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SECTION 1

INTRODUCTION AND SUMMARY

This report presents a statistical analysis of test data for fugitive
nonmethéne hydrocarbon and benzene emissions from coke by-product plants.
Test results have been prev1ously presented in reports entitled, "'Benzene
Fugltlve Leaks; Coke Oven By-Product Plants; Emission Test Report" for the

following plants

31525 EMB Report No.
Bethlehem Steel Corporation, Bethlehem, PA. 80-BYC-+9
Republ;c Steel Corporatiomn, Gadsden, AL. 80-BYC-10
Wheeling-Pitﬁsburgh Steel Corporation, Monessen, PA. 80-BYC-11

This work was funded and administered by the Emission Measurement Branch
of the U.$. Envirommental Protection Agency under Comtract No. 68-02-3542, The
results of this study may be used in support of a National Emission Standard
for Hazardous Air Pollutants for benzene from coke oven by-product recovery

plants.

The purpose of this study can best be described by discussing the field
testing phase and the data analysis phase separately. Two objectives of the

field testing were as follows:

i) to count and screen all valves and pump seals and one-third of all
flanges, on process lines containing at least 4 weight percent
benzene; also to screen all exhauster seals 'and to determine the
percentage of benzene in each process line surveyed,

2) to measure the mass emission rate of benzene and of nonmethane
hydrocarbons at each leaking source identified during the screening.




The objectives of‘tbe data.analysis were as follows:

1) to compile leak frequency distributions for different benzene
service populations' (all sources screened, all sources om lines-
with at least 4 weight percent benzene, and all sources on lines
‘with at least lO WElght percent benzene),

2) to compare the: percentage of benzene in the line to the estlmated
percentage of benzene in the leak to determine if the benzene
concentratlon in the llne is an adequate 1dentif1er of potentlally
51gn1f1cant sources,

3)  to prepare benzene and nonmethane hydrocarbon emlss1on factors for
all ‘sources and for sources on lines with at leéast. lO percent benzene,

4) to compare . the coke oven by~product recovery emlssion factors W1th
emission factors for: petroleum refineries,

The objectlves of testing were met, and the results published in the
Emission Test Reports. The analys1s objectlves are met by results glven iin
Section 2 and brlefly summarlzed 1n the following paragraphs. The methodology
-used in estlmatlng emission factors is discussed in Sectlon 3, and the results
of the quallty control practlces are glven in Section 4. '

An examlnatlon of the populatlon data 1nd1cates that no sources were.
found in the 4 to 10 percent henzene service range. The contribution of
sources below 4 percent benzene service to total benzene’ fugltlve emlss1ons
was found to be gquite small.: These data indicate that the bulk of benzene
fugitive-emissfons can be attributed to sources on lines containing at*least
-1Q percent benzene. Usually, only the light oil product llnes contain lO

s

percent 0T ‘more benzene.

The percentage of benzene in the line is generally a good 1nd1cator of
.the percentage of benzene in the leak. rThe test results‘lndacate, however,‘.-
that there are two exceptlons.anf benzene-is,‘by far, one-of'thesmost]voiatile
components in.the'line,”then.there may be-a bigher percentage:of benzene .in d
.the leak.than in the l:l.ne..1 Thewsecond'exception invdlvés-ver&.small 1eaks,._.

" where the benzene concentratlon 1n the sample gas may be . only sllghtly hlgher



than ambient. In these cases, the sampling and analytical precision is not
sufficient to resolve the benzene concentration accurately. This results in

a lack of correlation between sample and line benzene concentrations.

This program was not designed to produce an extensive data base from

which firm emission factors could be developed. A previous study of fugitive
emissions from petroleum refining, however, developed emission factors for
similar equipment types. Table 1-1 presents ﬁonmethane hydrocarbon emission
factors for comparable sources in coke by-product plarts and‘refineries.

"The mean emission factors are reasonably close, especially for the important
valve category, and the confidence‘intervals for all categories show a
significant degree of overlap. Therefore, the use of refinery data to

characterize the coke by-products fugitive emissions is reasonable.
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SECTION 2

DETAILED RESULTS

This section presents a detailed summary of all of the fugitive emission

data gathered at the:

. Wheeling-Pittsburgh Steel Plant on November 24 to December
5, 1980,

. Republic Steel Plant on December 8 to 12, 1980, and

. Bethlehem Steel Plant on January 20 to 28, 1981.

Fugitive emissions testing was performed on fittings on process lines
containing at least 4 weight percent benzeme. Benzene is concentrated in

the light oii recovery section, and therefore almost all of the testing was
performed in this area. All three plants have light oil recovery units that
operate by‘the absorption/stripping method of light oil recoVery. At two

of three plants, the light oil is further fractionated. Light oil prbduction
at thé facilities ranges'from 2,730 to 12,678 gallons per day and coke oven
gas production from 8.27 to 67.4 MMSCFD. A detaiied description of each

process and the lines screened is included in Appendix C.

The fugitive emissions testing'at each of these plants included both
"screening" and "bagging" procedures. Screening is a generic term covering
any quick portable method of detecting fugitive emissions. The initial
screening in this stﬁdy was performed with a Century Systems Organic Vapor
Analyzer (OVA) Model 108. Bagging is a. technique for measuring fugitive

emissions by enclosing the source in Mylar® and amalyzing aﬁ equilibrium

~flow of air through the enclosure. The screening and bagging procedures

are described. in more detail in Section 4 of the individual test reports.




2.1 SCREENING VAL‘UE‘ DISTRIBUTIONS

Screening value-distributions are presented in Table 2-1 for all plants
combined and in Table B-1 to. B-3 for individual plants. These distributioms’
are reported by type of fitting and by the concentration of benzene in- the

line, Three subcategorles for the amount of benzene in the llne were:

con31dered
. All service (that is, -all sources screened)
. "Sources on lines_with_at least 4 weight percent benzene
. Sources on lineS‘with at least 10 weight percent benzene

‘There were,_however very few. sources found with benzene between 4 and 10

weight percent.

