TER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF DRY GAS SAMPLED 
AT METER CONDITIONS 

AVERAGE GAS METER TEMP 

VOLUME OF DRY GAS SAMPLED 
AT STANDARD CONDITIONS• 

tO'rAL Hlfl COLLECTED IN 
IMPINGERS AND SILICA GEL1ML. 

VOLUME OF WATER VAPOR 
AT STANDARD CONDITIONS• 

PERCENT MOISTURE BY VOLUME 

MOLE FRACTION DRY GAS 

PERCENT C02 BY VOL., DRY 

PERCENT 02 IY- VOL., ORV 

PERCENT CO BY VOL., ORT 

PERCENT N2 BY VOL., ORT 

MOLECULAR WT•ORV STACK GAS 

MOLECULAR WT•STACK GAS 

TEST TEAM LEADER 

CLARKE 

ENGLISH UNITS 

10128181 

455 
1155 

120.0 

12 

.3CJll IN 

.74 IN•H20 

57.660 SCF 

10.275 SCF 

2.30 

.oo 

-ze.eo 

27.17 

METRIC UNITS 

l0/2tl/8l 

q55 
11 SS 

120.0 

12 

I 0 .o "'"' 
.84 

18.CJ '°'M•H20 

1.642 CU•IM 

18.4 c 

l.ttl3 SCM 

t 5.13 

2.30 

.oo 
86.80 

28.80 



PB BAROMETRIC PRESSURE i!CJ.78 IN•HG 75&.0l "~•HG 

PSI SUTIC PRES OF SUCK GAS •l.i!O IN•Hi!O •J0.08 l'M•H2 II 

PS SUCK PRES1 ABS. i!CJ.&CJ IN•HG 750.17 l'~·HG 

TS AVERAGE SUCK TEMP 536. F 280. c 

vs AVG STACK GAS YELOCiTT ICJ.& FPS 6.0 "PS 

AS SUCK AREA 71166. SQ•IN o.817 SQ•M 

QSSTD SUCK FLO" RATE, DRY* 1633511. SCFH Q62'>8. SC"H 

QS ACTUAL STACK FLOW RATE 3658571. ACFH 103600. AC"'H 

ISO PERCENT ISOKINETIC 108. l 108.l 

MN irIL TERABLE PART .o .o 
MG. EPA 5 

cs FILTERABLE .PART .oooo GR/DSCF• .ooo "G/DSC~ 

PMR FILTERABLE PART .ooo LB/HR .oo KG/HH 
EMISSION RATE 

• 68 DEG F, z9.CJi! IN.HG • 
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EXAMPLE PARTICULATE CALCULATIONS TEST NO. 3•3 

COKE OVEN OUTLET 

VOLUME OF DRY GAS SAMPLED AT STANDARD CONDITIONS 

VMSTD • ll7.b·1·~ VM ~ Y • lPB •PM I 11~6)) i (fM + 4bO.J 

VMSTD • •••-••••••••••••••••••••••••••••••••••••••••••••••••• : 
l b5. + 4bO. J 

VOLUME OF WATER VAPOR AT STANDARD CONDITIONS 

VWC • .04707 • VLC 

v .. c • .0001 • 2u. • ·-n-;u set: 

PERCENT MOISTURE IN STACK GAS 

ihto • (loo •• v-.c., I tvMSTD + VWCJ 

100. • 10.ze 
BWO : •••••••••••••••••••••••••• a 15.13 PERCENT 

57.bbO + lO.Z8 

MOLE FRACTION OF DRY STACK GAS 

FMO • llOOe • BWOJ I 100. 

FMO • ••••••••••••••••••••••• • .809 
100. 

AVERAGE MOLECULAR WEIGHT OF ORY StACk GAS 

MD • lPCOZ • .44) + (POZ • .3Z) + (PN2 + PCOJ • .28 

MO • ( Z.30•441100) + (10.~•321100) + ((8b.8+ .o) * 281100 : 

MOLECULAR WEIGHT OF STACK GAS 

M"S: MD• lie • lBWOllOOJJ + 18. * (BWOllOOJ 

Mws • za.eo···n. -o5.n11oon + 18. •--us.1311001 • 27.t7 

57 .t>tiO OSCF 

28.80 



STACK GAS VELOCITY AT STACK CONDITIONS 

DELP s SUM. OF THE SQRTlYH * (TS + 460.)) 

VS a 85.49 * CP * DELP I lSQRT(MWS * PS) * PNTS) 

vs • 85.49 * .84 * 

STACK GAS VOLUMETRIC FLOW AT STACK CONDITIONS 

QS • 365957i. ACFH 

STACK GAS VOLUMETRIC FLOW AT STANDARD CONDITIONS 

QSSTD. i7.647 ···gs.,~--· "ti~ ·;··lBWDilOO)j I <ts+ 460.) 

3658571. • 29.69 * Cl. • (15.13/IOOJJ 
QSSTD • •-••••••••••••••••••••••••••••••••••••••••••••••••• : 

( 5.36. + 1160.J 

PERCENT ISOKINETIC 

tCJ.60 FPS 

1633511. SCFH 

ISO• (305e58•lTS+460.JJ•llOe002669•VLC)+lV~*Y*(PB+lPM/t3.6JJl(TM+ll60.JJ)llTT•VS*PS•DN*DN) 

• 743113.6)) I ( 65.+060.))) 
ISO s ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• a 108.09 PERCENT 

120. * 

CS : OeOOl * MN * 15.43 I YMSTD 

cs • 0.001 * • o * 15.113 I 57.660 • .OOO GRIDSCF 

PARTICULATE LBS/HR EPA METHOD 5 

PMR : CS * QSSTD I (15.43 * 453.6) 

PMR Ii .ooo • .oo 



Run No. 3.3 

Sample volume= 1.63 m3, 57.66 scf 

Example calculations 

CS (Part) = 87 .3 /~ = 53.6 mg/m3 

CS (Part)= 0.001 x87.3 x 15.43/ 57.66= 0.023 gr/dscf 

CS ( so2) = l 680 /..!.:.§I =l 030. 6 mg/m3 

:l 030. 6 x 24. 06/ ..§!. = 387 ppm 

= 0.001 x 1680 x 15.43/F.66 = 0.450 gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

Pmbient 87.3 53. 6 0.023 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As H2S04 25.3 15. 5 0.007 
As H2S04·2H20 34.6 21. 2 0.009 

Sul fur dioxide 1680 1030.7 0.450 

Sulfuric acid mist 
As H2S04 67.2 41. 2 0.018 

Inorganic condensibles 

Organic condensibles 

TOC (Condensible) 

A-102 

ppm 

387 

10 
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FIELD OATA 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT TEMPelDEG.FJ 
BARePRESS.llN.HG) 
STATJC PRESS.lIN.Hi!O) 
FILTER NUMBERlSJ . 
STACK INSIDE DIM.llNJ 
PJTOT TUBE COEFFe 
THERM. NO. 
LEAKAGE 
METER CALll. FACTOR 
READ & RECORD DATA EVERT 

REPUBLIC STEEL CLEVELAND 
COKE OVEN OUTLET 

3•••M8•.550 
CLARKE 

58. 
i!9. 7 8 
•l.i!O 
353004& 

97.50 .oo 
• 80 

eOOO CFM i Z.O IN.HG 
1.010 
10.0 MINUTES 

TRAVERSE 
POINT 

NO. 

SAMPLE 
tlME 

(MIN.) 

CLOCK 
TIME 

lZ4•HR 
CLOCK> 

GU METER 
READING 
lCU.FT.J 

VELOCITY 
HEAb 

lIN.Hi!O) 

ORIFICE PRESSURE 
DIFFERENTIAL 

llN.H20) 

DESIRED ACTUAL 

SUCK 
TE"'P 

lDEG.FJ 

DATE 
HUh NUMBER 

PROBE LENGTH & TYPE 
NOZZLE I I.O. 
ASSU~EO "10ISTUNE 
SA"'PLE BOX NU"'bEN 
n. TEH BUX NU~BtR 

"'ETEH HEAD DIFF • 
C FACTOR 
PROBE HEATER SETTING 
HEATER BUX SETTING 
REFERENCE PRESS. OIFF. 

10/i!B/81 
.5•11 

S FT GLASS HEA1EO 
• 397 

1i!.0 

F85 
1.8& 

.88 
350 • 
350. 

.1 s 

ORY GAS METER 
TEMP 

lOEG.F) 

PUlllP SAlllPLE IMP INGER 
TEMP 

lDEG.F) 

11\UT OUTUT 

VACUUM eox TEMP 
(lf',j.HG) lDEG.FJ 

--------------------------------------------------------------------------------------------------------------------
INIT 

TOTALS 
AVERAGE 

0 
10.0 
20.0 
10.0 
4o.o 
so.o 
60.0 
10.0 
eo.o 
90.0 

100.0 
110.0 
120.0 

120.0 

·959 
1008 
1018 
1028 
1038 
1048 
t058 
1108 
1118 
lli!8 
1138 
1148 

·1158 

950. 042 
954.880 .o&5 • 7'f 
'15'1.555 • 0&5 • 7'f 
964.200 .o&o .111 
9&8.911 .o&o .111 
973.615 .o&O .111 
OB.~cio .0&0 .111 
'f8i! •'JOO .o&o .111 
987.697 .o&o • 7 4 
992.074 .oso .tio 
9'f&.815 .o&o • 74 

1.210 .060 .111 
&.1'14 .O&O • 7 ti 

5&.152 
• 111 

• 1'1 5&7. &&. &O. 1.0 i!&•. 40. 
.1q 51q. &1. &4. 1.0 32i! • 38. 
.111 531. 12. Mi. 1 .11 3i!8. 110. 
.111 53'1. 73. 67. 1.0 314. 4o. 
.111 537. 11. &9. 1.0 337. 110. 
• 111 552 • 80. 72. 1.0 349. 40. 
.111 Still. 8C?. 73. 1.0 353. 42. 
.111 520. 811. 111. 1.0 341. ci2. 
.bO 528. 85. 1&. 1.0 3118. II&. 
• 74 540 • 8b • 11. 1 • (I 35&. 44. 
.111 532. 85. 78. 1.0 344. 44. 
.111 552. 86. 78. 1.0 354 • 4b. 

.74 540. 1'1. 72. 1.0 33b. 42 • 



PARTICULATE FIELD DATA & RESULTS TABULATION 

PLANT• NAME ANO ADDRESS 

REPUBLIC STEEL CLEVELAND 

TEST 

TEST DATE 

---------TB 
TF 

TT 

NP 

T 

ON 

CP 

PM 

VM 

TM 

VMS TD 

VLC 

vwc 

11 .. 0 

FMD 

PCOZ 

l'OZ 

PCO 

PNZ 

MO 

COKE OVEN OUTLET 

TJME•START 
TIME•FINISH 

NET TIME OF TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF DRY GAS SAMPLED 
AT METER CONDITIONS -

AVERAGE GAS METER TEMP 

VOLUME OF ORY GAS SAMPLED 
AT STANDARD CONDITIONS• 

TOTAL HZO COLLECTED IN 
IMPINGERS AND SILICA GELrML. 

VOLUME OF WATER VAPOR 
AT STANDARD CONDITIONS• 

PERCENT MOiSTURt BY VOLUME 

MOLE FRACTION DRY GAS 

PERCENT COZ BY VOLer ORT 

PERCENT Ol BY- VOL-~r DAY 

PERCENT CO BY VOLer ORT 

PERCENT NZ BY VOLer ORT 

MOLECULAR "T•DRY STACK GAS 

MOLECULAR "T•STACK GAS 

TEST TEAM LEADER 

CLARKE 

ENGLISH UNITS 

IOIZ8181 

1zo.o 

1.010 

.31n IN 

. 75.0 F 

55.80b SCF 

l2~ot 

.880 

.oo 

METRIC UNITS 

10128161 

CJ'38 
1158 

120.0 

12 

1.010 

10.l 

.84 

18.7 

l.SCJO cu-~ 

23.CJ c 

l.580 SC,. 

lbl.~ 

.216 SCP' 

12.0l 

.880 

2.30 

lO.~o 

.oo 

86.80 

28.80 

27.51 
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V1 

PB 

PSI 

PS 

TS 

vs 

AS 

QSSTD 

QS 

JSO 

MN 

cs 
PMR 

* H 

BAROMETRIC PRESSURE 

STATIC PRES OF STACK GAS 

STACK PRES, ABS. 

AVERAGE STACK TEMP 

AVG STACK GAS VELOCITY 

STACK AREA 

STACK FLO" RATE, ORY• 

ACTUAL STACK FLO" RATE 

PERCENT JSOKINETJC 

FILTERABLE PART 
MG. EPA 5 

FILTERABLE PART 

FILTERABLE PART 
EMISSION RATE 

DEG f:"i i!·~·2 U•~-HG. 

\ 

i!CJ.78 llll•HG 7S&.1ll folM•HG 

~i.i!O llll•H20 •30.48 fl'M•H20 

i!CJ.etCJ llll•HG 1s11.11 fl'fol•HG 

540. f 282. c 

l~.5 FPS 5.CJ folPS 

7 4tltl. SQ•IN 11.817 SQ•M 

ltl74l3i!. SCFH 117110&. SC"'H 

3t131&•4~ ACFH 10i!8H. ACfolH 

100.5 100.s 

.o .o 

.oooo GRIOSCF• .ooo folGIDSC"' 

.ooo LB/HR .oo KGl~H 



::t:' 
I_ 

I-' 
0 
O'\ 

EXAMPLE PARTICULATE CALCULATIONS TEST NO. 3•4 

COICE OVEN OUTLET 

VOLUME OF DRY GAS SAMPLED AT STANDARD CONDITIONS 

VMSTD • (17.647 e VM • Y * lPB + PM I 13~6>) I lTM + 460.J 

11.647 * 56.15Z • 1.010 * ( Z9.78 + .737 I 13.6) 
VMSTO • ••••••••••••••••••••••••••••••••••••••••••••••••••••• : 

l 75 •• 460.) 

VOLUME OF WATER VAPOR AT STANDARD CONDITIONS 

VWC • e04707 * VLC 

vwc • ~o0o1 • - i62~--- ----7~;;-2 ·scf' 

PERCENT MOISTURE IN STACIC GAS 

e"o •- Ctoo. • vwcj --,- h114sro + -v.,,c> 
too. * 7e6Z 

e .. o • -------------------------- • lZ.oi PERCENT 55.1106 + 7.6Z 

MOLE FRACTION OF DRT STACK GAS 

FMD • (100. • 11"0) I 100. 

FMD • ------·-·····---------· • .eeo 100. 

AVERAGE MOLECULAR WEIGHT OF DIO SUCK GU- --

MD • (PCOZ * .••> • (POZ * .JZ) • lPNZ • PCO) •• z11 . -

MD • l Ze30•44/l00) + (l0.9•3Z/IOO) + ((116.8+ .O) • 281100 : 

MOLECULAR "EIGHT OF STACK GAS 

M"S • MO * lie • lBW0/100)) + 18. * (BW0/100) 

""s • ze.ao• c1.-•c1z.0111001> •ta. • ttz.011100> • 

55.80& OSCF 
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STACK GAS VELOCITY AT STACK CONDITIONS 

DELP • SUM. OF THE SQRtivH * t TS • ho.Jr 

VS • 85.49 • CP • DELP I lSORT(MWS • PS) • PNTS) 

vs • e5.49 • .84 • 

STACK 8A9 VOLUMETRIC FLOW AT STACK CONDITIONS 

QS • VS • AS * 36001144 

QS • 

STACK GAS VOLUMETRIC FLOW AT STANDARD CONDITIONS 

assti> • u.641 • H • ,.s-• o; ~ cswo1too» ·1 <U • 460.> 

36316•4. • 29.69 • (1. • (12.011100)) 
QSST0 • ···--••••••••••••••••••••••••••••••••···-··-------- : 

( 540 •• 460.J 

PERCENT ISOKINETIC 

lfJ7413C!. SCFH 

.737/IJ.6JJI( 75.+460.JJJ 
ISO • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• • 

uo •• 

PARTICULATE LOAIUNir·.;· EPA METHOD 5·-ur-ITAhDARO CONDITlDlllS) 

CS • OeOOl • MN * 15.43 I VMSTO 

cs • 0.001 • 55.806 • .OOO GRIDSCF 

PARTICULATE LBSIHR •• EPA METHOD 5 

PMR • CS • QSSTD I ll5e4J * 45J.6J 

PMR 8 .oo 

l00.54 PERCE~T 



Run No. 3. 4 
3 Sample volume= 1.58 m , 55.81 scf 

Example calculations 

CS (Part) = 40.3/1. 58 = 25.5 mg/m3 

CS (Part)= 0.001 x40.3 x 15.43,.65.81 =0.011 gr/dscf 

CS (so2) = 1620 / ~ = l 025 mg/m3 

= l 025 x 24. 06/...§.i_ = 385 ppm 

= 0.001 xl620 x 15.43/55.81 =0.448 gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

40.3 25.5 0.011 Ambient 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As H2S04 3.7 2.3 0.001 
As H2S04·2H20 5.0 3.2 0.001 

Sul fur dioxide 1620 1025.3 0.448 

Sulfuric acid mist 
As H2S04 89.2 56.4 0.025 

Inorganic condensibles 

Organic condensibles 

TDC (Condensible) 

A-108 

ppm 

385 

14 



FIELD DATA 

PUNT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT TEM·P.-(OEG~Fj 
8AR.PRESS.(IN~HG) . 
STATIC PRESS.lIN.H20) 
FILTER NUMBER(SJ 
STACK INSIDE OIMelINJ 
PITOT TUBE COEFF. 
THEAM. NO. . 
LEAKAGE 
METER CALIB. FACTOR 
READ I RECORD DATA EVERY 

REPUBLIC STEEL CLEVELAND 
COKE SUCK 

METHOD 5•250 
00/MP 

55. 
29.78 
-1.20 
1510058 

C,J.50 .oo 
.84 

e0l2 CFM a 9.3 IN.HG 
l.033 
10.0 MINUTES 

TRAVERSE 
POINT 

NO. 

SAMPLE 
TIME 

(MIN.) 

CLOCK 
TIME 

l2••HR 
.CLOCK) 

GAS METER 
READING 
(CU.FT.) 

VELOCITY 
. Hhi> 
(IN.H20) 

ORIFICE PRESSURE 
i>IFFEAENTIAL 

(IN.H20) 

DESIRED ACTUAL 

STACK 
TE.,P 

lOEG.F) 

DATE 
HUN NUMBER 

PROBE LENGTH & TYPE 
~UZZLE 6•1U51 I.D. 
ASSUMED "01STURE 
SA~PLE BOX NUMBER 
ll'E HR BOil NUMBER 
"'E TER HUD DlFF • 
C FACTOR 
PROBE HEATER SETTING 
HEATER BOX SETTING 
REFERENCE PRESS. OIFF. 

lU/28181 
3•5 

6' GLASS 
.374 

11.0 

FB4 
1.68 
·"2 

25U. 
2so. 

.18 

ORY GAS lllETER 
TEMP 

lDE.G.F) 

PUMP SAll'PLE llllPJNGER 
TEMP 

lDEG.FJ 

-----------·-ll'>Ll:T UUTLE.T 

VACUUM BOX TEMP 
l IN.HG) lDEGeF) 

--------------------------------------------------------------------------------------------------------------------
·-- ---·--- ·- INff- -- -- ·-c; -·--.-.-.,--- . ---.,.ii~ 92 i -· -- -----·· 

10.0 957 724.750 .015 .11 • 11 518 • 60. 59. 1.• 2Z6. 36. 
20.0 1007 729.570 .075 .11 • 11 518 • fl l. 59. 1.1 230. 36. 

:i:ii 10.0 1017 734.430 .015 .11 .11 518. b4. eiu. 7.9 234. 38. 
I 110.0 1027 739.300 .015 .11 .11 518. b«J. 62. 8.1 241. 38. 

I-' 50.0 1017 744.250 .015 .11 • 11 518 • 11. 63. 8.2 221. 38. 0 ---- -·· 60.0 
-io4t ___ . - 149.140 - .. ----• 075 -· .11· .11 Si8 • 11. 65. e.s 225. 38. l.O 

10.0 1057 754.100 .075 .11 • 11 518. 75 • 6 7. 8.7 225. 40. 
80.0 1107 75CJ.010 .015 .11 • 11 518 • Tb. 68. 8.8 226. 40. 
CJ0 0 0 1117 764.050 .015 .11 • 11 518. 75 • 611. 8.8 228. 40. 

100.0 1127 769.030 .015 .11 • 11 518 • 75. 69. 8.8 225. 38. 
110.0 1137 114.000 .015 • 11 • 11 518 • 75. 69. 8.8 210 • 40 • 
1~0.0 --u41·- ---- . . 119.017 - -.01s -- . -· ·- .11 .11 518. 75. b9. 8.9 221. 40. 

TOTALS 120.0 59.096 
AVERAGE .11 • 11 518. 71 • 65. 8.4 229. 39. 

. ------- -·- -----· ··--· ·-·--· ·- ·---· ..... 
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PARTICULATE FIELD DATA I RESULTS TABULATION 

PLANt• NAME A~~ i~DRt~~ 

REPUBLIC STEEL CLEVELAND 

TEST 

TEST DATE 

··-------TB 
TF 

TT 

NP 

y 

ON 

CP 

PM 

VM 

TM 

COKE STACK 

TIME•SfARt 
TIME•F INISH 

NET TIME OF TEST, MINo 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF DRY GAS SAMPLED 
AT METER CONDITIONS 

AVERAGE GAS METER TEMP 

VMSTD VOLUME OF ORY GAS SAMPLED 
AT STANDARD CONDITIONS• 

~Lt- TOTAL ~2~-tO[LtCfEO I~ 
IMPINGERS ANO SILICA GEL,MLo 

V"C VOLUME OF WATER VAPOR 
AT STANDARD CONDITIONS• 

~~O PERCENT MOISTUR£~Y VOLUME 

FMO MOLE FRACTION ORY GAS 

PCOZ PERCENT COZ BY VOL., ORY 

PCO PERCENT CO BY VOL., DRY 

PNZ PERCENT NZ BY VOLor DRY 

MO -- MOLECULAR "T•OR1 STACK GAS 

M"S MOLECULAR "T•STACK GAS 

TEST lElM LEADER 

DO/MP 

ENGLISH UNITS 

101i8/81 . ., . 

1147 

uo.o 

IZ 

1.033 

.314 IN 

6108 F 

e.506 SCF 

.877 

z.30 

.oo 

86.80 

Z7.48 

METRIC UNITS 

10/28181 

120.0 

12 

1.033 

.84 

l.b13 CU•M 

1.1211 SClll 

180.7 

.241 SClll 

12.25 

.1111 

2.10 

.uo 

86.80 

28.80 

27.48 
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PB 

PSI 

PS 

TS 

vs 

AS 

QSSTD 

os 
ISO 

MN 

cs 

PMR 

• 

BAROMETRIC PRESSURE 

STATIC PRES OF STACK GAs 

STACK PRES, ABS. 

AVERAGE STACK TEMP 

AVG STACK GAS VELOCiTY 

STACK ARU 

STACK FLOM RATE, DAT* 

~CTUA~-stic~ J~b~ ~ATt 

PERCENT ISOKINETIC 

FIL TERAILE PART 
MG. EPA 5 . .. --·----- --

FILTERABLE PART 

FILTERABLE PART 
EMISSION RATE 

&i -ou f', 29~•2 iN;HG~ 

zq.1a IN•HG 756.41 lol~•HG 

-1.20 IN•H20 •30.48 ll'M•HC!O 

zq.69 IN•HG 754.11 ll'"'•HG 

518. F 210. c 
-·-21.!I FPS 6.6 ll'PS 

7466. SU•IN 4.817 SQ•M 

1889290. SCFH 534qq. SC"'H 

1101890:5~ ACFH 113803. AC"'H 

109.5 109.5 

.o .o 

.oooo GR/DSCF• .ooo lllGIDSC~ 

.ooo LB/HR .oo KG/t4R 
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EXAMPLE PARTICULATE CALCULATIONS TEST NO. 3•5 

COKE STACK 

VOLUME OF DRY GAS SAMPLED AT STANDARD CONDITIONS 

YMSTo···· ·u1.u1 •. VM •. y • {PB • PM I l:f.6)) i ltM + 460.j 

VMSTD • •••••••-••••••••••••••••••••••••••••••••••••••••••••• : 

VOLUME OF MATER VAPOR AT STANDARD CONDITIONS 

VMC • .04707 • VLC 

VMC • e04707 • i8t. 8 - -·e.5i SCF 

PERCENT MOISTURE IN STACK GAS 

BMO •. (ioo •• VMC) j CYMSto • VMC) 

100. • e.s1 
BWO • -------------------------- • 1z.z5 PERCENT 

MOLE FRACTION OF DRY STACK GAS 

FMD • (IOOe • BMOJ I 100. 

too. • u.J · · 
FMD • ••••••••••••••••••••••• • .877 

100. 

MD • CPCOZ • .44) + CPOZ • .3Z) + lPNZ + PCDJ • .28 

MD • C Z.30•441100) + (IO.••ll/100) + ((86.8+ .OJ • 281100 • 

MOLECULAR WEIGHT OF STACK GAS 

MMS • MD • lie • lBMO/IOUJJ + 18. • (BW0/100) 

MMS = 28.80* u~·· •(12~25/IOOJ) + u~ • ·uz.25/100) • 

bO.'fUO OSCF 

28.80 
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I 

I-' 
I-' 
w 

STACK GAS VELOCITY AT STACK CONDITIONS 

DELP• SUM. OF THE SQRTlVH * lTS + 460.)) 

VS • 85.09 * CP • DELP I lSORT(MWS • PS) • PNTSJ 

VS : 85.49 • e84 • 102.774 I (SORT( 27.48 • zq.69) * 12. : 21.5~ FPS 

STACK GAS VOLUMETRIC FLOW AT STACK CONDITIONS 

QS : VS * AS • 3600/104 

40189i>3. ACFl-4 

STACK GAS VOLUMETRIC FLOW AT STANDARD CONDITIONS 

QSSTO • iT.607 • OS • P~-* ~-;-; (8Wtitl00)) I (TS + 460.J 

11.e.01 • 4018903. • i9.ft9 • ll. - (12.2~1100)) 
QSSTD a ·-··••••••••••••••••••••••••••••••••••••··------·-· : 

( 518 •• 460.) 

PERCENT JSOKINETIC 

ISO• (305.58•(TS+460.JJ•((0.002669•VLCJ+(VM•Y•lP8+(PM/l3.6))/(TM+460.J))/(TT•VS•PS•DN•DN) 

.710/13.ft))/l 68.•460.))) 
ISO • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• • 

120 •• 21.53 • 

PARTltULATE LOADt~i ~--~~· METHbb ~ CAT ~TAhUARO CONDITIONS) 

CS • 0.001 • MN • l5e43 I VMSTD 

CS II 0e00l * .o • 15.43 I .OOO GRIOSCF 

PARTICULATE LBS/HR •• EPA METHOD 5 

PMR • CS * QSSTD I (15.43 * 453.6) 

PMR • .ooo • .oo 

l09.S4 PERCENT 



Run No. 3. 5 

Sample volume = 1 · 72 m3, 60. 90 scf 

Example calculations 

CS {Part) = 171.2/~ = 99.5 mg/m3 

CS {Part)= 0.001xl71.2x15.43/60.90=0.043 gr/dscf 

CS (S02) =-- / __ = mg/m3 

= __ x 24.06/_=_ppm 

= 0.001 x __ x 15.43/ __ = __ gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf ppm 

Particulate following 
conditioning at: 

AAlbient 171. 2 99.5 0.043 
2-h at 350°F 29.0 16. 9 0.007 
4-h at 350°F 26.8 15. 6 0.007 
2-h at 400°F 26.2 15. 2 0.007 
4-h at 400°F 25.2 14.6 0.006 
2-h at 600°F 22.0 12.8 0.006 

Acid sulfates 
As H2S04 0.0 0.0 0.0 
As H2S04·2H20 0.0 0.0 0.0 

Sulfur dioxide 

Sulfuric acid mist 
As H2S04 
As H2S04·2H20 

Inorganic condensibles 99.1 57.6 0.025 

Organic condensibles 3.2 1. 9 0. 001 

TOC (Condensible) 77 .3 44.9 0.020 

A-114 
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FIE.LO DATA 

PUNT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT TEMP;lDE&.,J 
BAR.PRESS.llNeHG) 
STATIC PRESS.llNeH20) 
FILTER NUMBER (SJ 
STACK INSIDE OIM.(IN) 
PITOT TUBE COEFF.· 
THERM. NO. 
LEAKAGE 
METER CALll. FACTOR 
READ & RECORD DATA EVERY 

REPUBLIC STEEL CLEVELANO 
COKE STACK 

METHOD 8•600 
00/filP 
55. 

2CJ.78 
-1.20 
.5530025 

q1.so .oo 
.84 

• OOO CFM i 12.0 IN.HG 
.cie2 

10.0 MINUTES 

TRAVERSE 
POINT 

NO. 

SAMPLE 
TIME 

(MINeJ 

CLOCK 
TIME 

(24•HR 
CLOCK) 

GAS METER 
READING 
lCU.FT.J 

VELOCITY 
HEAb 

(IN.H20) 

ORIFICE PRESSUHE 
DIFFERENT JAL 

lIN.H2U) 

DESIRED ACTUAL 

STACK 
TE"'P 

lOEG.F) 

DATE 
HUN NUfllRER 

PNOBE LENGTH & TY~E 
NUZZLE : I.U. 
ASSUMED ~OISTURE 
SAftPLE BUX NUMBER 
ftETER BOX NU"'BlR 
ftETER Ht:.AD OIFF. 
C FACTOk 
PHOBE HlATEH SETTING 
HEATER BOX SETTING 
REFERENCE PRESS. DIFF •. 

10128/61 
3-6 

q• QUANTZ 
.scio 

11.0 

FB8 
l.ql 

. '"' 600. 
600 • 

.03 

DlolY GAS fl!ETER 
TOP 

lOEG.F J 

PU.-P SAf'PLE l"1PINl.EH 
TEMP 

lOEG.FJ 

-------------l"LlT OUTLET 

VACUUM BOX TEMP 
lIN.1-!G) lDEG.FJ 

--------------------------------------------------------------------------------------------------------------------
JN if 

TOTALS 
AVERAGE 

0 
10.0 
20.0 
10.0 
110.0 
so.o 
bO.O 
?o.o 
eo.o 
cio.o 

100.0 
110.0 
120.0 

120.0 

950 iu3.cisi· 
1000 208.6CJO 
lOlO 214.280 
1020 21CJ.700 
1030 225.150 
1040 230.620 

- 1050 236.040 
llOO 241.550 
1110 247.000 
li20 252.llCJO 
ll30 257.CJ80 
1140 263.llbO 
l l 50 . 2b8.CJ08 

b5.457 

• 075 4.72 1.00 
.01s 11.12 1.uo 
• 015 4.72 1.uo 
.015 11.12 l.OO 
.075 11.12 l.oo 

·- .075 11.12 t.oo 
.075 •.12 1.00 
.015 11.12 1.00 
.o?s 11.12 1.00 
• 075 11.12 1.00 
.015 11.12 1.00 
.075 11.12 1.00 

•.12 1.00 

518 • 54. 52. 4.o '511. 34. 
518. Sb. '52. 11.u '558. 34. 
518 • 60. '53. Q. c? '553. 3b. 
518. 64. '54. Q. 2 526. 4U. 
5J8. 66. '5'5. Q.3 '580. 38. 
518. 68. 57. 6.2 '538. ]4. 
518. 6CJ. '58. 8.8 '5b5. 38. 
518. 6CJ. 5q. CJ.3 574. QU. 
518. 6CJ. sci. CJ.3 576. 40. 
5J8 • 6CJ. 6U. CJ.II '5b'5. au. 
'516. 10. b 1. CJ.b 5b8. 42. 
518. 10. bl. 11.2 '537. 42. 

5J8. 6'5. 57. 1.0 '560. 38. 



PARTICULATE FIELD DATA & R~SULTS TABULATION 

PLANT• NAME AND ADDRESS 

REPUBLIC STEEL CLEVELAND 

~ 
I 

TUT 

TEST DATE 

TB 
TF 

TT 

NP 

y 

DN 

CP 

PM 

I-' VM 
I-' 

°' 
TM 

VMS TD 

vi.c 

VMC 

BMO 

FMD 

PCOi? 

POl 

PCO 

PNi? 

MO 

MMS 

COKE SUCK 

TIME•STAin 
TIME•FINISH 

NET TIME OF TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF DRY GAS SAMPLED 
AT METER CONDITIONS 

AVERAGE GAS METER TEMP 

VOLUME OF DRY GAS SAMPLED 
AT STANDARD CONDITIONS• 

TOTAL Hi?O COLLECTED IN 
IMPINGERS ANO SILICA GELrML. 

VOLUME OF MATER VAPOR 
AT STANDARD CONDITIONS• 

PERCENT MOISTURE BY VOLUME 

MOLE FRACTION DRY GAS 

PERCENT COi? BY VOL., DRY 

PERCENT OZ 8Y VOL~~ DRY 

PERCENT CO BY VOLer DRY 

PERCENT Ni? BY VOL., ORY 

MOLECULAR WT•ORY STACK GAS 

MOLECULAR MT•STACK GAS 

TEST TEAM LEADER 

00/MP 

ENGLISH UNITS 

10/28181 

950 
ll50 

uo.o 

l i? 

.982 

leOO IN•Hi?O 

61.0 F 

i4.03fl SCF 

.oo 

86.80 

28.80 

METRIC UNI TS 

10128181 

120.0 

l i? 

15.0 

l.8SQ CU•M 

c 

l.8QO SCM 

lo.~o 

.oo 

8fl.80 

28.80 



PB BAROMETRIC PRESSURE 21J.78 IN•HG 756 0 IH ""'•HG 

PSI STA TIC PRES OF STACK GAS -1.20 IN•H20 •30.118 .,M•H20 

PS STACK PRES, ABS. 21J.61J IN•HG 7511.11 '1M•HG 

TS AVENAGE STACK TEMP 518. F 210. .c 

vs AVG STACK .GAS VELOCITY 21.e FPS 6.6 "PS 

AS STACK AREA 71166. SrJ•IN 11.811 SQ•M 

QSSTD STACK FLOW RATEr ORY* l71JOi!l7 • SCFH 5061Jll. SCll'-H 

QS ACTUAL STACK FLOW RATE 11063123. ACFH 115055. ACMH 

ISO PERCENT ISOKINETIC lllJ.6 lllJ.6 

MN FIL TERAILE PART .o .o 
MG. EPA 5 

cs FILTERABLE PART .oooo GRIDSCF• .ooo flGIDSCI" 

PMR f'ILTERABLE PART .ooo LB/HR .oo KG/"4H 
EMISSION RATE 

* 68 OEG ~ •. 2~.•2 -iN;H~. 

~ 
I 

I-' 
I-' 
-..J 
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EXAMPLE PARTICULATE CALCULATIONS TEST NU. 3•6 

COKE STACK 

VOLUME OF ORT GAS SAMPLED AT STANDARD CONDITIONS 

VMSTO • lit.647 * VM * Y • (PB + PM I ll.6)) I (TM + 060.) 

VMSTD • ••••••••••••••••••••••••••••••••••••••••·-••••••••••• : 
bl •• 1160.J 

VOLUME OF WATER VAPOR AT STANDARD CONDITIONS 

VWC • e04707 • VLC 

vwc • .04101 • ~~~. • 14~~· stt 

PERCENT MOISTURE IN STACK GAS 

BWO a tt•~. • V~fj i (~~~to i -~~C) 

BWO • •••••••••••••••••••••••••• a 17.76 PEHCENT 

MOLE FRACTION OF DRY STACK GAS 

FMO • (lOO. - BWO) I too. 
100~ ~ --- u .e ---

FMD • ----------------------- • .ez2 100. 

AVERAGE MOi.ECUlAR WEIGHf c:;,- DRY STACK GU -

MO • (PCOZ • ·••> • lPOZ • .JZJ • CPN2 + PCOJ • .ze 
MO a ( 2.30•041100) + (l0.9•32/100) + ((86.8+ .OJ • 28/100 : 

MOLECULAR WEIGHT OF STACK GAS 

MWS • MO * (I. • lBWO/IUOJJ + 18. • (BW0/100) 

MWS s 28.BOe Cl. •(11~76/100)) t 18. • (17.761100) a 

64 0 <1qz OSCF 

28.80 



!J::I 
I 

I-' 
I-' 
\0 

STACK GAS VELOCITY AT STACK CONDITIONS 

DELP • SUM. OF THE S-QRTlVH * lTS + 4b0.)} 

VS • 85.4• * CP • OELP I lSQRT(MWS * PS) * PNTS) 

STACK GAS VOLUMETRIC FLOW AT STACK CONDITIONS 

QS • ll.11 • 1466. 3600/144 • 406li23. ACFH 

STACK &AS VOLUMETRIC FLOW AT STANDARD CONDITIONS 

QSST~ • 11.~47 • ~$ * P~ i ti~ ; lB"0/1~0)) I (TS ~ 460 0 ) 

11.647 • 4063123. * 29.69 • (l. - (17.761100)) 
QSSTD • ••••••••••••••••••••••••••••••••••••••••••••••••••• z 

( 518 •• 460.J 

PERCENT ISOKINETJC 

21.17 FPS 

17CJ0217. SCFH 

61.•460.))) 
ISO • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• : .,.58 PERCENT 

120. * 21.11 * 

CS • 0.001 * MN * 15.4J I VMSTO 

cs • 0.001 • .o • 15.43 I .OOO GR/DSCF 

PARTICULATE LBS/HR •• EPA METHOD 5 

PMR • CS * QSSTD I (15.4J * 453.6) 

PMR Ii .oOO •· -~790211. I (1~.43 * •53.6) j .oo 



Run No. 3. 6 

Sample volume = l 84 m3, 64.99 scf 

Example calculations 

CS (Part) = 36.0 /l.84 =19.6 mg/m3 

CS (Part)= 0.001x36.0x15.43/64.99= 0.008 gr/dscf 

cs (so2) = 1720 / 1. 84 = 935 mg/m3 

= .2lL x 24. 06/...§L = 351 ppm 

= 0.001 xl720 x 15.43/64.99 =0.408 gr/dscf 

Catch weight, 
mg/m3 Concentration, 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

Ambient 36~0 19.6 0.008 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As H2S04 4.2 2.3 0.001 
As HzS04·2H20 5.7 3. l 0.001 

Sulfur dioxide 1720 935 0.408 

Sulfuric acid mist 
As H2S04 164 89. l 0.039 

Inorganic condensibles 

Organic condensibles 

TDC (Condensible) 

A-120 . 

ppm 

351 

22 
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FIELO DA Tl 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMdJENT TEMP.lDE&.FJ 
BAR.PRESS.lJN.HGJ 
STATIC PRESSellN.H20J 
FIL TEA NUMBER(SJ 
STACK INSIDE DJM.lINJ 
PJTOT TUBE COEFF. 
THERM. NO. 
LEAKAGE 
METER CALIB. FACTOR 
READ & RECORD DATA EVERY 

REPUBLIC STElL CLEVELAND 
ND.l COKE BATTERY OUTLET 

PART/H2S04/S02 
HNUFFEY 

56. 
29.81 
-1.20 
3530039 

97.50 .oo 
.84 

• 014 CFM i 17.0 IN.HG 
l.003 
10.0 MINUTES 

TRAVERSE 
POINT 

NO. 

SAMPLE 
TIME 

lMJN.J 

CLOCK 
TIME . 

(24•HR 
CLOCK) 

GAS METER 
READING 
lCU.FT.J 

VELOCITY 
HEAD 

lIN.H20) 

ORIFICE PRESSURE 
DIFFERENT UL 

(JN.11c?O) 

OESINEO ACTUAL 

STACK 
TE.-P 

lDlG.FJ 

OATE 
HUN NUMBER 

PHOBE LENGTH & TYPE 
NOZZLE : I.O. 
ASSUMED MOJSTUNE 
SA.,PLE 80X NUfll8EN 
fllETER BOX NU~B~R 

.,ETER HEAD UIFF. 
t FACTON 
PROBE HEATER SETTING 
HEATER BUX SETTING 
NEFERENCE PRESS. OIFF. 

l O/C!8/8l 
4•1 

5• HEATED GLASS 
.397 

12.0 
Ql 

F82 
1.76 

.86 
251J. 
c?5U • 

.1 s 

ORY GAS METER 
TEMP 

lOEGeFJ 

PUfllP SAlllPLE Iil'IPllllGEH 
TEMP 

lOEG.FJ 

-------------l'-LE T OUTLET 

VACUUM BOX TEMP 
l 1N.14GJ lOEG.F J 

-------------------------------------------------------------------·------------------------------------------------
IN if-- 0 .. -i540 838.176 

10.0 1550 843.860 .060 .73 .73 543. 60. 60. 2.0 255. 111. 
20.0 1600 848.930 .060 • 73 • 73 556 • 62. 611 • 2. 0 264. 48. 
30.0 1610 854.010 .060 .73 • 11 515. 65. 61 • 2. 0 252. "". •o.o lUO 859.090 .060 .13 • 13 519. 66. 60. 4.11 2&1 • 42. 
5o.o 1630 864.160 .060 .73 • 11 529. bb. &O. 3.11 24 l • 4b. 
60.o 1704 869.540 .010 .81 .81 514. b8 • 61. l.o c?55. 111. 
62.o 1716 873.150 • 010 .37 • .5 7 511 • b4. bO. 8.0 248. u. 

TOTALS 62. 0 34.374 
AVERAGE • 10 • 10 527 • 64. 60 • 3.4 254. 39. 
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PARTICULATE FIELD DATA & RESULTS TABULATION 

PLANT• NAME ANO ADDRESS TEST tEAM LEADER 

REPUBLIC STEEL CLEVELAND BRUFFEY 

TEST •-1 NO.I COKE BATTERY OUTLET 

TEST DATE 

TB 
TF 

TT 

NP 

y 

DN 

CP 

PM 

VM 

TM 

VMS TD 

vLc 

vwc 

·awo 
FMO 

PCOi? 

POZ 

PCO 

PNi? 

MO 

MWS 

ENGLISH UNITS 

10128/81 

TIME•STAiO 
TIME•F INISH 

NET TIME OF TEST, MIN. 

Uo 
1716 

1 

l.003 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

.n1 IN 

.8• 

.10 IN•Hi?O 

VOLUME OF ORY GAS SAMPLED 
AT METER CONOITIONS 

34.3711 CU•FT 

AVERAGE GAS METER TEMP 62.• F 

VOLUME OF DRY GAS SAMPLED 34.781 SCF 
AT STANDARD CONDITIONS• 

TOTAL .H20 ·cOLLECt£i> IN -u4. t 
IMPINGERS AND SILICA GEL,ML. 

VOLUME OF "ATER VAPOR 5.8111 SCF 
AT STANDARD CONDITIONS• 

PE:RC.ENt MOUtultE BY VOLUME . ··-14.n 

MOLE FRACTION ORY GAS .856 

PERCENT COi? BY VOL., ORY 4.10 

PERCENT i>l BY VOL., ORY 11.oO 

PERCENT CO BY VOL., DRY .OO 

PERCENT Ni? BY VOL., DRY 811.qo 

MOLECULAR WT•Dlt't STACK GAS ·- l4J.l0 

MOLECULAR WT•STACK GAS 27.50 

METRIC lJNITS 

10128181 

1540 
17 l& 

&2.0 

1 

I.OU! 

10.1 

.811 

17.7 f'M•Hi?O 

c 

124. t 

.lfl5 SCf' 

14.38 

". l 0 

11.00 

.oo 

27.50 



PB BAROMETRIC PRESSURE i!CJ.81 IN•HG 757.17 .,M•HG 

PSI STATIC PRES OF STACK GAS •l.C!O It~•HC!O •30.48 .,M•Hi?O 

PS STACK PRESr ABS. i!CJ.72 IN•HG 754.CJ.5 .,M•HG 

TS AVERAGE STACK TEMP 5i!7. F c? 7 5. c 

vs AVG STACK GAS VELOCITY u.1 FPS 5.7 .,PS 

AS STACK AREA 7466. SQ•IN 4.817 SQ•lil 

QSSTD STACK FLOM RATE, ORh 15CJ2304. SCFH 4508CJ. SC.,H 

OS ACTUAL STACK FLOM RATE 34CJ8604. ACFH CJCJ070. ACMH 

ISO PERCENT ISOKINETIC 121. '5 127.S 

MN FILTERABLE PART .o .o 
MG. EPA 5 

cs FILTERABLE PART .oooo GRIDSCF• .ooo .,GIOSC., 

PMR FILTERABLE PART .ooo LB/HR .uo l<G/HR 
EMISSION RATE 

* 611 DEG Fr ZCJ~•2 iN.HG. 
):I 
I 

...... 
N 
w 



EXAMPLE PARTICULATE CALCULATIONS TEST NO. 4•1 

NO.I COKE BATTERY OUTLET 

VOLUME OF ORY GAS SAMPLED AT STANOARO CONDITIONS 

VMSTD • (17.647 ~ V~ • Y • (PB + PM I Jj.~)} I (TM + 460.J 

VMSTD • ••••••••••••••••••••••••••••••••••••••••••••••••••••• : 

VOLUME OF "ATER VAPOR AT STANDARD CONDITIONS 

v"c •• 04707 • VLC 

v"c • • 0•101. i~• •• -~.84 SCF 

PERCENT MOISTURE IN STACK GAS 

BWO • ll~~. ~ ~Wt) i lVM$tD + V"C) 

B"O • --------------------------

MOLE FRACTION UF DRY STACK GAS 

FMD • llOO. • BWO) I lOO. 

too. ~ -14.• 

: 14.38 PERCENT 

F~D • ••••••••••••••••••••••• • .856 
lOO. 

AVERAGE MOLECULAR WEIGHT OF DRY STACK GAS -

MD z (PCOZ •• 44) + CPOZ •• 3Z) + (PNZ + PCU) •• 28 

MD z 4.10•441100) + Cll.0•3Z/100) + ((84.9+ .o) • 28/100 : 

MOLECULAR •EIGHT OF STACK GAS 

M"S •MD * ll. • lB•OllOOJ) + 18. • (BW0/100) 

MWS z 29.tOe lt. •ll4.38/l00)) + 18. • ll~.38/100) • 27.50 



STACK GAS VELOCITY AT STACK CONDITIONS 

DELP s SUM. OF THE SQRTlVH • lTS + 460.)) 

VS : 85.49 • CP * DELP I (SQAT(M~S • PS) * PNTS) 

vs = 85.49 • .84 • 

STACK GAS VOLUMETRIC FLO~ AT STACK CONDITIONS 

QS • VS • AS • 3600114• 

OS • 3498604. ACFH 

STACK GAS VOLUMETRIC FLOW AT STANDARD CONDITIONS 

gssTo • 17.647 • os • P-s • ci~-- • cewo1100» / cts • 4&o.> 

7. = 

3498604. * l9.1l * Cl. • (14.38/100)) 
QSSTD • ••••••••••••••••••••••••••••••••••••••••••••••••••• : 

!J:ol PERCENT JSOKINETIC 
I 

( 5l7 •• 460.J 

18.74 FPS 

I-' N ISO • (305.58•lTS+460.J)•((O.OOi669•VLC)+(VM•Y•lPB+(PM/l3.6)J/(TM+460.JJJ/(TT•YS•PS•ON•OhJ 
V1 

· uo5.5&•t 5zt~+46o~>i•tco.oozti6~•-- ·u···>•< 
ISO :t -------------------------------------------------------------------------------------------------18.711 • 

CS • O.OOl * MN * l5e43 I YMSTO 

cs = 0.001 • 311.781 • .ooo GA/DSCF 

PARTICULATE LBS/HR •• EPA METHOD 5 

PMR • CS • OSSTD I ll5e43 * 453.6) 

PMR • .ooo • .oo 

: ll7.~l PEkCE~T 



Run No. 4 .1 

3 Sample volume = 0.99 m ,34.78 scf 

Example calculations 

CS (Part) =139.9/0.99 = 141.3 mg/m3 

CS (Part) = 0.001 xl39.9 x 15.43/34.78 =0.062 gr/dscf 

CS ( so2) = 1300 / .!hli. = 1313. lmg/m3 

= ~ lx 24. 06/..6.L =~ppm 

= 0.001 x1300 x 15.43/34.78 = 0.577 gr/dscf 

Catch weight, 
mg/m3 Concentration, 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

139.9 14 l . 3 0.062 Mibient 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As H2S04 47.5 47.9 0. 021 
As H2S04·2H20 64.9 65.6 0.029 

Sulfur dioxide 1300 1313. 1 0. 577 

Sulfuric acid mist 
As H2S04 1l.5 11. 6 0.005 

Inorganic condensibles 

Organic condensibles 

TOC (Condensible) 

A-126 

ppm 

494 

3 
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F IELO DATA 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT TEM·P-~lDEG~;J 
BAA.PAESS.(IN.HGJ 
STATIC PAESS.llN.HZOJ 
FILTER NUMBERlSJ 
STACK INSIDE DIM.(INJ 
PITOT TUBE COEFF. 
THEAM. NO. 
LEAKAGE 
METER CALIB. FACTOR 
READ I RECORD DATA EVERY 

REPUBLIC STEEL CLEVELAND 
NO.I COKE BATTERY OUTLET 

PART/H2S04/S02 
BRUFFEY 

56. 
zq.91 
-1.20 
3530084 

qJ.50 .oo 
• 84 

• OOO CFM i 6.0 IN.HG 
l.044 
10.0 MINUTES 

TRAVERSE 
POINT 

NO. 

SAMPLE 
TIME 

(MIN.J 

CLOCK 
TIME 

(Z4•HA 
CLOCK) 

GAS METER 
READING 
lCU.FT.J 

VELOCITY 
HEAD 

(IN.H20J 

ORIFICE PRESSURE 
DIFFERENTIAL 

(IN.H20J 

DESIRE[) ACTUAL 

SUCK 
TEfllP 

(OEG.FJ 

DATE 
AUN NUMBER 

PHOBE LENGTH I TYPE 
NOZZLE : I.D. 
ASSUMED fllOISTUNE 
SAMPLE BUX NUMHEH 
fllETER BOX NUM8tH 
fllETEH HtAD DIFF. 
C FACTOR 
PROBE HEATER SETTING 
HEATER BUX SETTING 
REFEHENCE PRESS. OJFF • 

10/28/81 
4•2 

4• HEATED GLASS 
.3q7 

12.0 
Q 

FlO 
1.so 

.86 
250 • 
250. 

.15 

OllY GAS METER 
TEMP 

lOEGeF) 

PUlli'P SAfllPLE llllPlNGEA 
TEMP 

(DEG.FJ 

Jl\LET OUTLET 

VACUUM BOX TEMP 
(IN.HG) lDEGeF) 

--------------------------------------------------------------------------------------------------------------------
JNIT 0 .. 1543 - 1i .235 

10.0 1553 15.qgg .060 .11 .11 547. 66. 66. 2.0 ;no. 50. 
20.0 1603 eo.sqo .060 .73 .13 563. 67. 6b. 1.0 2qe. 51. 
30.0 1613 85.260 .060 .7j .1:s 515. 10. 6b. 3. (I 256. so. 
40.0 1623 9q.q10 • 060 .11 .13 520 • 71. 66. 3.o 266. 50. 
so.o 1633 q4.585 .060 .73 .13 530. 71. 66. 3. (I 252. 4CJ • 
ss.o . -1110· qq.seo . ---- .010 .81 • 87 523 • 12. 6b. 3.0 253. 50. 
se.o 1718 l00.865 .030 • 37 • 37 S lt1. b8. b7. 1.0 264. 47. 

TOTALS se.o 2q.6.so 
AVERAGE • 10 .10 531. 6CJ. 66. 2.6 266. 50 • 



PARTICULATE FIELD DATA & RESULTS TABULATION 

PLANT• NAME AND ADDRESS 

REPUBLIC STEEL CLEVELAND 

TEST TE.AM LEADER 

BRUFFEY 

TEST 4•Z NO.l COKE BATTERY OUTLET 

TEST DATE 

TB 
TF 

TT 

NP 

' 
ON 

CP 

PM 

VM 

TM 

VMS TD 

VLC 

V"C 

B"O 

FMO 

PCOZ 

POZ 

PCO 

PNZ 

MD 

MWS 

TIME•START 
TIME•F INISH 

NET TIME OF TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF ORT GAS SAMPLED 
AT METER CONDITIONS 

AVERAGE GAS METER TEMP 

VOLUME OF ORT GAS SAMPLED 
AT STANDARD CONDITIONS• 

TOTAL HZO COLLECTED IN 
IMPINGERS AND SILICA GEL1ML. 

VOLUME OF "ATER VAPOR 
AT STANDARD CONDITIONS• 

PERCENT M019TUR£ BY VOLUME 

MOLE FRACTION DRY GAS 

PERCENT COZ BY VOL., DRY 

PERCENT 02 BY VDLe1 DRY 

PERCENT CO BY VOL., DRY 

PERCENT NZ BY VOL., DRY 

MOLECULAR wT•DRY STACK GAS 

MOLECULAR WT•STAC~ GAS 

ENGLISH UNITS 

lOIZ818l 

1543 
1718 

58.0 

1 

l. 0411 

.e11 

.10 IN•HZO 

F 

:So.eqo scF 

11.etiz SCF 

·11.00 

.oo 

METRIC UNITS 

10128181 

1543 
1718 

~8.0 

1 

l.0411 

10.1 

.84 

17. 7 

i03.3 

c 

• 138 SC,._ 

11.00 

.oo 

21.sq 



PB BAROMETRIC PRESSURE ZCJ.81 IN•HG 757.17 ... M•HG 

PSI STATIC PRES OF STACK GAS ···;J .lO IN•H20 •30.118 ... M•H20 

PS STACK PRES, ABS. ZCJ.72 IN•HG 754.CJ] ... M•HG 

TS AVERAGE STACK TEMP 531. F 211. c 
vs AVG STACK GAS VELOCITY . 18.11 FPS s.1 ..,PS 

AS STACK AREA 7 llflfl. SQ•IN 4.817 SQ•M 

GSSTO SUCK FLOW RATE, ORT• lfl01155. SCFH 45340. SCfllH 

QS ACTUAL STACK FLOW RATE 34CJCJ94J. ACFH CJCJ108. AC .... H 

ISO PERCENT ISOKINETIC 120 .11 120 0 4 

MN FILTERABLE PART .o .o 
MG. EPA 5 

cs FILTERABLE PART .oooo GR/DSCF• .ooo "GIOSC" 

PMR FILTERABLE PART .ooo LB/HR .oo KG/t;H 
EMISSION RATE 

• e,8. DEB F, -24'~92 iN •. HG. 

~ 
I 

..... 
N 
\0 
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EXAMPLE PARTICULATE CALCULATIONS TEST NU. 4•2 

NO.I COKE BATTERY OUTLET 

VOLUME OF DRY GAS SAMPLED AT STANDARD CONDITIONS 

VMSTD • (17.&0f -~ VM * Y * lPB + PM I lj~&)) I (TM + 4&0.) 

VMSTO • ••••••••••••••••••••••••••••••••••••••••••••••••••••• s 
l &8. + 4&0.) 

VOLUME OF WATER VAPOR AT STANDARD CONDITIONS 

V"C • .00101 • VLC 

v"c •• o41Ut • "ioJ; = 

PERCENT MOISTURE IN STACK GAS 

B"O • uoo •• VtiCl r tvMsto • V"CJ 

100. • 4.8& 
B"O • -------------------------- : 13.&0 PERCEtH 

MOLE FRACTION OF ORT STACK GAS 

FMD • llOO. • BWDJ I 100. 

100. • - - U.6. 
FMD a ••••••••••••••••••••••• a .864 

100. 

MD s lPCOl • .44) + lPOZ • .lZ) + lPNl + PCOJ * .28 

MD • ( 4el0•44/l00) + lll.0•3Z/100J + ((84.q+ .OJ * 28/100 : 

MOLECULAR WEIGHT OF STACK GAS 

MWS • MD * ll. • (BWO/lUUJ) + 18. * lRW0/100) 

30.8 1f0 USCF 



STACK GAS VELOCITY AT STACK CONOITIONS 

DELP • SUM. OF THE SQRTlVH * lTS + 460.j) 

VS • 85.4• * CP • DELP I (SQRT(MWS * PS) * PNTS) 

STACK GAS VOLUMETRIC FLOW AT STACK CONDITIONS 

QS • VS * AS * 3600/14• 

QS • 18.75 * f466~ J600/l44 • 

STACK GAS VOLUMETRIC FLO .. AT STANDARD CONDITIONS 

QSSTi>. 17.647. QS * p·s ··o; - (BW0/100)) I (TS. 460.) 

1. :: 

QSSTO z ·-·•••••••••••••••••••••••••••••••••••••••••••••••• : 
l 531 •• 460.) 

~ PERCENT ISOKINETIC 
I-' 

18.75 FPS 

lbOllS~. SCFH 

W ISO • (305.58•(TS+460.))*l(O.OOl66••VLCJ+CVM•Y•CPB+lPM/l3 0 6))/(TM+460 0 )))/(TT•VS*PS•DN•DN) 
I-' 

ISO • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• • lZO.Jq PERCE~T 
58 •• 18.75 * 

PARTICULATE LOAOING··· EPA METHOD 5 (AT .!TA~OARO CONOITIO~S) 

CS a OeOOl * MN * 15.43 I VMSTD 

cs • 0.001 * .o * 15.43 I 0 000 GR/DSCF 

PARTICULATE LBS/HR •• EPA METHOD 5 

PMR • CS * QSSTD I (15.43 * 453.6) 

PMR • .000 • ... 16011'55. I Cl !i.43 • · 45].6) • .oo 



Run No. 4. 2 

Sample .volume= a 88 m3, 30 89 scf 

Example calculations 

CS (Part) :113.2/0.88 = 128.6 mg/m3 

CS (Part) = 0.001 xll3.2 x 15.43/30.89 = 0.056 gr/dscf 

CS (so2) :1170 /0.88 =1329.5mg/m3 

= 1329. 5x 24. 06/.§L =500 ppm 

= 0.001 x 1170 x 15.43/30.89 = 0.584 gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

Ambient 113. 2 128. 6 0.056 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 41. 7 47.4 0.021 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As H2S04 0.4 0.4 0.0002 
As H2S04·2H20 0.5 0.6 0.0002 

Sul fur dioxide 1170 1329.5 0.584 

Sulfuric acid mist 
As H2S04 11. 9 13. 5 0.006 

Inorganic condensibles 

Organic condensibles 

TOC {Condensible) 

A-132 

ppm 

500 

3 
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FIELD UATA 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT TEMP.lDt~.~J 
BARePRESS.llNeH6J 
STATIC PRESSellN.Hi!OJ 
FILTER NUMBERlSJ 
STACK INSIDE DIMellNJ 
PITOT TUBE COEFF •. 
THEAM. NO. 
LEAKAGE 
METER CALlle FACTOR 
READ & RECORD DATA EVERY 

REPUBLIC STEEL CLEVELAND 
COKE OVEN OUTLET 

4•3•M8•400 
CLARKE 

!16. 
i!9.8l 
•l.i!O 
3530Ui!4 

97.50 .oo 
.84 

• OOO CFM a 5.0 IN.HG 
• 9CJC! 

10.0 MINUTES 

TRAVERSE 
POINT 

NO. 

SAMPLE CLOCK 
TIME TIME 

(MIN. J (i!4•HR 

GAS METER 
READING 
lCU.FT.J 

VELOCITY 
HEAD 

(JN.Hi!O) 

ORIFICE PAESSUHE 
0 IFFERENT JAL 

(IN.H20J 
. .CLOCK) 

DESIRED ACTUAL 

STACK 
TE~P 

lOEG.FJ 

DATE 
RUN NUMBER 

PHOBE LENGTH & TYPE. 
NOZZLE I l.D. 
ASSUMED MOISTURE 
SA~PLE BOX NU~bER 
~ETER BOX NUl'lBER 
~E. TEH HE.AD OIFF • 
C FACTOR 
PROBE HE.ATER SETTING 
HEATER BOX SETTING 
HEFERENCE PRE.SS. OIFF. 

l0/i8/81 
4•3 

4 FT GLASS HEATED 
.398 

u.o 
FBI 
1.87 

.88 
400. 
400 • 
l.50 

Ok Y GAS ME TEA 
TEMP 

lDEGeF) 

PUMP SA~PLE IMPINGEH 
TEMP 

lOEG.FJ 

It-.LET OUTLET 

VACUUM ROX TEMP 
(IN.HG) lUEG.F J 

--------------------------------------------------------------------------------------------------------------------
INIT 

TOTALS 
AVERAGE 

0 
10.0 
zo.o 
30.0 
40.0 
50.0 
55.0 
60.0 

fJO.O 

1540 
1550 
1600 
1610 
1620 
1630 
1640 
1715 

583.448 
588.i!CJ& .060 .74 • 74 
5CJ3.i!UO • 060 .74 .7Q 
5CJ7.855 .060 .74 .74 
602.100 .060 .7Q • 7" 
607.666 .060 .74 • 74 
613.015 .010 .8i! • 8i! 
616.530 .030 • 37 .31 

33.082 
.10 • 10 

54i!. 61. -58. i!. 0 i!85. 5• • 
558. 64. 58 • i!. 0 340. 52. 
514. till. 58. i!. 0 36!1. 5i!. 
51CJ. 72. 60. i!. 0 371. 52. 
529. 111. 60. i!. 0 366. 52. 
1199. 76. 62. 3.0 355. 5q. 
51 i!. 10. 62. i!. 0 311. 52. 

525. 6CJ • 60. i! • I 350. 5.5. 



PARTICULATE FIELD DATA I RESULTS TABULATION 

PLANT• NAME ANO ADDRESS 

REPUBLIC STEEL CLEVELAND 

TEST 

TEST DATE 

TB 
TF 

TT 

NP 

y 

ON 

CP 

PM 

TM 

VMS TD 

VLC 

vwc 

FMO 

PCOZ 

POZ 

PCO 

PNZ 

MD 

COKE OVEN OUTLET 

TIME•STARt 
TIME•FINISH 

NET TIME OF TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF ORY GAS SAMPLED 
AT METER CONDITIONS 

AVERAGE GAS METER TEMP 

VOLUME OF ORY GAS SAMPLED 
AT STANDARD CONOITIUNS• 

TOTAL H20 COLL£CfED-tN 
IMPlNGERS ANO SILICA GELrML. 

VOLUME OF "ATER VAPOR 
AT STANDARD CONDITIONS• 

PEACENf MO!SfURE BY VOLUME 

MOLE FRACTION ORY GAS 

PERCENT COZ BY VOL., ORY 

PERCENT 02 BY voi:..-; DAV 

PERCENT CO BY VOL., ORY 

PERCENT NZ BY VOL., DRY 

MOLECULAR wT•DRY STACK GAS 

MOLECULAR "T•STACK GAS 

TEST tEAM LEADER 

CLARKE 

ENGLISH UNITS 

10/28/81 

1540 
1715 

tio.o 

7 

.3q8 IN 

.10 IN•H20 

33.082 cu-FT 

F 

fl8.1 

5.55q SCF 

11.10 

11.00 

.oo 

Z7.50 

METRIC UNllS 

10128/81 

1540 
1715 

bO.O 

7 

l 0 •I 

17.7 '1M•H20 

18.l c 

118. t 

.157 SCM 

.85b 

11.00 

.oo 

27.'50 



PB BAROMETRIC PRESSURE 29.81 IN•HG 7'.>7.17 ~M•HG 

PSI STATIC PRES OF STACK GAS -1.20 IN•H20 •30.48 ~M·Hi?O 

PS STACK PRES, ABS. 29.72 IN•HG 754.9.5 ~M•HG 

TS AVERAGE STACK TEMP 525. F 274. c 

vs AVG STACK ·sh VELOCITY h.1 FPS !I. 7 ~PS 

AS STACK AREA 71166. SO•IN 4.817 SQ•M 

QSSTO STACK FLOW RATE, ORY* 15929511. SCFH 45107. SCMH 

QS ACTUAL STACK FLOW RATE 34949·45 ~ ACFH 989&4. ACMH 

190 PERCENT 190KINETIC 1211.2 124.2 

MN FILTERABLE PART .o .o 

"''· EPA 5 - --- .... ··-

cs FILTERABLE PART .oooo GRIOSCF• .ooo ~GIOSC!lt 

PMR FILTERABLE PART .ooo LB/HN .oo KG/tiH 
EMISSION RATE 

• t»a·-0£& ;: , z9~-9z iN~-HCi. 



EXAMPLE PARTICULATE CALCULATIONS TEST NO. 4•3 

COKE OVEN OUTLET 

VOLUME OF DRY GAS SAMPLED AT STANDARD CONDITIONS 

VMSTD • l17.6e? .-VM * Y * (PB +PM I li.6)) I (TM + 460.j 

VMS TO • •••-••••••••••••••••••••••••••••••••••••••••••••••••• : 

VOLUME OF MATER VAPOR AT STANDARD CONDITIONS 

v"c •• 04707 * VLC 

v"c •- .04707 • na~- ii -- !.~.- stF 

PERCENT MOISTURE JN STACK GAS 

BMO_i_ (IOO. • VMC) I (VMS1D + ~~C) 

100. * 5.56 

-------------------------- s 

MOLE FRACTION OF ORY STACK GAS 

100~ .. - 14.4 -

14.43 PERCENT 

FMD • ••••••••••••••••••••••• • .856 
100. 

AVERACE MOLECULAR ~EIGHT OF DRY STAC~ GAS 

MD • (PCOZ * .44) + CPOZ •• 32) + (PNZ + PCO) * .za 
MD • ( 4el0•441100) + lll.0•321100) + ((84.q+ .OJ * 281100 : 

MOLECULAR WEIGHT OF STACK GAS 

M"S • MD~ lie • CBMOllOOJ) + 18. * (BWOllOOJ 

MWS. zq.10• Cl. •(14.431100)) • ta. * (14.43/100) s 27.!IO 
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STACK &AS VELOCITY AT STACK CONOITIONS 

DELP 8 SUMe OF THE SQRTlVH * lTS + 460.)) 

VS • 15.49 * CP * DELP I lSQRT(MWS • PS) • PNTS) 

STACK &AS VOLUMETRIC FLOW AT STACK CONOITIONS 

QS • va * AS • 16001144 

QS • JQ'f4845. ACFH 

STACK &AS VOLUMETRIC FLOW AT STANOARO CONDITIONS 

QSSTti • 17e647 • QS * PS ~ Ci~ • CBW0/10~)) I (TS + 460.) 

1. = 

J4'f4845e * Zlf.72 • ll. • (14.43/100)) 
QSSTD • ••••••••••••••••••••••••••••••••••••••••••••••••••• : 

l 525 •• 1660.) 

PERCENT ISOKINETJC 

18.72 FPS 

ISO • (305e51•lTS+460e))*(l0e002661f•VLC)+(VM•Y•lPB+(P~/l3 0 6))/(TM+460o)))llTT•VS•PS•ON•ON) . . . 

ISO • •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••········~-··•••••••••••••••••••••• 
60 •• l8.7i! • 

PARTICULATE LOADING EPA MHHOD 5 CAT STANDARD CONDITIONS) 

CS • OeOOl • MN * 15.43 I VMSTD 

cs • 0.001 * .o * 15.43 I .OOO .GR/DSCF 

PARTICULATE LBS/HR •• EPA METHOD 5 

PMR • CS • QSSTD I (15e43 * 453.6) 

PMR ii .ooo • .oo 

a 124 0 23 P!:Htf:l\T 



Run No. 4. 3 

Sample volume =0.93 m3,32.97 scf 

Example calculations 

CS (Part) = .fil.J_ I l. 93 = 65. 7 mg/m3 

CS (Part)= 0.001 x61.l x 15.43/32.97=0.028 gr/dscf 

CS (so2) = 1250 / 0. 93 = 1344 mg/m3 

= 1344 x 24. 06/.M._ = 2Qi ppm 

= 0.001 x 1250 x 15.43/32.97 = 0.585 gr/dscf 

Catch weight, 
mg/m3 Concentration, 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

61. l 65.7 0.028 Ambient 
2-h at 350°F 
4-h at 350°F 
2-h at 4QQ°F 
4-h at 4QQ°F 
2-h at 600°F 

Acid sulfates 
As H2S04 6.4 6.9 0.003 
As H2S04·2H20 8.7 9.4 0.004 

Sulfur dioxide 1250 1344 0.585 

Sulfuric acid mist 
As H2S04 29.8 32.0 0.014 

Inorganic condensibles 

Organic condensibles 

TDC (Condensible) 

A-138 

ppm 

505 

8 
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FIELD DATA 

PLAfitT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT tEMP.tDEG.FJ 
BAR.PRESS.lIN.HGJ 
STATIC PRESS.llN.HZOJ 
FILTER NUMBER(SJ . 
STACK INSIDE DIMelINJ 
PITOT TUBE COEFF •. 
THERM. NO. 
LEAKAGE 
METER CALlle FACTOR 
READ & RECORD DATA EVERY 

REPUBLIC STEEL CLEVELAND 
COKE OVEN OUTLET 

4•4•M8•400 
CLARKE 

Sb. 
28.81 
-1.zo 
l53008q 

97.50 .oo 
.84 

• ooo CFM i 5.0 IN.HG 
l.016 
10.0 MINUTES 

TRAVERS! SAMPLE 
Tlti!E 

(MIN.J 

CLOCK 
TIME 

lZ••HR 
CLOCK) 

GAS ti!ETER 
READING 
(CU.FT .J 

VELOCITY 
HEAD 

(IN.H20) 

ORIFICE PRESSURE 
DIFFERENTIAL 

(IN.H20) 
POINT 

NOe 

----------------DESIRED ACTUAL 

STACI< 
lEll'P 

(OEG.FJ 

DATE 
HUt-.1 NUMBER 

PHOBE LENGTH & TYPE 
~OZZLE : I.O. 

5 FT GLASS HEA1EO 
.397 

ASSUMED MOISTUkE 
SAll'PLE BOX NUMBEH 
ll'ETER BUX NUMIH:R 
ll'ETER HEAD OIFF. 
C FACTOR 
~HOBE HEATER SETTING 
HEATER BOX SETTING 
REFERENCE PRESS. OIFF. 

12.0 

FB5 
1.86 

.88 
400. 
400 • 
l • ';0 

UHY GAS METER 
TOP 

(OEG.FJ 

PUll'P 9All'PLE 

Jf\LET OUTLET 

VACUUM 90X TEMP 
l IN.HG) lOEG.F J 

lli'PJNGEH 
TEMP 

lDEG.FJ 

--------------------------------------------------------------------------------------------------------------------
iNif- 0 l54i 6.355 

10.0 1553 ll.050 .060 .74 .74 547. 69. 10. l.O 275. 4b. 
20.0 1603 15.885 eObO .74 .74 556. 10. 10. l.U 355. 42. 
10.0 1613 20.586 .060 .74 .74 515. 74. 10. l.u 342. 4Ue 
110.0 1623 25.31 l .060 .111 .111 s21. 78. 10. 1.u llZ. 4u. 
so.o 1633 29.486 .060 .74 • 74 532 • 81. 72. t.u 325. 47 • 
55.o l708 34.987 .010 .82 • 82 s1q. 8~. 12 • 1.0 363. 44. 
60.0 1715 37 .334 .030 .11 • 11 SIS • 11. 74. leO 386. 58. 

TOTALS 60.0 10.q7q 
AVERAGE • 10 .10 S2CJ. 16. 71. leU 337. •s • 



PARTICULATE FIELD DATA & RESULTS TABULATION 

PLANT• NAME ANO ADDRESS 

REPUBLIC STEEL CLEVELAND 

TEST 

TEST DATE 

TB 
TF 

TT 

NP 

y 

ON 

CP 

PM 

VM 

TM 

VMS TO 

VLC 

vwc 

FMD 

PCOi! 

POi! 

PCO 

PNi! 

MD 

MWS 

COKE OVEN OUTLET 

TIME•START 
TIME•F INISH 

NET TIME OF TEST~ MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF ORY GAS SAMPLED 
AT METER CONDITIONS 

AVERAGE GAS METER TEMP 

VOLUME OF DRY GAS SAMPLED 
AT STANDARD CONDITIONS• 

TOT~L Hiij tOLlEttE6 IN 
IMPINGERS AND SILICA GEL,ML. 

VOLUME OF WATER VAPOR 
AT STANDARD CONDITIONS• 

~lRCENf MOl$tuRE 8Y YOLu~t 

MOLE FRACTION ORY GAS 

PERCENT COi! BY VOL., DRY 

PERCENT 02 SY VOL~-· OR\' 

PERCENT CO BY VOL., ORY 

PERCENT Ni! BY VOL., DRY 

MOLECULAR WT•ORY STACK GAS 

MOLECULAR "T•STACK GAS 

TEST TEAM LEADER 

CLARKE 

ENGLISH UNITS 

l0/i!8/8l 

f54J 
1115 

1 

l.ou, 

.n1 IN 

.10 IN•Hi!O 

71.5 · F 

30.0G8 SCF 

f06.5 

5.ou SCF 

.857 

0.10 

- If. 00 

.oo 

i!7.5l 

METRIC UNITS 

10/28/81 

1543 
1715 

1:10.0 

7 

l .Olti 

10.1 

.BG 

23.l c 

.851 SC~ 

10&.5 

14. 30 

.857 

tt .oo 

.oo 



PB BAROMETRIC PRESSURE i!B.81 IN•HG 1.H.71 '1M•HG 

PSI STATIC PRES OF STACK GAS •1.20 IN•HZO •30.48 '1M•H20 

PS STACK PRESr ABS. l8.1l IN•HG ~29.5.5 '1M•HG 

TS AVERAGE STACK TEMP 5lCf. F 27b. c 

vs AVG STACK GAS VELOCITY iCJ.1 FPS 'j. 8 '1PS 

AS SUCK AREA 7466. SQ•IN 4.817 SO•M 

QSSTD SUCK FLO .. RAT Er DRY* 15b4464. SCFH 44301. SCIMH 

QS ACTUAL STACK FLOW RATE 356lei81. ACFH 1ooecn. AC'1H 

ISO PERCENT ISOKINETIC 115.Cf 115.Cf 

MN FILTERABLE PART .o .o 
MG. EPA 5 

cs FILTERABLE PART .oooo GRIDSCF• .ooo '1GIDSCI" 

PMR FILTERABLE PART .ooo LBIHH .oo kGl .. H 
EMISSION RATE 

• •• --bE.& , , ·29~·2 IN.HG • 

):I 
I 

I-' 
~ 
I-' 



EXAMPLE PARTICULATE CALCULATIONS TEST NU. 4•4 

COKE OVEN OUTLET 

VOLUME OF DRY GAS SAMPLED AT STANDARD CONDITIONS 

VMSTD a Ci7.6~1 ~ ~M * Y * (PB + PM I t~;6)) I (TM + 460 0 ) 

11.641 • 
VMSTO a •••••••••••••••••••••••••••••••••••••••····---------· : 

74 •• 460. J 

VOLUME OF WATER VAPOR AT STANDARD CONDITIONS 

VwC • .04707 * VLC 

VWC ~ ~~~t07 * iit. • -~.ijt SC~ 

PERCENT MOISTURE IN STACK GAS 

BWO j-([~i~ ~ l~fj I (V~~t6 + VWCJ 

too. •. 5.ot 
B~O • •••••••••••••••••••••••••• : 14.30 PERCENT 

30.048 + 5.0l 

MOLE FRACTION OF ORY STACK GAS 

FMD • (tOO. • BWOJ I lOOo 

too~ .;- -u.:s 
FMD • ••••••••••••••••••••••• s .857 

too. 

MO • (PCOZ • ·••> + (POZ •• 32) • (PN2 + PCO) •• ze 

MD • 

MOLECULAR WEIGHT OF STACK GAS 

MwS • MO * lt. • (8WO/tOO)J + 18. * (BWO/lOOJ 

MWS ~ Z9~l0• (1~·(14.3~/lOO)) + 18. * (14.301100) s 27.51 

30.046 OSCF 



STACK GAS VELOCITY AT STACK CONDITIONS 

DELP • SUM. OF THE SQRT(VH * (TS + 4bO.j) 

VS s 85 0 49 * CP * DELP I lSURT(MWS * PS) * PNTS) 

vs • 85.49 * .84 • 5Z.303 I lSQRT( Z7.5l • l8.1l) • 

STACK GAS VOLUMETRIC FLOW AT STACK CONDITIONS 

QS • VS * AS * 36001144 

QS a 19.09 • 7466. 36001144 • 

STACK GAS VOLUMETRIC FLOW AT STANDARD CONDITIONS 

QSSTb • it.6•t ~ ~S • ·~j ~··ti~-~ lBW~lt~O)) I (TS+ 460.) 

1. = 

17 .647 • 356Z98l. • ze.1z • <1. - l14.301100JJ 
QSST0 • •••••••••••••••••••••••••••••••••••••••··---------· = 

PERCENT ISOKINETIC 

ISO • •••••~·-·•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• s 
60 •• lCJ.o'f • 

PARTICULATE Lolorr~i:----~ EPA METHOD 5 cu·-suNOAAD CONDITIONS) 

CS • OeOOl * MN * 15.43 I VMSTO 

cs • 0.001 • eO * 15 0 43 I 30.048 • 0 000 GRIOSCF 

PARTICULATE LBS/HR •• EPA METHOD 5 

PMR • CS • QSSTD I (15.43 * 453.6) 

PMR •· .ooo • .oo 

ll5 0 86 PENCENT 



Run No. 4. 4 

Sample volume= 0.85 m3, 30 05 scf 

Example calculations 

CS (Part) =78.4/0.85=92.2 mg/m3 

CS (Part) = 0.001 x 78.4 x 15.43/30.05 = 0.040 gr/dscf 

CS ( so2) = 1160 / 0. 85 = 1364 mg/m3 

=1364 x 24.06M._=513ppm 

= 0.001 x 1160 x 15.43/ 30.05 = 0.596 gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

Ambient 78.4 92.2 0.040 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 
4-h at 4QQ°F 
2-h at 6QQ°F 

Acid sulfates 
As H2S04 12.6 14.8 0.006 
As H2S04·2H20 17.2 20.3 0.009 

Sul fur dioxide 1160 1365 0.596 

Sulfuric acid mist 
As H2S04 10.4 12.2 0.005 

Inorganic condensibles 

Organic condensibles 

TOC (Condensible) 

A-144 

ppm 

513 

3 
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PLANT 

FIELD DATA 

REPUBLIC ITEEL CLEVELAND 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT TEMPe(DES.,) 
BAR.PRESS.(INeHGJ 
STATIC PAESS.llN.H20) 
FILTER NUMBERlS) 
STACK INSIDE OIMellNJ 
PITOT TUBE COE''·· . 
THEAM. NO. 

COKE STACK 

METHOD 5•2!0 
DO/MP 
58. 

2•.e1 
•l.i!O 
3530026 

•7.50 .oo 
.84 

LE AUGE 
METER CALlle ,ACTOR 

eOOO C'M 8 lle5 IN.HS 
1.033 

READ & RECORD oat• EVERT to.o MINUTES 

TRAVERSE 
POINT 

NO. 

SAMPLE 
TIME 

(MIN.) 

CLOCK &AS METER 
TIME - - RUDIN& 

(Zl•HR lCU.FT.J 
.CLOCK) 

VELOCITY 
HEAD 

(IN.H20) 

ORl'ICE PRESSURE 
0 IFFERENT UL 

0N.H20) 

----------------DESIRED ACTUAL 

SUCK 
TEfllP 

(DEGeF) 

DATE 
RUN NUMBER 

PROBE LEN&TH & TTPE 
NOZZLE I l.D. 
ASSUMED MOISTURE 
SAMPLE BOX NUMBER 
~ETEA IOX NUMBER 
fllETER .HEAD DIFF • 
C FACTOR 
PROBE HEATER SETTING 
HEATER BOX SETTINC 
REFERENCE PRESS. DIF'• 

10/28/81 
11•5 

6° &LAH 
.111 

u .o 

'" 1.81 .•2 
250. 
250. 

.11 

ORT &AS ·METER 
TEMP 

lDE&eF) 

PUMP U(lltPLE IMPIN&ER 
TUIP 

lDH.F) 

---------·-·-HILET OUTLET 

VACUUM BOX TEMP 
UN.HS) (OEGeF> 

----·-----------------·-·---------------------·------------·--------------------------------------------------------Uflf ___ -- - • UH 77't.J6' 
ao.o llJJ 114.JOO .on ... . .. 511. 61. -62. • •• zn. -11. 
zo.o 1443 ?H.220 .015 • u .ea 518. 65 • 62. ••• i!55. 11. 
30.0 1453 ., ••• 1110 .015 .u • e1 518 • 66. 62. 10.4 i!7•. . ... 
•o.o 1503 n•.100 .015 • at .11 ·518. 67 • 61!. 10.1 .?61. . ... 
5o.o a51J 801.000 .015 • ea .ea 518. 61 • 62. 10.6 244. • •• 60.0. l52J eoa.•10 .015 .u • ea 518 • 61. 62. 10.• 262. ·SO. 
10.0 a5J3 813.880 .015 • u .ea .su • 61. 6i!. 11.2 zn. 11. 
10.0 a54J au.no • 015 ... .ea 518. 67. ·62. 10.e 21.5 • 46. 
90.0 155J 8i!J.710 • on .... .at su • 67. 6i!. ao.1 i! 7i!. •s. 

100.0 l60J 121.6•0 • 075 .ea .a1 518. 67 • 6i!. ao.5 211. 16. 
110.0 l61J 833.660 • 015 .ea .11 su. 61 • 6i!. u .o i!70. 16. 

- . uo.o --- 16ZJ na.seo .on .u .ai 5ll. 61. 6i!. ao.e i!f.J. 16. 
uo.o auJ 843.550 • 075 .u .ea 518. 67 • 62. 10. 7 27"5. 16. 
uo.o 160 8118.497 .07! • et .11 5ll. .... 62 • 10.e 2n. 16. 
150.-0 1706 &53.407 .o?S .81 .e1 518. 61. 64. ao.11 25•. 46. 

TOTALS 150.0 74.00 
AVER AG!-- .. ... .II ·!U. 67 • 62. n.• Z•!. 11. 



PARTICULATE FIELD DATA I RESULTS TABULATION 

PLANT• NAME AND ADDRESS 

REPUBLIC STEEL CLEVELAND 

TEST 

TEST DATE 

·------·-TB 
TF 

TT 

NP 

y 

ON 

COKE STACK 

TIME•ITART 
TIME•FINISH 

NET TIME Of TEST, MIN. 

CP 

~ PM 
I 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLIN' NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

I-' 
~ VM 
°' 

VOLUME OF DRY SAS SAMPLED 
AT METER CONDITIONS 

TM AVERAGE SAi METER TEMP 

VMSTD VOLUME Of DRY &AS SAMPLED 
AT STANDARD CONDITIONS• 

VLi: TOTAL HiO tOLLtttED IN 
IMPIN&ERS AND SILICA &EL,ML. 

VWC VOLUME OF MATER VAPOR 
AT STANDARD CONDITIONS• 

ewo --· ~t•ctHt MOISTURt BY ~OLUME 

FMD MOLE FRACTION DRY &AS 

PCOZ PERCENT C02 BY VOL., DRY 

POZ PERCENT 02 BY VOLer ORY 

PCO PERCENT CO BY VDLer ORY 

PN2 PERCENT NZ BY VOL., DRY 

MD MOLECULAR WT•ORY STACK GAS 

MWS MOLECULAR WT•STACK GAS 

TEST fEAM LEADER 

DO/MP 

ENGLISH UNITS 

10/H/81 

IUS 
1706 

1'50.0 

l5 

••• 5 , 

210.1 

U.213 SCF 

4.lO 

11.00 

.oo 

H.IO 

METRIC UNITS 

10/28/81 

1423 
1706 

150.0 

1.o:sJ 

zo.• ·MM•HZD 

c 

2110.1 

.B5J 

... 10 

11.00 

.oo 

H.IO 

21.47 



PB BAROMETRIC PRESSURE i!9.81 IN•HG 151.11 IOl•HG 

PSi STATIC PRU OF STACK GAS -1.20 IN•Hi!O •J0.48 llllM•Hi!O 

PS STACK PRES, AB Se 29.72 IN•HG 754.9) llllM•HG 

TS AVERAGE STACK TEMP 518. , i!70. c 

vs AV& STACK &AS V€LOCITT 21.5 ,,s 6.6 llllPS 

AS STACK AREA 74611. SQ•IN 4.817 SQ•M 

OS STD STACK FLOW RATE, DRU 1138611. SCFH 5i065. SCllllH 

gs ACTUAL $tAtK ,LOW RAT£ 4011125. ACFH 1nno. ACllllH 

ISO PERCENT ISOKIN!TIC 111.e 111.e 

MN FIL T!RAIL! PART .o .o 
MGe EPA 5 

cs FILTERABLE PART .oooo GRIDS"• .ooo llll&IOSCfll 

PMR FILTUAILE PART .ooo L8/HR .oo KG/HR 
EMISSION RATE 

• u- DH ,, --29~92 lfrf.H&. 

:x:i 
I 

I-' 
ii::. 
-..J 



EXAMPLE PARTICULATE CALCULATIONS TEST NO. 4•5 

COKE STACK 

VOLUME OF ORY GAS SAMPLED AT STANDARD CONDITIONS 

VMSTD • (17.647 • YM * Y * (PB + PM I IJ.6)) I (TM + 460.) 

74.041 • I.OJ] • ( 2•.11 + ellO I IJ.6) 
VMSTD • ••••••••••••••••••••••••••••••••••••••••••••••••••••• • 

( 65 •• 1160.) 

VOLUME OF MATER VAPOR AT STANDARD CONDITIONS 

VWC • .04101 • VLC 

PERCENT MOISTURE JN STACK GAS 

fiO a-UOT; -.- VMCJ I (VMSTD + YNC> 

100. • u.21 
B"O • ••••••••••••••••••••••••••:• 

MOLE FRACTION OF DRY STACK GAS 

FMD • (lOOe -• BWO) I 100. 

------100.---- -- ••• 1 
FMD a ••••••••••••••••••••••• • el!J 

100. 

AVERACE MOLECULAR WEICHT OF DRY STACK CAI 

MD • lPCOZ ~ .•11> • (POZ • .J2) • (PNZ • PCO) • .21 

MD • 4.10•4111100) • (ll.O•J2/l00) • ((14e•• .OJ * 211100 :• 2•.IO 

MOLECULAR •El&HT OF STACK &Al 

MWS • MD • (I. • lBWOllOOJ) • II. • (BM0/100) 

MWS • 2•;10• ll. •Cl•.67/lOOJ) • 18. • (14.67/lOOJ • Z7e47 



STACK &AS VELOCITY AT STACK CONDITIONS 

DELP • SUM. OF THt IQRf(VH • (TS • 460.)J 

VS • 85.49 • CP • DELP I ~SQRT(MWS • PS) • PNTS) 

vs • ''··· • .84 • 121.••7 I (SQRT( lT.47 • z•.72) • 15. • Zl.5Z FPS 

STACK IAI VOLUMETRIC FLOW AT STACK CONDITIONS 

QS • vs • AS • J600/144 

QI • ii.5~ • ?t66. 36001144 • 

STACK 5AS VOLUMETRIC FLOW AT STANDARD CONDITIONS 

ussro··· u;u? • os • Ps-• u. • l1wo1100JJ / ns + uo.> 

QSSTD • ··----------------------------------------·-------· . ( 518 •• 460.J 

PERCENT ISDKINETIC 

.11011J.6J>1< 65.•4•t.JJJ 

190 • ------------------------------------------------------------------------------------------------- • uo •• 

PARTICUi.lf! LOAOINC •• EPA METHOD 9 UT ITlNDARD CONDITIDNIJ 

CS a O.OOI • MN • 15.43 I VMSTD 

cs • 0.001 • .OOO 5RIDSCF 

PARTICULATE LIS/HR •• EPA METHOD 5 

PMR • CS • QSSTD I (15.43 • 453.6) 

PMR • .ooo • 1138631. I (l5e43 • •53.6) • .oo 

111.85 "ERC!NT 



Run No. 4. 5 

3 Sample volume = 2.18 m , 76.86 scf 

Example calculations 

CS {Part) =174.5/2.18 = 80.0 mg/m3 

CS {Part) = 0.001 x 174.5x 15.43/76.86 = 0.035 gr/dscf 

cs (so2) =_ /_= mg/m3 

= __ x 24.06/_=_ppm 

= 0.001 x __ x 15.43/ __ = __ gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

Ambient 174.5 80.0 0.035 
2-h at 350°F 137. 3 63.0 0.028 
4-h at 350°F 128.8 59. 1 0.026 
2-h at 400°F 112.4 51.6 0.022 
4-h at 400°F 104. 7 48.0 0. 021 
2-h at 6QQ°F 99.0 45.4 0.020 

Acid sulfates 
As H2S04 0.0 0.0 0.0 
As H2S04·2H20 0.0 0.0 0.0 

Sulfur dioxide 

Sulfuric acid mist 
As H2S04 
As H2S04·2H20 

Inorganic condensibles 65.7 30. 1 0.013 

Organic condensibles 3. 1 1.4 0.001 

TOC (Condensible) 14.3 6.6 0.003 

A-150 

ppm 



):ii 
I 
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Fit:LO DATA 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT TEMP~ (DEG·.;) 
BAR.PRESS.llN~HGJ 
STATIC PRESS.llNeH20J 
FILTER NUMBEN(SJ 
STACK INSIDE OIMellNJ 
PITOT TUBE COEFF. 
THERM. NO. 
LEAKAGE 
METER CALIB. FACTOR 
READ & RECORD DATA EVERY 

REPUBLIC STEEL CLEVELANO 
COKE STACK 

METHOD 8-600 
DO/MP 

58. 
29.81 
-1.20 
.S53112281353020b 

en .so .oo 
.84 

• ooo CFM i 24.0 IN.HG 
.982 

10.0 MINUTES 

TRAVERSE 
POINT 

NUe 

SAMPLE 
TIME 

lMINeJ 

CLOCK 
TIME 

l24-HA 
CLOCK) 

GAS METER 
RUDI NG 
lCU.FT .J 

VELOCITY 
HUD 

llNeH20J 

ORIFICE PRESSUHE 
DIFFERENTIAL 

(IN.H20J 

DESIRED ACTUAL 

STACK 
TE.,P 

lOEG.FJ 

DATE 
RUN NlJ.,81: R 

PHOBE LENGTH & TYPE 
l\OZZLE : I.D. 
ASSU~ED ~OJSTlJHE 
SA.,PLE BOX NUMbEM 
"ETER 80l NUMBER 
"ElER HEAD OIFF. 
C FACTOR 
PROBE HEATER SETTING 
HEATER 80l SETTING 
MEFERE~CE PRESS. OIFF • 

10128181 
4•& 

4• UUAMTZ 
.&20 

u .o 
F88 
1.91 
.94 

bOU. 
bOO. 

