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SECTION 1

INTRODUCTION

The contribution of fugitive leaks from process unit components are
being investigated as a potential source of Volatile Organic Compound (VOC)
emissions in the Synthetic Qrganic Chemical Manufacturing Industry (SOCMIL).
The purpose of this study is to provide an in-depth analysis of data on
these emissions collected under EPA contracts 68-02-3171-1, 68-02-3173-2 and
11, 68-02-3174-5, and 68-02-3176~1 and 6 and 68-03-2776—~4, These data were
collected by Radian, PEDCO, TRW and Acurex and are summarized in References
1 and 2, The results of this study will be available for use in evaluating

VOC fugitive emissions.

The study design and test procedures for the data analyzed in this
report are described in References 1 and 2. The 24 process units studied in
the data collection programs were selected to represent a cross—-section of
the population of the SOCMI. Several factors were considered during process
unit selection. These factors included total annual production volume,
number of producers, process conditions, corrosivity, volatility, toxicity,
and value of the final chemical product, Factors varied widely from unit
type to unit type, so that the selected process unit types represented a
reasonable gample of the variety of chemical process units encountered in
S0CMI.,

Evaluating the leak frequency in SOCMI was done by the ‘collection of
screening data from 24 process units, where a screening value is the maximum
repeatable concentration of total hydrocarbons detected at a source with a
portable hydrocarbon detecter (Reference 1), Evaluation of maintenance was
done by measurement of fugitive emission leak rates (1b./hour) at selected

sources before and after maintenance at six process units representing three




chemical processes (Reference 2)., The results of these two programs provide

the background information necessary for the current study:

* source population data
* screening value profiles for each source type

* screening-to-emission rate relationships

The screening procedures began with the definition of the process unit
boundaries. All feed streams, reaction/separation facilities, and product
and by-product delivery lines were identified on process flow diagrams and
in the process unit. Process data, including stream compositions, line tem-

peratures, and line pressures, were obtained for all flow streams.

The Century Systems Models OVA-108 and OVA-128 hydrocarbon detectors
were used for screening. The detector probe of the instrument was placed
directly on those areas of the sources where leakage would typically occur.
For example, gate valves were screened along the circumference of the annular
area éround the valve stem where the stem exits the packing gland and at
the packing gland/valve bonnet interface._ The actual leak rate measurements
were taken using a flow-through method described in Reference 8 and were

analyzed on Byron Total Hydrocarbon Analyzer.
All accessible sources of the following source types were screened:

* process valves,

* pump seals,

* compressor seals,

* agitator seals,

s+ relief valves,

* oprocess drains, and

* open-ended lines.




Also, a randomly selected subset of flanges was screened, Originally, only
five percent of all flanges were screened. The subset was increased to 20
percent of all flanges when initial results indicated a higher frequency of
emitting flanges than had been encountered in previous programs. The impor-
tant variables available from this study are: screening value, source
category, stream service, source type, chemical produced, ambient temperature
elevation, line temperature and line pressure, For the purposes of this
report, a source is defined as "leaking" if its screening value is  greater

than or equal to 10,000 ppmv.

This report is actually a presentation of four distinct data amalysis
tasks. Section 2 is a short summary of the results of all four tasks, In
Section 3 a detailed analysis of the SOCMI screening data (from 24 process
units) is presented along with summaries of Important correlating process
parameters (line pressure, étc.). Emission factor development for three
specific chemical processes (7 units) is presented in Section 4. The analysis
reported in Section 5, an extension of the results in Reference 2, is directed
at investigating the increase in mass emissions due to occurrence and recur-
rence of leaks. In Section 6 the impact on leak frequency from adjusting
screening values by chemical response models is investigated. The statistical
methods used in Sections 3 through 6 are presented in Section 7. Appendix A
is a statistical summary of all the screening data from the 24 untis,
Appendix B contains summary statistics and information on the effect of line
pressure and line temperature on the percent leaking, Appendix € contains
similar descriptions for ambient temperature and elevation. Appendix D is a

summary of all corrections made to the original data,







SECTION 2

SUMMARIES AND CONCLUSIONS

This section presents the major findings from the analyses discussed

in Sections 3 through 6,
RELATIONSHIP OF LEAK FREQUENCY TO PROCESS PARAMETERS (SECTION 3)

The process parameters that were examined for their effect on leak
frequency were: process, service, material in the line, line pressure, line
temperature, ambient temperature and source elevation. Data on four source
types (valves, pump seals, flanges and open ended lines) were used to examine
the effects of rhese parameters, The sources were grouped into 32 categories
(see Figure 3-2) based on source type, process type, stream service and
primary chemical in the line, These groupings were for statistical reasons

and were not based on engineering reasoning.

Stream service was defined as either gas, light Jliquid or heavy liquid
(Reference 1), Heavy liquids were not included in any analyses, since they
leaked so rarely regardless of the other conditions. Gas stream service
generally had a higher leak frequency than lighE liquid service., Proceeding
with four source types and two stream service types the data was then cate~
gorized by process unit as either ethylene processes, high leaking processes
or low leaking processes. The ethylene units were analyzed separately because
of the large number of sources in ethylene processes and thé high leak fre-
quency. The high leaking group consists of all other units with gfeater
than 1% of all source types leaking., The low leaking group consisted of all
units with less than 17 of all scurce types leaking. Since there were very
few sources leaking, the low leaking process units were not considered in

further analyses, Within these process unit groups, the data was further




subdivided by primary materials in the line. Caution should be used in
these evaluations, however, since other chemicals in the line may also have

an effect on leak frequency.

Examination of the data within these categories resulted in the follow-

ing conclusicns for this data set:

»

Leak frequency was affected not only by the type of chemical process

but also by the type of primary material in the line,
+ Control valves had a higher leak frequency tham block wvalves.

» For block valves, gate valves had a higher leak frequency than most
of the other types, and plug and ball valves have lower leak fre-

quencies,

= On-line pump seals had an overall leak frequency of 13,1 percent

versus 4,9 percent for off-line pump seals.

= These data did not show a difference in leak frequency between double
mechanical pump seals and single mechanical pump seals, although the
type of barrier fluid was unknown and therefore unaccounted for in

this analysis.

- Line pressure was seen to have a statistically significant effect in
almost every case, with higher levels of pressure associated with

higher leak frequencies,

« Line temperature had no consistent effect on leak frequency. The
combined effect of line pressure and temperature was important in

some cases.
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® * Ambient temperature had a consistent effect on leak frequency,
however, the effect was not statistically significant for a majority
of the cases, Higher leak frequencies tended to be associated with
the higher ambient temperature category.

@

* FElevation had no consistent effect on leak frequencieg. In the four
cases where a statigstically significant effect was observed, sources
at ground level had a higher leak frequency than sources at higher

elevations.
EMISSION FACTOR DEVELOPMENT (SECTICN 4)

The sources included in the development of the emissions factors are all
valves and pump seals screened in the seven ethylene, cumene, and vinyl
acetate process units or 51.2% (16,575) of all valves and pump seals screened
in the screening program, Since leak rate screening value models were only
developed for these three process types, emigsion factor estimation was

limited to these three-processes,

The emission factors developed in this study are reported in Table 2-1.
The emission factors for ethylene process are consistently higher than the
factors for the cumene and vinyl acetate processes, The vinyl acetate
process tends to have the lowest emission factors of the three process
types,

Cumulative distributions of screening values snd mass emissions as a
function of screening values were also developed for each of the three
processes. Table 2-2 gives the estimates and confidence intervals from

these curves for a 10,000 ppmv screening value,
INCREASE IN MASS EMISSIONS DUE TOQ OCCURRENCE AND RECURRENCE (SECTION 5)

Further analysis of data collected during the EPA SOCMI maintenance




TABLE 2-1. ESTIMATED EMISSION FACTORS FQOR NONMETHANE HYDROCARBONS
FROM VALVES AND PUMP SEALS (1bs./hr./source and kgs./hr./

source)

Emission Factor (95% Confidence Interval)

Source Tyne

(lbs./hr.)

(kgs./hr.)

Valves
- Gas Service
Ethylene processes
Cumene processes
Vinyl Acetate processes
- Light Liquid
Ethylene processes
Cumene processes

Vinyl Acetate processes

Pump Seals

— Light Liquid
Ethylene processes
Cumene processes

Vinyl Acetate processes

0
0
0

o o o

o O O

.024(0.008, 0.07)
.011(0.003, 0.05)
.0046(0.001, 0.03)

.020(0.007, 0.06)
.0056(0.002, 0.02)
.0003(0.0001, 0.002)

.069(0.006, 0.8)
.052(0.001, 2.7)
.0043(0.0001, 0.1)

0.011(0.004, 0.03)
0.0052(0.001, 0.02)
0.0021(0.0004, 0.01)

0.010(6.003, 0.03)
0.0025(0.001, 0.01)
0.0001(0.00003, 0.001)

0.031(0.003, 0.4)
0.023(0.0004, 1.2)
0.0020(0.00006, (.06)




TABLE 2-2. SUMMARY OF PERCENT OF SOURCES DISTRIBUTION CURVES AND PERCENT
OF MASS EMISSIONS CURVES AT SCREENING VALUE OF 10,000 PPMV

Percent of Mass Emissions

Percent of Sources Attributable to Sources
Screening 2 10,000 ppmv Screening 2 10,000 ppmv
957% Confidence 957% Confidence
Source Type Estimate Intexrval - Estimate Interval
Valves
Gas
Ethylene 15 (14, 16) 94 (93, 95)
Cumene 16 (13, 19) 94 (90, 96)
Vinyl Acetate 3.7 (2, 5) | 90 ' (85, 94)
Light Liquid
Ethylene 26 . (24; 27) 89 (87, 90)
Cumene 12 (10, 13) 80 (72, 86)
Vinyl Acetate 0.2 (0, 0.4) 25 . (9, 47)
Pump Seals
Light Liquid
Ethylene 30 (20, 39) 96 (90, 98)
Cumene 14 (1, 27) . 8y (50, 98)

Vinyl Acetate . 1.7 0, & 67 (5, 92)




program {Reference 2) was done to estimate the effects of leak occurrence and
recurrence on mass emissions. The following conclusions are based on these

analyses:

* The increase in emissions for valves for which a leak occurred over
a one to six month period was estimated to be 530% (95% confidence

interval of 200% to 900%).

* Not enough data was available to accurately quantify the effect on
emissions from leak occurrence from pump seals. However, the percent
increase estimate was 75% with a 95% confidence interval of -100%

to 6000%.

* The percent increase in emissions for valves with a leak recurrence
within the six meonth period was estimated to be 510% (95% confidence

interval of -100% to 1700%).

» Further analysis of the effect of valve maintenance on emissions
stiowed a 98% reduction in emissicns for valves which were "repaired"
(screening valve <10,000 ppmv after maintenance) and a 63% reduction
for sources which were "mot repaired" (screening valve remained .

210,000 ppmv after simple, on~line maintenance).
IMPACT OF RESPONSE ADJUSTMENTS ON LEAK FREQUENCY ESTIMATION (SECTION 6)

Three different techniques were used to adjust the original screening

value for each source:

* the original OVA reading adjusted for the associated OVA response

relationship of the primary chemical compound in the line,

* weighted logarithmic average of response of primary and secondary

chemicals, and




* weighted arithmetic average of response of primary and secondary

chemicals.

The percent of leaking valves was calculated for each of the three
estimates for both gas and light liquid services., The three estimates were
found to be similar in most cases to the leak frequency based on the original

screening valves. Table 2-3 presents the overall results,

10




TABLE 2-3. COMPARABLE ESTIMATES FOR PERCENT LEARING (VALVES)
(24 SOCMI Process Units)

Percent Percent

Percent Percent
Leaking Leaking Leaking Leaking
Based on Based on Based on Based on
Process Number OovA Method 1 Method 2 Method 3
Stream Screened! Readings Adjustments2 Adjustments3 Adjustments“
Gas 9374 11.3 0.1 10.2 10.3
Light
Liquid 18,133 5,1 5.3 5.6 5.5.

1119 sources with screening valves

= 10,001 ppmv were excluded.

2Method 1 is the adjustment to the OVA Reading based on the response of the

primary chemical in the line.

*Method 2 is the mixed chemical weighted logarithmic average technique.

“Methed 3 is the mixed chemical weighted average technique.

11




SECTION 3

DETAILED RESULTS FOR THE EFFECTS OF
PROCESS PARAMETERS ON LEAK FREQUENCY

The effects of various process parameters on leak frequency are
evaluated in this section. The process variables analyzed are source
category, stream service, source type, chemical produced, ambient temperature,
elevation, line temperature and line pressure, Each ¢f these varigbles was
examined to determine which of them is associated with high or low leak
frequenciés, Leak frequency data from four source types are analyzed in
detail in this section. They are open-ended lines, valves, pumps, and
flanges, Simple summary statistics for all source types are presented in
Appendix A. The data were grouped into exclusive categories for statistical

reasons {not engineering) as outlined in the following paragraphs.

Data for this analysis come from an EPA study in which all sources
in 24 chemical process units were screened (Reference 1). In a data collec-

tion study such as this, it is possible to have several of the process

paraﬁeters confounded, This means it can be difficult to separate the

effects of one parameter from that of another., For example, if one process

source type does in fact have a high frequency of leaks, but is almost

E always associated with a certain type of stream service, it may appear that
the high lesk frequency is associated with the stream service, If the data
are grouped by both source type and stream service, the effect of each of
these two variables can be seen, To avoid this type of problem, the data

® have been analyzed in smaller groups whenever a possibility of confounding

was suspected,

Another reason the data were grouped into subsets is that the analysis

® procedure used to statistically evaluate factors affectiﬁg the leak frequency

12




is very sensitive to frequencies of zero. That is, if there were no sources
leaking (or very few) in a particular category (e.g., heavy liquid) the
analysis procedure is not appropriate. To aveid this problem, the data to
be analyzed for statistical significance were first categorized to include
only groupings that displayed at least a moderate percentage of leaking
sources, Summary statistics for the groupings not statistically analyzed
(heavy liquids and process units with less than 1 percent of the sources

leaking) are presented separately in the appendices.
OVERVIEW OF SCREENING DATA FROM 24 CHEMICAL UNITS

Table 3-1 gives information on the number of sources screened, the
number that were leaking and the percentage that were leaking im the 24
chemical units screened. This information is given for each source type and
each stream service within each source category. (The stream service classi-
fications are described in Reference 1.) It can be seen from this table
that sources in the heavy liquid service category have a fairly low leak
frequency. There are also fewer heavy liquid service sources than gas or
light liquid in each source type. However, even in a group such as valves,
where there were 3,632 valves in heavy liquid service, the leak rate is
very low (0.4 percent, .or 13 leaking sources). Table 3-1 shows that valves
in gas service have both a large number and high percentage of leaking
sources. It also appears that the percent leaking varies with both source

type and stream service.

Valves as a source type had the largest number of screening wvalues.
Flanges and open—ended lines aiso had a large number (although only 5 to 20
percent of the flanges were screened). For further analyvsis, these three
categories plus pump Seals were investigated. It was felt that the sample
sizes of the other categories were too small to allow meaningful subcate-

gorization of the source type.

Since only 17 sources in heavy liquid stream service in the source types

to be further amalyzed were found to be leaking, sourcesg in this service were

13
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® not included in further anlaysis of factors affecting the leak frequency.
HBowever, summary statistics for rthis stream service are included in the later
sections, where appropriate.

L

®

L J
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TABLE 3-1. PERCENT OF SOURCES LFAKING!' BY SOURCE
(24 Process Units)
Sourcea with Screening Values 10,000
Number 95% Confidence Interval
Source Service Screened Number Parcent for Percent #10,700
Valves Gas® ' 9669 . 1103 1.4 (10.8, 12.0)
Light Liquid® 18299 1183 6.5 (6.1, 6.9}
Heavy Liquid 3632 13 0.4 (0.2, 0.7)
Pump Seals Light Liquid?® 646 57 8.8 (6.4, 11,0)
Heavy Liquid 97 2 2.1 {0.3, 7.3)
Flanges cas? 1450 66 4.6 (3.7, 5N
Light Liquid? 2833 36 1.3 0.9, 1.7
Heavy Liquid 607 4] 1} (0, 0.6)
Open Ended Lines Can 923 54 5.9 (4.4,7.9)
Light Liquid® 3605 141 1.9 (3.4, 4,7}
Heavy Liquid 477 2 1.3 (0.5, 2.8)
Process Drains Gas 83 2 1.4 (0.3, B.4)
Light Liquid® 496 , 19 3.8 (2.3, 5.9)
Heavy Liquid 28 2 7.1 (0.9, 23.5)
Agitator Seals Gas 7 1 14.3 (0.4, 57.9)
Light Liguid B 0 0 (0, 36.9)
Heavy Liquid 3 0 i] {0, 100)
.
Relief Valves - Gas? a4 3 3.6 (0.7, 10,1)
Light Liquid® 68 2 2.9 (0.4, 10.2)
Heavy Liquid 3 0 0 (0, 70.8)
Compressora Gas? 22 2 9.1 (1,1, 26.2)
Other? Gas 19 3 15.8 (3.4, 39.6)
Light Liquid® 34 2 5.9 (0.7, 19.7}
Heavy Liquid 2 4] 0 {0, 84.2)

'A leaking source is defined as one with a screening value 10,000 ppmv.

?Includes filters, vacuum breskers, expansion joints, rupture disks, slght piess aeals, etc.

3
The nunbers in each colum may be different from that Found in Referencs i because of corrections to the original data
(See Appendix D),




EFFECT OF CHEMICAL PRODUCED ON LEAK FREQUENCIES

Table 3-2 describes the screening data in terms of chemical produced
by the source types and service categories outlined earlier. Some differ-
ences between the chemical processes are apparent., The production of ethy-
lene appears to be associated with a leak frequency that is higher than that
found with the production of any of the other chemicals. Leak frequencies
from the Cumene and MEK units are also high. Other processes had very low
leak frequencies for all four of the source types. The formaldehyde unit
screened only had two leaks and the two adipic acid units had no leaks from
the four source types. Figure 3-1 graphically presents the estimated percent
leaking along with 95 percent confidence intervals for valves in gas and

light liquid service by process type.

It is clear from looking at Figure 3-1 and examining Table 3-2 that the
breakdown by process type, in addition to source type and stream service,
results in some subsets with few or no leaking sources. To avoid the problem
of analyzing such small groups, a method of grouping the chemicals produced
was devised. Three chemical process groups based on overall leak frequency
were formed. The groups are Low Leaking Process, High Leaking Process, and
Ethylene Process. Each category, and the processes and unit identification
numbers that are associated with it, is given in Table 3-3, The Low Leakinés
group contains data on chemicals whoée leak frequency was less than one per-
cent for all source types and stream services., The overall leak frequencies

for the High Leaking group range from one percent to six percent.

Table 3-4 summarizes the data available for further analysis for the
subcategories formed by the source type, service category, and chemical
process groups. In the analysis of the effect of other process parameters
on leak frequency, only the High Leaking and Ethylene groups were used. The
Low Leaking group had too few leaks to adequately determine any types of

effects on leak frequency of the other wvariables.
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TABLE 3-2.

PERCENT LEAKING FOR EACH CHEMICAL PRODUCED AS A FUNCTION OF

SOURCE TYPE AND STREAM SERVICE

GAS LIGHT LiguyDh HEAYY LIQUID
Numberx Number Percent Numbar Number Percent Numher Number Percent
Source/Chemical (unics)! Sereened Leaking Leaking Screened Leaking Leaking Screened Leaking Leuaklng
Valves
Vinyl Acetate {1,3) 449 35 3.7 2137 8 0.4 124 0 [i]
Fthylene (2,4,11) 6294 934 14.8 5176 969 23.2 1237 13 1.1
Cumene (5,6) 448 43 14.1 799 34 10.5 198 1] 0
hevtone fhenol (12) ] O o 1818 b 0,3 488 0 o
Ethylene hichleride (21,29) 403 [ 1.0 2256 2% 1.1 —— —_ ——
Vinyl Chloride Monomer (20,28) 412 30 7.3 1209 12 1.0 —— — e
Formaldehyde (22) 41 1 2.4 121 0 [\ — _— ———
Methyl Ethyl Ketone (31,32) 207 19 9.2 671 34 5.1 — — —_——
Acetaldehyde (33) 178 B 4.5 551 3 0.5 — P ———
Metehyl Methacrylate (34) 190 0 0 1058 1 0.1 —_— —— -
Adipic Acdd (35,64) 95 0 4] 17 0 0 1478 o 0
Chlorlnated Ethanes {60, (2) 48 0 0 15620 10 0.6 12 ¢] 0
Acrylonltrolle (65,66) 396 9 2.3 1494 28 0.9 95 ¢ 0
1,1,1-Trichloroethana (51) —— —_— -——— 173 4 1.1 —_— —— —
Fump_Seals
Vinyl Acetate (1,1) ——— e —-——- 89 4 4.5 5 0 0
Ethylene (2,4,11)° - = ———e 76 20 26.3 15 0 0
Cumene (5,6) - ---- ——— 25 4 16.0 3 0 0
Acetone/Phenol (12) e -—-= ——— 86 2 2.3 36 0 o
Ethylene blehleride (21,29) —-——= —_——- —_—— 58 3 5.2 ——— _— .
¥inyl Chloride Monomeyr (20,28) - -—=- - 65 7 10.8 — _— P
Formaldehyde (22) ——— —-—-= -—— 8 & a ———— e ———
Methyl Ethy] Ketone (31,32) -—=—= ———— -—— a1 1 3.2 _— — ———
Acetaldehyde (33) -—== ———— -—-= 32 3 9.4 —— ——— —
Methyl Methaerylate (34) === - = === 45 2 4.4 —m—- -— —_——
Adiple acld {35,64) ---- - -—- -— _— — 10 o 0
Chlorinated fthanes (60, 62) - - = == 60 5 8.3 ———— _—— ———
Aceylonltrile (65,66) - - ——— 61 5 4,2 B 2 25.0
1,1, 1-Trichlaroethane {61) —— - ——— 10 1 10.0 —-—— e —-——-

{Continued)
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TABLE 3-2. {continued)

cAS - LIGHT LIQUID HEAVY LIQUID
. ) Number Number Percent Number Number Percent Number Number Percent
Source/Chemical (units)'! Screened Leaking Leaking Screened Leaking Leaking Screened Leaking Leaking
Flanges
Vinyl Acetate (1,3) 107 3 2.8 173 0 o 8 0 0
Ethylene (2,4,11) 634 39 6.2 407 25 6.1 a9 1] 0
Cumene (5,6) 367 19 5.2 468 9 1.6 130 0 0
Acetone/Phenol (12) fp— ——— —— 82 o o 30 o 0
Ethylene Dichleride {21,29) 25 1 4.0 163 1 0.6 — —— —
Vinyl Chloride Monomer (20,28) 16 2 12.5 47 o o R ——— ——e
Formaldehyde (22) ’ 2 0 0 8 1 12.5 —— —- ——
Methyl Erhyl Ketone (31,32) 22 1} [ 76 0 o ——— —— ———
Acetaldehyde (33) 32 0 fi] 144 0 0 ——— ——— ———
Methyl Methacrylate (34) 38 1] [¢] 247 0 0 —— . —_— ——
Alipic acid (35,64) 49 0 0 2 0 0 320 o 0
Clllorinated Ethanes (60, 62) 16 0 0 461 ¢ 0 2 0 0
Adcrylonitrile {(65,66) 142 2 1.4 382 0 V] 28 0 0
1,1,i~Trichloroechane (A1) —_— _— ——— 73 0 i) N —— ———
Open Ended Lines
vinyl Acetate (1,3) 145 8 5.5 318 8 2.5 22 2 9.1
Echylene (2,4,11) 305 37 12.1 214 41 19.2 91 o 0
Camene (5,6) [ 0 0 15 2 11.3 1 4] 0
Acetone/Phenol (12) 2 0 [ 518 8 1.5 107 0 0
Ethylene BHchlovide (21,29) 160 0 0 475 © 16 3.4 —— J— ———
Vinyl Chloride Menomer (20,28} 55 2 3.6 340 18 5.3 ——— ——— ——
Formalgehyde (22) 14 i) 1] 6 . 0 0 ———— ——— v
Methyl Ethyl Ketone (31,32) 37 3 8.1 186 19 10,2 —-— ———— —_——
Acetaldehyde (33) 34 3 8.8 158 i1 5.1 ——— ——— -
Methyl Methacrylate (34) 63 o 0 335 1 0.3 - s -
Adipic Acid (35,64) 19 0 o 1 o o] 214 0 0
Chlorinated Ethanes (60,61) 27 0 0 412 6 1.5 4 4] ]
Acrylonitrile (65,66) 116 1 0.9 486 i2 2.5 38 4 10,5
1,1, 1-Trichlorogthane (61) ——m —— [ 111 2 1.8 —_ — —




YALVES-GAS SERVICE PERCENT LEAKING BY PROCESS TYPE
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Figure 3-1. Effect of Process Type on
Percent of Valves Leaking

? See Table 3-3 for definition of process type identification numbers




TABLE 3-~3. DEFINITION OF CHEMICAL PROCESS GROUFS

Process Group Chemical Process Unit Numbers Pe? C?nt
Lezking*®
"Low Leaking" Adipic Acid 35, 64 0.0
< oy
1% of all Acetone 12 0.5
source types
leaking Formaldehyde 22 0.8
Methyl Methacrylate 34 0.3
Trichlorcethylene/
Perchlorcethylene 60 0.8
Vinyl/Ethylene Dichloride 62 0.0
"High Leaking" Acetaldehyde 33 2.3
>1% of ail Acrylonitrile 65, 66 1.7
source types
leaking Vinyl Acetate 1, 3 1.4
Vinyl Chloride Monomer 20, 28 2.8
Ethylene Dichloride _ 21, 29 1.2
1,1,1-Trichloroethane 61 1.2
Cumene 5, 6 6.3
Methyl Ethyl Ketone (MEK) 31, 32 5.9
"Ethylene" Ethylene 2, 4, 11 ' 12:9
*For all source types and stream services-
®
@
° -
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TABLE 3-4.

