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Errata

Page 130 Change fourth value in column one of-Table
B2-16 from 1400 to 9400.

Page 306 Change upper limit of the next to the last
confidence interval in the last column
from 0.000261 to 0.00036.

Page 321 Change "Worst Case Estimate"
for Purge Method from 0.0003 to 0.0004.
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SECTION 1

INTRODUCTION

This appendix contains a detailed summary of the
results obtained while measuring emissions to the atmosphere at
13 petroleum refineries. These refineries were located through-
out the continental United States. The emissions sampling
program was performed for the U.S5. Envirommental Protection
Agency under Contracts 68-02-2665 and 68-02-2147, Exhibit B.

The data and results of the sampling program are dis-
played in tables and figures. The results have been explained
and discussed in the main body of the report. For that reason,

discussions have been minimized in this appendix.

Section 2 of this appendix contains the results
obtained during the screening and sampling of baggable emission
sources in refineries. These sources include wvalves, flanges,
pump seals, compressor seals, drains, and relief valves. Emis-
sion factors, screening relationships, and correlations are
presented.

The results of measuring hydrocarbon emissions from
non-baggable sources such as cooling towers and units of the
wastewater treating system are given in Section 3.

Several stacks were sampled in refineries. These

included sulfur recovery unit stacks, process heater stacks,



and flue gas stacks of the fluid catalytic cracking regenerator
system. The data are tabulated in Section 4.

Individual species were identified in several samples
of representative liquid streams and gaseous emissions. The
results are presented in Section 5.

The effect of valve maintenance operations on the leak
rate from valves was studied. The results are contained in -
Section 6 of this appendix.

Refiners were surveyed to obtain qualitative informa-
tion concerning atmospheric emissions which might be caused by
refinery operations such as sampling, maintenance, turnarounds,
and blending. This information is summarized in Section 7.



SECTION 2
FUGITIVE HYDROCARBON EMISSIONS FROM BAGGABLE SOQURCES

The data obtained during the screening and sampling of
baggable sources (valves, flanges, pump seals, compressor seals,
drains, and relief valves) are presented and analyzed in this
section. The emissions sources were most conveniently grouped
for analyses into twelve categories of source types and process
stream classifications.

Section 2.1 contains a summary of the leak rate data.
The results of the screening program are presented in Section
2.2. Included in this section are distributions of the total
leak rate as a function of the screening value ranges.

The relationships between leak rates and screening
values as functions of source types and process stream groups
are presented in Section 2.3. Also included in this section are
nomographs which relate screening values to predicted leak rates
of the various source types.

Section 2.4 includes the distributions of emissions
and sources as a function of screening values. The leak rates
of the various source types were correlated with process wvaria-
bles. These results are presented in Section 2.5.

The emission factors for the six baggable source types
are given in Section 2.6. Finally, the number and distribution

of baggable emission sources in various refinery process units

are presented and discussed in Section 2.7.



Information on the correlating variables presented
in Section 2 could not be obtained, in some cases, for all
sources. Therefore, the total number of each source type
may differ slightly from one tabulation to the next.

2,1 LEAK RATE DATA

The baggables emission data have been grouped into
the 12 categories in Table B2-1 for presentation and emission
factor development.

Table B2-2 gives the distribution (by order-of-
magnitude categories) of the leak rates for each of the above
categories. The leak rates for sources screened but not
included in these tabulations are assumed to be negligible.
The leak rate data include all sampled emission rates as well
as additional rates estimated from screening measurements.
(This estimation of leak rates is discussed in Appendix C,
Section 6.1.) Figures B2-1 through B2-12 give the frequency
histograms for the leak rates for each of the twelve

categories.

It is obvious from these tables and figures that the
bulk of emissions emanate from a small percentage of the
fittings. TFor example, 93 percent of the total measured
leakage for valves in gas/vapor streams is attributable to
4.4 percent of the screened sources. Eighty-nine percent of
the leakage from flanges comes from less than 1 percent of
the screened flanges, while 95 percent of the emissions from
pump seals in light liquid streams comes from 20 percent of
the screened seals.



TABLE B2-1. CATEGORIES OF BAGGABLE SOURCES

Source Number of Sources
Category Description Screened
1 Valves, Gas/Vapor Streams 5463
2 Valves, Light Liquid/Iwo-Phase Streams . 913
3 Valves, Heavy Liquid Streams 485
4 Valves, Predominantly Hydrogen Streams 135
5 Open-ended Valves (all streams: 129
6 Pump Seals, Light Liquid Streams 470
7 Pump Seals, Heavy Liquid Streams 292
8 Compressor Seals, Hydrocarbon Service 142
9 Compressor Seals, Hydrogen Service 33
10 Flanges (all streams) 2094
11 Drains (all streams) 257
12 Relief Valves (venting to atmosphere) 148




TABLE B2-2. DISTRIBUTION OF NONMETHANE LEAK RATES

FROM SAMPLED SQURCES

Leaking Sources
Within Range

Total Leakage

Within Range

%z of % of Total Total
Leak Range Leaking Sources Leakage % of Total
(1b/hr) No. Sources Screened (1b/hr) Source of Leakage

>1.0

0.1 - 1.
0.01 -
0.001 -
0.00001

>1.0

0.1 - 1.
0.01 - .
0.001 -
0.00001

>1.0

- 0.1 - 1.

0.01 -
0.001L -
0.00001

Valves, Gas/Vapor Streams = 563 Screened

Valves, Light Liquid/Two-Phase Streams =

7 4.6 1.2 17
0 18 11.7 3.2
1 43 27.9 7.6
0.01 49 31.8 8.7
- 0.001 37 24.0 6.6
154 109 20.3% 25

. 7654
5.9187
1.
0
0

4867

.2052
.0133
.3893

913 Screened

1 0.3 0.1 2,2297
0 31 9.4 3.4 9.3351
1 105 31.8 11.5 3.3877
0.01 121 36.7 13.3 0.5028
- 0.001 _72 21.8 7.8 0.0266
330 1007 36.1% 15.4819
Valves, Heavy Liquid Streams = 485 Screened

0 0.0 0.0 0.0

0 0 0.0 0.0 0.0
.1 5 15.#6 1.0 0.1773
0.01 13 40.6 2.7 0.056A9
- 0.001 14 43.8 2.9 _0.0051
32 100% 6.6% 0.2393

70.0
3

1007

14.4
60.3
21.9
3.2
0.2
100%

0.0
0.0
74.1
23.8
2.1
100%

Continued



TABLE RB2-2. Continued

Leaking Sources Total Leakage
Within Range Within Range
% of % of Total Total
Leak Pange Leaking Sources Leakage % of Total
(1b/hr) No. Sources Screened (1b/hr) Source of Leakage

Valves, Predominantly Hyvdrogen Streams = 135 Screened

>1.0 0 0.0 0.0 0.0 0.0
0.1 - 1.0 3 5.1 2.2 0.3789 34.2
0.01 - .1 19 32.2 14.1 0.6691 60.5
0.001 - 0.01 18 30.5 13.3 0.0532 . 4.8
0.00001 - 0.001 19  32.2 14.1 0.0059 0.5

59 100% 43.7% 1.1071 1007

_Open-Ended Valves, All Streams = 129 Screened

>1.0 0 0.0 0.0 0.0 0.0
0.1 - 1.0 1 3.3 0.3 0.1242 23.3
2001 - .1 9 30.0 7.0 0.3475 65.3
0.001 - 0.01 12 40.0 9.3 0.0576 10.8
0.00001 - 0.001 g 26.7 6.2 0.0033 _0.6

30 100% 23.3% 0.5326 1007

Flanges = 2094 Screened

>1.0 0 0.0 0.0 0.0 0.0
0.1 - 1.0 4 6.4 0.19 0.8655 63.2
0.01 - .1 12 19.4 0.57 0.4117. 30.1
0.001 - 0.01 28 45.2 1.33 0.0820 .0
0.00001 - 0.001 18 29.0 0.86 0.0096 0.7
62 100 2.95% 1.3688 1007,

Continued
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TABLE B2-2. Continued

Leaking Sources Total Leakage
Within Range Within Range
_ A oof % of Total Total
Leak Pange * Leaking Sources Leakage % of Total
(1b/hD) No. Sources Screened (1lb/hr) Source of Leakage

Relief Valves = 148 Screened

>1.0 5 8.6 3.4 15.5333 76.0
0.1 - 1.0 15 25.9 10.1 3.9313 19.2
0.01 - .1 22 37.9 14.7 0.9121 4.5
0.001 - 0.01 12 20.7 8.1 0.0580 ©0.3
0.00001 - 0.00L _4  _6.9 2.7 0.0022 0.0

58 1005 39.0% 20.4419 100

Compressor Seals, Hydrocarbon Service = 142 Screened

>1.0 23 21.9 16.2 67.9440 74.3
0.1 - 1.0 48 45.7 ©33.8 22.2482 24.3
0.01 - .1 24 22.9 16.9 1.3014 1.4
0.001 - 0.01 7 6.6 4.9 0.0224 0.0
0.00001 - 0.001 3 2.9 2.1 0.0013 0.0

105 - 100% 73.9 % 91.3172 100%

Compressor Seals, Hydrogen Service = 83 Screened

>1.0 0 0.0 0.0 0.0 0.0
0.1 - 1.0 14 20.3 16.9 3.3954 75.6
0.01 - .1 22 31.9 26.5 1.9105 22.5
0.001 - 0.01 21 30.4 25.3 0.0794 1.8
0.00001 - 0.001 _12  17.4 14.5 0.006¢ 0.1

69 100% 83.2 4.2917 100%
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This highly skewed distribution of leak rates, which
spans more than five orders of magnitude, has many implications
concerning the measurement and control of fugitive emissions
from these sources.

2.2 SCREENING DATA

The screening of sources during this program was
accomplished with sensitive portable hydrocarbon detectors.
The principal device used in this study was the J.W. Bacharach
Instrument Co. "TLV Sniffer". The Century Instrument Co.
Organic Vapor Analyzer (Model OVA-108) was used for some
screening, but these readings were nbt included in the correla-
tions which follow. The instruments were calibrated with
standard mixtures of hexane in air. The OVA-108 and TLV Sniffer
give direct readings of hydrocarbon concentrations in ppm by
volume. 1In this report, the terms "screening values" and "TLV
screening values' refer to the maximum hydrocarbon concentration
detected at selected baggable sources.

‘Section 2.3 of this report discusses the relationship
between leak rates and screening values for the various source
types. Table B2-3 shows the distribution of screening values
grouped into five screening value ranges. The distribution of
the total leak rate (both measured and estimated) as a function

of the screening value ranges is also given.

As can be seen from the table, a large percentage of
the total leakage can be attributed to the small percentage of
sources with screening values greater than 10,000 ppmv. For ex-
ample, those 13 percent of the valves in gas/vapor streams with

22



TABLE B2-3. DISTRIBUTION OF MAXIMUM SCREENING
VALUES AMONG SCREENED SOURCES

Screened Sourced :
Scyeening range Within Range Number Sampled Toral Leakage Parcent of Toctal
(ppuv) Number Percent or Extimaced (1ba/hr) Leakage

Valves — Cas/Vapor Streams

Missing® 1 0.2 [ - -

0 i 49.3 1 0.0011 0.0

1 - 200 14 23.8 5 0.0007 0.0

201 - 1000 13 5.8 n 0.0689 0.3

1001 - 10000 47 8.1 a6 1.9395 ‘15.5

>10000 n_ 12.6 n 21.3791 8.2
563 100% 154 25.3893 1002

Valves = Lighe Liquid/Twe-Phase Streams

Miastng® 1 0.1 0 - -
0 385 42,2 4 0.0053 0.0
1 - 200 211 23.1 13 0.00R6 0.1
201 - 1000 70 7.7 68 0.1312 0.8
1001 - 10000 142 15.5 141 5,7437 7.1
>10000 104 _ 1.4 104 9.5931 62,0
913 1002 330 15.4819 100%
Valves — Heavy Liguid Streags
0 335 69.1 2 0.0045 ©1.9
1 - 200 121 25.0 2 0.0466 19.5
201 ~ 1000 - 2 4.3 20 0.0748 3.3
1001 - 10000 7 1.4 7 0.1133 , 47.3
>10000 1 _0.2 1 0,0001 _0.0
485 1002 2 0.2392 1007
Yalves - Bydrogen Service
0 &7 34,8 1 0.00015 0.0
1 - 200 0 22.2 1 0.00076 0.1
201 - 1000 8 5.9 7 0.00694 0.6
1001 - 10000 22 16.3 22 0.13455 12.2
»10000 28 20.8 28 0.956477 87.1
135 1002 59 1.10117 1002
Contimed
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TABLE B2-3. Continued

Screened Sourced
Sereening range Within Range Number Sampled Tocal Leakage Percent of Total
( ppmv) Number Percent or Estimated (1bs/hr) Leakage

Valves — Oven—ended (All Streams)

0 74 57.4 Q - -
L - 200 26 20.2 1 0.0013 0.2
201 -~ 1000 7 5.4 7 0.0220 4.1
1001 - 10000 12 9.3 12 0.2985 36.1
>10000 10 7.7 10 9.2108 39.6
129 100Z 30 0.3326 1o00%
Flanges (All Streams)
M.'l.sz;j.ﬂga 64 3.1 - .-
0 1748 83.5 2 0.0050 0.4
1 - 200 225 10.7 4 0.0338 2.5
201 - 1000 29 1.4 9 0.1265 9.2
1001 - 10000 17 0.8 17 . 0.1818 13.3
»>10000 11 0.5 19 1.0216 74.6
2094 1007 62 1.3687 1007
Pumps Seals = Light Liquid Sereams
a 67 14.3 Q - -
1 - 200 197 22.3 7 0.0375 0.0
201 - 1000 79 16.8 75 3.0242 3.4
1001 ~ 10000 104 22.1 104 3.2424 9.2
>10000 113 24,0 110 78.2010 87.4
470 100% 296 89.5051 1002
Pump Seals - HAeavy liguid Screams
0 114 39.0 0 - -
1 - 200 115 9.4 & 0.0020 0.0
201 -~ 1000 bZA 8.2 23 D.A123 10.4
1001 - 10000 28 9.6 23 3.5191 59.7
»>10000 11 3.8 11 1.7660 29.9
292 100% 66 5.8995 100%
Continued
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TABLE B2-3. Continued

Screened Sourced

Sersening rangs Wicthin Range Number Sampled Total Leakage Parceant of Total
) Number  Percent or Escimated {1ba/hr) Leakage

Compressor Seals — Hvdrocarboa Service

Missing® 16 11.3 16 20.5337 -~
0 23 16.2 0 - -
1~ 200 b 4.9 0 - -
201 - 1000 11 7.7 7 27960 3.9
1001 ~ 10000 13 9.2 10 15.1347 21.3
>10000 12 50.7 n $3.0528 15.8
142 1002 105 91.5172 100%

Compressor Seals — Hvdrogen Service

Missing 9 10.9 9 1.1626 -
0 8 9.6 1 0.0042 0.1
1~ 200 B 9.6 F I 0.1066 3.1
201 + 1000 8 9.6 8 0.0187 0.5
1001 - 10000 17 20.5 17 1.2701 38.4
>10000 ] 9.8 2 _1.9296 7.9
- 83 1o02 ) 69 4.4918 100%
Drains (All Streams)
Misaiag 2 0.8 0 - -
0 138 53.7 1 0.1076 0.9
1 - 200 73 28.4 4 0.0098 0.1
201 - 1000 18 7.0 18 0.6436 5.3
1001 - 10000 14 5.4 14 2.6864 22.4
>10000 12 4.7 12 4.5681 1.3
257 1002 49 12.0154 100%
Ralief Valves (ALl Streacs)
Missing i 8 5.4 0 - -
a 61 41.2 [+] - -
1 - 200 13 22.3 1 0.2326 1.1
201 ~ 1000 1 7.4 11 0.5708 2.8
1001 - 10000 23 15.5 23 4.9156 24.1
>10000 _12 8.1 12 14,7180 12.0
143 100z 57 20,4369 100%

.Hinling TLY value - Screening data are not availlable. Emigsiocns frow sampled
sources with wissing TLV dara have been iacluded in the total leakage column
totals, Thase exissions, however, hava been onitted from the tocal for
calculating the percent of toral leskage for ¢ach acreenipg range.
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screening values greater than 10,000 ppmv contributed 84 per-
cent of the total emissions. Seventy-five percent of the
measured emissions from flanges was attributable to the one-
half percent of flanges with screening values greater than
10,000.

Histograms displaying the distribution of screening
values for the various sources can be seen in Figures B2-13
through B2-24. The large spike at 10,000 ppmv for most graphs
is due to the limited range of the screening device prior to
obtaining dilution probes. ‘

As described in Appendix C, a quality control plan
was ilmplemented to identify sources of variation in sc¢reening
methods. At most refineries, one or more sources were
screened once a day by at least one screening team for several
days. TFigures B2-25 through B2-27 show the screening results
from the three 'best case" sources screened. TLV Sniffer
measurements generally stayed within one order of magnitude,
and no distinct pattern is apparent in the data. More typical
results from the daily screenings can be seen in Figures B2-28
through B2-31. The range of the screening values may be
as great as 3 orders of magnitude. Reasons for these vari-
ations in the daily screening values could not be determined
from the data obtained during this program. However, factors
which might possibly affect the screening value include chang-
ing of the valve position by plant personnel, the continuous
stem movement associated with control valves, and changes
in process conditions such as temperature, pressure, or fluid
type inside the valve. In addition, external factors such
as wind velocity and direction may also affect the screening

values to some degree.
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Observation variance within a source type can be
resolved into independent components. Component variance may
result from both the true differences in emission rates and
from observational error. Specifically, differences may re-
sult due to emission rate differences between different sources,
from daily changes in emissions from the same source, from
observational differences due to variations between screening
instruments, and from observational errors for replicate
screenings. A variance component analysis was done on the
daily screening values to determine the sources and percentages
of variation (Table B2-4).

In Table B2-4, the degrees of freedom represent the
number of independent comparisons available from the data to
estimate the variance component. The variance component is
calculated from the natural logs of the screening values within
each set of individual comparisoms. And, each variance com-
ponent can be expressed as a percentage of the total variance.
Repeatability and reproducibility are estimates of the varia-
tion inherent in multiple screenings of individual sources.
Both are statistical functions based on the variance component
of specific variance sources. The 90 percent repeatability is
proportional to the square root of the "repeat" variance
component and is defined as the maximum difference expected
between two screenings by the same operator within a short
period of time. A difference greater than the repeatability
statistic would be expected less than 10 percent of the time.
The 90 percent reproducibility is proportional to the square
root of the sum of the "repeat'" and "operator'" variance com-
ponents and is defined as the maximum.difference between two
screenings by different operators within a short period of

time.
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TABLE B2-4. VARIANCE COMPONENTS FOR TLV SNIFFER READINGS
MEASURED AT THE SOURCE

Variance Source Degrees of Freedom Variance Component Percent
Valves
Individual Valves 5. . 1,384 48.6
Day 70 1.134 ' 39.8
Operator 39 0.060 2:1
Repeat 41 0.269 ] 9.5
Total 155 2.847 100.0
90% Repeatability - 1217%

90% Reproducibility - 134%

Pump Seals
Individual Pumps 1 ~-0.0008 0.0
Day .27 0.192 44,9
Operator 10 _ 0.068 15.9
Repeat 8 0.167 39.2
Total 46 0.427 100.0
90% Repeatability - 95%

90% Reproducibility - 113%

47



2.3 LEAK RATES/SCREENING RELATIONSHIPS

This section describes the relationship between
leak rate and screening values. Screening values were ob-
tained when the source was first located, and rescreening
values were taken at the time each source was sampled. The
rescreening values are generally more highly correlated with
leak rates than are the original screening results. For ex-
ample, the correlation coefficient for the original screening
values and nonmethane hydrocarbon leak rates of all wvalves
is 0.63. A correlation coefficient of 0.72 is obtained for the
maximum rescreening values and nonmethane hydrocarbon leak
rates of valves. Tables B2-5 and B2-6 give correlation co-
efficients for various screening values for valves and pump

seals.

Appendix C contains detailed descriptions of the
least-squares linear regression equations developed for pre-
dicting leak rates from unsampled sources in the data base.
For potential prediction purposes outside this data base, a
statistical analysis of covariance was done to determine
whether different linear equations are required for each
baggable source and stream type. The first step was to de-
velop separate regression equations for each source-process
stream combination. These regressions are presented in Table
B2-7. Separate results are given for gas/vapor, light liquid/
two-phase, hydrogen, and heavy liquid streams, and also for
cases in which the stream information was missing.

It can be seen that the results for flanges, drains,
and pump seals for heavy liquid streams are based on small
sample sizes. For this reason, equations for these three
cases were developed from the original maximum screening
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TABLE B2-7. REGRESSION OF LOG LEAK RATE ON LOG
MAXIMUM RESCREENING VALUE BY
SOURCE AND STREAM TYPE

) . Pump Compressor Relief
Procesa Stream Typea Valves Flanges Seals Seals Drains Valves
Gas/Vapor Bo- ~7.04 -3.97 -4.41
SE(Bg) 0.56 0.74 0.45
B 1.23 0.71 0.87
SE(B1) 0.12 0.16 0.10
R? 0.57 0.23 0.58
N 79 69 54
Light Liquid/ By -4.,90 -2.93 -4.59 -2.38
Two=-Phase SE(Bo ) 0.22 1.01 0.32 1.64
B1 0.80 ° 0.22 0.89 0.60
SE(B1) 0.06 0.31 0.08 0.55
R? 0.63 0.05 0.48 0.10
N 119 12 136 13
Hydrogen Bo =7.45 : -5.30
SE(Bo) 0.90 0.72
Bi 1.14 0.72
SE(By) 0.20 0.36
R? 0.51 0.24
N 32 . 15
Heavy Liquid Be -9.82 -3.08° -3.35
SE(Bo ) 1.12 0.77 0.31
By 2.26 0.57 0.51
SE(By) 0.34 0.23 0.11
R? 0.96 0.29 0.60
N 4 17 ‘ 17
Stream By -5.68 -5.08 =4.77
Information SE(Bg) 0.54 0.88 1.50
Missing B1 0.95 0.89 0.70
SE(B1) 0.17 0.24 0.45
R? 0.75 0.78 0.13
N 21 6 18

2 Logio(leak rate) = By + By logip(max rescreening value)
SE(By) = standaxd error of By
SE(B1) = standard error of B
N = number of data pairs
r? = coefficient of determimation or correlation coefficient squared
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values rather than the maximum rescreening values, A small
sample size (less than 20) was available for valves handling
heavy liquids with either type of screening data; hence, an
equation was not developed for this case.

Analyses of covariance were performed to determine
which source and'process stream types would be combined for
prediction purposes. It was found that the source and stream
types could be grouped such that seven equations were adequate
for predicting leak rates from screened sources. The seven
groups are as follows: ‘

e Pumps in light liquid/two-phase streams,
compressors and relief wvalves in gas/

vapor streams

e Valves and compressor seals in hydrogen
service

@ Valves in gas/vapor streams

e Valves in light liquid/two-phase
streams

® Flanges

] Drains

. Pump seals in heavy liquid strgams.

The equations for flanges, drains, and pump seals

in heavy liquid streams were developed from the original
maximum screening values. This is because small sample sizes
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(less than 20) would have been available in each of the three

cases if the rescreening values had been used. No equation was
developed for valves in heavy liquid streams; a sample size of
less than 20 was available with either the maximum screening or

maximum rescreening values.

The resulting seven equations are summarized as
follows (NMLEAK = leak rate in 1b/hr):

A. Pump Seals (Light Liguid/Two-Phase Streams) Com-
pressors and Relief Valves (Gas/Vapor Streams)

Log,, (NMLEAK) = -4.4 + 0.83 Log;, (Max Rescreening)
Correlation Coefficient = 0.68

Number of Data Pairs = 259

Standard Error Estimate = 0.76 Log;, (NMLEAK)

95% Confidence Interval for Intercept = (-4.9, -3.9)
95% Confidence Interval for Slope = (0.72, 0.94)

Scale Bias Correction Factor = 4.58

B. Valves and Compressor Seals, Hydrogen Streams

Log,, (NMLEAK) = -7.0 + 1.06 Log,, ( Max Rescreening)
Correlation Coefficient = 0.67

Number of Data Pairs = 47

Standard Error of Estimate = 0.98 Log,, (NMLEAK)

95% Confidence Interval for Intercept = (-8.5, -5.5)
95% Confidence Interval for Slope = (0.72, 1.40)

Scale Bias Correction Factor = 10.67

C. Valves, Gas/Vapor Streams

Log,, (MMLEAK) = -7.0 + 1.23 Log,, (Max Rescreening)

Correlation Coefficient = 0.76
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Number of Data Pairs = 79
Standard Error of Estimate -.78 Log,, (NMLEAK)

95% Confidence Interval for Intercept = (-8.1, -5.9)
95% Confidence Interval for Slope = (0.99, 1.47)

Scale Bias Correction Error = 4.81

Valves, Light Liquids/Two-Phase

Log,, (NMLEAK) = -4.9 + 0.80 Log;, (Max Rescreening)
Correlation Coefficient = 0.79

Number of Data Pairs = 119

Standard Error of Estimate = 0.60 Log,;, (NMLEAK)

95Z Confidence Interval for Intercept = (~5.3, =4.5)
95% Confidence Interval for Slope = (0.69, 0.91)

Scale Bias Correction Factor = 2.53
Drains

Log,, (NMLEAK) = -4.9 + 1.10 Log,, (Screening)
Correlation Coefficient = (.68

Number of Data Pairs = 61

Standard Error of Estimate = 0.86 Log,, (NMLEAK)

95% Confidence Interval for Intercept = (-5.8, =4.0)
957 Confidence Interval for Slope (0.80, 1.40)

Scale Bias Correction Factor = 6.53

Flanges

Log,, (NMLEAK) = -5.2 + 0.88 Log,, (Scréening)
Correlation Coefficient = 0.77

Number of Pairs = 52

Standard Error of Estimate = 0.52 Log,, (NMLEAK)

95% Confidence Interval for Intercept = (=5.9, =4.53)
95% Confidence Interval for Slope (0.68, 1.08)

Scale Bias Correction Factor = 2.02
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G. Pump Seals, Heavy Liquid Streams

Log;, (NMLEAK) = -5.1 + 1.04 Logy, (Screening)
Correlation Coefficient = 0.75

Number of Data Pairs = 61

Standard Error of Estimate = 0.59 Log,, (NMLEAK)

95% Confidence Interval for Intercept = (-5.8, -4.3)
95% Confidence Interval for Slope = (0.80, 1.27)

Scale Bias Correction Factor = 2.44

The data used to develop these equations are shown in
Figures B2-32 through B2-38. The one obvious outlier at the
bottom right in the graph of flange data (Figure B2-37) was

eliminated.

The equations were used to develop nomographs which
relate the predicted leak rate. to the screening values for the
various source and stream types. These nomographs are shown in
Figures B2-39 through B2-45.

Each nomograph gives the predicted mean leak rate as
a function of the maximum TLV Sniffer screening readings taken.

directly at the source of the leak with the TLV Sniffer cali-
brated to hexane.

Although the equations were developed on a logarithmic
scale, the nomographs are shown on an arithmetic scale for ease
in reading and interpolation. Predicting the arithmetic mean
leak rate for a given screening value is similar to predicting
the mean from a lognormal distribution (as discussed in Appendix
C). The mean leak rate for a given screening value on the
nomograph was. computed as follows:
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Using J.W.Bacharach TLV Sniffer at the Source.

Figure B2-39A. Nomograph for predicting total hvdrocarbon leak
rates from maximum screening values - pumps
(light liquids), compressors, relief valves
(gas/vapor streams) (Part I: Screening values
from 0-10,000 ppm).
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Using J.W.Bacharach TLV Sniffer at the Source.

Figure B2-39B. Nomograph for predicting total hydrocarbon leak
rates from maximum screening values - pumps
(light liquids), compressors, relief valves
(gas/vapor streams) (Part II: Screening values
from 0-100,000 ppm).
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Figure B2-40A. Nomograph for predicting total nonmethane
hydrocarbon leak rates from maximum
screening values - valves and compressors
in hydrogen service (Part I: Screening
values from 0-10,000 ppm).
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Figure B2-40B. Nomograph for predicting total nonmethane
hydrocarbon leak rates from maximum
screening values - valves and compressors
in hydrogen service (Part II: Screening
values from 0-100,000 ppm).
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Logys (MM Leak Rate) = -7.0 + 1.23 Logse (Max Screening Value)
Correlation Coefficient = 0.76
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Using J.W.Bacharach TLV Sniffer at the Source.

Figure B2-41A. Nomograph for predicting total nonmethane
hydrocarbon leak rates from maximum
screening values - valves, gas/vapor
streams (Part I: Screening values from
0-10,000 ppm).
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Figure B2-41B. Nomograph for predicting total nonmethane
hydrocarbon leak rates from maximum
screening values - valves, gas/vapor
streams (Part II: Screening values from
0-100,000 ppm).
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Figure B2-42A.

Logis (NM Leak Rate} = -4.9 + 0.80 Logis (Max Screening Value)
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Nomograph for predicting total nonmethane
hydrocarbon leak rates from maximum
screening values - valves, light liquid/
two-phase streams (Part I: Screening
values from 0-10,000 ppm).
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Figure B2-42B.