' Sources w1th less than 4 WElght percent benzene, other than exhausters;
wére not intentlonally screened.: But at the Wheellng—Plttsburgh Steel and
Bethlehem Steel plants, it was not 1mmed1ately known that the wash oil from_
the llght 011 absorbers contalned less than 4 weight percent benzene.' Hence;
these wash 01l llnes were screened even though subsequent analys1s of .

) samples from' these 11nes showed that the benzene concentratlon was less than

4 Welght percent. S

Exhauster séalg"wéié also tested even:though these are inﬁthe'service‘
of coke’ oven gas Wlth less than & welght percent benzene, because testing :
in petroleum reflnerles 1nd1cated that this type of flttlng can . be a maJor
source of emlSSlons. The exhausters are located on the coke oven: gas line
upstream from the light o0il" recovery unit. The distribution of- screenlng

-values “for exhausters is also presented in Table 2-1. : . 'ﬁ'"i\

3
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2.2 BENZENE AND.NONMETHANE HYDROCARBON LEAK RATES

Table: 2 2 summarizes the benzene and nonmethane hydrocarbon leak: rates
in. kllograms per day. All valves, pump seals, and exhausters ‘that caused '
an OVA reading greater than the: amblent reading or that had a v1s1ble liquid

leak were sampled._‘Vapor‘phase leak. rates were measured-us;ng_the-bagg;ng

/I.‘

technique. 'Liquid:leakbrates ﬁere measured directly by timed collection din
a graduated cyllnder, and a sample of the collected liquid was analyzedwfor

benzene. Each sampled source was- screened immediately before sampling

with an OVA and Wlth a J.W. Bacharach Instrument Company "TLV Snlffer. -
These screenlng values are shown in Table 2-2 along with’ the Welght percent_

benzene in. the line.
2.3 COMPARISON OF BENZENE IN LEAK AND IN LINE
Table 2-3 prov1des a’ comparlson of the weight percent benzene in' the

vapor, llquld :and total leak Wlth the Welght percent benzene in the. llne.

The weight percent benzene in the vapor sample is not dlrectly-comparable to

benzene in the llne, because the sample is diluted with air. These ValuES
for- percent benzene are calculated as the ratio of benzene to nonmethane _
‘hydrocarbon in the sample. This method is probably accurate unless the 1eak
is small.  Those. values of benzene in the leak that are much. less than the
benzene in the line represent_samples that had only sllghtly more benzene
and nonmethane hvdrocarbon ‘than: the ambient air samples. The Welght percent
benzene in.the llne is plotted against the weight percent benzene in the

total and vapor leak }anlgure B—l (a & b).

2.4 EMISSION FACTORS.

Benzene;and:nonmethane hydroCarbon enission factors Wereﬁcalculated'
according to type of fitting. These factors are summarized in Table 242

for sources with at least. 10 percent benzeneiaﬁd in Table 2f4b fon all sources

PR T
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screened. In Figures 2-1 to 2-5, these factors are compared with eﬁission factors
developed duting the refinery program and published in "Assessment 6f Atmospheric
Emissions from Petroleum Refining," EPA Report No. 600/2-80-075 (Vol. a-e),

Radian Corporation, Austin, Texas, July 1980. ‘

© 2.5 RELATIONSHIPS BETWEEN SCREENING VALUES AND LEAK RATES

Empirical relationships between instrument screening value and total
(vapor plus liquid) leak rate wére developed from the data for valves,
exhausters and pump seals., The relationships for total nonmethane leak
rate are'presented:graphically on arithmetic scales in‘Figﬁres 2-6 through
2—12 for both OVA and TLV Sniffer instrument screening values. The same

relationsﬁips are presented on logarithmic scales in Appendix B. Similar graphs

~ for total benzene leak rate are given in Figures 2-13 through 2-19 and in

Appendix B. Each figure also gives the parameters of the fitted equation used
to develop the plot. Ninety-five percent confidence intervals for the predicted
mean leak rate bound each curve. Sources screening at greater than or equal

to 100,000 ppmv for the OVA instrument or greater than 10,000 ppmv for the

 TLV Sniffer were not included in developing the graphs (these values are the

instrument scale maximum). Insufficient data were available to develop rela-

tionships for flanges and threaded fittings.

The relationship of total leak rate to instrument screening value are
presented in tabular form in Appendix B. These tables also include indivi-
dual leak rate confidence intervals. The mean leak rate confidence intervals,
which are presented in Figures 2-6 through 2-19, apply to the estimated
mean leak rate. There is 95 percent confidence that the actual mean leak
rate for a particular screening value falls between the mean leak rate
confidence limits. However, if a single source is to be screened and
measured, the measured leak rate should fall within the broader individual

leak rate confidence limits with 95 percent confidence.
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SECTION 3

.ESTIMATION METHODOLOGY

‘This section summarizes the methods used to compute the Emissioﬁ"
factors and prediction equations presented in Section 2.  The mathematical

details and background are discussed'in Appendix A.
3.1 EMISSION FACTORS

In developing emission factors, sources were divided into three groups:
sources identified as not emitting, emitting sources which were not_measured,1
and emitting sources that were measured. The emissions were detected with:
instrument screening and/or visual inspection. The data from measured sources
was used to develop an empirical relationship between the screening valve
and the nonmethane vapor leak rate. This relationship was then used to.pre-:
dict the nonmethane vapor leak rate for the unmeasured valves, pump seals
and exhaustérs. Separate relationships were developed for the different

source types.

After nonmethane vapor leak rates were predicted for the unmeasured sources,
as described above, the benzene vapor leak rate was predicted using the

relationship between nommethane vapor leak rate and benzene vapor leak rate.