.112 

OHY GAS METER 
TE~P 

lDEG.FJ 

PUll'P SOPLE lll'PINGEN 
TEMP 

lDEG.FJ 

-------------Il'.LET OUTLET 

VACUUM BOX TEMP 
llNeHGJ lOEG.F J 

·---------------·---------------------------------------------------------------------------------------------------

TOTALS 
AVERAGE 

o·-·---··n21 ·-
10.0 1431 
20.0 1447 
30.0 1457 
40.0 1507 
50.0 1517 
bo.o 1527 
10.0 1531 
80.0 1547 
«JO.II 1557 

100.0 1714 
110.0 1716 

110.0 

lb,.548 
274.840 
278.700 
282.500 
28b.3b0 
.?CJ0.190 
i!CJ4.030 
2CJ7.530 
300.570 
303.500 
308.1110 
3119.023 

39.475 

.015 5. 73 1.00 

.015 5.73 • so 
• 075 s. 73 .so 
• 015 5.73 .so 
.075 5.73 • so 

·-- .075 . 5. 7 3 .so 
• 015 5.73 • 110 
• 075 5.73 • .so 
.075 S. H • .so 
.075 5.73 .75 
• 075 5.73 .75 

5. 73 • ss 

518. 58. 5b. 5.5 58b. 38. 
518. bO. 5b. 10.b 59b. lb • 
518 • b3. 57. 13.3 &08. 38. 
518 • bll. 57. lb.2 b30. 38. 
518 • b5 • s8. 18.2 b42. 4Uo 
518. bb. 58. u.s b2U. 42. 
518. b7 • 59. 21.5 b20. 44 • 
518 • b8. bUo 21.3 bi!7. 49. 
518. &9. 61. &'3.3 &31. 111. 
518. bb. b3. 3.7 &21. 4b. 
518. bb. &I. 3.8 bbl • .58. 

518. 65. 5CJ. 14.3 62.?. 41 • 
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PARTICULAT~ FIELD DATA & RESULTS TABULATION 

PLANT• NAME AND ADDRESS 

REPUBLIC STEEL CLEVELAND 

TEST 

TUT DATE 

TB 
TF 

TT 

NP 

y 

DN 

CP 

PM 

VM 

TM 

COKE STACK 

TIME•START 
TIME•FINISH 

NET TIME OF TESTr MINo 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF DRY GAS SAMPLED 
AT METER CONDITIONS 

AVERAGE GAS METER TEMP 

VMSTD VOLUME OF DRY GAS SAMPLED 
AT STANDARD CONDITIONS• 

VLC TOTAL HZO-COLLECl'ED IN 
JMPINGERS ANO SILICA GELrMLo 

VMC VOLUME OF "ATER VAPOR 
AT STANDARD CONDITIONS• 

Bio -PERCENT '40iSTUR£ BY VOLUME 

FMD MOLE FRACTION DAY GAS 

PC02 PERCENT C02 BY VOLor ORY 

P02 PERCENT 02-at voL;i OR~ 
PCO PERCENT CO BY VOLor DAY 

PN2 PERCENT N2 BY VOLor DRY 

MO --- MOLECULAR liT•ORY STACI< GAS 

MMS MOLECULAR MT•STACK GAS 

TEST TEAM LEADER 

DO/MP 

ENGLISH UNITS 

101C!818l 

1427 
1716 

lio.o 

l1 

0620 IN 

084 

61.7 F 

39.139 SCF 

60091 SCF 

4.lO 

n.-oo 
.oo 

27.60 

METRIC UNITS 

10128181 

1427 
1716 

110.0 

ll 

15.7 

16.5 c 

l.108 SCM 

.172 SCM 

t3.47 

.865 

4.lo 

11.00 

.oo 

27.60 
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PB 

PSI 

PS 

TS 

vs 
AS 

QSSTD 

QS 

ISO 

Mt.I 

cs 

PMR 

• 

BAROMETRIC PRESSURE 

STATIC PRES OF STACK GAS 

STACK PRES, ABS. 

AVERAGE STACK TEMP 

AVG STACK. GAS VELOCITY 

STACK AREA 

STACK FLOW RAT Er ORY• 

ACTUAL STACK FLOW RATE 

PERCENT ISOKINETIC 

FILTERABLE PART 
MG. EPA 5 

FILTERABLE PART 

FILTERABLE PART 
EMISSION RATE 

61-DEG ;: , zc;.;2 -IN.HG; 

ilf.81 IN•HG 757.17 fllM•HG 

•1.C!O IN•H2U •30.118 fllM•H20 

zq.1C! IN•HG 754.lf] fllM•HG 

518. F 270. c 

11.5 FPS 6.5 lllPS 

7466. SQ•IN 4.817 Sf.l•M 

l8600i6. SCFH 52670. SC"'H 

40080b4. ACFH 1134q5. ACfolH 

i8.ll 28.4 

.o .o 

.oooo GRIDSCF• .ooo lllGIDSCfll 

.ooo LBIHN .oo KG/HN 



EXAMPLE PARTICULATE CALCULATIONS TEST NO. Q•6 

COKE STACK 

VOLUME OF ORY GAS SAMPLED AT STANDARD CONDITIONS 

VMSTb-a (j7.6~t • V~ ~ Y • (PB + PM I Jj.6)) I (TM + 460.J 

17 .647 • 
VMS TO • ••••••••••••••••••••••••••••••••••••••••••••••••••••• z 

VOLUME OF "ATER VAPOR tT STANDARD CONDITIONS 

PERCENT MOISTURE IN STACK GAS 

~"0 • (lOij. i-ij~ti-1 (VM~TO + VWC) 

100. • 6.09 
BWO ii -------------------------- . 13.47 PERCENT 

MOLE FRACTION OF ORT STACK GAS 

FMO a ClOO. • 8"0) I 100. 

FMD • ••••••••••••••••••••••• s .865 
100. 

AVERAGE MOLECULAR WEIGHf OF ORY STACK GAS 

MO • ~PCOZ • .44J + lPOZ • .32) + lPN2 + PCUJ * .28 

MO • 4.l0•441lOOJ + tll.0•3211001 + <<84.9+ .o> • 2e1100 = 

MOLECULAR WEIGHT OF STACK GAS 

MWS • MD • ll. • (8WO/l00J) + 18. • (BW0/100) 

MWS • 2~.10• ll. •tll.471100)) + 18. •-(13.47/100) • 



~ 
I 

I-' 
U1 
U1 

STACK GAS VELOCITY AT STACK CONDITIONS 

DELP• SUM. OF THE SQRT(VH * lTS + 460.)) 

VS • 8,.49 * CP * DELP I lSQRT(MWS * PS) * PNTS) 

STACK GAS VOLUMETRIC FLO" AT STACK CONDITIONS 

QS : VS * AS * 3600/144 

OS • 21.•7 • 7466. ]600/144 • 4008004. ACFH 

STACK GAS VOLUMETRIC FLO" AT STANDARD CONDITIONS 

OSSTD • 17.647 • OS • PS • (i; • (8W0/100JJ I (TS + 460.J 

17.647.. 4008004 •• 29.72 • (l. - (13.47/100)) 
QSSTO • ••••••••••••••••••••••••••••••••••••••••••••••••••• : 

l 518. + 460.) 

PERCENT ISOKINETlC 

l86002b. SCFH 

.545/13.6))/( 62.+460.J)) 

ISO • ------------------------------------------------------------------------------------------------- • ze.3q PERCE~• llO. • 21.47 * 

PAIUlCIJ&.:UE lOlDlNi; •• EPA METHOD 5 UT ·sTA~OARO CONOITIOt-lS) 

CS • 0.001 * MN • 15e43 I VMSTD 

cs • 0.001 * .o • 15.43 I 39.139 • .OOO GH/OSCF 

PARTICULATE LBS/HR •• EPA METHOD 5 

PMR • CS • QSSTO I (15.43 • 453.6) 

PMR ii .ooo * .oo 



Run No. 4. 6 

Sample volume= 1.11 m3,39.14 scf 

Example calculations 

CS (Pa rt} = _§2..J /l..Jl = 62. 8 mg/m3 

CS (Part}= 0.001 x 69.7 x 15.43/39.14 = 0.027 gr/dscf 

CS (so2} = 1550/LJ.L.= 1396 mg/m3 

= 1396 x 24.06/_.6.!..=-5.2.5ppm 

= 0.001 x 1550 x 15.43/39 14 =a fill gr/dscf 

Catch weight, 
mg/m3 Concentration, 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 
~bient 69.7 62.8 0.027 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As H2S04 0.0 0.0 0.0 
As H2S04·2H20 0.0 0.0 0.0 

Sulfur dioxide 1550 1396 0.611 

Sulfuric acid mist 
As H2S04 73.7 66.4 0.029 

Inorganic condensibles 

Organic condensibles 

TOC {Condensible) 

A-156 

ppm 

525 

16. 3 
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FIELD DATA 

PLANT 
SAMPLING~LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT TEMP.lDEG.FJ 
BAR.PRESS.llN.HG) 
STATIC PRESS.lIN.H2D) 
FILTER NUMBER(SJ 
STACK INSIDE DIMellN) 
PITOT TUBE COEFFe 
THERM. NO. 
LEAKAGE 
METER CALIB. FACTOR 
READ 5 RECORD DATA EVERY 

REPUBLIC STEEL CLEVELAND 
NOl COKE BATTERY OUTLEl 

PART/SOi!/Hi!SOQ 
BRUFFEY 

52. 
2Cf.86 
-1.20 
3530071 

Cf7.50 .oo 
.BQ 

.OOO CFM i 6.0 IN.HG 
1.003 
10 0 0 MINUTES 

TRAVERSE 
POINT 

NO. 

SAMPLE 
TIME 

lMIN.J 

CLOCK 
TIME 

(i!4•HR 
CLOCK) 

GAS METER 
READING 
lCU 0 Fl 0 ) 

VELOCITY 
HUD 

llNeH20) 

ORIFICE PRESSUNE 
DIFFERENT lAL 

llN.H20) 

DESIREO ACTUAL 

STACK 
TE"'P 

lDEG.FJ 

DATE 
RUN NU.,BER 

PROBE LENGTH 5 TYPE 
NOZZLE : I.IJ. 

5• HEATEIJ GLASS 
• )C:ftt 

ASSUMED llo'OISTURE 
SA~PLE BOX NU.,.BER 
l"lTER BOX lllU"'BER 
l"ETER HEAD DIFF • 
C FAClON 
PROBE HEATER SETTING 
HEATER BOX SETTING 
REFERENCE PRESS. DIFF. 

l i!. 0 
Q 

FBi! 
l. H1 

.86 
i!50. 
zso. 

.15 

IJkY GAS METER 
TEMP 

lDE.G.FJ 

PU"'P SAllo'PLE 

IP..LET OUTLET 

VACUUM BOX TEMP 
(IN.HG) lDEG.F) 

l"'PINGEN 
TEMP 

lDEG.F) 

--------------------------------------------------------------------------------------------------------------------
INIT 

TOTALS 
AVERAGE 

0 
10.0 
zo.o 
30.0 
QO.O 
50.0 
eio.o 
10.0 
80.0 
qo.o 

100.0 
110.0 
ilo.q 

114.fJ 

--,.0 
q50 

1000 
l 01 (I 
1020 
1030 
1040 
1050 
1100 
1110 
1120 
1130 
ii37 

- -~ . - -

813.3H 
878.QOO .060 .73 
883.1110 .060 .11 
888.1130 .060 • 13 
8Cf3.040 .oso .62 
8fJ8. llO .060 .73 
CfOJ.lOO .060 .13 
Cf07.750 .050 .62 
ql2.Ql0 .050 .62 
Cfl8.700 .100 1.22 
fJi!J.380 • oso .62 
q2e.100 .oso .62 
fJ30.347 .oso • 62 

56 • .,81 
• 12 

.73 530. 52. 52. i!. 0 i!i!7. 41. 

.73 SQ3. 54. 52. 3.o .?63. QO. 

.13 556 • 58. St?. 3. (I .?59. "J • 

.62 518. 62. 53. 2.5 258. Q2. 

.73 52Cf. 63. 511. c?.5 .?64. 111. 

.73 4Cf5. t.4. 5ti. 2.5 260. 42. 
• 62 531. 66. 56. 2. 0 i!54. 06. 
.62 5Q5. t.1. 58. 2.5 251. 08. 

i.22 501. eie. 5q. 2.5 255. 4q. 
.tt2 51q • bq. 611. 3.5 2ttO. 52. 
• tt2 530. 6Cf. bl. Q.O 252. 57 • 
.62 Ol:f'S. 10. 62. 3.o 255. 56 • 

.12 5211. tt4. Sti • 2.8 255. 46. 



PARTICULATE FIELD DATA & RESULTS TABULATION 

PLANT• NAME ANO ADDRESS 

REPUBLIC STEEL CLEVELAND 

tEST fEAM LEADER 

BRUff'EY 

TEST NOi COKE BATTERY OUTLET 

TEST DATE 

Tit 
TF 

TT 

NP 

y 

ON 

CP 

PM 
::i::i 
I 

..... 
Ln VM 
00 

TM 

VMS TO 

VLC 

vwc 

ilwo 

PCOZ 

POZ 

PCO 

PNZ 

MD 

MWS 

TIME•STARt 
TIME•F INISH 

NET TIME OF TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF ORY GAS SAMPLED 
AT METER CONDITIONS 

AVEAlGE GAS METER TEMP 

VOLUME OF ORY GAS SAMPLED 
AT STANDARD CONDITIONS• 

tOTAL Mi~ COLLtCTEb l~
IMPIN&ERS ANO SILICA GEL,ML. 

VOLUME OF WATER VAPOR 
AT STANDARD CONDITIONS• 

PERCE~T MOISTURE tY VOLU~E 

MOLE FRACTION ORY GAS 

PERCENT COZ BY VOL., DRY 

PERCENT 02 BY VOL~, ORY 

PERCENT CO BY VOL., ORY 

PERCENT NZ BY VOL., ORY 

MOLECULAR WT•ORY STlCK GAS 

MOLECULAR WT•STACK GAS 

ENGLISH UNITS 

940 
1137 

l 2 

l.003 

.811 

e72 IN•H20 

F 

58.031 SCF 

r&CJ. t . 

8.'101 SCF 

·· 13~30 

.867 

11.10 

lt .30 

.oo 

27.b6 

flilETRIC UNITS 

CIQO 
1137 

12 

l.003 

10.1 

15.5 

18~.t 

c 

.252 SCI" 

.8&7 

11.30 

.oo 

21.bb 



PB BAROMETRIC PRESSURE 2q.8b IN•HG 758.1111 ._M•HG 

PSI STATIC PRES OF STACK GAS -1.20 IN•H2U -.30.118 ._M•H20 

PS STACK PRES, ABS. 2q.11 IN•HG 75b.20 ._ .. •HG 

TS AVERAGE STACK TEMP 524. F 2111. c 

vs AVG STACK GAS VELOCITY 18.q FPS s.1 .-p5 

AS STACK AREA 74ftft. so-IN 11.817 SQ•M 

QSSTD STACK FLO• RAT Er DRU lft2BU3. SCFH lib 117. SCMH 

QS ACTUAL STACK FLO• RATE 3519Jlft. ACFH qqf)'jf>. AC .. H 

180 PERCENT ISOKINETIC 111.1 111. 1 

MN FILTERABLE PART .o .o 
MG. EPA 5 

cs '1LTERABLE PART .oooo GRIDSCF• .ooo ._GIOSC" 

PMR FILTERABLE PART .ooo LBIHR .oo KGl~H 

EMISSION RATE 

• ft& OU F, 2q~qz i;~;HG. 

:t>i 
I 

I-' 
l11 
\0 



EXAMPLE PARTICULATE CALCULATIONS TEST NO. S•l 

NOi COKE BATTERY OUTLET 

VOLUME OF ORT GAS SAMPLED AT STANDARD CONDITIONS 

VMSTO • (i7.641 * VM * Y * (P8 + PM I lj~6)) I (TM + 460 0} 

VMSTD a •••••••••••••••••••·-~·-••••••••••··--······----····- : 
l 60. + 460.) 

VOLUME OF "ATER VAPOR AT STANDARD CONDITIONS 

v"c •• 04107 * VLC 

PERCENT MOISTURE IN STACK GAS 

B"O. l1o6 •• V~f) i lVM$Tb ~-v~tj 

100. * e.•o 
BWO : 

---·---------------------- s 580031 + 

MOLE FRACTION OF ORY STACK GAS 

FMD • llOO. • B"O) I 100. 

n • .so PERCENT 

FMO a ••••••••••••••••••••••• m .867 
100. 

MD s lPCOZ * .44) + lPOl * .32) + (PN2 + PCO) * .28 

MO • l 4o30•44/l00) + lllo3•3lll00) + ((14.4+ oO) * 28/100 : 

MOLECULAR "EIGHT OF STACK GAS 

MWS • MO * ll 0 • lBW0/100)) + lBo * (8WO/l00) 

~ws • z•.14• Cl. •ll3.30llOOJ) • 18. i"(l3.30/100) • 27.66 

58.031 OSCF 



STACK GAS VELOCITY AT STACK CONDITIONS 

DELP • SUM. OF THE SQRTlVH • lTS + 4bO.)) 

VS = 85.49 • CP • DELP I (SQRT(MWS • PS) • PNTSJ 

vs • 85.49 • .84 • 

STACK GAS VOLUMETRIC FLOW AT STACK CONDITIONS 

QS • VS • AS • Jb00/144 

QS • 

STACK GAS VOLUMETRIC FLOW AT STANDARD CONDITIONS 

QSSTO a 17.b47 • QS • PS e ll; ~ lBWOliOOJJ I lTS + 4b0.) 

J5l93lb. • i9.11 • Cl. • (13.30/lOOJJ 
QSSTD : ••••••••••••••••••••••••••••••••••••••••••••••••••• = 

PERCENT ISOKINETIC 

18.85 FPS 

lf>28bl3. SCFH 

.116113.fl))/ ( 
ISO•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• • 111.67 PERCE~T 

115 •• 18.85 • 

CS • 0.001 • MN • 15.4J I VMSTO 

cs • 0.001 • • o • 15.43 I 58.031 • .OOO GR/DSCF 

PARTICULATE LBS/HR •• EPA METHOD 5 

PMR a CS • QSSTO I ll5e43 • 453.b) 

PMR • .ooo • .oo 



Run No. 5.1 

Sample volume =1.64 m3, 58.03 scf 

Example calculations 

CS (Part) = 138.6/ l. 64 = 84. 5 mg/m3 

CS (Part) = 0.001 x 138.6 x 15.43/ 58.03= 0.037 gr/dscf 

CS (S02) = 2070 / ..1.§i = 1262 mg/m3 

= 1262 x 24.06/ 64 = 474 ppm 

= 0.001 x 2070 x 15.431.28.03 = 0.550 gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

138.6 84.5 Ambient 0.037 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As H2S04 85.6 52.2 0.023 
As H2S04·2H20 117 .0 71. 3 0. 031 

Sulfur dioxide 2070 1262 0.550 

Sulfuric acid mist 
~s H2S04 34.4 21.0 0.009 

-
Inorganic condensibles 

Organic condensibles 

TOC (Condensible) 

A-162 . 

ppm 

474 

5 



FIELD OATA 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AM8IENT TEMP~lDEG.FJ 
8AR.PRESSellN.HG) 
STATIC PRESSellN.HZOJ 
FILTER NUMBERlSJ 
STACK INSIDE DIMelINJ 
PITOT TUBE COEFF.· 
THERM. NO. 
LEAKAGE 
METER CALIB. FACTOR 
READ & RECORD DATA EVERY 

REPUBLIC STEEL CLEVELAND 
NO.l COKE BATTENY OUTLET 

PANT 
8RUFFEY 

52. 
2q.er, 
-1.20 
35JUll3 

q1.5o .oo 
.84 

eOll CFM i Z3.0 IN.HG 
l .044 
10.U MINUTES 

TRAVERSE 
POINT 

NOe 

SAMPLE 
TIME 

lMINeJ 

CLOCK 
TIME 

lZ4•HR 
CLOCK) 

GAS METER 
READING 
lCU.FT.J 

VELOCITY 
HEAD 

(IN.H20) 

ORIFICE PRESSURE 
OIFFERENTlAL 

(IN.H20) 

DESIRED ACTUAL 

STACK 
TE"'P 

lUEG.F) 

DATE 
HUN 1'1Ull4BE.R 

PNOBE LENGTH & TYPE 
"40ZZLE : I.u. 
ASSUMED ll401STUNE 
SAMPLE BUX l'.IUMijEN 
"'ETEN BOX NUMBtN 
"'ETEH HEAD OIFF. 
C FACTOR 
PROBE HEATER SETTING 
HEATER BOX SETTING 
REFERENCE PRE.SS. OIFF. 

lU/2q/61 
5•c? 

4• HEATED GLASS 
• 3q7 

12.0 
Q 

FlO 
l.60 
.8tt 

2su. 
zsu. 

.15 

DRY GAS fllETER 
TEllilP 

lOtG.F) 

PUtiiP SA"'PLE lti!PINGEN 
TEMP 

lDEG.F) 

-------------11\LET OuTlET 

VACUUM BOX TEMP 
l 1"4.HG) IOEG.F J 

--------------------------------------------------------------------------------------------------------------------
INIT 

TOTALS 
AVENA GE 

0 
10.0 
20.0 
.so.o 
40.0 
so.o 
60.0 
10.0 
eo.o 
qo.o 

100.0 
110.0 

110.0 

lf43 
q53 

1003 
1013 
lU23 
lOH 
io43 
1053 
1103 
i 113 
lli?3 
1133 

lUi .03t 
lU5.7UO • Of»O .73 
ll0.380 .Ot»O .73 
ll 5.0JU • Of»O .7.5 
11q.no • oso .&2 
123.qqo .ot»o • 1.s 
lZ8 0 300 • oso .&2 
13Z.610 .oso • &2 
llf».CJOO • oso • bi! 
l4C!.830 • C?oo l.22 
147.070 • O!>O .&2 
l'H.348 .oso .tt2 

so.:u 1 
• 11 

.73 5 3() • 58. 58. 2.0 2f»l. oo. 

.73 548. t>O. 58. z.5 z10. 40. 

.73 501. ttc?. 5tl • c?. u Z5J. 411. 

.&2 520. bb. bO. 2.5 253 • 42. 

.1.s 5H. &1. bl. 3.o 25Z • 4.5. 

.&2 521. ttCJ. bl. 3.o 251 • 42. 

.&2 SJ&. 10. f»J. C!.5 211e • 47. 

.ttC! 54<1. 71. &4 • 3.u 251 • ""· 1.22 5111. 1 C!. ti5. 3. () 250 • 51. 

.tt2 522. 75. &b. 4.0 25f» • 50. 

.&2 53&. 75. ti7. 8.o 2""· 55. 

.11 521J. &8 • bC!. 3.2 254. 45. 



PARTICULATE FIELD DATA & RESULTS TABULATION 

PLANT• NAME AND ADDRESS TEST TEAM LEADER 

REPUBLIC STEEL CLEVELAND BRUFFET 

TEST NO.I COKE BATTERY OUTLET 

TEST DATE 

TB 
TF 

TT 

NP 

' 
ON 

CP 

PM 

VM 

TM 

VMS TD 

VLC 

vwc 

BWO 

FMD 

PC02 

P02 

PCO 

PNC! 

MD 

MWS 

TIME•START. 
TIME•F INISH 

NET TIME OF TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME Of ORY GAS SAMPLED 
AT METER CONDITIONS 

AVERAGE GAS METER TEMP 

VOLUME OF DRY GAS SAMPLED 
AT STANDARD CONDITIONS• 

TOTAL ~~0-~0LLttTED tN 
IMPINGERS AND SILICA GEL,ML. 

VOLUME OF WATER VAPOR 
AT STANDARD CONDITIONS• 

PERCENT M~f ~T~Rt &• VOLUMt 

MOLE FRACTION ORY GAS 

PERCENT CDC! BT VOL., ORT 

PERCENT 02 8~ VOL~~ ORY 

PERCENT CO BT VOL., ORY 

PERCENT Ni BY VOL., ORT 

MOLECULAR WT•ORT STACK GAS 

MOLECULAR WT•STACK GAS 

ENGLISH UNITS 

10/C!CJ/81 

•111 
1133 

110.0 

tl 

l. 01111 

.3CJ7 IN 

50.311 CU•FT 

F 

52.830 St;F 

TH.11 

B.25& SCF 

.oo 

27.&3 

METRIC UNITS 

10/C!CJ/81 

CJ43 
llH 

llO.O 

l l 

l 0U44 

10.1 

.84 

18.l 

l.1125 CU•M 

18.2 c 

1. 4CJb SCIM 

l 75.11 

.234 SC!lol 

13.52 

ll .3u 

.oo 

27.b3 



PB BAROMETRIC PRESSURE i!Cf.8b IN•HG 7">8.Q4 lllM•HG 

PSI STATIC PRES OF STACK GAS ~i eii!O lt<1•H20 •.SO.Q8 1111'1•H20 

PS SUCK PRES, ABS. i!9. 77 IN•HG 75b.20 ~M·HG 

TS AVERAGE STACK TEMP 5i!CJ. F 27b. c 

vs AVG STACK ·sas VEi.OCITY 19.e FPS ei.o ~PS 

.u STACK AREA 7466. SQ•IN 4.817 SU•,_, 

QSSTD STACK FLOW RATE, DRY• lb98l8b. SCFH 48088. SClllH 

QS ACTUAL STACK FLOW RATE 3b95966. ACFH 104b5Cf. ACMH 

ISO PERCENT ISOKINETIC 102.11 102.4 

MN FILTERABLE PART .u .o 
MG. EPA 5 

cs FILTERABLE PART .oooo GRIDSCF• .ouo ~G/DSClll 

PMR FILTERABLE PART .ooo LR/HR .uo kG/~H 

EMISSION RATE 

* 6i DEG F, 2i;.-92 IN.HG •. 



EXAMPLE PARTICULATE CALCULATIONS TEST NU. 5•2 

NO.I COKE BATTERY OUTLtT 

VOLUME OF ORY GAS SAMPLED AT STANOAMD CONDITIONS 

VMSTO • ·-•-••••••••••••••••••••••••••••••••••••••••••••••••• = 52.830 USCF 

VOLUME 0, "ATER VAPOR AT STANDARD CONDITIONS 

VWC • .0•101 • VLC 

v"c • .0~101 • i75. • 

PERCENT MOISTURE IN STACK GAS 

ewo • ttoo~ .--vwcj-rcviolsro + v"c> 

BWO • -------------------------- . 13.52 PERCENT 
52.830 + 8e2b 

MOLE ,RACTION OF ORT STACK GAS 

FMD • llOO. • BWO) I 100. 

F~O s ••••••••••••••••••••••• • .865 
100. 

MD • lPCOi! • .44) + lP02 • .32) + CPN2 + PCO) * .28 

MD • l 4.30•441100) + (ll.3•321100) + ((84.4+ .OJ • 281100 : 

MOLECULAR "EIGHT OF STACK GAS 

MWS s MD • Cl. • lB"OllOOJJ + 18. * lBWOllOO) 

MWS • zq.lQ• (1. •(13.521100)) + 18. • 113.52/100) • 
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STACK GAS VELOCITY AT STACK CONOITIONS 

DELP a SUM. OF THE SQRTlVH • lTS + 460.j) 

VS • 85 049 • CP • DELP I (SQRT(M"S • PS) • PNTSJ 

vs • es.•• • .e• • 

STACK GAS VOLUMETRIC FLO" AT STACK CONDITIONS 

QS • VS • AS • 360011•4 

OS • 1•.eo • 7466. J60011•• s 

STACK GAS VOLUMETRIC FLO" AT STANDARD CONDITIONS 

QSSTD • 110641 ~ QS • P~ ~ llo ~ lBWcillOOf) I (TS + 460.J 

11.641 • 3695966. • z•.11 • ti. - c11.5ittooJ1 
QSSTD • •••••••••••••••••••••••••••••••••·•···------------· : 

l 5zq. • 460.J 

PERCENT ISOKINETIC 

iq.eo FPS 

.115113.6))/( &5.+460.))J 

ISO • ------------------------------------------------------------------------------------------------- • 102.]b P~RCEhl 110 •• 

PARTICULATt LOAOlN~ •• £PA METHOD 5 (Af 1fANDARD CONDlTtONSJ 

CS a 0 0001 • MN • 15.•3 I VMSTD 

cs • 0.001 • oO • 15.•3 I 52.830 I: .ooo GAIDSCF 

PARTICULATE LBS/HR •• EPA METHOD 5 

PMR • CS • QSSTO I (15.•3 • 453.6) 

PMR s .ooo • .oo 



Run No. 5.2 

Sample volume= 1 .50 m3, 52.83 scf 

Example calculations 

CS (Pa rt) = 185 .6/ J...:..fill = 123 .7 mg/m3 

CS (Part) = 0.001 x 185.6 x 15.43/52.83 = 0.054 gr/dscf 

CS (so2) =-- / __ = mg/m3 

= __ x 24.06/_=_ppm 

= 0.001 x __ x 15.43/ __ = __ gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf ppm 

Particulate following 
conditioning at: 

Ambient 185.6 123.7 0.054 
2-h at 350°F 36.8 24.5 0.011 
4-h at 350°F 
2-h at 400°F 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As H2S04 3.0 2.0 0.0008 
As H2S04·2H20 4. 1 2.7 0.001 

Sul fur dioxide 

Sulfuric acid mist 
As H2S04 
As H2S04·2H20 

Inorganic condensibles 19.0 12. 7 0.006 

Organic condensibles 4.2 2.8 0.001 

TOC (Condensible) 58. 1 38.7 0.017 

A-168 



FIELD OAT A 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT TEMP.lDE;.F> 
BAR.PRESS.llN.HG) 
STATIC PRESSellN.Hi!O) 
FILTER NUMBERlS) 
STACK INSIDE DIM.llNJ 
PITOT TUBE COEFF. 
THERM. NO. 
LEAKAGE 
METER CALJB. FACTOR 
READ & RECORD DATA EVERY 

REPUBLIC STEEL CLEVELAND 
COKE OVEN OUTLET 

5•3•M8•350 
CLARKE 

52. 
Z9.86 
-1.2u 
3S!0073 

97.SO .oo 
.84 

• OOO CFM a 3.0 IN.HG 
e99Z 

l0 0 0 MINUTES 

TRAVERSE 
POINT 

NOe 

SAMPLE 
TIME 

lMIN.J 

CLOCK 
TIME 

l24•HR 
CLOCK) 

GAS METER 
READING 
(CU.FT.> 

VELOCITY 
HUD 

<IN.HZO) 

ORIFICE PRESSUNE 
DIFFERENTIAL 

(IN 0 Hi!O) 

OESIREO ACTUAL 

STACK 
TE"1P 

lDEG.F) 

DATE 
NUN NU"1BER 

PROBE LENGTH & TYPE 
NOZZLE I I.D. 

S FT GLASS HEAJED 
.394 

ASSUfllED fl!OISTUNE 
SAfllPLE BOX NUfll8EN 
fwETER BOX NUfll8ER 
"1ETEH HEAD DIH • 
C FACTON 
PROBE HEATER SETTING 
HEATER BOX SETTING 
REFERENCE PRESS. OIFF. 

12.0 

FBI 
l.87 
.88 

3SU. 
3SU • 
1.so 

ONY GAS fllETEN 
TEfllP 

lDEG.F) 

PUfllP SAfllPLE 

-------------11\LET OUTLET 

VACUUM BOX TEMP 
(IN.HG) lDEG.F J 

IfllPINGEN 
TEMP 

(DEG.F) 

--------------------------------------------------------------------------------------------------------------------

TOTALS 
AVERAGE 

0 ci4o 
10.0 950 
zo.o 1000 
10.0 1010 
110.0 IOZO 
so.o 1030 
e.o.o 1040 
10.0 1050 
eo.o 1100 
•o.o 1110 

IUO.O lUO 
110.0 1130 
1is.o ·--1i35 

115.0 

. - . ·---···--··· 
616.815 
bi!l.6!S • oeio • 11 
6Zti.300 .060 • 13 
bJl.Oi!8 • 060 • 11 
b35.50i! • oso .bi! 
639.909 • 060 • 13 
b44.604 

··-· 
• oe.o .H 

&49.308 • oso .62 
653.803 • oso • bi! 
b~9.38S .100 I• i!U 
663.440 • oso • bi! 
f>bl!l.310 • oso .62 
uo.~91 .oso • 62 

53.176 
.11 

.13 530 • ss. 50. z.o 301 • 50. 

.73 S43 • S8. SJ. 2.0 36Z. 44. 

.13 ssei • 6U. 51. z.u 352 • 414. 

.62 Sl8. bS. Si!. z.o ]Iii! • 48. 

.73 S30 • 61. 54. i!. 0 3S6 • so. 

.73 540. 68. 54. 2.0 358. 5& • 

.b2 Sll. 1u. se. • z.o 350. 58. 

.&2 54bo 73. bO. 2.0 359 • 52. 
l.iO sos. 76. bl. z.s 35q. So. 

obi! 519. 8U. b4. i!. 0 3S4 • Si!. 
obi! S30. 8u. 64. i!. 0 348. Sb • 
• 62 495. 80. 64. 2.0 351. 54 • 

• 11 5Z9. b9 • 57. i!. 0 34q. 51. 
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PARTICULATE FIELD DATA & RESULTS TABULATION 

;LANT• NAME AND ADDRESS 

REPUBLIC STEEL CLEVELAND 

TEST 

TUT DATE 

---------TB 
TF 

TT 

NP 

y 

ON 

CP 

PM 

VM 

TM 

VMS TD 

VLC 

vwc 

BWO 

FMD 

PCOi! 

Poi! 

PCO 

PNC! 

MO 

COKE OVEN OUTLET 

TiME•START. 
TIME•FINISH 

NET TIME DF TESTr MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF DRY GAS SAMPLED 
AT METER CONDITIONS . . 

AVERAGE GAS METER TEMP 

VOLUME OF DRY GAS SAMPLED 
AT STANDARD CONDITIONS• 

TOTAL H~6.~0~Ltttt6 iH 
IMPINGERS ANO SILICA GEL,ML. 

VOLUME OF WATER VAPOR 
AT STANDARD CONDITIONS• 

MOLE FRACTION DRY GAS 

PERCENT COi! BY VOLer ORY 

PERCENT CO BY VOL., DRY 

PERCENT Ni! BY VOL., DRY 

MOLECULAR WT•STACK GAS 

TEST tUM LEADEN 

CLARKE 

ENGLISH UNITS 

10/i!CJ/81 

••o 
1135 

115.U 

l i! 

.84 

53. 77b CU•FT 

63.0 F 

53.838 SCF 

B.CJIS SCF 

.858 

4.30 

11~30 

.oo 

27.5& 

METRIC UNITS 

1012CJl81 

CJllO 
1135 

115.0 

l i! 

10.0 

.a ca 

18.I 

1.523 CU•M 

17.i! c 
1.525 SC"1 

.2!12 SCM 

14.21 

.858 

11.30 

11.lu 

.oo 

811.110 



PB BAROMETRIC PRESSURE i!9.8fJ IN•HG 7~8.44 ftM•HG 

PSI STATiC PRES OF SUCK GAS .;i.20 IN•H20 •30.48 "'M•H20 

PS STACK PRES, ABS. i!9 .11 IN•HG 75fJ.20 "'llil•HG 

TS AVERAGE STACK TEMP 529. F 27&. c 
·vs· AVG STACK GAS VELOCitY 18.9 FPS s.8 ,.,PS 

A9 STACK AREA 7466. SQ•IN 4.817 SQ•M 

DSSTO STACK FLOW RAT Er DRh lbl 1199. SCFH 45fJ2G. SC"'H 

as ACTUAL STACK FUftil RATE 3533728. ACFH l000fJ5. ACMH 

ISO PERCENT UOKINETIC 1011.e lOfJ.8 

MN FILTERABLE PART .o .o 
MG. EPA 5 -- -----. 

cs '1LTERABLE PART .oooo GR/DSCF• .ooo ftG/DSCft 

PMR FILTERABLE PART .ooo LB/HH .oo 1(6/HR 
ENISSIDN RATE 

... ----· tiii .DEG F, ·2~~ijz- ·1rf~ti6 • • 

~ 
I 

I-' 
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EXA~PLE PARTICULATE CALCULATIONS TEST NO. 5•3 

COKE OVEN OUTLET 

VOLUME OF DRY GAS SAMPLED AT STANDARD CONDITIONS 

VM~to i (lf.64f ··v~. ~. (PB~ PM I li~~)j I (t~ + 460.) 

VMSTD • ••••••••••••••••••••••••••••••••••••••••••••••••••••• : 

VOLUME OF WATER VAPOR AT STANDARD CONDITIONS 

PERCENT MOISTURE IN STACK GAS 

. 8wo • -(ioo •• -v..-cr T (VMS to + VWCJ 

100. • e.9z 
ewo . -------------------------- . l4.~i PERCENT 

MOLE FRACTION OF ORT STACK GAS 

FMO • llOO. • BWO) I 100. 

100.-·. -u.2 · -----
FMD • ••••••••••••••••••••••• a .858 

100. 

MD • lPCOZ • .44) + lP02 • e32) + lPN2 + PCO) • .28 

MD s l 4.30•44/100) + (ll.3•32/100) + ((84.4+ .O) • 28/100 s 

MOLECULAR WEIGHT OF STACK GAS 

MWS • MD • lie • lBW0/100)) + 18. • (BW0/100) 

M"'S • 29.14• (I~ ~(14~21/100)) + 18. • (14.21/100) s 27.56 

53.t13tl OSCF 



:i::ii 

STACK GAS VELOCITY AT STACK CONDITIONS 

DELP • ~UM. OF THE SQRft~H • lTS + 460.j) 

VS a 85.49 • CP • DELP I (SQRT(M"S • PS) • PNTSJ 

vs • 85.09 • .84 • 

STACK GAS VOLUMETRIC FLO" AT STACK CONDITIONS 

QS a VS * AS • 3600/144 

QS • 35ii72i. ACFH 

STACK GAS VOLUMETRIC FL9" AT STANDARD CONDITIONS 

QSSTD ~-ije6•f ~-~~-~-~i i-lf~~ (8"~/li6jj I (TS+ 46b.) 

11.647 • 3513728• • 29.77 • Cl. • (14.21/lOOJJ 
QSSTO • --·-••••••••••••••••••••••••••••••••••••••••••••••• : 

l 529. + ObO.J 

PERCENT ISOKINETIC 

lfllllCJCJ. SCFH 

I ISO• (305e58•lTS+460.))•((0.002669•VLC)+(VM•Y•(PB+(PM/l3.6))/(TM+460.JJJ/lTT•VS•PS•DN•DNJ 
I-' 
-i 
w uos.;s·•r 5zjj;+••o~> ,..-~,o~ooht.•···· 189.)• 1 ~.s~ th• .9CJ2• t 2~.&6• c • uuu.6» it 63.•460.» > 

ISO a ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• • 106.71 PENCE~l 
ll5 •• l8.CJ3 • 

CS • 0.001 * MN • 15.43 I VMSTD 

cs • 0.001 • 53.838 • .OOO GN/OSCF 

PARTICULATE LBS/HR •• EPA METHOD 5 

PMR • CS • OSSTD I ll5.03 * 453.6) 

PMR 8 .oo 



Run No. 5. 3 

Sample volume= 1.53 m3,53.84 scf 

Example calculations 

CS (Part) =50.5 /l.53 =.n~mg/m3 

CS (Part) = 0.001 x 50.5 x 15.43/53.84 = 0.014 gr/dscf 

CS (S02) = 1970/1..:..§l_= 1287 mg/m3 

= 1 287 x 24. 06/.§L = 484 ppm 

= 0.001 x 1970 x 15.43/ 53.84 = 0.564 gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

Ambient 50.5 33.0 0.014 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As H2S04 9.5 6.2 0.003 
As H2S04 · .2H20 13 .0 8.5 0.004 

Sulfur dioxide 1970 1288 0.564 

Sulfuric acid mist 
~s ~2?~4 81. 5 53.3 0.023 

Inorganic condensibles 

Organic condensibles 

TDC (Condensible) 

A-174 

ppm 

484 

13 
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FIELD DATA 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT TEMP-~{bEG ~;.- J 
BAR.PRESS.(IN.HG) . 
STATIC PRESSellN.Hi!O) 
FILTER NUMBERlSJ 
STACK INSIDE OIMellNJ 
PITOT TUBE COEFF. 
THERM. NO. . 
LEAKAGE 
METER CALIBe FACTOR 
READ & RECONO DATA EVERT 

REPUBLIC STEEL CLEVELAND 
COKE OVEN OUTLET 

5•11•M5•350 
CLARKE 

Si!• 
i!'f.8b 
•1.i!O 
1530107 

(n.so .oo 
• 84 

• ooo CFM I 3.0 IN.HG 
leOlb 
10.0 MINUTES 

TRAVERSE 
POINT 

NOe 

SAMPLE 
TIME 

(MIN.) 

CLOCK 
TIME 

li!4•HR 
.CLOCK) 

GAS METER 
RUOiNG 
lCU.FT .J 

VELOCITY 
HUb

lIN.Hi!O) 

ORIFICE PRESSURE 
OIFFE.RENT JAL 

(IN.Hi!O) 

----------------DESIRED ACTUAL 

STACK 
TE~P 

(DEG .F) 

DATE 
RUN NUl48ER 

PROBE LENGTH & TYPE 
hOZZLE I I.D. 
ASSU14ED lolOISTURE 
SAMPLE BOX NUMBER 
l>'ETER BOX NUll'BtR 
ll'ETER HEAD OIFF. 
C FACTON 
PROBE HEATER SETTING 
HEATER BOX SETTING 
HEFEAENCE PRESS. OIFF. 

10127181 
s-11 

b FT GLASS 
• .S'fb 

1i!.0 
l 
FB5 
l.8b 
.88 

350 • 
35u • 
l.50 

HEATED 

DRY GAS 14ETEA 
TEMP 

lOEG.F) 

PUMP SAMPLE IMPINGEN 
TEMP 

lOEG.FJ 

JhLET OUTLET 

VACUUM 8011 TEMP 
(JN.HG) lOEG.FJ 

--------------------------------------------------------------------------------------------------------------------
INIT. 

TOTALS 
AVERAGE 

0 
10.0 
20.0 
.su.o 
110.0 
50.0 
60.0 
10.0 
eo.o 
90.0 

100.0 
110.0 
112.0 

112.0 

'"]-. -
953 

1003 
1013 
l Vi! 3 
IOH 
100· · 
1053 
1103 
1113 
1123 
UH 

· 113'. 

38.5b8 
113.355 .OfJO • 13 
47.374 • obo • 73 
52.310 .ObO .1.s 
5b.333 .oso • bi! 
b0.1H .obo • 13 
b11.na ..• 050 .62 
69.i!05 • oso .b2 
73.425 • oso • bi! 
79.230 .100 l.20 
83.320 • oso • bi! 
81.&90 • o'!lo • 62 
88.121 

- . • oso .62 

50.153 
.10 

• 13 53". bO. fJO • 1.0 300. 38 • 
.73 548. b I. bO • l.O 395. 38 • 
.13 507. b4. bll. 1.0 317. 411 • 
.bl s20. b8. bl • 1.0 370. 110. 
.73 531. 10 • bl. 1.0 3b3. Qi!. 
• bi! 510. 74. b5 • 1.u 3&4. 4b. 
.62 535 • 18. 68. 1.0 3&11. 48. 
.6i! 548. 80 • 1 i!. 1.0 373. 48 • 

1.20 510. 84. 75. l • (I 371. 48. 
.bi! 5Zc. 87. 11. 1.0 31t1. so • 
.b2 '!136. 80 • eu. 1.0 3b1. so • 
• 62 515. 89. eo. 1.0 369 • 48 • 

.10 527. 75. &8. l.O 366. 45. 



PARTICULATE FIELO OATA & RESULTS TABULATION 

PLANT• NAME AND ADDRESS 

REPUBLIC STEEL CLEVELAND 

TEST , .. COKE OVEN OUTLET 

TEST DATE 

TIS 
TF 

TT 

NP 

y 

ON 

CP 

PM 

VM 

TM 

VMS TD 

VLC 

v .. c 

FMD 

PC02 

P02 

PCO 

PN2 

MD 

MWS 

TIME•STA.RT 
TIME•FINISH 

NET TIME OF TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF DRY GAS SAMPLED 
AT METER CONDITIONS 

AVERAGE GAS METER TEMP 

VOLUME OF ORY GAS SAMPLED 
AT STANDARD CONDITIONS• 

TOTAL HlO-COLLECTED IN 
IMPINGERS ANO SILICA GEL,ML. 

VOLUME OF "ATER VAPOR 
AT STANDARD CONDITIONS* 

PERCENT MOISTURE BY VOLUME 

MOLE FRACTION ORY GAS 

PERCENT C02 BY VOL., ORY 

PERCENT CO BY VOL., ORY 

PERCENT NZ BY VOL., ORY 

MOLECtiLAR ~T-ORY STACK tAS 

MOLECULAR "T•STACK GAS 

TEST TEAM LEADER 

CLARKE 

ENGLISH UN ITS 

l0/27181 

°903 
1135 

112.0 

12 

l eOlb 

.84 

.10 IN•H20 

50.153 cu-FT 

F 

50.fJOfJ SCF 

•• 30 

.oo 

27.61 

METRIC UNITS 

10/27181 

•u3 
1135 

J 12. 0 

12 

J.016 

10.l 

l.420 CU•M 

c 
1.4.53 SCM 

111.0 

.228 SCM 

13. 72 

11.3<1 

.oo 

27.61 



PB BAROMETRIC PRESSURE i!9.8b IN•HG 758.1111 folM•HG 

PSI STATIC PRES OF STACK GAS -1.20 l~•Hi!U •30.48 folM•Hc?O 

PS STACK PRES, ABS. 29.77 IN•HG 75&.c?O l'IM•HG 

TS AVENAGE STACK TEMP 527. F i!7 s. c 
vs AvG STACK GAS VELOCftY ·u.8 FPS s.1 l'IPS 

AS STACK AREA 74&&. SQ•IN 4.817 SQ•M 

QSSTD STACK FLO .. RATE, DRY* 1&08375. SCFH 45544. SC,.H 

QS ACTUAL Sf ACK FLb" ~itt 350035l. ACFH 991 n. ACMH 

no PERCENT ISOKINETIC 102.2 IOc?.2 

MN FILTERABLE PART .o .o 
MG. EPA 5 

cs FILTERABLE PART .oooo GR/DSCF• .ooo folG/OSC,.. 

PMR FILTERABLE PART .ooo LB/HR .oo KGIHH 
EMISSION RATE 

• &""I bEG F, 2•~92 tN;HG. 
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EXAMPLE PARTICULATE CALCULATIONS TEST NO. S•Q 

COKE OVEN OUTLET 

VOLUME OF ORY GAS SAMPLED AT STANDARD CONDITIONS 

VMSTO a (lf.6Q7 • VM • Y * (PB + PM I ll.6)) I (TM + QbO.J 

VMSTD • ••••••••••••••••••••••••••••••••••••••••••••••••••••• : 

VOLUME OF WATER VAPOR AT STANDARD CONDITIONS 

VWC a .04707 • VLC 

vwc • .04701 • 111. a . a;o5-stF 

PERCENT MOISTURE IN STACK GAS 

e-.o • (Hfo~ •-v-.c) i hfliisto + vwcj 

100. • a.os 
BWO a --------------------------

MOLE FRACTION OF ORY STACK GAS 

FMD • llOO. - BWOJ I too. 

100~ ..; - u.1--

a 13. 72 PERCENT 

FMD • ••••••••••••••••••••••• a e8b3 
100. 

MD • lPCOZ • .44) + (PDZ * .3Z) + lPNZ + PCO) * .28 

MO a l 4.30•44/100) + ltt.3•32/IOOJ + ((84.4+ .o> * 28/lOO = 

MOLECULAR WEIGHT OF STACK GAS 

MWS • MO • ll. • (BW0/100)) + 18. * lBW0/100) 

MWS ~ 2~.14• Ct; •(l3~7l/l00)) + 18. * (13.721100) ~ 27.bl 

50.bOb OSCF 
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STACK GAS VELOCITY AT STACK CONDITIONS 

DELP• SUM. OF THE SORTlVH • lTS + 4bO.)J 

VS • 85.49 • CP • OELP I lSQRT(MWS • PS) • PNTSJ 

VS • 85.49 * .84 • 

STACK &AS VOLUMETRIC FLOW AT STACK CONDITIONS 

QS • VS • AS • 36001144 

os • 18.75 •. T4bb. lbOO/lQQ • 3500:S52. ACF~ 

STACK GAS VOLUMETRIC FLOW AT STANDARD CONDITIONS 

ossTo • 11.•47 • os •-Ps * ·u~·-- 1ewo1too>J / us• oo.J 

350035l. * l9.11 • ll. - ll3.7ill00)J 
OS STD c ••••••••••••••••••••••••••••••••••••••••••••••••••• : lb08.57~. SCFH 

( 5l7 •• 4b0.) 

PERCENT ISOKINETIC 

.7~!/13.6}}/l 7l.•460.J)) 
ISO • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• : 102.lq PEWCE~1 

112 •• 18.75 • 

CS • o.OOI * MN • 15.43 I VMSTD 

cs • 0.001 * .u • 15.43 I 50.bOb s .OOO GRIOSCF 

PARTICULATE LBS/HR •• EPA METHOD 5 

PMR • CS • QSSTD I ll5.43 • 453.bJ 

PMR • .ooo • 1608375. I (15.43 • 453.bJ 2 .oo 



Run No. 5.4 

Sample volume= 1.43 m3, so 61 scf 

Example calculations 

CS (Part)= 32.l/__l..d_3= 22.4 mg/m3 

CS (Part) = 0.001 x 32.l x 15.43/50.61 = 0.010 gr/dscf 

CS (so2) =-- / __ = mg/m3 

= __ x 24.06/_=_ppm 

= 0.001 x __ x 15.43/ __ = __ gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

Probient 32. l 22.4 0.010 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As H2S04 0.0 0.0 0.0 
As H2S04·2H20 0.0 0.0 0.0 

Sulfur dioxide 

Sulfuric acid mist 
As H2S04 
As H2S04·2H20 

Inorganic condensibles 101. 2 70.8 0.031 

Organic condensibles 3.2 2.2 0.001 

TOC (Condensible) 49.2 34.4 0.015 

A-180 . 

ppm 
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FIELD DAU 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT TEMP.lDE6.Fj 
BARePRESS.llN~HG) 
STATIC PRESS.lIN.H20) 
FILTER NUM8ERlS) 
STACK INSIDE DIMellN) 
PITOT TUBE COEFF. 
THERM. NO. 
LEAKAGE 
METER CALIB. FACTOR 
READ & RECORD DATA EVERY 

REPUBLIC STEEL CLEVELAND 
COKE SUCK 

METHOD 5•250 
DO/MP 

52. 
29.8b 
-1.20 
3530104 

97.50 .oo 
.84 

0004 CFM a 14.0 IN.HG 
1.033 
to.o MINUTES. 

TRAVERSE 
POINT 

NO. 

SAMPLE 
TIME 

lMIN.J 

CLOCK 
TIME 

(24•HR 
CLOCK) 

GAS METER 
READING 
lCU 0FT 0 ) 

VELOCITY 
HEAD 

llN.H20) 

ORIFICE PRESSURE 
DIFFERENT UL 

(IN.H20) 

DESIRED ACTUAL 

STACK 
TE"'P 

lDEG.F) 

DATE 
HUN NUll'BER 

PHOBE LENGTH & TYPE 
NUZZLE I I.o. 
ASSUMED MOISTURE 
SAMPLE BOX NUMBEN 
"'ETEH BOl NUMBER 
.-ETEH HEAD OIFF. 
C FACTOR 
PROSE HEATER SETTING 
HEATER BUX SETTING 
REFERENCE PRESS. OlFF. 

10/29/81 
5-5 

b' GLASS 
.374 

u .o 
FB4 
l.88 
.92 

250. 
250. 

.18 

ORY GAS .. ETER 
TEfllP 

lDEGeF) 

PU"'P SA"'PLE IfllPINGEH 
Tf.MP 

lDEG.F) 

-------------Jf\LET OUTLET 

VACUUM BOX TEMP 
l IN.HG) lOEG.F J 

--------------------------------------------------------------------------------------------------------------------
I Nit 

TOTALS 
AVERAGE 

·o 
IO.O 
zo.o 
10.0 
40.0 
50.0 
bOeO 
10.0 
80.0 
90.0 

100.0 
110.0 
ii1. t 

111.1 

943 
953 

1003 
1013 
1023 
1033 
1043 --
105] 
1103 
1113 
1123 
1133 
i i37 

.. 

-- ,5··~·'61 

859.4b0 .no .12 • 12 
864.150 .010 .12 • 12 
8b8.850 .010 .12 .12 
873.590 .010 .12 .12 
878.350 .010 .12 .12 
883.170 .010 .12 • 12 
888.030 .010 .12 .12 
892.910 .010 .12 .12 
897.&i?O .010 .12 .12 
902.740 .010 .12 • 12 
907.b30 .010 .12 .12 
909.]bll .010 .12 .12 

54.flOI 
• 12 .12 

5i?O. 55 • 54. 8.7 215. 40. 
520. 57. 55 • 8.1 244. 40. 
520. bO. Sb. 8.8 252. 40 • 
520. bll. 58. 9.U 24b. "" . 520. b7. bO. 9.u 23b. 41!. 
520. b9 • b2. 9.2 243. Q4. 
520. 11. b4. 9.b 242. "3. 
520. 12. bb. 9.8 23fl. 411. 
520. 74. b8. 9.9 234. 42. 
520. 75. 69 • 10.1 240. 42. 
520. 75. 10. 10.1 235. 42. 
520. 75. 71. 12.2 241. 411. 

520. b8. bl • 9.b 240. 42. 
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PARTICULATE FIELD DATA & RESULTS TABULATION 

PLANT• NAME AND ADDRESS 

REPUBLIC STEEL CLEVELAND 

TEST 

TEST DATE 

TB 
TF 

TT 

NP 

y 

ON 

CP 

PM 

VM 

TM 

VMS TD 

vlc 

FMD 

PC02 

P02 

PCO 

PN2 

MO 

M'°'S 

COKE STACK 

TIME•ShRf 
TIME•FINISH 

NET TIME Of TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF ORY GAS SAMPLED 
AT METER CONDITIONS 

AVERAGE &AS METER TEMP 

VOLUME OF DRY GAS SAMPLED 
AT STANDARD CONDITIONS• 

TOTAL HiO.COLLECtED IN 
IMPINGERS AND SILICA GELrML. 

VOLUME OF WATER VAPOR 
AT STANDARD CONDITIONS• 

-PERCENT MOISTURE BY VOLUME 

MOLE FRACTION DRY GAS 

PERCENT C02 BY VOL., DRY 

PERCENT CO BY VOL., DRY 

PERCENT N2 BY VOL., DRY 

MOLECU(A~ WT•ORY STACK CAS 

MOLECULAR WT•STAC~ GAS 

TESf TEAM LEADER 

00/MP 

ENGLISH UNITS 

l012CJl81 

4'43 
l 137 

113.l 

12 

1.033 

.374 IN 

.84 

.12 IN•H20 

F 

5b.UO SCF 

· ····n.01 

.e5CJ 

·-- u. 30. 

.oo 

- lCJ.14 

METRIC UNITS 

I 012'U8 I 

CJ43 
1137 

113•1 

12 

1.0.H 

l.54b CU•"' 

c 

.2b3 SC.., 

lt.30 

.oo 

21.s1 



PB BAROMETRIC PRESSURE 2CJ.8ft IN•HG 758.44 .-M•HG 

PSI STATIC PRES OF STACK GAS -1.20 IN•H20 -30. 48 .,,,_•H2 0 

PS STACK PRES, us. ZCJ.77 IN•HG 75&.20 !",,_•HG 

TS AVERAGE STACI< TEMP 520. F 211. c 

vs AVG STACK. GAS VELOCITY zo.e FPS b.3 lllPS 

AS STACK AREA 14bft. SQ•IN 4.617 SQ•M 

QSSTO STACK FLOW RATE, OR,.. l78500CJ. SCFH 50546. SC'1H 

QS ACTUAL STACI< FLOW RATE 3874861. ACFH 1oq124. AC'1H 

ISO PERCENT ISOKINETlC 113 .CJ 113.CJ 

MN FILTERABLE PART .o .o 
MG. EPA 5 

cs FILTERA15LE PART .oooo GRIOSCF• .ooo '1GIOSCI" 

PMR FILTERABLE PART .ooo LB/HA .oo l<G/HA 
EMISSION RATE 

* 
.,, DEG F, zcf~ 92 JN. HG• 

:i::i 
I 

I-' 
co 
w 



EXAMPLE PARTICULATE CALCULATIONS TEST NO. 5•5 

COKE SUCK 

VOLUME OF DRY GAS SAMPLED AT STANDARD CONDITIONS 

VMSTD • (11.,67 i VM • Y • iPB + PM I i!.~)J I (TM ~ 4&0.J 

VMSTD • •••-•••••••••••••••••••••••••••••••••••••••••••••••·• : 5b.b80 OSCF 

VOLUME OF WATER VAPOR AT STANDARD CONDITIONS 

VWC • .04707 • VLC 

PERCENT MOISTURE IN STACK GAS 

BWO • lioo •• vwcj i (VMSTD + VWC) 

-------------------------- . 14.0t PERCENT 

MOLE FRACTION OF DRY STACK GAS 

FMD • (100. • BWOJ I 100. 

100. -- u. 1-
FMD • ----------------------- s .esq 100. 

AVERA$£ MOLECul•R ~EIGMT OF OR~ StACk GAS 

MO a lPCOZ * e44) + lPOZ * e5ZJ + lPNZ + PCOJ • .28 

MD • ( 4e30•44/l00) + lll.5•52/100) + ((84.4+ .OJ * 281100 : 

MOLECULAR WEIGHT OF STACK GAS 

MWS • MO * (I. • (BWO/IOOJ) + 18. * (BW0/100) . . 



STACK GAS VELOCITY AT STACK CONOITIONS 

DELP • SUM. OF THE SQRT(VH • (TS • 460.j) 

VS • 85.49 • CP • DELP I lSQRT(MWS • PS) • PNTSJ 

vs • 85.49 • .84 • 

STACK GAS VOLUMETRIC FLOW AT STACK CONDITIONS 

QS • VS • AS • 36001144 

QS s 

STACK GAS VOLUMETRIC FLOW AT STANDARD CONDITIONS 

QSSTO • 17.647 * QS .-··;;5 -.-·n;·-~ lBWOli"CHl)J I (TS + 4tiO.J 

3874861. • Z9.77 • ll. • (14.071100)) 
QSSTD • ••••••••••••••••••••••••••••••••••••••••••••••••••• : 

l 5ZO. + 4bO.J 

PERCENT ISOKINETIC 

C?0.7b FPS 

178500'1. SCFH 

.72~/13.6))1( bS.+460.J)) 
ISO • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 8 

114 •• zo.1ei • 

CS • OeOOl • MN • 15.43 I VMSTO 

cs • 0.001 • eO • 15.43 I .OOO GRIDSCF 

PARTICULATE LBS/HR •• EPA METHOD 5 

P~R • CS • QSSTD I l15.4J • 453.b) 

PMR • .ooo • .oo 

llJ.89 PERCE~T 



Run No. 5. 5 

Sample volume= 1.61 m3,ss 68 scf 

Example calculations 

CS (Part) :221.0/_L_QJ= "137.3 mg/m3 

CS (Part) = 0.001 x 221.0x 15.43/ 56.68= 0.060 gr/dscf 

CS (S02) =_ / __ = mg/m3 

= __ x 24.06/_=_ppm 

= 0.001 x · - x 15.43/ __ = __ gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf ppm 

Particulate following 
conditioning at: 

Ambient 221.0 137.3 0.060 
2-h at 350°F 50.4 31.~ 0.014 
4-h at 350°F 44.2 27.4 0.012 
2-h at 400°F 36.2 22.5 0.010 
4-h at 400°F 32.3 20. 1 0.009 
2-h at 600°F 27.7 17.2 0.008 

Acid sulfates 
As H2S04 0.0 0.0 0.0 
As H2S04·2H20 0.0 0.0 0.0 

Sul fur dioxide 

Sulfuric acid mist 
As H2S04 
As H2S04·2H20 

Inorganic condensibles 20.9 13. 0 0.006 

Organic condensibles 6.3 3.9 0.002 

TOC {Condensible) 11. 8 7.3 0.003 

A-186 



FIELD DATA 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT TE.MP~l°O-E6.F)
BAR.PRESS.llN~H6J 
STATIC PRESS.tIN.Hi!OJ 
FILTER NUMBERlSJ . 
STACK INSIDE DIM.tINJ 
PITOT TUBE CDEFF •. 
THERMe NO. 
LEAKAGE 
METER CALIB. FACTOR 
READ & RECORD DATA EVERY 

REPUBLIC STEEL CLEVELAND 
COKE STACK 

METHOD 8•600 
DO/MP 

5i!. 
i!9.86 
•l.i!O 
3530i!i!ll 

97.50 .oo 
.811 

• ooo CFN a 11.0 IN.HG 
.98i! 

10.0 MINUTES 

TRAVERSE 
POINT 

NO. 

SAMPLE 
tIME 

lMIN.J 

CLOCK 
TIME··· 

(i!ll•HA 
CLOCK) 

&AS METER 
READING 
lCU.FT.J 

VELOCITY 
HUD 

llN.Hi!O) 

ORIFICE PRESSURE 
DIFFERENTIAL 

lIN.Hi!O) 

----------------DESIRED ACTUAL 

SUCK 
TE.,P 

lDEG.FJ 

DATE 
RUt-l 1'4U.-.BER 

PROBE LENGTH & TYPE 
NOZZLE I l.D. 
ASSUMED MOISTURE 
SAMPLE BOX NUMBER 
,.EYER BOX NUMBt:R 
ll'ETER HEAD DIFF • 
C FACTOR 
PROBE HEATER SETTING 
HEATER BOX SETTING 
HEFERENCE PRESS. DIFF. 

11• QUANTZ 
.590 

11.0 

FB8 
1.91 

.911 
i!50. 
i!50 • 
.01 

DIU GAS 114ETER 
TEMP 

lDEGefJ 

PUfllP SOPLE IMP INGER 
TEMP 

lOEG.FJ 

Ill.LET OUTLET 

VACUUM BOX TEMP 
UN.HG) lDEG.F J 

--------------------------------------------------------------------------------------------------------------------
iNIT 

TOTALS 
AVERAGE 

0 ---··. --.,.-z-···-
10.0 95i! 
20.0 1002 
.so.o toll 
110.0 10l2 
so.o l Oli! 
60.0 1042 
10.0 1052 
80.0 1102 
90.0 1 lli! 

100.0 1122 
110.0 1132 
1111.a-·· 1 u1 · 

114.8 

-- ---- ----

1u«i.J1i 
314.030 .010 11.1111 .15 
318. 710 .010 •• 4• • 75 
li!3.1130 • 010 11.1111 .75 
328. lbO .010 4.114 • 15 
3.Ji!.940 • 010 4.411 .75 
337.690 .010 4.114 • 75 
1112.11110 .010 4.1111 • 75 
3117.i!OO .010 11.1111 .75 
351.950 .010 11.1111 .75 
35&.170 .010 4.44 .75 
361.630 • 010 11.44 .75 
363.907 .010 4.44 • 75 

511.'535 
11.114 .75 

5i!O. 119. 111. 3.3 6i9. 38. 
520 • Si! • oe. •• 1 6011. 36. 
5i!O. 57 • so. 5.2 598. lb. 
520 • bO. '!II. 5.4 blU. CIU • 
520 • bl. 53. 5.7 bl7. 1111. 
s2u • tis. 55. ft. 0 6iO. 52. 
520 • bb. 5t>. 1.5 ua. 50. 
520. &1. 57. 8.J bl8. 50. 
520. &8. 58. '1.3 &iu. 118. 
520. ""· 59. "·" 620. 411. 
520 • 10. 61. 9.8 6l'l. 44. 
520 • 71. 63. 10.0 6i!l. 118. 

520. &3. 55. 1.1 616. 114. 



PARTICULATE FIELD DATA & RESULTS TABULATION 

PLANT• NAME AND ADDRESS 

REPUBLIC STEEL CLEVELAND 

:i:i 
I 

TEST 

TEST DATE 

TIS 
TF 

TT 

NP 

y 

ON 

CP 

PM 

I-' VM 
00 

. 00 

TM 

VMS TD 

VLC 

vwc 

BWO 

FMO 

PCOZ 

POZ 

ll'CO 

PNZ 

MO 

MWS 

COKE STACK 

TIME•START 
TIME•F I NISH 

NET TIME OF TESTr MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT -- -

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF DRY &AS SAMPLED 
AT METER CONDITIONS 

AVERAGE &AS METER TEMP 

VOLUME OF DRY GAS SAMPLED 
AT STANDARD CONDITIONS• 

TOTAL HZO COLLECTED. iN 
IMPINGERS AND SILICA GELrML. 

VOLUME OF WATER VAPOR 
AT STANDARD CONDITIONS• 

PERCENT ~OiStOM~ ~y ~OLUME 

MOLE FRACTION DRY GAS 

PERCENT COZ BY VOLer DRY 

PERCENT oz a·rvoi;·;· bRY 

PERCENT CO BY VOL., ORY 

PERCENT NZ BY VOLer ORY 

~OLEC~LAl WT•OAf STAtK GAS 

MOLECULAR WT•STACK GAS 

TEST TEAM LEADER 

DO/MP 

ENGLISH UNITS 

10/2Cf/81 

«>•z 
1131 

114.8 

lZ 

.590 IN 

.8• 

.75 IN•H20 

F 

54.471 SCF 

8.41& SCF 

-lt.:SO 

.oo 

METRIC UNITS 

12 

15.0 

.84 

lCl.l .. M•H2U 

1.544 CU•M 

15.0 c 

1.543 SC" 

178.8 

.238 SCM 

.8bb 

11.30 

.oo 

27.&5 



PB BAROMETRIC PRESSURE 2CJ.8& I~·HG 758.44 ~M·HG 

PSI SUTIC PRES OF SUCK GAS -1.20 I~·H20 •30.48 ~M•H2U 

PS STACK PRES, ABS. 2c,.11 I~·HG 15b.2U ~M•HG 

TS AVERAGE STACK TEMP 520. F 211. c 

vs AVG STACK GAS -VELOCITY 20.t FPS b.3 ~PS 

AS STACK AREA 74&&. SO•IN 4.817 SO•M 

USS TO STACK 'LOW RATE, ORY• l7CJft847. SCFH 50881. SC~H 

QS ACTUAL STACK frLOW RATE 38fJ94&a. ACFH l0CJ572. AC"'1H 

ISO PERCENT ISOKINETIC 43.3 43.3 

MN FILTERABLE PART .o .o 
MG. EPA 5 

cs 'lLTERAILE PART .oooo GR/OSCF* .ouo ~G/OSC"'1 

PMR FILTERABLE PART .oou LB/HR .oo KG/HH 
EMISSION RATE 

* 4»8 DEG F, i!if.•2 IN.HG. 

:x::i 
I 

...... 
CX) 

\0 
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EXAMPLE PARTICULATE CALCULATIONS TEST NU. S•b 

COKE STACK 

VOLUME OF DRY GAS SAMPLED AT STANDARO CONDITIONS 

VMSTD s •••••••••••••••••••••••••••••••••••••••••••······---- = 

VOLUME OF "ATER VAPOR AT STANDARD CONDITIONS 

v"c •• 04101 * VLC 

v"c • .04101 ~ ·it~. • T~4~ stF 

PERCENT MOISTURE IN STACK GAS 

B"O • uoo. * VMCl i- (YMSTD + V"CJ 

B"O • -------------------------- = 13.38 PERCENT '54.411 • 

MOLE FRACTION OF ORY STACK GAS 

FMO • (IOOe • B"O> I 100. 

i oo. --.----u.• 
FMD • ••••••••••••••••••••••• • e866 

100. 

AVERAGE MOLECULAf( "EIGHT OF DRY STACK su·-
MD • lPCOZ * .44) • (POZ * .3Z) + lPN2 • PCO) * .ze 
MD • l 4e30•44/l00) + (ll.3•32/100) + ((84.4+ .OJ * 281100 : 

MOLECULAR "EIGHT OF STACK GAS 

MWS • MO * ll. • lB"0/100)) + 18. * lB"0/100) 

MWS • 29.14• lie •lll.38/IUO)) + 18. * (13.38/100) : 27.&5 

54 0 477 OSCF 



:;r:,i 
I 

I-' 
\0 
I-' 

STACK GAS VELOCITY AT STACK CONDITIONS 

DELP • SUHo OF tHE SQRT(VH • (TS • Q~O.fJ 

VS • 85049 • CP * DELP I (SQRT(HWS • PS) • PNTSJ 

99ol90 I (SQRT( 21065 • 29 0 77) • 12. : 

STACK &AS VOLUMETRIC FLOW AT STACK CONDITIONS 

QS a VS * AS • 36001144 

QS • zo.13 • f466. l6001144 • 

STACK &AS VOLUMETRIC FLOW AT STANDARD CONDITIONS 

Q$STD • 17.647 ~ ~$ • P$-i (l~ ; (8W0/l00)) I (TS• 060 0 ) 

)869468. • 29.77 • lt •• (lJ.38/100)) 
QSSTO • ••••••••••••••••••••••••••••••••••••••••••••••••••• = 

5ZO. • 1160.J 

PERCENT ISOKINETIC 

20 0 73 FPS 

17968117 0 SCFH 

ISO• (J05o58•lT9•460oJJ•llO.OOZ669•VLC)+(VM•Y•lP8+(PM/l3.6J)l(TM+Q60.)JJ/CTl•VS•PS•DN•O~) . . ... 

.750/1J.6JJ/( 59.+460.JJJ 
ISO • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• s 43.28 PEHCE~T 

115 •• zo.13 • 

PARTICULATE LbAbl~' -~ EPA ~ETHOO 5 (AT--SfANOARO CONDITIONS> 

CS s 0 0001 * MN * 15.43 I VMSTD 

cs • 0.001 * oO • 15.43 I 511.477 • .OOO GRIDSCF 

PARTICULATE LBS/HR •• EPA METHOD 5 

PMR • CS • QSSTD I l15e43 • 453.6J 

PHR a .ooo • lf'J6847~ I <15.43 .- 453.U :i: .oo 



Run No. 5. 6 

Sample volume= 1.54 m3,54.48 scf 

Example calculations 

CS (Part) :24 .9 /l. 54 = 16.2 mg/m3 

CS (Part) = 0.001 x 24.9 x 15.43/ 54.48= 0.007 gr/dscf 

CS (so2) = 2050/~= 1331 mg/m3 

= 1331 x 24. 06/M.._ = 500 ppm 

= 0.001 x 2050 x 15.43/54.48 = 0.581 gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

24.9 16. 2 Ambient 0.007 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As H2S04 0.0 0.0 0.0 
As H2S04·2H20 0.0 0.0 0.0 

Sulfur dioxide 2050 1331 0.581 

Sulfuric acid mist 
~s H2S04 129 83.8 0.036 

-

Inorganic condensibles 

Organic condensibles 

TOC (Condensible) 

A-192 

ppm 

500 

20 



FIELD UA TA 

PUNT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT TEM~elDE~.FJ 
BAR.PRESS.CIN~HG) . 
STATIC PRESS.(IN~H20) 
FILTER NUMBERlS) 
STACK INSIDE DIM.llN) 
PITOT TUBE COEFFe 
THERM. NO.· . 
LEAKAGE 
METER CALIB. FACTOR 
READ & RECORD DATA EVERY 

REPUBLIC STEEL CLEVELAND 
NO.I COKE BATTERY OUTLET 

PANTIH2SOQ/S02 
BRUFFE Y 

75. 
Zlf.88 
-1.2u 
3530U6Q 

Cf7.SO .oo 
.e11 

• ooo CFM a S.O IN.HG 
1.003 
10.0 MINUTES 

TRAVERSE 
POINT 

NU. 

SAMPLE CLOCK 
TIME . TIME 

(MIN.) (i!Q•HR 
·cLOCKJ 

GAS METER 
READING 
lCU.FT.) 

VELOCITY 
HEAD 

CIN.Hi!OJ 

ORIFICE PRESSURE 
DIFFERENTIAL 

CIN.Hi!O) 

DESIRED ACTUAL 

STACK 
TE"'P 

lDEG.F) 

DATE 
RUN NU ... BER 

PHUBE LENGTH & TYPE 
NOZZLE : I.o. 

s• HEATED GLASS 
.3''7 

ASSUMED jll01STURE 
SAjllPLE BOX NU,.8EN 
"'ETER BOX NUMBER 
"'ETEM HEAD DIFF 0 

C FACTOR 
~RO~E HEATER SETTING 
HEATER BOX SETTING 
REFERENCE PRESS. OIFF. 

I ii!• 0 
Q 

FH2 
1.76 
.86 

2'5Uo 
2su • 
.IS 

DIU GAS METER 
TEMP 

lDEG.F) 

PUfllP SA,.PLE 

1r..u:T OUTLET 

VACUUM BOX TEMP 
llf~.HGJ lOEG.FJ 

l"'PINGEN 
fl MP 

lDEG.FJ 

--------------------------------------------------------------------------------------------------------------------

> 
I 

I-' 
.ID 
w 

INIT 

TOTALS 
AVERAGE 

0 1350 
10.0 1400 
20.0 1410 
10.0 1420 
40.o 1430 
so.o 1440 
&o.o 1450 
10.0 1500 
ao.o lSlO 
90 0 0 lSlO 

100.0 15JO 
110.0 lS40 
120.0 15'50 

120.0 

'130.535 
'13S.270 .o5o • 62 .62 
Cf40.000 .oso • 62 .62 
'144.750 .050 • bi! • bi! 
Cflllf.1150 .oso • bi! • 62 
Cf54.200 .oso • 62 eb2 
lfS8.lflfO .050 • &i! .&2 
Cf&3.750 .oso .&2 .62 
Cf68.lf00 • 060 • 13 .11 
lf73.670 • oso .62 .62 
Cf78.430 • oso .tt2 .bi! 
981.1"0 • oso .62 • tt2 
Cf88.325 .otto .13 .73 

57. 7CJO 
.till .tt4 

520. 65. 64. 1.s 222 • 4Cf. 
502. bS. b4. 2.u 2115 • 5<!. 
523. b7. b4. 2. u 24'1 • SJ. 
536. 10. till. 2.s 248 • S4. 
4Cfb. 71. b5. 3.0 243 • Si!• 
537 • 11. 65. 3.o 246. 51. 
ss 1. 7 I. 65. 2.s 2su. SCI. 
So4. 1 i!. bb • 2.s 25 l • 55. 
5l3. 73. tt7. t?.5 24'1. 5tt • 
535. 73. tt7 • i!. !J 24'1. 57. 
S4tt. 13. 68. i!. 0 248 • Sb • 
535. 73. tt8. 1.u 249. 57. 

526. 10. bbo 2.4 246. 54. 



PARTICULATE FIELD DATA & RESULTS TABULATION 

PLANT• NAME AND ADDRESS 

REPUBLIC STEEL CLEVELAND 

tEST TEA~ LEADER 

BRUFFEY 

TEST 

TEsT DATE 

TB 
TF 

TT 

NP 

y 

DN 

CP 

PM 

VM 

TM 

VMS TD 

VLC 

vwc 

· Bwo 

FMO 

PCOi! 

POi! 

PCO 

PN2 

fllD 

MWS 

ND.I COKE BATTERY OUTLET 

TIME•SUlf'r 
TIME•F !NISH 

NET TIME OF TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF DRY GAS SAMPLED 
AT METER CONDITIONS 

AVERAGE GAS METER TEMP 

ENGLISH UNITS 

10129181 

1!50 
1550 

120.0 

1.001 

.397 IN 

57. no CU•FT 

68.0 F 

VOLUME OF DRY GAS SAMPLED 57.981 SCF 
AT STANDARD CONDITIONS• 

TOTAL. H20 COLL!:ftEO. tN .. ·nl .i! 
IMPINGERS AND SILICA GELrML. 

VOLUME OF WATER VAPOR ~.470 SCF 
AT STANDARD CONDITIONS• 

PERCENT MOISTURE BY VOLUME ·-14.011 

MOLE FRACTION ORT GAS .860 

PERCENT COi! BT VOLer ORY 4.50 

PERCENT 02 BfVOL~r DRY ·10.50 

PERCENT CO BY VOL., DNY .oo 

PERCENT Ni! BY VOL., ORY 85.UO 

MOLECULAR WT•DRY STACK GAS ·--29.111 

MOLECULAR WT•STACK GAS 27.58 

METRIC UNITS 

10129181 

1350 
lS50 

120.0 

12 

l. 003 

10.l 

zo.o c 

201.2 

.2ti8 SC~ 

14.04 

.860 

11.so 

10.50 

.oo 

85.0U 



PB BAROMETRIC PRESSURE i!Cf.88 IN•HG 158 0 Cf5 ,..M-HG 

PSI STATIC PRES Of STACK GAS •loi!O IN•HZO •30.48 .. M-H20 

PS STACK PRES, ABS. zq.1q IN•HG 75&.11 ,..M-HG 

TS AVERAGE STACK TEMP 5i!fl. F 214. c 

vs AVG STiClf GAS VELOCITY .. i 1.q FPS 5." "'PS 

AS STACK AREA 74flfl. SQ-IN ca.817 SQ-M 

QSSTD STACK FLOM RATE, DRY* 15i!lf04 I. SCFH 4j2CJ8. SCfl!H 

as ACTUAL STACK FLOW RATE 313i1Cj]t. ACFH Cf4435. AClllH 

ISO PERCENT ISDKINETIC 114.4 114.4 

MN FILTERABLE PART .o .o 
MG 0 EPA.5 

cs FILTERABLE PART .oooo GRIOSCF• .ooo "'GIDSC"' 

PMR FILTERABLE PART .ooo LB/HR .oo KG/~R 

EMISSION RATE 

• •i DEG F' . z•;•z IN.HG • 

~ 
I 

I-' 
.\.0 
U1 



EXAMPLE PARTICULATE CALCULATIONS TEST No. b•I 

N0.1 COKE BATTERY OUTLET 

VOLUME OF DAY GAS SAMPLED AT STANDARD CONDITIONS 

VMSTD • (lf.647 • VM • Y • (PB + PM I 1!~6)) I (TM + 4b0.) 

11.647 • 
VMS TD • ---------------------------------·------------------- = l 68. + 4bO.) 

VOLUME OF "ATER VAPOR AT STANDARD CONDITIONS 

VWC • .04707 • VLC 

vwc • .011101 •. -201. • .. 4'~0 SCF 

PERCENT MOISTURE IN STACK GAS 

B"O ~ (100. • ~itj I t~MStb ~ VWC) 

100. • 9.47 
BWO • -------------------------- . 
MOLE FRACTION OF DRY STACK GAS 

FMD • (100. • 8W0) I 100. 

100~----u.o 

14.04 PERCENT 

FMD • ••••••••••••••••••••••• a .860 
too. 

AvERAGE MOLECULH. WEIGHT OF DRY SUCk GlS. 

MD • (PCDZ •• 44) + (POZ •• JZ) + (PNZ + PCD) •• ze 

MD • ( 4.50•44/100) + (l0.5•3Z/IOO) + ((85.0+ .OJ • 28/100 : 

MOLECULAR WEIGHT OF STACK GAS 

MWS • MD • (I. • (8WO/IOOJ) + 18. • (8"0/100) 

""s • 29.14• u; •(14.04/100)) + 18. ···cu.04/100} a 27.58 

57.~81 DSCF 



STACK GAS VELOCITY AT STACK CONDITIONS 

DELP • SUM. OF THE SQRTlVH * lTS + 460.)) 

VS • 95.49 * CP • DELP I lSQRT(MWS * PS) * PNTS) 

STACK &AS VOLUMETRIC FLOW AT STACK CONDITIONS 

QS • VS • AS * 3600/144 

QS • j3]ijif3t. ACFH 

STACK &AS VOLUMETRIC FLOW AT STANDARD CONDITIONS 

QSSTD • 17.647 ~~~•PS ~{I.• lBWO/fij~)) I CT~+ 460.) 

3334937. • l9.79 • Cl. • (14.04/lOOJJ 
QSSTO : ·---·-••••••••••••••••••••••••••••••••••••··------· : 

( 526 •• 460.J 

PERCENT ISOKINETJC 

17.81 FPS 

152CJU41. SCFH 

JSO • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
120 •• 

PARTICULATE LOADING ·- EPA METHOD 5 or·sht.DARD ·coNOiTiDNS) 

CS • o.001 * MN • 15.43 I VMSTO 

cs • 0.001 • 57.981 • .OOO GR/DSCF 

PARTICULATE LBS/HR •• EPA METHOD 5 

PMR • CS * QSSTD I ll5.43 * 453.6) 

PMR • .ouo • .oo 

: 114.37 PENCEr.T 



Run No. 6. l 

Sample volume= 1.64 m3,57.98 scf 

Example calculations 

CS (Part) :184.1 /~= 112.2 mg/m3 

CS (Part) = 0.001 x 184 x 15.43/57.98 = 0.049 gr/dscf 

CS {so2) = 2000/~=1219.5mg/m3 

:1219. 5 x 24. 06/64 = 458 ppm 

= O. 001 x 2000 x 15. 43/ 57. 98 = 0. 532 gr/dscf 

Catch weight, 
mg/m3 Concentration, 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

184. 1 112.2 0.049 Ambient 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As H2S04 71.0 43.3 0.019 
As H2S04·2H20 97.0 59.2 0.026 

Sul fur dioxide 2000 1219.5 0. 532 

Sulfuric acid mist 
As H2S04 24.0 14.6 0.006 

-

Inorganic condensibles 

Organic condensibles 

TDC (Condensible) 

A-198 

ppm 

458 

4 



FIELD DATA 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT fEMP.lDEG.FJ 
BAR.PRESS.llN.HGJ . 
STATIC PRESS.tlN.Hi!OJ 
FILTER NUMBERlSJ . 
STACK INSIDE DIM.tlNJ 
PITOT TUBE COEFF.· . 
THERM. NO. 
LEAKAGE 
METER CALIB. fACTOR 
READ I RECORD DATA EVERY 

REPUBLIC STEEL CLEVELAND 
NO.l COKE BATTERY OUTLET 

PART 
BRUFFEY 

75. 
2CJ.88 
-1.20 
3530uq9 

CJ7.50 .oo 
• 84 

eOOl CFM i 6.0 IN.HG 
1.0411 
10.0 flilINiJTES 

TRAYER SE 
POINT 

NO. 

SAMPLE 
TIME 

lMIN.J 

CLOCK 
TIME 

li!4•HR 
CLOCKJ 

GAS METER 
READING 
lCU.FT.J 

VELOCITY 
HUI> 

CIN.H20) 

ORIFICE PRESSURE 
DIFFERENTIAL 

(IN.H20) 

OESlHEO ACTUAL 

STACK 
TE.,.P 

lOEG.FJ 

DATE 
RUN NU~BER 

PHUBE LENGTH & TYPE 
NOZZLE I l.D. 
ASSUMED MOISTURE 
5A~PLE BOX NU.,.HEN 
.,.ETER BUX NUMBER 
~~TEN HEAD DlfF. 
C FACTOR 
PHOBE HEATER SETTING 
HEATER BOX SETTING 
REFERENCE PRESS. DIFF. 

4• HEATEll 
• .sen 

ll.O 
g 

FlO 
l.80 

• 86 
250 • 
2so. 

.15 

GLASS 

ORY GAS METER 
TEMP 

lOEG.FJ 

PU~P SA~PLE IMP INGER 
TEMP 

lOEG.FJ 

INLET UUTLET 

VACUUM BOX TEMP 
UN.HG) lOEG.F) 

--------------------------------------------------------------------------------------------------------------------
IN if. 

TOTALS 
AVERAGE 

0 USJ 
10.0 1403 
20.0 1413 
.so.o 14i!3 
110.0 1433 
5o.o 1443 
60.0 14133 
10.0 1503 
eo.o 1513 
«Jo.o i523 

100.0 1533 
110.0 1543 
120.0 -- 1553 

li!O • 0 

15l.~4S 
156.0UO 
lfl0.350 
lfl4.700 
lflCJ.O'!tO 
113.420 
177.180 
182.130 
186.860 
lCJl.240 
lCJ5.5CJO 
lCJ9.9lO 
204.632 

52.987 

• 050 • 62 • 62 
• 050 .fl2 • fli! 
• 050 • 6i! • 62 
.050 • fli! • fli! 
• 050 • bi! • 62 -- • oso .62 • 62 
.050 • bi! • bi! 
• OflO .73 • 73 
• oso • fl2 • bi! 
.oso • fli! • fli! 
.O'!IO • 6i! • bi! 

··-- .060 .11 • 11 

• fl4 ·"" 

520. 16. 76 • l.O 2•1. 5o • 
515 • 16 • 75. 1.0 i!6fl. so. 
528. 111 • 7fl • 2.0 264. Si!• 
541 • 80. 7fl. 2.5 264. 5.5. 
525 • 81. 11 • 3.o 265. 511 • 
5113 • 81 • 76. 1.0 255. 53. 
555. 81 • 76. 3.5 257. 55. 
515 • 81. 7fl. 3.5 254. 57 • 
524. 81. 7fl. 1.0 258. 5CJ • 
5311 • 81. 1 fl. 3.0 i!Sfl. 6 I • 
522 • 79. 16. 3.u 251. fl l • 
538. 79 • 75. 11.0 255. 62. 

530 • 80. 7 fl. i!. 7 258. Sb• 



PARTICULATE FIELD DATA I RESULTS TABULATION 

PLANT• NAME ANO ADDRESS TES~ TEAM LEADER 

REPUBLIC STEEL CLEVELAND BAUFFEY 

TEST 

TEST DATE 

TB 
TF 

TT 

NP 

y 

DN 

CP 

PM 

TM 

VMS TD 

YLC 

vwc 

FMD 

PCOi! 

POi! 

PCO 

PNi! 

MO 

MWS 

NO.I COKE BATTERY OUTLET 

TIME•START 
TIME•FINISH 

NET TIME OF TEST~ MINe 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF DRY GAS SAMPLED 
AT METER CONDITIONS 

AVERAGE GAS METER TEMP 

ENGLISH UNITS 

10/i!Cf/81 

fj5j 
155] 

i2o.o 

l 2 

1.044 

.llf1 IN 

e64 IN•Hi!O 

52.CJ87 cu-FT 

11.1 F 

VOLUME OF DRY GAS SAMPLED 54.332 SCF 
AT STANDARD CONDITIONS• 

TOTAL HZO -COLl.ECTED i N ·-i ~- • 4 
IMPINGEAS AND SILICA GEL,ML. 

VOLUME OF MATER VAPOR 9.150 SCF 
AT STANDARD CONDITIONS• 

~E~C~Nf -~OISTORE ev VOLUME ---l •• 41 

MOLE FRACTION DRY GAS .856 

PERCENT COZ BY VOL., DRY 4.50 

PERCENT CO BY VOL., DRY .oo 

PERCENT NZ BY VOL., DAY 85.00 

MOLECULAR "T•STACK GAS 27.53 

METRIC UNITS 

ll5l 
1553 

1 i! 

l0.1 

l.500 CU•M 

25.4 c 

1.53Cf SCfl! 

.856 

11.so 

l0.50 

.oo 

85.00 



PB BAROMETRIC PRESSURE ZCJ.88 IN•HG 758.95 l'M•HG 

PSI SUTIC PRES OF SUCK GAS -1.20 IN•H20 -30. 48 l'lil•Hi?O 

PS SUCK PRES, ABS. zq.19 IN•HG 756.71 "'"'•HG 

TS AVERAGE STACK TEMP 530. F 277. c 

vs Av6 STACK GAS VELOCITY i1 .q FPS s.s l'PS 

AS STACK AREA 74fl6. SQ•IN 4.817 SQ•M 

QSSTD STACK FLOW RATE, ORY* 1520006. SCFH 43042. SCl'H 

QS ACTUAL ST.ACK FLOW RATE 33454tl. ACFH 94734. AC"'H 

ISO PERCENT ISOIClNETlC 107.8 107.8 

MN FILTERABLE PART .o .o 
MG. EPA 5 

cs FILTERABLE PART .oooo GR/OSCF• .i>oo l'G/OSClll 

PMR FILTERABLE PART .ooo LB/HR .oo KG/H~ 

EMISSION RATE 

• H ·oEG f', z;.i92 Hi.HG. 

