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ABSTRACT

The primary objectives of this study were: (1) to evaluate fugitive
emissions from various components (e.g., valves, flanges, pumps, etc.) at
petroleum refineries, and (2) to evaluate factors which contribute to differ-
ences in these fugitive emissions between refineries and air pollution control
districts. The technical approach for thisg study included: (1) collection of
an extensive amount of data on the populations of these components by compo-
nent type, process unit, and refinery, (2) collection of an extensive amount
of hydroccarbon screening data that were obtained to comply with fugitive
emission inspection/maintenance rules, (3) development of a database structure
and extrapolation procedures and compilation of fugitive emissions data for
all refineries in California, (4) a detailed evaluation of the effect on
fugitive emissions of various provisions of air pollution control rules, and
(5) a detailed evaluation of differences in fugitive emissions between refin-
eries and air pollution control districts. The major conclusions of the study
were: (1) significant uncertainty.exists in estimating emissions from refinery
fugitive emissions on the basis of hydrocarbon scfeening data obtained to
comply with fugitive emission inspection/maintenance rules, (2) significant
differences exist in the fraction of leaking components between individual
refineries, (3) for components that are subject to the rule (nonexempt), there
has been a reduction in emissions of between 56 and 91 percent as a result of
fugitive emission control rules, and (4) between 44 and 78 percent of refinery

fugitive emissions come from components which are exempt from the rules.
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DISCLAIMER

The statements and conclusions in this report are those of the
contractor and not necessarily those of the California Air Resources Board.
The mention of commercial products, their source, or their use in connection
with material reported herein is not to be construed as either an actual or

implied endorsement of such products.
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1.0 INTRODUCTION

Fugitive emissions of photochemically reactive organic compounds
(PROC) are emitted from a variety of equipment component types at petroleum
refineries. These component types include valves, flanges, pumps, compres-—
sors, and pressure relief wvalves (PRVs). In order to promote attainment of
federal and state ambient air quality standards for ozone (oxidant), these
emissions have been reduced through the requirement of inspection/maintenance
(I/M) programs. Suggested control measures (SCMs) for the control of PROC
emissions from refinery wvalves, flanges, pumps, compressors, and PRVs were
approved by the California Air Resources Board (ARB) in 1978, 1981, and 1982.
Subsequently, air quality management and air pollution contreol districts

adopted rules or rule elements partially based on the SCMs.

The typical air pollution control rule for refinery fugitive emis-

sions in California has the following elements:

° Requirements for annual inspection of valves, flanges, -and

pumps. Requirements for quarterly inspection of compressors

and PRVs.

° Use of a hydrocarbon detection instrument held at 1 cm from the
gource.

° Repair of any component screening greater than 10,000 parts per

million by volume (ppmv).

° Reinspection of components after repair.

e  Exemptions for component types with certain characteristics.

Radian Corporation conducted a study for the ARB to evaluate emis-

sions of PROC from California petroleum refineries. There were several major

1-1



objectives of the study: 1) to evaluate refinery fugitive emissions for each
California refinery by process unit, component type, service type, and catego-
ry of exemption, 2) to identify, and where possible quantify, those factors
which contribute most significantly to differences in fugitive emission rates
between refineries, 3) to compare post-rule vs pre-rule emissions, and 4) to

evaluate the impact of rule exemptions on emissions.

In order to meet these objectives, an approach for estimating fugi-
tive emissicns was developed. This approach calculates fugitive emissions on
the basis of four variables: 1) the number of components (component popula-—
tions); 2) the fraction of components with screening values above 10,000 ppmv
(fraction of components leaking); 3) the distribution of screening values for
both leaking and nonleaking components (screening value distributions); and
4) the correlation between screening values and emission rates developed in
previous fugitive emission studies. The first two variables are used in the
process directly, the third and fourth variables are used to develop average

emission rates (AERs) for leaking and nonleaking components.

Using this emission calculation approach as a cornerstone, an

overall study approach was developed. This approach is summarized below.

° Questionnaires and data requests were sent to the refineries to
obtain component population data and the I/M data that they

have collected while complying with the rules.

° A consistent database was developed and all available data were
entered.
. An extrapolation approach was developed and implemented to fill

all gaps in the database.

. Average emission rates for leaking and nonleaking components

were developed.

1-2
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Emissions were estimated from nonexempt and exempt components.

A detailed evaluation of differences in component populations,
fraction of components leaking, and emission estimates between
refineries, and between air quality management and air

pollution control districts was made.

As part of the work to improve the database, a small field sam-—

pling/data collection effort was conducted. This effort drew upon a small

portion of the overall project budget and did not result in a significant

amount of data being added to the database. Therefore, the study was almost

solely based on data collected by refineries during implementation of I/M

programs.

1-3
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2.0 RESULTS AND CONCLUSIONS

2.1 General

The most significant result of this study was the creation of an
extensive fugitive emission database for all refineries in California. This
database was developed using LOTUS"123® software and can be used on any
personal computericompatible with an IBM PC®. The database is very large; in
hard copy format it consists of several thousand pages. Copies of the data-
base in both magnetic and hard copy format have been made available to the
ARB. The database contains component populations, fraction of components
leaking, estimated average emission rates, and emission estimates by component
type (e.g., valves, flanges, pumps, etc.) and by process unit for each refin-—

ery.

The database is made up of fugitive emission inspection/maintenance
(I/M) data collected by California refineries. These data were collected by
refineries solely for the purpose of complying with fugitive emission control
rules. These data were submitted in response to requests for this study, and
were provided with varying degrees of detail and documentation. The mbst
recent year of usable data submitted by each refinery was included in the

database.

Within the database, the source of each individual data point is
documented. This allows future users to easily evaluate the source of the
data and the level of confidence that can be placed on individual data points.
It also facilitates updating the database. If actual data are obtained to
replace extrapolated data, these data can easily be entered and the data

source code changed.
There are three types of data or results that represent the most

significant outcome of this study: component populations, fraction of compo-

nents leaking, and emission estimates. The component populations represent a

2-1



significant result of this study. These component populations are based on
actual data submitted by the refineries for the majority of refineries. The
fraction of components leaking is also a significant result. The amount of
data collected on the fraction of components leaking in this study far exceeds
the total amount of data on the fraction of components leaking in all previous
studies. The final result of this study was emission estimates. While the
development of detailed and accurate emission estimates was perhaps the most
importént objective of this study, it was not possible to develop one set of
emission estimates for nonexempt valves and flanges that were certain enough
to be presented as the sole results of this study. Therefore, two sets of
valve and flange emission estimates were developed for nonexempt components.
These two emission estimates differ by approximately an order of magnitude.
Neither of these emission estimates can be stated with certainty to be accur-

ate.

2.1.1 Component Populations

This study obtained the most comprehensive and detailed set of
component populations ever developed for California refineries. Probably the
most important information that these data provide is on the relative propor-
tion of total components that are exempt from the rules. The percent of total
components that are claimed as exempt for all refineries in California is

presented below:

. Valves - gas service: 34.9 percent
] Valves — liquid service: 43.4 percent
e Flanges: 43.9 percent
. " Pumps: 58.3 percent
. Compressors: 29.0 percent
e  PRVs - gas service: 61.3 percent
. PRVs - liquid service: 61.8 percent

Another important conclusion about component populations relates to

the consistency of component populations for a given process unit. A previous
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fugitive emission study entitled Assessment of Atmospheric Emissions from

Petroleum Refining concluded that component populations were primarily a
function of the type of process unit, not the size or capacity of that unit
(Radian, 1980). This result was used in developing the component population
extrapolation scheme that was used in this study. However, the data collected
in this study show that there is a great deal of variability in component
populations for a given process unit. For example, Table 2-1 presents infor-
mation on the range of component populations by process unit for refineries in
one example district, the South Coast Air Quality Management District
(SCAQMD). Similar tables could be prepared for other air pollution control

districts from the fugitive emission database.

Based on a more detailed review of component populations by process
unit, there appear to be two primary reasons that variability in component
populations exist: 1) it was not possible to define a discrete set of bounda—-
ries for a given process unit to ensure that these boundaries were consistent-—
ly applied between refineries, 2) actual variability in component populations
for a given process unit does exist due to process unit capacity, and 3)
variability in the type and number of exemptions claimed by different refin-

eries for similar process units.

Actual component population data provided by the refineries were
grouped by process unit. As mentioned above, the boundaries of process units
were not consistent in that each individual refinery providing data made the
determination of which components belonged to particular units. The disparity
in component populations is particularly evident in ancillary process units
(those that serve in a supporting function) such as storage/blending/shipping

and blowdown/flare/vapor recovery.

It was not possible within this study to perform a detailed evalua-
tion of the relationship between process unit capacity and component popula-
tions. However, for many process units, there does appear to be a relation-

ship between these two parameters.
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2.1.2 Fraction of Components Leaking

Data on the fraction of components leaking at the time of inspection
were submitted by 17 refineries. The average fraction of components leaking
for all of these data represents an average of post-rule conditionms. An
average of pre-rule conditions for refineries nationwide was obtained from the
reference cited as Radian, 1980. The Radian, 1980 data were all collected
using a TLV calibrated with hexane at 0 cm from the source. The post-rule
data were collected wusing a variety of different detection instruments,
calibration gases, and screening distances. The most common of the combina-
tions used to collect post-rule data was an OVA calibrated with methane at
1 cm from the source. In order to compare the two data sets, it was assumed
that all of the post-rule data were collected using an OVA calibrated with
methane at 1 cm from the source. The pre-rule data were then converted to
this same basis using information from the source cited as Radian, 1980.

Table 2-2 presents a comparison of the pre-rule and post-rule data.

