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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 Bethlehem Steel plant in 

Bethlehem, Pennsylvania. The testing was performed by Radian Corporation on 

January 20 through January 28, 1981. 

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 Emissions 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. The liquid and vapor benzene 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 the vapor 

emitted from fittings on 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 

SUMMARY OF RESULTS 

This section presents a summary of the fugitive emission data gathered at 

the Bethlehem Steel plant in Bethlehem. All data are presented in the form of 

original data sheets in Appendix B. 

The plant screening results are presented in Table 2-1. 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 a ratio of the benzene emission rate 

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

air. The benzolized wash oil samples are reported as having no detectable 

benzene (less than 1 weight percent). The detection limit for benzene in 

liquid samples analyzed by gas chromatograph can potentially be at the parts 

per million level. It was decided early in the study, however, that only 

those streams containing 1 weight percent benzene, or more, were of interest, 

so no attempt was made to exactly quantify benzene concentrations below that 

level. 
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TABLE 2-l. OVA SCREENING VALUE DISTRIBUTION: BETHLEHEM STEEL, BETHLEHEM, PA. 

OVA 
SCREENING 

VALUE (pp mv> 

0 to 199 

THREADED PUMPS 
FLANGES FITTINGS VALVES SEALS EXHAUSTERS 

/Ia 0 Tb il % iI % ii % i/ % -- -- -- - - 
151 100.0 0 -- 98 90.7 24 85.7 19 79.2 

200 to 9,999 0 0.0 0 -- 9 8.3 3 10.7 2 8.3 

> 10,000 0 0.0 0 -- 1 0.9 1 3.6 3 12.5 - 

Total Sources Screened 151 100.0 0 -- 108 100.0 28 100.0 24 100.0 

a) iI- number of sources in each category 
b) %- percent of total sources screened 

w 



TABLE 2-2. SUMMARY OF BENZENE AND NONMETHANE HYDROCARBON LEAK RATES (LBS/HR) FROM 
SAMPLED SOURCES: BETHLEHEM STEEL, BETHLEHEM, PENNSYLVANIA 

Mean OVA Mean TLV 
Sampling Source Rescreen&ng Rescreening Benzene Leak Rates Nonmethane-HC Leak Rates 

Date ID Value Value Vapor Liquid Total _Vapor Liquid Total - 

Block Valves 01/22ral 

01/23/81 

01/26/81 

01~27~81 

Control Valves 01/23/81 

Pumps 01/22/81 

01/23/81 

01/27/81 

01/28/81 

Exhausters 01/21/81 
01/27/81 

108 130 345 0.000000 0.000000 0.000000 
120 24000 10001 0.032253 0.104944 0.137197 
114 2150 850 0.001975 0.000000 0.001975 
116 240 175 0.000000 0.000000 0.000000 
124 123 89 0.000000 0.000000 0.000000 

84 75 60 0.000000 0.000000 0.000000 
87 320 1335 0.000129 0.000000 0.000129 
91 700 1500 0.002389 0.000000 0.002389 

103 250 550 0.000141 0.000000 0.000141 
104 48 110 0.000290 0.000000 0.000290 
129 205 110 0.000009 0.000000 0.000009 
139 95 58 0.000055 0.000000 0.000055 
141 25000 8851 0.021884 0.000000 0.021884 

40 250 1000 0.000000 0.000000 0.000000 

115 325 
121 5200 

109-I= 11500 
98-Od , 21500 

109-I 
98-0d 

14000 
16000 

26-I 78 
334-I 50000 

27-0 20 
333~0 6600 

66-I 30 
68-I 15 

300 0.000286 0.000000 0.000286 0.000656 0.000000 0.000656 
2950 0.002774 0.000000 0.002774 0.003543 0.000000 0.003543 

