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OVERVIEW OF QUALITY ASSURANCE PROGRAM

- From the beginning of this program, the importance of
a comprehensive quality assurance effort was emphasized. All
phases of the sampling and analysis effort from experimental
design to data reduction included specific quality control
procedures. The quality control programs were continuously
reviewed by Radian's Quality Assurance Director who reported
his findings to the Project Technical Director and Program
Manager. There were two major objectives of the QA effort:

. to identify problems as they occurred
in the field, and

g to measure and document occurring levels
of accuracy and precision of all
measurements.

Quality control guidelines were developed to be both cost
effective and adequate to insure credible data. The quality
assurance program for the sampling and analysis activities
included the following elements:

. formatted-data\collection forms. for
direct keypunching of data recorded
in the field,

. repeated sampling of individual sources
with the same and different sampling
teams and sampling equipment,

o sampling and subsequent analysis of

standard gas mixtures,
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L4 continuous sample runs over an eight-hour
period,

L daily testing of screening devices on the
same sources,

. multiple screenings of the same devices
by different engineers, and

. replicate sample analysis and blind
standard analysis in the laboratory.

Quality control procedures for screening, sampling,
analyses, speciation, and data validation were originally
described in the techmnical proposal for the program. Specific
quality control charts and forms and modified QC procedures
were implemented at Refinery "E" in November 1977, and used
through the remainder of the program.

This. appendix presents the various types of quality
control data collected during the program. The statistical
analysisuof‘the;data.and‘theuaccuracy“and.precision of the
various: data types. are discussed. Section 6.0 describes statis-
tical-models.and.procedures:ﬁsed.in.summarizing‘and analyzing.
the data collected during the program.

The quality assurance effort also included many other
procedures which have been discussed in desecribing the sampling
and analysis methodoiogy in Appendix A. Specific calibration
procedures used on all equipment are discussed in the method-
ology sections of Appendix A.
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2.0 QUALITY CONTROL FOR BAGGABLE HYDROCARBON MEASUREMENTS

This section describes the quality control procedures
implemented during the analysis of samples for methane and non-
methane hydrocarbon from process valves, pump seals, compressor
seals, flanges, relief valves, and drains. A significant amount
of the total quality assurance effort went into this area
because the sampling procedure had not been previously validated
under field conditions and because of the extreme variability
of leak rates found from these sources.

The quality control procedures discussed here include
laboratory blind standards analysis, repeatability of the total
hydrocarbon (THC) analysis, recovery studies of the sampling
train, and reproducibility of the sampling/analysis from a given

source.

2.1 Laboratory Standard Analysis

Regularly scheduled analyses of blind standards were
used to evaluate the THC daily calibration as well as the sta-
bility of the calibration. The quality assurance protocol
required at least one blind standard to be analyzed each week.
The following standard gases were used for these checks:

Propane (NBS) 16.3 ppmv - 722 ppmv
Hexane 525 ppmv - §,393 ppmv
Methane 103 ppmv - 433 ppmv

C. - C¢ Hydrocarbons 100 ' ppmv

Mostof the propane standards were NBS standards of propane in
air.



Table C2-1 lists the data from 45 hydrocarbon
standards analyses. The_&ifference between the known and
measured concentration and the percent difference is shown.
The percent difference is defined as:

% DIFF = (Known-Measured) x 100/Known.

Figures C2-1 and C2-2 contain plots of the difference and
percent difference versus the measured concentration.

The differences ranged from - 88 ppm to + 66 ppm
with an average difference of - 2.5 ppmv and a standard devia-
tion of 22.5 ppm. A 95 percent confidence interval for the
mean difference is - 2.5 + 6.6 ppm, or - 9.1 to 4.1 ppm.

The percent differences ranged from - 54.6 to 12.9
percent with an average difference of - 1.65 percent and stan-
dard deviation of 9.9 percent. This gives a 95 percent con-
fidence interval for the mean difference of - 1.65 £ 3.0 present,
or - 4.7 to l.4 percent.

2.1.1 Peak Height Versus Peak Area THC Quantification

Quantification of nonmethane hydrocarbons using the
Byron THC for the first six refineries (A-F) in this program
was based on the strip chart peak height. The analysis of
standards beginning in Refinery "F'" indicated some problems
when quantifying gés-mixtures-using,peak height. At Refinery
"F," modifications to the THC analysis made it possible to
determine nonmethane concentrations based on peak areas.
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TABLE C2-1. HYDROCARBON BLIND STANDARDS ANALYSIS

Bydrocarbon Concentration, ppmv

Known Measured Percent
Gas Type Concentration Concentration® Difference Difference
Propane 16.3 25,2 -~ 8.9 - 54.601
NBS? Propane 433.0 521.0 - 88.0 - 20.323
NBS Propane 147.0 161.0 - 14.0 - 9.524
NBS Propane 147.0 160.0 - 13.0 - 8.844
NBS Propane 722.0 770.0 - 48.0 - 6.648
NBS Propane 147.0 155.0 - 8.0 - 5.442
NBS Propane 147.0 155.0 - 8.0 - 5.442
NBS. Propane 475.0 “ 498.0 - 23.0 - 4,842
NBS. Propane 147.0 154.0 - 7.0 - 4.762
NBS Propane: 475.0 494 .0 - 19.0 - 4.000
NBS Propane 147.0 152.0 - 5.0 - 3.401
NBS Propane 722.0 746.0 - 24.0 - 3.324
NBS Propane 722.0 744.0 - 22.0° - 3.047
NBS Propane 722.0 740.0 - 18.0 - 2.493
Propane 227.0 232.0 - 5.0 - 2.203
NBS Propane 147.0 150.0 - 3.0 - 2.041
NBS Propane 148.0 151.0 ~ 3.0 - 2.027
NBS Propane 722.0 734.0 - 12.0 - 1.662
NBS Propane 97.0 98.5 - 1.5 - 1.546
NBS Propane 97.0 98.5 - 1.5 - 1.546
NBS Propane ' 722.0 732.0 - 10.0 - 1.385
NBS Propane 147.0 149.0 - 2.0 - 1l.361
NBS Propane 147.0 149.0 - 2.0 - 1.361
NBS Propane 722.0 730.0 - 8.0 - 1.108
Propane ' 227.0 228.0 - 1.0 - 0.441
NBS Propane 475.0 477.0 - 2.0 - 0.421
NBS Propane 722.0 725.0 - 3.0 - 0.416
Continued
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TABLE C2-1,

(Continued)

Hydrocarbon Concentration, ppmv

‘ Known Measured Percent
Gas Type . Conecentration Concentration! Difference Difference
Propane 16.3 16.3 0.0 0.000
NBS Propane 97.0 96.9 0.1 0.103
Propane 227.0 226.0 1,0 0.441
Ci-Cq 100.0 98.8 / 1.2 1.200
Cy ~Cs 100.0 98.8 1.2 1.200
NBS Propane 147.0 145.0 2.0 1.361
Hexane 525.0 516.0 9.0 1.714
Propane 227.0 222.0 5.0 2.203
Propane 227.0 221.8 5.2 2.291
NBS Propane 103.0 99.8 3.2 3.107
Propane: 576.0 554.0 22.0 3.819
Propane 151.0 144.0 7.0 4,636
NBS Propane 722.0. 684.0 38.0 5.263
NBS Propane 721.0 680.0 41.0 5.6865
Propane 721.0 655.0 66.0 9.1540
Propane 227.0 200.0 27.0 11.8943
Propane 117.0 102.90 15.0 12.8205
16.3 14.2 2.1 12.8834

lBased‘on.peak‘area.

NBS = Natiomal Bureau of Standards -
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Further research and standards analysis confirmed
that more accurate concentrations are obtained using the peak
area. In Refineries "G'" through "I," the THC analyzer was
calibrated based on peak height (as in previous refineries),
but concentrations based on both peak height and peak area
were recorded for all samples analyzed.

Further analyses of standard gas mixtures at Refin-
eries "G" - "I" confirmed that concentrations based on peak
height are usually biased high while concentrations based on
peak area indicate no bias. The amount of bias in the peak
height concentration depends on the particular mixtures of
hydrocarbons being analyzed. The following table shows some
results from different standards analyzed on the THC:

Measured Concentration (ppm)

PH/PA

Gas Standard Peak Height Peak Area Ratio

NBS - 147 ppm Propane 174.2 150 1.16
NBS = 722 ppm Propane 838 725 1.16
1616 ppm Hexane 2852 1680 1.70
2641 ppm Isopentane 5970 2700 2.21
1036: ppm. Cz — C 1760 1090 1.61

Data collected at Refineries "J" - '"M" were quantified
using peak areas with calibration also based on peak area.
These data based on peak area were available for all refineries

after Refinery "F."

The paired peak height and peak area (PH/PA) data
from Refineries "G," "H," and "1I" were analyzed in order to
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obtain adjustment factors to apply to the Refinery "A" - "F" data.
Figure C2-3 graphically summarizes the data available for
determining-these factors. The diagonal line on the graph
represents equality between the peak height and peak area
determinations. A total of 399 pairs of PH/PA nonmethane
readings (ppm) were available with an average PH/PA ratio of

1.30. Assuming the peak area measurement to be correct, then

the peak height readings averaged.abbut 30 percent.higher.

Figure C2-4 shows the PH/PA ratio plotted against
the total leak rate (lbs/hr) respectively. The dashed line
on this plot represents a ratio of 1.0, or perfect agreement.
The plot indicates a dependency of the ratio on the level of
nonmethane hydrocarbon in the sample. The ratios for the very
low concentrations appear closer to 1.0 than the higher con-
centrations. The higher concentrations will of course be most
affected by a ratio or percentage adjustment. If only samples
with concentrations greater than 10,000 ppm (based on peak
height) are considered, there are 178 pairs with an average
PH/PA ratio of 1.38. The ratios for these high concentrations.
range from 0.9 to 2.7.

Since the PH/PA ratio is highly dependent on the
particular mixture of hydrocarbons in the sample, it would be
. desirable to know the exact proportion and types of hydrocarbons
in the samples from Refineries "A'" - "F" in order to make
adjustments to the peak height concentrations. This informa-
tion is not available, but the nearest thing to it in the
refinery data base was the process stream codes. Table C2-2
lists the various codes with a summary of the PH/PA ratio
information available for each code. Note that there are
significant differences between the stream types, and that
the ratio is quite variable within any particular type.
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Based on this analysis, the adjustment factors shown
in Table C2-2 were applied to the nonmethane reading for all
samples from Refineries "A'" - "F'" to create an estimated non-
methane reading based on peak area. Leak rates were then
recalculated for all sources using the nonmethane area. The

actual nonmethane hydrocarbon concentration based on area was L
used for the leak rate for the Refinery "G" - ''M" data.
2.2 Replicate THC Analyses

The analysis for methane and nonmethane hydrocarbon
content of fugitive emission gas samples was accomplished using
a specially designed Total Hydrocarbon Analyzer (THC) Model
301C made for Radian by Byron Instruments. Analysis of baggable
samples of gas is accomplished by pumping gas out of the Mylar
sampling bag into a gas sample loop using an integral pump in
the THC analyzer. The instrument operates automatically after
being connected to the bag. The results of the first run are
discarded to avoid contamination occurring from sample retained
from the previous analysis or from ambient air entering the
system during sample changing. The results of this run may,
however, be used to select the proper attenuation ranges for
methane and nommethane hydrocarbons. Two additional runs are
made and the results recorded by a strip-chart recorder. The
results are immediately entered in a laboratory notebook and
on the appropriate data sheet.

To document the precision of this analysis, pairs of
runs were selected at each refinery and statistically analyzed.
The pairs of runs for nommethane hydrocarbon concentrations
were randomly selected from those available using the following
stratification:
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Concentration Range . Number of Samples Total Number

Nonmethane Hydrocarboa (ppm) Per Refinery of Samples
< 1,000 2 26
1,001 - 10,000 2 26
10,001 - 50,000 2 26
50,001 - 200,000 2 26
> 200,000 2 26
TOTAL PAIRS 136

The percent difference for each pair was calculated using:

- _ (1st analysis - 2nd analysis)
% DIFF Average of two analyses

Figures C2-5 and C2-6 show a plot of these percent differences
versus each refinery and versus the average value. As can be
seen, most differences were within the target limits of = 7
percent. The * 7 percent target was based on laboratory studies.
using hydrocarbon standards. A frequency distribution of the
percent differences is shown in Figure C2-7. ‘

The standard deviation was computed for each pair of
readings. These standard deviationms are shown graphically in
Figure C2-8. The following statistics summarize the duplicate
THC analyses.
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number of replicate pairs: 130
‘pooled standard deviationm: 2.447

repeatability - maximum difference
expected between two readings 95
percent of time: 6.2%

95 percent confidence interval for
mean reading based on single

analysis: t 4.8%2
95 percent confidence interval for

mean reading based on the average

of two analyses: * 3.47

Since the average of the two readings was used in
computing leaking for all sources, the * 3.4 percent interval
best describes the precision of the THC analysis.

2.3 Sampling and Analysis of Standards - Recovery Studies

To evaluate the overall accuracy of the baggable
sampling and analysis technique, a procedure was devised to
generate "known" leak rates. Standards of propane and propyl-
ene were used as the emissions source, and the leak rate was
varied by altering the flow of these standards into the sam-
pling cart. The use of flow meters to measure the rate of gas
induced into the system introduced an additional source of
variation into the sampling/analysis system. Extensive cali-
bration procedures were followed to insure that no systematic
error was introduced by using the flow meters. Samples of the
induced leak were collected in bags (using the procedure
described in Appendix A) and sent for THC analysis as a "blind
standard." .

Sixty-three recovery checks were made at the nine

refineries visited beginning with Refinery "E." 1In addition,
six similar checks were made of the sampling train by Research
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Triangle Institute (RTI) during an EPA audit at Refinery "E."
Eleven recovery checks were made at the Radian laboratory
between the visits to Refineries "I" and "J." The induced leak
rates ranged from 0.007 to 2.93 1bs/hr. Figure C2-9 shows a
plot of the measured log leak rate versus the induced log leak
rate. The slanted line on the plot represents 100 percent
recovery of the induced leak rate. Figure C2-10 shows the
percent recovery plotted versus the induced leak rate with the
plotted symbol representing the refinery at which the check was
made.

Figure C2-11 shows the recoveries obtained at each
refinery in the order in which they were visited. The high
recovery value of 235 percent obtained at Refinery "I'" could
not be explained for physical reasons. The value was elimi-
nated from further statistical amalysis after it was rejected
using Dixon's statistical outlier test. The recovery values
are shown for each refinery on a schematic plot in Figure
C2-12. Some differences in average recovery rates. are evident
from these plots.

Table C2-3 contains a statistical summary of the
recoveries at each refinery and overall. The results from the
RTT audit are also given in the table. The 95 percent confi-
dence intervals for the average recovery included 100 percent
for all refineries except "F'" and "G," with the upper limit
for “G" at 98.5 percent. At Refinery "F" a new technique for
pumping air through the sampling train was instituted. A
check of the system after reviewing the accuracy checks showed
that a low bias would be introduced by the way the pump was
fitted. Therefore it was concluded that the leak rate data
from Refimery "F" could be about 15 percent low. When the
accuracy checks from Refinmery "F" are removed, the remaining
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checks average 98.7 percent recovery with a 95 percent
confidence interval of 95 to 103 percent. It was therefore
concluded that there was no significant source of bias in the
sampling/analysis system except for leak rate data from
Refinery "F."

The amount of baggables data from Refinery "F" was
as follows:

Sources Screened at Refinery "F"

% of the Total Approximate Overall
Source Type © Number Sources Screened Bias (%)

Valves. 268 12.1 - 1.8
Pump Seals 99 13.0 - 2.0
Flanges 98 4.8 - 0.7
Compressor Seals 5 2.2 - 0.3
Relief Valves 14 9.5 - 1.4
Drains 36 14.1 : -2.1

OVERALL. 520 9.2% - 1.4

If 9.2 percent of the data used in estimating emis-
sion factors were 15 percent low, then the emissions factors
_ would be biased low by approximately 1.4 percent. Since this
bias is relatively low, no attempt was made to adjust the
actual leak rates obtained at Refinery "F." A systematic
adjustment of the appropriate percent given above was made to
each emission factor and confidence limit to eliminate this
systematic bias. This adjustment is discussed in Section 6.3
of this appendix.
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2.4 Repeated Samples from Individual Sources

A significant effort was extended throughout the
field sampling program to evaluate the repeatability of the
sampling/analysis procedures for baggable sources. Repeated
samplings were dome to determine the variability in the leak
rate due to the sampling procedure, sampling teams, process
changes, and level of leak rate. This determination was compli-
cated by short-term variations in leak rates which were
observed from individual sources. The number of quality con-
trol samples was as follows:

Number of Number of Percent of Total

Sources Sources: With Sources With Number of

Source Type Sampled QC Samples QC Samples QC Samples
Valves 627 65 10.4 137
Pump Seals 382 62 16.2 133
Compressor Seals 124 40 32.3 66
Flanges ‘ 62 7 11.3 12
Relief Valves. -52 16 30.7 30
Drains 49 14 28.6 33
TOTAL. 1,296 204 15.7% 411

Approximately 16 percent of the sources sampled had one or more
quality control samples with an average of about two quality
control samples for each source with QC.

Initially one source for quality control was randomly -
selected in each of the following categories at each refinery:
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Valves and
Flanges

Pumps

Compressors

Drains

Relief
Valves.

Intrateam
Interteam
Intrateam
Intertean
Intrateam
Interteam
Intrateam
Interteam

Intrateam
Interteam
Intrateam
Interteam
Intratean
Interteam
Intrateam
Intexteam

Intrateam
Interteam
Intrateam
Interteam

Intrateam
Interteam

Intrateam.

Interteam

Intrateam.

Interteam

reproducibility,
reprodueibility,
reprodueibility,
reproducibility,
reproducibility,
reproducibility,
reproducibility,
reproducibility,

reproducibility,
reproducibility,
reprodueibility,
reproducibility,
reproducibility,
reproducibility,
reproducibility,
reproducibility,

reproducibility,

reproducibility,
reproducibility,
reproducibility,

reproducibility,
reproducibility,

reproducibility,

reproducibility,

reproducibility,

reproducibility,

Team

Team
Team
Team
Team
Team
Team
Team
Team

.

N N T

"

Team
Team
Team.
Team
Team
Team
Team

-

MNHERFPRRDNDEE
- W

Team
Team
Team

Team

Teanm-
Team

Team 1
Team 1

large
large
large
large
small
small

fitting, low
fitring, low
fitting, low

fitting, high leak
fitting, high leak
fitting, low leak

leak
leak
leak

small fitting, high leak

small fitting, high leak
centrifugal, vapor leak
centrifugal, vapor leak
centrifugal, vapor & liquid leak
centrifugal, vapor & liquid leak
reciprocating, vapor & liquid leak
reciprocating, vapor & liquid leak
reciprocating, vapor leak
reciprocating, vapor leak
centrifugal

centrifugal

reciprocating

reciprocating

homogenaous

homogeneous

heterogeneous

heterogeneous

This gave a total of about 26 quality control repeat samples

for each refinery.

cedures .

samples.