For the several cases in which only the benzene vapor leak rate was measured,

the nonmethane vapor leak rate was predicted using the relationship between

benzene leak rate and nonmethane leak rate. One relationship was found to

! Almost all emitting sourcés were measured; however, the analysis of -a few

samples was incomplete or erroneous and emission rates for these sources
were estimated. '
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adequatelyhdesoribe:the emissions‘from all source types, but a-second_rela—
tionship was required=for sburces inheoke oven gas service‘(see‘TableﬂAFB).
.Emission‘factorsffor totalﬂ(vapor plus liquid)‘nonmethane-hYdrocarbon
- and benzene: em1551ons were estlmated from the combined méasured ‘and predlcted
leak rates. Because of the hlgh degree of skewness in the dlstrlbutlon of
total leak rates, a lognormal dlstrlbutlon was used to model the dlstrlbutlon
of leaking sources... An evaluation of the transformed data based on tests of
normallty 1nd1cates that the data for most sources appeared to approxlmate

" a normal dlstrlbutlon.

" The emlssion factor computed from emlttlng sources was adJusted to
account for‘the‘non-emlttlng sources.- This adjustment was made as a. Welghted
average‘wdth;the-weights being the frequency of emlttlng;and‘non—emlttlng

- soukces. An emlttlng source iIs defined here as any source w1th a screenlng

value greater than zero._

As described‘earlier, fitted regreSsion equations Were:developed to‘
estimate nonmethane vapor leak rate from instrument screening value for:
unmeasured Valves, pump seals,_and exhausters. Regression. relatlonshlps
between nonmethane vapor leak rate and instrument screening value were-
developed'fromimeasured sources. The equatlons-were fitted to the data‘on
a logarithmic scale. No relatlonshlp between instrument screening value and
nonmethane vapor leak rate could ‘be developed for flanges and threaded
fittings- due to 1nsuff1c1ent data. Sources w1th instrument: screenlng values

of zero or. measured leak rates of zero were treated as having zero em1s51ons.

If theVnonmethane-vapor'leak ratelwaS‘not measured, :but”the-benzene‘
vapor . leak rate was measured then the nonmethane rate was estxmated from
the-benzene rate u51ng~regress1on ‘equations. Conversely,:the benzene rate-'
was estlmated from the nonmethane rate, if measurements Were avallable for the
nonmethane- but not. the benzene.‘ The regresslon equatlons were f1tted on:a

|

logarlthmlc scale u81ng measured source data us1ng two product grouplngs.ﬂ

f -




Total (vapor plus liquid) emission factors were estimated from the
combined meaéured.(vapor and liquid) and estimated (vapof) leak rates. The
estimated mean total leak rate for emitting sources was first computed (leak
rates being averaged on a logarithmic scale). The average was converted to
the arithmetic scale by exponentiation and multiplication by a transformation
bias correction factor appropriate for the lognormal distribution. The esti-
mated mean total leak rate for emitters was combined with the zero. leak rate
for nonemitters by a weighted average using the proportion of emitters and
nonemitters respectively as weights. This final weighted average is the

estiméted emission factor per source.
3.2 SERVICE FACTORS

Four of the pump seals tested (sources 119-5 and 120-5 at Repubiic Steel
and 333-0 and 334-I at Bethlehem Steel) were on. loading pumps that omnly op-
erated intermittently, for an average of about one hour per day. These pump
seals were tested while in operation, aﬁd-the measured leak rates pfesented
in Tables 2-2 and 2-3 are representétive of the higher emissions during
loading. Screening of the pumps during their idle periods indicatéd;ﬁhat
the vapor leak rate was comparable tp that under operating conditioms. There
was, however, significant liquid leakage during pump operation that stopped
cOmpietely when it was idle. In computing the average daily emission factors
for Table 2-4, the measured vapor leak rate was assumed to be constant, but
thegmeasured liquid leak rate was multipliéd by a service factor of 0.042 (one .
hour of oﬁaration per 24 hour day).to account ‘for the reduced emissions during

the idle period.
3.3 RELATIQON OF TOTAL LEAK RATE TO INSTRUMENT SCREENING VALUE

The presented relationships between total (vapor plus liquid) leak rate
and instrument screening value (Figures 2-6 through 2-19, Figures and Tables

in Appendix B) were developed using regressing techniques on a logarithmic

scale.

37




To 1nvest1gate the relatlonshlp between instrument screenlng value rand
leak rate,'a representatlve Screenlng value was first chosen. Rescreenlng
+ values for_both the_OVA ‘and TLV -Sniffer were takén beforeuand‘after-eachﬁ
source was”sampled7 'In”severalzcases~the before'and after‘leak;measurementi
‘screening value Was found to be’ Slgnlflcantly different. Since:the effect
(if - any) of Sampllng a source 1mmedlately before taking an 1nstrument screening.
readlng 1s-unknown, the: screening readlng-before leak measurement was chosen
as the repreeentatlve 1nstrument screenlng value and was- used in the model

development.

The‘logeritﬁmLof=tEe total‘(vaPOr plus Iiquid) leak rate (uonmethane
and benzene) was. regresaed on the logarlthm of the instrument. screenlng Value
(OVA and TLV Snlffer) for valves and exhausters — a relatlonshlp between '
TLV 1nstrument screenlng value and total leak rate could not be developed

for exhausters due to: 1nsuff1c1ent data.

In order to model the relathnshlp between total leak rate ‘and 1nstrument'
screenlng value for'pump seals, an’ addltlonal 1ndependent variable (1nd1cat1ng
whether or’ not the source released llquld leakage) was 1ncluded in the.’
above—descrlbed regre551on equatlon. ‘No relatiomship between 1nstrument
screenlng value and total leak rate could be developed for flanges -and- thread—'

ed flttlngs due to 1nsuff1c1ent data.

