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I. INTRODUCTION 

The U.S. Environmental Protection Agency (EPA) retained 

Clayton Environmental Consultants, Inc. to conduct a series of 

emission and efficiency tests on a Mikropul wet electrostatic 

precipitator (WESP). The WESP controls particulate emissions in 

exhaust gases from a coke-side shed at the No. 4 coke battery 

(Figure 1) at Wisconsin Steel Division, International Harvester 

Corporation, Chicago, Illinois. The objective of this study 

was to determine the comparative control of particulate emissions 

and polycyclic organic material (POM) emitted from a coke Sattery 

operation. The results of this study will assist in the formulation 

of possible regulations governing the emissions of POM. This 

study was commissioned as Project No. 77-CKO-11, Contract No. 

68-02-1408, Task 29; and completed under Contract No. 68-02-2817, 

Work Assignment No. 1. 

Clayton Environmental Consultants, Inc. (CRC) conducted 

quadruplicate particulate tests simultaneously at both the inlet 

and outlet of the Mikropul WRSp. All sampling was performed 

during the period of May 10-14, 1977. The test runs were 

discontinuous to reflect emissions generated from only coke 

oven door leaks. Timed five-minute sampling delay periods were 

instituted during each coke pushing period. As indicated in 

Tables I through IV (Daily Composite Log), a ten-to twelve-hour 

period was required to collect an eight-hour sample. 

Sampling was conducted in accordance with EPA Methods 1 through 

5, with modifications as appropriate, and Method 9 for opacity 

determinations. In addition, the probe, filter holder, and 
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TABLE I 

DAILY COMPOSITE TEST LOG 

Wisconsin Steel Division 
International Harvester 

Chicago, Illinois 
May 10, 1977 

Test 1 

Particulate POND 
Clock Time Samplinq Sampling Stack 

Integrated 

Visible 
Baq Sample 

Ev;;x;ed 
WESP Water Samples 

Sampling Pushing Inlet Outlet Inlet Outlet Emissions Inlet Outlet Inlet Outlet Inlet Outlet Blowdown 

).‘.” 

0800 
1000 
1115 
1123 
1150 
1205 
1303 
1308 
1314 
1315 
1400 
1410 
1434 
1443 
1500 
1508 

%': 
1619 

1705 

l&IO 
1820 
1909 

2002 
2030 

G G 6 

i 
G 
G E 

- .e  G G G 

G G G 

G G G 

1542 
1551 
1605 

11 
11 

627 
640 
650 
702 
716 
730 
745 

il 
1 G G G 

G 

G 

G G 

G G 
1918 
1927 
1939 
1952 

-- #Omi n 

F Composite Composite Composite bin 

A - Coke pushing times began when pusher-ram entered each coke battery. A timed 5-minute 
sampling delay period was instituted during these intervals. 

8 - Begin test. 

C - Changing ports, sampling stopped. 

D - Polycyclic organic matter. 

E - End test. 

F - Composite of integrated bag sample, 

G - Aliquot collected. 
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“ I_  

. -  

-x 
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TABLE II 

DAILY COMPOSITE TEST LOG 

Wisconsin Steel Division 
International Harvester 

Chicago, Illinois 
May l&,1977 

Test 2 

Particulate POMO Integrated 
Clock Time Sampling Samplino Stack 

Visible 
Baq Sample 

Ev;:x;ed 
lrESP Water Samples 

Sampling Pushing Inlet Outlet Inlet Outlet Emissions Inlet Outlet Inlet Outlet Inlet Outlet Blowdown 

B 

1151 
1244 
1248 
1350 
1402 
1408 
1416 
1448 
1532 
1536 

1539 
1550 hl 

1556 
1607 A 
1624 
1639 ii 
1653 A 

1655 
1707 A 
1722 A 
1739 

1746 
1800 
1849 
1900 

1904 1930 : 

B- B' 

48Chnin E 
in 4BOmin 

E- 
480m 

B 

44:r 

tin 
F 

A - Coke pushing times began when pusher-ram entered each coke battery. A timed 5-minute 
sampling delay period was instituted during these intervals. 

B - Begin test. 

C - Changing ports, sampling stopped. 

0 - Polycyclic organic matter. 

E - End test. 

F - Composite of integrated bag sample, 

G - Aliquot collected. 

