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SECTION 1 

INTRODUCTION 

In accordance with the Environmental Protection Agency's program for 
developing New Source Performance Standards, personnel from the TRW Environmental 
Engineering Division performed emission testing on the outlets of two coke oven 
baghouses at Kaiser Steel Corporation's Fontana works. The testing was done 
between April 14 and April 17, 1980. 

.A” The testing program was designed to provide additional information on the 
use of baghouses for controlling particulate emissions from coke oven battery 
stacks. 

C 

The emission testing was done at the outlets of the baghouses serving 
coke oven batteries C and E. The testing at Battery C consisted of three 
Method 5 particulate runs. The testing at Battery E consisted of three Method 
5 particulate runs and three Method 17 in-stack filter particulate tests. The 
Method 5 and Method 17 tests were done simultaneously to provide comparison 
data on these two test methods. Each test consisted of a two hour sample and 
a composite gas sample for inorganic analysis. 

This report presents the results of the sampling and analysis program. 
The following sections of the report will present a summary and discussion of 
the results, a process description, the description of the sampling location, 
and sampling and analytical procedures. The appendices contain field and lab- 
oratory data sheets , calibration data, and example calculations. 
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SECTION 2 

SUMMARY AND DISCUSSION OF RESULTS 
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The Method 5 samples taken at Baghouse C and Baghouse E were analyzed for 
front half (filterable) and back half (condensable) particulates, and front 
half (aerosol) and back.half (vapor phase) sulfates. Since the sampling 
methodology used does not separate sulfuric acid and sulfate salts, the results 
are expressed as S04. Tables 1 and 2 summarize the Method 5 tests at Baghouse 
C and Baghouse E, respectively. 

Method 17 samples were taken simultaneously with the Method 5 test at 
Baghouse E. SinceMethod17, the in-stack filtration method, specifies 
recovery of only the front half of the sampling train, data is given only for 
front half particulates and front half sulfates. The data from these tests 
are summarized in Table 3. 

The results of all of the tests show a large proportion of the particulate 
catch to be sulfate. The percentage of the total particulate catch attributable 
to sulfate ranged from 33% to 67%. The proportion of sulfate to total particulate 
was higher at Baghouse E than atBaghouseC (58% at Baghouse E as opposed to 43% . 
at Baghouse C). 

A comparison of the filterable particulate catches for the simultaneous 
Method 5 and Method 17 tests at Baghouse E shows a much lower grain loading 
for the Method 17 tests, The average front half grain loading for the first 
two Method 5 tests was 0.052 gr/SCF, while the corresponding Method 17 tests 
had an-average grain loading of only 0.01 gr/SCF. The Method 17 tests also 
had a much lower total sulfate grain loading: 0.006 gr/SCF average for the 
first two tests, (front i/2 as apposed to 0.030 gr/SCF for the corresponding 
Method 5 tests. (front l/2) 

The difference in sulfate and particulate catch is probably due to the 
difference in filter temperature of the two methods. The Method 17 filter 
was in the stack at 400oF, while the Method 5 probe and filter were maintained 
at 2500F. The method 17 filter was above the acid dewpoint, while the Method 
5 probe and filter cooled the gas and allowed condensation to occur. 

The particulate filter for the third Method 5 test at Baghouse E was 
found to have been contaminated in shipment to the laboratory, consequently 
front half data is not available for that test. The back half particulate 
and sulfate data for the test is presented in Table 2. 

During each test visible emissions observations were made of both baghouse 
stacks. These data are summarized in Tables 4 and 5 for Baghouse C and Baghouse 
E, respectively. Observations were done at 15 second intervals in six minute 
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During each test visible emissions observations were made of both baghouse 
stacks. These data are summarized in Tables 4 and 5 for Baghouse C and Baghouse 
E, respectively. Observations'were done at 15 second intervals in six minute 
sets in accordance with EPA Method 9. Visible emissions from the two baghouses 
were intermittent and rarely exceeded 5% opacity. 













SECTION 3 

PROCESS DESCRIPTION 

Kaiser Steel Corporation operates seven furnace coke ibatteries at its 
steel plant in Fontana, California. This is the only U.S. steel plant which 
uses fabric filters to control particulate emissions from coke oven battery 
stacks. Currently, four filters are in operation serving batteries B, C, 
0, and E. The filters on batteries F and G are nearing completion. The filter 
on battery A is presently under construction while the battery is down for 
rehabilitation. 

During the period of April 15-17, 1980, emissions tests were conducted 
on the outlets of the filter serving battery C and battery E. The filters 
for batteries B and D were not selected for testing, because battery D was 
fired with blast furnace gas and the filter serving batter B was not operating 
properly. TUMV filter was cleaning nearly continuously. In addition, Kaiser 
personnel said that it was believed that the bags were partially blinded and 
they plan to replace all bags in the B filter in the near future. They also 
will install a new reverse air fan and modify the reverse air ducting system. 

The purpose of the tests was to quantify the particulate emissions from 
the fabric filters. Particulate (EPA method 5) and opacity (EPA method 9) 
were measured for both battery C and E. In addition, simultaneous test were 
conducted at the outlet of E filter using method 17 (in-stack filter). 