Analysis of the baggables data after four
refineries resulted in modified sampling and analysis pro- ‘
Beginning with the fifth refinery, a revised pro-
cedure was used to select sources for quality control repeat

The following instructions were given:

" (1) High Leakers (2 0.5 lbs/hr)

For all samples with total leak rate greater than or

equal to 0.5 lbs/hr, resample the source by two teams

on different days.

these special analyses.

A data sheet is attached to record

A regular data sheet should

be prepared for each and noted "BQ" sample.
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(2) Other Sources (0.0l lbs/hr < Leak Rate < 0.5 lbs/hr)

Select sources for QC checks at the following minimum
rate per refinery:

b valves 3
. =
flanges 2 Resample the selected source
L pumps 2 by two teams. Have resampling
. COMPTessors 2 done on the same day whenever
onp ‘ possible.
* drains 2
L relief valves 1

If leaks > 0.01 lbs/hr are not found for a particular
type of source, then ignore thelrequirément. If
problems in the leak rate test procedure are detected,
then additional QC checks should be made for the

particular type of source indicating problems. v

Control charts were provided for recording the intra-
and interteam differences at each refinmery as soon as the
analyses were completed. An example of the charts for ome
refinery are shown in Figure C2-13. This quality control
selection procedure resulted in about 35 quality control
baggables samples per refinery.

2.4.1 Results of Quality Control Samples

Table C2-4 contains the data for all of the repeat .
baggables samples. The first page of the table describes the
codes used in the printout. For some sources with multiple
samples, the individual percent differences for QC test results
were not based on the original sample when it was obvious that
the leak rate had changed by orders of magnitude since the
time of the original sampling. Figures C2-14 through C2-19
show the percent differences for each QC check grouped by
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TABLE C2-4. QUALITY CONTROL REPEAT SAMPLES™

CODE
(1) ID - Unit number/source type/ID number

(2) SAMP - BS =~ Original sample
BQ = Quality Control sample

(3) Date = Date of sampling

(4) Nonmmethane Leak Rate — Leak rate (lbs/hr) of nomnmethane hydrocarbons
by THC

original leak rate - QC leak rate 100
(original + QC leak)/2

(5) INDIV Z DIFF -

(6) Mean NM Leak Rate = Average of original and QC leak rates for all
samples for each ID

(7) Max 7 DIFF - Maximum percent difference between original and quality

control samples where:

original leak rate - QC leak rate < 100
average of all leak rates

% DIFF =

(8) Pooled Standard Deviation - Percent standard deviation of leak rates
for each ID

. .1 /T
¥ (Individual % Diff)>

— i=l

2n.

where n is the number of samples for the
source.

*The QC data is sorted from low to high on Max % Diff. Continued



TABLE C2-4. (Continued)

QUALITY CONTROL DATA AND sUMMARY STATISTICS
2aVALVES =

NON-METII INDIV MEAN MM  MAX POOLED
I0  SAMP OATE LEAK RATE % DIFF LEAK RATE % OIFF STAnD DEV

[ — —aom - iy o i e e T e o e e e
=RE= === === REmRRESRE =5= =E=2==s

27vA209 8BS S0478 0.25254 . 0.25258 0.0 0.0

27vA209 (@ 50478 0.25261 =-0,0
ivA 97 8BS 52577 0.00126 . n,00126 0.5 0.3
iva 97 BQ 52677 0.,00126 -0s5
2VA & Bs 100477 0,00585 . 0,00587 0.7 0.4
2Va & Bao 100477 0,00589 =0.7
13val39 85 52477 0,04814 . 0,a4784% 1.3 0.6
13vAl139 8Q 52677 0,.04753 1.3
33va 40 3s 851877 0.017s8 - 0,017848 2.2 1.1
33va 40 BO 2777 0,01808 =2,2
1VA 23 BS 30878 0.16038 . 0,16220 2.2 l.1
iva 23 Ba 30778 O0.16402 242
ive 23 @S 30678 0.28208 . 0,2857% 1 3.5 1.4
ive 23 Ba I0a678 0.29203 =35
ive 23 Ba 30678 N.28312 0.4
27va2ll 8§ 50478 0,38022 . 0,37583 3.8 1.4
27vA211 Ba 50474 0.38022 0.0
27Tva21ll EQ sS0u78 0,36704 3.5
Sva 52. 83 30378 0.23298- . 0,22685 Sett 2.7
Sva &2 6@ 310378 0.22072 Seld
13va 29 8BS 40678 D0.03219 . 0,033585 Golh 3.6
13va 29 8a 40778 0.03435 ~8.45
13vA 29 BQ 40678 0.03412 =5,8
2VA 17 B85 100577 0.00810 - 0,00768 10,4 5.4
2vVvA 17 EBe 100577 0.00727 10,2
Iva 83 85 103078 0.01644 . 00,0174 11.2 5.6
Jva 83 8o 1103783 0,01838 =11.2
13vAl27 88§ S2377 0.,00323 . 0,00305 - 12.0 5.0
13val27 Ba 52777 0.00288 12.0
13val3ns  BS 52477 0Q.00761 . 0,00712 13.7 649
Continued
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TABLE C2-~4. (Continued)

QUALITY CONTROL DATA AND SUMMARY STATISTICS
"IVALVESss

TMON-MET)] INOIV MEAN. NM  MAX POOLED
iL sAMp DATE LEAK RATE ¥ DIFF LEAK RATE % DIFF STAND DEV

e e e e e e i s o T e g e 0 S S o S S
=22 5 - = - "-..-—----——_———--

l3yval3n Bg 52677 000663 137
13va 94 BS 112077 0.69%17 . 0,75087 14.7 6.8
13va 94 EQ 112077 0.80541 =14,.7
13va 94 B@ 112077 0.75202 =79

avai7e BS 50878 0,05108 R 0,05569 16,5 8.3
BVAl7& Be 50878. 0.06029 ~16.+5
34ya229 gS 82577 0,03132 . 0,03u431 17,4 8.7
34Va229 B 82577 0.03731 =17.4
15vA 11 BS 71377 0,00338 . 0,n0373. 17,8 8.2

15va 11 80 71977 0.,00382 ~6.7
15vA 11 BQ 71977 0,00387 ~-13.3
1SYA 11 BaG 71977 0,00405 -17.8

27vA288 BS 32278 (0.13622 . 0,12437 19.0 9.5
27ya288 B 32278 0,11253 19.0

13val44 BS. 52377 0,00213 . 0,00240 22,6 11.3
13valss  BG 52677 N,Q00267 - =22.6

13va259 @S5 41278 0,07189 . 0,08289 26,6 13.3
13va259 80 41278 0,09390 -26.5 .

1VA 26 8BS 12078 0(.17806° - 0,16331 29,6 1.5

lva- 26 BQ 12378 G.18110 =2.8
lva 26 &9 20778 0,1327s 28,0
15vAl156. BS 20878 0.01538 « ~ 0,01885 30,9 16.7
15vAlSe €£q 21078 0.+02119 =31.8
15yalse B0 21078 0401992 =25.7

livalug &S S1277 0.11342 . 0,0277% 32.0 16.0
13valuo. 8@ 5277TT 0.08215 32.0
2vpa. 67 BS S2377 0.02334 . a.02000 33.4 1667
2va 87 0@ 52677 0.0166s 3.4
13ivallia. 88 12578 0.01109 o 0,00935 35,3 16.2.

13valls &a 12678 0,00922 18.4
13valia g8aq 21078 0,00776. 35.3.

Continued



TABLE C2-4.

(Continued)

QUALTITY CONTROL DATA ANO SUMMARY STATISTICS
suVALVESs=s

1D

e

Jeva
15val
15val
15val
13val
13val
27vad
27va2
27va2
Zval
2VAl
2val
22va
22VA
22va
ival
1val
1Val
13VaAa
13vA
13Va
1VA.
iva
va
13va
13va
13va
13VA
13va

4
S0
50
50
17
17
3
93
93
20
20
20
&7

et

&7
50

50

S0

79

19

7%
33
33

33
9N
9N
91

76

76

“NON=METH
SAMP DATE (EAKk RATE %X DIFF LEAK RATE % OIFF STARD nev

———— -

INDTV  MEAN MM

113077
113077
113077
20878
20978
20978
101977

32278
32278
32278

20777

90777
30777
70577
74577
70577
20777

90777

90777
111777
112077

111777

12078

12378

297748
111777
112077
111777
111a77
111777

0.02909
N.04061
0.04264
0,00171
0.00131
0.00119
N.21360
0«317z20
0.72107
0+97118
D0.65973
0,00142
0.00184
NeQ0214
0,20311

0.17603

0.13172
0,06420
0.08845

D.10060

0.65873

1.01912

0.76401
0,164%60
Ne12525
0.,10489
0.77388
484711
D.61%7

2.93698

1.68357

=33.1
-37.48

*
26..5
36.0

=-39,.0

.
-29.6
8,9

-2549
=40.8

v
14.3
42.6

=-31.8
“44,2

=43.0
-l%.8

27,2
443

*
53.5
22.1

.
She2

C-35
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MAX

POOLED

E e et bt e P A e e i

0.03745 3642
0,00140 37,2
0,26540 39,0
0,78399  39.7
0,00180 40,4
0,17029 41.9
0,08482 43,1
0,81395 44,3
0.13158 48.4
n.51355 53.3
2,26410 55,4
Continued
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12.6

19.7

22.2
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TABLE C2-4. (Continued)

GUALITY CONTROL DATA AND SUMMARY STATISTICS
*RYALVESas

NON=METH INOIV MEAN NM _ MAX POOLED
ID sAMP DATE LEAK RATE % DIFF LEAK RATE x DIFF STANU DEV

ke o e e e S e R A A e g Y g S A S S . S T s i s e S e i B
= - - s ZSTREISS SZs==

]
H

13va 76 8@ 111777 2.17166 30.0
11valuS BS 40778 0,00041 .
1ivald4s gQ 40778 0.00034 18.2
1ivalss Bag 40778 0.00023 57T.4
13valua B85S 31678 0,036407 .
13valae HQ 32178 0,06479 =56.9
13valye Ba 32178 0,06766 ~60,9
1VA 90 B8 102678 0.16392 . 0.12165 57.1 28.0
1va 90 BQ 103078 0.10654% $2.4
1vA 90 BqQ 110378 0.09447 53.8
13ya 78 B85S 111777 0,21049 ®
13va 78 B8a 120777 0,253738 =18,a
13VA 78 BG 120777 N.259%8 «20,9
13vAa 78 BQ 120777 0.13322 45.0
13VvA 78 BG 120777 0.229% 8.7
22vAl84 BS 120177 00,0479 .
22VAL84 BQ 120277 0.041a7 13.0
22VA184% B 120277 0.02313 693
8valal 88 50878 0.00047 . 0.0000% 72.2 3a.l1
8valdl Ba 50874 0,00003 722
22YA 25 B8 71977 0.,00018 .
22vA 95 8@ 70777 0.00009% 6649
22VA 95 BQ 71977 0a,00010 58,3
4VA 70 BS 102678 0.005u1 . 0,003950 77.8 28,9
4va 700 Ba 103078 0,00238 77.8
33va 31 GBS 51477 0,004s53 .
33ya 31 80 52677 N.00201 78.1
13vp203 B85S 11778 0,16407 .
13vaA203 B¢ 12078 ¢.08950 58.8
13vAR0Z BqQ 20778 0.07579 73.&
iva 75 B8S 102778 0.03313 e 0.02a72 32,1 3645

0,00032 5641 24,6

0,09617 G6.2 34,0

0,21733 Sé.1 ' 17.0

0,03787 694 28.8

0,00012 73,5 3G.2

0,00329 78,1 39.0

0.10979  AO.4 38,5

Continued
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TABLE C2-4. (Continued)

QUALITY CONTROL DATA AND SUMMARY STATISTICS
*RVALVES+s

NON=METH INDIV MEAN NM™ MAX POOLED
GAMP DATE LEAK RATE % DIFF LEAK RATE x OIFF STANO OEV

s e e e S ok o S R i i ——— - e S
=== ===Z== AT I ECEESEI==IaTsE-

8 103078 0.01821 80.7
1VA 7% B8a 110378 o0.02582 38.5
13va 17 BS 0178 N.88789 .
13va 17 86 50978 0.56158 45.0
13vA 17 83 50378 0.29676 39.3
13va 17 B 50978 0.61706 36,0
13va 17 Ba 50979 0,71980 20.9
13va 17 B¢ 50978 0.77302 13.8
13va 17 EqQ 50978 0.86500 2.6
13va 17 B84 50978 0,75499 1642
13va 17 B2 50978 0,81993 Te9
wva 69 BS 102878 0,.00289 . 0,00181 Aa6.7 40.1
4yA 69 @@ 103078 0,00221 19.5
4ya 69 Bu 110278 0.00112 82,3
4vaA 69 BQ 110378 0,00122 75.5
13va212 @as 11777 0.,00183 . 0,00198 87.5 2545
13va21l2 8@ 12778 N.00119 42.5
13vaA212 BQ 20378 0.00292 =45,.9
1vAl8e BS 72177 n,053u9 v
1val8a Ba 71877 0,11013 =a9,2
1vAlas. BO 72177 0,0u4804 10.7
27vA239 8BS 103177 0.0049s . 0.00560 30 .4 24,3
27vA239. B 103177 0.00352 313.8
27va239 0 103177 0.003a7 2446
27VA239 RBg 103177 0.0045]1 Tl
27vA239 ©B@ 103177 0.00814 =43.6
27vAa239 B0 103177 0,008%8 =53.5
1vAa 71 B8 102678 0,05137 . 0,02393 99,4 4.1
1VA 71 B8O 103078 0.02626  &4.7
iva 71 B8g 103078 10,0220 77.8
1va 71 8@ 110278 @,02297 Té. it

0,.699%4 24,5 28.1

0,07055 B&,0 28,8

Continued
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TABLE C2-4. (Continued)

QUALITY CONTROL DATA AND SUMMARY STATISTICS
=2\VALVESk*

MON=METH INDIV MEAN NM  MAX POOLED
1D SAMP  DATE |_EAK RATE % DIFF LEAK RATE % DIFF STAND DEV

s e —— ey = o g = gy
-_.-...-__---u-_..—_..-_—-...._--—_.._-.-_---—-..-..u..._____..--....-=-=-=_

lva 71 846 110378 0.02408 72.3
lva 71 &@ 110378 0,02633 64.5
1va 18 88 100777 0.00452 »
lva 18 B@ 101277 0.00211 T72.7
lva 18 Be 101277 0,00227 g6.1
lva 18 B8qg 101277 0.00224 67.4
1va 18 8@ 101077 0.002900 77.4
lva 18 8@ 101077 0.00192 80.9
l3valle BS 101977 0.0913s .
13valisa Ba 101977 0,30052 =107

0.00251 103,8 47.2

0,19594% 106,8 5344

Sva 33 Bs 30378 0,4064¢ . 0,38085 110,8 38.2
Sva S3 gg 32178 0,57895 <35.0
Sva S3 8w 30378 0,15713 88,5
3va 85 BS 102678 0,02929 0,07820. 3125,1 62.6

..
3VA- 85 B8O 110378 0.,12711 1259
13va 82 8BS 112077 0.00818 . 0,00769 128,1 3.7
13va 82 Bg 120777 0,00%9s8 31.1
13va 82 EQ 120777 0.00594 317
13VA 82 Bg 120777 0.01044 -24.3
13va 82 Bo 120777 0,00239 95,5
13va 82 BQ 120777 0.01275 43,7
lvAa 77 Bs 102778 0.00%531 .
VA 77 EQ 103078 0.00160 113.6
lva- 77 B8Q 110378 N.00186 103,2
13vp 94 s 12478 0.62352 .
L3va-94 Ba 12678 0,77769 =22.0
13vya 94 B 12678: 1.,01679 =48,0
13vA 94 ga 20778 0,00480 197.1
lva 73 BS. 102678 0.00828 . 0.0027% 149,71 82.7
1vA 73 By 103078 0.001g9 141.0
lva 73 BQ. 110378 0,Q0099 145 .4

0,00309 135.3 627

0.80563 167,11 72.2

Continued
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TABLE C2-4. (Continued)

QUALTITY CONTROL DATA AND sUMMARY STATISTICS
*2YALVESE*

- NON=METH INDIV MEAN NM  MAX  POOLED
1D sAMp 0OATE LEAK RATE x DIFF LEAK RATE % OIFF STAND QEV

13va231 8s 11878 0.005a87 . 0,01151 191.6 59,3
13va231 Ba 12778 0.00234 85,9
13va231 B84 13178 0.00517 12.9
13va231 B84 20278 0.00434 30,0
13va231 Bo 20378 0,00627 ~846
13vAa231 BQ 20678 (0.01602 =92,7
13vA231 8o 20678 0.01425 ~83,3
13vA231 Bg 20678 0,02366  ~120
13vaA231 80, 20678 0,02237 -117
13va231 Bo 20678 0,02024 «110
13va231 B8a 205678 0,022n4 -117
13vA231 B8R 20678 0,00508 14.6
13vA231 B0 20678 0.00160 11l4.6

liva 32° B8s 40678 0,01912 . 0.00960 198.3 99.2
13va 32 3@ «1278 0.00008 198.3
13va263 @88 12778. 0,00010 . 0,00086 261.6 7642

13va263 &8 13078 0,00013 =31.6
13va2e3 Ba 20378 0.00238 =184

Continued
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TABLE C2-4. (Continued)

QUALTITY CONTROL OATA AND SUMMARY STATISTICS
AEPUMP S ue

NON-METH INDIV MEAN NM  MAX POOLED
10 sAmp  DATE LEAK RATE % OIFF LEAK RATE x QIFF STAND DEV

== = S===3 E Ty E T Ty TN T L P e P Por Py ey 3

15p8 37 BS 20978 u0.8363) . 0.348a84 3.0 1.5
15pB 37 6O 20978 0.86137 =3.0

13pa 69 BS 31678  0.05187 . 0,05288 3.8 1.9
13Pa 69 80 22478 0,05394 =-3.8 )

27PA 84 BS 32278 0N0,33109 B 0,34720 9,3 4.6

27PA 84 Ba 32278 0,36330 -9.3

22PUy 88 Bs 51377 0.01169% . 0.01229 .7 Ghe9
22Py 84 8o 51377 0,0128% -9.7

1SpA 1 8BS 22778 0,1833 . 0,19317 9.9 449
15pA 1 B@ 22878 10,2027 -2,9

1PU 10 BS- 100777 1.01889. . 1.09498 13,9 6.8
1PU 10 BO 101277 1.02589 =0,7

1FU 10 BQ 101277 1.16410 =13.3

1Py 10 Bu 101277 1.17105 =13.9

13pA 12° BS 40773 0,06513 . 0,06052 14,2 6e7
13pA 12 BQ. 40778 0.05650 18,2

13PA 12 BQ 40778 0.05994 8.3

SPa- 38 @S 30278 C.113:10 . 0.10%502 1S5.4 Te7
5pA 38 BQ. 30278 0.,09693  15.4
33PA 52 BS 51877 0,36832 . 2.34088 16.1 8.1
33pa S2 B@  S2777T 0,313u4 16,1