G G 6 

G G 6 

G G G 
G G G 

G G G 

G G G 

G G G 

G G G 

G G G 

Composite Composite Composite 
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TABLE III 

DAILY COMPOSITE TEST LOG 

Wiscon'sin Steel Division 
International Harvester 

Chicago, Illinois 
May 12, 1977 

Test 3 
---- - - -- .___ ---.-.-- 

Particulate POf.lD 
Clock Time Samplinq Sampling Stack 

Visible WESP Water Samples 

Sampling Pushing Inlet Outlet Inlet Outlet Emissions Inlet Outlet Blowdown 
- -- 

0900 
0918 
0930 
1014 
1038 
1114 
1203 
1224 
1317 
1325 
1340 
1418 
1452 
1514 
1516 

1540 
1551 
1604 

1626 1625 
1634 

1659 
1715 

1729 1733 
1749 

1800 
1810 

1826 
1829 
1842 
1900 

B 

t 

1: 

i; 

A 

it 
A 

A 
A 
A 
A 

A 

E- 
48Omin 

PAD-2 column 
in 

A 
E- 
480min 

B 

i 
A 
A 

A 
A 
h 
A 

A 

E 
48Dmin 

B' 

E 
503min 

ci G G 

G G G 

: 
G G 
G G 

G G G 

G G G 

Composite Composite Composite 

G G G 

G G G 

G G G 

Composite Composite Composite 

A - Coke pushing times began when pusher-ram entered each coke battery. A timed 5-minute 
sampling delay period was instituted during these intervals. 

B - Begin test. 

C - Changing ports, sampling stopped. 

D- Polycyclic organic matter. 

E - End test. 

F - Composite of integrated bag sample. 

G- Aliquot collected. 

Note: Separate composite 
water samples were 
collected during the 
nonpushing period 
(1012-1516) and 
push period (1625-1842) 

-5- Clayton Environmental Consultants, Inc. 
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TABLE IV 

DAILY COMPOSITE TEST LOG 

.Wiscon"sin Steel Division 
International Harvester 

Chicago, Illinois 
May 13-14, 1977 

Test 4 

Particulate POHB 
Clock Time Sampling Sampling WESP !Jatcr Samples 

Sampling Pushing Inlet Outlet Iniet Outlet Inlet Out1 et Blowdown 

S-13-77 
2014 

2100 

2155 
2212 
2310 

2314 

2334 

5-14-77 

0028 

0114 
0126 

0235 
0300 

0330 

0423 

0458 

0612 
0632 
0700 

A- 

B- 

c- 

D- 

E- 

F- 

2024 
2046 
2100 
2133 

2315 
2325 

2344 
2357 
0014 
0032 
0048 
0106 

0141 

0311 
0321 

033'3 
0355 
0417 

0431 
0442 

0507 

0548 

F F F 

F F F 

F F F 

F F F 

F F F 

F F F 

F F F 

F F F 

F F F 

F F F 
Composite Composite Composite 

Coke pushing times began when pusher-ram entered each coke battery. A timed 
5-minute sampling delay period was instituted during these intervals. 

Begin test. 

Changing ports, sampling stopped. 

Polycyclic organic matter. 

End test. 

Aliquot collected. 

. Clayton Environmental Contiultants,Ic 
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impingers were each rinsed with benzene following the acetone 

rinse. Battelle Memorial Institute,.Columbus, Ohio was conducting 

parallel tests and was responsible for sampling and analyzing 

the WESP inlet and outlet gas streams for polycyclic organic 

matter. Results of this work are presented in a separate report 

prepared by Battelle. In two of the four tests (Nos. 3 and 4), 

an XAD-2 column was placed in the CEC inlet and outlet sampling 

trains for benzene soluble organic (BSO) analysis by Battelle's 

laboratory. 

During each test, samples of inlet, outlet, and blowdown 

water were collected from the wet electrostatic precipitator. 

During the three daylight testing periods, plume opacity readings 

were also recorded by a certified visible emissions observer. 

Grab flask samples were analyzed from the Orsat integrated 

bag samples to determine gas composition. Auxiliary data 

included exhaust gas velocities, flowrates, and temperatures. 

The Field Test Team of Clayton Environmental Consultants, Inc. 

included Messrs. V.W. Hanson, N.S. Walsh, G.J. Hawkins, T.V. Mattson, 

H.P. Flood, T.R. Julien, and G.M. Santorilla. Sampling activities 

were observed by Messrs. Frank Clay, Gene Riley, and Drew Trenholm 

of the EPA. 

The following sections of this report present the summary 

of results, process description and operation, location of 

sampling points, and sampling and analytical procedures. Field 

and laboratory data are presented in the appendices as noted. 

- 7 - 



II. SUMMARY AND DISCUSSION OF RESULTS 

Particulate Sampling Results 

Four particulate tests were conducted simultaneously at the 

inlet and outlet to the WESP. Testing was completed during 

the week of May 9, 1977. All particulate sampling data were 

acquired during the non-push cycles and process conditions 

throughout all four tests were observed to be stable and constant. 

Tests 3 and 4 differed from Tests 1 and 2 in that XAD-2 columns, 

for simultaneous BSO analysis, were incorporated into the sampling 

trains. 

