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1.0 INTRODUCTION 

The U.S. Environmental Protection Agency (EPA) 

retained Clayton Environmental Consultants, Inc. to 

determine various gaseous and particulate emissions 

on the C-battery at Granite City Steel, Division of 

National Steel, in Granite City, Illinois. Sampling 

was conducted at the inlet and outlet of a United- 

McGill dry electrostatic precipitator (ESP) which 

cleans the C-battery underfire flue waste gas. The 

results of this study will be used in research and 

development efforts for supporting New Source 

Performance Standards for coke oven battery stacks in 

the iron and steel industry. This study was commis- 

sioned as EMB Project No. 79-CKO-18, Contract No. 

68-02-2817, Work Assignment 17. 

The 

(1) 

(2) 

(3) 

(4) 

testing program included the following: 

triplicate samples from the ESP inlet and 

outlet for particulate and sulfate analyses; 

integrated bag samples from the inlet for 

benzene and Orsat analyses; 

continuous carbon monoxide monitoring at 

the inlet during the particulate runs (by 

EPA-Method 10, NDIR analyzer); and, 

visible emission recordings for the duration 

of each particulate sample run, read at the 

battery stack exhaust. 



Auxiliary data included exhaust gas temperatures 

and flowrates as determined from the traverses, 

Figure 1.1 presents a plan view of the process/ 

control system layout as tested. A list of the proj- 

ect participants is included as Appendix A. 
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2.0 SUMMARY AND DISCUSSION OF RESULTS 

Particulate weights, by fraction, are presented 

in Table 2.1. Comparing the weight gain of the same 

fraction for the different runs can be misleading since 

stack flowrates, sampled gas volumes and possible 

differences in process operations should also be 

considered when comparing different runs. 

Tables 2.2 and 2.3 present the filterable and 

total concentrations and emission rates for particulate 

and sulfate, respectively. Total particulate concentra- 

tions were determined by weighing the impinger contents 

and water and acetone rinses after evaporation, and 

did not include an ether/chloroform extraction. 

Concentrations are expressed as grains per dry 

standard cubic foot (gr/dscf) and milligrams per dry 

standard cubic meter (mg/dscm). Emission rates are ex- 

pressed as pounds per hour (lb/hr) and kilograms per hour 

(kg/hr). Stack gas flowrates in dry standard cubic feet 

per minute (dscfm) and temperature (F) are also presented. 

Table 2.4 presents sulfate as a percent of particulate 

based on the filterable and total emission rates. No 

averaged data for Run 3 at the inlet were included in 

the discussion because an undetermined amount of the 

front acetone wash was spilled when the sample bottle 

was accidentally broken in the field. 
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PARTICULATE RESULTS 

Inlet 

Filterable particulate concentrations at the 

inlet (Table 2.2) were 0.403 and 0.162 gr/dscf 

(923 and 371 mg/dscm), respectively and averaged 

0.283 gr/dscf (647 mg/dscm). Total particulate 

concentrations were 0.479 and 0.173 gr/dscf (1100 

and 398 mg/dscm, respectively) and averaged 0.326 

gr/dscf (749 mg/dscm). 

Filterable particulate emission rates were 141 

and 55.2 lb/hr (63.8 and 25.1 kg/hr), respectively, 

and averaged 98.1 lb/hr (44.5 kg/hr). Total particu- 

late emission rates were 167 and 59.1 lb/hr (75.9 and 

26.8 kg/hr), respectively, averaging 113 lb/hr (51.4 

kg/hr). 

Outlet 

Concentrations of filterable particulate at the 

outlet (Table 2.2) ranged from 0.105 to 0.370 gr/dscf 

(240 to 847 mg/dscm) and averaged 0.213 gr/dscf (487 

mg/dscm). Concentrations of total particulate ranged 

from 0.107 to 0.601 gr/dscf (246 to 1370 mg/dscm) 

and averaged 0.292 gr/dscf (668 mg/dscm). 

Emission rates for filterable particulate ranged 

from 42.0 to 155 lb/hr (19.1 to 70.4 kg/hr) and aver- 

aged 88.8 lb/hr (40.3 kg/hr). Total particulate emis- 
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sion rates ranged from 43.1 to 252 lb/hr (19.6 to 

114 kg/hr) and averaged 122 lb/hr (55.4 kg/hr). 