1Spa 4 BS 20878 0.,33%524 ,30390 17.1 8.5

15PA 44 B8O 21078 0.,208257 17.1
35pg 49 85 91477 0.192aa . ,21020 17.3 7.7
35pE 49 BG- 91477 0.22928 =17.2
iSpp 49 B8R 91477 0.20845 -7.8

27PA 9y BS 13n78 Q.26599 - G, 24417 17,9 C B9
27PA 91 BG 13178 0.22235 179
27pa 79 3% 32278. 0,57635 - 0.524 34 19.8 9.9
27PN 79 BO- 32278 0.,47233 12.4
1PU 4 QA5 100577 0G,a00s31 . 0,00046 21,2 10,56
Continued



TABLE C2-4. (Continued)

QUALITY CONTROL QATA ANO SUMMARY STATISTICS
2APUMPSe=

MOM=METH INDIV MEAN NM MAX PQOLED
10 sAMp OATE LEAK RATE % DIFF LEAK RATE x DIFF STAND DEV

EIRRE=IE = e e e e ===

1PU 4 Bo 100577 0.00041 21.2

15pu 28 BS 41877 0.02364% - . 0,02552 21.6 8.2
15pU 28 B0 77 0,.,02290 3.2
15pu 28 Ba 1T 0,02713  =-13,7

1SPU 28 B@  S2477 0,02842 ~18.3
27PA 47 BS 50478 1.47152 .
27PA 47 dG 50478 1.16740 2340
1PU 6 BS 100477 0.02687 .
1PU & 8@ 100477 0,02100 24.6
13pg 15 8§ 50978 0,049e9 . 0,04519  25.5 10.9
13pg 15 BQ 50178 0,03836 26,1
13pg 15 8q 50978 0,04733 5,2
15PA 11 BS 40678 2,32803 .
13Pa 11 BQ 40878 3,09342 -28,2
13PA 11 G@ 40678 2,92536 =22.7
33PU 5% BS. 51777 0,03536 .
43PU 55 BQ  S2677 0,02598 30.6
15PA. 15 BS 22878 0,46%01 .
15pA 15 BG 22878 0,34166  31.4
13pa 75 BS. 12078 0,00428 .
13pA 75 BQ@ 12778 0.00303 341
13pa 75 8G 20378 0.00409 4.5
Supg ST BS 82477 0.0u0y9 . 0,03449  33.1 16.5
34pg S7 B80Q. 82477 0.02378  33.1
22pa 71 BS 120177 0,13294 .
22pa 71 BG@. 120177 0,09203  36.4
22Pn 71 b@ 120177 N0.09640  31.9
27PA 90 BS 13078  2.10445 .
27PA 90 8G 13178 2.809%1 =28.7
27PA 90 BR 13178 3.21931 -41.9
15PA 38 BS 121277 0,349%49 . 0,39939 43,2 1544

1,31946 23.0 11,3

0,02394% 24,5 12.3

2,78227 27,5 14,8

0.03067 30.6 15.3
0,40534 31.4 15.7

0,00380: 32,8 1401

0,10712 38,2 19.7

2.71112 41l.1 20.7

Continued



TABLE C2-4. (Continued)

QUALTTY CONTROL DATA AND SUMMARY STATISTICS
*sPUMPS»*

NONMETH INOIV MEAN NM  MAX POOLED
sAMP DATE LEAK RATE % DIFF LEAK RATE % DIFF STAND DEV

i S N I v o e ik T g e A 2
-+ + + 1+ a=3= a=z== - sEmo=

15pA 38 0o 121277 0.51068 =37.5

15PA 38 BR 121277 0.33798 3.3

13Pp 25 8§ 50978 0,00202 . 0,00189 43,5  15.1
13PA 25 BG 50178 0,00141  35.7

13PA 25 BQ 50978 0,00223 -9.7

1PU 11 8BS 101077 0.0099. . 0,00826 44,0 17.8
1PY 11 @ 101077 0.00932 6.6

1PY 11 BG 101177 0.00791  23.0

1Py 11 86 101177 0,00776 24,9

1PU 11 8@ 101177 0.00633 44,6
27Pa 94 BS 112177 1,46348 . 1,14468 45,2 22,7
27PA 94 £Q- 112277 0.9457% 43,0
27PA 9% Ba 112177 1.02483  35.3

33pe 52 BS $1877 0,087u46 . 0,07120 4S.7 22.8
33pg 52 da S2T77T 0.05494 45.7
1Spy 3% 8BS 41977 0,02257 » 0,01943 45,9 13.1

15pU 34 go. 41977 0.02328 3.1
15Py 34 BQ %1977 0.01753 25,1
1S5PU 34 B0 41977 D0,.0143a6 44,5

33PA. S1 BS. 51477 0.28217 .- 0,36a5% 46.9 23.4
33PpA. S1 BQ 52777 0.45493F 46,9
13pa 13 88 111777 2.33523 . 2,98596 52,4 2144
13PA 13- BQ 112077 2472200 =15.3
13PA- 13 BQ 111777 3,50064 =50.2
33PU &9 BS 42677 0,01058 . 0,014%51 54,2 27.1
33P0 69 BQ 42277 0.01844 =54.2
22pa 6% BS 120177 1,.59632 . 2,49786  S4,5 34,4

22PA 69 B@ 120177 2.95680 ~=59.8&
22Pn 69 BO. 120177 2,94045 59,3
4Py 33 8BS 92077 0,00845 . 0,01166 S55.1 27.6
34PYU 33 B 91777 0.01447 =55.1

Continued
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TABLE C2-4. (Continued)

QUALTTY CONTROL DATA AND SUMMARY STATISTICS
sspYUMPSe®

MON=METH INUDIV MEAN NM MA X POOLED
10 SAMPp  DATE LEAK RATE % DIFF LEAK RATE x DIFF STAND DEV

[y o sl b o e ——— o e A e T S e
==== - H e A - e e e

15pa 6 85 22778 0,159 .
15¢pa & B@ 22478 0,29293 59,2
13pale9 GBS 12478 0.11830 .
13pAle9 2Q 12678 0.21327 =58,1
13PAle9 84 12678 0,23026 ~-64,2 .
27PA 89 BS 112177 4.6092% . 6,54746 52,0 28,2
27PA A9 BE 112177 B8.67034 =al.2
- 27TPA B9 B 112177 6.,36279 -32.0
15pA100 8§ 209738 0,00954 .
15pal00 Bg 21378 0,01%489 ~43.8
15PAlC0  BO 21078 0,01891 =-65.9
13pAa & BS 40678 0,26120 .
13pa & BQ 40778 N,.,54208 ~=69.9
15pg 1 8BS 72077 0,00824 . a,00932 70.0 19,0
1P 1 8@ 72077 0,0072¢& 12.7
1
1
1

0,22606 59.2 2946

0,18794 $9.86 35.4

0,01445 6449 3243

0.40164% 62.9 35.0

15pR 8a 72077 0.01111 ~-29.7
15PA BQ 82877 0,00673 20.1
158 Ba 72177 0.01325 =46.7
27PA 85 88 32278 0,.49584 . 0,68863 Ti.2 27.6
27pra 85 B4 32278 0.97730 =15.2
27Pn 85 EQ 312278 0,98376 =RA.0
17PU 12 88 72577 0.1150% .
17PY 12 86 72577 N.05344 73.1
27PR 87 B85 13078 8,83776 . 13,9986 a7.9 317.0
27P8 A7 BQ 13078 12+41647 =35,9
27pg &7 BR 13078 20.93635 ~83.2
13PA 68 BS 11877 0N.37719 .
13PA &8 80 11978 0,14U57 9.4
1PA 66 B8 30778 0.004968 .
1PA 86 ba. 30778 0.00294 sl.2
1PA. 66 B@ 30778 0,001s3 92,1

0,08424 73.1 36.6

0,2%888  91.4 45,7

0.00324 96.5 43.0

Continued
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TABLE C2-4.

(Continued)

GUALITY CONTROL DATA AND SUMMARY STATISTICS
2RPPMP SR

10 SAMp
- - . —
27pn 88 8§ 32278
27pa 88 Bg 32278
27pA 88 B0 32278
22PU 18 8BS 70577
22PU 18 Ba 70577
22Py 18 8o 70177
.22pPy 18 8@ 70577
22py 18 8@ 70577
22py 18 Ba@  T0577
22pH 18 BHQ. 70177
22pU 18 Bo 70177
22PU 18 BR 70177
15PA 16 8§ 22876
1SPA 16 B@ 22878
23pp 79 BS 120877
23IPA 79 BQ 120977
23PA 79 BG 120977
23ppa 79 BQ 120977
23PA 79 BQ 120777
13pg 1& BS 50978
13pR 158 BQ 50178
13PB 1& Bg 50978
13P8 16 BQ  S0378
13pA 76 8BS 31578
13PA- 76 BQ 31678
33py S% 8BS  SL7T7
33puy. 54 Bn S2777
13PAlua B3 51177
13pAalea BQ 52777
13Pa 92 B8s 140748
13pA 92 Bp 20178

NON=METH

CERRSESESESS

1.06046
1.42%46
2.85120
0,00594
0,00433

D.,003g8

0.00270
0,00551
0,004a82
0.00314
0,007u7

0.00473

0.2269%

N.0865673.

0.06506
0,20551
0.19782
0.20798
0.,27273
024441
0.14524
0.28380

0.509a4
0.00U40

0.00009

0.33828

1.48194%

0,33797
0,071s8.
0.00464

0.,0037s

INDIV MEAM NM
DATE LEAK RATE % OIFF LEAK RATE x DIFF STAND DEV

EnE==sasxx o ——

MAX

POOLED‘

=t

-29.6
-91l.6

31.5
471
75.0
7.6
21.0
&l.8
-22.8
22.7

10941
104
-101
=108
~123
50.9

14,9
=70 .4

12S.1
-
-126-
-
130.0

2.2

C-44

1,78037 1no.s 39.3
0.00470 101,S 28.1
0,14683 109.1 Sk,
0,18979 109.5 68.6
0,29%82 1235,2 31.2
0000025 12501 62-6
0,91011 125.7 62,8
0,20483 130,0 5.0
0,00266 133.2 S52.5
Continued



TARLE C2-4. (Continued)

QUALYITY CONTROL DATA AMD SUMMARY STATISTICS
*APUMPSax®
MON-METH INDIV MEAN NM MAX POOLED
10 sAmp DATE LEAK RATE % DIFF LEAKk RATE % DIFF STAND OEV

e 2 e e 2 - - o o
=ESS- == mEmEEESI=== - -3 2

13pA 92 80 20178 0.Q00238 o4
13pA 92 BG 20178 O0.00430 7.6
13pA 92 BRQ 20278 0.00401 14.7
13pa 92 0BG 20378 0,00243 ¥
. 13pa 92 80 20778 0.,00110 123.3
13ppA 92 BQ 20778 0.001%9 97.7
13pa 22 Ba 20778 10,0019 93.3
13pa 92 BQ 20778 0,00139 107.8
13Ipa 92 B0 20778 0.,0019% 8l.6
15p0y 30 Ga S1077 0,00123 180,22
15pPU 30 Bg 51077 0.00715 107,11
15fUu 30 80 31077 0,00528 151.3
35p8 52 88 91377 0,00531 .
35pg 52 Bo 91377 0.27106 =192
35pR 52 B84 91377 0.,30780 -193
15PU 27 As 41577 0,00900 . 0,03413 182.4 75.6-
15P1y 27 Bo 415877 0,00877 2.7
15pu 27 B84 41577 0.01%61L =47.5
1Spu 27 BQ. 41577 0.00964 -6.9
15P0 27 BQ w1577 0,00851 Se7
15py 27 84 41877 0.011lge =2&.0
15py 27 Ba 31077 0.06394. =151
18Py 27 E6 51077 0.03638 =121
1SPU 27 B¢ 51077 0.04613 =135
18Py 27 BQ 51077 0,055a3 =14y
15Py 27 8Q 51077 0.051S1 =140
15Py 27 ©BR 51077 0,05%45 -l44
15pky 27 3¢ 51077 0.05204% -l41
1Py 27 8@ 51077 0,05433 =143
3zpy &7 8BS 42677 G6,00400- N
- 33PU &7 BQ 42977 0,05087 -171

0,19473 155,.3 111

0,02729 170,7 85.4

Continued



TABLE C2-«4, (Continued)

GUALITY CONTROL OATA AND SUMMARY STATISTICS
ARPUMPS e

MON=METH INQIV MEAN NM MA X POOLED
10 SAMp  DATE |_EAK RATE % DIFF LEAK RATE % DIFF STANO DEV

o i s e e e e . 2 o - - = -
EE R RN RN EERIIESISEEETI &1 === === 3 ==

1pA 1 0§ 12377 5.74866 »
1PA 1 B84 124783 0,25197 183,2
27pa 83 BS 13078 1.061s1 . 0,44831 200.5 77.8
27pA 83 Ba 13177 0.26023 121.3
27pa 83 Be 13177 0.1623% 146.9
27PA A3 8@ 13178 0.30904 109.8

3.00031 183.2 9146

27PA 89 BS 32278 0.54498 . 0,22520 279.a 110
27PA 89 BG 32278 0N.01497 190.9
27PA 89 Bg 32278 0.01566 190,5

Continued
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TABLE C2-4. (Continued)

- QUALITY CONTROL DATA AND SUMMARY STATISTICS
*«COMPRESSORS
MON=METH TNOIV MEAN MM MAX POOLED
10 sAMp DATE LEAK RATE % OIFF LEAK RATE x OIFF STAND DEV

ey Y T T T ) S - i e T T
EESESE=RESES=E = R REERETEE R  E s AT SR RS aSew s man ™

SCa S B8s 41878 0,02627 . 0,0259% 2.5 1.2
s5Cca 5 80 41878 0.02%63 2.5
1¢A 12 8BS 50878 0.93132 . 0,910%9 4.6 243
1ca 12 8a 50878 0.889a¢ 4.6
13ca & BS 32478 0,2467& . 0,2506% 8.0 246
13cA & BQ 32478 0,2628% “6.2 .
13CA 6 B& 32478 0.24253 1.7
13¢D S B8s 32078 19.96349 . 19,17267 8,2 4.1
13¢ch 5 80 32078 18.38146 B.2
S¢cA 6 B8 41878 0,03920 . 0,03905 12.2 3.6
SCA & Ba 41878 0.04130. -5,0
Sca. & Ba 41878 0.03656 7.2
33Cca. 3 BS 110778 0.364e2 . ¢,38915 12.6 e}
33CA 3 BO 110778 0.41369 =12.6
33CB 3 35 110778 0.36462 . 0,38915 12.6 Ge3
33cg 3 8@ 110778 0.41369 -12.6 )
13¢a 1 B8S 41278 0,1878S . a,17496. 13.7 6.5
13¢A 1. Ba 41278 0,17320 8.1
13CA 1 BG 41278 0.16383 13.7
32CA 4 BS 110773 0.035u49 v 0,03272 16.9 2.5
32ca & BG@. 110778 0.02995 16.9
32¢8 4 BS 110778 0.03%49 . 0,03272 16.9 8,5
3308 4 By 110778 0.02995  16.9
I2¢C. 4 @% 110778 0,.03549 . 0,03272 16.9 B.5
i2cc 4 BQ 110778 0,0299%  16.9

23¢cc 11 GBS 42078 0.45097 . 0,41329 18,2 9.1
23Cc 11 Ba 42078 0,37%&62 18,2
23¢ca 10 88 42078 0.514%42 .
23ica 10 Ba 42078 0.41863 20.5
S¢R & BS 41876 0.25757 . 0,29209 26,1 11.3
SC3 6 Bu 41678 0.33375 =25.8

s¢cg & 84 41878 (0.28493 10,1

0,46452 20,5 10.3

Continued
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TABLE C2-4. (Continued)

QUALITY CONTROL DATA aND SUMMARY STATISTICS
*xCOMPRESSORS

MON=METH INDIV MEAN NM  MAX POOLED
I0  sAMp DATE LEAK RATE % DIFF LEAK RATE % DIFF STAND OBV

o e e e e o Tt Y o e, S o e S e - — o
b b e -+ SEz=E - EREERLESEESZEISzIse=sR

5¢a 7 8% 41878 0,0u724 . 0,043548 33.1 12,9
SCA 7 8o 41878 0403443 3l1.4
ScA 7 aa 41478 0,04879 3.2
5¢8 7 8BS 41978 0.076u48 . 0,0867% 34,9 13.5
5B 7 Ha 41978 06,07702 =0.7
SCE 7 ua 41978 0.10674 =33.0

1C0 10 BS 50878 0,02327 . 0,02099 39,4 15.9
1C0 10 8o 50978 0.02398 340
1co 10 Bg S0978 0,01571 38.8

13 1 A5 41278 1,62669 . 1,55667 42.& 13,7
13cR 1 B@ #1278 1,8%333 =+13,0
13¢@ 1 B3 41278 1.19000 31.0
13CAa 1 BS 110778 0.25191 . 0,33368 49.0 2445
13CA 1 BG 110778 0,41545 =49.0
138 1 BS 110778 0,2519y . 0,33368 49,0 . 24,5
13CE8 1 BG 110778 0.41545 =49,0
13¢CCc 1 BES 110778 0.25191 . 0.33368 u49.0 24,5
13cc ¢ B 1107789 G.41545 «49.0
13¢D 1 BS 110778 0,.25191 . 0,33368 49.0 24,5
13¢0 1 BR 110778 0.415485 =49,.0
27co 18 8S 102777 0.22207 . 4,20937 49,9 16.1
27C0 18 BG 102877 0.24620 ~10,3
27¢0 18 B84 102877 0.22745 =-2.4
27¢0 18 B@ 102877 0,14176. 44.1
1co 13 BS 71877 0,00312 . 0.00305 49,9 15,2
1co 13 Ba 71477 0,00373. =19,3
1CU. 1% BQ 71877 0,00226 21.9
1CB 11 BS 50978 0,121&9% . 0.119%5 50,7 15.4
1CR 11 BQ S0878 0.14875 =20.0
1CE 11 BQA. 50978 0.08819 31.9
22¢0 7 B85 79777 023107 . 0,181865 54, 27.2
Continued
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TABLE C2-4. (Continued)

QUALITY CONTHOL QATA ANO sSUMMARY sSTATISTICS
»xCOMPRESSORS

MON=METH IMOIV MEAN NM MAX PQOLED
SAMP DATE | EAK RATE X% DIFF LEAK RATE % OIFF STAND DEV

o - e P T T T P T I -t Pt T r T o1
bttt At e e e e S R

22C0 7 BaQ 70877 0.13222 S4,.4

l3cg 3 &8s 12578 0.71773 . D.62284% 59.2 23.0
13¢8 3 89 12578 0.73619 =245

13¢3 3 8@ 12678 0.67015% 6e9

13¢cB 3 Be@ 20978 0.36729 6h.6

13cc 1 8s 41278 0,4202% «  0,33989 2.3 27.7
13¢cc 1 80 41278 0.20856 6743

13¢c 1 Ba 41278 0.390a7 7.2

13¢a 7 88 32478 0,60471 . 0,44437 64 .t 29.8
13ca 7 Bg@ 32478 0,31848 62.0

1ica 7 EaR 32478 0.,40992 38,4

23cp & 8s 41978 0,82955 . 0,59704 72.6 32.8
23¢D 8 ae 42078 0.565&0 37.8 ’

23¢p 8 Ba 42078 0.39598 70,8

22¢p 1 BS 111578 0.54721 . 1,12329 1008.3 54,2
22€3 1 B@ 111578 1.839318 -108

13¢a 3 BS 12578 0,00571 . 0,01512 109.7 63.6
13cA 3 Ba@ 12678 0,01735 «101

13ca 3 8a 12678, ¢,02230 -118

23cc 92 8s 42078 5.7997s&. . 3,43370 112.4 S51.6
23Ccc 9 B 42078 2,56271 77.4

23¢cc 9 Bg 42078 1,93Bgl 99.8.