T_Details'of'the;medel and the above described techanues'arewincluded

in Appendix A.
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SECTION 4

QUALITY CONTROL/QUALITY ASSURANCE

Quality control procedures were implemented to insure accurate, consistent;

and unbiased techniques during the testimg. These procedures included:

. calibration checks on screening instruments

. répeated screening of fittings

. analysis of blind gas and liquid standards
. accuracy checks on leak rate measurement

. analysis for interfering compounds.

The results for each of these are summarized in Table 4.1. The results are .

described morelfully in Section 5 of each of the individual test reports.

An analysis of quality control data indicates that some error is introduced
through screening, saﬁpling; and analysis procedures. However, the cumulative
error from sampling and analysis procedures is not-tﬁe limiting factor with
respect to the confidence intervals of emission factors. The variance component
due to variations in sampling and analysis procedures is small compared to the
variance component associated with variation between individual sources and
day-to-day variation within ome source. Based on this, it can be said that
the precision of the sampling and analytical. techniques is adequate to support

the emission factors and other analyses.
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TABLE 4-1.

SUMMARY OF ACCURACY ‘AND PRECISION OF =
SAMPLING AND ANALYSIS TECHNIQUES

Accuracy -

Repeatabiliry

Percent. of Variatiom
in Data Attributable
to Measurement

Accuracy
Vapor Analysis.

‘Liquid Analysis |

Sampling and
Analysis’

'Interfering'Compounde

Screenlng

More - than 50 pErcent of calibration checks were

‘within + 30 percent of the standard; however,

approximately 20 percent of the differences

found-were greater than + 100 percent of the

known concentration. Consistent negative drifts:

~were noted at the high level for both OVA devices.

Screening value for a given- source -with an average
screening value of x can be expected to vary from-
/7.4 to 7. 4x Wlthln a short time perlod ‘

‘About 11 percent of the varlabllity in the screen-

ing values from the selected sources with multiple

'readlngs can be attributed to the screening devices.

More than 86 percent of the'variation-is attribu-

‘ableeto differences between the sources.

Sampling/Analysis

The average percent dlfference from Standards for
the two analytical systems used is “I.1- percent
indlcatlng no 51gn1f1cant blas 1n the analy51s.

'-_The-average percent dlfferenceﬂfrom;liquld

standards for the analytical: system used is 1.6
percent,‘lndlcatlng no signlflcant blas ln the
analy51s.

Average recovery for the benzene and hexane

- standards were 109 and 93 percent, resPectlvely,.f

indicating slight biases in the total sampllng/
analysis system.i . .

"No! compounds were found with. the same. retentlon

tlme in- the gas. chromatograph as benzene.
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4.1 CALIBRATION CHECKS ON SCREENING INSTRUMENTS

The OVA and TLV instruments were calibrated im the morning each day
before they were used. The instruments were first tested on gas standards
to check the calibrationm drift. These checks indicate that some significant
drift did occur§_however, other studies have shown that such drift often

occurs after a prolonged shut-down. Thus, the over-night drift does not

' necessarily indicate that the previous day's screening results were. inaccurate.

4.2 REPEATED. SCREENING OF FITTINGS

Two valves and one pump seal were screened once in. the morning and once
in the aftermoon for five days to determine the repfoducibility of screening
results, The variation in screening values was analyzed statistically-to
idéntify the most significant sources. of variation., Table 4-2 summarizes .
the results of this variance analysis. About 87 percent of the variation
is attributed to differences between sources, 1l percent to the screening
devices and procedures,land 2.5 percent to the day-to-day variation in the

source itself.

The variation from replicate screenings Cyariatioﬁ'in the screening value
due to such factors as screening instruments and procedures) can be used to
define the repeatability of the screening measurement. The wvariance component
for replicate readings is 0.189 log (ppmv)?, and this determines that the
standard deviation between replicate readings of one source is 0,435 log
(ppov). This standard deviation means that a source with a mean screening
value of x may have screening values ranging from x/7.4 to 7.4x with 95 percent

confidence. For example, screening values from a source which has an average

screening value of 8000 ppmv could he between 1081 ppmv and 59,200 ppmv, 95

percent of the time,
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'TABLE 4-2. VARTANCE COMPONENT ESTIMATES FOR OVA. .
| SCREENING -MEASUREMENTS ON SOURCES '

Logigs (Screening Value)

Variance ‘ ngeféént,Ofw”

" Component ~ Total Variation -

Source of . Degrees of ~ ° Estimate * In Screening
Variation =~ =~ = . . Freedom - - ‘Lt_:')glo(ppmv)2 : - Values . -

Total Variation - o 29 1.778 . ”-‘ ‘;_100;"‘
Variation Between . 2 1.544 T 86.9 .
Individual Sources. ' ‘
Day-to-Day Variation 127 0.045 2.5
(within-a.sou;dé)' : S : L

Variation From = = 15 . 0.189 . 10.6
Replicate Screenings S ' = :
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4.3 ANALYSIS OF BLIND GAS AND LIQUID STANDARDS

Gas and liquid standards were prepared and gubmitted to the analysts,
without divulging the composition, to evaluate the quality of the analytical

data. Gaseous hexane standards were used to evaluate the precision of the

‘data for nonmethane hydrocarbons as determined by a Total Hydrocarbon Analyzer.

Similarly, gaseous and 1iquid benzene standards were used to check the preci-~

sion of the benzene analysis of gas and liquid samples by gas chromatograph.
The results of the analyses were an average of -1.1 percent different from the
standards for vapor amalysis, and 1.6 percent different from the standards

for liquid amnalysis.
4.4 ACCURACY CHECKS

Accuracy checks were used to evaluate the overall accuracy of the sampling
and analysis techmiques. The checks basically involve inducing 2 known
flow rate of a concentrated calibration gas, and then measuring this simulated

leak rate by the same techniques used to measure the leak rates from-fittings.

