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1.0 INTRODUCTION 

The U.S. Environmental Protection Agency (EPA) 

retained Clayton Environmental Consultants, Inc. to 

determine the benzene soluble organic (BSO) fraction 

of particulate, and benzene emissions from the inlet 

and outlet of a Mikropul wet electrostatic precipitator 

(WESP) . In addition, stack visible emission and coke 

oven door fugitive emission data were obtained. This 

unit cleans the door leak and pushing emissions from 

Battery Nos. 1 and 2 at the Armco, Inc. facility in 

Houston, Texas. 

The results of this study will be used in 

research and development efforts for Supporting 

possible New Source Performance Standards for the iron 

and steel industry, coke oven door emissions. This 

study was commissioned as EMB Project No. 79-CKO-22, 

Contract No. 68-02-2817, Work Assignment 20. 

The testing program included the following: 

(1) triplicate, simultaneous WESP inlet and 

outlet samples for benzene soluble organics; 

(2 1 simultaneous integrated bag samples for 

benzene and Orsat analyses, at the WESP 

inlet and outlet; 

(3) visible emission observations (from the 

WESP exhaust stack) recorded for the duration 

of each BSO sample run; and, 



(4) visible emission observations of the coke 

oven doors. 

Auxiliary data included exhaust gas temperatures 

and flowrates as determined from the traverses. 

Figure 1.1 presents an elevation and plan view of 

the process/control system as tested. 
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2.0 PRESENTATION OF RESULTS 

BENZENE SOLUBLE ORGANICS 

Table 2.1 presents the concentrations and 

emission rates of benzene soluble organics 

as determined from both the inlet and outlet of 

the WESP. Concentrations are presented in grains 

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

per dry standard cubic meter (mg/dscm). Emission 

rates are expressed in pounds per hour (lb/hr) and 

kilograms per hour (kg/hr). 

The flowrate data presented in Table 2.1 show 

a consistent pattern of approximately 14-percent lower 

flowrates at the WESP outlet than at the inlet, for 

each of the three runs. The flowrates determined by 

TRW, which are presented in Section II, Table 2, 

also tend to corroborate a higher flowrate at the inlet 

than at the outlet. 

Due to the flowrate difference, a review of all 

pitot tube calibrations was conducted and these calibra- 

tions were compared with calibrations made throughout 

the life history of these pitot tubes. No irregularities 

were detected. The pitot tubes and sampling lines had 

all been leak checked in-field, the alignment of the 

pitot tube with respect to the gas flow was verified, 
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and adequate clearance was maintained between the pitot 

tube openings and the sampling nozzle to eliminate flow 

disturbances. These various procedures and checks, therefore, 

substantiate the validity of the data. 

The data suggest air exfiltration in the system 

between the inlet and outlet sampling locations which 

allows gases to escape the system. During the week 

of testing, the WESP was continually being serviced, 

so it is not beyond the realm of possibility that the 

WESP structure or ductwork was a source of out-leakage, 

If the outlet flowrates were as high as the 

inlet, the emission rates of BSO and benzene would 

be correspondingly higher and the WESP removal effi- 

ciency would be lower. 

Inlet 

BSO concentrations at the inlet ranged from 0.010 

to 0.020 gr/dscf (22.8 to 45.0 mg/dscm) and averaged 

0.016 gr/dscf (35.2 mg/dscm). Emission rates ranged 

from 15.0 to 28.9 lb/hr (6.83 to 13.1 kg/hr), averaging 

22.8 lb/hr (10.4 kg/hr). 

Outlet 

Outlet BSO concentrations ranged from 0.007 to 0.011 

gr/dscf (16.0 to 25.4 mg/dscm) and averaged 0.010 gr/dscf 

(22.1 mg/dscm). Emission rates at the outlet ranged 

from 9.18 to 14.1 lb/hr (4.16 to 6.41 kg/hr), averaging 

12.4 lb/hr (5.61 kg/hr). 
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BENZENE 

Table 2.2 presents the results of the benzene 

analyses. Concentrations are presented in parts per 

million (ppm) with emission rates in lb/hr and kg/hi-. 