~ 
I 

N 
0 
I-' 



~ 
I 

IV 
0 
N 

EXAMPLE PARTICULATE CALCULATIONS TEST NU. 6•2 

NO.I COKE BATTERY OUTLET 

VOLUME OF DRY GAS SAMPLED AT STANDARD CONDITIONS 

VMSTD • (17.647 .•. VM • Y • lPB + PM I i3~6)) I (TM + 460.J 

VMSTD • •••-••••••••••••••••••••••••••••••••••••••••••••••••• : 

VOLUME OF MATER VAPOR AT STANDARD CONDITIONS 

VMC • .04707 • VLC 

VMC • ;04707 * ·194. ii ... ··~i5 SCF 

PERCENT MOISTURE IN STACK GAS 

e"o • noo~ · • v-.c> ·rtv111sTi> • v .. c> 
100. • • •• 5 

B"O • -------------------------- . 54.]]i! • •.15 

MOLE FRACTION OF DRY STACK GAS 

FMO s (lOO. • BMOJ I 100. 

FMD • ••••••••••••••••••••••• • .a5• 
100. 

MD • (PC02 • .44) + (P02 • .32) + (PN2 + PCO) • .i!B 

MD • ( 4.50•441100) + (t0.5•3Zll00) + ((85.0+ .o) • 281100 = 

MOLECULAR MEIGHT OF STACK GAS 

MMS • MD • Cl. • lBM0/100)) + 18. • (BM0/100) 



STACK GAS VELOCITY AT STACK CONDITIONS 

DELP • SUM. OF THE SQRT(VH * (TS + 460.)) 

VS • 85.49 * CP * DELP I (SQRT(MWS * PS) * PNTS) 

17.92 FPS 

STACK GAS VOLUMETRIC FLOW AT STACK CONDITIONS 

QS • VS * AS * 5600/144 

QS • 

STACK GAS VOLUMETRIC FLOW AT STANOARD CONDITIONS 

~SSTO • 17.6•7 • ~$ * ~~ ~ tt~ ~ lBWOillOf) I (TS + 460.) 

17.647 • 
QSSTD • ··--·-·•••••••••••••••••••••••••••••••••••••••••••• : 1520006. SCFH 

( 510 •• 1160.) 

~ PERCENT ISOKINETIC 
N 
o ISO • (305.58•(T~+460.JJ•ll0.002669•VLC)+(VM•Y•lPB+lP~ll3.6))1(TM+460.)JlllTT•VS•PS•DN•DN) w . . 

.638/lJ.6))/( 78.•460.)JJ 
ISO • ••••••••••••••••••••••••••••••••••••••••••••••••••••••··-·••••••••••••••••••••••••••••••••••••••• • 107.81 PERCE~T 

lZO. • 

PARtiCUi.ATE LbiiHNG • ._; EPA METHOD 5 -UrJTAt.iOARO CONDITIONS) 

CS • 0.001 * MN * 15.43 I VMSTD 

cs • 0.001 • .o • 15.43 I .OOO GRIDSCF 

PARTICULATE LBS/HR •• EPA METHOD 5 

PMR • CS * QSSTO I ll5.4J * 1153.6) 

PMR • .ooo • 1520006. I (15.43 * 453.6) : .oo 



Run No. 6. 2 

3 Sample volume= l.54m, 54.33 scf 

Example cal cul at ions 

CS (Part} =150.8_/l.54= 97.9 mg/m3 

CS (Part} = 0.001 x 150.8 x 15.43/ 54.33 =0.043 gr/dscf 

CS (S02} =_ /_= mg/m3 

= __ x 24.06/_=_ppm 

= 0. 001 x __ x 15.43/ __ = __ gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf ppm 

Particulate following 
conditioning at: 

150. 8 97.9 0.043 Ambient 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 24.2 15 I 7 0.007 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As H2S04 0.0 0.0 0.0 
As H2S04·2H20 0.0 0.0 0.0 

Sul fur dioxide 

Sulfuric acid mist 
As H2S04 
As H2S04·2H20 

Inorganic condensibles l 09. 7 71.2 0. 031 

Organic condensibles 4.0 2.6 0.001 

TOC (Condensible} 42.3 27.5 0.012 

A-204 . 



~ 
I 

N 
0 
U1 

FIELD DAU 

PLANT 
SAMPLING LOCATJON 

SAMPLE TYPE 
OPERUOR 
AMBIENT TEMP.lOEG.FJ 
BAR.PRESS.(IN.HG) 
STATIC PRESS.(IN.Hi?OJ 
FILTER NUMBER(S) 
STACK INSIDE DIM.llN) 
PITOT TUBE COEFF. 
THERM. NO. 
LEAKAGE 
METER CALIB. FACTOR 
READ & RECORD DATA EVERY 

REPUBLIC STEEL CLEVELAND 
COKE OVEN OUTLET 

6•3•M8•1100 
CLARKE 

75. 
2q.99 
-1.20 
3S310l 

97.SO .oo 
.84 

• 001 CFM i 3.0 IN.HG 
·""2 10.0 MINUTES 

TRAVERSE 
POINT 

NO. 

SAMPLE 
TIME 

(MIN.) 

CLOCK 
TIME 

(i?4•HR 
CLOCK) 

GAS METER 
READING 
CCU.FT.) 

VELOCITY 
HEAD 

(IN.H20) 

ORIFICE PRESSURE 
DIFFERENT I AL 

(IN.H20J 

DESIRED ACTUAL 

SUCK 
TEll'P 

(OEG.FJ 

DATE 
HUN NUlrlSER 

PHUBE LENGTH & TYPE 
NOZZLE : I.D. 

s• GLASS HEATED 
.3q8 

ASSUMED MOISTURE 
SA~PLE BOl NU .. BER 
IM ET ER 80 x NUll'BE R 
ll'ETER HEAD OIFF. 
C FACTOR 
PROBE HEATER SETTING 
HEATER BOX SETTING 
HEFERENCt PRESS. OIFF. 

12.0 

FBI 
1.87 

.88 
1100. 
1100 • 
l.SO 

OHY GAS ll'IETER 
TEMP 

(OEG.F) 

PUfl'P SAfl'PLE 

ll'ILET OUTLET 

VACUUM BOX TEMP 
UN.HG) (OEG.F J 

Ifl'PINGEH 
TE~P 

lDEG.F) 

--------------------------------------------------------------------------------------------------------------------
INfT 

TOTALS 
AVERAGE 

0 
10.0 
zo.o 
10.0 
40.0 
so.o 
60.0 
'70.0 
eo.o 
CJo.o 

100.0 
110.0 
120.0 

120.0 

·- i350 
1400 
1410 
1420 
14.50 
1440 
1400 
1500 
1510 
1520 
1530 
1540 
1550 

Ul.163 
U5.675 .050 • 62 • 62 
6BO.OS5 .oso • 62 .62 
684.101 .oso .62 • (12 
68CJ.OOO .oso • 62 .fl2 
6CJ11.0110 .oso • b2 • b2 
b98.5i?5 .oso • b2 .b2 
703.i?OO .050 • 62 .bi? 
101.b89 .obo • 12 .12 
112.000 .oso • bi? .b2 
1lb.520 .050 • b2 .b2 
120.198 .050 • bi? • bi? 
125.qq2 .obo • 12 • 1 i? 

54.8i?q 
.b4 • 611 

520 • 111 • 10. 2.0 HO. 54. 
so2. 111 • (19. 2.0 35ti. so. 
S23. 16. (18. 

2 ·" 397. Sb. 
S31. 80 • (11. 2.0 1122. ss. 
547. 60. b9. 2.0 310 • Sb • 
537. 81 • 69. 2.0 383. 60. 
553. 81 • b9. 2.0 ]b8. bO. 
'5'53. 82 • 10. 2.0 38b. 5fl. 
523. 82 • 10. 2.0 38b. Sb. 
53S. 82 • 10. 2.0 37q. 54. 
qqq. 82 • 11. 2. 0 388. 54. 
530. 81. 10. i?. 0 1107. 57. 

530. 80 • b9. 2.0 379. 5b. 



:t:" 
I 

IV 
0 °'. 

PARTICULATE FIELD DATA & RESULTS TABULATION 

PLANT• NAME AND ADDRESS 

REPUBLIC STEEL CLEVELAND 

TEST 

TEST DATE 

TB 
TF 

TT 

NP 

y 

ON 

CP 

PM 

VM 

TM 

VMS TO 

VLC 

BWO 

FMO 

PCOi! 

P02 

PCO 

PN2 

MO 

Ml'IS 

COKE OVEN OUTLET 

TIME•START 
TIME•FINISH 

NET TIME OF TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF ORY GAS SAMPLED 
AT METER CONDITIONS 

AVERAGE GAS METER TEMP 

VOLU~t OF 6RY GAS SAMPLED 
AT STANDARD CONDITIONS• 

foT•L ~2~-~0lLtCfEO IN 
IMPINGERS ANO SILICA GEL1ML. 

VOLUME OF l'IATER VAPOR 
AT STANDARD CONDITIONS* 

PERCENT MOUTUltl B'I' VOLUME 

MOLE FRACTION ORY GAS 

PERCENT COi! BY VOL., ORY 

PERCENt Of 9y· ~Ol., ORY 

PERCENT CO BY VOL., DRY 

PERCENT Ni! BY VOL., DRY 

MOLECULAR "T•ORY STACK GAS 

MOLECULAR "T•STACK GAS 

TEST-TEAM LEADER 

CLARKE 

ENGLISH UNITS 

1S!o 
1550 

izo.o 

12 

.84 

74.5 F 

53.737 SCF 

8.25b SCF 

.867 

11.50 

.oo 

85.00 

27.b6 

METRIC UNITS 

1012~/81 

1350 
1550 

120.0 

12 

10.1 

l.553 CU•M 

23.& c 

1 0 522 SC" 

115.4 

13.JC! 

.8b7 

10.su 

.oo 

e5.oo 

27.b& 



PB BAROMETRIC PRESSURE 2CJ.88 IN•HG 7S8.CJ5 fl'M•HG 

PSI STATIC PRES OF STACK GAS -1.20 IN•H20 •30.118 ll'r-•H20 

PS STACK PRES, ABS. 2CJ.7CJ IN•HG 75&.11 fl'M•HG 

TS AVERAGE STACK TEMP '530. F 211. c 
vs AVG STACK -US VELOCITY --it.CJ FPS 5.5 fl'PS 

AS STACK AREA 7•66. sa- n• 11.u 1 sa-"' 

QSSTD STACK FLO• RATE, ORY* 1536'556. SCFH 113511. SC"'H 

QS ACTUAL STiCK FLO• RATE 313ffz1. ACFH CJ115lll. ACflolH 

ISO PERCENT ISOKINETIC 104.CJ 104.CJ 

MN FILTERABLE PART .o .o 
MG. EPA 5 -··-·-··. - -- . 

cs FILTERABLE PART .oooo GR/DSCF• .ooo ll'G/DSClol 

PMR FILTERABLE PART .ooo LB/HR .oo KG/ .. R 
EMISSION RATE 

• 61 DE& ;:, z9~-92 iN~HG. 

~ 
I 

N 
0 
--..J 
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EXAMPLE PARTICULATE CALCULATIONS TEST NO. 6•3 

COKE OVEN OUTLET 

VOLUME OF DRY GAS SAMPLED AT STANDARD CONDITIONS 

VMSTD a (17.&•f e VM • Y • lPB + PM I tJ.~)) I lTM + 460.) 

11.6'7 • 
VMSTO • •••••-•••••••••••••••••••••••••••••••••••••••••••••-• : 

75 •• 460.> 

VOLUME OF •ATER VAPOR AT STANDARD CONDITIONS 

PERCENT MOISTURE IN STACK GAS 

BWO • (ioo •• ViifC) I {VMStO .. v•C> 

100. • e.ze. 
-------------------------- c 

13.lZ PERCENT 
53. 731 + e.z& 

MOLE FRACTION OF DRY STACK GAS 

FMD • (100. • B•O> I 100. 

100~ • H.! . 
FMD • ••••••••••••••••••••••• = .867 

100. 

AVERAGE MOLECULAR iitUGHt OF D~Y STACK GAS 

MD • (PCOZ • ·••> • (POZ •• 3ZJ • (PNZ • PCD) •• ze 

MD a ( o.50•441100) + (l0.5•3ZllOOJ + ((85.0+ .OJ • i81l00 : 

MOLECULAR •EIGHT OF STACK GAS 

M•S • MD • (le • lB•OllOOJJ + 18. • (8•01100) 

M•S • 2~.14• (1. •(13.321100)) + 18. * (13.321100) : 27.66 

53.737 OSCF 



~ 
I 

N 
0 
\0 

STACK GAS VELDCITT AT STACK CONDITIONS 

DELP • SUM. OF THE SORT(VH * (TS + 4bO.jj 

VS • 85.4q * CP * DELP I lSORT(MWS * PS) * PNTSJ 

STACK GAS VOLUMETRIC 'LOW AT STACK CONDITIONS 

gs • VS * AS • 36001144 

gs • i7.88 • 746b. 36001144 • 333T7z1. ACFH 

STACK GAS VOLUMETRIC FLOW AT STANDARD CONDITIONS 

gsSTD • 11,.647 • gs * ·p·s • U~ • lBMDllOOjJ I (TS + 4bO.) 

J3J77Zl. • zq.7q • <t. • (tJ.32/IOOJJ 
DSSTD • ·-·-·-•••••••••••••••••••••••••••••••··-----------· : 

l 530. + 4b0 0 J 

PERCENT ISOKJNETJC 

17.88 FPS 

l 53b55b 0 SCFH 

.6J7/t3.6J)/( 75.+460.))) 
ISO • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• • I00.95 PERCE~T 

120 •• 17 .88 • 

EPA METHOD 5 (AT-~fANOARb CONDITION9J 

CS s 0.001 • MN • 15.43 I VMSTO 

cs • 0.001 • .o • 15.43 I 53. 737 • 0 000 GR/OSCF 

PARTICULATE LBS/HR •• EPA METHOD 5 

PMR • CS • QSSTO I (15.43 • 453.b) 

PMR • .ooo • .oo 



Run No. 6. 3 

3 Sample volume= 1.52 m, 53.74 scf 

Example calculations 

CS (Part)= 34.3/1.52 = 22.6 mg/m3 

CS (Part) = 0.001 x 34.3 x 15.43/ 53.74= 0.010 gr/dscf 

cs (SOz) =1900 /~= 1250 mg/m3 

=1250 x 24.06/~= 470ppm 

= 0.001 x 1900 x 15.43/53.74 = 0.546 gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

Ambient 34.3 22.6 0.010 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As H2S04 2.8 1.8 0.0008 
As HzS04·2H20 3.8 2.5 0.001 

Sulfur dioxide 1900 1250 0.546 

Sulfuric acid mist 
As H2S04 97.6 64.2 0.028 

Inorganic condensibles 

Organic condensibles 

TOC (Condensible} 

A-210 

ppm 

470 

16 
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FIELD DA TA 

PLANT 
SAMPLING LOCATION 

REPUBLIC STEEL CLEVELAl'<IO 
COKE OVEN OUTLET 

SAMPLE TYPE 
OPERATOR 
AMBIENT TEMP~(DEG.FJ 
BAR.PRESS.llN.HG) 
STATIC PRESSellN.HlO) 
FILTER NUM8ER(S) 
STACK INSIDE DIMellN) 
PITOT TUBE COEFF. 
THERM. NO. . 
LEAKAGE 
METER CALIBe FACTOR 
READ I RECORD DATA EVERT 

fJ•4•fll5•400 
CLARKE 

15. 
2CJ.88 
•l .•!O 
3530083 

q1.5o .oo 
.84 

• uo CFM i z.o 
l eOlfJ 
10.0 MINUTES 

TRAVERSE 
POINT 

NO. 

SAMPLE 
.. TIME 
lMIN.) 

CLOCK 
TIME 

(24•HR 
CLOCK) 

GAS METER 
READING 
(CU.FT.) 

VELOCITY 
HUb 

lIN.HlO) 

IN.HG 

ORIFICE PRESSURE 
OtFFE~ENTIAL 

(IN.H20) 

DESIRED ACTUAL 

STACK 
TE.-P 

(DEG.F) 

DATE 
RUN l'<IU'4BER 

PROBE LENGTH & TTPE 
NOZZLE I l.D. 

b FT GLASS HEATED 
.3CJ1 

ASSUMEO '401STURE 
SA~PLE BOX NU.,8ER 
.,ETER BOX NU.,9ER 
"ETER HEAD OIFF. 
C FACTOR 
PROBE HEATER SETTING 
HEATER BOX SETTING 
REFERENCE PRESS. DIFF. 

12.0 

FB5 
l.8b 
.88 

400. 
400 • 
1.50 

ORY GAS ll4ETER 
TEfllP 

(DEG.F) 

PU.,P SA.-PLE 

-----------·-l~LE T OUTLET 

VACUUM BOX TEMP 
(IN.HG) (DEG.F) 

lfllPINGEN 
TEMP 

(OEG.F J 

--------------------------------------------------------------------------------------------------------------------
iNiT 

TOTALS 
AVERAGE 

0 
10.0 
20.0 
30.0 
110.0 
50.0 
fJO.O 
10.0 
80.0 
qo.o 

100.0 
110.0 
120.0 -· 

120.0 

1354 88.93? 
14011 4'3.2U! 
14111 4'7.425 
1424 lOt.9i!fJ 
1434 IOfJ.210 
1444 ll0.73fJ 
1454 ii5.42fJ 
1504 ltCJ.fJ60 
15111 1211.111 
1524 128.140 
1534 132.b78 
1544 137.220 

-1554 1112.001 

4fJ.702 

• 050 .fJi! • fJi! 
• 050 • fJi! • fJ2 .. 

.050 • fJi? • 62 

.050 • fJi? • fJi! 
• oso • fJi! .62 
• 050 • fJi! .62 
• 050 • fJ2 .fJ2 
.OfJO .12 • 12 
.oso .b2 .62 
• 050 .b2 .bi! 
• 050 .bi .bi! 
• o&o .n .12 

·"" .b4 

558. 811. 82. 1.0 370 • . .,. 
515. 85 • 82. 1.0 401. 011. 
526. 88. 83. l.O 434. 112. 
541. <JO. 85 • 1.0 11112. 48. 
51CJ. <Ji?. 8b. 1.0 3CJ5 • 52. 
531. CJ4. 88 • 1.0 403. 50. 
55fJ. CJ4. e8 • 1.0 llOfJ. 48. 
5111 • 4'4. 88. l.O 1111. llb. 
524. CJQ. 88. 1.0 34'~. 44. 
535. CJ]. 88. 1.0 3CJO • 42. 
523. 4'2 • 87. 1.0 1101. CIQ • 

5H. <JC! • 81. 1.0 1121. 112. 

532. 91. Bb. 1.0 1101. II&. 



PARTICULATE FIELD DATA & RESULTS TABULATION 

PLANT• NAME AND ADDRESS 

REPUBLIC STEEL CLEVELAND 

TEST 

TEST DAT£ 

TB 
TF 

TT 

NP 

y 

DN 

CP 

PM 

VM 

TM 

VMS TD 

VLC 

VMC 

ho 

FMD 

l'COC? 

POC? 

PCO 

PN2 

MD 

MWS 

COKE OVEPf OUTLET 

TIME•START 
TIME•FINISH 

NET TIME OF TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF DRY 6AS SAMPLED 
AT METER CONDITIONS 

AVER'AGE GAS METER TEMP 

VOLUME OF DRY GAS SAMPLED 
AT STANDARD CONDITIONS• 

TOTAL HZi:r COLLEC.TED IN 
IMPINGERS AND SILICA GELrML. 

VOLUME OF "ATER VAPOR 
AT STANDARD CONDITIONS• 

PERCENTMOISTURt BY VOLUM! 

MOLE FRACTION DRY GAS 

PERCENT CDC? BY VOL., DRY 

PERCENT oz BY ·vol..~ DRY 

PERCENT CO BY VOLer DRY 

PERCENT NC? BY VOL., DRY 

MOLECULAR WT•DRY STACK GAS 

MOLECULAR "T•STACK GAS 

TEST. TEAM LEADER 

CLARKE 

ENGLISH UNITS 

l0/2 1J/81 

1354 
1554 

120. 0 

l C? 

1.0lb 

.84 

46.702 CU•FT 

88.!I F 

45.b86 SCF 

8.uq SCF 

.844 

•• so 

.oo 

B!i.OO 

METRIC UNITS 

1012q1e1 

1354 
1554 

120.0 

12 

1.016 

10.1 

.84 

31.4 c 

1.2q4 SCfl' 

.2H SCM 

15.61 

.844 

11.so 

10.50 

.oo 

85.00 



PB BAROMETRIC PRESSURE i!CJ.88 llll•HG 758.CJS '°'M•HG 

PSI SUTIC PRES OF SUCK GAS •i.20 IN•H20 -30.48 "'"'•H20 

PS SUCK PRES, ABS. 2'f.7CJ IN•HG 756. 71 '°'"'•HG 

TS AVERAGE STACK TEMP 532. F 278. c 

vs AVG STAClf GAS VElOCITY . i8.o FPS s.s '1PS 

AS STACK AREA 7•66. so-IN 4.817 SO•M 

QSSTD STACK FLO.• RATE, ORY• 1500.61. SCFH 42503. SC"'H 

GS ACTUAL STACK FLO• RATE 3356748. ACFH Cf'50'53. ACMH 

ISO PERCENT ISOKINETIC 'fl.8 CJl.8 

MN FILTERABLE PART .o .o 
MG. EPA 5 

cs FILTERABLE PART .oooo GR/DSCF• .ooo "'G/DSC'1 

PMR FILTERABLE PART .ooo LB/HR .oo KG/HH 
EMISSION RATE 

* ·.-a DEG F, 2.-.CJ2 !Pt~HG. 

::t:" 
I 

N 
...... 

··-W 



EXAMPLE PARTICULATE CALCULATIONS TEST NO. 6•4 

COKE OVEN OUTLET 

VOLUME OF DRY GAS SAMPLED AT STANOARD CONDITIONS 

VMSTD • (17.647 .• VM • Y • (PB + PM I 13~6)) I (TM + 4&0 0) 

VMSTO • •••-•••••••••••••••••••••••-••••••••••••••••••••••••• : 115 0 b8b DSCF 

VOLUME OF WATER VAPOR AT STANDARD CONDITIONS 

VMC • e04707 * VLC 

VMC •• ~4707 • iio. • . ~.4~ stF 

PERCENT MOISTURE IN STACK GAS 

8~~ ~ t100. • V~fJ I (VMST6 + VWC) 

awo • 
-------------------------- c 

15 061 PERCENT 

MOLE FRACTION D, ORY STACK GAS 

FMO • (too. - BWO) I 100. 

FMD • ••••••••••••••••••••••• • .844 
100. 

MD c ~PC02 * 0 44) + (P02 * .32) + (PN2 + PCO) * .28 

MD • l 4e50•44/100) + (10.5•32/100) + ((85.0+ .O) * 28/100 • 

MOLECULAR WEIGHT OF STACK GAS 

MWS a MD • (le • (8W0/100)) + 180 • (BW0/100) 

27.40 



STACK GAS VELOCITY AT STACK CONOITIONS 

DELP • SUM. OF THE SQRT(VH • (TS + 460.)j 

VS • 85 0 49 • CP • DELP I lSORT(MWS • PS) * PNTSJ 

vs • 85.49 • .84 • 

STACK GAS VOLUMETRIC FLO" AT STACK CONDITIONS 

QS • VS * AS • 36001144 

QS • 

STACK GAS VOLUMETRIC FLO" AT STANDARD CONDITIONS 

ossto • st .647 •-iis • ;;;-···· n ~--;;. tewo;non / tts + 4tio. > 

3356748 •• 29.79 • (l •• (15.611100)) 
QSSTD : --·-••••••••••••••••••••••••••••••••••••••••••••••• : 

( 53i! •• 4fl0.) 

~ PERCENT ISOKINETIC 
N 

1500CJf>l. SCFH 

~ ISO• (305 0 58•CTS+460 0 ))•((0.002669•VLC)+(VM•T•lP8+(PMll3.&J)/(TM+460.)))l(TT•VS•PS•DN•DN) 

.637113.6))/( 89.•460.JJJ 
.ISO • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• • ~l.80 PENCENT 

120 •• 

PARfiCULATE LOAiflN~ -~· EPA METHOD 5 cu--STANOARb "CONOITtONS) 

CS • 0 0 001 • MN * 15.43 I VMSTD 

cs • 0.001 • .o • 15.43 I 45.686 • .OOO GR/DSCF 

PARTICULATE LBS/HR •• EPA METHOD 5 

PMR • CS • OSSTD I (15.43 • 453.fl) 

PMR Iii .ooo • .oo 



Run No. 6.4 
3 Sample volume= 1.29 m ,45.69 scf 

Example calculations 

CS (Part) =-1§.:.9/1.29 = 20.8 mg/m3 

CS (Part) = 0.001 x26.9 x 15.43/45.69 = 0.009 gr/dscf 

cs (so2) =- / __ = mg/m3 

=-- x 24.06/_=_ppm 

= 0.001 x __ x 15.43/ __ = __ gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

26.9 Pmbient 20.8 0.009 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As H2S04 0.0 0.0 0.0 
As H2S04·2H20 0.0 0.0 0.0 

Sul fur dioxide 

Sulfuric acid mist 
As H2S04 
As H2S04·2H20 

Inorganic condensibles 118. 3 91. 7 0.040 

Organic condensibles 5.9 4.6 0.002 

TOC (Condensible) 154. 0 119.4 0.052 

A-216 

ppm 



):I 
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FIELD DATA 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT TEMP.lDE&.FJ 
BAR.PRESS.(IN.HGJ 
STATIC PRESS.lIN.HiOJ 
FILTER NUMBERlS) 
STACK INSIDE DIM.lINJ 
PITOT TUBE COEFF •. 
THERM. NO •.. 
LEAKAGE 
METER CALIB. FACTOR 
READ & RECORD DATA EVERT 

REPUBLIC STEEL CLEVELAND 
COKE STACK 

METHOD 5•250 
DO•MP 

fJ I • 
i!CJ.88 

.oo 

CJ1.50 .oo 
• 84 

.Ot6 CFM i 10.0 IN.HG 
1.033 
10.0 MINUTES 

TRAVERSE 
POINT 

NO. 

SAMPLE 
TIME 

lMIN.J 

CLOCK 
TIME 

(i4•HR 
CLOCKJ 

&AS METER 
READING 
lCU.FT.J 

VELOCITY 
HEAD 

llN 0 HZOJ 

ORIFICE PRESSURE 
DIFFERENT JAL 

(IN.H20) 

DESIRED ACTUAL 

STACK 
TE~P 

(OEG.F) 

DATE 
RUN NU.-BER 

PROBE LENGTH & TYPE 
~UZZLE I 1.0. 
ASSUMED MOISTURE 
SAMPLE BOX NU~8ER 
~ETER BOX NUM0~R 
~ETER HEAD DIFF. 
C FACTOR 
PROBE HEATER SETTING 
HEATER BOX SETTING 
REFERENCE PRESS. OIFF. 

l0/i!'U6l 
&•5 

&• GLASS 
•. H4 

11.0 

F84 
l.88 
• qz 

250 • 
250. 

• t 8 

ORY GAS METER 
TEMP 

lDEGeFJ 

PU~P SAMPLE I IMP INGER 
TEMP 

lDEG.FJ 

-------------l~LET OUTLET 

VACUUM BOX TEMP 
(IN.MG) lOEG.F) 

--------------------------------------------------------------------------------------------------------------------
INiT 0 i]5J- ctii9.6CJ1 

10.0 1403 CJ14.440 .010 .1i • 12 520. 64 • 64. 8.4 2i5. 45. 
20.0 1413 CJICJ.130 .010 .12 • 12 520. &5. &4 • 8.7 253. 44. 
10.0 1423 CJi!l.810 .010 • 1 i! .12 520. fJ 1. &3. 8.7 249. 4 Cl. 

oo.o 1433 CJi!8.440 .010 .12 .12 520. &CJ. &4. 8.7 2111. 45. 
50.0 1443 933.t&O .010 .12 • 12 520. 10 • &5. 8.6 zoo. 04. 
60.0 1453 CJ37.8&0 .010 .12 • 12 520. 11 • 65. 8.7 245. 45. 
10.0 1503 CJ42.550 .010 • 1 i! .12 520. 12. &&. 8.7 248. 111. 
80.0 1513 CJQ1 .2110 .010 .12 • 12 520. 12. 6& • 8.7 251. os. 
CJo.o 15i3 951.CJlO .010 .12 • 12 520. 12. && • 8.1 251. 40. 

100.0 1533 95&.fJIO .010 • 1 i! • 1 i! 520. 12. 61. e.1 251. oo • 
110.0 1543 CJfJl.300 .010 .12 • 1 i! 520. 1 i!. fJ 1. 6.1 201. 110. 
tzo.o ··-··1553 965.CJ9& .010 • 1 i! .12 520 • 12. 67. e.8 246. 43. 

TOTALS tzo.o 5t..Z9CJ 
AVERAGE .12 • 12 520 • 10. 65. 8.7 206. ""· 

- " -----·· -· 



PARTICULATE FIELD DATA & RESULTS TABULATION 

PLANT• NAME AND ADDRESS TEST TEAM LEADER 

REPUBLIC STEEL CLEVELAND OO•MP 

TEST 

TEST DATE 

TB 
TF 

TT 

NP 

y 

DN 

CP 

PM 

VM 

TM 

VMS TD 

VLC 

vwc 

BWO 

FMO 

PC02 

P02 

PCO 

PN2 

MO 

MWS 

COKE SUCK 

ENGLISH UNITS 

TIME~START 
TIME•FINISH 

NET TIME OF TEST, MINe 

lJ!S 
1553 

l 2 

l.033 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

• .574 JN 

.84 

VOLUME OF ORY GAS SAMPLED 
AT METER CONDITIONS 

5&.2CJCJ cu-FT 

AVERAGE GAS METER TEMP F 

VOLUME OF DRY GAS SAMPLED 58.228 SCF 
AT STANDARD CONDITIONS• 

TOTAL H20 CbL(ECtto IN ~13.e 
IMPINGERS ANO SILICA GEL,ML. 

VOLUME OF WATER VAPOR 10.0&4 SCF 
AT STANDARD CONDITIONS• 

PERe~NT MbtStO~E BY VOLUME --l •• 14 

MOLE FRACTION ORY GAS .853 

PERCENT COi! BY VOL., DRY 4.50 

PERCENT 02 8Y VOL., DAY to.so 

PERCENT CO BY VOL., ORY .oo 

PERCENT NZ BY VOL., ORY es.oo 

MOLECULAR WT•STACK GAS 21.so 

METRIC UNITS 

10/i!CJ/81 

1353 
1553 

120.0 

12 

t.5CJ4 CU•M 

c 

1 .649 SCI" 

213.8 

.285 SCI" 

.853 

ca.so 

10.so 

.oo 

85.00 

21.so 

• 



PB BAROMETRIC PRESSURE 29.88 JN-HG 758.95 ,..,__HG 

PSI SUTIC PRES OF SUCK GAS .oo IN-H20 .oo lolM-HcO 

PS STACK PRES, ABS. 29.88 JN•HG 758.95 fllM•HG 

TS AVERAGE STACK TEMP 520. F 271. c 

vs AVG STACK GAS VELOCITY ·· i!o. 1 FPS tt.3 fllPS 

AS STACK AREA 7466. SQ•IN 4.817 SQ•M 

QSSTO STACK FLO" RATE, ORY* 1776813. SCFH 50314. sc..-H 

QS ACTUAL STACK FLOW RATE 3873037. ACFH 109b73. AC"'H 

ISO PERCENT ISOKINETIC l ll .4 111. 4 

MN FILTERABLE PART .o .o 
MG. EPA 5 

cs FILTERABLE PART .oooo GR/OSCF• .ooo lllGIOSC"' 

PMR FILTERABLE PART .ooo LB/HH .oo KG/HR 
EMISSION RATE 

* ft8 DES F, z9~cjz JN.HG. 

:x:i 
I 

N 
I-' 
\0 



EXAMPLE PARTICULATE CALCULATIONS TEST NO. 6•5 

COKE SUCK 

VOLUME OF DRY GAS SAMPLED AT STANDARD CONDITIONS 

VMSTD • (i7~647 9 VM • Y • lPB + PM I j].6)) I CTM + 460.) 

YMSTO • ••••••••••••••••••••••••••••••••••••••••••••-•••••••• : 

VOLUME OF "ATER VAPOR AT STANDARD CONDITIONS 

VWC • .04707 • VLC 

v"c • .ooot • zi4. -. --10.ofi scF 

PERCENT MOISTURE IN STACK GAS 

awo·•- uoo. ·- v"c> / tvMsTD • v-..cj · · 
::i:oo 100. • 10.06 
I 8"0 a •••••••••••••••••••••••••• s i4 0 74 PERCENT 
~ sa.22a • 10.06 

.0 

MOLE FRACTION 0' DRY STACK GAS 

FMO • (too. - BWO) I too. 
too;·; T4;7-

FMD • ••••••••••••••••••••••• a .853 
100. 

MD • (PC02 •• 44) • (POZ •• 32) • (PN2 • PCOJ •• 2a 

MO • ( 4e50•44/t00) + (t0.5•32/tOO) + ((85.0+ .oJ • 28/tOO : 

MOLECULAR "EIGHT OF STACK GAS 

MWS • MD • (1 0 • (8"0/100)) + tBo • (BWO/tOOJ 

27.50 

58 0 228 DSCF 



STACK GAS VELOCITY AT STACK CONDITIONS 

DELP • SUM. OF THE SQRT(VH * lTS • 460.jj. 

VS • 85.49 * CP • DELP I (SQRT(MWS • PS) * PNTS} 

STACK GAS VOLUMETRIC FLOW AT STACK CONDITIONS 

US • VS • AS • 3600/144 

us • 20.15 • 7466. 3600/144 • 387:Son. ACFH 

STACK ;AS VOLUMETRIC FLOW AT STANDARD CONDITIONS 

ussTD.• i?.647 • us-. fi~f • t1~ ; cawo1100)) / ns • 460.> 

3873037. • Z9.88 • (I. • (14.14/lOOJJ 
Q9STD • ••••••••••••••••••••••••••••••••••••••••••••••••••• a 

( 520 •• 460.) 

PERCENT ISOKINETIC 

Z0.75 FPS 

1176813. SCFH 

ISO• (305.58•(TS+460.J)•l(0.002669•VLCJ+(VM•Y•(P8•(PM/13.6))/(TM+460.)J)/(TT•VS•PS•DN•ON) 

.720713.6))/( 68.•460.))) 
ISO a•••••••-••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• z 111.37 PEACE~T 

lZOe • Z0.75 • 29.88 • .374 • .374 

PARTiCULATE LOADING •·.EPA METHOD 5 Ot STANDARD CONDiflONSJ 

CS • 0 0 001 • MN • 15.43 I VMSTD 

cs :I 0.001 • 58.2Z8 • .OOO GA/DSCF 

PARTICULATE LBS/HR •• EPA METHOD 5 

PMR • CS • QSSTD I (15.43 • 453.6) 

PMR • .ooo • . - 1116813. I (1~.43 • -li53.6J • .oo 



Run No. 6. 5 
3 Sample volume= 1.65 m ,58.23 scf 

Example calculations 

CS (Part) =195.Z/l.65 = 118.6 mg/m3 

CS (Part) = 0.001 xl95.7 x 15.43/58.23 = 0.052 gr/dscf 

CS (S02) =_ /_= mg/m3 

=- x 24.06/_=_ppm 

= 0.001 x __ x 15.43/ __ = __ gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf ppm 

Particulate following 
conditioning at: 

195. 7 118. 6 Pmbient 0.052 
2-h at 350°F 42.3 25.6 0. an 
4-h at 350°F 37.6 22.8 a. 01 a 
2-h at 4aQ°F 33.2 2a. l o.aa9 
4-h at 4aa°F 3a.3 18.4 a.aa8 
2-h at 6QQ°F 25.8 15. 6 a.aa7 

Acid sulfates 
As H2S04 0.0 0.0 0.0 
As H2S04·2H20 a.o a.a a.a 

Sul fur dioxide 

Sulfuric acid mist 
As H2S04 
As H2S04·2H20 

Inorganic condensibles 2a.o 12. 1 o.oas 1 

Organic condensibles 6.4 3.9 a.aa2 

TOC (Condensible) 15. 2 9.2 a.aa4 

A-222 . 



'/ 
FIELD DATA 

PLANT 
SAMPLING LOCATION ; 

SAMPLE Tl'Pf 
OPERATOR 
AMBIENT TfM,.lDE&.,J 
IAR.PRESS.llN~HG) . 
STATIC PR£SSellN.H20) 
FILTER NUMBER(SJ 
STACK INSIDE DIM.<IN) 
PITOT TUB! COE,F.· . 
THERM. NO. 
LEA KAH 
M!TER CALlle FACTOR 
READ I RECORD DATA EVERY 

REPUBLIC ITEEL CLEVELAND 
COKE STACK 

METHOD 1•600 
00/MP 

61. 
1•.1a 
•l.20 
553020'9 

•1.50 .oo. 
••• 

eOOO CFM I 1.0 IN.HI 
.•11 

10.0 MINUfU 

TRUE ASE 
POINT 

NOe 

SAMPL! CLOCIC 
TIME TIME 

lMINeJ l24•HR 
CLOCK) 

HS METER 
READING 
lCUeFT.J 

YEl.OCITY 
HUD 

(INeHZOJ 

OAIFIC! PAEllUAE 
DIFFERENT UL 

(IN.H20) 

····-------·-··-DESIRED ACTUAL 

STACK 
TE"1P 

(DEG.Fl 

DATE 
RUN NUMIER 

PROIE LENGTH I TYPE 
NOZZLE I J.D. 
ASSUMED "101STUAE 
SAMPLE IOX NUM8EM 
~ETER IOX NUMBER 
"1ETER HUD OIFF • 
C FACTOR 
PROBE HEATER SETTING 
HEATER BOX SETTING 
REFERENCE PRESS. DIF'• 

4 • QUARTZ 
.6l0 

11.0 

, .. 
1.0 

·'' 250. 
250. 
.oz 

ORY US METER 
TEMP 

lDEGeP) 

PUJitP Ufli!PLE JM PINGER 
TEMP 

lDU.FJ 
VACUUM IDX U:MP 
UN.HG) lDEGeFJ 

---·---·-·-·-INLET OUTLET 

--------·---···-·······--------------------------------------------·------------------------------------------------··-·-·---- - hit _______ -· o· -· -- n!I , ••• us 
ao.o UH J••.•zo .010 .9.n • T5 ·920. ••• .• o • .J •• 586 • ;31. 

~ zo.o UlZ 513.680 .010 .s .. n .75 ·520. 61. 60. .]. 1 582. .J •• 
I Jo.o 1422 J18.J70 • 010 5.32 • 75 ·520 • 65. 60 • 1.1 5He ·1•. N 

N •o.o 1432 JIJ.O!O .010 5.JZ • 75 ·520. 61. 61 • .J.4' 5•2. •o. 
w 5o.o 1442 387.180 .010 5 .. JZ .75 ·520. 10. 62. •.o ·5•5. ·JI. - ---- --- •o.o i•5i 3•Z.500 ··- • 010 ·5.:U ·'' . szo. 11 • .• J • •.1 513 • :111. 

10.0 l5U 34J7 .ZJO .010 5.H .75 szo. 11. • s. ••• 514 • ·•O. 
10.0 1511 •01.•60 .010 . s.u ·'' . szo • rs. • •• •.1 , ... ·•O. 
4'0.0 l5ll •o•.•9o • 010 '·" .15 szo. 73. 65. •.a 587 e ·.11 • 

aoo.o 1532 •11.•20 • 010 s.u • f5 ·520 • n. ''· ••• 601. ·JI. 
110.0 l54l •t•.no • 010 5.H • 75 ·520. n. 65. 5.1 ·5••· .Ja • 
uo.o 1552 

- -
•20.11•s • 010 9.32 ·'' ·920 • 73. -65. '·' 600. •o. 

TOTALS 120.0 56.702 
AVERAGE !.32 .n ·!20. 10. 6J. .. , 51&. :Ja • 



PARTICULATE 'JELD DATA I RESULTS TABULATION 

::t>i 
I 

PLANT• NAME AND ADDRESS 

REPUBLIC STEEL CLEVELAN~ 

TEST 6•6 COKE STACK 

TEsT DATE 

------·--TB 
TF 

TT 

NP 

y 

bN 

CP. 

PM 

.. flfllE•&fAAT 
TIME•FJNISH 

NET TIMt 0, tEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COE,,ICIENT 

AVERAGE ORJ,ICt PRESSURE 
DROP 

IV VM 
IV 

VOLUME 0, ORY GAS SAMPLED 
AT METER CONDITIONS 

-~. 

TM 

VMS TD 

FMD 

Pt OZ 

... POZ 

PCO 

AVERAGE GAS METER TEMP 

VOLUME OF ORY GAS SAMPLED 
AT STANDARD CONDITIONS• 

TOTAL HiO COLLECTED JN 
JMPJNGERS ANO SILICA GEL1MLe 

YDLUMt 0, WATER VAPOR 
AT STANDARD CONDITIONS• 

MOLE 'RACTJON DRY GAS 

PERCENT COZ BY VOLet DRY 

,!RC!Nt di IT VOL., DRY 

PERCENT CO IY VOLet ORY 

PERCENT N2 BY YOL., ORY 

MOLECULAR RT•ORY STACK GAi 

MOLECULAR WT•STACK GAS 

TUT TUM L!AOU 

DO/MP 

ENILUH UNITS 

1012'/ll 

IHI 
l55Z 

120.0 

u .... 
e610 IN 

• •• 
e1'5 JN•H20 

66.2 , 

Hl.T 

.oo 
n.oo 

21.51 

METRIC UNITS 

1012'181 

1352 
U5l 

120.0 

u 

15. 1 MM 

••• 

t.'51] SCM 

.26' SCM 

lt.'!12 

•.'50 

l0.50 

.oo 
n.oo 
H.14 

l?. 5Z 



PB BAROMETRIC PRESSURE 1•.e• IN•HS 751.•5 MM•HG 

PSI STATIC PRES D' STACIC GAS •1.20 IN•HID •30.41 MM•HlO 

PS STACIC PRES, ABSe n.n IN•Ht9 756. 71 ·MM•HG 

TS AVERAGE STACIC TEMP !IOe , 211. c 
·vs AV& STACK CAS VELOCITY 10.e FPS 6.3 'MPS 

AS STACK ARU 7•66e SO•IN •.en IQ•M 

QSSTD STACK FLOM RATE, DRU 1171'9J. SC'H 503'6. SCMH 

OS ACTUAL STACK FLOM RATE i8110!0. AC,14 l0.716. ACli!H 

ISO PERCENT ISOKINETIC ., ... le.• 

MN FIL TERAILE PART .o .o 
MSe EPA 5 

cs FILTERAILE PART .oooo GRIOSCF• .ooo '419/DSCM 

PMR FILTERABLE PART .ooo LI/HR .oo Ko/HR 
EMISSION RATE 

* •• i>E'i ,, . ·i9.9' tit~~HGe 

::t::" 
I 

N 
N 

'l.Tl 



> 
I 

N 
N 
·O'\·· ---

EXAMPLE PARTICULATE CALCULATIONS TEST NOe 6•6 

COKE STACK 

VOLUME OF ORY &AS SAMPLED AT STANDARD CONDITIONS 

VMSTD • (11.647 • VM * Y • (P9 + PM I tS.6)) I (TM • •60.) 

VMSTD • ----------------------·----------·------------------- . 
VOLUME OF MATER VAPOR AT STANDARD CONDITIONS 

VWC • e04707 • VLC 

PERCENT MOISTURE IN STACK $AS 

. 8"0 i -uoo •.• v..-cr1 CVMITO • YWC) 

IOO. • 9e49 
BWO 8 ••••••••••••••••••••••••••:a l•.51 PERCENT 

MOLE FRACTION OF DRY STACK GAS 

FMO • (IOOe • BWO) I 100. 

-- -. -· uo •• ·-1•.! 
FMD • ••••••••••••••••••••••• e el5! 

aoo. 

·55.903 OSCF 

- .. AV£RAGt MOLtCuu11· wEHHT OF DllY STACK cu·-
MO • lPC02 • .•4) + (POI • .JI) + lPN2 + PCOJ • .II 

MO • l e.50•44/100) + (I0.5•JZ/l00) + ((15.0+ .OJ * 28/100 • 29.le 

MOLECULAR "EllHT OF STACK &AS 

MWS • MD • lie • (IW0/100)) + lie • lBM0/100) 

MWS Ii H.U• u. •ue.52/lOOJ> • u. • cu.!21100> ,. 21.52 



::i:.i 
I 

N 
N 
-i 

STACK GAS VELOCITY AT STACK CONDITIONS 

DELP • SUMe Of THE SDRT(VH • (TS + •60.)) - -

VS • 85.•9 • CP • DELP I (SQAT(MMS • PS) • PNTI) 

vs • 95.•9 • .e• • 99.J90 I (SQRT( .11.52 • 2•.T•> • 11. • 20.11 FPS 

STACK &AS VOLUMETRIC 'LOM AT STACK :CONDITIONI 

QS • va • AS • ]60011•• 

gs • ·· io~tt • 7•••· 1~0011•• • 

STACK 8AS VOLUMETRIC 'LOW AT STANDARD CONDITIONS 

- OS STD -.- -if ~641 • H • PS- i -u-~- 9· (IMOl l HJ> I (TS • •60 • J 

JIT7050e • 29eT9 • Cit • (14e51/IOO)J 
QSSTD • ·--·-----·-----····-···--··--·-··-·-····--··------· . ( 520. + •60.) 

PERCENT ISOKINETIC 

ISO • (J05e51•(TS+460.J)•~(0.002669•VLCJ+(VM•Y•(Pl+(PM/IJ.6J)l(TM+460.)))/(TT•VS•PS•DN•ON) 

- (105.51•( 520.••60.))•((0.00166•~. zoz.>•< !6.711• ·••Z•( ''·•••< .TSO/IJ.6))/( 66.•••o.JJJ 
ISO a ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• a JI.II PERCENT 

uo •• 

.. PARTU:tJLAft LOADINO ••-!PA METHOD 5 UT ITANDAllD CONDITIONS> 

CS • OeOOI • MN • 15.eJ I VMSTD 

cs • 0.001 • .o • 15.•J I .ooo CR/DSC' 

PARTICULATE LIS/HR •• EPA METHOD 5 

PMR • CS • QSSTD I ll5e4J • •53.6) 

PMR Ii .ooo • .oo 



Run No. 6. 6 

Sample volume =l.58 m3, 55.90 scf 

Example calculations 

CS (Part) = 30.9JI~=19.6 mg/m3 

CS (Part) = 0.001 x30.9 x 15.43/ 55.90 = 0.008 gr/dscf 

CS ( so2) = 2010 / -1.filL = 1272 mg/m3 

= 1272 x 24. 06/..QL = 478 ppm 

= 0.001 x2010 x 15.43/55.90 = 0.555 gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

30.9 Ambient 19.6 0.008 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As H2S04 0.0 0.0 0.0 
As H2S04·2H20 0.0 0.0 0.0 

Sulfur dioxide 2010 1272 0.555 

Sulfuric acid mist 
As HzS04 115 72.8 0.032 

Inorganic condensibles 

Organic condensibles 

TOC (Condensible) 

A-228 

I 

ppm 

478 

18 



~ 
I 

N 
N 
\0 

PLANT 

FIELD DATA 

REPUBLIC STEEL CLEVELAND 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AM~IENT TEMPelDEC.,J 
BARePREIS.llN~HQ) 
STATIC PRESSelIN~H20) 
FILTER NUMBER(SJ 
STACK INSIDE DIMellNJ 
PITOT TUBE COEFFe. 
THERM. NO. 
LEAKAGE 
METER CALlle FACTOR 
READ I RECORD DATA EVERY 

NO.I .COKE BATTERY OUTLET 

PART/HHO•ISOZ 
BRU,,EY , .. 
'.29.91 
-1.20 
]53000 

91.50 .oo 
• 111 

eOIO CFM I 5.0 IN.HI 
1.on 
to.o MINUTU 

TRAYHSE 
POINT 

NO. 

SAMPLE 
TIME 

(MIN.) 

CLOCK &AS METER 
TIM(-- .. RUDIN& 

VELOCITY 
ttUO 

UNeHlO) 

ORIPICE PRESSURE 
OIFFU!NTUL 

(IN.HZO) (24•HR (CU.FTe) 
.CLOCK) -····-·········· DU IRED ACTUAL. 

STACK 
T[fl!P 

(OEG.'1 

DATE 
RUN NUMB£R 

PROBE LENCTH I TYPE 
NOZZLE I l.D. 
ASSUMED ~OllTUAE 
SAMPLE IOX NUMBER 
~ETER IOX NUMBER 
114ETER HUD OIFF. 
C FACTOR 
PROBE HEATER SETTING 
HEATER BOX SETTING 
REFERENCE PRESS. DIFF. 

l0/]0111 
1-1 

· 6" HEATED 
.n1 

u.o 
g 

'H 
l.16 .1. 
250 • 
250. 
.I! 

GLASS 

DRY GAi METER 
TEMP 

lDEGeF) 

PU114P IA114PLE tMPING!R 
TEMP 

lDEC.FJ 
·--·---·-···· INLET OUTLET 

VACUUM IOX TEMP 
UN.HG) lDECeFJ 

----·------·--·--······------------·----······--·--·-·--·-·-··-·-·····------------------------------------------·--· 
. --- -· iNIT 0 uo- •H.550 t 

ao.o 9'0 99J.130 .• 060 .1J • 7J ·!IU. ''· ., .. l.5 2110 • ••• 20.0 950 991.590 .060 •n • 7J 5J6 • 56. ·5•. l.5 2111. ••• 
10.0 1000 J.600 .060 • 73 • 11 -550 • 60 • 54. l.5 l!2. ••• •o.o IOIO 9.050 .010 .11 .11 503. 63. -55. 2.0 25•. •••• 
so.o lOZO u.uo .oso •• 2 • 61 ·51•. 66. .57 • 2.5 258. 111 • 
60.0 1030 U.350 .050 .6Z •• z ·5•0. 67. . ., .. z.5 2!7. 49. 
10.0 1040 23.140 .010 .11 • 11 523 • ••• 60. 2.5 254 • 96. 
eo.o 1050 21.590 .050 e62 •• 2 ,.,. 70. ·61. ·2.5 256. ·59. 
•o.o 1100 33.300 .oso •• 1 • 62 562 • 10. 62. ·z.5 249. 60. 

100.0 lllO 39.llO .010 l.oo l.oo 505. 10. 6J. .J.o 2••· .51. 
110.0 1120 43.120 .• oso .. , • 62 516 • 11. •l. .J.5 a!i. ·!5. 

---·-·-··-- ----. --· . 120.0 -- I 130 - •e.•9• .oso • 62 .•2 5i!1. 11 • ......•. . J.5 255 • .53. 

TOTALS uo.o 59.949 
AVERAGE .12 • u -5!0. 66 • . , .. 2.11 l!Z • 52. 

··-------·-·· 



PARTICULATE 'IELD DATA & REIULTS TABULATION 

PLANT• NAM! AND ADORESS 

REPUBLIC STEEL CLEVELAND 

TEST TUM LUDU 

BRUFFEY 

TEST NO.I COKE BATTERY OUTLET 

:t:" 

TEST DATE 

---------TB 
TF 

TT 

NP 

y 

DN 

CP 

PM 

I VM 
N 

.w 
0 

TM 

VMS TO 

·VWC 

ihfiJ 

'MD 

PCOZ 

POZ 

PCO 

Pl"IZ 

MD 

MWS 

TIMt•iTART 
TIME•'INISH 

NET TIME OF TEST, MIN. 

NET SAM,LINI 'OINTS 

METER CALIBRATION FACTOR 

SAMPLJNI NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAIE ORJ,JCE PRESSURE 
DROP 

VOLUME OF ORY IAS SAMPLED 
AT METER CONDITIONS 

AVERA&£ IAS METER TEM, 

VOLUME OF ORY IAS SAMPLED 
AT STANDARD CDNOITJONS• 

TOTAL H20 COLLtCf!O IN 
JMPIN&ERS ANO SILICA 6EL1MLe 

VOLUME OF WATER VAPOR 
AT STANDARD CONDITIONS• 

PERCtN't MOUtu•t IY VOLUME 

MOLE ,RACTJON DRY IAS 

PERCENT COZ BY VOL., DRY 

. PERCENT 02 IT VOL., DRY 

PERCENT CO IY VOL., DRY 

PERCENT NZ IY VOL., DRY 

MOLECULA• WT•DRY STACK &AS 

MOLECULAR WT•STACK GAS 

ENILISH UNITS 

10/.J0/81 

HO 
IUO 

uo.o 

1,oOJ 
,ne JN 

'"·' 

u.n 
.en 

•.oo 
u.oo 

' .oo 
n.oo 
·n.oe 
21.n 

METRIC UNITS 

10/JO/U 

00 
USO 

uo.o 

Ii 

1.oos 
IO.I .... .... 
1.6•1 CU•M 

.... c 
1.72! SCM 

11.n 

.en 
11.00 

11.00 

.oo 
H.oo 
HeOI 

11.n 



PB BAROMETRIC PRESSURE l•.•2 JN•MG 15•.n MM•HG 

PSI STATIC PA!S 0, SUCK GAS ·•t .20 IN•MIO •J0.41 "9M•H20 

PS STACK PRU, ABS. H.U JN•M& n1.n MM•MG 

TS AY!RHE STACK TEMP !JO. , zn. c 
vs av& STACK OU VELOCITY u •• 'Pl '·' ·MPS 

AS STACK AREA UH. ICl•IN •.111 SO•M 

QSSTD STACK 'LOM RAT!, DRY• 165601'. IC,H •• ,2 •. SOH 

QS ACTUAL lt•C~ FLOM R•TE S!'.SHJS. AC'H 1000,.. ACMH 

ISO PERCENT llOKINETIC 111.1 l ll. 1 

MN 'ILTERAILE PART .o .o 
M&. EPA 5 

cs 'ILT!RABLE PART .oooo HIDSCF• .ooo M&IDSC"' 

PMR FJLTUUBL£ PART .ooo LllHR .oo KGIHR 
EMUS JON RUE 

. . ... . H DH,, . . H~tl IH~MC. 

):I 
I 

N 
GJ 
1--' 



:x::i 
I 

EXAMPLE PARTICULATE CALCULATIONS TEST NO. 1•1 

ND.l COKE BATTERY OUTLET 

VOLUME 0, ORT &Al SAMPLED AT STANDARD CONDITIONS 

VMSTO • Ut •• ., .- V-M • ' • (PB • PM I U.6)) I UM • uo.> 

11e641 • S•.•4• • leOOJ • ( Z•.•2 + e121 I lle6J 
VMSTD • ·---·-----------------------------------·--·-·------- . 
VOLUME O' WATER VAPOR AT ·STANDARD CONDITIONS 

VMC • e04101 • VLC 

vwt i -~04101 • 192. • -- •• oc tc' 

PERCENT MOISTURE JN STACK &Al 

·--·--e.o ii ··uoo;-ti VWC) i (VM9rD • VWCJ 

BMO • •••••••••••••••••••••••••• • 12.•S PERCENT 

·N--·--·· 
w 
N MOLE ,RACTJON Of DRY STACK &Al 

FMO • (IOOe • IWOJ I 100. 

100. • --u.• 
FMD • ••••••••••••••••••••••• • .111 

soo. 

-- AvERAGt MOi.!CUi.Alt i!l&HT 0, DRY SUCIC CH 

MD• ~PC02 • .44) + (POI e .• JZJ + (PNZ + PCOJ • .zl 
MD • ( •• 00•44/lOOJ • (ll.O•JZ/100) • ((IS.O• .o> • 21/100 • z•.o• 

MOLECULAR WEIGHT O' STACK &AS 

MMS • MD • Cl. • (IWO/lOOJ) + II. • (BM0/100) 

. MWS Ii i•.oe• u~- •U2.9Jll00J) • 11 •• <12.HllOOJ • 21.65 



:t:" 
I 

N 
w 

.W_ .. 

STACK GAS VELOCITY AT STACK CONDITIONS 

DELP·~ SUM. 0, T~t SQRT~VH • ~TS + 4•0,JJ. 

VS • 115.49 • CP • DlLlt I ~SQRT CM"S • PS) * 'PNTI) 

VS • 115.49 • ,84 *' •O,lli7 I (SQRT( 27.•5 • l•,llJ) • 12. • 

STACK CAS VOLUM!TAIC 'LO" AT STACK CONDITIONS 

OS • VS • AS • 36001144 

OS • .J5116J!S. AC,H 

STACK CAI VOLUMETRIC 'LOM AT STANDARD CONDITIONS 

bsStO. 17,6•7. QS. ps-•-tr; ~ <B•OllOtJJ I (Tl+ ••o.J 
u.•47 • J5J26J5. • 2•.11 • (l. • c11.•11100>> 

OS STD 
. . . . . --------·-··----------·------------------------··-- . c s10. • ••o.> 

PERCENT ISOKINETIC 

U.•3 Fl'S 

163607'. SCFH 

ISO a CJ05e51•(Tl+460,))•~(0.00Z66••YLCJ+(VM•Y•CPl+(PM/lJ.6J)/(TM+460.JJ)l(TT•Vl•Pl~DN•ON) 

(JO!S,!SU( !SJ0,+460.))i((O.OOH6'•-· 192,J+c ·n.••••l.OOJ•( n,'2+( .1111U.6)J/~ u.+460,)JJ 
ISO • •••••~---~•••••••••••~-~-·••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• .• 

110 •• l&.•J • z•.as • .J•e • .1•11 

hRflCUL.Aft LOADINC ·•• EPA METHOD !S UT~IUNDARO CONDITIONIJ 

CS a 0,001 • MN • l5,4J I VMSTO 

cs • 0.001 • 60,•0J .• .ooo CA/DSC' 

PARTICULATE LIS/HR •• EPA METHOD 5 

PMR a CS • QSSTD I (15,43 • 453,6) 

PMlt s· .ooo • .oo 

111, 11 PERCENT 



Run No. 7 · 1 

Sample volume= 1.73 m3, 60.90 scf 

Example calculations 

CS (Part} = 195.8;~3= 113.2mg/m3 

CS (Part} = 0.001 x 195.8 x 15.43/60.90 = 0.050 gr/dscf 

CS (so2} =-- / __ = mg/m3 

= __ x 24.06/_=_ppm 

= 0.001 x __ x 15.43/ __ = __ gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf ppm 
-

Particulate following 
conditioning at: 

Pnlbient 195. 8 113. 2 0.050 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As H2S04 
As H2S04·2H20 

Sul fur dioxide 

Sulfuric acid mist 
As H2S04 
As H2S04·2H20 

Inorganic condensibles 

Organic condensibles 

TOC (Condensible) 

A-234 
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PLANT 

FIELD DATA 

REPUBLIC ITEEL CLEVELAND 
SAMPLIN& LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT TEMPelDE&efJ 
IARePRESS.CIN.HGJ . 
STATIC PRESSellNeHZOJ 
FILTER NUMBER(SJ . 
STACK INSIDE DIM.(IN) 
PITOT TUBE COEFF.· 
THERM. NO. 
LU KAH 
METER CALlle FACTOR 
READ I RECORD DATA EVERY 

NO.l COKE BATTERY OUTLET 

PART 
BRUFFEY 

54. 
2CJ.CJJ 
-1.zo 
3530066 

CJ7.50 .oo 
.14 

.OOO C'M I ••O IN.HG 
l.044 
SO.o MINUTES 

TRAVERSE 
POINT 

NO. 

SAMPLE 
TIME 

CMIN.J 

CLOCIC 
TIME 

(24•HR 
CLOCK) 

&AS METER 
READING 
(CU.FT.> 

VELOCITY 
HUD. 

UN.H20) 

ORIFICE PRESSURE 
DIFFERENT UL 

( IN.HZDJ 

··--·------·--·-DESIRED ACTUAL 

SUCK 
TEMP 

lDH.F) 

DAT! 
RUN NUMBER 

PROBE LENGTH I TYPE 
NOZZLE I l.D. 
ASSUMED MOISTURE 
SAMPLE IOI NUMBER 
~ETER IOI NUlllBER 
. .-nu HUD OlFF. 
C FACTOR 
PROBE HEATER SETTING 
HEATER IOX SETTING 
REFERENCE PRESS. DlFF. 

10/J0/81 
1•2 

5' HEATED GLASS 
~]11 

1z.o 
Q 

''° 1.80 
.• a• 
150. 
a5o. 

.15 

DAY &AS M!TER 
TEMP 

lDEGeF> 

PUMP UlllPU IMPINGER 
TIMP 

lDE&eF) 

-------·-··--lhLET OUTLET 

VACUUM BOX TEMP 
(IN.HG) lDEG.FJ 

·---·-------··········-------···-------------------·------------------------------------·--·------------------------

TOTALS 
AVENAGE 

-·. 0 
n.o 
zo.o 
30.0 
40.0 
50.0 
•o.o 
10.0 
10.0 
•o.o 

100.0 
110.0 . uo.o 

uo.o 

. -
OS 204.BOJ 
90 20•.•10 
'5J zu.uo 

1003 211.HO 
IOU 22J.CJ]0 
1023 228.lCJO 
1033 232.610 
1043 211. no 
1053 242.oao 
ilOJ Z••.450 
1113 251.HO 
1123 Z5fl.250 
1UJ 260.606 

55.103 

.HO •n .1J 

.o•o • 11 .11 
• o•o .7J .1 J 
.010 • 11 ·'' • oso •• 2 •• z 
.O!IO .•• 2 • •2 
.010 .11 .11 
.oso •• 2 .62 
• 050 •• z .62 

.• 010 1.00 1.00 
.050 .tz .62 

·-- ~050 • 62 .62 

• 12 • 12 

928. ''· ., .. 1.5 '"· 42 • 
541. •o. ·51. l.5 z••· .44. 
557 • ••• •o • z.o 2•4• 4•. 
504 • •1. ... ·2.5 2ff2. -45. 
528. 10 • •1. z.5 Z•4. 47. , ... u. . •l • 2.5 zs•. -4•. 
·547. 11. ·64. J.o 251. ;94. 
.us • 13. , ... 2.5 251. ·5•. 
565. 74. ••• -3.0 251 • ..z. 
.501. 14. 67. :s.o 2••· ·SI. .,. .. 7.5. -61. 3.0 251. -55. 
SJJ. 76. ••• ·3.0 258 • .sa. 

531. 10 • 6J. ·2.s 251 • 51. 
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PARTICULATE 'IELD DATA & RESULTS TABULATION 
' 

PLANT• NAME AND ADDRtSS . 

REPUBLIC 9TEEL.CLEVELAND 1 

TUT TUM LEADER 

IRU,,EY 

TEST 

TEST DATE 

-----·-·-TB 
TF 

TT 

NP 

T 

ON 

CP 

PM 

VM 

TM 

VMS TD 

· v1.t 

PCO 

PNZ 

MD 

ND.I COKE IATTERT OUTLET 

fiM!•tfHT. 
TIME•,INUH 

NET TIME OF tlst, •!Ne 

NET SAMPLINI POINTS 
-· - ----·-· ... 

METER CALIBRATION FACTOR 

SAMPLINI NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAIE ORIFICE PRESSURE 
DROP 

VOLUME OF DRY IAS SAMPLED 
AT METER CONDITIONS 

AVERAIE 8AS METER TEMP 

ENliLISH UNITS 

10/JO/ll 

•JJ 
lUJ 

uo.o 
12 

.Jn IN 

••• 

• •• 5 , 

VOLUME 0, DRY GAS SAMPLED !8e5!a SCF 
AT STANDARD CONDITIONS• 

fOtAL- HU c·OLUCTEO IN fll~I 
IMPINIERS AND SILICA GEL1ML. 

VOLUME OF WATIR VAPOR t.5!? SCF 
AT STANDARD CONDITIONS• 

PERCtNt MOlltult! -H VOLUME .. 12. n 

MOLE ,RACTION DRY IAS .171 

PERCEHT COZ BT VOL., DRY 4e00 

PERCENT 02 8Y VOL., ORY ·11.00 

PERCENT CO BY VOL., DRY .oo 
PERCENT NZ BY VOL., ORT 15.00 

MOLECULA• WT•ORY STACK GAS 2•.oa 

MOLECULAR WT•STACK GAS 21.67 

·METRIC UNITS 

lOIJOlll 

HJ 
1133 

120.0 

u 

l.ou 

11.J ... M•HZO 

1.510 CU•M 

It. I C 

1.651 ·ICM 

111.1 

.zu ICM 

u.n 
.112 

•.oo 
11.00 

.oo 

15.00 

H.OI 

21.67 



PB BAROMETRIC PRESSURE 2•.•J IN•HG 160.22 ... M•HG 

. Psi STATiC PR!i 0' STACK GAS -1.20 IN•H20 •J0.48 •"M•H20 

PS STACK PRU, ABS. , ..... IN•HG "'·" .~O••HG 

TS AV!ltAIE STACK TEMP sn. , zeo. c 
-v·s . -- A~8 atACK.iA$ VELOCITY H~O ,,9 5.a ,.,,9 

AS STACK ARU ?•••· ICl•IN 11.111 SO•M 

QSSTO STACK fLO• RATE, DRU 1633313. SCFH ••251. ICMH 

as AtTUAL STACK fLO• RATt 3505•5. ACFH toOJ•J. AC .. H 

ISO PERCENT ISOKINETIC 11'·• ln.• 
MN I' IL T!RAIL! PART .o .o 

Mle EPA 5 

cs · P'IL TfRAILf PART .oooo GRIDSCF• .ooo 'MGIOICll' 

PMR P'IL TERABLE PART .ooo L9/HR .oo IC8/HR 
EMISSION RATE 

·- -- -- -- . •rue,,· 2~~'2 IN.MA • • 
::t:' 
I 

N 
w -- ...., . 



EXAMPLE PARTICULATE CALCULATIONS TEST NOe 7•2 

N0.1 COKE BATTERY OUTLET 

VOLUME O' DRY GAi JAMPLED AT STANDARD CONDITIONS 

.. VMifD i-ll1.6•f-i VM • Y • lPI +PM I IS.6)) I (TM+ 460.) . . 

11.•~1 • ss.103 • 1.0•• • c 1•.•s • .121 / 1J.•> 
VMltD· 8 •••••••••••••••••••••••••••••••~••••••••••••••••••••• • 

l ••• + ••O.> 

VOLUME 0, WATER VAPOR AT STANDARD CONDITIONS 

v"c •• o•T07 • VLC 

· -- ·· vt.t .---~onn • --uz~ • -- 1;!1 st, 

PERCENT MOISTURE IN STACK GAi 

·· ----· e-.c,--•-1uo.-·•-ner / tvMno·+ vwc> 

100. • 1.5• 
~ 8"0 • ••••••••••••••••••••••••••:a lZ.7! PERCENT 
I 51.552 + le56 

N 
. -W---

CX> 

MOLE FRACTION O' DRY STACK GAS 

FMD • llOO. • IMO) I 100. 

FMO • ••••••••••••••••••••••• • el12 
soo. 

---AVEIHIE-MOUCUUR- i!UHT OF DR'I STACK CH. 

MD • ~PC02 • ···~ + lP02 • e32) + (PNI + PCO) • .21 

·'8 • 552 DSCF 

MO • ( 4eOO•••ll00) + (ll.O•JZ/100) + ~(15.0+ .O) • 28/100 ·a 2•.0I 

MOLECULAR WEICHT O' STACK GAS 

M"S • MD • (I. ·• llW0/100)) + 18. • CIW0/100) 

~MS ~ 2•.0I• ll~ •(12.151100)) + lie • llZ.75/IOOJ ·• 27.67 



:x:i 
I 

. tv· 
w 
l.O 

STACK GAS VELOCITY AT STACK CONDITIONS 

DELP 8 SUM •. O, THE SURT(VH • (TS+ 460.)) 

VS • 85.49 • CP • DEL' I ~SURT(MWS • Pl) ~ PNTS) 

VS • 85.49 • .14 • 91.155 I (SQRT( 17.67 • 19.14) • IZe • 

$TACK ·SAS VOLUMETRIC FLOM AT STACK CONDITIONS 

QS • VI • AS • 1600/144 

QS • 

STACK 8AS VOLUMETRIC FLO• AT STANDARD CONDITIONS 

. -QSSTff i H .U? i QI i PS-i·-u ~ • (111110/IHJJ I (Tl ·+ .. o.J 

5541545. • Z9.l4 • Cl.·• (lZ.15/lOOJJ 
QSSTD • ·-···-----------------·-·-------------------------- . ' sn. • 460.> 

PERCENT ISOKINETIC 

lUJ3lJ. SC'H 

ISO • (J05.51•lTS•460.))•(lO.OOl669•VLC)•(VM•Y•CPl+fPM/lJ.6))/(TM+460e)J)/(TT•Vl•Pl•DN•DN) 

· --tso~.s&~r·sst.••~o.>>•<<0.002••••- 112.>•< 55.101•1.0•4•C 1•~•1•c .111111.•1>1~ 66.+46V.>>> 
ISO • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• • llt9•0 ~!RCENT 

uo •• 

····- -~ARTfeULAft ~OAblNI ~~ tPA METHOD 5 (AT ~TlNOARD CONDITJONIJ 

CS • OeOOl • MN • 15e4J I VMSTO 

cs • 0.001 • .o • l5.4J I 

PARTICULATE LIS/HR •• EPA METHOD 5 

PMR • CS • DISTO I ll5e4J • 45Je6J 

51.551 :• .OOO IR/DICF 

PMA 8 -.ooo • 1633313~ I (l!.4J i •!J.6) a .oo 



Run No. z 2 

Sample volume= 1.66 m3,sa 55 scf 

Example calculations 

CS (Part) =113?. l /1.66 = 112.7 mg/m3 

CS (Part)= 0.001x187.lx 15.43/ 58.55: 0.099 gr/dscf 

CS (so2) =-- /_= mg/m3 

= __ x 24.06/_=_ppm 

= 0.001 x __ x 15.43/ __ = __ gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf ppm 

Particulate following 
conditioning at: 

Ambient 187. l 112. 7 0.049 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As H2S04 
As H2S04·2H20 

Sulfur dioxide 

Sulfuric acid mist 
As H2S04 
As H2S04·2H20 

Inorganic condensibles 

Organic condensibles 

TOC (Condensible) 

A-240 



PLANT 

'?ELD DATA 

REPUBLIC ITEEL CLEVELAND 
SAMPLING .LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT TtMJ.lDEC.,) 
BAR.PRESS.llN.H&) . 
STATIC PRESS.llN.H20) 
FILTER NUMBER(&) 
STACK INSIDE OIM.(INJ 
PITOT TUBE COEFF. 

- fHERMe NO. 

COKE OVEN OUTLET 

1•J•Ml•J!O 
CLARKE 

52. 
21.•2 
·•1.20 
JSJOOH 

"'·50 .oo 
••• 

LU KAH 
METER CALlle FACTOR 

.ooo CFM a J.o IN.HI 
·••z READ I RECORO DATA EVERY lO.O MINUTES 

TRAVERSE 
POINf 

NOe 

IAMPLE CLOCK GAi METER 
TIMl . - TIME - READING 

(MINe) (24•HR (CU.FT.) 
CLOCICJ 

VELOCITY 
HUD 

UN.H20) 

ORIFICE PREllURE 
DIFF!RENTIAL 

UN.HZO) 
-··------···-··· DESIR!D ACTUAL 

STACK 
TEll'P 

(DE&.F) 

DAT! 
RUN NUMBER 

PROll LENGTH I TYPE 
NOZZLE I l.D. 
ASSUMED MOISTURE 

·SAMPLE ·BOX ~UMBER 
~ETER IOX ~UMBER 
'METER HEAD DIFFe 
C FACTOR 
PROBE HEATER SETTING 
HEATIR 801 IETJING 
REFERENCE PREii. OIFF. 

IO/J0/11 
l•J 

!FT GLASS HU TlD _,,. 
u.o 
, .. 
1.21 

••• 150. 
no. 
l.50 

ORY IAS METER PUMP IA~PLE IMPINGER 
TtMP 

(DH.F) 
TEMP VACUUM IOX TEMP 

(OEGeFJ (lN~HG) lOE8.F) 
. . ··-·-·-···-·-

INLET OUTLET 

----···--··--·····-·--------------------------·--·------·----------------------·-----------------------·-······-----···-- - ----i"NIT·--- - . o· -- •n --- 7H.Hl 
10.0 940 731.350 .otto .12 .12 ''"· , .. ;9a. ·1.0 JH. ••• 

::i::i 20.0 'f50 73•.J?O .060 .12 .12 ·5J•. 51. ·5Z. a.o JH. ••• 
I 10.0 1000 741.113 .ou .12 • 12 550. •l • .52. 2.0 J26. ••• N 110.0 1010 7••.0i!O • 010 .11 .11 50J • ••• .5z • z.o , ... 

• ••• .i=:. 50.0 lOi!O 750.170 .oso •• 2 •• 2 ·507. '"· ·5•. '.2.0 40J. ·50 • .. ........ 
60.0 ·-· 1030 n1.us · .oso •• 2 •• 2 540. 10. .5 •• z.o :s••· :, .. 
10.0 1040 7'0.025 .010 .11 .11 ·5J6. 12. ,59. ·z.o J1.6. 5•. 
10.0 1050 7••.:SOJ .• oso •• 2 • •a .,.,. 7J • ''"· 2.0 112. ·52. 
90.0 1100 761.•10 .oso •• 2 •• 2 ·5ft2. 74 • •o. 2.0 J1'. sz. 

IOO.O 1110 1111.uo .oao ••• • •• ·505. 7•. ..2. 2.0 JJl. !O. 
uo.o uzo 711.537 .oso •• z •• z ''''· 111 • .• J. . z.o 3J9 • .50. --------·---· -·· 120.0 ·-1uo-· 712.'POJ .oso •• z •• 2 ·521. n. 

• •••• ·z.o ·357 • ;52 • 

TOTALS 1zo.o 55.tU 
AVERAGE .• 72 .72 ·!JO. ••• ;51 • 2.0 351. ;50. 

-- -· ------ ·-- ·-------· - - - -· ------ - -



PARTICULATE FIELD DATA I RESULTS TABULATION 

~ 
I 

PLANT• NAME AND ADDRESi 

REPUBLIC STEEL CLEVELAND 

TEST 

TEST DATI 

-------·· TB 
TF 

TT 

NP 

COKE OVEN OUTLET 

tlMt••URT 
TIME•fJNISH 

NET TiME o; TEST, MlNe 

NET SAMPLIN8 'DINTS 

Y METER CALIIRATION FACTOR 

ON SAMPLING NOltLE OIAMET£A 

_--~fl _________ PITOT_ TUBE_ COEf~_ICIENT 

PM AVERAIE ORIFICE PRESSURE 
DROP 

N VM 
~ 

VOLUME Of DRY 8AS SAMPLED 
AT METER CONDITIONS ---N 

TM AVERA&! 8AS METER TEMP 

VMSTD VOLUME Of DRY &Ai SAMPLED 
AT STANDARD CONDITIONS• 

-- ··v1.c - tt>i'AL HH ·eoLUCfH IN 
IMPJNIERS AND SILICA 8EL1MLe 

v•c VOLUME Of •ATER VAPOR 
AT STANDARD CONDITIONS• 

---ih•o. PERC!NT MOUtUR! IT VOL.UM! 

fMD MOLE FRACTION ORY GAS 

PC02 PERCENT COi IT VOL., DAT 

- - POZ . ---- PEACENt OI tf VOL9; . ORT 

PCO PERCENT CO IT VOL., DAT 

PN2 PERCENT N2 BT VOLe• DRY 

- -MD MOLECULAR "T•ORY STACK IAS 

M~S MOLECULAR •T•STACK SAS 

TUT fUM LUC>U 

CLARKE 

EN8LISH UNITS 

to/J0/81 

HO 
llJO 

120.0 

u 

•J•4 IN 

••• 

rn~• 

•••• 
•• oo 

11.00 

.oo 
n.oo 
H.OI 

·M!TIUC UNITS 

10/Jt/ll 

HO 
llJO 

120.0 

u 

·••I 
10.0 °MM 

le51J CU•M 

n.2 c 
1 .411 ICM 

111.• 

.2H ICM 

tJ.:H 

•••• 
•• oo 

11.00 

.oo 
15.00 

H.OI 

"'·'° 



PB BAROMETRIC PRESSURE 

-- -Psi -- STATtC Pittl- 0, UACK SAS 

PS STACK PRES, AISe 

TS AVERA&! STACK TEMP 

vs -- l-¥5 iUCif OU V!i.OClTT 

AS STACK AREA 

QSSTD STACK 'LO• RATE, ORT• 

GS . . -a-etllAi. . IU-CK ,LOii RUI. 

190 PERCENT ISOKINETIC 

MN 'ILTERAILE PART 
MGe EPA 9 

Cl 'ILTERABLE ·PART 

PMR ·;iLTERABLt ·PaRt 
£MISSION RATE 

·--- -----.---61DH. ,-, . H~-.1 IN~ltt. 

!l:' 
I 

N 
ii::. 
w 

21.•2 IN•HG 

•1.20 IN•H20 

11,n IN•HG 

!JO. , 
''·' 

,,. 
7•••· H•IN 

1sno•1. SC,H 

.JH20H~ AC'H ..... 
.o 

.oooo OR/DIC'• 

.ooo LI/HR 

10•.11 MM•HG 

•JO.U MM•HZO 

706.9J .MM•HG 

211. c 
•• o .MPS 

.... 1 SQ•M .. , ... SCMH 

UJHt. ACMH 

101.• 
.o 

.OOO •fllll/DSCM 

.oo KG/HR 



EXAMPLE PARTICULATE CALCULATIONS TEST NO. 7•3 

cc:illl-ovEili oi.itlU 

VOLUME O' DRY &Al. SAMPLED AT STANDARD CONDITIONS 

----- -VMitD ____ tu-~··u •.. , ... ' • (Pl ·• PM I U9"6~) I (tM • 460.) 

n.•n • 
VMSTD ii 

···-·--·-----------·····-~·-··----------------------- . ' 63 •• 460.J 

VOLUME D, WATER VAPOR AT STANDARD CONDITIONS 

VWC • e04707 • YLC 

v .. c ·--··ouo1 ·- 1u. • -e.o•-1C1 

PERCENT MOISTURE IN ITACK IAI 

-- BMO ·---rn1r• .• VMCJ l (VMSTD • YMC) 

::i:.o 
I B~O • ·•••••••••••••••••••••••••• ·a 

N 
~ 52.351 • '·" 
~ --- -------·-

MOLE ,RACTION 0, DRY STACK SAS 

FMD • (lOOe • IROJ I IOOe 

an.-• ---u•• 
FMO • ••••••••••••••••••••••• • •''' 

100. 

MD • (PC02 • .44) + (POI ~ .JI) + (PN2 + PCO) • .21 

MD • < •.00•••1100> • c11.0•J21~00J • <<15.0• .o> • 211100 ·• 2•.oe 

MOLECULAR WEl&HT 0, STACK GAS 

M"S • MO • (I. • (IW0/100)) ·• ti. • (1 .. 0/110) 

""' • H.oa• u.--cu.n11oou • 11. • ln.n11oe1 ·• 21 ... 



STACK ;AS VELOCITY AT STACK CONDITIONS 

DELP • SUMe OF TH! SQRT(VH • (TS + 460.)J 

vs • es.•• • CP • DELP /. (SQRT(M"S • ,,, • PNTS) 

STACK &AS VOLUMETRIC FLOM AT STACK CONDITIONS 

QS • VS • AS • 3600/144 

QS • tt.62 • , •••• J6001t•• • 

STACK 8AI VOLUM!TRIC 'LOM AT STANDARD CONDITIONS 

Q$STO * 11.•41 • DS • , •. ~ (l~ • (IND/lllJJ I (TS + 460.J 

QSSTO 
11.641 • 366Z06•• • 11el3 ~ (le • (13.J•/100)) . ·--·-------·--------------------------------------· . ( 530. + 4f»Oe) 

·· ·cJos.5e•c !JO.•••o.>>•<<0.002••••- 111.J+< ·ss.•11• ·••z·~ 21.•2•< .11111J.•>>1< 63~•••o.>>> 
ISO • ---·-·------------------·--------------------------··-------·-··--------------------------------- . 110 •• 

PAltflCULATE LOAOINI •• EPA METHOD ! UT-STANDARD CONDITIONS) 

CS •.0.001 •MN• 15.4J I VMSTD 

cs • 0.001 • eO • l5e4J I n.J!I ·• .ooo 8R/DSCF 

PARTICULATE LIS/HR •• EPA METHOD ·! 

PMR • CS • QSSTD I (15.4J * 453.6) 

PMR • .ooo • .oo 

lOl.•l PERCEt.T 



Run No. 7 .3 

Sample volume = 1. 48 m3, 52. 35 scf 

Example calculations 

CS (Part) = ~ /J...AB. = 43 B mg/m3 

CS (Part) = 0.001 x64.8 x 15.43/ 52.35= a 019 gr/dscf 

CS (so2) =- /_= mg/m3 

=- x 24.06/_=_ppm 

= 0.001x __ x15.43/ __ = __ gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf ppm 

Particulate following 
conditioning at: 

Ambient 64.8 43.8 0.019 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As H2S04 
As H2S04·2H20 

Sulfur dioxide 

Sulfuric acid mist 
As H2S04 
As H2S04·2H20 

Inorganic condensibles 

Organic condensibles 

TOC (Condensible) 

A-246 



PLANT 

FIELD DATA 

REPUBLIC· STEEL CLEVELAND 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT TEMP.lOEI.,) 
BAR.PRESS.(IN.HG) 
STATIC PRESS.(IN.H20) 
'ILTER NUMBERlS) 
STACK INSIDE OIMe(IN) 
PITOT TUBE COE''•. 
THERM. NO. 

COKE OV(N OUTLET 

7•••M'5•J!O 
CLARKE 
52. 

z•.•z 
-1.10 
15JOOSJ 

•7.50 .oo 
.e4 

LUU GE 
METER CALll. FACTOR 

• 01'5 CFM i 3.0 IN.HG 
1.ou 

READ I RECORD DATA EVERY to.o MINLiTU 

TRAYER SE 
POINT 

NO. 

SAMPLE 
TIME 

(MIN.) 

CLOCK GAS METER 
TIME .. - READING 

l2••HR (CU.FT.) 
CLOCK) 

VELOCITY 
HUD 

(IN.HZO) 

ORl,ICE PRESSURE 
DIFFERENT UL 

(IN.Hi!O) 

----------··-··· DfSIRED ACTUAL 

SUCK 
Tf.lllP 

(DEG.'1 

DATE 
RUN NUMBER 

PROBE LENGTH I TYPE 
NOZZLE I l.D. 
ASSUMED MOISTURE 
SAMPLE BOX NUllll8ER 
~ETER BOX NU~BER 
llllETER ttUD D IFF. 
C FACTOR 
PROBE HEATER SETTING 
ttEATER BOX SETTING 
REFERENCE PRESS. DI''· 

10130/BI 
7•0 

6 FT GLASS HEATED 
.3•7 

u.o 

F8' 
l.116 

.111 
no. 
no • 
l.50 

DRY GAS ·METER 
TEMP 

(DEG.,) 

PUllllP SOIPU: IMPINGER 
TEMP 

lDEG.F> 

---------·-·· tNLl!T OUTLET 

VACUUM BOX TEMP 
( IN.•41;) (DEGeF) 

----·------·-·--------------------------------------------··--------------------------------------------------------
!NIT 

TOTALS 
AVERAGE 

·o 
10.0 
20.0 
30.o 
4o.o 
50.0 
HeO. 
10.0 
eo.o 
•o.o 

100.0 
110.0 
120.0 ·-

120.0 

OJ 
•03 .,, 

1003 
1013 
1023 
1033 
1003 
10'53 
1103 
1113 
lU3 
1133 

142.121 
1'7.074 .060 •12 
151.'00 • 060 .12 
156.405 .060 .12 
lu .eo1 .010 .e1 
16'5.'5•'5 • 050 .62 
170.186 -··-- .• 0'50 • 62 
175.0.3 .010 .11 
177.365 .050 • 62 
1113.575 .050 .62 
11111. 7211 .oeo ••• 1'1.2'53 • 050 .62 
1'7.'533 .050 • 62 

54.70! 
• 12 

.12 ,2 •• 60. 60. 1.0 , ... .J6. 

.12 541 • 61. 60. 1.0 1•0. J4. 
• 12 557 • 65. 60. 1.0 312. .32. 
.11 '504. 67. 61. 1.0 346. ]fl. 
• t.2 ·'5211 • 11. 62 • 1.0 36•. 40. 
.t.2 ·'544. 12. 6'5. 1.0 3'50 • ••• .e1 'JU. 76. ·611. 1.0 34Z. 43. 
e62 '564. 78 • 70. 1.0 340. 40. ... , 5ft4. 111. 10. 1.0 , .... 46. 
• •• 507. 78. 11. 1.0 3'50. 42. .. , 518. eo. 72. 1.0 366. 44 • 
.62 5Jl. 111 • . "'7l. 1.0 l'5•. ••• 
.12 .'5J6. 72. 66. 1.0 35] • •1. 
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PARTICULATE FIELD DATA I RESULTS TABULATION 

PLANT• NAME AND ADDRESS 

REPUBLIC STEEL CLEVELAND 

TEST 

TEST DATE: 

TB 
TF 

TT 

NP 

T 

ON 

CP 

PM 

VM 

TM 

COKE OVEN OUTLET 

TIME•STARf 
TIME•FINISH 

NET TIME O' TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COE,,ICIENT 

AVERA;£ ORl,ICf PRESSURE 
DROP 

VOLUME OF DRY ;AS SAMPLED 
AT METER CONDITIONS 

AVERAIE CAI METER TEMP 

VMSTO VOLUME OF DRY GAS SAMPLED 
AT STANDARD CONDITIONS• 

vlc ... fotll H20 -COLLECfED IN 
IMPIN&ERS AND SILICA GEL1ML. 

VWC VOLUME 0, MATER VAPOR 
AT STANDARD CONDITIONS• 

ewo --- PUC£Nf NOllfUR! 8Y ~OlUME 

FMD MOLE 'RACTION DRY SAS 

PC02 PERCENT C02 BY VOL., DAY 

P02 PERCENT 02 8Y VOL., ORT 

PCO PERCENT CO BY VOL., DRY 

PN2 PERCENT NZ BT VOL., DRY 

MD MOLECULAR WT•DRY STACK GAS 

MWS MOLECULAR WT•STACK GAS 

CLARICE 

u;uaH UNITS 

IOIJOlll 

120.0 

.e• 

•••• , 

n1~1 

e87! 

•• oo 

.oo 
B!.00 

METRIC UNITS 

10130181 

03 
1133 

uo.o 

u 

10.1 

.e• 

t.5•• CU•M 

zo.• c 
t.573 8Cli4 

lH.l 

.224 SClll 

•• oo 
11.00 

.oo 

21.10 



PB BAROMETRIC PRESSURE 29.92 IN•HG 759.97 .. M•HG 

PSI STATIC PRES Ofi STACK GAS •1.20 IN•H20 •J0.48 "-M•H20 

PS STACK PRES, ABS. 29.IJ IN•HQ 757. 73 "M•HG 

TS AVERAGE STACK TEMP 5J6. , zeo. c 

vs AVG StACK GAS VELOCITY n.o P'PS 5.1 .-pa 

as STACK ARU 1•••· .SQ•IN 11.en IQ•M 

QSSTD STACK 'LOW RATE, DRU 1618101. SC,H '6J8&. SC"'H 

OS ... •ctu•L'St•Ck 'LO~ R•TE J!•OIH. AC,H l00lft7. ACMH 

ISO PERCENT ISOKINETIC 102.:s 102.J 

MN 'ILTERAlllLE PART .o .o 
MG. EPA 5 

cs '1LTfRABLE PART .OOOO ·5R/OSC'* .ooo "'G/DSC., 

PMR ,ILTtRA8LE PART .ooo LB/HR .oo KG/HR 
EMISSION RATE 

. * 68 DEG F, ·zct.'f2 IN.HG • 

:v 
I 

N 
.s::. 
\0 
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EXAMPLE PARTICULATE CALCULATIONS TEST NO. 7•4 

COKE OVEN OUTLET 

VOLUME OF DRY &AS SAMPLED AT STANDARD CONDITIONS 

VMSTO • (it.•o1 • ~M • Y • (PB + PM I lJ.6)) I (TM + 460.) 

VMSTD • ---------------------··------·--·-------------------- . 
VOLUME OF "ATER VAPOR AT STANDARD CONDITIONS 

PERCENT MOISTURE IN STACK GAS 

... BMO ii noo •• vwcr I (VMSTO • V"C) 

100. • 1.•1 
BWO • -------------------------- . 
MOLE ,RACTJON OF DRY STACK GAS 

FMO • (too •• B"OJ I 100. 

toO~ • U.5 

U.41 PERCENT 

FMD • ••••-•••••••••••••••••• a el?! 
100. 