LEAK FREQUENCIES BY PROCESS UNIT GROUP,

SOURCE TYPE AND STREAM SERVICE

Ethylene Process Units

95Z Confidence

Number Number Percent Interval for
Source Type Stream Service Screened Leaking Leaking Percent Leaking
Valves gas 6294 934 14,8 (13.8, 15.8)
light liquid 4176 969 23.2 (21.8, 24.6)
Pump Seals light liquid 76 20 26,3 (16.9, 37.7)
Flanges gas 634 39 6.2 (4.4, 8.4)
light liquid 407 25 6.1 (4.0, 8.9)
Open Ended Lines gas 3es 37 12.1 (8.6, 16.3}
lighe liquid 214 &1 19.2 (14.0, 25.3)
High Leaking Process Units
95% Comfidence
Number Number Percent Interval for
Scurce Type Stream Service Screened Leaking Leaking Percent Leaking
Valves gas 2993 168 5.6 (4.7, 6.5)
light liquid 9490 197 2.1 (1.8, 2.4)
Pump Seals light liquid 371 28 7.5 (5.1, 10.5)
Flanges gas 11 27 3.8 (2.5, 5.5}
light liguid 1626 10 0.6 (0.3, 1.1)
Open Lnded Lines gas 493 17 3.4 (2.0, 5.4)
light liguids 2089 85 4.1 (3.3, 5.0)
Low Leaking Process Units
95%Z Confidence
Number Number Percent Interval for
Source Type Stream Service Screened Leaking Leaking Percent leaking
Valves gas 382 1 0.3 (0.01, 1.5
light liquid 4626 16 0.4 (0.2, 0.8)
Pump Seals light liquid 199 9 4.5 (2.1, 8.4
Flanges gas 105 0 ‘0,0 (0.0, 3.4)
light liquid 798 0.1 (0.0, 0.7}
Open Ended Lines gas 125 0 0.0 (0.0, 2.9)
light liquid 1300 15 1.2 0.7, 1.9)
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EFFECT ON LEAK FREQUENCY OF PRIMARY CHEMICAL IN THE PROCESS LINE

The effect on leak frequency of the primary chemicals in the process
lines is investigated in this section. The definition of primary chemical
is described in Reference 1. Only the primary chemical is investigated here;
the influence of the other chemicals in the line is not evaluated. The

results of this section should be considered with this in mind.

Tables 3-3a and 3-5b display the percent of leaking sources by theirx
primary chemical in the line for wvalves - gas service and liquid service,
respectively. Large differences in leak frequency between primary chemicals
can be seen in these tables. Because of these differences it was decided
to further categorize the sources by the primary chemical in the line, de—

pending on the legk frequency associated with that chemical.

To do this categorization, the percent legking data for valves associated
with primary chemicals were analyzed for the categories previously established
(source type, stream service, and process groups). Tables 3-6a and 3~-6b dis-
play this data for valves. It can be seen that chemicals associated with
high percent leaking in the ethylene group were also seen to be associated
with high percent leaking in the high leaking process unit grouping. For
example, ethylene as a primary chemical in ethylene process units has a high
percent leaking and, it also was found to have a high percent leaking in

other process units.

Using the data from Table 3-6, the primary chemicals were grouped into
two categories. If the percent of leaking (from Tables 3-6a and 3-6b) was
above 3% the chemical was put into the high leaking chemical group. Other—
wise it was put into the low leaking group, The resulting final groupings

of the screening data for further analyses are shown in Figure 3-2.
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TABLE 3-5a. PERCENT OF LEAKING VALVES BY PRIMARY MATERIAL IN LINE

(All Process Units)

Valves — Gas Service

Percent of

Total Gas
Numb er Service Number Percent
Chemical Screened?! Valves Leaking'® Leaking
Ethylene 3134 33.3 498 15.8
Methane 1849 19.6 232 12.5
Propylene 1128 12.0 207 18.3
1,2-Ethylene Dichloride 525 5.6 4 0.8
Ethane 379 4.0 35 9.2
Benzene 332 3.5 53 16.0
Acrylonitrile 287 3.0 0.0
Vinyl Acetate 272 2.9 G.0
Acetal dehyde 179 1.9 4 2,2
Propane 145 1.5 18 12.4
Acetic Acid 125 1.3 1 0.8
Methyl Ethyl Ketone 116 1.2 6.0
Vinyl Chloride 96 1.0 0 0.0
Other Chemicals _851 9.0 42 4.9
Total 9418 100% 1101 11.7

Numbers displayed in this table may not add up to totals in previous
sections due to missing information on primary chemicals.
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TABLE 3-5b. - PERCENT OF LEAKING VALVES BY PRIMARY
MATERTAL IN LINE

{All process units)

Valves - Light Liquid Service

Percent of
Tatal Light

Liquid
Numbet ! Service Number® Percent

Chemical Screened Valves Leaking Leaking
1,2-Ethylene Dichloride 2809 15.4 32 1.1
Propylene 1604 8.8 488 30.4
Ethylene 1230 6.8 321 26.1
Acetic Acid 1le62 6.4 6 Q9.5
Acrylonitrile 1126 6.2 6 9.5
Vinyl Acetate 373 5.3 3 3.3
1,1,2~Trichlorcethane 914 5.0 [
Cumene 773 4.2 4 .
Vinyl Chloride 611 3.4 4 0.6
Perchlorcethylene 601 3.3 3 0.5
Phenol 594 3.3 0 0.0
Benzene ) 536 2.9 49 3.1
Acetaldehyde 456 : 2.5 2 0.4
Methyl Ethyl Ketone 425 2.3 23 5.4
Methyl Methacrylate 393 2.2 1 0.2
Methanol 373 2.0 [ 1.1
Ethane 328 1.8 92 28.0
o~Methyl Styrene 326 1.8 0 0.0
Hydrocarbonse-Cst 323 1.8 8 2.3
Trichloroethylene 272 1.5 6 2.2
Acetone 209 1.1 5 2.4
Methane 205 1.1 36 i7.6

® Sec Butyl Aleohol 202 1.1 10 5.0

- Acetone Cyanohydrin 191 1.0 0 ¢.0

Other Chemicals 1572 _8.6 69 bk
Total 18208 100% 1176 6.5

. 1Nl.uube):s'disl:‘.la}red in this table way not add up to totals in previous sactions

due to missing information on primary chemicals.
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TABLE 3-6a. PERCENT LEAKING BY PRIMARY MATERIAL FOR VALVES - GAS SERVICE
High Leaking Process Units Ethylene Process Units
Percent . Percent
of of

Number? Total Number ! Percent Number} Total Number! Percent

Screened Screened Leaking  Leaking Sereened Screened Leaking Leaking
Ethylene 680 22.8 62 9.1 2454 40.6 436 17.8
Methane - - - - 1849 30.6 232 12.6
Propylene 69 2.3 15 21.7 1059 17.5 192 18,1
1,2-Ethylene 508 16.9 4 0.8 - - = -
Dichloride
Ethane - - - - 379 6.3 35
Benzene 282 9.4 50 17.7 50 0.8 3 6.0
Acrylonitrile 287 9.6 0.0 - - - -
Vinyl Acetate 272 9.1 0 0.0 - - - -
Acetaldehyde 179 6.0 2,2 - - - -
Propane 81 2.7 12 14,8 64 1.1 6 9.4
Acetic Acid 125 4,2 1 0.8 - -
Methyl Ethyl 116 3.8 7 6.0 - - - -
Ketone
Vinyl Chloride 96 3.2 0 0,0 - - - -
Other Chemicals 294 9.9 13 b4 195 3.2 28 14.4
TOTAL 2986 100.0 168 5.6 6050 100.0 932 15.4
!Numbers displayed in this table may not add up te totals in previous sections due to

missing information on primary chemicals.
® o ® ° ®
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TABLE 3-6b. PERCENT LEAKING BY PRIMARY MATERIAL FOR VAIVES -

LIGHT LIQUID SERVICE

High Leaking Process Units

Ethylene Procesg Units

Percent Percent
of of

Primary Chemical Number ! Total Number! Percent Number ! Total Number! Percent

in the Line Screened  Screened Lleaking  Leaking Screened  Screened Leaking Leaking
1,2 Ethylene 2809 29.7 32 1.1 - - - -

Dichloride
Propylene 253 2.1 44 17.4 1351 32.8 Ahk 32.9
Ethylene 9 0.1 0 0.0 1221 29.6 321 26.3
Acetic Acid 1162 12,3 6 0.5 - - - -
Acrylonitrile 1126 11,9 6 0.5 - - - -
Vinyl Acetate 973 10.3 3 0.3 - - - -
1,1,2 Trichlorethane - - - - - - - -
Vinyl Chloride 611 6.5 [ 0.7 - - - -
Perchloroethylene - - - - - - - -
Phenol - - - - - - - -
Benzene 432 4.6 48 11.1 104 2.5 i 1.0
Acetaldehyde 456 4.8 2 0.4 - - - -
Methyl Ethyl Ketone 425 4,5 23 5.4 - - - -
Methyl Methacrylate - - - - - - - -
Methanol - - - - 68 1.6 4 5.9
Ethane + - - - - 328 8.0 92 28.1
Hydrocarbons Cg - - - - - - - -
o-Methyl Styrene - - - - - - - -
Trichloroethylene - - - - - - - -
Acetone - - ~ - - - - -
Methane - - - - 205 5.0 36 17.6
See Butyl Alcohol 202 2.1 10 5.0 - - - -
Acetone Cyanohydrin - - - - - - - -
‘Other Chemicals 827 8.7 12 1.4 844 20.5 _68 8.1
TOTAL 9453 100.0 193 2.0 4121 100.0 966 15.4

'Numbers displayed in this table may not add up to totals
information on primary chemicals,

in previous sections due to missing




SOURCE
TYPE

PROCESS
UNITS

STREAM
SERVICE

Lc

PRIMARY
CHEMICAL

Gas

High
Leaking
GROUP 1

Ethylene
Methane
Propylene
Ethane
Benzene
Propane
Other

Ethylene

Unit?= 2,

Low
Leaking
GROUP 2

None

Valves

Pump Seals
Flanges

Open Eunded Lines

_—

4,11

Light Ldiquid
High Low High
Leaking Leaking Leaking
GROUP 3 GROUP 4 GROUP 5
Ethylene  Cé4+ Ethylene
Propylene C5+ Propylene
Benzene Ethanol Benzene
MEK N Butane  Propane
Ethane Benzene MEK
Methane
Butylene
Co+
Methanol
Propane
Butanes
Butadiene

Butylenes, mizxed

Gas

High Leaking

Unit=1,3,5,6,20,21
28,29,31,32,33,
61,65,66

N

Light Liquid

Low High Low
Leaking Leaking Leaking
GROUP 6 GROUP 7 GROUP 8
1,2-Ethy- FEthylene 1,2-Ethylene
lene Dich~ Propylene Dichloride
loride Benzene Acetle Acid
Acryloni~ MEK Acrylonitrile
trile Vinyl Acetate
Vinyl Ace-~ Cumene
tate Vinyl Chloride
Acetalde- Acetaldehyde
hyde Sec Butyl Alcohol
Acetic Acid Other

Vinyl Chloride
Other

IThere were <4% of the sources in ethylene process units-gas streams associlated with a low leaking
" primary chemical.
’See Table 3-2 for definition of process unit type identification numbers

Figure 3-2.

Categories of Sources for Further Analysis




The major reason for grouping the sources into these eight categories
was to aggregate the sources into groups that have similar leak frequencies.
Note that this categorization was done for the data analysis and not for
engineering or physical reasons. The final 25 groups used for further

analyses are intermally similar in:

* source type
* stream service
* leak frequency by process type, and

* leak frequency by primary chemical in the line.

With these groupings, any differences that the analysis detects in the other
parameters of interest (line pressure, line temperature, etc.) will not be

confounded with these grouping parameters.

The division into categories was done separately for each combination
of stream service and process unit category. For this reasoﬁ, a particular
chemical may be grouped in the high leaking group in one subset and the low
leaking group in another, Also the influence of other chemicals in the line
was not investigated here. As a result, it is difficult to guantify the

effect of a specific chemical,

Two additional comments should be made. First, the chemical groupings
were made according to wvalve data only, so the high-low primary chemical
breakdown for pump seals, flanges, and open-ended lines (see Tsbles 3-7a and
3-7b) may not reflect a strict high versus low leaking classificafion in all
cases., Secondly, the numbers displayed in the tables in this section may
not add up to totals from other tables in previous sections due to missing

information on primary chemicals for some sources. -
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TABLE 3-7a.

HIGH VERSUS LOW LEAKING PRIMARY CHEMICAL GROUPS FOR HIGH LEAKING PROCESS UNITS

Source Type

Valves

Pump Seals

Flanges

Open Ended
Lines

High Leaking Chemicals (Group 5 and Group FAD)

Stream
Service

Gas
Light TLiquid

Light Liquid

Gas
Light Liquid

Gas
Light Liquid

Number

Screened

1228
3299

124

391
578

146
7398

Low Leaking Chemicals (Group 6 and Group 8')

Humber
Leaking

146
147

14

18
10

13
47

Fercent
Leaking

11.%
4.5

11.1

4.6
1.7

8.9
6.0

95% Confidence
Intervals for

Percent leaking
(10,2, 14.1)
(3.7 5.%)

(6.7, 18.1)

(2.7, 7.1}
(0.7, 3.6)

(4.9, 14.6)
(4.5, 7.9)

Rumber

Kumber

Screened Leaking

1758
6154

243

316
1010

347
1291

22
46

14

38

Percent
Leaking

1.2
0.8

5.8

2.8
0,0

1.2
2.9

95% Confidence
Intervals for

Percent Leaking

(0.7, 1.7}
(0.6, 1.0}

(3.3, 9.4)

(1.2, 5.3)
(0, 0.4)

(0.4, 3.1)
2.0, 4.1)

'See Figure 3-2 for explanation of groups.

Note: Chemical groupings were made according to valve datz only, so other sources may not reflect

a strict high versue low leaking clasaification.




og

TABLE 3-7b. HIGH.VERSUS LOW LEAKING PRIMARY CHEMICAL GROUPS FOR ETHYLENE PROCESS UNITS

High Leaking Chemicala (Group 1 and Group 3') Low Leaking Chemicals (Group 41)
. 95% Confidence 95% Confidence

Stream Humber Number Percent Intervais for Number Rumber Percent . Intervals for
Source Type Service Screened Leaking Leaking Percent Leaking Screened Leaking Leaking Percent Leaking
Valves Gas 6050 932 15.4 (14, 16)

Light Liquid 3514 957 27.2 (26, 29) . 607 9 1.5 (0.67, 2.8
Punp Seals Light Liquid 61 18 29.5 (19, 43) 15 2 13.3 (1.7, 40)
Flanges Gas 566 39 6.9 (4.9, 9.2)

Light Liquid 4, 25 7.6 (5.0, 12) 70 0 0.0 (0.0, 5.1)
Open Ended
Lines Gas 284 37 13.0 (9.4, 17)

Light Liquid 151 30 25.8 (19, 24) 63 2 3.2 (.39, 11)

'See Figure 3-2 for explanation of groups.

Note: Chemlcal groupings were made according to valve data ouly so other sources may not reflect
a strict high versus low leaking clagsification.




EFFECT OF TYPE OF VALVE ON LEAK ¥FREQUENCY

The first breakdown for studying the effect of wvalve type is block
valves versus control valves. Within these two categories, there are six
types of valves evaluated: gate, globe, plug, ball and butterfly, plus one

group called "other" which includes any valve type that does not fit into the

first five categories.

Tables 3-8 and 3-9 show the valve leak frequency data for gas and light
liquid stream serviée, respectively. Confidence intervals for percent leaking
are included to help distinguish those cases with a high percent leaking but

a small sample size.

Since some of the specific types of valves, particularly for
control valves, had very small sample sizes when the data is categorized, an
overall tabulation of valve types is given in Table 3-10. The smaller con—
fidence limits make differences by type more easily seen. Figures 3-3a and
3~3b show this information graphically. TFor block valves, gate valves have
the highest leak frequency while plug and ball wvalves have the lowest leak

frequency.

The totals for block and control valves over all individual types were
tested to evaluate the influence of both process unit and chemical in the
line. Categorical statistical analyses were performed on these data to
determine the significance of these classifications and their combined effects.
(This method of analysis is described in Section 7.} Separate analyses were
performed for gas and light liquid stream service. A summary of these analy-

ses are given in Table 3-11.

The analysis of gas stream service does not include a variable to
distinguish primary material groups since no such group was defined for
ethylene process units with gas stream service. The zanalysis shows a sig-

nificant effect of chemical produced, block/control and their combined
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TABLE 3-8. PERCENT LEAKING FOR ALL TYPES OF VALVES IN GAS SERVICE
AS A FUNCTION OF PROCESS CROUP AND PRIMARY MATERIAL GROUP

High Leaking Process Units Ethylene Process Units
i Group 5' Primary Chemlcals __Croup 6' Primary Chemicals . —M’—Mﬂ-ﬁ—gwh_—l
952 95% - 95%
Valve Number  Rumber Percent Confidence Number Number Percent Confidence Numbey Rumber  Percent Confidence
Function Type Screened Leaking Leaking Interval Screened  Leaking Leaking  Interval Screened Leaking Leaking Interval
Block gate 978 107 0.9 (9.1, 13) 1124 20 1.8 (1.1, 2.8) 4495 823 18.23 {17, 19)
globe g 4 4b.4 (lh. 79 34 1 2.9 (0.1, 15) 73 10 13.7 (6.7, 24)
plug 34 0 0.0 { 0, 1) 245 0 0.0 {0, 1.3) 39 ' ] 0.0 (0, 9.0)
ball 102 4 3.9 (1.1, 9.6) 273 0 0.0 (o, 1.3) 834 14 1.7 0.9, 2.9)
butterfly 17 1 5.9 (6.2, 29) 21 0 0.0 (0, 16} 102 8 7.8 (3.3, 15)
other 1 _0 ' _0.0 (0, 100} 9 o 0.0 (0, 34) 261 _16 6.1 (3.7, 100
Total 1141 116 10.2 (8.7, 13) 1106 21 1.2 (0.8, 1.9) 5804 871 15.0 (14, 18)
Control gate 19 8 42,1 (20, 66) 15 0 0.0 {0, 22) 24 7 29.2 (13, s1)
globe 39 11 28.1 (15, 45) 21 1 4.8 0.1, 24) 137 24 17.5 (11, 24)
plug 3 0 0.0 (0, 71) 0 0.9 (0, 84) 5 ] o (0, 52)
ball , 5 1 20.0 0.5, 72) 1. 0 ¢.0 {0, 100) 8 2 25.0 (3.2, 63)
butterfly 20 9 45,0 {23, 68) 13 0 0.0 (0, 25) 36 26 46.4 (34, 62)
other 1 _0 _0.0 0, 100 _0. - o - _16 2 12.5 (1.6, 38)
TOTAL 87 29 33.3 (24,44) 52 1 1.9 ".1, 10) 246 61 24.8 (19, 30)

l5ee Figure 3-2 for explanation of groups.
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TABLE 3-9. PERCENT LEAKING FOR ALL TYPES OF VALVES WITH LIGHT LIQUID STREAM
SERVICE BY PROCESS GROUP AND PRIMARY MATERIAL GROUP

High Leaking Process Units -

Group 7 Primary Chemlcals Group 8 Primary Chemicals
952 95%
Valve Number Number X Confidence Humb 2r Rumber 1 Confidence
Type Screened Leaking Leaking Interyal Screaned Leaking Leaking Interval
Block
Gate 2330 122 5.2 (4.3, 6.2) 3zl 38 1.4 (0.8, 1.6)
Globe 37 4 10.8 {3.0, 25) 187 1 0.5 (0,01,2.9)
Flug 470 2 0.4 (0.1, 1.5) 1032 0 0.0 {0, .36)
Ball 255 0 0.0 {0, 1.%) 1263 0 0.0 (o, .29)
Butterfly 63 0 0.0 (0, 5.7) 13 0 0.0 (0, 11)
oOther 5 0 0.0 (0, 52) L] ] _0.0 (b, 9.25)
TOTAL k)R] 128 4.1 (3.4, 4.9 5873 39 0.66 (0.5, .91
Control
Gate : 58 i1 19.0 (9.9, 31) 65 F3 3. (0.4, 11)
Globe 40 6 15.0 {5.7, 30) 12t 5 4.1 (1.3, 9.5)
Plug 26 1 3.8 (.1, 20) 53 0 0.0 {0, 6.7}
Ball 2 0 0.0 (0, 85) 25 0 0.0 (v, 14)
Butterfly 11 1 9.1 ©.2, 41) 12 0 0.0 (0, 26)
Other 2 0 8.0 (a, 85) 5 0 0.0 n, 52)
TOTAL 138 19 13.8 (8.4, 20) 281 7 2.3 (1.0, 5.0)
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TABLE 3-9. (continued)

Ethylene Process Units

Group 3 Primary Chemicals Group &4 Primary Chemicalg —
. 951 ' 95%
Valve Number Number x Confidence Numbie x Number Z Confidence
Type Screened Leaking Leaking Interval Sereened Leaking Leaking Interval
Block
Gate 3125 877 28.1 (26, ) 529 1 1.3 (0.5, 2.7)
Globe 45 2 . b4 (0.5, 1%) 15 0 0.0 ©, 22)
Plug 3 0 0.0 (0, 71) 2 0 0.0 (0, 84)
Ball 49 4 18.2 (2.3, 20) 8 0 0.0 0, 3N
Butterfly 4 2 50.0 (6.8, 93) 1 0 0.0 (0, 100)
Other 94 15 16.0 (9.2, 25) L} 0 0.0 (0, 17}
TOTAL 3320 900 27.1 {25, 29) 575 7 1.2 0.5, 2.5)
Control .
Gate 20 9 45.0 (23, 68) ? 0 0.0 {0, 41)
Globe 162 46 28.4 (22, 36) 20 2 10.0 (1,2, 32)
Plug 2 0.0 (0, 84) 5 0 0.0 (0, 52)
Ball 3 0 0.0 {0, 1) 0 0 -_— -—
Butterfly 7 2 28.6 (3.7, 71) 0 _— -—- -—
Other 0 - el -— 0 febnd - —-
———— _ E—
TOTAL | 194 55 28.4 (23, %) 2 2 6.2 ©.8, 1)

'5ee Figure 3~2 for explanation of groupa.
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TABLE 3-10. LEAK FREQUENCIES FOR ALL TYPES OF VALVES FOR GAS AND
LIGHT LIQUID STREAM SERVICE

Gag fervice Light Liquid Service
953 95%
Number Rumber Parcent Confidence Huiwber Number Percent . Confidence
Type Screened Leaking Leaking Limita Screened Leaking Leaking Limits -
Block
Gate 6976 952 13.7 (13, 15) 1tm7 1059 9.6 (8.6, 9.8)
Globe 145 15 10.3 (5.9, 1N 155 8 1.1 (0.5, 2.1)
Flug 440 4] 0.0 (0, 0.8) 1479 2 0.1 (0.01, 0.3)
Ball 1272 18 1.4 (0.7, 2.5) 1732 4 0.2 (0.04, 0.4)
Butterfly 160 9 5.6 (2.6, 10) 157 2 1.3 (0.15, 4.4)
Other _215 _16 5.8 (3.5, 9.2) R Yi:) 17 4.5 (2.7, 7.8)
TOTAL 9268 1010 10.9 (10, 11) 17518 1092 6.2 (5.9, 6.6)
Control :
Gate 61 15 2.6 (14, 3N 182 22 12.1 (7.8, 18)
Globe 207 36 17.4 {13, 24) 417 61 l4.6 (12, 19)
Plug 10 1] 0.0 (0, 31) o9 3 3.3 0.7, 9.3)
Ball 15 ] 26.7 (7.8, 53) 33 1 3.0 (0.1, 16)
Butkerfly 91 35 38.5 (28, 49) 34 3 B.8 (0,7, 20)
Other 17 3 17.6 (3.8, 43) 25 1 4.0 (0, 20)
TOTAL 401 93 23.2 (19, 28) 782 91 11.6 (10, 15)
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effect on the leak frequency. For valves in gas stream service, Table 3-8

shows control valves with a higher percent leaking than block valves for each
group. The significant combined effect indicates that the difference between
block and control valves is significantly greater in the high lesgking process

units than in the ethylene process units.

The second analysis summarized in Table 3-11 is for light liquid
service. The variables used here are the same as for gas service with the
addition of a category by primary material in the line and all of the two-way
combined effects. All of the main effects and two of the combined effects
are highly significant. The combined effect of primary material in the line
and block/control is also statistically significant. Table 3-9% shows the
direction of these differences. It can be seen from this table that the per-
centage of sources leaking for control valves from high leaking process units
with high leaking primary materials is about three times that of block valves
in the same group. For the low leaking primary material group, it was about
four times. Ethylene process units with high leaking primary materials in

the line had similar leak frequencies between block and control groups.

Figure 3~4a and Figure 3-4b provide a graphical display of the differ-
ences in leak frequency between the block and control valves for each process

and primary material category.