23cc 10 8BS 42078 1.08153 . 0,8702% 147,11 6546
23CC 10 B0 42078 1.40449 =26,0

g3ce 10 8o 42078 D,12472 198.8

22€0 9 8s 71877 1,.,42347 . 1,83031 150.0 49,3
22C0 9% EQ 70877 0,43165 106.9

22ce 9 B@ 70877 3,17714 =76.2

22C0 9 BG 70877 2,28897 =46,8
sCcA 2 BS 110778 0,000z4 . 0,00167 159,3 79.7
8CA 2 B@Q 110778 0.00300 =1%9

Continued



TABLE C2-4, (Continued)

QUALITY CONTYROL DATA AND SUMMARY STATISTICS

=2COMPRESSORS
MON=METH INDIV MEAN MM MAX POOLED

i0 sAMP DATE (EAK RATE % DIFF LEAK RATE x IFF STAND DEV
8cg 2 8% 110778 0,00034 . 0,00187 159.3 797
8CB 2 B 110778 0.00300 =159
8cc 2 8% 110778 0,00034 N 0,00167 159,3 7947
8¢c 2 B@ 110778 o0,00300 -159
23¢C0 & BS 120877 0,015as . 0,04203 166,11 64,6
23C0 6 BQ 120877 0,04629 =93,.3
23co 6. BQ 120877 0.06221 =115
23Cco & BQ 120777 0.07805 <129
23Cco 6 Ba 120777 0.00824. g8.6
23co0 6 B 120977 0,04089 -p2,7
I4co 5 BS 92077 0,00024 . 0,09111 199.5 99,8
3ucp S5 BQ 92177 0.318198a <199

Continued
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TABLE C2-4.

(Continued)

QUALITY CONTROL DATA AND SUMMARY STATISTICS
*#FLANGES*x

THON=METH

INOIV

MEAN.- NM Max

POOLED

gAMP DOATE LEAK RATE % OIFF LEAK RATE x DIFF STAND DEV

EEmmEossS=SSoSE

1FL284
1FL284
1FL284%

33FL
33FL
33FL
13FL
13FL
1FL
1FL
13FL
13FL
13FL
1FL
1FL
1FL
13FL
13FL
13FL

46
46
45
87
87
13
13
57
ST
57

"

m

4
42
42

u2.

‘8BS
8a
8@
85
ga
BQ
B3
8aQ
BS
8Q
88

84.

g2a
£3
BQ
8q
S
BQ
60

90877
90877
20877
120177
120177
120177
11877
11978
12377
12378
31478

32178

32178
12078

123578
12478

12478
12678

12678

a,02520
0.02712
0.,02580
0.,012u47
0,0109e
0,01055
0.14735
0.21611
0,40128
0,00078
0,0042%
0,00829
0,007&7
0,1007y
0.0740%
013729
0.,00%67
0.00206
0.00058

=73
2.3
12.9
16.7

-37.8
.
48.5
"'6“'8
-57.7

.
30.5
+30.7

129.7
178.2
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0,0260% Tt

0,01133 1649

0,18173 37.8
0.,00103 48,5

0.,00573 60+3

0,10403 £0.8

0,00410 222,

Continued

Jel
Beb

18,9
24,2

385
177

90,0



TABLE C2-4,

(Continued)

QUALITY CONTROL DATA AND SUMMARY STATISTICS

*»RELIEF VALVES*=

NON=-METH INDIV MEAN NM MAX POULED
10 sAMp  DATE* LEAK RATE % DIFF LEAK RATE x DIFF STAND DEV
- =3 == -+ 1t 3t At - T ]

27RV 17 B8S 42878 0.2865) . 0,28854% 1.4 Be7
27TRV 17 Ba 42878 0,29053 -leis

L3Ry 43 4as 41378 0,17006 . 0,17137 1,5 0.4
138V 43 BQ 41378 0.17269 21,5

13Rv 38 8§ 41378 0.2439s . 0,24090 2.5 1.3
13Rv 33 Bg 41378 0.237ay4 2,5

13RV 30 8§ 41278 014562 e 0,14336 3.0 1.5
13Rv 30 B8a 41278 0.1%120 3.0

13RY 2 BS 41178 0.00%10 . 0,00093 5.9 3.0
13Ry 2 Ba 43178 0.00481 Se9

27RV 13 8BS  S0378 4.50774 . 4,71810. 8,9 4.5
27RvV 13 86 S0378 4.92846. 8.9

13Rv 20 &S 50378 0,01046. . 0,01113 12.0 6+0
13Rv 20 B@ 50378 0,01180 «12.0

13Ry 3 88 41178 1.08040 . 0.97544 16.4 9l
13Rv 3 BQ 411789 0.92%528 155

13Rv 3 Ba %1178 0,92064 16.0

L3RV 12 8BS 12678 0,08214 . 0,08293 179 Sp2
13Rv- 12 EQ 12678 0.09073 -9,9

13Rv. 12 80 12678 0.,07592 Te9

23RV 28 B5 120877 2.52460 . 2,41117 2640 a1
23RV 28 BQ 120877 2.01772 22.3

23RV 28 B 120877 2.458a2 2.6

23RV. 28 B3Q. 120877 2.a&4355 4,6

13RV 49 Qs 41378 Q.15082 o - D.1327y 27,3 13.6
13RV 49 BQ %1378 0O.l14%el 273

13Ry 25 BS 11978 3,78514. N 3.32520 27.6 13.8
13Rv 25 8o 11978 2.86726 27.6

13gv. 1 B8s 41178 0,02199 . 0,01756 44,4 211
13RV 1 B0 41178 0.01419 43.1

13RV. 1 B8R 41178 0.01649 28,4

13RvV 29 4§ 41278 0.062B4 . 0,09764 58,7 33,9

Continued
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TABLE C2-4. (Continued)

QUALITY CONTROL DATA AND SUMMARY STATISTICS
*»RELIEF VALVES*= .

NON-METH INDIV MEAN NM _ MAX  POOLED
1D SAMP DATE LEAK RATE X DIFF LEAK RATE 3 OIFF sSTAND QEV

A e 2 -1 - -
AEEEEEISEE=EER=S == === === = -

\ 13Rv 29 B8R 41278 0,10991. =%54,S
- 13ry 29 Ba@ 41278 0.12016 =62.7

27RV 3 8BS 42778 2.52797 v 4,04323 70,2 35.3
27TrRV 3 Ba 42778 3.78700 . =~39.,9
27RV 3 BQ 42778 2.,67706 =-5,7
27RY 3 BG 42778 3,71492 =38,0
27Rv 3 BQ 42778 5.36945 =T71.9
27Ry 3 Ba 42778 %5.29777 =70,28
27RV 3 B8a 42778 4,93244 =64,5
27TRV 4 85 42778 0,.,24242 . 0,47288° 115.1 S1.4
27RV 4 BG 32778 0.16687 36,9
2IRV 4 B@ 42778 0.59731 ~84.5
27TRVY 4% Ba 42778 0.,71138 98,3
27TRV 4 BQg 42778 D.64600 «90.9

Continued



TABLE C2-4. (Continued)

GUALITY CONTROL DATA AND SUMMARY qTATISTICS
*xDRAINS »n

NON=METH INDIV MEAN NM . MAX POOLED
10 SAMP DATE (EAK RATE x DIFF LEAK RATE % OIFF sSTAND DgV

N e o S i e Tk R e s e i = e s i e e o e S e
= = = === 13 = == 1+

i5Dr 1 8s 72677 0,3605% . 0,33271 2640 10,9
1S0r 1 BG 72677 (0.36207  =0.4
150R 1 Ba 72677 0,275u6 26.8
220R B 88 70977 0n.004a3 . 0,00562 28,0 14.0
22DR 8 8@ 71177 0.00840 =28,0
270R 35 BS 102577 0,.11%1u " 0.,16358 60 o4 30.2
270R 35S BQ 103177 0.21301 =60.4
130R 4 Bs 41078 0.02771 . 0,04099 64%.8 3244
130R &% B89 41078 0.054p26 =64.8.
130R S5 8BS 41078 0.,00897 . 0,00890 LLES N 26.2
130R 5 Ba@ 41078 0.01281 =33.8
130R S 80 41078 0.00513 S4.4

3%0R 11 B8 92077 0.03038 . 0,03126 90,8 27 b
35DR 11 86 92077 0.01761 52.6

3%0R 11 B0 92077 0.04598 «41.5 :

220R 23 B8S 20678 0.00246 . 2,.00298 9741 284
220R 23 Ba 20678 0.004¢2 =gl,2

22DR 23 B84 20678 0.,00176 33.1

36DR 4 BS 1130477 0,00428 . 0,00709 98.2 38.5
36DR 4% BG 113077 0.01124 =-89.7
360R & 0BQ 113077 0.,00378 =23,2
320r 8 88 s0278 2.a83161 . 1,89172 104,86 La-FY
320R 8 @3¢ 50278 2,39114 Y
320R 8- 80 50278 0.85220 120,56
320R 9 88 50278 0.78253 - 3.,16103 134,83 72.8"
320R 9 6@ 50578 S.04340 =146
J20R % 00 SuS78 3.85716 -129
10R 2 BS 101077 0,00000 . 0,00003 143,5 4.7
10FR 2 68a 101077 0.00004 =161
10R- 2 B@ 101177 0.00005% =167

32pR 20 88 502768 1.1117% . 0,69%79 186,48 79,0
32pR 20 Bo 50278 0.95519  15.1.

Continued
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TABLE C2-4. (Continued)

QUALITY CONTROL DATA AMD SUMMARY STATISTICS

*2DRAINS ==
MON=METH IHOIY MEAN NM MAX PQOLED
10 sAMp  DATE (EAK RATE X OIFF LEAK RATE X DIFF STAND OEV
S== ---_=========‘_‘==============-======='—'============

32pR 20 Ba 50578 O0.020u3 192.8

17D0R 20 88 20278% 0,00391 . 0,01913 173,9 85.6
170rR 20 BQ 20278 0.,02720 =150
17DR 20 BQ 20278 0,01654 -124

170R 20 B&@ 20278 0,00451 =-14,2
170R 20 BQ 20378 0.0128%5 -107
170R 20 84 20378 0.02%3¢ 147
170R 20 HQ 20378 Q.,03717 -162
170R 20 B4 20378 0.,03540 =150
170R 20 B84 20378 0.01916 =132
170R 20 GBQ 20378 0,00917 =804
170R 19 8BS 20278 0,00034 « - 0,00819 184,1 107
170R 19 8@ 20278 0.,00219 -147
170R 19 BG. 20378 0,01050 =183
170r 19 80 20378 0.01173 -189
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refineries for each of the types of sources bagged. Figures
C2-20 through C2-25 show these same percent differences plotted
versus the average leak rate of the samples from each source.
Control limits of + 70 percent are included on these plots. A
maximum 70 percent difference between samples was the original
goal for the baggables sampling and amalysis procedure. As can
be seen, a significant number of checks were outside these limits.
Leak rates from drains were especially nonrepeatable. The leak
rates appeared to vary considerably with time. TIn addition, the
sampling technique for drains was not as reliable as that for
~other baggable sources. It was difficult to insure that addi-
tional emissions were not induced by the sampling procedure.
Frequency distributions of the percent differences for wvalves
and pump seals are shown in Figures C2-26 and C2-27,

Figure C2-28 shows a plot of the pooled standard
deviation for the repeat samples versus the average leak rate
of the original and quality control samples. Since the stan-
dard deviation is obviously related to the concentration level,
percent standard deviations were computed. The percent stan-
dard deviations are plotted versus the mean leak rate in Figure
C2-29. The percent standard deviation appears fairly constant
for all levels with a slightly larger percent difference for
leak rates less than 0.01 lbs/hr.

Table C2-5 summarizes the statistical analysis of the
repeat QC samples. The wvariability for drains is significantly
higher than the other sources while the variability for relief
valves is significantly less. The other sources have a stan-
dard deviation averaging about 40 percent, or a confidence limit
based on a single test of * 80 percent,
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This standard deviation of 40 percent is composed of
variation due to analysis, sampling train components, sampling
team effect, and inherent short-term variability in the leak

rate. In Section 2.2, the standard deviation for the THC

analysis was shown to be about 2.4 percent. In Section 2.3 the
standard deviation for sampling and analysis of standard gases
was shown to be about 17 percent. No significant differences
between sampling teams or sampling carts wére'found, therefore
a significaﬁt.portion of the variability in the leak rate
quality control samples is probably due to short-term changes
in the leak rate. These changes can be attributed to varia-
tions in process conditions, envirommental changes, and random
variations in the actual leak rate.

Figures C2-30 through C2-32 are examples of the
short-term variation in leak rates for selected sources from
Table C2-4. Significant changes in relatively short periods
of time are obvious from these graphs.

2.4,2 Variance Component Analysis

The variability when measuring the leak rate from a
single source can be put in proper perspective for this program
by comparing this wvariation due to short-term variation and
sampling/analysis with the total variability of the leak rate
data from all sources. Statistical analyses of variance tech-
niques can be used to separate the total variability of the
measured leak rate into its various components.

Table C2-6 summarizes the estimation of variance com-
ponents for the six baggable source types. The variation of
the logarithm of the leak rate is broken down into four com-~
ponents of variationi '
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Figure C2-30.

Short-Term Variation in Leak Rate -
Valves
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Figure C2-31l. Short-Term Variation in Leak Rate -
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L refineries,

o units within a refinery,
] individual sources within a unit, and
* sampling/analysis, short-term variations.

The estimation technique assumes all the components are random,
i.e., a random selection of refineries, of units within a
refinery, of sources within a unit, and of samples from a
particular source. The degrees of freedom in the table is the
number of independent pieces of data available for estimating
the component of wariation.

As can be seen from Table C2-6, the largest percent-
age of the variation in the log leak rate is due to individual
sources except for compressor seals. The variation due to
differences between refineries is negligible for all sources
except relief valves. The percentage variations due to the
sampling and analysis procedures and short-term leak varia-
tions range from 3.8 percent for relief valves to 21.4 percent
for drains. This component for valves is 5.7 percent. The
standard deviation of 40 percent discussed above is not large
when compared to the total variability of the leak rate in the
data base where leak rates span seven orders of magnitude.
Since the emphasis in this program is on overall estimates
rather than estimates of individual leak rates, the variability
of the sampling and analysis process is certainly acceptable
for the program objectives.
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3.0 QUALITY CONTROL FOR HYDROCARBON SCREENING PROCEDURE

The screening of sources during this field sampling
program was accomplished with sensitive portable hydrocarbon
detectors. The principal device used in this study was the
J. W. Bacharach Instrument Company "TLV Sniffer.'" The Century
Instrument Company Organic Vapor Analyzer (Model OVA-108) was
used for some screening, but not enough data were available for
developing correlations. The instruments were calibrated daily
with standard mixtures of hexane in air. The OVA-108 and TLV
Sniffer give direct readings of hydrocarbon concentrations in
ppm by volume.

When screening valves, pumps or'éompressors, the
probe of the hydrocarbon detector was normally placed as close
as possible to the intersection of the shaft with the sealing
device (0 em). The probe was held at this location for a
minimum of five seconds. The detector reading was recorded.
This was repeated ét three other points 90 degrees apart around
the shaft. The maximum reading was used as the screening value
for the sampling criterion. This maximum may not be the true
maximum which could be obtained by screening over the whole
360 degrees. Subjective evaluations by the engineers doing
the screening indicated that the difference in maximums would
not be significant.

Flanges were screened by placing the detector probe
at 2-inch intervals all around and right against the outside
perimeter of the flange interface. The maximum detector read-
ing was recorded. Drains were similarly screened. The detector
probe was placed at 2-inch intervals around the perimeter of
the drain. The maximum measured hydrocarbon concentration was
recorded.



Relief valves were screened by placing the instrument

probe at the valve '"horn" exit. The screening value obtained

at that point was used as the sampling criterion.

For evaluation purposes, some readings were also

obtained five centimeters from the source for all source types.

Appendix A discusses further details of the operation
of these hydrocarbon detectors. This section discusses the

various quality assurance activities related to the screening

devices:
L4 calibration checks,
L4 repeatability of screening,
L2 intra- and inter-screener comparisons,
. relationships between TLV and OVA
instruments, and
L screening versus soaping techniques for
leak detection.
3.1 Screening Device Calibration Checks

The TLV and QVA instruments were
they were used. Standards of 500-525 ppmv
hexane in air were used to get a two point
day. Before a recalibration was made each

obtained from the instrument were recorded.

purposes:

Ld check for instrument damage
malfunction, and

c-81

calibrated each day
and 2,000 ppmv
calibration each
day, the values
This served two

or



. document the stability of the daily
calibration.

The results of these calibration checks at the last
three refineries visited are shown in Figure C3-1 for the lower
standard and in Figure C3-2 for the high standard. Three dif-
ferent TLV instruments were used at these refineries. The
percent differences from the standards are plotted in Figures
C3-3 and C3-4.

Table C3-1 gives a statistical summary of these data.
None of the devices gives any indication of a consistent bias
(or drift) at either the high or low level. The maximum per-
cent differences found were always less than 20 percent of the
known concentration.