Inlet 

Benzene concentrations at the inlet ranged from 

0.7 to 2.2 ppm and averaged 1.7 ppm. Emission rates 

ranged from 1.6 to 4.6 lb/hr (0.71 to 2.1 kg/hr) and 

averaged 3.5 lb/hr (1.6 kg/hr). 

Outlet 

Concentrations at the outlet ranged from 0.7 to 

2.ga ppm and averaged 1.9 ppm. Emission rates ranged 

from 1.4 to 5.3a lb/hr (0.63 to 2.4a kg/hr) and 

averaged 3.5 lb/hr (1.6 kglhr). 

EFFICIENCY 

Table 2.3 presents the removal efficiency for 

the wet electrostatic precipitator relative to 

benzene soluble organics and benzene emissions. Removal 

efficiency for BSO ranged from 38.8 to 52.2-percent 

and averaged 44.6-percent. Benzene removal was 12.5- 

percent during Run 1 and 19.6-percent during Run 3, 

aSince the volume obtained for this bag sample was much 
smaller than those of the other samples, it is suspected 
that the bag was leaking and therefore, this value may 
be misleading. 
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TABLE 2.2 BENZENE CONCENTRATIONS AND EMISSION RATES 

Sample Sample Concentration Emission Rate 

Location Number wm lb/hr kg/hr 

1 0.7 1.6 0.71 

Inlet 2 2.1 4.4 2.0 

3 2.2 4.6 2.1 

Average 1.7 3.5 1.6 

1 0.7 1.4 0.63 

Outlet 2 2.ga 5.3a 2.4a 

3 2.1 3.7 1.7 

Average 1.9 3.5 1.6 

aThis result determined from small air sample, 
possible leaky bag. 



TABLE 2.3 REMOVAL EFFICIENCY OF WESP 

Removal Efficiency, 
Sample Percent 
Number Benzene Soluble 

Organics Benzene 

1 38.8 12.5 

2 42.7 NA' 

3 52.2 19.6 

Average 44.6 16.1 

1 Not applicable,as there was more benzene 
measured at the outlet than at the inlet 
for this test run. 
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averaging 16.1-percent. Sample 2 was not applicable for 

this determination as more benzene was measured at the 

outlet than at the inlet. 

COKE OVEN DOOR EMISSION RATES 

Table 2.4 presents a summary of the fugitive 

emissions observations made during this study. The 

leaking coke oven door emission rates (expressed as 

a percent of the total doors) are presented for the 

entire battery and both the coke side and push 

side doors for each run for each observer. Also 

included in this table are-the observed total number 

of leaking doors which were combined over the number 

of runs conducted at each site for each observer. 

The emission rate was calculated as follows. 

For each run, the total number of leaking oven doors 

and leaking chuck doors were summed individually for 

both the push side and coke side. These sums were 

then divided by the total number of ovens on the 

battery and then multiplied by 100 to determine the 

percentage of leaking doors. To obtain the total 

emission rate for the entire battery, first, the 

number of leaking doors from all the runs for both 

the push side and the coke side were summed. Next, 

the total number of push side and coke side observation 

runs was multiplied by the number of ovens in the 

battery. Then the total number of leaking doors was 

divided by this product. 
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TABLE 2.4. SUMMARY OF FUGITIVE EMISSIONS OBSERVATIONS 

Sample 
Number 

BSO Sample 
No. 1 

Totalb Total 
Emission 

Observera No. of 
Leaking 

Rate for 

Doors Entire 
Battery 

1 46 12 

2 28 9.0 

3 28 9.0 

Average I 
34 10 

1 68 22 

BSO Sample 2 81 22 
I No. 2 
e 3 67 22 
w  

I Average 72 22 

1 51 21 

BSO Sample 
No, 3 

2 35 

3 51 

14 

21 

Average 46 19 

F Coke Oven Door Emission Rate, Percent of Total Doors 

1 

PS cs 
_--___~- 

9.7 16 

8.1 -- 

6.5 -- 

8.1 NA 

18 -- 

16 29 

18 -- 
____--__. 

17 NA 

15 -- 

9.7 -- 

15 42 
-. 