Table V summarizes the particulate test results. Emission 

rates are presented in Tables VI and VII in English and metric 

units, respectively. Data are tabulated for the inlet and 

outlet sampling locations in terms of both filterable and 

total particulate concentrations and emission rates. Tests 1, 2 

and 3 were conducted during the period of expected minimum emissions 

from door leaks (0700-2100). For this reason, two separate averages 

are presented, one for the first three tests only and one 

including the fourth, which was conducted during the period of 

expected maximum emissions from door leaks (2100-0700). 

Inlet -- 

Stack gas flow rate averaged 173,000 dry standard cubic feet 

per minute, (DSCFM) throughout the four tests at the inlet, varying 

by 3 1,000 DSCFM. Inlet stack temperature averaged 90°F and - 

varied from 78°F to 100°F. Filterable particulate concentrations 

ranged from 0.0052 to 0.0135 grains per dry standard cubic feet 

(grains/DSCF) with an average value of 0.0082 grains/DSCF. Total 

particulate concentrations ranged from 0.0115 to 0.0149 grains/DSCF 

and averaged 0.0135 grains/DSCF. The impinger catch accounted for 

about 40 percent of the collected mass. Also, from Table V it is 

seen that the total filterable particulate emission rates ranged 

- 8 - 
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TABLE V 

SUMMARY OF PARTICULATE EMISSIONS 

Wisconsin Steel Division 
International Harvester 

Chicago, Illinois 
May lo-14,1977 

4’ 
s-19-77 
3-14-77 

1 2 5 

3-,o-,, 3-11-77 S-12-71 

4’ 

3-13-17 
3-14-77 

1 
1 5 

s-10-77 3-16-77 3-12-77 

I”. “k3.b.r 

0.t. 

1000 1000 0900 
2000 1900 1630 

2000 
0630 

543.5s 

1000 1000 0900 
2000 1900 1850 

2000 
0650 

548.19 340.00 

173.000 173,000 

1.94,OOO 169,000 

0.62 0.79 

66. 100. 

96. 9,. 

._ 

33S.03 

184,000 167,000 

196,000 193,000 

5.0 2.6 

73. 70. 

100. 101. 

548.16 537.55 332.01 337.49 33S.61 

173,000 190,000 166,OW 167.000 166.000 

183.000 194.000 194,om 194,000 196.000 

0.02 2.2 2.3 2.s 1.4 

90. 63. 7,. 71. 61. 

97. 101. 1Ol. 101. 101. 

550.67 550.49 545.20 

174.000 174.000 172.000 

llu ,000 165.001 1n3,000 

0.93 6.46 1.06 

76. no. 92. 

91. 97. 93. 

161.2 117.6 300.6 199.8 143.3 166.2 
0.0000 0.0032 0.0135 o.oon9 0.0064 0.0062 
0.0076 0.0049 0.0125 0.00~3 0.0056 0.0077 

11.9 7.73 19.9 13.2 9.49 12.3 
0.276 0.181 0.465 0.508 0.222 0.267 

76.0 16.4 22.5 
o.oos3 0.0007 0.0010 
0.0032 0.0007 0.0010 
5.57 1.12 1.60 
0.126 0.026 0.037 

38.J 11.5 31.3 
0.0011 0.0003 0.0014 
0.0016 0.0005 0.0014 
2.70 0.79 2.22 
0.063 0.016 0.032 

100.4 b5.b 29.46 37.7 30.6 
0.0045 0.0013 0.0013a 0.0023 0.0022 
0.0042 0.001a 0.0012' 0.0024 0.0021 
7.00 3.03 2.0fia 

0.0496 
4.04 3.34 

0.166 0.071 0.093 O.OSJ 

517.0 261.9 331.56 305.0 312.99 JO3 .n 
0.0139 0.0115 0.01496 0.0154 0.01569 0.0133 
0.0135 0.0108 0.0138~ 0.0126 0.012L9 0.0126 

20.7 17.1 22.06 19.9 20.39 
0.464 0.496 0.~19 0.466 o.4a09 

20.1 
0.470 

42.6 33.1 9.36 53.76 33.3) 40.26 24.3 62.2 25.8 56.6* 61.4g 42.96 

! Standard sub‘c f-t. 66*7, 29 
: St.md.rd sublc f..t ,.r .in"t.. 68-l, 29.92 la. HI. 

Clayton Environmental Consultants, Inc. 



TABLE VI 

SUMMARY OF PARTICULATE EMISSIONS 

Wisconsin Steel Division 
International Harvester 

Chicago, Illinois 
May 10-14, 1977 

’ Dry standard cubic feet per minute 68 OF, 29.92 in. Hg. 
2 Grains per standard cubic feet, dr; 68’F, 29.92 in. HR. 
3 1026 tons of coal charged per day (28.5 tons/oven x 36 ovens). 
4 Calculated using pounds per hour values. 