SULFATE RESULTS 

Inlet 

Filterable concentrations of sulfate at the inlet 

(Table 2.3) were 0.015 and 0.055 gr/dscf (35.2 

and 126 mg/dscm, respectively) and averaged 0.035 

gr/dscf (80.6 mg/dscm). Total sulfate concentrations 

were 0.045 and 0.062 (102 and 141 mg/dscm),respectively, 

averaging 0.054 gr/dscf (122 mg/dscm). 

Filterable sulfate emission rates were 5.36 and 

18.7 lb/hr (2.43 and 8.50 kg/hr, respectively) and 

averaged 12.0 lb/hr (5.47 kg/hr). Total sulfate 

emission rates were 15.6 and 21.0 lb/hr (7.07 and 9.54 

kg/hr),respectively, and averaged 18.3 lb/hr (8.31 

kg/hr). 

Sulfates as a percent (by emission rate) of.filter- 

able particulate (Table 2.4)were 3.8 and 33.9 percent 

and averaged 18.9 percent. Sulfates as a percent 

of total particulate were 9.3 and 35.5 percent and 

averaged 22.4 percent. 

Aliquots of inlet Sample Nos. 1 and 2 liquid 

fractions were analyzed for sulfate, whereas Sample No. 

3 at the inlet and all outlet samples were analyzed 

from dried residue remaining following the particulate 

determination. The percentage sulfate retained was 
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much lower for Sample No. 1 (inlet and outlet) than 

Sample Nos. 2 and 3. despite the different analytical 

methods used for the determinations at each location. 

Therefore, the reason for this difference may lie in 

the process itself. 

Outlet 

Filterable concentrations of sulfate at 

the outlet (Table 2.3) ranged from 0.010 to 0.061 

gr/dscf (22.4 to 141 mg/dscm) and averaged 0.033 

gr/dscf (74.8 mg/dscm). Total sulfate concentrations 

ranged from 0.016 to 0.062 gr/dscf (36.5 to 143 mg/dscm) 

and averaged 0.035 gr/dscf (80.7 mg/dscm). 

Filterable sulfate emission rates ranged from 

4.10 to 26.1 lb/hr (1.86 to 11.8 kg/hr) and averaged 

13.6 lb/hr (6.17 kg/hr). Total sulfate emission rates 

ranged from 6.68 to 26.4 lb/hr (3.03 to 12.0 kg/hr) 

and averaged 14.7 lb/hr (6.67 kg/hr). 

Sulfates as a percent (by emission rate) of filter- 

able particulate at the outlet (Table 2.4) ranged from 

2.6 to 37.6 percent and averaged 21. .9 percent. Sulfates 

as a percent of total particulate ranged from 2.7 to 

36.7 percent and averaged 21.6 percent, 

REMOVAL EFFICIENCY 

The removal efficiencies for the filterable portion 

of both particulate and sulfate are presented in Table 

2.5. The filterable particulate efficiencies were 

-9.9 and -25.9 percent and averaged -17.9-percent, 
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while filterable sulfate efficiencies were 23.5 and 

-39.6 percent and averaged -8.1 percent. 

In view of the unusual efficiency results, several 

checks of all data were made including all calibrations, 

field procedures, sampling methods and calculations. 

It may be noted that the average percent isokinecity 

at the inlet and outlet were 100.0 and 101.2, respec- 

tively. Transfer procedures were all performed in a 

dust-free area. All sample log-in and analytical 

procedures were also reviewed, which indicated no 

inconsistancies. Calculations were reviewed by several 

persons, again indicating consistent results. Further- 

more, a TRW test group sampled the same locations 

simultaneously for benzene(a)pyrene (B(a)P). Results 

from the TRW runs corroborated with the Clayton results. 

It is highly unlikely that two source sampling firms 

working independently of each other would achieve similar 

results if sampling techniques were in error. 

In light of these quality assurance reviews, the 

test results appear to be valid. It is difficult to 

draw conclusions with respect to the performance of the 

ESP based on the data obtained, except that the ESP 

removal efficiency of battery stack particulate is poor. 

However, several observations are presented. 
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The project was initially plagued with repeated 

power failures, as evidenced by the disruptions in 

sampling time, making correlations between CO data, 
. 

opacities, and stack temperatures sometimes impossible 

for Run No. 1. These problems are noted in Appendix 

B-6. All oven activity that occurred during each test 

is also detailed in Appendix B-5. 