2.1.3 Screening Values

Screening value data are the actual nonmethane hydrocarbon (NMHC)
concentrations measured during the implementation of I/M programs. They are
not actual measurements of emission rates but can be related to emission
rates. Screening value data that were usable for this study were submitted by

the following refineries:

. Coastal Petroleum, Bakersfield
° Edgington 0il, Wilmington

° Exxon, Benicia

. Shell 0il, Carson

® Texaco, Bakersfield

® Tosco, Martinez



TABLE 2-2. COMPARISON OF PERCENT OF COMPONENTS LEAKING FOR PRE-RULE
AND POST-RULE CONDITIONS

Percent of Components Leaking
OVA (1 cm) Methane

Component Type Pre—Rule ' Post-Rule
Valves

Gas Service 8.0 1.58

Liquid Service 8.0 1.05
Flanges 0.0 0.13
Pumps 15.0 4,60
Compressors 29.0 ' 8.65
PRVs

Gas Service 4,52 0.71

Liquid Service 4,52 0.00

8 A breakdown of the percent leaking for gas and liquid service was not
available.

NOTES:

The post-rule percent of components leaking (i.e., with screening values
greater than 10,000 ppm) represents the maximum number of leaking compo-
nents at the end of the inspection eycle. If you assume that almost all
of these components are repaired promptly and leak occurs/recurs linearly
over time, then the average percent of components leaking is slightly
more than one—half of the percentage shown.

The fraction of components leaking in the pre-rule case have been adjust—
ed to be on the basis of an OVA calibrated with methane at 1 cm from the
source. Post-rule data were collected using a variety of different de-
tection instruments, calibration gases, and screening distances. The
most common of the combinations used to collect post-rule data was an OVA
calibrated with methane at 1 em from the source.
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As was the case for the fraction of components leaking, the screen—
ing value distributions were variable between refineries. This variability

may be the result of the following possible factors:

° Real differences in the leak rates for components in different
refineries. These differences could result from: 1) differ-
ences in district rules, 2) differences in enforcement prac-
tices between districts, or 3) differences in the practices
followed by different operators in order to comply with the

rules.

° Differences in the hydrocarbon detection instrument, calibra-

tion gas, and screening distance.
. Differences in the methods used to conduct component screening.

Because limited data were available and it was not clear that the
variability in screening values represented real differences in leak rates,
average emission rates (emission factors) were not developed for individual
refineries. Instead, one set of average emission rates was developed for the
South Coast Air Quality Management District (SCAQMD) and the Bay Area Air
Quality Management District (BAAQMD), and one set was developed for the Kern
County Air Pollution Control District (KCAPCD) and miscellaneous air pollution

control districts.

2.1.4 Emission Estimates

In this study, average emission rates were estimated from screening
values, Significant difficulties were encountered in the development of
average emission rates from the screening value distributions for nonexempt
valves and flanges obtained from the refineries. The difficulties arose in
converting screening values between different detection instruments and

correlating screening values to emission rates. As a result, two complete
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sets of nonexempt emission estimates were developed using two different sets
of average emission rates for valves and flanges. These two emission esti-
nates differ by approximately an order of magnitude. Neither of these sets of

emission estimates can be stated with certainty to be accurate.

Table 2-3 presents a summary of controlled (i.e., post-rule) emis-
sions from nonexempt and exempt components by district for the entire state.
Tables 2-4, 2-5, 2-6, and 2-7 present this same information by refinery for
SCAQMD, BAAQMD, KCAPCD, and other districts, respectively. Emissions from
threaded connections were assumed to be negligible and were not included in

this study.

2.1.4.1 Nonexempt Component Emission Estimates

As stated in the previous section, two different sets of post-rule
nonexempt component emission estimates were developed. Both sets of average

emission rates were developed through the following process of conversion and

correlation.

. Screening values provided by refineries were obtained using a
variety of different detection instruments, calibration gases,
and distances from the source. These screening values were
converted to a common basis (i.e., TLV®, calibrated with
hexane, at the source).

] These TLV® screening values were then correlated to emission

rates.
The two sets of average emission rates, referred to as Method 1 and

Method 2, differ in the way that these conversions and correlations were made.

This difference is described below.
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For Method 1, the conversions and correlations were made taking
intoc account the uncertainty in these relationships. There-
fore, a given value could be converted or correlated to a

variety of possible values within the range of uncertainty for

that conversion or correlation.

For Method 2, the conversions and correlations were made on the

basis of the mean values of these relationships.

There is one significant shortcoming for each of these methods.

For Method 1, the resulting average emission rates are higher
than appears reasonable when compared to actual data from the
measurement of leak rates. For example, for leaking gas
service values, the Method 1 average emission rate for BAAQMD/
SCAQMD is 6.6 1b/hr—-source. However, in the report cited as
Radian, 1980, the highest measured leak rate for a gas service
valve was 2.5 1b/hr. This was the highest measured value from

over 100 data points on leaking gas service valves.

The shortcoming of Method 2 is that it does not account for the
uncertainty that exists in converting screening values for
different detection instrument, calibration gas, and screening
distance combinations or the uncertainty that exists in corre-
lating screening values to emission rates. For example, when a
mean screening value is obtained through the conversion pro-—
cess, the actual screening value that would have been measured
with a TLV, calibrated with hexzane, at the source might be
significantly higher or lower. Because the screening values
are approximately lognormally distributed, the exclusion of

these uncertainties results in lower average emission rates.
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2.1.4.2 Exempt Component Emission Estimates

One set of exempt component emission factors was developed for use
in estimating exempt component emissions. These emission factors were devel-
oped using uncontrolled AP-42 emission factors (EPA, 1985) in conjunction with
engineering judgement. The basis for these exempt component emission factors
is described in Section 4.4.2. The use of these emission factors may lead to
the overestimation or underestimation of emissions for different exemption
types. Table 2-8 presents exempt component emissions as a percent of total
emissions. Although there are only one set of exempt component emission
estimates, the percent of total emissions varies depending on whether nonex-

empt component emissions were estimated using Method 1 or Method 2.

In either case, emissions from inaccessible components are signifi-
cant, over 30 percent of the total emissions. Low RVP component emissions are
also significant, over 10 percent of total emissions. Emissions from low PROC
components and high temperature components appear to be less significant, with

less than 5 percent of total emissions in both cases.
2.1.4.3 Pre-Rule Emission Estimates

Pre-rule emission estimates are presented in Table 2-9. The emis-
sion estimates are presented on a statewide basis for nonexempt components
only. Pre-rule emission estimates for nonexempt components were developed
using uncontrolled AP-42 emissions factors (EPA, 1985) in conjunction with
component population data provided by refineries in respomse to survey ques-

tionnaires.

Comparison of pre-rule emissions to post-rule emissioms for both
Method 1 and Method 2 indicate a decrease in emissions for nearly all com-
ponent typeé. The total emission reductions due to implementation of fugitive
emission control rules was estimated to be 56 percent for Method 1 and 91

percent for Method 2.
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TABLE 2-8. EXEMPT EMISSIONS AS A PERCENT OF TOTAL
EMISSIONS ON A STATEWIDE BASIS

PERCENT OF PERCENT OF

COMPONENT TOTAL EMISSIONS TOTAL, EMISSIONS

EXEMPTION TYPE METHOD 1 (ton/yr) METHOD 2 (ton/yr)
Nonexempt Components 56.1 20.0
Exempt Components 43.9 ‘ 78.3

Exemption Type

Low PROC 1.8 3.2
Low RVP 10.7 19.1
Inaccessible 31.7 56.5
High Temperature 0.5 1.0
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TABLE 2-9. COMPARISON OF PRE-RULE VS POST-RULE EMISSIONS FOR NONEXEMPT

COMPONENTS ON A STATEWIDE BASIS

Post-Rule Emissions

Estimated Emission

Pre-Rule .
(ton/yr) Emissions Reduction (%)
Method 1 Method 2 (ton/yr) Method 1 Method 2
Nonexempt Components
Valves 17,000 1,700 37,000 54 95
Flanges 3,700 500 1,400 @ 64
Pumps 940 940 5,100 82 82
Compressors 250 250 2,700 91 91
PRVs 1,200 1,200 4,600 74 74
Subtotal Nonexempt
Components 23,000 46,000 52,000 56 91
Exempt Components 18,000 18,000 18,000 0 0
TOTAL All Components 41,000 22,600 70,000 41 68

2 The post—rule emissions for flanges calculated using Method
than the pre-rule emissions for flanges.
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2.2 Differences in Fugitive Emissions and Inspection/Maintenance Pro-

grams Between Districts
2.2.1 Component Populations

Table 2-10 presents the percentage of components that are exempt in

each district by type of exemption. The following observations can be made

from reviewing this information.

) While the percentage of components that are claimed as exempt
varies by district, there are no trends to indicate that
significantly more componments are being claimed as exempt 1im

one district relative to another.

. It was expected that refineries in KCAPCD would have a signifi-
cantly greater percentage of components that are exempt as low
RVP because these refineries primarily. process heavy crudes.

However, this was not the case.

2.2.2 Fraction of Components Leaking

Table 2-11 summarizes the percent of components leaking at time of
inspection for each district. These results were compared to determine
whether, for a given component type, a statistically significant difference
exists for the percent of leaking components between districts. This compari-
son takes into account both the number of data points and the magnitude of the
differences between results. The comparison assumes a binmomial distribution
and is made with 95 percent confidence. For each component type, the only
differences between districts that were determined to be statistically signif-

icant are indicated below.