Total includes impinger collections. 
6 Runs 1, 2, and 3 conducted during period of expected minimum emissions from door 

leaks (0700 to 2100). 
7 Run 4 conducted during period of expected maximum emissions from door leaks (2100 to 0700). 
* XAD-2 adsorbent column located between filter and first impinger. Impinger catch was reduced 

by particulate being collected by column adsorbent. 
’ XAD-2 adsorbent column located between third and fourth impingers. No loss in imlrinaer catch 

Run Number 1 2 3 Average’ 

1,2,3 

47 Average 
1,2,3,4 

Date 5-10-77 5-11-77 5-12-77 5-13-77 
5-14-77 

Gas Volumetric Flow 

Inlet, DSCFM’ 174,000 174,000 172,000 173,000 r73,ooo 
Outlet, DSCFM 190,000 

173,000 
186,000 187,000 18t3,OOO 184,000 187,000 

Particulates (Probe and Filter) 

Inlet 

Grains/SCF, dry2 
Pounds/hour 
Pounds/ton coal charged) 

Outlet 

Grains/SCF, dry 
Pounds/hour 
Pounds/ton coal charged 

Removal Efficiency (Percent)4 

Particulates (Total)’ 

0.0080 0.0052 0.0135 0.0089 0.0064 0.0082 
11.9 7.75 19.9 13.2 9.49 12.3 

0.278 0.181 0.465 0.308 0.222 0.207 

0.0033 0.0007 0.0010 0.0017 0.0005 0.0014 
5.37 1.12 1.60 2.70 0.79 2.22 
0.126 0.026 0.037 0.063 0.018 0.052 

54.9 85.5 92.0 77.5 91.7 81.0 

Inlet 
Grains,SCF, dry 
Pounds/hour 
Pounds/ton coal charged 

0.0139 0.0115 o.014g8 0.0134 
22.08 

0.0138’ 0.0135 
20.7 17.1 

0.484 0.400 0.5158 
19.9 20.5g 20.1 

0.466 0.480’ 0.470 

Outlet 

GraFnstSCF, dry 
Pounds/hour 
Pounds/ton coal charged 

Removal Efficiency (Percent) 

0.0043 0.0019 0.00 38 
2.08 B 

0.0025 0.00139 
2.059 

0.0022 
7.00 3.03 4.04 3.54 
0.164 0.071 o.ot,g* 0.095 

90.58 
0.048g 

90.09, ’ 
0.083 

66.2 02.3 79.7 82.3 

was observed. 
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'I'ABLE VII 
SUMMARY OF PARTICULATE EMISSIONS - METRIC 

Wisconsin Steel Division 
International Harvester 

Chicago, Illinois 
Mav 10-14. 1977 

i i 

Inlet, DNmlmiul 4,930 4,930 4,870 4,910 4,900 4,910 
Outlet, DNm/min 5,380 5,270 5,300 5,320 5,210 5,290 

Partlculatta (Probe and Filter) 

Run Number 1 2 3 
Average6 AVerage 

1,2,3 47 1,2,3,4 

Date 5-10-77 5-11-77 5-12-77 5-13-77 
5-14-77 

Gas Volumetric Flow 

Inlet 
mg7Nm ! dry2 18.3 11.9 30.9 20.4 14.6 18.9 

kglhr 5.40 3.52 9.03 5.98 4.30 5.56 
kg/metric ton coal charged3 0.114 0.0745 0.191 0.127 0.0913 0.118 

Outlet 
mm, 3 dry 

kg/h= 
kg/metric ton coal charged 

Rcmov;ll Efficiency (Perccnt)4 

Particuletcs (Total)5 

7.55 1.60 2.29 3.81 1.14 3.15 
2.44 0.508 0.726 1.22 0.358 1.01 
0.0518 0.0107 0.0152 0.0259 0.0074 0.0213 

54.8 05.6 92.0 17.5 91.7 81.0 

Inlet 
TNm, 3 dry 31.8 26.3 34.18 30.7 31.69 

9.309 
31.0 

kg/hr 9.39 7.76 10.08 9.05 9.11 
kg/metric ton coal charged 0.199 0.165 0.2128 0.192 0.1979 0.193 

Outlet 
mm, 3 dry 9.84 4.35 2.978 5.72 2.979 5.03 

kgthr 3.18 1.37 0.9438 1.83 0.9309 1.61 
kg/metric ton coal charged 0.0675 0.0292 0.02028 0.0390 0.0342 

Removal efficiency (Percent) 66.1 82.3 90.68 79.7 
0.0 4 979 

90.0 82.3 

1 Dry normal cubic meters per minute, 20-C, 760 mm Hg. 

2 mg per normal cubic meter, dry ZO'C, 760 mm Hg. 