When correlating the process operating data 

with Figures 2.1, 2.2, and 2.3 on pages 16, 17, and 

18, respectively, which illustrates all reversal 

and charging activity times during each run, several 

observations can be made. 

The field data in Appendix B-l shows that when 

an inlet filter would become suddenly blinded (plugged 

or clogged), a charge had generally preceded this event 

by several minutes. This may indicate poor conditions 

of some oven walls in this battery. There were several 

distinct temperature drops noted at the outlet sampling 

points which were located closed to the stack wall (outer 

points are cooler than the inner points). The largest 

temperature drop generally appears on the last (bottom) 

point of the vertical port. At this point, the temperature 

is influenced by the cooler stack wall and also, the 

convection of the hot stack gases which tend to rise 

to the top of the horizontal duct. 
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The data reflect an average 21-percent increase 

in the outlet flowrate over the inlet flowrate (dscfm), 

which indicates possible air inleakage between the two 

sampling locations. This leak could be a possible source 

of particulate material being introduced into the ESP 

system downstream of the inlet sampling location. 

However, this leakage is not likely to contribute 

to higher grain loadings at the outlet since ambient 

particulate concentrations would have to be significantly 

higher than those found in the inlet gas. Another 

possible explanation for the higher outlet loadings 

is reentrainment of particulate within the ESP itself. 

VISIBLE EMISSION AND CARBON MONOXIDE RESULTS 

Visible emissions from the coke oven battery 

stack were recorded for the duration of each particu- 

late run, except Run 1, when visible emissions were 

abbreviated due to darkness. The observations were 

performed in accordance with EPA Method 9 by a 

qualified visible emission observer. A graphic 

summary of one minute average opacity readings is 

presented in Figures 2.1, 2.2, and 2.3 for the three 

test runs, respectively. Additional visible emission 

data is included in Appendix B-4. Carbon monoxide 

(CO) was monitored continuously during each of the 

particulate runs. Linear recordings were averaged 
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over one minute intervals and the results also 

presented graphically in Figures 2.1, 2.2, and 2.3. 

In addition to the above data, inlet and outlet stack 

temperatures and charge and reversal cycles are also 

presented on these graphs. Appendix E-2 presents l- 

minute averages of CO concentration. 

In each test the rise and fall in CO concentra- 

tions is generally preceded within a few minutes 

by a corresponding rise or fall in stack opacity. 

Since CO was monitored continuously and opacity was 

read every 15-seconds, some fluctuations in CO 

may not be correlated directly with opacity fluctua- 

tions. However, a general trend seems to be apparent. 

On Run 3, pump problems in the CO train were encountered 

from 1235 to 1335, which invalidates the CO data for 

this time period. Data for this period was not 

displayed in Figure 2.3. 

BENZENE RESULTS 

Results of the benzene analyses are presented 

in Table 2.6. Following the completion of Run 2, 

the bag sample collected had developed a leak and 

the sample was voided. Benzene concentrations were 

0.11 and 0.16 ppm and averaged 0.14 ppm. Emission 

rates were 0.05 and 0.08 lb/hr (0.03 and 0.04 kg/hr), 

respectively, and averaged 0.07 lb/hr (0.04 kg/hr). 

These results showed a high reproducibility although 

they were lower than had been anticipated. 
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Exhaust Gas Composition ~--- 

Table 2.7 presents the results of the exhaust 

gas composition and moisture content analyses. 

Carbon dioxide, oxygen, and carbon monoxide concentra- 

tions averaged 3.6, 13.8, and 0.3-percent, respectively, 

over the three sample runs. The Orsat CO concentration 

confirms the low continuous CO values. 
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3.0 PROCESS DESCRIPTION AND OPERATION 
(supplied by Midwest Research Institute) 

As part of the work being conducted for the 

development of national emission standards for air 

pollutants emitted from coke oven battery stacks, 

emission tests are being performed on various well- 

controlled sources. Such tests were conducted on 

Battery C at National Steel Corporation's Granite 

city, Illinois facility because an electrostatic 

precipitator (ESP) had recently been installed and 

began operating in March 1979. With all three of the 

parallel ESP modules on-line, the Granite City Steel 

ESP has the highest specific collection area of any 

ESP applied to coke oven battery stack emissions. 