Since the analysis found a significant different in leak frequency
between block and control valves, the comparison by gpecific type of valve
was done for each of these valve classifications. Figures 3-3a and 3-3b
show leak frequencies for each valve type with 95 percent confidence intervals
for the leak frequencies. The'larger number of block valves tested makes
this group the easier one to examine for differences by valve type. For
both gas and light liguid service, gate wvalves have the highest leak fre-
quency, and plug and ball valves have the lowest leak frequency. Globe and
butterfly valves in light liquid service alsc have low leak frequencies,

Thegse last two types of valves have comparatively wide confidence intervals

for gas service because of the small number of valves of those types found.
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TABLE 3-11. RESULTS OF CATEGORICAL ANALYSIS ON VALVES!®

®
Chi-Square Probability of
Source Statistic No Effect
Gas Stream Service
®
Chemical Process 655.40 <0.01
Block/Control 19.44 <0.01
Combined Effects 13.81 <0.01
. ®
Light Liguid Stream Service
Chemical Process 207.1 <0.0L1
Primary Material 60.1 <0.01
Block/Control 25.4 <0.01
L J
Combined Effects
Process by Material 64.9 <0.01
Process by Block/Contreol 15.7 <0.01
Material by Block/Control 4.4 <0.05 ®

1See Section 7 for explanation of this analysis.
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For gas service, they appear to fall in the middle range between the high
leaking gate valves and low leaking plug and ball valves. A comparison of
types of control valves is more difficult because of the small sample sizes.
The actual percent leaking for gate valves is higher than that of plug and
ball valves, but there are overlapping confidence intervals. In the group
of control valves in light liquid service, globe valves show a significantly

higher leak rate than plug valves from the same group.
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LEAK FREQUENCY FOR PUMP SEAY CLASSIFICATIONS

Pump seals comprise a much smaller group of sources than valves. Tor
this reason, the groupings by Process uvnit type and primary materials in the
line are not reported in this section. When these subcategorizations were
examined, the small sample size in these categories resulted in such large
confidence limits that no statistical differences could be seen., Combining

the categories did not effect any of the trends observed.

The primary classifications for pump seals are on-line versus off-line,
single versus double seals, mechanical versus packed seals, and location of
the emission point. Table 3-12 gives the number of pump seals screened, the
number leaking, the percentage leaking and appropriate 95% confidence inter-
vals for these classifications of pump seals. On-line and off-line single

mechanical seals with emission point at seal are the two largest groups.

A chi-square test (see Section 7 for details) was performed to determine
if there was a statistically significant difference in the leak frequencies
between on-line and off-line pump seals when the emission point was at the

seal, The outcome is below:

NO LEAK LEAX TOTAL
Number 7 Number %
On-1line 271 86.9 41 13.1 312
0ff-l1line 232 95.1 12 4.9 244
Total 503 90.5 53 3.5 556

Chi-Square _ 145 74 | p < 0.01
Statistie

This test indicates that there is a significant difference between

on-line and cff-line pump seals, with the leak frequency for off-line pumps
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TABLE 3-12. LEAK FREQUENCIES FOR PUMP SEALS IN LIGHT LTIQUID SERVICE

On Line/ Mechanical/  Single/ Emission Number Number Percent 95% Confidence
Off Line Packed Double Point Screenaed Leaking Leaking Interval
On-Line Mechanical Single Seal 215 28 12.0 {9, 20)
Vent 24 0 0.0 (0, 14)
Other e 2 6.7 (0.8, 22)
Mechanical Double Seal 92 13 14.1 (7.7, 23)
Vent k| 1 33.3 (0.8, 91)
_ Other 3 1 33.13 . (0.8, 91)
Packed Single Seal ’ 5 0 0.0 {0, 52)
Vent [} - - -
Other 1 0 0.0 {0, 100)
TOTAL AT 312 41 13.1 (2.0, 17)
THE SEAL
0ff-Line Mechanical gingle Seal 139 9 6.5 (3.0, 12)
Vent 9 0 0.0 (0, 34}
Other 17 0 0.0 (0, 20)
Mechanical Double Seal 86 3 1.5 0.7, 9.9
‘ Vent - - -
other 1 1] 0.0 (0, 100}
Packed Single Seal 19 0 0.0 (0, 18)
Vent 2 0 0.0 0, B4)
Other _0_ —_— - =
TOTAL AT 244 12 5.9 (2.6, B.6)
THE SEAL




about one-third that of on-line pumps.

A Chi-square test was also used to compare the leak frequency for the
single mechanical pump seals to double mechanical pump seals. Separate tests
were performed for on-lime and off-line seals., Only data with the emission
point at the seal was considered. Single packed pump seals had no leaks in
either case and so cduld not be included in the test, The following table

describes this test:

On-Line Pump NOT LEAKING LEAK
Seals Number A Number %
Single 187 87.0 28 13.0 215
Mechanical
Double 79 85.9 13 14.1 98
Mechanical
266 86.6 41 13.4 307
Chi-Square Statistic = 0.07 p >0.10

0ff-Line Pump

Seals NOT LEAKING LEAKING
Number A Numbex %

Single 130 93.5 9 6.5 139
Mechanical
Double 83 96.5 3 3.5 87
Mechanical

240 94,7 12 5.3 252

Chi-S5quare Statistic = 0,94 p >0.10
45




The leak frequency for single mechanical versus double mechanical was
not significantly different for either the on-line or the off-line data.
Figure 3-5 shows this same information graphically. Note that the presence
or type of barrier fluids was generally not recorded for this data., This
may have been a factor in the lack of a significant difference between single

mechanical and double mechanical pump seals.
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THE EFFECT OF LINE TEMPERATURE AND LINE PRESSURE

The effects of line temperature and line pressure are examined in paral-

iel in this section. The effects of these two variables are evaluated for

® the four major source types: flanges, open-ended lines, valves, and pump
seals. 1t was found that different levels of temperature and pressure are
present in the 24 units studied depending both on the type of chemical produced
and also on the primary material in the line. The data are grouped by these

Py variahles as they have been defined earlier in this report. Appendix B
contains summary statistics in tabular form for line pressure and line temper—

ature for each of the groups.

Since valves constituted the largest group by source type, the effects
of line temperature and line temperature on leak frequency for wvalves could
be studied in the greatest detail. Categorical statistical anmalysis,

described in Section 7, was used to determine the significance on leak fre-

quency of line temperature and line pressure and their combined effects
(interaction}. This method of analysis is biased by empty cells (any tempera-
ture and pressure categories with no leaks). As a result, the only groups

to be studied for possible combined effects were valves with high leaking
primary chemical groups (see Figure 3~2 for an explanation of groups). The

results of this analysis are given in Table 3-13.

The results of the categorical analysis show that for ethylene process
units with valves in gas service, both line temperature and line pressure,
L and also their combined effect, were significant. For the valves in light
liquid service, pressure and the combined effect of temperature and pressure
were s’ignificant. Both of the groups from the high leaking process units
showed only pressure to have a significant effect on leak frequency. Tables
® 3-14 to 3-17 give the data used in this analysis. TFigures 3-6 to 3-9 graph-
ically show the results of these analyses. Figure 3-6 provides a good
example of significant combined effeects (interaction) of line temperature

and line pressure, It shows that the effects of increased pressure on the

® percent leaking is not the same for all temperature groups. If there was no




significant combined effect, the lines would be parallel.

Tables 3-18 and 3-19 show the effects of line temperature and line
pressure on the valve for primary material groups 4, 6 and 8. The categories
of temperature and pressure were chosen to agree with those in Appendix B
It appears that pressure may have an effect on each of these three groups
(group 4, group 6 and group 8). Temperature appears to have an effect on

valves from group 4.

In summary, higher levels of pressure appear to result in higher leak
frequency in almost every instance. For example, valves from Primary
Material Group 1 have a 4.1 percent leaking in the "less than 25 psig"
pressure group and 25.8 percent leaking in the "greater than 200 psig"
pressure group. In those cases where this is not seen, it may be due to
the smaller sample sizes. Temperature appears to be significant in only a
few cases. In those cases, it was the middle range of line temperature
rather than the extremes that was associated with higher leak frequency.
Valves in gas service from ethylene process units had the greatest percent
leaking (16.2%) at temperatures between 0°F and 49°F, The combined effects
of line temperature and line pressure could only be studied for valves. It
had a significant effect for the ethylene process units only. Higher leak
frequencies for high pressure and middle level temperature were found.
Figures 3-6 to 3-8 graphically show the effect of the interaction. The
significant combined effect is apparent in the fact that the lines for

levels of line temperature are not parallel.
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TABLE 3-13. RESULTS OF ANALYSIS OF THE EFFECTS OF LINE
TEMPERATURE AND LINE PRESSURE ON LEAK FREQUENCY
FOR VALVES
Process Primary Degrees
Unit Material Stream of Chi- Signifi-
Group Group! Service Source Freedom?® Square cance’
Ethylene Group 1 Gas Temperature 3 9.1 *
Processes Pressure 3 268.6 R
Combined effects 9 42.4 A%
Group 3 Light Temperature 2 3.4 n.s.
Liquid Pressgure 2 67.2 H%
Combined effects 4 25.7 *
High Group 5 Gas Temperature 2 3.2 n.s.
Leaking Pressure 2 7.6 *
Processes Combined effects 4 3.1 n.s.
Group 7 Light Temperature 2 3.4 n.s.
Liquid. Pressure 2 13.9 *
Combined effects 4 3.1 n.S.

'See Figure 3-2 for explanation of groups.

2The total degrees of freedom for gas service in the ethylene process units
is higher than the total for the other groups because, in this group, four
levels of both temperature and pressure could be used without producing any
empty cells in the analysis.

3*probability of no significant effect is less than 0.05
**probability of no significant effect is less than 0.01
n.s.—no significant effect
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TABLE 3-14.

ON VALVES IN GAS SERVICE WITHIN ETHYLENE PROCESS UNITS

LINE TEMPERATURE AND LINE PRESSURE AND THEIR COMBINED EFFECTS

Temperature {“F) -267-0 0--49 50-99 100~1570 TOTAL
Preassure  Humber Ruwrher Percent Number Number Percent Number Number Percent Number HNumber Percent MNumber Number Percent
(psig) Screened Leaking leaking Screened Leaking Leaking Secreened leaking Leaking Screened Leaking Leaking Screened Leaking Leaking
-15-25 348 18 5.2 506 29 3.7 542 14 2.6 244 7 2.% 1640 68 4.1
25-99 180 30 16.7 449 54 12,0 861 96 10.9 276 18 6.5 1788 198 11.1
100-199 55 12 21,8 104 B 1.7 332 1 21,4 50 55 15.7 841 146 17.4
200-1050 415 80 19.3 392 144 6.7 491 146 29,7 114 149 20,9 2012 519 25.8
TOTAL 998 140 14,0 1451 235 16,2 2246 327 14.6 1584 229 14,5 6279 211 14.8




[AS

TABLE 3-15. LINE TEMPERATURE AND LINE PRESSURE AND THEIR COMBINED EFFECTS
ON VALVES FROM GROUP 5%

Temperature _(°F) ~267-99 100-149 150-1570 TOTAL

Pressure Number Number Percent Number Number Percent Humber Number Percent Number Number Percent
(psig) Screened Leaking Leaking Screened Leaking Leaking Screened Leaking Leaking Screened Leaking Leaking
-15-99 120 3 6.7 41 8 5.7 187 22 11.8 448 38 8.5
100-199 16 4 25.0 83 7 B.4 118 15 12.7 217 26 12,0
200-1050 73 10 13,7 91 14 15,4 ' 236 45 19.1 400 69 17,2
TOTAL 209 22 10.5 315 29 9.2 541 82 15.2 1065 133 12,5

*See Figure 3-2 for explanation of groups. OGroup 5 is the high leaking primary chemical group from high leaking processes in gas service.
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TABLE 3-16. LINE TEMPERATURE AND LINE PRESSURE AND THEIR COMBINED
EFFECTS ON VALVES FROM GROUP 3%

Temperature (°F) —267-49 50-99 1001570 TOTAL

Pressure Number Number Percent Number Number Percent Humber Number Percent Number Number Percent
{paig) Screened Leaking Leaking Screened Leaking Leaking Sereeped Leaking Leaking Screened Leaking Leaking

-15-99 683 106 15.5 56 1 1.8 104 16 15.4 843 123 4.6

100-199 65 [ 9.2 282 90 31.9 108 14 13.0 455 110 26.2

200-1050 1325 360 27,2 490 196 450.0 396 148 42,4 2211 124 32.7

TOTAL 2073 647 31.2 828 287 34,7 608 148 2.6 3509 957 27.3

*See Figure 3-2 for explanation of groups. Group 3 1s the high leaking chemical group from light liquid service from ethylene processes.
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TABLE 3-17. LINE TEMPERATURE AND LINE PRESSURE AND THEIR COMBINED
EFFECTS ON VALVES FROM GROUP 7#

Temperature {°F) =267~-99 100-149 150-1510 TOTAL

Pressure Number Number Percent Number Wumber Percent Number Numbet Percent Humber Humber Percent
(psig) Screened Leaking Leaking Screened Leaking Leaking Screened Leaking Leaking Screened Leaking Leaking

-15-99 795 14 1.8 322 [ 1.2 663 24 3.6 1780 42 2.4
100-199 216 12 5.6 234 12 5.1 245 12 4.9 695 36 5.2
200-1050 143 19 13.3 263 20 7.6 390 27 6.9 796 66 8.3
TOTAL 1154 45 l 3.9 B.9 36 LA 1298 63 4.8 3271 144 L)

*See Figure 3-2 for explanation of groups., Group 7 is the high leaking primary chemical gtoup for high leaking processes in 1ight.1iquid service.
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, COMBINED EFFECTS OF TEMPERATURE AND
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COMBINED EFFECTS OF LINE TEMPERATURE AND LINE PRESSURE
ON VALVES IN GROUP 3%

55 -
P N I -
E 44 — . "._/'
) T
E /'/.
N ; - ’
T 33 . :' ./‘ //
V4
L ./ /
£ -’ /
A S 7
|I< 22 - ./. //
~ . /
N \_\ R _/ /
G T g
/"‘\ /
- 3 h ’
rs ~ Vs
/.‘ \\ 7/
. ~ .7
s .
@ [ [ , |
<100 100-199 >199
—————— TEMP (<50)
— e TEMP ¢50-99)
------------ TEMP €5>99) PRESSURE

Figure 3-8, Combined Effects of Line Pressure on Percent Leaking for Valves in Group 3.%

*See Plgure 3-2 for explanation of groups.




86

=30 07T

QI —-F00o —

30 ' i
B r"—1|
X
25 - f
- f
20 |- (L
R !
s | _ |
B | e | .
: | e | I
e F !
C L ! —
. [
5 b |
[ | i
. L_i...’....l - (o] i Cad —
| I T l I
~15 to 49 100 to 249 -15 to 49 100 to 249
50 to 99 250 + 50 to 99 250 +
:—-—-— ETHYLENE PROCESS UNITS --—-- 1 —-——— HIGH LEAKING PROCESS UNITS --~—-—:
GROUP 4 Primary Chemicals GROUP 8 Primary Chemicals

Figure 3-9. The Effect of Line Pressure on Percent Leaking With 95 Percent

Confidence Intervals for Valves from Group 4 and Group 8.%

*See figure 3-2 for explanation of groups




TABLE 3-18. EFFECT OF LINE TEMPERATURE AND LINE PRESSURE ON

VALVES FROM GROUP 6%

Number

Pressure Screened
-15-49 1267
50-99 141
100-249 188
250-1050 162
Total 1758

Temperature

-267-49 45
50-99 335
100-199 823
200-1570 555
Total 1758

Number

Leaking

7

2

i3

16

22

Percent

Legking

0.5

1.4

6.9

1.2

0.0

1.2

95%
Confidence
Limits
(0.2, 1.1)
(0.2, 5.1).
(3.7, 12)

0, 2.3)

(0.78, 1.9)

0, 7.9)
(0.35 3.2)
(0.03, 0.9)

(1.7, 4.7)

(0.8, 1.9

*3ee Figure 3-2 for explanation of groups.
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TABLE 3-19, EFFECTS OF LINE TEMPERATURE AND LINE PRESSURE ON VALVES
FROM GROUP 4 AND GROUP 8 BY PROCESS UNIT GROUP!
Group 4! PRIMARY CHFMICALS Gtoup 8! PRIMARY CHEMICALS
95% 95%
Number Number Number Confidence Number Number Number Confldence
Pressure (psig) Screened Leaking Leaking Intervals Screened Leaking Leaking Intervals
-15-49 173 o 0.0 (0, 2.1) 2432 16 0.7 (0.4, 1.1)
50-99 215 4 1.9 0.5, 4.8) 1567 5 0.3 0.1, 0.7
100-249 181 4 2.2 (0.8, 5.6) 1916 18 0.9 (0.6, 1.5)
250~-1050 38 1 2.6 (0.1, 14) 205 7 3.4 (L.4, 7.1)
Total 607 9 1.5 0.7, 2.8) 6120 46 0.8 (0.5, 1.0)
Temperature (°F}
~267-49 29 0 0.0 (0, 12) 96 2 2.1 (0.3, 7.3)
50-99 127 2 1.6 0.2, 5.5) 1912 11 0.6 0.3, 1.0)
100-199 341 6 1.8 0.6, 3.8) 2583 16 0.6 0.4, 1.0)
200-1570 110 1 0.9 0.0, 5.0 1563 17 1.1 (0.6, 1.7)
Total 607 9 1.5 .7, 2.8) 6154 46 0.8 (0.5, 1.0)

Y5ee Figure 3-2 for explanation of groups




EFFECTS OF LINE TEMPERATURE AND LINE PRESSURE ON PUMP SEALS, FLANGES, AND
OPEN-ENDED LINES

There was not enocugh data available to study the possible combined
effect of line temperature and line pressure for the remaining source types,
and so the effects of these two variables were examined separately. Catego-
ries were used that would conform to earlier tables and at the same time

provide an approximately even distribution of sources screened.

Table 3-20 shows this information for pump seals for both groups of
process units and all primary materials. The 95 percent confidence intervals
indicate that no significant effects of temperature or pressure can be seen.
If the overall number screened was increased, the size of the confidence
intervals would be decreased and it is possible that some significant dif-
ferences might then be seen. Figure 3-10 shows the percent leaking with
95 percent confidence intervals as a function of pressure for this source

type.

Tables 3-21 and 3-22 give the leak frequencies by line temperature and
line pressure for flanges in gas and light liquid services, respectively.
Increasing levels of line pressure result in increased leak frequency. The
effect is most clear for gas service stfeams. These data are presented by
process unit group since for the light liquid service, there appears to be

some differences between these two groups.

Tables 3-23 and 3-24 show the leak frequency of open-ended lines by
line temperature and line pressure. Ethylene process units services in gas

service show a higher leak frequency at the highest level of pressure.

Otherwise the gas service show overlapping confidence intervals. Open-ended
lines in light liquid service within ethylene ﬁrocess units show an increased
leak frequency at higher pressure levels and also a higher frequency at the
upper two pressure levels when compared to the high leaking process units.

The leak frequency from the high leaking process units does not appear to

6l




be affected by line temperature or line pressure. Line temperature does
not appear to have an effect on open~ended lines within ethylene process

units either.
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TABLE 3~20, EFFECTS OF LINE TEMPERATURE AND LINE PRESSURE ON PUMP
SEALS WITH LIGHT LIQUID SERVICE

Pressure Number Number Percent 95% Confidence
(psig) Screened Leaking --Leaking Intervals
-15 - 49 146 10 6.8 (3.3, 12)
50 - 99 115 19 16.5 (10, 25)
100 - 249 - 116 11 9.5 (4.9, 16)
250 - 1050 65 12 18.5 (9.9, 30)
Total 442 52 11.8 (9.0, 15)

Temperature (°F)

-267 - 49 53 12 22.6 (12, 36)
50 - 99 148 14 9.5 (5.2, 14)
100 - 199 146 13 8.9 (4.8, 14)
200 - 1570 100 9 0.9 (4.2, 16)
Total 447 48 10.7 (8.0, 14)
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TABLE 3-21, EFFECTS OF LINE TEMPERATURE AND LINE PRESSURE ON FLANGES
IN GAS SERVICE BY PROCESS UNIT GROUP

' Ethylene Process Units High Leaking Process Units
95% 95%
Number Number Percent Confidence Bumber Number Percent’ Confidence
Preasure (psig) Screened Lesking Leaking Intervals Screened Leaking Leaking Iritervals
-15-49 210 3 1.4 (0.3, 4.3} ot 6 2.0 (0.7, 4.3)
50-99 102 4 3.9 (1.1, 9.6) 76 2 2.6 n.3, 2.2
160~249 136 3 5.9 (2.5, 1) 117 2 1.7 0.2, 6.1)
250-1050 182 24 13,2 (8.7, 19) 217 17 7.8 (4.8, 13)
a — —— J— —————e——— — -—— m— —r—ae—
TOTAL 630 39 6,2 (4.4, 8.0) 11 27 3.8 (2.5, 5.5)
Temperature (°F} !
-267-49 129 17 13,2 (7.8, 20) 16 0 0.0 (o, 21)
50-99 335 15 4.5 (2.6, 7.8) 99 1 1.0 (0, 5.5)
100~-19% 155 5 3.2 (1.0, 7.4) 268 4 1.5 0.4, 3.7)
200~-1570 15 2 13.3 (1.7, 41) 321 22 6.8 (4.4, 10)
—_ —_— —_ —_— J— — —ree
TOTAL 634 39 6.2 (4.4, 8,0) 704 27 3.8 (2.5, 5.5)
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TABLE 3~22. FEFFECTS OF LINE TEMPERATURE AND LINE PRESSURE ON FLANGES
IN LIGHT LIQUID SERVICE BY PROCESS UNIT GROUP

Ethylene Process Units ) High Leaking Process Units
. 952 95%

: Number Number Percent Confidence Nuniber Number Percent Confidence
Pressure {psig) Screened Leaking Leaking Intervals Scieened Leaking Leaking Intervals
=15-49 70 1 1.4 0, 7.7) H82 0 0.0 {0, 0.7)
50-99 52 0 . 0.0 . (0, 6.8) 364 0 0.0 (0, 1.1)
100-249 74 5 6.8 (2.2, 15) a7z 2 0.5 (0.1, 2.0)
250-1050 200 19 9.5 . (5.8, 14) 279 8 ‘ 2.9 (1.3, 5.7
TOTAL 396 25, 6.31 (4.1, 9.1) 1596 10 0.6 (0.3, 1.2)
Temperature {(°F)
~267~-49 133 13 9.8 (5.3, 16) 26 ] 0.0 0,713)
50-99 141 .10 7.1 (3.5, 13 491 2 0.4 (0.1, 1.4)
100-199 121 2 W (0.2, 5.8) 638 6 0.9 (0.3, 2.1)
200-1570 9 0 0.0 (o, .34) 452 2 . 0.4 A (0.1, 1.6)
TOTAL ZE; ;; ET;. (4.1, 9.1) iga;- IE ETE (0.3, 1.1)
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TABLE 3-23.

EFFECTS OF LINE TEMPERATURE AND LINE PRESSURE ON OPEN ENDED
LINES IN GAS SERVICE BY PROCESS UNIT GROUP

-15-4%
50-99
16G-24%

250-1050

TOTAL

Ethylene Process Units

High Leaking Process Units

Temperature {°F)

-267-49
50-99
100-199

200-1570

95% 95%
Number Number Percent Confidence Number Number Percent Confidence
Prensure (psig) Screened Leaking Leaking Intervals Screenad Leaking Leaking Intervals
160 6 3.8 (1.4, 8.0) 272 5 1.8 (0.6, 4.3)
53 7 13.2 (5.5, 25} 59 & 6.8 (1.9, 16}
35 3 8.6 (1.8, 23} 74 1 1.3 (0, 7.3}
55 20 36.4 (24, 50} .51 4 7.8 (2.2, 19)
303 36 11.9 (8.6, 16) 456 14 3.1 (1.7, 5.8)
173 16 9,2 (5.5, 15) 13 0 0.0 (@, 25)
96 17 17.7 (11,0, 27) a3 8 9.6 (4.2, 18)
31 4 12.9 (3.6, 30) 225 5 2,2 (0.7, 5.1)
5 0 0.0 (0, 52) 134 1 0.8 (0, 4.1)
305 37 12,1 (8.6, 16) 455 14 3.5 (1.7, 5.8)

TOTAL
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TABLE 3-24.

EFFECTS OF LINE TEMPERATURE AND LINE PRESSURE ON OPEN ENDED
IINES IN LIGHT LIQUID SERVICE BY PROCESS UNIT GROUP

Pressure {psig)
-15-49

50-99

100~249
250-1050

TOTAL

Temperature ( F)
~267-49

50-99
100-199
200-1570

TOTAL

Ethylene Process Units

High Leaking Procegss Units

Kumber Number Percent ggifidence Number Number Percent gzzfidence
Screened Leaking Leaking Intervals Scr d Leaking Leaking Intervals
30 0 0.0 (0, 12) 813 27 3.3 (2.2, 4.7)
48 2 4,2 (0.5, 14) 479 22 4.6 (2.9, 6.8)
38 7 18.4 (7.7, 34) 474 14 2.9 (1.7, 4.9)
98 32 32,6 (24, 43) 125 3 2.4 (0.5, 6.9)
;I; ;I 19.2 (15, 26} 133; ;g ;—; (2.7, 4.%)
75 15 20.0 (12, 31) 5€ 0 0.0 (0, 6.4)
56 13 23.2 (13, 36) 668 ' ?8 4,2 (2.8, 5.9
62 11 17.7 (9.2, 30) 685 24 3.5 (2.4, 5.2)
21 2 9.5 (1.2, 30) L88 14 2.9 (1.6, 4.8)
EI; ;I 19.2 (15, 26) 133;_ EE ;T; (2.7, 4.4) .