AVERAGt MOL~CULAA WEl~HT OF DRY STACK CAI 

MO • (PC02 • .44) + (POI • .32) + (PN2 + PCO) • e28 

MD s ( 4.00•441100) + (ll.0•32/100) + ((85.0+ .o) • 281100 • 

MOLECULAR "EIGHT OF STACK GAS 

MWS • MD • Cl. • (8"01100)) + lie • (BW0/100) 

Mws • 2•.oa• u. •U2.01100)) + 11. • uz.u1100> ·• 27.10 

55.560 OSCF 
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STACK GAS VELOCITY AT STACK CONDITIONS 

DELP • SUM. o; THE SQRT(VH • (TS • ••O.J) 

vs • 15.o• • CP • DELP I (SQRT(M"S • Pl) • PNTS) 

•l.123 I (SQRT( ZJ.10 • Z•.13) • 12. • 

STACK GAS VOLUMETRIC 'LO" AT STACK CONDITIONS 

QS • VS • AS • 3600/14• 

gs • 

STACK GAS VOLUMETRIC 'LOW AT STANDARD CONDITIONS 

QSStO • l?.~•f ~ 09 • PS i (I; ~ (BWO/llOJ) I (Tl • e60.J 

11.641 • 35•0112. • 2•.1J • (l •• (ll.41/100)) 
QSSTO • ••••••••••••••••••••••••••••••••••••••••••••••••••• • 

PERCENT ISOKINETIC 

u.•n FPS 

16311101. SCFH 

.Jll/13.6))/( 6•.•460.))J 
ISO • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

120 •• 

PARtlClil.Ut LOAinNO •• EPA METHOD 5 Uf"-:ITANOARD CONDITIONS) 

CS • o.OOl • MN • 15.•3 I VMSTD 

cs • 0.001 • .o • 15.43 I 55.560 • ,000 &R/DSCF 

PARTICULATE LBS/HR •• EPA METHOD 5 

PMR • CS • QSSTD I (15.43 • 453.6) 

PMR j .ooo • .oo 

• IH.H PERCENT 



Run No. 7.4 

Sample volume = 1. 57 m3, 55 · 56 scf 

Example calculations 

CS (Part) :62.6 / ... ~:~.?= 39.9 mg/m3 

CS (Part) = 0.001 x 62.6 x 15.43/55.56 = 0.017 gr/dscf 

CS (S0
2

) =_ / __ = mg/m3 

= __ x 24.06/_=_ppm 

= 0.001 x __ x 15.43/ __ = __ gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf ppm 

Particulate following 
conditioning at: 

62.6 Ambient 39.9 0.017 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As H2S04 
As H2S04·2H20 

Sulfur dioxide 

Sulfuric acid mist 
As H2S04 
As H2S04·2H20 

Inorganic condensibles 

Organic condensibles 

TDC (Condensible) 

A-252 
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PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT TEMPe(DEG.,) 
BAR.PRESS.(IN.HG) 
STATIC PRESSelIN.HIO) 
FILTER NUMBER(SJ 
STACK INSIDE DIM.(IN) 
PITOT TUBE COEFFe . 
THERM. NO. 
LEAKAGE 
METER CALIBe FACTOR 
READ I RECORD DATA EVERY 

FIELD DATA 

REPUBLIC STEEL CLEVELAND 
COkE STACK 

METHOD 5•.00 
00/MP 

50. 
Z9.9Z 
-1.zo 
3510035 

97.50 .oo 
.811 

.01B C,M I 1z.o IN.H5 
1.011 
IO.O MINUTES 

TRAVERS! SAMPLE 
TIME 

(MIN.) 

CLOCK 
. TllllE 

HI METER 
RUOING 
CCU.FT.) 

VELOCITY 
HUD 

(IN.H20) 

ORl,ICE PRESSURE 
DIFFERElllTUL 

(IN.HZO) 

STACK 
TDP 

(DEG.FJ 
POINT 

NO. (le•HR 
CLOCK) --------------·· DESIRED ACTUAL 

DATE 
AUN lllUMBER 

PROBE LENGTH I TYPE 
NOZZLE I I.D. 
ASSUMED MOISTURE 
SAMPLE BOI NUMBER 
f!ETEA BOI NUMBER 
fllETEA HEAD OIFF. 
C FACTOR 
PROBE HEATER SETTING 
HEATER eoi SETTING 
REFERENCE PRESS. DIF'• 

10/30181 
7•5 

6° GLASS 
.no 

11.0 

, .. 
1.aa 

e9Z 
150. 
.no. 

.11 

DAY GAS METER 
TEMP 

(OEG.FJ 

PUMP IAflll'LE IMPINGER 
TEMP 

(DEG.F) 

-------··----INLET OUTLET 

VACUUM BOX TEllll' 
(IN.H5) (DEG.F) 

----------------------------·-------------···----·--------------------------------·---------------------------------
iNiT .. 0 9:1! t'6.J5J 

10.0 9115 '71.0JO .010 • 1z .12 .9zo. 51 • ·SJ. 10.5 -367. • •• zo.o 9'5 '75.680 • 010 • 1z • 12 .520 • 57 • -5• • ao.o l&J. ••• 10.0 lOO! 980.)70 .010 .12 ·'' ,520. 61. . , .. 10.a 388 • •2. 
eo.o 1015 985.090 .010 • 12 .12 '5ZO. 65 • ·59. 11.1 .395. ••• 50.0 1025 '89.790 .010 • 1z .1z 520 • 69. 61. 11.1 388. • •• ... - ... 
60.0 1035 •••.•~o 

-··-· .010 • 12 e'72 ·520 • 11. •••• u .o lHe •2. 
10.0 10•5 999.250 .010 • 12 .11 ·520. ., .. 66. ll .2 386. 

• ••• 
eo.o 1055 l.950 • 010 • 12 .12 . 5zo • 76. 69 • 10.9 no. ••• 90.0 1105 a.610 • 010 e'72 • 72 ·520. 76. 10. 11.2 38'· ••• 100.0 1115 u.•10 • 010 • 1z .12 ·'!ZO. 11 • 12 • 11.2 38'5. 50. 

l lO.O lli!5 u.no .010 • 1z .1l 5lO. 11 • 73. u .o 391. 50. 
tzo.o t l3'5 u.no ·-· .010 .12 • 12 ·'!20 • 78. JQ. 11.0 3'•· "'!6. 

TOTALS 120.0 '!6.'531 
AVERAGE • 'Pl • 12 520 • 10. 64. 10., 385. ••• 



PARTICULATE FIELD DATA I RESULTS TABULATION 

PLANT• NAME AND ADDRESS 

REPUBLIC STEEL CLEVELAND 

TUT .TUM LEADER 

0011•" 

!I:=' 

TEST 

TEST DATE 

TB 
TF 

TT 

NP 

y 

ON 

CP 

PM 

I VM 
N 

. U1 . 
.i::. 

TM 

VMS TD 

···vLt 

BWb 

FMO 

PC02 

P02 

PCO 

PN2 

MO 

Mlf S 

COKE STACK 

TIME•STARf 
TIME•FINISH 

NET TIME 0, tEST, MIN. 

NET SAM,LING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

'ITOT TUBE COE,,ICIENT 

AVERAGE ORl,ICE PRESSURE 
DROP 

VOLUME OF DRY GAS SAMPLED 
AT METER CONDITIONS 

AVERAGE GAi METER TEMP 

!N6L UH UN ITS 

IOIJ0/81 

·•n 
IU5 

uo.o 
12 

VOLUME OF DRY GAS SAMPLED ·!l.631 SCF 
AT STANDARD CONDITIONS• 

fOfAL H20 COLL!Cf!D IN ··--nt. I 
IMPINGERS AND SILICA GEL,ML. 

VOLUME 0, "ATER VAPOR l.•Ol SCF 
AT STANDARD CONDITIONS• 

P!RCENT MOJSTUlt! IY VOLUME . -· -· --u. II 

MOLE FRACTION DltY GAS .868 

PERCENT COZ IY VOL., ORY e.oo 

'!RCENt OZ IY YOl~, ORV 11.00 

PERCENT CO BY VOL., DRY .oo 
PERCENT NZ BY VOL., ORY 15.00 

MOLECULAR WT•OIY STACK 6AS l•eOI 

MOLECULAR "T•STACK GAS ·2?.62 

METRIC UNITS 

10130111 

u~ 
1135 

120.0 

u 

••• 

1.601 CU•M 

u.• c 
t .660 SC'4 

..... 
.252 SC'4 

u.u 
.861 

•.oo 
11.00 

.oo 
15.00 



PB BAROMETRIC PRESSURE 2•.•2 IN•H6 754t.'7 ·MM•HG 

PSI STATIC PRES 0' STACK us •1.20 tN•HZO •JO.•a MM•H20 

PS STACK PRES, ABS. z•.e:s tN•HG 757.13 .[lllM•HG 

TS AVERAGE STACK TEMP 520. , l7 l. c 
vs AV& tiTACIC GAS VELOCITY 20.1 ,,., •• s ""9 
AS STACK uu 7466. 80•IN •• 817 SO•M 

QSSTD STACK FLO" RAT!r DRY• llOJIOJ. SCFH '1078. ·SCfllH 

OS ACTUAL STACK 'LO" RATE 386hU •. AC'H 10.520. AC~H 

ISO PERCENT ISOKINETtC ''°·' II 0.5 

MN FIL T!RAILE PART .o .o 
MG. EPA 5 

cs FIL T!RABLE PART .oooo &R/DICF• • 000 1fl!G/DSCfll 

PMR FILTERABLE PART .ooo LB/HR .oo KG/HR 
EMISSION RATE 

• 6T.l>E& ·;, H.'2 JN.Hi:; • 



• 

EXAMPLE ,ARTICULATE CALCULATIONS TEST NO. 7•5 

COKt STACK 

VOLUME O' ORT GAS SAMPLED AT STANDARD CONDITIONS 

VMSTO • (lfa6•7 • YM • Y • (P8 ·•PM I IJ.•JJ I CTN·• •60aJ 

VMS TD . ----------------------------·---------·-------------- . c 67. • ... o.> 

VOLUME O' WATER VAPOR AT .STANDARD CONDITIONS 

v"c • • 0•101 • YLC 

V"C ii ~0001 Ii IH. • - 8e.O St, 

PERCENT MOISTURE IN STACK GAS 

awo ··c100 •• VWCJ I (YMSTD. VWCJ 

Bwo • -·--·--·-··--·---·--·-···· • IJ.11 PERCENT 

MOLE FRACTION OF DRY STACK 8AS 

FMO • (100. • 8WO) I IOOe 

. IOO. -• - U.I 
FMO a ••••••••••••••••••••••• • el61 

100. 

AVEIUl:E- MOLECULAR NEllHT OF DRY STACK CH -

MO • (PCOZ • •••> + (,02 • aJ2) + (PN! • PCO) • .21 

Mo • c •.00•••1100> • c11.o•JZ1100> • cc15.o• .o> • 2e1100 • z•.oe 

MOLECULAR WEIGHT 0, STACK 8AS 

MWS • MD • (le • (8WO/l00)) + lie * (IW0/100) 

MWS 9 2•.0I• (la •(13.18/100)) + II. e (IJ.18/IOOJ a 27.•Z 



> 
I 

"' U1 
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STACK &AS VELOCITY AT STACK CONOIVIONI 

DELP • SUM. 0' THE SQRT(VH • (TS + 1609)) 

VS • 85.•• • CP • DELP I (SQRT(MWS • Pl) • PNTS) 

•9.390 I (SQRT( IT.61 • 29.8]) • 12. • 

STACK SAS VOLUMETRIC 'LOM AT STACK CONDITIONS 

OS • VS • AS • 36001111 

QS • .. zO. 12 • 1466. ]600/tU • 

STACK &AS VOLUMETRIC FLOW AT STANOARD CONOJTIONS 

QSSTD ~ i7.61T • ~9 • PS i (l. ~ (8W0/l00)J I (fl·+ 460.)" 

J867652. • 19.1] • (I. • (1]•111100)) 
QSSTD • ·---------··-·--------·------·--·------------------ . ( 520 •• 160.J 

PERCENT ISOKINETIC 

lO.U FPS 

180J803. SCFH 

ISO • ·----·------------------------·-···-------------------·-·---------------------------------------- .• uo. •· 10.12 • 

PARTltULAtE LDAblNi •• EPA METHOD 5 (IT-ITANDARO CONDITIONS) 

CS • 0.001 • MN • 15.IJ I VMSTD 

cs s 0.001 • .o • U.13 I 58.6Jl • .OOO CRIDSCF 

PARTICULATE LIS/HR •• EPA METHOD 5 

PMR • CS • QSSTD I (15.IJ • 15].6) 

PMR • .ooo • .oo 

I I0.46 PERCENT 



Run No. 7. 5 

Sample volume= 1.66 m3, 58.63 scf 

Example calculations 

CS (Part) = 40.2/-1:.£,6= 24.2 mg/m3 

CS (Part) ~ 0.001 x 40.2 x 15.43/58.63 = 0.010 gr/dscf 

cs (so2) =_ /_= mg/m3 

=----- x 24.06/_=_ppm 

= 0.001 x __ x 15.43/ __ = __ gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

40.2 24.2 Ambient 0.010 
2-h at 350°F 
4-h at 350°F 
2-h at 4QQ°F 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As H2S04 
As H2S04·2H20 

Sul fur dioxide 

Sulfuric acid mist 
As H2S04 
As H2S04·2H20 

Inorganic condensibles 

Organic condensibles 

TOC (Condensible} 

A-258 

ppm 
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PLANT 

FIELD DATA 

REPUBLIC STEEL CLEVELAND 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT tEMP.lDE$.,) 
llAR.PR!SS.(IN.HG) 
STATIC PRESS.llN.HZOJ 
FILTER NUMBER ts> 
STACK INSIDE DJM.(JNJ 
PITOT TUBE COEFFe 
THERM. NO. 

COKE SUCK 

METHOD 
DD/MP 
50. 

z•.•Z 
-1.zo 
l'JOZI! 

'7.50 
••• 

.oo 

LEAKAGE eOOO C'M I e.o IN.HS 
METER CAL!Be FACTOR e•IZ 
READ I AECORO DATA EVtl1 10.0 MINUTES 

TRAVERSE 
POINt 

NO. 

SAMPLE 
TIME 

(MIN.) 

CLOCK 
Tl ... ! 

(Z4•HR 
.CLOCK) 

GU METER 
RUOING 
(CU.FT.) 

VELOCITY 
HUD 

UN.HZO) 

ORIFICE PRESSURE 
DIFFERENT UL 

(JN.H20) 

----------------OE SIRED ACTUAL 

SUCK 
TEflilP 

lDEG.F) 

DATE 
RUN NUflilllER 

PROBE LENGTH I TYPE 
NOZZLE I I.D. 
ASSUMED ~OJSTURE 
SAflilPLE BOX NU"BER 
METER llOX NUll'BEA 
ll'ETER HEAD DIFF. 
C FACTOR 
PROBE HEATER SETTING 
HEATEI IOX SETTING 
RE,ERENCE PRESS. DI''• 

IOIJ0/81 
7•6 

4• QUARTZ 
.5•0 

11.0 

, .. 
• ••• ••• Z50. 
Z50. 

.01 

DRY GAS METER 
TEflilP 

(OEGeF) 

PU"'P SAMPLE IMPIN8ER 
TEMP 

lDEG.F> 

------------· Tl'4L ET OU TL ET 

VACUUM BOI TEMP 
(!Pf.HG) lOEG.FJ 

----------·----------------------------·-·----------------------------------------------·---------------------------

TOTALS 
AVERAGE 

0 
10.0 
20.0 
30.0 
•o.o 
50.0 
u.o 
10.0 
ao.o 
•o.o 

aoo.o 
110.0 
120.0 

1zo.o 

•n us.11• ... U5.&40 
•5• •J0.480 

I004 035.l'O 
1014 43•.'50 
1024 •••.670 
lOJll ..... oo 
1044 •5•.no 
1054 •5a.azo 
11011 463.510 
1114 •u.200 
112• 412.'70 
tu• •n .en 

56.11• 

• 010 ••• z . .,, 520 • 
• 010 ••• 2 .15 520. 
• 010 •.•2 .15 -520. 
.010 •.•2 .75 5l0. 
.010 •.•z .75 520. 

. • 010 •.•z • 75 ·520. 
.010 •.•z • 75 ·520. 
.010 •.•z .75 ·'ZO. 

.• 010 •.•z • 75 -5l0. 

.• 010 •.•z • 75 . 5zo. 
.010 •.•z • 75 ,9zo. 

- -.010 •.•z . .,, ·!ZO. 

••• l . .,~ !20. 

•1. •••• J.l 61'5. .Ja • 
'JZ. 41 • J.2 60l. ·•O. 
57. • •• J.7 5•J. •o. 
62. ·51. •.o 5e6. • •• 65. .s1. •.z 585. 52. 
61. ;9 •• •.2 511. ••• 
''· ,59. •.J 57•. • •• 10. 60. 5.Z ·56•. .• o. 
10. 61 • 6.J 571. •o. 
12. 61. feJ 581. ••• 7J. 6J. ., .1 ,.o. • •• 
1•. 65. "·' 5••· 46. 

65. ,'J6. 5.1 587. •J • 



PARTICULATE FJELD DATA & RESULTS TABULATION 

)' 
I 

PLANT• NAME ANO ADDRESS 

REPUBLIC STEEL CLEVELAND 

TEST 

TEST DATE 

TB 
TF 

TT 

NP 

y 

ON 

CP 

PM 

COKE SUCK 

TIME•IURT 
TIME•FINISH 

NET TIME o; TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLIN& NOZZLE DIAMETER 

PJTOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

N VM 
O'I 

VOLUME OF DRY GAS SAMPLED 
AT METER CONDITIONS 0 

TM 

VMS TO 

VLC 

VMC 

-- ihio 

FMO 

PCOi! 

POi! 

PCO 

PNi! 

MO 

MWS 

AVERAGE &AS METER TEMP 

VOLUME OF DRY GAS SAMPLED 
AT STANDARD CONDITIONS• 

TOTAL HZO tOLL~CtEo IN 
IMPINGERS ANO SILICA GELrMLe 

VOLUME OF MATER VAPOR 
AT STANDARD CONDITIONS• 

.. PERCENT MOlstUR! IY VOLUME 

MOLE FRACTION DRY GAS 

PERCENT C02 BY VOL., DRY 

PERCENT Oi iY VOL~, DRY 

PERCENT CO BT VOL., ORT 

PERCENT N2 BY VOL., ORY 

MOLECULAR MT•DRY STACK GAS 

MOLECULAR MT•STACK GAS 

TE if . TUM LUDEA 

00/MP 

ENILISH UNITS 

10/]0/91 

.!•o IN 

le.ST SCF 

.. IJ.04 

.110 

•• oo 

11.00 

.oo 

17.64 

METRIC UNITS 

10130181 

•:u 
113• 

120.0 

U.O ·MM 

.a• 

1.606 CU•M 

l!.I C 

U0.3 

.240 SCM 

.110 

•• oo 

It .oo 
.oo 

8!.00 



PB 

PSi 

PS 

TS 

vs 

AS 

OS STD 
-- .. lis 

!J;I 
I 

IV. 
m 
I-' 

ISO 

MN 

cs 

PMR 

• 

BAROMETRIC PRESSURE 

STATIC PRU O' SUCK us 
STACK PRES, ABS. 

AVERAGE STACI< TEMP 

AVC STACK iAS V!LOCITT 

STACK HU 

STACK FLOM RATE, DRU 

ACTUAL 8TACK 'LOW ~AT! 

PERCENT ISOKIN!TIC 

'IL TERAILE PART 
M&. EPA 5 

'1LTERAILE PART 

'ILTUABL! PART 
EM ISSI Ort RATE 

,,-.--on ,, 2'~'2.IN.HC. 

2•.•2 IN•H& 75'·" ·MM•HG 

·:;.1.10 IN•HIO ·•J0.41 •MM•H20 

n.u IN•HC 151.n 1MM•H& 

no. , zn. c 
20.T ,,, 6.J ·lllPS 

, .... SQ•JN 4.117 SQ•M 

18062'0. SCFH !UU 0 SCMH 

!H6!1t. AC'H IH4H. ACMH 

.• 1.1 •2.1 

.o .o 

.oooo 8RIDSCh 0 000 1ttGIDSCfll 

.ooo LBIHR .oo KG/HR 



EXAMPLE PARTICULATE CALCULATIONS TEST NO. 7•6 

COKE STACK 

VOLUM! 0, DRY &AS SAMPLED AT STANDARD CONDITIONS 

VMSTO • (it.6•? • VM * Y • (Pl + PM I 1!~6)) I (TM + 460.) 

VMSTD a ••••••••••••••••••••••••••••••••••••••••••••••••••••• a 

VOLUME 0' "ATER VAPOR AT STANDARD CONDITIONS 

VWC • .0•707 • VLC 

PERCENT MOISTURE IN STACK &AS 

9·"0 .--uocr •• v"CJ I (YMSTO + VlllCJ 

100. • • ••• 

8"0 • -------------------------- • lJ.o• ,!RC!NT 56.60• + 1.49 

MOLE ,RACTION 0, DRY STACK &AS 

FMD • (100 •• 11110) I too. 

· too.-• -u.o 
FMD • ••••••••••••••••••••••• • el?O 

100 • 

. . .. AVERiU MOLECULAR iil!t,HT 0' ORY STACK IAI 

MD s (PCOZ • .•4) + (P02 • .JZ) ·+ (PNZ + PCOJ * .21 

MD a ( e.00•44/100) + (lt.0•32/100) + ((15.0+ .OJ * 28/100 • 2•.01 

MOLECULAR WEllHT 0, STACK &AS 

MWS • MD • (le • (1"0/100)) + lie • (11110/100) 

MWS • l•.08• (t. •(IJ.0•1100)) ·+ 18. •·(IJ.04/100) • Z?.6• 



STACK GAS VELOCITY AT STACK CONDITIONS 

DELP • SUM. OF THE SQRT(VH • (TS·• •60.)) 

VS • 85.e• • CP • D!LP I (SQRTCNMS • ,I) • PNTSJ 

vs • 85.•• • .8• • 

STACK GAS VOLUMETRIC 'LOM AT STACK CONDITIONS 

OS a VS • AS • 36001144 

QS • 

STACK GAS VOLUMETRIC ,LOW AT STANDARD CONDITIONS 

OSSTD s 11.•o • OS • PS ii U. • (8WO/lf0)) I CTS • 460.) 

38665••• • 2•.eJ • (le·• (lJ.OQ/100)) 
OSSTD • --------------------------------------------------- . 
PERCENT ISOKINETIC 

20.11 FPS 

1106240 • SCFH 

.750/IJ.6))/~ 60.•QtO.))J 
ISO • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 8 

uo •• 20. 7l • 

PA~TICOLAf! LOADINI •• EPA METHOD 5 car·~TANDAAD CONDITIONS) 

CS • OeOOl • MN • 15.eJ I VMSTD 

cs • 0.001 • .o • 15.•3 I 

PARTICULATE LBS/HR •• E,A METHOD .5 

PMR • CS • QSSTD I (15.e3 • 453.6) 

PMR ti .ooo • 

eOOO :&R/DSC' 

.oo 

ez.n P!ACENT 



I 

Run No. 7. 6 

Sample volume= 1.60 m3, 56.60 scf 

Example calculations 

cs (Part) = 24. 3 /~ = 15. 2 mg/m3 

CS (Part) = 0.001 x 24.3 x 15.43/ 56.60= 0.007 gr/dscf 

CS (so2) =_ /_= mg/m3 

= __ x 24.06/_=_ppm 

= 0.001 x __ x 15.43/ __ = __ gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf ppm 

Particulate following 
conditioning at: 

Ambient 24.3 15. 2 0.007 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As H2S04 
As H2S04·2H20 

Sul fur dioxide 

Sulfuric acid mist 
As H2S04 
As H2S04·2H20 

Inorganic condensibles 

Organic condensibles 

TOC (Condensible) 

A-264 
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°' U1 

PLANT 

HELD DATA 

REPUBLIC ITEEL CLEVELAND 
SAMPLING LOCATION 

SAMPL! TYPE 
OPERATOR 
AMBIENT 't!MP.(DU.,J 
BAR.PRESS.(IN.HGJ . 
STATIC PRESS.(JN.H20) 
'1LTER NUMBERlSJ 
STACK INSIDE DIMe(INJ 
PITOT TUBE COE''• 
THERM. NO. 

.LEAKAGE 
METER CALlle ,ACTOR 
READ & R!CORO DATA EVERY 

COKE OVEN OUTLET 

8•3•flll•J50 
CLARICE 

ft5. , ... , 
-1.20 
J530HI 

cn.50 .oo .... 
.• OOO C'M I .J.O IN.HG . ·••2 io.o MJNlitU 

TRAVERSE 
POINT 

NO. 

SAMPLE CLOCK 
TIME TJ.-..E 

(MIN.) (24•HR 
CLOCK) 

GAS METER 
RU DING 
CCU.FT.) 

VllOCITT 
HUD 

UN.HZOJ 

ORl'ICE PRESSURE 
Dl,,ERENTUL 

(IN.H20) 

···---------···-· DESIRED ACTUAL 

STACK 
TEll'P 

(DEG.Fl 

DATE 
AUN NUMBER 

PROBE .LENGTH I TYPE 
NOZZLE I J.D. 
ASSUMED MOISTURE 
SAMPLE BOX NUMBER 
METER IOX NUMBER 
METER iHUD DIFF. 
C ,ACTOR 
PROBE :HUTER SETTING 
HEATER BOX SETTING 
RE,ERENCE PRESS. DJF'• 

10/30/81 
l•l 

• FT GLASS HEATED 
.ne 

u.o 

'Bl 
l .87 
.18 

350. 
350 • 
1.50 

ORT GAS ·METER 
TE'MP 

(DEG.,) 

PUMP SAMPLE lfllPINGER 
T£MP 

(OEG.,J 

---·-----·-·· INLET OUTLET 

VACUUM BOX TEMP 
UN.MG) lDEG.,J 

--------------------------····-·---·-------------------------------------------------·---·--------------------------

TOTALS 
AVERAGE 

0 
10.0 
20.0 
30.0 
110.0 
50.0 
60.0 
10.0 
eo.o 
•o.o 

ioo.o 
110.0 
120.0 

li!O.o 

fUe 
lUI 
U58 
1508 
1518 
1528 
1538 
1548 
1608 
1618 
1628 l6J:a 
164 

a . -
Final time should be 1638. 

1U.o33 
181.530 • 050 .. , .. , 
n2.020 • 050 .62 .62 
1•6.160 .060 .13 .13 
801.1·50 .050 .62 .62 
805.468 .050 .62 .62 
110.000 . ·-- .• 050 .62 .•2 
114.800 .• 060 .13 • 11 
en.•11 .010 .11 • 81 
120.•01 • 060 .13 • 73 
IC?ct.69' .060 • 1.3 • 11 
IJ•.ctct• .010 .11 • 81 
140.20 .010 .87 • 87 

51.261 
• 12 • 12 

540. 15. 10 • z.o "'· ., .. 
551. 16. ••• 2.0 341 • 56. 
. 510. eo • 70. 2.0 320. ·56. 
51'. 82. 71. :s.o .]Ji. ·51. 
530. 8J. 1z. 2.0 289. 60. 
537. ••• ··12 • 2.0 , ... ·58. 
542. 86 • 73. 2.0 , .... ., .. 
55•. 86 • 1•. 2.0 342. -51. 
51-5. 86 • 74. 2.0 351. ·51 • 
526 • 86. 1•. J.o 351 • ·51. 
536. 86 • 1•. J.o 365. ·57. 
546. 86 • ··1•. J.o 35•. ·51. 

545. 13. n • 2.3 332. ·59 • 
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PARTICULATE 'IELD DATA I RESULTS TABULATION 

PLANT• NAME AND ADDRESS 

REPUBLIC STEEL CLEVELAND 

TEST 

TEST DATE 

TB 
TF 

TT 

NP 

y 

ON 

CP 

PM 

COKE OVEN OUTLET 

tlME•StHT 
TIME•FINISM 

NET TIME 0, TEST, MIN. 

NET SAMPLINI POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUI! COE,FICIENT 

AVERA&! ORl,ICE PRESSURE 
DROP 

TEST TUM LUDU 

CLARK! 

!NILllM UNITS 

lOIJ0/81 

llJI 
16418 

110.0 

u 

.n8 IN .,. 
N VM 
O'I 

VOLUME 0, DRY GAS SAMPLED 
AT METER CONDITIONS 

97.260 CU•FT 
O'I 

TM AVERAiE GAS METER TEMP .,., .. , 
VMSTO VOLUME 0, DRY GAS SAMPLED !5.•06 SCF 

AT STANDARD CONDITIONS• 

VLC -- fOUL H20 COLLe'.CtEO IN ·--...... 
IMPINQERS AND SILICA GEL,MLe 

v"c VOLUME 0, WATER VAPOR ••• 05 SCF 
AT STANDARD CONDITIONS• 

BWif ---P!RCENT MOISTURE IY VOLtJMI! ... U~IO 

FMD MOLE FRACTION ORY GAS el56 

PC02 PERCENT COZ IY VOL., DAY •.JO 

P0-2 .. P!:RCEN1' 02 8Y VOL.; OA'i .. 41,;JO 

PCO PERCENT CO IY VOL., DRY .oo 
PNZ PERCENT N2 IY VOL., DAY 16.•0 

MD . MOLECULAR "T•ORY STACK GAS l•.06 

MWS MOLECULAR WT•STACK GAS 27,07 

METRIC UNITS 

10/JO/ll 

IOI 
16118 

uo.o 
ll 

l.6Zi! CU•M 

t .583 SCM 

1••.1 
.266 ·ICM 

•.Jo 

•.30 
.oo 

21.•1 



PB BAROMETRIC PRESSURE 2•.•l IN•HG 760.H ·•M•HG 

PSI STATIC PRU OF STACK &AS .• , .zo IN•H20 -10.oe ·•M•HZO 

PS STACK ll'RIES, ABS. ltt.84 IN•HG 151.CJe ·•M•HG 

TS AVERA&! STACK TEMP !•5. , 285. c 
vs AVG STACK IUS VELOCITY ---n.2 , .. s 5.a •PS 

AS STACK HU , .... SQ•IN o.811 .SQ•M 

QSSTD STACK 'LOM RATE, DRU 1.oeno. SCFH •5•15. ·SCMH 

QS ACTUAL STACK FLOM RATt 191'91?. AC'H souu. ACMH 

ISO PERCENT ISOKINfTIC tt!.• l 15.• 

MN 'ILTERAIU ll'ART .o .o 
MG 0 EPA 5 

cs FILTEIUILI PART .oooo IR/DSCFe .OOO iMGIDSCfll 

PMR 'ILT!RABLE PART .ooo LI/HR .oo KG/HR 
EMISSION RATE 

* 61 ·ore--,, H~-tl IN.HG. 



~ 
I 

N 
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EXAMPLE PARTICULATE CALCULATIONS TEST No. 8•1 

COKE ·OVEN OUTLET 

VOLUME O' DRY GAS SAMPLED AT STANDARD CONDITIONS 

VMSTD • 111.641 e VM • Y • (P9 + PM I IJ.6)) I (TM + 460.) 

n.••1 • 
VMS TD . ---------------------------------------------·---~--- . ( 11. • 460.) 

VOLUME O' WATER VAPOR AT STANDARD CONDITIONS 

PERCENT MOISTURE IN STACK GAS 

awo i llOO •• V•CJ I (VMSTD • YWC) 

100. • • ... o 
awo • ------------------------·· • 1•.•o PERCENT 

MOLE 'RACTION 0' ORY STACK GAS 

FMD • (too •• IWO) I 100. 

lOO~- • -- -u.4 
FMD a ••••••••••••••••••••••• • e896 

100. 

AVERICE. MOLECULAR WEUHT 0' DH ITAClt"IU 

MD • (PCOZ • ·••> • CPOZ •• JZ) • (PN2 • PCO) •• ze 

MD • ( ll.30•44/100) + ( •• J•JZ/100) + ((16e4+ .O) * Z8/l00 • 

MOLECULAR WEl&HT O' STACK GAS 

MWS • MD • Cl. • (IW0/100)) + 18. • (IW0/100) 

MWS i l•~06• (I~ •(11.40/100)) + lie • (ll.40/100) • 27.47 

-



> 
I 

N 
m 
\0 

STACK GAS VELOCITY AT STACK CONDITIONS 

D~LP ·i SUM. O' TH! 8QAf(VH • (TS • ••O.lJ 
vs • es.•• • CP • DELP I (SQRT(MRI • Pl) • ~NTI) 

STACK CAS VOLUMETRIC FLOR AT STACK CONDITIONS 

QS •VS• AS.• 36001144 

gs • 

STACK GAS VOLUMETRIC FLOR AT STANDARD CONDITIONS 

0~ST~'i~7~6•? ~ 09 • P~-~ (t; ~ (8W011tt)J I (Tl• 160.) 

11 ••• ., • ·1'516597. • z•.14 • Ct. • (14.40/IOOJJ 
QSSTD . ----·-·---------------··--------------------------- . ( ,., .• •••.> 

PERCENT ISOKINETIC 

1'.16 FPS 

16045ZO. SCFH 

ISO a (J0'5.51•(TS+460e)J•((OeOOl66••VLC)•(VM•Y•(P9+(PMllJ.6))/(TM+460.JJ)/lTT•VS*Pl•DN•DN) 

.... -- UOS.!i•-t-,•5.ii60.))•((0.00t!6Hi- IOO.)+( !1.C!U• .lltz•( 2'•H•( .1n11J.6J)/( n.+460.JJ) 
ISO a •••••••••~•••••••••••••~••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• • 11!.•2 'EAC!NT 

uo •• •••••• 

P"ARtifULAU LOlDINi •• !PA METHOD 5 UT-STANDARD CONDITIONS) 

CS a 0.001 • MN • 15.43 I VMSTO 

cs • 0.001 • .o • 15.0J I 

PARTICULATE LBS/MR •• !PA METHOD ·'5 

PMR • CS • QSSTD I (15.43 • 453.6) 

.ooo • 

eOOO 5R/DSCF 

.oo 



Run No. 8.1 
3 Sample volume= 1.58 m, 55 91 scf 

Example calculations 

CS {Part) =-fi5.....3/l....SB.. = a1 3 mg/m3 

CS (Part) = 0.001 X65.3 x 15.43/ 55.91= a 018 gr/dscf 

cs {so
2

) = __ / __ = mg/m3 

= __ x 24.06/_=_ppm 

= 0.001 x __ x 15.43/ __ = __ gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf ppm 

Particulate following 
conditioning at: 

Ambient 65.3 41. 3 0.018 
2-h at 350°F 
4-h at 350°F 
2-h at 4QQ°F 
4-h at 4QQ°F 
2-h at 600°F 

Acid sulfates 
As H2S04 
As H2S04·2H20 

Sulfur dioxide 

Sulfuric acid mist 
As H2S04 
As HzS04·2H20 

Inorganic condensibles 

Organic condensibles 

TOC (Condensible) 

A-270 
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PLANT 

FIELD DATA 

REPUBLIC STEEL CLEVELAND 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT TEMP.COEG.FJ 
BAR.PRESS.CIN.HG) 
STATIC PRESS.CIN.H20J 
FILTER NUMBERlSJ 
STACK INSIDE DIM.(INJ 
PITOT TUBE COEFF. 

. -THERM. NO. 

COKE OVEN OUTLET 

8•2•M5•350 
CLARKE 

&'5. 
2q.q3 
•l.i!O 
3530034 

en.so .oo 
.84 

LEAKAGE 
METER CALJB. FACTOR 

• ooo CFM i 3.0 IN.HG 
1.0lf> 

READ & RECORD DATA EVERT 10.0 MINUTES 

TRAVERSE 
POINT 

NO. 

SAMPLE CLOCK 
TIME -- TIME 

(MIN.) (24•HR 
CLOCK) 

GAS METER 
READING 
(CU.FT.) 

VELOCITY 
HEAD 

UN.H20J 

ORIFICE PRESSURE 
DIFFERENTIAL 

(1N.H20) 

DESIRED ACTUAL 

STACK 
TEll'P 

CDEG.F) 

OATE 
rw~ NUlllBER 

PROBE LENGTH & TYPE 
NOZZLE : I.O. 
ASSUMED MOISTURl 
SA~PLE BOX NU~8ER 

fllETER BOX NU~BER 

ll'ETER HEAD OIFF. 
C FACTOR 
PROBE HlATER SETTING 
HEATER BOX SETTING 
REFERENCE PRESS. DIFF. 

10/30/81 
8•2 

'5 FT GLASS HEATED 
.3CJ7 

12.0 

F85 
l.86 
.88 

3'50 • 
3'!10 • 
1.50 

ORY GAS lfllETER 
TElll' 

lOEG.F) 

PU ... P SAfllPLE lfllPINGER 
TEMP 

CDEG.FJ 

I~LET OUTLET 

VACUUM BOX TEl'IP 
(IN.HG) lDEG.F J 

--------------------------------------------------------------------------------------------------------------------
INJT 

TOTALS 
AVERAGE 

0 
10.0 
20.0 
30.0 
40.0 
50.0 
&O.O 
10.0 
80.0 
qo.o 

100.0 
110.0 
120.0 

120.0 

14111 
1451 
1'501 
1511 
1521 
1531 
1541 
1~51 
1 (,I) l 
l&ll 
1&21 
1&31 

- 1 &41 

197.754 
202.330 .050 .62 
20f>.710 .oso .&2 
211.485 .o&o .73 
215.813 .oso .62 
220.53f> .050 .&2 
224.4&0 -· .050 .62 
22q.3l'> .otio • 73 
234.210 .010 • 87 
238.500 .o&o • 73 
243.000 .O&O .73 
248.02& • 010 .87 
253.ooo -·- .010 .87 

55.24& 
• 72 

• &2 540 • 8'5. 84. 1.0 338. 50. 
• &2 55CJ. 85. B4 • 1.0 3&4. 48. 
• 73 '70 • 87. 84. l.O 343. 4f>. 
• f>2 521 • ACJ • 811. l.O 338. Qf>. 
• &2 52CJ. qo • 811. l.O 315. 4&. 
• &2 500. q1 • ea. 1.0 31q. .... 
• 73 546 • CJO. 84. 1.0 305. 46 • 
• 87 5f>3. qo • 83. 1.0 31q. 44 • 
• 73 518. q1 • 83. l.O 32CJ. a&. 
• 73 '52q. 90. 83 • l.O 34&. oa. 
.87 540. 90. 83 • 1.0 3&1. 44. 
.87 5Cl7 • qo. 83. 1.0 352. 45. 

• 72 542. BCJ • e". 1.0 336 • 06. 



PARTICULATE FIELD DATA & RESULTS TABULATION 

-PLAWT• NAME AND ADDRESS 

REPUBLIC STEEL CLEVELAND 

TEST 

TEST DATE 

TR 
TF 

TT 

NP 

y 

ON 

CP 

PM 

:i::i 
I 

N VM 
-....I 
N 

TM 

VMS TO 

·vLc 

vwc 

BWO 

FMO 

PC02 

POi!' 

PCO 

PN2 

MO 

MWS 

COKE OVEN OUTLET 

TIME•SURT 
TI~E·FINISH 

NET TIME OF TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF ORY GAS SAMPLED 
AT METER CONDITIONS 

AVERAGE GAS METER TEMP 

VOLUME OF ORY GAS SAMPLED 
AT STANDARD CONDITIONS• 

TOTAL Hi!'O COLLECTED IN 
IMPINGERS ANO SILICA GEL,Mle 

VOLUME OF WATER VAPOR 
AT STANDARD CONDITIONS• 

PERCENT MOISTURE BY VOLUME 

MOLE FRACTION ORY GAS 

PERCENT COi!' BY VOler ORY 

PERCENT Oi!' BY VOL., ORY 

PERCENT CO BY VOL., ORY 

PERCENT Ni!' BY VOL., DRY 

MOLECULAR WT•OAY STACK GAS 

MOLECULAR WT•STACK GAS 

TEST TEAM LEADER 

CLARKE 

ENGLISH UNITS 

10130181 

1 .. 1 
1641 

120.0 

12 

1.016 

.84 

55.246 CU•FT 

F 

54.364 SCF 

9.706 SCF 

15.15 
I• 

4.30 

.oo 

METRIC UNITS 

10130181 

1441 
1M1 

120.0 

12 

1.016 

10.1 

.ea 

18.3 .-M•H20 

1.5&4 CU•M 

30.2 c 

1.539 sc..-

.275 SC~ 

15.15 

.oo 

27.38 



PB BAROMETRIC PRESSURE. 2q.cn Hc•HG 7b0.22 fll~·HG 

P!ll STATIC PRES OF STICK GAS •1.20 IN•H20 •30.08 lilM•H20 

PS STACK PRES, ABS. 2'1.811 IN•HG 151.q8 fll!lol•Hr, 

TS AVERAGE STACK TEMP 542. F 283. c 

vs AVG STACK GAS VELOCITY lfl.2 FPS 5. 8 ~PS 

AS STACK AREA ?•tifi. SQ•IN 11.1117 SQ•M 

GS STD STACK FLOlllll RATEr DRU 15•52511. SCFH 11517!. SClolH 

OS ACTUAL STACK FLOR RATE 3516610. ACFM l0ll7'1. AClilH 

ISO PERCENT ISOI< I NE TIC 102.e 102.8 

MN FILTERABLF. PART .o .o 
MG. EPA 5 

cs FILTERABLE PART .oooo GR/DSCF• .ooo flG/DSCfll 

PfollR FILTERABLE PART .ooo LB/HR .oo KG/HR 
EMISSION RATE ....• 68 DEG F, 2".;"l IN.HG. 

:i:i 
I 

N 
.....J 
w 
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EXAMPLE PARTICULATE CALCULATIONS TEST NO. 8•2 

COKE OVEN OUTLET 

VOLUME OF ORY GAS SAMPLED AT STANDARD CONDITIONS 

VMSTD e (17.&•7 * VM * f * CPB + PM I tJ;&J) I CTM + 460.) 

VMSTO ii 
. . 

----------------------------------------------------- = 

VOLUME OF MATER VAPOR AT STANDARD CONDITIONS 

VWC • .04707 • VLC 

VWC .--·.;011107·· •. l059 ·11 ,..;n SCF 

PERCENT MOISTURE IN STACK GAS 

·- BWO .-uoo;. ... vwcr-r (VMITD + VWCJ 

100. • ,.71 
ewo • -------------------------- ~ 15.15 PERCENT 

iJ:>. MOLE FRACTION OF DRY STACK GAS 

FMD : (100. • BWO) I 100. 

---- - ·100.·· ··1~;;1·. 
FMD • •••••••••••••••-••••••• : .eQq 

too. 

AVERAGE 1"0lECULIR"1fEIGHT OF ORT STACK GH -

MO = (PC02 • • •• , • (P02 •• 32) • (PN2 • PCOJ •• ze 
MO • ( 4.30•44/100) + ( 9.1•32/100) + ((16.4+ .OJ • 281100 • 

MOLECULAR WEIGHT OF STACK GAS 

MWS ~ MO • Cl. • (8WO/IOOJJ + 18. * CBW0/100) 

MWS ~ 2,.06• c1.··c15.t51l00)) • 18~ ·~t!~t5/100) • 27.38 

54.364 DSCF 



):I 
I 
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STACK GAS VELOCITY Al STACK CONDITIONS 

DELP 9 SUM. OF THE SORT(VH * (TS + Q60.J) 

VS : 85.Qq • CP • DELP I lSORT(M•S • PS) * PNTS) 

qt.53Q I (SORT( Z7.38 • 2q.8QJ • 12. • 

STACK GAS VOLUMETRIC FLOW AT STACK CONDITIONS 

OS : VS • AS • 3600/lQ• 

QS : 

STACK GAS VOLUMETRIC FLO• AT STANDARD CONDITIONS 

QSSTD ~ ·11.&•1 •OS• P~• (1~-·· (BW0/100)) I (TS• Q60.) 

35766to. • 2q.e4 • cs •• <15.151100>> 
QSSTD s ·-••••••••••••••••••••••••••••••••••••••••••••••••• s 

c 511z. • •60.> 

PERCENT ISOKINETIC 

ISO • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• • 102.78 PERCENT 
120 •• 

PARTtCUUTE ~O•DIMC .. EPA METHOD 5 uT--nANDARO CONOITIONS) 

CS : 0.001 • MN * 15.43 I VMSTO 

cs = 0.001 • .o • 15.43 I 5•.36• • .OOO GR/DSCF 

PARTICULATE LBS/HR •• EPA METHOD 5 

PMA • CS • QSSTD I (15.•3 * Q53.6) 

PMA • .ooo • 1!9!Z54. I 115.43· •·•53.6) • .oo 



Run No. 8. 2 

Sample volume = l. 54 m3, 54 36 scf 

Example calculations 

CS (Part) :76.0/l.54c: 49.4 mg/m3 

CS (Part) = 0.001 x 76.0 x 15.43/ 54.36 = 0.022 gr/dscf 

CS (so2) =_ /_= mg/m3 

=- x 24.06/_=_ppm 

= 0.001 x __ x 15.43/ __ = __ gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf ppm 

Particulate following 
conditioning at: 

Ambient 76.0 49.4 0.022 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As H2S04 
As H2S04·2H20 

Sul fur dioxide 

Sulfuric acid mist 
As H2S04 
As H2S04·2H20 

Inorganic condensibles 

Organic condensibles 

TOC (Condensible) 

A-276 

. . . -. - . -.... ' .. ' ...... - .. . . . . '•. -· .. . -... . - . . . -· . . . . . -·· . . . 
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PLANT 

FIELD DATA 

REPUBLIC ITEEL CLEVELAND 
SAMPLINC LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT TEM,elDE8.FJ 
BAR.PAESS.(IN.HGJ . 
STATIC PRESSellN.H20J 
FILTER NUMBER(SJ 
STACK INSIOE DIMelIN) 
PITOT TUBE COEFFe. 
THERM. NO. 
LEAKAGE 
METER CALJB. ,ACTO~ 
READ I RECORD DATA EVERY 

NO.I COKE BATTERY OUTLET 

PART /HHOUS02 
BRU,,EY 

TB. 
z•.•s 
-1.zo 
3530120 

·flT.50 .oo 
• 111 

• ooo CFM 8 '5.0 IN.HS 
a.on 
ao.o MINUTES 

TRAVERSE 
POINT 

NO. 

IAM'LE 
TIME 

lMIN.J 

CLOCK 
TIME 

(U•HR 
CLOCK) 

US METER 
RUD!t4G 
(CU.FT .J 

VELOCITY 
HUD 

(IN.HZO) 

ORJ,JCE PRESSURE 
DIFFERENT UL 

(JN.HZOJ 

-----------·--·-DESIRED ACTUAL 

STACK 
TEMP 

CDEG.FJ 

DATE 
RUN NUMBER 

PROBE LENGTH I TYPE 
NOZZLE I I.D. 
ASSUM!D MOISTURE 
SAMPLE BOX NU~BER 
~ETER IOX NU~BER 
METER HEAD DIFF. 
C FAC1'0R 
PROBE HEATER SETTING 
HEATER BOX SETTING 
REFERENCE PRESS. DlFFe 

10/30/81 
8•3 

'5" HEATED GLASS 
.J•T 

u.o 
D 

FH 
1.7. 

.11• 
3'50 • 
]50 • 

• t '5 

DRY UI 1MUER 
TEMP 

tDu.,> 
PUMP IA~PLE IMPINGE A 

TEMP 
(OEG.FJ 

---···-·-·-·-l~LET OUTLET 

VACUUM BOJI TEMP 
(IN.t4G) lOEG.'l 

---------------------·----------------------------------------------------------------------------------------------
iNJT-. - 0 101 •1.•1• 

10.0 lU8 '53.4fl0 .0'50 •• z ·'' '540. T6. ''· z.o 3'5•. ••• zo.o U'51 '58.200 .050 •• z •• z '551 • TT. ''· z.o 3T6. '52. 
3o.o 1508 63.360 .060 .11 .T3 '510. 81. u. z.o 31111. 5'5. 
110.0 l '518 611.0•0 • 050 • flZ e62 '"'· 8J • 11. z.5 387. 56 • 
50.0 1528 T2.1zo .050 .62 .62 '530. 8'5. Tl. 2.5 361. '5T. 
•o.o . 1'531 77.6•0 -·- .0'50 • 62 • 62 ·537 • e• • ... ,,. J.o 361. , .. 
10.0 1548 12.100 .060 .TJ .Tl ·'543. IT. 10. J.o 111. 61 • 
10.0 1551 11.:no .OTO • n • 11 . ,, .. 11. 10. 3.0 •oo. 60 • 
•o.o 1608 •3.'580 .060 • 73 • TJ '51-!. i•. 11. ... , 406. 66. 

100.0 1611 •1.150 • 060 .11 .13 '527 • 11. 12. 4.'5 404. • •• uo.o 1621 104.320 • 010 .11 .11 ·'531. 11. 12. •.5 401. 6T • 
120.0 1638 109.886 .010 ·'' .n 54'5. ''· 11. •.o •o•. ''· 

TOTALS uo.o •1.n1 
AVERAGE • ?2 • 12 54'5. 85. ''· 3.1 311 • 60 • 



PARTICULATE FJELD DATA I RESULTS TABULATION 

PLANT• NAME ANO AODR!SS 

REPUBLIC STEEL CLEVELAND 

TUT TUM LEADER 

BRUFFEY 

TEST NO.I COKE BATTERY OUTLET 

TEST DATE 

TB 
TF 

TT 

NP 

y 

ON 

CP 

PM 

VM 

TM 

. fJME•9TARf 
TIME•f!NISH 

NET TIME OF TEST, MJNe 

NET SAMPLIN8 POINTS 

METER CALllRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUIE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF DRY IAS SAMPLED 
AT METER CONDITIONS 

AVERAGE GAS METER TEMP 

VMSTD VOLUME OF DRY GAS SAMPLED 
AT STANDARD CONDITIONS• 

·vLC ···- TOtAL HlO eou.tcno IH 
IMPJNGERS ANO SILICA GEL,MLe 

v~c VOLUME OF WAtER VAPOR 
AT STANDARD CONDITIONS• 

. ewo .... PUC£HT MOUTllRE 8\' VOLUME 

FMD MOLE FRACTION DRY GAS 

PC02 PERC!NT C02 IT VOL., ORY 

P02 PERCENT 02 9Y VOL., ORY 

PCO PERCENT CO BY VOL., DRY 

PN2 PERCENT NZ BY VOL., ORY 

MO MOLECULAR WT•DRY STACK GAS 

ENGLISH UNITS 

10/J0/81 .. ,. 
1'38 

uo.o 
12 

1.on 

.3'97 IN 

.1• 

11.• , 

5'9e4'62 SCF 

. --u.•• 
.111 

•• 10 

•.Jo 
.oo 

16.•0 

H.06 

27.63 

M!TRJC UNITS 

1 O/J0/81 

1431 
IU8 

120.0 

12 

1.003 

10.1 

'.1• 
MM 

l.7JJ CU•M 

27.6 c 

I .HI SCM 

.252 SCM 

1z.•• 
.111 

•.JO 
.oo 



PB BAROMETRIC PRESSURE 19.9] IN•HG 760.Zi! MM•HG 

PSI STATIC PRES 0' STACK HS •1 .. 20 IN•MZO •30.48 ~M•Hi!O 

PS STACK PRES, Al Se 1tt.ee IN•HG 157.98 MM•HG 

TS AVERA&! STACK TEMP ,.,. , 285. c 
vs AVlf staCIC iAS VELOCITY 'l9.l ,,s !.a ,.,ips 

AS STACK HU T•6tt. SD•IN •.a11 9Q•M 

USS TD STACIC FLOW run, DRU 1626162. SCFH 46068. SCMH 

as ACTUAL STACK fLOW RATE 3!HH2. ACFH 100.u. ACMH 

ISO PERCENT ISOKINETIC 1 ll.1 111.z 

MN FILTERABLE PART .o .o 
MG. EPA 5 ----- .. - - .. - . 

cs 'ILTERAILE PART .oooo 8R/D9CF• .ooo .llfG/DSCM 

PMR 'iLTERAILE PART .ooo L81HR .oo KG/MR 
EMISSION RATE 

• 68 bts ,, n.u IN.MA • 
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EXAMPLE PARTICULATE CALCULATIONS TEST NO. 8•3 

NO.I COK! IAtTERY OUTLET 

VOLUME OF DRY &AS SAMPLED AT STANDARD CONDITIONS 

VMSTD • (17.6e7 • VM • Y • (PB + PM I IJ.6)) I CTM + 1160.) 

n.•u • 
VMSTO • ••••••••••••••••••••••••••••••••••••••••••••••••••••• • 

t 8Z. + 1160.J 

VOLUME OF WAT!R VAPOR AT STANDARD CONDITIONS 

VWC •· .011707 • YLC 

PERCENT MOISTURE IN STACK SAS 

Bwo • uoo •• Y•Cl I CYMSTD • v .. c> 

ewo • ·-·-----·-··-----·-··--·-· :a 12.•• PERCENT 

MOLE FRACTION OF DRY SUCK GAS 

FMO • uoo. • B•OJ I 100. 

too~ • 12~• 
FMO . ----------------------· • .871 

100. 

hEfUGE MOU:cuurr NUCHT OF ORV ITACK DI . 

MO • (PCOZ • ·••> • (POZ •• JZ) • (PNZ • PCO) •• 28 

MO • ( •.JO•••ltOO) • ( •.3•32/100) • ((86.•• .o) • 28/100 • z•.06 

MOLECULAR WEl8HT OF STACK &AS 

MWS •MD• lie • (BW0/100)) + 18. • (8WO/l00) 

""'s • n~06• u~ -cu.•111100» • u. • uz.•111100> • 21.u 



:i=-
1 
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STACK GAS VELOCITY AT STACK CONOJTJONS 

DELP • SUM. OF THE SGRt(VH • <TS·• 460.rJ 

VS • 85.•• • CP • DELP I (SQRT(MNS • PS) • PNTIJ 

vs • 85.•• • .a• • •t.684 I (SQRT( 21.63 • z•.a4) • 12 •• 

STACK GAS VOLUMETRIC 'LON AT STACK CONDITIONS 

QS • VS • AS • 36001144 

os • 

STACK GAS VOLUMETRIC FLOM AT STANDARD CONDITIONS 

QSSTi:i-i u-~ .. ,-. OS • ps·-·- u;-· (IMOllHJJ I (Tl • 160.) 

u ••• ., • 3566612. • 2•.•• • (l •• (12.••1100)) 
QSSTO . -·-----------·--------·-----------------·---------- . < 545. • •60.> 

PERCENT ISOKINETIC 

19.ll FPS 

l 6Z686Z • SCFH 

ISO •· ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• a lllel6 PERCENT 
uo •• ...ll • 

----PARHCULAft LOAOl"NG •• - !PA METHOD 5 ur--.TANDARD CDNDJTJDNSJ 

CS • O.OOI • MN • 15.43 I VMSTD 

cs • 0.001 • eO • 15.43 I !•.••z • .OOO GRIDSCF 

PARTICULATE LBS/HR •• EPA METHOD ·! 

PMR • CS • QSSTD I (l!e43 • 453.6) 

PMR .---- .ooo • .oo 



Run No. 8. 3 
3 Sample volume= 1.70 m, 59.96 scf 

Example calculations 

CS (Part)= 66.1/.J..:LO= 38.9 mg/m3 

CS (Part)= 0.001 x 66.l x 15.43/59.96 = 0.017 gr/dscf 

CS (so2) =_ /_= mg/m3 

=- x 24.06/_=_ppm 

= 0.001 x __ x 15.43/ __ = __ gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf ppm 

Particulate following 
conditioning at: 

Ambient 66.l 38.9 0. 017 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As H2S04 
As HzS04°2H20 

Sul fur dioxide 

Sulfuric acid mist 
As H2S04 
As H2S04·2H20 

Inorganic condensibles 

Organic condensibles 

TOC (Condensible) 

A-282 



PLANT 

FIELD DAU 

REPUBLIC STEEL CLEVELAND 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AM81ENT TEMP.(0!8.,) 
8AR.PRESS.CIN~HG) 
STATIC PRESS.(IN.H20) 
'ILTER NUM8ER(S) 
STACK INSIDE DIMeCIN) 
PITOT TU8E COE''• 

---THERM. NO. 
LEU AGE 
METER CALll. ,ACTOR 
READ I RECORO DATA EVERY 

NO.I COKE BATTERY OUTLET 

PART 
llRU,,!Y 
11. l•.•3 

-1.zo 
3!301 U 

CJ7 .!0 .OO .1• 
e2!0 CFM ·I !.O IN.HG 

1.044 
10.0 MINUTES 

TRAVERSE 
- --- --- - POINT 

HMPLE 
TIME 

(MIN.) 

CLOCK &Al METER 
TIME -- - RUDIN& 

V!LOCITY 
HEAD 

CIN.H20) 

ORl'ICE PRESSURE 
DIFFERENTIAL 

(IN.H20) NO. C24•HR (CU.FT.) 
CLOCK) ···-----------·-· DESIRED ACTUAL 

SUCK 
TEll'P 

(OEGeF) 

DATE 
AUN NUMBER 

PROBE LENGTH I TYPE 
NOZZLE I l.D. 
ASSUMED MOISTURE 
SAMPLE eox NU~BER 
METER BOX NUMBER 
lilETER HEAD D IFF • 
C FACTOR 
PROBE HEATER SETTING 
HEATER BOX SETTING 
REFERENCE PRESS. OIFF. 

I0/30/81 
11•4 

4' HEATED GLASS 
.1cn 

Ii!. 0 
a 

FIO 
1.110 

.116 
350. 
350. 

.15 

ORY US •METER 
UtcP 

(OEGePJ 

PUMP SAll'PLE IMPINGE A 
TEMP 

(OEG.F) 

-------··--·-INLET OUTLET 

VACUUM BOX TEMP 
UN.HG) CDEG.F) 

-----·-----·--------------------------------------------------------------------------------------------------------
-----IHtr·-------- -o - u..--- zu.ne 

:i::- 10.0 1451 265.580 .050 .62 • 62 su. •o. •o. 1.0 JCJ2 • ·!2. 
I 20.0 1501 26CJ.CJ20 .050 •• 2 • 62 ·551 • en. CJ1. 1.5 :n11. ·53. 

N 30.0 15IO 214.180 .060 .11 • 1J 56• • CJ•. CJ2. 2.0 406. 55. 
CX> 40.0 1520 279.070 .050 .62 • 62 5215. CJ6. •2. 2.0 3411 • 57. w 50.0 1531 -211.450 .050 .62 • 62 530 • CJT. CJ]. 2.0 35•. 56. ·-- ·-·--- --- -- --------- 60.0 -- 1541 zn.no· - .050 .6Z •• 2 540 • CJ7. CJ]. :s.o 371. :!•. 

10.0 1551 Z•Z.580 .o•o .73 • 11 547. CJ7. CJ] • 4.0 003e 60. 
110.0 1601 2'7.160 .010 .111 • 111 56•. 111. • •• •• 5 413 • 64. 
•o.o 1611 JOZ.530 .o•o • 11 • 13 580 • en. CJ] • 4.o 0011. 66. 

100.0 1611 301.200 .o&o .73 • 73 52• • en. •3. •.5 006. 611. 
110.0 1611 -JU.•60 • 010 .11 • e1 544 • CJT. CJ3. .5.0 405 • 66. 

-- --- - - 120.0. l64l 111.sz• .010 .u • 81 547 • •6. -•z. .5.0 407. '"· 
TOTALS lZO.O 56.6J1 
AVERAGE .11 • 11 541. • •• •2 • J.Z 393. 60. 



PARTICULATE FIELD DATA I RESULTS TABULATION 

PLANT• NAME AND ADDRESS 

REPUBLIC STEEL CLEVELAND 

TEST TUM LUOER 

TEST NO.I COKE BATTERT OUTLET 

:t:' 
I 

TEST DATE 

TB 
TF 

TT 

NP 

y 

ON 

CP 

PM 

TIME•STARf 
TIME•FINISH 

NET TIME OF TEST, MINe 

NET SAMPLING POINTS 

METER CALIBRATION 'ACTOR 

SAMPLIN& NOZZLE DIAMETER 

PITOT TUIE COE,FICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

IV VM 
00 

VOLUME OF DRT GAS SAMPLED 
AT METER CONDITIONS .. .i:::.. 

TM AVERAGE.SAS METER TEMP 

VMSTD VOLUME OF OAT &AS SAMPLED 
AT STANDARD CONDITIONS• 

·vLC- . - TOhL HZO ·co&.L!Cf!I) tN 
IMPIN&ERS AND SILICA &EL1ML. 

VMC VOLUME 0' WATER VAPOR 
AT STANDARD CONDITIONS• 

. - - ihfo . PERCENT MOUtU•E 8T VOLUME 

FMO MOLE FRACTION DRY &AS 

PCOi! PERCENT C02 BY VOLe1 DRT 

POZ PERCENT OZ BT VOL•• DRY 

PCO PERCENT CO IT VOL., ORT 

PNi! PERCENT NZ BT VOL., DRY 

MO MOLECULAR WT•DRY STACK &AS 

MMS MOLECULAR "T•STACK GAS 

ENGLISH UNITS 

10/!0/81. 

IHI 
16•1 

uo.o 

u 

1.044 

.3'? IN 

56.UI CU•FT 

. t-.t.J 

-·--u.u 
.86] 

- •.so 
.oo 

METRIC UNITS 

101]0/81 

14111 
1641 

120.0 

l2 

1.0114 

10.1 

11.3 IMM•Hi!O 

l.604 CU•M 

]4.0 c 
1.601 SCM 

.255 SCM 

u.u 
.163 

4.Jo 

•• 10 

.oo 

21. 511 



PB BAROMETRIC PRESSURE i!•.•l IN•HG 760.22 ... M•HG 

PSI STATIC PRES OF STICK us .... , .zo lN•H20 •]0.48 .-M•H20 

PS STACK 'RU, ass. ·2•.1• IN•HG 757.•8 ·fllM•HG 

TS AVERA&( STICK TEMP !547. , 286. c 

vs AVG STACK GU VELOCITY t•.2 FPS 5.8 !lllPS 

AS STACK ARU ?•66. SQ•!N •.117 SQ•M 

QSSTO STACK 'LOW RAT!, DRU 1612167. SCFH 4!5672. sc.-H 

es ACTUAL iTACK 'LO" RATt 3!fU•o. ACFH 101211. ICMH 

ISO 'ERCENT ISOKIN!TIC 105.8 105.8 

MN FIL TERAILE 'ART .o .o 
M&. EPA !S 

cs FILTERAIL! 'ART .oooo GR/DSCF• • 000 :llfG/DSCli' 

PMR itiL TtRABLt PART .ooo LB/HR .oo KG/~R 
EMISSION RATE 

:x:i •• u·-or1 ,., Zct~•2 IN.HI~ . 
I 

N 
(X) 

U1 



~ 
I 
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EXAMPLE PARTICULATE CALCULATIONS TEST NO. 8•4 

NO.i COKE BATTERY OUTLET 

VOLUME OF DRY &AS SAMPLED AT STANDARD CONDITIONS 

VMSTD • (i7.641 * VM * T * (Pl + PM I lS.6)) I (TM + 460.) 

n.••1 • 
VMSTO • ••••••••••••••••••••••••••••••••••••••••••••••••••••• • 

VOLUME O' WATER VAPOR AT STANDARD CONDITIONS 

v"c • • 0•101 • VLC 

v"c • ~oit01 • 1•1. • •.oo sc' 

PERCENT MOISTURE IN STACK GAS 

BttO ··-uoo •• V"C) i (YMSTD • VWC) 

aoo. • •.oo 
8"0 • •••••••••••••••••••••••••• • IJ.74 PERCENT 

56.551 • ..oo 

MOLE FRACTION O' DRY STACK GAS 

FMO • (100. • IWO) I lOOe 

-·-· aoo. - · · n.t 
FMD •· ••••••••••••••••••••••• ·• el6! 

100. 

MO • (PCOZ • ·••> • (POZ • 9JZ) • (PNI • PCO) •• ze 
MO a ( 4e30•441100) + ( •.l•JZ/100) + ((16.4+ .OJ * 281100 • z•.06 

MOLECULAR WEIGHT OF STACK GAS 

"'"s • MD • (l. - (IWOl100)) • 1e. * (IW0/100) 

M"S • z•.o•• <1. •(IJ.741100)) • 18 •• (lJ.74/100) • 27.54 



STACK GAS VELOCITY AT STACK CONDITIONS 

DELP 9 SUM. 0' THE SQRT(VH • lTS • •'0.)J 

VS • I!.•• • CP • DELP I lSART(MWS • Pl) • PNTS) 

STACK 8AS VOLUMETRIC 'LOW AT STACK CONDITIONS 

gs • VS • AS • 360011•• 

QS • -· li.16 • ?•••• J•OOlt•• • J!Hno. ACFH 

STACK 6AS VOLUMETRIC 'LOW AT STANDARD CONDITIONS 

. ·osSTO -. U~Uf • H i p9--··- u;-· (BWO/IOO)J I ns • '60.) 

11.60 • 
QSSTD • -·---------·-·--------···-------------------------- . 
PERCENT ISOKINETIC 

l'f.16 FPS 

l6UIU • SCFH 

ISO • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 8 

no. • n.u. • 

- PARtlCULIT! LOAOlttC •• !PA METHOD 5 UT "ITAJ.IDUD CONDITIONS) 

CS • 0.001 • MN • 15.•3 I VMSTO 

cs • 0.001 • .o • 15.113 I 

PARTICULATE LBS/HR •• EPA METHOD 5 

PMR • CS • QSSTD I (15.43 • •53.6) 

Pll4R ii .• ooo • 

eOOO GR/DSCF 

.oo 



Run No. 8.4 

3 Sample volume= 1.60 m, 56.55 scf 

Example calculations 

CS (Part) = 60.5/J.:..fil)= 37.8 mg/m3 

CS (Part) = 0.001 x 60.5 x 15.43/56.55 = O.Ol6gr/dscf 

CS (so2) =- / __ = mg/m3 

=- x 24.06/_=_ppm 

= 0.001 x __ x 15.43/ __ = __ gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf ppm 

Particulate following 
conditioning at: 

60.5 Plnbient 37.8 0.016 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 
4-h at 400°F 
2-h at 60Q°F 

Acid sulfates 
As H2S04 
As H2S04·2H20 

Sul fur dioxide 

Sulfuric acid mist 
As H2S04 
As H2S04·2H20 

Inorganic condensibles 

Organic condensibles 

TOC (Condensible) 

A-288 

I 



PLANT 

FIELD DATA 

REPUBLIC ITEEL CLEVELAND 
SAMPLING LOCATION 

SAMPU: TYPE 
OPERATOlt 

. AMBIENT TE~P.(Dt~.f) 
IAR.PAESS.(IN.HG) 
STATIC PRESS.(IN.H20) 
FILTER NUMBEAlS) 
STACK INSIDE DIM.(IN) 
PITOT TUBE COEF'• 
THEAM. NO. 

COKE STACK 

METHOD !•150 
DDlfllP 

67. 
1•.•J 
-1.20 
J5JOOOI 

'1.50 .oo .8• 
LUUQE 
METER CALll. FACTOR 

eOIO CFM ·1 15.5 IN.HG 
s.oJ:s 

READ I RECORD DATA EVERT to.o l•UNUTU 

TRAVERSE 
POINt 

NO. 

SAMPLE CLOCK 
TIME TIME . 

(MIN.) (Z4•HR 
CLOCK) 

&Al METER 
RUDI NG 
(CU.FT.) 

V(LOCITY 
ttuo· 

UN.HZO) 

ORIFICE PRESSURE 
DIFFEREtnUL 

UN.H20) 

··-------------· DU IRED ACTUAL 

STACK 
lE"'P 

(OEG.F) 

DATE 
RUN NUMBER 

PROBE LENGTH I TYPE 
NOZZLE I l.D. 
ASSUMED MOISTURE 

-SAMPLE BOX NUflllElt 
~ETER IOX NU"'BER 
METER HEAD D lFF • 
C FACTOR 
PROBE ·HEATER SETTING 
HEATER BOX SETTING 
REFERENCE PREii. DIF'• 

10/JO/U 
8•5 

6• GLASS 
.n4 

11.0 

'84 
1.811 .•z 
2!0. 
250. 

.18 

ORT GAS ·METER 
TDIP 

(OE&.,) 

PUMP u.-PLE IMPINGER 
TEMP 

(DE&.F> 

-------·-·-·-ULET OUTLET 

VACUUM BOX TEMP 
UN.HG) (DEG.Fl 

-----------------------------·---·---·--·---------------------------------------------------------------------------. --IN If ___ ··-·---· -o HU u.•1• 
10.0 uo ze.150 .010 .12 • 12 920 • 70. 70. 10.• 25•. • •• 

:i::-
20.0 1459 n.eso .010 • 12 .1z 520. 72. 70 • I0.5 210. 47. 

I JO.o 1509 37 .600 .010 .12 .12 520. 73. 70. 10.a 2n. 47. 
N 40.e 1519 12.uo .010 .12 .12 520. 75. 71. 10.4 210. 48. 
CX> 50.0 152' 47 .o.o .010 .12 .1z 520. 76. 71. 10.• zn. ·!2e 
\0 60.0 

.. 
1539 51. uo .. . ·- -· .010 .12 .12 ·520. 76. . ··11. 10.• 268. ·t2e 

10.0 ., .. 56.440 .010 .12 .1z ·520. 11. 71. 10.1 268 • 17. 
10.0 1559 61.no • 010 .12 .12 520. 11. 72 • 10.9 266. 53. 
•o.o 160• 65.860 .010 .12 .12 520. 71. 73. 11. 1 i!68. 52. 

100.0 1619 70.5!0 .010 .12 .1z ·520. 78. 73. n.1 210. ·52. 
104.2 16ZJ 12.4n .010 .12 .12 ·520. 11. 73. 15.5 26•. ·!!. 

TOTALS 10..z 4•.0711 
AVERAGE • 12 .12 ·!IZO. 75. 71. ll .4 261. ·!I • 

--~·- ------. -- - """ -



PARTICULATE FIELD DATA I RESULTS TABULATION 

PLANT• NAME AND ADDRESS 

REPUBLIC STEEL CLEVELAND 

TEST 

TEST DUE 

TB 
TF 

TT 

NP 

y 

ON 

CP 

COi(( STACK 

ftME•STAl'ff -
TIME•FINUH 

TUT TUM LEADER 

DO/MP 

ENGLISH UNITS 

10110181 

II 

1.033 

.:su UI 

.8• 
!J::1 PM 
I 

NET TIME OF TtST, MIN. 

NET SAMPLINS POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZlLE DIAMETtR 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

N 
\0 VM 
0 VOLUME OF DRY GAS SAMPLED 

AT METER CONDITIONS 
••.ou cu-n 

TM AVERAGE CAS METER TEMP TJ.• F 

VMSTD VOLUME OF DRY IAS SAMPLED !0.289 SCF 
AT STANDARD CONDITIONS• 

-v-Lc .. fOUL HH COLL!CT!O tN . In.o 
IMPlNGERS AND SILICA GEL,ML. 

VMC VOLUMl OF MATER VAPOR 1.231 SCF 
AT STANDARD CONDITIONS• 

.... 8iilb PERCENT MOUTUfl! IY VOLUME ··--.. -~OT 

FMD MOLE FRACTION ORY GAS .8!9 

PCOl PERCENT COZ IY VOL., DRY •.10 

P02 PERCENT 02 IY VOL., ORY •.JO 

PCO PERCENT CO IY VOL., DRY .oo 

PNl PERCENT NZ BY VOL., ORY 16.•0 

~ MD MOLECULAR MT•DAY STACK GAS ·2·~06 

MWS MOLECULAR WT•STACK GAS ·21.,0 

METRIC UNITS 

10130111 

un 
IHJ 

II 

1 .on 

.84 

1.1•0 CU•M 

n.o c 
l .424 -SCM 

tn.o 

4.30 

•.!O 
.oo 



::t:' 
I 

N 
. - \0 

I-' 

PB 

PSI 

PS 

TS 

.. vs 

AS 

QSSTO 

as 
ISO 

MN 

cs 

PMR 

• 

BAROMETRIC PRESSURE 

STATIC PRU O'. STACK GAS 

STACK PRU, Hie 

AVERAGE STACK TEMP 

ave atac!C Oas V~LOCITY 

STACK ARU 

STACK now RATlf1 DRU 

ACTUAL itACk FLOW RATE 

PERCENT ISOKINETIC 

'ILTUAIU PART 
MG. EPA !I 

'ILTERAIU PART 

flLTERAILE PART 
!MISS I Off RATE 

61-oH·;, H.•2 IN.HI • 

2•.'3 IN•HG 760.ZZ •fllM•HG 

•l.20 IN•H20 •30.•8 .MM•H20 

••••• IN•HG ?!l?.4UI •fllM•HG 

!IH. , 271. c 

IO.i ,,s 6.J .-PS 

U66e SQ•JN •.au SQ•M 

l?HZ"• SC'H 50661. SCllilH 

nnsH. ACFH 10'133. ACMH 

110.0 110.0 

.o .o 

.oooo GRIOSCF• • 000 1fllGIDSC" 

.ooo UIHR .oo KGIHR 



EXAMPLE PARTICULATE CALCULATIONS TEST NO. 8•5 

COK! i'UCIC 

VOLUME OF ORT IAS SAMPLED AT STANDARD CONDITIONS 

VM$t6 i li?;••f i-~~ i T • (Pl• PM I lJ.6J) I (TM• ••O.) 

••.01e • 1.011 • ( z•.•3 • .120 / 11.•> 
YMSTD • ··----------------------------·-----------------·--·- . 
VOLUME OF WATER VAPOR AT STANDARD CONDITIONS 

VWC • e04701 • YLC 

PERCENT MOISTURE IN STACK IAS 

- BWO -·-cno. -, VNCJ 1 (VMSTD + VWCJ 

100. • .1.2• 
BWO 8 •••••••••••••••••••••••••• • 14.0T PERCENT 

MOLE FRACTION OF ORT STACK IAS 

FMO • (100 •• iwo> I 100. 

----- ----no~--• : u-.; r 
,MO • ••••••··~··•••••••••••• • el9• 

100. 

MO • (PCOZ • ·••> • (POZ •• J2) • (PNI • PCO) •• ze 

·50.28• DSCF 

MO • ( •.30•44/IOOJ • ( •• J•JZ/100) • <<••··· .OJ-· Zl/100 -· z•.o• 

MOLECULAR WEIGHT OF STACK QAS 

MWS • MD • ca •• (IW0/100)) • ae •• (IW0/100) 

MW$-i l•;Oii "(l; •Ct•.O?/lOOJl i 18. • ·ct•.Of/100) • ZT.!O 



ri 
I\;) 

. .. \,0 

w 

STACK &AS VELOCITY AT STACK CONDITIONS 

DELP a SUMe 0' THE SQATlVH • lTS + 460.J) 

VS • 85.e• • CP • DELP I (SQAT(MWS • Pl) • PNTS) 

•l.108 I (SQRT( 27.50 • Z•.84) • ll. • 

STACK GAS VOLUMETRIC 'LOW AT STACK CONDITIONS 

QS • VS • AS • ]6001144 

GS • - H. t6 • U66~ J600/Ui • 

STACK &AS VOLUMETRIC 'LOW AT STANDARD CONDITIONS 

assro·-· ·n .,.,. • H • p9····· n;-·• · ce•o11nu / na • uo.> 

n .647 • 1875168. • z•.e4 • <1. • <14.0111001> 
QSSTD • ••••••••••••••••••••••••••••••••••••••••••••••••••··• 

PERCENT ISOKINETIC 

ISO • (J05.58•(TS+460.J)•(l0e00266••VLC)+(VM•Y•(P9+(PM/lJ.6))/(TM+460.J))/(TT•VS•Pl•DN•DN) . . . 

JSO • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• a 110.00 PERCENT 
104 •• 20.16 • 

·- PARtitUi:Ul .i.OADJfiO •• !'.PA MUHOO ! UT-.UffOARD CONDITIONS) 

CS a o.OOl • MN • 15e43 I VMSTD 

cs • 0.001 • .o • 15.4] I .OOO &R/DSC, 

PARTICULATE LBS/HA •• EPA METHOD 5 

PMR • CS • QSSTD I ll!e43 * 453.6) 

PMR • .• ooo • .oo 



Run No. 8. 5 

3 Sample volume= 1.42 m ,50.29 scf 

Example calculations 

CS (Part) =183.6/1.42 =129.3 mg/m3 

CS {Part) = 0.001 x183.6 x 15.43/50.29 =--- gr/dscf 

CS {so2) =-- / __ = mg/m3 

= __ x 24. 06/_ =-ppm 

= 0.001 x __ x 15.43/ __ = __ gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

Ambient 183.9 129.5 0.056 
2-h at 275°F 75.5 53.2 0.023 
4-h at 275°F 66.7 47.0 0. 021 
2-h at 300°F 64.5 45.4 0.020 
4-h at 300°F 62.4 43.9 0.019 
2-h at 325°F 61.0 43.0 0.019 
4-h at 325°F 59.9 42.2 0.018 
2-h at 350°F 57.9 40.8 0.018 
4-h at 350°F 57.4 40.4 0.017 
2-h at 400°F 52.9 37.2 0.016 
4-h at 400°F 50.9 35.8 0.016 
2-h at 600°F 45.6 32. 1 0.014 

Sul fur dioxide 

Sulfuric acid mist 
As H2S04 
As H2S04·2H20 

Inorganic condensibles 

Organic condensibles 

TOC (Condensible) 

A-294 

ppm 



PLANT 

'IELD DATA 

REPUBLIC STEEL CLEVELAND 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT Tf:MP. (OH.,) 
BAR.PREIS.(IN.HG) 
STATIC PRESS.llN.H20) 
FILTER NUMBER(S) . 
STACK INSIDE DIM.llN) 
PITOT TUBE COEF'• 
THERM~ NO. 

COKE STACK 

METHOD 8•600 
DO/MP •1. 
2•.•J 
-1.20 
353021' 

t7.50 .oo .a• 
LUKA8E 
METER CALIB. ,ACTOR 

.• OOO C'M a ·22.0 IN.HG 
.•ez 

READ I RECORD DATA ·EVERT to.o MINUTES 

TRAVERS! SAMPLE CLOCK GAi METER 
POINT --- TIME --- TIM! -- READING 

NO. . (MIN.) (24•HR (CU.,T.J 
CLOCK) 

VELOCITY 
HUD

UN.H20) 

ORl'ICE PRUSUR! 
DJ,,ERENTI AL 

UN.H20) 

···---------····· DUIRfD ACTUAL 

STACK 
TEMP 

(DEG.,) 

DATE 
AUN NUMBER 

PROBE LENGTH I TYPE 
NOZZLE I l.D. 
ASIUM!D MOISTURE 
SAMPLE 801 NUMBER 
METER 1011 NUMBER 
fllETER ·HEAD DIFF. 
C 'ACTOR 
PROBE •HEATER SETTING 
HEATER BOX SITTING 
REFERENCE PREIS. DIF'• 

10/JOIU 
8•6 

4 • QUARTZ 
~HO 

11.0 

'91 
1.•1 
••• Z50. 

&!50 • 
.02 

DRY GAi METER 
T!"P 

(DEG.P) 

PUlllP IAflllPLE IMPINGER 
T!MP 

(DEG.n 

-------------INLET OUTLET 

VACUUJll IOI TEMP 
UN.HG) lDEG.F> 

-----~---------------------------------·--···-····------------------------------------------------------------------INIT _______ --- o- --- - UJI. 418.HI 
10.0 lU8 •82.6•0 .010 5.44 ·'' 520. 67. ''· •• 1 58• • .90. 

:i::ii 20.0 .. ,. 487.•'20 .010 ·5·•· .75 ·520. ••• ''· i.J 54'J. ••• 
I 30.0 1508 4•2. uo .no .5.44 ·'' ·520. 12. 67. ll .3 601. 44. 

N 40.0 1518 4•6.'930 .010 5.44 • 75 520. 11 • 61. 13.6 5•i!. 48. 
~ 5o.o 1528 501.••o .010 5.•• ·'' ·520. 75. ••• 15.2 601. •I. ·-Vl - --- -- - ·------- -- H.O - n1e- 50ft.460 .010 5.U • 75 520. 75 • ••• H.5 ftOJ. :50. 

10.0 1541 511. no .010 5.44 • 75 .520. ''· 6t. 16.7 54'• • ·5• • 
10.0 1551 515.•to .010 5.44 .75 520. , .. •••• n .1 5•5. 54. 
•o.o 1609 520.658 .010 5.•• ·'' ·520. 75. 10. 21.1 600. 56. 

TOTALS •o.o 42.600 
----- hERA&t--. ·-··--··. ·-. ., ... ·'' 520. 7J. - -:61. u.o , ... :50. 



PARTICULATE FIELD DATA I RESULTS TABULATION 

PLANT• NAME AND iDDRtaa 

REPUBLIC STEEL CLEVELAND 

TEST 1•6 COKE ·STACK . . .. 

TEST DATE 

TB 
TF 

TT 

NP 

y 

ON 

CP 

PM 

TM 

"tiM(•-ITARf .. 
TIME•FINUH 

NET TIME o; TEST, MIN. 

NET SAMPLINC POINTS .. -- ----·-··· 

METER CALllRATIDN FACTOR 

SAMPLJNC NOZZLE DIAMETER 

.. __ PIJDT __ _TUBl __ COE,FICIENT 

AVERAIE ORIFICE PRESSURE 
DROP 

VOLUME OF DRY CAS SAMPLED 
AT METER CONDITIONS 

. ---- ----

AVERACE GAS METER TEMP 

TUf fEAM LEADER 

DO/MP 

EN8LllH UNITS 

I0/]0111 

108 
1601 

• 
.•H 
.Ho IN 

.1• 
• '75 Ul•HZO 

'°·' , 
VMSTD VOLUME OF DRY GAS SAMPLED •1.nz ICF 

AT STANDARD CONDITIONS• 

. ---YLC fofi·L itH-COlLtct!o IN Hl.O 
IMPIN&ERS AND SILICA CELrMLe 

VMC VOLUME OF WATER VAPOR fe437 SCF 
AT STANDARD CONDITIONS• 

·---BMO ·--·--PHCENT- MOllfuA! 8¥ YOL:liME . --u~ lJ 

FMD MOLE FRACTION DRY CAS el4• 

PC02 PERCENT C02 BY VOL., DRY leJO 

POZ ... POCENT- 02 .. 8'. VOL~,- D'IY .. ••JO 

PCO PERCENT CD IY VOL., DRY .oo 
PN2 PERCENT NZ IY VOL., DRY 16.10 

Mi> Mbl!CUL•R liT•o•n SUCK GAS . - -H~06 

MMS MOLECULAR Wl•STACK CAS Z7•!• 

METRIC UNITS 

10130111 . .,. 
1601 

• 
.•12 

t•. t ·MM•H20 

zi.• c 
1.111 ac.-

151.0 

.zll ICM 

u.n 

•••• 
1.10 

•• JO 

.oo 

27.J• 



PB 

Pii 

PS 

TS 

vs 
AS 

QSSTD 

-· !is 

110 

MN 
-·-· - - -

!J::I 
I 

N 
... l.O. 

-..J 

cs 

PMA 

• 

BAROMETRIC PRESSURE 

~t•TtC ~Att O~ StACK iAI 

STACK PRES, us. 
AVERAGE SUCK TEMP 

AYI lfACif 'IU VEi.OCJTT 

STACK ARU 

STACK 'LOW AATI!, DAT• 

·actOAL"ltiCK 'i.OW ••Tr 
PERCENT JSOKJNETJC 

'1L TERAIU llAAT 
MG. EPA 5 

. - -----·- - --- . 

'ILTERAILE PAAT 

FtLTEAdLE PAAt 
UUISJON RATE 

u·ou·,, H;.-z· IN.'4A • 

2•.•J lN•HG 760.22 ·MM•HG 

·•t.20 tt4•H20 •J0.48 1MM•H20 

., •• u JN•HG 75?.•I MM•HG 

5ZO. , 211. c 
20.1 ,,. 6.J MPS 

, .. ,. SQ•IN ..111 IQ•M 

l71ltOJ. SCFH 50152. SOH 

JHJI0!9 AC'H l091t66. ACMH 

-JI.I JI.I 

.o .o 

.oooo IRIDIC'• .OOO ... &IDIClll 

.ooo LllHA .oo KGl~A 



EXAMPLE PARTICULATE CALCULATIONS TEST NO. 8•6 

COKE STACK 

VOLUME OF DAY &AS SAMPLED AT STANDARD CONDITIONS 

VMSTD·• Uf~64t. VM. y. <'•.PM j U~6)) I <TM ... o.> 

VMSTD . ··--------------------------·····-------------------- . < 11. • ••o.> 

VOLUME OF WATER VAPOR AT ·ITANDAAD CONDITIONS 

PERCENT MOISTURE IN STACK &Al 

~-- ---·-"Biiio .--noo-; •. VWCJ I (VMSTD • VWC) 

::i::oi 
I 

N 
\0 
CX> 

.. 100. • '··· BWO a -------------------------- . et.Ti!Z·+ f.ee 

MOLE FRACTION OF DRY STACK CAI 

u. n PERCENT 

FMD • (100. ·• IWO) I 100. 

··--·---· ----·- uo. ···n.1 
FMD • ••••••••••••••••••••••• • .ee• 

100. 

MD • (PC02 • ·••> • (P02 •• Ji!) ·• (PN2 • PCO) •• 28 

MD • ( •.30•e4/100) + ( 9.J•JZ/100) + ((16.•+ .O) • 281100 • 29.06 

MOLECULAR WEICHT OF STACK CAS 

MWS a MO • Cle • (BW0/100)) • l8e • (IW0/100) . . 

41.122 DSCF 



STACK GAS VELOCITY AT STACK CONDITIONS 

DELP-. SUM. OF THE SQRf(YH. cts ••• ,.,, 
VS • 85.4• • CP • DELP I (SQRT(MMS • PS) • PNTIJ 

vs • 85.•• • .8• • 

STACK GAS VOLUMETRIC 'LOM AT STACK CONDITIONS 

QS • YS * AS * 1•0011•• 

os • 20.et * nu~ ·s.0011u .ii 

STACK GAS VOLUMETRIC 'LON AT STANDARD CONDITIONS 

QSSTO • n ... ., • DS • ,s-.-··n-;--. (9W07lH>J I (TS + uo.J 

IT.••T * 3111409. * 2•.14 *.Cl. • (15.11/100)) 
QSSTD • ••••••••••••••••••••••••••••••••••••••••••••••••••• • 

( 520 •• ••o.> 

PERCENT ISOKINETIC 

UH.51•( szo.••H.JJ•U0.00266U 158.J+( . -

1111101. SCFH 

ISO • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ·• 
••• * 10.11 * 2•.•• * .620 * .•20 

PAAflClJLAft i.OADINO ••-!PA MITHOD ! ·rn--aTHDARD CONDITIONIJ 

CS • 0.001 • MN • 15.43 I YMITD 

cs • 0.001 * u.n2 • .OOO GR/D8CF 

PARTICULATE LIS/HR •• EPA METHOD ,5 

PMA • CS * QSSTD I (19e4J * 4SJ.6) 

PMR • .ooo * .oo 

JI.I• PERCENT 



Run No. 8.6 

Sample volume = 1. 18 m3, 41. 72 scf 

Example calculations 

CS (Pa rt) = .!5....11..1....IB = 3a 2 mg/m3 

CS (Part)= 0.001 x45.l x 15.43/41.72= 0.017 gr/dscf 

CS (S02) =_ /_= mg/m3 

= __ x 24.06/_=_ppm 

= 0.001 x __ x 15.43/ __ = __ gr/dscf 

Catch weight, 
mg/m3 Concentration, 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

Ambient 45. l 38.2 0.017 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As H2S04 
As H2S04·2H20 

Sulfur dioxide 

Sulfuric acid mist 
As H2S04 
As H2S04·2H20 

Inorganic condensibles 

Organic condensibles 

TOC (Condensible) 

A-300 

ppm 
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::i::i 
I 
w 
b 
N 

FIELD DATA 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT TEMP.lDEG.F) 
BARePRESS.(IN.HGJ 
STATIC PRESS.lIN.HlO) 
FILTER NUMBER(S) 
STACK INSIDE OIM.llN) 
PITOT TUBE COEFF. 
THERN. NO. 
LEAKAGE 
NETER CALIB. FACTOR 
REAO & RECORD DATA EVERY 

REPUBLIC STEEL CLEVELAND 
NO.l COKE BATTERY OUTLET 

PART/Hi!SOll/SOZ 
BRUFFEY 

3b. 
l9.ll 
-1.20 
353031Q 

91.50 .oo 
• 84 

• ooo CFM i 6.0 IN.HG 
l.003 
10.0 MINUTES 

TRAVERSE 
POINT 

NO. 

SAMPLE 
TIME 

OUN.J 

CLOCK 
TIME 

(i!O•HR 
.CLOCK) 

GAS METER 
READING 
CCU.FT.) 