3 1130 metric tona of coal charged per day 
(31.4 metric tons/oven x 36 ovens). 

4 Calculated using kg/hour values. 

' Total includes impinger collection. 

6 Runs 1, 2, and 3 conducted during period of cxpactsd minimum l miaaiona from 
door leaks (0700 to 2100). 

7 Run 4 conducted during period of expected maximum emissiona from door leak. (2100 to 0700). 

8 MD-2 adsorbent column located between filter and firrt impinger. Impinger catch was 
reduced by particulate being collected by column adsorbent. 

9 XAD-2 adsorbent column located between third and fourth impingers. No loss in 
impinger catch was observed. 

i 

Clayton Environmental Consultants, Inc. 



from 7.75 to 19.9 pounds/hour, averaging 12.3 pounds/hour, while 

the total particulate emission rates ranged from 17.1 to 22.0 

pounds/hour, averaging 20,l pounds/hour. Corresponding results 

are presented in metric units in Table VII. Isokineticy averaged 

97 percent for all tests. 

Outlet --- 

At the outlet (Table V), stack gas conditions were again 

constant; flowrates averaged 187,000 DSCFM with a variance of 

+ 6,000 DSCFM, while temperatures averaged 70.O"F. Measured - 

filterable particulate concentrations averaged 0.0014 grains/ 

DSCF with a range of 0.0005 to 0.0033 grains/DSCF, while total 

particulate concentrations averaged 0.0022 grains/DSCF with 

a range of 0.0013 to 0.0043 grains/DSCF. The filterable 

particulate emission rate at the outlet averaged 2.22 pounds/hour, 

while total particulate emission rates averaged 3.54 pounds/hour. 

Removal efficiencies, based on the particulate inlet and outlet 

emission rates for the WESP are tabulated in Tables VI and VII. 

For filterable particulate,measured removal efficiency averaged 81.0 

percent for the four tests and ranged from 54.9 to 92.0 percent. 

Removal efficiency for total particulate averaged 82.3 percent, 

ranging from 66.2 to 90.5 percent. The observed emission factor 

for total particulate at the outlet was 0.083 lb/ton coal charged. 

Benzene Soluble Organics 

The results of the benzene soluble organic analyses are 

presented in Table VIII. Front half fractions consist of the 

benzene rinse of the probe and filter conducted in the field 

and the benzene extraction of the acetone rinsings and the 

filter. Total benzene soluble organics include, in addition to 

the front half fractions, the benzene extractions of the water, 

-12- 
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TABLE VIII 

SUMMARY OF BENZENE SOLUBLE ORGANIC FRACTIONS 

Wisconsin Steel Division 
International Harvester 

Chicago, Illinois 
May 10-14, 1977 

Front half fractions (gms) Back half fractions (gms) 

Probe and filter Method 5 impingers 
xAD-22 

Benzene Benzene Benzene Benzene extract- Benzene adsorbent 
extract- field Total extract- chlor/ether field Total column benzene 

robe/filter rinse BSO water' and acetone rinse BSO extraction 

Total 
benzene 
soluble 
organic 

IMSS 

Inlet 0.0003 0.0678 0.0081 0.0009 0.0020 0.0204 0.0233 
Outlet 0.0247 0.0234 0.0481 0.0011 0.0085 0.0194 0.0290 

Inlet 0.0950 0.0050 0.1000 0 0.0749 0.0612 0.1361 
Outlet 0.0574 0.0047 0.0621 0 0.0066 0.0287 0.0353 

0.0045 
0.0045 

3 
3 

0.0359 
0.0?56 

0.23613 
o.09743 

Inlet 0.0675 0.0007 0.0682 0 0.0792 0.0503 0.1295 
Outlet 0.0115 0.0001 0.0116 0 0.0078 0.0830 0.0908 

3 
3 0. 19773 

0.10243 

Inlet 0.1130 0.0017 0.1147 0 0.0033 0.0493 0.0526 0.0113 0.1786 
Outlet 0.0120 0.0002 0.0122 0 0 0.0186 0.0186 0.0029 0.0337 

Inlet 0.0862 0.0007 0.0869 0 0.0833 0.0246 0.1079 0.0064 0.2012 
Outlet 0.0028 0.0007 0.0035 0 0.0018 0.0374 0.0392 0.0044 0.0471 

1 Water sample was evaporated to a residue at 105'C before extraction. 
2 XAD-2 cclumn analysis conducted by Battelle Laboratories, Dayton, Ohio. 
3 Test runs were conducted without XAD-2 colums. 