EFFECT OF AMBIENT TEMPERATURE CON LEAK FREQUENCY

This section evaluates the effects on leak frequency of the ambient
temperature. The ambient temperature was measured at the same time that the
source was screened, Ambient temperature was measured as a continuous
variable, but to evaluate its effect on leak frequency, it was grouped as
less than 70°F or greater than or equal to 70°F. Appendix C contains summary

statistics for this wariable.

Statistical tests were performed for each primary material group to
determine if there was a significant difference in leak frequencies between

the two classifications of ambient temperature.

Table 3-25 gives a summary of the effects of ambient temperature on
leak frequencies of sources. In those cases where the percent leaking was
not affected by the primary material in the line or the type of process unit
or both, groups were combined, Those groups that did show a significant
effect of ambient temperature are noted with asterisks. In one case (open-~
ended lines in gas service from high leaking process units) a significant
difference in leak frequencies was seen when the primary material groups were

combined (but the differences were not significant when they were separated).

Overall, ten of the 25 groupings of sources showed a statistically
significant effect of ambient temperature on the leak frequency. Four of
the seven comparisons for valves were significant. Generally higher leak
frequencies were associated with the high ambient temperature classificatiom.
Differences in leak frequencies between the two ambient temperature categories

range from three percent leaking to 14 percent leaking,
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TABLE 3-25. SUMMARY OF THE EFFECTS OF AMBIENT TEMPERATURE ON PERCENT LEAKING
Primary Significant
Source Stream Process Material Ambient Number Number Percent Effect of 95% Confidence
Type Service Group Group Temperature Screened Lesking Leaking Temperature Interval
Valves Gas Ethylene Group 1 <70° 3760 474 12,6 *k (11, 14)
70°+ 2534 460 18,2 (17, 200
High Group 5 <70° 1591 67 4.2 (3.3, 5.4)
Leaking and Group 6 70°+ 1402 101 7.2 *k (5.8, 8.7)
Light Ethylene Group 3 <70° 1906 448 . 23.5 (21, 286)
Liquid and Group 4 70+ 2215 518 23.4 (2L, 26)
High Group 7 <70° 2435 52 2.1 b {1.6, 2.8)
Leaking 70°+ 803 95 11.8 (9.6, 14)
~Group 8 <70° 2861 17 0.6 (0.4, 1,0)
70°+ 3293 29 0.9 (0.6, 1.2)
Pump Light Both Group 3,4, <70° 245 21 9.0 (5.3, 13)
Seals Liquid 7,8 70°4 202 27 13.0 (9.1, 19}
Flanges Gas Both Group 1,5,6 <70° 288 14 4.7 (2.6, 7.8)
0%+ 1057 52 4.9 (3.7, 4.3)
Light Bath Group 3,4, <70° 457 7 1.5 (0.6, 3.2)
Liquid 7.8 70°+ 1576 28 1.8 (1.2, 2.6)
Open Ended Gag Ethylene Group 1 <70° 223 15 8.5 (5.2, 13}
Lines 70°% 82 18 22.0 x4 (14, 32)
High Group 5 <70° 7 [ 5.6 (1.6, 14)
Leaking 70°+ 75 9 12,0 2 (5.6, 22)
Group 6 <70° 204 1 0.5 (0, 2.8)
70°+ 143 3 2.1 {0.5, 6.1}
Light Both Group 3,4, <70° 1288 B4 6.5 (5.2, 8.1)
Ligquid 7,8 70+ 1015 42 4.1 (3.0, 5.6)

l-See Figure 3-2 for explanation of groups.

2-8howed pignificance when groups 5 and 6 were combined,

**Probability of no difference in leak frequency between amblent temperature categories is less than one percent.




EFFECT OF ELEVATION ON LEAK FREQUENCY

This section evaluates the effect of source elevation on leak frequency.
The elevation of each screened source was recorded at the time of screening.
This elevation was expressed as the process unit landing level closest to
the screened source. For analysis in this report, the source elevation was
categorized as either ground level or above ground. The data is presented
in the same format as that for ambient temperature, Appendix C contains
summary statistics for elevation and the results of all statistical tests

on the elevation categories.

Table 3-26 gives the same type of summary for the effects of elevation
that was given for ambient temperature. Groups of process units and primary

materials were combined wherever the effect of elevation was consistent.

Only five of the 25 source type/primary chemical groups evaluated
indicated a significant effect of elevation on leak frequemcy. In all of
these cases, the sources at ground level had a higher leak frequency than
the sources above ground. The differences between the elevation categories

for those groups ranged from 1.7 to 6.0 percent leaking,
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TABLE 3-26.

SUMMARY OF THE EFFECTS OF ELEVATION ON PERCENT LEAKING

Prioacy . Significant
Bource Btream . FProceas Material Number Humber Fercent RBffect of 951 Confidence
Type Bervice Group Group Elevation Bereened Leaking  Leaking Rlavation Interval .
Valves Gas Ethylene Group 1 .Groynd 3298 15 14.4 {13, 16)
Above 2977 453 15.2 (14, 17}
High Gtolp § Ground 479 54 11.3 (8.5, 14)
Above * 789 92 12.3 0, 14)
Group 6 Ground 423 12 2.8 & (1.4, 4.9}
. Abova 1333 10 0.7 (0.4, 1.4)
Light
Liquid Ethylene  Group 3,4  Ground 3123 727 23.3 {22, 25)
. Above 1041 238 22.9 (20, 26)
High Group 7 Ground 26%4 121 4.8 * (4.0, 5.8)
Above 195 25 3.1 (2.0, 4.6)
Group 8 Ground 4394 s 0.8 {0.6, 1.1)
Above 1743 10 0.6 (0.3, L.0)
Pump Light
Beals Liquid Both Group 3.4 Ground 437 48 11,0 (8.3, 14)
7.8 Above 10 o 0.0 {o, 31)
Flanges Gas Both Group 1,5,6 Ground 481 2 4.6 (3.0, 7.8)
Above 863 L1 5.1 (3.7, 1.0)
Light
Liguid Both Group 3,4 Ground 1414 25 1.8 (1.1, 2.6)
7.8 Above 619 9 1.5 (0.7, 2.8)
Open Ended .
Lines Gas Ethylene Group 1 Cround 233 25 10.6 (7.1, 16)
Ahove 69 12 17.4 (9.3, 20)
High Group 5 Groynd 59 1 10.2 (3.8, 21)
Above 87 7 8.0 2 (3.3, 16)
Group & Ground 72 2 2.8 {0.3, 9.7)
Above 274 2 o7 (0.1, 2.6)
Light
Liquid Ethylene  Group 3,4  Groupd 163 k)] 19.0 (13, 26)
Above 51 10 1%.6 (9.8, 33)
High Group 7 Ground 623 45 7.2 bl (5.3, 9.4)
Aboye 172 2 1.2 0.1, 4.1)
Group 8 Ground 949 29 3.1 (2,0, 4.4)
Above 340 9 2.6 (t.2, 4.9)

1-3ee Figure 3-2 for explamation of groupa.
2-Therc wan a significant difference between elevation categories when chemical groups 5 and 6 were combined,

*Probability of no difference in leak frequency between elevation categories is less than five percent.
**Probability of no difference in leak frequency between elevation categories is less than one percent.







SECTION 4

EMISSION FACTOR DEVELOPMENT FOR THREE PROCESSES

This section presents detailed results of the investigations in the

following three areas:

* Distribution of screening values,
* Estimation of emission factors, and
* Mass emission distribution over the range of screening

values.
DISTRIBUTION OF SCREENING VALUES

Distributions of OVA screening values were examined for each process,
source type {(valve or pump seal) and service. From past experience with
the refining industry, it was expected that the distributions of the nonzero
screening values could be modeled with a lognormal distribution. It was
anticipated that censoring above 100,000 ppmv would occur due to the inconsis-
tent use of a secondary OVA dilution probe. Figure 4-1 shows a typical
histogram of the logarithms of the nonzero screening values with a pattern
that frequently occurred: a large number of observations nominally at 100,000
ppmv with positive skewness (more large values occurring than expected from
a normal distribution) and negative kurtosis (flatter peak and shorter tails
than a normal distribution). Further examination of the distributions by
primary material classification showed similar departures from the lognormal
distribution. Twc approaches were subsequently taken in modeling the distri-
bution of secreening wvalues: <fitting an empirical cumulative distribution,
which reflects detailed features of the data, and fitting a cumulative log-
normal distribution to the nonzerc screening values, with adjustment for

censoring of the data. Section 7 contains a more detailed discussion of these
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distribution models. Figures 4-2 through 4-10 compare the lognormal models
with the empirical distributions. The departure from lognormality of the
screening data does not appear large in magnitude. The lognormal model was
therefore used in the development of both screening value distributions and

distributions of mass emissions.

EMISSTION FACTORS AND CUMULATIVE DISTRIBUTIONS OF TOTAL EMISSIONS BY
SCREENING VALUES

This section briefly describes the estimated emission factors and mass
emission functions. A more detailed discussion of the statistical methods

and assumptions emploved is found in Section 7.

Table 4-1 presents estimated emission factors for nonmethane hydrocarbon
fugitive emissions from valves and pump seals. Figures 4-11 and 4-12 show
graphically how these emission factors compare between the three processes

considered in this report.

Comparison of emission factors among the three processes by means of
their related confidence intervals shows only one difference that can be
considered to be statistically significant: ethylene has a significantly
larger emission factor than vinyl acetate for valves with light liquid service.
Note, however, that ethvlene consistently shows the largest emission factor,
followed by cumene and vinyl acetate. Tor pump seals, ethylene and cumene
have about the same emission factor. With the exception of wvinvl acetate,
pump seals have larger emission factors than do valves. Finally, for com—
parable sources, gas service has higher emission factors than light liquid

service.

Fugitive emissions may also be compared by means of the cumulative
distribution of total mass emission by screening wvalue. These curves relate
the OVA screening value to the percentage of the total mass emission which

can be expected from all sources with screening values greater than any given
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value. These cumulative functions have been estimated for each process,
source type, and service. Figures 4-13 through 4~21 display the cumulative
mass emission estimated by an empirical function, with the lognormal model
superimposed for cowparison. Both the lognormal model and the empirical

function are described more fully in Section 7.

Confidence bounds are given to indicate how well the cumulative mass
function has been estimated from the data collected in both the screening
and maintenance programs. The development of these intervals is discussed
in Section 7. In using these estimated functions and confidence intervals,
it should be kept in mind that the relationship between screening values and
mass emissions is imperfect. Also, the true distribution of screening values
is not known precisely: it is estimated from the observed screening value
distribution., These two sources of wvariation contribute to the width of the

confidence bands showm in the figures,

Figures 4-22 through 4-30 show the cumulative distribution functions for
screening values (Part a) and mass emissions (Part b) based on the lognormal

model for the screening values.

Application of Figures 4-22 through 4-30 may be illustrated through the
use of Table 4-2, which exhibits point estimated and 957 confidence intervals
for both the percentages of sources screening Z# 10,000 ppmv and the percentage
of total mass emissions attributgble to sources screening # 10,000 ppmv. For
example, approximately 157 of ethylené process valves in gas service can be
expected to have screening values above 10,000 ppmv (Figure 4-25a). However,
these 15% of the valves are responsible for an estimated 94% of the mass
emissions (Figure 4-25b). In the same manner, other specific screening
values (or percentage of sources) could be chosen and the corresponding

percentage of mass emissions found.
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TABLE 4-~1,

FROM VALVES AND PUMP SEALS

ESTIMATED EMISSION FACTORS FOR NONMETHANE HYDRDCARBONS

Source Type

Number Sg¢reened

Emission Factor (Confidence Interval)

(1bs, /hr, /source)

(kg, /hr. /source)

Valves

Gas
Ethylene
Cumene
Vinyl Acetate

Light Liquid
Ethylene
Cumene

Vinyl Acetate

Pump Seals
Light Liquid
Ethylene
Cumene

Vinyl Acetate

6,294
448
949

4,176
799
2,137

76
25
89

0.024(0.008, 0.07)
0.011(0.003, 0.05)
0.0046 (0,001, 0.03)

0.020(0.007, 0.06)
0.0056(0.002, 0.02)
0.0003(0.0001, 0.002)

0.069(0.006, 0.8)
0,052(0.001, 2,7)
0.0043(0.0001, 0.1)

0.011(0.004, 0.03)
0.0052(0.001, 0.02)
0.0021(0.0004, 0.01)

0.010(0.003, 0.03)
0,0025¢(0.001, 0.01)
0.0001(0.00003, 0.001)

0.031(0.003, 0.4)
0.023(0.0004, 1.2)
0.0020(0.00006, 0.06)
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Figure 4-16.
Ethylene Process, Valves in Gas Service

Cumulative Distribution of Total Emissions by Screening Values
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Figure 4-19. Cumulative Distribution of Total Emissions by Screening Values
Vinyl Acetate Process, Valves with Light Liquid Service
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Figure 4-21, Cumulative Distribution of Total Emissions by Screening Values
Vinyl Acetate Process, Pumps in Light liquid Service
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Figure 4-23a, Cumulative Distribution of Sources by Screening Values
Cumene Process, Valves in Light Liquid Service
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Figure 4-27a, Cumulative Distribution of Scources by Screening Values
Ethylene Process, Pumps in Light Liquid Service
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TABLE 4-2, SUMMARY OF PERCENT OF SOURCES DISTRIBUTION CURVES AND PERCENT
OF MASS EMISSIONS CURVES AT SCREENING VALUE OF 10,000 PPMV

Percent of Mass Emissions
Percent of Sources Attributable to Sources
Screening 2 10,000 ppnv Screening # 10,000 ppmv
95% Confidence 957% Confidence
Source Type Estimate Interval Estimate Interval

Valves
Gas
Ethylene (14, 16)
Cumene ' (13, 19)
Vinyl Acetate : . (2, 5
Light Liquid

Ethylene (24, 27)
Cumene (10, 13
Vinyl Acetate . (0, 0.4)

Pump Seals
Light Liquid
Ethylene (20, 39)
Cumene (1, 27)
Vinyl Acetate . (0, 4)




SECTION 5

EVALUATION OF THE EFFECTS OF LEAK OCCURRENCE,
RECURRENCE, AND REPAIR ON MASS EMISSIONS

This section presents the results of investigations of leak occurrence,
recurrence, and maintenance effects on VOC mass emissions. The analysis is an
extension of previous work on these aspects of fugitive emissions control

presented in Reference 2 (maintenance study).
EFFECT OF LEAK OCCURRENCE ON MASS EMISSIONS

Leak occurrence was defined in Reference 2 for sources initially
screening < 10,000 ppmv as the first occurrence of a leak (screening z 10,000
ppmv) at any tiﬁe after the initial screening. In the maintenance study,
described in Reference 2, there were 651 valves and 89 pumps which screened
below 10,000 ppmv initially, and were subsequently rescreened two to six times
over a six month period. Estimated leak occurrence rates were developed in
Reference 2 for both wvalves and pump seals. This section presents estimates
of the effect on mass emissions from those leak occurrences. The statistical

procedures used to develop these estimates are discussed in Section 7.

Table 5-1 show estimates of the weighted percent increase {WPI) and the
increase in mass emissions for the sources for which leaks did and did not
occur. The WPI is applicable as an estimate of the effect of leak occurrence
on mass emissions, The mean emission estimates (1b/hr/source) are applicable
only to the data from the maintenance study since they represent the combined

data from three specific chemical processes,
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TABLE 5-1. INCREASE IN MASS EMISSTIONS BY LEAK OCCURRENCEI) FOR VALVES

AND PUMP SEALS SCREENING < 10,000 ppmv INITTALLY

Source Category

Mean Fmissions (lbs/hr/source) Mean Emissions
{number of sources Weighted Percent At First Leak Occurrence Increase
in category) Increase (%) At Initial Screening or Last Screening {(1bs/hr/source)
Sources with leak
occurrences
Valves (30) 530 0.0052 ) 0.033 0.028
(200, 900) {0.001, 0.03) {0.006, 0.1) {0.005, 0.2)
Pump Seals (15) 75 0.013 0.99 0.98
(-100, 6000) ) (0.001, 0.1) (0.005, 10) (0.02, 20)
Sources without
leak occurrence
Valves (621) =37 0.00065 0.00041 -0.00024
(~56, -18) (0.0002, .N02) (0.0001, 0.002) {(-0.001, 0.00002)
Pump Seals (74) -47 0.0014 0.00075 -0.00066
(-100, 11 (0.0002, 0.01) (0.00004, 0.005) (-0.02, 0)

1) Screening 2 10,000 ppmv the first time following initial screening

Note: leak rates estimated at initial screening and measured (or estimated) at either (1) time of

first occurrence of (2} time of last screening

Note: estimates are reported with an approximate 95% confldence interval




The valves with a leak occurrence had a WPI in emissions of 530% while
the valves without leak occurrence showed a slight decrease in emissions
(WPI = ~37%Z). These estimates can be combined with the occurrence rates
estimates in Reference 2 to estimate the total impact of leak occurrence on
mass emissions. The confidence intervals for these estimates should be con-
sidered in analyses of this type. The confidence intervals for the WPIL

estimates for pumps are quite large and include zero (no increase).
EFFECT OF LEAK RECURRENCE ON MASS EMISSIONS FOR VALVES

Leak recurrence was defined in Reference 2 for maintained valves
(screening value < 10,000 ppmv immediately after maintenance) as a leak
(screening value 2 10,000 ppmv) at any time after maintenance, 1In the
maintenance study (Reference 2) there were 28 valves with the potential for
lezk recurrence (i.,e.,, with screening value > 10,000 ppmv before maintenance
and < 10,000 ppmv immediately after maintenance). Eight valves exhibited a
leak recurrence during the six month period after maintenance. Leak recur-
rence rates for valves were estimated in Reference 2 using these data. This
section presents estimates of the effect on mass emissions from these leak

recurrences,

Table 5-2 shows estimates of the weighted percent increase (WPI) and
estimates of the mean emissions before maintenance, after maintenance, and
after recurrence or at time of last screening. As with the occurrence esti-
mates, the mean emission estimates are applicable only te the data from the
maintenance study. The confidence intervals for the WPI estimate include
zero in both cases due to the small number of sources studied for recurrence,
The estimates can be combined with recurrence rate estimates in Reference 2
to evaluate the impact of recurrence on emissions from valves, but the con-

fidence intervals should be considered in these evaluations,
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TABLE 5-2, INCREASE IN MASS EMISSIONS BY LEAK RECURRENCE ) FOR VALVES

SCREENING < 10,000 ppmv IMMEDIATELY AFTER MAINTENANCE

Mean Emissions (1b/hr/source)

Mean Emissions
Increase at
Recurrence or

Weighted Fercent Before After At Fret Recurrence Last Screening
Source Category Increase (%) Maintenance Mailntenance or Last Screening {1b/hr/source)
Valves with leak 510 0.26 0.0033 0.02 0.017
recurrence (~100, 1700) (0, 0.6) (0, 0.02) (0, 0.08) (-0.04, 0.2)
(8 valves) :
Valves without -50 0.024 0.0016 0.0008 -0.0008
leak recurrence (=96, -5) (0.01, 0.04) (0.0001, 0.01) (0.0001, 0n.002) (0.008, 0.002)

(20 valves)

1) Screening 2 10,000 ppmv the first time following after malntenance screening

Note: 1leak rates measured (or estimated) after maintenance and at either (1) time of first

recurrence or (2) time of last measurement

Note: estimates are reported with an approximate 95% confidence interval




FURTHER ANALYSIS OF EFFECT OF VALVE MAINTENANCE ON MASS EMISSIONS

A statistical analysis was done to expand on the analysis of the
immediate effect of valve maintenance in Reference 2. Reference 2 reported
a weighted percent reduction (WPR) of 71% (95% confidence interval of 54%
to 88%) for 155 valves for which maintenance was performed. The WPR for the
97 valves with a before maintenance screening valve of 2 10,000 ppuov was 70% .
{95% confidence interval.of 467% to 95%). Reference 2 also reported that
only 29% of the 97 valves were "repaired" by simple on-line maintenance,
where a "repair"” is defined as screening below 10,000 ppmv immediately after
maintenance. .This analysis compares the reduction for the 297 of the sources

repaired with the 71% not repaired.

Table 5-3 summarizes this comparison and Figures 5-1 and 5-2 show the
before minus after maintenance leak rates plotted against the before mainten-
ance leak rates for the "repaired" and "non~repaired" wvalves. The weighted
percent reduction for repaired valves was 97.7%7 (95%, 100%Z) compared with
62.6% (41%, 85%) for nom-repaired valves. This significant difference in
emissions reduction between the two groups of valves can be seen by comparing

the data plots in Figure 5-1 and 5-2.

Table 5-3 also contains estimates of the mean emissions from the valves
before and after maintenance. These estimates are only applicable to the
sources in the data base since they represent the combined data from valves

from three specific chemical processes.
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TABLE 5-3. WEIGHTED PERCENT REDUCTION IN MASS EMISSIONS FOR VALVES
SCREENING = 10,000 ppmv IMMEDIATELY BEFORE MAINTENANCE

Mean Emissions

Weighted Percent Mean Emissions (1b/hr/source) Reduction
Source (ategory Reduction (%) Refore Malntenance  After Maintenance {(1b/hr/source)
Sources: repaired? 97.7 0.09 0.0002 0.088
(28 valves) (95, 100) (G, 0.2) (0, 0.02) (-0.007, 0.2)
Sources not repaired 62.6 0.10 0.038 0.062
(69 valves) (41, 85) (0.04, 0.2) (0.02, 0.05) (0.006, 0.12)
Total 70.1
(97 valves) (46, 95)
1) Screening < 10,000 ppmv immediately after maintenance

Note: leak rates measured before and after mailntenance

Note: estimates are reported with approximate 95% confidence interval




SECTION 6

IMPACT ON LEAK FREQUENCY ESTIMATES OF
APPLYING CHEMICAL RESPONSE ADJUSTMENTS

The goal of the analysis in this section was to investigate the effect of
applying chemical(s) specific response adjustments to the OVA readings to
estimate the frequency of leaks from SOCMI process units. This was accom-
plished by calculating adjusted screening values based on the original screen-
ing value and chemical response factor corrections. For the purposes of this
study a source is said to be leaking if its screening value is 2 10,000 ppmv.
Three different techniques were used to adjust the original‘OVA screening

value?

1 the original OVA reading adjusted for the associated OVA
response relatiomnship of the primary chemical compound in
the line (see Section 7 for more detail),

2) weighted logarithmic average of response of primary and
secondary chemicals (see Section 7 for more detail),

3) weighted arithmetic average of response of primary and

secondary chemicals (see Section 7 for more detail).

The percent of valves leaking was calculated for each of the three
estimates for both gas and light liquid services. The three estimates were
found to be similar to the leak frequency estimate based on the original
screening value.

It should be noted that the total number of valves used in this analysis
may not match totals from previous sections of this report. The reason is
that in certain process units a dilution probe was not used. This resulted
in 119 sources having a recorded OVA reading of 10,001 ppmv (indicating a

concentration above 10,000 ppmv). Many of the adjustments of these data
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resulted in estimates just below 10,000 (i.e., 9,997} ppmv). Therefore,
all sources with OVA readings equal to 10,001 ppmv were excluded from the

analysis. These 119 observations came from the following process types:

- Acrylonitrile - 37 cobservations,

M Chlorinéted Ethanes - 11 observations,
. Ethylene Dichloride - 28 observations,
. Formaldehyde - 1 observation, and

* Vinyl Chloride Monomer - 42 observations.

Because of these deletions, the percent leaking estimates will have a small
negative bias. However, the comparison of the four estimates is still wvalid
since the relative sizes of the estimates is the important aspeéct to be

evaluated.
SUMMARY OF FOUR LEAK FREQUENCY ESTIMATES BY PRIMARY CHEMICAL

The percent leaking estimates resulting from the three adjustment
methods are presented in Tables 6-1 and 6-2. Also included is the percent
leaking estimate from unadjusted OVA readings for comparison purposes. As
seen in the tables, the three leak frequency eétimates based on adjusted

screening values are similar to the unadjusted estimates.
SUMMARY OF FOUR LEAK FREQUENCY ESTIMATES BY PROCESS TYPE

The main question to be answered by this investigation is, "If the OVA
readings for a given process unit are adjusted for chemical response, will
significantly different estimates of the ﬁercent of leaking sources result?"
From the summarizations shown in Tables 6-3 and 6-4, it is evident that there
are no drastic changes in the estimates of percent leaking. However, there

is a general trend for a small reduction in the estimated frequencies,

To show the relationship between OVA readings and Method 1 estimates,
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plots of these two variables are shown for specific process types in Figures
6-1 through 6-6. The effects of specific chemicals with a process type can
be seen as straight lines. This is especially apparent in Figures 6-3 and
6-4. The northwest quadrant of these plots indicate wvalves where the original
screening value was below 10,000 ppmv and the Method 1 estimates are 2

10,000 ppmv. The southeast quadrant represents the copposite situation. The
other two quadrants indicate no change in the leak designation for those

valves.