Based on these data, it is concluded that the daily
calibration of the screening devices at two levels using stan-
dard gases was adequate for obtaining consistent, unbiased
readings. |

3.2 Repeatability and Reproducibility of the Screening

Procedure

Repeatability and reproducibility are estimates of
the variation inherent in multiple screenings of individual
sources. The 90 percent repeatability is the maximum differ-
ence expected between two screenings by the same operator
within a short time period (less than 3 minutes). A difference
of greater than the repeatability statistic would be expected
less than 10 percent of the time. The 90 percent reproduci-
bility is the maximum difference expected between two screen-
ings by different operators within a short time period (less
than three minutes).
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The repeatability of the screening process was
investigated by performing repeated screenings on the same
source by the same operators. The issue of repeatability is
again complicated by short term variation in the leak rate.
However, an evaluation of the repeatability of the screening
procedure is important for future use of the screening devices
in standards and maintenance programs. Both the TLV sniffer
and the OVA-108 instruments were used to screen at the sources
and 5 ¢m from the source. The absolute value of the percent
difference between the duplicate readings is plotted against
the mean of the duplicate readings in Figures C3-5 and C3-6
for maximum reading at the source using a TLV and QVA, respec-
tively. Most percent differences are less than 75 percent for
the TLV and below 40 percent for the OVA. Figures C3-7 and
C3-8 show the same plots of percent difference for TLV and OVA
readings at 5 ocm from the source. The percent differences for
the TLV tend to be higher, indicating that the method is not as
repeatable as screening directly at the source.

Quality control studies were run on the TLV sniffer
to determine the reproducibility of the measurement method..
Between one and five sources at selected refineries were
selected with screening values between 200 and 10,000 ppm.
Each day that screening was done, at least one team would
screen each of the sources. Duplicate readings were some-
times performed on each device, both at the source-aﬁd.S cm
from the source. Figures C3-9 and C3-10 illustrate typical
results obtained from the repeated screenings using the TLV
suiffer at the source.

Within a day, the screening results from each team
were generally close. A visual comparison of duplicate readings
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by the same team can also be seen. Figures C3-11 and C3-12
represent the paired TLV readings taken 5 cm from the source
on the same sources. Note that the magnitude of the concen-
tration is different. The magnitude of the difference between
operators is larger, in one case, and about the same in the
other case.

The absolute value of the percent difference between
operators was calculated and is plotted against the mean value
for operators in Figures C3-13 and C3-14 for TLV at the source
and TLV at 5 cm, respectively. For TLV at the souxce, most
values had less than 60 percent differemce. Again, for TLV at
5 cm, the magnitude of the percent differences is larger.

A variance component analysis was run on both TLV
sniffer and OVA-108 data from the reproducibility and repeat-
ability studies on selectedhdévices. The results of this
analysis, broken down by device, are given in Tables C3-2 and
C3-3 for the TLV and OVA. The pooled standard deviation for
all TLV repeat readings at the source (all devices) is 0.50 In
(screening value), yielding a 90 percent repeatability of 117
percent. . _

The effect of different operators can also be
observed in this anmalysis. Pooling the data from pumps and
valves, the standard deviation is 56 percent. Ninety percent
reproducibility is them equal to 130 percent. The pooled
standard deviation for all OVA (at the source) repeat readings
is 30.5 percent producing a repeatability of 85 percent. Note
that the repeatability of the OVA instrument appears better
than that of the TLV, and that there are less data available
to evaluate the OVA.
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particular unit or the lack of space for ductwork may be a

severe restriction. Individual units must be tuned to avoid

the problems of corrosion, reductive decarburization, and deposits
on boiler tubes, flame instability, blowoff, flashback, combustion-
driven oscillations and combustion noise or roar.

4.1.3.2 Internal Combustion Engines

There are several modifications for controlling NO
emissions from intermal combustion engines. The percent NO
reduction and the limitations for each of these modifications
are given in Table E4-4.

Modification of combustion chamber design now in use in
diesels and in Honda gasoline-powered automobiles may include the
use of a prechamber, turbulence chambers, or '"energy cells.” A
prechamber provides a type of two-stage combustion with a very
rich first stage and a very lean second stage. This arrangement
is known as a "stratified charge' engine design. 'Energy cells"
provide controlled combustion to prevent high-peak pressures and
rough operation. Intermal exhaust recirculation, controlling
oxygen availability, special low-NO_  combustors, and premixed,
prevaporized and well-stirred extermal combustors are being
studied for use on turbines.

In the diesel engine, an increase in the specific.
gravity of the fuel is accompanied by an increase in NO  emis-
sions. NO_ emissions from distillate oil-fired gas turbines are
about twice as high as those from natural gas-fired turbines.

In gas turbines, the effect of fuel composition on NO  emissions
may vary with fuel rate and the geometry of the combustion zome,
so each design must be examined separately. Also, limited data
suggest that fuel nitrogen is converted to NO_ at a high rate

in gas turbines.
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TABLE C3-2. VARIANCE COMPONENTS FOR TLV MEASURED AT THE SOURCE

Valves — Ln (screening value)

Variance Source Degrees of Freedom Variance Component Percent
TOTAL 155 2.847 100
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

90% Repeatability = 121%
907 Reproducibility = 1347

Pump Seals - Ln (screening value)

Variance Sourca Degrees of Fraedom Variance Component Percent
TOTAL 46 0.427 100
INDIVIDUAL PUMPS 1 -0.008 0.0
DAY 27 0.192 44,9
OPERATOR 10 0.068 15.9
REPEAT 8 0.167 39.2

907 Repeatability = 95%
90%. Reproducibility - 113%
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TABLE C3-3. VARIANCE COMPONENTS FOR OVA MEASURED AT THE SOURCE

Valves Ln (screemning value)

Variance Source Degrees of Freedom Variance Component Percent
TOTAL 23 2.342 100

INDIVIDUAL VALVES 2 ©1.799 76.8 |
DAY. 15 0.401 17.1
REPEAT 6 0.141 6.1

90%Z Repeatability = 87%

Pump Seals - Ln (screening value)

Variance Source Degrees of Freedom Variance Component Percent

TOTAL. 15 0.908 100
INDIVIDUAL FUMPS L 0.359 39.5
DAY 10 0.528 58.2
REPEAT 4 0.021 2.3

90% Repeatability = 363

c-101



Table C3-4 contains the results of the variance
components test run on the 5 cm TLV readings. The pooled stan-
dard deviation for repeat readings is 0.79 1ln (screening value)
and the pooled 90 percent repeatability is 184 percent. This
high repeatability figure shows the 5 cm method to be more
variable than screening at the source. Reproducibility was
also calculated by pooling the variance from both devices that
described the operator effect. The standard deviation is 1.06
and the percent reproducibility is 246 percent, again much
higher than that for screening at the source.

The OVA-108 screening device data from 5 cm was also
checked for repeatability (Table C3-5). The pooled standard
deviation for repeated readings is 0.28 ln (screening value)
and the percent repeatability is 65 percent. The repeatability
for the 5 cm OVA readings is slightly better than that for OVA
screened at the source (72 percent) but the difference is not
statistically“significaﬁt at the 95 percent test level.

3.3 Relationships Between TLV and OVA Readings and Leak
Rates

TLV Versus QVA

The TLV sniffer was the primary screening device used
on this program, but the OVA-108 was also available and used
for some screening. During the duration of this program,
Radian did a study for six San Francisco Bay Area refineries
in which the OVA was used for screening. A special study was
run to relate TLV and OVA readings. This study is reported
here for completemness.
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TABLE C3-4. VARIANCE COMPONENTS FOR 5 CM TLV

Valves - Ln (Screensng Value)

90% Repeatability = 1397
90%Z Reproducibility = 2837%

Variance Source Degrees of Freedom Variance Component Percent
TOTAL 101 4,613 100
INDIVIDUAL VALVES 4 2.326 50.4
DAY 57 1.327 28.8
OPERATOR 19 0.235 5.1
REPEAT 21 0.725 15.7
90% Repeatability = 1987
90% Reproducibility = 228%
Pump Seals — Ln (Screening Value)
Variance Source Degrees of Freedom Variance Component Percent
TOTAL . ' 46 1.484 100
INDIVIDUAL PUMPS 1 =0.046 0.0
DAY 27 0.229 0.0
QPERATOR 10 1.124 75.8
REPEAT a8 1.36Q 26.2
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TABLE C3-5.

VARTANCE COMPONENTS FOR 5 CM OVA

Variance Source

TOTAL

INDIVIDUAL VALVES

DAY
REPEAT

Variance Source

TOTAL
INDIVIDUAL PUMPS

DAY

REPEAT

Valves - Ln (Screening Value)

Degrees of Freedom Variance Component
23 4,073
2 2.774
15 1.189
6 0.110

90% Repeatability = 77%

Pump Seals - Ln (Screening Value)

Degrees o

£ Freedom Variance Component
15 0.435

1 0.056
10 0.351

4 0.02

907 Repeatability = 39%

Percent

100
68.1
29.2

2.7

Percent

100
12.9
80.7

6.4
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One hundred and twenty valves with TLV screening
values from 30 ppmv to 100,000+ were each screened in the
following manners:

'Devica Calibration Gas Distance from Source
TLV. hexane 0 cm (at the source)
TLV hexane 1l em
OVA methane 0 em

cm

ova methane 1

For each of the above categories, 120 pairs of screening values
were thus available for analysis. The maximum value was
recorded following the usual screening procedure. Regression
analyses on the logarithm of the,ﬁaximum.screening value were
done and nomographs were developed to enable conversion to
various types of screening and devices. These nomographs are
shown in Figures C3-15 through C3-18. The 90 percent confi-
dence intervals reflect the precision of relationships as
determined from the study in the Bay area. When using these
nomographs, it is important to note that the instrument is
calibrated to the standard gas type listed on the graph.

TLV Versus Leak Rate

_ Screening values were obtained during the field
sampling program when the source was first located and
rescreening values were obtained nearer to the time that the
source was actually sampled. Correlations and nomographs have
been developed to relate the maximum TLV with leak rates.
These are reported in Appendix B of this report. A number of
sumnary statistics were evaluated before selecting the maximum
reading. Tables C3-6 and C3-7 report simple correlationms
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between leak rates and selected screening statistics (including
individual readings) for valves and pump seals. The maximum
rescreening value at the source was selected because of its
high correlations and simple determination.

3.4 _ TLV Readings Compared to '"'Soap Screening'

At one refinery, a short test was made to compare
screening of sources using a soap solution with screening using
a TLV sniffer. No attempt was made to relate the two types of
screening results to leak rates because of the minimal amount
of data. The test gives only a qualitative comparison of the
two screening techniques. Following the usual screening tech-
nique on selected sources, the maximum TLV value was obtained.
Then the source was sprayed with either a "snoop'' soap solution
(relatively thin) or a relatively thick solution made from
Ivory liquid soap. Then the "action" or "description'" of the
soap solution was recorded.

Table C3-8 summarizes these data. The descriptions
of the soap solution were grouped into one of four classes as
described. The data are plotted in Figure C3-19. As can be
seen, the soap solution formed bubbles for all screening values
greater than 1,000 ppm except for the vertical sources and one
other valve.
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4.0 QUALITY CONTROL FOR NONBAGGABLE SOURCES

Quality control for nonbaggable sources involved an
evaluation of the accuracy and repeatability of all amalytical
procedures. Sampling procedures usually did not lend them-
selves to accuracy evaluations although day-to-day variatioms
give an upper bound on sampling repeatability.

The procedures discussed in this section include an
evaluation of the quality control for amalytical methods used
to measure emissions from cooling towers, wastewater treating
units, and process stacks. The specific sampling and analysis
procedures, including calibration procedures, are discussed in
Appendix A, "'Sampling Methodology."

4.1 TOC Analysis for Coo;ing Tower Evaluation

Total organic carbon (TOC) assays were done during
this program with a Dohrmann DC52D TOC analyzer. This instru-
ment oxidizes organics to carbon dioxide and then reduces the
carbon dioxide to methane. The methane is measured with a
flame-ionization detector. '

The instrument was zerxroed using a ''zero carbon water
standard"” which was especially prepared for this analysis by
Radian. The water is deionized, filtered and distilled from
potassium permanganate under helium with a high reflux. This
has been proven superior to commercial standards. The stan-
dard for the analysis is 180 ppm carbon in water available
from Dorhmann. The 180 ppm standard was analyzed on a regular
basis during the time that wastewater samples were being
analyzed in the field and in Radian's laboratory in Austin.
Figure C4-1 shows the results of these 47 analyses. The
following results summarize these analyses:
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Average: 184.2 ppm
Standard Deviation: 13.54 ppm (7.4% of mean)

95 Percent Confidence
interval for average: (180 ppm, 188 ppm)

While these standard analyses do not indicate any bias in the
method, the variability of the standard analyses indicates that
repeat analyses of samples can differ by as much as 21 percent
(95 percent repeatability) at high TOC levels.

Figure C4-2 shows the results of the blank water
analysis done during the analyses of samples at Radian's
laboratory. These analyses averaged about 1.1 ppm with a
standard deviation of 1.8 ppm or 155 percent. These results
indicate that interference and repeatability problems could
occur in samples at low TOC levels (< 10 ppm).

The difference between the TOC concentrations at the
inlet and outlet of the cooling tower (ATOC) is the most
important statistic in calculating cooling tower emissioms.
The repeatability of the TOC analysis can be evaluated by
comparing replicate determinations of ATOC on the same sarﬁple.
Figure C4-3 shows a plot of the difference between two deter-
minations of ATOC on samples from seven cooling towers.

The average difference for these 48 comparisons was
4,2 ppm. By averaging the squared differences, the standard
deviation for the method can be estimated. TFor these samples,
the standard deviation is also 4.2 ppm. Note that the average
ATOC's for these towers range from - 2.1 ppm to 12.2 ppm. Six
of the seven towers have an average ATOC of less than the stan-
dard deviation of repeat analysis. From the plot in Figure
C4-3, the repeatability of the analysis appears erratic; for
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Most of the effluent from the final oxidizer is used
directly as absorbent solution. The remainder is carried to a
reducer where the thiosulfate is reduced to sulfur by reaction
with a portion of sulfide-rich solution which bypasses the
oxidizer. This reaction is noncatalytic.

The tail gas from the oxidizers is scrubbed free of
ammonia with water. Hydrogen sulfide content in the treated
gas is 10 to 100 ppm. It is possible, at increased cost, to
design a Sulfox unit which can achieve 1 ppm H,S in the tail
gas. However, NSPS requires less than 250 ppmv SO. from a
final oxidizing step, which in this case would probably be
interpreted as, ''SO, or its equivalent as reduced sulfur
compounds." '

It may be possible to convert an existing Claus
system to a Sulfox System with a minimum of expense. It is
probable that the existing amine absorber could be used as
the ammonia absorber and that the existing amine stripper
could be used in the Sulfox unit proper.

Cost of a Sulfox system is considered about equal to
that of a Claus unit, mot including the cost of tail gas
cleaning. Utility costs are estimated to be about 60 percent
of those of a Claus unit.

The Mineral and Chemical Resource Company (MCRC)?®?--

The MCRC Sulfur Recovery process is actually a modified improve-
ment of the Claus process. A proprietary scrubber is used to
improve sulfur recovery and also to remove any ammonium sul-
fate which forms in a Claus unit if the feed contains ammonia.



SISATVNV .H&m.mma D0L "g-%2 FN9IJ

£z St B ) 6°0- 1e- 2 9° 1 wdd v I9VHIAY
£ yanoL | 9 wIMOL § E_zo.h. pudnol | ¢ uwol Z 43N0l 1 HIMOL
cm-nm‘_m.en-mom-m~_namonm_mamwnm—humvnu_nemvmm_
HEEHE R T R R S RIS R N A S N 0 T I SRR O I '
o ® 0 N e . N T o
. .
* * T L | * .« ‘ * * u..u..m
L . . * ] o
.. ' lmn!..u.
. w
. . d W.
¢ =
é -0t W
[ 13}
b >
£
L 61 <
. ¢ z
‘
£
1c~m
w
L
h:s
q

C-123



three of the towers, all differences are less than 5 ppm. This
erratic pattern may be due to the potential interferences dis-
cussed above.

Based on a standard deviation of 4.2 ppm, five sets
of analyses would be required to consistently measure a signifi-
cant change of 4.0 ppm_in a sample. Two sets of measurements
averaged would have some negative changes unless the true
change in the sample set were greater than 6.0 ppm. Sampling
and time variatioms would introduce additional variability
that would further hinder the measurement of emission using
the TOC method.

The magnitude of the sampling and TOC analytical
variations caused some problems in quantifying the low levels
of emissions from the towers. The standard deviation of day-
to-day sampling results using the TOC analyses was close to the
analytical standard deviations when replicate samples are aver-
aged. It appears, then, that most of the variation in the TOC
analytical data is due to the variability of the analytical
technique.

Analytical results obtained by the purge method
(discussed below) were much more precise than those obtained
from TOC analyses.

4.2 Purge Analysis Method

The purge analysis method was used to measure purge-
able volatile organics for both cooling tower and wastewater
samples. For cooling tower samples, a 75 ml aliquot was used.
For wastewater aqueous phase sample, a 10 ml sample was used,
For wastewater oil phase samples, a 10 uyl aliquot of oil in
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10 ml of water was used. A complete description of the
analytical method is givem in Appendix A.

Blind standards were run to determine the percent
recovery obtainable by the purge method. Figure C4-4 graphs
the results of the standards. Almost all the results appear
to fall within two standard deviations of the mean percent
recovery of 85.4 percent. A 95 percent confidence interval
for the average recovery based on the data in Figure C4-4 is
85.4 = 7.0 percent or 78 to 93 percent, so the recovery appears
to average less than 100 percent.

Mﬁltiple analyses of samples were performed on both
cooling tower and wastewater samples. Figure C4-5 shows the
results of the multiple analyses of samples from cooling
towers. The maximum percent difference of the multiple samples
is plotted against the mean sample concentration. The mean
percent difference for all sets of samples was 137 percent with
a standard deviation of 8Q percent. This yields a 95 percent
repeatability of 221 percent.

Figure C4~-6 shows the same percent difference versus
mean concentration for oil-layer wastewater samples. The mean
percent difference for all samples was 7.0 with a standard
deviation of 2.7 percent. The 95 percent repeatability then
becomes 7.4 percent.

4.3 Gravimetric Method for Evaluating VOC Content of Qil

Total volatile hydrocarbons were also measured in the
wastewater 0il samples by gravimetric determination. Samples
were weighed, then stirred for eight hours. A complete
description of the analysis method is given in Appendix A.
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Standard mixtures of base 0il and isooctane were
prepared and analyzed. Figures C4-7 and C4-8 show the results
of these standards. The average percent recovery was 98.3
percent and recoveries within two standard deviations of the
mean range between 90 and 107 percent. A 95 percent confi-
dence interval for the average recovery is 98.3 %z 3.5 percent,
so there is no evidence that the true mean recovery is differ-
ent than 100 percent. '

Duplicate gravimetric determinations were also per-
formed on wastewater samples. Figure C4-9 shows the percent
difference between duplicates plotted against the mean concen-
tration. Note that there are four very high points on the
graphs with percent differences ranging from 68 to 300 percent.
This would seem to indicate that for sample concentrations
below 0.5 ppm the method is unreliable. The mean percent dif-
ference for samples greater thanm 0.5 ppm concentration is 11.8
percent. The pooled standard deviation for this group is 9.5
percent producing a 95 percent repeatability of 26.4 percent.

4.4 Sampling and Analysis of Process Stack Emissions

The major emphasis om quality control for stack
sampling is on strict calibration of metering and temperature
control devices, leak testing, and laboratory standard
analysis.