BSO fractions corrected for blank values presented below: 

Method 5 residues extracting mg/ml 
Filtercmg) Acetone Water Chlorlether Benzene 

Benzene field rinse mg/ml 
Benzene 

Pre/rinse 1.0 0.0047 0.0016 0.0060 0 Run 1 1.0 0 
0.0047 0.0016 0.0060 0 Run 2 1.0 0 0.0017 

0.0070 0.0140 0 Run 3 1.0 0.0130 0.0038 
0.0067 0.0230 0 Run 4 1.0 0.0064 0.0008 
0.0033 0.0110 0 0.0064 

Clayton Environmental Consultants, Inc. 



chloroform/ether and acetone,and the benzene rinse conducted in 

the field. Tests 3 and 4 also included the benzene extraction 

of the XAD-2 adsorbent column analyzed by Battelle. Results 

are reported in grams. 

Inlet 

Front half benzene soluble organics at the inlet ranged 

from 0.0682 to 0.1147 grams. The front half pre-rinse totaled 

0.0081 grams. Total BSO mass at -the inlet for Tests 1 and 2 

was 0.2361 and 0.1977 grams respectively. Tests 3 and 4 which 

incorporated the XAD-2 column resulted in 0.1786 and 0.2012 grams 

respectively. The pre-rinse at the inlet collected 0.0359 grams 

of benzene soluble organic matter. 

Outlet 

Total Benzene soluble organic mass for the front half 

fractions at the outlet ranged from 0.0035 to 0.0621 grams at 

Tests 4 and 1, respectively. The front half pre-rinse totaled 

0.0481 grams. Benzene soluble organic mass for all fractions 

at the outlet for Tests 1 and 2 totaled 0.0974 and 0.1024 grams, 

respectively, while Tests 3 and 4 with the XAD-2 column totaled 

0.0337 and 0.0471 grams, respectively. The pre-rinse totaled 

0.0756 grams of benzene soluble organic matter. 

Integrated Gas Samples 

Integrated samples of inlet and outlet exhaust gas were 

taken simultaneously with one of the four tests conducted at 

each location. The inlet test was conducted during Particulate 

Test 2, while the outlet test was conducted during Particulate 

Test 1. The results of the resultant Orsat analyses are summarized 

- 14 - 
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in Appendix B, Section II, and demonstrate identical gas 

composition for both tests at the inlet and outlet (essentially 

ambient air). 

Analysis of Water Samples 

A summary of the solids content of the WESP water samples 

that were taken at the water inlet, outlet and blowdown drains 

(locations C, D, E - Figure 1) during each particulate test, is 

presented in Table IX. During Tests 1, 2, and 4, all water 

samples were taken during the non-push cycle only, while during 

Test 3 the samples were acquired during both push and non-push 

cycles. Averages and ranges cover only the samples collected 

during non-push cycles. At the inlet water sample location, 

total dissolved solids averaged 274 milligrams per liter (mg/l) 

with a range of 240 to 307 mg/l. At the outlet sample location, 

total dissolved solids averaged 348 mg/l ranging from 321 to 402 

mg/l, ; while total solids averaged 388 mg/l ranging from 357 to 

428 mg/l. Total dissolved solids in the blowdown water averaged 

330 mg/l with a range of 312 to 370 mg/l, while total solids 

averaged 362 mg/l over a range of 338 to 400 mg/l. Three samples 

were collected during the push cycle during Test 3. The results 

from the inlet samples were 317 and 332 mg/l for total dissolved 

solids and total solids, respectively. Samples taken from the 

outlet rusulted in 324 and 352 mg/l for total dissolved solids and 

total solids, respectively. Blowdown water sampled showed 344 and 

366 mg/l for total dissolved solids and total solids, respectively. 
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TABLE IX 

SOLIDS CONTENT OF PRECIPITATOR WATER SAMPLES 
BY-PRODUCT COKE-OVEN BATTERY NO. 4 

EMISSION TEST - WET ELECTROSTATIC PRECIPITATOR 

Wisconsin Steel Division 
International Harvester 

Chicago, Illinois 
May 10-13, 1977 

Sample Location 

1977 Particulate Inlet Outlet Blowdown 
Date Test 

No. Tptal Total Total 
Dissolved Dissolved Total Total 

Dissolved 
Total 

Solids 
Solids 

Solids 
Solids 

(w/l) b&l) 
Solids 

Solids 

(m/l) (mg/l) (w/l) 
(w/l> 

5/10 1 307 321 331 361 370 400 

5/11 2 258 272 321 408 313 339 

5/12 3 240 251 402 428 312 338 

5/12 (Push3ing) 317 332 324 352 344 366 

5/13, 
5/14 4 291 302 338 357 327 372 

Average a 274 286 348 388 330 362 

a The water samples were taken during non-pushing cycles. Average 
does not include the three pushing samples taken on 5/12. 