Nomograph for predicting total nonmethane
hydrocarbon leak rates from maximum
screening values - valves, light liquid/
two-phase streams (Part II: Screening
values from 0-100,000 ppm).
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Figure B2-43. Nomograph for predicting total nonmethane
hydrocarbon leak rates from maximum
screening values - drains.
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Figure B2-44. Nomograph for predicting total nonmethane

hydrocarbon leak rates from maximum
screening values - flanges.
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Figure B2-45A. Nomograph for predicting total nonmethane
hydrocarbon leak rates from maximum
screening values - pumps, heavy liquid
streams (Part I: Screening values from
0-10,000 ppm).
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Figure B2-45B. Nomograph for predicting total nonmethane
hydrocarbon leak rates from maximum
screening values - pumps, heavy liquid
streams (Part II: Screening values from
0-100,000 ppm).
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2
Mean = exp,, [B, + B; Log;, (screening)] g (SELn/z)

(lO)BO (screening value)B1 (scale bias correction factor)

where Bo = Log regression intercept,
B = Log regression slope,
SELn = Standard error of estimate in natural

log scale, and

I

g(t) Series described in Appendix C.

The 90 percent confidence intervals shown on the
nomographs for the predicted mean leak for a given screening
value were computed in a similar manner to the confidence in-
tervals for the mean leak rate as described in Appendix C.
These confidence limits are for the mean leak rate and should
not be confused with confidence intervals for individual leak
rates for given screening values. Tables B2-8 through B2-14
compare the 90 percent confidence intervals for the mean leak
rate and the 90 percent confidence intervals for individual
leaks for selected screening values for each of the seven equa-
tions.

Figures B2-46A and B graphically compare the con-
fidence intervals for individual leak rates with the confidence
interval for the mean leak rate for valves (light liquid/two-

phase streams).
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TABLE B2-8. CONFIDENCE INTERVALS FOR MEAN AND INDIVIDUAL
LEAK RATES - PUMP SEALS (LIGHT LIQUID/TWO-
PHASE STREAMS), COMPRESSOR SEALS AND RELIEF
VALVES (GAS/VAPOR STREAMS)
Predicted
Mean 90% Confidence Interval
Value Leak Rate Mean Leak Individual Leak
(ppmv) * (1b/hr) (1b/hr) (1b/hr)
1 0.00018 (7.3x10™°, 0.00045) (8.8x10™°%, 0.0037)
200 0.015 (0.0096,  0.023) (0.00081, 0.28)
500 0.032 (0.022, 0.047) (0.0018,  0.59)
1,000 0.057 (0.042, 0.078) (0.0032, 1.0)
3,000 0.1l4 (0.11, 0.18) (0.0079, 2.6)
5,000 0.22 (0.18, 0.27) (0.012, 3.9)
10,000 0.39 (0.32, 0.47) (0.222, 7.0)
20,000 0.70 (0.58, 0.83) (0.039, 12.5)
50,000 1.5 (1.2, 1.8) (0.083, 27.0)
100,000 2 (2.1, 3.4) (0.15, 48.0)

1

.16

TLV Sniffer Screening Value, ppmv (calibrated to hexane)



TABLE B2-9. CONFIDENCE INTERVALS FOR MEAN AND INDIVIDUAL
LEAK RATES - VALVES AND COMPRESSOR SEALS

(BYDROGEN STREAMS)

Predicted
Mean 907% Confidence Interval
Value Leak Rate Mean Leak Individual Leak
(ppmv) 1 (1b/hr) (1b/hr) (1b/hr)
1 10-° (1077, 2.0x10"%) (0.0, 0.00012)
200 0.00028 (6.2x10-°, 0.0013) (5.1x10~%, 0.015)
500 0.00074 (0.00021, 0.0026) (1.5x107%, 0.037)
1,000 0.0015 (0.00052, 0.0045) (3.2x10"°, 0.073)
3,000 0.0049 (0.0022, 0.011) (0.00011, 0.22)
5,000 0.0085 (0.0041, 0.017) (0.00019, 0.37)
10,000 0.018 (0.0096,  0.032) (0.00041, 0.75)
20,000 0.037 (0.021, 0.064) ~(0.00087, 1.6)
50,000 0.097 (0.055, 0.17) (0.0023, 4.1)
100,000 0.20 . (0.10, 0.40) (0.0047, 8.8)

1 7.V Spniffer Screening Value, ppmv (calibrated to hexane)
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TABLE B2-10. CONFIDENCE INTERVALS FOR MEAN AND INDIVIDUAL
LEAK RATES - VALVES (GAS/VAPOR STREAMS)

Predicted
. Mean 907 Confidence Interval
Value Leak Rate Mean Leak Individual Leak
(ppmv) 1 (1b/hr) (1b/hr) (1b/hr)
1 4x10”7 (1077, 3.6x107°%) (0.0, 1.67x10°°)
200 0.00030 (0.00010, 0.00089) (1.3x107%, 0.0071)
500 0.00094 (0.00038, 0.00023) (4.3x107°, 0.021)
1 000 0.0022 (0.0010, 0.0048) (0.00010, 0.047)
3,000 0.0085 (0.0048, 0.015) (0.00042, 0.17)
5,000 0.016 (0.0097, 0.026) (0.00080, 0.32)
10,000 0.038 (0.025, 0.057) (0.0019, 0.75)
20,000 0.089 (0.063, 0.13) (0.0045,  1.75)
50,000 0.27 (0.19, 0.39) (0.014, 5.4)
100,000 0.64 (0.43, 0.96) (0.032, 13.0)

ITLV Sniffer Screening Value, ppmv (calibrated to hexane)

78



TABLE B2-11. CONFIDENCE

INTERVALS FOR MEAN AND INDIVIDUAL

LEAK RATES - VALVES (LIGHT LIQUID/TWO-PHASE
STREAMS)
Predicted
Mean 90% Confidence Interval
Value Leak Rate Mean Leak Individual Leak
(ppmv)*? (1b/hr) (1b/hr) (1b/hr)
1 3.2x107° (1.4x10° %, 7.5x10 °) (2.9%x10°°, 0.00036)
200 0.0022 (0.0015, 0.0032) (0.00022, 0.022)
500 0.0046 (0.0033, 0.0063) (0.00047, 0.045)
1,000 0.0079 (0.0061, 0.010) (0.00082, 0.077)
3,000 0.019 (0.015, 0.024 (0.0020, 0.19)
5,000 0.029 (0.023, 0.035) (0.0030, 0.28)
10,000 0.050 (0.040, 0.062) (0.0052, 0.48)
20,000. 0.087 (0.069, 0.11) (0.0090, 0.84)
50,000 0.18 0.14,  0.24) (0.019,  1.8)
100,000 0.31 (0.23, 0.44) (0.032, 3.1
1TLV Sniffer Screening Value, ppmv (calibrated to hexane)
TABLE B2-12. CONFIDENCE INTERVALS FOR MEAN AND INDIVIDUAL

LEAK RATES - DRAINS

Predicted
Mean 90% Confidence Interval
Value Leak Rate Mean Leak Individual Leak
(ppmv) ! (1b/hr) (1b/hr) (1b/hz)
1 8.1x10 ° (1.5%10°°, 0.00045) (2.0x10"°%, 0.0032)
200 0.028 (0.016 0.048) (0.0010, 0.76)
500 0.077 (0.050 0.12) (0.0029, 2.1
1,000 0.16 (0.11, 0.25) {0.0061, 4.4)
3,000 0.55 (0.32, 0.95) (0.020, 15.0)
5,000 0.97 (0.51, 1.8) (0.035, 27.0)
10,000 2.1 (0.96, 4.5) (0.073, 59.0)

1 . .
TLV Sniffer Screening Value, ppmv (calibrated to hexane)
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TABLE B2-13. CONFIDENCE INTERVALS FOR MEAN AND INDIVIDUAL
LEAK RATES - FLANGES

Predicted
Mean 90% Confidence Interval
Value Leak Rate . Mean Leak Individual Leak
(ppmv) 1 (1b/hz) (1b/hr) (1b/hr)
1 1.2x10°° (3.4x107%, 4.5x10°%) (1.2x107°, 0.00013)
200 0.0013 (0.00083, 0.0020) (0.00017, 0.0099)
500 0.0029 (0.0021, 0.0041) (0.00039, 0.022)
1,000 0.0053 (0.0040, 0.0071) (0.00072, 0.040)
3,000 0.014 (0.010, 0.019) (0.0019, 0.10)
5,000 0.022 (0.016, 0.03D) (0.0029, 0.16)
10,000 0.040 (0.027, 0.061) (0.0053,  0.30)

7LV Sniffer Screening Value, ppmv (calibrated to hexane)

TABLE B2-14. CONFIDENCE INTERVALS FOR MEAN AND INDIVIDUAL
LEAK RATES - PUMP SEALS (HEAVY LIQUID STREAMS)

Predicted
Mean 90% Confidence Interval .
Valve Leak Rate - Mean Leak Individual Leak
(ppmv) ! (1b/hr) - (1b/hr) (1b/hr)
1 2.0x10° (4.6x107°, 8.4x107%) (1.4x107°, 0.00028)
200 0.0048 (0.0030, 0.0077) (0.00049, 0.047)
500 0.012 (0.0087, 0.018) (0.0013, 0.12)
1,000 0.025 (0.019, 0.034) (0.0027, 0.24)
3,000 0.079 (0.058, 0.11) (0.0083, 0.75)
5,000 0.13 (0.093, 0.20) (0.014, 1.3)
10,000 0 0.44) (0.028, 2.7)

.28 (0.17,

ITLV Sniffer Screcning Value, ppmv (calibrated to hexane)
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Predicted Nonmethane Hydrocarbon lLeak Rate {Ibs/hr}

0.40

0.35

0.30

0.25

0.20

0.15

0.10

0.0%

Upper Limit of 90X Conflidence
Interval for individual Values

Logsie (NM Leak Rats) = -4.9 + 0.80 Logra (Max Screening Yalue)
Correlation Coefficient = 0.79

Number of Data Pairs = 119

Standard Ervor of Estimate = 0.60 Logis (NM Leak Rate)

Seale Bias Correction Factor =2.53

Upper Limit of 903 Confidence
Interval for Mean Leak Rate

\ Mean

- '—/MF Limit of 902 Confidence
———
i

/ Interval for Mean Leak Rate

—-—

Lower Limit of 90% Confidence
T i 1 I T v~ Interval for Individual Values

1,000 5,000 10,000

Maximum Screening Value, ppmv (calibrated to hexane)
Using J. W. Bacharach TLV Sniffer at the Source.

Figure BZ2-46A. Nomograph for predicting total nonmethane

hydrocarbon leak rates from maximum
screening values - valves, light liquid/
two-phase streams (Part I: Screening
values from 0-10,000 ppm).
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3.5

1.0

Predicted Honmethane Hydrocarbon Leak Rate {1bs/hr}

0.5

3.0~

2.5~

2.0 p=

Lagas (NM Leak Rate) = -4.9 + 0.80 Logss (Max Screenming Yalue)
Correlation Coefficient = 0.79

Number of Data Pajrs = 119

Standard Error of Estimate = 0.60 Logrs (NM Lesk Rats)

Scale Bias Correction Factor 22,33

Upper Limit of 30% Confidence
Interval for Individual Values

Mean

Upper Limit of 90% Confidence
interval for Mean Leak Rate

Lowar Limit of 90%
Confidence Interval
far Mean Leak Rate

Lower Limit of 90% Confidenca
4" Interval for Individual valyes

10,000 50,000 100,000

Maximum Screening Value, ppmv (calibrated to hexane)
Using J. W. Bacharach TLV Sniffer at the Source.

Figure B2-46B. Nomograph for predicting total nonmethane

hydrocarbon leak rates from maximum
screening values - valves, light liquid/
two-phase streams (Part II: Screening
values from 0-100,000 ppm).
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2.4 DISTRIBUTION OF EMISSIONS AND SOURCES BASED ON
SCREENING VALUES

A convenient tool both for monitoring hydrocarbon
emission sources and estimating source leak rates is the porta-
ble hydrocarbon detector. From the results of this study,
nomographs have been prepared relating hydrocarbon concentration
at the source (screening value) to the percentage of each source
type expected to have screening values above any selected value.
Other nomographs have been prepared relating screening values to
the percentage of total mass emissions which can be expected
from sources with screening values greater than any given value.

(See Appendix C for a discussion of nomograph development.)

These nomographs for the six source types (and stream
groups for valves, compressors, and pump seals) are presented
in Figures B2-47 through B2-57. The "A" figures relate the
percent of sources to screening values. The "B" figures relate
the percent of total mass emissions for a given source category
to screening values. The "C" and "D" figures are the same
curves as in the "A" and "B" figures except the actual data
are also included.

Confidence intervals are included on each of these
nomographs. The statistical procedures used to develop these
intervals are discussed in Section 6.3 of Appendix C. The
confidence intervals for both types of nomographs indicate how
well the cumulative function has been estimated from the data
collected in this program.
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Screening Value, ppmv (calibrated Lo hexane) (Log;p Scale)
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values greater than the selected value,

Figure B2-47A. Cumulative distribution of sources and total
emissions by screening values for valves -

gas/vapor streams.
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Figure B2-47B. Cumulative distribution of source and total

emissions by screening values for valves -
gas/vapor stream.
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Screening Value, ppmv (calibrated to hexane) (Log;o Scale)

Percent of Sources - indicates the percent of sources with screening
values greater than the selected value.

Figure B2-48A. Cumulative distribution of source and total
emissions by screening wvalues for valves -

light liquid/two-phase streams.
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Figure B2-48B. Cumulative distribution of source and total
emissions by screening values for valves -
light liquid/two-phase streams.
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values greater than the selected value.

Figure B2-49A. Cumulative distribution of sources and total
emissions by screening values for valves -

heavy liquids stream.
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Figure B2-49B. Cumulative distribution of source and total
emissions by screening values for valves -
heavy liquid streams.
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Figure B2-50A. Cumulative distribution of sources and total
emissions by screening values for valves -
hydrogen service.
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values greater than the selected value.

2-51A. Cumulative distribution of sources and total
emissions by screening values for pump seals -
light liquid streams.
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Figure B2-51B. Cumulative distribution of source and total
emissions by screening values for pump seals -
light liquid streams.
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Figure B2-52A. Cumulative distribution of sources and total
emissions by screening values for pump seals -
heavy liquids.
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Figure B2-52B. Cumulative distribution of source and total
emissions by screening values for pump seals -
heavy liquids.

105



. "spInb11 Laeay
- s1e3s dwnd 103 uorjoung UOTINQTIISTP SATIBTNUWND 9SIIAUT

(suexay 03 pajeiqrTed) awmdd ‘sniep Butussiog 01807

g'h Hoh 0" 4 9°K [ g'¢ h'e 0°e g°1 [ ¢

+llllll+l|ll|l*lll|ll+||||||+|ll|l|+l|||ll+llll|l+|ll|ll+ |||||| fm————

g * *
* 2 sk e
Yy CHyYyesx Traes
. lomqmqi te e
.-n.didﬁ e
L X} Y= e
LX) ¥i8 ‘e
LI ] qqm ro
s % ayo
. e g
L ‘** q L
s gy **°
e wysdyee
tan wEygyyr e
*e **Uﬂ ‘s
LE] Yy v
.. whEgy "o
ST masyy tee

L] »
. *

@0 LA

[ A

“an|vA [N AEE yg v
Buusalds av|n2pyaed Luw Supaey sjujod “e PP v
__ ®IEp 40 J3qUNU 1BNJ0R Ay} juasaddad . gy y ver s
J0U Op SanjeA IS *I33 *Zx§ *[=y MIYM . D N
teasajuy Bujuaaads yoea uj sanqea Buj P
~U3MIIS BJILIS|P JO Slaqunu Byj Juasaudad *'33a'gty ves _._m.._e._._e:._ ..
S|BALIIU] IDUIPLIUOY %56 JBMOT pue Jadd[] - e« Caan v oy

uejaung
UOJINGLIISEG 3A|JC[PIND ISABAU] PARW}]S] - 4

"D¢G-79 2an31g

Rl T B B LT N R T T N R U U O R TR T TR

ol

Qe

[+£3

Oh

0s

09

ot

N[ BA PIIDFLIS < SIN|RA DULUIILIS YILM $2ILNOS JO JUSDLD4

106



Sujuesios £q SUOTSSIwWS TEI0F JO UCTINGTIISTP SATIBTNUND

0*h h'h

0 h

O Lt

L]

v
v

"spinbi Aaesy - siess dund 103 saniea

(Puexay 03 pajeiqITed) amdd fantep Suyussidng 0130

9°f

e L L P el e e it —pmm———— - fom——— s fmmmm——— b

Z

‘€ g'e ‘h*g n*e g9° [ FAR ! 90 L] a0 PR TR

‘anyeA

Supuasdas Jdefnajred Lue Supaey sjujod

REp 40 Jagunu [en3e 3y} uasasdad

300 op san|eA as3ayl "33 ‘28 *l=y YN

reasajuy Bujulauas yiea uj san|eA 6uy
~u32J43S 3PMISEP JO SJAqunu 3Y] quasasdaa *r23'a'Y

WOLYOUNY FALIR[NWAY PITRULIST -

ITT]
gy
ayvys»
gavs ¥«
YH s*baddnk
¥ EVIJE JBVOVVVAUVVAVHRVVEYSYRYRYY Ay o+ b *

"qgS-z9d 2an314

'h-‘?ﬂ-‘l&‘#*‘ﬂ-“‘ﬂ--i-HH%*“"\%‘Vﬂ%ﬂﬂ“““*‘t%ﬁ*ﬂﬁﬂ-‘-ﬂ

91

24

vh

h9

08

96

elr

BNEA P3IIILIS HY3 UBYL JSEI4D S3NLEA
BULUBAJIS YILM S3D4N0S 03 I[QRINGLIIIY SUOLSSLUT |BI0L 4O US4

107



100 F

80 f=
70 -
60 =
50 -

40 -

Percent of Sources

30 -
Upper Limit of 95% Confidencs Interval
20 |-

10

ﬁ_Lower Limit of 95% Confidence Intarval

e R 1 l H

1 2 345 10 50 100 1,000 10,000 100,000 1,000,000

Screening Value, ppmv (calibrated to hexaﬁe) (Log1¢ Scale)

Percent of Sourtes - indicatas the percent of sources with screening
-values greater than the selected value.

Figure B2-53A. Cumulative distribution of sources and total
emissions by screening values for flanges.
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Percent of Total Mass Emissions - indicates the percent of total emissions
attributable to sources with screening values
greater than the selected value.

Figure B2-53B. Cumulative distribution of source and total
emissions by screening values for flanges.

109




"sadue]j I10J uorzouny UOTINQTIISTP SATIBTNUND ISIBAUT "9gG-7g 2Ind14

{puexayy o3 pPa3riqried) swdd ‘snyep Surtussiog ¢1307

a*h h*y U™t 9°'¢ [ e w2 02 91 et 8°0 U] 0°0 h* U~ ucu-

*

3

i

» LX) z

m* ™ LE B E NN N +

' VEHBYY s« LR E

"YWy VOyy teee ?

L Iﬁ*mmﬂ ra H

LN *‘*q mﬂ LN ) +

L ] . ,** LN ) . “

LY *mmqq -w N

i iy te #

LI ) '*mu LI +

LI *hyy *s S

i %V 39 toe t

.. *¥*x Oy o ¢

- ** qum L +

L] -l L NN “

.y i*iqm sets a 2

s i#imcd ) . . . F

L ,* +

.. LY [

Tanjea . .. Bk z

Bujuaauss aenajiaed fue bupaey sjujod ve YVEYE P

RIEP JO J3qUNU |BNIOR Iy JuaIsadad ‘e - +

J0U op san{eA 53Y) 333 "Zeg ‘lay 3d3YM .o V VY o % & - 2

Leasajuy Bujuaauss yoee vy sanjea Buy .e M

~U3343s 3I5LISIP O SEIQUNU Y] JuIS3xdad ‘a3a'y'y . 2

S12AI33UL 30UBPJUO) XG6 JaMOT pue Jdaddn - e LA “
L )

uog3sungy ceve 2

UopINgyaIsLg aApIRLNUAY ISaaAUT pajeRWl)Sy - " v oe 4

. +

S*L

o

083

G

BNLBA PRIVBLIS < $3IN|RA DULUABUIS YIiM SIUNOS 4O FUaIUdy

110




"sp8ueT] I0J saniean
BuTus91os £q SUOISSTWe TBIOF JO UOTINTIAISTP daFjJeBTNUND "(E6-7d 2an3T14g

(suexay o1 pajeiqried) sudd ‘anTep Furussidg 0£307

°'h Hh 0"k 9°f 2'g 8°¢e h'e 0°2 9°1 z°1 80 h°n c*u h*= ¥ D~

B e L e T L Ll Y N B Tl T T e +-~

:
+ 91- &
L) 3
2 8
4 t
LI +0 3
t )
¥ _ onyon A

- Bupuaadds Jeynagided Luv Bupaey sjupod + 91
R3ep JO JIQUAU |ENJOR Y] JuIsIidad Ry
J0U op San|RA 3saUp T33P Z=9 "=y JIYM ¢ - n
(vaaa3u} Buptaadas yoea u) saniea buj ¢ S M

* -u3342s F1NIS|P O SJaqunu ayy Juasaudad *ra3'gly # ]
» + 2% min
UoE3ouUNS 3AfJE[NLNY) pITeWL]ST - 4 ] Ty
. ? S
* _ # g3
* g 4 2
x # E
* 4 wn
» P! ©, ®
™ + 9 B8
*3 t 2w
* ? 2
a “re .2 =3
yaav ) + 0H Wﬁ
vy Bk F g lM:
vy yvJ LR ¢ o

[H] FERE R +
WV VIV ¥ VDU 0 sksteeses + 96 m
JBYVVIVOORUAGHYVAVVVYVEYY R x e srs & 4 * d ]
? =]
z 5
+ 210 @

b




100 ~

90 —

n
!

-~ Upper Limit. of the 953
Confidence Interval

-
—— e ——— —
—

70 =
60 |~
50 =

40 - Lower Limit of 95% \
Confidence Interval

Percent of Sources

20 b

0 L 111 1 L1 ! .
1 2 345 10 50 100 1,000 10,000 100,000 1,000,000

Screening Value, ppmv (calibrated to hexane) (Logio Scale)

Percent of Sources - indicates the percent of sources with screening
values greater than the selected value.

Figure B2-54A, Cumulative distribution of sources and total
emissions by screening values for compressor
seals - hydrocarbon service.
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Figure B2-54B. Cumulative distribution of source and total

emissions by screening values for compressor
seals - hydrocarbon service.

113




"93TAIBS uU0qiedoipfy - syess
105521dwod 10F UOTIOUNF UOTINGTIISTP SATIBINUND 9SIDAUT "JhG-zg 2an3Ig

(suexay o3 pejeiqrTed) amdd ‘anyep Juruesiog 013o7

0*9 LS LA 1's g h 5% 2*h 6°¢ 9°¢ €% 0°¢ Lz
B e bl e e T R it Lt LD T T Fupupupp, Pommmce e o=
* L3 . LR ] <
[ ] . x n - LI )
. " L g P
L] n.{ '**i .m.‘
LR wag K LY q_hm ﬁ
LEL I N | ‘** LI dqq
[ B ] 'L 3] LR
L) *..i awe
L LT T [ ]
LI ] L] -
E LN " [ ]
L W) .* LI ]
LU ] FL 3 ] e
..( T L] LI Y
L d L ¥ 2™ [N
LI ] *’* L N
.. ** L L ]
av e 4 .
< mm *® '** .O.I
<] L ] LE T LI
LT ] 2k *e
“anion ve .mqq .. e
Bujuaadds seqndpzaed fue Sujaey sjuyod . Iy .
BIEP JO JIUNU [EN3IR 3y} Juasadad . m:. .y
J0U op SINLEA ASHYL "3 ‘Zaf =y UAIYM o v Vv
|PAa33uy Bupussass yoea up sanjea Bup : e
~U3343s 3J2AISIP SO sJagqunu Yy juasaadar *ta3a‘g'y e

S1RALBIV] ADUBP|SU0T %56 43MOT pue saddp - e

uo|3oung
UOINQ A5 |0 SALJR|NWAY 3SAIAUT pajemyysy - ,

c
* -
» -

91

(39

gh

hg

og

96

AN|PA PAIABBS < $HN|BA BULUIBLIS YILM SIDUNOS JO JUBIJA4

114



*921AI9S ucqiedoipiy - sTe3s 10ssa1dwod I0J SsaNTBA
duTusa1ds Aq SUOTSSTWR T€I0J JO UOTINQTIISTIP ATIBTNUND "dH§-7d 9an3Tg

suexal 01 paieiqrie?) awdd ‘snyep Sugwssisg 01307
( ] P 9 T I

Q.w h.n -—.m ﬂlm m.= m‘: N.—.—
T O b bttt EEEL LR LAl ELE Sldbebled 4
* v .

v
v 8V yva
" av
*
*
»
*
»
*
*
* %
L 1]
h
L
L L]
¥
R RS
sHER

9°¢ £°% n°¢ L2 w*e 1
————- I T poeamm- fmmm——- V-
3N |TA

Bujuaatas Jeyndjyied Luw Bupaey sjuyjod
vjep 40 JIQUNU |BNJIT Y] juasasdat
J00 op sanjua asayl 339 'Z=0 =y aIYM
Leataju) Bujusasas yous U sanied bu} o
-u22435 333495}p SO sLaqunu 3} quasaadas **233'g'Y

Uoj3ouNg SAjeLDUNY P3ILULIST - 4

vd

whspxVErnsyyvg v

shaEnnexerndUr Yyys YE RHy WE U

W M M TR R R R

B T ¥ R T T P T T T T S ]

91~

9t

gh

LE

L]

96

elr

SN|eA PR1OR1aS Y3 URYL JIIEIJD SIN|EA
BULUSSIIS UILM SI4N0S 03 3| qRANQLJ33y SUOLSSLWZ |BI0L 0 IUIIJdd

115



100 =
P ——————
e
~
20 ~
~
80 b —— e \\
- - Upper Limit of 95% Confidenca
~ AY
~ Interval ]
~
70 = Y
N
" .
7]
2 s0f
=
[=]
1% )
5 50
dE.
3 Lower Limit of the 95%
s Wr Confidence Interval
[~
30 =
20 = AN
~
N
10 = Estimated Percent of Sources \‘\
\\
v} 1111 1 1 1 1 1 wx \u
1 2 345 10 100 1,000 10,000 100,000 1,000,000

Screening Value, ppmv (calibrated to hexane) (Logio Scale)

Percent of Sources - indicates the percent of sources with screening
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Figure B2-55A. Cumulative distribution of sources and total
emissions by screening values for COmpPressor
seals - hydrogen service.
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Figure B2-55B. Cumulative distribution of source and total
emissions by screening values for compressor
seals - hydrogen service.
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Figure B2-56A. Cumulative distribution of sources and total
emissions by screening values for drains.
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Figure B2-56B. Cumulative distribution of source and total
emissions by screening values for drains.
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The 95 percent confidence intervals for the cumulative
percent of sources can be interpreted as ranges of values which
contain the actual percent from the population of sources studied.
Note that these intervals apply to the entire population of sources
(i.e., a composite of all United States refineries), and are not
necessarily applicable to a finite number of sources at any par-
ticular refinery. Because of the nature of the function, the con-
fidence intervals will be approximately valid any time a random
sample of greater than 100 sources is being considered.

The 90 percent confidence intervals for the -cumulative
percent of total emissions function can be interpreted as ranges
of values which contain the actual percent of total emissions
function for the entire population of sources. Again, these in-
tervals describe how well the function has been estimated for the
entire population and are not directly applicable to a particular
refinery situation with a finite number of sources. The variation
of the function for a particular sample of sources is a complex
function of the number of sources.

The nomographs must be used with caution when comparing
these estimates to actual measured emissions (sampled soquES).
As discussed earlier, the correlation between screening values
and actual leak rates is imperfect. Because of this, wvalues ob-
tained from the nomographs for percent of total emissions caused
by a specific percent of total sources may not exactly match simi-
lar values for measured leak rates as in Table B2-2. Table B2-15
gives a summary of measured leak rates. In most cases, the nomo-
graphs will indicate a higher percentage of sources being responsi-
ble for a given percentage of total emissions. 1In this sense, when
actual leak rates can be measured, the nomographs are conservative
(i.e., they will identify more sources than necessary to achieve
a given level of reduction of total emissioms). In a practical

sense, however, it is unreasonable to expect that every source
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TABLE B2-15. SUMMARY OF DISTRIBUTION OF MEASURED LEAK RATES?

Valves
Leak Range Gaa/Vapor Lighc Liquid Heavy Liquid Hydrogen Open-Ended
~(b/hr) Streams Iuvo-Phase Streams —_Sexeame _Streams —Valvea
A B A ):] A B A B A B
>1.0 1.2 70.0 0.1 14.4 0.0 0.0 0.0 0.0 0.0 0.0
0.1-1.0 3.2 23.3 3.4 60.3 0.0 0.0 2.2 34.2 0.8 23.3
0.01-0.1 7.6 5.8 11.5 21.9 1.0 74.1 14.1 60.5 7.0 65.3
0.001-0.01 8.7 0.8 13.3 3.2 2.7 23.8 13.3 4.8 9.3 10.8
0.00001-0.001 6.6 0.1 7.8 0.2 2.9 2.1 14.1 9.5 6.2 0.6
>0.00001 20.3  100.0 36.1 100.0 6.6 100.0 %3.7 T100.0 73.3 100.0
Pump Seals Compresgor Seals
Leak Range Light Liquid Heavy Liquid Hydroearbon Hydrogen
(1b/br) ) Stteams Streams Service Service
A B A B A B A -]
1.0 4.0 70.6 0.0 0.0 16.2 74.3 Q.0 0.0
0.1-1.0 15.5 24.6 3.5 73.2 13.8 24.3 16.9 75.4
0.01-0.1 22.7 4.4 9.6 25.6 16.9 1.4 26.5 22.5
0.001~-0.01 16.4 0.4 5.8 1.2 4.9 0.0 25.3 1.8
0.00001-0.001 4.3 0.0 1.7 a.0 2.1 0.0 14.5 0.1
>0, 00001 62.9 100.0 22.6 100.0 73.9  100.0 83.2 100.0
Flanges Draing Relief Valves
Leak Range All Stream All Stresm All Stream
{1b/hz) Groups Groups Groups
A B A B A B
>1.0 0.0 0.0 1.6 6l.6 3.4 16.0
0.1-1.0 0.2 63.2 4.7 33.0 10.1 19.2
0.01=-0.1 0.6 30.1 6.6 4.9 14.7 4.5
0.001-0.01 1.3 6.0 5.1 0.5 8.1 0.3
0.00001-0.001 0.9 Q9.7 1.1 0.0 2.7 0.0
>0.00001 3.0 100.0 19.1 100.0 39.0 100.0

A = Percent of total sources screened with sampled leak rateé within leak ranga.
B = Percenc of total mass cmissions actributable to sources within leak range.