Comparison of the measured leak rate with the known leak rate indicates that

the average recovery of the benzene and hexane standards were 109 and 93
percent, respectively. These values indicate an acceptable accuracy level
for the overall sampling and analysis effort.

4,5 INTERFERING COMPOUNDS

Liquid samples were selected from each plant for analysis by gas chromato-

-graph/mass spectrometer (GE/MS). GC/MS would detect any compounds with the

same retention time on gas chrométograph as benzene, that might interfere with
the benzene analysis. No such compounds_were-detected‘in the samples from

coke by-products plants.
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APPENDIX A

STATTSTICAL PROCEDURES

~ This appendix. glves a detailed: description of the statlstlcal procedureS'_
applled 1n developlng em1s51on factors and predlctlon equatlons presented in
this report. A summary of the methodology is given in Section 3. This .
appendix elaborates on that summary, g1v1ng equations, mathematlcal models_

and other detalls.

A brief descrlption of data handling procedures and corrective changes

made to the screenlng and sampllng data is also 1ncluded
_ STATISTICAL DISTRIBUTION MODELS FOR LEAK RATES

~A lognormal dlstrlbutlon was used to model the dlstrlbutlon of emlttlng 'f
sources. In order to develop estimates for emission factors, the non—emlttlng
sources (leak rate assumed equal to zero) also had to be: modeled. A leEd
distribution, spec1f1cally a. lognormal dlstrlbutlon with a discrete proba—

blllty mass at zero, was used for this purpose.

A dlscu551on of the lognormal dlstrlbutlon and mixed dlstrlbutlon .as
was' used in modeling the dlstrlbutlon of emitting sources and developlng
emission factor estlmates ‘can be found in the draft report "Emlss10n Factors
- and Leak Frequenc1es for Fittings in Gas Plants,” September 1981.‘

EMISSION FACTOR DEVELOPMENT

Due to equipment constralnts it.was not always possible to measure all

sources that screened greater than zero ppmv. In order not to bias the dlstrl—

bution of emltting sources, it Was necessary. to estimate vapor leak rates for
all emlttlng sources that were not. quantltatlvely measured. ‘Table A—l 1nd1—

cates the dlstrlbutlon of these. unmeasured sources by source type class1f1ca—
tlon. For- all sources ‘with 11qu1d leakage (detected by v1sual 1nspectlon),

liquid- samples were’ collected and analyzed forwlts components. ‘
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TABLE A-1. SUMMARY OF THE NUMBER OF SOURCES SCREENED,
FOQUND EMITTING, AND. MEASURED

Total Sources Total Sources Total Sources Measured®
Source Type Screenedt Screened >0 ppmv? Nonmethane  ~ Benzene

Valves 247 32 . 23 25

Punmp Seals 32 20 19 19
Exhausters 34 7 6 - 6
Flanges" 223 2 0 0

Threaded '
Fittings .70 0 .0 0

1Sources were screened using instrument screening.
2,

Thls includes sources that screened >0 ppmv during first screenlng, but screened_

0 ppmv during sampling prescreening. No attempt was made to sample these

sources.
3

' Sources were quantitatively measured by enclosing the source, measuring the.

uamount of vapor emission, and analyzing it for its components.

It was not intended that emissions from flanges or threaded fittings be
measured. '




‘Estimating Emissions for Umméasured. Sources: s

Predlctlve relatlonshlps were establlshed for nonmethane vapor leak rate
with 1nstrument screenlng value using measured sources.. Nonmethaue vapor
leak rates were then ‘estimated ‘for unmeasured valves,  pump seals and exhausters
using the predictive. relatlonshlp between the 1nstrument screenlng value and
the nonmethane vapor leak rate. A relatlonshlp between instyument screening
‘value and nonmethane vapor leak rate for flanges and threaded flttings could

not.be developed due to 1nsuff1c1ent data.

: For the valves, pump seals and exhausters, least—squares regress1on ’
analyses were done- for each source type, regressing the- logarlthm of the
.nonmethane vapor leak rate on the logarlthm of the instrument screenlng value.
_Instrument screenlng readlngs were obtalned when the source “was flrst located

and rescreenlng readlngs were taken 1mmed1ately before and after each source

ing wvalues were found to be s1gn1f1cantly d1fferent. Slnce the effect (1f any)
of sampllng a’ source 1mmed1ately before taklng an 1nstrument screening reading
is' unknown, the 1nstrument screenlng reading before leak measurement was
chosen as the. representatlve screenlng value and was used in the: regresslon
analysis. Using the predlctlon equatlons ‘given in Table A-2, predlcted
nonmethane vapor leak rates were computed : from initial 1nstrument screenlng
values for each emittlng sourca.not‘quantltatlvely measured. Soutces .
screening‘at'greater than or equal to 100 OOO'ppmv were not included in
developing these prediction equations (100, 000 ppmv is the 1nstrument scale

maximum when using the 10 1 dilutionm probe)
Nonmethanehvaporfleak rates (NM)- were then estimated'by.

‘1°g.e () = a +b log, (OVA) + 72 ".S_n

where a and b are the appropriate regression line coeff1c1ents as given in

Table A- 2 S “is the correspondlng standard dev1at10n about the regressron

was measured. In several cases’ the before and after leak measurement screen—- ‘ '
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Estimates and Confidence Intervals for Emission Factors

Beforé emission factors were estimated from the measured and estimated
leak rate data, distribution assumptlons were examined. Since data distri-
buted lognormally can be transferred to a normal distribution by taklng
logarithms of the data, dlstrlbutlon assumptions were tested by examlnlng
distributions of the log-total (vapo: plus liquid) leak rates. Hlstograms
displaying these distributions were constructed for valves, pump seals and .
exhausters. These histograms are displayed in Figures A-1 through A=3.