Clayton Environmental Consultants, Inc. 
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Visible Emissions 

Visible emissions emanating from the wet electrostatic 

precipitator stack were observed during Tests 1, 2, and 3 

by a certified visible emissions observer provided by Clayton 

Environmental Consultants, Inc. Opacities were estimated 

during the tests and for time intervals before and/or after 

each as appropriate (see Tables I-IV), in accordance with EPA 

Method 9. The observer recorded an opacity reading every 15 

seconds during the observation period from two different locations 

relative to the plume. These readings are condensed and summarized 

in Figures 2-a through c. A series of six-minute averages are shown 

for each observation period. No opacity readings were taken during 

Test 4, since the test was conducted during the hours of darkness? 

Plume opacities recorded during all tests observed,averaged 

below one percent for all six-minute average periods. The highest 

single readings were several excursions up to 20 percent opacity 

recorded during the pushing cycle of Test 3. Non-zero averages 

generally ranged from 0.7 to 2.2 percent with one excursion to 11.3 

percent during this pushing cycle. Several "N'ls were recorded, denoting 

a visible emission of less than five percent opacity, during the early 

part of Test 1. This, however, is not related to the pushing cycle 

as pushing did not begin until 1542 hours, during which there was one 

"N" recorded resulting in an average of 0.1 percent. During the earlier 

period the average remained less than one percent. The remaining 

average opacity readings were zero throughout the duration of all 

tests. Sky conditions varied from clear to partly cloudy and 

wind velocity averaged five to ten miles per hour. 

-17- 
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FIGURE Z-b 
VISIBLE EMISSIONS SUMMARY 

Wisconsin Steel Division 
International Harvester 

Chicago, Illinois 
Nay 10-13, 1977 
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FIGURE 2-c 
VISIBLE EMISSIONS SUMMARY 

Wisconsin Steel Division 
International Harvester 

Chicago, Illinois 
May 10-13, 1977 
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III. PROCESS:DESCRIPTION AND OPERATION 

To be supplied by EPA. 
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IV. LOCATION OF SAMPLING POINTS 

, -a  

^ . ”  

,m.w 

- . .  

The following explains the particulate sampling locations 

and traverse points at the WESP inlet duct and outlet stack 

and the three sampling locations for acquiring water samples. 

Figure 3 depicts a schematic representation of the inlet 

ductwork, while Figure 4 shows a cross-sectional diagram of 

the six inlet sampling ports showing the sampling traverse 

points.The inlet sampling ports were located 2.5 equivalent diameters 

downstream of a 30 degree bend and 1.8 equivalent diame_ters upstream 

of a divergence split of the ductwork. Each of the inlet ports 

was accessed for sampling at the midpoints of eight equal 

rectangular areas, so that a total of 48 sampling points were 

incorporated in each test of the inlet duct. Each of these 

points was sampled for ten minutes, resulting in a total 

sampling time of 480 minutes per test. 

Figure 5 depicts a schematic view of the sampling 

location of the WESP outlet stack showing the two ports 

and the sampling points used in the traverse. The two 

sampling ports were located on the South and West sides of 

the stack and were separated by a go-degree angle. The 

port location allowed for 5.5 duct diameters downstream of the 

air flow entry point and 2.0 duct diameters upstream of 

the final atmospheric discharge point. Six equal annular 

areas were sampled at each outlet port for a total of 24 

sampling points. Each of the points was sampled for 20 minutes 

(ten minutes on entering line traverse and ten minutes on 

egressing line traverse), resulting in a total sampling time 

- 22 - 
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FIGURE 4 

WET ELECTROSTATIC PRECIPITATOR INLET SAMPLING POINTS 

Wiscon'sin Steel Division 
International Harvester 

Chicago, Illinois 
May 10-14, 1977 
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Clayton Environmenta 1 Consultants, Inc. 
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Sampling 
Point 

Dimension (inches) 

1 2.0 
2 6.4 
3 11.3 
4 17.0 
5 24.0 
6 34.1 
7 61.9 
8 72.0 
9 79.0 

10 84.7 
11 89.6 
12 94.0 
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FIGURE 5 
WET ELECTROSTATIC PRECIPITATOR OUTLET STACK AND SAMPLING POINTS 

Wisconsin Steel Division 
International Harvester 

Chicago, Illinois 
May 10-14, 1977 

_ 25 Clayton Environmental Consultants, Inc. 



of 480 minutes. 

Figure 6 depicts the three precipitator water sampling 

points; inlet, drain, and blowdown. Figure 7 shows the two 

locations from which plume opacity was observed and recorded 

during Tests 1, 2, and 3. 
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FIGURE 6 

WATER SAMPLING POINTS-WESP 
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Wisconsin Steel Division 
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Chicago, Illinois 
May 10-14, 1977 
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V. SAMPLING AND ANALYTICAL 

Exahust gas sampling was conducted 

of the WESP according to the guidelines 

PROCEDURES 

at the inlet and outlet 

outlined in the UcS. 