Therefore, the ESP serving Battery C at Granite City, 

Illinois, was selected for these emission tests. 

There are three coke oven batteries at Granite 

City Steel's integrated steel plant, designated as 

Batteries A,B, and C. Only Batteries B and C are 

operating. Battery A was torn down and is presently 

being completely rebuilt with 18 additional ovens. 

Future plans-include rebuilding Battery B with four less 

ovens which is tentatively scheduled for June 1980. 

After both reconstructed batteries are on-line, Battery 

C will be shutdown and rebuilt with 14 less ovens. 
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Battery C is a GL-oven Koppers-Becker gun-flue 

battery, underfired with undesulfurized coke oven gas 

supplied by the by-product plant. During the period 

covering the emission tests, 36 coke ovens were 

operating on a coking period of 17.5 hr with two ovens 

(Nos. 155 and 163) on an extended coking cycle. The 

other 25 ovens (Nos. 123-126, 131, 132, 144, 146, 147, 

154, 157, 161, 162, 174-177, 181, and 193) were bricked- 

up or out of service. 

The C Battery started operating in 1961 and was 

rehabilitated in 1976. This cold end-flue rehabilitation 

included gun flue, crossover flue and end flue repairs. 

Plant design and operational data for Battery C are 

presented in Table '3.1. Maintenance techniques used 

on Battery C were spray patching, cleaning steam aspira- 

tors and stand pipes, and brushing gun-flue nozzles. 

A hand-held slurry spraying gun is used to patch 

the end flues and door jambs 0.f the ovens. The spray 

patching occurs after an oven has been pushed and before 

the doors are replaced on the oven. This procedure 

is employed more frequently to the coke side of the oven 

than to the pusher side because more wear occurs on 

that side. 

An oxygen lance is used to decarbonize the steam 

aspirators and coke oven standpipes. This procedure 

will either burn the carbon deposits or just knock them 
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off. The other maintenance procedure uses a wire 

brush on a 20-foot long rod which fits inside the 

gun-flue nozzles and cleans any carbon build-up 

on the nozzle which may restrict fuel gas flow. 

The new ESP on Battery C stack began operating 

in March 1979. The ESP was built by United McGill 

using a point-to-plane design. The ESP is divided 

into three units operating in parallel. Each unit 

has four separate sets of electrical fields, numbered 

1, 2, 3, and 4. For each unit two electrical controls 

serve fields 1 and 3 together and fields 2 and 4 

together. 

The ESP installed on Battery C was designed for 

a total gas flow rate of 2,600 actual cubic meters per 

minute (92,000 acfm). It has three parallel modules 

and the design gas velocity, with two modules on-line, 

was 0.88 m/set (2.9-ft/sec). Each module has a 

collection area of 2,550 m2 (27,440 ft2) and all three 

modules together have a collection area of 7,650 m2 

(82,320 ft2)= Therefore, the design specific collection 

area, with all three modules in service, was 2,942 m2/1,000 

acm/min (895 ft2/1,000 acfm). 

In June 1979 United McGill made minor adjustments 

to all three units to prevent reentrainment during the 

cleaning mode. Instead of cleaning fields 1 and 2 

together, United McGill staggered the fields being rapped. 
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This new arrangement of rapping fields 1 and 3 and 

fields 2 and 4 maintains a collecting field in operation 

at all times during the cleaning mode. A United McGill 

field engineer was present during the testing to 

/Is!.. 

-. 

-” 

monitor the performance of the ESP. However, no 

adjustments were made to the ESP while sampling 

activities were being conducted. 

During each test day, process operating data were 

obtained at approximately l-hour intervals. The time 

that each oven was pushed and charged was recorded 

whenever possible. All process operating logs and 

charts are included in Appendix BF~~. The Battery C 

oven push and charge log sheets and ESP log sheets 

are also presented in Appendix B-5. 

Granite City Steel's personnel, who provided 

assistance during the testing were Dr. Manda, Mr. Hoffman, 

Mr. Piatt and Mr. Siebenberger. Mr. MacDonald from 

United McGill monitored the ESP performance. 

aNote: Process operating data and copies of operating 
charts have not been included, since National 
Steel has claimed them to be confidential. 
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4.0 LOCATION OF SAMPLING POINTS 

Inlet 

The ESP inlet sampling location was a 59.4-inch 

(150.1-cm) I.D. duct from the battery-C waste heat 

flue, located approximately 50 feet (15.2 meters) 

above ground, and 10 feet (3.0 meters) upstream of 

a go-degree bend, which provided adequate upstream/ 

downstream distances to disturbances. The duct was 

accessed through two three-inch ports located at a 

go-degree separation about the stack circumference. 