Salient facts on the design and operation of batteries C and E are sum- 
marized in Tables 3-l and 3-2. As indicated, both C and E batteries are Koppers- 
Becker underjet ovens built in 1949 and 1952 respectively. Brickwork in battery 
C has not been rebuilt since 1949, although the battery did have some mechanical 
repairs in 1974. A hot end-flue rehabilitation was performed on battery E in 
1978. Both batteries are equipped with double collecting mains and each con- 
sists of 45 ovens measuring 13 ft in height. Each is charged with 13.5-14.0 tons 
of coal. However, during the test period both of the batteries had 8 ovens out 
of service (37 ovens were in service). Coking time on battery C was 17 hours, 
and on battery E was 16 hours. Kaiser personnel said that the end-flues on 
each oven are spray-patched an average of once every 3 months. 

Both of these underjet batteries were fired with coke oven gas (COG) 
during the entire test period. Charging of the ovens is performed by a larry 
car using stage charging techniques. Fueld gas flow to C battery was not 
measureable during the tests , although the operators said they were at a max- 
imum fuel rate. The fuel flow instrument for E battery was operating, and 
varied from 130,000 to 150,000 scfm. However, the proper chart paper was not 
available for this instrument so none of these charts are included in Appendix 0, 
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although the instrument readings were recorded on an hourly basis during the 
tests and are included in the data in Appendix D. 

The fabric filter units used to collect particulate emissions from the 
underfiring exhaust gases were started up in February 1979 (battery C) and 
December 1978 (battery E). Both are closed-suction design with reverse air 
cleaning. Battery C filter consists of five compartments containing 900 bags 
with a total filtering area of 42,770 ft2. Battery E filter consists of si 
compartments containing 1,080 bags with a total filtering area of 51,324 ft. 5 . 
Both are equipped with graphite-silicone treated glass fiber bags. No pre- 
coating of the bags is used. 

The fabric filter serving battery C was designed-to handle 88,000 acfm 
at a net air-to-cloth ration of 2.76:1 with one compartment isolated for clean- 
ing. Design operating temperature was 4500F and the actual temperature during 
test tests was 3320F. Exhaust gases from this filter are pulled through a 
450 Hp induced draft fan and are then discharged to the atmosphere through 
a 225 ft stack. Each compartment is cleaned automatically whenever the total 
pressure drop reaches a preset level of 7.3 inches of water. 

The fabric filter serving battery E was designed to handle 118,000 acfm 
at a net air-to-cloth ration of 2.76:1 with one compartment isolated for clean- 
ing. Design operating temperature was 4500F and the actual temperature during 
these tests was 394OF. Exhaust gases from this filter are pulled through a 
450 Hp induced draft fan and are then discharged to the atmosphere through a 
225 ft stack. Each compartment is cleaned automatically whenever the total 
pressure drop reaches a preset level of 7.5 inches of water. 

Dust collected by each filter is landfilled and Kaiser personnel said 
they are experimenting with methods to stabilize all such dust that goes to 
the landfill. 

After each of the daily emission test periods, supplemental tests were 
performed to determine the approximate quantity of dust collected by the 
battery E filter. This procedure consisted of manually activating the clean- 
ing cycle. One hour later, the cleaning cycle was again activated and the 
dust discharged from the filter hopper screw conveyor system was collected 
and weighed. Three such tests were conducted, one one each of the three 
test days, and showed that the quantity of dust was 33, 35, and 25 lbs. 
Assuming that these quantities are representative of the amount of dust captured 
by the filter during the l-hour peirod between cleaning cycles, the dust 
collection rates were 33, 35, and 25 lb/hour. Similar tests could not be 
performed on battery C because the filters serving batteries B and C share a 
common discharge system for the collected dust. 

During the periods when the emission tests were conducted on the outlets 
of C and E filters, both the battery and filter operations were monitored. This 
process operating data and observations are presented in Appendix 0. All tests 
were conducted when the battery and filter were operating within normal limits. 
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SECTION 4 

LOCATION OF SAMPLING POINTS 

A) Outlet from Baghouse C - The discharge from Baghouse C passes through a 
61.5 inch round duct to an induced draft fan and to the stack. The 
discharge was sampled at a point 10 feet (2 diameters) upstream from the 
induced draft fan, and 8 feet (1.6 diameters) downstream from a 450 bend. 
The samples were taken at 48 traverse points. Figure 1 is a diagram of 
the sampling location. 

B) Outlet from Baghouse E - The discharge from Baghouse E passes through a 
rectangular duct with inside dimensions of 8 feet by 2 l/2 feet, The 
duct goes to an induced draft fan and then to the stack. The sampling 
location was located 15 feet (4.7 diameters) downstream from a 900 bend 
and 10 feet (3 diameters) upstream from the induced draft fan. Samples 
were taken at 24 traverse points. Figure 2 is a diagram of this sampling 
location. 
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SECTION 5 

SAMPLING AND ANALYTICAL PROCEDURE 

A) METHOD 5 

EPA Method 5 sampling was done in accordance with the method as revised 
on August 18, 1977 (Federal Register, Vol. 42, No. 760). Figure 3 is a dia- 
gram of the sampling train. At the Baghouse C sampling location a vertical 
steel girder restricted the clearance so that some of the traverse points 
could not be reached with the ten foot probe. In order to provide more clear- 
ance, the impinger box was removed from the filter oven and connected to it 
by a flexible teflon line. Figure 4 is a diagram of this sampling train con- 
figuration. 