° Valves-gas service: SCAQMD vs BAAQMD
. Valves—-liquid service: SCAQMD vs KCAPCD vs BAAQMD
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TABLE 2-10, PERCENT OF TOTAL COMPONENT PQPULATIONS THAT ARE EXEMPT BY DISTRICT
VALVES PRVS
DISTRICT GAS LIQUID FLANGES PUMPS  COMPRESSORS GAS LIQuID
SCAQMD
Percent Nonexempt 57.7 58.8 57.0 42.86 68.4 37.4 42,8
Paercent Exempt
Low PROC 20.3 4,3 6.9 15.3 30.3 13.9 0.9
Low RVP g.0 29.9 22,5 41,0 0.0 o.0 24,3
Inaccessible 22.0 6.9 10.0 0.0 0.0 48,4 31.9
High Temperatura 0.0 0.1 3.8 1.1 0.3 0,3 0.0
BAAOMD
Percent Nonaxempt 73.2 53.6 52.0 38.0 77.2 28.0 17.9
Percent Exempt
Low PROC 17 .8 1.4 s,0 10.9 22.8 3s8.0 1.6
Low RVP o.0 40.3 28.4 51.0 0.0 0.0 63.8
Inaccessibla 9.2 a.7 10.3 0.0 0.0 33.9 16.9
High Temperature 0.0 0.0 0.3 0.0 0.0 0.0 0.0
KCAPCD
Parcent Noneaxempt 69.0 48,4 67.5 37.5 57.1 84,8 23.3
Percent Exempt
Low PROC 4,7 3.1 2,2 3.1 42.9 5.1 0.7
Low RVP 0.0 35.9 24,2 54,0 0.0 4,3 65.7
Inaccessible 26,2 12.8 6.0 5.4 0.0 6.0 10,2
High Temperature 0.0 0.1 0.1 0.0 0.0 0.0 0.0
ALl DISTRICTS
Percent Nonexempt 65.1 58.8 56.1 40,7 71.0 38.7 38,2
Percent Exempt
Low PROC 18.1 3.3 7.3 13.0 28,8 18.6 1.0
Low RVP 0.0 33.5 24,2 45,2 0.0 0.0 32,5
Inaccessibls 18.7 6.5 9.9 0.4 0.0 a2.5 28,3
High Temperature 0.0 0.1 2.6 0.6 0.2 0.2 0.0

NOTE: The numbers in these tables were caompiled for refineriss that provided relatively com—
plete sets of component populations for both nonexempt and exempt components. These
refineries are Listed below by district.

SCAQMD — ARCD, Chevron, Edgington, Huntway, MacMillan, Newhall, Shall, and Union.

BAAOMD - Exxon, Shell, Tosco, and Union.

KCAPCD — Coastal, Paramount, Texaco, and Witco Golden Bear,

Misc. Districts — No complete data sets were available.

2-19



*840 1419 }p 886Y3 JO YyoBe u} AJSU}JBd wN8]0438d BUO 8§ BJBYL
1043uo] uopInyiod L1y Ajunog odsiqp sin ueg 4104J3S g 1043U0Q uOLIN]IOd JAY

*01qe] |EAB B1BP ON = QN

q

*101438 1 1043UDY UCEINT]04 J Y A3uno) sJ4njusp pue 1301418 g
Kjunog sBuly 848 8301438 |p SNOBUBYTB0S ||y e

g'o £/0 o0 at/0 an 0/0 0'0 1/0 pinbiq
0'o0 62/0 0'0 24/0 an 0/0 vvee W/l 889
_ 8 AHd
0'0 £/0 0°0 21/0 59'8 EBE/VE 2'sl sv/¢ gdosseJsduo)
000 gbi/0 4o aLe/L 2e°g 092L/L9 g0'§ ge2l /39 sdung
80°0 8229/V LL'D 6625L/LL naz 0/0 LE'D 668/LL sefue g
898’0 2Lre/8 £9°0 L2b5/ve Ge°'0 0£643/L6 vt 1BLLE/EYS pinbiT
82°0 8.1L/8 £8°) \yia/sy 28°0 084647230 61°2 LivtL/0LE g8g
SBAIBA
pUL . NI:N uojjoBdy jusodeyg uo 30844 juegJey uo 130844 jueaJag ugl3oed4 juauoduwo)
GBI HIB 10 08Iy aadvoy aHOVVe JWTVOS

NOILI3dSNI 40 JWIL 1V SNINVIT SLNINOJWOO 40 iIN3JH3d
ONY NOILlOVHd — LOTIHLSIO A8 VIVO WALDV 40 AUVIHNS “Ll-c 378vl

2-2C



" === e ——r

ot

() Flanges: SCAQMD vs KCAPCD
° Pumps: SCAQMD and BAAQMD vs KCAPCD

In all cases where there is a statistically significant difference
between the SCAQMD and another district, the data indicate that the SCAQMD has

the higher percent of leaking components.

Table 2-12 summarizes the fraction and the percent of components
leaking 15 days after inspection for each district. These results were also
compared to determine whether statistically significant differences exist
between districts. Partly because there are fewer data points 15 days after
inspection, there were fewer differences that were determined to be statisti-
cally significant. The differences between districts that were determined to

be statistically significant are indicated below.

) Valves-gas service: BAAQMD vs SCAQMD and KCAPCD
° Valves-liquid service: BAAQMD vs KCAPCD

2.2.3 Differences in District Rules

A detailed comparison of the district rules is presented in Sec-
tion 5. This comparison demonstrates that there are few significant differ-
ences in the refinery fugitive I/M rules between districts. An example of the
difference between district rules are the requirements to calibrate hydrocar-

bon detection instruments with hexane in the SCAQMD and methane in the BAAQMD.

While there are few significant differences between the rules
themselves, there are differences in how the rules are implemented. For
example, the BAAQMD must be more rigorous than the SCAQMD in promoting that
complete usable I/M records be kept. This is seen in the fact that BAAQMD
refineries were able to provide more than five times the actual I/M screening

measurements than SCAQMD refineries.

2-21



CORPORATION

*g70 1498 |p 988Ul JO yoeB U} Adsujljed unejouisd suo s} edeyj

'81g8]1BAB B3Bp ON = (N

q

*30 1438 1] 1043U0J UDEIN110d Jby A3Unog BJUNJUBA pus 301438 |Q

1043UDg UOLIN1I04 <41y Ajunog odsiqo SR uBS 430}J18 L 1043U0g UOLINT10d J LY Ajunog sBuiy Bde 8131498 lp SN08UB]1BOIS I o

aN 0/0 0°0 g€L/0 moz 0/0 0°'0 L/0 pinbi
mc.o 82/0 0°0 cL/0 mcz 0/0 0'0 §/0 s8g
8 AHd
0°o 04/0 0'0 0L/0 B0'S £68/08 g'el ov/s sJ0s8e4dwoy
0'o 06/0 VL0 oviL/L {8°E 082eL/08 2L E65/L sdung
(1} 8085/0 oo vesLL/L nnz 0/0 0°0 BLtL/0 sefue 14
0'0 B8LLL/0 o0 LOSE/D vL 0 doBza/1LE vLo avres/al pinbiq
0°0 Lell/0 0°0 6622/0 YE'D e6viL/09 G0°0 G06e/¢ 889
SBATEA
jusoJ8g uoj3oed4 quesJey uc3jaBd4 U848y uo 40844 jusaJeyg uo 30844 quauod wog
wmuo e ilg "osiy aadvoN anwawvd QHTVIs

NOILD3dSNI H3LdV SAVA Gl ONINV3IT SLININOQWOI 40

AN30H3d ONv NOILOVHL — LDOIHISIO A8 VIVQ TWNLOV 40 AHVWWNS “gl-2 318vl

2-22



o

¥

=110

g ST

i

[i=TE=r Y

(imemE)

=y (S|

!

2.3 Differences in Fugitive Emissions and Inspection/Maintenance Pro-

grams Between Refineries

2.3.1 Component Populations

Table 2-1, presented earlier in this section, shows the variability
that exists in nonexempt component populations by process unit. In many cases
the difference between the nonexempt component populations for the same
process unit between two different refineries is an order of magnitude. In
some cases, this difference is more than two orders of magnitude. As dis-
cussed earlier, this suggests that component populations for a given process

unit are a function of both the type of process unit and the size of the unit.

There is even greater variability in exempt components populations
by process unit. This wvariability is increased because of the flexibility
that exists in interpreting the exemptions. For example, for a given process
unit, one refinery might claim a large percentage of the components exempt due
to low RVP, whereas another refinery in the same district might not claim any
components exempt due to low RVP. There are numerous examples of this type of

situation that can be identified by reviewing the database.

2.3.2 Fraction of Components Leaking

Table 2-13 presents the percent of components leaking at the time of
inspection by component type for all refineries that submitted actual I/M

data.

The differences that exists in the percent of components leaking is
surprisingly large. The most significant example of these differences is the
percent of gas service valves leaking for Shell 0Oil, Carson versus Chevron,
El Segundo. Both refineries submitted over 5,000 data points for gas service
values. The percent leaking was 0.08 percent for Shell and 3.91 percent for

Chevron. This difference is statistically significant. It is not completely
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clear what could cause such significant differences in the percent of compo-

nents leaking. However, differences in the I/M approach used may play a role

here.
2.3.3 Difference in Inspection/Maintenance Approach

The three primary approaches to I/M program implementation are as
follows:

' The program is conducted by each individual process unit
cperator.
. The program is conducted by a group of refinery persomnnel who

perform the I/M activities for the entire refinery.

3 The program is conducted by an outside comtractor.

The =2st significant difference in these approaches is applicable to
the use of process unit operators to conduct the I/M program. There are two
views regardizz use of process unit operators to conduct I/M programs. The
fact that the pracess unit operator is involved in the I/M program may signif-
icantly improve t-zir desire and ability to recognize leaks. However, the
fact that a variety -f process unit operators are conducting the component
screening may result in -he use of inconsistent procedures and a decrease in
quality assurance/quality control. These inconsistencies may carry over to

the recordkeeping associated w:izh the I/M program.
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3.0 RECOMMERDATIONS

There are a number of recommendations that are prompted by the
results and conclusions of this study. These recommendations are presented in
this section along with the primary result or conclusion that prompted the
recommendation. The intent of these recommendations is to suggest actionms
that would improve comsistency in the implementation of fugitive I/M programs
and lead to a better understanding of the magnitude of refinery fugitive
emissions. It is recognized that some of these recommendations would have a

significant effect on industry and agency resources.

3.1 Possible Improvement to Inspection/Maintenance Procedures and

Methods

This study found that inspection/maintenance procedures and methods
are .being applied inconsistently. As a result, the levels of emission control
that are being achieved in the various districts and refineries are both
variable and difficult to quantify. The following recommendations address

this and other related issues.