Each traverse (two) consisted of 12 

points. Velocity pressures and temperatures were 

measu,red at each of the 24 sampling points. Figure 

4.1 is a diagram of the inlet sampling location 

showing each of the traverse points and their 

respective distances from the duct wall. 

The inlet sampling site was located very close 

to the battery and coke oven quench car, exposing 

sampling personnel to major hazards, i.e., heat, 

smoke, and flames. To minimize these hazards, a 

sheet steel platform with three walls was erected 

at the inlet duct, along with an insulation pad 

on the platform floor. Additionally, a steel catwalk 

connecting the precipitator outlet site to the 

inlet location was constructed. This allowed the 

sampling crew a quick evacuation of the inlet area, 

and also permitted a safe location for the sampling 

equipment. 
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Outlet 

At the ESP oulet sampling location, two three- 

inch ports were used to gain access to the 59.5-inch 

(151.1-cm) I.D. duct which extends horizontally from 

the ESP to the battery stack. The port located at 

the top of the duct did not provide sufficient verti- 

cal clearance to maneuver the probe. Thus, an addi- 

tional port was installed at the bottom of the duct. 

Scaffolding was used to gain access to this port 

location. Each traverse (two) consisted of 20 points. 

Velocity pressures and temperatures were measured at 

each of the 40 sampling points. Figure 4.2 is a 

diagram of the outlet sampling location showing each 

of the traverse points and their respective distances 

from the duct wall. 

.- 
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5.0 SAMPLING AND ANALYTICAL PROCEDURES 

Triplicate two-hour particulate samples were 

extracted isokfnetically and simultaneously at 

both inlet and outlet locations of the ESP. 

Twenty-four points were sampled at the inlet 

location for five minutes per point while forty 

points were sampled at the outlet location for 

three minutes per point. During each run, the 

probe, Pitot tube, and thermocouple assembly were 

moved to each sampling point, the velocity pressure 

and temperatures of the exhaust gas were measured, 

and isokinetic sampling flowrates were adjusted 

accordingly using an orifice -type meter to indicate 

instantanegus flowrates. 

Proper nozzle alignment with the flue-gas 

stream was maintained throughout the test at both 

testing locations without difficulty. The bottom 

port at'the outlet sampling location required a 

special vertical support system which was construc- 

ted by Clayton Environmental Consultants, Inc. The 

impinger assembly was moved as required at the outlet 

location to gain access to the bottom port. All field 

data sheets are included in Appendix B. 
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The sampling train was checked for leaks before 

and after each sample run in accordance with the 

requirement that the initial leak rate shall not 

exceed 0.02 cfm at 15-inches of mercury vacuum. 

The final leak rate shall not exceed 0.02 cfm at 

the greatest vacuum occurring during the test. 

A modified EPA Method 5 sampling train was used 

at both locations (Figure 5.1). The sampling train 

consisted of a sharp, tapered, stainless steel sam- 

pling nozzle; an unheated glass probe assembly (Method 

5 modification); 8 flexible unheated Teflon- tubing 

(Method 5 modification) leading to a heated cyclone 

assembly (Method 5 modification) including a IlO-mm 

glass-fiber filter; two Greenburg-Smith impingers, 

the first modified, the second standard, each contain- 

ing loo-ml of distilled water; an empty modified 

Greenburg-Smith impinger; a modified Greenburg-Smith 

impinger containing approximately 300-grams of silica 

gel; a leakless pump with vacuum gauge; a calibrated 

dry gas meter equipped with bimetallic inlet and outlet 

thermometers; and, a calibrated orifice-type flowmeter 

that was connected to a O-to-lo-inch range inclined 

(water gauge) manometer. 

For the first half of Run 1 at the inlet and the 

entire first run at the outlet, the cyclone was not 
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used. Due to the unusual resinous character of the 

particulate in the exhaust gas, which caused the 

filters to blind (pl,ug or clog), difficulty in 

maintaining the sampling rate was experienced. 