VELOCITY 
HEAD 

(IH.Hi!OJ 

ORIFICE PRESSURE 
DIFFERENTIAL 

(IN.Hi!O) 

tNIT 

TOTALS 
AVERAGE 

0 
10.0 
zo.o 
lO.o 
•o.o 
50.0 
60.0 
10.0 
ao.o 
90.0 

cio.o 

ll0'5 
llt5 
li!i!5 
li!35 
li!4S 
li!55 
130'5 
1315 
1325 
1335 

DESIRED ACTUAL 

259.553 
263.120 .oso .61 .61 
i!b8.480 .oso .61 • &7 
i!13.i!OO .O'!iO .67 • &1 
tt11 .9&0 • o'!iO .67 • b7 
i!8l.680 .oso .67 • b7 
i!IH .ozo .oso .67 • 67 
i!9i!.130 .oso .61 • 61 
i!%.8b0 .050 .67 .61 
301.587 .050 .67 • 67 

Cli!.034 
• 67 • &7 

STACK 
TEflP 

(OEG.F) 

45l. 
4&3 • 
472. 
467. 
488 • 
Cl 9i! • 
050 • 
459. 
Clb9 • 

4b8. 

DATE 
RUN NUlllBER 

PROBE LENGTH & TYPE 
NOZZLE : J.o. 
ASSU"'ED !MOISTURE 
SAlllPlE BUX NU1118ER 
r-E TER BOX NU,.BER 
,.ETER MEAD DIFF. 
C FACTOR 
PROBE HEATER SETTING 
HEATER BUX SETJJNG 
REFEMENCE PRESS. OIFF • 

ll/08/81 
Ol•l 

4• HEATED GLASS 
.1101 

14.0 
g 

Fifi! 
l.08 

.Bi! 
i!SO • 
i!SO. 

.oo 

ORY GAS METER 
TEIMP 

lDEG.F) 

PUfllP SlflPlE l"'PINGER 
TEMP 

(OEG.F) 

-------------INLET OUTLET 

3i!. 32. 
li!. ll. 
33. 3i! • 
3S. 3c! • 
35. 3~. 
35. l3. 
3b. 33. 
36. 33. 
36. 33. 

]Cl • 33. 

VACUUM BOX TEMP 
(JN.HG) COEG.F J 

4.o Z39. 
4.0 i!55. 
4.0 i!45. 
Cl. 0 i!Cl8. 
5.o i!51. 
6.0 i!Cl3. 
5.5 i!llCI. 
&.o 241. 
6.0 i!46. 

o.ci i!ll6 • 

34. 
l6. 
lb. 
37 • 
lb. 
37. 
39. 
40. 
CIO • 

31. 



PARTICULATE FIELD DATA & RESULTS TABULATION 

PLANT• NAME AND ADDRESS TEST TEAM LEADER 

REPUBLIC STEEL CLEVELAND BRUFFEY 

TEST Dl•l ND.I COKE BATTERY OUTLET 

TEST DATE 

TB 
TF 

TT 

NP 

y 

ON 

CP 

PM 

VM 

TM 

VMS TD 

VLC 

vwc 

Bwo 

FMD 

PC02 

P02 

PCO 

PN2 

MO 

MWS 

TIME•START 
TIME•FINISH 

NET TIME OF TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF DAY GAS SAMPLED 
AT METER CONDITIONS 

AVERAGE GAS METER TEMP 

VOLUME OF DAY GAS SAMPLED 
AT STANDARD CONDITIONS• 

TOTAL H20 COLLECTED IN 
IMPINGERS AND SILICA GEL,ML. 

VOLUME OF WATER VAPOR 
AT STANDARD CONDITIONS* 

PERCENT MOISTURE BY VOLUME 

MOLE FRACTION ORY GAS 

PERCENT C02 BY VOL.r ORY 

PERCENT 02 BY VOL., DRY 

PERCENT CO BY VOL., DRY 

PERCENT N2 BY VOL., ORY 

MOLECULAR WT•DAY STACK GAS 

MOLECULAR WT•STACK GAS 

ENGLISH UNITS 

12108181 

1205 
1335 

l.003 

.401 IN 

.61 IN•H20 

F 

44.111 SCF 

4.858 SCF 

• 4JO I 

.oo 

8&.10 

24J.10 

28.00 

METRIC UNITS 

12108/81 

1205 
1335 

1.003 

I 0 • 2 

.8 c 

l. 244J SClll 

103.2 

.138 SCM 

.4JOl 

.oo 

8&.10 

24J.10 

28.00 
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PB 

PSI 

PS 

TS 

vs 

AS 

QSSTD 

QS 

ISO 

MN 

cs 

PMR 

BAROMETRIC PRESSURE 

STATIC PRES OF STACK GAS 

SUCK PRES, ABS. 

AVERAGE STACK TEMP 

AVG STACK GAS VELOCITY 

SUCK AREA 

STACK FLOW RATE, DRY• 

ACTUAL STACK FLO~ RATE 

PERCENT ISOKINETIC 

MG. EPA 5 

EMISSION RATE 

2Cf.2l IN•HG 

-1.20 IN•H20 

2Cf. l 2 IN•HG 

0&8. F 

11. l 'PS 

70&fl. SO•IN 

l 5CJ5.l 42. SCFH 

31CJ763CJ. ACFH 

IOCJ.O 

.oooo 

.00000 GR/OSCF• 

.00000 LB/HR 

74l.Cf3 ~M·HG 

•30.48 .-M•H20 

73Cf.&CJ MM•HG 

242. c 

5.2 ~PS 

4.817 SQ•M 

45170. SClll.H 

CJ0548. ACIMH 

lOCf.O 

.oooo 

.oooo IMG/OSCM 

.000 KG/HR 
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EXAMPLE PARTICULATE CALCULATIONS TEST NU. 01•1 

N0 0 l COKE BATTERY OUTLET 

VOLUME OF DRY GAS SAMPLED AT STANDARD CONDITIONS 

VMSTO • (17.647 • VM * Y • (PB + PM I 13.6)) I (TM + 460 0 ) 

17.647 • 
VMS TD • •••••••••••·----·······-··---------·····------------- = 114.111 OSCF 

34 •• 1160.) 

VOLUME OF MATER VAPOR AT STANDARD CONDITIONS 

VMC • .04707 * VLC 

VMC • .04707 * 103. : 

PERCENT MOISTURE IN STACK ~AS 

BMO • (100. * VMC) I (VMSTD + V"C) 

100. • 4.86 
BMO • •••••••••••••••••••••••••• E 

44. l ll • 4.86 

MOLE FRACTION OF DRY STACK GAS 

FMO • (100 0 • B"OJ I 100. 

100. - '·' FMO • ••••••••••••••••••••••• s .~01 
100. 

AVERAGE MOLECULAR MEIGHT OF DRY STACK GAS 

MD • lPCOi! * .44) + lP02 * .32) + (PN2 + PCO) * .28 

MD • l 4.50•44/100) + ( 9.4•321100) + ll8b.I+ .O) • 281100 : 

MOLECULAR MEIGHT OF STACK GAS 

M"S • MD • ll. • (8"01100)) + 18. * (BW0/100) 

MWS • i!9.10• Cl. •( 9.92/lOOJ) + 18. * ( 9.92/100) : i!8.00 
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STACK GAS VELOCITY AT STACK CONDITIONS 

DELP • SUM. OF THE SQRT(VH • (TS + Q60.)) 

VS • 85 0 4• • CP • DELP I (SQRT(M"S • PS) • PNTSJ 

vs • 85.4• • .84 * 61.304 I (SQRT( 28.00 * 2q.l2) • 17.13 FPS 

STACK 8AS VOLUMETRIC FLO" AT STACK CONDITIONS 

QS • VS • AS • 36UO/l44 

OS = 11.11 • 7466. ]600/144 • ]111763•. ACFH 

STACK GAS VOLUMETRIC FLOW AT STANDARD CONDITIONS 

DSSTD • 17.647 • OS * PS • (I. • CBW0/100)) I (TS + 460.) 

17 .647 • 
QSSTD • ·-•-••••••••••••••••••••••••••••••••••••••••••••••• : 

( 468 •• 460.J 

PERCENT ISOKINETIC 

.670113.6))/( 34.•060.J)) 

ISO • ------------------------------------------------------------------------------------------------- = IU~.oo PERCENT 11.11 • 

PARTICULATE LOADING •• EPA METHOD 5 (AT STANDARD CONDITIONS) 

CS • 0.001 • MN • 15.43 I VMSTD 

cs • 0.001 • 0 0000 • t'5.43 I 44.111 = .00000 GR/DSCF 

PARTICULATE LBS/HR •• EPA METHOD 5 

PMR • CS • OSSTD I (15.43 • 4'53.6) 

PMR a .00000 • 1595142. I (15.43 • 453.6) : .00000 



Run No. 01 . 1 

Sample volume= l.25 m3, 44.ll scf 

Example calculations 

CS (Part) = 32.6/l.:...?.§_ = 26. 1 mg/m3 

CS (Part)= 0.001 x 32.6 x 15.43/44.11 = 0.011 gr/dscf 
3 cs (so2) = 69. 7 /L.£.= 55.8 mg/m 

= 55.8 x 24. 06/M__ = .1L. ppm 

= 0.001 x 69.7 x 15.43/ 44.11 = a.a4a gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

32.6 . Ambient 26. 1 a.011 
2-h at 350°F 21.8 17.4 O.Oa8 
4-h at 350°F 21. 1 16.9 0.007 
2-h at 400°F 16. 8 13.4 a.006 
4-h at 40a°F 16.4 13. 1 o.aa6 
2-h at 600°F 14.6 11. 7 a.aa5 

Acid sulfates 
As H2S04 o.a a.a a.a 
As H2S04·2Hz0 a.a a.a a.a 

Water soluble sulfates 
As S04_= <0.3 <0.2 a.aoo 

Sul fur dioxide 69.7 55.8 a.a24 

Sulfuric acid mist 
As HzS04 115* 92.a a.a4a 

Inorganic condensibles N/A 

Organic condensibles N/A 

TOC (Condensible) NiA 

*Field analysis~ isopropanol contaminated. 

A-307 

ppm 

21 

22 
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PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMSIENT TEMP.COEG.FJ 
BAR.PRESS.CIN.HG) 
STATIC PRESS.llN.HZO) 
FILTER NUMSER(S) 
STACK INSIDE OIM.(INl 
PITOT TUBE COEFF. 
THERM. NO. 
LEAKAGE 
METER CALJB. FACTOR 
REAO I RECORD DATA EVERY 

REPUBLIC STEEL CLEVELAND 
NO.I COKE BATTERY OUTLET 

PART/Hi?S04/S02 
BRUFFEY 

36. 
i?CJ.21 
•l.lO 
3530324 

q7 .so .oo 
.84 

• ooo CfM i 5.0 IN.HG 
l.016 
10.0 MINUTES 

TRAVERSE 
POINT 

NO. 

SAMPLE 
TIME 

lMIN.J 

CLOCK 
TIME 

(i!4•HR 
CLOCK) 

GAS METER 
READING 
(CU.FT .J 

VELOCITY 
HEAD 

llN.H20) 

ORIFICE PRESSURE 
DIFFERENTIAL 

(IN.H20) 

OESIREO ACTUAL 

SUCK 
TEll'P 

lOEG.F) 

OATE 
RU,_ NUfl'BER 

PROBE LEhGlH & TYPE 
NOZZLE : I.u. 
ASSU"'ED "'OISTUHE 
SA~PLE BOX NU"'8ER 
fl'ETER BOX NU"'BER 
fl'ETER "4EAO OIFF. 
C FACTOR 
PROBE HEATER SETTING 
HEATER BOX SETTING 
REFERENCE PRESS. OIFF. 

12108181 
Ol•c 

o;• "4HTEO GLASS 
.1101 

111. 0 
Q 

F85 
l.8& 

.84 
25 .,. 
250 • 
.oo 

ORY GAS fl'ETER 
TE"'P 

(DEG.F) 

PUll'P SAfl'PLE I"'PINGER 
TEMP 

lOEG.F) 

IP.LET OUTLET 

VACUUM BOX TEMP 
(IN.HG) (OEG.F) 

--------------------------------------------------------------------------------------------------------------------
JNIT 

TOTALS 
AVERAGE 

0 
10.0 
20.0 
30.0 
110.0 
so.o 
60.0 
10.0 
80.0 
qo.o 

90.0 

1208 349.502 
1218 353.780 
l2i!8 357.CJ80 
1238 3&2.170 
1248 366.380 
1258 370.540 
1308 374. 760 
1318 378.'HO 
1328 383.140 
I 338 387.318 

37.816 

• oso .sci .sq 
.050 .sq .5CJ 
.0'50 .sq .sq 
.oso .sq .59 
.oso .5CJ • 59 
.050 .sq .59 
.oso .59 .59 
• oso .sq • t;q 
.0'50 .sq • sq 

•. sq • 5CJ 

435. 31. 38. z.o i?61f • 33. 
Cl65. 38. 38. i!. () 210. 34. 
117!. 3CJ. 3q. i!. 0 zn. 36. 
1171. 40. 39. 2.0 2n. 31. 
484 • 111. ]CJ. 3.o 210. 36. 
11q5. 43. 40. 2.0 zn. 31. 
453. 43. 40. 2.5 275. 35. 
Cl6i! • 43. ""· i!. 0 i!10. 34 • 
11711 • Cl 3. 110. 2.0 279. 30. 

468. 41. 39. 2.2 212. !5 • 
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PARTICULATE FIELD DATA & RESULTS TABULATION 

PLANT• NAME AND ADDRESS TEST TEAM LEADER 

REPUBLIC STEEL CLEVELAND BRUFHY 

TEST Ol•Z NO.I COKF. BATTERY OUTLET 

TEST DATE 

T8 
TF 

TT 

NP 

y 

ON 

CP 

PM 

VM 

TM 

VMS TO 

VLC 

FMD 

PCOl 

POi! 

PCO 

PN2 

MO 

MWS 

TIME•START 
TIME•FINISH 

NET TIME OF TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF ORY GAS SAMPLED 
AT METER CONDITIONS 

AVERAGE GAS METER TEMP 

VOLUME OF ORY GAS SAMPLED 
AT STANDARD CONDITIONS• 

TOTAL HZO COLLECTED IN 
IMPINGEAS AND SILICA GEL,ML. 

VOLUME OF WATER VAPOR 
AT STANDARD CONDITIONS* 

PERCENT MOISTURE BY VOLUME 

MOLE FRACTION DRY GAS 

PERCENT C02 BY VOL., ORY 

PERCENT 02 BY VOL., DAY 

PERCENT CO BY VOL., ORY 

PERCENT N2 BY VOL., ORY 

MOLECULAR WT•DRY STACK GAS 

MOLECULAR WT•STACK GAS 

ENGLISH UNITS 

12108181 

1208 
1338 

l .016 

.401 IN 

31.816 CU•FT 

40.0 F 

5.244 SCF 

ll. 68 

.883 

.oo 

8b.l0 

27.80 

METRIC UNITS 

12108181 

1208 
1338 

l.016 

10.2 

• 811 

l.071 CU•M 

c 

1.123 SCfi' 

.148 SCM 

ll.68 

.883 

.oo 

27.80 
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PB 

PSI 

PS 

TS 

vs 

AS 

QSSTO 

OS 

ISO 

MN 

cs 

PMR 

• 68 

BAROMETRIC PRESSURE 

STATIC PRES OF STACK GAS 

STACK PRES, ABS. 

AVERAGE STACK TEMP 

AVG STACK GAS VELOCITY 

STACK AREA 

STACK FLO" AATEr ORY* 

ACTUAL STACK FLOW RATE 

PERCENT ISOKINETIC 

MG. EPA 5 

EMISSION RATE 

DEG F, i?CJ.IJi? IN.HG • 

2CJ.21 IN•HG 74l.CJ3 fllfll•HG 

-1.20 IN•HZO •J0.48 fllM•HZO 

ZCJ.12 IN•HG 73CJ.6CJ fllfll•HG 

468. F 242. c 

11.2 FPS 5.2 fllPS 

74ttt1. SO•IN 11.817 SQ•M 

156CJ507. SCFH 44444. SC!lolH 

3208783. ACFH IJ086J. ACfllH 

91J.6 IJ9.6 

.oooo .oooo 

.00000 GR/DSCF• .oooo MGIOSCM 

.00000 LBIHA .OOO KG/HR 



EXAMPLE PARTICULATE CALCULATIONS TEST NO. 01•2 

NO.I COKE BATTERY OUTLET 

VOLUME OF ORY GAS SAMPLED AT STANDARD CONDITIONS 

VMSTO • (17.647 • VM • Y * (P8 + PM I 13.6)) I (TM + 460.) 

VMSTD • ••••••••••••••••••••••••••••••••••••••••••••••••••••• : 
( 40 • + 4b0.) 

VOLUME OF "ATER VAPOR AT STANDARD CONDITIONS 

vwc • • 0•101 • 111. = 

PERCENT MOISTURE IN STACK GAS 

B"O • (too •• VWC) I (YMSTO • V"C) 

--------------------------

MOLE FRACTION OF ORY STACK GAS 

FMO • (100. • B"O) I 100. 

100. - 11. 7 

1: ll.68 PERCENT 

FMD a ••••••••••••••••••••••• • .883 
too. 

AVERA&E MOLECULAR WEIGHT OF ORY STACK GAS 

MO • (PC02 • .GQ) + (P02 • .32) + (PN2 + PCO) • .28 

MO • ( 4.50•441100) + ( •.4•321100) + ((86.l+ .OJ * 281100 2 

MOLECULAR WEIGHT OF STACK GAS 

MWS s MO • Cl. • CBW0/100)) + 18. * CBW0/100) 

""s • 2•.10• <1. •ltt.681100>> + ts. • c11.t>e11001 = 27.80 
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STACK GAS VELOCITY AT STACK CONDITIONS 

DELP • SUM. OF THE SQRTCYH * lTS + 4b0.)) 

VS s 85.49 * CP • DELP I CSQRT(M"S • PS) * PNTS) 

vs • 85.49 * .84 • bl.303 I (SQRT( 27.80 * 29.12) * l1.l9 FPS 

STACK GAS VOLUMETRIC FLOW AT STACK CONDITIONS 

QS • VS * AS * 3b00/l44 

QS • 17.19 * 746b. 3b00/144 • 3208783. ACFH 

STACK GAS VOLUMETRIC FLOW AT STANDARD CONDITIONS 

OSSTD • t7.b47 * OS * PS • (1. • (BW0/100)) I CTS + 460.J 

17 .647 * 3208783. * 29.12 * Cl. • Ctl.b8/lOOJ) 
QSSTO s ·--··••••••••••••••••••···-·--·-·•••••••••••••••••• : l5b9507. SCFH 

( 468. + 460.) 

PERCENT ISOKINETIC 

.590113.6)) I ( 
ISO • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• : q~.62 PERCENT 

90. * 29.12 • .1101 * .1101 

PARTICULATE LOADING •• EPA METHOD 5 CAT STANDARD CONDITIONS) 

CS a 0,001 * MN * 15.43 I VMSTD 

cs • 0,001 * .oooo * lS.43 I .00000 GR/OSCF 

PARTICULATE LBS/HR •• EPA METHOD 5 

PMR s CS * QSSTD I (15.43 * 453.b) 

PfllR • ,00000 • 1569507. I (15.43 * 453.6) : .00000 



Run No. Dl.2 

Sample volume = 1.12 m3, 39.67 scf 

Example calculations 

CS (Part) = 37 .4/!...:.!£. = 33.4 mg/m3 

CS (Part)= 0.001 x 37.4 x 15.43/ 39.67= 0.014 gr/dscf 
. 3 

CS (so2) =116.1/l.:.J.L= 103.7mg/m 

= l 03. 7 x 24. 06/M_ = ~ ppm 

= 0.001 x 116.lx 15.43/39.67 = 0.045 gr/dscf 

Catch weight, 
mg/m3 Concentration, 

Parameter mg gr/dscf ppm 

Particulate following 
conditioning at: 

fllnbi ent 37.4 33.4 0.014 
2-h at 350°F 22.0 19.6 0.008 
4-h at 350°F 
2-h at 400°F 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As H2S04 2.0 1.8 0.001 
As H2S04·2H20 2.7 2.4 0.001 

Water soluble sulfates 
As so4= 2. l 1. 9 0.001 

Sul fur dioxide 116. l 103.7 0.045 39 

Sulfuric acid mist 
As H2S04 3.5 3. l 0.001 l 

Inorganic condensibles N/A 

Organic condensibles N/A 

TOC (Condensible) N/A 

A-313 



FIELD DATA 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT TEMP.lOEG.F) 
BAR.PRESS.llN.HG) 
STATIC PRESS.CIN.H20) 
FILTER NUMBER(S) 
STACK INSIDE DIM.(IN) 
PITOT TUBE COEFF. 
THERM. NO. 
LEAKAGE 
METER CALIB. FACTOR 
READ & RECORD OATA EVERY 

REPUBLIC STEEL CLEVELAND OHIO 
SUCK OUTLET 

PARTIHi!S04/SOi! 
DAN F ITZGERALO 

36. 
29.i!l 
-1.20 
.S53034CJ 

CJ7.75 .oo 
.84 

133 
.Oli! CFM 9 5.0 IN.HG 

1.0H 
iO.O MINUTES 

TRAVERSE 
POINT 

NO. 

SAMPLE 
TIME 

(MIN.) 

CLOCK 
TIME 

(i4•HR 
CLOCK) 

GAS METER 
READING 
(CU.Fl.) 

VELOCITY 
HEAD 

(IN.Hi!OJ 

ORIFICE PRESSURE 
DIFFERENT UL 

(IN 0 H20) 

DESIRED ACTUAL 

SUCK 
TE"'P 

(OEG.FJ 

DATE 
RUN NU .. 8ER 

PROBE LENGTH & TYPE 
NOZZLE 1•3 : l.D. 
ASSUMED .. OISTURE 
SAMPLE BOX NUMBEH 
"'ETER 8011 NUlllBER 
"'ETER HEAD DIFF. 

PROBE HEATER SETTING 
HEATER BOX SETTING 

K FACTOR 

12108181 
Dl-3 

4 FOOT GLASS 
.402 

13.7 

F84 
1.88 

350. 
350. 

ORY GAS METER 
TEMP 

lDEG.F) 

PU"1P U"'PLE IMP INGER 
TE'4P 

(OEG.F) 

-------------l~LE l OUTLET 

VACUUM BOX TEMP 
(ll'i.HG) lDEG.F) 

--------------------------------------------------------------------------------------------------------------------
!NtT 

TOTALS 
AVERAGE 

0 
10.0 
20.0 
30.0 
•o.o 
so.o 
&o.o 
10.0 
80.0 
CJo.o 

CJO.O 

1205 1&5.363 
lll5 16CJ.785 
1225 174.100 
1235 l 78.120 
1245 182.375 
1255 186.UO 
1305 l"0.950 
1315 1CJ5.3i!5 
1325 lCJCJ.&30 
1335 203.810 

38.507 

.050 ••• • •• .050 ••• .66 

.oso .65 • &5 

.050 • &ft • && 

.oso • &4 .&4 
• 050 .&4 .&4 
.oso .&6 .6& 
.oso .&& .&6 
• 050 .&5 • &5 

.65 .&5 

45Z. 37. 37. l.O 381. 38. 
463. 38 • 31. l.O 313. 3CJ. 
Q 7 C! • 41. 38. 1.0 378. 43. 
11&1 • 43. 38. C!. u 375. 44 • 
488. 45. 38. 3.0 373. 4& • 
qCJ2 • 46. 3CJ. 3.5 364'. 117. 
450. 47. 40. 3.5 370. 50. 
q5q. 47. 40. 4. (I 312. 52. 
470 • 47. q u • 11.5 372. 54. 

468. 43. 39. 2.6 374. 46. 
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PARTICULATE FIELD DATA & RESULTS TABULATION 

PLANT• NAME AND ADDRESS 

REPUBLIC STEEL CLEVELAND OHIO 

TEST 

TEST DATE 

TB 
TF 

TT 

NP 

y 

ON 

CP 

PM 

VM 

TM 

VMS TD 

VLC 

awo 
FMD 

PCOZ 

POZ 

PCO 

PNZ 

MD 

STACK OUTLET 

TIME•START 
TIME•FINISH 

NET TIME OF TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF ORY GAS SAMPLED 
AT METER CONDITIONS 

AVERAGE GAS METER TEMP 

VOLUME OF DRY GAS SAMPLED 
Al STANDARD CONDITIONS• 

TOTAL HZO COLLECTED IN 
INPINGERS AND SILICA GEL,ML. 

VOLUME OF WATER VAPOR 
AT STANDARD CONDITIONS• 

PERCENT MOISTURE BY VOLUME 

MOLE FRACTION ORY GAS 

PERCENT COZ BY VOL., DRY 

PERCENT OZ BY VOL., DRY 

PERCENT CO BY VOL., ORY 

PERCENT Ni BY VOL., ORY 

MOLECULAR WT•DRY STACK GAS 

MOLECULAR WT•STACK GAS 

TEST TE AM LEADER 

DAN FITZGERALD 

ENGLISH UNITS 

ll/08/81 

IZ05 
1335 

CJO.O 

1.033 

.40i IN 

1e.501 cu-n 

41.0 F 

40.CJIJ4 SCF 

5.J&l SCF 

11.57 

.884 

4.50 

.oo 

8&.10 

lCJ.10 

27.81 

METIHC UNITS 

12108/81 

1205 
1335 

I .OH 

10.l 

.84 

10 0110 CU•fll 

5.0 c 

l.lbl SCM 

0 15l SCM 

11.57 

11.50 

.oo 
Bb. I 0 

211.10 

27 .81 



PB BAROMETRIC PRESSURE 2CJ.Zl l~·HG 74l.CJ3 ... M•HG 

PSI SUTIC PRES OF STACK GAS -1.20 l~•H20 •30.118 '°'lo'•H20 

PS STACK PRES, ABS. 2CJ.l2 IN•HG 73CJ.bCJ ... M•HG 

TS AVERAGE STACK TEMP 4b8. f: 202. c 

vs AVG STACK GAS VELOCITY 17 .2 f:PS s.2 MPS 

AS STACK AREA 7505. SQ•IN 11.842 SQ•M 

QSSTD STACK now RATE, DRY• l57CJI03. SCFH 44715. SC ... H 

QS ACTUAL STACK FLOW RATE li!2418b. ACFH CJlllb. ACMH 

ISO PERCENT ISOKINETIC 102.3 102.3 

MN .oooo .oooo 
MG. EPA 5 

cs .00000 GR/DSCF• .oooo MGIDSCM 

PMR .00000 LB/HR .OOO KG/HR 
EMISSION RATE 

• u DEG F, i!CJ.4'2 IN.HG. 

-
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EXAMPLE PARTICULATE CALCULATIONS TEST NO. 01•3 

STACK OUTLET 

VOLUME OF DRY GAS SAMPLED AT STANDARD CONDITIONS 

VMSTD • (17.••7 • VM • Y * (PB + PM I 13.6)) I (TM + 460.J 

38.507 * l.033 * l 29.Zl + .653 I 13.6) 
VMSTD a •••-•••••••••••••••••••••••••••••••••••••••••··-·-·-- : 

41. + 460.) 

VOLUME OF "ATER VAPOR AT STANDARD CONDITIONS 

VWC • .04707 * VLC 

vwc •• 04707 * ••••• 5.3. SCF 

PERCENT MOISTURE IN STACK GAS 

8WO s (100. • VWC) I (VMSTO + VWC) 

100. • 5.36 
awo • : ll.57 PERCENT 

MOLE fRACTION OF DRY STACK GAS 

FMD • llOO •• BWO) I too. 

100. • ll.6 
FMD • ••••••••••••••••••••••• : .884 

100. 

AVERAGE MOLECULAR ~EIGHT OF DRY STACK GAS 

MD • lPCOZ * .... , • CPOZ * .32) • (PN2 • PCO) * .Z8 

MD a ( 4.50•441100) + l 9.4•321100) + ((86.l+ .O) * 281100 : 2q.10 

MOLECULAR WEIGHT OF STACK GAS 

MWS • MD • (l. • CBW0/100)) + 18. * CBW0/100) 

MWS • 29.10* Cl. •(ll.571100)) + 18. • Cll.571100) • 27.81 



~ 
I 

VJ 
...... 
co 

STACK GAS VELOCITY AT STACK CONDITIONS 

DELP • SUM. OF THE SQRTlVH * lTS + 460.)) 

VS s 85.49 • CP • DELP I (SURT(MWS • PS) * PNTSJ 

61.308 I (SQRT( 27.81 * 2q.t2) * 

STACK GAS VOLUMETRIC FLOW AT STACK CONDITIONS 

OS • VS • AS • 3600/144 

OS a 17.19 • 7505. 3600/144 • 3224786. ACFH 

STACK GAS VOLUMETRIC FLOW AT STANDARD CONDITIONS 

OSSTO • 17.647 • OS • PS • (l. • lBW0/100)) I CTS + 460.) 

17.647 • 3224786 •• 29.12 • (1 •• (11.511100)) 
QS8TD • ----·-•••••••••••••••••••••••••••••••••··---······- : 

PERCENT ISOKINETIC 

.653/13.6))/( •l.•460.))) 
ISO a ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• : !OZ.JO PEACE~T 

90. * 17.19 * 

PARTICULATE LOADING •• EPA METHOD 5 CAT STANDARD CONDITIONS) 

CS • OeOOl • MN • 15.43 I VMSTO 

cs • 0.001 • .OOOO * 15.43 I .00000 GR/DSCF 

PARTICULATE LBS/HR •• EPA METHOD 5 

PMR • CS • QSSTD I (15.43 • 453.6) 

PMA • .00000 • .00000 

.... 



Run No. Dl. 3 

Sample volume= 1.16 m3, 40.99 scf 

Example calculations 

CS (Part) = 34. O / .l.1§ = 29. 3 mg/m3 

CS (Part)= 0.001 x34.0 x 15.43,40.99 = 0.013 gr/dscf 

CS ( so2) =117. 0 /L.:. . .1.§_ = l 00. 9 mg/m3 

= 1 00. 9 x 24. 06M._ = 1 ppm 

= 0.001xl17.0x15.43/40.99 =0.044 gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

Ambient 34.0 29.3 0.013 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 
4-h at 4QQ°F 
2-h at 600°F 

Acid sulfates 
As H2S04 0.0 0.0 0.000 
As H2S04·2Hz0 0.0 0.0 0.000 

Water soluble sulfates 
As soa= 2.5 2. 1 0.001 

Sul fur dioxide 117. 0 100.9 0.044 

Sulfuric acid mist 
As H2S04 9.3 8.0 0.004 

Inorganic condensibles N/A 

Organic condensibles N/A 

TDC (Condensible) N/A 

A-319 

ppm 

38 

2 
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FIELD DATA 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT TEMP.(DEG.F) 
BAA.PRESS.llN.HG) 
STATIC PRESS.llN.H20) 
FILTER NUMBER(SJ 
STACK INSIDE OIM.(IN) 
PITOT TUBE COEFF. 
THERM. NO. 
LEAKAGE 
METER CALIB. FACTOR 
READ & RECORD DATA EVERY 

REPUBLIC STEEL CLEVELAlllO OHIO 
STACK OUTLET #I 8ATTEkY 

PART/H2S04/S02 
DAN FITZGtRALD 

36. 
211.21 
•l.20 
3530363 

97.75 .oo 
.84 

133 
0 001 CFM i 5 0 0 IN 0 HG 
.982 

10.0 MINUTES 

TRAVERSE 
POINT 

NO. 

SAMPLE 
TIME 

(MIN.) 

CLOCK 
TIME 

(24•HR 
CLOCK) 

GAS METER 
READING 
lCU.FT 0 ) 

VELOCITY 
HEAD 

CINoH20) 

ORIFICE PRESSURE 
0 IFFERENT lAI. 

CIN.H20J 

----------------DESIRED ACTUAL 

STACK 
TE"P 

COEG.FJ 

DATE 
RUN NUMBER 

PROBE LElllGTH & TYPE 
NOZZLE 1•4 : I.D. 
ASSUMED flolOISTURE 
SAMPLt BOX NUfi'BER 
fi'ETER Bo• NUfi'BER 
.. ETER HEAO OIFF. 

PROBE HEATER SETTING 
HEATER BOX SETTING 

K FACTOR 

12/08/81 
Ol•Q 

5 FOOT GLASS 
.401 

13.7 

ORY GAS METER 
TEflolP 

lDEG.F) 

PUfi'P SA"PLE Ifi'PINGER 
Tl::MP 

lOEG.F) 

-------------Illil.ET OUTLET 

VACUUM BOX TEMP 
(JN.HG) (OEG.FJ 

--------------------------------------------------------------------------------------------------------------------
INIT 

TOTALS 
AVERAGE 

0 
io.o 
zo.o 
30.0 
40.0 
so.o 
60.0 
10.0 
10.0 
90.0 

90.0 

1208 
1218 
IU8 
1238 
1248 
1258 
1308 
1318 
1328 
1338 

5n .103 
601.255 .050 .66 
605 0 1>10 .050 .66 
610.030 .050 .65 
614.360 .050 .66 
618.650 .oso .&4 
622.940 .oso • 63 
627.325 .050 .66 
611.70'3 .050 .&6 
63&.0H .oso • 65 

38. 1n1 
• 65 

.66 455. 36. 34. I • 'l ]04. 40. 

.66 465. 38. 32. 1.5 .Hi!. •z. 
• 65 473. 40. 35 • 1.5 341. 40. 
.66 471. 42. 36. 1.5 339. 110. 
• 64 484 • 44. 36. 2.5 330. 42. 
• 63 495 • ••• 3f> • J.o 338. 111. 
.66 453. 45. 37. 3.5 335. 44. 
.6& 4&2. 45. 37. 3.5 334. 46. 
• &5 474 • 45. 37 • 3.~ 143. 111. 

• 65 470 • 42 • 36. 2.4 333. 43. 



PARTICULATE FIELD DATA & RESULTS TA~ULATION 

PLANT• NAME AND ADDRESS TEST TEA~ LEADER 

REPUBLIC STEEL CLEVELAND OHIO DAN F lTZGERALD 

TEST Dl•O STACK OUTLET •1 BATTERY 

TEST DATE 

TB 
TF 

TT 

NP 

T 

ON 

CP 

PM 

TM 

VMS TD 

VLC 

vwc 

ewo 
FMD 

PCOl 

POl 

PCO 

PN2 

MO 

MWS 

TIME•START 
TIME•FINISH 

NET TIME OF TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF ORT GAS SAMPLED 
AT METER CONDITIONS 

AVERAGE GAS METER TEMP 

VOLUME OF ORT GAS SAMPLED 
AT STANDARD CONDITIONS• 

TOTAL HlO COLLECTED JN 
IMPIN6ERS ANO SILICA GEL,ML. 

VOLUME OF WATER VAPOR 
AT STANDARD CONDITIONS• 

PERCENT MOISTURE BT VOLUME 

MOLE FRACTION ORT GAS 

PERCENT COl BT VOL., ORY 

PERCENT 02 BY VOL., ORY 

PERCENT CO BY VOL., ORT 

PERCENT Nl BY VOL., DRY 

MOLECULAR "T•ORT STACK GAS 

MOLECULAR "T•STACK GAS 

ENGLISH UNITS 

12108181 

ll08 
1338 

0 401 IN 

38.8 F 

]q.f>ll SCF 

103.5 

4.872 SCF 

.8Cf0 

.oo 

86.10 

27.88 

METRIC UNITS 

12108181 

1208 
lH8 

qo.o 

10.2 

• 80 

c 

I. ll2 SCM 

103.5 

.138 SC:'1 

o.so 

.oo 
Bf>.10 

27.88 



PB BAROMETRIC PRESSURE 2CJ.21 IN•HG 14t.CJ3 ._M•HG 

PSI STATIC PRES OF SUCK GAS •l.C!O IN•H20 •30.48 .-M•H20 

PS STACK PRES, ABS. C!CJ. li! IN•HG 13CJ.bCJ ._M•HG 

TS AVERAGE SUCK TEMP 1110. F 243. c 

vs AVG SUCK GAS VELOCITY 11.2 FPS 5.i! .-ps 

AS STACK AREA 7'505. SQ•IN 4.842 SQ•M 

QSSTD STACK fl'LO• RATE, DRU 158b320. SCFH 44CJ20. sc.-H 

QS ACTUAL STACK FLO• RATE 3224520. ACFH CJt30CJ. ACMH 

ISO PERCENT ISOKINETIC CJ8.CJ CJ8.CJ 

MN .oooo .oooo 
MG. EPA 5 

cs .00000 GR/DSCF• .oooo MG/OSCM 

PMR .00000 LB/HR .OOO KG/HR 
EMISSION RATE 

• 68 DEG F, Z'f.'fZ IN.HG • 
:t=' 
I 
w 
N 
N 

-



EXAMPLE PARTICULATE CALCULATIONS TEST NO. 01•4 

STACK OUTLET 11 BATTERY 

VOLUME OF ORY GAS SAMPLED AT STANDARD CONDITIONS 

VMSTD • (17.647 • VM • Y • (PB + PM I 13.6)) I (TM+ 460.) 

VMSTO a ••--••••••••••••••••••••••••••••••••••••••••••••••••• : 

VOLUME OF WATER VAPOR AT STANDARD CONDITIONS 

VWC • .04101 • VLC 

4.87 SCF 

PERCENT MOISTURE IN STACK GAS 

BMO s (100. • VWC) I (VMSTD + VWC) 

1ou. • •.87 
BWO • --------------------------

MOLE FRACTION 0, DRY STACK GAS 

FMD • llOO. • 8WO) I 100. 

100. - 11.0 

: 10.95 PERCENT 

FMD • ----------------------- • .e~o too. 

AVERAGE MOLECULAR WEIGHT OF ORY STACK GAS 

MD • lPC02 • .44) + lP02 • .32) + lPN2 + PCOJ • .28 

MO s l 4 0 50•441100) + l 9.4•321100) + ((86.l+ .O) • 281100 : 

MOLECULAR WEIGHT OF STACK GAS 

MWS • MD • ll. - lBw0/100)) • 18 •• (BwOllUO) 

MWS a 29 0 10• ll. •ll0.95/100)) + 18. • (10.951100) • 



STACK GAS VELOCITY AT STACK CONDITIONS 

DELP • SUM. OF THE SQRT(VH * (TS + 4&0.)) 

VS • a5.4q * CP * DELP I (SURT(MWS * PS) * PNTS) 

61.378 I lSQRTl 27.88 * 2q.1zJ * 

STACK GAS VOLUMETRIC FLOW AT STACK CONDITIONS 

QS • VS * AS * 3&001144 

QS • 17.19 i 7505. 3&001144 • 3224520. ACFM 

STACK GAS VOLUMETRIC FLOM AT STANDARD CONOITIONS 

QS8TD • 17.&47 * QS * PS * Cl. • lBW0/100)) I CTS + 460.J 

QSSTO • ••••••••••••••••••••••••••••••••••••••••••••••••••• = 1586320. SCFH 
( 470. + 4&0.) 

PERCENT ISOKINETIC 

ISO • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• : 98.93 PERCE~T 
11.1q * 

PARTICULATE LOADING •• EPA METHOD 5 CAT STANDARD CONDITIONS) 

CS • O.OOI * MN * 15.43 I VMSTD 

cs = 0.001 * .00000 GRIOSCF 

PARTICULATE LBS/HR •• EPA METHOD 5 

PMR • CS * QSSTD I (15.43 * 453.6) 

PMR • .00000 * 1586320. I (15.43 * 453.6) : .00000 



Run No. Dl.4 
3 Sample volume= 1.12 m ,39.61 scf 

Example calculations 

CS (Part) =_~l:.-31.l.:Jl = 38.7 mg/m3 

CS (Part) = 0.001 x 43.3 x 15.43/39.61 = 0.017 gr/dscf 

CS {S02) =1.Ji:..8/~=103.4 mg/m3 

=103.4 x 24.06/...§L=_1!ppm 

= 0.001 xll5.8 x 15.43/39.61 = 0.045 gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

43.3 Ambient 38.7 0.017 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 
4-h at 4QQ°F 
2-h at 6Q0°F 

Acid sulfates 
As H2S04 0.0 0.0 0.000 
As H2S04·2H20 0.0 0.0 0.000 

Water soluble sulfates 
As so4= 0.0 0.0 0.000 

Sulfur dioxide ll 5.8 103.4 0.045 

Sulfuric acid mist 
As H2S04 9.2 8.2 0.004 

Inorganic condensibles N/A 

Organic condensibles N/A 

TOC (Condensible) N/A 

A-325 

ppm 

39 

2 
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FIELD DATA 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT TEMPelDEG.F) 
BAR.PRESS.CIN.HG) 
STATIC PRESS.llN.H20) 
FILTER NUMBER(SJ 
STACK INSJOE DIM.llNJ 
PJTDT TUBE COEFF. 
THERM. NO. 
LEAKAGE 
METER CALIB. FACTOR 
READ & RECORD DATA EVERY 

REPUBLIC STEEL CLEVELAND 
COKE STACK 

M8•&00 
OU 

37. 
zq.21 
•l.i!U 
3530220 

q7.50 .oo 
.83 

• 012 CFM i e.o JN.HG 
.'f67 

10 0 0 MINUTES 

TRAVERSE 
POINT 

NO. 

SAMPLE 
TIME 

(MIN.J 

CLOCK 
TIME 

C24•HR 
CLOCK) 

GAS METER 
READING 
lCU.FT.) 

VELOCITY 
HEAD 

(JN.Hi!O) 

ORIFICE PRESSURE 
DIFFERElllTIAL 

(IN 0 H20) 

DESIRED ACTUAL 

STACK 
TEfllP 

(DEG.Fl 

DATE 
RUN l"IUfllBER 

PROBE LENGTH & TYPE 
NOZZLE : l.U. 
ASSUMED MOISTUHE 
SAMPLE BOii NUMBER 
fllETE~ BUil lllUMBER 
fllETER HEAD OIFF. 
C FACTOR 
PROBE HEATER SETTING 
HEATER BOX SETTING 
REFERENCE PRESS. DIFF • 

12108/81 
Dl•o 

o• GLASS 
.37<1 

13.7 

FB& 
1.51 

• 71 
&uo. 
&oo. 

.22 

ORY GAS ~ETER 
TEMP 

(Dt:G.F) 

PU"'P SAfllPLE IMP INGER 
TEMP 

lDEG.FJ 

IP.LET UUTLE T 

VACUUM BOii TEMP 
(IN.HG) lDEG.FJ 

--------------------------------------------------------------------------------------------------------------------
unt 

TOTALS 
AVERAGE 

0 
10.0 
20.0 
30.0 
110.0 
so.o 
60.0 
10.0 
80.0 
qo.o 

CJO.o 

ll09 
12l'i 
l22Cf 
l2H 
lc?4Cf 
l25Cf 
l3n 
131 Cf 
132Cf 
l3H 

646.852 
650.750 .040 .35 .35 
654.450 • 040 .35 .35 
658.i!i!O • 040 .35 .35 
f>6l.8oO .o•o .35 .35 
665 0 &CJO • 040 .35 .35 
6&'i.4'i0 • oao .35 • 35 
f>73.300 .oao .35 .35 
611.120 • 0110 .35 .35 
080.81 l • 0110 .35 .35 

. 53.'f5Cf 
• 35 .35 

485. 34. 37. 3.2 5fJ'f. 34. 
485. 35. 37. 3.0 573. 34 • 
485. 3&. 37. 3.0 510 • 33. 
1185. 3'f. 37. 3. i! 44 7. 33. 
485. 40. 37. 11.0 48'i. 33 • 
485 • ••• 37. 6.0 486. !Cl • 
485. ••• 37. 6.5 51•. 33. 
485. 42. 37. 6.8 51 fJ. 34 • 
485. 42 • 37. 7.l 5i!'i • 34. 

485. ]Cf. 37 • •.8 515. 311. 
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PARTICULATE FIELD DATA & RESULTS TABULATION 

PLANT• NAME AND ADDRESS 

REPUBLIC STEEL CLEVELAND 

TEST 

TEST DATE 

TB 
TF 

TT 

NP 

T 

ON 

CP 

PM 

VM 

TM 

VMS TD 

VLC 

vwc 

BNO 

FMD 

PCOZ 

POZ 

PCO 

PNZ 

MD 

"'"' 

COKE STACK 

TJME•START 
TIME•FINISH 

NET TIME OF TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF ORT GAS SAMPLED 
AT METER CONDITIONS 

AVERAGE GAS METER TEMP 

VOLUME OF DAT GAS SAMPLED 
AT STANDARD CONDITIONS• 

TOTAL HZO COLLECTED IN 
IMPINGERS AND SILICA GEL,ML. 

VOLUME OF "ATER VAPOR 
AT STANDARD CONDITIONS• 

PERCENT MOISTURE BY VOLUME 

MOLE FRACTION ORT GAS 

PERCENT COZ BT VDLe1 ORT 

PERCENT 02 BY VOLer ORY 

PERCENT CO BT VOL., ORT 

PERCENT Nl BT VOL.r ORT 

MOLECULAR NT•DRT STACK GAS 

MOLECULAR "T•STACIC GAS 

TEST TEAM LEADER 

DO 

ENGLISH UNITS 

12108181 

.HCJ IN 

.83 

.35 IN•HlO 

F 

34.024 SCF 

81.8 

3.850 SCF 

10.11 

.8CJ8 

.oo 

8&.10 

C!CJ.10 

METRIC UNITS 

12108181 

llOCJ 
tHCJ 

CJO.O 

.83 

c 
.CJ&] sc.-

81.8 

.lOCJ SCM 

10.11 

.8CJ8 

a.so 

.oo 

27.CJ7 
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PB 

PSI 

PS 

TS 

vs 

AS 

QSSTO 

OS 

ISO 

MN 

cs 

PMR 

• H 

BAROMETRIC PRESSURE 

STATIC PRES OF STACK GAS 

SUCK PRES, ASS. 

AVERAGE STACK TEMP 

AVG STACK GAS VELOCITY 

STACK AREA 

STACK FLOW RATE, DRU 

ACTUAL STACK FLOM RATE 

PERCENT ISOKINETIC 

MG. EPA 5 

EMISSION RATE 

DEG F, 29.92 IN.HG • 

2CJ.21 IN•HG 711J .CJ3 lolM•HG 

-1.20 IN•H20 •30.48 lol ... •H20 

2CJ.12 IN•HG 73q.bq lolM•HG 

48!1. F 252. c 

15.3 FPS 11.1 "'PS 

74b&o SQ•IN 4.817 SQ•M 

t3CJ3 4Hllo SCFH 3CJ471. SCMH 

2853244. ACFH eo1q5. ACfl!H 

101.1 101.1 

.oooo .oooo 

.00000 GRIDSCF• .oooo MGIOSCM 

.00000 LB/HR 0 000 KG/HR 



EXAMPLE PARTICULATE CALCULATIONS TEST NO. 01•6 

COKE STACK 

VOLUME OF ORY GAS SAMPLED AT STANDARD CONDITIONS 

VMSTO • (17.6•1 • VM • Y • (PB + PM I 13.6)) I (TM + 460.J 

VMSTD • ••••••••••••••••••••••••••••••••••••••••••••••••••••• z 34.0i!4 OSCF 
.Sii. + 4ftU.) 

VOLUME OF WATER VAPOR AT STANDARD CONDITIONS 

VWC • .04107 • VLC 

vwc • • 00101 • 8i!. • 3.85 SCF 

PERCENT MOISTURE IN STACK GAS 

8"0 • (too •• V"C) I (VMSTO • VWCJ 

100. • 3.115 
8"0 • : I 0 • 11 PERCENT 

MOLE FRACTION UF DAY STACK GAS 

FMO • (100. • BWOJ I 100. 

100. - 10.z 

FMD • ----------------------- • .e,e 100. 

AVERAGE MOLECULAR WEIGHT OF DRY STACK GAS 

MD • (PCOi! • .4•) + (POZ • .JZJ + (PNi! + PCO) • .i!ll 

MO s ( 4.50•441100) + ( 9e4•Ji!/100) + ((86.I+ .O) • 281100 : 

MOLECULAR WEIGHT OF STACK GAS 

MMS a MO • ti. • lBW0/100)) + 18. • (BW0/100) 

MWS • i!9.IO• (I. •Cl0.111100)) + 18. • (10.171100) • 



:x:.i 
I 

w 
w 
0 

STACK GAS VELOCITY AT STACK CONDITIONS 

DELP • SUM. OF THE SQRTlVH * lTS + 460.)) 

VS • 85.49 * CP • DELP I (SQRT(MWS • PS) * PNTS) 

vs • 85.49 • .s1 • 

STACK GAS VOLUMETRIC 'LOW AT STACK CONDITIONS 

QS • VS • AS • J6001l44 

QS • 2853244. ACFH 

STACK GAS VOLUMETRIC FLOW AT STANDARD CONDITIONS 

QSSTD • 17.647 • QS • PS • Ct. • (BW0/100)) I CTS + 460.J 

11.647 • Z853244. * 29.12 • Cl. • (10.171100)) 
QSSTO • •••••••••••••••••-••••••••••••••••••••••••••••••••• s 

l 485. + 460.J 

PERCENT JSOKINETIC 

82.J+( 
ISO • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• : 107.70 PERCENT 

qo. • ls.2q • 

PARTICULATE LOADING •• EPA METHOD 5 CAT STANDARD CONDITIONS) 

CS • o.OOl • MN • 15.43 I VMSTO 

cs • 0.001 • .OOOO * 15.43 I 34.024 :Ii .00000 GR/OSCF 

PARTICULATE LBS/HR •• EPA METHOD 5 

PMR • CS • QSSTD I l15.43 • 453.6) 

PMR * .00000 • .00000 



Run No. Dl .6 

Sample volume =0.96 m3,34.02 scf 

Example calculations 

CS {Part) =27.3 /0.96 = 28.4 mg/m3 

CS {Part)= 0.001 x 27.3 x 15.43/34.02 = 0.012 gr/dscf 

CS {so2) =...JJ....:....9/0.96 =102.0 mg/m3 

= 102. 0 x 24. 06/..§.L = 2§_ ppm 

= 0.001 x 97.9 x 15.43/34.02 = 0.044 gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

Pmbient 27.3 28.4 0.012 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As H2S04 0.0 0.0 0.0 
As H2S04·2H20 0.0 0.0 0.0 

Water soluble sulfates 
As S04= 1.6 1. 7 0.001 

Sulfur dioxide 97.9 l 02. 0 0.044 

Sulfuric acid mist 
As H2S04 6.3 6.6 0.003 

Inorganic condensibles N/A 

Organic condensibles N/A 

TOC {Condensible) N/A 

A-331 

ppm 

38 

2 
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FIELD DATA 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AM~IENT TEMP.lOEG.F) 
BAR.PRESS.(IN.HG) 
STATIC PRESS.llN.HlO) 
FILTER NUM8ERlS> 
STACK INSIDE DIM.llN) 
PITOT TUBE COEFF. 
THERM. NO. 
LEAKAGE 
METER CALIB. FACTOR 
READ & RECORD DATA EVERY 

REPUBLIC STEEL CLEVELAND 
OUTLET STACK 

PARTIH2S04/S02 
8RUFFE. Y 

28. 
29.51 
•l.20 
3530310 

en .so .oo 
• 811 

.OOO CFM i 6.0 IN.HG 
1.003 
10.0 MINUTES 

TRAVERSE 
POINT 

NO. 

SAMPLE 
TIME 

lMIN.) 

CLOCK 
TIME 

(lll-HR 
CLOCK) 

GAS METER 
READING 
lCU.FT.) 

VELOCITY 
HEAD 

CIN.H20) 

ORIFICE PRESSURE 
0 IFFERENTI AL 

CIN.HlO) 

OE SIRED ACTUAL 

STACK 
TE"P 

(OE-G.F) 

DATE 
RUN NUMBER 

PROBE LENGTH & TYPE 
NOZZLE : I.O. 
ASSUMED MOISTURE 
SAMPLE BOX NU.,BER 
'1ETE~ BOX NU"1BER 
HTER HEAD DIFF • 
C FACTOR 
PROBE HE.ATER SETTING 
HEATER BOX SETTING 
REFEHENCE PRESS. OIFF. 

ll/10181 
Di-1 

5• HEATED GLASS 
.11011 

111.0 
g 

FB2 
l • 7 6 
.8i 

250 • 
250. 

.111 

DRY GAS METER 
TE"1P 

(OEG.F) 

PUt'P SA"PLE l'1PJNGER 
TEMP 

lDEG.F J 

llloLET OUTLET 

VACUUM BOX TEMP 
(IN.HG) lOEG.F) 

--------------------------------------------------------------------------------------------------------------------
IN?T 

TOTALS 
AVERAGE 

0 
10.0 
20.0 
30.0 
110.0 
50.o 
60.0 
10.0 
80.0 
9o.o 

90.0 

1341 
1351 
1401 
1411 
11121 
1431 
1441 
lQ5l 
1501 
1511 

31Z.901 
317.810 • 060 .79 
323.1&5 .065 • 86 
328.287 • 064 .84 
333.390 .0&6 .87 
338. 747 • 0&8 .90 
343.910 .060 .79 
349.180 .0&4 .84 
354.465 .0&11 .84 
359.484 • o&o .79 

4&.583 
.84 

.1q soo. 35. 32. 3.0 180. 34 • 

.86 llCJl • 35. 30. 3.0 238. 36. 

.84 505. 36. 30. 3.0 245. 110 • 

.87 4&5. 37. 30. 3.5 l.54. .H. 

.qo 4H1. 37. 30 • 5.U 253. 3&. 
• 79 4CJl • 37. 30. s.s C!54. 38. 
.84 473. 39. 30. 5.8 2&0. 112. 
.84 488. 38. 30. 6.0 2&i. 112. 
.1q 4CJ6. 38. 30. &.o 213. Ill • 

.e11 487. .n. 30. 11.s 244. 39. 
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PARTICULATE FIELD DATA & RESULTS TABULATION 

PLANT• NAME AND ADDRESS 

REPUBLIC STEEL CLEVELAND 

TEST 

TEST DATE 

TB 
TF 

TT 

NP 

y 

ON 

CP 

PM 

TM 

VMS TD 

\/LC 

8W0 

FMD 

PCOZ 

P02 

PCO 

PN2 

MD 

M~S 

OUTLET STACK 

TIME•START 
TIME•FINISH 

NET TIME OF TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF DRY GAS SAMPLED 
AT METER CONDITIONS 

AVERAGE GAS METER TEMP 

VOLUME OF ORY GAS SAMPLED 
AT STANDARD CONDITIONS• 

TOTAL HZO COLLECTED IN 
IMPINGERS ANO SILICA GEL,ML. 

VOLUME OF WATER VAPOR 
AT STANDARD CONDITIONS• 

PERCENT MOISTURE 8Y VOLUME 

MOLE FRACTION DRY GAS 

PERCENT C02 BY VOL., ORY 

PERCENT OZ BY VOL., ORY 

PERCENT CO BY VOL., ORY 

PERCENT NZ BY VOL., DRY 

MOLECULAR WT•ORY STACK GAS 

MOLECULAR WT•STACK GAS 

TEST TEAM LEADER 

8NUFFEY 

ENGLISH UNITS 

12110181 

1341 
1511 

q 

1.003 

.404 IN 

4f>.S83 CU•FT 

F 

f>.81>8 SCF 

12.20 

.878 

12.30 

.oo 

83.40 

2q.1e 

27.82 

METRIC UNITS 

12110181 

1341 
1511 

qo.o 

1.003 

10.3 

c 
1.3qq SCfl! 

.1q4 SC"1 

12.20 

.878 

.oo 

27.82 



PB BAROMETRIC PRESSURE 2CJ.St IN•HG ?llCJ.55 "M•HG 

PSI STATIC PRES OF SUCK GAS •1.20 IN•H20 •30.48 J'M•H20 

PS STACK PRES, ABS. 2CJ.42 IN•HG 747.31 "M•HG 

TS AVERAGE SUCK TEMP 487. F 253. c 

vs AVG SUCK GAS VELOCITY n.5 FPS 5.CJ "PS 

AS STACK AREA 7 lltiti. SIJ•IN 4.817 SQ•M 

QSSTO SUCK FLOW RATE, ORh I 7413CJI. SCFH 4CJ481. SCMH 

QS ACTUAL STACK FLOW RATE 3ti3104CJ. ACFH 102820. ACMH 

ISO PERCENT ISOKINETIC IOCJ.8 104'.8 

MN .uooo .uooo 
MG. EPA 5 

cs .00000 GR/DSCF* .oooo MG/DSCM 

PMR .00000 LB/HR .OOO KG/HR 
EMISSION RATE 

• u DEG F, zq.qz IN.HG • 
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EXAMPLE PARTICULATE CALCULATIONS TEST NO. D2-I 

OUTLET STACK 

VOLUME OF ORY GAS SAMPLED AT STANDARO CONDITIONS 

VMSTD • (17.&47 • VM • Y • (PB + PM I 13.6)) I (TM + 460 0 ) 

VMSTD s -•••••••••••••••••••••••••••••••••••••••••••••••••••• : qq.401 DSCF 
311 •• 1160.J 

VOLUME OF "ATER VA,OR AT STANDARD CONDITIONS 

v"c •• 04701 • VLC 

6.87 9CF 

PERCENT MOISTURE IN STACK GAS 

B"O a (IOO. • VWC} I CVMSTO + VWCJ 

100. • ..87 
BWO a •••·---------------·------ • 12.ZO PERCENT 

b.87 

MOLE FRACTION OF ORY STACK GAS 

FMO • (too. - B"O) I 100. 

100. - 12.2 
FMD • ••••••••••••••••••••••• • .878 

too. 

AVERAGE MOLECULAR WEIGHT OF ORY STACK GAS 

MO • lPCOZ •• •4) + lPOZ •• 3ZJ • (PNZ + PCOJ * .ze 

MO • l 4 0 30•44/lOO) + (IZ.3•321100) + Cl83.4+ .OJ • 281100 z 

MOLECULAR WEIGHT OF STACK GAS 

MWS • MO • (1 0 • (BWOllOU)J + 18. * CRW0/100) 

MWS • Z9.18• (I. -c1z.zo1100J} + 18. * ClZ.ZOllOOJ z 



STACK GAS VELOCITY AT STACK CONDITIONS 

DELP: SUM. OF THE SQRT(VH * (TS+ 4&0.J) 

VS • 85.49 * CP * DELP I (SQRT(MWS * PS) * PNTSJ 

vs = 85.49 • .84 • 

QS • VS * AS • 3600/144 

QS a 19.45 • 7466. 3600/144 a 3631049. ACFH 

STACK GAS VOLUMETRIC FLOM AT STANDARD CONDITIONS 

QSSTD • 17.647 • OS * PS • ll. • lBM0/100)) I (TS + 460.l 

17.647 • 3631049. • Z9.4Z • Cl. • (lZ.l0/100)) 

DSSTO • ···------------·-------------------·-·············· z ( 487 •• 460.J 

PERCENT ISDKINETIC 

ISO• (305.58•(TS+460.JJ•lCO.OOZ669•VLC)+(VM•Y•(P8+(PM/l3.6))1(TM+460.J))l(TT•VS•PS•DN•O~) 

JSO a ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• e 10,.78 PERCENT 

PARTICULATE LOADING •• EPA METHOD 5 CAT STANDARD CONDITIONS) 

CS • O.OOI • MN • 15.43 I VMSTD 

cs • 0.001 • .0000 * 15.43 I .00000 GRIDSCF 

PARTICULATE LBS/HR •• EPA METHOD 5 

PMR • CS • QSSTD I (15.43 • 453.6) 

PMR • .00000 • 1747391. I (15.43 • 453.6) • .00000 



Run No. 02. l 

Sample volume= 1.40 m3, 49.40 scf 

Example calculations 

CS (Part) =249.9 /~= 178.5 mg/m3 

CS (Part)= 0.001 x 249.9x 15.43/ 49.40: 0.078 gr/dscf 

CS (so2) = 120.f}'~= 86.3 mg/m3 

= 86. 3 x 24. 06/_M_ = 1L ppm 

= 0.001 x 120.8x 15.43/ 49.4 = 0.038gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

249.9a Plnbient 178.5 0.078 
2-h at 350°F 
4-h at 350°F 
2-h at 4QQ°F 
4-h at 4QQ°F 
2-h at 600°F 

Acid sulfates 
As H2S04 1.0 0.7 0.0003 
As H2S04·2H20 1.4 1.0 0.0004 

Water soluble sulfates 
As S04= 0.9 0.6 0.0003 

Sul fur dioxide 120.8 86.3 0.038 

Sulfuric acid mist 
As H2S04 13. 7 9.8 0.004 

Inorganic condensibles N/A 

Organic condensibles N/A 

TDC (Condensible) N/A 

aAcetone rinse contaminated with oil. 

A.;..337 

ppm 

32 

2 
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FIELD IJATA 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT TEMP.(DEG.FJ 
8AR.PRESS.lIN.HGJ 
STATIC PRESS.lIN.Hi?OJ 
FILTER NUMBER(SJ 
STACK INSIDE DIM.llN) 
PITOT TU8E COEFF. 
THERM. NO. 
LEAKAGE 
METER CALIB. FACTOR 
READ & RECORD DATA EVERY 

REPUBLIC STEEL CLEVELAND 
OUTLET STACK 

PART/Hi?S04/S02 
BRUFFEY 
28. 

2'J.51 
-1.20 
3530050 

en.so .oo 
.84 

.ooo CFM i 5.0 IN.HG 
1.0011 
10.0 MINUTES 

TRAVERSE 
POINT 

NO. 

SAMPLE 
TIME 

(MIN.J 

CLOCK 
TIME 

(24•HN 
CLOCK) 

GAS METER 
READING 
lCU.FT •) 

VE.LOCITY 
HEAD 

CIN.H20) 

ORIFICE PRESSURE 
DIFFERENTIAL 

(IN.H20) 

DESIRED ACTUAL 

STACK 
TEllP 

(OEG.F) 

DATE 
RUN lllU.,BER 

PROBE LENGTH & TYPE 
lllOZZLE : I.U. 
ASSUMED MOISTURE 
SA.,PLE eox NUllBEH 
METER BOX NULIABER 
llETEH HEAD DIFF. 
C FACTOR 
PRUBE HEATER SETTING 
HEATER BOX SETTING 
REFERENCE PRESS. DIFF. 

12110181 
D2•2 

4 • HEATE.D GLASS 
.1100 

14.0 
g 
F81 
1.11 

·"" 250. 
250. 

.14 

DRY GAS llElER 
HMP 

(DEG.F) 

Pu.-P SAllPLE IMPINGEH 
. TEMP 

lDEG.F) 

If\LET OUTLET 

VACUUM BOJI TEMP 
(!Ill.HG) lDEG.F) 

--------------------------------------------------------------------------------------------------------------------
tNiT 

TOTALS 
AVERAGE 

0 
10.0 
20.0 
30.0 
40.0 
50.0 
60.0 
10.0 
80.0 
<JO.U 

100.0 
110.0 
120.0 

120.0 

1308 423.038 
1318 427. no 
1328 433.015 
1338 438.330 
1348 lf43.500 
1358 448.300 
1408 452.140 
14118 457.880 
1428 463.160 
1438 468.020 
1448 471.010 
1458 418.050 
1508 482.'J03 

5'J.865 

.060 .13 .13 

.061 • 88 • 88 

.Ob8 .<Jo • <JO 
• 06 l .1 .. • 1 .. 
• 065 .10 • 10 
• 064 .80 .80 
• 066 .85 .85 
.068 .8<J • is'J 
.060 .13 • 13 
• 064 .80 • 80 
.064 .80 .80 
.ou .141 • 74 

• 80 .80 

500. J'J. 35. 1.5 223. 35. 
481 • 43. 36. 2.0 200. 36 • 
48'J. 46. 36. 2.0 210. 38 • 
4178. 116 • 36. 2.u l'J'J. 3'J • 
44ll • Ifft. 35. 2.0 220. 37. 
505. 46. 35. J.o 232 • 40. 
4b5. 46. 35. 3.0 218. 34. 
476 • 46. 36. 3.5 23tl. 35. 
Q'Jl • 46 • 36. 41.o 240. ]ft. 
413. 47. 36. 11.0 246 • 110. 
488. 46. .55. 4.5 252. 40. 
lf'J6 • 46. 35. 4.5 265. 4U. 

486. 45. 36. 3.0 22'J • 38. 



PARTICULATE FIELD DATA & RESULTS TASULATJUN 

PLANT• NAME AND ADDRESS 

REPUBLIC STEEL CLEVELAND 

TEST 

TEST DATE 

TB 
TF 

TT 

NP 

y 

ON 

CP 

PM 

VM 

TM 

VMSTD 

VLC 

VMC 

BMO 

FMD 

PC02 

P02 

PCO 

PNC! 

MD 

MWS 

OUTLET STACK 

TIME•SURT 
TIME•FINISH 

NET TIME OF TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERA&E ORIFICE PRESSURE 
DROP 

VOLUME OF ORY GAS SAMPLED 
AT METER CONDITIONS 

AVERA&E GAS METER TEMP 

VOLUME OF DRY GAS SAMPLED 
AT STANDARD CONDITIONS• 

TOTAL HlO COLLECTED IN 
IMPIN&ERS AND SILICA GEL,ML. 

VOLUME OF "ATER VAPOR 
AT STANDARD CONDITIONS• 

PERCENT MOISTURE BY VOLUME 

MOLE FRACTION ORT GAS 

PERCENT C02 BY VOL., ORT 

PERCENT OZ BY VOL., ORY 

PERCENT CO HT VOL., DRY 

PERCENT N2 BT VOL•• ORY 

MOLECULAR "T•ORT STACK GAS 

MOLECULAR "T•STACK GAS 

TEST TEAM LEADER 

8HUFFEY 

ENGLISH UNITS 

12110181 

1308 
1508 

120.0 

12 

1.0011 

.1100 lh 

.84 

110.11 F 

&2.618 SCF 

181.9 

8.562 SCF 

12.02 

.880 

12.30 

.oo 

27.84 

METRIC UNITS 

12110181 

1308 
1508 

120.0 

12 

l.004 

10.2 

.84 

11.1 c 

l. 115 sc.-

.242 SC"1 

12.02 

.880 

lZ.30 

.oo 

27.811 



PB 

PSI 

PS 

TS 

vs 

AS 

QSSTD 

OS 

ISO 

MN 

cs 

PMR 

BAROMETRIC PRESSURE 

STATIC PRES OF STACK GAS 

STACK PRES, ABS. 

AVERAGE STACK TEMP 

AVG STACK GAS VELOCITY 

STACK AREA 

STACK FLOM RATE, DRY• 

ACTUAL STACK FLO" RATE 

PERCENT ISOKINETIC 

MG. EPA 5 

EMISSION RATE 

2CJ.SI IN•HG 

-1.20 IN•H20 

2q. 42 IN•HG 

48be F 

1q.5 FPS 

74bb. SQ•IN 

1759182. SCFH 

3&43425. ACFH 

105.q 

.oooo 

.00000 GR/OSCF• 

.00000 LB/HR 

74CJ.55 "'M•H(j 

•30.48 .,fll•Hi?O 

747.31 "'"'•HG 

252 • c 

s.q .,PS 

4.817 SQ•M 

4qe1s. SC"'H 

103171. ACfllH 

105.9 

.oooo 

.oooo MG/OSCM 

0 000 KG/HR 



EXAMPLE PARTICULATE CALCULATIONS TEST NO. Dl•2 

OUTLET SUCK 

VOLUME OF ORY &AS SAMPLED AT STANDARD CONDITIONS 

VMSTD a (17.••7 • VM • Y • (PB + PM I 13.b)) I (TM + 460.J 

11.•u • 
VMS TD • •••••••••••••••••••••••••••••••••••••••••••••····---- : &2.678 OSCF 

110 •• 460.) 

VOLUME OF "ATER VAPOR AT STANDARD CONDITIONS 

v"c •• 04707 • VLC 

vwc • • 0•101 • 182 •• 8.5ft SCF 

PERCENT MOISTURE IN STACK GAS 

. BMO a (100. • VWCJ I (VMSTO + VWCJ 

100. • 8.5ft 

-------------------------- s 12 0 02 PERCENT 

MOLE FRACTION OF ORY STACK GAS 

FMO • (100. • 8"0) I 100. 

aoo. • 12.0 

fMO • ·--------·------------- • .eeo 100. 

AVERAGE MOLECULAR •EIGHT OF ORY STACK GAS 

MD • (PC02 • e44) + CP02 • .32) + (PN2 + PCO) • .28 

MD • ( 4.30•44/lOOJ + (12.5•32/100) + ((83.4+ .OJ * 28/100 : 

MOLECULAR "EIGHT OF STACK GAS 

MMS • MD • (l. • (BW0/100)) + 18. • (8WO/l00) 

MWS s 29.18• (I. •(12.02/IOOJJ + 18. • (12.02/IOOJ • 27.84 



STACK GAS VELOCITY AT STACK CONDJTJONS 

DELP• SUM. OF THE SQRTCVH • (TS+ 460.)) 

VS • 85.49 • CP • DELP I (SQATCMWS • PS) • PNTS) 

vs • 85.49 • .84 • lCJ.52 FPS 

STACK GAS VOLUMETRIC FLOW AT STACK CONDITIONS 

QS • VS • AS • 36001144 

OS • 19.52 • 1466. 36001144 • 3643425. ACFH 

STACK GAS VOLUMETRIC FLO- AT STANDARD CONDITIONS 

ossto • 17.647 • QS • PS • <l. - (8W01l00)) I (TS + 460.J 

QSSTD • -·-•••••••••••••••••••••••••••••••••••••••••••••••• : 
( 486 •• 460.) 

PERCENT ISOKINETIC 

ISO• (305.58•(TS+460.))•lC0.00266CJ•VLC)+(VM•Y•(P8+CPM/13.6))/(TM+460.)))l(TT•VS*PS•DN•ON) 

JSO • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• : 105.85 PERCENT 
120. * 

PARTICULATE LOADING •• EPA METHOD 5 CAT STANDARD CONDITIONS) 

CS • O.OOl • MN * 15.43 I VMSTD 

cs • 0.001 • • 0000 * 15.43 I 62.678 • .00000 GR/OSCF 

PARTICULATE LBS/HR •• EPA METHOD 5 

PMR • CS • QSSTD I (15.43 • 453.6) 

PMR • .00000 * .00000 



Run No. 02. 2 

3 Sample volume = l. 78m , 62.68 scf 

Example calculations 

CS (Part) = 38. 3 /1. 78 = 21. 5 mg/m3 

CS (Part) = 0.001 x 38.3 x 15.43/62.68 = 0.009 gr/dscf 

cs ( so2) = l 59. 4' ..l.:.1.§. = 89. 6 mg/m3 

= 89. 6 x 24. 06/.M._ = ..JL ppm 

= 0.001 x 159.4x 15.43/ 62 68 = ~039 gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

Ambient 38.3 21. 5 0.009 
2-h at 350°F 24.6 13.8 0.006 
4-h at 350°F 
2-h at 400°F 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As H2S04 2.6 1. 5 0.001 
As H2S04·2H20 3.5 2.0 0. 001 

Water soluble sulfates 
As soa= 2.0 1. l 0.001 

Sulfur dioxide 159 .4 89.6 0.039 

Sulfuric acid mist 
As H2S04 14.4* 8. 1 0.004 

Inorganic condensibles N/A 

Organic condensibles N/A 

TOC (Condensible) N/A 

*Field analysis. 

A-343 . 
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FJELD DATA 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT TEMP.(OE6.FJ 
BAR.PRESS.(IN.HGJ 
STATIC PRESSelIN.H2D) 
FILTER NUMBERlSJ 
STACK INSIDE DIM.lIN) 
PITOT TUBE COEFF. 
THERM. NO. 
LEAKAGE 
METER CALIB. FACTOR 
READ & RECORD DATA EVERY 

REPUBLIC STEEL CLEVELAND OHIO 
STACK OUTLET #l BATTERY 

PARTIH2S04/S02 
DAiii FlTZGE.HALD 
20. 

29.51 
-1.20 
3530341 

97.75 .oo 
.84 

133 
.ooo CFM i 6.5 IN.HG 
.CJ82 

10.0 MINUTES 

TRAVERSE 
POINT 

NO. 

SAMPLE 
TIME 

(MINe) 

CLOCK 
TIME 

(24•HR 
CLOCK) 

GAS METER 
READING 
lCU.FT.) 

VELOCITY 
HEAD 

(1N.H20) 

ORIFICE PRESSURE 
DIFFERENTIAL 

<INeH20) 

DESIRED ACTUAL 

STACK 
TE'1P 

(DEG.F) 

DATE 
RUN NUlolBER 

PROBE LENGTH & TYPE 
NOZZLE : l.O. 
ASSUMED fl!OISTURE 
SAMPLE BUX NUfll8EH 
'1ETER BOX NUIMBER 
'1ETER 11EAO DIFF. 

PROBE HEATER SETTING 
HEATER BOX SETTING 

K FACTOR 

12/lU/81 
Oc?•3 

4 FOOT GLASS 
.CI04 

13.7 

350. 
350. 

12337 ·" 

ORY GAS "'ETER 
TE.MP 

COEG.F) 

PU"'P SAlolPLE JMPINGER 
TEMP 

(DEG.F) 

Il'>lET OUTLET 

VACUUM BOX TEMP 
l IN.HG) lOEG.F) 

--------------------------------------------------------------------------------------------------------------------
!NlT 

TOTALS 
AVERAGE 

0 
10.0 
20.0 
30.0 
110.0 
50.0 
60.0 
10.0 
ao.o 
lfO.O 

100.0 
110.0 
120.0 

120.0 

1310 
1320 
1330 
l3CIO 
1350 
1400 
1410 
1420 
1430 
1440 
11150 
1500 
1510 

695.528 
7U0.300 .060 .11 
705.335 .Ofl7 .ea 
710.200 • Ofl8 .88 
714.850 .Ofll .au 
120.000 .Ofl5 • 811 
725.200 .oti• .85 
7ZCJ.fl00 • 06fl .84 
7 34.800 .Ofl8 .a., 
1110.100 .otio .7CJ 
744.200 .064 .84 
749.flOO • 063 .82 
754.4fl0 .Ofl2 .80 

58.932 
• 83 

.11 500. 36. 35. 2.5 360. 37. 
• 88 481. 111. 35. .3. 0 363 • 3CJ. 
.88 48CJ. 44. 35 • 3. (I ]bl. 11u. 
.eo «178. 45. 35. 4.0 366. 110. 
• 811 llCJl • 45. 35. 5.0 37u. 37 • 
• 85 1165 • 45. 35. 5.o 373. 11u. 
.811 5u5. 45. 35. 5.0 361. 40 • 
.89 47fl. 45. 35. 5.o 334. 54. 
• 79 491 • 45. 35. fl.O 377. 60. 
.84 474. 115. 35. fl.O 367. 5~. 
.82 488. 45. 35. 6.5 3fl3. 55 • 
.80 49fl. 45. 35. fl.5 3f>5. 55. 

.83 486. 4Q. 35. ".a 363. 46 • 



PARTICULATE FIELD DATA & RESULTS TABULATION 

PLANT• NAME AND ADDRESS TEST TEAM LEADER 

REPUBLIC STEEL CLEVELAND OHIO DAN F ITZGERALO 

TEST STACK OUTLET II BATTERY 

)I 
I 

TEST DATE 

TB 
TF 

TT 

NP 

y 

ON 

CP 

PM 

W VM 
.i::. 
.Ul -· 

TM 

VMS TO 

VLC 

v .. c 

FMD 

PCOZ 

POi! 

PCO 

PNi! 

MD 

M .. S 

TJME•START 
TJME•FINISH 

NET TIME OF TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF DAY GAS SAMPLED 
AT METER CONDITIONS 

AVERAGE GAS METER TEMP 

VOLUME OF ORY GAS SAMPLED 
AT STANDARD CONOITIDNS• 

TOTAL HlO COLLECTED IN 
IMPINGERS ANO SILICA GEL,ML. 

VOLUME OF WATER VAPOR 
AT STANDARD CONDITIONS• 

PERCENT MOISTURE BY VOLUME 

MOLE FRACTION ORY GAS 

PERCENT COZ BY VOLer ORY 

PERCENT OZ BY VOL., DRY 

PERCENT CO BY VOL., ORY 

PERCENT NZ BY VOLer ORY 

MOLECULAR .,,T•DRY STACK GAS 

MOLECULAR MT•STACK GAS 

ENGLISH UNITS 

IZll0/81 

1310 
1510 

120.0 

12 

.404 IN 

F 

tt0.470 SCF 

180.6 

a.sot scF 

12.33 

.877 

4 • .50 

12.30 

.oo 

27.80 

METRIC UNITS 

IZll0/81 

1310 
1510 

120.0 

12 

10.3 

4.1 c 

1.712 SC~ 

180.b 

0 241 SC~ 

.817 

12.30 

.oo 

IU.40 

2".18 

27.80 



PB BAROMETRIC PRESSURE 2q.51 llli•HG 111q.55 !llll•HG 

PSI STATIC PRES OF STACK GAS -1.20 llli•H20 •30.48 lllM•H20 

PS STACK PRES, •as. 29.42 IN•HG 7117 • .Jl !IM•HG 

TS AVERAGE STACK TEMP 48&. F 252. c 

vs AVG STACK GAS VELOCITY 19.5 FPS f>. 0 lllPS 

AS STACK AREA 7505. SO•IN 11.8112 SO•M 

OS STD STACK FLOW RATE, ORY. l7&31H. SCFH 4qq21. SCll'H 

QS ACTUAL STACK FLOW RATE .5&&4702. ACFH I 03773 • AClllH 

ISO PERCENT ISOKINETIC 100.4 100 0 4 

MN .oooo .oooo 
MG. EPA 5 

cs .00000 GRIOSCF• .oooo MGIOSCM 

PMR .00000 LB/HR 0 000 KG/HR 
Ell41SSION RATE 

•• 68 DEG Fr 29.92 IN.HG. 

!J::I 
I 
w 
ii::. 
O'\ 



EXAMPLE PARTICULATE CALCULATIONS TEST NO. 02•3 

STACK OUTLET 11 BATTERY 

VOLUME OF DRY GAS SAMPLED AT STANDARD CONDITIONS 

VMSTO a (11 0 b41 * VM * T * (PB + PM I 13.b)) I (TM + Qb0 0) 

VMS TD s ••••••••••••••••••••••••••••••••••••••••••••••••••••• 2 bO.Q10 DSCF 

VOLUME OF "ATER VAPOR AT STANDARD CONDITIONS 

VWC • .04101 • VLC 

vwc • .0•1u1 • 181. = e.50 SCF 

PERCENT MOISTURE IN STACK GAS 

Bwo • (100. * VWC) I (VMSTD + VWC) 

100. * 8.50 
s 12.33 PERCENT 

MOLE FRACTION OF DRY STACK GAS 

FMO s (100. • BWO) I 100. 

100. • ll.3 
FMD c ••••••••••••••••••••••• s .877 

100. 

AVERAGE MOLECULAR ~EIGHT OF DRY STACK GAS 

MD • CPCOZ * 044) + (POl * .32) + (PNl + PCOJ * .28 

MO • ( Q.30•4Q/l00) + (ll.3•32/100) + ((83.Q+ .O) * 281100 : 

MOLECULAR WEIGHT OF STACK GAS 

M"S : MD * Clo • (8WO/IOOJJ + 180 * (BW0/100) 

MWS • zq 0l8* (1 0 •ll2 033/IOOJ) + 18. * (12.331100) • z1.eo 



STACK GAS VELOCITY AT STACK CONDITIONS 

DELP • SUM. OF THE SQRTlVH * (TS + 460.)J 

VS • 85.4q * CP * OELP I (SORT(MWS * PS) * PNTSJ 

STACK GAS VOLUMETRIC FLO" AT STACK CONDITIONS 

QS • VS * AS * 3600/144 

QS • 14.53 * 7505. 3600/144 • 3664702. ACFH 

STACK GAS VOLUMETRIC FLO" AT STANDARD CONDITIONS 

QSSTD • 17.647 * QS * PS * (l. • lBW0/100)) I (TS + 460.J 

17.647 * 3664702. * 2q.02 * (1 •• (12.331100)) 
QSSTD • ••••••••••••••••••••••••••••••••••••••••••••••••••• = 1763133. SCFH 

l 486 •• 460.) 

~ 
~ PERCENT ISOKINETIC 

"'" oo ISO• (]05.58•(TS+460.))*ll0.002669•VLC)+lVM•Y•lPB+lP~/l3.6))/(TM+460.JJ)/lTT•VS•PS•DN•DNJ 

ISO • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• = I00.40 PERCENT 
120. * 

PARTICULATE LOADING •• EPA METHOD 5 (AT STANDARD CONDITIONS) 

CS • 0.001 * MN * 15.43 I VMSTO 

cs • 0.001 * .0000 * 15.43 I .00000 GR/DSCF 

PARTICULATE LBS/HR •• EPA METHOD 5 

PMR • CS * OSSTO I (15.4] * 453.6) 

PMR : .00000 * 1763133. I (15.43 * 453.6) : .00000 



Run No. 02. 3 

3 Sample volume= 1.71 m ,60.47 scf 

Example calculations 

CS (Part) =34.8 ;2..:2.!_ = c0.4 mg/m3 

CS (Part) = 0.001 x 34.8 x 15.43/60.47 = 0.009 gr/dscf 

CS (so2) =155.0/1..:.Zl.= 90.6 mg/m3 

= 90. 6 x 24. 06/.M_ =~ppm 

= 0.001 xl55.0 x 15.43/60.47 = 0.040 gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

Ambient 34.8 20.4 0.009 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As H2S04 0.6 0.3 0.0001 
As H2S04·2H20 0.8 0.5 0.0001 

Water soluble sulfates 
As S04.= 3.5 2.0 0.001 

Sulfur dioxide 155. 0 90.6 0.040 

Sulfuric acid mist 
As H2S04 8.7 5 t 1 0.002 

Inorganic condensibles N/A 

Organic condensibles N/A 

TOC (Condensible) N/A 

A-349 

ppm 

34 

1 
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FIE.LO DATA 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT TEMP.COEG.FJ 
BAR.PRESS.CIN.HG) 
STATIC PRESS.llN.H20) 
FILTER NUMBERlS) 
STACK INSIDE DIM.(IN) 
PITOT TUBE COEFF. 
THERM. ND. 
LEAKAGE 
METER CALIB. FACTOR 
READ & RECORD DATA EVERY 

REPUBLIC STEEL CLEVELAND OHIO 
STACK OUTLET #l BATTERY 

PARTIH2S04/SU2 
DAN F lTZG~RALD 
20. 

29.51 
-1.20 
3530311 

q7.15 .oo 
.84 

133 
.OOO CFM i 6.0 JN.HG 

I.OH 
10.0 MI114UTES 

TRAVERSE 
POINT 

NO. 

SAMPLE 
TIME 

(MIN.) 

CLOCK 
TIME 

l24•HR 
CLOCK) 

GAS MEHR 
RE.AO ING 
(CU.FT.) 

VELOCITY 
HEAO 

CIN.H20) 

ORIFICE PRESSURE 
OIFFERENTIAL 

(JN.H20) 

DESIRED ACTUAL 

STACK 
TE"P 

(OEG.F) 

DATE 
HUN NUMBER 

PROBE LENGTH & TYPE 
NOZZLE : I.O. 
ASSUMED MOISTURE 
SAMPLE BOX NUMBER 
lli'ETER BOX NUMBER 
fllETEH HEAD OIFF. 

PROBE HEATER SETTING 
HEATER BUX SETTING 

K FACTOR 

12110/fH 
OC!•4 

Q FOOT GLASS 
.404 

13.7 

FS4 
1.88 

350. 
350. 

12337.4 

ORY GAS fllETER 
TEMP 

lDEG.FJ 

PU"P SA"'PLE l"PINGER 
TEMP 

(DEG.FJ 

l"lET OUTLET 

VACUUM BOX TEMP 
(IN.HG) lOEG.F) 

----·---------------------------------------------------------------------------------------------------------------
INIT 

TOTALS 
AVERAGE 

0 
10.0 
20.0 
10.0 
110.0 
50.0 
60.0 
10.0 
ao.o 
qo.o 

100.0 
110.0 
120.0 

120.0 

1312 253.209 
1322 251.q45 
1332 262.940 
1342 268.415 
1352 273.160 
1402 271.600 
1412 282.600 
1422 287.500 
1432 2"3.800 
1442 2q1.soo 
1452 302.CJOO 
l'>U2 307.600 
1512 312.205 

s3.qq6 

• 060 .11 .11 
.067 • ee • 88 
.068 .88 .88 
• 061 • so .80 
• 065 • 84 .84 
• 06Q • 85 .85 
• 066 • 84 .84 
.068 • 8" • 89 
• 060 • 1q • 1'1 
• 064 .84 • 84 
.063 • 82 • 82 
.062 • 80 .80 

• 83 • 83 

500. 40. 40. 2.5 400. •2 • 
481 • 42. 40. 3.0 405 • CIO • 
Q8q. 45. 38. 3.o 3aq. l"· 
1118. 4b. 3q • 3.0 395. 40 • 
4q1 • 47. 3q • 4.5 387. Cl 1 • 
1165. 48. ]CJ • 4.5 388. 40 • 
505. 48. ]fl. 4.5 373 • 56 • 
476 • 48. ]q • 5.o 373. 54. 
4q1 • 48. 1q • 5.o 3q6. 64. 
474 • 48. ]q. s.o 381. 60 • 
488 • 48. 3q. 5.0 Ho. bO • 
""6· 48 • 3CJ. 5.5 ]85. 60. 

486. 46 • 3q • 4.2 387. 50. 



PARTICULATE FIELD 04TA & RESULTS TABULATION 

PLANT• NAME AND ADDRESS 

REPUBLIC STEEL CLEVELAND OHIO 

TEST TEAM LEADER 

OAN FITZGERALD 

TEST STACK OUTLET •l BATTERY 

:t>' 
I 

TEST DATE 

TB 
TF 

TT 

NP 

y 

ON 

CP 

PM 

W VM 
V1 
I-' 

TM 

VMS TD 

VLC 

vwc 

8WO 

FMD 

PCOl 

POl 

PCO 

PN2 

MO 

MWS 

TIME•START 
TIME•FINISH 

NET TIME OF TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF ORY GAS SAMPLED 
AT METER CONDITIONS 

AVERAGE GAS METER TEMP 

VOLUME OF DRY GAS SAMPLED 
AT STANDARD CONDITIONS• 

TOTAL HZO COLLECTED IN 
IMPINGERS ANO SILICA GELrML. 

VOLUME OF WATER VAPOR 
AT STANDARD CONDITIONS• 

PERCENT MOISTURE BY VOLUME 

MOLE FRACTION ORY GAS 

PERCENT C02 BY VOLer DRY 

PERCENT 02 BY VOL., DAY 

PERCENT CO BY VOL., DRY 

PERCENT NZ BY VOL., ORY 

MOLECULAR WT•DRY STACK GAS 

MOLECULAR WT•STACK GAS 

ENGLISH UNITS 

12110/IH 

1312 
151.? 

120.o 

12 

l .033 

.404 IN 

.84 

.83 IN•H20 

F 

63.263 SCF 

8.68" SCF 

12.08 

.879 

12.30 

.oo 

27.83 

METNIC UNITS 

12110181 

1312 
l'H2 

120.0 

12 

1.033 

10.3 

.84 

1.671 CU•M 

c 
1 • 79 l SC,.. 

.20 SCM 

ll.08 

12.30 

.oo 

27.83 



:;J;:I 
I 

w 
IJ1 
f\.) 

PB 

PSI 

PS 

TS 

vs 

AS 

OSSTO 

95 

ISO 

MN 

cs 

PMR 

• H 

BAROMETRIC PRESSURE 

STA TIC PRU OF SUCK GAS 

SUCK PRES, ABS. 

AVERAGE STACK TEMP 

AVG STACK GAS VELOCITY 

STACK AREA 

STACK FLOW RATE, ORY* 

ACTUAL STACK FLOW RATE 

PERCENT ISOKJNETIC 

MG. EPA 5 

EMISSION RATE 

DEG F, l9.4tl IN.HG • 

2CJ.5l IN•HG 111CJ.55 ~"1-HG 

-1.20 IN•H20 •30.48 ~"4•Hi!O 

2CJ.42 IN•kG 147.31 f'M•HG 

48t.i. f 252. c 

ICJ.5 FPS t.i.O .-ps 

7505. SO•IN 4.842 SQ•M 

l 767255. SCFH ':>0043. SCMH 

3M1i!8t.CJ 0 ACFH 103721. AC~H 

104.8 104.8 

.oooo .oooo 

.00000 GRIOSCF• .oooo MGIOSCM 

.00000 LB/HR 0 000 KG/HR 
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EXAMPLE PARTICULATE CALCULATIONS TEST NO. 02•4 

STACK OUTLET #t BATTERY 

VOLUME OF DRY GAS SAMPLED AT STANDARD CONDITIONS 

VMSTD a (17 0 647 • VM • Y • (PB + PM I t3.6)) I (TM + 460 0 ) 

VMS TD • ••••••••••••••••··--··••••••••••••••••••••···---·---- : 63.263 OSCF 
l 41. + 460.J 

VOLUME OF WATER VAPOR AT STANDARD CONDITIONS 

VWC c 0 04101 • VLC 

vwc •• 04707 • t85 •• 

PERCENT MOISTURE IN STACK GAS 

awo • (too •• VWCJ I (VMSTD + VWC) 

BMO • •••••••••••••••••••••••••• : li.08 PERCE~T 

MOLE FRACTION OF DRY STACK GAS 

FMD • ctoo •• BWO) I too. 

100 •• 12.t 
FMD a ••••••••••••••••••••••• a .e7q 

too. 