%Most scurces were bagged snd sampled to obtain leak rares; sowa were estimated using procedures described in Section 6 of
Appendix C.

with a screening value exceeding a specific level could be bagged
and sampled. Since at this time there is no better method than
screening for identifying sources for maintenance, the nomographs
are appropriate for evaluating maintenance and control options.

The nomographs are therefore useful in evaluating the
potential effectiveness of maintaining and repairing sources for
reducing emissions. For example, approximately 5 percent of
valves in gas vapor stream service can be expected to have screen-
ing values above 50,000 ppmv (Figure B2-47A). However, these 5
percent of the valves are responsible for an estimated 95 percent
of the mass emissions (Figure B2-47B). Similarly, for a screening
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value of 10,000 ppmv, the percent of sources and percent of emis-
sions are 9 percent and 99 percent, respectively.

Analyses, using the nomographs, can also be done for
other sources and process streams. For example, Table B2-16
shows the percent of emissions for various sources and process
streams when the upper 10 percent of screened sources are comn-
sidered. Confidence intervals are also shown. Table B2-16 is
presented only to illustrate the use of the nomographs and to
emphasize the fact that a small fraction of the sources within
any one source category account for the majority of emissions
in that category. There is no intent here to prejudge that a
reasonable level of control is 10 percent of sources, or any
other specific number. Ultimately, the decision regarding
reasonable control will be based on relative levels of emission
reduction and the cost of achieving these levels. Therefore,
percentage reduction goals for each source category may be
different.

TABLE B2-16. PERCENT OF TOTAL MASS EMISSIONS RELEASED BY
THE UPPER® TEN PERCENT OF SCREENED SOURCES

Percent of Total Emissiona

ﬁinimum 95X Confidence
Screening Value Interval for 907 Confidence
(ppa)b Percent of Sources Mean Interval
Valves
Gas/Vapor 9,200 (6, 13} 99 (98, 100)
Light Liquid/Two=-FPhasa 11,000 7, 13 85 (82, 87N
Heavy Liquid 120 (5, 15) 80 (74, 87)
Hydrogen Service 1,400 (31, 16) 83 (70, 91)
Pump Seals
Light Liquid 47,000 7, 1) 75 71, 719
Heavy Liquid 1,100 (5, 13) a1 (76, 88)
Compresser Seals
Hydeocarbon Service 68,000 (4, 15) 59 (46, 72)
Hydrogen Service 76,000 (3, 11 77 (64, B87)
Planges 14 (6, 14) 99 (98, 100)

Draina 1,100 (6, 16) 94 (92, 96)

Relief Valves 4,700 3, 10 83 (78, 90)

2 the upper ten percent of screened sources is defined ae tha ten percent of sources having the
highest screening valuas.

b Sereening Value with TLV Sniffer calibrated to hexane,

130




In summary, Figures B2-47 through B2-57 present con-
tinuous distributions of the percent of emissions and sources
versus specific screening values. These figures can be used to
estimate the reduction in emissions which could ideally occur
if, after screening, the emissions from a selected percentage
of leaking sources were reduced to zero after repair. It is
‘emphasized that these figures represent an amalgamation of data
from nine refineries (thirteen for compressor seals and relief
valves) and do not represent any single refinery. Therefore,
these results must be used with caution when analyzing a specific

refinery or process unit.

2.5 CORRELATION OF VARIABLES

2.5.1 Correlation of Leak Rate with Continuous

Process Variables

At the beginning of this program it was hypothesized
that the leak rates from baggable sources would be affected by
process variables such as temperature, pressure, and size. The
study of the correlation of process wvariables is complicated by

three factors:

1) The degree of skewness in the leak
rate data and the inherent wvari-
ability of the leak rate measurement

procedures,
2) The dominating effect on leak rate

of the composition of the process
stream, and
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3) Inaccuracies and missing information when

"measuring'" process variables.

To examine the correlations, the logarithm (base 10)
of the leak rate (lb/hr) was related to the process variables
to minimize the effect of skewness and variability of the leak
rate measurement. The data were grouped by the important.pro-
cess stream classifications to minimize the effect of the stream

composition.

The inaccuracies in determining some of the process
variables reduce the sensitivity of the correlation analysis.
For instance, the variable "age' recorded was usually the age of
the unit. A more useful age determination would have been the
years in service of each individual source, or possibly the time
since last maintenance was done, but it was impractical to
obtain this information for the large number of sources studied.
Therefore, the conclusions concerning process variables pertain

to the variables as measured or determined in this study.

Table B2-17 lists the simple correlation coefficients
between the log leak rate and the appropriate independent
variables for each source type and stream classgification.
Correlations significantly different than zero are noted. The
simple correlation coefficient is a statistical measure of the
linear relationship between two variables. The correlation
between "X" and "Y' is computed as:

Z(Xi-X) (Yi-Y)

r =
X VXD T e

and is bounded:
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-1 < Toy < 1.
Figure B2-58 is a schematic diagram which shows typical data
associated with various values of the correlation coefficient,
r. For values of r near +1, as one variable increases, the
other increases. For values of r nearly -1, as one variable
increases the other decreases. For data which show a random
scatter pattern, the value of r will be zero.

The value of r? indicates the approximate percentage
of the total variation in the log leak rate that is accounted
for by the relationship of the leak rate with the correlating
variable. For instance if r = 0.50, then r? = 0.25 and about
25 percent of the variation in the leak rate is attributable to
the relationship with the process variable. The remaining 75
perbent of the variation is due to other variables and random
variation.

The sampling distribution of wvalues of r is highly
dependent on the sample size. Small values of r (0.1-0.2) may
‘be statistically significant for large sample sizes while large
values of r (0.4-0.7) may not be significant for small sample
sizes. Statistically significant refers to a statistical test
of the hypothesis that the correlation is equal to zero, i.e.,
no relationship between the variables. A significant correla-
tion therefore does not imply a large value of r, since values
of r < 0.2 may be significant for large sample sizes.

The correlation coefficient, r, can sometimes be
misleading for the following reasons:

134



vyl o .
X
r = —]
y

Figure B2-58. Scatter diagrams and correlation coefficients.
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° r does not describe how much Y changes for
a given change in X, what the shape of the
curve connecting Y and X is, or how
accurately Y can be predicted from X.

) A correlation between X and Y may be due to
their common relation to other wvariables.

) Outliers and highly skewed data can distort
the frequency distribution of r.

° Selecting values of X at which Y is measured
can distort the frequency distribution of r.

() r may be unduly high because of sampling
from two different populations instead of
one.

In order to examine the actual data used in calculating the
correlations presented here, scatter plots of the log leak rate
data (in pounds per hour) and the process variables are shown
in Figures B2-59 throuéh B2-114. The correlation coefficient
(r) and the number of data pairs are shown on each plot.
Statistically significant correlations are noted with a "',

2.5.2 Relationships Between Discrete Variables and Leak

Rates

Unlike continuous variables, correlation coefficients
are not easily interpreted for discrete variables, i.e.,
manufacturer, material, and seal type versus leak rate. A
visual method for comparing the relationships between levels of
the variable and leak rate is the schematic plot. Figures
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B2-115 through B2-120 are schematic plots for valves describing
the variables block/control, in line/open-ended, valve type,
stem movement, vibration, and manufacturer. On any particular
plot, each level of the variable is represented by a "box and
whisker" figure that identifies the mean, median, upper and
lower quartile, and range of values. The number of leaking
sources is also listed. Taking sample size into consideration,
there appears to be no significant difference in leak rate
between the levels of any of the variables.

Figures B2-121 through B2-128 describe the discrete
variables for pumps: pump type, single/double seal, in service/
out of service, quench, inboard/outboard, lubricant, attitude,
and manufacturer. Differences can be seen between single and
double seals for heavy liquid streams (Figure B2-122); however,
the small sample sizes prevent any firm conclusions from being

drawn.

Discrete variables for flanges are displayed in
Figures B2-129 through B2-133. Small differences can be seen
between the leak rates of flange types, special service, and
vibration. Because of small sample sizes, these differences

cannot be considered significant.

Figures B2-134 through B2-139 describe discrete
variables for compressors; Figures B2-140 and B2-141, discrete
variables for drains; and Figure B2-142, single or double
configuration for relief valves. A slight difference between
variables appears in Figure B2-140 for drains where drains
without visible vapor emissions tend to have higher leak rates
than those with visible wvapor.
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2.5.3 Effect of Process Variables on Percent of Sources

Leaking

Previous analysis has shown that the percent of
sources leaking varies due to source type and process stream
composition. This subsection examines the effect of other
process variables on the percent of sources leaking. A leak-
ing source is defined, for the purpose of this report, as a
source with a screening value greater than 200 ppmv and/or a
measured leak rate of greater than 10-5 1b/hr.

Tables B2-18 through B2-22 give the percent of
sources leaking for the baggable source types grouped by the
various process variables recorded during the study. The data
are grouped by process stream type whenever appropriate. Note
that the sum of the sources listed for each variable is not
the same for all variable groups due to missing data for some
sources. In some cases, the hydrogen stream data were omitted
because of the small number of data points.

The data in Tables B2-18 through B2-22 are Dresented
graphically for selected variables in Figures B2-143 through
B2-183. Ninety-five percent confidence intervals are included
in these graphs to define the precision of the percent leaking
estimates.  Source groupings with overlapping confidence inter-
vals should not be considered statistically different in per-
cent of sources leaking. A dotted line connecting the percent
leaking estimate is shown on the‘graphs whenever it is
appropriate to examine the trends portrayed.
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TABLE B2-22. EFFECT OF PROCESS VARIABLES ON PERCENT OF
RELIEF VALVES LEAKING

Number Number Percent
Variable Screened Leaking Leaking

All Stream Types

Vent to Atmosphere 109 53 48.6

Vent to Flare 16 2 12.5
Gas/Vapor Streams

Dual Valve 26 21 80.8

Single Valve 66 21 31.8
Light Liquid/Two-Phase Streams

Dual Valve 8 2 25.0

Single Valve 20 5 25.0
Heavy Liquid Streams

Dual Valve 17 8 47.1

Single Valve 6 0 0.0
Pressure Range (psig)

0~-50 ] 39 7 18.0

51-100 29 16 55.2

101-200 26 12 46.2

>200 25 9 36.0
Temperature Range (°F)

0-100 43 17 39.5

101-200 36 19 52.8

>200 37 10 27.0
Line Size Range (inches)

<4.0 53 13 24.5

>4.0 82 37 - 4501
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Figure B2-144. Selected Categories of Valves - effect
process unit type on percent leaking.

8cee Table B2-24 for unit codes.
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Figure B2-145. Selected Categories of Valves - effect of
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Figure B2-146. Selected Categories of Valves - effect of
valve function on percent of valves leaking
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#Codes are arbitrary as to not identify particular manu-
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valves are broken out.
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Flgure B2-151. Selected Categories of Valves - effect
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Figure B2-152. Selected Categories of Valves - effect
of age on percent of sources leaking.

239




Light Liquid Streams Heavy Liquid Streams

100+

2]
(=]

TN=186 N=84 N=103

Popo

Percent Leaking
& o
o =
A 1

Eaed
o
A
=i
=
X
L
L
D
b =
w

O T T 1 T
Q 0 W Q 0 B

Pump Gland Type (Q = No Quench, 0 = 0il Quench, W = Water Quench)

N = Number of Sources Screened

Figure B2-153. Pumps - effect of gland type on percent of
pump seals leaking.
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Figure B2-154. Pumps - effect of seal positioh on
percent of pump seals leaking.
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Figure B2-155. Pumps - effect of pump attitude on percent

of seals leaking.
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Figure B2-156. Pumps - effect of pump seal type on percent

seals leaking.
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Figure B2-157. Pumps - effect of seal lubricant type on
percent of seals leaking.
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Figure B2-158. Pumps - effect of seal type on percent of
seals leaking.

242




Light Liquid Streams
N=8
100 1 N=13
N=43 N=117
g} 50 4 N=39 N=87 E
< N=68 N=469 {
d 60 A
=
g 407 -L
[4]
=
Q
o 20 -
0 v : - . v
A B c D E F G H
Manufacturer's Code?
Heavy Liquid Streams
100 T
80 1N=
-'%0 N EA
ko ]
: 60 1
2 =20
dnd
g 40 4 N=59 N=68 N=22
Q
8 N=45 N=23
& 204 }: 'I
0 r - ' y v : .

A B C D E F G H
Manufacturer's Code?

N = Number of Sources Screened

Figure B2-159. Pumps - effect of manufacturer on percent of
pump seals leaking.

2codes are arbitrary as to not identify particular
manufacturers.
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Figure B2-160. Pumps - effect of discharge pressure on percent
of pump seals leaking.
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Figure B2-161.

Pumps - effect of operating temperature on
percent of seals leaking.
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Figure B2-162. Pumps - effect of shaft diameter on
percent of seals leaking.
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Figure B2-163. Pumps - effect of pump speed on percent
of pump seals leaking.
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Figure B2-164. . Pumps - effect of age on percent
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Figure B2-165. Pumps - effect of size (capacity) on percent
of pump seals leaking.
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Figure B2-166.

Compressors - effect of gland type on percent
of seals leaking.
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Figure B2-168. Compressors - effect of seal type on percent
of seals leaking.
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Figure B2-169. Compressors - effect of seal number on percent
of seals leaking.
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Figure B2-170. Compressors - effect of operation on
percent of seals leaking.
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Figure B2-171. Compressors - effect of compressor discharge
pressure on percent of seals leaking.
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Figure B2-176. Compressors - effect of compressor loading
on percent of seals leaking.
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Figure B2-177. Compressors - effect of shaft diameter omn
percent of seals leaking.
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Figure B2-180. Drains - effect of process unit type on
percent of drains leaking.

4See Table B2-24 for process unit code definitions.
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Some significant differences in percent leaking are
noted for valves due to age and unit type and vibration. Valves
less than one year old have a higher percent leaking for gas/
vapor and light liquid streams, but not for heavy streams. A
trend of increasing percent leaking with larger line sizes 1is
indicated for all stream groupings. No significant differences
are noted for the different valve manufacturers.

- For pump seals in light liquid service, the percent
of seals leaking appears to increase as the pressure and tem-
perature increase. No significant differences are noted for
the discrete variables, including manufacturer. Single seals
have a higher percent leaking than double seals for both light
and heavy liquid streams, although the confidence intervals do
overlap.

For compressors in hydrocarbon service, significant
differences in the percent of seals leaking were noted for
gland type and seal type. The percent leaking also appeared
to be increasing as discharge pressure increased.

2.6 EMISSION FACTORS

2.6.1 Emission Factors for Baggable Sources

The estimated emission factors for nonmethane
hydrocarbon emissions for the six types of baggable sources
are summarized in Table B2-23. Twelve emission factors are
presented representing the twelve cases discussed in Section
2.1. Confidence intervals are given in each case for both
the percent of sources leaking and the estimated emission
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TABLE B2-23.

HYDROCARBONS FROM BAGGABLE SOURCES

ESTIMATED VAPOR EMISSION FACTORS FOR NONMETHANE

Source Category

Emission
Factor
Estimate
(1b/hr/source)?

95% Confidence
Interval for
Emission Factor
(1b/hr/source)?

Valves
Gas Vapor Streams

Light Liquid/Two-Phase
Heavy Liquid
Hydrogen

Lines
Open-Ended Jimas

Pumpy Sea ls
Light Liquid Streams

Heavy Liquid Streams
Drains
Flanges
Relief Valves

Compressorp Sea lg
Hydrocarbon Service

Hydrogen Service

0.059
0.024
0.0005
0.018

0.005

0.25
0.046

0.070

0.00056

0.19

1.4
0.11

(0.030, 0.110)
(0.017, 0.036)
(0.0002, 0.0015)
(0.007, 0.045)

(0.0016, 0.016)

(0.16, 0.37)

*(0.019, 0.11)

(0.023, 0.20)

(0.0002, 0.0025)

(0.070, 0.49)

(0.66, 2.9)
(0.05, 0.23)

The estimated mean level of emissions from all sources of this type in

United States refineries.

This factor is an average and incorporates the
fact that a significant number of sources have no emissions.

2The statistical procedures used to comstruct these intervals account for
both systematic and random errors in experimental design, sampling, chemical

analysis, and statistical analysis.

The procedures used are such that at

least 957%7 of the intervals will include the true emission factor.
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factor. The confidence interval for the percent leaking gives
the range of values expected with 95 percent confidence to
include actual average percent leaking from all U.S. refiner-
ies if they could be tested. The confidence interval for

the emission factors represents the range of values which is
expected with 95 percent confidence to include the average
emission rate for all sources of the particular type in all
U.S. refineries. The confidence intervals include considera-
tion of both potential biases and random variation as

discussed in Appendix C.

The emission factors listed in Table B2-23 are
slightly different than those published in a previous report
(EPA 600/2-79-044).% The results given here are based on
further refinements of the data base and the formatiom of

emission factors for values in hydrogen service which were

previously incorporated in other valve service categories.

Tables B2-24 through B2-29 contain a division of the
emissions data by process unit type. The data within each unit
are the composite of data collected for that unit during the
sampling program. Since a random sample of sources was not
selected within each unit, the emission factors and estimated
percent leaking may be biased. This is particularly true
because of the influence of process stream composition as
previously discussed. Tables B2-24 through B2-29 should be
considered as a summary of the emissions data collected in
this program. The unit emission factor should be used with

caution.
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2.6.2 Effect of Process Variables on Emission Factors

Section 2.5 presented a breakdown of the emissions
data by the various process variables measured or recorded at
the time that emissions data were obtained from each source.
Both the effect on the percentage of sources leaking and the
leak rate of the leaking sources was discussed. Any dis-
cussion of the effect of process variables is complicated by
the confounding between variables in the data base. This
confounding is due to the lack of independence between process
variables as they naturally occur and the fact that all combi-
nations of levels of many variables could not be obtained in
the study. '

A fractional factorial experimental design was
followed in selecting sources with selection based on key
process variables. The design allowed the estimation of the
main effects of important variables, but not all variable
interaction effects could be estimated. Most second order
interactions (e.g., stream type by line size by source type)
and higher order interactions are either confounded or there
are not enough replicate data to quantify their effects with
any precision. This means that it is difficult to break
sources down by more than two variables at a time to deter-

mine emission factors or effects.

Tables B2-30 through B2-34 give emission factors
and confidence intervals for selected classifications of
the baggable sources. Emission factors for valves, pump
seals and compressor seals have previously been given for
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process stream groups. An important observation from these
tables is the width of most of the emission factor confidence
intexrvals. Because leak rates in any category span three

or more orders of magnitude, it is impossible to precisely
estimate the emission factor with a relatively small number
of sources screened and sampled. Hence, these values should
not be used as emission factors. Since most of the con-
fidence intervals overlap, differences between emission
factors for the various categories of a source may not be
real. Differences between emission factors with overlapping
confidence intervals should be treated only as trends and

nnot absolute differences.

The effect of a process variable on emissions rate
is difficult to study because of the distribution of leak
rates. The effect of line size on flange emissions is a good
example. In Section 2.5.1, line size was shown to have a
significant positive correlation with leak rate. 1In Section
2.5.2, the percent of flanges leaking was significantly
different for different line sizes. Figure B2-184 summarizes
these findings and shows emission factors for five different
line size ranges. Although there are significant differences
in percent leaking and -a significant effect of line size on
leak rate, the confidence intervals for the emission factors

all overlap.

Table B2-35 demonstrates the other difficulty in
developing emission factors for subgroups of the data. The
amount of data for valves is broken down by process stream
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group (hydrogen streams and open-ended valves are not broken
out) and unit. This categorization is desirable in order to
ascertain unit effects beyond that due to the distribution of
process streams within a unit. In only eight of the 39 cases

do the categories have 100 or more valves screened, so obtaining
precise emission factor estimates for these categories is not

possible.

2.7 THE NUMBER AND DISTRIBUTION OF BAGGABLE FUGITIVE
EMISSION SOQURCES

The analyses of the emission rate data showed that the
emission rates of hydrocarbons from valves, pump seals, and
compressor seals were functions of the process stream properties.
To estimate total hydrocarbon emissions from these sources in a
complete refinery or in individual process units within refin-
eries, the distributions and number of the sources among the

various types of process streams must be available.

As part of the refinery assessment program, three

objectives were achieved. These were:

. To count the number of fugitive hydrocarbon
emission sources in a number of selected
refinery process units,

M To estimate the relative number of each source
type that is associated with selected process

streams, and

) To estimate the total fugitive hydrocarbon

emissions from the six baggable source types
in a hypothetical refinery.
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The results of this work are described in this section.

2.7.1 The Number of Sources in Selected Refinery Units

The total number of individual sources of fugitive
hydrocarbon emissions were counted in various types of refinery
process units. The number of individual sources were estimated

in those units where actual counting was not done.

2.7.1.1 Source Counting

Individual fugitive emission sources were physically
counted in a number of process units within five different
refineries. Valves, flanges, pumps, compressors, drains, and
relief valves (only those venting directly to the atmosphere)
were counted. The counted sources are listed in Table B2-36.
The capacities of each unit in which sources were counted are
also presented.

Some sources are not included in this tabulation.
Only those valves in hydrocarbon service on process, vent,
or fuel lines were counted. Valves in auxiliary services such
as steam, water, air, compressor lubrication, and pump seal
flushing were not included in the source numbers listed in
Table B2-36.

Pumps and compreésors operating on non-hydrocarbon
streams such as water and air were not counted. Only those
relief valves that were venting directly to the atmosphere
were included as emission sources. Those relief valves venting
into blowdown and flare systems were not included in the
numbers given in Table B2-36. All drains in a unit were
counted.
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All the counting was done solely within the battery

limits of each process unit.

The relationship between the capacity or size of a
process unit and the number of sources in the unit was investi-
gated, The pump counts from this study, as well as an EPA
study,’® were correlated with the volumetric capacities of crude
distillation, catalytic hydroprocessing, catalytic reforming,
and alkylation units. The correlation coefficients were all
very low indicating that the degree of correlation was insignifi-
cant. Thus, the number of pumps in a process unit is not
directly related to the size of the unit. This is not surprising.
The leak rates from all sources including pump seals and valves
are effectively independent of the size of the source. Larger
-process-units will have larger sizes of the individual leak
sources. However, the larger units do not necessarily have
more sources. The number of sources is a function of the com-

plexity of the refinery unit rather than the unit capacity.

The number of valves (and other sources) are related
to the number of pumps. This was identified in this current
study and by EPA.® Therefore, the number of valves, flanges,
and drains also appear to be unrelated to the capacity of a

process unit.

2.7.1.2 Estimation of Source Numbers in Selected Refinery

Units

The visual source counts were used as a basis for
estimating the total source populations in some of the major
types of refinery process units. These estimated source

populations are presented in Table B2-37.
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Sources were not counted in some types of process
units including vacuum distillation, aromatics extraction,
delayed coking, hydrodealkylation, and sulfur recovery units.
The number of valves, pumps, and compressors in these units
were estimated from source counts obtained in similar types

of units.

-The number of flanges and drains in uncounted process
units were based on the average number of valves and pumps,
respectively, in counted process units. Specifically, the
ratio of flanges to valves for counted units was 3.6. This
ratio was multiplied by the estimated number of valves in
each uncounted unit to obtain estimates of the number of
flanges. The ratio of drains to pumps for all counted process
units was 2.6, This ratio was multiplied by the estimated
number of pumps in each uncounted process unit to obtain an
estimate of the number of drains.

Table B2-36 shows that the number of relief valves
venting to the atmosphere varies widely among counted process

~units. These differences are noted between different types

of process units as well as units of the same type. This
appears to be the result of individual refinery practice; that
is, the degree to which emission are collected from relief
valves varies from one refinery to the next. Therefore, the
average of six atmospherically vented relief valves, determined
from the counted units listed in Table B2-36, was used as the
estimate for the number of relief valves for all of the process

units.
Open-ended valves were not counted during this:

program and no estimate for the number of these fittings is
offered.
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2.7.2 Distribution of Fugitive Emission Sources

Emission factors for fugitive hydrocarbon sources
have been developed. These are given in Section 2.6 of this
Appendix. These factors are a function of the process stream
service of the individual sources. An estimate of the number
of valves, pump seals, and compressor seals in various process
stream services i1s required to develop total hydrocarbon
emission rates from refinery process units. These source
distributions were determined for pumps and compressors
during the field sampling program in refineries. Stream
service distributions were not established for wvalves, however.
Thus, the valve distributions were éstimated by indirect means.

2.7.2.1 Estimation of Valve and Pump Stream Service

Distributions

The number of wvalves in any given refinery process
unit should be related to the total number of pumps and com-
pressors. Consequently, the total number of valves in each
of the counted process units were divided by the total number
of counted pumps. These values are shown in Table B2-38. The
average valve-to-pump ratio determined from field counts was
41 with a standard deviation of # 10. 1In the Los Angeles
Joint Study in 1958,' approximately 45 valves were counted
for each pump.

In the Los Angeles Joint Study, it was found that
23.6 percent of all refinery valves were in hydrocarbon gas
service. Similarly, 44.8 percent of the valves were in liquid
service processing gasoline and lighter liquids (Radian's
"light liquid" stream designation). About 31.6 percent of the
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valves handled hydrocarbon liquids that were heavier than
gasoline. This latter valve service corresponds to Radian's

"heavy liquid" stream category.

The distribution between light and heavy liquid
service was determined for all pump seals screened in this
current study. These distributions were developed as a
function of the type of process unit. The pump stream service
distribution are presented in Table B2-38. For some types of
units, the data were insufficient and the distributions were
estimated using the information from similar process‘units.

The overall ratio of pump seals to pumps was 1.4 in
the Joint Study. This ratio was used to estimate the number
of seals associated with the pumps for the various process
units. The estimated number of pump seals in each type of
refinery process unit and stream service is shown in Table
B2-38.

In the current study it was found that 62 percent of
all of the screened pump seals were in light liquid service
and 38 percent of the seals were in heavy liquid service.

The valve liquid service distribution was assumed to be the
same as that of the pumps. In the Los Angeles Joint Study
Report the stream services of pumps were not reported. How-
ever, it was found that 59 percent of the valves in liquid
service were in lines processing light hydrocarbon liquids
(lighter than kerosene) and 41 percent were in heavy liquid
service. This valve liquid stream service compares favorably
with the Radian pump service distribution. |

The number and stream group distributions of valves
in each process unit were estimated using the procedure
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described below. Since 24 percent of all valves were found
to be in gas service in the Joint Study, 76 percent of the
average of 41 valves per pump or 31 valves per pump were
assumed to be in liquid service.

The remaining valve distribution for hydrocarbon
vapor service, hydrogen service and light and heavy liquid

service was determined as follows:

1) Valves in liquid service = 31 x (number of pumps in the process unit).

Total counted valves--valves in liquid
service (Step 1). It was assumed that
at least 107 of the valves in a process
unit are in gas stream service. The
number of valves calculated in this step
can amount to less than 10% of the total
valves. If so, the number of gas valves
is set at 107 of the total number of
valves.

2) Valves in gas service

3) Valves in hydrogen service=30% of the total number of valves in gas
service for units which utilize signifi-
cant quantities of hydrogen (reforming,
BDS, hydrocracking).

4) Valve liquid distribution =Ratio of pump liquid stream service as
determined from this study.

2.7.2.2 Estimation of Compressor Seal Distribution

The compressor seal emission factors have been
developed for two stream types; predominantly hydrogen streams
and predominantly hydrocarbon streams. All compressors and
seals were counted and screened in those refineries involved
in the current study. Of the screened compressor seals, 63
percent were processing hydrocarbons and 37 percent were com-
pressing a gas consisting primarily of hydrogen.
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The distribution of hydrocarbon and hydrogen service
was done on a unit basis. That is, the compressors in process
units utilizing substantial amounts of hydrogen in the
processing scheme generally are in hydrogen service. Thus,
for each unit, the compressors have been classified as either
hydrocarbon service or hydrogen service.

In the Los Angeles Joint Study, a ratio of 2.14
compressor seals per compressor was noted. In this report,
a ratio of 2.0 seals per compressor was used to estimate the

number of seals in the various refinery process units.

