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SECTION 1 

INTRODUCTION 

This report presents the results of testing for fugitive VOC (Volatile 

Organic Compounds) and benzene emissions at the Republic Steel plant in Gadsden, 

Alabama. The testing was performed by Radian Corporation on December 8 through 

December 12, 1980. 

This work was funded and administered by the Emission Measurement Branch 

of the U.S. Environmental Protection Agency under Contract No. 68-02-3542. The 

results of this testing may be used in support of a National Emission Standard 

for Hazardous Air Pollutants for benzene from coke oven by-products recovery 

units in steel mills. 

Potential sources of fugitive benzene emissions in the by-product unit 

were screened with a portable hydrocarbon detector to estimate the frequency 

of leak occurrence. Liquid and vapor benzene fugitive emission rates were 

quantified by collecting and analyzing samples from leaking fittings. Also, 

liquid samples were obtained from process lines to provide data on the 

proportion of benzene in process lines relative to the proportion of benzene 

in emissions from fittings in those lines. 

The following sections present a summary of results, a description of the 

process configuration, the testing methodology, and QA/QC procedures. Example 

calculations and a full listing of data and other supplemental information 

are included in the appendices. 



SECTION 2 

SU$lMARY OF RESULTS 

This section presents a summary of the fugitive emission data gathered 

at the Republic Steel plant in Gadsden. All data are presented in the form 

of original data sheets in Appendix B. . 

The plant screening results are presented in Table 2-l. This table 

presents the distribution of OVA readings for each source type. 

The results of the baggable sampling-are presented in Table 2-2. The 

mass emission rates are presented in pounds per day for each source in terms of 

both benzene and nonmethane hydrocarbons. Mass emission rates are also pre- 

sented in terms of vapor phase and liquid phase emission rate. Each source was 

rescreened immediately before and after bagging. The average of these two 

values is also presented in Table 2-2 for both the OVA and the TLV. 

A comparison of the benzene concentration in vapor-phase and total emissions 

with the benzene concentrations in the liquid lines is presented in Table 

2-3. The benzene concentration in the vapor-phase leak and the total leak 

(vapor plus liquid) is expressed as the ratio of the benzene emission rate 

to the non-methane hydrocarbon emission rate, since bag samples are diluted 

with air. 
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SECTION 3 

PROCESS DESCRIPTION 

c 

. 
The Republic Steel plant at Gadsden, Alabama operates with a wash oil 

absorption system to recover light oil from the coke oven gas. The crude 

light oil product is sent outside of the plant for refining. 

During the testing period, the coke ovens were producing 1470 tons per 

day of coke and 22.5 MMSCFD of coke oven gas. The light oil recovery unit 

was recovering 5,630 gallons per day of crude BTX light oil. 

A simplified flow diagram for the plant is shown in Figure 3-1. The 

benzolized wash oil from the scrubber is stripped with steam to separate the 

light oil from the wash oil. The light oil vapors then go to a rectifier. 

The rectifier splits the light oil into two fractions, an overhead and a 

bottoms fraction. The overhead fraction includes essentially all of the 

benzene, and is referred to as BTX light oil. These BTX vapors are condensed 

and the water taken out in the light oil separator. 

Fugitive emissions testing was to be performed in all areas of the 

plant with at least 4 weight percent or more benzene. This included the 

stripper overhead, the BTX product, and the BTX storage and loading areas. 

Also screened were the exhausters, which are upstream from light oil recovery 

on the coke oven gas line, and are not shown in Figure 3-1. The benzolized 

wash oil and the rectifier bottoms (secondary oil) contain less than 4 weight 

percent benzene and were not screened. 





SECTION 4 

METHODOLOGY 

The. fugitive emissions testing at the Republic Steel Gadsden plant 

included both "screening" and "bagging" operations, Screening is a generic 

term covering any quick portable method of detecting fugitive emissions. Bag- 

ging refers to a quantitative emission measurement achieved by enclosing the 

source in a Mylar@ shroud and analyzing an equilibrium flow of air through 

the enclosure. 

4.1 SCREENING PROCEDURES 

Screening was done according to the procedures specified in EPA's proposed 

Method 21, a copy of which may be found in Appendix A-2. The instrument used 

in performing this screening was the Century Systems Organic Vapor Analyzer 

(-OVA) Model 108. Method 21 requires the results of the screening to be 

recorded (as specified in the applicable regulation) only if the leak 

definition is met or exceeded. Since this effort was more oriented to standards 

development than to regulatory monitoring, the exact screening value was record- 

ed for all sources. 

The screening methods were used to survey every accessible valve and pump, 

and a portion of the flanges, on lines handling at least 4 weight percent 

benzene. Only one-third of the flanges were screened because of their large 

population. Exhausters were also screened, although they are not in the light 

oil recovery section of the plant and the coke oven gas they handle contains 

less than 4 weight percent benzene. Exhausters were included because they 

can potentially have high emissions. 