For the high leaking processes the adiustments to the gas service valves
result in consistently lower percent leaking estimates. These estimates
are approximately 3 percentage points lower. The estimates in all other cases

are almost indistinguishable from the unadjusted estimate.
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TABLE 6~1. PERCENT LEAKING ESTIMATES FOR VALVES IN LIGHT LIQUID SERVICE
OvA Percent Leaking Percent Leaking Percent Leaking Percent Leaking
Response Based on Based on Method 1 Rased on Method 2 Based on Method 3
Factor @ OVA Readinga Adjustmental Adjustmen tg? Adjustments
10,000 ppmv Humber Humber Percent Number Percent Number Percent Rumber Percent
Chemical Response Screened Leaking Leaking Leaking Leaking Leaking Leaking Leaking Leaking
Propylene 0.80 1583 462 29.50 417 26,34 446 28.17 431 27,23
Ethane 0.65 328 92 28,05 10 21,34 75 22,87 76 23.17
Ethylene 0.70 1230 321 26,10 7 22,03 273 22,20 83 23,01
Methane 1,00 205 36 17.56 36 17,56 47 22,93 ’ 38 18,54
Benzene 0.29 536 49 9.14 26 4.85 3o 5.60 28 5,22
Methyl Ethyl Ketone 0,60 425 23 S.41 14 3.29 10 2.35 13 3.06
Sec Butyl Alcohel 0. 76 202 10 4.95 8 3.96 7 3.47 3,47
Hydrocarbons-Ct .52 323 [ - 2.48 217 7 .17 6 1,86
Acetone 0.80 209 5 2.39 4 1.91 5 2.39 [ 1.91
Methanol 4,39 373 4 1.07 11 2,95 11 2.95 11 2,95
Acetic Actd 1.60 1162 6 0.52 7 0.60 [ 0.69 ] 0.52
Cumene 1.87 773 4 0.52 9 1.16 - 11 1.42 9 1,16
Acetaldehyde 1.14 456 2 0.44 2 0.44 4 0.88 2 0,44
Trichloraethylene 0.95 267 1 0.37 0 0 1 0.37 0 0
Vinyl Acetate 1.30 973 3 ) 0.31 3 0,31 4 0.41 3 0.31
Methyl Methacrylate 0,99 393 1 0.25 0 o 1 0,25 1 0.25
Perchloroethylene 2,97 599 1 0.17 6 1.00 6 1.00 5 0.83
1,1,2 Trichloroethane 1.25 911 1 0.11 1 0.11 1 0.11 1 e.11
1,2 Ethylene Dichloride 0,95 2777 0 0 0 ] 5 0,18 [ \]
Acryloniltrile 0.97 1120 0 0 0 Q 1 0.09 0 0
Vinyl Chloride 0.80 607 0 0 ] 0 0 o o} 0
Phenol ' dkk 594 0 0 1 0.17 2 0.34 0 0
o-Hethyl Styrene ‘ 119 e 0 0 3 0.92 a 0 1 0.31
Acetone Cyanohydrin 3.51 191 0 o 0 0 0 o} 0
Other Chemicals — 1570 _67 4,27 b9 4.3% 68 4.33 65 _4,14
TOTAL 18,133° ‘1101 6.07 965 5.32 1023 5.64 990 5.46
1 .
S Mathod 2 1o the aites chenical welkhied Josocttumss coernee cafonee of e prinery chenical sn the Lin.
. Method 3 is the mixed chemical welghted average technique,
‘A responae of 10,000 ppmv for Phenol waa experimentally unattainable.
74 sources with OVA Reading = 10,001 ppmv were excluded.
L ® ® ® e ® o ®
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TABLE 6-2. PERCENT LEAKING ESTIMATES FOR VALVES IN GAS SERVICE
ova Percent Leaking Percent Leaking Percent Leaking Percent Leaking
Reaponse Based on Based on Method 1 Based on Method 2 Based on Method 2
Factor @ OVA Readings Adjustments'® Adjustunents? Adjuatments’
10,000 ppmv Number Number Percent Number Percent Number Pexrcent Number Percent
Chemical Response Screened Leaking Leaking Leaking Leaking Leaking Leaking Leaking Leaking
Propylene 0.80 1119 198 17.69 168 15.01 189 16.89 173 15.46
Benzene 0.29 332 53 15.96 31 9.34 36 10.84 32 9.64
Ethylene 0.70 3104 468 15.08 422 13.60 425 13,69 EY) 14.08
Methane 1,00 1849 232 12,55 232 12.55 213 11.52 234 12.66
Propane 0.60 145 18 12,41 19 13,10 18 12.41 18 12,41
Ethane .65 379 35 9.23 25 6.60 kil 8.18 29 7.65
Methyl Ethyl Ketone 0.60 116 7 6.03 4 3.45 3 2.5% 3 2,59
Acetaldehyde 1.14 179 T4 2.23 4 2.23 4 2.23 4 2.23
Acetdc Acld 1.60 125 1 0.80 1 0.80 1 0.80 1 0.80
1,2~Ethylene Dichloride 0.95 521 0 0 0 0 0 0 0 0
Acrylonitrile 0.97 287 0 G 0 0 0 0 0
Vinyl Acetate 1.30° 272 ] 0 0 0 0 0 ¢
Vinyl Chloyide 0.80_ 96 Q 0 o} [} 1 04 0 0
Other Chemicals - _850 _ 41 4,82 _ 4o 5.29 _40 _4.71 3 _4.35
TOTAL 974" 1057 11,28 946 10.09 961 10.25 968 10.33

! Method 1 is the sdjustment to the OVA yeading based on the response of the primary chemical in the line.
2 Mathod 2 is the mixed chemical welghted logarithmic average technique.

3

Hethod 3 is the mixed chemical welghted average technique.

43 sources with QVA Readings = 10,001 ppomv were excluded.
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TABLE 6-3. PERCENT LEAKING ESTIMATES FOR VALVES IN LIGHT LIQUID SERVICE BY PROCESS TYPE

Percent Leaking

Parcent Leaking

Percent Leaking

Percent Leaking

fased on Baged on Heth:}d 1 Baged on Method 2 Based oh Hethod 3
OVA Readings Adjustments Adjuatments Adjustments

Humber Rumber Parcent Number Percent Humber Percent Number Percent
Procese (unit #'s) Screenad Leaking Leaking Leaking Leaking Leaking Leaking Leaking Leaking
Ethylene (2,4,11) 4121 966 23,44 852 20.67 895 21.72 882 11.40
Cumene (5,6) 762 80 10.50 62 8.14 b9 9.08 63 8.27
Methyl Ethyl Ketome (31,32) 671 34 5.07 23 3.43 18 2,68 .5 3.13
Acetaldehyde (33) 551 3 0.54 3 0.54 [ 0.73 2 0.36
Vinyl Acetace (1,3) 2137 8 0.37 9 0.42 12 0.58 9 0.42
Acetone/Phenol (12) 1818 6 0.33 9 0.50 9 0.50 6 0.33
Chlorinated Ethanes (60,61,62) 1982 3 0,15 7 0.35 8 0.40 6 0.30
Methyl Methacrylate {34) 1058 1 0.09 [+ o 1 0.09 1 0.09
1,2-Ethylene Dichloride (21,29) 2232 o 0 0 0 & 0.18 0 0
Acrylonitrile (65,66) 1466 0 0 4] 0 2 0.14 1] 0
Vinyl Chloride Monomer {(20,28) 1197 0 0 Q 0 1 0.08 4] 0
Formaldehyde (22) 121 0 0 [ 1} 0 0 0
Adipic Acld (35,64) 17 0 1] o 0 P _o D
TOTAL 18,133 1101 6.07 965 5.32 1023 5.64 9930 5.46
! Method 1 ia the adjustment to the OVA reading based on the reeponse of the primary chemical in the line.
? Mathod 2 1s the mixzed chemlcal welghted logarithmic average technique.
? Method 3 1s the mixed chemical weighted average technique.
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TABLE 6~4. PERCENT LEAKING ESTIMATES FOR VALVES IN GAS SERVICE BY PROCESS TYPE

Percent Leaking Percent Leaking Percent Leaking Percent Leaking

Based on Based on Method 1 Based on Method 2 Based on Method 3
OVA_Readings Adjustments’ - Adjustmenta® Adjustments®
Number Number Parcent Number Percent Bumber Percent Number Percent
Process (unit #'s) Screened Leaking Leaking Leaking Leakfng Leaking Leaking Leaking Leaking
Ethylene (2,4,11) ' 6050 932 15.40 849 14,03 856 14,15 873 14.43
Cumene (5,6) 1443 63 14.22 45 10.16 49 11,06 44 9.93
Methy! Ethyl Ketome (31,32) 207 19 9.18 13 6.28 12 5.80 ,"11 5.31
Acetaldehyde (33) 178 8 4,49 8 4,49 8 [N 1) 8 4.49
vinyl Acetate (1,3) 949 s 3.69 31 3.27 33 3.48 32 3.37
1,2-Ethylene Dichloride (21,29) 397 0 0 0 0 1 0.25 0 0
Acrylonitrile {65,66) 387 0 0 1 0 1 0.26 0 ¢
Vinyl Chloride Monomer (20,28} 382 [} 0 0 0 1} 0 0 0
Methyl Methacrylate (34) 190 "o 0 0 0 0 0 0 0
Adipic Acid (35,64) 95 0 0 0 [+ ] ] o 0
= Chlorinated Ethanes (60,61,62) 48 0 0 0 0 /] 0 1} ]
tﬂ F Formaldehyde (22) 40 0 0 0 0 1 2.50 0 0
Acetone/Phenol (12) ' 8 0 o _o 0 0 0 _e 0
961 10.25 9468 10,32

TOTAL . 9374 1057 11.28 946 10.09

! Method 1 18 the adjustment to the OVA reading based on the responée of the primaty chemical in the 1ine.

? Method 2 {8 the mixed chemical velghted logarithmic average technique.

3 Method 3 is the mixed chemical weighted average techmnique.
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Figure 6-1. OVA Reading vs. Method 1 Adjustment for
Cumene Process Valves 1n Gas Service
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SECTION 7

STATISTICAL CONSIDERATIONS

This section discusses the assumptions and technical details of the

statistical methods employed in the analysis of data within this study.
STATISTICAL CATEGORICAL ANALYSIS USING FUNCAT (SECTION 3)

The Funcat procedure in SAS (a computer software system) was used to
test for significance in leak frequency between categories. This procedure
is used in Section 3 to consider leak frequency as a function of line temper-

ature and pressure for valves in gas stream service.

The analysis is based on fitting a log-linear model to the cell frequen-
cies. The model is:
1n(F.. =8 +q. +v. + P :
( Ljh) u¢ Yj aY&j where
= expected cell frequency of leaking or not leaking at each

level of temperature and pressure

© = intercept term

qé = main effect of factor o at level L (in this case, temperature)
Yj = main effect of factor v at level § (in this case, pressure)
aYij = interaction (combined effects) of temperature and pressure

The program tests the significance of the main effects and interaction
via x2 tests. The resulting analysis tables and interpretations are similar

to analysis of variance tables and their interpretations.
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The following table is typical of the form of the output from Funcat

Analysis.

Source daf CHI-SQUARE P

Temperature 3 54.35 0.0001
Pressure 3 252.31 0.0001
Interaction 9 39.69 0.0001

In this example the main effects, temperature and pressure, are
significant as is the interaction of these two variables. The P statistics
is the probability of making an incorrect significance statement. The
interaction, or combined effect, can be seen graphically when either pressure
or temperature is plotted against percent leaking, with a separate line
drawn for each level of the other wvariable, Where there is significant

interaction, the lines will be non-parallel.
CHI-SQUARE TEST FOR INDEPENDENCE (SECTION 3)

The two-way chi-square test is a technique for testing that two
characteristics are independent. Here the term "independent' means the
distribution of ome characteristic should be the same regardless of the

level of the other characteristic. This test is used in Section 3.

When there are two levels of both variables in the two-way classifi-
cation, the computational formula for testing the hypothesis of independence,

is:

N|AD-BC| -%) 2
= (a+B) (GHD) (AFC) (B4+D) .

X2

where the letters A through D refer to the cell frequencies, N is the total

number of observations and the data is tabulated in a 2 x 2 table as shown:
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VARTABLE I
A B

C D

VARIABLE 1T

.

The degrees of freedom for the Y2 calculated from this formula is one. A ¥*
value which exceeds the tabulated value (the specified probability (P) point
of a chi-squre distribution) indicates a dependence of one variable on the

other.
CONFIDENCE INTERVALS FOR PERCENT SOURCES LEFARING (SECTION 3)

Confidence intervals for the percent of leaking sources were computed
using the Binomal Distribution. The Binomial is used to model data when a
random sample is selected and each item is classified into one of two cate-
gories (leaking or non~leaking here). Exact confidence limits (level 1-o)
for the estimate of percent leaking can be obtained by iteration, solving for

PL in

]

2 2yp * {(1-P )n‘_1 ~g-for the lower limit and for P in
> L L .2 u

e
——
=]
o
L]
[
[
~~
[
|
Hd
=
p—
=]
1
[
]

4% for the upper limit,

where n = number of sources screened and k = number of leaking sources.
Tables of these solutions (Reference 6), available for most cases, were used

to develop 95% confidence intervals reported in Section 3,
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SCREENING VALUE DISTRIBUTIONS (SECTION 4)

In order to utilize the results of previous work on the estimation of
mass emissions over a range of screening values (Reference 8), it was neces-
sary to confirm that the screening values followed a distribution close to
lognormal in form. Summary statistics for Loge (OVA screening value) were
generated, including coefficients of skewness and kurtosis, for cumene units,
ethylene units, vinyl acetate units, and for each source type and service.
From an earlier study (Reference 2), it was decided that since the detection
limit of the OVA is approximately 10 ppwmv, that this number would be used to
define an emitting (not leaking) source. Separate statistics for screening
values below 10 ppmv and for screening values between 10 and 100,000 ppmv were
generated to evaluate the effect of a larger-than-expected number of observa-
tions at 100,000 ppmv. The patterns of skewness and kurtosis were similar in
both cases. An empirical approach was taken in the development of the screen-
ing value distributions and their confidence intervals for comparison with the

lognormal models (described later).

Chi-square tests were performed to compare the percentage of each
screening value category (processes and units within process by source type

and service) 2 10 ppmv. The statistic computed was

o2
X2 (r-1,d.£.) = z——-—(OEE) ’

All
Categories

where
3, comparing 3 processes
= 2 or 3, comparing 2 or 3 units ,
within a process
0= Observed number of sources < 10 ppmv.

or 2 10 ppmv., for each process or unit,
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E = Expected number of sources < 10 ppmv.
or 2 10 ppmv., for each process or unit, and

d.f. = the degrees of freedom.

The empirical cumulative distribution function (CDF) of screening

values, defined by

Number of sources screening € xg
Total number of sources

F(xo) =

for each category (process by soﬁrce type by service) was computed. The
curves displayved in Figures 4-2 through 4-10 are of the reverse cumulative

distribution functions (RCDF):
(l—; (x0)) x 100 vs. Logiq4(xg)
showing the percentage of sources screening greater than given value Xg.
Confidence limits for the RCDF were constructed using a Kolmogorov
2-sided critical value, w (using tables from geference 4),. Upper and lower

"approximate 95 percent confidence limits for F(x) (UCL and LCL, respectively)

were obtained using the two following equations:

Fo(x) = F(x) + w, if :F\(x) +w sl
1.0 s if F(x) +w > 1
and
ESL(X) _JF(x) - w, if E(X) -w =
0 s 1f F(x) —w <0
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where w is the tabulated critical value and n is the number of sources

sereened in the given category. The resulting limits for the RCDF are

1

UCL(x) (l—gg(x)) x 100
and

~

(l-Fu(x)) x 100,

LOL(x)

A lognormal discribution was used to model the distribution of screening
values greater than 10 ppmv. This distribution has the property that when
the original data are transformed by taking natural logarithms, the trans-
formed data will follow a normal distribution. The lognormal distribution is
often appropriate when the standard error of an individual value is propor-
tional to the magnitude of the value. The form of the lognormal distribution

is as follows:

in x - u)z]
exp | - 2g2 for 0 > x > =
f(x) = xov2m
0 for x €0
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In order to develop cumulative screening value distribution curves,
the "non-emitting" sources (with screening values less than 10 ppmv) also
had to be modeled. A mixed distribution, specifically a lognormal distribu-
tion with a discrete probability mass at 0, was used for this purpose. Let-
ting p equal the fraction of non-emitting sources in the populatiom, this

mixed-lognormal distribution has the following form:

ooy oxp [ - Unte)z)*]

2g2

for 10 < x < @

xo V2T
f(x) =
o for 0 €< x £ 10
0 for x < 0
2
Mean = (1 - p) explu +-?r

Another set of curves (4~22a through 4-30a) contains the estimated
cumulative distribution of log screening values. The curves 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 f£itting a lognormal
distribution, as described above, to the screening data and then generating

the cumulative distribution.

There was some difficulty in fitting the lognormal distribution to the
screening values. Figure 4-1 shows a typical histogram of log screening
values for valves in gas service. The histogram appears to approximate a
normal distribution adequately up to 100,000 ppmv (5.0 on log;, scale). The
spike at 100,000 ppmv was due to the inability of the screening device to
measure beyond 100,000 without a modification to the dilution probe. The
modified dilution probe was used in only a few cases in the screening process

during this program.
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To overcome the bias caused by this spike, only log screening values
less than 5.0 were used to estimate the parameters of this distribution.
Formulas from "censored" normal distribution theory (discussed in Reference
3) 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. The 95 percent confidence interval for individual
probabilities were approximated using

~

$+ 1.96 [p(L - p)/n]t'?

where P is the estimated cumulative percent and n is the number of screening

values for each particular scurce type and stream group.

The estimated lognormal cumulative distribution fumctions were compared ®
with the empirical distribution function and appeared to fit the data reason-
ably well. Figures 4-2 through 4-10 show the lognormal and empirical dis-—
tributions for the source type and service classifications. Discrepancies
were found at the 100,000 ppmv screening value (5.0 log screening value) ®
in almost all cases, but this was to be expected since the sample function

had a big jump at this point.
EMISSION FACTOR DEVELOPMENT (SECTION 4) ®

Predicted log leak rates were generated for all sources with screening
values greater than 10 ppmv, using the prediction equations (Reference 2)
developed from modeling the available measured leak rates with asso- @
ciated OVA screening values. Emission factors were estimated from the

predicted leak rates using

Logyo (leak rate} = o + B [Loglo (OVA Value) ] + Z (standard error)

where o and B are model parameters developed in the maintenance study
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(Reference 2) Z is a standard normal random number and the standard error

is associated with the prediction equation. Because the true leak rate/
screening relationship is unknown, there is a potential bias introduced when
these predicted leak rates are used in developing emission factors, This
potential bias was taken into account in developing confidence intervals

discussed below.

As described in the previous subsection, a lognormal distribution was
used to model the distribution of leak rates for emitting sources {i.e.,
sources with a screening value > ppmv)., Coefficients of skewness and kurtosis
for Loge {leak rates) were computed and histograms examined for normality.
This assumption is adequate for the generated emissions data, To account for
the non-leaking sources, a mixed distribution with a discrete probability mass
at zerp was fit to the data, The precise form of this distribution was given
earlier in this section. The bést, unbiased estimator of the population

mean emission rate from this distribution dis:

SZ

= () expH)] ?(—5- :

where

S2

g &5 < hias correction factor (discussed in detail in Reference 8).

Confidence intérvals for the percent of sources screening > 10 ppmv
were computed using the Binomial Distribution. Binomial Confidence Interval
tables, available for most cases, were used for computing 97.5 percent con-—
fidence intervals which were then used in developing confidence intervals for
emission factors. The 97.5 percent was selected so that approximate 95
percent confidence intervals for emission factors would result when the
estimated percent leaking was combined with the estimated mean leak rate
(0.975 x 0.975 = 0.95).
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The 97.5 percent confidence intervals were computed for the average, ;}

of the Loge leak rate estimates using:

(]
il

lower limit =y - 2.24 [SZ/(n - r)]l/Z
and

upper limit = § + 2.24 [s*/(n - r)]1/2

]
Il

where

)

Then confidence intervals for the mean leak rate (emission factor estimate)

the wvariance of the loge leak rate estimates and

the number of leaking sources.

was computed using

(9]
\
]

2 lower limit = exp[Cg] g(s2/2)

and

(]
\
Il

0

upper limit exp[Cu] g(s%/2)
where
52
g(z-ﬁ is the bias correction factor.
To obtain 95 percent confidence limits for the emission factors, the
confidence limits for the percent leaking and for the mean leak rate were

combined as follows:

lower 95% limit for emission factor = Pz (Ci)

upper 95% limit for emission factor =P (C;)
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These confidence intervals are conservative in the sense that 95 percent
is a lower bound for the confidence coefficient for the intervals. The
intervals consider random sampling variation and random test error, with

no adjustments for potential bias in the estimation of the loge rates.

An adjustment was applied to the emission factor confidence intervals

to account for the potential bias due to estimating leak rates. The stan-

dard error of the predicted average log;, leak rate (SEP) was calculated from

_— 2
kZ (Xi %)

where n = number of leaking sources,
k = number of data pairs used to estimate
the prediction equation, and
X, = ith screening value (Log;¢ scale) used to estimate the prediction

equation.

The reported confidence intervals for the emission factors were widened by a

factor of

IOZ(SEP)

A similar procedure was used to adjust the confidence intervals for the mean

emission estimate in Section 3.

As a Quality Control measure on the emission factor estimation, an
alternative approach to estimate emission factors was also explored. The
alternative model was

- n

E.F. alternative = L. Z c-10t0810 (leak rate)
n ¢ L
l=

]
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where n = number of sources and C = bias correction factor. This approach
employs an estimator based on the arithmetic mean computed in arithmetic
scale of the leak rates. (The bias correction factor is actually part of

the predicted leak rate in the arithmetic scale as discussed in Reference 2).
This alternative estimator is unbiased regardless of the distribution of leak
rates and avoids using the generated error term Z (standard error of estimate)
for the gredicted leak rates. Comparison of the results of these approaches
is shown in Table 7-1.

Confidence limits for the alternative estimates of mean leak rates
were based on computing the mean leak rates for each of the two limiting
distributions of screeming values given by the confidence bounds for the
empirical CDF as described earlier in this section. These bounds were
further adjusted to account for the potential bias in using predicted leak
rates. For the alternative estimates, the standard errocr of the mean (SEM)

was calculated from

11
og(Log_ 10) .
SEM = — S ¢ Z c 10 [Log,y(leak rate)l 1/2
1]
i=1

where ¢ = residual error for the fitted prediction equation. The confidence
limits were adjusted by adding or subtracting 2.24 SEM to the upper or lower
" confidence limits, respectively. The results (Table 7-1) are an attempt to
approximate 95 percent confidence limits for these altermative estimates.
Note that the lower confidence is zero in most cases for the alternative
estimate indicating that the * SEM limits do not adequately reflect the

skewness of the distribution of the alternate estimates,

The emission factor estimates are not consistently higher or lower than

the quality control estimate,
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TABLE 7-1. COMPARISON OF EMISSTION FACTORS WITH QUALITY CONTROL
ESTIMATES OF MEAN LEAK RATES FOR VALVES AND PUMP SEALS
Emission Factor'® Quality Control Estimate”
Process Source Type Service (1bs./hr./source) (ibs./hr./source)
Cumene Valves Gas - 0.011¢0,003, 0.05) 0.0079(0, 0.02)
Light Liquid 0.0056(0.002, 0.,02) 0.0061(0, 0.02)
Pump Seals Light Liquid 0.052(0.001% 2.7) 0.030(0, 0.3)
Ethylene Valves Gas 0.024(0,008, 0.07) 0.010(0.004, 0.02)
Light LiQUid 0,020(0.007, 0.06) 0.013(0.008, 0.02)
Pump Seals Light Liquid 0.069(0.006, 0.8) 0.085(0,0.7)
Vinyl Acetate Valves Gas 0.0046(0.001, 0,03) 0.0027(0, 0.03)
Light Liquid 0.0003(0.0001, 0.002) 0.0003 (0,0.005)
Pump Seals Light Liquid 0.0043(0.0001, 0.1) 0.0051(0,0.06)

'Emission factor reported with 95% confidence interval

*Quality Control estimate reported with approximate 95% confidence interval
based on estimate 2 (standard error of the estimate)




CUMULATIVE EMISSION FUNCTTIONS

A cumulative function for the percentage of total mass emissions for

all sources screening greater than a given value was estimated by integrating
the leak/screening regression relationship over a lognormal distribution of

screening values. This function has the following form:

So '
| coy®e exp [_ (,Q,ngx); u)z] dx/D
0 xo/7T 20

selected upper screening value for intégration,

log/arithmetic scale bias cortrection factor,

logip regression intercept term, '

logi1q9 regression slope term,

mean of the loge {(screening values),

variance of the loge (screening values),

screening values over which the integration is being done, and
cumulative function described above in lbs/hr

numerator of CF evaluated at Sy = 1,000,000

The form of the cumulative function can be simplified by algebraic

reduction and change of variables to obtain:

cr = ¢ [2G0) = u = Bio] /q) [£n(1.000.000) - u - B0°]

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 distribution parameter estimates

described earlier were used for the lognormal distribution parameters




in each case. The log/log least-squares regression estimates were used for
the scale bias correction factor and for By and B;. Division by the numer-
ator of the function evaluated at one million ppmv forced the function to
1.0 at one million ppmv. These function values were then subtracted from
1.0 and multiplied by 100.0 to obtain the functionms shown in Figures 4-22b
through 4-30b.

The estimated lognormal cumulative emissions functions were compared
with the empirical functions (discussed below) and found to adequately
approximate the data. Figures 4-13 through 4-21 show the lognormal and
empirical functions for the source type and service classificatioms.