13 NA 

Run Number 

2 3 

PS cs PS cs 

11 -- 9.7 -- 

9.7 15 9.7 -- 

6.5 -- 11 11 

9.1 NA 10 NA 

25 -- 16 31 

19 -- 19 -- 

24 32 18 -- 

23 NA 18 NA 
__- 

13 45 9.7 -- 

13 -- 6.5 27 

13 -- 13 -- 

13 NA 9.7 NA 

8.1 19 

3.2 -- 

9.7 -- 

7.0 NA 
- 

23 -- 

16 31 

16 -- 

18 NA 

C 

a 
The observers are as follows: (1) J. Breger; (2) A. Baecker; (3) D. Lazarevic. 

b 
These values are the combined number of leaking doors from all the runs per observer. 

' Due to darkness, Run 4 was not conducted. 

NA - Not applicable. 

AVG 

psi 

13 18 

7.7 NA 

8.4 NA 

9.7 NA 

20 NA 

18 30 

19 NA 

19 NA 

13 NA 

9.7 NA 

14 NA 

12 NA 



The coke-side door leak emissions were captured 

by the shed system and ducted into the WESP. These 

leaks, therefore, were the emissions quantitatively 

measured for BSO and benzene. 

From Table 2.4, it is evident that the coke side 

door emission rate ranged from 11 to 19-percent during 

BSO Sample No. 1, from 29 to 32-percent during Sample 

No. 2, and from 27 to 45-percent during Sample No. 3. 

This corresponds to the pattern of emission rates of 

BSO and benzene at the WESP inlet, which progressively 

increased from Sample No. 1 to Sample No. 3. 

Visible Emission Observations 

Visible emissions from the WESP exhaust stack 

were recorded during each BSO sample run. The readings 

were summed and averaged over six-minute periods, 

The summaries of visible emissions may be found in 

Appendix B-4. 

During Sample No. 1 the six-minute averages were 

5-percent or less, with one excursion to lo-percent. 

Averages over Sample No. 2 ranged from 6 to 24-percent. 

Visible emissions were terminated before the end of 

BSO Sample No. 3 due to darkness, however, the averages 

were 20-percent or less, with two excursions to 34 and 

40-percent. Generally, therefore, the visible emission 

observations follow the progressively increasing trend 

of BSO emission results from Sample No. 1 to Sample No. 3. 
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3.0 PROCESS DESCRIPTION AND OPERATION 

To be supplied by EPA. 
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4.0 LOCATION OF SAMPLING POINTS 

INLET 

The WESP inlet sampling location was a 75.5- 

inch (191.8 cm) by 75.0-inch (190.5 cm) duct,located 

approximately 17-feet (5.18 meters) downstream of 

a 45-degree bend in the duct and 28-feet (8.53 

meters) upstream of the WESP. This location provided 

adequate upstream/downstream distances to disturbances. 

The sampling platform was 37-feet (11.3 meters) above 

ground level. The duct was accessed through four 

3-inch (7.6 cm) ports along the vertical face. 

Each traverse consisted of eleven sampling points. 

Velocity pressures and temperatures were measured at 

each of the 44 sampling points. Figure 4.1 depicts 

the inlet sampling location along with the traverse 

points and their respective distances from the inside 

duct wall. 

OUTLET 

The WESP outlet sampling location was a 95.5- 

inch (242.6 cm) I.D. stack located approximately 56- 

feet (17.1 meters) downstream of the nearest disturbance 

(fans) and 15-feet (4.57 meters) upstream from the top 

of the stack. This provided adequate upstream/downstream 

distances to disturbances. The sampling platform was 

80-feet (24.4 meters) above ground level. The stack 
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Figure 4.1. Inlet stack cross-section and sampling location (not to scale). 



was accessed through two 3-inch (7.6 cm) ports located 

at a go-degree separation about the stack circum- 

ference. 

Each traverse consisted of ten sampling points. 

Velocity pressures and temperatures were measured 

at each of 20 sampling points. Figure 4.2 is a 

diagram of the outlet sampling location with each 

of the traverse points and their respective distances 

from the inside stack wall. 

OBSERVER LOCATION FOR FUGITIVE EMISSIONS OBSERVATIONS 

Figure 4.3 presents a plan view of coke oven Battery 

Nos. 1 and 2. Battery orientation is presented, 

along with the designation of coke side and push side, 

and oven door numbers. 

For safety reasons, observations were made from 

outside the pusher machine and quench car tracks, 

placing observers 15 to 35-feet away from the battery. 