. Emissions from inaccessible components were estimated to be
greater than 30 percent of total emissions. The number of
inaccessible components claimed as exempt varied significantly
between refineries. It is recommended that distinct criteria
be developed to define an inaccessible component. Considera-
tion could also be given to requiring refineries to submit a

detailed plan justifying exemption claims.

® The use of different combinations of detection instruments,
calibration gas, and screening distance results in inconsistent
levels of emission control. It also leads to significant

difficulty in evaluating the relative effectiveness of a given



I/M program. It is recommended that a standard detection

instrument, calibration gas, and screening distance be adopted

statewide.
. The content and format of I/M records that are currently
maintained are extremely inconsistent. Recordkeeping require-

ments are an important tool im assuring and monitoring compli-
ance with rules. It is recommended that I/M records be submit-
ted annually to the districts im a standard statewide format.
These records should, at a minimum, include: the process unit,
component/stream type, component ID number, inspection date,
and screening value for all components inspected. For leaking
components, these records should include: the repair date,
repair method, reinspection date, and reinspection screening

values.

3.2 Additional Studies and Analvyses for Consideration

Several of the important results of this study lead to recommenda-—
tions for further studies and analyses. These results and the related studies

or analyses are described below.

) Statistically significant differences exist in the fraction of
components leaking between refineries and districts. It would
be valuable to further investigate these differences. Are they
real differences in leak rates or a result of inconsistent
measurement techniques? How much of the variability in the
fraction of components leaking can be attributed to different

I1/M approaches?

° Emissions from exempt components were shown to be a significant

percentage of total emissioms. It is recommended that a review
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of the exemptions claimed by refineries be conducted to evalu-
ate their appropriateness. It would also be wvaluable to
conduct a field study of exempt components with particular
emphasis on inaccessible and low RVP components. This field
study should define leak frequencies, degrees of inaccessibili-

ty, and ranges of RVPs.

The average emission rates developed in this study are uncer-
tain because the only correlations that exist between screening
values and leak rates are for a TLV, calibrated with hexane, at
the source. In order to develop average emission rates with
greater certainty, it will be necessary to conduct a field
study to measure screening values and leak rates for different
(or a future standard) instruments, calibration gases, and

screening distances.

The database that was developed in this study will be very
useful and wvaluable in performing detailed evaluations of
fugitive emissions. One possibility for improving the database
would be to require each refinery to perform a complete compo-
nent inventory for its refinery. This information could then
be used for many years and would only need to be updated as

refinery modifications occurred.
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4.0 EMISSION ESTIMATION METHODOLOGY
4.1 Data Requirements

There are several key types of data necessary to achieve the objec-—

tives of this study. These data requirements are as follows:

° Component Populations
- Nonexempt components

- Exempt components

) Inspection/Maintenance Data
- Fraction of components leaking at the time of inspection
- Fraction of components leaking 15 days following inspec-—
tion

- Screening values

Component populations are the number of the various types of fugi-
tive emission sources (i.e., valves, flanges, pumps, compressors, and pressure
relief valves) found in each refinery process unit. In order to be readily
usable for the purposes of this study, valve and pressure relief valve
component populations required'a distinction as to the type of stream (i.e.,

gas or liquid service) each component services.

It was also necessary for the component populations to be grouped
into nonexempt and exempt categories. Nonexempt components are those that are
sub ject to fugitive emission control rules. Exempt components are those not
subject to the rules for various reasoms. Some of the reasons that components
are considered exempt include components that handle low Reid Vapor Pressure
(RVP) or low PROC content streams, high temperature compoments, and inacces-

sible components.



Inspection/maintenance (I/M) data are the data collected by refinery
personnel during the regularly scheduled inspections for fugitive emission
leak detection and repair programs. The three types of I/M data that can be
collected are the fraction of compoments leaking at the time of inspection,
the fraction of compoments leaking 15 days following inspection, and screening

values.

A leaking compoment is a component with a screening value exceeding
the threshold that is defined as a leak (normally 10,000 ppm). The fraction
of components leaking at the time of inspection refers to leaking components
detected when the normally scheduled inspection occurs. The fraction leaking
15 days after inspection refers to components that are still leaking following

the allowable repair period.

Screening value data are the actual nonmethane hydrocarbon (NMHC)
concentrations obtained by the detection instrument during regularly scheduled
inspections. Screening values are presented as the comcentration in parts per

million by volume (ppmv) of NMHC.

4.2 Data Collection

To the maximum extent possible, the emission estimates and all
analyses performed for this study are based on recently collected inspection/
maintenance data for refineries in the same district. These data include
component populations, fraction of components leaking at the time of inspec-
tion, fraction of components leaking 15 days following inspection, and’screen-

ing values.

4,2.1 Quegtionnaires

4.2.1.1 September 10, 1985 Questionnailre

The first step in collecting data was to send out a questionnaire

requesting component population data and inspection/maintenance (I/M) data.
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Also requested was information regarding the current inspection/maintenance
program including: frequency of inspection, detection instrument used; type
of calibration; distance from source at which measurements are taken; and
process unit turnaround frequency. The September 10, 1985. questionnaire
presented in Appendix A was developed and sent to all California petroleum
refineries. Numerous telephone contacts were required to clarify information
contained in the questionnaire. As the data that were obtained from this
first questionnaire were reviewed, it became clear that the majority of data
collected did not comntain certain important information. The important
information that was omitted included component identification numbers, speci-
fication of the process unit that a component is part of, specific component
type (e.g., valve, flange, pump, etc), and the stream service type for each

component (i.e., gas or liquid service).

4.2.1.2 March 26, 1986 Questiomnaire

In response to the need for additional information, a second ques-
tionnaire was developed and sent to selected refineries. This questionnaire,
dated March 26, 1986, is presented in Appendix B. This questionnaire was
tailored for refinery specific requests using optional bulletized paragraphs
in a cover letter and optional component population tables. Again, a signifi-
cant amount of telephone contacts were required to follow-up the question-

naire.
4,2.1.3 Summa of Data Received in Response to estionnaires

A summary of the final status of data acquisition is presented in
Table 4-1. This table presents the key types of data, by component type,
provided by each refinery. The information presented is limited to data
considered to be usable for the purpose of fulfilling the objectives of the
study. One of the primary reasons data Qould be considered not usable, thus
not included in this summary, is the absence of component stream service type

distinctions (i.e., gas or liquid service).
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Review of Table 4-1 indicates the relatively minimal coverage for
certain data types. Significant data gaps existing after data acquisition

efforts included:

. Exempt component data for all districts.
° Screening value data for all districts.
® Component populations and fraction of components leaking both

at the time of inspection and 15 days following inspection for

nonexempt valves for integrated refineries in the SCAQMD.

. Fraction of components leaking both at the time of ingpection
and 15 days following inspection for nonexempt pressure relief

valves for refineries in the BAAQMD.

Table 4-2 presents the year of data provided by each refinmery for
data that were included in the fugitive emission database. The information is
presented for each type of data (e.g., fraction of components leaking at the
time of inspection, screening values, etc.). This table also indicates where

extrapolations of data were used when actual data were not available.

In addition, Table 4-2 indicates the primary source of data on which
component populations were based.. The potential sources include Table 1,
Table A, 0il and gas Journal Information, and Extrapolations. Table 1 was
provided by refineries in response to the September 10, 1986 questionnaire.
Table A was provided by refineries in response to the March 26, 1986 question-

naire.

The 0il and Gas Journal amnual refinery report (0GJ, 1986) provides
information regarding the types of process units found at each refinery in the
nation. This information was used to determine the process units found at
refineries that did not provide questionnaire respomses. Component popula-
tions were then developed for each process unit following the extrapolation

procedures outlined in Section 4.3.3.
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One of the objectives of the data collection efforts was to obtain
information to determine the effect on emissions of allowihg repairs to be
delayed until the next process unit turnaround. Sufficient information was
not obtained on the frequency and scheduling of process unit turnarounds to
perform this evaluation. However, the emission calculation methodology did

account for repairs that had not been performed within 15 days of inspection.

4,2.1.4 Improvement of Data Collected in Response to Questionnaires

Numerous data sets received in response to the questionnaires were
considered to be unusable for the purpose of this study. The primary reasons
data were considered to be unusable included the lack of segregation by
process units, the apparent incompleteness of certain data sets, and the
absence of stream service type distinctions. Due to significant gaps in data
coverage for specific types of data requirements (i.e., fraction of components
leaking and screening values) several data sets were improved. These data
sets and the type of improvement performed are discussed in the following

paragraphs.

As discussed in Section 4.2.1.3, significant data gaps existed in
nonexempt valve component populations, fraction of components leaking both at
the time of inspection and 15 days following inspection, and screening values.
In response to the questionnaires, several complex refineries provided large
data sets for nonexempt valves that were considered unusable due to the
absence of stream service type distinctions. These data sets were improved by
determining stream service for each nonexempt valve by reviewing process and
instrumentation diagrams (P&IDs) and descriptions of valve locations. Listed
below are the three data sets which were improved, including for each a

description of the type of data resulting from improvement:

() Chevron, El Segundo - Fraction of components leaking both at

the time of inspection and 15 days following inspectionm.



. Shell 0il, Carson - Compoment populations, fraction of compo-

nents leaking at the time inspection, and screening values.

) Shell 0il, Martinez - Fractiom of components leaking at the

time of inspection.

4.2.2 Data Collection Through Field Sampling

As part of the work to improve the database, a small field sampling/
data collection effort was conducted. This effort drew upon a small portiom
of the overall project budget. Field sampling/data collection was performed
at two process units at the Chevron, El Segundo refinmery. Data on compomnent
populations, fraction of components leaking, and screening values were col-
lected. Component populations were the only field collected data used in this
study. These component populations were entered into the database for the
applicable process units. The data on fraction of components leaking and
screening values are not included in this report but have been provided to the

ARB.