It was decided by the Clayton project leader and the 

EPA Technical Manager that modifying the train by 

adding a cyclone upstream of the filter would prevent 

this situation. An unheated probe and @ Teflon flex- 

line was used because of the extremely hot stack 

gas (740F inlet and 620F outlet). 

The impinger train was immersed in an ice bath 

to maintain the temperature in the last impinger at 

70F or less. All of the sampling train glassware was 

connected by ground glass joints, sealed with stop- 

cock grease, and clamped to prevent leakage. A 

calibrated S-type Pitot tube was connected to the 

sampling probe and velocity pressures were read on 

the inclined manometer. An iron-constantan (I/C) 

thermocouple, attached to the Pitot-probe assembly, 

was connected to a calibrated pyrometer. During 

the course of testing, the average filter and cyclone 

temperature was kept at 250 + 25F. - 

Following the leak check at the end of each 

120-minute test period, the sampling trains were 

transferred to a sheltered clean-up area. Any conden- 
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sate in the cyclone and impingers was measured and 

volume increases recorded. The solutions were-then 

placed in separate glass sample bottles and sealed with 

@ Teflon -lined caps. The silica gel was weighed to 

determine the weight gain. Only acetone was used for 

rinses of the probe, nozzle, and Teflon @ flex-line 

on approval of the EPA Technical Manager because 

water had no observable effect on the accumulation of 

the unusual particulate matter. An undetermined 

amount of sample was lost in the field on Run 3 of the 

inlet when a front-half acetone rinse sample bottle 

was accidentally broken. 

All rinsings were collected in glass sample 

bottles with Teflona-lined caps. Initial probe 

rinses appeared deep black in color. The particu- 

late collected on the filters at both locations had a 

black, oily appearance throughout the testing program. 

The impinger assembly was thoroughly rinsed with water, 

and these water rinsings were placed in the impinger 

solution bottles. Following the water wash of the 

impingers, the entire impinger assembly was then 

rinsed with acetone. The impinger catch at the out- 

let location for Run 2 had a cloudy, milky appearance 

and the impinger catch for Run 3 attained an amber 

appearance. Run 1 at the outlet and all runs at the 

inlet displayed no unusual colors in the impinger 
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catch. Benzene and methylene chloride rinses were 

required on the probe, nozzle, Teflon@ flex-line, 

cyclone and front-half of the filter assembly for 

Run 3 at the outlet. Acetone rinses had failed to 

totally clean the assembly. 

Thus, at the end of each run,the following 

four-fractions had been collected from both the 

inlet and 

analyses: 

(1) 

(2) 

(3) 

(4) 

outlet for particulate and sulfate 

acetone rinsings of the nozzle, probe, 

8 Teflon tubing, cyclone and front-half 

of the glass-filter holder. For Run 3, 

at the outlet only, methylene chloride 

and benzene rinses were performed in 

addition to the acetone on these same 

components; 

IlO-mm glass-fiber filter; 

impinger contents and water rinsings of 

the back-half of the filter holder, 

impingers, and connecting glassware; and, 

acetone rinsings of the back-half of the 

filter holder, impingers, and the connect- 

ing glassware. 
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In the laboratory, the liquid fractions were 

measured volumetrically and these fractions were 

then placed in beakers. The water fractions were 

evaporated to residue at 105C and the particulate 

weight determined (ether/chloroform extractions were 

not performed on impinger water). The acetone, 

methylene chloride, and benzene fractions were 

evaporated at room temperature and weighed until 

constant. Filters were desiccated at room temperature 

for 24-hours and weighed, with at least 6-hours 

of desiccation time between weighings, until constant. 

All weight determinations were performed on an analyt- 

ical balance having a sensitivity of 0.1 milligrams. 

Sulfates were determined from the residues of 

each liquid fraction. These residues were brought 

up to loo-ml with SO-percent isopropanol, and a 

30-ml aliquot was taken from each. Due to inter- 

ferences from the residues of Fraction 3 from Run 1 

at the inlet and Fraction 1 from Run 2 at the inlet, 

a 5-ml aliquot from the original sample was taken 

and brought up to 25-ml with loo-percent isopropanol, 

The filters were also combined with SO-percent 

isopropanol. 

Each of these samples was adjusted with perchloric 

acid to a pH of between 2.5 and 4.0. Three to five 

drops of thorin indicator were then added and the 
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solution titrated with standardized barium perchlorate. 