2.7.3 Fugitive Hydrocarbon Emissions from a Hypothetical

Refinery

An estimate was made of the total fugitive hydro-
carbon emissions from six source types in a hypothetical
refinery. The Texas Gulf Coast Cluster Model Refinery,
developed by Arthur D. Little, Inc.?, was used for this purpose.
The major process units are shown in Table B2-39. These
process units were developed from the block flow diagram of
the ADL Gulf Coast Model Refinery. Two atmospheric distilla-
tion units, two reformers, and a hydrogen plant are included
in the list of process units. The capacities of each unit are
also shown in Table B2-39; however, they have been included
only for completeness and have little if any bearing on total

emissions,

An estimate of the total number of each source type
and their total hydrocarbon emissions are given in Table B2-40.
Where applicable, the number of sources and the total emis-
sions from sources in the various stream services are also
presented.
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defined as the difference between the inlet and outlet

hydrocarbon concentrations, for these towers is given in
Table B3-1. Raw data for the above values are given in
Table B3-2 and calculations for the above in Tables B3-3

through B3-11.

The magnitude of the sampling/analytical variation
caused some problems in quantifying the low levels of emis-
sions from the towers. In Appendix B it was reported that the
standard deviation for replicate TOC analyses was 4.2 ppm. If
two tests were run each day the standard deviation for the
average would be 3.0 ppm. The between day standard deviation
(after averaging replicate samples and analyses) reported here
using the TOC analyses was 3.61 ppm. Since this is close to the
analytical standard deviation when replicate samples are aver-
aged, it appears most of the variation in the TOC data is due
to the analytical technique in the homogenity of replicate

samples.

The analytical standard deviation for the purge method
was reported in Appendix B as 80 percent of the concentration
(averaging about 0.1 ppﬁ). The between day standard deviation
calculated here was 0.12 ppm so again most of the variation in
the purge data is due to the analytical method. But, since the
levels reported by the purge method were at least an order of
magnitude smaller than the TOC values, the absolute variation
1s much smaller for towers evaluated using the purge technique.

Since sampling was only done over five to seven days
for most towers, and emissions from the towers were found to be
relatively low, it was not surprising to get some negative
values as estimates of emissions for a particular tower. The

negative estimates are as follows:
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It must be emphasized that all of the source counts
and stream service distributions given in Section 2.7 are, at
best, rough estimates. Even those values based on actual
source count data should be considered rough estimates since
only a small number of process units were counted. In addi-
tion, source counts for similar types of process units showed
large variations. Therefore, reliable estimates for emissions
source counts and distributions should be obtained for the
particular process unit in question rather than using the
estimates which are designed to characterize typical refinery

operation.
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SECTION 3

COOLING TOWERS AND WASTEWATER
TREATMENT SYSTEMS

3.1 COOLING TOWERS

3.1.1 Methodology

Hydrocarbon emissions from cooling towers were
determined from hydrocarbon material balances around each
tower. Water from two sources enters a cooling tower: make-
up water and the hot water from process heat exchangers.

Water leaves the tower as vapor from the top of the tower,

as cooled water returning to the process heat exchangers,

and as blowdown. Drift and windage losses also occur but they
are insignificant in relation to these other factors. The
water balance is schematically illustrated in Figure B3-1.

The hydrocarbon balance is therefore:

= +
HCInlet + HCMakeup HCOutlet + HCBlowdown HC'Evapt)I:'c'!.ticn'x

The make-up rate is controlled to exactly balance
blowdown plus evaporation; however, the hydrocarbon content of
the make-up water was mnegligible. The above balance may

therefore be written:
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A Evaporative Losses

N1/

Inlet H:0

‘(Outlet H,0 _ Make-Up H,0

l Blowdown

Figure B3-1. Cooling tower water balance.
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HC = (HC - HC ) - HC

Evaporation Inlet Outlet Blowdown

or, to be more specific:

, . _ . . 1ib _
Evaporative Emissions, 1lb/hr = (Circulation,GFM) (8.33 EEEO(ppmin ppmout)

- min.
(10™°) (60 - )_

- (Blowdown,GPM) (8.33 lb/gal)(ppmout)

0-¢ min
(107°) (60 hT )

At some refineries, the blowdown rate was not available, and
was therefore eliminated from the calculations.

Two analysis methods were used to determine the
hydrocarbon content of the inlet and outlet streams. With
the first method, the total organic carbon content (TOC) was
determined with the use of a Dohrman Total Organic Carbon
Analyzer. Quality control studies reported in Appendix C
questioned the accuracy of this technique. Accuracy at low
TOC levels is important since a difference of 1 ppm in the
organic carbon content of the inlet and outlet streams can be
equivalent to as much as 2 -5 1lb/hr of hydrocarbon emissions.

All nonmethane hydrocarbons were represented as
hexane. Since the readout of the TOC analyzer is in ppm
organic carbon, the following conversion was used:

~t100
[ e
—

Total Hydrocarbons = Total Organic Carbon (
Ppm ppm
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where the ratio (86/72) represents the molecular weight of
hexane over the molecular weight of the carbon contained in
the hexane.

With the second analytical method, water samples were
analyzed by purging only volatile organics from the water.
Values obtained by the purge method were found to be much more
precise in absolute value than those obtained by TOC analysis
although a bias of about - 15 percent of the concentration was
observed. Both methods were used on the water samples from
one of the refineries. ‘

In order to compensate for. the difference in precision
of the two analytical methods and the different number of sam-
ples analyzed for each tower, a weighting technique was used to
determine mean values for groups of tower estimates. The tech-
nique used is as follows:

FHE WX Feunn..
WK, WK+ WK,

Mean Value =

Number of Analyses for Tower A
(Variance for Analytical Method
used for Tower A)

where, Wa = Weighting Factor, and

It

EA Average value reported for Tower A.

The variance for each analytical method was estimated by pooling
the between-day variances for the individual towers evaluated
using each method. These variances include variability due to

analysis, sampling, and process variations. The pooled values
were as follows:
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Method Standard Deviation Variance
TOC 3.61 ppm 13.0
Purge 0.118 ppm 0.014%

The confidence intervals for the average emission estimates were
computed by first calculating the variance between towers for
cach method and then pooling these calculated variances (c?) as
follows:

2 2
+
52 - "roc 9roc) * eurge Tpurge’
W+ W

TOC Purge

where,  W,,. = Sum of weighting factors for TOC towers.
WPurge = Sum of weighting factors for purge towers

Confidence intervals for the estimated mean values were then
calculated using:

— /] 82
Mean Value % 2

number of towers

3.1.2 Results

Thirty-one cooling towers were sampled, eight of which
had statistically significant emissions. Streams from a total
of 21 towers were analyzed by TOC and streams from 15 towers
were analyzed by purging. Therefore, streams from five towers
were analyzed by both TOC analysis and purge analysis. The
purge values were judged to be the more precise of the two
methods used and they were chosen to represent the towers
analyzed by both methods in the calculations of mean emissions

for all towers. A summary of the emissions and the 4 ppm values,
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defined as the difference between the inlet and outlet

hydrocarbon concentrations, for these towers is given in
Table B3-1. Raw data for the above values are given in
Table B3-2 and calculations for the above in Tables B3-3

through B3-11.

The magnitude of the sampling/analytical variation
caused some problems in quantifying the low levels of emis-
sions from the towers. In Appendix B it was reported that the
standard deviation for replicate TOC analyses was 4.2 ppm. If
two tests were run each day the standard deviation for the
average would be 3.0 ppm. The between day standard deviation
(after averaging replicate samples and analyses) reported here
using the TOC analyses was 3.61 ppm. Since this is close to the
analytical standard deviation when replicate samples are aver-
aged, it appears most of the variation in the TOC data is due
to the analytical technique in the homogenity of replicate

samples.

The analytical standard deviation for the purge method
was reported in Appendix B as 80 percent of the concentration
(averaging about 0.1 ppﬁ). The between day standard deviation
calculated here was 0.12 ppm so again most of the variation in
the purge data is due to the analytical method. But, since the
levels reported by the purge method were at least an order of
magnitude smaller than the TOC values, the absolute variation
1s much smaller for towers evaluated using the purge technique.

Since sampling was only done over five to seven days
for most towers, and emissions from the towers were found to be
relatively low, it was not surprising to get some negative
values as estimates of emissions for a particular tower. The

negative estimates are as follows:
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TABLE B3-3.

CALCULATION OF EMISSIONS FOR
INDIVIDUAL TOWERS

Tower Analysis  Average  Standard Student Circulation Blowdown Fmissions
Number Mechod A PPM Deviacion t Test (cPM) (GPM) (1b/hr)
Purge 0.002 0.020 0.24 1,000
Purge 0.018 0.015 2.00 5,000
3 ‘ToC 0.35 2.49 0.24 58,000 155.0
Purge 0.061 0.139 0.87 58,000 155.0
4 T0C 2.14 1.83 2.63%% 5,250 28.5 6.47%4 .44
5 TOC 1.25 1.53 1.324% 5,000 10.0 3.7323.27
6 T0C -1.17 1.82 -1.43 5,500 15.7 '
7 TOC l.el 2.12 1.86%% 5,900 12.5 5.5625.24
8 TOC 0.61 1.46 1.03 6,900 24.8
9 TOC 0.38 3.69 0.23 9,000
10 TOC =-5.03 7.53 ~-1.l6 1,800 30.0
Purge -0.008 0.046 -0.35- 1,800 30.0
11 TOC 10.09 10.49 2.35%*% 714 l.4 4.30%3.20
12 T0C 0.29 2.19 0.32 6,200 23.3
13 TOC 3.94 1.63 4.83%% 3,597 9.7 8.46%3.15
14 Purge 0.015 0.035 0.84 2,830
13 ‘Purge 0.034 0.016 4.36%* 21,150 0.36x0.18
16 TOC -0.14 1.37 =0.20 25,000
17 TOC 0.83 1.57 1.19 6,700 14.3
18 Purge 0.013
19 ToC -0.03 .72 -0.10 3,900 15.4
20 TOC 2.22 3.79 1.17 48,000 131.7
Purge 0.131 0.090 2.924% 48,000 131.7 3.14£2.32
21 TOC 1.45 0.70 3.61%* 3,500 3.03%1.56
22 Purge 07019
23 TOC l.48 2.68 1.09 5,000 Q.0
Purge =0.155 0.324 -0.96 5,000 50.0
24 TOC -0.80 1.26 -1.42 10,000 16.9
25 TOC 3.45 4.96 1.20 13,000 - 106.7
26 Purge -0.025 0.045 -0.94 15,000 106.7
26 Purge 0.016 0.037 0.88 29,600
27 Purge 0.006
28 Purge 0.011
29 Purge 0.024
30 TOC -2.09 3.05 -1.87 8,570 17.1
31 TOC -0.24 1.64 -0.36 8,300 106.0

*% Statistically significant
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TABLE B3-4. CALCULATION OF AVERAGE DIFFERENCE IN
HYDROCARBON CONCENTRATION (APPM) FOR
EMITTING TOWERS

Emitting Total Number Analysis Weighting Factor
Tower of Analyses Method A PPM Wi (A PPM)(Wi)
4 12 TOC C2.14 .02 2.33
; 16 TOC 1.25 ©1.23 1.54
7 7 TOC 1.61 0.54 0.87
11 14 TOC 10.09 1.08 10.90
i3 14 TOC 3.9 1.08 4.2
15 7 Purge 0.034 500. ©17.0
20 6 Purge 0.131 428.6 56.1
21 10 TOC 1.45 0.77 1.12
Total 934.2 94.06
Estimated Emission = L(a ggi)(wi) = ggé?g = 0.101 ppm

Average Weighted A PPM for Emitting Towers = 0.101 = 0.19 ppm
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TABLE B3-5. CALCULATION OF AVERAGE HYDROCARBON CONCENTRATION
DIFFERENCE (A PPM) FOR TOC ANALYSIS SAMPLES

Tower Total Number Weighting Factor
Number of Analyses A PPM : Wi (A PPM) (W4)
3 8 0.35 .62 0.22
4 12 2.14 .92 1.98
5 16 - 1.25 1.23 _ 1.54
6 6 -1.17 .46 -0.54
7 7 1.61 .54 0.87
8 7 | 0.61 .54 0.33
9 12 0.38 .92 ‘ 0.35
10 8 -5.03 .62 -3.09
11 14 10.09 ' 1.08 10.90
12 7 0.29 .54 0.16
13 14 3.94 1.08 4,26
16 11 -0.14 .85 -0.12
17 7 ' 0.83 .54 0.45
19 7 -0.03 .54 0.02
20 10 2.22 .77 1.71
21 10 1.45 .77 1.12
23 10 : 1.46 .77 1.12
24 7 -0.80 .54 -0.43
25 8 3.45 .62 2.12
30 18 -2.09 1.38 -2.88
31 - 7 -0.24 .34 =-0.13
Total 15.84 19.88
Estimated Emissions = L& ggM)(wi) = ig:gz = 1.25

i

Average Weighted A PPM for All Towers = 1.25 = 1.24
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TABLE B3-6. CALCULATION OF AVERAGE HYDROCARBON CONCENTRATION
DIFFERENCE (A PPM) FOR PURGE ANALYSIS SAMPLES

Tower Total Number Weighting Factor
Number of Analyses A PPM Wy (& PPM) (Wy)
5 0.002 357.14 .71
4 0.018 285.71 5.14
3 3 0.061 357.14 21.78
10 5 -0.008 357.14 -2.86
14 7 0.015 500.00 7.50
15 7 0.034 500.00 T 17.00
18 1 0.013 71.43 .93
20 6 0.131 : 428.57 56.14
22 1 0.019 71.43 1.36
23 5 -0.155 357.14 -55.36
25 4 -0.025 285.71 -7.14
26 5 0.016 357.14 5.71
27 1 0.006 71.43 43
28 1 0.011 71.43 79
29 1 0.024 71.43 1.71
Total 4142.8 53.84
L LI s g

Average Weighted A PPM for All Towers = 0.0130 £ .0299
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TABLE B3-7. CALCULATION OF AVERAGE HYDROCARBON CONCENTRATION
DIFFERENCE (A PPM) FOR TOC ANALYSIS AND PURGE
ANALYSIS SAMPLES

Tower Total Number  Analysis Weighting Factor
Number of Analyses Method A PPM Wy (A PPM)(Wi)ﬂ
1 5 Purge 0.002 357.14 .71
2 4 Purge 0.018 285.71 5.14
3 5 Purge 0.061 357.14 21.78
4 12 TOC 2.14 .923 1.98
5 16 TOC 1.25 1.23 1.54
6 6 TOC -1.17 .46 -.54
7 7 TOC 1.61 .54 .87
8 7 TOC 0.61 .54 . .33
9 12 TOC 0.38 .92 .35
10 5 Purge -0.008 357.14 -2.86
11 14 TOC 10.09 1.08 10.90
12 7 TOC 0.29 .54 .16
13 14 TOC 3.94 1.08 4.26
14 7 Purge 0.015 500.00 7.50
15 7 Purge 0.034 500.00 17.00
16 11 TOC -0.14 .85 -.12
17 7 TOC 0.83 .54 .45
18 1 Purge 0.013 71.43 0.93
19 7 TOC -0.03 .54 .02
20 6 Purge ~0.131 428.57 56.14
21 10 TOC 1.45 .77 : 1.12
22 1 Purge 0.019 71.43 1.36
23 5 Purge -0.155 357.14 -55.36
24 7 TOC -0.80 .54 -.43
25 4 Purge -0.025 285.71 -7.14
26 5 Purge 0.016 357.14 5.71
27 1 Purge 0.006 71.43 .43
28 1 Purge 0.011 71.43 .79
29 1 Purge 0.024 71.43 1.71
30 18 TOC -2.09 1.38 -2.88
31 7 TOC -0.24 .54 -.13
4155.31 71.72
~ : 2
o= L(0 PPM)(Wi) _ 71.72 0.173

LWy 4155.31

Average Weighted A PPM for All Towers = 0.0173 = .0585
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TABLE B3-8. CALCULATION OF EMITTING TOWER EMISSION RATE

Tower Analysis

Number Method A PPM 1b/1000 gal
4 TOC o 2.14 0.0213
5 TOC 1.25 0.0124
7 TOC 1.61 0.0160
11 TOC 10.09 0.1004 -
13 ' TOC 3.94 . 0.0392
15 Purge 0.034 0.00028
20 Purge - 0.131 ' 0.00110
21 . TOC 1.45 0.0144

X = Weighted A PPM for emitting towers = 0.101 = 0.19 PPM

a

Mean Emission Rate Z(A PPM) (W1) for TOC samples) (TOC Conver51on>

(X)(Z(A PPM) (Wi) for all samples Factor

+ (Z(A PPM) (Wi) for purge samples)(Purge Conversion)b

Z(A PPM) (Wy) for all samples Factor
= (0.101 % 0.19) G238 (5.946) + (0.101 £ 0.19)
73.1
ngjag)(8.33E 3)

0.000878 + .00165 1b/1000 gal

2 ToC Conversion Factor = (8.33)(1.194)(107%) = 9.946E-3
Purge Conversion Factor = (8.33)(10"%) = 8.33E-3
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TABLE B3-9. CALCULATION OF EMISSION RATE FOR TOC
ANATLYSIS SAMPLES

Tower Emission Rate
Number A PPM (1b/1000 gal)
3 0.35 0.0035
4 2.14 0.0213
5 1.25 0.0124
6 ~1.17 -0.0116
7 1.61 0.0160
8 0.61 " 0.0061
9 0.38 0.0038
10 -5.03 . ~0.0500
11 | 10.09 0.1004
12 0.29 . 0.0028
13 3.94 0.0392
16 ~0.14 -0.0014
17 0.83 0.0083
19 -0.03 ~0.0003
20 2.22 0.0221
21 1.45 0.0144
23 “ 1.46 0.0145
24 -0.80 -0.0080
25 3.45 0.0343
30 -2.09 -0.0208
31 ~0.24 -0.0024

X = Weighted A PPM for TOC Analysis Samples = 1.25 + 1.24
(X) (TOC Conversion Factor)?

(1.25 * 1.24)(9.946E-3)

.0124 = .0123 1b/1000 gal

Mean Emission Rate

? TOC Conversion Factor = (8.33)(1.194)(107°) = 9.946E-3
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TABLE B3-10.

CALCULATION OF EMISSION RATE FOR PURGE

ANALYSIS SAMPLES

Tower - Emission Rate
Number A PPM (1b/1000 gal)
1 0.002 0.000017

0.018 0.00015
3 0.061 0.00051
10 -0.008 0.000067
14 0.015 0.00013
15 0.034 " 0.00028
18 0.013 0.00011
20 0.131 0.00110
22 0.019 0.00016
23 -0.155 -0.00130
25 -0.025 -0.00021
26 0.016 0.00013
27 0.006 0.00005
28 0.011 0.000092
29 0.024 0.00020

X = Weighted A PPM

Mean Emission Rate

for Purge Analysis Samples = 0.0198 % 0.000219

(i}(Purge Conversion Factor)?
(0.0130 £ 0.0299) (8.33E-3)
0.000108 £ 0.00025 1b/1000 gal
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TABLE B3-11. CALCULATION OF EMISSION RATE FOR TOC ANALYSIS
AND PURGE ANALYSIS SAMPLES

Tower Number Analysis Method A PPM 1b/1000 gal
1 Purge 0.002 0.000017
2 Purge 0.018 0.00015
3 Purge 0.061 0.00051
4 TOC 2.14 0.0213
5 TOC 1.25 0.0124
6 TOC -1.17 -0.0116
7 TOC 1.61 0.0160
8 TOC 0.61 0.0061
9 TOC 0.38 0.0038

10 Purge -0.008 0.000067
11 TOC 10.09 0.1004
12 TOC 0.29 0.0028
13 TOC 3.94 0.0392
14 Purge 0.015 0.00013
15 Purge ©0.034 0.00028
16 TOC -0.14 -0.0014
17 -TOC 0.83 0.0083
18 Purge 0.013 0.00011
19 TOC -0.03 -~0.0003
20 Purge 0.131 0.00110
21 TOC 1.45 0.0144
22 Purge 0.019 0.00016
23 Purge -0.155 -0.00130
24 TOC -0.80 -0.0080
25 Purge -0.025 -0.00021
26 Purge 0.016 0.00013
27 Purge 0.006 0.00005
28 Purge 0.011 0.000092
29 Purge 0.024 0.00020
30 TOoC -2.09 -0.0208
31 TOC -0.24 -0.0024

X = Weighted A PPM for All Towers = 0.0207 =+ 0.325

z(a PPM) (W1) for TOC samples) (TOC Conversion>a
(A PPM) (Wy) for all samples Factor

<E(A PPM) (W) for purge samples) Purge Conmversion b
Z(A PPM) (W4) for all samples ( Factor )

Mean Emission Rate = (i)(

il

(0.0173 = .00585)(%1'33)(9.946E~3) + (0.0173 *+ 0.0585)

53.84
G%Ifgf)(S.BBE-B) = 0.000151 % 0.00051 1b/1000 gal

2 TOC Conversion Factor = (8.33)(1.194) (1073) = 9.946E~3
Purge Conversion Factor = (8.33)(10_3) = 8.,33E-3
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Analytical Number of Towers with Negative Estimate

Method Towers Number Percent
TOC 21 7 33.3
Purge 15 2 13.3
Combined 31 8 : 25.8

The negative estimates are due primarily to the ana-
lytical variation. In order not to bias the average emission
calculation for cooling towers, these negative values have been
used rather than setting the estimate to zero.

The mean emissions for the 16 towers analyzed by TOC
only and the 15 analyzed by purge were 0.00015 1b/1000 gal with
95% confidence interval of * 0.00051 (negligible, 0.00066 1lb/
1000 gal). Mean emissions for the eight towers with statistic-
ally significant emissions were 0.00088 < 0.0016 1b/1000 gal
(negligible, 0.0025 1b/1000 gal). Mean emissions for the 21
towers analyzed by TOC were 0.0124 £ 0.0123 1b/1000 gal (0.0001,
0.025 1b/1000 gal). For the 15 towers analyzed by the purge
method, mean emissions were 0.000108 + 0.00025 1b/1000 gal
(negligible, 0.00026 1b/1000 gal).

Values obtained by the purge method were much more
precise than those obtained from TOC measurements. This fact
is illustrated in Figures B3-2 through B3-4. Figure B3-2 is a
graph of the results of the TOC analyses; Figure B3-3, the
results of the purge analyses. When the results are combined

on Figure B3-4, the difference in precision of the two methods
is apparent.

317




10.0 -

8.50 - 8.39 —

6.50 - 6.99 —
4.50 - 4.99

PPM

a 3.50 - 3.99

2.50 - 2.99
1.50 - 1.99
0.50 - 0.99
0.0 - 0.49
-1.0 - -1.49
-2.0 - -2.49
-3.0 - -3.49
-4.0 ~ -4.49
-5.0 - -5.49

Figure B3-2.

10.49
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Number of Cooling Towers.

02-5210-1

Display of & ppm hydrocarbon concentration

from TOC analyses.
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from purge analyses.
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Figure B3-4. Display of A ppm hydrocarbon concentration
from all analyses.
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Because of the varying precision of the methods, the
upper confidence limit for each estimate may be a more useful
value than the estimated average for many purposes. These
values which give a "worst-case' estimate for the magnitude
of hydrocarbon emissions from cooling towers are as follows:

Analytical "Worst-case'" Estimate of Average
Method Used Emissions from Cooling Towers
TOC ' _ 0.025 1b/1000 gal
Purge 0.0003 1b/1000 gal
Combined 0.0007 1b/1000 gal

We recommend the use of the combined emission factor
(0.0007 1b/1000 gal) for estimating cooling tower hydrocarbon
emissions. Thus, a cooling tower with a circulation rate of

50,000 GPM would have the following emissions rate.

{0.0007 le [50,000 galJ [60 rninJ = 2.1 1b/hr

1000 gal min hr

This emissions rate is relatively small compared to other

sources of emissions from refineries.
3.2 WASTEWATER SYSTEMS

Wastewater treatment is usually accomplished in three
stages: primary, secondary, and tertiary treatment. Primary
treatment facilities are principally involved in physically
upgrading the wastewater by removal of oil, oily sludge, and
grit. Thus, primary treatment facilities will be the principal
sources of fugitive hydrocarbon emissions from the waste treat-
ment plant. Oil removal equipment includes APl separators,
corrugated plate interceptors, flocculation units, and dissclved
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air flotation units. The latter are also used for suspended

solids removal.

API separators, corrugated plate interceptors, and
dissolved sir flotation (DAF) units were sampled to determine
atmospheric emissions of hydrocarbon. The emissions were esti-
mated from a hydrocarbon material balance around each unit.
There is a great deal of scatter and uncertainty in the data
and results, particularly in the determination of emissions
from the oil phase. Negative values are even indicated for
some emissions. The one conclusion that can be made‘regarding
these results is that the material balance approach, as imple-
mented in this program, is inadequate for defining emission
rates. The composition of the incoming stream varies widely,
and grab samples are not generally representative. For this
reason, emission factors for oil-water separators and DAF units

were not developed from experimental results.

Table B3-12 summarizes the average emissions per
gallon of material throughput for all sampled devices by
refinery. Tables B3-13 through B3-20 show daily emissions
for each device sampled at individual refineries.
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SECTION 4

STACK EMISSTIONS

Table B4-1 lists the stacks sampled during this
program along with a brief description of the associated refin-
ery process or unit. Tables B4-2 through B4-56 contain the
detailed results of analyses for specific components in the gas
streams. These are grouped according to the kind of processing
units the stacks are associated with.

TABLE B4-1. SUMMARY OF SAMPLED STACKS

Stack Number Description
1 Resin Fume Oxidation Unit Stack
2 Crude Process Heater Stack
3 Crude Process Heater Stack
4 Crude Process Heater Stack
5 Crude Process Heater Stack
6 Crude Process Heater Stack
7 Tail Gas Treating Unit (SRU) Stack
8 Sulfur Recovery Unit Stack
9 TCC CO Boiler Stack
10 Fluid Coker CO Boiler Stack
11 FCCU CO Boiler Stack
12 FCCU CO Boiler Scrubber Stack
13 FCCU CO Boiler Stack
14 FCCU CO Boiler Stack
15 FCCU CO Boiler Stack
16 FCCU CO Boiler Stack
17 FCCU CO Boiler Scrubber Stack
18 FCCU CO Boiler Stack
19 Fluid Coker Scrubber
20 FCCU Compressor Exhaust Stack
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Tables B4-2 through B4-5 include the sampling results
of emissions from a resin fume oxidation unit.

The sampling results for five heater stacks are given
in Tables B4-6 through B4-11. These units were fired with mixed
refinery fuel gas and fuel oil. No externmal emission controls

were in use during any of the sampling activities.

The stack gases from the tail gas treating processes
of two sulfur recovery units were sampled and analyzed. And,
the results are given in Tables B4-12 through B4-17. The
accuracy of the hydrocarbon and SO, analyses of the gas from
Stack No. 7 is uncertain. The concentration of hydrocarbons
in the gas is very high. At the same time, almost no 50, was
found. No satisfactory explanation of these results has been
put forward.

Tables B4-18 through B4-23 give the sampling results
for emissions from the CO boiler stack of a Thermofor Catalytic
Cracking (TCC) unit.

Tables B&4-24 through B4-29 show the sampling results
from the CO boiler of a fluid coking unit. This unit was also
equipped with a scrubber upstream of the CO boiler. And,
sampling results for the inlet and outlet of the scrubber are
given in Tables B4-30 through B4-35. Hydrocarbon samples were
the only results obtained at the scrubber outlet. Hence, the
effect of the scrubber or the CO boiler alone cannot be evalu-
ated for any species except hydrocarbons. A comparison of data
from these tables does, however, show the combined effect of the
scrubber and the CO boiler on reducing emissions of particulates,
methane and nonmethane hydrocarbons, aldehydes, HCN, and NH,.
NO_ emissions, however, were higher at the CO boiler outlet.
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Sampling results from six stacks in five different
Fluid Catalytic Cracking (FCC) units are given in Tables B4-36
through B4-41. The units were all equipped with electrostatic
precipitatiors and CO boilers. Stack No.'s 13 and 18 were from
separate CO boilers on the same FCC unit.

Tables B4-42 through B4-46 give the sampling results
obtained from an FCC unit whose flue gases passed through a CO
boiler and then through a scrubber. Two scrubber units were
utilized, each handling ome-half of the flue gas. Both
particulates and SO, were removed in the scrubbers.

The results for FCC unit CO boiler Stack No. 15 were
given in Tables B4-36 through B4-41. However, grab samples were
obtained from this unit upstream of the ESP-CO boiler control
devices. These results are listed, together with the results
from the CO boiler stack, in Tables B&4-47 through B4-52. These
results show the CO boiler is effective in removing carbon
monoxide, aldehydes, and HCN.

Tables B4-53 through B4-56 show the sampling results
for a FCC unit compressor exhaust stack. The emissions from
these internal combustion engines were relatively low compaired
to other refinery process emissions sources.