8700 0.079925 0.000000 0.079925 
10001 0.077834 0.000000 0.077834 

8450 0.072369 0.000000 0.072369 
8801 0.063723 0.000000 0.063723 

362 0.002365 0.000000 0.002365 
10001 0.203298 8.845081 9.048379 

30 0.000119 0.000000 0.000119 
10001 0.284684 0.405399 0.690083 

38 0.000740 0.000000 0.000740 
15 0.000152 0.000000 0.000152 

20 42500 
18 87501 
19 
2od 

100001 
34000 

23 9500 

10001 0.173869 0.000000 0.173869 . 0.000000 
10001 0.200168 0.000000 0.200168 0.493436 0.000000 
10001 0.154939 0.000000 0.154939 0.379242 0.000000 

7701 0.021283 0.000000 0.021283 0.053182 0.000000 
8901 0.000648 0.000000 0.000648 0.002784 0.000000 

t) 
. 0.000000 
. 0.187401 
0.002419 0.000000 
0.000309 0.000000 
0.000000 0.000000 
0.000000 0.000000 
0;000397 0.000000 
0.003113 0.000000 
0.000262 0.000000 
0.000462 0.000000 
0.000046 0.000000 
0.000118 0.000000 
0.032042 0.000000 
0.000010 0.000000 

. 0.000000 
0.000000 

0:112669 0.000000 
0.094001 0.000000 
0.003256 0.116802 
0.171420 13.713304 
0.000259 0.000000 
0.291111 0.628526 
0.001016 0.038463 
0.000240 0.016731 

;).002419 
0.000309 
0.000000 
0.000000 
0.000397 
0.003113 
0.000262 
0.000462 
0.000046 
0.000118 
0.032042 
0.000010 

. 

. 
0.112669 
0.094001 
0.120058 

13.884724 
0.000259 
0.919637 
0.039479 
0.016971 

01493436 
0.379242 
0.053182 
0.002784 

a) Average of before and after sampling screening values (given in Appendix B-2) 
b) This symbol indicates that no data was taken in that category. 
c) I denotes inboard seal and 0 denotes outboard seal of a pump with two seals. 
d) Sources 109-1, 98-Q, and 20 were sampled twice because THC was not operating 

on l/21/81 and l/22/81. 
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TABLE 2-3. COMPARISON OF BENZENE CONTENT IN EMISSIONS AND IN LIQUID LINES: 
BETHLEHEM STEEL, BETHLEHEM, PENNSYLVANIA 

-z 
Temp Press Wt X Benzene Source Wt X Benzene= Wt X Benzeneb 

Line ("F) (psig) in Line ID in Vapor Leak in Total Leak 

Benzolized 
Wash Oil 

80 35 NDC 26-Id 
27-0d 

73 2.0 
46,~~~ 46. 

66-I 73 1.9 
68-I 63,~~ 0.9 

175 0 ND 91 77 77. 

Secondary a0 
Light Oil 80 

10 63 121 
20 63 98-0 

109-I 
114 
115 

a) 

b) 
d 
d) 
e) 
f) 

'30 10 63 116 129 
. 139 

40 10 63 141 
35 20 63 333-g 

334-I 

78 
68 
64 
82 
44,DS 
0,DS 

20,DS 
47,DS 
68 

g8f 118 

78. 
68. 
64. 
82. 
44. 

0. 
20. 
47. 
68. 
75. 
65. 

Weight percent benzene in the vapor = Vapor mass emissions of benzene x loo 
Vapor mass emissions of NMHC 

Weight percent benzene in the total leak = Total mass emissions of benzene x loo 
Total mass emissions of NMHC 

ND denotes no benzene detected, benzene < 1 weight percent 

I denotes inboard seal, 0 denotes outboard seal of a pump with two seals 

DS denotes dilute sample, NMHC < 100 ppmv 

Analysis of benzene and NMHC were performed on separate instruments; this sample 
was probably almost pure benzene 



SECTION 3 

PROCESS DESCRIPTION 

The Bethlehem Steel plant at Bethlehem, Pennslyvania operates with a 

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

crude light oil product is sent to the Sparrow's Point plant for refining. 