Before each test a velocity traverse was done to determine the average 
velocity and temperature in the duct. The calibrated nozzle size selection 
was made based on the preliminary velocity traverse and an estimate of the stack 
gas moisture content. The sampling rate was adjusted to isokinetic conditions 
using a calculator programmed with the operating nomograph equation. The parti- 
culate samples were taken at traverse points at the centers of equal areas with- 
in the duct. 

After assembling the sampling train at the location it was leak checked, 
and sampling was not begun until a leak rate of less than 0.02 cfm at 15 inches 
of mercury vacuum had been achieved. At each sampling port change the sampling 
train was inspected for cracked or broken glassware and to assure that the 
filter remained intact. Leak checks were done at the end of each test at the 
maximum vacuum encountered during the test. 

Sample Recovery 

Upon completion of the test the probe was removed from the sampling train, 
the nozzle wiped off to prevent possible contamination of the sample, and the 
probe and nozzle were rinsed with acetone. A nylong brush with a polypropylene 
handle was used to remove particulates from the probe. The probe rinse was 
placed in a glass container with a teflon lid liner. The filter holder and 
impingers were sealed and moved to the mobile laboratory for sample recovery. 

The collected particulates were placed in three containers. The glass 
fiber filter was removed from the filter holder and placed in a polyethylene 
sample jar. The acetone probe rinse was placed in a glass sample bottle with 
a teflon lide liner. The impinger solutions were measured and placed in a 
glass container along with the 'back half ri-nse. 
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Particulate Analysis 

The front half acetone rinse was placed in a tared-beaker and evaporated 
to dryness. The impinger solution and back half rinse was placed in a tared 
beaker and evaporated on a steam bath. The beakers with residue and glass 
fiber filter were then placed in a desiccator until they reach a constant 
weight. The beakers and filter were weighed to within 0.1 milligrams to deter- 
mine the amount of particulate collected. 

Sulfate Analysis 

After the particulate analysis was completed 100 milliliters of distilled 
water was added to each beaker. The particulate filter was then added to the 
probe rinse beaker and macerated to dissolve all collected sulfate. The redis- 
solved residue was then filtered through a Whatman 541 cellulose fiber filter 
to remove turbidity. The solutions were then titrated with standardized 
barium perchlorate solution against thorin indicator to determine the amount of 
sulfate present in the front and back half particulate catches. 

B. METHOD 17 

EPA Method 17 entails isokinetic collection of particulates on a glass 
fiber filter located inside the duct being sampled. The calibrated nozzle and 
and filter holder are located at the end of the probe and sampling is done at 
traverse points within the duct as in EPA Method 5. Figure 5 is a diagram of 
the Method 17 sampling train. 

Preparations for sampling were the same as those for Method 5. The same 
size calibrated nozzle was used for both the Method 17 and Method 5 trains 
which were operated simultaneously. This made it possible to use the same 
nomograph calculations for both trains and assured that the sample volume 
would be approximately the same. Leak tests were done before and after the 
test as with the Method 5 tests. 

Sample Recovery 

Upon completion of the test and final leak check, the probe was removed 
from the train and the nozzle sealed. The filter holder and nozzle were re- 
moved from the probe and taken to the mobile laboratory for recovery. The 
filter was removed from the filter holder and placed in a sample container. 
The nozzle and front half of the filter holder were rinsed with acetone and 
brushed to remove particulates. The front half rinse was placed in a glass 
container with a teflon lide liner. The impinger solutions were measured to 
determine moisture collected and discarded. The silica gel was weighed to 
determine moisture gain. 

Particulate Analysis 

The front half rinse was placed in a tared ,beaker and evaporated. The 
beaker and the filter were then placed in a desiccator and dried to a con- 
stant weight. They were then weighed to within 0.1 milligrams to determine the 
amount of particulate collected. 
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Sulfate Analysis 

After completion of the particulate analysis 100 milliliters of distilled 
water was added to the beaker. The filter was placed into the beaker and 
macerated. The redissolved solution was filtered through a Whatman 541 filter 
to remove turbidity. An aliquot of the filtrate was then titrated with stand- 
ardized barium perchlorate against thorin indicator to determine the amount of 
sulf 
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ate present, 

INORGANIC GAS ANALYSIS 

A sample of the stack gas was taken in a tedlar bag at each sampling lo- 
on during each test. These bag samples were analyzed for carbon monoxide,. 

carbon dioxide, oxygen, and nitrogen concentrations with a Carle Basic gas 
chromatograph with a thermal conductivity detector. One of the advantages of 
this detector over the orsat analyzer is that it gives the nitrogen concentra- 
tion directly rather than by difference. 

. 
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