Many of the sampling results listed in this section
compare favorably with published emission factors. However,
these results should not be used in updating or developing
new emission factors due to the low number of samples obtained
from each stack.
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TABLE B5-53. ALKYLATION UNIT:

CRUDE ALKYLATE

Bulk Liguid, Vapor on Vapor on
Compound pPpm XAD, ug Tenax, ug

Benzene 0.69 0.0044
Toluene 3.3 0.067
Ethylbenzene . 5.2 0.064
m,p-Xylene 42,0 0.20
o-Xylene 22.0 0. 094
n=-Propylbenzene 48.0 —-—
3-Ethyl toluene 36.0 0.86
1,2,3-Trimethylbenzene 96.0 -
1,3,5=-Trimethylbenzene 54.0 -
2-Ethyl toluene 230-0 0.73
1,2,4=Trimethylbenzene 72.0 0.22
Diethylbenzene 6.0 0.14
Methylisopropylbenzene 2.6 0.0088
Methylpropylbenzene 26-0 0.35
Methylpropylbenzene 72.0 —
Methylpropylbenzene 47.0 -
Diethylbenzene 65.0 0.083
Diethylbenzene 22.0 -
Dimethylethylbenzene 72-0 0.15
Dimethylethylbenzene 66.0 0.11
Dimethylethylbenzene 17.0 —
Tetramethylbenzene 32.0 0.12
Tetramethylbenzene 48.0 0.15
Tetramethylbenzene 30.0 -
Cs—Alkylbenzene 10.0 -
Cs~Alkylbenzene 12.0 -
Naphthalene 140.0 0.57
Cs—Alkylbenzene 14.0 -
2-Methylnaphthalene 36.0 0.12

%None of the vapor species were found in the bulk liquid. The vapor species,
therefore, must have been adsorbed from the ambient air or from cross-
contamination with other samples from residue in the sampling train.
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SECTION 5
SPECIES CHARACTERIZATION

5.1 ORGANIC AND INORGANIC SPECIES CHARACTERIZATION

The characterization and measurement of organic
emissions from controlled and uncontrolled sources were con-
ducted at several petroleum refineries. The controlled sources
under study included the flue gas from carbon monoxide (CO) |
boilers (that are charged with flue gas from fluidized catalytic -
cracking regenerators) and from a fluidized coking unit. The
uncontrolled sources included wastewater treatment systems,

valves, pumps, flanges, compressors, and drains.

Tables B5-1 through B5-12 and Tables B5-60 and B5-61
list the aromatic species and inorganics contained in emissions

from controlled sources.

Tables B5-13 through B5-59 present the species identi-
fied in various refinery process streams and/or the fugitive
emissions from fittings in service on those process streams.
Each of these sources is identified by the process unit name
followed by the stream name. An effort was made to generalize
these stream names so that similar streams from different
refineries could be compared.

Each process source was sampled in two ways when

possible. A sample of the material in the line was taken

directly for analysis by GC-MS. For liquid streams, a small
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TABLE B5-1. ORGANIC SPECIES IX FCCU CO BOILER

FLUE GAS (STACK NO.11l)

Concentration {(ppb}

Compound XAD-2 Particulates Total
Acenaphthalene _ 0.06 0.0 0.06
Anthracene/Phenanthrene 0.1 0.0 0.1
Csy — Benzene 0.0 0.009 0.009
Benzo(a)pyrene 0.005 0.0 0.005
Benzo(ghi)perylene 0.01 0.0 0.01
Chrysene 0.005 0.0 0.005
Fluoranthene 0.02 0.0 0.02
Fluorene 0.05 0.0009 0.05
Methyl Anthracene/Phenanthrene 0.1 0.0 0.1
Methyl-2,4~dichlorobenzoic acid 0.0 0.04 0.04
Methyl Fluorene 0.05 0.0 0.05
Methyl naphthalene 0.08 0.03 0.1
Naphthalene 0.1 0.03 0.1
C» - Naphthalene 0.1 0.0 0.1
Pyrene 0.04 0.001 0.04
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TABLE B5-2.

ORGANIC SPECIES IN FCCU CO BOILER

FLUE GAS (STACK NO. 14)

Concentration (ppb)

XAD-2

Compound Particulates Total
Acenaphthene 0.048 0.0 0.048
Acetophenone 0.028 0.0 0.028
C3—Alkyl acetophenone 0.015 0.0 0.015
Cz-Alkyl anisole 0.009 0.0 0.009
Cz—Alkylbenzaldehyde 0.002 0.0 0.002
C3—Alkylbenzene 0.013 0.0 0.013
C;=Alkylnaphthalene 0.13 0.0 0.13
Benzaldehyde 0.034 0.0 0.034
Benzoic acid 3.5 0.0 3.5
Biphenyl 0.34 0.0 0.34
Cresol 0.22 0.0 0.22
Cyclohexane diol 0.13 0.0 0.13
Cyclohexanol 0.12 0.0 0.12
Cyclohexancone 0.18 0.0 0.18
Cyclohexene oxide 0.80 0.0 0.80
Cyanobenzene 0.001 0.0 0.001
Diphenyl oxide 0.018 0.0 0.018
Fluoranthene 0.011 0.0 0.011
Fluorene 0.041 0.0 0.041
1-Methoxynaphthalene 0.063 0.0 0.063
Methylcyclohexanone 0.0 0.6 0.61
l-Methylnaphthalene 0.15 0.0 0.15
2-Methylnaphthalene 0.16 0.0 0.16
Naphthalene 0.43 0.0 0.43
Phenanthrene/Anthracene 0.061 0.0 0.061
Phenol 0.038 0.0 0.038
Phenyl benzoate 0.013 0.0 0.013
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TABLE B5-3.

ORGANIC SPECIES IN FCCU CO BOILER
FLUE GAS (STACK NO. 15)

Concentration (ppb)

" Compound XAD-2 Particulates Total
Benzaldehyde 0.2 0.0 0.2
Cyclohexanone 0.0 0.13 0.13
Ethyl tolueme 0.0 0.01 0.01
Naphthalene a 0.04 0.006 0.046
Phthaldehyde 0.01 0.0 0.01
Phenanthrane/Anthracene 0.01 0.0 0.01

a . . .
Sum of two or more isomeric species.

TABLE B5-4. ORGANIC SPECIES IN FCCU CO BOILER
FLUE GAS (STACK NO. 16)
Concentration (ppb)
Compound XAD-2 Particulates Total
Benzoic acid® 1.5 0.0 1.5
Naphth%lene 0.02 0.0 0.02
Phenol 0.003 0.0 0.003

a . C e ; ,
Based on identification of corresponding methyl ester.

b . . \ -
Based on identification of corresponding phenol ether.
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TABLE B5.5. ORGANIC SPECIES IN FCCU CO BOILER
FLUE GAS (STACK NO.13)

Concentration (ppb)

Compound XAD=2 Particulate Total
Acenaphthene <0.001 0.0 <0.001
Biphenyl 0.003 0.0 0.003
Chrysene 0.0 0.002 0.002
Dibenzofuran 0.0 0.008 0.008
Dimethyl naphthalene® 0.02 0.0 0.02
Fluoranthene 0.006 0.006 0.012
Fluorene 0.008 0.00% 0.017
Methyl dimethoxybenzoate 0.54
Naphthalene 0.02 0.08 0.10
Phenanthrene/Anthracene 0.025 0.05 0.075
Pyrene 0.02 0.003 0.023

a . , ,
Sum of two or more isomeric species.
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TABLE B5-6. ORGANIC SPECIES IN FCCU CO BOILER

FLUE GAS FROM SCRUBBER (STACK NO. 12)

Concentration (ppb)

Compound XAD=-2 Particulates Total
Acenaphthene 0.20 0.0 0.20
Acenaphthylene 0.42 0.0 0.42
Anthracene/Phenanthrene 0.46 0.0 0.46
Benzo(a)pyrene 0.07 0.0 0.07
Benzo(g,h,i)perylene 0.03 0.0 0.03
Benzofluorene 0.08 0.0 0.08
Benz(a)anthracene/Chrysene 0.10 0.0 0.10
Cy~Alkylnaphthalene 1.25 0.0 1.2
Co—Alkyl phenols 0.29 0.0 0.29
Ci-Alkyl phenols 1.65 0.0 1.6
Dibenzofuran 0.29 0.0 0.29
Fluorene 0.18 0.0 0.18
Fluoranthene 0.25 0.0 0.25
Indanol 0.16 0.0 0.16
Methnaphthalene 1.14 0.0 1.1
Methyl phenols 0.20 0.0 0.20
Methyl indanol 0.07 0.0 0.07
Methyl epoxyoctadecanoate 2.68 0.0 2.7
Methyl hexadecanoate 3.20 0.0 3.2
Methyl octadecanoate 2.23 0.0 2.2
Methyl oleate 1.25 0.0 1.2
Naphthalene 1.43 0.0 1.4
n-Tridecane 0.09 0.0 0.09
n—-Tetradecane 0.17 0.0 0.17
n-Pentadecane 0.19 0.0 0.19
n-Hexadecane 0.23 0.0 0.23
n-Heptadecane 0.44 0.0 0.44
n-Octadecane 0.56 0.0 0.56
n-Nonadecane 0.61 0.0 0.61
n-Eicosane 0.71 0.0 0.71
n-Uncosane 0.65 0.0 0.65
n-Docosane 0.63 0.0 0.63
n-Tricoscane 0.59 0.0 0.59
n-Tetracosane 0.60 0.0 0.60
n-Pentacosane 0.46 0.0 0.46
n-Hexacosane 0.38 0.0 0.38
n-Heptacosane 0.35 0.0 0.35
n—-Octacosane 0.30 - 0.0 0.30
n~Nonacosane 0.28 0.0 0.28

-n=Triacontane 0.18 0.0 0.18
n-Untriacontane 0.10 0.0 0.10
n-Dotriacontane 0.05 0.0 0.05
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TABLE B5-6. CONTINUED

Concentration (ppb)

Compound XAD-~2 Particulates Total
n~-Tritriacontane 0.03 0.0 0.03
Nonyl phenol 0.66 0.0 0.66
Octyl Phenol 0.21 0.0 0.21
Pyrene 0.11 0.0 0.11
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TABLE B5-7. ORGANIC SPECIES IN TCC CO BOILER
FLUE GAS (STACK NO. 9
Concentration (ppb)

Compound XAD--2 Particulates Total
C,~Alkyl biphenyl 0.02 0.0 0.02
Cs,=Alkyl naphthalene 0.03 0.0 0.03
Cs3-Alkyl naphthalene 0.02 0.0 0.02
Co—-Alkyl phenanthrene 0.09 0.0 0.09
C3-Alkyl phenol 0.56 0.0 0.56
Azulene 0.01 0.0 0.01
Benz(a)anthracene 0.003 0.0 0.003
Benzaldehyde 1.2 0.0 1.2
Benzofluoranthene 0.02 0.0 0.02
Benzo(g,h,i)perylene 0.005 0.0 0.005
Benzoic acid- 15.0 0.0 15.0
Benzopyrene 0.02 0.0 0.02
Biphenyl 0.01 0.0 0.01
Carbazole 0.01 0.0 0.01
Chlorocresol 0.07 0.0 0.07
Chloroxylenol 0.02 0.0 0.02
Chrysege 0.03 0.0 0.03
Cresol 0.02 0.0 0.02
Ethyl phenol 1.7 0.0 1.7
Ethyl toluene 0.036 0.0 0.036
Ethyl xylene 0.054 0.0 0.054
Fluoranthene 0.09 0.0 0.09
Fluorene 0.008 0.0 0.008
Indeo(l,2,3-c,d)pyrene 0.007 0.0 0.007
Methyl fluoranthene 0.01 0.0 0.01
Methyl naphthalene 0.02 0.0 0.02
Methyl phenanthrene 0.15 0.0 0.15
Methyl pyrene 0.07 0.0 0.07
Naphthalene 0.08 0.0 0.08
Phenan%hrene/Anthracene 0.17 0.0 0.17
Phenol 0.11 0.0 0.11
Phthaldehyde® 0.26 0.0 0.26
Phthalic acid® 0.20 0.0 0.20
Pyrene ' 0.06 0.0 0.06
Xylenol 1.3 0.0 1.3

a . . ,
Sum of two or more isomeric species.

Based on identification of corresponding phemnol ether.

cBased on identification of corresponding methyl ester.
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TABLE B5-8. ORGANIC SPECIES IN FLUILD COKER
SCRUBBER INLET (1), (STACK NO. 19)

Concentration (ppb)
Compound XAD-2 Particulates Total

Cs=Alkyl naphthalene
Azulene

Benzaldehyde

Benzamide

Benzofuran

Benzoic acid
Benzonitrile
Benzothiophene
Biphenyl

Butyl benzene a
Cyanobenzothiophene
Cyanothiophene
Cyclohexanone

n=-Decane

Dibenzofuran
Dibenzothiophene
Diethyl benzene
Dimethyl ethyl benzene
n-Dodecane

Dodecene a

Ethyl quinilige

Ethyl toluene

Ethyl xylene
Hydroxymethyl quinoline
Methoxy dipehnyl ether
Methyl benzopitrile
Methyl indan

Methyl naphthalenea
Methyl phenyl pysidine
Methyl quinoline
Naphthalene
Naphthonitrile 1
n=-Nonane

Phenanghrene/Anthracene-

Phenol a

Phthaldehyde

Phthalic acid

Phthalonitrile 1
Propyl benzene

Quinoline

Styrene

o~-Tridecane

Tridecene

n—-Undecane

Undecene

Xylenea
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aSum of two or more isomeric species-
bBased on identification of corresponding phenol ether.
®Based on identification of corresponding methyl ester.

dBased on identification of corresponding dimethyl diester.
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TABLE B5-9. ORGANIC SPECIES IN FLUID COKER
SCRUBBER OUTLET (2) (STACK NO. 19)

Concentration (ppb)

Compound

:

2

Particulates

)
o]
rt
3
=

Azulene

Benzofuran

Benzoic acid
Benzonitrile
Benzothiophene
Biphenyl

Cresol
Cyanobenzothiophene
Cyanothiophene
Cyclohexane

n~Decane
Dibenzofuran
Dibenzothiophene
Dimethyl naphthalene
Ethyl toluene

Indan

Methyl benzonitrile®
Methyl indan?
Methyl naphthalenea
Naphthalenea
Naphthonitrile®
Pnenanghrene/Anthracene
Phenol™ a
Phthaldehyde
Quinoline

Xylene

Styrene
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a . . .
Sum of two or more isomeric species.

bBased on identification of corresponding phenol ether.

“Based on identification of corresponding methyl ester.
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TABLE B5-10. ORGANIC SPECIES IN FLUID COKER
SCRUBBER OUTLET (2) (STACK NO. 19)
Concentration (ppb)

Compound XAD-2 Particulates Total
C2~Alkyl benzoic acid® 1.2 0.0 1.2
Cz- Alkyl naphthalene 0.03 0.0 0.03
Azulene 0.68 0.0 0.68
Benzaldehyde 2.3 0.0 2.3
Benzofuran 1.1 0.0 1.1
Benzoic acid 11.0 0.0 11.a
Benzonitrile 37.0 0.65 37.6
Benzothiophene 1.87 0.02 1.9
Biphenyl 0.54 0.07 0.61
Butyl Benzene 0.0 0.003 0.003
Cresol 0.02 0.0 0.02
Cyanobenzothiophene 0.067 0.0 0.067
Cyanothiophene 1.57 0.0 1.57
Cyclohexanone 0.19 0.0 0.19
Dibenzofuran 0.41 0.07 0.48
Dibenzothiophene 0.0 0.008 0.008
Ethyl toluene 0.13 0.11 0.24
Ethyl xylene 0.02 0.02 0.04
Indan . 0.033 0.0 0.033
Isoquinoline a 0.01 0.0 0.01
Methyl benzonitrile 0.21 0.21 0.42
Methyl indan® 0.03 0.03 0.06
Methyl napthalene® 0.18 0.008 0.188
Methyl quinoline 0.13 0.0 0.13
Naphthalene 1.75 0.37 2,12
Naphthonitrile 0.16 0.06 0.22
Pehnanghrene/Anthracene 0.01 0.02 0.03
Phenol a 1.11 0.0 1.11
Phthaldehyde 0.009 0.0 0.009
Phthalic acid 0.05 0.0 0.05
Propyl benzene 0.02 0.02 0.04
Quinoline 0.27 0.0 0.27
Styrene 0.16 0.0 0.16
Xylene 0.16 0.02 0.18
a

Sum of two or more isomeric species.

b

Based on identification of corresponding phenol ether.

c - s : .
Based on identification of corresponding methyl ester.

dBased on identification of corresponding dimethyl diester.
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TABLE B5-11. ORGANIC SPECIES IN FLUID COKER
CO BOILER FLUE GAS (2) (STACK NO. 1.0)

Concentration (ppb)

Compound _ XAD-2 Particulates Total
Benzaldehyde 9.8 0.0 9.8
Benzofuran 0.03 0.0 0.03
Benzoic acid® 58.0 0.0 58.1
Benzonitrile 3.2 0.55 3.8
Benzothiophene 0.04 0.0 0.04
Biphenyl 0.02 0.16 0.18
Chrysene 0.0 0.003 0.003
Cyclohexanone 0.11 0.22 0.33
Dibenzofuran 0.04 0.15 0.19
Fluoranthene 0.01 0.002 0.012
Fluorene a 0.01 0.0 0.01
Methyl naphthalene 0.05 0.006 0.011
Naphthalene 0.44 0.03 0.47
Naphthonitrile 0.0 0.07 0.07
Phenanthrene/Anthracene 0.03 0.02 0.05
Phenol 0.009 0.0 0.009
Phthaldehyde® 0.02 0.0 0.02
Pyrene 0.008 0.005 0.013

a, . . -
Sum of two or more isomeric species.
Based on identification of corresponding phenol ether.

“Based on identification of corresponding methyl ester.

TABLE B5-12. ORGANIC SPECIES IN RESIN FUME OXIDATION
FLUE GAS, (STACK NO. 1)

Concentration (ppb)

Compound XAD=2 Particulates Total
Biphenyl 0.017 0.0066 0.024
Methyl naphthalene 0.0011 0.0 0.001
Naphthalene 0.0059 0.0 0.006
Phenanthrene/Anthracene 0.0097 0.0 0.010
Pyrene 0.011 0.0 0.011
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TABLE B-13. CRUDE DISTILLATION UNIT:

FLASHED CRUDE

Bulk Liquid Vapor on Vapor on

Compound ppm XAD, ug Tenax, g
Benzene 60 78 0.10
Toluene 680 600 0.47
Ethylbenzene 220 160 0.09
m, p-Xylene 640 460 0.24
o—-Xylene 240 110 0.11
Isopropylbenzene 60 42 0.34
n-Propylbenzene - 130 -
3 or 4-Ethyl toluene 580 370}
1,3,5-Trimethylbenzene 400 220 0.15
2-Ethyl toluene 310 160 0.14
1,2,4-Trimethylbenzene 680 320 0.13
Isobutylbenzene 80 18 0.08
1,2,3-Trimethylbenzene 280 84 0.08
Methylpropylbenzene 240 o4 -
Methylpropylbenzene 160 154 0.05
Diethylbenzene 120 440 0.06 -
Diethylbenzene 200 66 -
Dimethylethylbenzene 290 78 0.05
Methyl indan 18 - -
Dimethylethylbenzene 80 36 0.02
Tetramethylbenzene 120 32 0.15
Methyl indan 21 — —
Cs-Alkylbenzene 90 - -
Naphthalene 860 120 0.01
Cs=Alkylbenzene 40 —_— —
Cs—-Alkylbenzene 30 - -
2-Methylnaphthalene 1000 50 -—
1-Methylnaphthalene 860 25 -—
Biphenyl 320 - -
Cz=Alkylnaphthalene 160 -— —-—
Cz-Alkylnaphthalene 1100 - -
Cz=Alkylnaphthalene 1700 - -
Cz-Alkylnaphthalene 540 - -
Cz—Alkylnaphthalene 160 - -
Ci—-Naphthalene 320 - -
Cy-Naphthalene 860 - -
C3-Naphthalene 710 - -
C3—-Naphthalene 390 -— -
Fluorene 80 -— -

140 -— —

Phenanthrene/Anthracene

393



piepuelg eurajul = Si

- (0°009) ausdeIYIUY-0 1P (sT)
ov1°0 - suateyjydeny 07
T¢0°0 - © U ZUAqTARTY-59 6T
970°0 - 2UaZUAqTANTY-"D 8l
0s0°0 - puazuaq A Ty-"9 (T
5070 - auazuaqTANTV-"4) 91
0100 - _ uepuy cT
1¢0°0 - auazuaqT4£Inqos]y 51
890°0 . G 8¢ , auRzZUBqTAYIRUWTIL-4 7 ] €1
$90°0 “D.wH U9 ZUIqTAYIDUTAL—G ‘€T Al

L SUBNTOITAYIA —-% + - 1T

070 0°0¢T aupTAY-0 0T
. 070ty auaTAY -d 4+ - 6
7$0°0 “N.oh suszuaqr4yid 9

- 07069 ueanjoipAyrp TAylswril B ATqrssod ‘gTlijin /
9¢0°0 0°02Z°T _ auanyog, 9

== 0°0L4 0ZIYvy 10 *Egelysy G

- 0°012 Touejuad TAylel e ATgqissod ‘pIZly9y i

- 0°0te ueanjoipfyeilaj TLyzowig e Arqrssod ‘pIlp?n €
010°'0 - ueifdoipfyealaj LTqissod *“polysy 7

(s£0°0) — duezuag-°p  H(SI1)

001°0 0909 ) auazuag T

(3r) (81) (1epip uoTiue3ay ur) 1aquny
Xxeus], uo iodep avy uo 1odep s punodwon yead

SV ¥OLVINWNDOV
IVIHEIAO JHMOL JDTYHHASOWLY *LING NOILVTIILSICA FAMID "H1-694 ATdVL

394.



TABLE B5-15. CRUDE DISTILLATION UNIT: INTERMEDIATE
NAPHTHA PRODUCT, BULK LIQUID
Compound pPpm
Benzene 26.3
Toluene 64.0
Ethylbenzene 153.0
m/p-xvlenes 204.0
o-xylenes 40.3
i-propylbenzene 3.74
n-propylbenzene 45.9
m/p-ethyltoluene 236.0
p—ethyltoluene 47.6
1,2, 4-Trimethylbenzene 105.0
1,2,3-Trimethylbenzene " 9.52
Cy—Alkvylbenzene 3.42
Cy— Alkylbenzene 70.0
n-butylbenzene 88.0
Cy—Alkylbenzene 24.0
Cy=Alkylbenzene 24.0
Methylindan 10.8
Methylindan 94.0
Cy—Alkylbenzene 60.0
Cy—Alkylbenzene 36.0
Cy—Alkylbenzene 3.04
Cs-Alkylbenzene 8.05
Cy=-Alkylbenzene 13.6
Cs—Alkylbenzene 6.56
Cs—Alkylbenzene 20.8
Cs—-Alkylbenzene 45.0
Cs—-Alkylbenzene 70.0
Tetralin 74.0
Cs—Alkylbenzene 27.5
Naphthalene 24,2
Co-Alkyl Indan/Methyltetralin 140.0
Cs—Alkyl Indan/Methyltetralin 115.0
2-Methyltetralin 96.1
Co—Alkyl Indan/Methyltetralin 102.0
C2-Alkyl Indan/Methyltetralin 112.0
Ca~Alkvl Indan/Methyltetralin 52.7
2-Methylnaphthalene 32.3
1-Methylnaphthalene 16.0
C2~Alkyl naphthalene 5.25
C2~Alkyl naphthalene 25.0
B.Phenyl 7.70
C2-Alkyl naphthalene 23.8
C2-Alkyl naphthalene 12.3
Continued
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TABLE B5-15. Continued

Compound prm
Methylbiphenyls 13.6
C3~Alkyl naphthalene 2.67
C3-Alkyl naphthalene 9.28
C3a—-Alkyl naphthalene 13.1
C3-Alkyl naphthalene 9.86
C3=Alkyl naphthalene 5.80
C,=Alkyl biphenyls 36.0
Phenanthrene/anthracene 5.50
Methyl phenanthrene/anthracene 14.0
C»,=-Alkyl phemanthrene/anthracene 14.8
Fluorenthene 3.10
Pyrene 7.50
Methyl fluoranthene/pyrene 10.8
Methyl fluoranthene/pyrene 15:6
C2-Alkyl fluoranthene/pyrene 26.0
Ci1~-Alkyl chrysenes/Benzointhracines 0.533
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TABLE B5-16. CRUDE DISTILLATION UNIT: FULL RANGE
STRAIGHT RUN NAPHTHA, BULK LIQUID

Compound PPM
Benzene 57.5
Toluene 139.0
Ethylbenzene 300.0
m/p-xylenes 229.0
o-xylene 228.0
i-propylbenzene 21.6
n-propylbenzene 63.8
m/p-ethyltoluene 284.0
1,3,5-Trimethyvlbenzene 74.8
o—ethyltoluene - 49,3
1,2,4-Trimethylbenzene 257.0
sec~Butylbenzene 26.0
1,2,3-Trimethylbenzene 21.8
Cy—-Alkylbenzene 28.8
Inden 4.38
Cy,-Alkylbenzene 68.0
n-Butylbenzene 28.0
Cy—Alkylbenzene 72.0
Cy—Alkylbenzene 90.0
Methylindan 30.0
Methylindan 18.4
Cy—Alkylbenzene 26.0
Cu—Alkylbenzene 8.40
Cs~Alkylbenzene 47.31
Cs—-Alkylbenzene 7.00
Cuy—Alkylbenzene 24.0
Cs—-Alkylbenzene 17.4
Methylindan 7.00
Cs—Alkylbenzene 8.25
Cs=Alkylbenzene 15.0
Cs—Alkylbenzene 37.5
Methylindan 9.10
Cs—Alkylbenzene 45.0
Cs—Alkylbenzene 11.5
Cs—Alkylbenzene 6.00
Naphthalene 12.1
Cyo-Alkylindene/methyltetralin 17.4
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TABLE B5-17. CRUDE DISTILLATION UNIT: VIRGIN
MIDDLE DISTILLATE PRODUCT, BULK LIQUID

Compound ppm
Toluene 4.48
Ethylbenzene ‘ 9.10
m/p-xylenes 40.3
o-xylene 11.7
n-propylbenzene 7.80
m/p-ethyltoluene 27.3
1,3, 5-Trimethylbenzene 22.1
o—ethyltoluene ' 5.85
1,2,4~Trimethylbenzene 89.8
1,2,3~-Trimethylbenzene 14.0
Indan "11.4
Cy—Alkylbenzene 48.0
Cy-Alkylbenzene _ 38.0
Cy—Alkylbenzene 106.0
Methylindan - 28.0
Cy=Alkylbenzene 70.0
Cy~Alkylbenzene 80.0
Methylindan 26.0
Cs=-Alkylbenzene 27.5
Cs~Alkylbenzene 65.0
Methylindan 29.9
Cs-Alkylbenzene 80.0
Cs-Alkylbenzene ' 32.5
Naphthalene ©100.0
Benzothiophene 38.0
Cs=-Alkylbenzene 25.0
Methylbenzothiophene ) _ 129.0
2-Methylnaphthelene 760.0
Methylbenzothiophene 114.0
1-Methylnaphthalene 89.9
C,—Alkylbenzothiophene 80.0
Co—=Alkylbenzothiophene 36.0
C;—-Alkylnaphthalene : 62.5
Ca=-Alkylbenzothiophene 205.0
Cs-Alkylnaphthalene 400.,0
Cy-Alkylbenzothiophene 64.0
C,—Alkylnaphthalene 700.0
C,-Alkylbenzothiophene 54.0
Co-Alkylnaphthalene 143.0
Co—Alkylnaphthalene 32.5
Acenaphthene 19.6
Ci-Alkylbenzothiophene - 215.0
C3s—Alkylnaphthalene 241.0

Continued
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TABLE B5-17. Continued
Compound ppm
Ci-Alkylnaphthalene 249.0
C3-Alkylnaphthalene 235.0
Ci—~Alkylnaphthalene 171.0
Fluorene 34.5
Ci;-Alkylnaphthalene 69.6
Methylacenaphthene 86.0
Cu—Alkylbenzothiophene 100.0
Cy=Alkylnaphthalene 348.0
Methylfluorene 18.7
Cz-Alkylacenapthene 126.0
Methylfluorene . 30.6
Methylfluorene 10.4
Dibenzothiophene 32.0
Phenanthrene/Anthracene 56.1
Cso=-Alkylfluorene ' 62.0
Methyldibenzothiophene 27.2
Methyldibenzothiophene 51.0
Methyl phenanthrene/anthracene 51.8
Methyl phenanthrene/anthracene 40.6
Cz-Alkyldibenzothiophene 12.6
C2-Alkyl phenanthrene/anthracene 4.75
C,~Alkyldibenzothiophene 4.60
C2-Alkyl phenanthrene/anthracene 18.0
Cz-Alkyl phenanthrene/anthracene 40.0
Cz=Alkyldibenzothiophene 36.3
Cz=Alkyldibenzothiophene 22,0
C>-Alkyl phenanthrene/anthracene 92.5
Fluoranthene 3.30
C3—Alkyldibenzothiophene 65.0
C3=Alkyl phenanthrene/anthracene 5.22
C3-Alkyl phenanthrene/anthracene 4.93
C3-Alkyl phenanthrene/anthracene 10.73
Pyrene 4.80
C3-Alkyl phenanthrene/anthracene 24.9
Cy—Alkyldibenzothiophene 13.3
C3-Alkyl phenanthrene/anthracene 8.41
Methyl fluoranthen/pyrene 2.99
" Methyl fluoranthen/pyrene 3.51
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TABLE B5-18. CRUDE DISTILLATION UNIT:

ATMOSPHERIC GAS OIL, BULK LIQUID

Compound Ppm
Toluene 7.60
Ethylbenzene 5.46
m/p-xylenes 11.1
o—xylene 4.68
m/p-ethyltoluene 15.1
1,3, 5-Trimethylbenzene 5.27
o=-ethyltoluene 18.7
Cy—-Alkylbenzene 4.40
Cy—Alkylbenzene 7.20
Cy—Alkylbenzene 4.80
Cs=Alkylbenzene 5.25
Naphthalene 3.52
2-Methylnaphthalene 4.75
1-Methylnaphthalene 3.48
Cz—Alkylnaphthalene 9.75
Cy—Alkylnaphthalene 0,750
Cz=Alkylnaphthalene 13.8
Cp-Alkylnaphthalene §.25
Cs=Alkylnaphthalene 14.5
Phenanthrene/anthracene 3.30
Methyl phenanthrene/anthracene 10.6
Methyl phenanthrene/anthracene 14.0
Cz-Alkyl phenanthrene/anthracene 80.0
C3;—Alkyl phenanthrene/anthracene 60.9