AVERAGE MOLECULAR WEIGHT OF ORY STACK GAS 

MO • (PC02 • 0 44) + lPOZ • .32) + (PNZ + PCOJ • .28 

MD: ( 4.30•44/tOO) + (tZ 0 3•3ZltUO) + ((83.4+ .O) • 28/tOO : 

MOLECULAR WEIGHT OF STACK GAS 

MWS : MO • (1 0 • (BWO/tOU)) + t8. • (BWU/tOO) 

MWS • zq.18• lt. •llZ.08/tOOJ) + 18. • (12.08/100) : 



STACK GAS VELOCITY AT STACK CONDITIONS 

DELP s SUM. OF THE SYRT(VH • lTS + 4&0.)) 

VS • 85.4~ * CP * DELP I lSQRTlMWS • PS) * PNTS) 

STACK GAS VOLUMETRIC FLO" AT STACK CONDITIO~S 

US s VS * AS • 36001144 

US • 

STACK GAS VOLUMETRIC FLO" AT STANDARD CONDITIONS 

QSSTD : 17.&47 * QS * PS * (1. • lBW0/100)) I lTS + 460.) 

QSSTD • •••••••••••-•••••••••••••••••••••••••••··---------- : l 7&7255. SCFH 
( 486. + 4&0.} 

PERCENT ISOKINETIC 

.8lll U .6)) I ( 4].+460.JJ) 
ISO • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• s 104.79 PERCE~T 

120 •• 

PARTICULATE LOADING •• EPA METHOD 5 CAT STA~DARD CONDITIONS) 

ca • 0.001 • MN • 15.43 I VMSTD 

cs • 0.001 • .0000 * 15.43 I .00000 GR/DSCF 

PARTICULATE LBS/HR •• EPA METHOD 5 

PMN : CS * QSSTD I (15.43 * 453.6) 

PfllA • .00000 • 1767255. I (15.43 * 453.6) a .00000 



Run No. 02.4 

Sample volume= 1.79 m3, 63.26 scf 

Example calculations 

CS (Part) = 37. 2 /l. 79 = 20 .8 mg/m3 

CS (Part)= 0.001x37.2x15.43/63.26 =0.009 gr/dscf 

CS (so2) =131.8/!..:LL= 73.6 mg/m3 

= 73. 6 x 24. 06/M._ =~ppm 

= 0.001x13l.8x 15.43/63.26 = 0.032 gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

Ambient 37.2 20.8 0.009 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As H2S04 0.4 0.2 0.0001 
As H2S04·2H20 0.5 0.3 0.0001 

Water soluble sulfates 
As so4= 4.8 2.7 0.001 

Sul fur dioxide 131. 8 73.6 0.032 

Sulfuric acid mist 
As H2S04 54.8 30.6 0.013 

Inorganic condensibles N/A 

Organic condensibles N/A 

TOC (Condensible) N/A 

A-355 

ppm 

28 

8 
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FIHO DATA 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT TEMP.(DEG.F) 
bAR.PRESS.(JN.HG) 
STATIC PRESS.lJN.H20) 
FILTEH NUMBER(S) 
STACK INSIDE OJM.(IN) 
PJTOT TUbE COEFF~ 
THERM. NU. 
LEAKAGE 
METER CALIB. FACTOR 
READ & RECORD DATA EVERY 

RE.PUBLIC STEEL CLEVELAND 
COl<f. STACK 

M5•250 
OU 
28. 

2q.51 
-1.20 
3~30003 

en.so .oo 
• ij 3 

.ouo CFM i 3.0 JN.HG 

.qq2 
10.0 MINUTES 

TRAVERSE SAMPLE CLOCK GAS METER VHOC ITY ORIFICE PRESSURE 
POINT TIME TIME READING HEAO DIFFERENTIAL 

ND, (MIN.) (211•HR (CU.FT.) (IN .1120) ( IN.H20) 
CLOCK) ----------------DESIHEO ACTUAL 

STACK 
lE .... P 

(DE.G.F) 

DATE 
RUN t.U .... Hl:.H 

PHOBE Ll:.~GTH & TYPE 
NOZZLE : l.O. 
ASSUMED flo'OlSlURE 
SAMPLt HUX NUflo'BER 
.... ElEH BOX NUflo'BER 
flo'ETEH HEAO DIFF. 
C FACTOH 
PROBE HEATER SETTING 
MEATER BOX SETflNG 
HEFERENCE PRESS. DIFF. 

12110/SI 
02-~ 

b 0 GLASS 
.4:51 

13.7 

FBI 
l.d7 

.11 
250. 
25u. 

.12 

OIH GAS Ml:. TE.R 
TEfllP 

(DEG.F) 

PUMP SAflo'PLE l"'PINGER 
TEf"P 

(DEG.F) 

If\LET OUTLET 

VACUUM BOlf TEMP 
(1N 0 H8) lDEG.FJ 

--------------------------------------------------------------------------------------------------------------------
INIT 

TOTALS 
AVERAGE 

0 
10.0 
20.0 
30.0 
qo.o 
so.u 
bO.O 
70.0 
so.o 
qo.o 

100.0 
110.0 
120.0 

120.0 

1310 q25.417 
1320 CJ31.070 
lHO q3f>.220 
1340 q4t 0 llOO 
lHO qqb.bOO 
11400 q51 .tlbO 
1410 9S7.100 
11120 %2.3co 
11130 %7.550 
111110 972.610 
1450 q111.100 
1~00 CJ83.320 
1~10 988.~72 

&3.lSS 

• 060 .8CJ .sq 
.060 .sq .eq 
• ObO .8CJ • sq 
0 0bO .8'1 • eq 
0 0bO .sq • sq 
.o&O • 119 • eq 
.060 .6q .sq 
.o&o .sq .8CJ 
.o&o .aq • s9 
.o&o .89 • sq 
.o&O • 89 • sq 
.ObO • sq .8CJ 

• 8CJ • eq 

501. 43. 36. 2.0 268. 34 • 
4S I • 43. 35. 2.0 253. 34. 
48q. 4& • 3b. 2.0 1q3. 33 • 
478 • 4q. 3b. 2.1 2se. 35. 
11q1. s2 • 37. 2.2 318. 35. 
sos • S4. 38 • 2.2 2&8. 35. 
46S. 55. 39. 2.2 2&8. 34. 
477. 55. 39. 2.2 2111. 34. 
491 • 55. 39. 2.2 2q1. 3S. 
11111. 55. 40. 2.2 211ci. 3S. 
468 • ss. 110 • 2.2 218. 37. 
4qb. 55. 40 • 2.2 210. 37. 

486 • 51 • 38. 2.1 Z58. 35. 
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PARTICULATE FIELD UATA 8 RESULTS TAbULATION 

PLANT• NAME AND ADDRESS 

REPUBLIC STEEL CLEVELAND 

TEST D2•5 COKE STACK 

TEST DATE 

TB 
TF 

TT 

NP 

y 

UN 

CP 

PM 

VM 

TM 

VMS TD 

VLC 

VlllC 

e•o 

FMO 

PC02 

P02 

PCO 

PN2 

MD 

MWS 

TIME•SURT 
TIME•F INISH 

NET TIME OF TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
OROP 

VOLUME OF DRY GAS SAMPLED 
AT METER CONDITIONS 

AVERAGE GAS METER TEMP 

VOLUME OF DRY GAS SAMPLED 
AT STANDARD CONDITIONS• 

TOTAL H20 COLLECTED IN 
JMPINGERS AND SILICA GEL,ML. 

VOLUME OF WATER VAPO~ 

AT STANDARD CONDITIONS• 

PERCENT MOISTURE BY VOLIJMt 

MOLE FRACTION ORY GAS 

PERCENT C02 BY VOLer ORY 

PERCENT 02 BY VOL., ORY 

PERCENT CO BY VOL., ORY 

PERCENT N~ BY VOL., ORY 

MOLECULAR WT•ORY STACK GAS 

MOLtCULAR WT•STACK GAS 

TEST TEO LE.ADER 

OU 

ENGLISH UNJTS 

12110181 

1310 
lSlO 

120.0 

12 

.83 

F 

U.7'11 SCF 

12.17 

.878 

.oo 

27.82 

METRIC UNITS 

12110/81 

1310 
1510 

120.0 

12 

.83 

l.788 CU•M 

1.0 c 

1.835 SC'1 

12 .11 

.878 

.oo 

27.82 
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. U1 

00 

PH 

PSI 

PS 

TS 

vs 

AS 

USS TO 

QS 

ISO 

MN 

cs 

P"4R 

• b8 

BAROMETRIC PRESSURE 

STATIC PRES llF SUCK GAS 

STACK PREl:ir ABS. 

AVERAGE STACK TEMP 

AVG STACK GAS VELOC ITT 

STACK AREA 

STACK FLO"' IUTEr ONT* 

ACTUAL STACK FLOW RATE 

PERCENT ISOKINETIC 

MG. EPA S 

U41SSION RATE 

DEG Fr 2CJ.92 IN.HG • 

2q.s1 IN•HG 11.1q.sc; lillol•HG 

-1.20 JN•H20 •30.1.18 t;M•H20 

zq.1.1z IN•HG 71.17.]l liM•HG 

1.18&. F 2">2. c 

Ill .1 FPS s.1 ltPS 

14&&. su-IN 1.1.817 SQ•M 

lb80CJ&q. SCFH IHbOO. SC!tH 

31.1882q2. ACFH CJ8778. AC~H 

qs.b CJ8.b 

.oooo .oooo 

.00000 GR/OSCF* .oooo 114G/DSCM 

.00000 L8/t1R .000 KG/HIC 



EXAMPLE PARTICULATE CALCULATlUNS TEST NU. 02•5 

COKE. STACK 

VOLUME OF ORY GAS SAMPLE.O AT STANDARD CONDITIONS 

VMSTO : (17.647 • VM • Y • (PB + PM I 13.b)) I (TM + 4&0.) 

17 .&47 • 

VMS TO : •-••••••••••••··----------------------·-------------- : 
&4.791 OSCF 

VOLUME OF WATER VAPOR AT STANDARD CUNOITIONS 

PERCENT MOISTURE IN STACK GAS 

BWO : (IUO. • VWC) I (VMSTO + VWC) 

Bwo = : 12.17 PERCENT 

MOLE FRACTION OF ORY STACK GAS 

FMD = (100. - BWO) I too. 

100. - 12.2 
FMD : ••••••••••••••••••••••• : .878 

100. 

AVERAGE MOLECULAR WEIGHT OF DRY STACK GAS 

MD : lPC02 • .44) + (P02 • .32) + (PN2 + PCO) • .28 

MO : ( 4.30•441100) + (12.3•321100) + ((83.4+ .O) • 28/100 : 

MOLECULAR WEIGHT OF STACK GAS 

MWS: MO• (1. • l8wU/10U)) + IA. • lBWO/lUU) 

MWS: 2q.l8• (1. •l12.11fl00)) + 18. • (12.171100) : 27.82 



STACK GAS V~LOCITY AT STACK CONOITIONS 

DELP : SUM. UF THl SYRT(VH * lTS + 4b0.J) 

VS : 85.4q * CP • DELP I (SQHT(~NS • P8) * PNTSJ 

STACK GAS VOLUMETRIC FLON AT STACK CONDITIONS 

QS : VS • AS • 3&00/144 

QS : 

STACK GAS VOLUMETRIC FLO" AT STANOARO CONDITIONS 

QSSTO : 17.&47 • QS • PS • ll. • lB"U/100)) I lTS + 4&0.) 

17.&47 • 

QSSTO : ·--···-··-·---------------------------------·------ : ( 46&. + 4&0.) 

ISO : ••••••••••••••··---------------···••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• • 98.6J PEACE~T 
120 •• 

PAHTICULATE LOADING •• EPA METHOD 5 (AT STANDARO CONDITIONS) 

CS : 0.001 * MN * 15.43 I VMSTD 

cs = 0.001 • .0000 • 15.43 I .00000 GR/OSCF 

PAHTICULATE LBS/HR •• ~PA METHOD 5 

PMH : CS • QSSTO I llS.43 * 4~3.b) 

PMR : .00000 * .00000 



Run No. 02 · 5 

Sample volume = 1.84 m3, 64. 79 scf 

Example calculations 

CS (Part) = ~ / 1.84 = 22. 3 mg/m3 

CS (Part)= 0.001x41.lx15.43,64.79 =0.010 gr/dscf 

CS (S02)_ =- / __ = mg/m3 

= __ x 24.06/_=_ppm 

= 0.001 x __ x 15.43/ __ = __ gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf ppm 

Particulate following 
conditioning at: 

41. l 22.3 0.010 Ambient 
2-h at 350°F 23.4 12. 7 0.005 
4-h at 350°F 19.2 10.4 0.004 
2-h at 400°F 18.8 10.2 0.004 
4-h at 400°F 17.7 9.6 0.004 
2-h at 600°F 15. l 8.2 0.003 

Acid sulfates 
As H2S04 0.0 0.0 0.000 
As H2S04·2H20 0.0 0.0 0.000 

Water soluble sulfates 
As So4= 0.0 0.0 0.000 

Sul fur dioxide N/A 

Sulfuric acid mist 
As H2S04 N/A 

Inorganic condensibles 152.6 82.9 0.036 

Organic condensibles 0.8 0.43 0.0002 

TOC (Condensible) 8.6 4.7 0.002 

A-361 



FIELD UATA 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT TfMP.(OEG.FJ 
8AR.PRESS.(IN.HG) 
STATIC PHESS.(IN.H20J 
FILTER NUMBER(SJ 
STACK INSIDE OIM.(INJ 
PITOT TUBE COE.FF. 
THERM. NO. 
LEAKAGE 
METER CALIB. FACTOR 
REAO & RE.CURO DATA EVERY 

REPUBLIC STEEL CLEVELAND 
CUH STACK 

M8•b&O 
OU 
28. 

2q.s1 
-1.20 
3530202 

q7.">0 .oo 
.in 

.028 CFM i 10.0 IN.HG 
• Cl& 1 

10.0 MINUTES 

TRAVERSE 
POINT 

NO. 

SAMPLE 
TIME 

(MIN.) 

CLOCK 
TIME 

(2Q•HH 
CLOCK) 

GAS MEHR 
READING 
(CU.FT.) 

VE.LUC I TY 
HEAD 

( 1NoH20) 

ORIFICE PHE.SSUHE 
DIFFERENT UL 

( H1.H20J 

DESIRED ACTUAL 

STACK 
T El' P 

(DE.b.F) 

DATE 
RUN NUftBEH 

PROBE LE.NbTH & TYPE 
NUZZLE : 1.D. 
ASSUMED fllOISTURE 
SAftPLE BUX NUfllBER 
"ETER BOX NU1148ER 
"'ETEM 11EAD DIH. 
C FACTOR 
PROBE. HE.ATER SETTING 
HEATER eox SETTING 
REFERENCE PRESS. DIFF. 

12110181 
02•& 

5• GLASS 
.378 

13.7 

Ftt& 
1.51 
... o 

bUO. 
&oo. 

.11 

ORY GAS lllE TER 
TE,.P 

lDEG.FJ 

PUfllP SA,.PLE llllPINGER 
TEMP 

(OEG.FJ 

INLET OUTLET 

VACUUM BUX TEMP 
(IN.HI) lOEG.F) 

--------------------------------------------------------------------------------------------------------------------
INIT 

TOTALS 
AVERAGE 

0 
10.0 
20.0 
30.0 
4o.o 
so.o 
flO.O 
10.0 
80.0 
qo.o 

100.0 
110.0 
120.0 

120.0 

1311 
1321 
lHl 
1 JQ I 
1351 
IQOl 
I 411 
1Qi?1 
1431 
1441 
14">1 
1':101 
1511 

&81.4CIO 
&8&.Q80 .ObO .&3 .&3 
&Cfl .430 .oflO .&J • fl 3 
bCJ&.440 • o&o .&J .&3 
701.420 • ObO • b 3 .&3 
70&.430 • OflO .&3 .&3 
111.oso .o&O .&3 .&3 
71&.4CJO • o&o .&3 .&3 
121.11110 .o&O .b3 .&3 
72&.540 .o&o • &3 • bl 
111.soo • o&o .&3 • fl3 
73&.1180 • ObO .&3 .&3 
741.503 • o&o .&3 • &3 

58.333 
• &3 • fl 3 

Sot. 2CI. :n. 3.5 532. Ji?. 
481. JO. JU. 4 ... 558. Ji?. 
4811. 35. Jl. 5.2 570. 33 • 
478. 1q. 31. s.e 571!. 34 • 
4Cf l. 40. 31. fl .1 578. 33 • 
505. 42. Ji?. 1. i? 58&. 33. 
G&5. Qi?. 32 • 7.3 seq. 33. 
1111. 43. J3. 7.3 578. 35. 
Qlll • 43. 33. 7.b 580. J& • 
Q14. 43. 3q • 1.8 5711. 37. 
488. 43. 311. 8.3 555. 3& • 
QClfl. 43. J4 • ··" 545. 38 • 

118fl. 311. 32. &.1 S&C!. 34 • 



::i:.i 
I 

w 
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PARTICULATE FJELD DATA 8 HESULTS TABULATION 

PLANT• NAME ANO AUOHESS 

REPUBLIC STEEL CLEVELAND 

TEST 

TEST DATE 

TB 
TF 

TT 

NP 

y 

CP 

PM 

VM 

TM 

VMS TD 

VLC 

vwc 

8WO 

FMO 

PC02 

P02 

PCO 

PNZ 

MD 

COKE STACK 

TIME•STAIH 
TJME•FINISH 

NET TIME UF TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF OHY GAS SAMPLED 
AT METEH CO~OITIONS 

AVERAGE GAS METER TEMP 

VOLUME OF OHY GAS SAMPLED 
AT STANDAHO CUNOITIUNS• 

TOTAL H20 COLLECTED I~ 
IMPINGERS AND SILICA GEL,ML. 

VOLUME OF WATER VAPUH 
AT STANDARD CUNDITIUNS• 

PERCENT MOISTU~E BY VOLUME 

MOLE FPACTION DRY GAS 

PERCENT C02 HY VOL., ORY 

PERCENT OZ BY VOL., ORY 

PERCENT CO BY VOL., DRY 

PERCENT N2 BY VOL., ORY 

MOLECULAR WT•ORY STACK GAS 

MOLECULAR WT-STACK GAS 

TEST TEAM LEADER 

DO 

ENGLISH UNITS 

12110/81 

1311 
1511 

120.0 

12 

.378 IN 

.83 

58.3.B CU•FT 

F 

5q.347 SCF 

lb8.3 

11.78 

.882 

12.30 

.oo 

27.8b 

METRIC UNITS 

12110/81 

1311 
I ~II 

120.0 

12 

lf1. 0 

2.1 c 

t.b81 sc ... 

1&8.3 

.224 SC,,_ 

ll. 78 

12.30 

.oo 

27.8& 



PB BAROMETRIC PRESSURE lCJ.!>l 1111-HG 7 l.ICJ • ..,.., lllM•HG 

PSI STATIC: PRES UF STACK GAS -1.20 1111-H20 -30.48 11111'-Hi!O 

PS STACK PRES, ABS. zq.112 IN-HG 7117.31 lllM-HG 

TS AVERAGE STACK TEMP 48b. F 252. c 

vs AVG STACK GAS VE LUC IT Y 18.7 FPS 5.7 lllPS 

AS STACK AREA 74bb. SQ•Jlll 11.tll 7 SIJ•M 

IJSSTD STACK FLOW RATE, DAY• lb87140. SCFH 1.17775. SCll'H 

QS ACTUAL STACK FLO" HATE 3118!1548. AC:FH CJ8700. AC:~H 

ISO PERCENT ISOKJlllETJC 117.0 117.0 

MN .oooo .oooo 
MG. EPA 5 

cs .oooou GR/DSCF* .oooo MG/DSCM 

PMA .00000 LB/HR .000 KG/HA 
EMISSION RATE 

* 
)" 

b8 DEG F, 29.CJ2 IN.HG. 

I 
w 

°' .i::. 

• 
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EXAMPLE PAHTICULATE CALCULAllONS TEST NO. 02•b 

COKE STACK 

VOLUME OF ORY GAS SAMPLED AT STANOARO CONDITIONS 

VMSTO s (17 0 647 • VM • Y • (PB + PM I 13.6)) I (TM + 4b0 0 ) 

11.647 • 
VMS TD : •••-••••••••••••••••••••••••••••••••••••••••••••••••• : 

VOLUME OF MATER VAPOR AT STANDARD CONDITIONS 

VMC : .04707 • VLC 

VMC : .04101 • 168. : 

PERCENT MOISTURE IN STACK GAS 

BMO • (too •• VWC) I (VMSTO • VMC) 

100. • 7.92 
: 11.78 PERCENT 

MOLE FRACTION OF ORY STACK GAS 

FMD : (100. • BMO) I IOO. 

100. - 11.8 
FMD : ••••••••••••••••••••••• : .882 

100. 

AVERAGE MOLECULAR WEIGHT OF ORY STACK GAS 

MO s (PC02 • .44) + (P02 • .32) + (PN2 + PCO) • .28 

MO : l 4.30•44/IOO) + (12.3•321100) + ((83.4+ .OJ • 281100 s 

MOLECULAR MEIGHT OF STACK GAS 

M~S : MO • (J. • lBWO/JOOJ) + 18. * lB~0/100) 

HMS : 2~.18• (I. •lll.78/IOO)) + 18. • (11.78/100} s 27.86 



STACK GAS VlLOCtTY AT STACK CONDITIONS 

OELP: SUM. OF THE SU~ll~H * lTS + 4&0.)) 

VS : 55.qq * CP * DlLP I lS~RT(MWS * PS) * PNTSJ 

18.b7 FPS 

STACK GAS VOLUMETRIC FLOW AT STAC~ CONDITIONS 

OS : VS * AS * 3&001144 

QS : 18.&7 * 14&&. 3&00/144 = 3485548. ACFH 

STACK GAS VOLUMETRIC FLOW AT STANOARO CONDITIONS 

QSSTD : 17.&47 * US * PS * ll. • lB~0/100)) I (TS + 4&0.) 

17.&47 * 
QSSTD : ··----·-··--·--·---------------------···--·-··--·-- : 

lbR7140. SCFH 
l 480. + 4b0.) 

PERCENT ISOKINETIC 

.&30/13.bJ)/( 36.•4&0.JJJ 
ISO : ••••••••••••••••··------------··••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• • 117.03 PERCENT 

120. * 18.&7 * 

PARTICULATE LOADING •• EPA MlTHOD S lAT STANDARD CONDITIONS) 

CS : O.OOl * MN * l~.43 I VMSTD 

cs = 0.001 * .OOOO * 15.43 I .00000 GRIDSCF 

PARTICULATE LRS/HR •• EPA METHOD 5 

PMR : CS * OSSTD I llS.43 * 453.b) 

PMR : .00000 * 1&87140. I (15.43 * 453.b) : .00000 



Run No. 02. 6 

Sample volume = l. 68 m3, 59. 35 scf 

Example calculations 

CS (Part) =30.3/1.68=18.0 mg/m3 

CS (Part) = 0.001 x 30.3 x 15.43/ 59.35 = 0.008 gr/dscf 

CS (S02) = 152 .f}' ..L..@. = 91. O mg/m3 

= 91 . 0 x 24. 06M...._ = -1! ppm 

= 0.001xl52.8x15.43f.)9.35 = 0.040gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

30.3 18.0 Pmbient 0.008 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As H2S04 <0.3 <0.2 0.0001 
As H2S04·2H20 <0.4 <0.3 0.0001 

Water soluble sulfates 
As S04= <0.3 <0.2 0.0001 

Sul fur dioxide 152. 8 91.0 0.040 

Sulfuric acid mist 
As H2S04 10. 7 6.4 0.003 

Inorganic condensibles 

Organic condensibles 

TOC (Condensible) 

A-367 · 

ppm 

34 

2 



FIELD DATA 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT TEMP.(DEG.FJ 
BAR.PRESS.(IN.HG) 
STATIC PRESS.lIN.H20J 
FILTER NUMBERlSJ 
STACK INSIDE OIMellNJ 
PITOT TUBE COEFF. 
THERM. NO. 
LEAKAGE 
METER CALIB. FACTOR 
READ & RfCOHO DATA EVERY 

REPUBLIC STEEL CLEVELAND 
OUTU l STACK 

PARTIH2S04/S02 
CB 

28. 
2q.55 
-1.zo 
.553002'5 
cn.~o .uo 
.83 

• OOi CFM s 4.0 IN.HG 
l.003 
10,0 MINUTES 

TRAVERSE SAMPLE CLOCK GAS MEH:.R Vf:.LOC IT Y OR IF ltl PRESSURE 
POINT 

NO. 

lNIT 

TOTALS 
AVERAGE 

TIME 
(MIN.) 

0 
4.0 

10.0 
20.0 
3o.o 
40.0 
so.o 
&o.o 
10.0 
so.o 
«Jo.o 

100.0 
110.0 
120.0 

120.0 

TIME 
(24•HA 
CLOCK) 

1131 
ll4l 
1350 
1400 
1410 
1420 
1430 
1440 
1450 
151)0 
1510 
l'Sc!O 
1530 
1540 

READING HEAD DIFFERENTIAL 
lCU 0 FT 0 ) (JN.H20) I IN.Hii!OJ 

----------------DESIRED ACTUAL 

3&1.2&5 
1&2.9&8 • OS'S .12 .12 
3&b.8b0 .048 • &2 .&2 
371.lbO .011q • &ti .&4 
375.BO .0118 .b2 • b2 
37'1. 750 • oso .b'> .b5 
383.570 .038 • 'S 0 .so 
387.200 .035 .4b .ob 
3«ft.130 .0112 • 54 .54 
H5.030 .0110 • '52 .52 
3<J8.860 .0110 .Sc • 52 
1102.'SbO • ucd .'Sb • '>b 
It IJ7. J J 0 .044 • 'j 1 • 'j 1 
411.061 • 0115 .'58 .58 

4q.lllb 
• SH .58 

STACI< 
n.-P 

(OH.FJ 

475. 
4«f8. 
!loe. 
470 • 
1180. 
Q85. 
4 8c?. 
sou • 
llbb. 
480 • 
1185. 
505. 
lld5. 

1186. 

DATE 
HUN NUMBER 

PROBE LENGTH & TYPE 
hOZZLE : I.u. 
ASSU .. EU ll>'UISTURE 
SA"'PLE SOX NU"'bER 
.-ETEK bOX Nu.-t!ER 
"'ElEk t;EAO OIFF. 
C FACTlJk 

12111161 
03•1 

5• Ht::ATEU GLASS 
.401 

14.0 
Q 

F82 
t.7b 
• "c 

PNUBt ~~ATEk SETTING 
~EATER BOX SETTING 
kEFENEhCl PRESS. OIFF • 

c!'>U. 
2so. 

.14 

ORY GAS "'tltR PU.-P sA.-PLE l"'PlNGEk 
TE .. P VACUUM ROX TE .. P Tl"'f' 

lOEG.FJ l Hi.I-lb) lOEG.FJ lDEG.FJ 

-------------IHET OUTLET 

3 'S • 33. 2.0 275 • o • 
.55. 3l • 2.0 247. 35. 
3!1. 3l. l. 0 ii!ti«f. 31 • 
.Sb. 3c. 3.o 2118. 42. 
110. .5 c! • 2.0 c4c. 4b. 

""· ""· l.u l5c?. 44. 
4b. 3b. 2.0 2110. 'SI • 
48. ]b. c.u c!So. '>0. 
4 8. .5b. 2.0 l111. 4q. 
118. 37. 3.u cSO. 'ju. 
46. 3 ts. 3.u c 3'1. 'Sc • 
IHI• .5ts. 3.0 c.50. 54. 
4 ts. 3b • 3.u c3ii. 511. 

llj. j'j. 2.11 cllll • II .S • 

-



PAHTICULATE FltLO UATA & MESULlS lAhULATIU~ 

!J::il 

PLINY• NAME ANO AOORtSS 

REPUHLlC STEEL CLEVELAND 

HST OUTU T ST ACK 

. \'
l t:.S T OAT[ 

TB 
TF 

TT 

NP 

y 

ON 

CP 

PM 

TIME•START 
TIME•FINISH ... 

NET TIME OF TEST, MIN. 

NET SAMPLING POINTS 

METER CALl9RATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
OROP 

I VM 
w 

VOLUME OF DRY GAS SAMPLED 
AT METER CONDITIONS ·°' .. \0 

TM 

VMS TD 

vL.c 

vwc 

BWO 

FMD 

PC02 

. P02 

PCO 

PN2 

MD 

AVERAGE GAS METER TEMP 

VOLUME OF ORY GAS SA~PLED 
AT STANDARD CONDITIONS• 

TOTAL H20 COLLECTED IN 
IMPINGERS ANO SILICA GEL,ML. 

VOLUME OF WATER VAPOR 
AT STANDARD CONDITIONS• 

PERCENT MOISTURE BY VOLUME 

MOLE FRACTION DRY GAS 

PERCENT C02 BY VOL., DRY 

PERCENT 02 BY VOL., DRY 

PERCENT CO BY VOL., DRY 

PERCENT N2 BY VOL., ORY 

MOLECULAR WT•DRY STACK GAS 

MOLECULAR WT•STACK GAS 

ltSI TtA,., LEAOtH 

tNlilISH UNllS 

10111tl1 

• 131 
I 5110 

I 20.0 

13 

1.003 

.83 

.se IN•H20 

F 

5. 761 SCF 

12.00 

.oo 

8ll.OO 

""tlMJC IJNITS 

1u111e1 

ll 31 
I '>110 

120.0 

13 

1.003 

10.2 

14.7 

1.411 CU•M 

c 

l.48J SC~ 

.lb3 SCf'. 

ll 0 00 

12.00 

.oo 

8ll.OO 

28.02 



:i::i 
I 
w . 
....J 
0 

P8 

PSI 

PS 

TS 

vs 

AS 

ASS TD 

gs 

ISO 

MN 

cs 

PMR 

* 68 

BA~OMETRlC PRESSURE 

STATIC PRES OF STACK GAS 

SUCK PRES, ABS. 

AVERAGE STACK TEMP 

AVG STACK GAS VELOCITY 

STACK AREA 

STACK FLOM RATE, DRY• 

ACTUAL STACK FLOM RATE 

PERCENT ISOKINETIC 

MG. EPA '5 

EMISSION RATE 

OE& F, 2CJ.92 IN.HG. 

211.55 IN•HG 750.57 """•HG 

-1.20 IN•H20 -30.48 ""M•H20 

2CJ.4fl IN•HG 7 48. 33 ""M•HG 

486. F 252. c 

l fl. 0 FPS 4.CJ ~PS 

74bfl. so-rN 4.817 SO•M 

l 47M8fl. SCFH 1111qe. SC"H 

2CJ81q3q. ACFH 84440. AC,..H 

104.7 104.7 

.oooo .oooo 

.00000 GR/DSCF• .oooo MG/DSCM 

.00000 LB/HR 0 000 KG/HR 
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EXAMPLE PARTICULATE CALCULATIONS TEST NO. 03•1 

OUTLET STACK 

VOLUME O' DRY GAS SAMPLED AT STANDARD CONDITIONS 

VMITD • (lfe6e7 • VM * Y * (PB • PM I 13.6)) I (TM + 460.) 

11.647 • 
VMSTD • •••-·-----···••••••••••-------------·-••••••••••••••• s 

VOLUME OF WATER VAPOR AT STANDARD CONDITIONS 

VWC a .04707 * VLC 

vwc •• 04707 • 122 •• 5.7ft SCF 

PERCENT MOISTURE IN STACK GAS 

BWO a ClOO. * VWCJ I (VMSTD + VWC) 

100. • 5.76 
8WO = -------------------------- = 52.2ct4 • 5~7& 

MOLE FRACTION OF ORY STACK GAS 

FMO : (100. • 8W0) I 100. 

FMD : ••••••••••••••••••••••• = .qo1 
100. 

AVERAGE MOLECULAR •EIGHT OF DRY STACK GAS 

MO : (PC02 • .44) + (P02 • .32) + (PN2 + PCO) • .28 

MO a ( 4e00•441100) + (12.0•321100) + ((6G.O+ .O) * 281100 : 

MOLECULAR WEIGHT OF STACK GAS 

MWS : MO• Cl. • (BWOllOOJJ + 18. • (RW0/100) 

2e.02 

52.2CJ4 DSCF 



~ 
I 

VJ 
....J 
N 

STACK GAS VELOCITY AT STACK CONDITIONS 

DELP a SUM. OF THE SORT(VH * (TS + Q60.)) 

VS • 85.4q • CP • DELP I lSQRT(MWS • PS) * PNTS) 

STACK GAS VOLUMETRIC FLOW AT STACK CONDITIO~S 

OS • VS * AS * 36001144 

OS : 

STACK GAS VOLUMETRIC FLOW AT STANDARD CONOITIONS 

OSSTO • 17.647 * QS * PS * (l. • lBw0/100)) I (TS + 460.) 

17.647 * 
QSSTD : ••·--------······-·-···-··----------·-··----------- : 

l47b086 0 SCFH 
( 486. + 460.) 

fERCENT ISOKINETIC 

ISO : (305 0 58•(TS+460 0 ))•((0.00266q•VLC)+(V~•Y•lP8+(PM/l3.6))1(TM+460.)J)llTT•VS•PS•DN•DNJ 

ISO • •••••••••••••••••••··-----······--------------------------··••••••••••••••••••••••••••••••••••••• = toq.73 PEACE~T 
120. * 

PARTICULATE LOADING •• EPA METHOD 5 (AT STANDARD CONOITIO~S) 

CS : 0.001 * MN * 15.43 I VMSTO 

cs = 0.001 • .OOOO * 15.43 I .00000 GR/OSCF 

PARTICULATE LBS/HR •• EPA METHOO 5 

PMR : CS * OSSTO I ll5.43 * 453.6) 

.00000 * 1476086. I ll5.43 * 453.6) : .00000 



Run No. 03. l 

Sample volume= 1.48 m3, 52.29 scf 

Example calculations 

CS (Part) = 38.6/1.48 = 26. l mg/m3 

CS (Part} = 0.001 x 38.6 x 15.43/52.?.9 = 0.011 gr/dscf 

CS (S02) =...2.Q.J/-1.d§= 60.9 mg/m3 

= 60. 9 x 24. 06/.§.L = .1L ppm 

= 0.001 x 90.l x 15.43/52.29 = 0.026 gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

Ambient 38.6 26. 1 0. 011 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 
4-h at 400°F 
2-h at 6Q0°F 

Acid sulfates 
As H2S04 0.3 0.2 0. 0001 
As H2S04·2H20 0.4 0.3 0.0001 

Water soluble sulfates 
As so4= 6.0 4.0 0.002 

Sulfur dioxide 90. 1 60.9 0.026 

Sulfuric acid mist 
As H2S04 84.0 56.8 0.025 

Inorganic condensibles 

Organic condensibles 

TDC (Condensible) 

A-373 

ppm 

23 

14 



F IHO OATA 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT TEMP.(OEG.FJ 
BAR.PRESS.(IN.HG) 
STATIC PRESS.(IN.H20) 
FILTER NUMBER(S) 
STACK INSIDE DIM.(IN) 
PITOT TUBE COEFFe 
THERM. NO. 
LUKAGE 
METER CALIB. FACTOR 
READ & RECORD DATA EVERY 

REPUBLIC STEEL CLEVELAND 
OUTLET STACK 

PART/H2SOO/SU2 
BNUFFEY 
28. 

2CJ.55 
-1.20 
353U30CJ 

CJ7.50 .oo 
.83 

.003 CFM i 5.0 IN.HG 
l.024 
lO.o MINUTES 

TRAVERSE 
POINT 

NO. 

SAMPLE 
TIME 

(MIN.) 

CLOCK 
TIME 

(24•HR 
CLOCK) 

GAS METER 
READING 
(CU.FT.) 

VELOCITY 
HEAD 

(IN.H20) 

ORIFICE PRESSURE 
DIFFERENTIAL 

(IN.H20J 

HHT 

TOTALS 
AVERAGE 

0 
1.0 

10.0 
20.0 
30.0 
40.0 
50.0 
60.0 
10.0 
80.o 
90.0 

100.0 
110.0 
120.0 

120.0 

1134 
1141 
13SO 
1000 
1410 
1020 
1030 
1400 
1450 
1500 
1510 
1520 
IS30 
IS40 

DESIRED ACTUAL 

483.135 
086.ft35 • us5 .12 • 12 
089.200 .048 .62 • 62 
1193.110 • 048 .62 • 62 
4CJ8.350 • 048 .62 • 62 
S02.CJ50 • oso .65 • 6S 
S07 .600 .038 .so • so 
511.800 • 035 .46 .46 
515.680 • 002 .54 .54 
519.CJOO .ooo .52 • 52 
524.000 .040 .52 • 52 
528.470 .043 • S6 • 56 
532.CJCJO .044 .51 • s1 
531.320 .045 .58 • 58 

54.185 
• 5e • s8 

STACK 
TE"P 

lDEG.F) 

415 • 
4CJ8. 
508. 
470 • 
480 • 
485. 
482 • 
500. 
505. 
466. 
480 • 
485. 
485. 

486 • 

DATE 
RIJN NUMBER 

PROBE LENGTH & TYPE 
NOZZLE : I.D. 
ASSUMED "101STURE 
SAfllPLE BOX NUfllBER 
"ETEk 8011 NU!lo'9ER 
fllETER .. EAD DIFF • 
C FACTOR 
PRORE HEATER SETTING 
HEATER BOX SETTING 
REFERENCE PRESS. OIFF. 

12101181 
03•2 

o• GLASS 
.401 

14.0 
Q 

FB1 
.11 
.84 

250. 
250. 

.14 

ORY GAS fllETER 
TEfllP 

lOEG.F) 

PUll'P SAJIPLE IfllPINGER 
TEMP 

(DEG.FJ 

I~LET OUTLET 

40. 36. 
40. ]ft • 
411 • 38 • 
48. 36 • 
so. 38 • 
52. 40 • 
S5. 42. 
56. 112. 
56 • 44. 
SfJ • 45. 
56. 4S • 
~fl • 45. 
56 • 46. 

51 • 41. 

VACUUM BOX TEMP 
(lflleHG) lOEG.F) 

2.0 110 • 
2.5 295. 
2.5 JOO. 
2.5 212. 
3.0 21f1. 
1.0 280. 
1.0 265. 
J.o 262. 
3.5 253. 
4.0 258. 
4.2 .?50. 
0.2 245. 
4.2 245. 

3.2 210. 

o. 
39. 
44. 
44. 
41. 
01. 
55. 
53 • 
55. 
5S. 
55. 
54. 
54. 

4b. 

-
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PARTICULATE FIELD DATA & RESULTS TABULATION 

PLANT• NAME AND ADDRESS 

REPUBLIC STEEL CLEVELAND 

TEST 

TEST DATE 

TB 
TF 

TT 

NP 

y 

ON 

CP 

PM 

VM 

VMS TO 

VLC 

vwc 

81'10 

FMD 

PC02 

POZ 

PCO 

PN2 

MD 

MWS 

OUTLET STACK 

TIME•SURT 
TIME•F INISH 

NET TIME OF TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF ORY GAS SAMPLED 
AT METER CONDITIONS 

AVERAGE GAS METER TEMP 

VOLUME OF ORY GAS SAMPLED 
AT STANDARD CONDITIONS• 

TOTAL Hi?O COLLECTED IN 
IMPINGERS ANO SILICA GELrML. 

VOLUME OF WATER VAPOR 
AT STANDARD CONDITIONS• 

PERCENT MOISTURE BY VOLUME 

MOLE FRACTION ORY GAS 

PERCENT C02 BY VOL., DRY 

PERCENT 02 BY VOL., DRY 

PERCENT CO BY VOL., ORY 

PERCENT Ni? BY VOL., ORY 

MOLECULAR WT•ORY STACK GAS 

MOLECULAR WT•STACK GAS 

TEST TEAM LEADER 

RRUFFEY 

ENGLISH UNITS 

12101181 

ll 34 
1540 

120.0 

I 3 

1.020 

.401 IN 

.83 

.58 IN•H20 

54.185 CU•FT 

F 

57.2Qb SCF 

b.811 SCF 

IO.b3 

o.oo 

12.00 

.oo 

METRIC UNITS 

12101181 

1134 
1540 

120.0 

13 

1.024 

10.2 

.83 

1.534 CU•M 

c 

l.b2l SClll 

.1CJ3 SCfil 

l0.b3 

4.0o 

12.00 

.oo 

84.00 

2CJ.12 
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PB 

PSI 

PS 

TS 

vs 

AS 

QSSTO 

QS 

ISO 

MN 

cs 

PMR 

• H 

BAROMETRIC PRESSURE 

SUTIC PRES OF STACK GAS 

STACK PRES, ABS. 

AVERAGE SUCK TEMP 

AVG SUCK GAS VELOCITY 

SUCK AREA 

STACK FLO" RATE, ORY* 

ACTUAL STACK FLOW RATE 

PERCENT ISOKINETIC 

fllG. EPA 5 

EMISSION RATE 

OEG F, 29.'12 IN.HG • 

2q.!i5 IN•"4G 750.57 ll'M•HG 

-1.20 IN•H20 •30.48 "'M•H20 

2q.4& IN•HG 748 0 33 ll'llo!•HG 

48&. F 252. c 

l&.o FPS 4. If ll'PS 

74&&. SD•JN 4.811 SD•M 

14&5231. SCFH 414«11. SCfi'H 

2983501. ACFH 84484. ACfi'H 

115.5 115.5 

.oooo .oooo 

.00000 GR/OSCF• .oooo MG/DSCM 

.00000 l8/HR .OOO KG/HR 
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EXAMPLE PARTICULATE CALCULATIONS TEST NU. 03-2 

OUTLET ST ACK 

VOLUME OF ORY GAS SAMPLED AT STANDARD CUNOITIONS 

VMSTD : (17.607 • VM * Y * (PB + PM I 13.6)) I (TM + 060 0 ) 

17.647 • 
VM5TO : ••••••••••••••••••••••••••••••••••••••••••••••••••••• : 

116. + 460.J 

VOLUME OF "ATER VAPOR AT STANDARD CONDITIONS 

v"c = .00101 * VLC 

6.81 SCF 

PERCENT MOISTURE IN STACK GAS 

B"O • ClOO. * V"CJ I (VMSTO + VWCJ 

100. * 6.81 
: 10.&3 PERCENT 

MOLE FRACTION OF ORY STACK GAS 

FMD = ctoo. - 8W0) I 100. 

100. - 10.6 
FMD s ••••••••••••••••••••••• : .8qQ 

100. 

AVERAGE MOLECULAR WEIGHT OF ORY STACK GAS 

MD : CPC02 * 0 44) + lP02 * .32) + (PN2 + PCOJ * .28 

MD : ( 4.00•04/100) + (12.0•32/100) + ((84.0+ .OJ * 28/100 : 

MOLECULAR WEIGHT OF STACK GAS 

MWS • MD • Cl. • CB"0/100)) + 18. * (Bw0/100) 

MWS : zq.12• Ct. •lt0.63/100)) + 18. * (10.bl/100) • 

57.24& DSCF 



STACK GAS VELOCITY AT STACK CONDITIONS 

DELP: SUM. OF THE SORT(VH * CTS + 4b0.)) 

VS a 85 0 4q * CP * DELP I lSORT(MWS * PS) * PNTS) 

STACK GAS VOLUMETRIC FLOW AT STACK CONDITIONS 

QS a VS * AS * 3b00/l44 

OS : 

STACK GAS VOLUMETRIC FLOW AT STANDARD CONDITIONS 

OSSTD a 17.647 * QS • PS • Cl. • lBWOllOOJJ I CTS + 460.) 

QSSTD : ----·-••••••••••••••••••••••••••••-•••••••••••••••• : 
( 48b •• 4~0.) 

PERCENT JSOKJNETIC 

ISO c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• : ll5.4q PERCENT 
120 •• 

PARTICULATE LOADING •• EPA METHOD 5 CAT STANDARD CONDITIONS) 

CS a 0.001 * MN * 15.43 I VMSTD 

cs • 0.001 • 0 0000 * 15.43 I 57.246 = 0 00000 GRIOSCF 

PARTICULATE LBS/HR •• EPA METHOD 5 

PMR : CS • OSSTD I ll5.43 * 453.hl 

PMR a .00000 • 14&5237 0 I CIS.43 • 453.&J : .00000 



Run No. 03. 2 

Samplevolume=l.62 m3,57.25 scf 

Example calculations 

CS (Part) = 34.5/1.62 = 21.3 mg/m3 

CS (Part)= 0.001 x34.5 x 15.43~7.25 = 0.009 gr/dscf 

CS ( so2) = l 52. &' .l..:.§1_ = 94. 3 mg/m3 

= 94. 3 x 24. 06/.M._ = ].2._ ppm 

= 0.001 xl52.8 x 15.43/ 57.25 = 0.041 gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

Ambient 34.5 21.3 0.009 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 18. l 11. 2 0.005 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As H2S04 1.8 l. 1 0.0005 
As H2S04·2H20 2.5 1. 5 0.001 

Water soluble sulfates 
As so4= 0.0 0.0 0.000 

Sul fur dioxide 152 .8 94.3 0.041 

Sulfuric acid mist 
As H2S04 7.0 4.3 0.002 

Inorganic condensibles 

Organic condensibles 

TOC (Condensible) 

A-379 

ppm 

35 

l 
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FIELO OATA 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT TEMP.(DEG.F) 
BAR.PRESS.(IN.HG) 
STATIC PRESS.(IN.H20) 
FILTER NUMBER(S) 
STACK INSIDE DIM.(IN) 
PITOT TUBE cot.FF. 
THERM. NO. 
LEAKAGE 
METER CALJB. FACTOR 
NEAD & RECORD DATA EVERY 

REPUBLIC STEEL CLEVELAND OHIO 
STACK OUTLET #1 BATTERY 

PART/H2S04/S02 
DUI FTIZGERALD 
28. 

2CJ.55 
-1.20 
3530 345 

CJ7.75 .oo 

• "Q 
133 

.004 CFM i 10.0 JN.HG 

.CJ82 
10.0 MINUTES 

TRAVERSE 
POINT 

NO. 

SAMPLE 
TIME 

(MIN.) 

CLOCK 
-TIME 

U4•HR 
CLOCK) 

GAS METER 
READING 
CCU.Fl.) 

VELOCITY 
Ht.AO 

CIN.H2CJ) 

ORIFICE PRESSURE 
DIFFERENTIAL 

(JN.H20) 

INIT 

TOTALS 
AVERAGE 

0 
10.0 
20.0 
30.0 
40.0 
so.o 
60.0 
10.0 
eo.o 
CJo.o 

100.0 
110.0 
120.0 

120.0 

1134 754.742 
1353 75CJ.IOO 
1403 7&3.255 
1413 7&7.550 
1423 771.&75 
1433 775.CJ30 
1448 77". 750 
1453 783.375 
1503 71\7.225 
1513 7"1.185 
1523 7CJ4.CJ&O 
1533 7CJ8.CJ&O 
1542 803.032 

48.i?CJO 

OFSIREO ACTUAL 

.055 .68 .68 

.OQ8 .58 • 58 

.054 .65 .&5 

.048 .60 .&o 
• oso .&2 .&2 
.038 .111 .47 
.035 .43 .43 
.oa2 .51 .51 
.0110 .48 .48 
.040 • '50 • so 
.0113 .53 .53 
.01111 • 54 .54 

• 55 • 55 

STACK 
TEfllP 

(OEG.F) 

475. 
4CJ8 • 
508. 
Q70. 
480. 
1185. 
4112. 
500. 
50'5. 
4&6 • 
480. 
485. 

486. 

DATE 
RUN NUMBER 

PNOBE Lt.hGlH & TYPE 
hOZZLE : l.D. 
ASSUMED '°'OISTURE 
SAMPLE BOX NUfllBEN 
fllfTER BOX NU"1RER 
fllETER HEAD OIFF. 

PROBE HEATER SETTING 
HEATER BOX SETTING 

K FACTOR 

12111181 
ll3•3 

4 FOOT GLASS 
.1102 

13.7 

400. 
QOO. 

11&28.0 

Ol<Y GAS fl'ElER 
TE"'P 

(DEG.F) 

PU"'P SAfllPLE lfllPilllGEN 
TEMP 

COEG.F) 

-------------11\LFT OUTLf T 

3CJ. 38. 
35. 33. 
38. :53. 
42. 34. 
45. 35. 
47. 3&. 
48. 38. 
50. 40. 
51. 41. 
52. Q2. 
53. 43. 
54. 1111. 

46. 38 • 

VACUUM BOX TEMP 
(IN.HG) COEG.F J 

CJ.O 38CJ. 
8.o 442. 
CJ.O 406. 
q .11 4 ll. 

to.o 411. 
8.5 1114. 
7.5 430. 
7.5 40CJ. 
7.5 3CJ8. 
7.5 410. 
e.o 401. 
e.o JCJCJ. 

8.3 411 • 

40. 
011. 
48. 
47. 
so • 
52. 
55. 
55. 
5CJ. 
'5 7. 
flO • 
flO • 

52. 



PARTICULATE FIELD DATA & RESULTS TAHULATION 

PLANT• NAME AND ADDRESS 

REPUBLIC STEEL CLEVELAND OHIO 

TEST TEAM LEADER 

OAN FTlZGERALO 

TEST STACK OUTLET #I HATTERY 

TEST DATE 

TB 
Tf 

TT 

NP 

y 

ON 

CP 

PM 

VM 

TM 

VMS TD 

VLC 

Vl'IC 

81110 

FMD 

PC02 

POC! 

PCO 

PN2 

MD 

TIME•START 
TIME•FINISH 

NET TIME OF TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF DRY GAS SAMPLED 
AT METER CONDITIONS 

AVERAGE GAS METER TEMP 

VOLUME OF DAY GAS SAMPLED 
AT STANDARD CONDITIONS• 

TOTAL HiO COLLECTED IN 
IMPINGERS ANO SILICA GEL,ML. 

VOLUME OF WATER VAPOR 
AT STANDARD CONDITIONS• 

PERCENT MOISTURE BY VOLUME 

MOLE FRACTION ORY GAS 

PERCENT C02 BY VOL., ORY 

PERCENT OZ 8Y VOL•• ORY 

PERCENT CO BY VOL., DRY 

PERCENT Ni! BY VOL., ORY 

MOLECULAR WT•ORY STACK GAS 

MOLECULAR WT•STACK GAS 

ENGLISH UNITS 

12111/81 

1134 
1542 

120.0 

12 

.84 

.55 IN•H20 

48.290 cu-FT 

42. l F 

49.315 SCF 

t>.740 SCF 

12.02 

.880 

12.00 

.oo 

84.00 

27.78 

METRIC UNITS 

12111181 

ll 34 
1542 

120.0 

12 

l0.2 

.84 

l.3b7 CU•M 

l .3% SClll 

.191 SCf' 

.880 

12.00 

.oo 

84.00 

27.78 



PB BAROMETRIC PRESSURE 2q.55 IN•HG 750.57 lllM•HG 

PSi STATIC PRES OF SUCK GAS -1.20 IN•H20 •30.48 ... M•H20 

PS STACK PRES, A8S. 2q.4f) IN•HG 748.33 "'M•HG 

TS AVERAGE STACK TEMP 48f>. F 252. c 

vs AVG SUCK GAS VELOCITY t f>. 3 FPS 5.0 ..,PS 

AS STACK AREA 7505. SO•IN 4.842 SQ•M 

OSSTO STACK FLO" RATE, ORY• 1411q10. SCFH 41852. SClllH 

QS ACTUAL STACK FLO" RATE 3057331. ACFH 8f>574. AClllH 

ISO PERCENT ISOKINETIC qe.1 qe.1 

MN .oooo .oooo 
MG. !PA 5 

cs .00000 GR/OSCF• .oooo MG/OSCM 

PMR .00000 LB/HR .OOO ICG/HR 
EMISSION RA TE 

Iii H DEG F, ZCJ."Z IN.HG • 

. :i::i 
I 

w 
00 

-·N 



EXAMPLE PARTICULATE CALCULATIONS TEST NO. D3•3 

STACK OUTLET #I BATTERY 

VOLUME OF DRY GAS SAMPLED AT STANDARD CONDITIONS 

VMSTD a (t7.647 • VM • Y • (PB + PM I 13.6)) I (TM + 460.} 

t7.647 • 
VMS TD : ••••••••••••••••••••••••••••••••••••••••••••••••••••• : 

42 •• 460.) 

VOLUME OF WATER VAPOR AT STANDARD CONDITIONS 

VWC a .04707 • VLC 

vwc = .04707 • t43. = 6.74 SCF 

PERCENT MOISTURE IN STACK GAS 

BWO • (100. • VWC) I (VMSTD + VWC) 

too. • 6.74 
Bwo • a 12.02 PERCENT 

MOLE FRACTION OF DRY STACK GAS 

FMD • (too. - BWO) I too. 

too. - 12.0 
FMD a ••••••••••••••-·••••••• : .880 

100. 

AVERAGE MOLECULAR WEIGHT OF ORY STACK GAS 

MO : (PC02 • .44) + (P02 • .32) + (PN2 + PCU) • .28 

MO : ( 4.00•44/100) + (12.0•32/tOO) + ((84.0+ .O) • 28/100 : 

MOLECULAR WEIGHT OF STACK GAS 

MWS a MO • (le • (BWOllOOJJ + 18. • (BWDllOOJ 

MWS • 29.12• Cl. -c12.021100J) • ta •• c12.021100) = 27.78 



STACK GAS VELOCITY AT STACK CONDITIONS 

DELP a SUM. OF THE SORT(VH * (TS + 4&0.J) 

VS : 85.49 * CP * DELP I lSURT(MWS • PS) • PNTS) 

vs • 85.49 • .84 * lf>.30 FPS 

STACK GAS VOLUMETRIC FLOW AT STACK CONDITIONS 

QS • VS * AS * 3600/144 

09 • 16.30 * 7505. 3600/144 • 3057331 • ACFH 

STACK GAS VOLUMETRIC FLOW AT STANOARO CONDITIONS 

QSSTD • 17.647 * 09 * PS • ll. • CBWO/lOOJJ I (TS + 460.J 

3057311. • zq.46 • ll. • Cll.Ol/lOOJ) 
QSSTD • ••••••••••••••••••••••••••••••••••••••••••••••••••• : 1417cno. SCFH 

( 486 •• 460.) 

PERCENT ISOKINETIC 

ISO: (305.58•(TS+4&0.))•((0.00Z&69•VLC)+(VM•Y•(P8+(PM/ll.6JJ/(TM+460.JJ)/(TT•VS•PS•DN*Dh) 

•l.+460.))) 
JSO s ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• : •e.65 PEMCENT 

l i!O • • 

PARTICULATE LOADING •• EPA METHOD 5 (AT STANDARD CONDITIONS) 

CS • o.OOl * MN * 15.43 I VMSTO 

cs = 0.001 * .0000 • 15.43 I .00000 GN/OSCF 

PARTICULATE LBS/HR •• EPA METHOD 5 

PMR s CS * QSSTO I (15.43 * 453.&J 

PMR : .00000 • 1477970. I (15 0 43 * 453 0 6) s .00000 



Run No. 03. 3 

3 Sample volume = 1.40 m , 49.32 scf 

Example calculations 

CS (Part) =30.9/1.40=22.l mg/m3 

CS (Part) = 0.001 x30.9 x 15.43A9.32 = 0.010 gr/dscf 

CS (S02) =130.&'l.:.!Q..= 93.4mg/m3 

= ~ x 24. 06/.M_ = -12. ppm 

= 0.001 x 130.8 x 15.43A9.32 = 0.041 gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

30.9 Ambient 22.1 0.010 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As H2S04 0.0 0.0 0.000 
As H2S04·2H20 0.0 0.0 0.000 

Water soluble sulfates 
As so4= 4. 1 2.9 0.001 

Sul fur dioxide 130.8 93.4 0.041 

Sulfuric acid mist 
As H2S04 12 I 0 8.6 0.004 

Inorganic condensibles 

Organic condensibles 

TOC (Condensible) 

A-385 

ppm 

35 

2 
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FIELD DATA 

PLANT 
SAMPLING LOCATION 

SAlllPLE TYPE 
OPERATOR 
AMBIENT TEMP.(OEG.FJ 
BAR.PRESS.(IN.HGJ 
STATIC PRESS.CIN.H20J 
FILTER NUMBER(S) 
STACK INSIDE DIM.lINJ 
PITOT TUBE COEFF. 
THERM. NO. 
LEAKAGE 
METER CALIB. FACTOR 
READ & RECORD DATA EVERY 

REPUBLIC STEEL CLEVELAND OHIO 
STACK OUTLET •I BATTERY 

PART/H2SOll/S02 
DAN FT IZGERALD 
28. 

i!fl.55 
•l.20 
3530.H3 

q7.75 .oo 
• so 

133 
.Olli CFM i 5.0 IN.HG 

I.OH 
10.0 MINUTES 

TRAVERSE 
POINT 

NO. 

SAMPLE 
TIME 

(MIN.) 

CLOCK 
TIME 

(i!ll•HR 
CLOCK) 

GAS METER 
READING 
(CU.FT.J 

VELOCITY 
HEAD 

(IN.H20J 

ORIFICE PRESSURE 
DIFFERENT UL 

(IN.H20) 

DESIRED ACTUAL 

STACK 
TEfllP 

(OEG.FJ 

PROBE LENGTH ~ TYPE 
NOZZLE : l.U. 
ASSUMED fl!OISTURE 
SAMPLE BOX NUfllBEN 
"'ETEN BOX NU,.,8ER 
fllETER MEAD· OIFF. 

PROBE HEATER SETTING 
HEATER BOX SETTING 

K FACTOR 

t211l/8l 
03•4 

5 FOOT GLASS 
• "0 l 

13.2 

F84 
1.88 

1100 • 
1100. 

11&28.0 

DHY GAS fl!ETER 
TEMP 

(OEG.F) 

PU"'P SAll'PLE JfllPINGER 
TEMP 

COEG.FJ 

It.LET OUTLET 

VACUUM. 801 TEMP 
(IN.MG) lOEG.FJ 

--------------------------------------------------------------------------------------------------------------------
INIT 0 llJ9 31i!.428 

10.0 1358 31&.815 .055 .68 • 68 47'5. 43. 42. o.o ooo. •l • 
i!o.o 1408 320.830 .0118 • 58 • '58 098. 39. 33. 4.o •oo • 116. 
10.0 1418 325.15S .OS4 • &5 .&s 508. 42. 38. o.s ooo. '50 • 
oo.o 1028 329.2&5 .048 .&o .&O 1110. 01. 3CJ. 4.o 404. so. 
so.o 1438 3H.4CJO .050 • bi! • &2 ooo. oCJ. oo. o.o 3CJ2. S3 • 
60.0 1448 331.130 .038 .47 .47 48'5. St. 42. 3.0 40'5. t]6. 
10.0 1458 340.640 .03S • 43 .113 482. 53. 113. J.O 022. 60 • 
80.0 1508 3•4.'525 .042 .st .st 500. 53. 04. 3.5 415. 59. 
CJo.o 15t8 348.140 .0110 .48 .48 505. 54. 11s. 3.0 395. &O. 

100.0 1528 35t .%5 .ooo .so • so Qbb • 55. 111. 3.5 3CJ5. '5CJ. 
110.0 1538 35&.310 .003 .S3 • 53 480 • 57. 08. 3.5 3&0. bl. 
120.0 1548 3&0.313 .004 • s11 .54 485. 5CJ. so. 3.5 3&4. t]9 • 

li!O.O 47.885 
.S5 .ss 480. 50. 43. 3.b 400. 55. 



PARTICULATE FIELD DATA & RESULTS TABULATION 

PLANT• NAME ANO ADDRESS 

REPUBLIC STEEL CLEVELAND OHIO 

TEST TEA"' LEADER 

0 AN F TI ZGER ALO 

TEST STACK OUTLET 11 BATTERY 

):I 

TEST DATE 

T8 
TF 

TT 

NP 

y 

ON 

CP 

PM 

~ VM 
CJ) 
.;,,J . -- . 

TM 

VMS TD 

VLC 

BWO 

FMD 

PC02 

P02 

PCO 

PN2 

MO 

TIME•START 
TIME•FINISH 

NET TIME OF TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF DAY GAS SAMPLED 
AT METER CONDITIONS 

AVERAGE GAS METER TEMP 

VOLUME OF DRY GAS SAMPLED 
AT STANDARD CONDITIONS• 

TOTAL HZO COLLECTED IN 
IMPINGERS AND SILICA GELr"'L• 

VOLUME OF WATER VAPOR 
AT STANDARD CONDITIONS• 

PERCENT MOISTURE BT VOLUME 

MOLE FRACTION DRY GAS 

PERCENT COZ BY VOL., DRY 

PERCENT OZ BT VOL., DAT 

PERCENT CO BT VOL., DAY 

PERCENT N2 BY VOL., ORY 

MOLECULAR WT•DRT STACK GAS 

MOLECULAR WT•STACK GAS 

ENGLISH UNITS 

1Vll18l 

11311 
1548 

120.0 

12 

l .033 

.001 IN 

.55 IN•H20 

47.885 CU•FT 

F 

51.00CJ SCF 

141.I 

&0 6112 SCF 

11.52 

.885 

o.oo 

12.00 

.oo 

84.00 

27.84 

METRIC UNITS 

12111/81 

1139 
1548 

120.0 

12 

t .OH 

10.2 

.84 

l.35& CU•M 

8.o c 

1 0 444 SC"-

141. l 

0 188 SCM 

11.52 

.885 

11.00 

12.00 

.oo 

84.00 

29.12 

27.84 



:i::i 
. I 
w 
CX> 
CX> 

PB 

PSI 

PS 

TS 

vs 

AS 

QSSTD 

OS 

ISO 

MN 

cs 

PMR 

ii H 

BAROMETRIC PRESSURE 

STATIC PRES OF STACK GAS 

SUCK PRES, ABS. 

AVERAGE STACK TEMP 

AVG STACK GAS VELOCITY 

STACK AREA 

STACK FLOM RATE, DRU 

ACTUAL STACK FLOW RATE 

PERCENT ISOKINETIC 

MG. EPA 5 

EMISSION RATE 

DEG F, C!4'.CJC! IN.HG. 

2q.55 IN•HG 750.57 f'M•HG 

-1.20 IN•HC!O •30.48 ~~·H20 

?CJ.46 IN•HG 748.33 "'"'•HG 

480. F C!4q. c 

tb.C! FPS 11.q ~PS 

7505. SO•IN 4.84C! SO•M 

l48q756. SCFH 4C!l85. SC~H 

304C!55q. ACFH 86156. ACl'!H 

101.1 101.1 

.oooo .oooo 

.00000 GRIDSCF• .oooo l'IGIDSCM 

.00000 LB/HR .OOO KG/HR 



EXAMPLE PARTICULATE CALCULATIONS TEST NO. 03•4 

STACK OUTLET ll BATTERY 

VOLUME OF ORY GAS SA~PLEO AT STANDARD CONOITIONS 

VMSTO • (t1.647 • VM • Y • (PB + PM I 13.&)) I (TM + 460.) 

11.647 • 47.885 • 1.033 • ( 29.55 + .549 I 13.6) 
VMS TD s ••••••••••••·---------·-•••••••••••••••••••-••••••••• : 51.009 OSCF 

46. + 460.) 

VOLUME OF "ATER VAPOR AT STANOARO CONDITIONS 

6.64 SCF 

PERCENT MOISTURE IN STACK GAS 

BWD • (tOO. • VWCJ I CVMSTO + V"CJ 

100. • 6.64 
8"0 s •••••••••••••••••••••••••• : 11.52 PERCENT 

51.009 • 

MOLE FRACTION OF ORY STACK GAS 

FMD = (100. - 8"0) I too. 

too. - 11.5 
FMD • ••••-•••••••••••••••••• • .885 

100. 

AVERAGE MOLECULAR WEIGHT OF DRY STACK GAS 

MO : lPC02 • .44) + (P02 • .32) + lPN2 + PCO) • .28 

MO : ( 4.00•441100) + (12.0•321100) + ((84.0+ .O) • 281100 : 

MOLECULAR WEIGHT OF STACK GAS 

MWS a MO • ll. • (BW0/100)) + 18. • (BW0/100) 

MWS: 29.t2• lt. •(11.521100)) + 18. • (11.521100) : 
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STACK GAS VELOCITY AT STACK CONDITIONS 

DELP • SUM. OF THE SQRT(VH * (TS + 4b0.)) 

VS : 85.Qq • CP • DELP I (SQRT(MWS • PS) • PNTSJ 

lb.U FPS 

STACK GAS VOLUMETRIC FLOW AT STACK CONOJTIONS 

QS • VS • AS • 36001144 

QS a 16.22 • 1505. 36001144 • 

STACK GAS VOLUMETRIC FLOW AT STANDARD CONOJTIONS 

QSSTD • 17.641 • QS • PS • Cl. • CBWOllOOJJ I (TS + 460.J 

QSSTD z •••••••••··-------------·-----·-··-··-------------- : ( CIAO. + 460,) 

PENCENT ISOKINETIC 

ISO 

.54q113.6))1( 
ISO a ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• a IOl.7Q PERCENT 

l 20. • 

PARTICULATE LOADING •• EPA METHOD 5 (AT STANDARD CONOITIONSJ 

CS : 0.001 • MN • 15.43 I VMSTO 

cs • 0.001 • .0000 • 1'5.43 I 5t.ooq = .00000 GRIDSCF 

PARTICULATE LBS/HR •• EPA METHOD 5 

PMR • CS • QSSTD I ll5.43 • 453.b) 

PMR • .00000 • .00000 



Run No. 03.4 

3 Sample volume = 1.44 m , 51.01 scf 

Example calculations 

CS (Part) = 38. 7 I 1. 44 = 26. 9 mg/m3 

CS (Part)= 0.001 x38.7 x 15.43/51.01 = 0.012 gr/dscf 

CS (so2) =.lil...4/l.....il.=99.6 mg/m3 

= 99. 6 x 24. 06/.fil_ = 1L ppm 

= 0.001 xl43.4 x 15.43/51.01 = 0.043 gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

38.7 Ambient 26.9 0.012 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As H2S04 1. 9 1.3 0.001 
As H2S04·2H20 2.6 1.8 0.001 

Water soluble sulfates 
As so4= 0.8 0.5 0.0002 

Sul fur dioxide 143.4 99.6 0.043 

Sulfuric acid mist 
As H2S04 8.2 5.7 0.002 

Inorganic condensibles 

Organic condensibles 

TOC (Condensible) 

A-391 

ppm 

37 

l 



FIELD UATA 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT TEMP.lOEG.FJ 
BAR.PRESS.lIN.HG) 
STATIC PRESS.lIN.H20) 
FILTER NUM8£R(S) 
STACK INSIDE DIMo(IN) 
PITOT TUBE COEFF. 
THERM. NO. 
LEAKAGE 
METER CALIB. FACTOR 
READ & RECORO OATA EVERY 

REPUBLIC STlEL CLEVELAND 
COKE STACK 

M5-250 
00 

28. 
2q.55 
-1.20 
3530410 

q7.so .oo 
.83 

• OOO CFM m 3.0 IN.HG 
.qqz 

10.0 MINUTES 

TRAVERSE 
POINT 

NO. 

SAMPLE 
TIME 

(MIN.) 

CLOCK 
TI..,E 

(24•HR 
CLOCK) 

GAS METER 
RE AO ING 
(CU.FT.) 

VELOC !TY 
Hf.AD 

(IN.H20) 

ORIFICE PRESSURE 
DIFFERENT UL 

(IN.H20) 

OE SIRED ACTUAL 

STACK 
TEll'P 

(OEG,.F) 

DATE 
RUN NU.-8f.R 

PRORE. LENGTH & TYPE 
NOZZLE : t.u. 
ASSU,.EO ,.OISTURE 
SAMPLE BOX NU,.BER 
,.ETER BOX NUMlH.R 
,.ETER HEAD OIFF. 
C FACTOR 
PROSE. HEATER SlTTING 
HEATER BOX SETTING 
REFERENCE. PRESS. DIFF. 

12111181 
lH-5 

5• GLASS 
.434 

13.7 

FBI 
1.87 

• 1 I 
250. 
250 • 

.12 

l)RY GAS ,.E lER 
TE"'P 

lOEG.F) 

PU"P SAll'PLE I,.PINGEk 
H"'P 

(DEG.F) 

Ill.LET OUTLET 

VACUUM RO>I TEMP 
(IN.HG) (OEG.F) 

--------------------------------------------------------------------------------------------------------------------
INIT 

TOTALS 
AVERAGE 

0 
10.0 
20.0 
3o.o 
40.0 
50.0 
&o.o 
10.0 
80.0 
qo.o 

100.0 
110.0 
120.0 

120.0 

1145 
1354 
1404 
11114 
1424 
1434 
1444 
1454 
1504 
1514 
1524 
1534 
1544 

'988.166 
qcn.870 • o56 .86 
'9'98.CJbO .o56 .86 

4.060 .056 .86 
'9.180 .OSb .8b 

14.330 • os6 .86 
lq.4qo .o56 .86 
24.680 .056 .86 
2'9.880 .os6 .86 
35.oqo .056 .86 
40.300 .056 .86 
45.510 .o56 .86 
50.75& • o56 .86 

61.CJ'90 
• 8& 

.8& 475. 4J. J7. .5 228 • 38. 
• 8& 11q8. 4c. 3b. .5 2•n • 38. 
• 86 508. 45. 36 • .5 243. 38. 
• 86 111 u. 51. 37. 1.0 27CJ. 3q • 
• 8b 1180. 56. J'9 • I •Cl 236. 40 • 
• 86 485. 60. 42. l.O 254. •o • 
.86 482. &1. 43. l.O 282. 38. 
.86 500. 62. 11'51. 1.0 23c. 38. 
.86 50'5. &11. 111. 1.0 280. •2. 
.86 466. 65. "1. 1.0 231. 44. 
.8& 480. tt5. 48. 1.0 21'9. 45. 
.86 1185. &II. 48. l.5 268 • 46. 

.8& 1186 • 57. 112. .q 254. 41. 
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PARTICULATE FJELD UATA & N~SULTS TAHULATIUN 

PLANT• NAME AND ADDRESS 

REPUBLIC STEEL CLEVELAND 

TEST 

TEST DATE 

TB 
TF 

TT 

NP 

y 

ON 

CP 

PM 

VM 

TM 

VMS TD 

VLC 

vwc 

BwO 

FMD 

PC02 

P02 

PCO 

PN2 

MU 

MWS 

COKE STACK 

TIME•SURT 
TIME•FINISH 

NET TIME OF TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF ORY GAS SAMPLED 
AT METER CONDITIONS 

AVERAGE GAS METER TEMP 

VOLUME OF ORY GAS SAMPLED 
AT STANDARD CONDITIONS• 

TOTAL H20 COLLECTED IN 
IMPINGERS ANO SILICA GEL,ML. 

VOLUME OF WATER VAPOR 
AT STANDARD CONOITlUNS• 

PERCENT MOISTURE BY VOLUME 

MOLE FRACTION ORY GAS 

PERCENT C02 BY VOLo• ORY 

PERCENT 02 BY VOL., ORY 

PERCENT CO BY VOLo• ORY 

PERCENT N2 BY VOL., ORY 

MOLECULAR WT•DRY STACK GAS 

MOLECULAR WT•STACK GAS 

TEST TEA ... LEADER 

OU 

ENGLISH UNITS 

12111181 

120.0 

12 

0 434 IN 

.83 

&3.0CJCJ SCF 

101.1 

&.&42 SCF 

4.00 

12.00 

.oo 

2q.12 

METRIC llNITS 

12111181 

1145 
1544 

120.0 

12 

11.0 

21 .8 

1 0 755 CU•M 

tell.I 

0 188 SCM 

12.00 

.oo 

28.0& 



PB BAROMETRIC PRESSURE 2q.55 IN•HG 750.57 "~·HG 

PSI STATIC PRES OF STACK GAS -1.20 IN•H20 •30.48 "M•HC!O 

PS SUCK PRES, A8So zq.4b IN•HG 748.H "M•HG 

TS AVERAGE STACK TEMP 4tlb. F 252. t 

vs AVG SUCK GAS VELOCITY If'. 0 FPS 5.'5 l'IPS 

AS STACK AREA 74bb. so-JN 4.817 SO•M 

OS STD STACK FLOW RATE, ORY. lb&bq]I. SCFH 47202. SC"H 

QS ACTUAL STACK FLOW RATE 33'52fl85. ACFH q4q44. AC"H 

ISO PERCENT ISOKINETIC qs.s qs.s 

MN .oooo .oooo 
MG. EPA '5 

cs .00000 GRIOSCF• .oooo ~GIOSCM 

PMR .00000 LB/HR .000 KG/HR 
EMISSION RATE 

• H DEG F, zq.q2 IN.HG. 
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EXAMPLE PARTICULATE CALCULATIONS TEST NO. D3•5 

COKE STACK 

VOLUME OF ORY GAS SAMPLED AT STANDARD CONDITIONS 

VMSTO : (17.647 * VM * Y * (Pff + PM I 13.6)) I (TM + 460 0 ) 

11.647 * 
VMS TO : ••••••••••••••••••••••••••••••••••••••••••••••••••••• : 

VOLUME OF WATER VAPOR AT STANDARD CONDITIONS 

VWC : .04707 * VLC 

vwc •• 04707 * l•l. 2 6.64 SCF 

PERCENT MOISTURE IN STACK GAS 

8w0 : CIOO. * VWC) I (VMSTO + VWCJ 

100. * 6.64 
8WO a -------------------------- = CJ.52 PERCENT 

MOLE FRACTION OF DRY STACK GAS 

FMO 2 (100. • 8WO) I 100 0 

100. • CJ.5 
FMD a ••••••••••••••••••••••• : .qo5 

100. 

AVERAGE MOLECULAR WEIGHT OF DRY STACK GAS 

MO : (PC02 * .44) + lP02 * .32) + (PN2 + PCO) * .28 

MD: l 4.00*44/IUO) + (12.0•32/100) + ((84.0+ .O) * 28/100: 

MOLECULAR WEIGHT OF STACK GAS 

MWS: MO* ll. • (BWU/100)) + 18. * (BW0/100) 

MWS : ZCJ.12• ll. •l q.521100)) + 18. * l q.521100) 2 



STACK GAS VELOCITY AT STACK CONDITIONS 

DELP: SUM. OF THE SQRTCVH • (TS + 4b0.)J 

VS • 85.49 * CP * DELP I (SQRT(MWS * PS) * PNTS) 

VS : 85.49 * .83 • 17.% FPS 

STACK GAS VOLUMETRIC FLO~ AT STACK CONDITIO~S 

QS : VS * AS * 3b00/l44 

QS a 3352885. ACFH 

STACK GAS VOLUMETRIC FLOW AT STANDARD CONOJTIONS 

QSSTO : 17.&47 • QS * PS * Cl. - (BW0/100)) I (TS + 4b0 0 ) 

11.&41 * 3352885. • 29.4b • Cl. - C q.52/lOOJJ 

QSSTD : •••••··-------------··-···-----------------··------ : l 4Rflo + 4b0.) 

PERCENT ISOKINETIC 

ISO s ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• : 95.53 PERCENT 
l t»O • • 

PARTICULATE LOADING -· EPA METHOD 5 (AT STANDARD CONDITIONS) 

CS : O.OOl * MN * 15.43 I VMSTO 

cs I: 0.001 * 0 0000 * 15.43 I .00000 GR/OSCF 

PARTICULATE LBS/HR •• EPA METHOD 5 

PMR : CS • QSSTO I ll5.43 • 453.b) 

PMR : .00000 * 16&6931. I lt5 0 43 • 453.6) : .00000 



Run No. 03. 5 

Sample volume= 1.79 m3, 63.10 scf 

·Example calculations 

CS (Part)= 35.0/1.79 = 19.6 mg/m3 

CS (Part)= 0.001 x 35.0 x 15.43/63.10 = 0.008 gr/dscf 

CS ( so
2
) . =_ / __ = mg/m3 

= __ x 24.06/_=_ppm 

= O. 001 x __ x 15. 43/ __ = __ gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

Ambient 35.0 19.6 0.008 
2-h at 350°F 22.2 12.4 0 .005 . 
4-h at 350°F 19. 9 11 . 1 0.005 
2-h at 400°F 15. 7 8.8 0.004 
4-h at 400°F 15. 7 8.8 0.004 
2-h at 600°F 13 .4 7.5 0.003 

Acid sulfates 
As H2S04 0.0 0.0 0.000 
As H2S04·2H20 0.0 0.0 0.000 

Water soluble sulfates 
As so4= 0.9 0.5 0.0002 

Sul fur dioxide 

Sulfuric acid mist 
As H2S04 

Inorganic condensibles 28.9 16. 1 0.007 

Organic condensibles 2.0 1. l 0.0005 

TOC (Condensible) 3.4 1. 9 0.0008 

A-397 

ppm 
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FIELD DATA 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AM8IENT TEMP.(OEG.FJ 
BAR.PRESS.(IN.HG) 
STATIC PRESS.(IN.H20) 
FILTER NUMBERlSJ 
STACK INSIDE DIM.(INJ 
PITOT TUBE COEFF. 
THERM. NO. 
LEAKAGE 
METER CALIB. FACTOR 
READ & RECORD DATA EVERY 

REPUBLIC STEEL CLEVELAND 
COKE STACK 

M8•MO 
DO 

28. 
2q.ss 
-1.20 
3530218 

en.so .oo 
• 8.5 

.Olb CFM ~ 10.5 IN.HG 

.qb1 
10.0 MINUTES 

TRAVERSE 
POINT 

NO. 

SAMPLE 
TIME 

(MIN.) 

CLOCK 
TIME 

(24-HR 
CLOCK) 

GAS METER 
READING 
CCU.FT.) 

VELOCITY 
HEAD 

(JN.H20) 

ORIFICE PRESSURE 
DIFFERENT UL 

(JN.H20) 

DESIRED ACTUAL 

STACK 
TE"P 

(OEG.F) 

DATE 
RUN NU.,BER 

PROBE LENGTH & TYPE 
NOZZLE : I.U. 
ASSUMED fllOlSTURE 
SA.,PLE BOX NU"8ER 
"ETER BOX NU"BEH 
lllETER HEAD OIFF • 
C FACTOR 
PROBE HEATER SETTING 
HEATER BOX SETTING 
REFERENCE PRESS. OJFF. 

12111/81 
03•b 

4• GLA5S 
.31q 

13. 7 

FBb 
1.51 

.qo 
250. 
250. 
.lb 

ORY GAS ll'ETER 
TEfllP 

lOEG.F) 

PUll'P SOPLE llllPINGEH 
TEMP 

COEG.F) 

INLET OUTLET 

VACUUM BOX TE114P 
(JN.HG) (DEG.F) 

--------------------------------------------------------------------------------------------------------------------
HdT 

TOTALS 
AVERAGE 

0 
10.0 
20.0 
30.0 
110.0 
so.o 
bO.O 
10.0 
80.0 
CJO.O 

100.0 
110.0 
120.0 

120.0 

1137 
l35b 
l40b 
l4lb 
l42b 
l4.3b 
144b 
l45b 
l50b 
151& 
152fl 
15.5& 
l54b 

74t.CJ5b 
74b.qso 0 0Sb .b3 .bJ 
751.%0 .05b .bJ .bJ 
75b.qqo .OSb .b3 .b3 
7b2.0fl0 .05b • fl 3 • fl 3 
7b7.0b0 .osfl .b3 • bJ 
772.0flO .05fl .b3 obl 
777.130 .OSfl .b3 .bl 
782.200 .osfl .b3 • bJ 
181.210 .os& • fl3 .&3 
1q2.3110 .OSb .b3 • &3 
7CJ7.420 .05b .b3 • bl 
802.111n .os& .b3 .bl 

b0.531 
• fl J • &3 

475. 35. 35. 3.3 517. 42. 
4CJ8. ]Cl. 35. J.4 555. 41. 
508. 37. 35. J.b 54b. 110. 
070. 43. JS. 3.7 53b. 110. 
480 • 48. 3fl. 3.1 534. 40. 
485. 51. 38. 11.0 ,47. 40. 
1182. 52. lq. 11.8 518. 42. 
soo. 52. 40. b.2 538 • 112. 
505. 53. 112. 7.4 538. 114. 
4&fl • 53. 42. 8.o 538. 44. 
Cl80 • 53. 42. 8 0 7 522. 4b. 
485. 52. 42. CJ.2 524. 4b. 

48& • 111. 38 • 5.5 5Jb. 42. 



PARTICULATE FJELD DATA & RESULTS TABULATION 

PLANT• NAME ANO ADDRESS 

REPUftLIC STEEL CLEVELAND 

TEST 

TEST DATE 

TB 
TF 

TT 

NP 

ON 

CP 

PM 

VM 

TM 

VMS TD 

VLC 

vwc 

FMO 

PC02 

POl 

PCO 

PN2 

MO 

MWS 

COKE SUCK 

TIME•SURT 
TIME•FINISH 

NET TIME OF TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZlLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF ORY GAS SAMPLED 
AT METER CONDITIONS 

AVERAGE GAS METER TEMP 

VOLUME OF ORY GAS SAMPLED 
AT STANDARD CONDlllUNS• 

TOTAL H20 COLLECTED IN 
IMPINGERS ANO SILICA GEL,ML 0 

VOLUME OF WATER VAPOR 
Al STANDARD CONDITIONS• 

PERCENT MOISTURE BY VOLUME 

MOLE FRACTION ORY GAS 

PERCENT C02 BY VOL., ORY 

PERCENT 02 BY VOL., ORY 

PERCENT CO BY VOL., ORY 

PERCENT N2 BY VOL., DRY 

MOLECULAR WT•ORY STACK GAS 

MOLECULAR WT-STACK GAS 

TEST TEAM LEADER 

00 

ENGLISH UNITS 

12111/81 

1137 
I 5 ll6 

120.0 

12 

60.537 cu-FT 

F 

&0 0 820 SCF 

7 0 743 SCF 

11.29 

11.00 

12.00 

.oo 
it4.00 

27.86 

METRIC UNITS 

12/ll/81 

1137 
1546 

120.0 

12 

.83 

I. 7141 CU•M 

c 

l. 722 sc ... 

.219 sc ... 

tt.2CJ 

.887 

12.00 

.oo 

84.00 



:i::i 
I 

. tf>. 
0 
0 

PB 

PSI 

PS 

TS 

vs 

AS 

QSSTO 

OS 

ISO 

MN 

cs 

PMR 

• 68 

BAROMETRIC PRESSURE 

STATIC PRES OF STACK GAS 

SUCK PRES, ASS. 

AVERAGE STACK TEMP 

AVG STACK GAS VELOCITY 

SUCK AREA 

STACK FLOW RATE, ORh 

ACTUAL STACK FLOW RATE 

PERCENT ISOKINETIC 

MG. EPA 5 

EMISSION RATE 

DEG F, llf.lf2 IN.HG. 

2CJ.'55 tN•HG 7'50.57 ~~·HG 

-1.20 1N•H20 •30.48 ~~·H20 

2CJ.Q6 lN•HG 748.H ~llol·HG 

486. F 2'52. c 

18.0 FPS s.s ~PS 

7466. SD•IN 4.817 SO•M 

lb400CJ3. SCFH 46443. SC~H 

33611702. ACFH qs21e. AC!lo'H 

122.7 122. 7 

.oooo .oooo 

.00000 GR/OSCF• .oooo llo'G/OSCM 

.00000 LB/HR 0 000 KG/HR 



EXAMPLE PARTICULATE CALCULATIONS TEST NO, D3•6 

COKE STACK 

VOLUME OF ORY GAS SAMPLED AT STANDARD CONDITIONS 

VMSTD s (l7.f>41 * VM * Y * (P9 + PM I 13 0 6)) I (TM + 460 0 ) 

VMS TO : ••·-·-····--·-------····----------------------···---- : 

VOLUME OF WATER VAPOR AT STANDARD CONDITIONS 

VWC s .04107 * VLC 

vwc = .04101 * 165. = 

PERCENT MOISTURE IN STACK GAS 

8w0 • c100. * VWC) I (VMSTD + VWC) 

100. * 1.14 
ewo • 

60.824 + 1.14 

MOLE FRACTION OF DRY STACK GAS 

FMO = (100. - 8WOJ I too. 

100. • ll .l 

: 11.2CJ PERCENT 

F~D : ••••••••••••••••••••••• s .887 
100. 

AVERAGE MOLECULAR WEIGHT OF DRY STACK GAS 

MD : (PC02 * .44) + lP02 * .32) + (PN2 + PCOJ * .28 

MD= ( 4.00•44/IOU) + (12.0•321100) + ((84.o+ .o) * 281100 = 

MOLECULAR WEIGHT OF STACK GAS 

MWS : MD * (1. • lRWO/IOOJJ + 18. • (BW0/100) 

27.8f> 

ti0.824 OSCF 



STACK GAS VELOCITY AT STACK CONDITIONS 

DELP : SUM. OF THE SORT(VH • (TS + 4&0.)) 

VS : 85.49 • CP • DELP I (SQRT(MWS • PS) • PNTS) 

18.03 FPS 

STACK GAS VOLUMETRIC FLOW AT STACK CONDITIONS 

QS a VS • AS • 36001144 

QS : 18.03 • 74&&. 3&001144 = 33&4702. ACFH 

STACK GAS VOLUMETRIC FLOW AT STANDARD CONOITIONS 

QSSTD a 17.&47 * OS * PS * Cl. • (8-01100)) I (TS + O&O.J 

17.&07 * 
Q9STD : ·-------------------··••••••••••••••••••••••••••••• : 

( 48~ •• 4&0.) 

PERCENT ISOKINETIC 

.630113.6))/l 43.+060.))) 
ISO • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• : 122.71 PEACE~T 

120 •• 18.03 • 

PARTICULATE LOADING •• EPA METHOD 5 CAT STANDARD CONDITIONS) 

CS : 0.001 * MN * 15.43 I VMSTD 

cs = 0.001 • .0000 * 15.43 I &0.824 = 0 00000 GR/OSCF 

PARTICULATE LBS/HR •• ~PA METHOD 5 

PMR : CS * QSSTP I ll5.43 * 453 0 &) 

PMR : .00000 • .00000 

··~ 



Run No. 03. 6 

Sample volume = 1. 72 m3, 60.82 scf 

Example calculations 

CS (Part)= 25.5/J..:.Z.?= 0.006 mg/m3 

CS (Part)= 0.001 x 25.5 x 15.43/ 60.82= 0.006 gr/dscf 

CS ( so2) = 1 69. V l.1£ = 98. 3 mg/m3 

= 98. 3 x 24. 06M._ =IL ppm 

= 0.001 x 169.l x 15.43/ 60 82 =a 043 gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

Ambient 25.5 14.8 0.006 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As H2S04 0.0 0.0 0.000 
As H2S04·2H20 0.0 0.0 0.000 

Water soluble sulfates 
As so4= 2.2 1. 3 0.0005 

Sul fur dioxide 169. 1 98.3 0.043 

Sulfuric acid mist 
As H2S04 12 .8 7.4 0.003 

Inorganic condensibles 

Organic condensibles 

TOC (Condensible) 

A-40;3 

ppm 

37 

2 



FJELD DATA 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AM6IENT TEMP.tDEG.FJ 
6AH.PRESS.(JN.HGJ 
STATIC PRESS.llNoHlOJ 
FILTER NUMBEIHSJ 
STACK INSIDE DIM.(INJ 
PITOT TUBE COEFF. 
THERM. NO. 
LEAKAGE 
METER CALIB. FACTOR 
READ & RECORD OATA EVERY 

REPUBLIC STEEL CLEVELAND OHIO 
STACK OUTLET #l HATTERY 

PART/H2SOll/S02 
AR"'STRONG 

35. 
2CJ.72 
-1.i!U 
3530325 

cn.15 .oo 
.ea 

133 
.OOO CFM i 7.0 IN.HG 

l.003 
10.0 MINUTES 

TRAVERSE 
POINT 

NO. 

SAMPLE 
TIME 

('4JN.J 

CLOCK 
TIME 

(24-HN 
CLUCK) 

GAS METER 
RUOING 
lCU.FT 0 ) 

YELOC IT Y 
HEAD 

(lllloH20) 

ORIFICE PRESSURE 
DIFFERENTIAL 

(JN.H2UJ 

OESJHED ACTUAL 

STACK 
H ... P 

(OEG.F) 

DATE 
NUN NU1118ER 

PROBE LENGTH & TYPE 
NOZZLE : J.D. 
ASSUMED .. UISTUNE 
SA .. PLE ao• NUMSEH 
._ElER fl(JX NUf48EH 
... ETER HfAD OIFF. 
C FACTOk 
PROBE HEATER SETTING 
HEATER BUl SETTING 
REFENENCt PRESS. OIFF. 

12112161 
04-l 

5 FOOT GLASS 
.404 

13.7 

F8l 
l.7b 

.80 
250. 
250. 