The distribution of sources with weight percent benzene service greater than
or equal to 10 percent is also shown in these charts. The data for most
sources appear to adequﬁtely.approximate a normal distribution. The.pump

seal data for both nonmethane and benzene leak rates appear skewed to the

" left. The distribution for all three sourcewtypes are based on a small -

sample size.

To statistically test the assumptibn of a nbrmal*distribution for the
log-leak rates, test statistics (Shapiro-Wilk, skewness and kurtosis) were
computed for each data group and tested for departures: from their expected
values in a normal distribution. The tests for the pump seals indicated

detectable lack of normality, confirming the conclusions from the histograms;

The normality test statistic significances were not unexpected for
the pump seals. The non-normality is due to the large number and emissions
of liquid leakers. This lack of normality, however, was not considered
critical because of the small sample size it is based on. The skewness and.

kurtosis statistics are as follows:
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Nonmethape - . - . Benzene

Skewness Rurtosis Skewness Kurtosis

All‘ServiCe

Valves . o7 -0.73 0.02 :fdéo'Sd"

Pump Seals” . -1.2 - 0.93 -0.81 . -0.79"
fﬁkHaQEters; Ed.f ‘ Qid7‘ . TLa 0.1431 o -l .5

EJOZ.BenzeﬁefServiceﬂ‘

Valves . -=0.03  —0.74 . -0.16 —0.97 .
Pump Seals = = = | 51;4” 2.6 —I.6Q Lo '-.3.l*3flf

‘An efflclent estlmate of the mean of the. populatlon modeled by the

mlxed dlstrlbutlon descrlbed earller in this appendlx has been developed “

[Flnney (1941), Atchlson (1955), ‘Owen and DeRoven (1980)]
‘__ An uﬁbiased eetiﬁetor_of'tﬁe‘population'mean emissions rate:is:
fix = (1= Deexpd) ogts?/2)

"‘number Of-sourceS'screened

i

where

L
II

‘number of’ sources screened that were not detected
 as emlttlng :

average of the logarlthm of emittlng sources.

Il )

s varlance of the- logarlthm of emlttlng Sources’

and g(t) isdaﬁ‘infiniteVseries defined by

e -1 GEDE L G @nte |
et : m - m2:?21(m+1) m3 3'(TI1+1) (1‘!1+3) .

with m = n-r = number of emitting - sources

¢

The functlon g(t) 1s a blas correctlon for the mean (Flnney, 1941)
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Emission factors were separately computed using the above unbiased
estimator for total nonmethane hydrocarbon and total benzene. Emission
factors were also separately computed for all sources and for sources

servicing 10 weight percent or greater benzene.

In order to constrain the benzene component emission factor to be less .
than the nonmethane component emission factor, the Qgriance (s above) of
the logarithm of nonmethane emissions was used in estimating both nonmethane-
and benzene emission factors. In a few cases the. benzene compenent would:
have been estimated as greater than the nonmethane component due to the bias
adjustment used when transforming from the logarithmic scale to. the data
scale. This adjustment depends on the variance, and in a few cases the var-
iance of the benzene éomponent was larger than that of the nonmethane compo-

nent.

Confidence intervals for emission factors were computed in a two stage
process. Confidence intervals were separately computed for the quantities
proportion-emitting and emission-per-emitting source. These were then
combined to provide a confidence interval for emission-per-source (emission
factor). A complete description of the methodology used in computing con-
fidence intervals for emission factors can be found in the draft repoft
"Emission Factors and Leak Frequencies for Fittings in Gas Plants," September
1981.

The estimation of unmeasured sources uses‘the infofmaﬁion available in
the screening data to'compensate for a bitased selection of measured sources.
Because the actual leak rate/screening relationship is unknown, there is a
potentlal bias introduced when these predicted leak rates are used in’ develop~
ing emission facters. This also applies to the estimates .of nonmethane and
benzene emissions from the regression lines used to estimate nonmetharie and
benzene emissions. These potential biases were taken 1nto consideration in

developing confidence intervals.
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PREDICTING MEAN LEAK RATE FROM SGREENING VALUE

The relatlonshlp of total (vapor plus llquid) leak rate (nonmethane and"

benzene) to- OVA 1nstrument screenlng value was ! establlshed for valves, pump y

seals, and: exhausters._ In addltlon, the relationship of leak rate to- TLV
sniffer 1nstrument screenlng value was ‘also . establlshed for valves. and pump ‘
seals (a leak. rate/TLV sniffer relatlonshlp could not be developed for '
exhausters due to insuffic1ent data) - Insufficient data were" avallable‘to-
'establlsh relat10nsh1ps for flanges and threaded fittings. ‘As-dlscussed%*
earller, the 1nstrument screenlng readlng taken before leak. measurement

was chosen as the representatlve 1nstrument screening valye - in: 1nvest1gat1ng.:..'i

the relatlonshlp between 1nstrument screenlng value and leak rate.-

The least. squares ‘linear regress1on equatlons developed for predlctlng
leak rates for the- varlous source ‘types are given in Figures 2~5 through 2-18
and. appendlx B. Although the equatlons were developed on a logarlthmlc scale,f
graphs 'are: shown oR’ both an arlthmetlc scale for ease in readlng -and 1nterpo—
lation- (Flgures 2-5 to- 2—18) and .a logarlthmlc scale (Flgures B-2 to B—lS)
Predletlng the arlthmetlc mean leak rate for a given screenlng value is pf
similar tofpredlctlngithe mean trom.a lognormal distribution. The: mean

value for“ajgiven streening value on. the graph was computedlas:followstg;.

exp[Bo + Bl log (screenlng value) + 32 - 1] g(SE?[Z)

mean =
= exp_(Bo + 32 I) (screenlng value) l g(SEz/Z)
where *(Bo o+ Bz I) = Log regression intercept
"iBlg= Log 'regreSS1on slope g
: SE;%’standardnerror;of;estimate-

g(t) '= the infinite seriesfdescribed?earlier S

~and I isjanlindicatonﬁvariable.defined by

l 1f source is a' llquld leaker R

L=1% 1f source is not a liquid leaker_
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In order to model the relatiomship between total (vapor plus liquid)

leak rate and instrument screening value for pump seals, the additional inde-

pendent variable I (indicating whether or not the source is releasing: liquid

leakage) was included in the regression equations. The null hypothesis that
the regression coefficient B, is equal to zero was rejected for pump seals.
For valves and exhausters the regression_coéfficient B, in the above equation

was assumed equal to zero.