During the testing period, the coke ovens were producing 3520 tons per 

day of coke and 67.4 MMSCFD of coke oven gas. The light oil recovery unit 

was recovering 12,678 gallons per day of crude light oil. 

The configuration of the wash oil scrubbers in the light oil recovery 

section is shown in Figure 3-1. There are two trains of four scrubbers in 

series in each train. A third train on standby has two scrubbers. These 

standby scrubbers contained no wash oil during the survey and are operated 

only when production levels necessitate. 

The remainder of the light oil recovery section is shown in Figure 3-2. 

The benzolized wash oil streams from scrubbers 3 and 9 are combined in the 

number 3 box. The benzolized wash oil is transferred from this box to the 

still, where it is steam stripped to separate the light oil from the wash oil. 

The light oil vapor from the still goes to the rectifier, where it is split 

into two fractions: an overhead stream called secondary or BTX light oil, 

and a bottoms stream called primary light oil. Essentially all benzene is 

in the secondary light oil. A portion of the light oil vapor from the still 

condenses in the line before it reaches the rectifier. This oil, referred 

to as intermediate oil, can be sent to the number 3 box to be combined with 

the benzolized wash oil; however, the line that does this had not been used 

for at least a month prior to testing. 
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SCRUBBER 14 
(STANOBYJ 

SCRUBBER15 
(STANOBYJ 

SCRUBBER 9 SCRUBlEA 11 

t 
BENZOLJZEO 

WASH OIL 

-w 
VA0040 

I SCRUBBER 5 

PUoo68 
VA0048 

SCRUBBER 12 

SCRUBBER 6 

-P 
PUoo6a 

OE&ZOUZEO : 
WASH OIL 

. Coke Oven Gas (not shown) flows counter-current to the wash oil. 

l Numbers following the letters VA and PU are source ID numbers for 
valves*and pumps, respectively, from which fugitive emissions 
were detected. 

Figure 3-1. Wash oil scrubber configuration at 
Bethlehem Steel, Bethlehem, Pennsylvania. 

7 



SECOND L.O. (BTXI 

PRIMARY L.O. 

OVEN ’ WASH OIL 

GAS ( .4) 

I ’ . “ .  I I .  

SERVICE) 1 STOR.57 1 1 STOR. 58 1 

. Numbers following the letters VA and PU are source ID numbers for 
valves and pumps, respectively, from which fugitive emissions were 
detected. 

. Numbers in parentheses are the weight percent benzene in that line. 

. The symbol labelled "Scrubber Trains" represents the wash oil 
scrubber trains shown in Figure 3-l. 

Figure 3-2. Light oil recovery unit at Bethlehem Steel, 
Bethlehem, Pennsylvania. 
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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 

benzolized wash oil, still overhead, rectifier overhead, intermediate oil, 

and secondary oil line, and the secondary oil storage and loading areas. The 

benzolized wash oil line and the exhausters were screened, although they con- 

tained less than 4 percent benzene. The exhausters are upstream from the light 

oil recovery on the coke oven gas line, and are not shown in Figures 3-1 and 

3-2. 



SECTION 4 

METHODOLOGY 

The fugitive emissions testing at the Bethlehem Steel plant in Bethlehem 

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 defini- 

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

development than to regulatory monitoring, the exact screening value was 

recorded 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. Rxhausters were included because they can potentially 

have high emissions. 
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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. 

One source was not screened due to physical inaccessibility, but this 

source was recorded to insure that a complete source inventory was obtained. 

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. Mylar@ is well suited to this func- 

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

a high melting point (250°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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Figure 4-l. Sampling train for baggable source of hydrocarbon emissions. 



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. 

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 Bethlehem 

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 Tefloalined 

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

near the enclosure. The two samples ware 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 

laboratory 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 two phases. 
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4.3 ANALYTICAL TECHNIQUES 

To quantify the VOC 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 57308 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/8" OD, 2 mm ID, 15 feet, 10% TCEP on 100/120 mesh 
Chromosorb P acid washed. 