400



TABLE B5-19. CRUDE DISTILLATION UNIT: LIGHT
VACUUM GAS OIL, BULK LIQUID
Compound PPm |
Toluene 5.04
Ethylbenzene 5.85
m/p-xylene 9.88
o=-xylene 11.6
n—~-propylbenzene 3.22
m/p-ethyltoluene 17.0
1,3,5~-Trimethylbenzene 7.48
o=ethyltoluene 9.01
1,2,4-Trimethylbenzene 12.4
Indan . 4.50
C,—-Alkylbenzene 10.2
Cy=Alkylbenzene 16.0
Cy=Alkylbenzene 6.80
Methylindan 5.20
Methylindan 5.00
Cy=Alkylbenzene 8.80
Cy—Alkylbenzene 80.0
Methylindan 4.20
Cs—~Alkylbenzene 45.0
Cs—Alkylbenzene 3.5
Cs=Alkylbenzene 3.25
Methylindan 11.3
Cs=Alkylbenzene 5.00
Cs—-Alkylbenzene 5.00
Tetralin 1.60
Naphthalene . 27.5
Co—Alkylindan/methyltetralin 27.3
Cs~Alkylbenzene 14.0
Cy;=-Alkylindan/methyltetralin 19.2
Cs—-Alkylbenzene 15.3
Cp=Alkylindan/methyltetralin : 15.2
Cs-Alkylindan/methyltetralin 18.3
2-Methylnaphthalene ' 68.4
1-Methylnaphthalene 18.9
Co,—-Alkylnaphthalene 25.0
Cs~Alkylnaphthalene 72.5
Biphenyl 8.80
C;-Alkylnaphthalene 113.0
Cy—-Alkylnaphthalene 70.0
Cs—Alkylnaphthalene 18.0
Methylbiphenyls 13.6
C3-Alkylnaphthalene 34.8
Cz-Alkylnaphthalene 43.5
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TABLE B5-19. Continued

Compound PpPm
C3—-Alkylnaphthalene 55.1
Cs—Alkylnaphthalene 31.9
Fluorene 9.36
C3—Alkylnaphthalene 4,93
Methylacenaphthalene 13.6
Cz—Alkylbiphenyls 28.0
Methylfluorene 9.35
Phenanthrene/anthracene 12.1
Cy -Alkylfluorene 9.40
Methyl phenanthrene/anthracene 6.30
Methyl phenanthrene/anthracene 5.18
C2=Alkyl phenanthrene/anthracene 9.50
Cs—Alkyl phenanthrene/anthracene 2.9

TABLE B5-20. CRUDE DISTILLATION UNIT: VACUUM

GAS OIL, BULK LIQUID

No Aromatic Species Detected.
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TABLE B5-21., .CRUDE DISTILLATION UNIT:

VACUUM GAS OIL

Bulk Liguid, Vapor on Vapor on

Compound XAD,ug Tenax, g
Benzene 1.5 0.00046
Toluene 29.0 0.0070
Ethylbenzene 8.9 0.0030
m,p-Xylene 42.0 0.0099
o-Xylene 34-0 0.0046
Isopropylbenzene 11.0 0.0017
3-Ethyl toluene 49.0 0.0096
4=Ethyl toluene 38.0 0.0052
1,2,3-Trimethylbenzene 30.0 0.0039
2-Ethyl toluene 73.0 0.0099
sec—Butylbenzene 17.0 0.0029
1,2,4=Trimethylbenzene 55.0 0.0062
Diethylbenzene 13.0 0.0031
Methylisopropylbenzene 10.0 -
Methylpropylbenzene 4.2 0.00049
Methylpropylbenzene 25.0 0.0068
Methylpropylbenzene 14.0 -
Diethylbenzene 19.0 0.0029
Diethylbenzene 17.0 0.0039
Dimethylethylbenzene 20.0 0.0044
Dimethylethylbenzene 11.0 -
Dimethylethylbenzene 10.0 —-—
Dimethylethylbenzene 5.6 -
Cs—Alkylbenzene 10.0 0.0034
Dimethylethylbenzene 4,7
Tetramethylbenzene 7.0
Tetramethylbenzene 17.0 0.0034
Tetramethylbenzene 4.9 0.0024
Cs~Alkylbenzene 31.0 0.0065
Cs—Alkylbenzene 5.8 0.0018
Naphthalene 59.0 0.014
Cs=Alkylbenzene 6.7 0.0016
Cs—Alkylbenzene 2.8 -
Cs=-Alkylbenzene 2.6 -

aNone of the listed vapor species were found in the bulk liquid. The
species, therefore, must have been adsorbed from the ambient air or resulted
from cross—-contamination with other samples dve to residue in the sampling

train.
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TABLE B5-22. CRUDE DISTILLATION UNIT: HEAVY
VACUUM GAS OIL, BULK LIQUID

No Aromatic Species Detected

- TABLE B5-23. CRUDE DISTILLATION UNIT: VACUUM
RESIDUE, BULK LIQUID

No Aromatic Species Detected.
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TABLE B5-24. API SEPARATOR: SURFACE OIL SKIMMED
FROM INLET BAY, BULK LIQUID
Peak Concentration
No. Compound (ppm)
1 Benzene 230
2 Toluene 1800
3 Ethylbenzene 480
4 m,p-Xylene 1300
5 o-Xylene 390
6 Isopropylbenzene 100
7 n-Propylbenzene 240
8 3 or 4-Ethyl toluene 1000
9 1,3,5-Trimethylbenzene 500
10 2=Ethyl tolucne 460
11 1,2,4-Trimethylbenzene 1000 -
12 Isobutylbenzene 60
13 1,2,3-Trimethylbenzene 330
14 Methylpropylbenzene 180
15 Indan 60
16 Methylpropylbenzene 470
17 Diethylbenzene 130
18 Diethylbenzene 300
19 Dimethylethylbenzene 370
20 Methyl indan 120
21 Dimethylethylbenzene 130
22 Tetramethylbenzene 140
23 Tetramethylbenzene 60
24 Methyl indan 150
25 Cs—-Alkylbenzene 50
26 Cs=Alkylbenzene 160
27 Naphthalene 2000
28 Cs-Alkylbenzene 100
29 Cs~Alkylbenzene 80
30 2-Methylnaphthalene 2200
31 1-Methylnaphthalene 1700
32 Biphenyl 620
33 C>~Alkylnaphthalene 390
34 Cz-Alkylnaphthalene 1800
35 C2=Alkylnaphthalene 3000
36 C2—Alkylnaphthalene 700
37 C>—-Alkylnaphthalene 240
38 C2-Biphenyl 840
39 Cs-Naphthalene 390
40 C3—Naphthalene 1200
41 Cs3~Naphthalene 860
42 Cs=Naphthalene 470
43 Fluorene 160
IAA Phenanthrene/Athracene 220

droe—Anthracene
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TABLE B5-25. API SEPARATOR: SURFACE OIL SKIMMED
FROM INLET BAY, BULK LIQUID

Concentration

Compound (ppm)
Benzene 24
Toluene 460
Ethylbenzene 30
m,p-Xylene 350
o—Xylene 210
Isopropylbenzene 72
n-Propylbenzene 160
3 or 4-Ethyl toluene 710
1,3,5-Trimethylbenzene 490
2-Ethyl toluene 145
1,2,4~Trimethylbenzene 730
1,2,3-Trimethylbenzene 160
Methylpropylbenzene 79
Methylpropylbenzene 14
Diethylbenzene 31
Dimethylethylbenzene 170
Dimethylethylbenzene 78
Diethylbenzene 190
Dimethylethylbenzene 25
Dimethylethylbenzene 180
Cs-Alkylbenzene 140
Cs=Alkylbenzene 65
Cs—Alkylbenzene 90
Cs-Alkylbenzene 20
Dimethylethylbenzene 145
Tetramethylbenzene 250
Cs—-Alkylbenzene 35
Tetramethylbenzene 260
Cs=Alkylbenzene 80
Cs=-Alkylbenzene 100
Cs—-Alkylbenzene 165
Cs—-Alkylbenzene 120
Cs—Alkylbenzene 190
Cs=Alkylbenzene 55
Cs—Alkylbenzene 55
Cs-Alkylbenzene 165
Cs~Alkylbenzene 70

dyp-Anthracene
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TABLE B5-26.

API SEPARATOR: SURFACE OIL SKIMMED
FROM OUTLET END, BULK LIQUID

Concentration

Peak
No. Compound (ppm)
1 Toluene 280
2 Ethylbenzene 200
3 m,p-Xylene 2,400
4 o=Xylene 950
5 Isopropylbenzene 250
6 3-Ethyl toluene 2,500
7 4-Ethyl toluene 1,200
8 1,2,3-Trimethylbenzene 950
9 2-Ethyl toluene 3,800
10 sec=-Butylbenzene 280
11 1,2,4-Trimethylbenzene 1,600
12 Diethylbenzene 210
13 Methylisopropylbenzene 85
14 Methylpropylbenzene 700
15 Diethylbenzene 600
16 Dimethylethylbenzene 900
17 Dimethylethylbenzene 850
18 Tetramethylbenzene 1,100
19 Tetramethylbenzene 120
20 Cs=-Alkylbenzene 6,500
21 Naphthalene 1,200
22 Cs=-Alkylbenzene 210
23 Cz-Alkylbenzene 430
24 Cs—-Alkylbenzene 180
25 Cs-Alkylbenzene 120
26 Cs-Alkylbenzene 140
27 Cs—Alkylnaphthalene 160
28 2=-Methylnaphthalene 23,000
29 C -Alkylbenzene 140
30 1-Methylnaphthalene 14,000
31 Cs—Alkylnaphthalene 70
32 Biphenyl 380
33 Cs=Alkylnaphthalene 4,100
34 Cs-Alkylnaphthalene 18,000
35 C;—Alkylnaphthalene 22,000
36 Cz~Alkylnaphthalene 4,500
37 C;-Alkylnaphthalene 1,100
38 Acenaphthene 600
39 Cs~Alkylnaphthalene 6,000
40 C3z=Alkylnaphthalene 10,000
41 Ci—-Alkylnaphthalene 11,000
42 Ci-Alkylnaphthalene 3,200
43 Fluorene 1,200
44 Ca=Alkylnaphthalene 240

Continued
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TABLE B5-26. Continued

Peak. Concentration
No. Compound (ppm)
45 Cz=Alkylnaphthalene 500
46 Methylbiphenyl 4,600
47 Cy—Alkylnaphthalene 1,700
48 Cy~Alkylnaphthalene 1,600
49 Cy=Alkylnaphthalene 220
50 Cy—Alkylnaphthalene 800
51 Cy—Alkylnaphthalene 1,300
52 Cy=Alkylnaphthalene 850
53 Methyl fluorene 1,300
54 Methyl fluoremne 240
55 Cy—Alkylnaphthalene 1,300
56 Cy—Alkylnaphthalene 380
57 Phenanthrene/Anthracene 1,800
58 d1g=-Anthracene
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TABLE B5-27.

AP1 SEPARATOR: OIL FROM THE SKIM

OIL SUMP, BULK LIQUID

Peak Concentration
No. Compound (ppm)
1 Benzene 70
2 Toluene 1400
3 Ethylbenzene 540
4 m,p~Xylene 1600
5 o~Xylene _ 450
6 Isopropylbenzene 130
7 n-Propylbenzene 480
8 3 or 4-Ethyl toluene 1700
9 1,3,5-Trimethylbenzene 720
10 2-Ethyl toluene 630
11 1,2,4-Trimethylbenzene 1600 -
12 Isobutylbenzene 100
13 1,2,3-Trimethylbenzene 480
14 Methylpropylbenzene 240
15 Indan : ' 120
16 Methylpropylbenzene 740
17 Diethylbenzene 220
18 Diethylbenzene 320
19 Dimethylethylbenzene 520
20 Methyl indane 220
21 Dimethylethylbenzene 240
22 Tetramethylbenzene 320
23 Tetramethylbenzene 60
24 Methyl indan 260
25 Cg—Alkylbenzene 280
26 Cs-Alkylbenzene 240
27 Naphthalene 690
28 Cs=Alkylbenzene 120
29 Cs—~Alkylbenzene 130
30 2-Methylnaphthalene 4000
31 l-Methylnaphthalene 2700
32 Biphenyl 840
33 C,—Alkylnaphthalene 390
34 C;—~-Alkylnaphthalene 2400
35 C,—-Alkylnaphthalene 4500
36 Cs;~Alkylnaphthalene 1200
37 Co=Alkylnaphthalene 390
38 C;-Naphthalene 760
39 C3-Naphthalene 2000
40 C3;=Naphthalene 1400
41 Cy-Naphthalene 700
42 Fluorene 250
43 Phenanthrene/Anthracene 260
44 d;,-Anthracene ’ -
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TABLE B5-28. CRUDE DESALTER: EFFLUENT
WATER, BULK LIQUID

Peak Concentration
No. Compound (ppb)
1 Benzene 6.6
2 Toluene 3.4
3 Ethylbenzene 7.3
4 m,p-Xylene 2.2
5 o-Xylene 9.9
6 Isopropylbenzene 1.4
7 n~Propylbenzene 4.8
8 3 or 4-Ethyl toluene 15.0
9 1,3,5-Trimethylbenzene 1.2
10 2-Ethyl toluene 5.9.
11 1,2,4-Trimethylbenzene 18.0
12 1,2,3-Trimethylbenzene 12,0
13 Diethylbenzene 3.8
14 Naphthalene : 450.0
15 Carbazole 31.0
16 2-Methylnaphthalene 150.0
17 1-Methylnaphthalene 140.0
18 Biphenyl 100.0
19 Cy—-Alkylnaphthalene 20.0
20 C2~Alkylnaphthalene 67.0
21 C2-Alkylnaphthalene 120.0
22 Cs-Alkylnaphthalene 36.0
23 Co—Alkylnaphthalene 10.0
24 Cs~Naphthalene 48.0
25 C3~Naphthalene 37.0
26 Cs-Naphthalene 23.0
27 - Fluorene 22.0
28 Phenanthrene/Anthracene 50.0
29 djo—-Anthracene -
30 Acenaphthene 100.0
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TABLE B-29.

CRUDE DESALTER:

EFFLUENT

WATER, BULK LIQUID

Peak Concentration
No. Compound (ppb)
1 Benzene 3.1
2 Toluene 11.0
3 Ethylbenzene 1.1
4 m-Xylene/p-Xylene 6.9
5 o-Xylene 2.4
6 Isopropylbenzene 0.10
7 n-Propylbenzene 0.12
8 3=-Ethyl toluene 0.62
9 1,3,5=Trimethylbenzene 0.44
10 2-Ethyl toluene 0.25
11 1,2,4-Trimethylbenzene 0.1%
12 Cy—Alkylbenzene 0.06
13 Indan 0.19
14 Cy,—Alkylbenzene 0.05
15 Cy=Alkylbenzene 0.03
16 Cy-Alkylbenzene 0.14
17 Cy=Alkylbenzene 0.23
18 Cy=Alkylbenzene 0.14
19 Methyl indan 0.07
20 Cy—-Alkylbenzene 0.14
21 Methyl indan 0.11
22 Cs—-Alkylbenzene 0.15
23 C,=Alkylbenzene 0.13
24 Cy—Alkylbenzene 0.04
25 Cy—Alkylbenzene 0.07
26 Cs~-Alkylbenzene 0.10
27 Cs=Alkylbenzene 0.05
28 Naphthalene 8.1
29 Cy=Alkylbenzene 0.17
30 2-Methylnaphthalene 0.49
31 1-Methylnaphthalene 0.32
32 BRiphenyl 0.02
33 Dimethylnaphthalene 0.02
34 Dimethylnaphthalene 0.07
35 Dimethylnaphthalene 0.15
36 Dimethylnaphthalene 0.05
37 Dimethylnaphthalene 0.01
38 C3z—Alkylnaphthalene 0.01
39 Methyl biphenyl 0.14
40 Methyl biphenyl 0.04
41 Cy-Alkylnaphthalene 0.03
42 Methyl biphenyl 0.03
43 C3-Alkylnaphthalene 0.03
44 0.03

Ca=Alkylnaphthalene
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TABLE B5-29. Continued

Concentration
Compound (ppb)
C3~-aAlkylnaphthalene 0.04
Ci=Alkylnaphthalene 0.04
C3-Alkylnaphthalene 0.01
Fluorene 0.004
Methyl fluorene 0.006
Methyl fluorene 0.006
Dibenzothiophene 0.03
Phenanthrene 0.01
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TABLE B5-30. CRUDE DESALTER: EFFLUENT
WATER, BULK LIQUID

Peak Concentration
No. Compound (ppb)
1 Benzene 36
2 Toluene 2600
3 Ethylbenzene 290
4 m,p=Xylene 250
5 o-Xylene 130
6 Isopropylbenzene 24 -
7 1,3,5-Trimethylbenzene 120
8 Methylethylbenzene 110
9 1,2,4~Trimethylbenzene 60
10 sec—Butylbenzene 56
11 Methylpropylbenzene 100
12 Naphthalene 1200
13 2=Methylnaphthalene 220
14 1-Methylnaphthalene 210
15 Biphenyl 40
16 Cz2-Alkylnaphthalene 140
17 Flyorene 21
18 d;o-Anthracene -

TABLE B5-31. SOUR WATER STRIPPER: SOUR
WATER FEED, BULK LIQUID

Peak Concentration
No. Compound (ppm)
1 Dimethzldisulfide 100.0
2 Phenol 120.0
3 Methylphenol? 14.0
4 Methylphenola 46.0
5 Methylquinoline 4.8
6 Dimethylphenol? 5.6
7 Dim.ethylphenola 3.6
8 Dimethylphenol? 2.1
9 Methylquinoline 3.3
10 dio-Anthracene

aIdentification based on corresponding methyl ether.
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TABLE B5-32. FLUID CATALYTIC CRACKER: COMPRESSOR DISCHARGE
(GAS TO THE ABSORBERS)

Vapor on XAD Vapor on
Compound Resin (Mg). Tenax (Mg)
Benzene 21.0 0.54
Toluene 93.0 2.5
Ethylbenzene 13.0 0.68
m, p-Xylene 46.0 1.6
o-Xylene 14.0 0.58
Isopropylbenzene : — 0.05
n-Propylbenzene - 0.30
3 or 4-Ethyl toluene 12.0 0.74
1,3,5=Trimethylbenzene 6.0 0.55
2=Ethyl toluene 2.4 0.31
1,2,4~Trimethylbenzene 13.0 0.94
1,2,3=Trimethylbenzene 2.3 0.28
Methylpropylbenzene 3.8 0.40
Diethylbenzene 1.6 0.22
Dimethylbenzene A.l}
Dimethylethylbenzene 0.4 0.48
Tetramethylbenzene - 0.08
Tetramethylbenzene 2,0 0.26
Cg-Alkylbenzene - 0.16
Cs—Aklybenzene , - 0.13
Naphthalene 23.0 0.01
2-Methylnaphthalene 1.9 -
1-Methylnaphthalene 0.3 -
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TABLE B5-33.

FLUID CATALYTIC CRACKER: LOW PRESSURE
SEPARATOR GAS (COMPRESSOR SUCTION)

Vapor on Vapor on
Compound XAD, uUg Tenax, ug
Benzene - 0.028
Toluene 8.5 0.054
Ethylbenzene - 0.0085
m, p—-Xylene - 0.019
o-Xylene - 0.059
Isopropylbenzene 0.55 0.0010
n-Propylbenzene - 0.0049
3-Ethyl toluene - 0.014
4-Ethyl toluene -— 0.0096
1,2,3-Trimethylbenzene — 0.0065
2-Ethyl toluene — 0.022
sec~Butylbenzene — 0.0086
1,2,4-Trimethylbenzene - 0.0052
Methylpropylbenzene - 0.013
Dimethylethlybenzene —-— 0.018
Diethylbenzene - 0.0083
Cs—Alkylbenzene - 0.0049
Tetramethylbenzene - 0.014
Cs=-Alkylbenzene - 0.011
Naphthalene - 0.059
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TABLE B5-34. FLUID CATALYTIC CRACKER: LOW PRESSURE
SEPARATOR LIQUID, BULK LIQUID

Peak ' Concentration
No. Compound {ppb)
1 Benzene 4,300
2 Toluene 5,000
3 Ethylbenzene 7,300
4 m—-Xylene/p-Xylene . 55,000
5 o—Xylene _ 32,000
) Isopropylbenzene 5,600
7 n-Propylbenzene 44,000
8 3-Ethyl toluene 66,000
9 1,3,5-Trimethylbenzene 14,000
10 2~Ethyl toluene 82,000
11 C,—Alkylbenzene ' 1,300
12 1,2,4-Trimethylbenzene 20,000
13 Cy=Alkylbenzene 2,000
14 Indan : 15,000
15 Cy=Alkylbenzene 15,000
16 Cy—-Alkylbenzene 14,000
17 Cy=Alkylbenzene 19,000
18 Cy—Alkylbenzene 4,600
19 Cy-Alkylbenzene 24,000
20 Methyl indan 7,000
21 Cy=Alkylbenzene 24,000
22 Methyl indan 1,200
23 Cs-Alkylbenzene 2,200
24 Cy=-Alkylbenzene 4,000
25 Cy—Alkylbenzene 20,000-
26 Cy—Alkylbenzene 18,000
27 Cs=Alkylbenzene 4,700
28 Methyl indan 16,000
29 Methyl indan 16,000
30 Cy-Alkylbenzene 7,000
31 : Cs—Alkylbenzene 14,000
32 Cs=-Alkylbenzene 16,000
33 Naphthalene 15,000
34 Cs—Alkylbenzene 3,000
35 Cz=Alkyl indan 21,000
36 Cz~=Alkyl indan 28,000
37 Cy=Alkylbenzene 13,000
38 Co—-Alkyl indan 15,000
39 Cs-Alkylbenzene - 15,000
40 Cs-Alkylbenzene 4,300
41 Cs—Alkylbenzene 1,200
42 Ceg—Alkylbenzene 2,100
43 Cs-Alkyvlbenzene 2,500
44 Cs=Alkylbenzene 8,800
Continued
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TABLE BS5-34. Continued -

Peak Concentration
No. Compound - (ppb)
45 Cg=Alkylbenzene 5,200
46 Cs~Alkylbenzene 4,800
47 Cs=Alkylbenzene 1,300
48 C2=Alkyl indan 11,000
49 Ce=Alkylbenzene 7,500
50 Ce—=Alkylbenzene 8,100
51 . Cz2=Alkyl indan 11,000
52 Ce=Alkylbenzene 7,500
53 C2~Alkyl indan 14,000
54 Ce—Alkylbenzene 3,900
55 Cs~Alkylbenzene ‘ 7,500°
56 Ce=Alkylbenzene 5,000
57 Cz2-Alkyl indan 9,700
58 Methyl benzothiophene 500
59 Ce—Alkylbenzene 2,500
60 C2~Alkyl indan 5,000
61 Methyl benzothiophene 1,400
62 2-Methylnaphthalene 16,000
63 Methyl benzothiophene 1,400
64 Methyl benzothiophene 1,200
65 1-Methylnaphthalene 15,000
66 Methyl benzothiophene 1,600
67 Cy~Alkylnaphthalene 700
68 C2—Alkylnaphthalene 1,400
69 Cz=-Alkylnaphthalene 1,100

70 Cz=-Alkylnaphthalene 300
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TABLE B5-35. FLUID CATALYTIC CRACKER: LOW
PRESSURE SEPARATOR LIQUID

Peak Compounds Bulk Liquid Vapor on XAD Vapor on Tenax
Number (In Retention Order) (ppm) (ug) (ug)
1 Benzene 6,600 260 0.72
(18) d;~-Benzene - - (0.035)
2 Toluene 47,700 8,100 25.3
3 Ethylbenzene 10,600 4,400 4.0
4 m—+p-Xylene 57,200 8,000 21.3
5 o-Xylene 21,300 7,500 8.7
6 Isopropylbenzene - 130 0.21
7 n~Propylbenzene 3,000 850
8 3- 4+ 4-Ethyltoluene 32,500 7,100 - 19.8
9 1,3,5-Trimethylbenzene 15,100 2,800
10 2-Ethyltoluene 7,100 1,280
11 1,2,4-Trimethylbenzene 46,000 6,150 13.3
12 1,2,3-Trimethylbenzene 9,600 880 3.2
13 C,-Alkylbenzene - 72 0.33
14 Indan 4,000 250 1.2
15 C,—~Alkylbenzene 17,200 1,000
16 C,-Alkylbenzene 19,600 960 7.8
17 Cy~Alkylbenzene 2,400 210
18 C,-Alkylbenzene 13,200 520} 4.1
19 C,-Alkylbenzene 13,600 480
20 2- +-Methylindan 2,500 85 0.41
21 Cy,-Alkylbenzene 2,000 32 0.74
22 Cy-Alkylbenzene 19,600 340 2.3
23 Methylindan 2,500 10 0.22
24 Methylindan - 2,800 30 0.24
25 Cy,—-Alkylbenzene 2,800 -— 0.49
26 Cg=-Alkylbenzene 27,000 — 1.2
27 Cs=Alkylbenzene 2,700 - 0.44
28 Naphthalene 15,600 66 0.03
29 Cy=Alkylbenzene 1,200 - -
30 C;—-Alkylindane 2,400 - 0.11
31 Cy=Alkylbenzene 600 - -
32 Cs—Alkylbenzene 4,000 - 1.2
33 Cs-Alkylbenzene 1,700 - 0.46
34 C,-Alkylindan 400 — -
35 C,—Alkylindan 600 - -
36 Cr—Alkylindan 400 - -—
37 Cp,~Alkylbenzene 100 - -—
38 Cs= Alkylbenzene 1,000 - -
39 2-Methylnaphthalene 8,700 - 0.03
40 1-Methylnaphthalene 3,600 -~ 0.01
(IS) dig-Anthracene (IS) (100) (1000) -
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TABLE B5-37. FLUID CATALYTIC CRACKER: LIGHT
CYCLE GAS 0IL, BULK LIQUID

Compound pPpm
Benzene 1.75
Toluene 13.6
Ethylbenzene 8.97
m/p-xylenes 19.5
o-xylene 8.58
i-propylbenzene 0.578
n-propylbenzene 11.9
m/p-ethyltoluene 76.5
1,3,5-Trimethylbenzene 2201
c-ethyltoluene 4.08
1,2,4-Trimethylbenzene 30.1
Sec-Butylbenzene 18.4
Indan 15.0
Cy—Alkylbenzene 46.0
Cy-Alkylbenzene 34.0
Cy—-Alkylbenzene - 26.0
Methylindan 28.0
Cy=Alkylbenzene 32.0
Cy—Alkylbenzene 8.00
Cs—Alkylbenzene 41.5
Methylindan 30.0
Cs—Alkylbenzene 10.8
Cs—Alkylbenzene 20.0
Methylindan 32.5
Cs—Alkylbenzene 22.0
Cs—Alkylbenzene 27.5
Tetralin 1.6
Naphthalene 96.8
C,-Alkylindan/methyltetralin 58.9
Cs~Alkylbenzene 45.0
Cp-Alkvlindan/methyltetralin 55.8
Co—Alkylindan/methyltetralin 96.1
Cs—Alkylindan/methyltetralin 19.2
Methylbenzothiophene 2.89
Methylbenzothiophene 25.5
2-Methylnaphthalene 616.0
Methylbenzothiophene 37.4
1-Methylnaphthalene 71.1
Cz—Alkylbenzothiophene 28.0
Co—Alkylnaphthalene 485.0
Co~Alkylbenzothiophene 65.0

Continued
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TABLE B5-37. Continued

Compound ppPm
Cz-Alkylnaphthalene 825.0
Biphenyl 5.72
Cs-Alkylbenzothiophene 28.0
Co—-Alkylnaphthalene 550.0
Cz-Alkylbenzothiophene 17.3
Cz—Alkylnaphthalene .185.0
C2—Alkylnaphthalene 87.5
Acenaphthene 8.40
Methylbiphenyls 15.5
C3=-Alkylbenzothiophene 92.5
Ci—Alkylnaphthalene - 43.5
Cs—Alkylnaphthalene 218.0
C3z—Alkylnaphthalene -203.0
C3—Alkylnaphthalene 249.0
Fluorene 18.2
Ca—Alkylnaphthalene 148.0
Methylacenaphthenes 62.0
Co-Alkylbiphenyls 48.0
Cy,~Alkylnaphthalene 328.0
Methylfluorene 17.0
Methylfluorene 23.8
Methylfluorene 7.14
Phenanthrene/anthracene 97.9
C2—Alkylfluorenes 52.0
Methyldibenzothiophene 74.8
Methyldibenzothiophene - 51.0
Methyl phenanthrene/anthracene 71.4
Methyl phenanthrene/anthracene 42.0
Cz=Alkyl dibenzothiophene 10.8
C2=-Alkyl phenanthrene/anthracene 2.35
Co=Alkyl dibenzothiophene 70.0
C2—Alkyl phenanthrene/anthracene 96.3
C2-Alkyl dibenzothiophene 44.0
Cz~Alkyl dibenzothiophene 72.5
C2—-Alkyl dibensothiophene 30.0
C2-Alkyl phenanthrene/anthracene 20.0
Fluoranthene 3.50
C3-Alkyl dibenzothiophene 65.0
C3~Alkyl phenanthrene/anthracene 1.45
C3-Alkyl phenanthrene/anthracene 4.64
C3-Alkyl phenanthrene/anthracene 11.6
Pyrene 4,30
C3—-Alkyl phenanthrene/anthracene 37.7
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TABLE B5-37.