The survey was conducted on a line-by-line basis with plant flow diagrams 

to ensure that no sources were missed and to group sources subject to similar 

process conditions. Plant personnel corroborated the identification of process 

lines and supplied data that was not otherwise immediately available, such as 

the composition and phase of the material in the line. 

All leaking valves, pump seals, and exhauster seals were tagged with their 

respective ID numbers and were subsequently bagged. 

4.2 SAMPLING PROCEDURES 

Bagging procedures were carried out according to methods developed in 

previous petroleum refinery testing. Before and after a source was sampled, it 

was again screened. This time, however, a J.W. Bacharach "TLV Sniffer" (TLV) 

was used in addition to the OVA. The OVA uses a flame ionization detector and 

has a quick response time that makes it ideal for the initial screening. The 

TLV uses a catalytic oxidation detector and has a slower response than the 

OVA. 

The leaking area of the source was completely enclosed in a shroud of 

Mylar@ plastic to contain any emissions. MylaB is well suited to this func- 

tion, because it does not absorb significant amounts of hydrocarbons and has 

a high melting point (25O'C). The enclosures were kept as small as possible, 

generally less than one cubic foot in volume except for enclosures of exhauster 

seals. A small enclosure provided a more effective seal, minimized the time 

required to make the enclosure and reach steady-state conditions, and minimized 

the condensation of heavy hydrocarbons within the enclosure. 

The enclosure was connected to the sampling train shown in Figure 4-l. 

The sampling train included a cold trap, a dry gas meter, and a vacuum pump. 

The vacuum pump induced a flow of air, plus any fugitive emissions contained 
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within the enclosure, through the sampling train. A magnehelic connected to 

the enclosure with a short piece of latex tubing was used to ensure that a 

slight, but measurable, vacuum was maintained within the enclosure. A slight 

vacuum prevented fugitive emissions from leaking out of the enclosure. To 

obtain an adequate vacuum on the two leaking exhausters, it was necessary to 

connect each enclosure to two sampling trains. 

The cold trap was used to condense water and heavy organics that might 

otherwise condense downstream in lines and equipment. This trap consisted 

of a 500 ml flask in an ice bath. No condensate was-observed at the Gadsden 

plant; however, if an organic condensate were collected, it would be measured, 

analyzed, and included in calculating the total leak rate. 

Downstream from the cold trap, a dry gas meter measured the volume of 

gas that passed through the sampling train. By measuring the volume of gas 

during a known period of time, it was possible to calculate the dry gas 

flow rate. The gas flow rate could be varied, and the maximum flow rate 

achievable was about 2.5 cubic feet per minute. The temperature and pressure 

of the gas were measured to allow a conversion to standard conditions. 

When sufficient time had passed to allow the system to reach steady-state 

(generally, 4 minutes were more than adequate for an enclosure of 1 cubic foot), 

a Tedlar@ sampling bag was filled from the discharge of the small Teflon@-lined 

diaphragm pump. A second Tedlar@ bag was filled with a sample of ambient air 

near the enclosure. The two samples were then taken to the mobile lab on the 

plant grounds for analysis. 

Liquid leak rates were estimated by capturing the liquid in a watchglass 

and measuring the volume collected over a known period of time. Samples of 

each-liquid leak and of the liquids from process lines were taken back to the 

lahoratory for benzene analysis. Sample bottles were filled to the brim to 

minimize any vapor overhead space that would allow the benzene in the liquid 

sample to become- dispersed between 2 phases. 
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4.3 ANALYTICAL TECHNIQUES 

To quantify the YOC emissions from the bagged sources, the concentration 

of total hydrocarbon and also that of benzene were determined using gas chroma- 

tographic procedures. Primary analysis of fugitive volatile organic compounds 

(VOC) was performed on a Byron 301C Total Hydrocarbon Analyzer (THC). The 

THC has an upper detection limit of 20,000 ppmv. Dilutions of more concen- 

trated samples were made with a 1.5 liter gas-tight syringe. 

Methane calibrations were carried out daily on the THC with an 8000 ppmv 

methane/air standard. Nonmethane hydrocarbon calibrations were also carried 

out daily on the THC with a 713 ppmw NBS propane standard. 

Analyses for benzene were performed on a Hewlett Packard 5730A Dual FID _ 

Gas Chromatograph. Dual gas samples were introduced simultaneously onto sepa- 

rate columns with a Valco 10 port Hastalloy C multiport valve installed immedi- 

ately forward of the GC syringe injection ports. Peak integrations were com- 

piled on two Hewlett Packard 33808 electronic integrators. Liquid samples 

were analyzed by normal syringe injection techniques using benzene as an ex- 

ternal standard. 