On the coke side, observers sometimes stood in the 

quench car tracks to obtain a better view of the oven 

doors. This resulted in an extremely dangerous 

situation since the movement of the quench car had 

to be watched constantly. All observations were made 

from ground level with the guidance of an Armco, Inc. 

representative. 
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Figure 4.3. Plan view of battery orientation. 
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5.0 SAMPLING AND ANALYTICAL PROCEDURES 

BENZENE SOLUBLE ORGANICS 

Sampling was conducted in accordance with EPA 

Reference Methods 1 - 4, as outlined in the Standards 

of Performance for New Stationary Sources -- (Federal -~ 

Register, 40CFR60, December 23, 1971, as amended 

through August 18, 1977) and the EPA draft method 

Benzene Soluble Organics July 3, 1978. --- -- 

Triplicate samples were extracted isokinetically 

and simultaneously from the inlet and outlet of the 

Mikropul wet electrostatic precipitator. At the 

inlet, 44 points were sampled for three minutes 

each, while at the outlet, 20 points were sampled 

for seven minutes per point. 

Prior to sampling, each duct was divided into 

equal areas and exhaust gas velocities and temperatures 

were measured at their centers. Velocity pressures 

were obtained using a calibrated S-Type Pitot tube 

and an inclined 0 to lo-inch water gauge manometer. 

Temperatures were measured with an iron-constantan 

(Type J) thermocouple attached to a calibrated pyrometer. 

Preliminary moisture determinations were made at both 

locations each using a Method 4 sampling train. An 

exhaust gas grab sample was obtained from the inlet 

and analyzed by the Orsat method for gas composition. 
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Exhaust gas flowrates and the nozzle sizes required 

to maintain isokinetic sampling rates were then 

calculated from these preliminary determinations. 

Each BSO sampling train consisted of a sharp, 

tapered, stainless steel nozzle; a heated Teflon 0 R 

probe and flexline at the inlet, a heated glass 

probe at the outlet; an empty modified Greenburg- 

Smith impinger; an unheated IlO-mm Type A glass-fiber 

filter in a glass filter holder with a thermocouple 

positioned at the outlet; one modified and one 

standard Greenburg-Smith impinger each containing 

150-ml of distilled water; two modified Greenburg- 

Smith impingers, the first empty, the second con- 

taining 200-300 grams of silica gel with a thermocouple 

positioned to monitor the temperature at the impinger 

outlet; an umbilical cord; a leak-free vane axial- 

vacuum pump with a vacuum gauge; a calibrated dry gas 

meter equipped with bimetallic inlet and outlet 

thermometers; and a 0 to lo-inch water gauge manometer 

connected to a calibrated orifice-type flowmeter. The 

impingers were immersed in an ice bath to maintain the 

impinger temperature at +70F. - 

While conducting each sample run, the temperatures 

of the filter holder and the last impinger were monitored 

and maintained below 104F (40C) and 70F (2OC), respec- 

tively. The probes were connected to the rest of the 

sampling train with ball and socket joints, stainless 
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steel at the inlet and glass at the outlet. @ Teflon 

tape was used on all connection fittings up to the 

filter holder inlet to eliminate the possibility of 

contaminating the sample with stopcock grease. stop- 

cock grease was used on all remaining glassware compo- 

nents. A schematic of the sampling train is depicted 

in Figure 5.1. 

Each sampling train was checked for leakage 

before and after each sample run, in accordance 

with the requirement that the initial leak rate 

shall not exceed 0.02 cubic feet per minute (cfm) 

at 15-inches of mercury vacuum. The final leak rate 

was checked at or above the greatest vacuum which 

occurred during the run. At the inlet, the probe 

assembly was moved to each sampling point, where the 

velocity pressure and temperature of the exhaust gas 

was measured and recorded. At the outlet, the 

sampling train glassware was connected directly to the 

probe and the assembly moved to each point. 

At each individual sampling point, an isokinetic 

sampling rate was calculated and the sampling flowrate 

was adjusted accordingly, using an orifice-type meter 

which indicated instantaneous flowrates. Isokinetic 

sampling rates were maintained within lo-percent 

of true isokinecity for any velocity pressure 

measured. An insulating asbestos mitten and duct tape 
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were positioned around the probe assembly in each 

sampling port to maintain a relatively positive 

seal. 