Of primary concern in obtaining samples from process
stacks and ducts is that the sampling equipment is in proper
operating condition prior to and during sampling. In order to
achieve this, equipment was inspected and cleaned thoroughly,
monitoring devices checked and calibrated, and volume
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measurement devices calibrated prior to sampling. During
sampling, equipment was monitored continuously for proper
operation. |

One of the most important methods involved to assure
that a.proper'sample is obtained is the calibration of sample
volume metering devices. In this program the devices usediare
dry gas meters and rotameters. The dry gas meter used in the
EPA Method 5 train was calibrated generally in confoxrmance to
EPA's publication Maintenance, Calibration, and Operation of

Isokinetic Source Sampling Equipment.® Instead of using a wet

test meter as a standard, a Hastings Model AHL-5 flowmeter was
ugsed. This instrument traveled much better than a wet test
meter and calibration of the unit remained constant. Calibra-
tion was performed over a similar range as suggested in the
above publication and calibration correction factors for the
gas meter and orifice meter in the sampling unit were calcu-
lated according to suggested procedures. Similarly, the gas
meter in the SASS train was calibrated but only at one flow
rate, close to the expected constant sampling rate. Meter
correction factors were calculated. The rotameter in the grab
sampling train was checked rather than calibrated as any differ-
ences in the measured range of rates between the rotameter and
the standard were negligible.

Proper operation of equipment was monitored continu-
ously during all sampling activities. Equipment was shut down,
inspected, and repaired if required, before continuing sampling.
Upon completion of sampling, great care was taken with sampling
containers in order to eliminate contamination of the samples
prior to analysis in the laboratory trailer.
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The primary quality control procedure during the
analysis of the stack samples was the analysis of standards.
The various methods used in the chemical analysis of these
samples is described in detail in Appendix A, "Sampling
Methodologies." Blind standards were analyzed for aldehydes,
sulfur gases, and NO,. Table C4-1 contains the results of
these standard analyses. Figures C4~10 ahd C4-1l1l show the
percent difference from the standard plotted versus the stan-
dard concentration for the aldehyde and sulfur species

standards.

The percent differences for the 28 aldehyde stan-
dard analyses average 0.8 percent with a standard deviation
of 5.2 percent. The variability appears greater at the lower
concentration levels (about * 12 percent) than for the higher
concentration standards (about .t 6 percent). The aldehyde
analysis procedure is concluded to be unbiased with a precision
averaging about * 10 pefcent.

The percent differences for the 18 sulfur analyses
averaged 0.5 percent with a standard deviation of 1l4.6 percent.
Only two standards above 100 ppm were tested. The percent dif-
ferences ranged from - 39 to + 20 percent, but only 3 of the 18
analyses were low. The overall accuracy (including both bias
and precision) of the method for concentrations below 100 ppm
is about # 30 percent. |

. The three standard analyses for NO_ ranged from 21 to
73 percent low, indicating potential inaccuracies in the
analytical method utilizing potassium dichromate-aqueous
sulfuric acid solution. A chromotropic acid method of
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analysis was tried. This method was finally used exclusively
because it appeared to be more reliable and accurate than the
potassium dichromate method.

C-13¢



5.0 DATA QUALITY CONTROL AND VALIDATION

A comprehensive data base management system was
required to handle the data generated in this program. The
total data obtained during the program resulted in more than
one-half million records. Initially data was loaded into
sequential files on a UNIVAC 1108 system. As requirements
for statistical analysis, reporting, editing, and other data
manipulations increased, it became necessary to obtain a data
management/analysis software package.

The SAS system on Boeing Computer Corporation's IBM
370-168 TSO system was used to manage and analyze the data
after six refineries were completed. SAS offered extensive
statistical procedures, as well as data manipulation capabili=-
ties. The data base was kept.on on-line disk storage with
weekly backups on tapes.

5.1 Data Collection and Coding

Formatted data sheets were provided for field and
laboratory use in recording all data. These forms were
designed so that keypunching could be done directly from
the original sheets, thus eliminating transcription errors.
Data sheets were collected daily in the field and reviewed
by the field supervisor for completion and general accuracy.
At the end of sampling at each refinery, the completed forms
were hand-carried to Radian, sorted, and immediately bound
in notebooks. Then a data analyst reviewed each form and
completed the coding of certain variables. Next the data
sheets were keypunched and verified.
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5.2 Computer Files

Sequential files of data were developed for each of
the source types studied. The data were validated during the
loading process by the following means:

. Each variable was checked for appropriate
numeric or alphanumeric characters.

o An acceptable '"range of values' was
checked for each variable. These were
established by knowledge of possible
codes as well as engineering judgment
on process variables.

. All leak rates were calculated by com-
puter code in the load program. The
computed leak rates were printed out
and compared to previously hand calcu-
lated values. '

® . Each variable in a data record was
assigned weights- describing the importance
of the variable toward using the data
record (e.g., unit and ID were considered
essential variables). The weights were
used to produce an error report after each
data file was loaded. The records with a
large error code were checked and correc-
tions made by referring to the original
data sheets.
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5.3 Quality Control Checks

After a new data file was created, a number of
reports were prepared for both reporting and quality control
purposes. The entire data set was printed in an easily
- readable format for future reference. Selected key variables
were printed out in a report. This report was checked against
the original field data, in some cases laboratory notebooks,
by a data analyst. A formatted report of process variables
and leak rate data was prepared, reviewed by Radian engineers,
and sent to the refinery from which the data were collected
for further revision and verificatiom.

A number of statistical reports were run to further
validate the data. A report generated the mean, standard
- deviation, minimum, and maximum for each variable in each
refinery. Another report generated sample correlation sta-
tistics for all combinations of continucus variables. Two-way
plots and frequency tables were produced for each process
variable and the leak rate. Control charts were used. to dis-
play laboratory measurements made over time. All of these
plots and reports were studied for potemtial outliers and for
possible trends and relationships among the variables.

5.4 Data Analysis Files

After the data from each refinery had been validated,
an "analysis" data base was developed. This data base was used
to produce summary reports, develop correlations, develop emis-
sion factors, and to do statistical analyses to summarize the
progress of the project. A number of new variables such as the
process stream classifications were created as the analysis
data base was produced.
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Other operations performed on the data sets
included:

L Leak rates from any quality control samples
on each source were averaged with the origi-
nal sample result to get one average leak
rate for each individual source.

. A process stream classification variable
was created from individual process stream
codes.

L Logarithms of both leak rate and screening

values were produced.

L4 Data sets with critical missing parameters
were omitted from the files.

L4 Summary statistics of screening values
such as the average and maximum value
were developed and included in the data

. base.

. The files were sorted by units and leak
rates within units. This consolidated
the data from each refinery into summary
files.

Additional specific data hases were created to handle
particular aspects of the program. These include:
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L g a short-term maintenance file for wvalves
selected in the last four refineries (and
at Refinery "F'") for maintenance study,

® a file of leak rate quality control data, and

. special study data files.

These files are currently kept on disk storage for quick analy-
sis, reporting, and editing. Each file is backed up on a
weekly basis on tape. Editing is done either by updating the
central file and recreating the data -bases, or by updating the
individual data bases as well as the central file.
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6.0 STATISTICAL PROCEDURES FOR ANALYZING EMISSIONS DATA

A number of statistical analysis procedures were used
in analyzing the emissions data developed during this program.
The discussions in the previous sections have shown that hydro-
carbon measurements were not very precise (precision was
usually greater than + 50 percent) and that variability of leak
rates from different sources spanned several orders of magni-
tude. This extreme variability made the use of properly

selected statistical models and techniques very important in

extrapolating the data collected during this program to the
population of fugitive emissioms.

The estimation of emission factors was one important
objective of this program. Because of the high degree of
skewness in the distribution of nommethane leaks rates from
baggable sources, conventional statistics were inadequate for
efficient estimation of emission factors and their variances.
In addition to the skewness, a large percentage of the sources
studied were considered 'monleaking" (i.e., had a screening
value < 200 ppm). These sources affect the emission factor
and therefore had to be considered in developing estimates for
these factors. Another statistical problem which had to be _
addressed in developing the emission factors was the estimation
of leak rates for sources which screened greatexr than or equal
to 200 ppmv but were not sampled for economic reasons.

The population to which the data from this study can
be extrapolated is the total number of sources from all United
States refineries. The selection procedure for sources was
described in Appendix A of this report. For this analysis, it
is assumed that a random selection was made for refineries,
units within a refinery, and sources within a specific choice
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variable category within a unit. The ''true value," e.g., of
an emission factor, is an abstract concept. Essentially, this
"true value" is that number which would be obtained if at a
given point in time all sources of a particular type in the
population could be sampled, analyzed and averaged.

This section discusses the statistical procedures
used in the following areas:

. estimating emissions from nonsampled
sources,
. statistical models for leak rate
distributions,
* development of confidence intervals, and
. development of nomographs.
6.1 Estimating Emissions for Nonsampled Sources

Due to time and equipment comnstraints, it was not
always possible to sample all sources that screened greater
than 200 ppmv. At the fifth refinery, a sampling strategy was
developed to reduce the sampling workload. All sources screen-
ing greater than 10,000 ppmv were sampled, but only one-fourth
of the valves and pumps with screening values between 200 and
10,000 ppmv were sampled. In order not to bias the distribu-
tion of leaking sources, it was necessary to develop estimated
values for all sources screening greater than 200 ppmv and not
sampled. The number of sources sampled and estimated for each
source type is shown in the following table:
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Baggable Source Total Sources Sources Sources to

Type Sampled or Screened Sampled be Estimated
> 200 ppmv

Valves 627 474 153
Pump Seals 382 281 101
Compressor Seals

Hydrocarbon Service 102 o 83 19

Hydrogen Service 69 60 9
Flanges 62 43 19
Drains 49 28 21
Relief Valves 58 31 27

Least-squares regression analyses were done for each
device type, regressing the logarithm of the nonmethane leak
rate on the logarithm of the maximum screening reading. Both
the original screening value and rescreening values (taken
closer to the time of saﬁpling'for leak rate) were evaluated
and a "best' equation was selected for each device as summa-
rized in Table C6-1.

Using the equations in Table C6-1, predicted log-
nommethane leak rates were computed for each source not sampled
with a screening value greater than or equal to 200 ppmv. Leak
rates (lb/hr) were then computed using

leak rate = expio [log leak + z (standard error of estimate)],

the number of sources estimated, where z is a random number
from a standard-normal distribution. The use of the random
number is an attempt to yield a predicted distribution of leak
rates which would approximate the distribution if all sources
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were sampled. No bias correction factor 1is needed in
converting from the log to linear scale since the mean leak
rate is not being predicted. The predicted leak rates were
used in further analyses and development of emission factors.

Because the true leak rate/screening relationship is
unknown, there is a potential bias introduced when these pre-
dicted leak rates are used in developing emission factors. The
potential bias is proportional to the standard error of the
estimates adjusted for number of data pairs used to develop the
equation. The impact of the bias on emission factors depends
on the percent of sources leaking. The potential bias for each
source type estimated was approximated by weighting the 95
percent confidence limits of the predicted values according to
the percent of estimated sources. These values were expressed
as a percent of the emission factor estimate. The potential
biases were found to be as follows:

POTENTIAL PERCENT BIAS IN EMISSION FACTORS FROM ESTIMATING

SOURCES
Source Type — Percent Bias + Percent Bias

Valves 0.9 2.4
Pump Seals 2.7 2.9
Compressor—Sea;s

Bydrocarbon Service 11.8 . 14.1

Hydrogen Service 1.6 3.2
Flanges 0.3 0.3
Drains 3.5 4.2
Relief Valves 5.1 : 6.0

These potential biases were taken into consideration
in developing confidence intervals as discussed in Section 6.3.



6.2 Statistical Distribution Models for Leak Rates

A lognormal distribution was used to model the
distribution of leaking sources. This distribution has the
property that when the original data are transformed by taking
natural logarithms, the transformed data will follow a normal
distribution. The lognormal distribution is often appfzpriate
when the standard error of an individual value is proportional
to the magnitude of the wvalue. The form of the lognormal dis-
tribution is as follows:

204
%o/ 2T

for 0> x>
f (x) =

0 ' for £ 0

2
Mean = exp[u +-%r]

Variance = exp[2p + 202%] = exp[2u + ¢?]

In order to develop estimates for emission factors,
the nonleaking sources (leak rate assumed equal to zero) also
had to be modeled. A mixed distribution, specifically a.
lognormal distribution with a discrete probability mass at
zero, was used for this purpose. Letting p equal the fraction
of nonleaking sources in the population, this mixed-lognormal
distribution has the following form:
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(1= 0) e,-q,[_ M]

— for 0 < x <=
x0 /2T

£(x) = ) for =0

0 for x < 0

2
Mean = (1 - @) exp_[u +GT]

Variance = (1 = p) [exp(2u + 02)] [exp(c?) - (1-p)]

Efficient estimates of the mean and variance of the population
model by this mixed distribution have been developed [Finney?®
(1941), Aitchison! (1955)]. These estimates are as follows:

The best, unbiased estimator of the population mean
emission rate is

m.,,{ (1 -E) ex> @ g(%z

and the best, unbiased estimator of the population variance of
the emission rates is

oe (- 5) eme® [saet - (- 55) a3 )
where

n = number of sources screened
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T = number of sources screened < 200 ppm or
with measured leak < 107° lbs/hr

m = n-1r = number of "leaking" sources

g(t) = infinite series

ey @D m-1)°%32 (m=-1)3¢®
m“2! (m+1)  a'3l@+1l) @+3) °°°°

Wl
I

= average of the logarithm of leak sources

= I 4n (nommethane leaks)/(n-r)

s? = variance of the logarithm of leaking sources

n-r _
= T (tn (nonmethane leaks) -X]*/(n-r-1).
1

The mean and variance formulas hold whenever there is
more than one leaking source (n-r > 1l). When only one leaking
source is identified, the following estimates are appropriate:

3 - =
mean = ? and variance = n °

where x is the single measured leak. If no leaks are found
(r=n), then the best estimate for both the mean and wvariance
is zero.
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Computer programs were developed for these estimators
and the estimator for the mean was used for all emission factors
presented in this publication. Finneys'(l941) showed that this
estimator is more than twice as efficient as the arithmetic
mean for data distributed similarly to the leak rates from
baggable sources.

Since data distributed lognormally can be trans-
formed to a normal distribution by taking natural logarithms
of the data, the distribution assumption for the leaking
sources can be tested by examining distributions of the log
leak rates. Histograms displaying these distributions were
constructed for all important source type and process stream
clagsifications and are shown in Figures C6-~1 through C6-12.
The data for most sources appear to adequately approximate a
normal distribution. The compressor seal data from hydro-
carbon service and the heavy stream data for pump seals both
appeared skewed to the left. Compressor seals with sampled
leak rates less than 107% lb/hr were considered as megligible
(zero) to minimize this skewness.

To statistically test the assumption of a normal
distribution for the log-leak rates, skewness and kurtosis
statistics were computed for each data group and tested for
departures from their expected value of zero in a normal
distribution. Table C6-2 summarizes these statistics,

Only three of the twelve cases indicate significant

lack of normality, confirming the conclusions from the
histograms.
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TABLE C6-2.

SKEWNESS AND KURTOSIS STATISTICS

Number of

Source Type/Stream Group Leaking Sources Skewness Rurtosis
Valves!

Gas/Vapor Streams 154 " 0.19 - 0.33

Light Liquids/Two-Phase 330 - 0.16 - 0.18

Heavy Liquids 32 0.28 - 0.88

Hydrogen Streams 59 - 0.18 - 1.09%

Open—-ended Valves 30 = 0.01 - 0.98
Pump Seals!'

Light Liquids 296 0.03 . - 0.36

Heavy Liquids 66 - 0.77% 0.06
Compressor Seals

Hydrocarbon Service 102 - 0.99% 1.16%

Hydrogen Service 69 - 0,29 0.69
Flanges 62 0.39 0.20
Drains 49 - 0.04 - 0.47
Relief Valves 58 - 0.05 - 0.21

*
Probability < 0.05 given a normal distribution.

1411 data needed to classify sources into stream type were not available
Those particular sources are not included

for all pump seals and valves.

in this analysis.
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The other assumption made in using the mixed-lognormal
model was that the sources with screening values less than 200
ppav (calibrated to hexane) had insignificant leak rates which
could be assumed equal to zero. A number of sources with TLV's
less than 200 were sampled during the program in order to evalu-
ate this assumption. Table C6-3 summarizes the leak rate data
for these sources. The median leak rate is a conservative esti-
mate (high) of the typical concentration for sources screening
less than 200 ppmv since most of these sources had TLV values
of zero. A '"worst-case" impact of this zero-emission assump-
tion on emission factor estimates can be evaluated by comparing
the median value times the percent of sources screening < 200
ppmv- that were used in computing the emission factor. Table
Cé6-4 summarizes this comparison.

Only for flanges does the zero assumption appear to
have a potential impact on the emission factor estimate. For
flanges, the median leak rate for the 5 sources screening < 200
ppmv was approximately equal to the emission factor. Setting
all sources that were considered zero to 0.00054 lbs/hr would
almost double the emission factor. This potential bias was
accounted for in developing confidence intervals for the emis-
sion factor estimate for flanges (see Section 6.3). Since
there is only a potential bias from this assumption, as opposed
to a measured bias, adjustments to the emission factors are not
appropriate.

6.3 Confidence Intervals for Percent Sources Leaking and
for Emission Factors

Confidence intervals for the percent of leaking
sources were computed using the Binomial Distribution. The
Binomial is used to model data when a random sample is selected

C-1l6¢€
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and each item is classified into one of two categories (leaking
or nonleaking here). Exact confidence limits (level 1-a) for
the estimate of percent leaking can be obtained by iteration
solving for P, in

ol n
i n-1 o}
) ( )Pz. -zt =3

i=k \i

for the lower limit and for Pu in

k n
i n-i _a
2 ( )Pu a-e) " =3
i=Q i

for the upper limit, where

n = number of sources screened

k

number of leaking sources.

Tables of these solutioms, available for most cases, were used
to develop 95 percent confidence intervals for reporting and
for computing 97.5 percent confidence intervals which were used
in developing confidence intervals for emission factors. The
97.5 percent was selected so that 95 percent confidence inter-
vals for emission factors would result when the estimated per-
cent leaking was combined with the estimated mean leak rate
(0.975 x 0.975 = 0.95).

Patterson® (1966) described how confidence intervals
for the mean from a lognormal distribution can be computed
using estimators developed by Finmey?® (1941). The 97.5 percent
confidence intervals were computed for the average, y, of the
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transformed data, y = 2n (leak), using

CZ = lower limit =y - 2,24 [s2/(n-1)]*/?

and
C_ = upper limit = ¥ + 2.24 [s*/(m-r)]'/?

where
§2 = the variance of the transformed data -

n-r = the number of leaking sources.