4.3 Development of the Database
4.3.1 Structure of the Database

The data obtained from the refineries were computerized im a consis-
tent format. Separate databases were created to archive data and estimate
emissions from nonexempt and exempt components. An example of the database
for nonexempt components for one process unit is presented in Table 4-3. An
example of the database output for an entire refinery for nonexempt compoments
for a generic refinery is provided in Appendix D. Table 4-3 and the output in

Appendix D include the following informatiom.

° The component populatioms provided by the refimery in Table 1

or Table A of Radian's questionnaires.
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Table 4-3,

Emissions from Nonexempt Components

RefinaryiMacmillan Ring Fres Oil Signal Hitl
Laak Fraquencies for
Nonexempt Components

Date of Inspection:1985 Annual

Process Unit:

Example of Data Base Used to Calculate

Blowdown/Flare/Vapor Racovery

Comp.
Type

Valvas

Flanges
Thread Conn.
Pumps
Compressors

PRVs

Scurce

Table Number Comp. of

A [Inspaction)

8 [15 days)

Number Fraction Number Fraction

Servica 1 or A Insp. Pop. Data Leak Leak Laak Leak
G 31 30 30 C,K,N 1 0.0333 0.0000
L o 0 C 0.0000 0.0000
NS
NS 10 30 a0 C,K,P 1 0.0333 0.0000
NS 4]
L 0] ] 0 C 0.0000 0.0000
G 2 2 AyMN 0.0887 0.0000
G 1] 10 A,0,P 0.0278 0.0000
L 1] 0 A 0.0000 0.0000
Othar 10 0 A 0.0000 0.0000
NS

Note - See text in Section 4.3 for an explanation of each data field.



. The number of components that were inspected by the refinery if

inspection/maintenance data were provided.

. The c¢omponent populations used to estimate emissions. Where
both data from Table 1 or A and data on the number of compo-
nents 1inspected were available, the number of components

inspected were used to estimate emissions.

. The sources of data for component populations and fractiom of

components leaking.

. The number and/or fraction of components leaking at the time of
inspection.

) The number and/or fraction of components leaking 15 days after
inspection.

' Average emission rates (AERs) for leaking and nonleaking

components (two different sets of AERs exist in the database,

as discussed in Section 4.4).

®  Average post-rule emissions.

. Pre-rule emission factors (these are AP-42 emission factors

(EPA, 1985)).

° Pre-rule emissions.

An example process unit table indicating the format of the database
for exempt components is presented in Table 4-4. An example of the database
output for an entire refinery for exempt components 1s presented in Appendix D
for a generic refinery. For both the nonexempt and exempt databases, one

data file was created for each process unit in each refinery in the state.
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Table 4-4.

Procass Unit:
Vacuum Crude
Dlacillacion Ne. 1

Valvas

Flanges

Pumps

Compressors

Example of Data Base Used to Calculate

Emissions from Exempt Components

Rafinary:Datem OLL, Rodes
Leak Frequamaies for

Exampt Components

Entersd by: LER 1/2
Chacked dy:

Raason for Componant
Service Exemption Pop.
G Low FROC [}
L Low PROC ]
L Low 2V (1.35-0.1) c
L Low RVP (e<0.1) 8
G Inaccessible L]
L Inaccasaible L]
G High Temp -]
L High Tamp 0
G cre 4
L cru 16
¢ Othar [}
L Other 0
s Low PROC []
NS Low RVP (1.55-0.1) o
NS Low RVP (=<0.1) 239
NS Inaccassible ]
N3 Bigh Temp 0
N3 crU 57
NS Othar o
L Low PFROC 6
L Low RVP (1.35-0.1) a
L Low RVP (=<0.1) 12
L Inaccasatbla -]
L figh Teap 0
L cru -]
L Othar [}
G Low FROC 0
G High Temp 0
G cro 0
G Other [
G Low FROC 0
L Low PROC o
Other Low PROC o
[+ Low RVP (1.55-0.1) o
L Low RVP (1.53-0.1) 0
Other Low RVP (1.55-0.1) 2}
S Low RVP (w<0.1) 0
L Low RVP (=<0.1) 0
Othar Low RVF (=<0.1) a
[ Iasccessible L]
L Inace: ible [+]
Other Insccessibla 0
[+ Veut to VR [+]
L Vent to VR 0
Other Vent to VR 1}
-3 High Tamp ]
L High Temp ]
Other High Temp 0
G cru 1
L cro o
Othar CFU 1
[ Othar 0
L Othar 10
Othar Othar 0

Total for Process Umit

Averages
Eaissica
Sourca of Pagtor 93X Confidence Average 931 Confldenas
Component (lb/hr- Interval Zalssions Interval
Pop. sauxce) (lb/hr~source) (ton/yr) {tomlyr)
G 0.0039 0.003 - Q0.011 Q.00 a - a
-3 0.0024 0.0017 - 0.00%8 9.00 [ Q
A 0.0005 0.0002 - 0.001% .00 Q- o
A 0.0008 0.0002 - 0.0013 0.19 0.07708 - 0.57816
A 0.03¢ 0.03 - a.11 9.00 Q- Q
A 0.024 0.017 - 0.038 a.00 o - Q
G 0.03% 0.0} - c.11 0.00 o - 0
G 0.024 0.017 - 0.038 Q.00 0 - a9
A Q 0 - [ 0.00 Q- 0
A 0 0 - [ 0.00 0 - e
A 0 Q- Q9 0.00 o - 0
A 0 [ ] 0.00 Q- 0
[ 0.000056 0.00002 - 0.00023 0.00 0 - 0
A 0.00038 0.0002 - 0.002% 0.00 Q- 0
A Q.00036 0.0002 - ©@.0023 Q.84 0.22688 - 2.8360%
A 0.00038 0.0002 - 0.002% .00 0 - 9
G 0.00054 0.0002 - ¢.0023 0.00 0 - Q
A Q o - Q 0.00 o - ]
A Q e - [} 0.00 o - ]
G 9.0104 0.008 - 0.021 0.27 0.1314 - 0.35188
A 0.003 0.002 - 0.011 9.00 o - o
A 0.00% 0.002 - 0.011 0.26 0.10512 - 0.57818
A 0.25 0.18 - Q.37 0.00 6 - Q
G 0.23 0.16 - Q.37 0.00 9 - Q
¢ 0 o - o 0.00 a - Q
A o 0 - L4 0.00 Q- Q
¢ 0.038 9.012 - 0.093 0.00 ¢ - [
[~} a 1.4 0.66 - 2.9 0.00 9 - o
A [} 0 - [} 0.00 a- a
A [} [ 4 0.00 0 - ]
] 0.038 2.01 - 0.13 0.00 e - 0
G 0.038 0.01 - 0.13 0.00 o - ]
G 0.036 9.01 - 0.13 0.00 0 - q
A 0.36 0.1 - 1.3 0.00 0 - 1]
A 0.36 0.1 - 1.3 0.00 0 - 0
A 0.36 0.1 - 1.3 0.00 o - 0
A 0.38 Q.1 - 1.3 0.00 0 - Q
A Q.38 Q.1 - 1.3 .90 0 - Q
A 0.8 9.1 - 1.3 0.00 0 - ]
A 0.38 0.1 - 1.3 0.00 Q- o
A 0.38 0.1 - 1.3 0.00 0 - 0
A 0.36 0.1 - 1.3 0.00 0 - 0
A ] Q - 0 .00 Q9 - ]
A a a - 0 0.00 0 - 0
A -] Q- ] .00 Q- 0
G 0.36 0.1 - 1.3 0.00 0 - Q
G 0.38 Q.1 - 1.3 0.00 Q- Q
[+ Q.38 S S 1.3 .00 Q- [}
A 0 Q- 0 0.00 o - [
G ] 0 - ] 0.00 0 - Q
A ] Q - 0 Q.00 0 - 0
A o g - Q 0.00 0 - 0
A 0 0 - [ 6.00 Q- °
A 0 0 - [ 0.00 Q- °
1.3 0.5 - L¥-13
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4.3.2 Summary of Actual Data

Table &4-1 in Sectionm 4.2.1.3 summarizes the extent to which actual
component population and fraction of components leaking data were provided by
the refineries. For component populations, almost every refinmery in the state
provided some information. The five refineries in the state that did not

provide any information in response to our questionnaires are listed below.

° Champlin, Wilmington.

° Paramount Refining, Paramount.
. Texaco, Wilmington.

. Huntway, Benicia.

™ Pacific Refining, Hercules.

For the fraction of components leaking, data were available for a
much smaller set of refineries. Table 2-12 in Section 2.2.2 presents a
summary of the actual data that exists for fraction of components leaking at
the time of inspectiom. For refimeries that are not listed in Table 2-12, all
of the data for fraction of leaking components were developed using the

extrapolation procedures described in the following sectionm.

4.3.3 Extrapolation Procedures

The first step in developing a complete compoment population data
set for each process unit in each refinery was to enter all évailable data
into the database. For nonexempt components, if both compoment population
data submitted by the refineries and data on the number of components in-
spected were available, the number of components inspected was used to esti-

mate emissions.

4-12
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For the data that were provided by the refineries, it was necessary
to characterize the process units in a consistent manner. Each process unit
was categorized as ome of the 30 process units that were used as the basis of
this study. These 30 process units are listed in a variety of tables toward
the end of this section of the report. For refineries that did not provide
any data, it was necessary to determine what process units existed at the
refinery. Information indicating the type and size of primary process units
found at each refinery in the nationl obtained from the 1986 Annual Refining

Report of the Qil and Gas Jourmal (0GJ, 1986) was used to make this

determination. Wherever possible, the refineries were contacted to verify
that correct process units had been selected. In numerous cases secondary
process units, such as blending/shipping/storage, wastewater treatment, and

blowdown/ flave/vapor recovery, were identified during these phome contacts.

After all of the available data were input to the database, there
were numerous data gaps. In order to fill these gaps, average component
populations by process unit by district were developed. These average compo-
nent populations, the basis for extrapolation, are presented in the next
subsection. The gaps were then filled according to the hierarchy of options

listed below.