. N2 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 Bethlehem 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 

TLV 4 

Two quality assurance activities were used for the screening devices: 

. calibration checks, and 

. repeated screenings 

5.1.1 CALIBRATION CHECKS 

The OVA 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 on the stability of the daily calibration. 
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In addition to the high (and low for TLV) standard calibrations, a dilu- 

tion probe was occasionally attached to the instrument and another reading 

was taken. The probe was set a.t 1O:l dilution of the high standard concentra- 

tion. The calibration data is summarized in Table 5-1. 

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. 

5.1.2 REPEATED SCREENINGS 

The reproducibility of screening values was investigated by repeated 

screenings of three sources. Two valves and one pump seal were selected to 

represent a variety of screening values. Each source was screened once in the 

morning and once in the afternoon for five days. Screening was performed with 

an OVA by the same operator at all times. 

The results of the repeated screenings are plotted for each source in 

Figures 5-l through 5-3. Screening values are plotted on a logarithmic scale 

against the date of screening. Variability in screening values for each 

source probably reflects the variability in the actual leak rate at the source, 

as well as the variability in the response of the screening instrument. 

5.2 QUALITY CONTROL FOR ANALYTICAL AND SAMPLING PROCEDURES 

Quality control procedures were implemented to insure accurate, consis- 

tent, and unbiased analytical and sampling techniques during the project. 

The procedures discussed in this section include: 

. blind standards 

. accuracy checks 

16 
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TABLE 5-1. CALIBRATION CHECKING OF OVA AND TLV 

Date 
OVA 3 

+-I 
TLV 4 

High Standard,ppmva Dil Probe,ppmv Low Standard,ppmvL High Standard,ppmvd 

01/21/81 3000 

01/22/81 4500 2500 2200 

01/23/81 >10,000 3000 3000 

01/26/81 5000 800 360 2300 

01/27/81 9000 800 300 2000 

01/28/81 4000 800 240 1900 

Footnotes: 
a> OVA calibration standard contained 7990 ppmv methane in air 
b) OVA reading with dilution probe should be 800 ppmv 
c) TLV low calibration standard contained 90 ppmv hexane in air 
d) TLV high calibration standard contained 1990 ppmv hexane in air 
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5.2.1 BLIND STANDARDS 

An 80 percent benzene liquid standard was submitted to the analyst without 

divulging the concentration in order to evaluate the accuracy of the gas 

chromatographic analysis of liquid leaks and line samples. Table 5-2 indicates 

that the measured benzene content was 81 percent. 

TABLE 5-2. LIQUID BLIND STANDARD ANALYSIS RESULTS 

Standard I.D. Actual Benzene Measured Benzene 
(percent) (percent) 

PU 11 80 81 

In addition to the blind standard material analysis, a portion of liquid 

leak and line samples were analyzed by GC/MS to confirm that the amounts of 

benzene found by GC were only benzene and were not coeluting compounds. 

Analysis of pure benzene and two samples on each of two columns, as depicted 

graphically in Figures 5-4 through 5-10, 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. 
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Table 5-3 lists the data from three accuracy tests. The measured leak 

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

recovery is calculated as follows: 

Percent Recovery = Induced leak rate 
Measured leak rate x lOOx 

The average recovery and its standard deviation are 117.2 percent and 7.61 

percent respectively. 

Date 

01/21/81 

TABLE 5-3. ACCURACY CHECKS DATA LISTING 

Measured, Induced 
Standard Leak Rate Leak Rate Percent 

Type (lbs/hr) (lbs/hr) Recovery 

Benzene 0.001005 0.000801 125.4 

01/21/81 Benzene 0.0009484 0.0008200 115.7 

01/26/81 Benzene 0.0009669 0.0008760 110.4 

Average recovery = 117.2 
Standard deviation= 7.61 
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