The biggest discrepancies were near the 100,000 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 emis-
gions are attributable to sources with screening values greater than 100,000
ppmv. It is important to note that very little screening data are available
with screening values greater than 100,000 ppmv. Thus, this portion of the
curve is based on extrapolations using models developed from screening walues

less than 100,000 ppmv.

This cumulative function is a very complex nonlinear function of three
sample statistics. 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 200 times.
Each time, the data collected in the project (the number of sources with
screening values éreater than 10 ppmv) 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 200 trials, sample estimates of the three parameters
required to compute the cumulative function were computed. Then these
estimates were used to generate a new cumulative function. The one percent
lower result and the 99 percent upper result from the 200 trials for any
given screening value were then selected as approximate 95 percent confidence

1imits for the population cumulative function.

Since these confidence limits address the uncertainty in the cumulative
function for the entire sampled population of a particular scurce 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.

Empirical functions computing the percentage of total mass emissions
for all sources screening greater than a given screening value were devel-

oped using the estimator

Logyo (leak rate)

10
10

Log;g {(leak rate)

all x

in addition to the approach based on the lognormal distribution discussed
earlier. Note that the denominator of G(xy) is an expression for the total

mass emission used in the quality control check for estimating emission

factors.

Confidence bounds for a(xa) were obtained by evaluating G(xy) for the
screening value distributions corresponding to the confidence bounds shown

in Figures 4-13 through 4-21. Applying a standard approximation to calculate




the variance of a ratio (Reference 5), the following expression for the stan-

dard error of a(xu) was derived:

. - z
L Yooa- Lo
X gxu E A2 X> Xg x gxo
SE = G(Loge(lO)) —'i:—'-——— % €x 2 +
=89
, A A E A
All x X KXg All x
A2
2
All x
All x

L leak rate)]
where A = 10 [Logio ( ) .

The confidence bounds were adjusted by adding or subtracting 2.24 x SE to

the upper or lower confidence bounds, respectively.
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INCREASE IN MASS EMISSIONS DUE TO OCCURRENCE AND RECURRENCE (SECTION 5)

Increase (or reduction) of mass emissions reported in this study has

been expressed in two ways:

* Weighted percent increase (reduction)

* Mean increase {reduction)

The first measure of change in mass emissions has been discussed in detail in
Reference 2 as Weighted Percent Reduction (WPR), defined as the percent of
total emissions reduced due to maintenance:

n n
(I mass emissions before - I mass emissions after)
n

Z mass emissions before

WPR = x 100%

(See Reference 2 also for a discussion of the development of confidence
intervals for this estimate.) Weighted percent increase (WPI) is defined as
WPI = -WPR, where "before'" and "after" refer to before and after leak occur-

rence, recurrence, or maintenance, depending upon the application.

The mean increase is defined as the difference in mass of the
" average hefore and after maintenance emissions from individual sources.
Confidence intervals for this measure of increase in mass emissions are

given by:

Mean increase * £0.975 x SE,
SE = Standard deviation of increase//_ﬂ‘, where n = number of sources.
Reference 2 provides details of the estimation of nonmeasured leak rates
from screening values via prediction equations appropriate to source type and
service type. The equations, as expressed in arithmetic scale, were applied
as discussed in Reference 2, except for sources in unit 1. In unit 1 there

was no information on service type for valves in the occurrence analysis.
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The following equation was used for these valves:

Predicted Leak Rate = 5.08 + 10 [-5.22 + 0.67 Log;,(OVA Screening Value)]

This equation represents an average between the equations for valves/gas
service and valves/liquid sexvice. The confidence intervals for the average
emission estimates were adjusted for potential bias from using these

equations. The adjustment procedure was previously described in this section.
RESPONSE MODEL ADJUSTMENTS TO SCREENING VALUES (SECTION 6)

Three methods were used to adjust the OVA readings for the response
characteristics of the chemicals in the line. The first method (Method 1)
was to simply adjust the OVA reading by the response curve of the primary
chemical. If a response adjustment technique were to be incorporated in a

monitoring program this would represent the simplest approach.

The underlying model for this adjustment is

b
T = a(CT)
where, r = OVA response
CT = actual total concentration
a,b = parameters of the model.

The parameters a and b were estimated for 168 different chemical compounds in

an earlier study (Reference 7).

To estimate the actual concentration for a given OVA response, Lo for
chemical i, calculate
log(x - a,
gl ) i

b.
i

C, = exp
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The other two adjustment metheods used to estimate actual concentration take
into account the mixed nature of the chemical composition, The OVA response
to a mixture of compounds is intermediate to the individual responses to
each compound at the same concentration. Using this concept, one of the
mixed chemical adjustment methods (Method 3) used a weighted average of the
responses to estimate actual concentration. An estimate of the weighted

response is

Ry =Zpiaicmbie%szi (L
where, RA = the estimated weighted average response,
p; = the fraction of the mixture total concentration accounted for
by compound i (Pi = Ci/CT)’
a; = exp (A) with "A" from Brown, et al (1980) for component i,
b, = coefficient "B" from Brown, et al (1980) for component i,
s; = parameters "SE" from Brown, et al (1980) for component i,
CT = I'.Ci, the total. concentration, and
Ci = the concentration in the mixture of compound i.

The coefficients A, B, and SE can be found in Tables 5-169 and 5-170 of

Brown, et al (1980) (Reference 7) for selected compounds.

The above discussion involves the prediction of an instrument response
when the actual concentration of mixture components are known., For this
study, the reverse is the case: the response is observed and it is desired
to estimate the total concentration of the constituents, Basically, this
cannot be done without some additional information, The compound identifi-
cation of the constituents must be known. If the constituent proportions
are also know, the total concentration can be computed assuming the above
model is correct. The total concentration (CT) is estimated by solving

equation 1,
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Equation 1 cannot be solved expliéitly for total concentration. An
iterative solution is required. This can be dome using the Newton-Raphson
method. Let

_ pi  Hg?i
f(CT). = Z p;a, CT e - R
i

where R is the observed instrument response, and

1 - b -1 }2’82
£1(Cp) = ) pybya 001 e
i

Then the iteration formula is

Cj+1 = Cj - f(CJ)/f (Cj)s

A reasonable starting wvalue CO is R, the observed instrument response.

The other mixed chemical adjustment method (Method 2) used for estimat-

ing actual concentration was a weighted logarithmic average. In this case

log(R) = 5:: 3 [log a, + %si + b, log CT] (2)

l -
where RL is the estimated instrument response using a weighted logarithmic

average

In contrast to the previously given weighted arithmetic average model
(equation 1), this weighted logarithmic average model (equation 2) has an

explicit solution for actual total concentration:

~ log R - E po) log a. + %s2)
. ( . 22 ./
C_. = exp - = =

T
L
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Both of the chemical mixture methods used the information on primary
and secondary chemicals and their percentage of the total concentration.
If their percentages did not total 100 percent, (i.e., there were other
chemical compounds in the line) the rest of the percentage was assigned a

response factor of 1.
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APPENDIX A

SCREENING DATA SUMMARY

Section 3 of this report contains an analysis of screening data collected
on an earlier EPA project (Reference 1l). This appendix gives detailed source
type groupings of this data. Table A-1 gives the number of sources screened,
the number leaking and the percent leaking for each possible source type and

for each type of stream service, including heavy-liquids.
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TABLE A-1.

DATA SUMMARY OF LEAK FREQUENCIES FOR VARIOUS

SOURCES IN VARIOUS STREAM SERVICES

Number Number Percent
Source Service Screened Leaking® Leaking : )
Flange Gas 1450 66 4.5
Light Liquid 2833 36 1.3
Heavy Liquid 607 a 0.0
Process Drain Gas 83 2 2.4
Light Liquid 496 19 3.8
Heavy Liquid 28 2 7.1
Open=-End Line Gas 923 54 5.8
Light Liquid 3605 141 3.9
Heavy Liquid 477 6 1.3
Agitator Seal Gas 7 1 14.3
Light Liquid 8 0 0.0
Heavy Liquid L 0 6.0
Relief Valve Gasa 84 3 3.6
Light Liquid 68 2 2.9
Heavy Liquid 3 0 0.9
Block Valve— Gas 6976 952 13.8
Gate Type Light Liquid 11017 1059 9.6
Heavy Liquid 2034 9 0.4
Block Valve- Gas 143 i3 10.3
Globe Type Light Ligqnid 755 5 1.1
. Heavy Liquid 129 0 a.0
Block Valve- Gas 440 0 a.0
Plug Type Light Liquid 2479 2 0.1
Heavy Liquid 1031 0 0.0
Block Valve- Gas 1272 18 1.4
Ball Type Light Liquid 2732 4 0.1
Heavy Liquid 251 [ 1.6
'Leaking defined as OVA reading >10,000 ppmv. {continued)
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TABLE A-1. DATA SUMMARY OF LEAK FREQUENCIES FOR VARIOUS
SOURCES IN VARIOUS STREAM SERVICES (CONTINUED)
Number Number Percent
Source Service Screened Leaking’ Leaking'
Block Valve = Gas 160 9 3.6
Butterfly Type Light Liquid 157 2 1.3
Heavy Liqudid 3 0 0.0
Block Valve - Gas 273 16 5.8
Other Types Light Liquid 378 17 4.5
Heavy Liquid 35 0 0.0
Control Valve = Gas 61 15 24.6
Gate Type Light Liquid 182 22 12.1
Heavy Liquid 27 Q 0.0
Control Valve ~ Gas 207 36 17.4
Globe Type Light Liquid 417 61 14.6
Heavy Liquid 107 0 0.0
Controel Valve — Gas 10 0 c.0
Plug Type Light Liquid 91 3 3.0
Heavy Liquid Q - -
Control Valve - Gas 15 4 26.7
Ball Type Light Liquid 33 1 3.0
Heavy Liquid 3 1] 0.0
Control Valve — - Gas 91 35 38.5
Butterfly Type Light Liquid 34 3 8.9
Heavy Ligquid 6 0 0.0
Contrel Yalve - Gas 17 k) 17.46
QOther Tvpesg Light Liquid 23 1 4.0
, Heavy Liquid L U u.u
On-Line Pump Seals
Single Mechanical-
Emizsion
Point at Seal Light Liquid 215 28 13.0
Heavy Liqudid 60 2 3.3
'Leaking defined 2s OVA reading >10,000 ppmv. (continued)
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TABLE A-1. DATA SUMMARY OF LEAK FREQUENCIES FOR VARIOUS
SOURCES IN VARIOUS STREAM SERVICES (CONTINUED)

Number Number Percent .
Source Sexvice Screened Leakingt Leaking!

On-Line Pump Seals
Single Mechanical -

Emisgion Light Ligquid 24 0 0.0

Point at Vent Heavy Ligquid 0 - -

On-Line Pump Seals

Single Mechanical - ®
Other Light Liquid 30 2 6.7

Emission Point Heavy Liquid 0 - -

On-Line Pump Seals
Double Mechanical -

Emission Light Liquid 92 13 14.1
Point at Seal Heavy Liquid 2 [¢] 0.0
®
On—Line Pump Seals
Double Mechanical -
Emission Light Liquid 3 1 33.3
Point at Vent Heavy Liquid 0 - -
On—Line Pump Seals
Double Mechanical -
Cther Light Liquid vj - - ®
Ezission Pcint deavy Liquid a - -
On-Line Pump Seals
Single, Packed,
Emission Light Liquid 5 0 0.0
Point at Seal . Heavy Liquid 1 0 0.0
On-Line Pump Seals ®
3ingle, Packed,
Emission Light Liquid o - -
Point at Vent Heavy Liquid 0 - -
On—Line Pump Seals
Single, Packed, -
Other Light Liquid 1 0 0.0
Emigsion Point Heavy Liquid 0 - - Py
On-Line Pump Seals
Sealegs Pumps Light Liquid G - 7 -
Heavy Liquid 4] - -
'Leaking defined as OVA reading #10,000 ppmv. (continued)
L
®
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TABLE A-1. DATA SUMMARY OF LEAK FREQUENCIES FOR VARIQUS
SOURCES IN VARIOUS STREAM SERVICES (CONTINUED)

Number Number Percent
Source Service Screened Leaking! Leaking!
Qff=-Line Pump Seals
Single Mechanical = .
Emission Ligbt Liquid 139 9 6.5
Point at Seal Heavy Liquid 24 - 0 0.0
0ff-Line Pump Seals
Single Mechanical -
Emission Light Liquid 9 0 0.0
Point at Vent Heavy Liquid 0 - -
Qff-Line; Pump Seals
Single Mechanical -
Other Light Liquid 17 0 0.0
Emission Point Heavy Liguid 1 4] 0.0
off-Line- Pump Seals
Double Mechanical -
Emission Light Liquid 86 3 3.5
Point at Seal Heavy Liquid 1 g a.0
Qff-Line Pump Seals
Double Mechanical -
Other Light Liquid 1 1] 0.0
Exissicon Peint : eavy Ligquid G - -
0ff-Line Puap Seal
Single, Packed
Emission Light Liquid 19 0 0.0
Point at Seal Heavy Liquid 8 0 0.0
0ff-Line Pump Seals,
Single, Packed :
Emission Light Liguid 2 0 0.0
Point at Vent Heavy Liquid o] - ’ -
Off-Line Pump Seals,
Single, Packed
Other Light Liquid 0 - -
Emission Point Heavy Liquid 0 - -
lleaking defined as OVA reading 10,000 ppmv. (continued)
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TABLE A-1. DATA SUMMARY OF LEAK FREQUENCIES FOR VARIOQUS
SOURCES IN VARIOUS STREAM SERVICES (CONTINUED)

Number Number Percent
Source Service Sereened Leaking! Leaking!

Off-Line Pump Selas,
Sealess Pumps Light Liguid 0 - -
Heavy Liquid 0 - -

On—-Line Compressor

Seals, Single,

Mechanical, Emissicn

Point at Seal Gas Q - -

On-Line Compressor

Seals, Single,

Mechanical, Emisszion

Point at Vent Gas Q - -

On-Line Compressor

Seals, Single,

Mechanical, Other

Emission Point Gas 3 1 33.3

On-Line Compressor

Seals, Double,

Mechanical, Emission

Point at Seal Gas 6 0 0.0

On-Line Compressor
Seals, Double,

Mechaniczl, Emiscion

Fetr i tats S APY

Pcinf af Vexm Cas . 1 0 0.0

On~Line Compressor

Seals, Double,

Maechanical, Other

Emission Point Gas 4 0 0.0

On—~Line Compressor

Seals, Single,

Packed, Emission -
Point at Seal Gas 1 I} 0.0

On-Line Cowmpressor

Seals, Single,

Packed, Emission

Point at Seal Gas 1 1 100.0

'Leaking defined as OVA reading >10,000 ppmv. {continued)
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TABLE A-1. DATA SUMMARY OF LEAK FREQUENCIES FOR VARIOUS
SOURCES IN VARIOUS STREAM SERVICES (CONTINUED)

Homber Humber Percent
Source Service Screened Leaking ? Leaking !
On~Line Compressor
Seals, Single,
Packed, Other .
Emission Point Gas 1 o} 0.0
Other Source Types Gas 19 3 15.8
Light Liquid 33 2 6.1
Heavy Ligquid 2 0 0.0

'Leaking defined as OVA reading 10,000 ppav.
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APPENDIX B

DETAILED INFORMATION ON
LINE TEMPERATURE AND LINE PRESSURE

Section 3 contains an analysis of the effect of temperature and
pressure on leak frequency. This appendix contains statistical information

on temperature and pressure.

Tables B-1 to B-3 contain summary statistics for line pressure and line
temperature for gas, light liquid, and heavy liquid stream services. Separate
values are given for each of the major source types. Differences between the
types of processes, ethylene versus high leaking, and also between the groups
of primary chemicals in the line can be seen at this stage. For example, the
average line temperature for the high leaking process units appears to be much
higher than that for the ethylene units. The minimum temperature for the
ethylenes is alsc much lower. Line pressure seems to differ more by type of
chemical in the line. The heavy liquids are not broken down by primary

material groups in the line since they had a low leak frequency,

Although line temperature and pressure were recorded as continuous
variables, they are grouped for evaluating leak frequency. Tables B-4 to B-16
show the number screened, percenE screened, number leaking, and percent
leaking at different levels of temperature and pressure. This information is
given for ethylene process units and for high leaking process units and also
for primary material groups for all source types but pump seals. Possible
reasons for gsome of the differences in leak frequencies for the different
categories can be seen from these tables. None of the high leaking group
sources are at very low temperatures. This group also has some screening
values for each source type at the higher temperatures. The ethylene group

exhibits a different distribution of temperatures. There are some values in
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the very low temperature group; and on the average, the temperatures found in
the ethylene unit sources are lower. If the data were not separated into
these groups, differences that were actually attributable to the type of

process unit might appear to be due to line temperature.
Figures B-1 to B-4 show the distributions of the sources screened as a

function of line temperature and line pressure for valves in gas and light

liquid service.
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TABLE B-1. SUMMARY STATISTICS FOR LINE TEMPERATURE
AND LINE PRESSURE FOR GAS SERVICE
) High Leaking Process Units Ethylene Process Units
PRIMARY CHEMICAL Grougl: Group 5 Group 6 Group 1 Group 2
Variable Type Statistics

Line Temperature Valves Average 210.8 217.0 60,7 -
(°F) Standard Deviation 153.2 165.4 101.8 -
Minimum 30 20 -267 -
Maximum 825 1000 1570 -
Flanges Average 271.3 235.3 73.3 . -
Standard Deviation 146.8 228.5 84.0 -
Minimum 30 20 =267 -
Maximum 800 1000 750 -
Open Ended Average 128.2 218.1 46,1 -
Lines Standard Deviation 82.1 190.6 74.7 -
Minimum o 20 ~-267 -
Maximum 392 1000 720 -
Line Pressure Valves Average 184.7 56.4 166.7 -
{psiz) Standard Deviation 167.4 99.5 178.7 -
Minimum -10 ~15 0 -
Max imum 600 650 1050 -
Flanges Average 273.6 37.7 184.6 -
. Standard Deviation 184.9 85.0 160.0 -
Minimum -9 -15 1] -
Maximum 600 590 805 -
Open Ended Average 132.0 52.1 120.6 -
Lines Standard Deviation 142.5 92.9 160.3 -
Minimum o ~15 1 -
805 -

Maximum 600 450

'see Figure 3-2 for explanation of groups.




FRIMARY CHEMICAL Croup':  Group 7 Group 8 Group' 3 Group 4
Variable Type Statlstics
Line Temperature Valves Average 147.2 145.5 20.3 129.4
(°F) Standard Deviation 94,1 90,8 86.4 57.2
Hinimum 20 15 -267 L0
Maximum 500 1000 190 235
Pump Seals Average 129,5 133.8 8.0 112.6
Standard Deviation 82.4 68,2 73.6 70.8
Minimum 32 32 -145 40
Maximum 540 345 118 238
Flanges Average 165 148.3 44,7 128.4
Standard Teviation 93 102.8 7L.9 49.6
_Mdnimum 20 30 -212 40
Maximum 500 1000 190 235
Open Ended Average 142.8 137.2 44,4 154.6
Lines Standard Deviation 100.6 83 84,5 .7
Minimun 30 20 -267 40
— Maximum 590 1000 190 235
~d
!--l
Line Pressure Valves Average 161.0 80.2 372.0 101.8
(paig) Standard Deviation 190.5 78.5 368.1 111.6
Minimum =10 ~-20 0 2
Maximum 740 a0 2270 500
Pump Seals Average 116.2 79.3 512.2 65.1
Standard Deviation 152.8 77.5 427.6 57.4
Minimum [} a 80 2
Max1 mum 720 700 1960 165
Flanges Average 247.3 70.6 380.7 79,2
Standard Deviation 210.4 77.0 396.3 79.8
Minimam -9 ~20 0 2
Haximum 740 700 2270 500
Open Ended Average 123,7 66.9 379.4 75.5
Lines Standard Deviation 171.1 67.4 383.9 96.6
Hinfmum 0 =20 0 0
' Maximum 740 700 2270 500
'Sae Figure 3-2 for explanation of groups.

TABLE B-2.

SUMMARY STATISTICS FOR LINE TEMPERATURE

AND LINE PRESSURE FOR LIGHT LIQUID SERVICE

High Leaking Processing Units

Ethylene Procesa Units
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TABLE B-3. SUMMARY STATISTICS FOR LINE TEMPERATURE AND LINE PRESSURE IN HEAVY
LIQUID SERVICE WITHIN HIGH AND ETHYLENE PROCESS UNITS
High Leaking Ethylene Leaking
Variable Type Statistics Process Units Process Units
Line Temperature Valves Average 228.8 128.1
{°F) Standard Deviation 177.7 70,0
Miwimum 60 25
Maximum 600 370
Pump Seals Average 153.6 168.1
Standard Deviation 146.8 60.5
Minimum 72 90
Maximum 460 300
Flanges Average v 219.9 124.8
Standard Deviation 63.4 63.8
Minimum 60 25
Maximum 500 300
Open Ended Average 83.9 156.6
Lines Standard Deviation 41.1 90,1
Minimum 60 60
Maximum 260 30
Line Pressure Valves Average 58.5 97.0
{psig) Standard Deviation 55.4 110.4
. Minimum 1 1]
Maximur 230 540
Pump Seals Average 78.6 48.4
Standard Deviation 10.2 57.7
Mindmum 62 0
Maximum g2 170
Flanges Average 63.9 89.5
Standard Deviation 67.3 112.9
Minimum 1 1]
Maximum 230 320
Open Ended Average 50,0 68.8
Lines Standard Deviation 40.4 95.9
Minimum 1 0
Maximum 120 480




TABLE B-4. EFFECTS OF LINE TEMPERATURE AND LINE PRESSURE
ON PERCENT LEAKING FOR VALVES IN GAS SERVICE
WITHIN ETHYLENE PROCESS UNITS
Group 1! PRIMARY CHEMICALS
Percent
of
Number Total Number Percent
Pressure (psig) Screened Screened Leaking Leaking
-5 - -1 0 0 - =
0 - 49 2123 35.1 94 . 4.4
50 - 99 1072 17.8 171 16.0
100 - 149 681 11.3 110 16.2
150 - 199 157 2.6 36 22.9
200 - 249 321 5.3 73 22.7
250 - 299 502 8.3 136 27.1
300 - 349 196 3.2 51 26,0
350 = 1399 144 2.4 54 37.5
400 - 449 94 1.6 20 21.3
450 — 499 267 4.4 54 20.2
500 - 549 316 5.2 91 28.9
167 2.8 37 22,2

330 - 999 4 0.1 2 50.0
1000 - 1050 —

TOTAL 6043 929 15.4
Temperature £F)

-267 - -1 998 16.5 140 14.0

0 - 49 1452 24.0 236 16.2

50°9F - 99 2035 33.6 327 16.1
100°F - 149 1011 16.7 111 11.0
150°F - 199 373 6.2 72 19.3
200°F - 249 78 1.3 27 34.6
250°F - 299 32 0.5 8 25.0
300°F - 349 4 0.1 0 0.0
350°F - 399 19 0.3 7 36.8
400°F - 1570 48 0.8 4 8.3
TOTAL 6050 932 15.4

1See Figure 3-2 for explanation of groups.
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TABLE B-5. FEFFECTS OF LINE TEMPERATURE AND LINE PRESSURE
ON PERCENT LEAKING FOR VALVES IN GAS SERVICE
WITHIN HIGH LEAKING PROCESS UNITS BY CHEMICAL

GROUP
Groupt: Group 3! PRIMARY CHEMECALS Group.4! PRIMARY CHEMICALS
A Percent Percent
of of

Number Total Number Perceat Humber Total Nunber Percent
Pressure (psig) Screened Screened Leaking Leaking Screened Screened Lesking Leaking
~15 - -1 5 0.4 0 0.] &6 3.8 0 0.0
0D - 49 203 1le.5 9 4.4 1201 68,3 ? 0.6
50 - 99 282 23.0 3l 11.¢ 141 8.0 2 1.4
100 - 149 267 21.7 30 11.2 136 7.7 12 8.8
15¢ - 199 53 4.3 ] 11.3 34 1.9 1 2.9
200 - 249 B7 7.1 9 19.3 18 1.0 0 0.0
250 - 299 136 11,1 13 9.5 20 1.1 0 0.0
300 ~ 349 10 0.8 4] 0.2 84 4.8 0 0.0
350 ~ 399 15 1.2 4 26,7 13 0.7 0 0.0
L00 - 449 ] 0.0 - - 13 0.7 0 0.0
450 - 499 80 6.5 21 26.2 6 0.3 0 0.0
500 - 549 37 3.0 9 24.3 18 1.0 0 0.0
t: 550 - 999 53 4,3 14 26,4 8 0.5 0 0.0

I 1000 - 1050 o 0.0 - - 0 0.0 - -
TOTAL - 1228 148 11.3 1758 22 1.2

Temperature (PF)

-267 - -1 0 0,0 - - 0 - 0.0 - -
0 - 49 12 1.0 1 8.3 45 2.6 0 0.0
50°F - 99 243 19,8 27 11.1 335 19.1 4 1.2
100°F - 149 355 29,0 31 8.7 454 25.8 2 0.4
150°F - 199 127 10.4 9 7.1 369 21,0 o 0.0
200°F - 249 43 3.5 2 4.6 156 8.9 2 1.3
250°F - 299 77 6.3 8 10.4 113 6.4 1 0.9
300°F - 349 109 8.9 14 12.8 63 3.8 1 1.6
350°F - 399 113 9.2 22 19.5 7 0.4 1] 0.0
400°F - 1570 146 11,9 31 21.2 216 12,3 12 5.6
TOTAL 1225 145 11.8 1758 22 1.2

'See Figure 3-2 for explanation of groups.