.14 

ORY GAS METER 
TEMP 

(OEG.F) 

PUlllP SAl'lPLE l""PINGER 
TEMP 

(OEG.F) 

Jfl.LET UUTLt.J 

VAClJUM eo• TEMP 
(1111.HG) lDEG.F J 

-------------------------------------------------------------------------------------------------------------------· 
INIT 

TOTALS 
AVERAGE 

0 
10.0 
20.0 
30.0 
110.u 
50.0 
&o.o 
10.0 
eo.o 
CJo.o 

loo.o 
110.0 
120.0 

120.0 

IJllO Oll .bl3 
CJ50 lllb.200 

1000 1120.qio 
1 O l 0 425.M•O 
1020 1130.2&0 
1030 435.130 
1040 llJCJ.830 
1050 OOQ 0 b30 
ll 00 44CJ.380 
1110 11511.000 
1120 1158.800 
ll 30 Clb3.800 
ll 110 4b8.5b0 

5b.CJ5l 

.01u • b2 • bl 

.u5o .bb • && 

.0118 • bll • b4 

.oso .bb • &b 

.053 .10 • 10 

.OlllJ .&5 • &5 

.052 .&8 • b8 

.0118 • &4 obll 

.O':JO .bb .bb 
• 05 l .b1 • b7 
.05b .111 .74 
• oso .bb • bb 

• b7 • b7 

487. 38 • 37. 2.5 ZCJ2. 37 • 
4CJ5. ao. 37. 3.0 304. 37 • 
507. 112 • 37. 1.u 120. 44 • 
4711. 110 • 38. 3.5 3011. os. 
485 • 45. 38. s.o 315. 47. 
11qe. llb. 38. s.o 302 • 46. 
483. Qb • 38. 5.0 314'. 50. 
(ICJCJ. (If) • 36. 5.0 315. 50. 
510. 111. 110. 5.5 301. 53. 
IH Cl• 118 • 110. &.o 285. 52. 
482. 48. 40. 6.5 ibb. 53. 
4CJO. oe • 110 • 1.0 c?b&. 55. 

llCJO • 115. ~8 • 11.8 zqq. 111. 



PARTICULATE FIELD DATA & f.IESllLTS TAl:IULATION 

PLANT• NAME ANO AOOHESS TEST TEAM LEADER 

REPUBLIC STEEL CLEVELANU OHIO ARMSTRONG 

TEST STACK OUTLET 01 BATTERY 

TEST DATE 

TB 
TF 

TT 

NP 

y 

ON 

CP 

VM 

TM 

VMS TO 

VLC 

vwc 

FMD 

PC02 

P02 

PCO 

PN2 

MO 

TIME•START 
TIME•FINISH 

NET TIME UF TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF ORY GAS SAMPLED 
AT METER CONDITIONS 

AVERAGE GAS METER TEMP 

VOLUME OF ORY GAS SAMPLED 
AT STANDARD CONDITIONS• 

TOTAL H20 COLLECTED IN 
IMPINGERS ANO SILICA GEL1ML. 

VULUME OF WATER VAPOR 
AT STANOARU CONDITIONS• 

PERCENT MOISTURE BY VOLUME 

MOLE FRACTION ORY GAS 

PERCENT CU2 AY VOL., DRY 

PERCENT 02 BY VOL., ORY 

PERCENT CU BY VOL., ORY 

PERCENT N2 BY VOL., ORY 

MOLECULAR wT•OHY STACK GAS 

MOLECULAR wT•STACK bAS 

ENGLISt4 UNITS 

12112181 

CJ40 
tt40 

120.0 

12 

1.003 

.404 JN 

.84 

F 

5CJ.82l SCF 

1'57.3 

7.404 SCF 

11.0 I 

3.70 

l1. IO 

.oo 

85.20 

27.82 

METRIC UNITS 

12112181 

CJllO 
1140 

120.0 

12 

t.003 

10.3 

.84 

t.b13 CU•M 

c 

157.3 

.210 SC~ 

t I. 0 I 

3.70 

11.10 

.oo 

85.20 

27.82 



PB BAROMETRIC PHESSURE 2CJ.72 IN•HG 754.15q ._,._,.HG 

PSI STATIC PRES OF SHCK GAS -1.20 IN•H20 •30.48 l\IM•H20 

PS STACK PRES, ABS. 2CJ.b3 Ill;•HG 752.bS l\IM•HG 

TS AVERAGE STACK TE.MP QCJO. F c?55. c 

vs AVG STACK GAS VELOCIT'r l7 .3 FPS 5.3 lllPS 

AS STACK AREA 7505. sa-1"' Q.842 sa-M 

ass To STACK FLOW RATE. 1 OR'r• t '::1884CJ4. SCFH 44qe1. SClllH 

as ACTUAL STACK FLOW RATE 32114223. ACFH IJ18b7. AC._,H 

ISO PERCENT ISOKINETIC 110.c? 110.2 

MN .oooo .oooo 
"'G• EPA 5 

cs .00000 GR/OSCF• .oooo MG/OSCM 

PMR .00000 LB/HR .OOO KG/HR 
EMISSION RATE 

:x:oi • fl8 DEG F, 2CJ.92 IN.HG. I 
~ 
0 
O"I 



EXAMPLE PARTICULATE CALCULATIONS TEST NO. OQ•I 

STACK OUTLET #I BATTERY 

VOLUME OF ORY GAS SAMPLED Al STANOAHO CONDITIONS 

VMSTD s (l7.bQ7 * VM * Y * (PB + PM I 13.b)) I lTM + QbO.J 

VMS TD : ••--··-··-------------------------------------------- : 
sq.s21 OSCF 

VOLUME OF WATER VAPOR AT STANDARD CUNOITIONS 

VWC : .OQ707 • VLC 

vwc = .04707 * 157. = 

PERCENT MOISTURE IN STACK GAS 

BWO : (100. * VWCJ I (VMSTO + VWC) 

ewo = : 11 0 01 PERCENT 

MOLE FRACTIO~ OF DRY STACK GAS 

FMO : (100. • BWOJ I IOU. 

100. - 11.0 

F~o = ----------------------- = .eqo too. 

AVERAGE MOLECULAR WElGHT OF ORY STACK GAS 

MO : lPC02 * 0 Q4) + lP02 * .32) + (PN2 + PCU) * .28 

MO : l 3.70•441100) + llt.1•32/tOOJ + ((85.2+ .O) * 28/100 : 

MOLECULAR wEIGHT OF STACK GAS 

MWS : MD * (1. • (KWU/lOOJJ + 16. • lHW0/100) 

MWS : 2q 0 0Q• (1. •lll.Ul/IUU)) + 18. * Ctt.Ol/100) : 



STACK GAS VELOCITY AT STACK CUNOlTIUNS 

DELP= su~. OF THE SYRT(VH * (TS + 4bO.)) 

VS : 85.4q * CP * DELP I lSUWT(MwS * P8) * PNTS) 

STACK GAS VOLUMETRIC FLOW AT STACK CONDITIONS 

QS : VS * AS * 3b00/l44 

QS : 11.2q • 7505. 3b00/l44 = 3244223. ACFH 

STACK GAS VOLUMETRIC FLOw AT STANDARD CONDITIONS 

QSSTO : 17.647 * QS * PS * (1. • (8WO/l00)) I (TS + 460.) 

QSSTO : ·-------------------···--------·••••••••••••••••••• : 

PERCENT ISOKINETIC 

.b651l3.6))1( 42.+460.JJJ 
ISO z ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• a tlo.ze PERCE~T 

120. * 11.2q * 

PARTICULATE LOADING •• EPA METHOD 5 (AT STANDARD CONDITIUNS) 

CS : 0.001 * MN * 15.43 I VMSTO 

cs = 0.001 * .uOOO * 15.43 I .00000 GR/DSCF 

PARTICULATE LBS/HR •• EPA METHOD S 

PMR : CS • QSSTO I (15.43 * 453.b) 

PMR : .00000 • .00000 



Run No. 04. l 

Sample volume= 1.69 m3, 59.82 scf 

Example calculations 

CS {Part) = 28.5/~= 16.9 mg/m3 

CS {Part) = 0.001 x 28.5 x 15.43/59.82 = 0.007 gr/dscf 

CS {so2) =135.6/..L.fil..=80.2 mg/m3 

= 80. 2 x 24. 06/6!_ = .J.Q_ ppm 

= 0.001 x 135.6 x 15.43/59.82 = 0.035 gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

28.5 Ambient 16 I 9 0.007 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As H2S04 0.0 0.0 0.000 
As H2S04·2H20 0.0 0.0 0.000 

Water soluble sulfates 
As so4= 0.0 0.0 0.000 

Sul fur dioxide 135.6 80.2 0.035 

Sulfuric acid mist 
As H2S04 42.3 25.0 0. 011 

Inorganic condensibles 

Organic condensibles 

TOC {Condensible) 

A-409 

ppm 

30 

6 



F IELO OATA 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERA TUR 
AMHIENT TEMP.COEG.FJ 
BAR.PRESS.CIN.HGJ 
STATIC PRESS.CIN.H20J 
FILTER NUMBEHlSJ 
STACK INSIOE OJM.CJNJ 
PITOT TUBE COEFF. 
THERM. NO. 
LEAKAGE 
METER CALIB. FACTOR 
READ & RECORD DATA EVERY 

REPUMLIC STlEL CLEVELAND OHIU 
STACK OUTLET #l BATTERY 

PART/H2S04/S02 
AR,,. STRONG 

35. 
2-.. 72 
-1.20 
3530.532 

•H.75 .oo 
• 84 

lB 
• OOO CFM i 5.0 IN.HG 

l.004 
10.0 MINUTES 

TRAVERSE 
POINT 

N0 0 

SAMPLE 
TIME 

lMIN.) 

CLOCK 
TIME 

Cl4•HR 
CLOCK) 

GAS ME H:R 
RlAOJNG 
lCU.FT.J 

VELOCITY 
HEAD 

(IN.H20) 

ORIFICE PRESSURE 
0 IFFERENT I AL 

CIN.HcWJ 

OE SIRED ACTUAL 

:r INIT 0 q43 5l1.b80 
lo.o q53 S42.l90 .047 • fJO • fJO ""' ..... 

0 

TOTALS 
AVERAGE 

20.0 
.so.o 
40.0 
so.o 
&o.o 
10.0 
80.u 
90.0 

100.0 
110.0 
120.0 

120.0 

1003 54&.9&0 
1013 55l.b70 
1023 S~b.500 
lOH S&l.450 
10Q3 Sb&.200 
1053 571.140 
II 03 s15.q20 
1113 ~80.730 

11.?3 Sits.ooo 
11.B 5qo.b10 
ll 43 5qs.011e 

~1.188 

.oso .b8 .118 

.048 • && .&& 

.050 .b8 .b6 

.053 .12 .12 

.011q • b7 .&7 

.052 .10 • 10 

.0118 .&& .&b 

.050 .&8 .b6 

.OSI .bCJ .b<f 
• o5& .1& • 7& 
• oso .&e .&8 

• b6 • tie 

STACI< 
TE"'P 

COEG.FJ 

081. 
495. 
so1. 
414. 
oes. 
49b. 
483 • 
4qq. 
510. 
410. 
082 • 
490. 

Q<fO • 

DATE 
RUl'I l'IUfllBER 

PROBE LENGTH & TYPE 
l'IOZZLE : I.O. 
ASSUMt:.D MOISTUNE 
SAfllPLE BUX NUfllBER 
"ETER BOX NUfl!BER 
"'ElEH HEAD OIFF. 
C FACTOR 
PROBE HEATER SETTING 
HEATER BOX SETTING 
REFERENCE PRESS. DIFF. 

12112181 
04•2 

4 FOUi GLASS 
.1100 

13.7 

F81 
l .11 

.18 
250 • 
250 • 

.15 

ORY GAS fllETER 
TEMP 

(OEG.F) 

PU"P SA .. PLE l"'PINGER 
TEMP 

COEG.F) 

Jfl.LET OUTLET 

oo. oo. 
so. 40 • 
52. 41 • 
54. 42. 
Sb. o.s. 
Sb. o.s. 
~8. oo. 
58. os. 
58. 4b. 
bO. 08. 
bO. 48. 
&l • 48. 

S6. 44 • 

VACUUM BOX TEMP 
l IN.HG) lOEG.F J 

2.0 302. 
2.2 265. 
3.o 255. 
3.2 205. 
3.S 255. 
3.8 20<1. 
3.8 i!12. 
a.o 260. 
4.0 2bO. 
0.2 255. 
4.0 24b. 
5.o C!Ob. 

3.6 zsq. 

3CJ • 
3CJ. 
01. 
47. 
08. 
50 • 
oe. 
51. 
so. 
4CJ. 
54 • 
52. 

48. 



PAHTICULATE FIELD DATA & RESULTS TABULATION 

PLANT• NAME AND ADDRESS TEST TEAM LEADEN 

HEPURLIC STEEL CLEVELAND UHIO ARMSTRONG 

TEST STACK OUTLET #l BATTERY 

TEST OATE 

T It 
TF 

TT 

NP 

y 

ON 

CP 

PM 

VM 

TM 

VMS TU 

VLC 

vwc 

BWO 

FMU 

PC02 

P02 

PCO 

PN2 

MO 

MWS 

TIME•START 
TIME•FINISH 

NET TIME Of TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE OHIFJCE PRESSURE 
DROP 

VOLUME OF ORY GAS SAMPLED 
AT METER CONDITIONS 

AVERAGE GAS METEH TEMP 

VOLUME OF ORY GAS SAMPLED 
AT STANDARD CONDITIONS• 

TOTAL H20 COLLECTED IN 
IMPINGERS AND SILICA GELrML. 

VOLUME OF WATER VAPOH 
AT STANDARD CONDITIONS• 

PERCENT MOISTURE BY VOLUME 

MOLE FRACTION ORY GAS 

PERCENT C02 BY VOL., ORY 

PERCENT 02 BY VOL., DRY 

PERCENT CO BY VOL., URY 

PEHCENT N2 BY VOL., UHY 

MOLECULAR wT•ORY STACK GAS 

MOLECULAR wl•STACK GAS 

ENGLISH UNITS 

12112181 

q43 
tl43 

120.0 

12 

1.004 

.400 JN 

.84 

57.788 CU•FT 

F 

l&0.7 

7.564 SCF 

ll.23 

.868 

11.10 

.oo 

65.20 

27.flO 

METRIC UNITS 

121121111 

q43 
1143 

120.0 

12 

1.004 

10.2 

.84 

17.3 ~M•H20 

I .&3& CU•M 

c 

l&0.7 

.214 SC~ 

11.21 

.888 

11.10 

.oo 

85.20 

n.eo 



PB BAHUMETRIC PRESSURE zq.12 IN•HG 75q.isq "'M•HG 

PSI STATIC PRES OF STACK GAS -1.20 IN•H2U •30.48 "'M•H20 

PS STACK PHES, ABS. 2q.f>3 U1•HG 752.ti5 ~M·HG 

TS AVERAGE STACK TEMP ll<JO. F 255. c 

vs AVG STACK GAS VELOCITY 17 .3 FPS s.3 "'PS 

AS STACK AREA 7505. Sll•IN 4.8q2 SU•M 

l.ISSTO STACK FLOW RATE, ORY• 15851151. SCFH 11118CJS. SC"'H 

QS ACTUAL STACK FLOW HATE 32115338. ACFH q18q8. ACMH 

150 PERCENT ISOKJNETIC 112.f> 112.6 

MN .oooo .oooo 
MG. EPA 5 

cs .00000 GR/OSCF• .oooo MG/CJSCM 

PMR .00000 LB/HR .UOO KG/HN 
EMISSION RATE 

• b8 DEG F, 2CJ.CJ2 IN.HG. 
:i::i 
I 

.i:. 
I-' 
N 



EXAMPLE PARTICULATE CALCULATIONS TEST NU. 04•2 

STACK OUTLET #1 RATTEHY 

VOLUME OF OHY GAS S•~PLEO AT STANOARO CONOITIUNS 

VMSTO : (l7.b47 • VM • Y • (PH + PM I 13.b)) I (TM + 4b0.) 

17.b47 • 57.788 • 1.004 * ( 29.72 + .b82 I 13.b) 

V~STD : ·-------·---------------------··••••••••••••••••••••• : 
~U. + llbU.) 

VOLUME OF WATER VAPOH AT STANDARD CONDITIONS 

VWC : .04101 * VLC 

vwc = .04101 * lbl. = 7.5b SCF 

PERCENT MOISTURE IN STACK GAS 

ewo = (IOO. * VWC) I (VMSTD + VWC) 

100. * 7.5b 
8WO : : 11.23 PERCE.NT 

59.790 + 7.5b 

MOLE FRACTION UF ORY STACK GAS 

FMD : (IOO. • 8WOJ I too. 

100. - 11.2 
FMO : ••••••••••••••••••••••• : .888 

IOU. 

AVERAGE MOLECULAR WEIGHT OF ORY STACK GAS 

MO : lPC02 * .44) + lP02 * .32) + (PN2 + PCO) * .28 

MD : ( 3.70•44/IUO) + lll.1*32/100) + ((85.2+ .O) * 28/100 : 

MOLECULAR WEIGHT OF STACK GAS 

MWS: MO* (I.• lBW0/100)) + 111. * (Rl'lll/100) 

MwS: 29.04• (I. •llt.231100)) + 18. * Clt.23/tOOJ : 27.80 



STACK GAS VELOCITY AT STACK CONOITIO~S 

DELP : SUM. OF THE SQRT(VH * lTS • QbO.J) 

VS : 85.4q * CP * DELP I lSU~T(M~S • PS) * PNTS) 

17.30 FPS 

STACK GAS VOLUMETRIC FLO~ AT STACK CONOJTIUNS 

QS : VS * AS * 3&00/144 

QS : 17.30 * 1505. 3b00/l44 = 

STACK GAS VOLUMETRIC FLOR Al STANDARtt CONDITIONS 

QSSTU : 17.&47 * QS * PS * ll. • lBWU/100)) I (TS + 4b0.) 

OSSTD : ··----·--··---·-·--------------------------·-·----- : 
1585451. SCFH 

l 490. + llbO.) 

PERCENT ISOKINETIC 

ISO : (305.58•lTS+4bO.°JJ•((0.002bb9•VLC)+(VM•Y•(P8+(PM/13.b))/(TM+llbO.J)Jl(TT•VS•PS•DN•ON) 

.&8Ut3.&))/( 50.+4&0.J)) 
ISO:•••••••••••••••••·--------·••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••: lli.61 PERCE~T 

120. * 17.30 * 

PARTICULATE LOADING •• EPA METHOD 5 (AT STANDARD CONDITIONS) 

CS : 0.001 * MN * 15.43 I VMSTO 

cs = 0.001 * .OOUO * l~.113 I 59.790 = 0 00000 GR/OSCF 

PARTICULATE LBS/HR •• EPA METHOO 5 

PMR : CS * QSSTD I (15.43 * 1153.bJ 

PMk : .ouooo * 1585451. I (15.113 * 453.&) : .oouoo 

• 



Run No. 04. 2 

Sample volume= 1.69 m3,59.79 scf 

Example calculations 

CS (Part)= 45.2/-1...:.§..9= 26.7 mg/m3 

CS (Part) = 0.001 x 45.2 x 15.43/59.79 = 0.012 gr/dscf 

CS (S02) =130.5/1..:...2i_= 77.2 mg/m3 

=7-1...:L x 24. 06/.§L = .1.2.... ppm 

= 0.001 xl30.5 x 15.43/59.79 = __ gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

Ambient 45.2 26.7 0.012 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 13.5 8.0 0.003 
4-h at 4QQ°F 
2-h at 6QQ°F 

Acid sulfates 
As H2S04 0.0 0.0 0.000 
As H2S04·2H20 0.0 0.0 0.000 

Water soluble sulfates 
As so4= 0.9 0.5 0.0002 

Sulfur dioxide 130.5 77 .2 0.034 

Sulfuric acid mist 
As H2S04 15. 9 9.4 0.004 

Inorganic condensibles 

Organic condensibles 

TOC (Condensible) 

A-415 

ppm 

29 

2 



FIELD DATA 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPEIUTOR 
AMBIENT TEMP.(DEG.F) 
BAR.PRESS.(IN.HG) 
STATIC PRESS.lIN.H20) 
FILTER NUMBER(S) 
STACK INSIDE DIM.llN) 
PITOT TUBE COEFF. 
THERM. NO. 
LEAKAGE 
METER CALIB. FACTOR 
READ & RECORD DATA EVERY 

REPUBLIC STElL CLEVELAND OHIO 
STACK OUTLET #l BATTERY 

PART/H2SOQ/SU2 
OAN FITZGERHO 

35. 
zq.12 
-1.20 
3530087 

q1.1s .oo 
.8Q 

133 
.007 CFM i b.O IN.HG 
.q82 

10.0 MINUlES 

TRAVERSE 
POINT 

NO. 

SAMPLE 
Tl'!E 

(MIN.) 

CLOCK 
TIME 

(24•HR 
CLOCK) 

GAS METER 
RE AO ING 
(CU.FT.) 

VE.LUC I TY 
HEAD 

(IN.H20) 

ORIFICE PRESSURE 
0 IFFERENT UL 

CIN.H20) 

DESIRED ACTUAL 

STACK 
TE.,P 

lOEG.FJ 

DATE 
RUN NUMBER 

PROBE LEhGTH & TYPE 
NOZZLE : I.O. 
ASSUMED .-oISTURE 
SA .. PLE 8011 NU"'BER 
'1E TER 8011 NU'1BER 
"'F::lER HEAD OIFF. 

PROBE HEATER SETTING 
HEATER BOX SETTING 

K FACTOR 

12112181 
UQ•3 

4 FOUT GLASS 
.qoq 

13.7 

11856.2 

DRY GAS .,.ETER 
TEMP 

(OEG.F) 

PU.-P SA.,FLE l"'PINGER 
TE"'P 

(OEG.F) 

---·---------ll'iLET OUTLET 

VACUUM BOX TEMP 
(IN.HG) (OfG.F) 

--------------------------------------------------------------------------------------------------------------------
INIT 

TOTALS 
AVERAGE 

0 q40 
10.0 qso 
20.0 1000 
30.0 1010 
QO.U 1020 
so.o 1030 
60.0 1040 
10.0 IOSO 
80.0 1100 
90.0 1110 

100.0 1120 
uo.o 1130 
120.0 llQO 

li!O.O 

804.107 
808.31S .047 • sq 
812.330 .oso • 62 
816.380 • OQ8 .sq 
820.b7'5 .oso .b3 
825.iqo .0'53 .b& 
829.340 .04q .61 
833.740 .052 .6S 
83J.qq5 .0118 .sq 
8Q2.280 .oso .61 
8Q&.'560 .os1 .6 .. 
8'51.14'5 .0'5b • 10 
8S5.4'56 .oso .62 

s1.34q 
• 63 

.sq 487. 38. 37. 2.s 410. 42 • 

.62 qq5. q3. 37. 3.0 40b. q3 • 
• sq 507 • 4b • 38. 4.0 405. 1u. 
.b3 11111. 111. 38. o.s 40'5. G 11. 
.&b 485. 48. 3q. s.o 1102. ""· .61 496. qq. 110. s.u 408. 111. 
.65 0"3· so. oo. 5.o Gibe so. 
• sq 4qq • so. 01. s.o 011. 51. 
.61 510. '50. 42. s.o 41 '5 ~ 52. 
.64 qqq. '52. q3. '5. 5 Ql2. s2. 
• 10 Q82 • Sii. QQ • 5. '5 413. '5 3. 
.&l 11qo. Sb. 4b. s.o 1110. 53. 

.63 oq2 • llCJ. 110. 4 • ., 11oq. 118. 



PARTICULATE FIELD DATA & RESULTS TABULATION 

PLANT• NAME AND ADDRESS TEST TEAM LEADER 

REPUBLIC STEEL CLEVELAND OHIO DAN F lTZGEIULD 

TEST STACK OUTLET #1 BATTERY 

TEST DATE 

TB 
TF 

TT 

NP 

y 

ON 

CP 

P14 

VM 

TM 

VMS TD 

VLC 

vwc 

ewo 

FMD 

PC02 

P02 

PCO 

PNC! 

MD 

IMl'llS 

TIME•START 
TIME•FINISH 

NET TIME OF TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF DRY GAS SAMPLED 
AT METER CONDITIONS 

AVERAGE GAS METER TEMP 

VOLUME OF DAY GAS SAMPLED 
AT STANDARD CONDITIONS• 

TOTAL H20 COLLECTED IN 
IMPINGERS ANO SILICA GEL,ML. 

VOLUME OF WATER VAPOR 
AT STANDARD CONOITIO~S• 

PERCENT MOISTURE AY VOLUME 

MOLE FRACTION ORY GAS 

PERCENT C02 BY VOL., ORY 

PERCENT 02 BY VOL., ORY 

PERCENT CO BY VOL., ORY 

PERCENT N2 BY VOL., ORY 

MOLECULAR WT•DRY STACK GAS 

MOLECULAR l'IT•STACK GAS 

E.NGLISH UNITS 

12112181 

q110 
l IQO 

120.0 

12 

.404 IN 

.811 

51.311q CU•FT 

F 

52.502 SCF 

7.028 SCF 

11•81 

.1182 

3. 70 

It .10 

.oo 

85.20 

27.73 

METMIC UNITS 

12112181 

9110 
tl 110 

120.0 

12 

10.1 

.84 

l 01154 CU•M 

c 

l .1187 SClll 

11.81 

.882 

:s.10 

11.10 

.oo 

85.20 

27.73 



PB BAROMETRIC PRESSURE 2q.12 IN-HG 754.8q .-r..-HG 

PSI STATIC PRES OF STACK GAS -1.20 IN•H20 •30.48 fllM•H20 

PS STACK PRES, ABS. zq.t.3 JN•HG 752.f>S llf"'•HG 

TS AVERAGE STACK TEMP 4CJ2. F 255. c 

vs AVG SUCK GAS VELOCITY l7 .3 FPS 5.3 fllPS 

AS STACK AREA 7505. SQ-JN 4.842 Stl•M 

QSSTO STACK FLOW RATE, DRY• 1575&lq. SCFH 44&17. SCfolH 

QS ACTUAL STACK FLOW RATE 3251q2&. ACFH q2085. AC.-H 

ISO PERCENT ISOKINETtC CJ7.5 q7.5 

MN .oooo .oooo 
MG. EPA 5 

cs .00000 GR/OSCF• .oooo MG/OSCM 

PMR .00000 LB/HR 0 000 KG/HR 
EMISSION RA TE 

• 68 DEG F, 2CJ.IJ2 IN.HG. 
!J::>I 
I 
~ 
...... 
(X) 



EXAMPLE PARTICULATE CALCULATIONS TEST NO. 04-3 

STACK OUTLET #1 BATTERY 

VOLUME OF DAY GAS SAMPLED AT STANOARD CUNOITIONS 

VMSTD s (11.&41 • VM * Y * (PB + PM I 13.b)) I (TM + 4&0.) 

VMS TD 2 ••••••••••••••••••••••••••••••••••••••••••••••••••••• : 52.502 DSCF 
os. + 460.) 

VOLUME Of •ATER VAPOR AT STANDARD CONDITIONS 

vwc = .04707 • 149. : 7.03 SCF 

PERCENT MOISTURE IN STACK GAS 

B•O : (100. • VWC) I (VMSTO + VWC) 

100. • 1.03 
8•0 • : 11.81 PERCENT 

52.502 + 1.03 

MOLE FRACTION OF DRY STACK GAS 

FMO : (100. - B•Ol I 100. 

lOO. - ll.e 
F~O s ••••••••••••••••••••••• • .882 

100. 

AVERAGE MOLECULAR WEIGHT OF ORY STACK GAS 

MD : CPC02 * .44) + (P02 * .32) + (PN2 + PCO) * .28 

MD : l 3.70•441100) + lllol•321100) + ((85.2+ .O) * 281100 : 

MOLECULAR •EIGHT OF STACK GAS 

MWS : MO • ll. - (BW0/100)) + 18. * lBWU/100) 

MWS c 29.04* Ct. -ltl.811100)) + 18. * lll.811100) : 27.73 



STACK GAS VELOCITY AT STACK CONOITIONS 

DELP • SUM. OF THE SORT(VH * (TS + 460 0 )) 

VS : 85.4q • CP • DELP I lSORT(MWS • PS) • PNTS) 

vs = 85.4q • .84 • 

STACK GAS VOLUMETRIC FLOW AT STACK CONDITIONS 

QS : VS • AS • 3600/144 

OS • 17.33 • 7505. 3600/144 = 

STACK GAS VOLUMETRIC FLOW AT STANOARO CONOlllONS 

OSSTO : 17.647 • OS • PS • (l. • (BW0/100)) I (TS + 460.J 

17.647 • 

QSSTO : ----·-·······--------------------------------······ : 

:r PERCENT ISOKINETIC 
.i::. 

< 4qz. • 460.J 

17.33 FPS 

N ISO: (305.58•(TS+4b0.J)•((0.00266q•VLC)+(VM•Y•(P8+(PM/l3 0 6))/(TM+460.)))/(TT•VS•PS•DN•Oh) 
C> 

ISO s ·---------------------·---------------···········---------·•••••••••••••••••••••••••••••••••••••• : Q7.54 PERCE~T 
120 ••. 17.33 • 

PARTICULATE LOADING •• EPA METHOD 5 (AT STANDARD CONDITIONS) 

CS : o.OOl * MN * 15.43 I VMSTD 

cs = 0.001 • .0000 • 15.43 I 52.502 = .00000 GR/DSCF 

PARTICULATE LBS/HR •• EPA METHOD 5 

PMR : CS * OSSTO I (15.43 • 453 0 6) 

PMR : .00000 • .00000 



Run No. 04. 3 

3 Sample volume= 1.49 m ,52.50 scf 

Example calculations 

CS (Part) =24.8 /l .49 = 16.6 mg/m3 

CS (Part) = 0.001 x 24.8 x 15.43/52.50 = 0.007 gr/dscf 

CS (so2) =118.3/~= 79.4 mg/m3 

= 79.4 x 24.06/..§.L=_lQ_ppm 

= 0.001 xll8.3 x 15.43/52.50 = 0.035 gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

Jlrnbi ent 24.8 16. 6 0.007 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 
4-h at 400°F 
2-h at 600°F ' 

Acid sulfates 
As H2S04 0.7 0.5 0.0002 
As H2S04·2H20 0.9 0.6 0.0003 

Water soluble sulfates 
As so4= 3.2 2. l 0.0001 

Sul fur dioxide 118. 3 79.4 0.035 

Sulfuric acid mist 
As H2S04 6.7 4.5 0.002 

Inorganic condensibles 

Organic condensibles 

TOC (Condensible) 

A-421 

ppm 

30 

l 



~ 
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FIELO DATA 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT TEMP.(DEG.F) 
8AR.PRESS.(IN.HGJ 
STATIC PRESS.CI~.H20J 
FILTER NUMBERlSJ 
STACK INSIDE OIM.CINJ 
PITOT TUBE COEFF. 
THERM. NO. 
LEAKAGE 
METER CALIB. FACTOR 
READ & RECORD OATA EVERY 

REPUBLIC STEEL CLEVELAND 
COKE SUCK 

MS-250 
DO 

35. 
2".72 
-1.zo 
3530320 

en.so .oo 
• 8 3 

.OOO Cf M d 3.0 IN.HG 

.CJCJ2 
10.0 MINUTES 

TRAVERSE 
POINT 

NO. 

SAMPLE 
TIME 

(MIN.J 

CLOCK 
TIME 

(24•HR 
CLOCK) 

GAS METER 
READING 
lCU.FT.J 

VE.LOCI TY 
HEAD 

(IN.H2U) 

ORIFICE PRESSURE 
DIFFERENTIAL 

llN.H20) 

INtT 

TOTALS 
AVERAGE 

0 
10.0 
20.0 
30.0 
40.0 
so.o 
60.0 
10.0 
80.0 
CJO.O 

100.0 
110.0 
120.0 

120.0 

CJ40 
CJSO 

1000 
1010 
1020 
1030 
10110 
1050 
ll 00 
1110 
1120 
1130 
1140 

OESIREO ACTUAL 

72.306 
77 .320 .oss • 81 • 81 
82.320 • oss • 81 .81 
87.250 .oss • 81 • 81 
CJ2.220 .oss • et .81 
en .240 .oss • Al .81 

102.260 • 055 .81 .81 
l07.2CJO • oss .81 .81 
l l2.3CIO .oss .81 .81 
117.400 .os5 .81 • 81 
122.440 • 055 .81 .81 
127.520 .055 .et • 81 
132.653 • 055 • 81 .81 

60.3Cl7 
.8t .81 

STACK 
TE"P 

lDEG.FJ 

487. 
4CJ5. 
507. 
11111. 
485. 
CICJ6 • 
483. 
4CJCJ. 
510. 
474. 
482. 
llCJO. 

4CJO. 

DATE 
RUN NU~BER 

PROBE LENGTH & TYPE 
NOZZLE : l.U. 
ASSUMED ._.OISTURE 
SA~PLE BUX NU.,BEH 
f'ETEH BOX NU"AER 
f'ETEH 1-!EAO OIFF. 
C FACTOR 
PROBE HEATER SETTING 
HEATER BOX SETTING 
REFEREhCE PRESS. OIFF. 

lc?/12/Rl 
04-5 

5" GLASS 
.431 

13. 1 

FBl 
1.87 

.11 
250. 
250. 

• 1 3 

ORY GAS f'E TER 
TE.MP 

lOEG.F) 

PUfllP SAfllPLE l"'PINGER 
TEMP 

lOEG.FJ 

JP.LET OUTLET 

40. 35 • 
43 • 35 • 
4CJ • 311. 
54. 31:1. 
57 • CIO • 
SCJ. Cl I • 
61. Ill. 
112. 44. 
63. 45. 
63. Cl II. 
114. 117. 
65. 111 • 

57. Cl 1 • 

VACUUM BOX TEMP 
(IN.HG) lDEG.FJ 

2.0 256. 
2.0 283. 
z.o 2CICJ • 
2.0 265 • 
2.0 280. 
2.0 2Cl6. 
z.o 237. 
2.1 286. 
2. t 2CICJ. 
i?. l 233 • 
2.2 ZCJ8. 
2.2 i!t1CJ. 

z .1 263. 

40 • 
42. 
oz. 
Cl Cl. 
1111 • 
46 • 
116. 
46. 
48 • 
48. 
Cl8 • 
48 • 

45. 

-



PANTICULATE FIELD DATA & RESULTS TAAULATJON 

PLANT• NAME AND ADDRESS 

REPUBLIC STEEL CLEVELAND 

TEST 04•5 COKE SUCK 

TEST DATE 

TB 
TF 

TT 

NP 

y 

ON 

CP 

PM 

VM 

TM 

Vl'ISTO 

VLC 

ewo 

FMD 

PC02 

P02 

PCO 

PN2 

MD 

MWS 

TIME•START 
TJME•FJNJSH 

NET TIME OF TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF DRY GAS SAl'IPLED 
AT METER CONDITIONS 

AVERAGE GAS METER TEMP 

VOLUME OF ORY GAS SA~PLEO 
AT STANDARD CONUITIONS• 

TOTAL H20 COLLECTED IN 
IMPINGERS ANO SILICA GEL,ML. 

VOLUME OF WATER VAPOR 
AT STANUARO CONDITIONS• 

PERCENT MOISTURE BY VOLUME 

MOLE FRACTION ORY GAS 

PERCENT COZ BY VOL., ORY 

PERCENT 02 BY VOL., ORY 

PERCENT CO 8Y VOL., ORY 

PERCENT Nl BY VUL., ONY 

MOLECULAR ~T·ORY STACK GAS 

MOLECULAR WT•STACK GAS 

TEST TEA~ lEAOER 

00 

ENGLISH UNITS 

12112181 

120.0 

12 

.431 IN 

.81 IN•H20 

&0.347 cu-FT 

F 

bl.1102 SCF 

fl.313 SCF 

11.86 

11.10 

.oo 

85.20 

27.7.J 

METRIC UNITS 

12112181 

CJ40 
ll 40 

120.0 

12 

c 

t.750 SClll 

.235 SClll 

11.86 

.881 

11.10 

.oo 

85.20 



PB BARO~ETRIC PRESSURE 2Cl.72 IN•HG 7'54.8CI .,M•HG 

PSI SUTIC PRES OF STACK GAS -1.20 IN•H20 •30.48 ... M•H20 

PS STACK PRES, ABS. 2Cl.b3 IN•HG 752.,,'5 .,M•HG 

TS AVERAGE STACK TEMP QCIO. F 2'55. c 
vs AVG STACK GAS VELOCITY 11 .q FPS '5. '5 !WPS 

AS STACK AREA 74bb. SQ•IN 4.817 SQ•M 

QSSTO STACK FLOW RATE, ORY• lb202Cl'5. SCFH 45882. SC.,H 

QS ACTUAL STACK FLOW RATE .H4018CI. ACFH Cl4'584. AC ... H 

ISO PERCENT JSOKINETIC Cl7.b Cl7.b 

MN .oooo .oouo 
MG. EPA '5 

cs .00000 GR/OSCF• .oooo MG/OSCM 

PMR .00000 LB/HR .OOO kG/HR 
EMISSION RATE 

• tt8 DEG F, 2CJ. IJ2 IN.HG • 

!J:ii 
I 

.i::. 
N 
.i::. 
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EXAMPLE PARTICULATE CALCULATIONS TEST NO. 04•5 

COKE STACK 

VOLUME OF ORY GAS SAMPLED AT STANDARD CONDITIONS 

VMSTD • (17.647 • V~ • Y • (PB + PM I 13.&)) I (TM + 4&0 0 ) 

VMS TO • ------··•••••••••••••••••••••••·-------·--···---·---- : 

VOLUME OF "ATER VAPOR AT STANDARD CONDITIONS 

v"c = .04101 • VLC 

8.31 SCF 

PERCENT MOISTURE IN STACK GAS 

B"O : (100. • VWC) I (VMSTD + VWC) 

100. • 8.31 
BwO : 

&l.802 • 8.31 

MOLE FRACTION OF DAY STACK GAS 

FMD : (100. • BWOJ I 100. 

: 11 0 8& PERCENT 

FMD : ••••••••••••••••••••••• : .881 
100. 

AVERAGE MOLECULAR WEIGHT OF DAY STACK GAS 

MO a lPC02 • .44) + (P02 • .32) + (PN2 + PCOJ • .28 

MD : ( .5 0 70•441100) + (ll.1•32/100) + ((85.2+ .OJ • 281100 : 

MOLECULAR WEIGHT OF STACK GAS 

MWS s MD • (I. • (BW0/100)) + 18. • (BW0/100) 

M"S : 29.04• Cl. •lll.8&/100)) + 18. • lll.8&1100) • 21.1.s 

&l.802 DSCF 



~ 
I 

.s::
N 

. O'.'I . 

STACK GAS VELOCITY AT STACK CONDITIONS 

DELP : SUM. OF THE SORT(VH * (TS + Q60.)) 

VS : 85.49 * CP * DELP I lSDRT(MWS * PS) * PNTS) 

86.7Q7 I (SORT( 27.73 * 29.63) * 12. : 17.90 FPS 

STACK GAS VOLUMETRIC FLOW AT STACK CONDITIONS 

OS : VS * AS * 3600/14Q 

OS • 17.90 * 7466. 3600/144 = 33G0189. ACFH 

STACK GAS VOLUMETRIC FLOW AT STANDARO CONDITIONS 

QSSTD : 17.647 * QS * PS * ll. • (9WO/l00)) I (TS + 460.) 

3340189. * 29.63 * ll. - (ll.861100)) 
QSSTO : ••••••••••••••••••••••••••••••••••••••••••••••••••• : 1620295. SCFH 

PERCENT ISOKINETIC 

.810113.U)/( 
ISO • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• = qJ.bO PERCENT 

120. * 

PARTICULATE LOADING •• EPA METHOD 5 (AT STANDARD CONDITIONS) 

CS : OeOOl * MN * 15.43 I VMSTD 

cs = 0.001 * .OOOO * 15.43 I bl.802 = .00000 GR/DSCF 

PARTICULATE LBS/HR •• EPA METHOD 5 

PMR : CS * QSSTD I (15.43 * 453.6) 

PMR : .00000 * 1620295. I (15.43 * G53.6) : .00000 



Run No. 04. 5 

Sample volume= 1.75m3, 61.80 scf 

Example calculations 

CS (Pa rt) =..I!..:..! / ....!..:.Z_? = 17. 8 mg/m3 

CS (Part) = 0.001 x 31.2 x 15.43~1.8 = 0.008 gr/dscf 

CS (so
2

) = __ / __ = mg/m3 

= __ x 24.06/_=_ppm 

= 0.001 x __ x 15.43/ ___ = __ gr/dscf 

Catch weight, 
mg/m3 Concentration, 

Parameter mg gr/dscf ppm 

Particulate following 
conditioning at: 

31. 2 Ambient 17.8 0.008 
2-h at 350°F 21. 7 12. 4 0.005 
4-h at 350°F 20.2 11. 5 0.005 
2-h at 400°F 15. 1 8.6 0.004 
4-h at 400°F 14.9 8.5 0.004 
2-h at 600°F 12. 3 7.0 0.003 

\ 

Acid sulfates 
As H2S04 0.0 0.0 0.000 
As H2S04·2H20 0.0 0.0 0.000 

Water soluble sulfates 
As so4= 0.0 0.0 0.000 

Sulfur dioxide 

Sulfuric acid mist 
As H2S04 

Inorganic condensibles 84. 5 48.3 0.021 

Organic condensibles 2.9 1.6 0.0007 

TOC (Condensible) 8.5 4.8 0.002 

A-427 



FIELD OATA 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT TEMP.lDEG.F) 
bAR.PRESS.(I"4.HG) 
STATIC PRESS.(IN.H20) 
FILTER NUMBER(S) 
STACK INSIDE OIM.(INJ 
PITOT TUttE COEFF. 
THERM. 1110. 
LEAKAGE 
METER CALIB. FACTOR 
READ & RECORD OATA EVERT 

REPURLIC STEEL CLEVELAND OHIO 
COKE. STACK 

M8•b00 
DO 

3!1. 
2CJ.72 
-1.20 
3530226 

CJ7.SO .oo 
• IH 

.OOO CFM i 12.5 IN.HG 

.CJf17 
IU.O MINUTES 

TRAVERSE 
POINT 

NO. 

SAMPLE 
TIME 

(MIN.) 

CLOCK 
TIME 

(24•HR 
CLOCK) 

GAS METER 
READING 
lCU.FT.) 

VELOCITY 
HEAD 

(IN.H20) 

ORIFICE PRESSURE 
DIFFERENTIAL 

(IN.H20) 

UESIRED ACTUAL 

STACK 
lE"P 

(DEG.Fl 

DATE 
RU"4 "4U"RlR 

PROBE LE~GTH & TYPE 
NOZZLE : J.U. 
ASSUMED MOISTUkl: 
SAfllPLE BOX NUMBER 
"ETER BOii NUMBER 
li'ETEN HEAD DJFF. 
C FACTOR 
PROBE HEATER SETTING 
HEATER BUX SETTING 
REFENENCE PRESS. UIFF. 

le?/ 12181 
04-b 

4 • GLASS 
.318 

13.7 

FBfl 
l.51 

.CJo 
bOOe 
bOOe 
.lb 

ORT GAS METER 
TE"'P 

lDEG.F) 

PUfllP SAfllPLE lfllPINGER 
TEMP 

lDEG.F) 

-------------INLET OUTLET 

VACUUM BOX TEMP 
<IN.HG) lDEG.F) 

--------------------------------------------------------------------------------------------------------------------
INIT 

TOTALS 
AVERAGE 

0 
10.0 
20.0 
.so.o 
40.0 
so.o 
bO.O 
10.0 
80.0 
CJo.o 

ioo.o 
110.0 
120.0 

120.0 

q11z 
CJ52 

1002 
1012 
1022 
1032 
101.12 
1052 
1102 
1112 
11 .!2 
1132 
111.12 

821.807 
826.570 .055 .5B 
lt31 • .S60 .055 .58 
836.180 .oss .s8 
841 0 040 .os5 .58 
845.CJlO .oss .58 
8S0.7SO .o55 .58 
855.580 .055 .se 
8b0.1.140 • 055 • 58 
865.2CJO • 055 .58 
870.180 • 055 .58 
875.100 .oss .58 
880.080 • os5 .58 

58.213 
• 58 

• 58 487 • 35. 38. •.o 543. 37. 
• 58 GCJ5. 37. 38 • 5.8 585. 38. 
• S8 507 • 110 • 38. 7.3 Sffff. 38. 
• 58 474 • 44. 38. 7.8 b46. 38. 
• 58 485 • 47. 3CJ. 1.q b.53. 40. 
.58 llCJ6. 48. 3q. 8.i! fli!O• •o. 
• 58 483 • so. au • ca.3 fli!S. 4i!. 
• 58 4qq • so. 110. 10.2 634 • •2. 
• 58 510 • so. 40. so.CJ 636 • . ... 
• 58 474 • so. 112. ll .3 637 • 114. 
• 58 482 • St. 02. 11.8 fl28. ""· • stt 4CJO • 51. 43. II .fl fll7 • 118. 

• 58 4CJO. 116 • 110. 8.8 fll1. 111 • 



PARTICULATE FIELD DATA & RlSllLTS TUIULATIDN 

REPUBLIC STEEL CLEVELAND OHIO 

TEST 

TEST DATE 

TB 
Tf 

TT 

NP 

y 

DN 

CP 

PM 

VM 

VlllSTD 

VLC 

8WO 

FMO 

PC02 

P02 

PCO 

PN2 

MO 

COKE STACK 

TIME•START 
TIME•F JNISH 

NET TIME OF TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TURE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF ORY GAS SAMPLED 
AT METER CONDITIONS 

AVERAGE GAS METER TEMP 

VOLUME OF ORY GAS SAMPLED 
AT STANDARD CONOITIONS• 

TOTAL H20 COLLECTED IN 
IMPINGERS AND SILICA GELrMLe 

VOLUME Of WATER VAPOR 
AT STANDARD CONDITIONS* 

PERCENT MOISTURE BY VOLUME 

MOLE FRACTION ORY GAS 

PERCENT C02 RY VOL., ORY 

PERCENT 02 BY VOL., ORY 

PERCENT CO BY VOL., ORY 

PERCENT N2 ~y VOL., ORY 

MOLECULAR WT•ORY STACK GAS 

MOLECULAR WT•STACK GAS 

Tt:.ST TEAM LEADER 

DO 

t.NGLISH UNITS 

12112181 

4'112 
1142 

120.0 

12 

.378 IN 

.83 

.58 JN•H20 

58.213 CU•FT 

58.8114' SCF 

lbO.O 

7.531 SCF 

ll.35 

.887 

3.70 

11.10 

.oo 

85.20 

27.78 

METRIC UNITS 

12112181 

120.0 

12 

.83 

l.bSO CU•M 

l.bbb SClfol 

160.0 

l t • 3'5 

.887 

3.70 

11.10 

.oo 

85.20 

27.78 



!)::I 
I 

.i::. 
w 

-o 

P8 

PSI 

PS 

TS 

vs 

AS 

QSSTO 

OS 

ISO 

MN 

cs 

PMR 

• 68 

6ARUMETRIC PRESSURE 

STATIC PRES OF STACK GAS 

STACK PRES, ABS. 

AVERAGE STACK TEMP 

AVG STACK GAS VELOCITY 

STACK AREA 

STACK FLOW RATE, ORY• 

ACTUAL STACK FLOW RATl 

PERCENT ISOKINETIC 

MG. EPA 5 

EMISSION RATE 

DEG F, 29.92 IN.HG. 

2q.12 IN•HG 1so.sq fllM•HG 

•l.i!O JN•H20 •30.48 fllfll.•H20 

l'l.b.3 IN•HG 7S2.b5 fllM•HG 

490. F i!S5. c 

11.q FPS 5.4 "PS 

14b&. SQ•IN 4.817 SQ•ll'I 

lb2802l. SCFH 4&101. SC,..H 

H3b804. ACFH 911488. ACfllH 

120.3 120.3 

.oooo .oooo 

.00000 GR/OSCF* .oooo ll'IG/DSCM 

.00000 L8/HR .OOO KG/HR 



EXAMPLE PARTICULATE CALCULATIUNS TlST NO. OO•b 

COKE STACK 

VOLUME OF URY GAS SA~PLEO AT STANOARO CONDITIONS 

VMSTD : (17.b47 • V~ • Y • (P8 + PM I 13.b)) I (TM + QbO.I 

11.&47 * 
VMS TO : •••••••••··-----------------------··--·-··••••••••••• : 

Qj 0 + 4b0 0 ) 

VOLUME OF WATER VAPON AT STANDARD CUNUJTIONS 

VWC : .04707 * VLC 

VMC : .04707 • lbO. : 7.'H SCF 

PERCENT MOISTURE IN STACK GAS 

100. * 7.53 
8WO : -------------------------- : 11.35 PERCENT 

MOLE FRACTION OF ORY STACK GAS 

FMO = (too. - 8"0' I 100. 

100. - tt.3 
FMD : ••••••••••••••••••••••• : .A87 

100. 

AVERAGE MOLECULAR WEIGHT OF ORY STACK GAS 

MO : (PC02 * .44) + (P02 • .32) + CPN2 + PCO) • .28 

MO: ( 3.70•44/100) + (llol•3l/100) + ((85.2+·.0) • 281100: 

MOLECULAR WEIGHT OF STACK GAS 

MWS : MO • Cl. • (BW0/100)) + 18. • (BW0/100) 

MWS: 2~.UQ• ll. •(11.551100)) + 18. • (ll.3~/100) : 27.78 



STACK GAS VELOCITY AT STACK CONDITIONS 

DELP : SUM. OF THE SQRT(VH • (TS + QbO.J) 

vs = 8S.Qq * CP * DELP I (SQRT(MWS * PS) * PNTSJ 

vs = 85.Qq * .83 * 

STACK GAS VOLUMETRIC FLOW AT STACK CONDITIONS 

QS : VS • AS * 3&00/IQQ 

QS : 17.88 * 7Qbb. 3b00/14Q : 333&804. ACFH 

STACK GAS VOLUMETRIC FLOW AT STANDARD CONDITIONS 

QSSTD : 17.&47 • QS • PS • Cl. • (8WU/100)) I lTS + 4&0.J 

l7.&Q7 • 333&80Q. • 2q.&3 • Cl. • Cll.35/IOOJJ 

QSSTO : ----------------------------··••••••••••••••••••••• : 

!f' PERCENT ISOKINETIC 
.i::. 

l qqo. + 4&o.> 

17.88 FPS 

1628021. SCFH 

~ ISO : C305.S8•CTS+Q&O.JJ•((0.002bbq•VLC)+(V~•Y•(P8+(PM/l3.b))/(TM+4bO.JJ)/(Tl•VS•PS•DN•OhJ 

.580113.b)J/( Q].+460.))) 
ISO : -------------------------------------····•••••••••••••••••••••••••••••••••••••••••••••••••••••••• • IZO.i6 PEACE NT 

120 •• 17.88 * 

PARTICULATE LOADING •• EPA METHOD 5 CAT STANOARD CONDITIONS) 

CS : 0.001 • MN * IS.43 I VMSTD 

cs = 0.001 * .0000 * lS.43 I .00000 GR/OSCF 

PARTICULATE L0S/HR •• EPA METHOD 5 

PMR : CS * QSSTD I CIS.43 • 4S3.bJ 

PMR : .00000 • 1628021. I C15.43 * 4S3.bJ : .00000 



Run No. 04. 6 

Sample volume= 1.67 m3, 58.85 scf 

Example calculations 

CS {Part) =!Z..:2.. /1. 67 = l 0. 5 mg/m3 

CS {Part) = 0.001 x 17.5 x 15.43/58.85 = 0.004 gr/dscf 

CS {S02) = 90.l/Lfil._= 54.0 mg/m3 

= 54. o x 24. 06/M_ =A ppm 

= 0.001 x 90.l x 15.43/58.58 =a 024 gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

Jlmbient 17.5 10.5 0.004 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As H2S04 0.0 0.0 0.000 
As H2S04·2H20 0.0 0.0 0.000 

Water soluble sulfates 
As so4= 0.0 0.0 0.000 

Sulfur dioxide 90. 1 54. 0 0.024 

Sulfuric acid mist 
As H2S04 74.7 44.7 0.020 

Inorganic condensibles 

Organic condensibles 
\ 

TOC {Condensible) 

A-433 

ppm 

20 

11 



FIELD DATA 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT TEMP.lOEG.F) 
8AR.PRESS 0 (IN.HG) 
STATIC PRESS.(IN.H20) 
FILTER NUM8ER(S) 
STACK INSIDE OIM.tlN) 
PITOT TU8E COEFF. 
THERM. NO. 
LEAKAGE 
METER CALI&. FACTOR 
READ & RECORD DATA EVERY 

REPUBLIC SlEfL CLEVELAND OHIO 
SUCK OUTLET #l 8ATTERY 

PART/H2S04/SU2 

3&. 
2q.1e 
-1.20 
3530!25 

Q7.75 .oo 
• 84 

133 
.Ol& CFM i 5.5 IN.HG 

1.003 
10 0 0 MINUTES 

TRAVERSE 
POit<fT 

NO. 

SAMPLE 
TIME 

(MIN.) 

CLOCK 
TIME 

(24-HR 
CLOCKJ 

GAS METER 
RE AO ING 
lCU 0 Fl.) 

VELOCITY 
HEAO 

(JN.H20) 

ORIFICE PRESSURE 
0 I FF ERE NT UL 

(JN.H.?0) 

DESIRED ACTUAL 

STACK 
TElolP 

(DEG.FJ 

OATE 
AUN NUIMBl:.R 

PROBE LENGTH & TYPE 
NOZZLE : I.O. 
ASSUMED MOISTURE 
SAlolPLE BOX NU1o18ER 
ftETEH BOX NUIM8EA 
lolETER HEAD OIFF. 

PROBE HEATER SETTING 
HEATER eo• SETTtNr. 

12112/lll 
05-l 

5 FOOT GLASS 
.401 

l.S.7 

F82 
1. 7f1 

250 • 
250. 

ORY GAS fllETER 
TElolP 

(OEG.F) 

PUftP SAlolPLE IMPit<fGEN 
TEMP 

lDEG.FJ 

It.LET OUTLET 

VACUUM BOX TEMP 
(JN.HG) lOEG.F J 

--------------------------------------------------------------------------------------------------------------------
tNIT 

TOTALS 
AVERAGE 

0 
to.o 
20.0 
30.0 
uo.o 
so.o 
60.0 
10.0 
80.0 
qo.o 

100.0 
110.0 
120.0 

120 0 0 

1404 
1414 
1424 
1434 
1444 
1454 
1504 
1514 
1524 
1~34 
1544 
1554 
1&04 

4&q.ca55 
474.6b0 .oso • 66 .66 
47Cf.410 .os2 • 68 • &8 
484.430 .os1 • 1s • 75 
48Q.310 • os5 .12 • 12 
4CJ4.020 .oso .6& • 6& 
4CJ8.750 .oso .66 .6& 
503.500 .050 .6& • &6 
'508.450 .055 .12 • 12 
513 0 3QO .os5 .12 • 12 
518.450 .055 .12 • 12 
523.300 .o55 • 12 • 12 
528.233 .os5 .12 • 12 

58.278 
.10 • 10 

500 • 38. 38. 2.0 251. 5&. 
458 • 411. 40 • 2.0 24&. 5&. 
4&5 • 41 • 40. 2.5 275. 45 • 
47& • 44. 40. 3.0 25q. 45. 
452 • 44. 40. 3.2 201. 47. 
411. 45. 40. 3.CJ 252. 4CJ. 
4CJO • •ti. 40. 4.2 242. so. 
458. 4ti. 40. 4.4 2eio • 5&. 
465 • 4&. 40. 4.4 244. 5&. 
47& • 4&. 40. 4.5 254. 57. 
458 • 4tl. 40. 11.8 258. t.2. 
411 • 4tl. 40. 5.o 245. 57. 

471. 44. 40 • 3.7 25!. 53. 



PARTICULATE FIELD DATA & PESULTS TARULATIUN 

PLANT• NAME ANO ADDRESS 

REPUBLIC STEEL CLEVELAND OHIO 

TEST TEAM LEADER 

TEST 05•1 STACK OUTLET •t BATTERY 

):I 
I 

TEST DATE 

TB 
TF 

TT 

NP 

y 

ON 

CP 

.i::. VM 
w 
U1 

TM 

VMS TO 

VlC 

vwc 

81'10 

FMO 

PC02 

P02 

PCO 

PNZ 

MO 

MWS 

TIME•START 
TIME•FINISH 

NET TIME OF TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF ORY GAS SAMPLED 
AT METER CONDITIONS 

AVERAGE GAS METER TEMP 

VOLUME OF ORY GAS SAMPLED 
AT STANDARD CONDITIONS• 

TOTAL H20 COLLECTED IN 
IMPINGERS ANO SILICA GELrML. 

VOLUME OF WATER VAPOR 
AT STANDARD CONDITIONS• 

PERCENT MOISTURE BY VOLUME 

MOLE FRACTION ORY GAS 

PERCENT C02 8Y VOLer ORY 

PERCENT 02 BY VOL., ORY 

PERCENT CO BY VOL., ORY 

PERCENT NZ BY VOL., ORY 

MOLECULAR WT•DRY STACk GAS 

MOLECULAR WT•STACK GAS 

ENGLISH UNITS 

12112181 

14011 
I &04 

120.0 

12 

1.003 

.811 

• 70 H~·HZO 

58.278 CU•FT 

F 

&1.308 SCF 

8.233 SCF 

11.84 

.882 

11.110 

.oo 

84.50 

METRIC UNITS 

12112181 

11104 
1&04 

120.0 

12 

1.003 

10.2 

17.8 .-flol•H20 

l.&50 CU•M 

5.5 c 

I. 73& SCI!' 

0 233 SC~ 

ll.811 

.882 

tt.80 

.oo 

811.50 

27.75 



PB BAROMETRIC PNESSURE 2CJ.78 IN•HG 75&.41 fll .. •HG 

PSI STATIC PRES OF STACK GAS -1.20 JN•H20 •10.48 fllM•l120 

PS STACK PRES, A8S. 2CJ.bq IN•HG 7511.17 ._,lll•HG 

TS AVERAGE STACK TE.MP Q1 l. F 21111. c 

vs AVG STACK GAS VELOCITY l 7. f> FPS '5. 4 fllPS 

AS STACK AREA 7505. SQ•IN 11.8112 SQ•M 

QSSTO STACK FLOW RATE, ORY• lf>3qo211. SCFH llblll2. SCfllH 

gs ACTUAL STACK FLOW RATE H0330f>. ACFH CJ3'5QO. AClllH 

ISO PERCENT ISOKINETIC 111 .1 111 .1 

MN .oooo .oooo 
MG. EPA 5 

cs .00000 GR/DSCF• .oooo MG/OSCM 

PMR .00000 LB/HR 0 000 KG/HR 
EMISSION RATE 

• &8 DEG F, 2CJ.CJ2 IN.HG. 
:i::i 
I 

""' w 

°' 



EXAMPLE PARTICULATE CALCULATIONS TfST NO. 05•1 

STACK OUTLET #l ~ATTEkY 

VOLUME OF ORY GAS SA~PLED AT STANDARD CONDITIONS 

VMSTD : (17.647 * V~ * Y * (P8 + P~ I 13.&)) I (TM + 460 0 ) 

17.647 • 
VMS TD = ·-••••••••••••••••••••••••••••••••••••••••••••••••••• : 

•2 •• 4&0.) 

VOLUME OF •ATER VAPOR AT STANDARD CONDITIONS 

V•C • .04707 • 175. : 8.23 SCF 

PERCENT MOISTURE IN STACK GAS 

ewo • c100 •• VWCJ I CVMSTO • VWC) 

100. • 8.23 

&1.308 + R.23 

MOLE FRACTION OF DRY STACK GAS 

FMO : (100. • 8W0} I 100. 

100. - 11.s 

: 11 0 84 PERCENT 

FMO s ••••••••••••••••••••••• : .882 
100. 

AVERAGE MOLECULAR WEIGHT OF ORY STACK GAS 

MD • (PC02 • .oo) + (P02 * .32) + (PN2 + PCU) * .28 

MD: ( 3.70•441100) + (ll.8•32/100) + ((84.S+ .O) • 281100 : 

MOLECULAR WEIGHT OF STACK GAS 

MWS : MO * (1 0 • (8WO/IOOJ) + 18. * (BW0/100) 

M•S: 2q.o&• ll. •lll.841100)) + 18. • (11.841100) : 27.75 

&1 0 308 DSCF 



STACK GAS VELOCITY AT STACK CONDITIONS 

DELP c SUM. OF THE SQRTCVH * CTS + G&O.)) 

VS : 85.aq * CP * DELP I lSQRT(MWS * PSJ * PNTS) 

17.&1 FPS 

STACK GAS VOLUMETRIC FLOW AT STACK CONOITIONS 

OS : VS * AS * 3&00/144 

OS c 17.&I * 7505. 3&00/144 : 330330& 0 ACFH 

STACK GAS VOLUMETRIC FLOW AT STANOANO CONDITIONS 

QSSTD • 17.&47 * QS * PS * Cl. • CBW0/100)) I CTS + 4&0.J 

17.&47 * 330330&. * zq.&q • c1. - c1t.841too>J 

OSSTO : ··------·--------·------------------··••••••••••••• : ( 471 0 + 4~0.J 

~ 1 PERCENT ISOKINETIC 
UJ 
oo ISO : (305.58•CTS+4&0.))*lC0.002&&q*VLC)+lVM•Y•CPB+(PM/13.&JJ/(TM+4&0.)))/(TT•VS*PS•DN*ON) 

190 : ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• : 111.14 PERCENT 
120. * 17.&l * 

PARTICULATE LOADING •• EPA METHOD 5 (AT STANDARD CONDITIONS) 

CS • 0 0 001 * MN * 15.43 I VMSTO 

cs = 0.001 * 0 0000 * 15.43 I &l.306 = .00000 GR/DSCF 

PARTICULATE LBS/HR •• EPA METHOD ~ 

PMR : CS * OSSTD I l15.43 * 453.b) 

P~R • .00000 * .00000 



Run No. 05. l 

Sample volume = 1. 74 m3, 61.31 scf 

Example calculations 

CS (Part)= 21.3/1.74 = 13.4 mg/m3 

CS (Part) = 0.001 x 23.3 x 15.43/61.31 = 0.006 gr/dscf 

CS (so2) =131.8/L.IL=75.7 mg/m3 

= 75. 7 x 24. 06/_M_ = 2fL ppm 

= 0.001 xl31.8 x 15.43/61.31 = 0.033 gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

#lmbient 23.3 13.4 0.006 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As H2S04 3.4 1. 9 0.001 
As H2S04·2H20 4.6 2.6 0.001 

Water soluble sulfates 
As S04~ 3.7 2. l 0.001 

Sul fur dioxide 131. 8 75.7 0.033 

Sulfuric acid mist 
As H2S04 8.8 5.0 0.002 

Inorganic condensibles 

Organic condensibles 

TOC (Condensible) 

A-439 

ppm 

28 

l 



FIELO DATA 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT TEMP.lDEG.FJ 
BAR.PRESS.(IN.HGJ 
STATIC PRESS.(IN.H20J 
FILTER NUMBER(S) 
STACK INSIDE OIM.llNJ 
PITOT TUBE COEFF. 
THERM. NO. 
LEU AGE 
METER CALJB. FACTOR 
HEAD & RECORO OATA EVERY 

REPUBLIC STEEL CLEVELAND OHIO 
STACK OUTLET #l BATTERY 

PART 

36. 
2CJ.78 
-1.20 

97.75 .oo 
.84 

133 
.ooo CFM i 4.0 IN.HG 

1.000 
10.0 MJllWTES 

TRAVERSE 
POINT 

NO. 

SAMPLE 
TIME 

(MIN.J 

CLOCK 
TIME 

(24•HR 
CLOCK) 

GAS METER 
RE AO ING 
(CU.FT.) 

VELOCITY 
HEAD 

(IN.H20) 

ORIFICE PRESSURE 
DIFFERENTIAL 

(IN.H20) 

DESIRED ACTUAL 

STACK 
lE"P 

(OEG.F) 

DATE 
RUN NU.-BER 

PHOBE LENGTH & TYPE 
~OZZLE : I.O. 
ASSUMED MOISTURE 
SA'1PLE BOX NU.-BER 
'1ETER BOX NUMMR 
'1ETER Hf AD DIFF • 

PROBE HEATER SETTING 
HEATER BUX SETTING 

121121BI 
05•2 

4 FOUT GLASS 
.001 

13.7 

F87 
l. 71 

250. 
250. 

DRY GAS "E TER 
TEMP 

(OEG.F) 

PU.-P SA'1PLE l"PINGER 
TEMP 

(DEG.FJ 

11\LET OUTLET 

VACUUM BOX TEMP 
(IN.HG) (DEG.F) 

--------------------------------------------------------------------------------------------------------------------
INIT 

TOTALS 
AVERAGE 

0 
10.0 
20.0 
30.0 
40.0 
50.0 
60.0 
10.0 
80.0 
CJO.O 

100.0 
110.0 
120.0 

120.0 

1407 595.890 
1417 600.660 
1427 605.520 
1437 610.640 
14117 615.630 
11157 620.450 
1507 625.280 
1517 630.080 
1527 635.100 
1537 ftll0.150 
1541 645.170 
1557 &50.210 
1607 655.250 

5CJ.360 

.050 .68 .68 

.us2 .10 .10 

.057 .11 • 11 
• 055 .74 • 74 
.050 .68 • ft8 
.050 .68 .68 
.050 .68 • 68 
.055 • 111 .14 
• 055 • 74 • 74 
.o~s • 74 .111 
.055 • 74 • 111 
.055 • 74 .74 

• 12 • 72 

500. 116. 44. 1.0 260. 46. 
458. 47. 114. 1.5 252. 46. 
465 • 50. 44. 1.5 288. 47. 
476 • 53. 44. 2.0 26CJ. 47. 
452. 56. 45. 2.0 24&. 49. 
477. 57. 4'5. 2.0 2&U. 51. 
490 • 58. 46. 2.0 248. 47. 
1158. &O. 46. 2.0 210 • 55. 
465 • 60 • 47. 2.0 250. 53 • 
U76 • 60. 48. 2.0 260. SCJ. 
458. 60. 48 • 2.0 210 • SCJ. 
477. 60. 48. 2.0 261. 40. 

471 • 56. 46. 1.8 261. so • 



PARTICULATE FIELD DATA A RESULTS TAHULATIO~ 

PLANT• NAME AND ADDRESS TEST TEAM LEADER 

REPURLIC STEEL CLEVELAND OHIO 

TEST STACK OUTLET #l BATTERY 

:i::i 
I 

TEST DATE 

TR 
TF 

TT 

NP 

y 

ON 

CP 

PM 

: VM 
........ 

TM 

VMS TD 

VLC 

vwc 

8WO 

FMD 

PC02 

P02 

PCO 

PN2 

MD 

TIME•START 
TIME•F IN I SH 

NET TIME OF TEST, MtN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF ORY GAS SAMPLED 
AT METER CONDITIONS 

AVERAGE GAS METER TEMP 

VOLUME OF ORY GAS SAMPLED 
AT STANDARD CONDITIONS* 

TOTAL HZO COLLECTED IN 
IMPINGERS ANO SILICA GELrML. 

VOLUME OF WATER VAPOR 
AT STANDARD CONDITIONS• 

PERCENT MOISTURE BY VOLUME 

MOLE FRACTION ORY GAS 

PEQCENT CD2 BY VOL., ORY 

PERCENT 02 BY VOL., ORY 

PERCfNT CO BY VOL., ORY 

PERCENT N2 BY VOL., ORY 

MOLECULAR WT•ORY STACK GAS 

MOLECULAR WT•STAC~ GAS 

ENGLISH UNITS 

12112181 

1401 
1&07 

120.0 

12 

1.004 

.ao1 It.I 

.12 IN•H20 

50.1 F 

&t.Ut SCF 

18&.0 

8.755 SCF 

.ll15 

3.70 

11.80 

.oo 

84.~0 

27.&8 

METRIC UNITS 

12112181 

1401 
1&07 

120.0 

12 

10.2 

.ea 

1.1181 CU•M 

c 

1.740 SClol. 

18&.o 

.248 SClo' 

.875 

ll .80 

.oo 

84.50 

27.&8 



PB BAROMETRIC PRESSURE 2q.1e IN•HG 75b.41 ... M•HG 

PSI STATIC PRES OF STACK GAS -1.20 IN•H20 •30.48 ..,l,._H20 

PS STACK PRES, AIJS. 2ca.6q IN•HG 754.17 ... M•HG 

TS AVERAGE STACK TEMP 471. F 244. c 

VS AVG STACK GAS VELOCITY 17.6 FPS 5.4 '1PS 

AS SUCK AREA 750'5. SQ•IN 4.842 SQ•M 

QSSTO STACK FLOW RATE, ORY• lbC!HOO. SCFH 461 H. SCMH 

QS ACTUAL STACK FLOW RATE 3307488. ACFH q3b58. AC ... H 

ISO PERCENT JSOKINETIC 112.0 112.0 

MN .oooo .oooo 
MG. EPA 5 

cs .00000 GR/OSCF• .oooo MG/OSCM 

PMR .00000 LB/HR .OOO kG/HR 
EMISSION RATE 

* b8 DEG F, 2ca.ca2 IN.HG. 



EXAMPLE PARTICULATE CALCULATIONS T~ST NO. os-2 

STACK OUTLET •t BATTERY 

VOLUME OF DRY GAS SAMPLED AT STANDARD CONDITIONS 

VMSTD s (17 0 647 * VM * Y * (PB + PM I tJ.6)) I (TM + 460 0 ) 

17.647 * 
V~STD : •••-••••••••••••••••••••••••••••••••••••••••••••••••• : 61 0 441 OSCF 

st. + GbO.J 

VOLUME OF WATER VAPOR AT STANDARD CDNOITIO~S 

VWC : .047U7 * VLC 

vwc • • 00101 * 186 •• 8.76 SCF 

PERCENT MOISTURE IN STACK GAS 

~WO a (100. * VWC) I (VMSTD + VWC) 

too. • 8.76 
: 12.47 PERCENT 

61.441 + 8.7b 

MOLE FRACTION OF DRY STACK GAS 

FMD • (100. - BWO) I too. 

100. - 12.s 
FMO : ••••••••••••••••••••••• : .875 

100. 

AVERAGE MOLECULAR WEIGhT OF DRY STACK GAS 

MO s CPC02 * 0 44) + CP02 * .32) + (PN2 + PCO) * 0 28 

MD : l 3.70•44/tOO) + ltl.8•32/100) + ((84.~+ .O) * 28/tOO : 

MOLECULAR WEIGHT OF STACK GAS 

MWS : MO * (1 0 • lBWO/lOU)) + 18. * (RWO/lUO) 

MWS a 2~.06• llo •Ct2.47/tOOJJ + 18. * Ct2.471100J : 



STACK GAS VELOCITY AT STACK CONDITIONS 

DELP : SUM. OF THE SQRTCVH * CTS • 4&0.)) 

VS a 85.4q * CP * DELP I lSQRT(MWS * PS) * PNTS) 

vs = 85.4q • .e4 • 17.&3 FPS 

STACK GAS VOLUMETRIC FLOW AT STACK CONDITIONS 

QS : VS * AS * 3&00/144 

QS • 17.&3 • 1505. 3&00/144 • 33074R8. ACFH 

STACK GAS VOLUMETRIC FLOW AT STANDARD CONDITIONS 

QSSTD : 17.&47 * QS * PS • Cl. • CBW0/100)) I CTS + 4&0.) 

USS TD • •••-••••••••••••••••••••••••••••••••••••••••••••••• : 
l 471. + 4&0.) 

PERCENT ISOKINETIC 

.11q11J.b)}/( 5l.•4b0.))) 
ISO s ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• : lli.05 PERCE~T 

120 •• 

PARTICULATE LOADING •• EPA METHOD 5 (AT STANDARD CONDITIONS) 

CS : O.OOI * MN * 15.43 I VMSTD 

cs • 0.001 • .oooo * 15.43 I .00000 GR/OSCF 

PARTICULATE LBS/HR •• EPA METHOD 5 

PMR : CS * QSSTD I (15.43 * 453.&) 

PMR a .00000 • .00000 



Run No. 05.2 

Sample volume = 1. 74 m3 ,61.44 scf 

Example calculations 

CS (Part) = 20.0/1.74 = 11.5 mg/m3 

CS (Part)= 0.001 x 20.0 x 15.43/61.44 = 0.005 gr/dscf 

CS (so
2

) = __ / __ = mg/m3 

= __ x 24.06/_=_ppm 

= 0.001 x __ x 15.43/ ___ = __ gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf ppm 

Particulate following 
conditioning at: 

20.0 11. 5 0.005 .Ambient 
2-h at 350°F 8.7 5.0 0.002 
4-h at 350°F 
2-h at 400°F 
4-h at 400°F 
2-h at 6Q0°F 

Acid sulfates 
As H2S04 0.8 0.5 0.0002 
As H2S04·2H20 1. 1 0.6 0.0003 

Water soluble sulfates 
As S04= 1. 7 1.0 0.0004 

Sul fur dioxide 

Sulfuric acid mist 
As H2S04 

Inorganic condensibles 74.5 42.8 0.019 

Organic condensibles 0.7 0.40 0.0002 

TOC (Condensible) 202 116 0.05 IPA conta minated 

A-445 



FlElO DAU 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT TEMP.lOEG.FJ 
8AR.PRESS.(1N.HG) 
STATIC PRESS.lIN.H20J 
FILTER NUMBERlSJ 
STACK INSIDE DIM.(IN) 
PITOT TUBE COEFF. 
THERM. NO. 
LEAKAGE 
METER CALIB. FACTOR 
READ & RECORD OATA EVERY 

REPUBLIC STEEL CLEVELAND OHIO 
STACK OUTLET •1 BATTERY 

PAR TI CUL A TE I 502 
DAN F lTZGERALO 

3&. 
2'l.18 
-1.20 
3530323 

c17.75 .oo 
.84 

133 
.014 CFM i 11.0 IN.HG 
.Cl82 

10 • 0 MINUTES 

TRAVERSE 
POINT 

NO. 

SAMPLE 
TIME 

(MIN.) 

CLOCK 
TIME 

(24-HR 
CLOCK) 

GAS METER 
REAOING 
lCU.FT.) 

VELOCITY 
HEAD 

CIN.H20) 

ORIFICE PRESSURE 
OIFFERENTUL 

(IN.H20) 

OESIREO ACTUAL 

STACK 
TE .. P 

COEG.F) 

DATE 
HUN NU .. BER 

PROBE LENGTH & TYPE 
NOZZLE : I.D. 
ASSUMED MOISTURE 
SA,.PLE BOX NU .. BER 
.. ETER 80X NUMBER 
"'ETEH HEAD OIFF • 

PROBE HEATER SETTING 
HEATER BOX SETTING 

K FACTOR 

12112181 
n5-3 

4 FOOT GLASS 
.402 

13.7 

3SU. 
.JSO. 

ll8Sb.2 

ORY GAS "'ElER 
TE"P 

CDEG.F) 

PUlll'P Sl"'PLE ! .. PINGER 
TEMP 

lOEG.F) 

-------------I !>.LET OUTLET 

VACUUM 801 TEMP 
(IN.HG) COEG.F) 

-------------------------------------------------------------------·------------------------------------------------
INIT 

TOTALS 
AVERAGE 

0 
10.0 
20.0 
3o.o 
40.0 
50.0 
60.0 
10.0 
80.0 
CIO.O 

lOO.O 
110.0 
120.0 

120.0 

1358 
1408 
1418 
1428 
Jll 38 
1448 
11158 
1'508 
1518 
1528 
1538 
1548 
1558 

8S6.004 
8&0.320 .050 .62 
8b4.7b0 .oss .71 
86Cl.320 .055 .10 
873.Cf35 .055 .10 
878.1110 .050 .6S 
883.170 .0'57 .72 
887.&60 .u55 .6Cf 
8'12.255 • o'55 .11 
8% 0 CIOO .o55 .10 
'i01 0 340 .o50 .b4 
CIOS.170 .052 .&4 
Cfl0.3Cl7 .057 .72 

511.3Cl3 
.&8 

.62 500. 46. 411. e.o 110. 111. 
• 11 458 • 44. 4S. c,.o 358. ""· • 10 46S • 50. llS. 10.5 355. 113. 
.10 476. 52. 113. ll .O 3&4. 4CJ. 
• 65 4S2 • S4. 4&. 10.0 35CI. so. 
• 12 477 • 55. 47. 10.5 355. '"· • 6CI 4CJO • 5&. 118. 10.0 3S8. SCJ. 
• 11 458 • 57 • 48. 10.0 ]4S. 5CI. 
• 10 llt.5 • 58. 50. 10.0 355. 60. 
.64 476. 58. so. c,.o 354. 5CI. 
.&4 458. 511. 51. Cl 0 0 3S5. 56. 
.12 411. 58. 52. CJ.5 353. 52. 

• &8 411 • 511. 111. "·' 357. 52. 



PARTICULATE FIELU DATA & RESULTS TARULATIUN 

PLANT• NAME AND ADDRESS TEST TEA., LEADER 

REPUBLIC STEEL CLEVELAND OHIO OAN FITZGERALD 

TEsT 05•3 STACK OUTLET •I BATTERY 

TEST DATE 

TB 
TF 

TT 

NP 

y 

ON 

CP 

PM 

TM 

VMS TD 

ltLC 

vwc 

BWO 

F'4D 

PC02 

POZ 

PCO 

PN2 

MO 

MWS 

TJME•STAAT 
TIME•F INISH 

NET TIME OF TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TURE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF ORY GAS SAMPLED 
AT METER CONDITIONS 

AVERAGE GAS METER TEMP 

VOLUME OF DRY GAS SAMPLED 
AT STANDARD CONDITIONS• 

TOTAL H20 COLLECTED tN 
IMPINGERS ANO SILICA GEL 1 ML. 

VOLUME OF WATER VAPOR 
AT STANDARD CONDITIONS* 

PERCENT MOISTURE BY VOLUME 

MOLE FRACTION ORY GAS 

PERCENT C02 BY VOL., ORY 

PERCENT 02 BY VOL., ORY 

PERCENT CO BY VOL., ORY 

PERCENT N2 BY VOL., ORY 

MOLECULAR WT•DAY STACK GAS 

MOLECULAR WT•STACK GAS 

ENGLISH UNITS 

12112181 

l35fl 
1558 

120.0 

12 

.002 IN 

.b8 IN•H20 

F 

55.0&& SCF 

170.2 

8.011 SCF 

12.70 

.873 

1.10 

11. llO 

.oo 

80.50 

METRIC UNITS 

12112181 

1358 
1551' 

120.0 

12 

10.2 

17.Q "M•H20 

1.540 CU•M 

l0.3 c 

l.55fJ SCll' 

170.2 

0 227 SCliil 

12.70 

.813 

3.70 

lt.80 

.oo 

ea.so 



PB BAROMETRIC PRESSUNE zq.1s IN•HG 75&.41 "'M•HG 

PSI STATIC PRES OF STACK GAS -1.20 IN•H20 •30.411 "'"'•H20 

PS STACK PRES, ABS. 2CJ.&CJ IN•HG 754.17 lllM•HG 

TS AVERAGE STACK TEMP 471. F 244. c 

vs AVG STACK GAS VELOCITY l7. 7 FPS 5.4 lllPS 

AS STACIC AREA 7505. SQ•IN 4.842 SQ•M 

QSSTO STACK FLOW RATEr ORY• H134772. SCFH 4b2CJ2. SCJ>'H 

QS ACTUAL STACIC FLOW RATE 3327285. ACFH CJ42tCJ. ACfi'H 

ISO PERCENT ISOKINETIC CJCJ.b CJCJ.b 

flilN .oooo .oooo 
MG. EPA 5 

cs .00000 GRIOSCF• .oooo MGIOSCM 

PMR .00000 LB/HR 0 000 KG/HR 
EMISSION RATE 

• H DEG F, zq.qz IN.HG • 



::i::i 
I 
~ 

-- -· _.i::,._ .. -· 
\0 

EXAMPLE PARTICULATE CALCULATIONS TEST N0 0 05•3 

STACK OUTLET #l BATTERY 

VOLUME OF DRY GAS SAMPLED AT STANDARD CONDITIONS 

VMSTO a (17.647 • VM * Y * (PB + PM I 13.6)) I (TM + Q60 0 ) 

VMS TD z ----·-------·····-·-----···-··-------------···--·-·-· : 
55.0&6 DSCF 

51 •• 060.) 

VOLUME OF WATER VAPOR AT STANDARD CONOJTIONS 

VWC • .04707 * VLC 

vwc • • 04101 • 110. = 8.01 SCF 

PERCENT MOISTURE IN STACK GAS 

BWO 8 (100. • VWCJ I lVMSTD + VWCJ 

too. • e.01 
ewo • -------------------------- : 12.70 PERCENT 

55.0ttfl + 8.01 

MOLE FRACTION OF DRY STACK GAS 

FMD • (lOOo • BWO) I 100. 

100. - ll. 7 
FMD : ••••••••••••••••••••••• s .873 

100. 

AVERAGE MOLECULAR WEIGHT OF DRY STACK GAS 

MD • (PC02 • 0 44) + (P02 * .32) + (PN2 + PCOJ * .28 

MD a ( 3.70•44/100) + (ll.8•321100) + ((84.5+ .O) * 28/100 : 

MOLECULAR WEIGHT OF STACK GAS 

MWS : MD * (l. • (BW0/100)) + 18. * (BW0/100) 

MWS s 2~.06• Ct. •ll2.70/lOOJJ + 18. • (12.701100) s 27.&6 



STACK GAS VELOCITY AT STACK CONDITIONS 

DELP c SUM. OF THE SGRT(VH * (TS + 460.)) 

VS : 85.4q • CP * DELP I (SQRT(MNS • PS) • PNTS) 

vs = 85.oq • .84 • 17.73 FPS 

STACK GAS VOLUMETRIC FLOW AT STACK CONOITIONS 

GS a VS • AS • 3600/144 

GS a 17.73 * 7505. 36001144 = 3327285. ACFH 

STACK GAS VOLUMETRIC FLOW AT STANOARD CONDITIONS 

ASSTO : 17.647 • QS • PS • (l. • CBW0/100)) I (TS + 460.J 

17.647 * 3327285 •• 2q.6q • ll •• (12.70/100)) 
QSSTD s ••••••••••••••••••••••••••••••••••••••••••••••••••• : 1634772. SCFH 

( 471. + 460.) 

~ 
~ PERCENT ISOKJNETIC 
U1 
C> ISO a (305.S8•(TS+460.))•((0.00266q•VLC)+(VM•Y•CP8+(PM/l3.6))/(TM+460.J))l(TT•VS•PS•ON•DN) 

.683/13.6))/( !l.•460.))) 
ISO s ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• z qq.5q PERCE~T 

120 •• 

PARTICULATE LOADING •• EPA METHOD 5 CAT STANDARD CDNOITIONSJ 

CS a 0.001 • MN • 15.43 I VMSTO 

cs = 0.001 • .OOOO • 15.43 I .00000 GRIOSCF 

PARTICULATE LBS/HR •• EPA METHOD 5 

PMR : CS • OSSTD I (15.43 • 453.6) 

PMR : .00000 • 1634772. I (15.43 • 453.6) : .00000 



Run No. 05.3 

3 Sample volume= l.56m, 55.07 scf 

Example calculations 

CS (Part) = J.Ll I 1. 56 = l 0. 4 mg/m3 

CS (Part) = 0.001 x 16.3 x 15.43/ 55.07 = 0.004 gr/dscf 

CS (so2) =123.l /~= 79.2mg/m3 

=79.2 x 24.06/..M_=l.Q_ppm 

= 0.001xl23.6x15.43,f.)5.07 =0.035 gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

Ambient 16. 3 l 0. 4 0.004 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 
4-h at 4QQ°F 
2-h at 600°F 

Acid sulfates 
As H2S04 2.2 1.4 0.001 
As H2S04·2H20 3.0 1. 9 0.001 

Water soluble sulfates 
As soa= 1. 6 1.0 0.0004 

Sul fur dioxide 123. 6 79.2 0.035 

Sulfuric acid mist 
As HzS04 7.8 5.0 0.002 

Inorganic condensibles 

Organic condensibles 

TOC (Condensible) 

A-451 

ppm 

30 

l 



:i:i 
I 
~ 

--- V1 ·
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FIELD DATA 

PLANT 
SAMPLING LOCATION 

SA,..PLE TYPE 
OPERATOR 
AM81ENT TEMP.(OEG.F) 
8AR.PRESS.(IN.HG) 
STATIC PRESS.lIN.H20) 
FILTER NUMBER(S) 
STACK INSIDE DIM.(JN) 
PITOT TUBE COEFF. 
THERM. NO. 
LE AUGE 
METER CALIB. FACTOR 
READ & RECORD DATA EVERY 

REPUBLIC STEEL CLEVELAND OHIO 
STACK OUTLET #l BATTERY 

PART 
UAN FTIZGE.RALD 

36. 
29.78 
-1.20 
3530335 

97.75 .oo 
• 84 

133 
.019 CFM i 3.0 JN.HG 

l.033 
10.0 MINUTES 

TRA"VERSE 
POINT 

NO. 

SAMPLE 
TIME 

(MIN.) 

CLOCK 
TIME 

C24•HR 
CLOCK) 

GAS flilETER 
RE AO ING 
lCU.FT .) 

VELOC JTY 
HEAD 

(IN.H20) 

ORIFICE PRESSURE 
DIFFERENTIAL 

(IN.H20) 

DESIRED ACTUAL 

STACK 
TE"P 

lOEG.FJ 

DATE 
RUl'<I NUf'BE.R 

PROBE LENGTH g TYPE 
NOZZLE : l.U. 
ASSUMED "OISTURE 
SAflPLE BOX NU.,BER 
flETEN BOX NU.,8ER 
fl(TER tiEAD OIFF. 

PROBE. HEATER SETTING 
HEATER BOX SETTING 

K FACTOR 

12112181 
Cl'5•Q 

'5 FOOT GLASS 
.1101 

13.7 

FB4 
l.88 

350 • 
350. 

ll85b.2 

ORY GAS METER 
TEMP 

lOEG.F) 

PUMP SAflPLE l"PINGER 
TEMP 

(DEG.F) 

llliLET OUTLET 

VACUUM BOX TEMP 
(IN.HG) (OEG.F) 

--------------------------------------------------------------------------------------------------------------------
INIT 

TOTALS 
AVERAGE 

0 
10.0 
20.0 
30.0 
110.0 
50.0 
60.0 
10.0 
80.0 
90.0 

100.0 
110.0 
120.0 

120.0 

1400 "12. 9i!7 
14 l 0 417.135 
1420 Q2l.b90 
1430 426.235 
1440 430.800 
14'50 1135.115 
1'500 439.82'5 
1510 •4•.39'5 
1520 449.040 
1530 1153.&4'5 
1540 4'58.030 
1550 462.430 
lbOO 1167.086 

54.159 

.050 • 62 .62 

.05'5 • 71 • 71 
• 055 .10 • 10 
.05'5 .10 • 10 
.050 • 65 • &'5 
• 0'57 .12 • 12 
• o55 .&9 • 69 
• 055 • 71 • 71 
.055 .10 • 10 
.oso .64 .f>ll 
.052 .f>4 .&II 
• os1 .12 • 1 i! 

• 68 • 68 

soo. 51. 51. 2. 0 352. 42. 
Q58 • 52. 52. 2.'5 3f>2. 43. 
Qf,'5 • 57. 52. 2. 5 347. 45. 
41 b • 61. 54. 2. 5 344. 118. 
452 • 64 • '55. 2. 0 3f>7. Si!. 
411 • 66. 57. 2.5 J45. 511 • 
490 • 68. 58. 2.5 348. 58 • 
458. 68 • 60. i!. '5 J44. 59. 
4f>5 • 10. 60 •. 2.5 350. 59. 
Q76. 10. f>i!. i!. 0 352. 62. 
1158. 10. 6i!. i!. u 350. 57. 
1111. 69 • fli!. 2. '5 352. •9. 

1171 • 64 • 57. 2. 3 351. 52. 



PARTICULATE FIELD OATA & RESULTS TABULATIOh 

PLANT• NAME ANO ADDRESS TEST TEA~ LEADER 

REPUBLIC STEEL CLEVELAND OHIO OAt-1 FTIZGERALO 

TUT 05•4 STACK OUTLET #l BATTERY 

:t>' 

TEST OATE 

TB 
TF 

NP 

y 

ON 

CP 

PM 

I VM 
~ 

--Ul
w 

TM 

VMS TO 

VLC 

vwc 

ewo 
FMO 

PC02 

PCO 

PN2 

MO 

MWS 

TIME•START 
TIME•FINISH 

NET TIME OF TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF DRY GAS SAMPLED 
AT METER CONDITIONS 

AVERAGE GAS METER TEMP 

VOLUME OF ORY GAS SA~PLED 
AT STANDARD CONDITIONS* 

TOTAL ~lO COLLECTED IN 
IMPINGERS ANO SILICA GEL,ML. 