Then, following Patterson's arguments, confidence intervals for
the mean leak rate can be computed using:

C; = lower limit = exp[C, ] g(s2/2)
and

C; = upper limit = exp(C 1 g(s*/2)
where

g(t) is the series given in Section 6.2

To obtain 95 percent confidence limits for the emis-
sion factors, the confidence limits for the percent leaking
and for the mean leak rate were combined as follows:
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lower 95% limit for emission factor = P, (CE)

upper 95% limit for emission factor = P (C;)

These confidence intervals are conservative in the sense that

95 percent is a lower bound for the confidence coefficient for
the intervals. The confidence intervals should be interpreted
as follows:

When we state that the true emission factor falls
within the limits computed as described above, we expect

to be correct at least 95 percent of the time.

These confidence intervals consider random sampling
variation and random test error, with no adjustments for
potential bias in the sampling and analytical methods. The
potential sources for bias have been discussed in previous
sections of the appendix:

. recoveries from sampling,
. analytical inaccuracies,
4 biases in estimating leak rates from

nonsampled sources, and

g bias in assuming sources screening
< 200 could be considered as zero leak
rates.

Sections 2.1 and 2.3 of this appendix discussed
potential biases from sampling and analysis. It was concluded
that there was no evidence of bias in the final leak rate data
except for Refinery "F" where a low bias of about 15 percent was
indicated. Based on the percent of sampled sources from
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Refinery "F," the estimated total effect of this bias was as
follows:

Estimated Bias (%)

Source Type In Emission Factor
Valves - 1.8
Pump Seals - 2.0
Flanges - 0.7
Compressor Seals - 0.3
Relief Valves - 1.4
Drains - 2.1

These biases were considered as systematic errors and there-
fore the emission factors and confidence limits were adjusted
upward by the appropriate percentage as given above.

Potential biases from estimating leak rates from
screening values were discussed in Section 6.1. Estimates of
negative and positive potential biases were given. To account
for this potential bias, lower confidence limits were adjusted
downward by the appropriate percentage for positive bias and
upper confidence limits were adjusted upward by the negative
potential bias estimate.

Only for flanges did the assumption of zero leak rates
for sources with screening values less than 200 ppmv appear to
have a potential impact on the emission factor estimate. This
was discussed in Section 6.2. To account for this potential
bias, the upper confidence limit for the flange emission factor
estimate was increased by 93 percent.
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The systematic errors discussed above were considered
independent so the net effect of combining all types of system-
atic errors was used in adjusting the emission factors and con-
fidence limits. The following table summarizes these net
systematic adjustments made to emission factors and confidence

intervals:
Total Systematic Adjustments (2Z)
Lower Confidence Upper Confidence Emission Factor

Source Type Limit Limit Estimate
Valves - 0.6 + 2.7 + 1.8
Pump Seals - 0.9 + 4.7 + 2.0
Flanges + 0.4 + 93.6 + 0.7
Compressor Seals:

Hydrocarbon - 13.8 + 12.1 + 0.3

Hydrogen - 2.9 + 1.9 + 0.3
Relief Valves - + 6.5 + 1.4
Drains - 2.1 + 5.6 + 2.1
6.4 Development of Nomographs

Three types of nomographs were developed as part of
the statistical analyses for this project:

L predicting mean leak rate from screening
values,
L cumulative distribution of sources by

screening values, and
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L cumulative distribution of total emissions
by screening wvalues.

This section describes how these nomographs were constructed.

6.4.1 Predicting Mean Leak Rate from Screening Values

Section 6.1 describes least-square linear regression
equations developed for predicting leaks from nonsampled
sources in the data base with screening values greater than
200 ppmv. For prediction purposes outside the data base, a
statistical analysis of covariance was done to determine if
different equations were required for the various source types
and stream groupings. The data used to develop these relation-
ships and the resulting nomograph are given in Appendix B,
"Detailed Results.'" 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 simi-
lar to predicting the mean from a lognormal distribution as
discussed in Section 6.2. The mean value for a given screening
value on the nomograph was computed as follows:

mean = expioliBo+ B: logie(screening)] g(SEzh/Z)
= (lO)B° (screening vaiue)B" (scale bias correction factor)
where

Bo

log regression intercept

I

B, log regression slope

C-173



SE standard error of estimate in natural log scale

in

series described in Sectionm 6.2.

gt

The 90 percent confidence intervals for the predicted mean leak
for a given screening value were computed in a similar manner
to the confidence intervals for the mean leak rate as described
in Section 6.2.

6.4.2 Cumulative Distribution of Sources by Screening

Values

Another set of nomographs included in Appendix B con-
tains the estimated cumulative distribution of log screening
values. The nomographs show 100 percent minus the cumulative
percent, or the estimated percent of sources which would have
screening values greater than any particular screening value.
These cumulative distribution functions were estimated by
fitting a lognormal distribution, as described in Section 6.2,
to the screening data and then generating the cumulative
distribution.

There was some difficulty in fitting the lognormal
distribution to the screening values. Figure C6-13 shows a
typical histogram of log screening values for valves in gas
service. The histogram appears to approximate a normal dis-
tribution adequately up to 10,000 ppm (4.0 on log,, scale).

The spike at 10,000 ppm was due to the inability of the screen-
ing device to measure beyond 10,000 without a dilution probe.
The dilution probe was used in only a few cases in the screen-
ing process during this program. The dilution probe was used
for rescreening in all refineries except the first three
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visited. However, the original screening values were required
for the analysis.

To overcome the bias caused by this spike, only log
screening values less than 4.0 were used to estimate the param-
eters of this distribution. Formulas from "censored' normal
distribution theory (Cohen,? 1959) were then used to arrive at
unbiased estimates of the entire distribution. These estimates
were used to generate the cumulative distribution function for
each source type/process stream grouping.

Confidence intervals for these cumulative functions
were obtained using the Binomial Distribution as in Section
6.3. The 95 percent confidence interval for individual proba-
bilities were approximated using

P+ 1.96 [p(lL-p)/n]*/?

where p is the estimated cumulative percent and n is the number
of screening values for each particular source type and stream
group. '

Assuming that the sources screened approximate a
random sample from the population of a particular source type,
these confidence intervals can be interpreted as follows:

When we state that the true percent of sources in
the population which have sereening values greater than
any selected screening value lies within the confidence
bounds, we expect to be correct about 95 percent of the

time.
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Note that these limits apply to the entire population for a
source type and are not necessarily applicable when addressing
a particular situation concerning a small number (less than
100) of sources.

The estimated cumulative distribution functions were
compared with the sample distribution function and appeared to
fit the data for each case except compressor seals. Figures
C6-14 through C6-22 show the estimated and sample distribution
for the source types and important stream classifications.
Discrepancies were found at the 10,000 ppmv screening value
(4.0 log screening value) in almost all cases, but this was
to be expected since the sample function had a big jump at
this point.

For compressor seals, censoring the data at 10,000
ppmv eliminated 64 percent of the observations, so the log-
normal parameters were reestimated using all the data as
recorded. These estimates resulted in a ''better'" agreement
between the sample and estimates distribution function, and
were therefore used to generate the cumulative distribution
function for compressor seals in both types of service. ‘

6.4.3 Cumulative Distribution of Total Emissions by

Screening Values

A third set of nomographs given in Appendix B,
"Detailed Results," contains a function estimating the cumula-
tive percent of the total emissions attributable to each
particular source type/stream group as a function of increasing
log screening values. As before, 100 percent minus the cumula-
tive function is shown so that the percent of total emissions
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attributable to sources with screening values above any
selected screening value can be determined.

This cumulative function was estimated by integrating
the leak/screening regression relationship over a lognormal
distribution of screening values. This function has the
following form:

So
BO Bl 2
CF = j C(10) ™ (o) exp[_ (o x 20 ]dx ,
0 Xg /2T g

where

So = selected upper screening value for
integration,

C = log/arithmetic scale bias correction
factor,

Bo = log.o regression intercept term,

B: = log.. regression slope term,

u ='mean.of'the.logé (screening values),

¢® = variance of the log, (screening values),

x = screening values over which the integra-
tion is being dome, and

CF = cumulative function described above
in lbs/hr.

The form of the cumulative function can be simpli-
fied by algebraic reduction and change of variables to obtain:
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u? - (u+ on’)]q,l:zn (So) = u = B;cz]

CF = C(lO)B° exp[— 57 5

where ® is the cumulative function of a standard normal
distribution.

This function was used in developing the cumulative
emissions function shown on the nomographs. The censored dis-
tribution parameter estimates described in Section 6.4.2 were
used for the lognormal distribution parameters in each case
except compressor seals. The log/log least-squares regression
estimates described in Section 6.4.1 were used for the scale
bias correction factor and for B, and B,.

The scale for the above cumulative function is in
1bs/hr. To obtain a cumulative percent function, the number
obtained in lbs/hr at each screening value was divided by the
value of the function at a screening value of one million ppmv.
This forced the cumulative function to 1.0 at one million ppmv.
These scaled values were then subtracted from 1.0 and multi-
plied by 100.0 to obtain the functions shown on the nomograph.

The estimated cumulative emissions functions were
compared with the sample functions and found to adequately
approximate the data in most cases. Figures C6-23 through
C6-31 show the estimated and sampled functions for the source
types and important stream classificatioms. Again, the biggest
discrepancies were near the 10,000 ppmv screening value where
the sample function has a big jump. This area is more critical
for this function than the cumulative distribution function
since most of the emissions are attributable to sources with
screening values greater than 10,000 ppmv. It is important to
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note that very little screening data are available with
screening values greater than 10,000 ppmv. Thus, this portion
of the curve is based on extrapolations using models developed
from screening values less than 10,000 ppmv.

This cumulative function is a very complex nonlinear
function of five sample statistics:

. the intercept and slope from the
regression of log leak rate on log
screening value,

. a bias correction factor used when
converting the logarithmic to the
linear scale, and

L the mean and variance of the natural

logarithm of the screening values.

Due to the complexity of this function, it was not possible to
derive a closed-form analytical expression for the confidence
intervals. Thus, a Monte-Carlo computer method was used to
generate the confidence intervals.

This method involved regenerating the cumulative
function 400 times. Each time, the data collected in the
project (the number of sources with screening values greater
than zero) were regenerated, except with an independent set
of random variations. The distributional properties of the

leak rate and screening data were used in computing the
required random numbers.
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For each of the 400 trials, sample estimates of the
five parameters required to compute the cumulative function
were computed. Then these estimates were used to generate a
new cumulative function. The five percent lower result and
the five percent upper result from the 400 trials for any
given screening value were then selected as the 90 percent
confidence limits for the population cumulative function.
These approximated 90 percent confidence limits can be
interpreted as follows:

When we state that the true percent of total emissions
for the population of sources, attributable to source
with screening values greater than a selected value, is
within the confidence bounds, we expect to be correct

about 90 percent of the time.

Since these confidence limits address the uncertainty in the
cumulative function for the entire sampled population of a
particular souce type, they are not necessarily applicable to
a finite sample of sources in a particular situation. The
variation of this function depends on the number of sources
in a complex manner, so it is not possible to draw a general
conclusion for the effect of sample size. Monte-Carlo simu-
lation techniques can be used to approximate intervals for a
finite random sample of a particular source type.

As an example, Figure C6-32 shows the confidence
intervals for the cumulative percent of emissions functions
for valves in light/two-phase service. Intervals are shown

" which are applicable to a random sample of 100 valves and a

random sample of 1,000 valves. Also included are the confi-
dence intervals for the entire population. As can be seen,
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the intervals applicable to a finite number of sources are
significantly wider than those for the population.

These intervals for finite populations were also
developed using simulation techniques. Four hundred Monte-
Carlo Trials generating 1,000 sets of data and then 100 sets
of data were run. In each of the frials, the generated sample
was ranked according to screening values and a sample cumula-
tive leak rate function computed. Each sample function was
scaled by dividing by the total leak rate generated. Then
the five percent lower result and the five percent upper
result from the 400 trials for any given screening value were
selected as the 90 percent confidence bounds.

These confidence intervals can be interpreted as
follows where '"'m" is the number of randomly selected sources
in a particular situation:

When we state that the cumulative percent of total
emission function, which would be generated from a
random sample of "m'" sources, will fall within the
confidence bounds, we expect to be correct about 90 .

percent of the time.
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CONVERSION FACTORS

To Convert From To Multiply By
Btu kcal 0.252
bbl - 2 159.0
gal L 3.785
ton kg 907.2
1bs kg 0.454
cm in 0.394
ft?3 m? 0.0283
psi | kg /cm? 14.223
g/gal g/ 0.264
‘Btu/bbl kcal/% 0.0016
kWh/bbl kWh/2 0.0063
1b/bbl kg/2 0.0285
1b/10¢ Btu g/Mcal 18.0

_ grain/fe? g/m? 2.29
gal/108ft3 2/10°%m3 133.7

“gpm T m?®/hr 0.227
1b/1000 gal mb/2 119.8
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1.0 INTRODUCTION

The envirommental assessment presented here is a
method of examining the potential effects of refinery emissions
on the surrounding atmosphere. It will utilize the large volumes
of emission rate data generated in this prbgram to estimate
ambient pollutant levels. It also attempts to examine the
environmental and public health effects of the predicted pollu-
tant concentrations. Finally, a brief survey of the effects
of existing and potential regulatory policies and developing
technology is presented.

The primary objective of the environmental assessment
is to provide guidance in identifying potential problem areas.
For instance, it can provide insight into which sources and
which pollutants appear to pose potential hazards. The results
are semi-quantitative in nature, which allows a relative ranking
of such problem areas. This can help to focus attention on
those areas needing further research. The environmental assess-
ment is only a tool to aid in the relative evaluation of
potential environmental impacts, not a method for making precise
and accurate predictions of such impacts. The results should
not be regarded as an absolute value which can be used to pre-
dict violations of standards, public health hazards, require-
ments for additiomal pollution control technology, or regulatory
requirements. ‘

This type of analysis is particularly important for
refinery fugitive emissions, where hydrocarbons are the only
significant pollutant species. The rationale behind controlling
hydrocarbon emissions is based on two diverse effects: the
formation of photochemical oxidants and the toxic effects of
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some hydrocarbon species. Only through atmospheric modeling
(or the even more expensivé ambient monitoring) can the latter
effects be assessed.

The approach to the environmental assessment follows
these steps:

L Define a hypothetical refinery.
. Estimate its emissions.
L Estimate ground level concentrations by

atmospheric dispersion modeling.

L4 Compare those ground level concentrations
to some acceptable concentratiom.

The parameter which is used to quantify environmental
impacts is called source severity. This concept was developed
by Monsanto Research Corporation under contract to the EPA.!
A source severity factor is defined as the ratio of the maxi-
mum ground level concentration of a pollutant in a "standard
receiving atmosphere'" to the "acceptable pollutant concentration,"”
as shown below:

s’ =:.—.—F——
where:
S = the source severity factor,

Xnax = the maximum ground level concentration of
the pollutant, and

]
]

the acceptable pollutant concentration.
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This acceptable concentration is derived from either National
Ambient Air Quality Standards (NAAQS) or from Threshold Limit
Values (TLV's). 1If the resulting ratio is greater than 1.0,
then further emission reduction is probably needed. If the
ratio is below about 0.0l, then further control is probably
not needed. Intermediate values are in a gray area where
further emission reduction may or may not be needed,




2.0 DEFINITION OF THE HYPOTHETICAL REFINERY MODEL

The first step in the environmental assessment is the
selection and definition of the model refinery. The require-
ments of this model refinery are much broader than most. Not
only must the refinery processing be characterized, but also
its physical configuration. There is ample documentation of
the difficulties involved in trying to synthesize a "typical,
representative refinery." Refineries are very diverse, and
only a very rough approximation can be achieved with a single
model. When size and layout are added to the model, the task
is complicated further. Therefore, it should be noted through-
out this discussion that this is not a model that attempts to
represent the total industry, but rather a model of one hypo-
thetical refinery that reflects the ''real world' as much as
possible.

The source for the model refinery is an EPA report
prepared by Pacific Environmental Services (PES)? in which
detailed descriptions of the processing and physical layouts
of several types of refineries are provided. The large exist-
ing refinery was chosen as the model for this study because it
appears to represent the worst case. It is difficult to deter-
mine exactly which model would pose the worst case, because of
the diversity of effects between stack emission sources, pro-
cess area fugitive sources, and wastewater related fugitive
sources. A complex refinery will carry its processing further,
resulting in the production of higher volumes of aromatic com-
pounds which will often be separated into relatively pure
streams. This increases the likelihood of the occurrence of
localized high concentrations of some of the more hazardous
materials. An existing refinery was chosen because a stage-wise
growth pattern over many years is likely to result in a less
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organized layout than a new grass roots refinery. This could
aggravate the impact of emissions by placing a large source
near the boundary line rather than in a well-planned central
processing area buffered by surrounding greenbelt. Thus, if the
environmental assessment indicates minimal impacts for a large
existing refinery, then smaller, less complex, and more effi-
cient grass roots refineries would probably create a lesser
impact.

2.1 Refinery Process Configuration

Figure D2~1 shows the basic processing configuration
of the model refinery. This refinery processes 350,000 barrels
per stream day (BPSD) of mixed crudes to produce a full range
of low sulfur fuels and specialty products. All of the normal
refinery unit operations are represented, including:

L Atmospheric and vacuum crude distillation.
L4 Extensive hydrotreating of all ranges of

product streams (such as naphtha, middle
distillate, gas oils, and resid).

L Catalytic reforming.

. Aromatics extraction and separation of BTX.
L Hydrogen manufacturing.

. Fluid catalytic cracking with electrostatic

precipitator and €O boiler.

b Sulfuric acid alkylation.
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. Claus sulfur recovery, Wellman-Lord tail
gas treating, and a sulfuric acid plant.

® Gas processing (oil absorption/stripping
and distillation).

L4 Delayed coker.
L Rerun stills for recovered oils.
. Many miscellaneous treating, brightening,

etc., types of processing.

Again, it should be stressed that this configuration is not

intended to represent the total industxry. But is is a ‘

reasonable example of a modern refinery supplying low sulfur
fuels and specialty products.

2.2 Refinery Layout

The plot plan of the refinery (shown in Figure D2-2)
will give evidence of the detail which was presented in the PES
report. The functions of the various refinery modules are
detailed in Table D2-2. The process areas tend to form two
clusters, probably the result of a stage-wise expansion. Con-
siderable detail has been included in the physical model. All
of the appropriate vital functions have been accounted for and
distributed in a realistic manner. These are critical points
in achieving meaningful results from the atmospheric dispersion
model.



LARGE CAPACITY EXISTING REFINECRY
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TABLE D2-1.