TABLE B-6. EFFECTS OF LINE TEMPERATURE AND LINE
PRESSURE ON PERCENT LEAKING FOR VALVES
IN LIGHT LiQUID SERVICE WITHIN ETHYLENE
PROCESS UNITS BY CHEMICAL GROUF o

SIT

CROUP 3' PRIMARY CHEMICALS GROUP &4 PRIMARY CHEMICALS
Percent Pexrcent - )
of of
Number Total Number Par-ent Number Total Number Parcent
Pressure (paig) Screened Screened Leaking Lesing Screened Screened Leaking Leaking
-15 - -1 1] 0.0 - - ] 0.0 - -
50 - 49 480 13.7 57 11L.9 173 28.5 0 0.0
50 - 99 363 10.3 66 18.2 215 . 35.4 4 1.9
100 - 149 226 6.4 54 1,9 107 17.6 1 0.9
150 - 199 229 6.5 56 2.4 54 8.9 . 0 0.0
200 - 249 138 3.9 55 3.9 20 1.3 3 15.0
250 ~ 299 477 13.6 156 3.7 0 0.0 - -
300 -~ 349 141 4.0 43 n.s 0 0.0 - -
350 - 399 310 8.8 94 .3 0 0.0 -
400 ~ 449 109 3.1 28 . 25,7 0 0.0 -
450 . 499 273 7.8 59 .6 0 0.0 - -
500 - 549 242 6.9 93 - 8.4 18 6.3 1 2.6
550 - 999 312 8.9 97 111 1] 0.0 - -
1000 - 1050 211 6.0 99 46,9 0 0.0 - -
TOTAL 3511 957 2.3 607 9 1.5
Temperature (°F)
-267 - -1 1349 8.4 265 19.6 0 0.0 - -
0 - 49 124 20.6 207 28.6 29 4.8 0 0.0
50 - 99 829 23.6 287 34,6 127 20,9 2 1.6
100 - 149 500 14,2 177 35.4 252 41.5 3 1.2
150 - 199 108 3.1 21 19.4 89 14.7 k) 3.4
200 - 249 0 0.0 - - 110 18.1 1 0.9
250 - 299 0 0.0 - [} 0.0 - -
300 - 349 0 0.0 - - 1] 0.0 - -
350 - 399 0 0.0 - - 0 0.0 - -
400 - 1570 0 0.0 - - 1] 0.0 = -
TOTAL 1510 957 21.3 &07 9 1.5

'dee Flgure 1-2 fur explanacion of groups.
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TABLE B-7. EFFECTS OF LINE TEMPERATURE AND LINE

PRESSURE ON PERCENT LEAKING FOR VALVES
IN LIGHT LIQUID SERVICE WITHIN HIGH
LEAKING PROCESS UNITS BY CHEMICAL GROUP

Pressure (pslg) Screened

=15 - =1
0~ 49
50 - 99
100 - 149
150 - 199
200 - 249
250 - 299
300 - 349
350 - 399
400 - 449
450 - 499
500 - 549
350 - 999
1000 - 1050
TOTAL

Temperature (°F)

=267 - -1
0 -~ 49
50°F - 99
100°F - 149
150°F - 199
200°F - 249
250°F - 299
300°F - 349
350°F - 399
400°F - 1570 -
TOTAL

. 1
Growp 7" prrmary cueMIcaLs Growp 8 pRIMARY CHEMICALS

Number

6
175
102
383
7
100
45
168
29
33
36
174
224

3292

0
122
1039
819
287
634
89
161
15
112

aare

Percent Percent
of of
Total Hunmber Percent Humber Total Humber Parcent
Screened Leaking Leaking Screened Screened Leaking Leaking
0,2 1 16.7 21 0.3 0 0.0
2.6 20 1.9 2411 39.4 16 0.7
21.3 21 3.0 1567 25.6 3 0.3
11.6 20 5,2 1034 16.9 13 1.3
9.6 16 5.0 621 10.2 3 0.5
3.0 9 9.0 261 4.3 2 0.8
1.4 6 13.3 il 2.3 0 0.0
5.1 10 6.0 140 2.3 5 3.6
0.9 4 13,8 24 0.4 0 0.0
1.0 5 15.2 4 0,1 0 . 0.0
J.l 3 8.3 0 0.0 - -
5.3 15 8.6 0 0.0 - -
6.8 17 1.6 16 0.3 2 12.5
147 4.5 6120 46 0.8
0.0 - - 0 0.0 - -
3.7 7 5.7 96 1.6 2 2.1
31.7 38 3.7 1912 3.1 11 0.6
25.0 36 4.4 1922 31,2 10 0.5
8.8 22 1.7 661 10.7 6 0.9
19.3 24 3.8 143 12.1 3 0.4
2,7 3 3.4 - 512 8,3 9 1.8
4.9 11 6.8 158 2.6 0 0.0
0.5 1 6.7 68 1.1 0 0.0
3.4 2 1.8 82 1.3 5 6.1
144 4.4 6154 46 0.8

'see Flgure 3-2 for explanatien of groups.




TABLE B-8. EFFECTS OF LINE TEMPERATURE AND LINE PRESSURE ON
PERCENT LEAKING FOR PUMP SEALS IN LIGHT LIQUID

SERVICE
Percent of
Number Total Number Percent
Pressure (psig) Screened Screened Leaking Leaking
=15 - -1 0 0.0 - -
0- 49 146 33.0 10 6.8
50 - 99 115 26.0 19 16.5
100 - 149 - 66 14.9 3 4.5
150 - 199 4t 9.9 8 18.2
200 - 249 6 1.4 0 0.0
250 - 299 8 1.8 3 37.5
300 - 349 i5 3.4 0 0.0
350 - 399 9 2.0 1 11.1
400 - 449 6 1.4 3 50.0
450 - 499 g 1.8 1 12.5
500 - 549 6 1.4 2 33.3
550 - 999 13 2.9 2 15.4
1000 - 1050 0 0.6 - _
TOTAL =~ 442 52 11.8
Temperature (°F)
267 - -1 26 5.8 8 30.8
0 - 49 27 6.0 4 14.8
50 - 99 148 33.1 14 9.5
100 - 149 112 25.1 11 9.8
150 «~ 199 ' 34 7.6 2 5.9
200 - 249 73 16.3 8 11.0
250 - 21 4.7 1 4.8
299 ‘
300 - 349 g 8-3 0 0.0
350 - 399 - . - -
400 - 1570 _2 0.4 0 _0.0
TOTAL 447 48 10.7
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TABLE B-9. EFFECTS OF LINE TEMPERATURE AND LINE PRESSURE
FOR FLANGES IN GAS SERVICE FROM ETHYLENE PRO-

CESS UNITS

GROUP 1' PRIMARY MATERIALS

Percent
of

Number Total Number Percent
Pressure (psig) Screened Screened Leaking Leaking
-15 ~ -1 0 0.0 - -
0~ 49 145 25.7 3 2.1
50 ~ 99 102 18.1 4 3.9
100 ~ 149 36 6.4 2 5.6
150 - 199 34 6.0 4 11.8
200 ~ 249 65 11.5 2 3.1
250 - 299 66 11.7 13 19.7
300 ~ 349 30 5.3 4 13.3
350 - 399 22 3.9 3 13.6
400 -~ 449 6 1.1 1 16.7
450 -~ 499 18 3:2 1 5.6
500 - 549 29 5.1 2 6.9
550 - 999 11 2,0 0 0.0
1000 -~ 1050 0 0.0 - -
TOTAL 564 39 6.9

Temperature (°F)
=267 - =1 71 12.5 7 9.9
o - 49 58 10.2 10 17.2
50 - 99 270 47.7 15 5.6
100 - 149 117 20.7 4 3.4
150 - 199 35 6.2 1 2.9
200 - 249 8 1.4 1 12.5
250 - 299 0 0.0 - -
300 - 349 1 c.2 0 0.0
350 - 399 1 0.2 0 0.0
400 - 1570 5 0.9 1 20.0
TOTAL 566 39 6.9

lsee Figure 3-2 for explanation of groups.
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TABLE B-10. EFFECTIS OF LINE TEMPERATURE AND LINE
PRESSURE FOR FLANGES WITH GAS SERVICE
FROM HIGH LEAKING PROCESS UNITS BY
CHEMICAL GROUP

GROUF 5' PRIMARY CHEMICALS GROUP 6! PRIMARY CHEMICALS
Percent Percent
of of
Number Total Number Percent Number Total Number Fercent

Pressure (psig) Screened Screened Leaking Leaking Screened Screened Leaking Leaking
15 = -1 1 0.3 0 0.0 17 5.4 0 0.0

0 - 49 34 8.7 1 2.9 245 17.5 5 2.0

30 - 99 53 13.6 I 1.9 23 7.3 1 5.4
100 - 149 46 11.8 1 2,2 7 2.2 0 0.0
150 - 199 5 1.3 ¢} 0.0 ] 1.3 [ 0.4
200 - 249 52 13.3 1 1.9 1 0.3 0 0.0
250 - 299 72 18.4 2 2.8 2 0.6 0 0.0
300 - 349 10 2.6 ¢ 0.9 11 3.5 1 9.1
350 - 399 2 0.5 o 0.0 [} 0.0 - -
400 - 449 o 0.0 - - o 0.0 - -
450 - 499 52 13.3 6 11.5 4] 0.0 -
500 - 549 33 8.4 5 15.2 o 6.0 - -
5%0 - 999 31 7.9 1 3.2 - & 1.3 2 0.0
1060 - 1050 0 0.0 - - 0 0.0 - -

TOTAL 391 18 4.6 36 9 2.8
Tepperature (°F)

-267 - =1 v} 0.0 Q 0.0 Q 0.0 - -
0 - 49 1 0,3 0 0,0 15 4.8 4 0.0
52 - 99 44 11.2 1 2.3 51 16.1 1] 0.0

100 -~ 149 75 19.2 2 2.7 5 30.1 2 2.1
1% - 199 36 9.2 0 0.0 62 19.6 0 0.0
200 -~ 249 11 2.8 .0 0.0 22 7.0 3 13.6
250 - 299 22 5.6 0 0.0 5 1.6 0 0.0
30c - 39 68 17.4 3 Y 15 4.8 2 13.3
350 " - 399 51 13.0 3 9.8 3 1.0 o} 0.0
4000 ° - 1570 83 21.2 7 B.4 48 15.2 2 4,2

TOTAL 391 18 4,6 316 9 2.8

!See Figure 3-2 for explanatiom of groups.

179




TABLE B-11. EFFECTS OF LINE TEMPERATURE AND LINE
PRESSURE FOR FLANGES IN LIGHT LIQUID

SERVICE WITHIN ETHYLENE PROCESS UNITS
BY CHEMICAL GROUFP

GROUP 3' PRIMARY CHEMICALS

GROUP 4' PRIMARY CHEMICALS

Percent Percent
of ’ of
Number Total Number Percent Number Total Number Percent
Bressure {psig) Screemed Screened Leaking Leaking Screened Screened Leaking Leaking
=15 - -1 0 0.0 - - o 0.0 - -
0 - 49 39 12,0 1 2.6 31 44.3 al 0.0
50 - 49 32 9.9 0 0.0 19 27.1 0 0.0
100 - 149 24 7.4 2 8.3 10 14.3 0 0.0
150 - 199 16 4.9 3 18.7 5 7.1 0 3.0
200 - 249 15 4.6 L] 0.0 4 5.7 o] 0.0
250 - 299 42 13.0 1 2,4 & 0.0 - -
300 - 349 19 5.9 2 10.5 0 0.0 - -
350 - 399 32 9.9 2 6.2 0 .0 - -
400 - 449 [} 1.2 ] 0.0 ) 0.0 - -
450 — 499 32 9.9 6 18.7 [ 0.0 - -
500 - 549 21 6.5 4 19.0 1 1.4 o D.0
550 - 999 23 7.1 ] 0.9 o 0.0 - -
1000 - 1050 25 7.7 4 16.40 o 0.0 - -
TOTAL 324 25 7.7 10 0 0.0
Temperaturg (°F)
-267 - -1 66 20.4 7 2.2 0 0.0 - -
0 - 49 63 19.4 6 9.5 2 2.9 0 0.0
50 - 99 125 38.6 10 8.0 8 1.4 0 0.0
100 - 149 60 18.5 2 3.3 &0 57.1 0 g.0
150 - 199 10 3.1 4 0.0 11 15.7 0 0.0
200 - 249 Q 0.0 - - 9 12.9 0 4.0
250 - 299 [ 0.0 - - 0 0.0 - -
300 - 349 31 20.5 7 22.6 Q 0.0 - -
350 - 399 36 23.8 8 22,2 0 0.0 - -
400 - 1570 &4 29,1 13 29.5 0 0.0 - -
TOTAL 324 25 7.7 70 a a.0
'See Figure 3-2 for explanation of groups.

180




TABLE B-12, EFFECTS OF LINE TEMPERATURE AND LINE
PRESSURE ON PERCENT LEAKING FOR FLANGES
IN LIGHT LIQUID SERVICE WITHIN HIGH
LEAKTING PROCESS UNITS BY CHEMICAL GROUP ®
GROUP 7! PRIMARY CHEMICALS GROUP 8! PRIMARY CHEMICALS
Percent Percent
of of
Number Total Number Percernt Number Total Number Percent .
Pressure (psig) Screened Screened Leaklng Leakirg Screened Screened Leaking Leaking
-15 - -1 1 0.2 0 0.0 ) 0.6 0 0.0
0 - 49 116 20.4 a 0.0 446 45,0 a ga.a
50 - 99 82 14.4 0 0.0 282 28.5 0 0.0
100 - 149 63 11.1 2 3.2 117 11,8 0 0.0
150 - 199 0 5.3 0 0.0 61 6.2 [ 0.0
200 - 249 35 6.2 0 0.0 40 4.0 0 0.0
250 - 299 36 6.3 1 2.8 10 1.0 o 0.0 ®
300 - 349 30 5.3 3 10.0 23 2.3 0 0.0
3850 - 399 16 2.8 0 0.0. 4 0.4 0 0.0
500 = 449 13 2.3 o 0.0 o 0.0 - -
450 - 499 22 3.9 ] 0.0 0 8.0 - -
500 - 549 L] 12.3 2 2.9 0 c.0 - -
550 - 999 54 9.5 2 3.7 1 0.1 o 0.0
1000 - 1050 0 0.0 - - 0 0.0 - -
TOTAL 568 10 1.8 390 0 0.0 @
Temperatyre n
-267 - 3 0 0.0 - - o 0.0 - -
0 - 4 14 2.4 0 0.0 12 1.2 o 0.0
58 = 99 143 25.0 2 1.4 310 30.7 0 0.0
100 - 149 125 21.8 0 0.0 309 0.6 0 0.0 ®
150 - 199 80 14.0 6 7.5 124 12.3 0 2.0
200 - 249 125 21.8 1 0.8 134 13.3 0 0.0
250 - 299 21 3.7 L 4,8 &9 6.8 1] 0.0
300 - 349 32 5.6 0 0.0 12 1.2 0 0.0
350 - 399 14 2.4 0 0.0 7 0.7 0 0.0
400 - 1570 18 3.2 0 g.¢ 33 3.3 [ 0.0
TOTAL 572 10 1.8 1010 0 0.0

1See Figure 3~2 for explanation of groups.
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TABLE B-13,

EFFECTS OF LINE TEMPERATURE AND LINE PRESSURE ON

PERCENT LEAKING FOR OPEN-ENDED LINES IN GAS
SERVICE WITHIN ETHYLENE PROCESS UNITS

GROUP 1! PRIMARY CHEMICALS

Percent of

. Number ‘"Total Number Percent
Pressure (psig) Screened Screened Leaking Leaking
=15 - -1
3~ 49 0 0.0 - -
50 - 99 139 49.3 6 4.3
100 - 149- 53 18.8 7 13.2
- 9
12 4.3 3 25.0
150 - 199
3 1.1 0 0.0
200 - 249
20 7.1 o 0.0
250 - 299 20 7.1 5 25.0
300 - 349 5 1.8 3 6G.0
350 - 399 2 0.7 0 0.0
400 - 449 T2 0.7 1 50.0
450 - 499 12 4.3 5 41.7
500 - 549 2 0.7 2 100.0
550 - 999 12 4.3 4 33.3
1000 - 1050 0 0.0 - -
TOTAL 282 36 12.8
Temperature (°F)
-267 - -1 42 14.8 8 19.0
0 - 49 131 - 46.1 8 6.1
5¢ - 99 77 27.1 17 22.1
100 - 149 17 6.0 3 17.6
150 - 199 i2 4.2 1 8.3
200 - 249 3 1.1 0 0.0
250 - 299 0 0.0 - -
300 ~ 349 1 0.4 0 0.0
350 - 399 0 0.0 - -
400 - 1570 1 0.4 0 9.0
TOTAL 284 37 13.0

t3ee Figure 3-2 for explanation of groups.
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TABLE B-14. EFFECTS OF LINE TEMPERATURE AND LINE PRESSURE ON PERCENT LEAKING
FOR OPEN-ENDED LINES IN GAS SERVICE WITHIN HIGH LEAKING PROCESS

UNITS BY CHEMICAL GROUP

GROUP 5! PRIMARY CHEMICALS

GROUP &' PRIMARY CHEMICALS

Percent of Percent of
Nunher « Total Number Percent Number Total Number Percent
Screened Screened Leaking . Leaking Screened Screened Leaking Leaking
Preesure {psig)
-15 - -1 0 0.0 - - 16 4.8 0 0.0
0~ 49 29 23.8 3 113 227 68.0 2 0.9
50 - 99 28 23,0 3 0.7 31 9.1 1 3.2
100 — 149 42 34.4 1 2.4 5 1.5 ] 0.0
150 - 199 5 5.0 0 0.0 12 3.6 0 0.0
200 - 249 3 2.5 0 0.0 7 2.1 0 0.0
250 - 299 7 5.0 2 8.6 2 0.6 0 0.0
300 - 349 o 0.0 - - 29 8.7 0 0.0
350 - 399 4 3.3 4] 0 1 0.3 0 0.0
400 - 449 1] 0.0 - - 3 0.9 V] 0.0
450 - 499 a 9.0 - - 1 0.3 i 0.0
500 - 549 .0 0.0 - - 0 0.0 - -
550 - 999 4 3.3 2 3.0 Q 0.0 - -
1000 - 1050 _0 0.0 = o _0 0.0 - =
TOTAL 122 11 9.9 334 3 0.9
Temperature (°F)
-267 -~ o 0.0 - - 0 0.0 - -
0 - 49 2 1.6 0 n.o 11 33 0 0.0
50 - 99 kY 0.6 8 RARE 46 13.8 [ 0.0
100 - 149 49 40.5 2 4.l 84 25.2 2 2.4
150 - 199 13 10.7 0 0 79 23.6 1 1.3
00 - 249 [} 5.0 1 1,7 36 lo.8 0 0.0
250 - 299 4 3.3 0 .0 21 6.3 0 0.0
o0 - 349 1 0.8 1] [{M1] 17 5.1 Q 0.0
350 - 399 9 7.4 1) 0.0 0.0 - -
400 - 1570 0 6.0 - - _40 12.0 0 0.0
TOTAL 121 11 @,09 334 3 0.9
'See Figure 3-2 for explanation of groups.
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TABLE B-15. EVFECTS OF LINE TEMPERATURE AND LINE PRESSURE ON PERCENT LEAKAGE
FOR OPEN-ENDED LIKES IN LIGHT LIQUID SERVICE WITHIN ETHYLENE
PROCESS UNITS BY CHEMICAL GROUP

GROUP 3' PRIMARY CHEMICALS N GROUP_4' PRIMARY CHEMICALS
Percent of ) Percent of
Humber Total Number Perceat - Humber Total Number Percent
Screened Screened Leaking Leakiog Screened Screened Leaking Leaking
Pressure (psig)
=15 - -1 0 0.0 - - 0 0.0 - -
0 - 49 18 11,9 0 0.0 12 19.0 D 0.0
50 - 99 9 6.0 1] 0.0 39 61.9 2 5.1
100 - 149 16 10.6 3 18.7 6 9.5 0 0.0
150 - 199 7 4.6 2 28.6 3 4.8 li] 0.0
200 - 249 ] 4,0 2 33.3 0 0.0 - -
250 — 299 14 9.3 6 42.9 4] 0.0 - -
300 - 349 12 8.0 6 50.0 o 0.0 - -
350 - 399 23 15.2 5 21.7 0 0.0 - -
400 - 449 1 0.7 ] 0.0 0 0.0 - -
450 - 49% 12 8.0 1 8.3 0 0.0 -
500 - 549 12 8.0 2 16.7 3 4.8 [1} 0.0
550 - 999 7 4.6 5 1.4 | [ 0.0 - -
1000 - 1050 14 9.3 ? 50.0 0 0.0 - -
TOTAL 151 39 25.8 63 3.2
Temperatuxe (°F)
-267 - -1 ki 0.5 ? 22.6 0 0.0 - -
0 - 49 36 23.8 3 22.2 8 12.7 [} 0.0
50 - 99 44 29,1 13 29.5 12 19.0 0 0.0
100 - 149 36 23.8 11 30.6 12 19.0 0 0.0
150 - 199 4 2.6 o 0.0 10 15.9 1] 0.0
00 - 249 li] 0.0 - - 21 33.3 2 9.5
250 -~ 294 0 0.0 - - 0 0.0 - -
300 - 349 0 Q.0 - - 1] 0.0 - -
350 - 399 1} 0.0 - - o 0.0 - -
400 - 1570 4] 0.0 - - 0 0.0 - -
TOTAL 151 39 25.8 63 2 3.2

See Figure 3-2 for explanacion of groups.




S8T

TABLE B~16, EFFECTS OF LINE TEMPERATURE AND LINE PRESSURE ON PERCENT LEAKING
' FOR OPEN~ENDED LIMNES IN LIGHT LIQUID SERVICE WITHIN HIGH PROCESS
UNITS BY CHEMICAL GROUP

GROU? 7' PRIMARY CHEMICALS GROUP 8! PRIMARY GHEMICALS

Rercent of - Percent of
Humber Total Humber Percent Number Total Number Percent
Screened Screened Leaking Leaking Screened Screened Leaking Leaking

Pressure (psig)

-15 - -1 0 0.0 - - 5 0.4 0 0.0
0- 49 89 . 42,7 12 4,2 519 ' 42.8 15 2.9
50 - 99 140 20,7 10 7.1 329 7.9 12 1.5

100 - 149 54 B.0 2 3.7 174 14.3 ? 4.0

150 - 199 85 12,7 k) 3.5 138 11.4 1 0.7

200 - 249 12 1.8 1 8.3 10 0.8 0 0.0

250 - 249 2 0.3 1} 0,0 4] 0.0 - -

300 - 349 28 4.1 1 3.6 2 1.9 0 0.0

350 - 399 1 2.0 0 a.0 4 0.1 0 D.o

400 - 440 5 0.7 4] 20.0 1 0.1 1] 0.0

450 - 499 5 0.7 [} ¢.0 0 0.0 - -

500 - 549 19 2.8 1 5.3 o 0.0 - -

550 - 999 36 5.3 \} 0.0 1 a.1 1} 4.0

1000 - 1050 0 0.0 - - 0 .0 - =

TOTAL 677 n 4.6 1214 35 2.9

Tamperature (°F)

367 - -1 0 0.0 - - 0 0.0 - -
0 - 49 41 6.1 1] 0.0 15 1.2 0 0.0
50 =~ 99 228 33.9 13 5.7 [:) 35.9 15 3.4

100 - 149 +154 2.9 [ 3.9 330 26.9 12 3.6

150 -~ 199 40 6,0 2 5.0 151 13.1 4 1.5

00 - 249 133 19.8 7 5.3 178 14.5 2 1.1

250 - 299 15 2.2 1 6.7 T4 6.0 1 1.4
300 - 349 40 6.0 2 5.0 15 1.2 L] 0.0

350 - 399 0 0.0 .- - 3 0,2 0 0.0

400 -~ 1570 21 3.1 0 0,0 9 0.7 1 11.1

TOTAL 672 k1 4,6 1225 15 2.9
Isee Figure 3-2 for explanation of groups.
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Figure B-1. Distribution of Sources Screened by Line Pressure for Ethylene and High
Leaking Process Units by Chemical Group for Valves with Gas Service

*See Figure 3-2 for explanation of groups.
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*See Figure 3-2 for explanation of groups.
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APPENDIX C

SUMMARY STATISTICS AND DETAILED INFORMATION ON THE EFFECTS
OF AMBIENT TEMPERATURE AND ELEVATION ON LEAK FREQUENCY

This appendix contains detailed information on the effects of ambient
temperature and source elevation on leak frequency. Tables C-1 and C-2 con-
tain summary statistics for ambient temperature for the groupings of sources

described in Section 3,

Ambient temperature was measured as a continuous variable, but to
evaluagte its effect on leak frequency, it was grouped as less than 70°F or
greater than or equal to 70°F. Tables C~3 and C-4 give the number of sources
screened, number leaking and percent leaking for both of the groups of ambient
temperatures. The statistics are categorized by source type, stream service,
the type of process unit, and the primary material group. Table C-3 contains
the data for ethylene process units and Table C-4 contains the data for high

ieaking process units,

Chi-square tests were performed on each group to determine if there was
a significant difference in leak frequencies between the two categories of
ambient temperatures. The results are given in Tables C-3 and C-4, TFor the
ehtylene process units (Table C-3), the leak frequencies of wvalves are signif-
icantly different in all categories. For both gas and light liquid service
in the high leaking primary material group, higher leak frequencies were
found at the higher levels of ambient temperature. For the low leaking pri-
mary material group, the higher leak frequencies occurred at the lower ambient
temperature level. The only other group in the ethylene process units that
showed a significant effect of the ambient temperature is open-ended lines in

gas stream service in the high leaking primary material group.
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Table C-4 contains the same information for the high leaking process
units. Valves in group 7 showed the only significant effect on leak frequen-
cies of ambient temperature. The higher level of ambient temperature was

associated with the higher leak frequency.