Ninety-five percent confidence intervals for the predicted mean leak

rate for .a given screening value were. computed in a similar manner to the

‘confidence intervals for the mean leak rate.

DATA HANDLING

Instrument screening and meas@rement data were taken on. specially prepared
data sheets and retﬁrned to the data managemenf team of Radian. The data
were manually edited in order to eliminate obvious anomalies and inconsist-
encies. The edited data were keypunched and key-verified. Programs‘ﬁsing
the Statistical Analysis System (SAS) software conventions were developed to

input and perform a second edit on the data.

The following corrective changes were made to the instrument screening

and sampling data:

+  Whenever measured benzene vapor emissions were greater than the
measured nonmmethane vapor emissions, the nonmethane vapor leak rate.
was set equal to the benzene vapor leak rate. This-éés done since
the analysis variability of nonmethane vapor is greater than the

analysis variability of benzene vapor.

- Several sources screened which were located. in a standby scrubber
that was empty and had not been in use were not included in data

analysis.
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APPENDIX C

DETAILED PROCESS DESCRIPTIONS
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APPENDIX C.1 -
BETHLEHEM STEEL
BETHLEHEM, PENNSYLVANTA

The Bethlehem Steel plant at Bethlehem, Pennsylvania 0perates with a
wash oil absorptlon system ‘to recover llght 011 from the: coke oven gas. The

crude llght 011 product is - ‘sent; to the Sparrow s Point plant for: reflnlng.

Durlng the testlng period the coke ovens were produc1ng 3520 toms per
day of coke and 67. 4 MMSCFD of coke. oven gas. " The light  oil recovery unit

was recoverlng 2730 gallons per day of crude light oil.

The conflguration of the wash 0il scrubbers in the- 11ght 0il recovery
 section is. shown 1n Flgure c-1. There are two trains of four scrubbers in
series in each traln. A" third traln -on standby has two scrubbers.. These

standby scrubbers contalned no wash 0il and had not been in use durlng the

year prlor to the testlng perlod

‘5The‘remainder of'the light*oil recovery section is shown in Figure C.2
The benzollzed wash oll streams from. scrubbers 9 and 10 are comblned in the

number 3 box. "The benzollzed wash oil is transferred from thls box to the

still, where- it is steam Strlpped to separate the llght Oll from the wash oil.:

The light oil vapor from the still goes to the rectlfler, where it is Spllt
into two fractlons.- an. overhead stream called gsecondary . or, BTX llght 011

and a bottoms stream called prlmary light 0il,’ Essentlally all benzene is ‘
in the secondary llght oll ‘A portlon of the llght oil vapor from the Stlll
condenses in: the line before 1t reaches the rectlfler. Thls 011, referred

to as 1ntermed1ate 011, can- be’ sent to the number 3. box to be comblned w1th
‘the benzollzed wash- 011 however, the line that does this had not been used

for at. least a month prlor to . testlng..

. o ) ) . o



SCRUBBER 14 SCRUBBER 15
(STANDBY) (STANDSY)

T 1 I T

M L 1

SCRUGBER Y SCRUBBER 10 SCRUBRER 11 SCRUBBER 12 .

_ 1 I ] jo I | .
/ g -— \ —— ey
{ ] I } H | H H
SCRUSREA3 scruseer« | | scRusseas  SCRUBBER S
 —— Tre——y —
4 I { i | } _T )
S
*.—-_-
BENZOLIZED VAQ040 . PUDOES PUGDES L,
VAQ048 A
WASH OIL - DE-BENZOLIZED:
WASH OIL

TO-2138-1
> Coke Oven Gas (not shown) flows counter-current to the wash oil.

* Numbers following the letters VA and PU are source- ID numbers for
valvaes, and pumps, respectively, from which fugitive emissions
were detected. _ . ) :

. Figure ¢-1. Wash oil scrubber configuration at .
Bethlehem Steel, Bethlehem, Pennsylvania.
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Fugitive emissiouns 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 C-1 and
C-2 -



- APPENDIX cz
. REPUBLIC STEEL
 .GADSDEN, ALABAMA = .

:_The-Repnblic'Steel'plant.atacadsden, Alabama operatES'with'a-washﬂbll
absorption system,to recover light oil from the coke oven gas. The crudee
.light oil:prodnct is sent outside of the plant’ for refining. |

_ Durlng the testlng perlod “the coke ovens were produclng 1470 tons per
day of coke and 22, 5 MMSCFD of coke oven gas._ The light 011 recovery unlt
was recoverlng 3, 630 gallons per. day of crude BTX light 011

A 51mp11f1ed flow dlagram for the plant is showm in Flgure c-3_ The
benzollzed ‘wash oil from. the scrubber is Strlpped with steam to separate the
. light oil® from the wash oil, The llght 011 vapors then go to a’ rectlfier.
The rectifler spllts the light 0il into two fractions, an overhead’ and a.
bottoms fractlon. The overhead: fractlon includes essentlally all of the
benzene, and is referred to' as. BTX llght oil, ‘These BIX vapors are condensed

and the water taken out in the l:.ght oil separator.