. First Choice: Where component populations were available

without service type breakdowns, the service type breakdown
(i.e., gas or liquid) was extrapolated from an average for the

same process unit within the same district.

° Second Choice: Component populations were extrapolated from

the same process unit within the same district.

e Third Choice: Component populations were extrapolated from the

same process unit within a different district.



. Fourth Choice: Component populations were extrapolated for the

same process unit from default component populationms presented

in a previous fugitive emission study titled A Model for

Evaluation of Refinery and Synfuels Hydrocarbon VOC Fmission

Data (Radian, 1983).

® Fifth Choice: In limited cases, compoment populations were

extrapolated from a similar process unit within the same
district. A cross-reference of similar process units is

presented in Appendix E.

The logic behind this extrapolaticn hierarchy 1is as follows.
Previous studies of fugitive emissions from refineries have shown component
populations to most closely correlate with the type of process units.
Therefore, all extrapolation options use data for the same process unit. It
was preferred that the data be obtained from the same district for two
reasons. First, different districts have different types of refineries in
terms of the crude oil they process, their age, etc. Second, the types and
interpretation of exemptions vary from district to district which affects the

ratio of components that are exempt vs. nonexempt.

The use of data on the fraction of components leaking only applies
to nonexempt components. In order to fill the gaps for these data, the
average fraction of components 1eaking by process unit for each district was
developed. In addition, the average fraction of components leaking was
developed by process unit category averages by stream types for each district.
The four process unit category averages by stream type and the process units
that were included in these categories are presented in Table 4-5. Finally,
the average fraction of components leaking was developed for all process units
combined for each district. Each of these average fractions of components
leaking provide the basis for extrapolation and are presented in the next
subsection. The gaps were then filled according to the hierarchy of options

listed below.
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TABLE 4-5. DEFINITION OF PROCESS UNIT CATEGORIES BY STREAM TYPE

Broad Range

of Streams

Crude Distillation

Catalytic Cracking
Hydrocracking

Thermal Operations

Fluid Coking

Blowdown/Vapor Recovery/Flares
Wastewater Treating
Storage/Blending/Shipping

Heavy Streams

Vacuum Crude Distillation

Gas 0il Hydrotreating.

Vacuum Resid Hydrodesulfurization
Other Lube 0il Processing

Asphalt Production

Medium Streams

Middle Distillate Hydrotreating

Lubes Processing — Volatile Organic Solvent
Hydrogen Production

Other Product Treating

Other Volatile Petrochemicals

Other Low Volatility Petrochemicals

Naptha Hydrotreating
Catalytic Reforming
Aromatics Extraction
Fractionation
Alkylation
Polymerization
Isomerization
Gasoline Treating
Olefins Production
Boilers (Utilities)
Sulfur Plant

4-15



. First Choice: The fraction of components leaking were extrapo-

lated from the same process unit within the same district.

) Second Choice: The fraction of components leaking were extrap-

olated from the process unit category averages by stream type

within the same district.

o Third Choice: The fraction of components leaking were extrapo-

lated from an average of all process units combimed within the

same district.

The logic behind this extrapolatiomn hierarchy is as follows. The
fraction of components leaking are most directly a functiom of the process
unit they are in which affects the volatility of streams, and pressures,
temperatures, and other environmental factors. Hewever, if the fraction of
components leaking was not available for a given process unit, the next
preference was to use a fraction of components leaking that was derived from
process units that handle streams with similar volatility. Finally, if no
other detailed data were available, the use of an average fraction of compo-
nents leaking for all process umnits combined was used. In all cases, data for
the same district were used. This insured that differences in the fraction of
components leaking between districts (which could occur for a wide variety of

reasons) were not obscured by the extrapolation process.

As actual or extrapolated data were entered into the database, codes
that indicate the source of the data were also entered. These codes are
presented in Table 4-6 for nonexempt components and Table 4-7 for exempt
components. These codes were developed in the order of preference for the

various extrapolation options.
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TABLE 4-6, SOURCE OF COMPONENT POPULATIONS AND FRACTIONS OF
LEAKING COMPONENTS FOR NONEXEMPT COMPONENTS

Component population from Table 1 of the 10 September 1985
questionnaire.

Component population from Table A of the 26 March 1986 questionnaire.
Component population from the actual number of components inspected.

Component population from Table 1 of the 10 September 1985
questionnaire multiplied by service type breakdown extrapolated from
an average for the same process unit within the same district.

Component population from the actual number of components inspected
multiplied by service type breakdowns extrapolated from an average for
the same process unit within the same district.

Component population extrapolated from an average for the same process
unit within the same district.

Component population extrapolated from an average for the same process
unit within SCAQMD.

Component population extrapolated from an average for the same process
unit within BAAQMD.

Component population extrapolated from an average for the same process
unit within KCAPCD.

Component population extrapolated from the same process unit from
default values presented in the Radian/EPA 1983 Refinery Model
document (Radian, 1983).

Fraction of components leaking at time of inspection from data
submitted by refinery.

Fraction of components leaking 15 days after inspection from data
submitted by refimery.

Fraction of components leaking at time of inspection from am average
for the same process unit within the same district.

Fraction of components leaking 15 days after inspection from an
average for the same process unit within the same district.

(Continued)
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TABLE 4-6. (Continued)

Fraction of components leaking at time of inspection from process unit
category averages by stream type within the same district.

Fraction of components leaking 15 days after inspection from process
unit category averages by stream type within the same district.

Fraction of components leaking at time of inspection from average of
all process units within the same district.

Fraction of components leaking 15 days after inspection from average
of all process units within the same district.

Fraction of components leaking at time of inspection from am average
for the same process unit within KCAPCD.

Fraction of components leaking 15 days after inspection from an
average for the same process unit within KCAPCD.
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TABLE 4-7. SOURCE OF COMPONENT POPULATIONS FOR EXEMPT COMPONENTS

Component population from Table 1 of the 10 September 1985 question-
naire or Table A of the 26 March 1986 questionnaire.

Component population from Table 1 or Table A multiplied by service
type breakdowns extrapolated from an average for the same process unit
within the same district.

Component population from Table 1 or Table A multiplied by service
type breakdowns extrapolated from an average for the same process
unit within the SCAQMD.

Component population from Table 1 or Table A multiplied by service
type breakdowns extrapolated from an average for the same process
unit within the BAAQMD.

Component population from Table 1 or Table A multiplied by service
type breakdowns extrapolated from an average for the same process
unit within the KCAPCD.

Component population from Table 1 or Table A multiplied by service
type breakdowns extrapolated from default values for the same process
unit in the Radian/EPA 1983 Refinery Model document (Radian, 1983).

Component population extrapolated from an average for the same
process unit within the same district.

Component population extrapolated from an average for the same
process unit within the SCAQMD.

Component population extrapolated from an average for the same
process unit within the BAAQMD. ‘

Component population extrépolated from an average for the same
process unit within the KCAPCD.

Component population extrapolated from default values for the same
Pocess unit in the Radian/EPA 1983 Refinery Model document (Radian,
.1983),

Component population extrapolated from an average for a similar
process unit within the SCAQMD.

Component population extrapolated from an average for a similar
process unit within the BAAQMD.

Component population extrapolated from an average for a similar
process unit within the KCAPCD.
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4.3.4 Bagis for Extrapolation

The basis for extrapolation for component populations 1is presented
in tables in Appendices F and G, for nonexempt and exempt components, respec-
tively. These tables show the average number of components by process unit

for nonexempt and exempt components.

Tables 4-8 through 4-10 present the fraction of components leaking
for the process unit category averages by stream type. In these tables, both
the actual fraction of components leaking (the number of component leaking
over the number of components inspected) and the percent of components leaking
are presented. This allows the reader to determine how many data polnts an
individual result is based on. In gemeral, these results are based on a
significantly greater amount of data than any previous refinery fugitive
emissions study. In summary, the following numbers of actual inspected
sources screened at the time of inspection for all of the compoment types

combined exist in the database.

. SCAQMD - Over 10,000 inspected sources.
° BAAQMD - Over 50,000 inspected sources.
™ KCAPCD - Over 15,000 inspected sources.

Tables 4-11 through 4-13 present the fraction of components leaking
for all process units. These tables do not provide information on the number
of data points that each result is based on. However, these tables do provide
information on the variability of the basis for extrapolation between differ-

ent process units.

4.4 Development/Selection of Average Emission Rates and Emission Factors

In this study, the term "average emission rate" is used to describe
average emission rates that have been developed for leaking compoments (i.e.,
components with screening values greater than 10,000 ppmv) and nonleaking
components. In this study, the term "emission factor™ is used to describe

average emission rates for all components regardless of their screening value.
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Average emission rates (AERS) are used in conjunction with nonexempt
component population data and the fraction of nonexempt components leaking to
estimate emissions from nonexempt components. Emission factors are used in

conjunction with exempt component populations to estimate emissions from

exempt components.

4.4.1 Average Emigssion Rates for Nonexempt Components

Tables H-1 through H-6 of Appendix H present AERs, including 95
percent confidence intervals, by leaking and nonleaking category for nonexempt
valves, flanges, pumps, compressors, and pressure relief valves (PRVs). There
is one table for each of the following six district, detection instrument,

calibration gas, and distance from the source combinations:

° SCAQMD - OVA (methane) at 1 cm

. SCAQMD -~ OVA (hexane) at 1 cm

° BAAQMD - OVA (methane) at 1 cm

° BAAQMD ~ OVA (hexane) at 1 cm

° KCAPCD - OVA (methane) at 1 cm

. KCAPCD - TLV® (methane) at 1 cm

Two different methods were used to develop the AERs for nonexempt
valves and flanges. Therefore, two complete sets of AERs, titled Method 1 and
Method 2, are presented in each table. The differences between the two
methods and the reasons for developing two methods are discussed in detail in

Section 4.4.1.1.
The differences in the two methods result in emission estimates that

differ by over an order of magnitude in some cases. Neither of the emission

estimates can be stated with certainty to be accurate.
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The use of different detection instrument, calibration gas, and
distance from the source combinations by different refineries required the
development of combination-specific AERs. The combinations presented in

Tables H-1 through H-6 represent those most frequently used.