The testing program was designed to measure 

non-pushing emissions only. Therefore, sampling 

ceased during the pushing cycle. Pushes were 

monitored by a Clayton Environmental Consultants, Inc. 

observer and direct communications were maintained 

between the observer and the sampling teams. For 

the purpose of this study, push duration was considered 

to be from the time the coke was sighted emerging 

from the oven until the shed had been relatively 

cleared of pushing emissions (after the quench car 

had exited the shed area). 

Following the final leak check, the sampling 

trains were moved to a relatively dust-free area for 

-sample transfer. Any condensate collected before the 

filter was measured and collected in a glass sample 

bottle. The probe, probe extension (inlet only), 

initial condensate trap, and front-half of the filter 

holder were rinsed and brushed, initially with acetone 

and secondly, with benzene. The rinsings were collected 

in separate glass sample bottles with Teflon @ lined 

caps. The volumes of the impingers were measured and 
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increases recorded as condensate. The silica gel 

was weighed and the gain recorded as condensate. 

The impinger solutions were not saved beyond 

volume determinations. The filter was transferred 

to its original Petri dish and sealed. All bottles 

were sealed with tape and liquid levels marked. 

Thus, at the end of each sample run, the following 

fractions were available for BSO analysis: 

(1) 

(2) 

(3) 

(4) 

condensate, when collected, before the filter; 

acetone rinsings of the probe, probe 

extension (inlet only), initial condensate 

trap, and front-half of the filter holder; 

benzene rinsings of the probe, probe 

extension (inlet only), initial condensate 

trap, and front-half of the filter holder; 

and, 

IlO-mm glass-fiber filter. 

In the laboratory,each bottle was checked for 

leakage and volumes measured. Fraction 1 was then 

extracted in a separatory funnel three times with 50-ml 

of benzene. The extract was then filtered through a 

Whatman @ 40 filter into a tared 250-ml beaker. The 

filtrate was then dried at room temperature to a residue. 

Fraction 2 was dried at room temperature in a tared 

250-ml beaker. The residue was then extracted with 

50-ml of benzene and set in an ultrasonic bath for one 
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hour. The extract was then filtered through a Whatman @ 

40-filter into a tared 250-ml beaker. The filtrate 

was then dried at room temperature to a constant 

weight. Fraction 3 was dried at room temperature 

in tared beakers and the residue weighed until 

constant. Fraction 4 was extracted with benzene in 

a Soxhlet extractor for six hours. The extract 

was then filtered through a Whatman ail 40 filter into 

a tared beaker. The filtrate was then dried at 

room temperature to residue. All weighings were 

performed on analytical balances with sensitivities 

of 0.1 milligram. A summary of weights by fraction 

appears in Appendix C. 

INTEGRATED BAG SAMPLING (BENZENE AND ORSAT) 

An integrated bag sample was withdrawn from the 

WESP inlet and outlet ducts simultaneously with each 

BSO sampling run utilizing the train described by 

EPA Method 110 and depicted in Figure 5.2. Sampling 

was conducted during steady operation of the battery, 

not during push times. An evacuated 96-liter Saran@ 

bag, especially treated to reduce permeability, was 

placed inside an insulated steel drum. The drum was 

then gradually evacuated, thereby filling the 

Saran @ bag. A rotameter was placed in-line to control 

the actual sample flowrates, as shown in Figure 5.2. 
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Figure 5.2. Integrated bag sampling train. 



Upon filling, the bag was removed and transferred 

to a laboratory for immediate gas chromatographic 

(GC) analysis for benzene content and Orsat 

analysis for gaseous composition. 

Benzene concentrations were determined in 

accordance with EPA Method 110, "Determination of 

Benzene from Stationary Sources", delineated in 

Appendix E-2. Gas chromatographic field analyses 

were performed utilizing an Analytical Instrument 

Development (AID) Model 511, portable gas chromato- 

graph 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 operation 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. Prior to sample analysis, the 

EPA required that the analyst accurately identify the 

concentration of two audit cylinder standards (one low 

concentration standard in the range of 5 to 20 ppm 

benzene, and one high concentration cylinder in the 

range of 100 to 300 ppm benzene). Each measured concen- 

tration agreed to within +lO% of the actual concentration - 

as required. The Field Audit Report can be found in 

Appendix H. Samples were then analyzed and peak areas were 

measured using a compensating planimeter. The sample 

ich were camp letely chromatograms had to apparent peaks, wh 

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 of the process gas. 