Continued

Compound

ppm

Cy-Dibenzothiophene

C3—-Alkyl phenanthrene/anthracene
C3—-Alkyl phenanthrene/anthracene
Methyl fluorenthene/pyrene
Methyl fluorenthene/pyrene
Methyl fluorenthene/pyrene
Methyl fluorenthene/pyrene
Cy~Alkyl phenanthrene/anthracene

13.0

15.4
6.67
0.429
0.871
1.82
1.82

13.1
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TABLE B5-39. TFLUID CATALYTIC CRACKER: HEAVY
CYCLE GAS OIL, BULK LIQUID

Compound PPm
Benzene 4.75
Toluene 15.4
Ethylbenzene 4.29
n/p-xylenes 27.0
o-xylene 13.1
n-propylbenzene 3.91
m/p-ethyltoluene 21.8
o~ethyltoluene 2.72
1,2,4=-Trimethylbenzene 38.3
Sec~Butylbenzene 4.80
Indan 6.13
n~Butyvlbenzene 3.60
Cy—-Alkylbenzene 6.80
Cy—~Alkylbenzene 11.2
Methylindan 11.4
Cy—Alkylbenzene 16,2
Cy-Alkylbenzene 8.80
Methylindan 6.40
Cs-Alkylbenzene 4.00
Cz—-Alkylbenzene 3.25
Methylindan 4.81
Cs~Alkylbenzene 15.5
Naphthalene 19.0
Cp=Alkylindan/methyltetralin 20.2
Benzothiophene 2.70
Cs=Alkylbenzene 5.50
C2-Alkylindan/methyltetralin 10.2
Cs=-Alkylbenzene 3.75
Cp-Alkylindan/methyltetralin 7 .44
Cz=Alkylindan/methyltetralin 13.6
Methylbenzothiophene 6.29
Cs~Alkylbenzene 8.25
Methylbenzothiophene 6.29
2-Methylnaphthalene 45.4
Methylbenzothiophene 13.6
1-Methylnaphthalene 30.7
Cz—-Alkylnaphthalene 25.0
Co-Alkylnaphthalene 73.3
C2—-Alkylnaphthalene 82.0
Cz=-Alkylnaphthalene 57.8
Co-Alkylnaphthalene 21.8
Acenaphthene 3.08
Ca-Alkylnaphthalene 36.5

Continued
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TABLE B5-39. Continued

Compound prm
C3=Alkylnaphthalene : 115.0
C3z—Alkylnaphthalene 52.2
Csz=Alkylnaphthalene 49,3
Ca-Alkylnaphthalene : 10.4
Fluorene 8.97
C3-Alkylnaphthalene 4,93
Methylacenaphthenes 51.0
Cy=Alkylnaphthalene 151.0
Methylfluorene 18.7
Methylfluorene 27.2
Methylfluorene 14,3
Dibenzothiophene 55.0
Phenanthrene/anthracene 143.0
C2-Alkylfluorene - ' 107.0
Methyldibenzothiophene 126.0
Methyldibenzothiophene 258.0
Methyl phenanthremne/anthracene 333.0
Methyl phenanthrene/anthracene 256.0
C>—-Alkyl dibenzothiophene 127.0
C2-Alkyl phenanthrene/anthracene 25.0
C2-Alkyl dibenzothiophene 306.0
C2-Alkyl phenanthrene/anthracene 510.0
C>~Alkyl phenanthrene/anthracene 943.0
Cz=Alkyl dibenzothiophene 232,0
Co=-Alkyl dibenzothicphene 173.0
C2—Alkyl dibenzothiophene 49.0
C2-Alkyl phenanthrene/anthracene 37.5
C2-Alkyl phenanthrene/anthracene 35.0
C3-Alkyl dibenzothiophene 818.0
C3-Alkyl phenanthrene/anthracene 21.2
C3—Alkyl phenanthrene/anthracene 26.4
Pyrene 5.60
C3-Alkyl phenanthrene/anthracene 409.0
Cy—Alkyl dibenzothiophene 370.0
C3-Alkyl phenanthrene/anthracene 87.0
C3~Alkyl phenanthrene/anthracene 87.0
Methyl fluorenthene/pyrene 18.2
Methyl fluorenthene/pyrene 32.5
Methyl fluorenthene/pyrene " 68.9
Methyl fluorenthene/pyrene 107.0
Cs-Alkyl dibenzothiophene ' 80.0
Cy-Alkyl phenanthrene/anthracene 334.0

Continued
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TABLE B5-39. Continued

Compound ppPm
C2-Alkyl fluorenthene/pyrene 78.0
C2-Alkyl fluorenthene/pyrene 46.0
C2-Alkyl fluorenthene/pyrene 64.0
Natphthabenzothiophene 10.0
C2-Alkyl fluorenthene/pyrene 86.0
C2—-Alkyl fluorenthene/pyrene 58.0
C3=~Alkyl fluorenthene/pyrene 215.0
C;-Phenanthrene/anthracene 128.0
C,-Alkyl fluorenthene/pyrene 78.3
C,—-Alkyl chrysenes/benzanthracenes 2.0
C,=Alkyl chrysenes/benzanthracenes 25.8
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TABLE B5-40. TFLUID CATALYTIC CRACKER: HEAVY CYCLE GAS OIL

Bulk Liquid, Vapor on Vapor on
Compound pom XAD, ug Tenax, ug

Benzene 740 15.0 0.10
Toluene 10,000 34.0 0.83
Ethylbenzene 1,200 66.0 0.16
m,p-Xylene 8,800 190.0 0.34
o-Xylene 3,000 120.0 0.15
Isopropylbenzene 120 7.6 -—
n-Propylbenzene 900 59.0 -
3-Ethyl toluene 6,900 250-0 0.25
4-Ethyl toluene 2,700 42.0 0.10
1,2,3-Trimethylbenzene 1,500 24.0 -_
2-Ethyl toluene 7,200 140.0 0.057
1,2,4=Trimethylbenzene 1,800 34.0 0.19
Diethylbenzene 320 23.0 -
Methylisopropylbenzene - 17.0 e
Methylpropylbenzene 2,100 9.8 0.036
Diethylbenzene 1,800 17.0 0.017
Diethylbenzene ’ 440 7.6 -
Dimethylethylbenzene 2,300 20.0 -
Dimethylechylbenzene 2,000 14.0 -
Dimethylethylbenzene 320 - -
Dimethylethylbenzene 1,700 -— -
Cs-Alkylbenzene : 2,000 - -
Tetramethylbenzene 390 1.4 0.0058
Tetramethylbenzene 200 — - 0.016
Cs-Alkylbenzane 1,400 9.2 0.015
Cs=Alkylbenzene 360 - -
Naphthalene : 14,000 13.0 -
Cs=Alkylbenzene 500 - -—
Cs~Alkylbenzene 840 - -
Cs=Alkylbenzene 200 -_— ‘ —_

s—Alkylbenzene 210 - -
2-Methylnaphthalene 12,000 - -
l1-Methylnaphthalene 5,500 —~— -
Cz-Alkylnaphthalene 5,000 - -
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TABLE B5-41. THERMOFOR CATALYTIC CRACKER: HEAVY
CYCLE GAS OIL, BULK LIQUID
Peak Concentration
No. Compound (ppb)
1 Benzene 80
2 Toluene 540
3 Ethylbenzene 200
4 n-Xylene/o-Xylene 1,100
5 3-Ethyl toluene 940
6 1,3,5-Trimethylbenzene 500
7 2-Ethyl toluemne 200
8 1,2,4-Trimethylbenzene 200
9 Indan 350
10 Cy—-Alkylbenzene 350
11 C,-Alkylbenzene 500 -
12 Cy=-Alkylbenzene 400
13 Methyl indan 250
14 Methyl indan 150
15 Methyl indan 250
16 Naphthalene 920
17 2-Methylnaphthalene 2,200
18 l-Methylnaphthalene 1,400
19 Co—Alkylnaphthalene 2,700
20 Ca~Alkylnaphthalene 4,200
21 C,—Alkylnaphthalene 1,700
22 Cp=Alkylnaphthalene 740
23 Acenaphthylene 200
24 Co—Alkylnaphthalene 390
25 C;—Alkylnaphthalene 1,300
26 Cp—-Alkylnaphthalene 1,700
27 Cp=Alkylnaphthalene 1,900
28 C3;~Alkylnaphthalene 2,300
29 Cp-Alkylnaphthalene 1,600
30 Co-Alkylnaphthalene 200
31 Fluorene 150
32 C,—Alkylnaphthalene 500
3 Methyl fluorene 250
34 Methyl fluorene 250
35 Methyl fluorene 200
36 Dibenzothiophene 650
37 Anthracene 180
38 Methyl anthracene 4,800
39 Methyl anthracene 4,900
40 Methyl anthracene 5,200
41 Pyrene 5,200
42 Methyl pyrene 420
43 Methyl pyrene 2,900
44 Methyl fluoranthene 2,100
Continued
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TABLE B5-4l1. Continued

Peak Concentration
No. Compound (ppb)
45 Methyl fluoranthene 260
46 Chrysene 2,400
47 Methyl chrysene 200
48 Methyl chrysene 1,400
49 Methyl chrysene 1,600
50 Methyl chrysene 600
51 Methyl chrysene 900
52 Methyl chrysene _ 480
53 Dimethyl chrysene 190
54 Dimethyl chrysene 1,000
55 Dimethyl chrysene 900 -
36 Dimethyl chrysene 1,100
57 Dimethyl chrysene 620
58 Dimethyl chrysene . 880
59 Dimethyl chrysene 1,100
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TABLE B-5-42. CATALYTIC REFORMER: HYDROGEN (H,) RECYCLE GAS

Vapor on Vapor on

Compound XAD, Ug Tenax, Ug
Benzene 130.0 0.010
Toluene ~350.0 0.34
Ethylbenzene 25.0} 0.38
m, p-Xylene 100.0 )
o-Xylene 36.0 0.38
Isopropylbenzene . 4.8 0.38
n-Propylbenzene 18.3 0.38
3 or 4-Ethyl toluene 61.0
1,3,5-Trimethylbenzene 42.0
2=-Ethyl toluene 11.0 0.88
1,2,4=Trimethylbenzene 63.0
1,2,3-Trimethylbenzene 11.0
Dimethylethylbenzene . 5.0 0.88
Tetramethylbenzene 6.6 0.88
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TABLE B5-43., CATALYTIC REFORMER: NAPHTHA FEED
Bulk Liquid Vapor on Vapor on

Compound (ppm) XAD, ug Tenax, ug
Benzene 1040 59 0.098
Toluene 1800 670 2.9
Ethylbenzene 550 88 0,55
m, p~Xylene 4500 - 640 2.6
o=Xylene 1700 260 1.6
Isopropylbenzene 420 48 0. 38
n-Propylbenzene 690 90 0.52
3 or 4-Ethyl toluene 3200 330 2.70
1,3,5~Trimethylbenzene 2600 200 1.9
2-Ethyl toluene 520 33 - 0.24
1,2,4=-Trimethylbenzene 2600 180 1.19
1,2,3-Trimethylbenzene 190 11 0.077
Methylpropylbenzene 65 - -
Diethylbenzene 19 - 0.013
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TABLE B5-45.

CATALYTIC REFORMER:
NAPHTHA (DEPENTANIZER BOTTOMS)

PRODUCT

Bulk Liquid, ppm Vapor, LE
Compound Fractica 1  Fraction 2 Total Fraction 1 Fraction 2 Total
Benzene - - - 21 0.3 21
Toluene 85,000 480 85,000 190 68 260
Ecthylbenzene 15,000 49 15,000 140 4 140
m,p-Xylene 74,000 800 75,000 160 130 290
o-{ylene 30,000 570 30,000 95 72 170
Isopropylbenzene —_ - —_ 5 _ 5
Propylbenzene -— - - 20 - 20
Methylethylbenzene 18,000 78 18,000 B2 15 97
Methylechylbenzene 11,000 78 11,000 22 19 41
Trimethylbenzens 3,600 45 3,600 16 10. 26
Methylechylbenzene 15,000 440 15,000 24 53 79
Trimethylbenzene 5,900 140 6,000 — _ —_
Dimethylbenzene - 14 14 —_ - —_—
Diethylbenzena -— -_— — -— 15 15
Indane 220 33 250 4 5 9
Dimechylethylbenzene - <1 — 1 3 4
Dimethylethylbenzene -— 9 00 —_ —_ -
Dimethylethylbenzene 51 14 65 _— 5 —_
Dimethylethylbenzene — 11 11 _— 3 -
Tetramethylbenzene 230 30 260 5 1 6
Tetramethylbenzene 180 15 300 -— B 8
Mechyldiethylbenzaene - 23 23 2 6 8
Di-isopropylbenzene —_— 14 14 -— -
Methyl indane 50 — 50 e - -
Mathyl indane 70 8 80 1 2 3
Di-isopropylbenzene — 14 14 -— —_— -~
Tetramethylbenzene 59 9 68 — 4 -—
Cs-Alkylbenzene 14 —-— -— - - -
Cs=Alkylbenzene 10 —_ - - - -
Cs-Alkylbenzene 20 - — - _— —
Naphthalene 410 280 720 _ 10 10
2-Methylnaphthalene Bl 120 200 — — -—
1-Methylnaphthalene 37 62 100 - - -
C2~Alkylnaphthalene 6 -— 6 - e -
Cz-Alkylouphthalene 34 31 65 - -— -
Cz-Alkylnaphthalene 40 _ 41 Bl - -— -
Cz—Alkylnaphthalene 22 18 40 _— -— -
Cz-Alkylnaphthalene 13 14 27 — - —
C;-Alkyinaphthalene 3 —_ 3 - - -
Biphenyl 54 54 - -— -
Fluorene —— 54 54 — - —
Anthracene —_ 4 4 — -—
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TARLE B5-46. CATALYTIC REFORMER: PRODUCT
NAPHTHA, BULK LIQUID

Bulk Liquid Vapor on XAD - Vapor on Tenax
Compound (ppm) (ug) (ug)
Benzene 440 8.4 0.22
Toluene ' 4,900 74 .0 1.0
Ethylbenzene 2,000 32.0 1.1
m, p-Xylene 7,000 120.0 0.81
o-Xylene 2,000 50.0 0.81
Isopropylbenzene 310 2.3 0.11
n-Propylbenzene 1,400 20.0 0.78
3-Ethyl toluene 5,500 48.0 2.4
4-Ethyl toluene 2,400 38.0 -
1,2,3-Trimethylbenzene 1,600 22.0 -
1,3,5-Trimethylbenzene 260 - -
2=Ethyl toluene 6,500 74.0 1.1
sec~-Butylbenzene 300 5.2 —_
1,2,4-Trimethylbenzene 1,400 20.0 0.52
Diethylbenzene 95 1.6 -
Methylisopropylbenzene 120 2.2 -
Methylpropylbenzene 1,600 15.0 0.76
Methylpropylbenzene 1,300 10.0 -
Methylpropylbenzene 450 9.1 -
Diethylbenzene 960 11.0 0.52
Diethylbenzene 360 4.0 0.21
Dimethylethylbenzene 1,100 12.0 0.71
Dimethylethylbenzene 140 11.0 -
Dimethylethylbenzene - 1.6 -—
Dimethylethylbenzene 60 2.2 -
Cs-Alkylbenzene 330 0.8 -
Tetramethylbenzene - 1,200 7.6 -
Tetramethylbenzene: 1,100 7.4 0.35
Tetramethylbenzene 900 1.6 -
Cs-Alkylbenzene 350 3.2 —-—
Cs—Alkylbenzene 400 1.6 -
Naphthalene 2,800 7.4 0.65
_ Cg=Alkylbenzene 460 1.6 -
Cs—Alkylbenzene 310 1.0 -
2-Methylnaphthalene 2,200 - —
1-Methylnaphthalene 2,600 —_ -
C>~-Alkylnaphthalene 700 —_ -
C;-Alkylnaphthalene 1,300 - -
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TABLE B5~47. CATALYTIC REFORMER: PRODUCT
NAPHTHA, BULK LIQUID

Peak Concentration
No.  Compound (ppb)
1 Benzene 80
2 Toluene 2,100
3 Ethylbenzene 440
4 n-Xylene/p-Xylene 4,100
5 o—Xylene 1,200
6 Isopropylbenzene 200
7 n-Propylbenzene : 780
8 3-Ethyl toluene 620
9 1,3,5-Trimethylbenzene 180
10 2-Ethyl toluene 80
11 Cy~Alkylbenzene 140 -
12 1,2,4~Trimethylbenzene 230
13 Indan 86
14 Cy=-Alkylbenzene . 320
15 ' Cy=Alkylbenzene 69
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- TARLE B5-438.

CATALYTIC REFORMER: PRODUCT
NAPHTHA, BULK LIQUID

Compound ppm
Benzene 83.8
Toluene 840.0
Ethylbenzene 142.0
m/p-xylenes 632.0
o—xylene 31.2
i-propylbenzene 35.7
n-propylbenzene 210.8
m/p-ethyltoluene 207.0
1,3,5-Trimethylbenzene 71.4
o-ethyltoluene 64.6
1,2, 4=Trimethylbenzene 184.0
sec—Butylbenzene 46.0
i-Butylbenzene 56.0
Indan 17.5
Cyu—Alkylbenzene 98.0
C,~Alkylbenzene 11.8
Cy—-Alkylbenzene 104.0
Methylindan 28.0
Methylindan 8.00
Cy—-Alkylbenzene 11.2
Cy—Alkylbenzene 20.0
Methylindan 6.00
Cz~-Alkylbenzene 18.3
Cs~Alkylbenzene 6.50
Cs~Alkylbenzene 13.0
Methylindan 5.20
Tetralin 4.60
Naphthalene 9.02
Co=Alkylindan/methyltetralin 11.2
Cs-Alkylbenzene 2.50
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PRODUCT

Fluorene

TABLE B5-49. CATALYTIC REFORMER.:
NAPETHA, BULK LIQUID
Compound ppm
Benzene 826.0
Toluene 445.0
Ethylbenzene 581.0
m/p-xylenes 1160.0
o=xylene 315.0
i-propylbenzene 44,2
n-propylbenzene 182.0
m/p-ethyltoluene 1560.0
1,3,5-Trimethylbenzene 493.0
o-ethyltoluene 168.0
1,2, 4~Trimethylbenzene -952.0
sec-Butylbenzene 32.0
Indan 58.8
Cy=Alkylbenzene 548.0
n-Butylbenzene 144.0
Cy=Alkylbenzene 322.0
. Cy=Alkylbenzene 336.0
Cy-Alkylbenzene 284.0
Cy—~Alkylbenzene 400.0
Cs-Alkylbenzene 166.0
Cs—Alkylbenzene 41.5
Methylindan 76.0
Cs=Alkylbenzene 90.0
Cs~Alkylbenzene 22,5
Cs—Alkylbenzene 92.5
Methylindan 107.0
Naphthalene 82.5
Cs—Alkylbenzene 87.5
Cs=Alkylbenzene 17.5
2-Methylnaphthalene 277.0
l1-Methylnaphthalene 47.9
Cz=Alkylnaphthalene 5.25
Cz—Alkylnaphthalene 23.8
Biphenyls 0.660
Cs—Alkylnaphthalene 45,0
Cs=Alkylnaphthalene 15.75
Cz—-Alkylnaphthalene 7.00
Methylbiphenyls 2.04
Ci-Alkylnaphthalene 1.74
Ci-Alkylnaphthalene 4.93
Ci3~Alkylnaphthalene 3.48
Cy—Alkylnaphthalene 2.32
.13
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TABLE B5-50. CATALYTIC REFORMER: PRODUCT
NAPHTHA, BULK LIQUID

Comp ound ppm
Benzene 150.0
Toluene 396.0
Ethylbenzene 451.0
m/p-xylenes 1950.0
o-xylene 85.8
i-propylbenzene 59.5
n-propylbenzene 204.0
m/p-ethyltoluene 1020.0
1,3,5-Trimethylbenzene 340.0
o—ethyltoluene 42.5
1,2,4-Trimethylbenzene 1390.0
sec=Butylbenzene 32.0
i-Butylbenzene 30.0
1,2,3-Trimethylbenzene 143.0
Cy—Alkylbenzene 56.3
Indan 36,3
Cy—Alkylbenzene 280.0
n-Butylbenzene 220.0
Cy—Alkylbenzene 300.0
Cy—Alkylbenzene 68.0
Cy—Alkylbenzene 300.0
Methylindan 70.0
Methylindan 44,0
Cy=Alkylbenzene 340.0
Cy—Alkylbenzene 32.0
Cy=Alkylbenzene 40,0
Cs—Alkylbenzene 83.0
Cy=Alkylbenzene 200.0
Methylindan 58.0
Cs—Alkylbenzene 100.0
Cs—Alkylbenzene 160.0
Methylindan 94.9
Cs—Alkylbenzene 75.0
Cs—Alkylbenzene 27.5
Cs~Alkylbenzene 100.0
Cs=-Alkylbenzene 45,0
Cs-Alkylbenzene 125.0
Cs=Alkylbenzene 12.5
Naphthalene 228.0
Co—-Alkylindan/methyltetralin 7.13
Cs—-Alkylbenzene 40.0
Co—Alkylindan/methyltetralin 34.1
Cs—Alkylbenzene 27.5

Continued
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"TABLE B5-50. Continued

Compound

Cr-Alkylindan/methyltetralin
Cz-Alkylindan/methyltetralin
Cz—-Alkylbenzene
2=Methylnaphthalene
1-Methylnaphthalene

C —-Alkylnaphthalene

C =-Alkylnaphthalene

C —-Alkylnaphthalene

C -Alkylnaphthalene
Phenanthrene/Anthracene
Methyl phenanthrene/anthracene
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TABLE B5-51. ALKYLATION UNIT: CRUDE ALKYLATE,
ORGANIC SPECIES ON TENAX

No Aromatic Species Detected.

TABLE B5-52. ALKYLATION UNIT: ALKYLATE
GASOLINE, BULK LIQUID

No Aromatic Species Detected
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TABLE B5-53. ALKYLATION UNIT:

CRUDE ALKYLATE

Bulk Liguid, Vapor on Vapor on
Compound pPpm XAD, ug Tenax, ug

Benzene 0.69 0.0044
Toluene 3.3 0.067
Ethylbenzene . 5.2 0.064
m,p-Xylene 42,0 0.20
o-Xylene 22.0 0. 094
n=-Propylbenzene 48.0 —-—
3-Ethyl toluene 36.0 0.86
1,2,3-Trimethylbenzene 96.0 -
1,3,5=-Trimethylbenzene 54.0 -
2-Ethyl toluene 230-0 0.73
1,2,4=Trimethylbenzene 72.0 0.22
Diethylbenzene 6.0 0.14
Methylisopropylbenzene 2.6 0.0088
Methylpropylbenzene 26-0 0.35
Methylpropylbenzene 72.0 —
Methylpropylbenzene 47.0 -
Diethylbenzene 65.0 0.083
Diethylbenzene 22.0 -
Dimethylethylbenzene 72-0 0.15
Dimethylethylbenzene 66.0 0.11
Dimethylethylbenzene 17.0 —
Tetramethylbenzene 32.0 0.12
Tetramethylbenzene 48.0 0.15
Tetramethylbenzene 30.0 -
Cs—Alkylbenzene 10.0 -
Cs~Alkylbenzene 12.0 -
Naphthalene 140.0 0.57
Cs—Alkylbenzene 14.0 -
2-Methylnaphthalene 36.0 0.12

%None of the vapor species were found in the bulk liquid. The vapor species,
therefore, must have been adsorbed from the ambient air or from cross-
contamination with other samples from residue in the sampling train.
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TABLE B5-54. ALKYLATION UNIT: CRUDE
ALKYLATE, BULK LIQUID

Peak Concentration
No. Compound (ppb)
1 Benzene 120
2 Toluene 200
3 Ethylbenzene 77
4 m-Xylene/p-Xylene 370
5 o-Xylene 370
6 Isopropylbenzene 280
7 n-Propylbenzene 160
8 3-Ethyl toluene 100
9 1,3,5-Trimethylbenzene 420
10 1,2,4~Trimethylbenzene 300
11 Indan 100
12 Cy—Alkylbenzene 100
13 Cy-Alkylbenzene 300
14 Methyl indan _ 100
15 Methyl indan 200
16 Cu-Alkylbenzene 450
17 Naphthalene 200
18 2-Methylnaphthalene 300
19 1-Methylnaphthalene 250
20 Cr—-Alkylnaphthalene 50
21 Cz=Alkylnaphthalene 200
22 Cz=Alkylnaphthalene 450
23 Co=-Alkylnaphthalene 250
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DESULFURIZED

TABLE B5-55. NAPHTHA HYDRODESULFURIZATION:
NAPHTHA PRODUCT, BULK LIQUID

Compound pPpm
Benzene 18.8
Toluene 5836.0
Ethylbenzene 299.0
m/p-xylenes 260.0
o-xvlenes 195.0
i-propylbenzene 49.3
n-propylbenzene 51.0
m/p-ethyltoluene 272.0
1,3,5-Trimethylbenzene " 1530.0
o-ethyltoluene 170.0
1,2, 4=Trimethylbenzene 136.0
i-Butylbenzene 24.0
1,2,3-Trimethylbenzene 98.0
Cy—Alkylbenzene 80.4
Indan . 15.0
Cy—Alkylbenzene 174.0
Cuy—~Alkylbenzene 70.0
Cy—-Alkylbenzene 42.0
Methylindan 24.0
Methylindan 22.0
Cy=Alkylbenzene 10.0
Cs=Alkylbenzene 55.6
Cs—Alkylbenzene 16.8
Cs—-Alkylbenzene 23.2
Methylindan 13.4
Cs—-Alkylbenzene 7.50
Cs-Alkylbenzene 27.5
Methylindan 16.9
Cs—Alkylbenzene 40.0
Cs—Alkylbenzene 42.5
Tetralin 44,0
Cs—Alkylbenzene 12.5
Co=-Alkyl indan/methyl tetralin 34.1
C;—Alkyl indan/methyl tetralin 31.0
Cs=Alkyl indan/methyl tetralin 4.96
Cy-Alkyl indan/methyl tetralin 1.71
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TABLE B5-56. HYDRODESULFURIZATION UNIT: DESULFURIZED
GAS OIL, BULK LIQUID

Compound . ppm
Toluene 3.52
Ethylbenzene 10.9
m/p-xylenes 5.59
o—-xylene 2,73
n~-propylbenzene 4,08
m/p-ethyltoluene 6.46
1,3, 5-Trimethylbenzene 2,21
o-ethyltoluene 2.72
1,2, 4-Trimethylbenzene 4.93
Cy—Alkylbenzene 6.40
Cy-Alkylbenzene 2.60
Cs—Alkylbenzene 4.60
Cy—Alkylbenzene 1.84
Cy=Alkylbenzene 14.6
Cy~Alkylbenzene - 2.00
Biphenyl 1.87
Phenanthrene/anthracene 1.43
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TABLE B5-57. GASOLINE SWEETENING UNIT: MIXED
NAPHTHA FEED, BULK LIQUID
Peak Concentration
No. Compound (ppm)
1 Benzene 130
2 Toluene 8,500
3 Ethylbenzene 1,100
4 m,p-Xylene 7,000
5 o-Xylene 1,700
6 Isopropylbenzene 1,100
7 n-Propylbenzene 1,800
8 3-Ethyl toluene 4,200
9 4-Ethyl toluene 2,900
10 1,2,3-Trimethylbenzene 1,800
11 2-Ethyl toluene 5,000
12 sec—Butylbenzene 650
13 1,2,4-Trimethylbenzene 2,000
14 Diethylbenzene 800
15 Methylisopropylbenzene 130
16 Methylpropylbenzene 1,100
17 Methylpropylbenzene 550
18 Diethylbenzene 900
19 Diethylbenzene 230
20 Dimethylethylbenzene 900
21 Dimethylethylbenzene 650
22 Dimethylethylbenzene 340
23 Cs~Alkylbenzene 290
24 Dimethylethylbenzene 150
25 Tetramethylbenzene 600
26 Tetramethylbenzene 600
27 Tetramethylbenzene 600
28 Cs-Alkylbenzene 80
29 Cs—Alkylbenzene 200
30 Naphthalene 1,600
31 Cs=Alkylbenzene 200
32 Cs—-Alkylbenzene 120
33 Cs=-Alkylbenzene 160
34 Methylnaphthalene 300
35 C2-Alkylnaphthalene 300
36 Cz-Alkylnaphthalene 190
37 dio-Anthracene
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TABLE B5-58. GAS ABSORBTION UNIT: LEAN
OIL (NAPHTHA), BULK LIQUID

Peak Concentration
No. Compound (ppb)
1 Benzene 1,600
2 Toluene 10,000
3 Ethylbenzene 2,200
4 m~-Xylene/p-Xylene _ 22,000
5 o=-Xylene 5,000
6 Isopropylbenzene 980
7 n-Propylbenzene 9,500
8 3-Ethyl toluene 9,300
9 1,3,5=Trimethylbenzene 1,400
10 2,Ethyl toluene 3,500
11 Cy-Alkylbenzene 300 -
12 1,2,4-Trimethylbenzene 2,400
13 Indan 2,100
14 Cus—Alkylbenzene . 1,200
15 Cy—Alkylbenzene 1,800
16 Cu-Alkylbenzene 400
17 Cy—Alkylbenzene 1,300
18 Cy-Alkylbenzene 1,300
19 Methyl indan 560
20 Methyl indan 1,100
21 Cy-Alkylbenzene 450
22 Cy—Alkylbenzene 600
23 Cy~Alkylbenzene 840
24 Cs—-Alkylbenzene 250
25 Methyl indan 400
26 Methyl indan 500
27 Cs=-Alkylbenzene 800
28 Naphthalene 100
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TABLE B5-59. SOLVENT DEWAXING UNIT: SLACK WAX

Bulk Gas Vapor on Vapor on
Compound Liquid, ppm XAD,ug Tenax, Hg
Benzene ' 73 - 0.022
Toluene 17000 4100 23.8
Ethylbenzene/m or p—-Xylene - - 0.033
o—Xylene - - 0.064
3 or 4-Ethyl toluene - - 0.059
1,3,5~Trimethylbenzene - - 0.035
2-Ethyl toluene ' - - 0.013
1,2,4-Trimethylbenzene - - 0.071
1,2,3-Trimethylbenzene - - 0.024
Di-ethylbenzene - - 0.033
Di-methylethylbenzene - - 0.014
Di-methylethylbenzene - - 0.034
Tetramethylbenzene - - 0.020
Tetramethylbenzene - - 0.024
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amber bottle was filled, sealed, and kept refrigerated until
analyzed. The results of this type of sampling/analysis are
labeled "Bulk Liquid." An attempt was made to get line material
samples for vapor phase streams, but no reliable results were
obtained because of leakage (glass bombs) or contamination
(metal bombs). The fugitive emissions from fittings on these
streams were also analyzed by adsorbing the organics on a solid
resin. The resin packed tubed were then capped, refrigerated,
and transported to Austin under refrigeration. The adsorbed
organics were then extracted from the resin and analyzed by
GC-MS. The results of this type of sampling/analysis are
labeled either "Vapor on XAD" or "Vapor on Tenax," depending

on which type of resin was used. '

5.2 EXPERIMENTAL COMPARISON OF COMPOSITION OF LEAKING
' VAPOR‘WITH COMPOSITION OF LIQUID IN PIPES

The scope of the refinery program included the deter-
mination of the location and concentration of hazardous materials
contained in fugitive hydrocarbon emissions. To meet this
objective, corresponding liquid and fugitive vapor samples were
obtained during the field portion of the program.