The columns and conditions used for the benzene analyses are listed 

below: 

. l/8" OD, 2 mm ID, 15 feet, 5% SP-2100/1.75% Benton 34 
on 100/120 mesh Supelcoport. 

l l/8" OD, 2 mm ID, 15 feet, 10% TCEP on 100/120 mesh 
Chromosorb P acid washed. 

. N:! carrier at 30 ml/min. 

. Isothermal at 110°C. 

The instrument was calibrated daily with a 5571 ppmw benzene in air standard. 

Single analyses were done simultaneously on the two different columns after 

calibration. 
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SECTION 5 

QUALITY CONTROL/QUALITY ASSURANCE 

5.1 QUALITY CONTROL FOR SCREENING PROCEDURES 

Screening at the Gadsden plant was done with a single Century Systems 

Organic Vapor Analyzer (OVA) Model 108 and one J.W. Bacharach Instrument 

Company "TLV Sniffer." The corresponding instrument identification numbers 

are given below: 

Device Type Assigned ID Number 

OVA 3 

TLY 4 

The OYA and TLV instruments were calibrated in the morning each day before 

they were used. Standards of 90 ppmv and 1990 ppmv hexane in air were used to 

obtain a two point calibration on the TLV; 7990 ppmv methane in air was used 

to calibrate the OVA. Before a recalibration was made each day, the values 

obtained from the instrument were recorded. This served two purposes: 

. a check for instrument damage or malfunction, and 

. a rough check of the stability of the daily calibration. 

In addition to the high (and low for TLV) standard calibrations, a 

dilution probe was occasionally attached to the instrument and another read- 

ing was taken. The probe was set at 1O:l dilution of the high standard con- 

centration, The calibration data is summarized in Table 5-1. 
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The calibration checking results do indicate some significant drift. It 

should be noted, however, that these readings are taken in the morning before 

calibration and not at the close of the screening day. It is likely that most 

of the calibration drift occurs due to the overnight shutdown and recharge 

rather than during the days screening. The phenomenon of calibration drift 

over a shutdown and re-start has been observed in other studies. The low OVA 

calibration value observed on December 9 was caused by an instrument malfunc- 

tion that was immediately repaired. 

5.2 QUALITY CONTROL FCR ANALYTICAL AND SAMPLING PROCEDURES 

Quality control procedures were implemented to insure accurate, consistent, 

and unbiased analytical and sampling techniques during the project. The 

procedures discussed in this section include: 

. blind standards 

. accuracy checks 

5.2.1 BLIND STANDARDS 

Standard materials were prepared and submitted to the analyst without 

divulging the concentration of benzene or hexane present in order to evalute 

the quality of data generated by the Byron 301C Total Hydrocarbon Analyzer 

(THC) and the HP5703A Dual FID Gas Chromatograph. A 262.7 ppm hexane standard 

and a 1075.9 ppm benzene standard were implemented to demonstrate the precision 

and accuracy of the analysis of bag samples by the Byron THC and the HP Gas 

Chromatograph, respectively. Table 5-2 lists the data from the blind standard 

analyses. The difference between the prepared and measured concentration is 

shown as the percent difference. The percent difference is calculated as follows: 

% Diff=(Prepared-Measured Concentration)X loo/Prepared Concentration. 
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TABLE 5-2. BLIND STANDARDS DATA LISTING 

Prepared Measured Diff. Percent 
Instr. Date Gas Type (PPmw> (PPmw> (PPmw> Diff 

THC 12/09/80 Hexane 262.7 247.9 14.8 5.63 

HP 12/10/80 Benzene 1075.9 1042.3 33.6 3.12 

In addition to the blind standard materials analysis, a sample of light 

oil product was analyzed by GC/MS to confirm that the amounts of benzene found 

by GC were only benzene and were not any coeluting compounds. Analysis of this 

sample and a sample of pure benzene, as depicted graphically in Figures 5-l 

through 5-3, demonstrates that there were no other compounds present with the 

same retention time as benzene. 

5.2.2 ACCURACY CHECKS 

Accuracy checks were used to evaluate the overall accuracy of the sampling 

and analysis techniques. It basically involves inducing a known flow rate of 

a concentrated calibration gas into the sampling system and taking a bag sample 

of the diluted calibration gas at the exit of the system. Analysis of the bag 

sample by THC or GC provides data to calculate the measured leak rate. The 

induced leak rate is calculated from the flow rate and concentration of the 

induced standard gas. 

Table 5-3 lists the data from two accuracy checks. The measured leak 

rate, induced leak rate, and the percent recovery are shown. The percent 

recovery is calculated as follows: 
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