FUGITIVE EMISSIONS 

Visible emission observations were performed in 

accordance with EPA Draft Method 109 (and Addendum 

to Method 109), Determination of Visible Emissions 

from Coke Oven Batteries, Part C. These observa- 

tions were conducted simultaneously with each BSO sample. 

Several modifications to the method were made due to 

difficulties encountered during the testing program. 

Draft Method 109 requires one observer, however, 

three observers were used for this study. All three 

observers were to traverse together either the coke 

or push side, then move to the opposite side of the 

battery to inspect the remaining doors and complete 

the run. Due to insufficient lighting, only one 

observer traversed the coke side per run. All three 

observers traversed the push side of the battery. 

Two of the observers started their traverse simulta- 

neously from opposite ends of the battery. The 

third observer started the traverse from either end, 

not less than one minute nor more than two minutes 
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after the first two observers began traversing. A run 

consists of traversing both the coke and push side 

of a battery. Four runs were conducted during BSO Sample 

Nos. 1 and 2 each. Due to darkness, only three runs 

were conducted during BSO Sample No. 3. 

The coke side was covered by a shed which captured 

door leak and pushing emissions. This shed allowed 

very little entry of natural light and several of the 

electric lights, located within the shed, were inoperable. 

Therefore, the darkness made reading of the coke doors 

extremely difficult. Since there was no feasible way 

of obtaining proper lighting, the EPA Technical Manager 

decided that observers would use a high powered lantern 

light to aide in viewing the top of the doors. Those 

doors located at the outermost ends of the battery were 

easiest to view since more light entered these areas. 

The light intensity from the lantern was such that 

the beam had to be moved around the jamb area of each 

oven door (from top to bottom) to view the entire door. 

Since there was only one lantern and observers 

were not allowed to traverse the battery in a group, 

only one observer viewed the coke side per run. 

Therefore, each observer read the coke side every third 

run. 
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Jamb, buckstay, and lintel leaks were documented 

by the observers, in addition to oven door and chuck 

door leaks from the push side. Distinguishing between 

these various types of leaks for the coke side was 

impossible due to the lighting problem. The observers, 

when entering the shed from bright sunlight, had to 

wait several minutes before starting a traverse to 

allow for eye adjustment. 

Several other problems were encountered during 

this study which made observations of the coke oven 

battery doors extremely difficult. Obstructions, 

such as push cars, door cars, quench cars, and 

other equipment located on the battery, resulted 

in frequent delays. Some interruptions were caused 

by plant personnel taking breaks. The workers would 

leave the equipment in front of the oven doors, 

making observations in those areas impossible, 

Using a lantern light created several problems. 

Fine dust particles, always present in the battery 

area, were accentuated by the light beam. It was 

difficult at times to determine if the oven door was 

actually leaking through this intensified haze. 

The wind also created some problems. Dust, which 

had settled in the battery area, along with smoke from 
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oven doors, would be carried sometimes across the entire 

battery, obscuring the vision of the remaining oven 

doors. 

Observers had to view approximately 15 oven doors 

at an angle ranging from 0 to 45-degrees. The bin, 

where the quenched coke is dumped, was located in front 

of these doors. No one was allowed in front of this 

bin due to lack of clearance from the quench car. 

Determining which doors were leaking and the type 

df leak was very difficult, if not impossible at 

times. This was especially true when oven doors 

were leaking heavily, filling the entire area with 

smoke. 

At the request of the Technical Manager, Battery 

Nos. 1 and 2 were observed as one, since only one push 

car/quench car unit serviced both batteries. 

Opacity Readings 

Addendum to Draft Method 109 requires observers 

to determine the opacity of the emissions at the lintel 

area. Since exhaust hoods were located in this area 

on the push side, opacity readings were not recorded. 

The aforementioned problems encountered on the coke 

side prevented any reading of opacities, especially 

since the lintel area was the darkest area of the battery. 
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VISIBLE EMISSIONS 

Visible emissions from the WESP exhaust stack 

were recorded for the duration of each BSO 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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