Fugitlve-emissionsztesting was to be performed in all areas of the“k
plant with at 1eastf4ineight.percent 6r more benzene. Thisxincluded'the
stripper‘overhead -the‘BTX nrodnct, and the BTX storage and loading areas.
Also - screened were the exhausters,_whlch are upstream from.llght oil recovery

on the coke oven: gas llne, and. are not shown in Figure C—3 -The benzollzed

wash 011 and the rectlfler bottoms. (secondary 011) contaln less than & welghtl

percent benzene and Were not, screened

L ce6




II-

VAPOR LIGHT OIL, BTX + STEAM
. AND STEAM
STRIPPER
— b
| A Py
— 5] 2
——| . PamTIAL <
— | conoensenl o .. R 2
' g GOOLING -
N WATER
2" OIL NN g
] o] = )
- N aTx SEPARATOR
, y REFLUX
COKE _ [/vaPon-OIL e sx@s |
QVEN ' EXCHANGER 201 : -
GAS
DEBENZOLIZED BiX
WASH QIL : _ HOLD
PU21 | TANK
PUZS ; 2‘-' ‘
BENZOLIZED : |
WASH OIL VAR :
(=4} —= LOADING . waTER ..
PU119 ’
STORAGE PuZ0. _
COKE VA121-125
" OVEN VA9
GAs ‘ M
. 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
lime.

benzene in that

Figure C-3. Light 0il Recovery Unit, Republic Steel,




APPENDIX C.3 -
WHEELING—PITTSB‘URGH 'STEEL
Mom:ssmi PENNSYLVANIA _

The. Wheellng—Pittsburgh Steel Mbnessen plant operates with a wash 011
absorption. system to recover llght 0il from the coke -oven gas. Ihe crude

light oil product is sent out31de of the plant for reflnlng.'

'During‘the testing perdod the coke ovens were produclng 560 tons per
day of coke and 8.27 MMSCFD of coke oven gas.‘ The light. Oll recovery unlt

was recoverlng 2 730 gallons per day of crude llght oil.

A'simplifiedbflow:diagram-for the plant is shown in‘FiéurefC—4Q5=The
light oil recovery. un1t normally operates with two wash. oil. scrubbers in

series. During the testlng perlod however, only one scrubber was in:

service. The other scrubber was being flushed with a cleanlng Oll contalnlng;

about 39 welght percent benzene.'"

The’ benzollzed wash oil from the scrubber is Strlpp3d w1th steam to\_

separate the light. oil from the wash o0il. The light oil then goes to:a I‘E!Ctl-‘“

fier. The rectlfler spllts the light oil into two fractlons, and was: formerly
used as one step towards reflnlng Currently, the rectlfler overhead is.
recombined with the rectlfler bottoms, after ‘the overhead is condensed and

the water 1s removed 1n the. secondary separator. Condensables from the

stripper overhead g0 to the prlmary separator for water- removal then are also

recomblned With the crude llght oil.
Fugltive em1s51ons testlng was to be performed in all areas of - the '
plant w1th at least 4 welght percent benzene. This 1ncluded the scrubber

cleanlng 011 the Strlpper overhead, condensables, and’ llght 011 product,
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The benzollzed wash 011 llne -and. exhausters were also screened although these
contained less than 4 percent benzene. The exhausters are upstream from llght

oil recovery on the coke oven gas line, aud are not shown in Flgure C-4.w
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 UNITED STATES ENVIRONMENTAL?PRDTECTION AGENCY

2/24/82 Office of Air Quality Planning and Standards
/ - Research Triangle Park, North Carolina 27711

;_50&ECT= Source Test Report

-DATE: -

S o J. E. McCarley, Chief, Field Testing Section, = . - .=
. Emission Measurement Branch, ESED (MD-13). .. - L e

7o See Below -

The enclosed final source test report is submitted for your
information., Any questions regarding the test should be directed . -
to the Project Officer (telephone: 8/629-5543). Additional - o
copies of this report are available from the ERC Library, Research
Triangle Park, North Carolina 27711. -

Industry: Benzene Fugitive Leaks

Process: ..

: Combany: Coke Qven Bnyroduct‘ﬁ1ant§
Loéaﬁion:
Project Report Number: EMB 81-BYC-12
ﬁroject Officer: . George W. Walsh

Enclosure

Addressees: ' _
Ken Knapp, ESRL (MD-46) i
Arch MacQueen, MDAD (MD-14). '
Rodney Midgett, EMSL (MD-77) :
Mark S. Siegler, DSSE (MD-EN-~341) ‘
Director, Air & Hazardous Materials Division, Regions III and 1V
(copy enclosed for State agency)
Bob Kilgore, EPA Library Services (MD-35)

EPA FORM 1320-6 (REV, 3-76)







| UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
10/21/80' Office of Air Quality Planning and Standards
T ~ Research Triangle Park, North Carolina 27711 -

Source Test Report .

J. .E. McCarley, Chief, Field Testing Section,
Emission Measurement Branch, ESED (MD-13)

See Below

The enclosed final source test report is submitted for your
information. Any questions regarding the test should be directed
to the Project Officer (telephone: 8/629-5243). Additional

copies of this report are available from the ERC Library, Research

Triangle Park, North Carolina 27711.
Industry: Steel Prdcessing Fugitive Emissions
~ Process: _ |
Company: Inland Steel Company
L6cation: .-East Chicago, Indiana
Project Report Number:  EMB Report 80-BOF-6
Project Officer;  Thomas M. Bibb

Enclosure

Addressees:

Ken Knapp, ESRL (MD-46)

Arch MacQueen, MDAD (MD-14)

Rodney Midgett, EMSL (MD-77) :

Mark S. Siegler, DSSE (MD-EN-341) :

Director, Alr & Hazardous Materials Division, Region =V
(copy enclosed for State agency)

Bob Kilgore, EPA Library Services (MD-35)