VOLUME OF WATER VAPOR 
AT STANDARD CONDITIONS* 

PERCENT MOISTURE BY VOLUME 

MOLE FRACTION ORY GAS 

PERCENT C02 BY VOL., ORY 

PERCENT 02 BY VOL., DRY 

PERCENT CO BY VOL., ORY 

PERCENT N2 BY VOL., ORY 

MOLECULAR WT•DRY STACK GAS 

MOLECULAR "T•STACK GAS 

ENGLISH UNITS 

12112181 

lCIOO 
lbOO 

120.0 

12 

l .o:!l3 

.401 IN 

.84 

.ti8 IN•H20 

tio.s F 

5&.58& SCF 

182.8 

8.&04 SCF 

13.20 

.8b8 

11.80 

.oo 

84.SO 

METRIC UN ITS 

12112181 

1400 
1&00 

120.0 

12 

I .OH 

10.2 

.84 

15.8 c 
1 0 &02 SCM 

182.8 

0 244 SC~ 

13.20 

.8&8 

ll .80 

.oo 

84.50 

27.&0 



PB BAROMETRIC PRESSURE 2q.75 IN•HG 7Sf>.41 lolM•HG 

PSI STATIC PRES OF STACK GAS -1.20 IN•HZO •30.48 lolM•H20 

PS STACK PRES, ABS. zq.&q IN•HG 754.11 lolM•HG 

TS AVERAGE STACK TEMP 471. F 244. c 

vs AVG STACK GAS VELOCITY 17.8 FPS '5.4 lolPS 

AS STACK AREA 7505. SQ•IN 4.842 SQ•M 

QSSTO STACK FLOW RATE, ORY* 1b27070. SCFH 4&074. SCMH 

QS ACTUAL STACK FLOW RATE 3330f>05. ACFH q4313. ACMH 

ISO PERCENT ISOKINETIC t03.3 103.3 

MN .oooo .oooo 
MG. EPA 5 

cs .00000 GR/OSCF• .oooo MG/DSCM 

PMR .00000 LB/HR .OOO KG/HR 
EMISSION RATE 

• 68 DEG F, ZCJ.CJZ IN.HG. 

-



EXAMPLE PARTICULATE CALCULATIONS TEST No. D5•Q 

STACK OUTLET #l BATTERY 

VOLUME OF ORY GAS SA~PLEO AT STANDARD CONOITIONS 

VMSTD • (17.647 • VM • Y • lPB + PM I 13.6)) I (TM + 4&0.) 

VMS TO s ••••••••••••••••••••••••••••••••••••••••••••••••••••• : S6.58b USCF 

VOLUME OF WATER VAPOR AT STANDARD CONDITIONS 

VWC • .04101 • VLC 

vwc •• 04707 * 183. = 8.60 SCF 

PERCENT MOISTURE IN STACK GAS 

ewo • Ctoo. * VwCJ I (VMSTD • VWC) 

100. • 8.60 
BWO : : 13.20 PERCENT 

56.586 + B.&o 

MOLE FRACTION OF DRY STACK GAS 

FMD a (IOO. • 8W0) I 100. 

100. - 13.2 
FMD • ••••••••••••••••••••••• : .868 

100. 

AVERAGE MOLECULAR WEIGHT OF DRY STACK GAS 

MD • lPC02 • .44) + (P02 • .32) + (PN2 + PCOJ • .28 

MD : ( 3.70•441100) + (ll.8•321100) + ((8Q.5+ .OJ * 281100 : 

MOLECULAR WEIGHT OF STACK GAS 

MWS s MD * Cl. • (8WO/l0U)) + 18. * (Aw0/100) 

MwS • 2~.06* Cl. •(13.201100)) + 18. * Ctl.201100) : 



STACK GAS VELOCITY AT STACK CONOlllONS 

DELP : SUM. OF THE SORT(VH • (TS + 4&0.)J 

VS : 85.oq * CP * DELP I (SQRT(M~S • PS) * PNTSJ 

17.75 FPS 

STACK GAS VOLUMETRIC FLO" AT STACK CONDITIONS 

QS : VS * AS * 3600/144 

OS = 17.75 * 7505. 3600/144 : 3330605. ACFH 

STACK GAS VOLUMETRIC FLO" AT STANDARD CONDITIONS 

QSSTD : 17.647 * QS * PS * (l. • CBW0/100)) I (TS + 4&0.J 

17.647 * 3330605. • 2q.&q • ct. - (13.20110011 

OSSTD c ••••••••••••••••••••··--·-------------------------· : 1627070. SCFH 
l 471. + GbO.J 

PERCENT ISOKINETIC 

ISO • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• : IOJ.30 PERCENT 
120 •• 17.75 • 

PARTICULATE LOADING •• EPA METHOD 5 CAT STANDARD CONDITIONS) 

CS : OeOOl * MN * 15.43 I VMSTD 

cs = 0.001 * .OOOO * 15.43 I .00000 GR/OSCF 

PARTICULATE LBS/HR •• EPA METHOO S 

PMR : CS * QSSTD I llS.43 * 453.6) 

PMR c .00000 • 1627070. I (15.43 * 453.6) : .00000 



Run No. 05.4 

3 Sample volume = l. 60 m , 56. 59 scf 

Example calculations 

CS (Pa rt) = .li.J_ I 1. 60 = 11 . 9 mg/m3 

CS (Part)= 0.001 xl9.l x 15.43/56.59= 0.005 gr/dscf 

CS (so2) =_ / __ = mg/m3 

= __ x 24.06/_=_ppm 

= 0.001x __ x15.43/ ___ = __ gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf ppm 

Particulate following 
conditioning at: 

19. l Ambient 11. 9 0.005 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As H2S04 0.6 0.4 0.0002 
As H2S04·2H20 0.8 0.5 0.0002 

Water soluble sulfates 
As soa= 3.8 2.4 0. 001 

Sulfur dioxide 

Sulfuric acid mist 
As H2S04 

Inorganic condensibles 158. l 98.8 0.043 

Organic condensibles 4.0 2.5 0.001 

TOC (Condensible) 572 357 0.156 PA contam inated 

A-457 · 



FIELD DATA 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMHJENT TEMP.lDEG.FJ 
BAR.PRESS.llN.HG) 
STATIC PRESS.lJN.H20) 
FILTER NUM8ER(8) 
STACK INSIDE DIM.llN) 
PITOT TUBE COEFF. 
THERM. NO. 
LE AIU GE 
METER CALIB. FACTOR 
READ & RECORD DATA EVERY 

REPUBLIC STEEL CLEVELAND 
COKE STACK 

M5•250 
OU 

110. 
29.78 
-1.20 

en.so .oo 
.83 

• ooo CFM i 2.5 IN.HG 
.992 

10.0 MINUTES 

TRAVERSE 
PU INT 

NO. 

SAMPLE 
TIME 

(MIN.) 

CLOCK 
TIME 

(24•HR 
CLOCK) 

GAS METER 
READING 
CCU.FT•) 

VELOCITY 
HEAD 

CIN.H20) 

ORIFICE PHESSURE 
DIFFERENTIAL 

CIN.H20) 

DESIRED ACTUAL 

STACK 
TE.,P 

(OEG.F) 

DATE 
RUN NU"18f.R 

1211211'1 
us-s 

PROBE LENGTH & TYPE 
NOZZLE : J.D. 
ASSUMED l'OISTURE 
SAl'PLE BOX NUl'BEH 
"'ETEN BOX NU,..BER 
.,ETER HEAD DIFF. 
C FACTOR 
PROBE HEATER SETTING 
HEATER BOX SETTING 
HEFERENCE PRESS. OIFF • 

F8l 
l.87 

.11 
250. 
2so. 

.13 

DkY GAS "1ETER 
TE.,P 

(DEG.Fl 

PUlllP SA,..PLE 

J~LET OUTLET 

VACUUM BOX TEMP 
( IPi.HG) (OEG.F) 

l"'PINGER 
TEMP 

lDEG.F) 

--------------------------------------------------------------------------------------------------------------------
INIT 

TOTALS 
AVERAGE 

0 
10.0 
20.0 
3o.u 
40.0 
so.o 
60.0 
10.0 
80.0 
90.o 

loo.o 
110.0 
120.0 

120.o 

1358 
1408 
1418 
1428 
1436 
1448 
1458 
l'SI08 
1'518 
1528 
l53A 
l 5118 
1558 

t JJ.2n 
138.090 • O!J2 .1f1 .1f1 
142.910 .os2 .76 • 76 
147.760 .os2 .76 • 76 
1'Sl2.&10 .os2 .76 • 1b 
157.480 .os2 • 76 .76 
162.360 .os2 .76 .76 
1&7.270 • 052 .76 • 76 
l 72.lQO .os2 .76 • 76 
177.040 .052 • 76 .7b 
182.000 .os2 • 16 ·'" l8b.900 .052 .76 .1b 
191.818 .0'52 • 76 .7b 

'58.599 
• 76 • 76 

soo. •5 • 42. • s z:H • ..... 
4S8 • 48. 02. • 5 218. ..... 
465 • 53. 112. .5 282. 46. 
476 • '57. 43. .s 252. 46 • 
1152. bO. 44. • s 275. 111 • 
1111. 61. 4b. .s 230. 48. 
490 • 63. 46. • s 211 • 48 • 
458 • 65. 48. .5 218. 48. 
465. &S. 49. l.O 2s2. 48 • 
1176. 66. so. l.O 2b8. so • 
llS8. b1. so. l.o 220. so. 
1111. . 67. '51 • l.O 263 • 51. 

471 • 60 • 116. • 1 251 • 118. 



PARTICULATE FIELD DATA & RESULTS TABULATION 

PLANT• NAME AND ADDRESS 

REPUBLIC STEEL CLEVELAND 

TEST D5•5 COllE STACK 

TEST DATE 

TB 
TF 

TT 

NP 

y 

ON 

CP 

VM 

TM 

\IMSTD 

\/LC 

ewo 
FMO 

PCOi! 

P02 

PCO 

PNi! 

MD 

MWS 

TIME•START 
TIME•FINISH 

NET TIME OF TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF DRY GAS SAMPLED 
AT METER CONDITIONS 

AVERAGE GAS METER TEMP 

VOLUME OF ORY GAS SAMPLED 
AT STANDARD CONDITIONS* 

TOTAL H20 COLLECTED IN 
IMPINGERS ANO SILICA GELrML. 

VOLUME OF WATER VAPOR 
AT STANDARD CONDITIONS• 

PERCENT MOISTURE BY VOLUME 

MOLE FRACTION ORY GAS 

PERCENT C02 BY VOL.r DRY 

PERCENT 02 BT VOL., DRY 

PERCENT CO BY VOL., ORY 

PERCENT N2 BY VOL., ONY 

MOLECULAR WT•DRY STACK GAS 

TEST TEAM LEADER 

00 

ENGLISH UNITS 

12112181 

1358 
1'558 

120.0 

12 

.83 

5q.6Jl SCF 

177.8 

8.36q SCF 

12.30 

.811 

3.70 

11.00 

.oo 

84.'50 

21.10 

METRIC UlllITS 

12112181 

l358 
1558 

120.0 

12 

11.0 

.83 

177.8 

0 231 SClil 

12.30 

.877 

3.70 

11.eo 

.oo 

84.50 

21.10 



PB BAROMETNIC PRESSURE 29.78 JN•HG 75& • '" 1'"1•HG 

PSI SUTIC PRES OF SUCK GAS -1.20 l~•H20 -J0.118 "M•H20 

PS STACK PRES, A8S. 29.&9 IN•HG 754.17 "1"1•HG 

TS AVERAGE STACK TEMP 1111. F 21111. c 

vs AVG STACK GAS VELOCITY l7 .2 FPS 5.2 "PS 

AS STACK AREA 74bb. SO•IN 11.817 S0•"1 

QSSTD STACK FLOW RATE, DRY* 1585882. SCFH 44907. 9Cl"H 

OS ACTUAL STACK FLOW RATE 3213030. ACFH 90983. ACMH 

ISO PERCENT ISOKINETIC 95.o 95.0 

MN .oooo .ouoo 
MG. EPA 5 

cs .00000 GR/OSCF• .oooo llolG/OSCM 

PMR .00000 LB/HR 0 000 KG/HR 
EMISSION RATE 

• 68 DEG F, zq.«J2 IN.HG • 

:x:i 
I 

.i::. 
O"I 

.o. 



EXAMPLE PARTICULATE CALCULAlJONS TtST NU. 05•5 

COKE STACK 

VOLUME OF ORY GAS SAMPLED AT STANDARD CONOJTJONS 

V~STO s lt7.647 * VM • Y * (PB + PM I 13.&J) I lTM + Q60.) 

VMSTD s ••••••••••••••••••••••••••••••••••••••••••••••••••••• : 

VOLUME OF WATER VAPOR AT STANDARD CONDITIONS 

VWC : .04707 • VLC 

vwc = .04707 * t78. = 8.37 SCF 

PERCENT MOISTURE IN STACK GAS 

-· ewo = (100. * VWCJ I (VMSTD + VWC) 

too. • 8.37 
Bwo = : t2.30 PERCENT 

MOLE FRACTION OF DRY STACK GAS 

FMO = (100. - BWO) I too. 

100. - 12.3 
FMO a ••••••••••••••••••••••• : .877 

too. 

AVERAGE MOLECULAR WEIGHT OF DRY STACK GAS 

MD s (PC02 • .44) + (P02 * .32) + (PN2 + PCU) • .28 

MD : l 3.70•44/100) + llt.8•321100) + ((84.5+ .OJ • 28/100 : 

MOLECULAR WEIGHT OF STACK GAS 

MWS: MO * (1. • (~W0/100)) + 18. • (BW0/100) 

MWS : 29.0&• Cl. •lt2.30/tOOJ) + t8. • (12.30/100) : 21.10 



STACK GAS VELOCITY AT STACK CONOITIUNS 

DELP : SUM. OF THE SORTlVH * (TS + 4b0.)) 

VS : 85.4q * CP * DELP I (SQRT(MWS * PS) * PNTSJ 

17.21 FPS 

STACK GAS VOLUMETRIC FLOW AT STACK CONOITJO~S 

QS : VS * AS * 3&00/144 

11.21 * 74bb. 3&001144 = 3213030. ACFH 

STACK GAS VOLUMETRIC FLOW AT STA~OARO CONDITIONS 

QSSTO : 17.&47 * OS * PS * Cl. • (8W0/100)) I CTS • 4&0.) 

32l303U. * 2Q 0 bQ * ll. • (12.301100)) 
QSSTD : ••••••••••••••••••••••••••••••••••••••••••••••••••• = 1585882. SCFH 

l 471 0 + 4bO.) 

PERCENT ISOKINETIC 

• 7&0113.f>))/ l 
ISO : ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• : q4•q6 PERCE~T 

120. * 11.21 • 

PARTICULATE LOADING •• EPA METHOD 5 (AT STANDARD CONDITIONS) 

CS a 0 0 001 * MN * 15.43 I VMSTO 

cs = 0.001 * .OOOO * 15.43 I 0 00000 GR/DSCF 

PARTICULATE LBS/HR •• EPA METHOD 5 

PMR : CS * OSSTD I (15.43 * 453.b) 

PMR s .00000 • 1585862. I (15.43 * 453.f>) : .00000 



Run No. 05.5 

Sample volume = 1.69 m3, 59.67 scf 

Example calculations 

CS (Part) = 15.9/1.69 = 9.4 mg/m3 

CS (Part) = 0.001 x 15.9 x 15.43/ 59.67 = 0.004 gr/dscf 

CS (S02) =- / __ = mg/m3 

= __ x 24.06/_=_ppm 

= 0.001 x __ x 15.43/ __ = __ gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf ppm 

Particulate following 
conditioning at: 

.Ambient 15. 9 9.4 0.004 
2-h at 350°F 6.9 4. l 0.002 
4-h at 350°F 5.3 3. l 0.001 
2-h at 400°F 4.5 2.7 0.001 
4-h at 400°F 4.5 2.7 0.001 
2-h at 600°F 2.4 1.4 0.001 

Acid sulfates 
As H2S04 . 0.0 0.0 0.000 
As H2S04·2H20 0.0 0.0 0.000 

Water soluble sulfates 
As S04: 0.0 0.0 0.000 

Sulfur dioxide 

Sulfuric acid mist 
As H2S04 

Inorganic condensibles 15. 6 9.2 0.004 

Organic condensibles l. 4 0.83 0.0004 

TOC (Condensible) 3.6 ?. • l 0.0009 

A-463 



FIELU OAU 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT TEMP.(DEG.F) 
BAR.PRESS.(IN.HG) 
STATIC PRESS.(IN.H20) 
FILTER NUMBER(S) 
STACK INSIDE DIM.(JNJ 
PJTOT TUBE COEFF. 
THERM. NO. 
LEAKAGE 
METER CALIB. FACTOR 
READ & RECORD DATA EVERY 

REPUBLIC STEEL CLEVELAND 
COKE STACI< 

M8•fl00 
DO 

110. 
2CI •HI 
-1.20 

q1.5o .oo 
.83 

• 008 CFM i ll.5 IN.HG 
.qe,7 

10.0 MINUTES 

TRAVERSE 
POINT 

NO. 

SAMPLE 
TIME 

(MIN.) 

CLOCI< 
TIME 

(24•HR 
CLOCK) 

GAS METER 
READING 
CCU.FT•) 

VELOCITY 
HEAD 

(IN.H20) 

ORIFICE PRESSURE 
DIFFERENT Ill 

(IN.H20) 

DESIRED ACTUAL 

STACK 
lE"P 

(OEG.F) 

DATE 
RUN lllU"BER 

PROBE LENGTH & TYPE 
NUZZLE : I.o. 
ASSUMED MOISTURE 
SA.,PLE BOil NU.,HER 
"ETER BOil NU .. 8ER 
"'ETER HEAD OIFF. 
C F ACTCJH 
PROBE HEATER SETTING 
HEATER BOil SETTING 
REFERE~CE PRESS. DIFF • 

IVlV8l 
05•& 

4• GLASS 
.31q 

13. 7 

FB& 
I.St 

.cio 
&uo. 
ttuo. 

• lb 

ORY GAS "EHR 
TEMP 

(OEG.F) 

PU"P SA"PLE Jll'PJNGER 
TElilP 

(OEG.FJ 

IlllLET OUTLET 

VACUUM BOX TEMP 
(JN.HG) (OEG.F) 

-------------------------------------------------------------------------------------------------------------------· 
INIT 

TOTALS 
AVERAGE 

0 
10.0 
20.0 
30.0 
40.0 
50.0 
&o.o 
70.0 
80.0 
CJO.O 

100.0 
110.0 
120.0 

120.0 

13'5q 
111oq 
101q 
142CI 
14H 
l411CI 
1115q 
15uq 
151q 
152CI 
15H 
154q 
1ssq 

88t.q13 
886.620 .052 .55 • ss 
8Cll.270 .052 .55 • 55 
8qs.q8o .052 • '5'5 • 5'5 
qoo.100 .os2 .55 • '55 
qo5.1120 .052 .55 • 55 
qlo.120 .os2 .55 • 55 
914.850 .os2 .55 • 55 
q1q.seo .O';.? .55 • 55 
q24.320 .052 .ss • 55 
CJ2q.120 .os2 .ss • 55 
H3.880 .os2 .55 • '55 
CJ.58.&07 .os2 • 55 .ss 

'5t1 0 &Clll 
• 55 • '5'5 

500. Jq. 41 • 4.3 555. 42. 
458 • 110. 41. 4 ·" 

5qe. 42. 
465. 44. 41. 7.2 620 • 44. 
1176. 47. 41 • 7. f> 620. 46. 
452. 4q• 42 • 7.5 &23. 4b. 
477. so. 42 • 8.8 fl08. .., . 
4qo • 51. 42. 10.0 &01. 111. 
4'58 • 52. 43. 10.3 &05. 48. 
4&5. 52. 43. 10.8 eioo. 48 • 
47&. 52 • 44. 11.2 5q4. cici. 
1158. 52 • 44. ll.u 587. 4q. 
1111. 53. IHI• 11.2 '58fl. 4CJ. 

471. 48. 42. e.1 600. 4& • 

-



PARTICULATE FIELD DATA & RE.SULTS TARULATION 

PLANT• NAME ANO •OORESS 

REPUBLIC STEEL CLEVELAND 

TEST 

TEST DATE 

TB 
TF 

TT 

NP 

y 

ON 

CP 

PM 

VM 

TM 

ifMSTO 

VLC 

VlfC 

81'10 

FMD 

PC02 

P02 

PCO 

PN2 

MD 

Ml'IS 

COKE SUCK 

TIME•SURT 
TIME•FifVISH 

NET TIME OF TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF ORY GAS SAMPLED 
AT METER CONDITIONS 

AVERAGE GAS METER TEMP 

VOLUME OF ORY G•S SAMPLED 
AT STANDARD CONDITIONS• 

TOTAL HZO COLLECTED IN 
IMPINGERS AND SILICA GEL,Mle 

VOLUME OF WATER VAPOR 
AT STANDARD CONDITIONS• 

PERCENT MOISTURE BY VOLUME 

MOLE FRACTION ORY GAS 

PERCENT C02 8Y VOLer ORY 

PERCENT 02 BY VOL., ORY 

PERCENT CO BY VOLer ORY 

PERCENT N2 BY VOL., ORY 

MOLECULAR WT•ORY STACK GAS 

MOLECULAR WT•STACK GAS 

TEST TEAM LEAOER 

DO 

E.NGLISH UNITS 

12112181 

120.0 

12 

.31q IN 

• fl 3 

.55 IN•H20 

F 

51.081 SCF 

144.t 

&.783 SCF 

l0.62 

3.10 

11. t'O 

.oo 

21.8q 

METRIC UNITS 

12112181 

135q 
1ssq 

120.0 

12 

t.&os CU•M 

c 

l.611 SC" 

lQQ.l 

.192 SC" 

10.62 

11.80 

.oo 

84.50 



PB 

PSI 

PS 

TS 

vs 

AS 

QSSTO 

QS 

ISO 

MN 

cs 

PMR 

BAROMETRIC PRESSURE 

STATIC PRES OF STACK GAS 

STACK PRFS, ABS. 

AVERAGE STACK TEMP 

AVG STACK GAS VELOCITY 

STACK AREA 

STACK FLOW RATE, ORY• 

ACTUAL STACK FLOW RAT~ 

PERCENT ISOKINETIC 

MG. EPA 5 

EMISSION RATE 

zq.1R IN•HG 

-t.20 IN•H20 

2CJ.b9 IN•HG 

471. F 

l7 .2 FPS 

74bbo SD•IN 

lbl 0872. SCFH 

3202302. ACFH 

117 .3 

.oooo 

.00000 GRIOSCF• 

.00000 LBIHR 

75&. in lllM•HG 

-30.48 llllol•H20 

754.17 lllM•HG 

244. c 

5.2 lllPS 

II 0 817 SQ•M 

45bl5. SClllH 

90b80. AClllH 

111. 3 

.oooo 

.oooo MGIOSCM 

0 000 KGIHR 



EXAMPLE PARTICULATE CALCULATIONS TEST NO. 05•& 

COKE STACK 

VOLUME OF ORY GAS SAMPLED AT STANDARD CONDITIONS 

VMSTD • (17.&47 * VM * Y * (PB + PM I 13.b)) I (TM + 4&0 0 ) 

5& 0 &94 * .9&1 * C 29.78 + .550 I 13.&) 

VMS TD s •••••••·----···-·-------·---------------------------- : 
57.087 DSCF 

VOLUME OF "ATER VAPOR AT STANDARD CONDITIONS 

VwC : .04707 • VLC 

vwc = .04707 * 144. = &.78 SCF 

PERCENT MOISTURE IN STACK GAS 

9W0 a (100. * VWCJ I (VMSTO + VWC) 

100. * &.78 
ewo = : 10.&2 PERCENT 

57.087 + &.11t 

MOLE FRACTION OF ORY STACK GAS 

FMO = (lOO. - 8W0) I too. 

too. - 10.& 
FMO : ••••••••••-•••••••••••• = .eqQ 

100. 

AVERAGE MOLECULAR WEIGHT OF ORY STACK GAS 

MO c CPC02 * .44) + {P02 * .l2) + (PN2 + PCO) * 0 28 

MO a ( 3.70•44/100) + (ll.8•321100) + l(84.~+ .OJ * 281100 : 

MOLECULAR WEIGHT OF STACK GAS 

MWS : ~O * (1 0 • (BW0/100)) + 18. * (8WO/l00) 

MWS • 29 0 06* (l 0 •Cl0.621100)) + 18. * (10.&21100) : 



STACK GAS VELOCITY AT STACK CONOITIONS 

DELP : SUM. OF THE SQRT(VH • (TS + 4&0.)) 

VS s 85.49 • CP • DELP I (SQRT(MNS • PS) • PNTSJ 

vs = 85.49 • .83 • 17.lb FPS 

STACK GAS VOLUMETRIC FLON AT STACK CONDITIONS 

US s VS • AS • 3t>OO/l44 

QS : 17.l& • 74&&. 3&00/144 = 3202302. ACFH 

STACK GAS VOLUMETRIC FLON AT STANDARD CONDITIONS 

QSSTD = 17.647 * as • PS * Cl. - (BW0/100)) I (TS • 4bO.J 

11.&47 • 

QSSTD : ---------------------·-···--------------·---------- : 
lbl0872 0 SCFH 

l 471. + 4b0.) 

PERCENT ISOKINETIC 

.550113.&J)/( 45.+4&0.))J 
ISO : ••••••••••••••••••••••••••••••••••••••••••••••••••••··----------------·-----···------······-··--· : 117.28 PERCENT 

120 •• 

PARTICULATE LOADING •• EPA METHOD 5 (AT STANDARD CONDITIONS) 

CS : O.OOl • MN • 15.43 I VMSTD 

cs = 0.001 • 0 0000 * 15.43 I 57 0 0IH : 0 00000 GR/DSCF 

PAffTICULATE LBS/HR •• EPA METHOD 5 

PMR : CS * QSSTD I (15.43 * 453.b) 

PMR a .00000 * .00000 



Run No. 05.6 

Sample volume = 1. 62 m3, 57. 09 scf 

Example calculations 

CS (Part) = ~ /..l,g = 8.0 mg/m3 

CS (Part)= 0.001 x 12.9x 15.43/57.09 =0.003 gr/dscf 

3 CS (so2) =129.0/1..:.££= 79.6mg/m 

= 79. 6 x 24. 06/M._ = lQ_ ppm 

= 0.001 xl29.0xl5.43,fl.27.09 =0.035 gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

12.9 8.0 Ambient 0.0003 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As H2S04 0.3 0.2 0.0001 
As H2S04·2H20 0.4 0.2 0.0001 

Water soluble sulfates 
As soa= 1.4 0.9 0.0003 

Sulfur dioxide 129.0 79.6 0.035 

Sulfuric acid mist 
As H2S04 8.2 5. 1 0.002 

Inorganic condensibles 

Organic condensibles 

TOC (Condensible) 

A-469 

ppm 

30 

1 



FJELO DATA 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT TEMP.lDEG.F) 
BAR.PRESS.lIN.HG) 
STATIC PRESS.lIN.H20J 
FIL TEA NUM8ER(SJ 
STACK INSIDE DJM.lINJ 
PITOT TU8E COE.FF. 
THERM. NO. 
LEAKAGE 
METER CALIB. FACTOR 
READ & RECORD DATA EVERY 

REPUBLIC STE~L CLEVELAND 
COKE OUTLET 

PART/HZS04/5(12 
AR ... STHONG 

32. 
29.79 
•l .20 

97.75 .oo 
• 84 

• ooa CFM @ 6.0 JN.HG 
1.003 
10 0 0 MINUTES 

TRAVERSE 
POINT 

NO. 

SAMPLE 
TIME 

(MIN.) 

CLOCK 
TI1111E 

(24•HR 
CLOCK) 

GAS METER 
READING 
(CU.FT.) 

VELOCITY 
HEAD 

CIN.HZO) 

ORIFICE PRESSURE 
DIFFERENTIAL 

(IN.HZOJ 

DESIRED ACTUAL 

STACK 
TEl'IP 

<DEG.F J 

DATE 
RUN NUfolBE.R 

PROBE LENGTH & TYPE 
NOZZLE : I.U. 
ASSUMED MOISTURE 
SAMPLE BOX NUM8EN 
1-!ETER 8011 NUMBER 
.,ETEH HEAD OIFF. 
C FACTOR 
PROAE HEATER SETTING 
HEATER BOX SETTING 
REFERENCE PRE.SS. DIFF • 

lVl 3/IH 
Ob-l 

5 FT GLASS 
.11011 

13. 7 
Q 

FB2 
1.76 

.18 
250 • 
250. 

.15 

ORY GAS MEHR 
TEMP 

(OE.G.F) 

PUfolP SAlllPLE ll'IPINGER 
TEflilP 

(DEG.FJ 

I~LET OUTLET 

VACUUM BOX TEMP 
<IN.HG) (OEG.F) 

--------------------------------------------------------------------------------------------------------------------
tNIT 

TOTALS 
AVERAGE 

0 
10.0 
20.0 
30.0 
40.0 
50.0 
60.0 
10.0 
80.0 
90.0 

100.0 
110.0 
120.0 

120.0 

945 
955 

1005 
1015 
1025 
lU.55 
1045 
1055 
1105 
ll 15 
1125 
1135 
11115 

531.010 
535.b4S .oso .62 .62 
539.880 0 04b 0 5b • 56 
544.220 .048 • 5CJ .sq 
548.405 .045 .55 .55 
552.b40 • 046 .56 • 56 
557.145 .050 • 62 .62 
5f»t.ooo • 0111 • 58 .58 
Sb5.170 .045 • 55 .55 
570.135 • 0117 .58 • 56 
'H4.400 • 0115 .55 • ss 
578.920 .050 • 62 .b2 
583.020 .045 • 55 • 55 

52.010 
.56 .58 

455. 35. 35. 1.5 259. 41. 
4f>3. 38 • 35. 2.5 2b2. ]CJ. 
4b5. 41. 35. 2.5 290. 40. 
443. 44. 35. 3.0 2bl. 4U. 
456 • 44. 3b. 4.2 2811 • 40. 
4f»3. 44. 36. 4.8 280 • 45. 
447. 45. 37. 5. I . 2f»5 • 47. 
460. 45. 38. 5.1 271 • 45. 
4b0 • 46. 31. 5.0 2b3 • 45. 
1140 • 116. 38. 5.0 265 • 4,,. 
1148. 4b. 110 • 5.5 23b. 52. 
Gf, l • 46 • 110 • 5.5 302. 54. 

1155. 113. 37. 4.1 210. 115. 



PARTICULATE FIELD DATA & RESULTS TABULATION 

PLANT• NAME ANO ADDRESS 

REPUBLIC STEEL CLEVELAND 

TEST DfJ•I COKE OUTLET 

TEST DATE 

TB 
TF 

TT 

NP 

y 

ON 

CP 

TM 

VMS TD 

VLC 

vwc 

ewo 
Fll'O 

PC02 

P02 

PCO 

PN2 

MO 

TIME•START 
TIME•F INI SH 

NET TIME OF TEST, ll'IN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAll'PLING NOZZLE DIAll'ETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF DRY GAS SAMPLED 
AT METER CONDITIONS 

AVERAGE GAS METER TEMP 

VOLUME OF DRY GAS SAMPLEO 
AT STANDARD CONDITIONS• 

TOTAL H20 COLLECTED IN 
IMPINGERS AND SILICA GEL,ML. 

VOLUME OF WATER VAPOR 
AT STANDARD CONDITIONS• 

PERCENT MOISTURE BY VOLUME 

MOLE FRACTION ORY GAS 

PERCENT C02 BY VOL., ORY 

PERCENT 02 BY VOL., ORY 

PERCENT CO BY VOL., ORY 

PERCENT NZ BY VOL., ORY 

MOLECULAR wT•ORY STACK GAS 

MOLECULAR WT•STACK GAS 

TEST TEAM LEADER 

ARMSTRONG 

ENGLISH UNITS 

12113181 

120.0 

12 

1.003 

s2.010 cu-FT 

F 

153.0 

7.202 SCF 

s.10 

11.00 

.oo 

21.q5 

METRIC UNITS 

12113/81 

120.0 

12 

1.003 

". 5 c 

1.555 SClll 

t53.o 

.204 SClll 

tl.5CJ 

5.10 

1t .oo 

.oo 



PH BAROMETRIC PRESSUNE 2q.1q IN•HG 75&.&7 "'M•HG 

PSI STATIC PRES OF STACK GAS -1.20 IN•H20 •30.118 "'M•H20 

PS STACK PRES, ABS. 2q.10 IN•HG 754.112 "'M•HG 

TS AVERAGE STACK TEMP 455. F 235. c 

VS AVG STACK GAS VELOCITY 1&.3 FPS s.o "'PS 

AS STACK AREA 7505. SO•IN 4.842 so-M 

QSSTO STACK FLOW RATE, ORh 1552508. SCFH 43%2. SCMH 

OS ACTUAL STACK FLO" RATE 30&58q11. ACFH 8&ll 17. ACllH 

ISO PERCENT ISOKINETIC 103.5 103.5 

MN .oooo .oooo 
MG. EPA 5 

cs .00000 GR IOSCF * .oooo MGIOSCM 

PMR .00000 LB/HR 0 000 KG/HR 
EMISSION RATE 

* 68 DEG F, lCJ.CJl IN.HG. 

)' 
I 

""' -...] 

N 



EXAMPLE PARTICULATE CALCULATIONS TEST NO. Ob•I 

COKE OUTLET 

VOLUME OF ORY GAS SAMPLED AT STANDARD CONOITIONS 

VMSTD : (17.647 • VM • Y • (P8 + PM I 13.6J) I (TM+ 460.J 

VMS TO : -·•••••••••••••••••••••-••••••••••••••••••••••••••••• : 
( 40 •• 460.J 

VOLUME OF WATER VAPOR AT STANDARD CONDITIONS 

VWC : .04707 • VLC 

VWC a .04707 • 153. = 7.20 SCF 

PERCENT MOISTURE IN STACK GAS 

BWO • (100. • VWC) I (VMSTO + VWCJ 

100. • 1.20 
e .. o a : 11 0 511 PERCENT 

MOLE FRACTION OF ORY STACK GAS 

FMO : tlOO. • 8W0) I 100. 

100. - 11.6 
FMO : ••••••••••••••••••••••• s .88Q 

100. 

AVERAGE MOLECULAR WEIGHT OF ORY STACK GAS 

MO : (PC02 • .44) + (P02 • 032) + (PN2 + PCOJ • .28 

MO : ( 5.10•441100) + (ll.0•321100) + ((83.q+ .OJ • 281100 : 

MOLECULAR WEIGHT OF STACK GAS 

M .. S : MO • (I. • (BW0/100)) + 180 • (AW0/100) 

- M .. S: 29.26• Cl. •{11.5411100)) +.18. • (11.5411100): 



STACK GAS VELOCITY Al STACK CONOJTJUNS 

DELP : SUM. OF THE SORTlVH * lTS + 460.)) 

VS • 85.49 * CP * DELP I lSQRT(MNS * PS) * PNTS) 

16.34 FPS 

STACK GAS VOLUMETRIC FLOW AT STACK CONDITIONS 

gs z VS * AS * 16001144 

QS : lb.34 * 7505. 36001144 = 

STACK GAS VOLUMETRIC FLOW AT STANDARD CONDITIONS 

QSSTD : 17.647 * QS * PS * Cl. • l8NO/l00)) I CTS + 460.J 

3065894. * 29.70 * Cl. • lll.591100)) 
OSSTO • ••••••••••••••••••••••••••••••••••••••••••••••••••• : 1552508. SCFH 

l 45~. + 460.) 

PERCENT ISOKINETIC 

(105.58•( 455.+460.)J•((0.002669• 153.J+( 
ISO : -·••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• : 103.55 PERCENT 

120. * 29.70 • .404 * .404 

PARTICULATE LOADING •• EPA METHOD 5 CAT STANDARD CONDITIONS) 

CS • 0.001 * MN * 15.43 I VMSTO 

cs = 0.001 * .0000 * 15.43 I .OOOOO GRIDSCF 

PARTICULATE LBS/HR •• EPA METHOD 5 

PMR : CS • OSSTD I (15 0 43 * 453.&J 

P~R : .00000 * 1552508. I ll5 0 43 * 453.6) : .00000 



Run No. 06. l 

Sample volume =1.56 m3,54.92 scf 

Example calculations 

CS (Pa rt} = ..!.£1..1 1. 56 = 7. 8 mg/m3 

CS (Part}= 0.001 xl2.2 x 15.43/54.92= 0.003 gr/dscf 

CS (S02} =~3/1.:2§..= 75.8mg/m3 

= 7 5. 8 x 24. 06/ ...§.!_ = _.f!!. ppm 

= 0.001 x 118.3 x 15.43/.24.92 = 0.033 gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

12.2 7.8 Ambient 0.003 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As H2S04 0.0 0.0 0.000 
As H2S04·2H20 0.0 0.0 0.000 

Water soluble sulfates 
As so4= 0.0 0.0 0.000 

Sul fur dioxide 118. 3 75.8 0.033 

Sulfuric acid mist 
As H2S04 13.2 8.5 0.004 

Inorganic condensibles 

Organic condensibles 

TOC (Condensible} 

A-475 

ppm 

28 

2 



FIELD OATA 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERUOR 
AMBIENT TEMP.(DEG.F) 
BAR.PRESS.lIN.HGJ 
STATIC PNESS.(JN.H20) 
FILTER NUM8EHlSJ 
STACK INSIDE OIM.(JN) 
PITOT TUBE COEFF. 
THERM. NO. 
LEAKAGE 
METER CALIB. FACTOR 
REAO & RECORD DATA EVERY 

REPUBLIC STEEL CLEVELAND 
COKE OUTLET 

PART 
AR,..STRONG 

32. 
2CJ.7CJ 
-1.20 

.002 CFM @ 4.0 IN.HG 
1.0011 
10.0 MINUTES 

TRAVERSE 
POINT 

NO. 

SAMPLE 
TIME 

(MIN.) 

CLOCK 
TIME 

(lll•HR 
CLOCK) 

GAS METER 
READING 
(CU.FT•) 

VELOCITY 
HEAO 

(IN.H20) 

ORIFICE PRESSURE 
0 IFFERENTI AL 

(JN.H20) 

DESIRED ACTUAL 

STACK 
lE"'P 

COEG.F) 

DATE 
RUN NU,..RER 

PROBE lE~GTH & TYPE 
NOZZLE : I.O. 
ASSUIMED "'01STURE 
SAfolPLE BOX NUIMBEN 
"'ElEH BOX NU,..BER 
"'ETEH HEAD DIFF. 
C FACTOR 
PROBE HEATER SETTING 
HEATER BOX SETTING 
REFEHEhCE PRESS. DIFF. 

IC!/13181 
ll&-2 

4 FT GLASS 
.uuo 

13.7 
g 

F87 
1.11 

.7b 
~so. 
250. 

.15 

OllY GAS IMETER 
TEMP 

(OEG.F) 

PUIMP SA,..PLE I"'PINGER 
TEMP 

(OEG.F) 

I~LET OUTLET 

VACUUM BOX TEMP 
( 11'•.HG) (OEG.F) 

--------------------------------------------------------------------------------------------~-----------------------
INIT 

TOTALS 
AVERAGE 

0 
10.0 
20.0 
30.0 
110.0 
50.0 
bo.o 
10.0 
80.0 
90.0 

100.0 
II o.o 
120.0 

120.0 

9117 
q57 

1007 
1017 
1027 
10.H 
10117 
1057 
1107 
1117 
1127 
1137 
11117 

b'55.60'5 
bb0.1110 .050 .62 .62 
b&ll.425 .Ollb • 'Sb .s& 
b&8.8'50 • 048 .59 .59 
1>73.1110 .0115· • ss .'55 
b77.450 • Ollb • 5b • 'Sb 
b81.980 • 050 .b2 .b2 
b8&.3'50 • 0111 • 58 • 58 
b90.7UO • 0115 .55 • 55 
b9'5.000 • 0111 • 58 • 58 
69CJ.430 • oos .55 • ss 
1011.020 • oso .bl .bl 
708.370 • 04'5 • 55 • 55 

52.7b5 
• 58 • 58 

455. 110. 38. l.C? 210. 41. 
4b3. 42. 38 • 1.5 267. 37. 
4b5. 111. 38. 1.5 2&11 • 110. 
11113. 51 • 110. l • 5 2110 • 41. 
45& • 53. 411 • 1.5 258. 42. 
4&3. ''· 42. I • '5 21111 • 113. 
11111. Sb. 113. l • '5 232 • 113. 
4bO • 57. 44. I • '5 24b • 011. 
a&o • 511. 011 • I • '5 211'5 • '50. 
O&O • 5ff. llb. J.5 2211 • 5 J. 
4118. 58 • Ob. 1.5 22~. 49. 
llbl • 58. 111. I • '5 2&0 • '5'5. 

1157. '53. 02. 1.5 208 • 115. 



PANTICULATE FIELD DATA & RESULTS TABULATION 

PLANT• NAME AND ADDRESS 

REPUBLIC STEEL CLEVELAND 

TEST 

TEST DATE 

TB 
TF 

TT 

NP 

y 

ON 

CP 

PM 

VM 

TM 

VMS TD 

VlC 

vwc 

BwO 

FMD 

PC02 

P02 

PCO 

PN2 

Ml> 

COKE OUTLET 

TIME•START 
TIME•FINISH 

NET TIME OF TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF DRY GAS SAMPLED 
AT METER CONOITIONS 

AVERAGE GAS METER TEMP 

VOLUME OF DRY GAS SAMPLED 
AT STANOANO CONUITIONS• 

TOTAL H20 COLLECTED IN 
IMPINGERS ANO SILICA GEL,ML. 

VOLUME OF WATER VAPOR 
AT STANDARD CONDITIONS* 

PERCENT MOISTURE BY VOLUME 

MOLE FRACTION ORY GAS 

PERCENT C02 BY VOL., ORY 

PERCENT 02 BY VOL., ORY 

PERCENT CO BY VOL., ORY 

PERCENT N2 BY VOL., ORY 

MOLECULAR WT•ORY STACK GAS 

MOLECULAR WT•STACK GAS 

TEST TEA~ LEADER 

ANMSTRONG 

ENGLISH UNITS 

12113181 

120.0 

12 

l.004 

.400 IN 

.84 

.'58 IN•H20 

52. 7&5 CU•Fl 

IH .s F 

111.0 

12.77 

.H72 

s.10 

11.00 

.oo 

27.62 

METRIC UNITS 

12113181 

q47 
1147 

120.0 

12 

I. 0011 

10.2 

14. 7 lllM•H20 

c 

t .556 so• 

111.0 

.228 SCM 

12.11 

.872 

5.to 

11.00 

.oo 

27.82 



PB BAROMETRIC PRESSURE zq.1q IN•HG 75&.&7 "'M•HG 

PSI SUTIC PRES OF STACK GAS -1.20 IN•H20 •30.48 f'"1•H20 

PS STACK PRES, ABS. zq.10 IN•HG 754.02 "'"1•HG 

TS AVERAGE STACK TEMP 057. F 23&. c 

vs AVG SUCK GAS VELOCITY l&.o FPS 5.0 flPS 

AS STACK AREA 7505. SQ•IN 11.802 SQ•M 

QSSTD STACK FLOW RATE, DRY• 1s3qoo2. SCFH 03038. SC"'H 

QS ACTUAL STACK FLOW RATE 3075q5e. ACFH 87102. ACMH 

ISO PERCENT ISOKINETIC 101.u 101.0 

MN .uooo .oooo 
MG. EPA 5 

cs .00000 GR/DSCF• .oooo MG/DSCM 

PMR .uoooo LB/HR .OOO KG/HR 
EMISSION RATE 

• f,8 DEG F, zq.qz IN.HG. 

:i::i 
I 
~ 
~ 
00 

• 



EXAMPLE PARTICULATE CALCULATIONS TEST NO. Ob•i? 

COKE OUTLET 

VOLUME OF ORY GAS SAMPLED AT STANOARO CONDITIONS 

VMSTO : (17.647 • VM • Y • lPB + PM I 13.b)) I lTM + 4&0.) 

VMS TD : -·•••••••••••••••••••••••••••••••••••••••••••••••••·• : 

VOLUME OF "ATER VAPOR AT STANDARD CONDITIONS 

8.05 SCF 

PERCENT MOISTURE IN STACK GAS 

ewo = (100 •• VWC) I (VMSTO • V"C) 

loo. • e.o'S 
BWO • : 12. 11 PERCENT 

MOLE FRACTION OF ORY STACK GAS 

FMO : (too. - BWO) I 100. 

100. - 12.8 
FMO : ••••••••••••••••••••••• : .872 

100. 

AVERAGE MOLECULAR WEIGHT OF ORY STACK GAS 

MO : (PC02 • 0 44) + lP02 • .32) + (PN2 + PCO) * 0 28 

MO : l 'S.10•441100) + lll 0 0•32/t00) + ((83.q+ .OJ * 281100 : 

MOLECULAR WEIGHT OF STACK GAS 

~ws a MO. (I. - (BW0/100)) • 16. * (8~01100) 

MWS = zq.z&• (I. •(12.771100)) • 18 •• lli?.77/100) = 27. 82 



STACK GAS VELOCITY AT STACK CONOITIONS 

DELP = SUM. OF THE SQRTlVH • lTS + QbO.)) 

VS: 85.Qq • CP •DELP I (SQRT(MWS •PS) • PNTS) 

STACK GAS VOLUMETRIC FLO~ AT STACK CONDITIONS 

QS s VS • AS • 3b00/14Q 

QS s lb.QO • 7505. 3&00/144 : 

STACK GAS VOLUMETRIC FLOW AT STANDARD CONDITIONS 

QSSTD = 17.647 • as • PS • (I. - (BW0/100)) I (TS • Q60.J 

17.&47 • 

QSSTD : -------------------------··------------------··-·-· s 
153Q002. SCFH 

l Q57. + Qb0 0 ) 

PERCENT ISOKINETIC 

ISO : ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ~ I0~.99 PERCENT 
120 •• 

PARTICULATE LOADING •• EPA METHOD 5 (AT STANDARD CONDITIONS) 

CS : O.OOI • MN • 15.Q3 I V~STO 

cs = 0.001 • 0 0000 • 15.Q3 I .00000 GRIDSCF 

PARTICULATE LBS/HR •• EPA METHOD 5 

PMR s CS • QSSTO I (15.43 • 453.b) 

PMR : .00000 • 1534002 0 I (15.43 • Q53.b) : .00000 



Run No. 06.2 

Sample volume = 1. 56 m3, 54. 96 scf 

Example calculations 

CS (Part) = .1hl /-1.:_fil) = 13. 5 mg/m3 

CS (Part) = 0.001 x 21.1 x 15.43/54.96 = 0.006 gr/dscf 

CS (S02) = __ / __ = mg/m3 

= __ x 24.06/_=_ppm 

= 0. 001 x __ x 15.43/ ___ = __ gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf ppm 

Particulate following 
conditioning at: 

Ambient 21. 1 13. 5 0.006 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 5.4 3.5 0.001 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As H2S04 0.0 0.0 0.000 
As H2S04·2H20 0.0 0.0 0.000 

Water soluble sulfates 
As S04~ 0.0 0.0 0.000 

Sulfur dioxide 

Sulfuric acid mist 
As H2S04 

Inorganic condensibles 55.2 35.4 0.015 

Organic condensibles 2.4 1. 5 0.0007 

TOC (Condensible) 403 258 0. 113 IPA contam inated 

A-48J.. 



FJELD DATA 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT TEMP.lDEG.FJ 
8AR.PRESS.(IN.HG) 
STATIC PRESS.(IN.H20) 
FILTER NUM8ER(S) 
STACK INSIDE DIM.(JNJ 
PITOT TUBE COEFF. 
THERM. NO. 
LEU AGE 
METER CALIB. FACTOR 
READ & RECORD DATA EVERY 

REPUBLIC STEEL CLEVELAND OHIO 
STACK OUTLET #J ~ATTEHY 

PARTIH2S041S02 
OAN FI TZGENALD 

32. 
2q.1q 
-1.20 
lS3005C:, 

q7.15 .oo 
.84 

l 33 
.002 CFM ~ 5.0 JN.HG 
.qis2 

10.o MINUTES 

TRAVERSE 
POINT 

NO. 

SAMPLE 
TIME 

(MIN.) 

CLOCK 
TIME 

(24•HR 
CLOCK) 

GAS METER 
REAOING 
(CU.FT.) 

VELOCITY 
HEAD 

(IN.H20) 

ORIFICE PRESSURE 
DIFFERENTIAL 

(IN.H20J 

DESIRED ACTUAL 

STACK 
T[fl'P 

(DEG.Fl 

PRORE LENG1H & TY~E 
NOZZLE : l.D. 
ASSUMED MOISTURE 
SAli'PLE eox NUfl'8ER 
li'ETER BOX NUll'Bt.R 
METF.R HEAD DJFF • 

PROBE HEATER SETTING 
HEATER BOX SETTING 

K FACTOR 

12113181 
Ob•! 

4 FOOT GLASS 
.404 

13.2 

FB8 
1.q1 

400. 
400. 

ORY GAS fl'ETEN 
TEfllP 

(DEG.Fl 

PUli'P SAli'PLE Jfl'PINGER 
TEMP 

lDE.G.F) 

I~LE T OUTLET 

VACUUM BOX TEMP 
(IN.HG) lOEG.F) 

--------------------------------------------------------------------------------------------------------------------
~ HUT 
I 
~ 
00 
N 

TOTALS 
AVERAGE 

0 
10.0 
20.0 
30.0 
4o.o 
so.o 
&o.o 
10.0 
80.0 
c:,o.o 

100.0 
110.0 
120.0 

120.0 

945 91l.lfl8 
95'5 915.480 .050 .64 

1005 919.'5fi0 .04b .58 
I 0 I 5 923.&75 .048 .60 
1025 927.765 .0115 .58 
1035 931.700 • 04b .58 
1045 936.000 .0'50 .&3 
1055 c:,110.205 .047 • eio 
1105 C:,411.290 .045 .57 
1115 948.480 .047 .59 
112'5 952.700 .045 .s8 
1135 q<;J.105 .oso .&4 
11115 %1.260 .0115 .57 

sn.oq2 
.&o 

.&II 455. 311. 32. 2.'5 407. 40. 
• '58 11&3 • 38. 33. 2.5 401. 44. 
• 60 1165. 43. 35. 2. 5 401. 42 • 
• '58 443 • 48. 31. 2. 5 399. 42. 
• '58 455 • '50. 40. 1.0 4011 • 43. 
.63 4&3. 52. 42. ... 5 401. 41. 
.&o 4117. 54. 114 • ca.s 110&. 49. 
• '51 4&0. so. 115. 11.s 402 • 49. 
• '59 460 • 55. 116. 5.0 3cn. 57. 
• '58 440. 55. 47. 5.o ]CJI • eio. 
.&4 1148. 5&. 48. s.o 387. eio. 
• '57 4&1. 5& • 48. 5.o 387. 55. 

• &o 455 • so. 111. 3.9 399. 119. 



PARTICULATE FIELD DATA & RESULTS TABULATION 

PLANT• NAME AND ADDRESS TEST TEAM LEADER 

REPUBLIC STEEL CLEVELAND OHIO DAN FITZGERALD 

TEST STACK OUTLET #I 8ATTEHY 

TEST DATE 

TB 
TF 

fl 

NP 

y 

D~ 

CP 

PM 

VM 

VMS TO 

VLC 

vwc 

ewo 
FMO 

PC02 

P02 

PCO 

PN2 

MWS 

T IME•STAln 
TIME•FJtHSH 

NET TIME OF TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF DRY GAS SAMPLED 
AT METER CONDITIONS 

AVERAGE GAS METER TEMP 

VOLUME OF DRY GAS SAMPLED 
AT STANDARD CONDITIONS* 

TOTAL H20 COLLECTED JN 
IMPINGERS ANO SILICA GEL,ML. 

VOLUME OF WATER VAPOR 
AT STANDARD CONDITIONS* 

PERCENT MOISTURE BY VOLUME 

MOLE FRACTION ORY GAS 

PERCENT C02 BY VOL., ORY 

PERCENT 02 BY VOL., ORY 

PERCENT CO BY VOL., ORY 

PERCENT N2 BY VOL., ORY 

MOLECULAR WT•OHY STACK GAS 

MOLECULAR "T•STACK GAS 

ENGLISH UNITS 

12113181 

945 
1145 

120.0 

Ii? 

.404 IN 

.84 

.bO IN•H20 

45.5 F 

51.232 SCF 

147.1 

.881 

'5. l 0 

ll.00 

.oo 

METRIC UNITS 

12113181 

CJ45 
114'5 

120.0 

12 

10.3 

t.418 CU•M 

7.5 c 

1.451 SC._, 

147.1 

.1 1U1 SC.-

.881 

5. I 0 

lt.00 

.oo 



PB BAROMETRIC PRESSURE 2q.7q IN•HG 75b.b7 ~~·HG 

PSI STATIC PRES OF STACK GAS -1.20 I~·Hi!O •30.48 "'M•H20 

PS STACK PRES, AtsS. ?CJ.70 IN•HG 754.42 ~M•HG 

TS AVEIUGE STACK TEMP 455. F 235. c 

vs AVG STACK GAS VELOCITY lb.4 FPS s.o ~PS 

AS STACK AREA 7'505. SQ•IN 4.842 SQ•M 

QSSTO STACK FLOW RATE, ORY• l'54fl0bb. SCFH 43837. SC~H 

QS ACTUAL STACK FLOW RATE 30b1&6b. ACFH 8b8b8. AC"'H 

ISO PERCENT ISOKINETIC q&.q CJb.CJ 

MN .oooo .oooo 
MG. EPA '5 

cs .00000 GRIOSCF• .oooo MGIDSCM 

PMR .00000 LB/HR .OOO l<G/HR 
EMISSION RATE 

• f>8 DEG F, i!CJ.qi! IN.HG. 



EXAMPLE PARTICULATE CALCULATIONS llSl NU. 06•3 

STACK OUTLET It BATTENY 

VOLUME OF ORY GAS SAMPLED AT STANDARD CONOITIONS 

VMSTD : lt7.647 • VM • Y • (PB + PM I 13.6)) I CTM + Q60.) 

VMS TD : ••••••••••••••••••••••••••••••••••••••••••••••••••••• : 51.232 OSCF 

VOLUME OF WATER VAPOR AT STANDARD CONDITIONS 

VWC : .04707 • VLC 

PERCENT MOISTURE IN STACK GAS 

BWO • (100. • VWC) I lVMSTD + VWC) 

ewo = 

MOLE FRACTION OF ORY STACK GAS 

FMO = (IOO. - BWO) I too. 

100. - 11.q 

F~D : ----------------------- : .881 100. 

AVERAGE MOLECULAR WEIGHT OF ORY STACK GAS 

MD : lPC02 • 0 44) + (P02 • .32) + (PN2 + PCO) • .28 

MO: l S.10•441100) + lll.0•321100) + ((83.q+ .O) • 281100: 

MOLECULAR WEIGHT OF STACK GAS 

MWS : MO • Cl. • (Bw0/100)) + 18. • (HW0/100) 

MWS : 2q.2&• Ct. •lll.qJ/lOOJ) + 18. * ltl.qt/IOOJ s 



STACK GAS VELOCITY AT STACK CONDITIONS 

DELP : SUM. OF THE SQRT(VH * (TS + 4b0 0 )) 

VS s 85.oq • CP • DELP I lSORT(MwS • PS) • PNTS) 

vs = e5.qq • .84 • lb.35 FPS 

STACK GAS VOLUMETRIC FLOW AT STACK CONDITIONS 

OS : VS • AS • 3600/144 

QS : 16.35 • 7505. 36UO/lQQ : 30b768b. ACFH 

STACK GAS VOLUMETRIC FLOW AT STANOARO CONDITIONS 

QSSTD : 17.647 • QS • PS • Cl. • (BW0/100)) I (TS + 460.J 

17.647 • 
QSSTD : •••••••-••••••····----···------·-··---·-·-·--·-··-- : l5480b6 0 SCFH 

l 455 •• 460.) 

:r PERCENT ISOKINETIC 
.i:.. co ISO: (305.58•lTS+4&0.J)•((Oo0026b9•VLC)+(VM•Y•(PB+(PM/l3obJ)/(TM+460.JJ)/(TT•VS•PS•ON•DN) 

°' 
ISO & ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• a q6.88 PERCENT 

120 •• l&.35 • 

P•RTICULATE LOADING •• EPA METHOD 5 (AT STANDARD CONOITIONSJ 

CS a 0 0 001 • MN • 15 0 43 I VMSTO 

cs = 0.001 • .OOOO * 15.43 I 51.232 = .00000 G~/OSCF 

PARTICULATE LBS/HR •• EPA METHOD 5 

PMR z CS • QSSTO I (15.43 • 453.&) 

PMR a .00000 • 1548066. I (15.43 • 453.&J : .00000 

-



Run No. 06. 3 

Sample volume =_]_....!5_m3, 51.23 scf 

Example calculations 

CS (Part) =~/1.....!5.. = 10.8 mg/m3 

CS (Part)= 0.001 x 15.6 x 15.43/51.23 = 0.005 gr/dscf 

CS (S02) =l.l.l....3/-1.....A.5= 78 l mg/m3 

= ..l.8....1 x 24. 06/.6.L = -2..9... ppm 

= 0.001 xll3.3 x 15.43/51.23 = 0.034 gr/dscf 

Catch weight, 
mg/m3 Concentration. 

. Parameter mg gr/dscf 

Particulate following 
conditioning at: 

15. 6 Ambient 10.8 0.005 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As H2S04 1.0 0.7 0.0003 
As H2S04·2H20 1.4 1. 0 0.0004 

Water soluble sulfates 
As S04= 0.0 0.0 0.000 

Sul fur dioxide 113. 3 78. 1 0.034 

Sulfuric acid mist 
As H2S04 7.5 5.2 0.002 

Inorganic condensibles 

Organic condensibles 

TOC (Condensible} 

A-487 

ppm 

29 

1 



)'>! 
I 
~ 
CX> 
CX> 

FIELD DATA 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT TfMP.<OEG.FJ 
8AR.PRESS.lIN.HGJ 
STATIC PRESS.lIN.H20J 
FILTER lllUMBER(S) 
STACK INSIDE OIM.lINJ 
PITOT TUBE COEFF. 
THERM. NO. 
LEAKAGE 
METER CALIB. FACTOR 
READ & RECORD DATA EVERY 

REPUBLIC STEEL CLEVELAND OHIO 
STACK PUTLET #l BATTEMY 

PARTICULATE. 
DAN F ITZGEMALD 

13. 
2q.1q 
-1.20 
.5530•H l 

qf.75 .oo 
.84 

113 
• 002 CFM ~ 3.0 IN.HG 

l.033 
10.0 MINUTES 

TRAVERSE 
POINT 

NO. 

SAMPLE 
TIME 

(MIN.) 

CLOCK 
TIME 

(24-HR 
CLOCK) 

GAS METER 
RE AO ING 
CCU.FT.) 

VELOCITY 
HEAD 

llN.H20) 

ORIFICE PRESSURE 
OIFFERENTJAL 

(IN.H20) 

INIT 

TOTALS 
AVERAGE 

0 
10.0 
20.0 
30.0 
oo.o 
so.o 
60.0 
10.0 
eo.o 
«Jo.o 

100.0 
110.0 
120.0 

120.0 

q41 467.502 
IJ57 G7l.750 

1007 475.170 
1017 47«J.860 
1027 083.81JO 
l 0.57 •UH .q55 
10Q1 4q2.210 
1057 O«Jf>.31J5 
1107 S00.085 
1117 504.635 
1127 508.755 
1137 513.llJ5 
l l 117 517 .2CJCJ 

11q.1q1 

OESIREO ACTUAL 

.050 .64 .611 

.006 • 58 • se 

.048 .60 • 60 
• ous .5e • 58 
.0116 .58 • 58 
.oso .63 • 63 
• 001 .60 • 60 
.0115 .57 • 57 
• 0(11 .sq • sq 
.045 .58 .58 
.o50 ,611 • 611 
.0115 .57 .57 

• 60 .60 

STACK 
TElllP 

(OEG.F) 

455. 
1163. 
465. 
lt03 • 
1155. 
463. 
047 • 
460. 
460 • 
11110. 
0118. 
38CI. 

lllllJ. 

DATE 
RUh NU,.8ER 

PROBE LthGTH & TYPE 
~OZZLE : I.D. 
ASSUMED Ji!OISTUHE 
SAlllPLE 801 NU,.BER 
lllETER BOX NU,.8ER 
lllETER HEAD OIFF • 

PROBE HEATER SETTING 
HEATER 801 SETTING 

IC FACTOR 

12113181 
06-4 

5 FOOT GLASS 
.404 

13.7 

FB4 
l.88 

400. 
400 • 

OMY GAS ,.ETER 
TEJilP 

COEG.F) 

PUfllP SAlllPLE 1,.PilllGER 
TEMP 

lDEG.F) 

11'\LET OUTLET 

38. 38. 
43 • 110. 
ll«J • 112. 
55. os • 
sq • 118. 
62 • 52. 
611 • so. 
65 • 55. 
66. 57. 
67. 56. 
66 • 60. 
68. 60. 

sci. 51. 

VACUUM 8011 TEMP 
(HI.MG) lDEG.F) 

l.O 003. 
1.5 1100. 
2.0 11113. 
2.0 OltO • 
l.O 01H1. 
2.0 033. 
2. 0 421J. 
2. 0 438. 
2. 0 431. 
2.0 1125. 
2.5 1122. 
2.0 387. 

2.0 112 7 •. 

42. 
118. 
112. 
115. 
11 I • 
06. 
118. 
52. 
5.?. 
ss. 
57. 
55. 

lllJ • 



PARTICULATE FIELD DATA & RtSULTS TABULATION 

PLANT• NAME ANO ADDRESS TEST TEAM LEADER 

REPUBLIC STEEL CLEVELAND OHIO OAN FITZGEIULD 

TEST STACK OUTLET #l 8ATTtRY 

:x:.i 
I 

TEST DATE 

TB 
TF 

TT 

NP 

y 

ON 

CP 

PM 

ii::. VM 
co 
l.O 

TM 

VMS TD 

VLC 

V\lllC 

BwO 

FMO 

PC02 

P02 

PCO 

PN2 

MD 

TIME•START 
TIME•FINISH 

NET TIME OF TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF ORY GAS SAMPLED 
AT METEH CONDITIONS 

AVERAGE GAS METER TEMP 

VOLUME OF ORY r.AS SA~PLEO 
AT STANDARD CONDITIONS• 

TOTAL H20 COLLECTED IN 
IMPINGERS AND SILICA GEL,ML. 

VOLUME OF \lllATER VAPOR 
AT STANDARD CONOITJUNS• 

PERCENT MOISTURE RY VOLUME 

MOLE FRACTION OHY GAS 

PERCENT C02 BY VOL., ORY 

PERCENT 02 BY VOL., DRY 

PERCENT CO BY VOL., ORY 

PERCENT N2 BY VOL., ORY 

MOLECULAR \lllT•DRY STACK GAS 

MOLECULAR wT•STACK GAS 

ENGLISH UNITS 

12113/81 

cu11 
11117 

120.0 

12 

I.OH 

F 

52.,,17 SCF 

lbl.7 

7.&ll SCF 

12.&ll 

.8711 

s.10 

11.00 

.oo 

27.63 

METRIC UNITS 

12113/81 

q47 
l ltl7 

120.0 

12 

1.0H 

10.3 

• 811 

l.410 CU•M 

c 

J.QCJO SCM 

lbt.7 

.21& SCM 

12.bQ 

.8711 

5. 10 

11.00 

.oo 

27.83 



Pit BAROMETRIC PRESSURE 2q. ]q IN•HG 1~&.&1 f>'M•HG 

PSI STATIC PRES OF STACK 6AS -1.20 IN•H20 •30.48 lllllo'•H20 

PS STACK PRES, ABS. 2q.10 IN•HG 754.42 fiM•HG 

TS AVERAGE STACK TEMP 44q. F 232. c 

vs AVG STACK GAS VELOCITY t&.3 FPS 5.0 lllPS 

AS STACK AREA 7505. SQ•IN 4.842 SQ•"' 

QSSTO STACK FLOW RATE, ORY• 1542~7CI. SCFH 43&81. SC!lo'H 

QS ACTUAL STACK FLOW RATE 30621CJ4. ACFH 8h 712. AC"1H 

ISO PERCENT ISOKINETJC qq.q qq.q 

MN .oooo .oooo 
MG. EPA 5 

cs .00000 GRIOSCF• .oooo MGIOSCM 

PMR .00000 LBIHR 0 000 KG/HR 
EMISSION RATE 

-



EXAMPLE PARTICULATE CALCULATIONS TEST NU. Ob-4 

STACK OUTLET #I BATTERY 

VOLUME OF ORY GAS SAMPLED AT STANOARU CONOITIONS 

VMSTO • (11.&47 • VM • Y • (PB + PM I 13.b)) I (TM + 4b0.) 

VMS TD : ••••••••••••••••••••••••••••••••••••••••••••••••••••• a S2.bl7 OSCF 
55. + 4bO.) 

VOLUME OF WATER VAPOR AT STANDARD CONDITIONS 

VWC : .04707 • VLC 

vwc •• 04707 • lb2 •• 7.bl SCF 

PERCENT MOISTURE IN STACK GAS 

Bwo = (100 •• VWC) I (VMSTD • VWC) 

BWO • : 12.&4 PERCENT 

MOLE FRACTION OF DAY STACK GAS 

FMO • (100. - BWO) I IOO. 

100. - 12.b 
F~D • ••••••••••••••••••••••• : .874 

100. 

AVERAGE MOLECULAR WEIGHT OF ORY STACK GAS 

MD : (PC02 • .44) + (P02 • .32) + (PN2 + PCO) • .28 

MO : ( 5.10•44/100) + (ll.0•32/100) + ((83.q+ .OJ • 28/100 a 

MOLECULAR WEIGHT OF STACK GAS 

MWS • MD • (I. • lBW0/100)) + 18. • lBW0/100) 

MWS: 2q.2b• ll. •(12.&4/100)) + 18. • ll2.b4/IOO) • 



STACK GAS VELOCITY AT STACK CONDITIONS 

DELP : SUM. OF THE SQRT(VH * (TS + 460.)) 

VS : 85.49 • CP * DELP I lSQRT(M~S * PS) * PNTS) 

lb.32 FPS 

STACK GAS VOLUMETRIC FLOW AT STACK CONDITIONS 

QS z VS * AS * 3600/144 

QS • lb.32 * 7505. 3600/144 s 30&2194. ACFH 

STACK GAS VOLUMETRIC FLOW AT STANDARD CONDITtONS 

QSSTO z 17.647 * QS • PS t Cl. • (BW0/100)) I CTS + 460.J 

11.647 • 30b2194 •• 29.70 * ll. - (12.64/100)) 

QSSTO = ------------------------------------------·-··••••• : 1542579. SCFH 

PERCENT ISOKINETIC 

.597113.b))/l 
ISO • ••••••••••••··------------------·•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• : q~.85 PEACE~T 

120. * 16.32 • 29.70 • .404 • .404 

PARTICULATE LOADING •• EPA METHOD 5 CAT STANDARD CONDITIONS) 

CS : 0.001 • MN • 15.43 I V~STD 

cs = 0.001 • .OOOO • 15.43 I 52.&17 = .00000 GR/DSCF 

PARTICULATE LBS/HR •• EPA METHOD 5 

PMR : CS • QSSTD I (15.43 • 453.b) 

PMH : .00000 • .00000 



Run No. 06.4 

Sample volume = 1·49 m3 ,52. 62 scf 

Example calculations 

CS (Part) = 12.0/1.49 = 8.0 mg/m3 

CS (Part) = 0.001 x 12.0 x 15.43/ 52.62 = 0.004 gr/dscf 

CS (so2) = __ / __ = mg/m3 

= __ x 24.06/_=_ppm 

= 0.001 x __ x 15.43/ ___ = __ gr/dscf. 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf ppm 

Particulate following 
conditioning at: 

12.0 8.0 0.004 Ambient 
2-h at 350°F 
4-h at 350°F 
2-h at 400°F 
4-h at 400°F 
2-h at 600°F 

Acid sulfates 
As H2S04 0.0 0.0 0.000 
As H2S04·2H20 0.0 0.0 0.000 

Water soluble sulfates 
As Soa= 0.0 0.0 0.000 

Sul fur dioxide 

Sulfuric acid mist 
As H2S04 

Inorganic condensibles 144.2 96.8 0.042 

Organic condensibles 2.8 1. 9 0.0008 

TOC (Condensible) 77 51. 7 0.022a 

aIPA contaminated. 

A-493 



FIELD OATA 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT TEMP.lOEG.F) 
BAR.PRESS.llN.HG) 
STATIC PPESS.lIN.H20) 
FILTER NUMBERlSJ 
STACK INSIDE OIM.llN) 
PITOT TUBE COEFF. 
THERM. NO. 
LEAKAGE 
METER CALIB. FACTOR 
READ ~ RECORD DATA EVERY 

REPUBLIC STEEL CLEVELAND 
COKE STACI< 

1145-250 
OU 

32. 
2q. ]q 

-1.20 

qJ.50 .oo 
• 83 

.ooo CFM ~ 3.0 IN.HG 

.qq2 
10.0 MINUTES 

TRAVERSE 
POINT 

NO. 

SAMPLE 
TIME 

(MIN.) 

CLOCK 
TIME 

(24•HR 
CLOCK) 

GAS METER 
READING 
(CU.FT.) 

VELOCITY 
HEAD 

(IN.H20) 

ORIFICE PRESSURE 
DIFFERENT UL 

(IN.H20) 

DESIRED ACTUAL 

STACK 
lE"'P 

lOEG.FJ 

DATE 
Nllt'l NU"'l:!EN 

PRUBE LENGJH & TYPE 
NUZZLE : l.U. 
ASSUMED MOISTURE 
SA.,PLE BOii NU"'BER 
.,EJER 8011 NUMBER 
.,ETER HEAD OIFF • 
C FACTOR 
PROBE ~EATER SETTINr, 
HE•TER ~011 SETTING 
REFERENCE PRESS. DIFF. 

lC!/13181 
0&•5 

&" GLASS 
.4.H 

ll .O 

FBI 
1.87 

.s& 
250 • 
250. 

.10 

ORY GAS "'ETER 
TEMP 

lDEG.F) 

PU"'P SA"'f'LE l"'PINGER 
TEMP 

lOEG.F) 

Il'.LET OUTLET 

VACUUM 8011 TEMP 
(IN.HG) lOEG.FJ 

--------------------------------------------------------------------------------------------------------------------
:;i:,i INIT 
I 

.i::. 
\0 
.i::. 

TOTALS 
AVERAGE 

0 
10.0 
20.0 
30.0 
110.0 
50.0 
60.0 
10.0 
80.0 
qo.o 

100.0 
110.0 
120.0 

120.0 

CJ45 lCJl.CJCJl 
CJ55 1q1.1qo .oso 

1005 202.330 .o50 
1015 207.5&0 .oso 
1025 212.780 .050 
1035 218.010 .050 
1045 223.2&0 .oso 
toss 228.510 .050 

·1105 233.810 .050 
11 l S 2H.l20 .050 
1125 244.430 .o~o 

ll3S 211q.150 .oso 
1145 2SS • 077 .050 

&3.08b 

.&CJ .sq 455. 37. 33. 2.1 271. 42. 

.8q • 8q 4&3. 41 • 33 • 2. l 251. 112. 

.11 q .sq 4&5. 11q. 35. 2.2 28CJ. 43. 

.eq .8q 443. ss. 3 7. 2.2 275. 1111. 

.8q .8q 455. 5q. 110. 2.2 2&7. 1111. 

.8CJ .9q 11&3. &2. 43. 2.2 273. 1111. 

.8q .8q 447. &3. 115. 2.2 258. llb. 

.8q • 8q 4&0 • &5. II&. 2.3 2&7. 111. 

.8CJ • 8q 4&0 • &S. 48. 2.2 2&&. 48. 
• 8q • eq 440 • &&. 118. 2.2 2b5. 48 • 
• 8q .sq 448. &7. 11q • 2.2 2b4. 118. 
.8q .8q 11&1. &7. so. 2.2 2&3. so. 

• 8q .sq 1155 • 58. 112. 2.2 2&7. II&• 



PARTICULATE FIELD UATA & RE.SULTS TABllLATION 

PLANT• NAME ANO ADDRESS 

REPUBLIC STEEL CLEVELAND 

TEST 

TE.ST DATE 

TB 
TF 

TT 

NP 

y 

ON 

CP 

PM 

VM 

TM 

VMS TO 

VLC 

vwc 

BtolO 

FMD 

PCOi? 

POZ 

PCO 

PNi? 

MD 

MWS 

COKE STACK 

TIME•START 
TIME•FINISH 

NET TIME UF TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

VOLUME OF DNY GAS SAMPLED 
AT METER CONDITIONS 

AVERAGE GAS METER TEMP 

VOLUME OF ORY GAS SA~PLEO 
AT STANDARD CONDITIONS• 

TOTAL H20 COLLECTED IN 
IMPINGERS ANO SILICA GEL,ML. 

VOLUME OF WATER VAPOR 
AT STANDARD CONDITIONS• 

PERCENT MOISTURE BY VOLUME 

MOLE FRACTION ORY GAS 

PERCENT C02 BY VOL., DRY 

PERCENT 02 BY VOL., ORY 

PERCENT CO BY VOL., ORY 

PERCENT N2 BY VOL., ORY 

MOLECULAR WT•ORY STACK GAS 

MOLECULAR WT•STACK GAS 

no 

ENGLISH UNITS 

12113/fll 

94'5 
11 4'5 

120.0 

12 

0 431 IN 

&3.o8& cu-FT 

50.1 F 

60.634 SCF 

191.l 

12.22 

.878 

'5. l 0 

It .oo 

.oo 

27.88 

METRIC UNITS 

12113181 

120.0 

12 

10.9 

.83 

l 0 78b CU•M 

10.l c 

1.830 sc..-

12.22 

.878 

5.10 

lt.00 

.oo 

83.90 

27.88 
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l.O 
0\ 

P8 

PSI 

PS 

TS 

vs 

AS 

QSSTD 

QS 

ISO 

folN 

cs 

PMR 

* 68 

BAROMETRIC PRESSUNE 

STATIC PRES OF STACK GAS 

STACK PRES, ABS. 

AVERAGE STACK TEMP 

AVG SUCK GAS VELOCITY 

STACK AREA 

STACK FLOW RATE, ORY• 

ACTUAL STACK FLOW RATE 

PERCENT ISOKINETIC 

MG. EPA 5 

EMISSION RATE 

DEG F, ZCJ.'12 IN.HG. 

2CJ.7'1 IN-HG 75b.b7 lolM-HG 

-1.?0 IN-H20 -30.118 lol~-H20 

i!CJ.70 IN-HG 154.112 lolM-HG 

455. F 235. c 

16.7 FPS 5.1 lolPS 

7466. SO-IN 4.617 SQ-M 

l5653CJl. SCFH 411327. sc..-H 

3ll21J!Jq. ACFH 88151. ACMH 

105.7 los.1 

.oooo .oooo 

.00000 GRIDSCF* .oooo .. GIOSCM 

.00000 LB/HR 0 000 KG/HR 



EXAMPLE PARTICULATE CALCULATIONS TEST NO. 0&•5 

COKE STACK 

VOLUME OF ORY GAS SAMPLED AT STANOARO CONDITIONS 

VMSTD s (17.&47 * VM * Y * lPB + PM I 13.&J) I CTM + 4&0.) 

VMS TD : •••••••••••••-·••••••••••••••••••••••••••••••···----- : &11 0 &34 DSCF 
so. + 11&0.J 

VOLUME OF "ATER VAPOR AT STANDARD CONDITIONS 

ci.oo SCF 

PERCENT MOISTURE IN STACK GAS 

- B"O • {too. * V"C) I (VMSTO + VWCJ 

loo. • ci.oo 
: 12 0 22 PERCENT 

MOLE FRACtION OF ORY STACK GAS 

FMO • (100. • BWO) I 100. 

100. - 12.2 
FMD ~ ••••••••••••••••••••••• s .878 

100. 

AVERAGE MOLECULAR ~EIGHT OF ORY STACK GAS 

MO s lPC02 * .411) + (P02 • .32) + (PN2 + PCO) * .28 

MOLECULAR "EIGHT OF STACK GAS 

M"S s MO * (I. • l8WOl100)) + 18. • (8"01100) 

MWS : 2CJ.2&* ll. •(12.221100)) + 18. * (12.221100) : 27.88 



STACK GAS VELOCITY AT STAC~ CONDITIONS 

OEL~ • SUM. OF THE SORT(VH * lTS + 460.)) 

VS : 85.49 * CP * DELP I lSQRT(MWS * PS) * PNTS) 

vs = 85.49 * .83 * 81.lbb I (SORT( 27.88 * 2Q.70J * 12. : l&.68 FPS 

STACK GAS VOLUMETRIC FLOW AT STACK CONDITIONS 

OS : VS * AS * 3600/144 

OS : lb.68 * 7466. 36001144 = 3112999. ACFH 

STACK GAS VOLUMETRIC FLOW AT STANDARD CONDITIONS 

QSSTD s 17.647 * OS * PS * Cl. • (8WU/l00)J I CTS + 460.) 

17.647 * 3112999. * 29.70 * Cl. • (12.221100)) 

QSSTD : ------------·--·-··-·······---------···-·--·-·--·-· = 1565391. SCFH 
l 455. + 4&0.) 

PERCENT ISOKINETIC 

190 : ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••·······-· : 105.~6 PERCE~T 

120. * •~.&8 * 

PARTICULATE LOADING •• EPA METHOO 5 CAT STANOARO CONDITIONS) 

CS : 0.001 * MN * 15.43 I VMSTO 

cs = 0.001 * 0 0000 * 15.43 I .00000 GR/OSCF 

PARTICULATE LBS/HR •• EPA METHOD 5 

PMR : CS * QSSTD I (15.43 * 453.&J 

PMR : .00000 * 1565391. I (15.43 * 453.6) : .00000 



Run No. 06. 5 

Sample volume = 1.83 m3, 64.63 scf 

Example calculations 

CS (Part) =19.9/1.83=10.9 mg/m3 

CS (Part) = 0.001 x 19.9 x 15.43/ 64.63 = 0.005 gr/dscf 

CS (S02) = __ / __ = mg/m3 

= __ x 24.06/_=_ppm 

= 0.001 x __ x 15.43/ ___ = __ gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf ppm 

Particulate following 
conditioning at: 

Ambient 19.9 l 0. 9 0.005 
2-h at 350°F 13. 6 7.4 0.003 
4-h at 350°F 12. 8 7.0 0.003 
2-h at 400°F 11. 5 6.3 0.003 
4-h at 400°F 11. 3 6.2 0.003 
2-h at 600°F 4.4 2.4 0.001 

Acid sulfates 
As H2S04 0.0 0.0 0.000 
As H2S04·2H20 0.0 0.0 0.000 

Water soluble sulfates 
As S04= 0.0 0.0 0.000 

Sul fur dioxide 

Sulfuric acid mist 
As H2S04 

Inorganic condensibles 10.0 5.5 0.002 

Organic condensibles 2.4 1. 3 0.0006 

TOC (Condensible) 8.0 4.4 0.002 

A-499 
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U1 
0 
0 

FIELD OATA 

PLANT 
SAMPLING LOCATION 

SAMPLE TYPE 
OPERATOR 
AMBIENT TEMP.(DEG.F) 
BAA.PRESS.CIN.HG) 
STATIC PAESS.lIN.H20) 
FILTER NUMBEA(S) 
STACK INSIDE DIM.CINJ 
PITOT TUBE COEFF. 
THEAM. NO. 
LEAKAGE 
METER CALI&. FACTOR 
AEAO & RECORD DATA EVERY 

REPU~LIC STE~L CLEVELAND 
COKE STACK 

M8•600 
00 

32. 
2CJ.7CJ 
-1.20 

CJ7.50 .oo 
.83 

• OOO CFM ~ 1.0 IN.HG 
.CJ67 

10.0 MINUTES 

TRAVERSE 
POINT 

NO. 

SAMPLE 
TIME 

(MIN.) 

CLOCK 
TIME 

(l4•HR 
CLOCI() 

GAS METER 
READING 
(CU.FT.) 

VELOCITY 
HEAD 

(IN.H20) 

ORIFICE PRESSUHE 
DIFFERENT UL 

(IN.H20) 

DESIRED ACTUAL 

STACK 
TEfllP 

(OEG.F) 

DATE 
RUN NUflleEA 

PROBE LENGfH I TYPE 
~OZZLE : I.D. 
ASSUMED MOISTURE 
SAMPLE BOX NUfll8EH 
"'ElER BOX NUfllBE.R 
fllETER MEAD DIFF • 
C FACTOR 
PROBE MEATER SETTING 
HEATER 80X SETTING 
REFERENCE PRESS. OIFF. 

IV 13181 
O&•b 

4• GLASS 
.378 

11.0 

FB6 
1.51 

.10 
bOO. 
&OO • 

.21 

ORY GAS fl!ETER 
TE"'P 

(DEG.F) 

PUfllP SAfllFLE lfolPINGEH 
T["4P 

(OEG.F) 

l~LET OUTLET 

VACUUM BOX TE"'P 
( H~.~G) (DEG.F) 

--------------------------------------------------------------------------------------------------------------------
INIT 

TOTALS 
AVERAGE 

0 
10.0 
20.0 
10.0 
40.0 
50.0 
60.0 
10.0 
eo.o 
CJo.o 

100.0 
uo.o 
120.0 

120.0 

CJ46 
CJ56 

lOOfl 
lOl& 
102& 
1036 
1046 
105& 
ll06 
l 116 
ll26 
1136 
ll46 

CJ38.81Jl 
CJ43.070 .<150 .43 
q41 .250 .oso .43 
CJ')l.440 .oso .43 
CJS5.b50 .050 .43 
CJSCJ.fllO .oso .43 
"64.000 .o50 .43 
"68.220 .oso .43 
CJ72.420 .oso .43 
CJ7b.620 .oso .43 
IJB0.820 .oso • 113 
CJ85.060 .oso .43 
CJ8CJ.2CJ3 .oso .43 

50.401 
• 43 

.43 455. J3. 35. 3.5 5fl8. 40. 
• 43 463 • 35. 35. 3.8 5CJ8. 40. 
.43 465. 40. 35. 3.CJ f>22. 11 l. 
• 43 443 • 44. 3b. 3.8 bl2. 41. 
.43 455. 41. 37. 4.0 f> l 0. 42. 
• 43 llf>3 • 48. 38. 11.q 611. •2. 
• 43 447. 4CJ. 3CJ. 5.4 613 • •3. 
• 43 460. 50. 40. 5.6 615 • 44. 
.113 460. 50. 40. 5.7 613. 4&. 
.43 IUIO • 51. 41. 5.8 613. 4ft. 
.43 1148. 51. 41. 6.5 f>Ob. 118. 
• 43 461 • 51. 41. 6.8 605. 51. 

• 43 455. 46. 38. 5.o &01 • 44 • 



PARTICULATE FIELD OATA & RESULTS TABULATION 

::i:ir 
I 

U1 

PLANT• NAME AND AOORESS 

REPUBLIC STEEL CLEVELAND 

TEST 

TEST DATE 

TB 
TF 

TT 

NP 

y 

ON 

CP 

COKE STACK 

TIME•START 
TIME•FINISH 

NET TIME Of TEST, MIN. 

NET SAMPLING POINTS 

METER CALIBRATION FACTOR 

SAMPLING NOZZLE DIAMETER 

PITOT TUBE COEFFICIENT 

AVERAGE ORIFICE PRESSURE 
DROP 

o VM VOLUME OF DRY GAS SAMPLED 
AT METER CONDITIONS I-' 

VMS TO 

VLC 

FMO 

PC02 

P02 

PCO 

PN2 

MD 

MWS 

AVERAGE GAS METER TEMP 

VOLUME OF ORY GAS SAMPLED 
AT STANDARD CONOJTIUNS• 

TOTAL HZO COLLECTED IN 
IMPINGERS AND SILICA GEL,ML. 

VOLUME OF WATER VAPOR 
AT STANDARD CONDITIONS• 

PERCENT MOISTURE BY VOLUME 

MOLE FRACTION DRY GAS 

PERCENT COZ BY VOL., ORY 

PERCENT 02 BY VOL., DRY 

PERCENT CO BY VOL., ORY 

PERCENT NC! BY VOL., ORY 

MOLECULAR WT•ORY STACK GAS 

MOLECULAR WT•STACK GAS 

TEST TEAM LEADER 

DO 

ENGLISH UNITS 

12111181 

120.0 

12 

.318 IN 

.83 

50.401 CU•FT 

Q2.0 F 

51.098 SCF 

7.023 SCF 

12.08 

.879 

s.10 

11.00 

.oo 

METRIC UNITS 

12113181 

120.0 

12 

.83 

1.427 CU•M 

5.5 c 

t. 447 SC'1 

12.08 

.879 

5.10 

11.00 

.oo 



~ 
I 

l.n 
0 

"' 

PB 

- PSI 

PS 

TS 

vs 

AS 

QSSTO 

QS 

ISO 

MN 

cs 

PMR 

BAROMETRIC PRESSURE 

STATIC PRES OF STACI< GAS 

STACK PRES, ASS. 

AVERAGE STACK TEMP 

AVG STACI< GAS VELOCITY 

STACK AREA 

STACK FLO" RATE, ORh 

ACTUAL STACK FLOW RATE 

PERCENT ISOKINETIC 

MG. EPA 5 

EMISSION RATE 

2'1.H IN•HG 75&.&7 l'l"•HG 

-1.20 IN•H20 •30.48 l'M•H20 

2'1.10 IN•HG 754.42 l'M•HG 

455. F 235. c 

l&.7 FPS '5 • I lli'PS 

74&&. SO•IN 4.817 SQ•M 

l 5&734'1. SCFH Q4l83. SCl'H 

31121&1. ACFH 88127. ACltH 

108.5 108.5 

.oooo r .oooo 

.OOOOO GR/DSCF* .OOOO MGIOSCM 

.00000 LB/HR 0 000 KG/HR 
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EXAMPLE PARTICULATE CALCULATIONS TEST NO. 06•6 

COKE STACK 

VOLUME OF DRY GAS SAMPLED AT STANDARD CONDITIONS 

VMSTD • (17.~47 • VM • Y • (PR + PM I 13.6)) I (TM + 460.) 

17.647 • 
VMS TD a •••••••••••••••••••••••••••••••••••••••••···-·------- : 

42 •• 4&0.) 

VOLUME OF WATER VAPOR AT STANDARD CONDITIONS 

VWC : .04707 • VLC 

vwc •• 04707 * l4q. = 1.02 SCF 

PERCENT MOISTURE IN STACK GAS 

- 8"0 • CIOO. • V"CJ I CVMSTD + VWC) 

100. • 1.02 
awo c : 12.08 PERCENT 

51.0CJ8 • 1.02 

MOLE FRACTION OF DRY STACK GAS 

F~D : (IOO. • BWO) I too. 

100. • 12.1 
FMD s ••••••••••••••••••••••• : .87• 

100. 

AVERAGE MOLECULAR WEIGHT OF DRY STACK GAS 

MD a (PC02 * .44) + lP02 * .32) + (PN2 + PCO) * .28 

MD a ( S.10•441100) + lll.0•321100) + ((83.q+ .O) * 281100 : 

MOLECULAR WEIGHT OF STACK GAS 

MWS : MD * (I. • lBW0/100)) + 18. * (8wO/IOO) 

MWS : 2CJ.2&* Ct. •llZ.081100)) + 18. * (12.081100) z 

51.0CJB DSCF 



STACK GAS VELOCITY AT STACK CONDITIONS 

DELP c SUM. OF THE SORT(VH * (TS + 460.)) 

VS : 85.4q * CP * DELP I (SUAT(MWS * PS) * PNTS) 

STACK GAS VOLUMETRIC FLOW Al STACK CONDITIONS 

as = vs • AS • 36001144 

OS = 16.67 • 7466. 36001144 = 3112161. ACFH 

STACK GAS VOLUMETRIC FLOW AT STANDARD CONDITIONS 

QSSTO : 17.647 * DS * PS • (I. • lBW0/100)) I (TS + 460.J 

11.647 • 31121&1 •• 2q.10 • (I. - (12.08/100)) 

QSSTD = •••••••••••••···----------------------------------- ~ ( 4'55. + 1160.) 

PERCENT ISOKINETIC 

ISO : ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• : 108.46 PERCEhT 
120. * zq.10 • .318 • .378 

PARTICULATE LOADING •• EPA METHOD 5 CAT STANDARD CONDITIONS) 

CS : O.OOI * MN * 15.43 I V~STO 

cs = 0.001 • .UOOO * 15.113 I .00000 GA/OSCF 

PARTICULATE LBS/HR •• EPA METHOD 5 

PMR : CS * OSSTD I (15.43 * 453.b) 

P"1R : .00000 • .00000 



Run No.06.6 

3 Sample volume = 1.45 m , 51.10 scf 

Example calculations 

CS (Part) =-.Ufl.45= 6.3 mg/m3 

CS (Part)= 0.001 x 9.2 x 15.43/51.10 = 0.003 gr/dscf 

CS (so2) =~l/~= 75.9 mg/m3 

= 75. 9 x 24. Ot5/_M_ =~ppm 

= 0.001x110.lx15.43/51.0 = 0.033 gr/dscf 

Catch weight, 
mg/m3 Concentration. 

Parameter mg gr/dscf 

Particulate following 
conditioning at: 

Ambient 9.2 6.3 0.003 
2-h at 350°F 
4-h at 350°F 
2-h at 4QQ°F 
4-h at 400°F 
2-h at 6QQ°F 

Acid sulfates 
As H2S04 0.2 0. l 0.0001 
As H2S04·2H20 0.3 0.2 0.0001 

Water soluble sulfates 
As SQ4= 0.0 0.0 0.000 

Sul fur dioxide 110. l 75.9 0.033 

Sulfuric acid mist 
As H2S04 11. 4 7.9 0.003 

Inorganic condensibles 

Organic condensibles 

TDC (Condensible) 

~ A-50 5 

ppm 

28 

2 