Presented in Table 4-14 are the specific sources of data used to
develop AERs for leaking and nonleaking nonexempt components. In general,
AERs for valves and flanges are based on screening value data provided by
refineries. The AERs for pumps, compressors, and PRVs are based on data
collected in previous fugitive emission studies. Different approaches were
required for developing AERs with each of the two different types of data
(i.e., screening value data collected by refineries and data collected 1n

previous studies). These approaches are discussed in the following sections.

4.4,1.1 Nonexempt Valves and Flanges

AERs for leaking and nonleaking valves and flanges were based on
screening value data provided by six refineries. These six refineries are
indicated in Table 4-14. The data for these six refineries were pooled to
develop one set of AERs for SCAQMD and BAAQMD and one set for KCAPCD and
miscellaneous districts. The procedure for developing the AERs includes the

following general steps:

) Original screening values were converted for instrument,
calibration gas, and distance from the source to TLV® at the

source with hexane.

. Emission rates were predicted from the estimated TLV® screening

values for sources screening greater than zero ppmv.
. Overall average emission rate estimates for each district were

computed from the predicted emission rates and fraction of

sources screening greater than zero ppmv.
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) Average emission rate estimates were predicted for leaking and

nonleaking components.

Using these four general steps, AERs were developed using two
different methods: Method 1 and Method 2. The difference between the two
methods can be found in the first two steps where OVA screening values provid-
ed by refineries are converted to TLV® screening values and the TLV screening

values are then correlated to emission rates.

Initially, the conversion of the OVA screening values was performed
using a predictive equation relating the OVA screening values to a range of
TLV® screening values. The range is based on the uncertainty associated with
converting a reading from one type of detection instrument to another. In
addition, the correlation of screening values to emission rates was performed
using a predictive equation relating TLV® screening values to a range of
emission rates. Again, the range is based on the uncertainty assoclated with
correlating a screening value with an emission rate. Performing these conver-
sions and correlations and incorporating wuncertainty in the predictions
resulted in Method 1 AERs which, following analysis and comparison with

actual measured leak rates, appear to be unreasonably high.

For example, actual field measurement data for bagged sources show
the maximum leak rate for gas service values screening greater than 100,000
ppmv to be 2.5 pounds per hour (EPA, 1979). However, the Method 1
BAAQMD/SCAQMD AER for leaking gas service valves (those screening greater than
10,000 ppmv) measured with an OVA (methane) at 1 cm, is 6.62 pounds per hour.

Comparison with existing emission factors also shows the Method 1
AERs to be unreasonably high. The overall emission factor on which the
BAAQMD /SCAQMD Method 1 AER for leaking gas service valves is based on is 0.063
pounds per hour while the overall uncontrolled emission factor for gas service
valves presented in AP-42 is 0.059 pounds per hour (EPA, 1985). However, the

data on which the AP-42 emission factor is based indicate that the fractiom of
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components leaking is 12.6 percent (Radian, 1980), while the data used to
develop the Method 1 overall emission factor show that the fraction of compo-
nents leaking is less than one percent. The lower fraction of components
leaking associated with the data used to develop Method 1 AERs should yield a

significantly lower overall emission rate.

Because the Method 1 AERs appear to be high based on comparison with
actual measurements, the method for developing AERs was modified slightly to

become Method 2.

As mentioned previously, the difference between Method 1 and Method
2 exists in the first two steps, where OVA screening values are converted to
TLV® screening values. The TLV® screening values are then correlated to emis-
sion rates. In Method 2, the conversion and correlation steps are performed
without introducing uncertainty. That 1is, these steps are performed using
mean values, as opposed to ranges of values. In summary, the key difference

between the two methods is the statistical treatment of uncertainty.

Method 2 resulted in values that are closer to those expected from
actual field measurements. However, Method 2 does not account for the uncer-

tainty that exists in making the necessary conversions and correlations.

The steps used to develop AERs for leaking and nonleaking nonexempt

valves and flanges are discussed below.

Conversion of Original Screening Values

In order to develop AERs without measured emission rates, emission
rates had to be estimated from the screening value data. While screening
value to emission rate correlations do exist for valves and flanges (Radian,
1980), they are based on TLV® (hexane) at the source screening values. Five
of the six refinery screening value data sets used to develop AERs were based

on OVA (methane) screening values screened at one centimeter from the source.
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The sixth refinery, Edgington 0i1l, also used an OVA screening at one centi-
meter from the socurce, but calibrated to hexane. Before correlations between
screening values and emission rates can be made, TLV® screening values must be

estimated from the original screening values.

Correlations to relate screening values obtained with different
instrument/calibration gas/distance from the source combinations have been
developed in previous fugitive emission studies. The correlation nomographs
used to predict a TLV® (hexane) écreening value at the source from an OVA
(methane) screening value at ome centimeter are based om predictive equations
found in the report cited as Radian, 1980. An example of a nomograph used to
correlate screening values is presented as Figure 4-1. The predictive equa-
tion that describes that nomograph is provided within the figure. Using this
equation, predicted Log-TLV® screening values were computed for each component

with a screening value less than 100,000 ppmv and greater than O ppmv.

For Method 1, arithmetic TLV® screening values were then computed
for each source with a screening value less than 100,000 ppmv and greater than
0 ppmv by exponentiating and adjusting for error. The adjustment for error
used a random number from a standard normal distribution in an attempt to
yvield a predicted distribution of screening values which would approximate the
distribution if sources had been screened with a TLV® (calibrated to hexane)
at the source. A standard error estimate of 0.386 was used in the equation.
This estimate was obtained from pooling the standard error estimates for
relating screening values obtained with different instrument/calibration

gas/distance from source combinations (Radian, 1980).

For Method 2, TLV® screening values were computed for each source
with a screening value less than 100,000 ppmv and greater than O ppmv using
the same predictive equation as Method 1, but without the random number and
the standard error of estimate adjustment. As discussed previously, the
ad justment for error was not made and the conversion was made directly to the

average TLV® screening value.
g
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Figure 4-1. Nomograph for Relating TLV and OVA
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For the Edgington Cil screening value data an intermediate step was
taken to estimate an OVA (methane) screening value from the original OVA
(hexane) screening value. The predictive equation relating these two screen-—
ing value is found in the report cited as Radian, 1980. Similarly to estimat-
ing TLV® screening values, a random number from a standard normal distribution
was used to estimate an approximate range of OVA (methane) screening values
for Method 1. Again, for Method 2, the conversion was made to the average OVA

(methane) screening value.

Correlation of Predicted Emission Rates

The TLV® screening values estimated in the previous step were used
to predict emission rates for sources screening greater than zero ppmv. The
correlation between TLV® screening values and emission rates was based on
nomographs presented in the reference cited as Radian, 1980. TUsing the
prediction equations presented with each nomograph, predicted log-emission
rates were computed for each source with an original screening value less than
100,000 ppmv and greater tham O ppmv. An example correlation nomograph for
relating the predicted mean leak rate as a function of the maximum TLV®
(hexane) screening value measured at the source is presented as Figure 4-2.
Emission rates (1b/hr) were then computed for each source by exponentiating
and adjusting for error using the method described in the previous step. The
standard error of the estimate used is presented along with the prediction

equations found in the report cited as Radian, 1980.

Development of District—Specific AERs

A lognormal distribution was used to model the distribution of
components screening greater than O ppmv. This distribution has the property
that when the original data are transformed by taking logarithms, the trams-
formed data will follow a normal distribution. Past experience has shown that
screening values and leak rates approximately follow lognormal distributions.
The screening value data from the six refineries used to gemerate AERs appear

to fall in line with that experience.
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Care must be exercised when transforming between scales because not
all statistics transform correctly. The median is preserved by the logarith-
mic transformation of lognormal data, but the mean is not. The median is the
middle value while the mean is the arithmetic average. The mean and median
have the same value on the logarithmic scale, but the mean is higher in value
than the median on the arithmetic scale. Hence, the reverse transformation
(exponentiation) of the mean logarithm is biased for estimating the mean omn
the arithmetic scale. An adjustment based on the properties of the lognormal
distribution corrects this bias (scale bias correction factor). Lognormal
distribution theory indicates that this procedure is more precise than direct-

ly computing the mean on the arithmetic scale.

As described previously, the development of AERs is a multi-step
process. First, TLV® screening values were predicted from OVA screening
values. Then emission rates were predicted from the estimated TLV® screening
values for all sources with original screening values above zero ppmv using
emission rate/screening value correlations. The mean logarithmic emission
rate was then computed. These results were transformed to the arithmetic

scale, including adjustment for the scale bias correction factor.

Finally, district-specific AERs were computed by assigning sources
with zero screening values an emission rate equal to zero and then computing

the mean leak rate for the screened populatioans.

There was some difficulty in fitting the lognormal distributiom to
the predicted emission rate values. There are a number of cases in which the
original screening value was reported as '"greater than 100,000 ppmv." This

was due to the inability of the screening device to measure beyond 100,000

ppmv.

To overcome the bias caused by the censoring at 100,000 ppmv, only
log emission rates predicted from original screening values less than 100,000
ppmv were used to estimate the parameters of this distribution. Formulas from

".onsored" normal distributionm theory developed by Cohen were then used to
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arrive at unbiased estimates of the entire distribution (Bliss, 1959). The
problem was to compute from the censored sample, estimates of the mean and
standard deviation of the complete parent population. The computing routine

was described by Cohen for a maximum likelihood solution of a censored sample.
Only log emission rates predicted from original screeming values
less than 100,000 ppmv were used to estimate the parameters of the "measured"

part of the censored distribution.