The liquid samples were obtained from selected process
streams at locations such as sample lines, drain lines, or other
appropriate equipment.

Corresponding fugitive vapor samples were obtained
from leaking valves on the process line in question. The vapors
were collected using either activated charcoal, Tenax resin, or
XAD-2 resin adsorption medias. These materials were contained
in packed tubes.
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Both the liquid and the vapor samples were analyzed
by Radian. The analysis procedures are discussed in detail in
Appendix A.

The sampling and analyses of vapor samples is time-
consuming. The analysis of liquid hydrocarbons is considerably
simpler. Corresponding vapor and liquid samples were analyzed
to compare their compositions. The results were inconclusive
in defining the relationship between the liquid in the pipe and
the leaking wvapor.

5.2.1 Experimental System

An experiment was conducted to determine the relation-
ship between the liquid and fugitive vapor compositions.

5.2.1.1 Experimental Equipment--

In the experiment, a valve, similar to those used in
refineries, was installed in a system designed to dﬁplicate
conditions found within refinery process streams. The system
consisted of equipment which circulated hydrocarbon liquid
through the valve at elevated temperature and pressure. The
valve packing material was adjusted to produce a relatively low
vapor leak. Samples of this vapor were analyzed and compared
to the liquid in the system.

Two different hydrocarbon mixtures were used during
the experiment. The first consisted of roughly equivalent
amounts of hexane and toluene. The selection of these materials
was based on the following factors:

) Both materials are relatively volatile and
‘would remain in the vapor phase. That is, as
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these hydrocarbons leave the seal, they do
not condense on cooler surfaces at the low

concentrations involved.

. There are considerable differences between
the physical and chemical properties of
hexane and toluene. And, éeparation of the
materials by GC is not difficult.

() Both materials are available in bulk quantities
at low cost. )

The second hydrocarbon mixture used consisted of
hexane, toluene, and naphthalene. This system was selected
after the results of earlier testing indicated that the compo-
sitions of the liquid and vapor were identical. The boiling
point of naphthalene (218°C) is considerably higher than either
hexane or toluene. And, the presence of significant quantities
of naphthalene in the vapor leak would provide additiomal
evidence for a conclusion of identical composition.

A simplified_diagram of the valve assembly used in
this experiment is given in Figure B5-1. This diagram indicates
important equipment and gives other information on the operation
of the system. ‘

Pressure within the system was maintained with a small
gear pump. The pump was capable of producing pressures in
excess of 100 psig at flow rates of approximately 5 GPM.

From the pump, the hydrocarbon liquid circulated
through a section of 1" pipe wrapped with electrical heating
tape. The heating tape was used to raise the hydrocarbon tem-
perature of the pump. The liquid then entered a secticn of 6"
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pipe which contained the valve from which fugitive emission
samples were obtained. Temperature and pressure indicators were

also located on this section of pipe.

Liquid samples were obtained from a sample line
located after the 6" valve assembly. Following the liquid
sample line was a flow control globe valve. This valve was
used to regulate the pressure within the 6" valve assembly.
From the control valve, liquid passed to a small elevated surge

tank from which the pump took suction.

5.2.1.2 Collection and Analysis of Vapor Samples--

The fugitive emission vapor samples were obtained from
the 6" Crane gate valve. The packing gland was adjusted to
give a leak rate of approximately 0.015 1lb/hr. The leak rate
was determined by measuring the gas concentration at the seal
with a Bacharach "TLV Sniffer". The leak rate was estimated
from the correlations presented in Section 2.4 of this appendix.

The packing gland and valve stem were enclosed within

a small Mylar plastic shroud (or tent). Zero air (air with an

extremely low concentration of hydrocarbons) was injected into the

tent to keep the hydrocarbon concentration at low levels.

Vapor samples for the hexane-toluene system were taken
from within the tent using a 1 ml gas-tight syringe. The sample
was immediately injected into the sample port of an AID portable
gas chromatograph.

Analysis of vapor samples for the hexane-toluene-

naphthalene system was accomplished using a Hewlett-Packard
temperature programmable gas chromatograph.
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5.2.1.3 Collection and Analysis of Liquid Samples--

Liquid samples were taken from an ice-water cooled
sample line. The sample line was cooled to prevent flashing
of the liquid,

Liquid samples from the hexane-toluene system were
analyzed on the portable AID gas chromatograph while.samples
from the hexane-toluene-naphthalene system were analyzed on the
Hewlett-Packard temperature programmable gas chromatograph.

5.2.2 Testing Results

The following tests were conducted:

1) The response time of the system was determined,
that is, the time required for the vapor
composition to equilibrate after a change in

the liquid composition.

2) Vapor and liquid compositions were determined

for the hexane-toluene systems.

3) Vapor and liquid compositions were determined
for the hexane-toluene-naphthalene system.

4) The effect of temperature and pressure on the

vapor composition of the hexane-toluene system

was investigated.
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5.2.2.1 Equilibration Test Results

The response time of the system was determined to
insure that adequate time was allowed for the system to reach
equilibrium before testing was initiated.

The results of this test are shown graphically in
Figure B5-2. The concentration of toluene in the vapor as a
function of time in response to a step change in the concentra-
tion of toluene in the liquid is shown. The concentration
values have been normalized to show the percentage of the total
required concentration change. The actual toluene concentration
was changed from 43.1 percent to 57.2 percent. These results
indicated that at least eight hours were required after a change
in the system composition before steady state operation was

achieved.

5.2.2.2 Vapor-Liquid Compositions: Hexane-Toluene System--

After completion of the equilibration test, numerous
vapor and liquid samples were taken. The results of this test
are given in Table B5-62. Operating. conditions for the test

ware:

200°F
80 psig

Temperature

i

Pressure
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TABLE B5-62. COMPARISON OF VAPOR AND LIQUID COMPOSITIONS:
HEXANE-TQLUENE SYSTEM

Concentration of Toluene

Sample Type 3 Number of Samples
Vapor 56.9 £ 0.8 7
Liquid 57.2 £ 1.2 ' 15

5.2.2.3 Vapor-Liquid Compositions: Hexane-Toluene-Naphthalene
System--

Naphthalene was added to the hexane-toluene system to
determine the emission characteristics of a much heavier com-
ponent. A mixture of hexane and toluene containing 8 percent
naphthalene was used. The naphthalene vapor concentrations
obtained ranged from 2-6 percent, somewhat lower than the liquid
concentration. It was observed, however, that small amounts of
solid naphthalene had accumulated within the sampling syringe.

5.2.2.4  Effect of Temperature and Pressure--

Vapor and liquid concentrations were measured for the
hexane-toluene system at the following operating conditions:

i) T = 130°F, P = 40 psig
2) T = 130°F, P = 100 psig
3 T = 200°F, P = 40 psig
4) T = 200°F, P = 100 psig

In all cases, the vapor and liquid concentrations
remained constant at the levels given in Table B5-63.
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5.2.3 Conclusions

Based on the results obtained during the course of
this experiment, the following conclusions are offered-

1) The composition of fugitive emissions from
refinery process equipment appears to be
identical to the composition of the liquid
within the leaking equipment.

2) .The temperature and pressure of the process
stream have no effect on the composition of
the leak.

3) Heavier components within the liquid process
stream may leak at concentrations equivalent
to that of the line concentration. However,
they may condense on cooler external surfaces.
Hence, only a portion of these heavier components

will constitute air emissions.

459



SECTION 6
MAINTENANCE STUDIES

To evaluate control technologies for valves and to
develop parameters for "off-set' analyses using valve mainte-
nance programs, data on the effectiveness of various types of
maintenance activities are needed. In this section of the
report, the short-term effects of maintenance are described.

No long-term effects are available. However, an ongoing program
is described.

6.1 -  SHORT-TERM MAINTENANCE RESULTS

A short-term maintenance study was performed on 86
valves at four refineries. Three variables were considered in
selecting valves for the study: leak rate, process stream, and
valve type. A selective experimental design based on categories
of the above variables was used to minimize the number of
required valves in the study.

Eligible valves were first located by screening with
a TLV Sniffer. Variable information was recorded. Each valve
was then rescreened and sampled. Routine maintenance, such as
tightening the packing gland or adding grease, was performed on
the valve. Maintenance was described as directed or undirected.
Directed maintenance involved simultaneous maintenance and
screening of the valve until no further reduction in TLV Sniffer
reading could be obtained. Undirected maintenance was not
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monitored with the TLV Sniffer. Finally, the valve was
rescreened or resampled after the maintenance had been per-
formed. Table B6-1l summarizes all maintenance and leak rate
information.

The effect of the type of maintenance performed,
either directed or undirected, c¢an be seen in Figures Bé-1 and
B6-2. The leak rate of the valve before maintenance is plotted
against the leak rate for the valve after maintenance for both
the directed and the undirected maintenance efforts. Valves
that exhibited a reduction in leak rate are indicated by those
points that fall below the diagonal line drawn in each figure.
Those valves whose leak rate increased are shown as the points
plotted above the line. Valves whose leak rates show no change
after maintenance are represented by points on the line. It
appears that the directed maintenance produces a greater reduc-
tion in leak rate in a larger percentage of valves. This indi-
cates that the directed maintenance method is more effective

than undirected maintenance in reducing emissions from valves.

The percentage reduction in leak rates after mainte-
nance was calculated using the following equation:

Leak Rate Before Maint. - Leak Rate After Maint.
Leak Rate Before Maint.

Percentage Reduction =

Negative percentage reductions are possible in cases where the
leak rate increases after maintenance. The highest potential
reduction in emissions is 100 percent. HoWever, it is possible
to get negative percentage reductions that are much greater
than 100 percent, particularly if the original leak rate is

very low.
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Figure B6-3 summarizes the percent reduction data
with histograms comparing directed and undirected maintenance.
The effectiveness of directed versus undirected maintenance is
obvious when comparing the distributions of percent reduction.

The effects of the valve maintenance studies are
summarized in Table B6-2. The results are shown for both the
directed and the undirected maintenance programs, and are
grouped according to the level of emission rates. Two results
are noteworthy. It is evident that the percentage leak reduc-
tion for those wvalves that were subjected to directed mainte-
nance is considerably greater than that of the valves that had
undirected maintenance. It is also apparent that the level of
the initial leak rate has a marked effect on the percentage
reduction in emission rate for both directed and undirected
maintenance. The percentage reduction achieved by maintenance
is lower for the initially small leak rates. In the very low
initial leak range, < 0.001 pounds per hour, the average and

weight percent reduction was actually negative.

It should be -noted that as the magnitude of the leak
rate becomes smaller, both the mean percent reduction and weight
percent reduction decrease rapidly. Both of these parameters
are dependent on the magnitude of the leak rate and are highly
influenced by extremes within the leak rate range. The median
percent reduction, ‘however, is a more robust measure of central
tendency and cannot be affected by the very large negative values
of peréent reduction encountered at low leak rates with undirected

maintenance.
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The median percent reduction does show the same
patterns as the average and weight percent reductions. The
comparison between the median percent reductions for the two
types of maintenance indicates that directed maintenance yields
a higher reduction in leak rate. Undirected maintenance appears
to be less reliable at low leak rate levels ( 0.001 lb/hr) with
the potential for causing more increases in leakage. |

The individual percent reduction from the two mainte-
nance methods was plotted against the original screening value
in Figures B6-4 and B6-5. It appears on these graphs that the
positive percent reductions for directed maintenance are generally
higher than for undirected maintenance. Also, a greater per-
centage of the undirected maintenance valves appears to have
increased in leak rate after being maintained than for the
directed maintenance. Table B6-3 bears out these observations.
The median percent reduction for directed maintenance (91.2
percent) is significantly higher than that for undirected mainte-

nance (53.8 percent).

In Table B6-3 the valves are grouped according to the
categories of the three variables used in the experimental design
for selecting valves. One of these variables was valve function
(block or control). Control valves which had directed maintenance
had a slightly higher median percent reduction in leak rate than
block vlaves which had the same type of maintenance. However,
the opposite is true for valves which underwent undirected mainte-
nance. Again, even within the block/control groupings, directed
maintenance appears to yield a higher percent reduction in leak
rate than undirected maintenance.

The screening value range was also used in selecting

valves for the study. For directed maintenance, the median percent
reduction stays approximately constant across the screening value
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range. However, for the undirected maintenance group the median
percent reduction increases dramatically with increasing screen-
ing values. Within the low screening value range the median
percent reduction is very low, only 28.9 percent. This may
indicate that undirected maintenance at this screening level

is not effective at all. For the middle screening value range,
the median percent leak reduction increases to 82.1 percent,
almost as high as the value for directed maintenance (88.7
percent). However, the median percent leak reduction drops
again for the high screening value range (67.0 percent). The
effectiveness of the maintenance program appears to be much
more consistent when the directed method is used rather than

the undirected method.

The differences in percent reduction discussed above
should be considered as trends. Confidence intervals were cal-
culated for the key wvalues in Table B6-3. Differences in per-
cent reduction cannot be considered statistically significant
if confidence limits for the estimates overlap. The statistical
procedures used to calculate the confidence intervals are dis-

cussed in subsection 6.3.

A graphic representation of the differences between
the effect of maintenance on block and control valves is shown
in the next several figures. The leak rates before and after
maintenance are plotted for block and control wvalves in Figures
B6-6 and B6-7. The percent reduction in leak rate for each
valve 1s plotted against the original screening value for block
and control valves in Figures B6-8 and B6-9.

Finally, Figures B6-10 and B6-1l are histograms of

percent reduction for block and control valves for directed
and undirected maintenance. The differences described in Table
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B6-2 can be seen on these histograms. While no large differences
between valve function are obvious, the differences between the
percent reduction in emissions for valves undergoing directed
and undirected maintenance can be seen. The advantages of

directed maintenance are usually apparent.

The data from this study can be used to assess the
short term effectiveness of maintenance in a leak reduction
program. In extrapolating the data from the study to a general
population of valves, it is important to review how the valves
were selected for study. The selection of valves was not random;
rather, a specific experimental design was attempted. This
design called for at least four valves in each cell in Table B6-3
(directed versus undirected maintenance was not considered in.the

original design).

In extrapolating the percent reduction estimates from
this study to a general population of wvalves, the following

factors must be considered:

o Will directed or undirected maintenance be
employed?

L For what screening values will maintenance be
required?

Note that the type of valve and the type of process
fluid need not be considered since no consistent differences were
found for these factors in this study.

Suppose directed maintenance for all valves with

screening values greater than 5,000 ppmv is required. Estimates.
of the short term effectiveness of maintenance can be obtained
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by appropriately weighing the percent reduction statistics for
valves in the 5k to 50K and >50K screening ranges which under-
went maintenance.

From Table B6-3, the appropriate statistics for directed
maintenance are as follows:

Percent Reduction in Emissions

Screening
range Average Weight Median
5,000 - 50,000 81.5 89.2 - 88.7
> 50,000 62.5 92.6 93.1

All three of the percent reduction statistics are
potential estimates for the population percent reduction. Perhaps
the most useful of these statistics, however, is the weight
percent reduction since it allows .an estimation of the total mass
emissions reduction resulting from a valve maintenance program.
Continuing the above example, assume that for a random sample of
valves, 70 percent of all valves that will require maintenance
are in the 5K to 50K screening range and 30 percent of the valves
requiring maintenance are in the >50K screening range. Using the
weight percent reduction statistics and the percentage of valves
in each screening group, an estimate of the mass reduction for the
the population would be: -

Estimated effectiveness (total mass reductions)

(0.7 X 89.2%) + (0.3 X 92.6%)

90.2%

An appropriate confidence interval for this estimate would
be (727, 100%).
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6.2

LONG-TERM MAINTENANCE STUDIES

The effect of maintenance procedures on the long-term
reduction of emissions is currently being studied for a limited
number of wvalves. The staffs of three refineries are monitor-
ing several of those valves that were sampled and maintained as
part of Radian's refinery field study. Approximately 60 valves
are being screened with TLV Sniffers at intervals of one week to
one month for a total period of 6 months. The program has not
been completed. The results will be published in a separate
Technical Note when they are available. .

6.3 CONFIDENCE INTERVALS FOR PERCENT REDUCTION

Approximately 95 percent confidence intervals were
calculated for the three types of estimates of percent reduction
presented in Table B6-3. The statistical procedures used to
develop these intervals are discussed below.

The mean percent reduction in leak rate, being an
average of identically distributed random variables, was
assumed to be approximately normally distributed by the central
limit theorem. Thus, the 95 percent confidence limits are:

X * t_s—
c°X

where X is the mean,

sz is the standard error of x, and

tc is the critical t-value obtained from a table.
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The calculation of the confidence limits for the
median percent reduction in leak rate did not require an assump-
tion regarding the type of distribution. The method, which is
valid for all continuous distributions, is described briefly as

follows.

Suppose the data for which the median has been calcu-
lated are ordered so that

P, <P, £Ps £ ....5 Pm

th

where P, is the i~ value of percent reduction, and m is the

number of values. .Then the two poiﬁts whose indices are

wtl | 1.96/ @
77 7

are the desired confidence limits. Since these two indices are
actually not integers, interpolation between values was per-

formed to achieve slightly increased accuracy.

Confidence limits were also computed for the percent

total reduction in leak rate,

100 (B<A)
B

where B is the total leak rate before maintenance, and A is the
total leak rate after maintenance.

The expression for the variance of a ratio such as
the above is not known exactly but can be approximated using a
second-order Taylor's series expansion, as is discussed by
Mood, et al.!
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The type of distribution of this ratio is unknown.
It was felt, however, that +25 confidence limits provide a
reasonable indication of the uncertainty. If the ratio were
normally distributed, these would be 95 percent confidence

limits.
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SECTION 7

GENERAL SURVEY INFORMATION

There are many factors in a refinery which might
contribute directly to the fugitive emission load or indirectly
affect the overall emission level. However, they do not lend
themselves to direct sampling. Among these factors are mainte-
nance practices, laboratory techniques, unit shutdown proce-
dures, blind changing procedures and blending operations. In
order to evaluate these items, a general survey form for each
of them was submitted to the refiner. In this way, the informa-
tion necessary to compare these factors from one refinery to the
next was obtained.

7.1 'MAINTENANCE PRACTICES

It is widely acknowledged that good preventive
maintenance is one of the best ways to minimize fugitive emis-
sions. If the effectiveness of maintenance plans in reducing
fugitive emissions can be characterized, a valuable correlation
could be obtained. This correlation could be used when applying
the results of this study to other refineries.

Generally speaking, the refineries used combinations
of in-house and contract maintenance personnel. The in-house
maintenance people did much of the routine maintenance, and
supplemental contract labor was used during turnarounds and
larger maintenance projects.
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None of the refineries sampled during this study were
utilizing an extensive valve maintenance program during the period
when sampling was conducted. That is, routine screening of large
numbers of valves for the purpose of preventing or reducing hydro-
carbon emissions was not encountered. '

Some form of preventive maintenance program was in
force at five of the six refineries responding to this survey.
The extent of these programs varied, however, among refineries.
In one refinery an inspection of each unit is performed once a
year. Piping, furnace tubes, etc., are replaced if it is felt
that they might fail during the following year. Maintenance
records are not kept for extended periods of time; work orders
are held for one year. These work orders cover pump repairs
and seal replacement. Pumps, valves, flanges, etc., are in-~
-spected and adjusted/replaced only when a problem is reported.

At another refinery, however, a preventive maintenance
program i1s practiced on instrumentation, electric motors and
pumps. This includes a prescribed maintenance schedule for each
pilece of equipment. The program is supplemented by an equipment
file. These records are maintained of failures and service life
of various equipment items. The packing and seals of pumps,
valves, etc. are routinely inspected by operating personnel.
Some minor adjustments may be made when the need is observed.
More extensive work, as well as minor work on critical pieces
of equipment, is done by maintenance personnel after they
receive requirest by the operator.

In five of the six refineries, equipment files are
kept on pumps and compressors. Seal failures and packing leaks
are recorded. However, valve maintenance records were kept at
only one refinery.
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Maintenance personnel were generally not assigned
permanently to a particular unit in the smaller refineries.
They could be assigned to specific refinery areas which might
include several process units. Some maintenance people are
assigned to major process units in large refineries.

Three of the six refineries reported that 17 percent,
18 percent and 20 percent of the operating budget is devoted to
maintenance. One reported that 44 percent of its manpower was
devoted to maintenance. No information on the criteria used to
establish these numbers was available. '

Significant differences in emission rates were not
found amont the refineries. This would indicate that the
variations in maintenance programs found do not affect the

emissions rates.
7.2 PROCESS UNIT TURNAROUND PROCEDURES

Most normal maintenance in a refinery can be performed
while running, but some major items require that the unit be
shut down and opened. Since maintenance personnel must physi-
cally enter the vessels to work, the entire unit must be purged
of all hydrocarbons and tested to insure that it is ''gas free'.
This large scale overhaul of a processing unit is called a
"turnardound''. A survey was made to determine the frequency of
turnarounds on various process units as well as the disposition
of the purged hydrocarbons.

The following purging procedure is typical of industry
practice. The unit is shut down and process gases are vented to
a vapor recovery system, if available, or to the flare. Then
steam is charged to the unit to strip out the remaining hydro-
carbons. Most of this steam is vented to a closed blowdown
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system which will remove condensed water and route the gases to
the flare. A few "high-point'" vents are opened to the atmos-
phere during the latter stages of steaming out, but it is felt
that there is little significant hydrocarbon evolution by that
time. Then the steam flow is stopped and the unit is cooled,
thus condensing the steam. The condensate is drained off.
Atmospheric vents must be open at this stage to prevent the
formation of a destructive vacuum. Then the vessel manways are
opened and the interiors are gas tested. This procedure is -
thorough and effective, and its overall impact on fugitive
emissions is negligible, especially in light of the infrequent
nature of its occurrence.

The frequency of shutdowns for various units at one
refinery is presented below. These frequencies are typical of

the refining industry.

TABLE B7-1. SHUTDOWN FREQUENCY

Times Down in Scheduled Period

Unit Last 12 Months Between Turnarounds
Crude Unit 1 1l year
Crude Unit 1 1l year
Catalytic Cracker 1 . 1 year
Fuel Reformer 0 1 vear
Naphtha HDS 0 3 years
Alkylation 1 1l year
Aromatics Reformer 2 1 year
Aromatics Extraction 1 3 years

Only the Aromatics Reformer had exceeded its scheduled down times
with one unscheduled shutdown for catalyst regneration.
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7.3 BLIND CHANGING

A blind changing survey was included in this study
largely because of the results of the Los Angeles County study.
It was initially believed that the practice of routinely changing
pipeline blinds is unusual. This belief has been substantiated
in Refineries "A'" through "I'". Only when handling very expensive
and exotic materials, such as some lube o0il stocks, would the use
of blinds be warranted as a means of controlling direction of
flow to prevent any cross~-contamination. The refineries reported
that they do not routinely change a significant number of blinds.
Most blind changing takes place during the start-up or shutdown
of a unit, and at these times, the unit has generally been purged
of hydrocarbons. The refineries were unable to supply any detailed
information on the times, the hydrocarbon properties, or amounts
spilled during the limited amount of blind changing they did.

7.4 SAMPLING PROCEDURES

Quality control sampling in a modern refinery can
potentially add significantly to the overall fugitive emissions.
It is very difficult to quantify the emissions from sampling
because of their irregular and transient nature. General surveys
were made of sampling, flushing and sample waste disposal proce-
dures. It was hoped that this information could be correlated

into a sampling emission factor.

At one large refinery, laboratory personnel were observed
while drawing routine liquid samples in the field. Line flushings
were routed to a covered oily water drain system with a maximum
of 18 inches free fall and minimum exposed retention time (i.e.,
less than 2 minutes). Readings were taken with the J. W. Bacharach
"TLV Sniffer" at the drain entrance immediately before and after

sampling. No significant difference in readings was discernible,
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and the absolute parts per million readings were below the
selected sampling limit of 200 ppm. Thus, it was concluded that
the flushing of liquid samples did not significantly contribute
to the fugitive emission load at this refinery.

A common control test for light hydrocarbon fraction-
ators, the reflux end-point, or 'boil-away end-point", may cause
significant emissions. In this test, 100 milliliters of column
reflux are collected in a graduated vessel with a conical
bottom. Since the reflux of these '"stabilizer" towers is
primarily butane and lighter hydrocarbons, the sample will begin
to evaporate at ambient conditions. The vessel is then fitted
with a two-hole stopper, one side of which held a thermometer.
The sample is allowed to boil away, and the temperature noted
when 5 milliliters remain. This value is the reflux end-point,
or more precisely, the 95 percent point on the distillation
curve. At one refinery, it was observed that approximately
400 milliliters were flushed to the atmosphere in order to
obtain a sample representative of current operations. A survey
of the operating units revealed that this test was'routinely run
33 times per day at one large refinery. Therefore, 16.5 liters
of light hydrocarbon wére lost to the atmosphere per day.
Assuming that this material may be characterized as butane, this
would represent an emission of 0.87 pounds per hour or 21 pounds
per day. The number of reflux end-point tests reported by the
refineries varied from 6 to 33 per day. Thus, the losses from

this test varied from 4 to 21 pounds per day.

The overall sample load at one large refinery was
approximately 200 samples per day. Of these, about 40 percent
were gas samples for chromatographic analysis, about 24 percent
were volatile liquids (naphtha or lighter), and about 36 percent
were nonvolatile liquids. Sample wastes were emptied into one
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of two slop 0il collection systems, one for naphtha and one for

heavier materials.

The six refineries responding to the survey reported
sample loads of 50 to 200 samples per day.

7.3 BLENDING OPERATIONS

Although blending operations were not considered for
sampling as a refinery process module, they do employ many of
the same pieces of equipment and are therefore subject to fugi-
tive emissions. The only unique piece of equipment would be the
mechanical tank mixers. This emission source consists of a low-
pressure seal on a rotating shaft. The pump emission factors
should not be used as estimates of emissions from this source

for two reasons: (1) only a few samples were obtained from these

sources and there are no data to suggest that the pump emission
factors would be appropriate, and (2) these seals are often
exposed to vapor rather than liquid, particularly when vertical
mixers are employed. A portion of the survey included questions
to determine what facilities are allocated to blending at each

refinery.

One large refinery uses only batch blending. This is
done in two parallel systems, one for leaded gasolines and one
for unleaded. These two share no common facilities. Agitation
in the blending tanks is provided by side-entering mechanical
mixers. Emissions control on the leaded system is by floating
roof, while the unleaded system uses a vapor recovery system.
This is a conventional compression-absorption-stripping system
using light cycle gas oil from the catalytic cracker as the
absorption medium. There are nine tanks involved in this
operation, six in the leaded system and three in the unleaded.

513



Another large refinery blends all gasoline using in-
line blending. Both pump-around loops and mechanical mixers are
used to agitate tanks. There are eight tanks used in blending
service, and they are all equipped with floating roofs. Two
independent, parallel blending systems are employed.

A small refinery reported using batch blending. They
employ only two tanks in blending service. Both are equipped
with vapor recovery systems, and pump-around loops are used to
agitaté these tanks.

Another refiner employs six tanks in their single

train, batch blending system. All six tanks are equipped with
floating roofs.
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7.

6

CONVERSION FACTORS

To Convert From

Btu

bbl

gal

ton

1lbs

cm

ft?

psi

g/gal
Btu/bbl
kWh/bbl
1b/bbl
1b/10° Btu
grain/fc?
gal/MMcf
gpm
1b/1000 gal

kcal/l
kWh/ %
kg/2
g/Mcal
g/m?

%/ (hm)?
m?/hr

mg/2
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Multiply By

0.
159.
3.
907.
454

252
0
785
2

0.394
0.0283 .

.223
.264
.0016
.0063
.0285
.0
.29
133.
.227
119,
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