The results are reported as sulfuric acid (including 

sulfur trioxide), and as percent of the filterable and 

total emission rates. 

Carbon Monoxide Sampling 

A sample of flue-gas was drawn through a stainless 

steel probe, @I Teflon tubing, and then through a 

particulate and condensate trap containing a glass 

wool plug, to a 3-way valve. This valve was used to 

divide the gas sample into two streams; one for the 

continuous analysis of carbon monoxide and one to 

provide an integrated bag sample for the determinations 

of benzene content (by GC analysis) and exhaust gas 

composition (by the Orsat method). 

The gas stream used for carbon monoxide monitoring 

was then passed through two modified Greenburg-Smith 

impingers, the first containing approximately 250- 

grams of silica gel and the second containing approx- 

imately 500-grams of Ascarite @, f or moisture and carbon 

dioxide removal, respectively. Finally, a leak-free 

diaphragm pump forced the sample through a needle valve 

to a rotameter and the BeckmagModel 865, NDIR analyzer. 

At the sample interface, a flowrate of approximately 

1.5 scfh with a delivery pressure of 10 psig was maintained 

for the duration of the continuous sampling. An analog 

strip chart recorder was used to record all instrument 

outputs. This sampling system is depicted in Figure 5.2. 
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The daily calibration sequence included passing 

a certified standard zero gas (dry nitrogen) and a 

certified standard span gas concentration (9900 ppm 

carbon monoxide in.nitrogen) through the analyzer. 

The instrument output was calibrated for the antici- 

pated range of O-10,000 ppm carbon monoxide by adjust- 

ment of the zero and gain settings to the appropriate 

signal, as indicated on a calibration curve. The 

instrument, which operates by the Luft principle as 

specified by Reference Method 10, was equipped with 

a 4-position valve to .allow introduction of sample 

gas or any of the required standard calibration gases, 

as depicted in Figure 5.2. 

The measured CO concentrations were determined 

by adjusting the recorded strip chart values with 

the factory calibration curve for the 16-mm cell, 

which was adjusted to the standard gas concentrations 

used in the field. The data was then reduced to one- 

minute intervals. 

Integrated Bag Sampling (Benzene and Orsat) 

An integrated bag sample was withdrawn from the 

ESP inlet duct simultaneously with each particulate 

sampling run utilizing the train depicted in Figure 

5.3 (described previously under Carbon Monoxide 

Sampling). An evacuated Sarana bag, especially 

treated to reduce permeability, with a volume 
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of 96-liters was placed inside an insulated steel 

drum. The drum was then gradually evacuated, 

filling the Sarana bag at a controlled flowrate, using 

a rotameter and valve assembly,as shown in Figure 5.3. 

When the bag was filled, it was removed and transferred 

to a field laboratory for immediate gas chromatographic 

(GC) analysis for benzene content and later, Orsat 

analysis for gaseous composition. 

The method used for the determination of benzene 

concentrations is in accordance with EPA Method 110, 

"Determination of Benzene from Stationary Sources", 

delineated in Appendix F-l. Gas chromatographic 

field analyses were performed utilizing an Analytical 

Instrument Development (AID) Model 511, portable gas 

chromatograph with a flame ionization detector and a 

6' x l/8" stainless steel column packed with 1.75- 

percent Bentone and 5-percent SP1200 on 100/120 mesh 

Supelcoport. The following operating conditions were 

maintained for all analyses: 85C oven, 105C detector, 

99C gas sampling loop with l-ml capacity, and 15-ml/min 

zero nitrogen carrier gas. The samples were analyzed 

for benzene on the same day they were collected. Peak 

areas were measured using a compensating polar plani- 

meter. The sample chromatograms had three apparent 

peaks, which were completely resolved. 
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Following the GC analyses, each integrated bag 

sample was analyzed by the Orsat method for carbon 

dioxide, oxygen, and carbon monoxide concentrations, 

as specified in EPA Method 3. These results were 

used to calculate the molecular weight and the percent 

excess air of the process gas. 

Visible Emissions 

Visible emissions from the C battery stack 

exhaust were recorded for the duration of each 

sample run. The observations were performed in 

accordance with EPA Method 9 by a qualified visible 

emissions observer. A summary of the visible emission 

data is presented in Appendix B-4. 
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