Environmental Protection Agency Standards of Performance for - - -- - 

New Stationary Sources, (Federal Register, 40CFR60, December 23, 

1971, as amended through September 24, 1976), with modifications 

as indicated in detail in Appendix E, 

Exhaust gas velocity measurements were made using an S-type 

Pitot tube and inclined manometer calibrated in the Clayton 

Environmental Consultants' laboratory prior to and following 

field use. Velocity pressures were read in inches of water on 

the inclined manometer for each point in the traverse. Exhaust 

gas temperatures were measured at each traverse point using a 

calibrated potentiometer and an iron-constantan (I/C) thermo- 

couple probe attached to the Pitot tube. Exhaust gas flowrates 

and isokinetic sampling rates were calculated from each velocity 

traverse. These methods are in accordance with,.and further 

delineated in, Environmental Protection Agency Method 2 (see 

above) for determining stack gas velocity and volumetric flowrate. 

The stack gas moisture content was determined using the volumetric 

condensate procedure. 

Schematic diagrams of the sampling trains used during 

testing at the inlet and outlet of the WESP are presented in 

Appendix E. The inlet train was modified from the EPA-Method 5 

train as it utilized a separate filter box connected directly 

to the probe and connected to the first impinger by a flexible 

-39- _ _. _- .~ _. __-_., ..I.^_ _“.._.. 



Teflon coupling. Both inlet and outlet trains also included an 

extra impinger containing 400 grams of silica gel. During Tests 

3 and 4, both trains were modified to include XAD-2 columns 

between the filter holder and first impinger, and between the 

third and fourth impingers, respectively. Extra temperature 

monitoring and control was maintained at the filter holder exits 

and the XAD-2 column exits. All XAD-2 columns were delivered to 

Battelle for analysis. 

Recovery and cleanup procedures were in accordance with Method 

5 with the addition of a benzene rinse following the acetone 

--a rinse of all train components. Efforts were made to remove 

residual stopcock grease from all train components during cleanup. 
II 

Simultaneously with Particulate Tests 1 and 2, an integrated 

exhaust gas sample was drawn by a pump through a probe, tubing, ,"". 
1 and condenser to a three-cubic-foot Tedlar bag. Exhaust gas 

.m gradually filled the bag at controlled flowrates during each test. 

Clayton Environmental Consultants conducted Orsat analyses of 
^k. 

two samples, and because they generally showed the absence of 

products of combustion, the decision was made to not take integrated ..s 

exhaust gas samples during Tests 3 and 4. 

..=,w Analytical Procedures -- 

Laboratory analyses were conducted in accordance with EPA 

Method 5 and are further delineated in Appendix E. Chloroform/ 

ether extractions were performed on the impinger water. In 

addition, the acetone rinsings of probe and impingers, filter and 

the impinger water were extracted with benzene to determine benzene 

soluble organic matter. 
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Visible emission observations were taken and recorded 

during Tests 1, 2 and 3 by a certified visible emissions 

observer provided by Clayton Environmental Consultants, Inc. 

according to Method 9. Readings were recorded every 15 seconds 

during the observation period; Readings were made on a percent 

opacity basis in increments of five. For readings which were 

less than five and greater than zero the Clayton observer used 

the designation "N" as instructed by the EPA coordinator. 

The readings were condensed into six minute sums whereupon 

the "N's" resulted in a range. Averages were calculated on the 

midpoint of the range, 

Two samples of inlet, outlet, and blowdown water were taken 

per particulate test. One was analyzed according to the guidelines 

outlined in the U:S. Environmental Protection Agency's Methods 

for Chemical Analysis of Water and Waste as amended through 1974 - - -.- 

(STORET NO. 00530) for total and dissolved solids; the other was 

analyzed by Battelle for polycyclic organic material. 

Particulate test results and example calculations are 

presented in Appendix A. Appendix B contains all the field data 

sheets as well as the sampling summary data. Visible emission 

summary sheets and associated field data sheets are presented in 

Appendix C. Sampling logs for the particulate tests, integrated 

bag sample data, visible emissions, and water samples are in 

Appendix D as well as the coke charging and pushing times. 

Appendix E presents a detailed summary of the sampling and 

analytical procedures. Appendix F contains the laboratory data 

including the summary of weight fractions, sample identification log, 
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pre-wash data summary, ph analysis of water samples and the benzene 

soluble organic data. The analytical data sheets as received 

from Battelle Columbus laboratories are available in Appendix G. 

Calibration data and the project participants are presented in 

appendices H and I, respectively. 
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