LARGE CAPACITY EXISTING REFINERY MODULE KEY 2

st

Module No. Description Module No. , Descripcion

Ll Buffer Zone Li6 Cacalytic Reformer

L2 Feedatock Scarage L7 Aromacics Extraction

L3 Cruda Qil Storage 138 Catalyeie Cracking

Lé Feedstock Storage L9 Para-Xylene Planc

LS Feadatock Storage L40 Delayed Coker

Lé Crude 01l Scorage L4l Barrel Scorage

L7 Feedatock and Produce 142 Barrel Reconditioning
Storage L43 Feedstock Storage

L3 Crude, Feedstock, and L4 Storm Water Impound
Product Storage Basin

L9 Cruda, Feedstock, and L45 Warshguse
Product Storage L40 Cas Holder/Blowcown

L1o Oil-Water Saparacor Stack

L1l Product Storage La7 Cas Holder/Blowdowm

12 Produet Scorage Stack

L13 Discillacion and Gas L48 Fire Prevention Train~
Recovery Uoit ing Facility

L14 Jat Hydrofiner/Catalytic L49 O0il-Water Separator
Reformer ‘ L50 Asphalt Plant

LSl Solvent Treating Plant/

L1S Naphtha Hydrotreater Boiler House

L16 Hydrotreater (Lt Cycle L52 503 Treating PFlant/
0il) Tanks

L17 Hydrogen Manufacturing L33 Lube Qil Packaging

[AE:] Partial Oxidation Unit L34 Coka Storage

L19 Future Expansion L55 Crude 0il Storage

120 Cooling Tower L56 Feedstock Storage

L21 Flarwa L37 Tanks/Impound Basin

L22 Feedstock and Product LS8 Admin{acracion
Storage L39 Oil-Water Separator

23 Naphcha Hydrocraager L60 Gasoline Sweetener/

L24 Vacuum Gas. 0il Onit Crude Discillarion

L25 Banzene Fractioaacion L6l Crude Discillacion/

L6 Steam Rerunm Seills Crude Dasaicer

L27 Future Expansioa L&2 Specialey Crude

28 Czude Discillaticn Distillacion

L29 Catalytic Raformer L&3 Specialicy Crude Dis—

130 Vacuum Residum Da= tillation/Condanser
sulfurizer Box

31 Hydrogem Manufaccuring L&4 Gasoline Fractionaciog

132 Alkylarion Unic

L33 Distillate Hydrodesul- L&S Tank Loading/Truck
furizacion (Hvy Gas . Loading/Vapor Re
0il). covery

L34 Sulfur Recovery L&6 Buildiogs

L35 Tanks/Cooling Towers L67 LPG Storage and Blending

L68 Vapor Recovery/Gasoline

. Reccifier/Tanks

L&Y Main Pump House

L70 Product Storage

L71 Wastowater Treatment

L72 Building

L73 Pyoduct Storage

L74 Shopa and Warebouse

L75 Cruda 01l Storage

L76 Crude, Faedstock, and

Pruduct Storage

The oil/water geparacor in Module L10 treats aqueous discharge from
Modules L1-L21.

The saparacor located in Module L55 treats aquecus streams [rom Modules
L58=L60, L70, L7L, and L73-L76.

The wastewater separator in Module L49 creaes discharges from the remain-

ing wodules.
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3.0 EMISSION CALCULATIONS

Once the model refinery is defined, the next step is
to estimate its emissions. For point source emissions, avail-
able emission factors are used. For fugitive emissions, both
emission factors and fitting counts are required. Finally, the
total hydrocarbon emissions are broken down into emissions of
selected hydrocarbon components.

3.1 Emission Factors and Fitting Counts

Emission factors and the corresponding unit capacities
for the model refinery are presented in Table D3-1. All of
these emission factors were taken from AP-42° with the exception
of the non-methane hydrocarbon factor from the FCC unit CO boiler
and the S0, factors from the Sulfur Recovery Complex.

Table D3-2 presents estimated fitting counts and
emission factors for fugitive sources in the model refinery.
All of these emission factors were taken from Radian testing
except for those for the oil/water separator.

The estimate of the population of each type of fitting
is as important as the emission factor in determining total
emissions. The PES model contained estimates of fitting popula-~
tions, but they were not broken down into the service categories
corresponding to the emissiom factors. Radian data on fitting
counts were generated during the field testing phase (see
Table D3-3), but these unit configurations would not necessarily
match those from the model refinery. The following procedure
was developed to generate fitting counts compatible with emission
factor sexrvice classes and to represent the model refinery as
closely as possible:

D-10
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TABLE D3-2.

FUGITIVE SOURCES AND EMISSION FACTORS

ESTIMATED POPULATION SERVICE NON-METHANE HYDROCARBON
SOURCE (OR CAPACITY) CATEGORY (NMHC) EMISSION FACTORS
Pump Seals! 313 Light Liquid 0.25 _1b/hr./source
340 ‘Heavy Liquid 0.046
Valves! 1714 Hydrogen 0.018
4198 HC Cas 0.059
7422 Light Liquid 0.024
8442 Heavy Liquid 0.0005
Compressor Seals® 82 Hydrogen 0.11
48 HC Gas 1.40
Flanges’ 84346 NA 0.00056.
Relief Valves® 171 NA 0.19
Process Drains’ 1105 NA 0.070 Y.
Cooling Towers' (10,668 x 10° gal/hr) NA 0.006 1b/10% gal.
0il/Water Separators (160.3 x 10% gal/hr) Uncontrolled 5.0 1b/10°% gal.
(1719 = 10® gal/hr) Comtrolled 0.2 1b/10° gal.
Dissolved Air (220.5 x 10° gal/hr) NA 0.01 1b/10° gal.

Flotation®

lomisgion factprs. based on-Radian testing.
2rmission factors based on AP=42, '



L

2)

3)

4)

3)

6)

7)

Use PES pump count times 1.4 to estimate
the total number of pump seals. Use pump
service descriptions to determine the
service class, with naphthas and lighter
being light liquids, all others being
heavy liquids. .

Use PES compressor count times 2 to estimate
the total number of compressor seals. Use

compressor service descriptions to determine
the percentage in hydrocarbon and/or hydrogen
service.

Use the pump seal count times 41 to estimate
total valves.

Use the percentage in gas service from the
technical memorandum, and split the total
valves in gas service into 29 percent hydro-
gen and 71 percent hydrocarbon servicge.

Break down valves in liquid service into
light liquid and heavy liquid based on the
breakdown of pumps for that unit.

Use the valve count times 4 to estimate the
total number of flanges.

Use the process drain count from Table D3-3.

If none is available for a given unit, use
the pump seal count times 1.9.
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8) Estimate the number of relief wvalves as an
average of 6 per unit. This average was
developed from field source counts.

The figures for capacity of various process units and wastewater
treating facilities were taken directly from the PES report.

Although emissions from storage tanks were not within
the scope of this study, they were estimated to provide a basis
of comparison to other hydrocarbon emission sources. The PES
report contained a detailed breakdown of the storage facilities,
their service, capacities, and annual turnover. Emission factors
were taken from AP-42? and applied to these facilities to estimate
total emissions. The PES data indicated the use of floating
roofs to control emissions on all tanks containing liquids with
Reid vapor pressures greater than 0.5 psia. This stringent
level of control probably explains the low estimate of storage
emissions as compared to other hydrocarbon sources in the model
refinery (see Table D3-4).

3.2 Emissions of Criteria Pollutants and Total
Hydrocarbons

By applying the appropriate emission factors, unit
capacities, and fitting counts documented in Section 3.1, a
slate of emissions from the model refinery can be estimated.
Table D3-4 is a summary of those emissions by pollutant type
and by source.
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TABLE D3-4. SUMMARY OF EMISSIONS FROM THE MODEL REFINERY

Emissions in Tons/Year

Pollutant Point Sources!® Fugitives? Storage Total
Particulates 1,425 —e—m—m- eeae- 1,425
S0, 14,650 = ssmee mm—w- 14,650
co 1,247 00 eecea eceme- 1,247
NO, ' 12,693 | emmmm mmea- 12,693
Non-Methane 364 8,767 3,308 12,439

Hydrocarbons

! Tncludes combustion sources, fluid catalytic cracker, CO
boiler, sulfur recovery complex, and flares.
2 Includes process fittings (pumps, valves, flanges, compressors,

drains, and relief wvalves), cooling towers, oil/water
separators, and other wastewater treating units.
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3.3 Emissions of Selected Hydrocarbon Components

The emissions estimates in Table D3-4 are sufficient
inputs to the model to estimate the ambient concentrations of
criteria pollutants, but a species breakdown is necessary to

evaluate specific hydrocarbon concentrations. Analyses of the
components in various process streams were made in this program
and supplemented by literature sources. The application of
these stream analyses is not straightforward, however, since
the emissions were estimated on a unit basis. The necessary
approach involves three steps:

L Distribute total unit emissions among
the appropriate streams.

L Apply stream analyses to get component
emissions for each stream.

. Sum the stream component emissions to
get unit component emissions.

First the unit emissions must be broken down into
the streams characteristic of that unit. As an example, Table
D3-3 shows the breakdown for the fugitive emissions from the
fluid catalytic cracker. 1It's characteristic streams are:

¢  Atmospheric gas oil (feedstock).

&  FCC Make-gas.

o Olefinic¢ LPG.

L Cracked naphtha.

D-17
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. Light cycle gas oil.
° Heavy cycle gas oil.

Although this does not include every possible product or inter-
mediate stream, it is detailed enough to allow a reasonably
good characterization.

The next step is to estimate the percentage of total
fittings in each stream service. These are engineering esti-
mates based on familiarity with the unit operations. The next
important variable is the weighted emission factor for each
gtream. This is determined by first classifying the stream
as gas phase, light liquid, heavy liquid, or hydrogen. For
gas phase and hydrogen service, the valve emission factor was
used as the weighted average indicator. For light and heavy
liquids, a ratio of 41 valves per pump was used to estimate
the weighted average indicator. Since valves and pumps
contribute greater than 70 percent of the process fugitive
emissions, it is reasonable to base the weighted average emis-
sion factor on them alone. It should also be noted that this
factor is being used only to compare the relative emissions
contribution of each stream, not as an absolute value to
calculate emissions. When these two factors are multiplied
together, the resﬁlting-product is in proportion to each
stream’'s tendency to cause fugitive emissions. By summing
these products and determining each product as a percentage of
the sum, the total unit emissions can be allocated to each
stream by that percentage.

Next the component analyses can be applied to these
stream emissions. The component analyses come primarily from
GC-MS work done on samples collected in the refineries during
fugitive emission sampling. This was supplemented where

D~1¢



necessary with data from a previous Radian literature survey,?

an APT medical research report,® and engineering estimates.
Tables D3-6 and D3-7 are examples of a GC-MS data sheet and the
stream quality summary, respectively. All of the GC~-MS data

sheets are included in Appendix B, Sectiom 5.

It was necessary to consolidate these component

analyses to minimize calculations and to yield reasonable data.

This consolidation was done on the basis of the availability of

both discrete
for any given
component was
component was

alkylbenzenes.

concentration data and quantifiable toxicity data
component. If both were available, then the

treated individually. If either was missing, the
lumped into a family of components such as "other

14}

This resulted in a list of discrete components

which included:

Benzene.
Toluene.
Ethylbenzene.
Mixed xylenes.
Naphthalene.
Anthracene.
Biphenyl.

Hexane
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TABLE D3-6.

EXAMPLE STREAM COMPONENT ANALYSIS-CRACKED NAPHTHA

Bulk Vapor on Vapor on
Peak Compounds Liquid XAD Tenax
Number (In Retention Order) (ppm) (ug) (ug)
1 Benzene 6,600 260 0.72
(18) ds=-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~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 Co=Alkylbenzene o 72 0.33
14 Indan 4,000 250 1.2
15 Cs=~Alkylbenzene 17,200 1,000
16 Cs=Alkylbenzene 19,600 960 7.8
17 Cy=Alkylbenzene 2,400 210
18 C.=Alkylbenzene 13,200 520} 4l
19 Co=Alkylbenzene 13,600 480 °
20 2- Methylindan 2,500 85 0.41
21 Cu.=Alkylbenzene 2,000 32 0.74
22 C.,=-Alkylbenzene 19,600 340 2.3
23 Methylindan 2,500 10 0.22
24 Methylindan 2,800 30 0.24
25 C,~Alkylbenzene. 2,800 - 0.49
26 Cs=Alkylbenzene 27,000 —-— 1.2
27 - Ceq=Alkylbenzene 2,700 - 0.44
28 Naphthalene 15,600 66 0.03
29 Cy=Alkylbenzene 1,200 —_— —
30 C.~Alkylindan 2,400 -— 0,11
31 C4=Alkylbenzene 600 — —_—
32 Cs~Alkylbenzene 4,000 —-— 1.2
33 Cs—Alkylbenzene 1,700 —_— 0.46
34 Cz=Alkylindan 400 - _ -
' - ' Continued

D-21



. ._.TABLE D3-6. CONTINUED

Bulk Vapor on Vapor on

Peak Compounds Liquid XAD Tenax
Number (In Retention Order) (ppm) (ug) _ (ug)
35 Cz~Alkylindan 600 - -_
36 Cz=-Alkylindan 400 —_ —_
37 - Cz=Alkylbenzene 100 —_— —
38 Ca~Alkylbenzene 1,000 —-— -
39 2-Methylnaphthalene 8,700 —_ 0.03
40 1-Methylnaphthalene 3,600 — 0.01

(Is) d,o—Anthracene (IS) (100) . (1,000)

D-22




gaupyaLy
wdd ggz ~

rirrournd

udd gug'g -

wdd ¢ - sauytougny mc-:m_:m

(—— saujTournh mdd wwowﬁmsn wdd cau.wm -

saprIIng BepTIINS el 2pIIINg 1oL
: sloTyL slotyy, s{otyl LILIL A wdd gos - 1038213 paied]pul
000'0SE = saugpraLg pauypraly SaUFPIILg saugprady 1Auvogqaey &punodmos Janig
|05 TTY 0 0 000°0¢ 00U ‘ng 000°001 805 Ty 00¢ '6s sRue RO [34]
i} 0 ] 0 ¢ 0 0 1] sugj)ato
19 66% 000 059 000°95€ 1688846 E£9°646 " 9rg'zng - E19'66Y ovz'iLe saum Y 1310
BER'BE 1] 000°%3 o 0 o 1% 281 000*81- suBxajy-u
€86yt 0 oot £99 (L4 (i1 1 €a6' 1 oan'i 5,¥H4 3330
879 0 0 .6 ] 0 :144 0ze 14usydyg
< 0 0 44 £ 95 4 1 . . ausaelyuy
[5: 108 1 0 ooy e ez Yy - ool £9y'1 94 suajenypdey
aes'91 1] ooy y2E #9€E 19 1%} T3 ) 8 6Lt gauazuaqlAA{y Toyag
£29'1 L] 006 04T [44 91 [49 £19°1 4121 ECET IS §
(313 0 005°€E 9 9 5 Loy LiE14 awazuaqréyag
1252 0 0028l S e [+ 129°2 089 avangog
€52 0 ooy's o 0 o [sz 9 auazuag
eayden B8ED ajpmiojay 110 e85 10 se®9 18113910 _mpynpdey t1o Afymeg [puoyiounyg

pRIYININE3Q at1odoog R . EmAJes sgpaeydeouyy ATPPIH uny apuzn 10 punoduoy
FLLILIRT]

AR AT AT AT e 4 TE TR e T e

(MAdd) VIVd ALITVAD WYAIIS J0 XAVWWOS “/-€d H1EVI

D-23



83pEIINS

a3prIIng TroTdL mdd ppo'9 = Juasalrg paleagpuy
sroTUL 0o0'oz - ™ 83pTIINS epunoduony 12130
0 o o 0 0 0 0 0an " 001 saueyeo124]
0 o 0 0 o . 0 00009 0 suYyalp
008'2 ooz't 0 005t 000°ZL6 000'000° 1 000°'026 9CY AR savey [y 1040
0 0 000°S 001 000't9 0 4] ] JUBKA|[-U
0ot 0 0 o0t (114 0 [} FL R4 8,¥N4 19130
0 0 0 1] ] 0 0 0 14uaydrg i 3
0 0 0 0 o 0 0 9 suase1Ivy ; J_
001 0 0 00T 0s 0 0 o0t suateyIudey A
000'S ] ] 000 8% 00tz ] [} 44| sauszuaqUAYIY 10130
085'828 000' 1 1] 065 %95 005°1 0 0 s saua) Ly
0Z%'791 000"y 1] 0£9°011 00F 0 1] 3 auszUoqTAYI]
oop' 1 008‘Z66  000'7 00¢ 952 o5t 0 0 < susnfoy
1] o't | 000°L66 o%8'Ll 0¢ )] 1] 0 auszuaq
goua [ Ay auantoy, auazuag 1R IIRT sjeugsyeyd {041} 599 Beg} EELIRR RELD ) A1ymeg youojioung
a3]1emoly wnItoa1tsy feng atpmu 10 punoduor)
payyenby famipyay paaeaatoapip

QANNIINOD °£-£a TI4VL




“UMOID{UN BT UOTIV1IUIDUCD JOER3 ) Ing ‘Juesaxd aq 01 pajecypuy ussg ey Jusuodwod 243 Iey1 Buwem ¥} Tequis ayp :ajoy

———

gauyrouynd
sauyTournh 8spTIng
saprIng BIOTYL saufougnl
BIOTUL sanpraly e3pIIIng

o1duoqae) etfuoqiegy BIOTY) jussnag paIvIfpul
sutpraIkg |1onayy ponpriky njoyyt spunodmog 134310
¥ ¥ 000'S 000'0ST 00Z' 1% 08p'a9 1T 0 sausy[eotaLD
¥ ¥ o 000°0% 05t LT TA § 0té 006 ' 009 su1Ja1Q
861666 OBL'BY6 864" 666 00p'SY 035 102 008061 o1t ' yoz 9560966 uno ooy S3ULA[Y 191130
0 ¥ 1] ] ) 0 ] ocg'1t 96 o auexaj -u
00z 00162 00 oon ‘o0z 0052z oy ¥29 08’9 A 4 0 8,¥ia 12430
0 1567 0 [ 0 ogt‘ot 0 0 0 Thuandy g
z 5% z ¢ 0 oeg ot 0 o 0 auadEIyIUY
o 066 0 0 000°%1 000" 65 05601 £°0 /] auayeyiydey
¥ 15¢°2t T 000°05 ¢ 00z '8¢ 0£9°92 oLr'Evt £ [1] eauazuaqILYTY 13410
0 015'2 0 0 oog'11 019 os'uit 11 0 5aun AR
H 199 0 0 o0z't o oY’z 1o o 3udzU3qTANIT
0 eIt 0 o 00¢'01 o¥ 09L'68 ()] 0 auanyog
o {8 0 ] oyt 0 088'Z 10 0 suzzung
PIsag 110 m1ys vydey {auerd *os) 110 .8e9 110 ven eqgdey  eyepAury S B 1] A1yweg yeuayysung

mnnoep 1oeavdag . 19ea3Ng o124y Lavop 3194y 14311 payde1n 241 10 punoduo)

1av sopyvmoiy 204 904

Aarvapy

S e S E a—w e ArrTa T eI e ot ey

QINNILHOD “/-€d FTAVL

D-25



The general family groups included:

L Other alkylbenzenes.

L] Other<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>