Tables C-5 and C-6 contain the data on the effects of elevation on
leak frequency for ethylene and high leaking process units, respectively.
Chi-square tests were performed to determine differences iIm percent leaking
for the two levels. There were no significant differences in leak frequencies
for any source types in the ethylene process units. The high leaking process
units showed a few significant effects of elevation on leak frequencies.
These effects were seen for valves and open-ended lines in light liquid stream
service and with high leaking primary materials in the line. For the even
numbered groups only valves in gas stream service were significantly affected.

In each of these cases the higher leak frequency occurred at the ground level.
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TABLE C-1. SUMMARY OF AMBIENT TEMPERATURE DURING SCREENING
OF VARIOUS SOURCE TYPES IN GAS SERVICE
HTYGH LEAKING PROCESS ETHYLENE
SOURCE SUMMARY STATISTICS FOR HIGH LEAKING LOW LEAKING HIGH LEAKING
VARIABLE TIPE AMBIENT AIR TEMFERATURE PRIMARY MATERIALS PRIMARY MATERIALS PRIMARY MATERIALS
VALVES Average (°F) 73.1 63.6 58.3
Standard Deviation 18.5 19.5 20.6
Minimum 33 30 11
Maximum 104 000 187
FLANGES Mverage (°F) 86.2 79.8 73.2
Standard Deviation 13.0 16.4 14.5
Minimum 33 33 20
Maximum 102 100 120
OPEN-ENDED
LINES Average (°F) 89.5 66.0 48,2
Standard Deviation 17.5 20.4 20.1
Minimum 33 30 20
. Maxinum 100 100 9G
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TABLE C-2.

SUMMARY OF AMBIENT TEMPERATURE DURTING SCREENING OF VARIOUS

SOURCE TYPES IN LIGHT LIQUID SERVICE

HIGH LEAKIMG PROCESS

ETHYLENE

SOURCE SUMMARY STATESTICS FOR WIGH LEARIRG LOW LEAKING HIGH LEAKING LOW LEAKING
_.__TIPE AMBIENT AIR TFM_!_’_]E_!L_&'I_'URE PRIMARY MATERIALS PRIMARY MATERTALS PRIMARY MATERIALS PRIMARY MATERIALS

VALVES Average (°F) 57.8 2.4 62.8 65.5
Standard Deviation 15.0 17.7 19,9 20.7
Mintmum 29 29 21 22
Maximum 100 104 91 91

BUMP SFALS Average (°F) ' 564.5 4.2 56,6 62.9
Standard Deviaclon 15.1 17.6 21.2 21.2
Minimum 32 . 32 22 36
Maximum 98 100 B5 88

FLANGES Average (°F) 77.8 82.0 74.1 78.1
Standard Deviation 19.0 15.4 13.6 14.7
Hininum 9 29 24 30
Haximum 100 102 91 41

OPEN-ENDED Average (°F) 52.2 77.6 51.3 48.2

LINES
Standard Deviacion 13.5 17.4 21.1 19,4
Minimum 29 29 24 22
Maximum LE] 104 91 90
9 (2 4 L ¢ ® ¢
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TABLE C-3. EFFECT OF AMBIENT TEMPERATURE ON PERCENT OF SOURCES LEAKING IN
ETHYLENE PROCESS UNITS AS A FUNCTION OF THE PRIMARY CHEMICAL
GROUPS
PRIMARY CHEMICAL Group 1 and Group 3! PRIMARY CHEMICAL Group 4!
AMBLENT
SOURCE STREAM TEMPERATURE, NUMBER NUMBER PERCENT NUMBER  NUMBER PERCENT
TYPFR SERVICE °¥ SCREENED LEAKING LEAKING CHI-SQUARE p? SCREENED LEAKING LEAKING CHI-SQUARE p?
VALVES Gas <70° 3760 474 12.6 36.8 <0.001
oo+ 2534 460 18.2
Tight Liguid <70° 1666 h4b 26.8 0.34 >0.05 240 2 0.8 1.1 »>0.05
70%+ 1848 511 27.6 367 7 1.9
PUMP SEALS Light Liquid <70° 29 7 © 24,1 0.4 »0.05 7 0 0.0 2.1 >0.05
765+ 32 11 34.4 8 2 25.0
FLANGES Gas <7o* 165 10 6.1 0.01 >0.05
70°+ 469 29 6.2
Light Liquid <jo*° 68 6 8.8 0.16 >0.05 9 0 0.0 *
70°+ 259 19 7.3 61 1] 0.9
OPEN-ENDED
LINES Gaa <70° 223 19 8.5 10.1 <0,01
70°+ 82 13 22.0
Light Liquid <70° 110 30 27.3 0.04 >0.05 50 2 4.0 0.54 >0.05
70°+ 41 9 21.9 13 0 0.0

'See Figure 3-2 for esxplanation of groups.

2Pr:n;:lmbility of no significant difference in leak frequency due to ambient temperature.

*Expected values were too low for Chl-square test.
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TABLE C-4. EFFECTS OF AMBIENT' TEMPERATURE ON PERCENT OF SOURCES LEAKING IN HIGH

LEAKTNG PROCESS UNITS AS A FUNCTION OF THE PRIMARY CHEMICAL GROUPS

PRIMARY CHEMIGAL Groop 5 and Group. 7l PRIMARY CHEMICAL Group 6 and Grgup g!
AMBIENT
SOURCE STREAM TEMPERATURE,  NUMBER NUMBER PEFCENT HUMBER NUMBER PERCENT
TYPE SERVICE °F SCREENED LEAKING LEAKING CHI-SQUARE P® SCREENED LEAKING LEAKING CHI-SQUARE P2
VALVES Gas <70t 499 50 10.0 2.8 >0.05 1090 17 1.6 2.2 >0.05
0%+ 729 96 13,2 668 5 0.8
Light Liquid <70° 2435 52 2.1 135,6 <0.901 2861 17 0.6 1.7 >0.05
70°+ 803 95 11.8 1293 29 0.9
PUMP SEALS Light Liquid <10 108 11 10.2 0.7 >0.05 101 3 3.0 2.5 >0.05
10°+ 18 3 16.7 142 11 7.8
FLANGES Cas <10° 46 1 2.2 0.7 >0.05 17 3 3.9 [\ >0.05
70°+ 345 17 4.9 239 6 2.5
Light Liquid <70° 161 1 0.6 0.6 >0,05 219 0 0.0 *
70°+ 417 9 2.2 791 0 0.0
OPEN-ENDED
LINES Gas <70° 711 4 5.6 1.8 »>0.05 204 1 .5 1.9 >0.05
70°+ 75 9 12.0 143 3 2.1
Light Liquid <30° 713 45 6.3 2.1 >0.05 415 7 1.7 3.3 >0.05
70°+ 85 2 2.4 876 31 3.5

l3ga Figure 3-2 for explanatien of groups.
Yprobability of no significant difference in lesk frequency due to amblent temperature.

*
Expected values were too low for Chi-asguare test,
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TABLE C-5. EFFECTS OF SOURCE ELEVATION ON PERCENT LEAKING FOR ETHYLENE PROCESS
UNITS AS A FUNCTION OF PRIMARY CHEMICAL GROUPS
PRIMARY CHEMICAL Croup 1 and Group 3' PRIMARY CHEMICAL Group 2!
SOURCE NUMBER NUMBER PERCENT | NUMBER NUMBER PERCENT
TYPE SERVICE ELEVATION SCREENED LEAKING LEAKING CHI-SQUARE pa SCREERED LEAKING LEAKING CHI-SQUARE p2
VALVES Gas Ground 3298 475 14.9 1.2 >0.05
Above 2844 452 15.9
Light Liquid Ground 2578 716 27.8 1.6 »0.05 494 8 1.6 0.34 >0,05
Above 926 237 25.6 113 1 0.9
PIMP SEALS Light Liquid Ground 61 ‘18 29.5 * 15 2 13.3 *
Above 0 - - 0 s -
FLANGES Gas Ground 246 13 5.3 0.53 >0.05
Above 387 26 6.7
Light Liquid Ground 234 le 6.8 0.37 >0,05 55 b 0.0 Lok
Above 91 a 8.8 15 0 0.0
OPEN-ENDED )
LINES Gad Ground 235 25 10.6 2.3 >0.05
Above 69 12 17.4 2.0
Light Liquid Ground 109 29 26.6 0.12 >0.05 54 2 3.7 0.3 >0,05
Above 42 10 23.8 9 \) 0.0

lgee Figure 3-2 for explanation of groups.

2Probability of no significant difference in

¥[nsufficient data for Chi-square test

leak frequency due to source elevation.
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TABLE C-6. EFFECTS OF SOURCE ELEVATION ON PERCENT LEAKING IN HIGH LEAKING PROCESS
UNITS AS A FUNCTION OF PRIMARY CHEMICAL GROUPS

PRIMARY CHEMICAL Group 5 and Gt;oup 7

PRIMARY CHEMICAL Group 6 and Group 8

SOURCE NUMBER NUMBER PERCENT

NUMBER NUMBER PERCENT
TYPE SERVICE ELEVATION SCREENED LEAKING LEAKING CHI-SQUARE P 2 SCREENED LEAKING LEAKING CHT-SQUARE 'P2
YALVES Gas Ground 479 . 54 11.3 0.3 >0,05 423 12 2.8 11.3  <0.001
Above 749 92 12.3 1333 10 0.7
Light Liquid Ground 2494 121 4.8 4.1 <0.05 4394 35 0.8 0.8 >0,05
Above 795 25 1.1 1743 10 0.6
PUMP SEALS Light Liquid Ground 122 14 1.5 * 237 14 5.9 *
Above 4 0 6 0
FLANGE Gas Ground 155 3 3.7 1.0 >0.05 76 4 5.3 2,1 >0.05
Above 236 13 5.4 240 5 2.0
Light Liquid Ground 417 9 2,2 1.6 >0,05
Above 160 1 a.h
OPEN-ENDED
LINE Gas Ground 39 6 10,2 0,2 >0.05
Above 87 7 8.0
Light Liquid Ground 623 45 1.2 8.9 <0,01
Above 172 2 1.2

15ge Figure 3-2 for explanation of groups. .
2probability of no significant difference in leak frequency due to sourcu elevation.

*Insufficlent data for Chi-squares test




APPENDIX D

CORRECTIONS TC SCREENING DATA

During the SOCMI fugitive emission screening project (Reference 1),
occagional corrections were required on the original data sheets. These cor-
rections were subsequently documented along with an explanation of why they

were necessary.

One clarification that affected almost all of the units scfeened was

dua to the decision to exclude water when calculating the primary chemical
concentration. To make this adjustment all primary material concentrations
that were below thirty percent (30%) were changed to reflect ninety to omne-
hundred percent (90-100%), if no secondary material other than water existed.
That is, if the primary chemical was twenty percent (20%) of the stream and
water made up the other eighty percent (80%), then the primary chemical con-
centration was adjusted to one hundred percent (100%). So, the concentration

number was adjusted to reflect the percent of total VOC's.

Table D-1 and D-2 summarize all adjustments and corrections made to the
original data sheets. Table D-1 is a summary of the detailed corrections
listed in Table D-2 which affected the overall number screened, the number
not screened and the number screened greater than or equal to 10,000, as
reported earlier (Reference 1). After the corrections described in this
appendix were made, the data reported in this reference were used for the

analyses in Section 3 of this report. -

Other clarifications, mostly due to miscoding by the recorder, are
listed in Table D-2, by unit, then source identification sequence. Coding
corrections covered a wide range of source identification codes and few were

changed from the same code number. Therefore, it was not feasible to list
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all the old codes along with their corrections.
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TABLE D-1. CORRECTIONS AFFECTING RESULTS ON PREVIQUS REPORTS

SOURCE /SERVICE

Flanges

Open-Ended Lines

Gas

Light Liquid

Light Liquid

Relief Valves

Gas

Light Liquid

HUMBER
_BCREENED
OLD _REW

1443 1450
2897 2833
3603 3605

85 84

69 68

EXFLANATION

NUMBER HIR'BER
HOT SCREENED SCREENED >=10G00
OLD NEW oLD NEW
No Change No Change
76 142 Nc Change
417 415 No Change-
226 227 Ne Change
47 48 Ro Change

Unit 2 had &4 sources

and Unit 4 had 3 sources
which were reclassified
from compressors,

Unit 60 had 64 sources

in which the values were
changed from @ to migs—
ing. Unit 4 had 2 sources
which were reclassified
from pumps and their
values changed from @ to
missing. Unit 60 had 2
aources which should have
been recorded with Unit 61,

Unit 29 had 2 sources in
which the values were
changed from missing to @.
Unit 600 had 2 sources which
should have been recorded
with Unit 61,

Unit 20 had 1 source in which
the value was changed from @
to missing.

Unit 20 had 1 source in which
the value was changed from @
to missing.
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TABLE D-1 (continued)

SOURCE fSERVICE
Valves/

Gas

Light Liquid

Puinps
Light Liquid

Compressors
Gas

Other

Light Liquid

NUMBER
SCREENED
T ]

9668 9669

18294 18300

647 646
29 22
33 34

NUHBER NIMITR
HOT SCREEWED SCREENID >=10000
ol mEW oLD NEW
2047 2046 Ko Change
2553 2548 1174 1183
29 28 Ho Change

3 2 Ro Chinge

No Change Ho Change

EXPLANATION

Unit 29 had 1 source in
which the valve was changed
from missing to @,

Unit 29 had 6 sources in

which the values were changed
from migsing to @. Unit 20

had 1 source in which the value
was changed from ¢ to missing.
nit 3 had 1 aource in which the
value was changed from missing te
@, Unit 60 had 9 sources which
had values of 10,000 that were
not included in the number screen-
ed over 10,000. Unit 60 had 8
sources which should have been
recorded with Unit 61, 1 of which
had a value of 10,000,

Unit 29 had 1 source In which the
value was changed from missing to
#. Unit 4 had 2 sources which
ware reclamaified as flanges.

Unit 2 had 4 sources and Unit 4
had 3 sources which were reclassi-
fied to flanges. Unit 64 had 1
source in which the value was
changed from misalng te @, Unit

4 had 1 source which was reclassi-
fied to other.

Unit 4 had 1 source which was
rveclaggified from compreasers.




TABLE D-2.

CORRECTIONS TO SCREENING DATA SHEETS

Unit Source ID Change
1 33 Elevation te 1
Comment to missing
133-140 Secondary material concentration tec 4
534, 1052, 1355-1356, 1393 Comment to 1
365 Deleted
1552 Scurce type to 54
Line temperature to 140
1580-1581 Service to 2
2 918 Screening value to missing
Comment to 1 (inaccessible)
1574-1576, 1594-159%6, Source type to 2
1606-1608, 1624, 1633,
1646, 1723
1756 Source type to 1
Line temperature to 143
Line pressure to 525
1757 Soutce type to 1
1758, 1822 Source type to 52
1ine temperature to 143
Line pressure to 525
1873, 1895 Source type to 1
Line temperature to 188
Line pressure to 155
2215-2219 Screening value to missing
Comment "to 1 {inaccessible)
2640, 2487 Source type to 2
3004 Line temperature toc 300
Line pressure to 6
30065-3020 Line pressure to 6
3021-3024 Primary material to 3 )
Primary material concentration to 3
Secondary material to 1
Secondary material comcentration to 2
3025 Screening value to missing

Comment to 1 (inaccessible)

{continued)
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TABLE D-2. CORRECTIONS T(Q SCREENING DATA SHEETS (CONTINUED)
Unit Source ID Change
2 3028-3030 Primary material to 3
Primary material concentration to 3
Secondary material to 1
Secondary material concentration to 2
Line temperature to 260
3031-3033 Line temperature to 260

3034-3038, 3121

3236-3298

3239

3240

3241-3243

3289

3300, 3309-3317,
3332-3347, 3350-3373

3378-3388

3447

3463-3469, 3473-3477
3478-3498
3552-3578

3604

3605-3607

3608-3630

3631-3634

3635-3660

Primary material to 3

Primary material concentration to 3
Secondary material to 1

Secondary material concentration to 2
Line temperature to 3

Source type to 40
Line temperature to 260

Line temperature to 5
Lice temperature to 5

Screening value to missing
Comment to 1 (inaccessible)

Service téd 1
Service to 1
Line pressure to 2

Screening value to missing
Comment to 1 (inaccessible)

Primary material to 1
Primary material comcemtration to 7

Line temperature te 25

Service to 1
Line pressure to 300

Service to 2

Service to 1
Line pressure to 2

Service to 2

Service to 1
Line pressure to 2
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TABLE D-2.

CORRECTIONS TO SCREENING DATA SHEETS (CONTINUED)

Unit Source ID Change
2 3683-3684 Service to 1
3700-3714 Primary material concentration to 5
3716, 3718 Primary material concentration to 5
Secondary material to 2
Secondary material concentration to 2
3719-3720 Primary material concentration to &
Secondary material to. 2
Secondary material concentration to 2
3721-3722 . Primary wmaterial te 3
Primary material concentrationm to 5
Secondary material to 1
Secondary material concentraticn to 3
3734-3740 Primary material conmcentration to 5
Secondary material concentration to 3
3751-3754 Service to 2
3755-3758 Serwice to 1 .
3762-3783 Secondary materizl concentration to 1
3801-3809 Service to 1
3882 Source type to 42
3901 Source type to 30
3913-3917 Line temperature to 62
Line pressure to 480
3968-3975, 3987 Service to 1
4668, 5048 Source Type to 35
5339 Screening value to 10,000
5690 Source type to 32
Service to 1
Primary material to 5
Line temperature tc 195
Line pressure to 2253
3 1215-1216 Comment to 1
1349 Secondary material concentration to 0
1638 Source type to 32
1639 Source type to 42

(continued)




TABLE D-2. CORRECTIONS TO SCREENING DATA SHEETS (CONTINUED)

Unit Source - ID ) Change
4 97-98, 849, 956, Comment to 1 (inaccessible)

936=-959
1120-1139 Deleted
2161, 2173 Source type to 1
3375 Source type to 32
5192, 5837 Source type to 1
6760 Service to 1

Source type to 1

5 1If Service=missing Service to 2
11 21-40 Day to 21
607 (2nd) Source id to 4105
608 (2nd) ‘ Source id to 4106
513 (2nd) Source id to 4107
735 (2nd) Source id to 4108
885 Source gype to 10
1745 Unit to 11
1953 Source type to 10
2358-2359 Service to 10
2426-2429 Commen;.to 3
2566~2585, 2626-26541 Secondary material concentration to
missing
2731-2734 Comment to 3
2889 Deleted
3156 Service to 2
3409, 3411, 3418, 3422 Comment to 3
12 If screening team=13 or 15 Source id to: id plus 1959
If soutce type=¥* Source type to 1
81-100 Month to 3

(continued)
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TABLE D-2. CORRECTIONS TO SCREENING DATA SHEETS (CONTINUED)
Unit Source 1D €hange
12 87 Source type to 40
221-240 Service to 2

20%

21*

22

310, 338, 339, 362

561-562

565=580

2730-2739

2788-2791

3516

Ig screening value=
missing

1049, 1081

1239, 1251, 1314
3156

3201

947

154

221-240

Source type to 40

Service to 2

Primary material to 40

Primary material concentration to 6
Secondary material to 45

Secondaty material concentration to 3
Line temperature to 170

Line pressure to 100

Ambient air temperature to 60

Service to 2

Primary material to 42

Primzry material concentration to 9
Secondary material to missing
Secondary material concentraticn to
missing

Primary material to 41

Primary material concentration to 9
Secondary material to missing
Seccndary material concentration to
missing .

Source type to 3
Comment to 1

Source type ro 33
Screening value to missing
Servigce to 2

Screening value to missing
Service to 2

Comment te 1 (inaccessible)

Ambient air temperature

#Pedco used duplicate unit #'s, so the VMC unit screened between 2-14 and 2-20 was
changed to unit 28 and the EDC unit screened between 2-12 and 2-15 was changed to

unit 29.

{continued)




TABLE D-2. CORRECTIONS T( SCREENING DATA SHEETS (CONTINUED)

Unit Source ID Change

28 (20)% If primary material=19 Primary material to 14
Primary material concentration to 9
Secendary material to missing
Secondary materizl concentration to

missing

2710-2720 ' Secondary material co missing
Secondary material concentration to
missing

2777 Screening value to missing

2793 Scurce type to 45

2855 Screening value to 30

3257-3276 Line temperature to 355

29 (21L)* If screening value is blank Screening value to 0

19 Source type to 35

359-360 7 Comment to 1

432-440 Secondary material to missing
Secondary material concentration to
missing

626-640 Secondary material to missing
Secondary material concentration to
missing

508-809 Comment to 1 (inaccessible)

'865-830 Secondary material to missing
Secondary material concentration to
missing

1017, 1025 Source type to 35

2103-2120 Comment to missing

2135-2140 Secondary material to missing
Secondary material concentration to
missing

3116 Coumment to 1

3181-3200 Instrument to 2

3239-3240 Secondary material to missing
Secondary material concentration to
missing

*Pedco used duplicate unit #'s, so the VMC unit screened between
2-14 and 2-20 was changed tec unit 28 and the EDC unit screened
hertween 2-12 and 2-15 was changed to uwnit 29.
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TABLE D-2. CORRECTIONS TO SCREENING DATA SHEETS (CONTINUED).
Unit Source ID Change
32 435, 463 Comment to 2
b646~647 Secondary material comcentratica to 2

33

34

&0

331, 337-338

741-760

1521

1-505

(excluding 361-364,
398-401, 425-428)
39

506-698

897-918

1044-1057

1058-1068
1269-1278
1301-1720
1810 (2nd)

1829-1831
1941-1960
2005-2080

2081-2123

2354-2406, 2421-2449,
2486-2500

2591-2600

Comment to L

Elevation to 2

Service to 2

Primary material to 6

Source type to 30

Primary material to §

Primary material concentration to &
Secondary material to 14

Secondary material concentration to 2

Bervice to 2

Secondary material to 9
Elevatiom to 3

Secondary material to 9

Secondary material to 8

Primary material to 6

Source id to 1811

Secondary material to missing
Secondary material concentration to
missing

Primary material to 6

Primary material to 4
Secondary material to 15

Primary material to 4
Secondary material to 15
Secondary material concentration to @

Primary material to 5
Secondary material to missing

Secondary materizl concentration to
missing
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TABLE D-2. CORRECTIONS TO SCREENING DATA SHEETS (CONTINUED)

Unit Source ID Change
60 2628 Source type to 1
2743-2747, 2787-2800 Secondsry material to missing
Secondary material concentration to
missing
2890-2900 ' Secondary materizl to missing
Secondary material ¢omcentration to
missing
4113-4130 Primary material te 5
6970-6974 Secondary material to missing
Secondary material concentration to
missing )
61 3021-3027, 3044-3060 Secondary material to 3
3053 Source type to 1
Screening value to 3600
3121-3127 Primary material to &
3188 Screening value to 200
3233, 3235-3237 Sereening value to #
3246-3260 Secondary material to 6
3261-3280 Secondary material to 3
3281-3297 Primary material to 3
3298-3305 Primary material to 3
Seconddry material to 6
3306-3328 Primary material to 6
3329=3335 Primary materizl to 3
Secondary materiazl to &
3521-3716 Primary material to 3
3742-3760 Secondary material missing
Secondary material concentration to
missing
3781-3830 Primary material to 3

Secondary material to 6

3805-3806 Comment to 1

(continued)
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o
d TABLE D-2. CORRECTIONS TO SCREENING DATA SHEETS (CONTINUED)
Unitc Source ID Change
52 3841-3860 Unit to 62
®
64 If service=Z and Service to 3
primary material is
2, 4, or 5
3933 Service to 1
Primary material comcentration to 1
. Secondary material concentration to 0
3941-3950 Secendary material to 3
Secondary material concentratiocn to 2
4357, 4362 Service to 3 B
4604-4609, 4611-4612 Comment to 1 (inaccessible)
® 4631=4640 Source id=id + 46
65 4801-4820 Ambient air temperature to 8§
4300 (2nd) Source id to 6751
® 5241-2 Service to 2
5243 Service to 2
Elevation to 2
5244-5280 Service to 2
5286-5290, 5299-~5300 Comment to 1 (inaccessible)
. 5340 Source type to 1
5354-5356, 5364-5367 - Screening value to migsing
5393 Source type to 10
5404, 5413-5414, Screening value to missing
54645466
o 5468 Service to 1
5311 Comment to 2 i
5521-5540 Line pressure to 45
5979-5986, 5988-6000 Line pressure to -3
e 6011-6013 Comment to 1 {inaccessible}
6021-603% Ambient air temperature to 84
(concinued)
o -
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e
TABLE D-2. CORRECTIONS TO SCREENING DATA SHEETS (CONTINUED) ®
Ueit Source ID Change
65 6040 .Ambient air remperature toc 84
Comment to 2 .
6113-6114 Screening value to missing
62216222, 6224-6225, Commenc te 1 {inaccessible)}
6243-6249 ’
66016620 Line pressure to -5
66 7083 Source type to 30
7141-7160 Unit to 66
7173, 7249, 72484, 7338, Source type to 30Q
7334
4374, 3308-8819Q Secondary material to missing
Secondary material concentraricn fo
missing
8850, 8562 Source type to 30
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