Development of AERs for Leaking and Nonleaking Components

This step entails developing AER estimates for leaking and
nonleaking components. AER estimates for components with screening values
less than 10,000 ppmv (nonleaking components) were developed as outlined in
the previous step, development of district-specific AERs. The number of
sources in the nonleaking category depends om which of the four district,
detection instrument, calibration gas, and distance from the source combina-
tions the AER is being estimated for. As such, AER estimates for nonleaking
components will vary based on the screening instrument, calibration gas, and
distance from the source. Censored distribution theory does not have to be
considered in this case. AER estimates for components screening greater than
or equal to 10,000 ppmv (leaking components) are based on the overall AER

estimate and the AER estimate for nonleaking components:

X2 = (X * N) - (X1 * N1)
N2

where X1 = AER for leaking components,
X2 = AER for nonléaking components,
X = AER for all components,
Nl = number of leaking components,
N2 = number of nonleaking components, and

N = total number of components = Nl + N2
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4.4.1.2 Nonexempt Pumps, Compressors, and Pressure Relief Valves

AERs for leaking and nonleaking pumps, compressors, and pressure
relief valves (PRVs) were based on data collected in previous fugitive emis-
sion studies. As indicated previocusly in Table 4-~14, the specific sources of
data used to develop AERs for pumps and compressors is the report cited as

"Radian, 1982a and the source of data for PRV AERs is the report cited as
Radian, 1980. AERs for pumps, compressors, and PRVs were developed for each

specific data set.

Tables H-7, H-8, and H-9 of Appendix H present summaries of data
obtained from previous fugitive emission studies used to develop AERs for
pumps, compressors, and PRVs. These data are presented for the following
three different detection instrument, calibration gas, and distance from the

source combinations.

. OVA (methane) at lcm
. OVA (hexane) at lcm
. TLV® (methane) at lem

Tables H-7, H-8, and H-9 also contain component population size,
total leakage, and fraction of total leakage due to leaking and nonleaking

components. These values are used to estimate the AER:

X1 (L) (F1)
N1

and

X2 (L) (¥2)

N2
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where X1 = average emission rate per nonleaking component,
1b/hr-source,
X2 = average emission rate per leaking component,

1b/hr-source,

Nl = number of nonleaking components,

N2 = number of leaking components,

Fl = fraction of total leakage due to nonleaking components,
F2 = fraction of total leakage due to leaking components,

L = total leakage, lbs/hr. |

Estimates for the values used in the above equation were based om
emission factors and nomographs presented in the report cited as Radian, 1982
for pumps and compressors and the report cited as Radian, 1980 for PRVs. The
average emission rate estimates and number of sources screened were used to

calculate total leakage:

L = (n)(X)
where n = total number of sources screened (includes leaking,
nonleaking, and O ppmv sources), and
X = average emission rate estimate (1b/hr-source).

Figures in the above-referenced documents present the percentage of
each source type expected to have screening values above any selected values.
Other nomographs presented in the same reports indicate the percentage of
total mass emissions which can be expected from sources with screening values
greater than any given value. These nomographs were used to estimate the
number of sources and fraction of total leakage for leaking and nonleaking
components. . An examble figure presenting screening value distributioms 1is
presented as Figure 4-3. An example nomograph showing the percentage of total

mass emissions is presented as Figure 4-4.

4-39



OMABSOR MO w

E -Uipper Limic of 95X Conlldence lnturval

Predictad Hean Velue

Lover Ll-lt-”"'

Juf 952 Cunlidunce

luterval
Actual
Data
*&1155E3i155“~~,
LS T ¥ L} LA
18 108 080 10008 100088 1 000008

SCREEMING VALUL PPV

Source: Radian, 1980.

Figure 4-3. Percent of Sources with Screening
Values Greater Than Any Selected
Value -~ Pumps - Light Liquid Service,
Predicted Mean Value for First
Inspection.

4-40



[

AR By Py pe 1Y

sy

PP

AEOHBNNIM WO <ETMONMY

SERVICE STREAMSLIGHT LIQLD

1.0
.0
8.8

Extimated Percent ol Total

Honmethane Emisnions

----- 95X Conl ddence tatervala for

Entimated Percent of Fmisstonn
48.0
20. 8
8.0+

| L v
e 108 1000 10000

SCAEENINS VALUE PPIV

Source: Radian, 1980.

Figure 4-4. Cumulative Distribution of Uncontrolled
Nonmethane Emissions by Screening Values
for Pumps - Light Liquid Service.

4b=41



The nomographs for pumps and compressors are based on emission
measurements using an OVA calibrated to methane and screened at a distance of
1 cm from the source. The nomographs for PRVs are based on emission measure-—
ments using a TLV® calibrated to hexane and screened at the source. Before
the nomographs could be used directly, a screening value of 10,000 ppmv (the
break point between leaking and nonleaking compoments) for the detection
instrument, calibration gas, distance from the source combinations mentioned

above were corrected to that used in the nomographs.

Nomographs based on predictive equations, presented in the above-
mentioned references, provide correlations developed to relate screening
values obtained with different detection instrument, calibration gas, distance
from the source combinatioms. These predictive equations were used to comvert
the 10,000 ppmv screening values so that the nomographs could be used direct-
ly, with the appropriate detection instrument, calibration gas, and distance
from the source combination screening value equivalent. The percent of
components greater than a given corrected screening value is read directly
from the nomographs. This percentage is then multiplied by the total number
of components screened (and divided by 100) to estimate the number of compo-
nents leaking. The number of mnonleaking components is then taken as the
difference between the total number of components screened and the number of
leaking components. The percent of total emissions attributable to components
with screening values greater than a given corrected screening value is read
directly from the nomographs. The percentage is divided by 100 to estimate
the fraction of leakage attributable to leaking components. The fraction of
leakage attributable to nonleaking components is simply the fraction remain-

ing.

Nomographs for PRVs were mnot available by service type category
(i.e., gas or liquid service). PRV estimates were, therefore, based on the
assumption that the fraction of leaking components and the percent of total
leakage attributable to leaking components is the same for all service type

categories.
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4.4.2 Emission Factors for Exempt Components

Emission factors for exempt components are based on uncontrolled
emission factors presented in the current version of AP-42 (EPA, 1985). In
some cases, the AP-42 emission factor was modified slightly. The use of these
emission factors may lead to the overestimation or underestimation of
emissions for different exemption types. The emission factor used for each

type of exempt component is discussed below:

° Low PROC -- Low PROC streams are generally defined as contain-
ing less than 20 percent PROC. Therefore, the PROC content of
these streams is expected to range between 0 and 20 percent.
It can be assumed that the amount of material emitted is the
same as for components handling high PROC streams, and the PROC
content of the material emitted is 10 percent. Therefore, an
emission factor that is 10 percent of uncontrolled AP-42
emission factors was used. Because many low PROC streams have
close to 0 percent PROC, these emission factors should result

in some overestimation of emissions.

® Low RVP -- For valves and pumps, emission factors for heavy
liquid streams with RVPs less than 0.l psi are available from
AP-42, Although this low RVP cutoff is different than the 1.55
psi definition of low RVP in the rules, these heavy liquid
emission factors represent the best available and were, there-
fore, used. For flanges and PRVs, heavy liquid emission
factors do not exist so the standard light liquid AP-42 emis-
sion factors were used. Because the emission factor used was
for heavier streams than the streams it was applied to,

emissions should be underestimated to some degree.

° Inaccessible -- Emission factors for inaccessible components

were assumed to simply be wuncontrolled emission factors.
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Therefore, standard AP-42 emission factors were used. These

emission factors should be representative.

High Temperature -- A previous study of fugitive emissions
evaluated the effect of temperature on leak frequencies (Radi-
an, 1980). The results did not demonstrate any clear relation-
ship between leak frequencies and temperature. Therefore, the
emission factors used for high temperature components were
AP—42 standard emission factors. Data on fugitive emissions as
a function of component temperature do not indicate a signifi-
cant relationship between emissions and temperature. There-

fore, these emission factors should be representative.

Vented to Vapor Recovery —— It was assumed that emissions from

components vented to vapor recovery systems were negligible.

Other —— A number of components were exempt for reasoms other
than those listed above. Because of the variability in these
reasons, it was not feasible to develop emission factors or
estimate emissions from these components. One example of this
is emissions from reciprocating and vertical in-line pumps.
The exclusion of these components from the exempt component
emission estimates results in an underestimation of exempt

component emissions.

4.5 Fmission Calculation_Approach

Different emission calculation approaches were developed for nonex-—

empt and exempt components. These emission calculation approaches are de-

scribed below.
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4.5.1 Nonexempt Components

For nonexempt components, the approach to calculating emissions
assumed that leak identificatiom, repair, occurrence, and recurrence resulted
in the sawtooth pattern of emission reduction and growth presented in Figure
4-5. Within this approach, Point 1 is the number of leaking components (by
refinery, process unit, component type, and service >type) at the time of
inspection. Point 2 is the number of leaking components 15 days after inspec-
tion. Point 3 is the number of leaking components at the next inspection
period. In this approach, the number of leaking components a Point 1 is
assumed to be equal to Point 3. There are a number of assumptions included in
this approach and a number of considerations_that this approach does not take

into account. These assumptions and considerations are discussed below.

° The approach assumes that any leak repaired within 15 days was
repaired at the time of inspection. This assumption is accept~

able because:

- most repairs are made within two or three days of inspec-

tion;

- even if they were not repaired until 15 days after inspec-
tion, the effect on annual refinery fugitive emissions is

less than a few percent.

® The approach does not account for leaks repaired more than 15
days after inspection. This assumption should be acceptable
because the effect of components being repaired at a later date
is just a slight variation on the linear leak occurrence and

recurrent assumption.

' The approach does not account for emission reductions achieved

at the time of a process unit turnaround unless the turnaround
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coincides with a regularly-scheduled inspection. The effects

of this assumption are discussed in the paragraph above.

. The approach assumes a long-term steady-state for refinery
fugitive emissions. That is, the number of leaking components
at Point 3 is assumed to be equal to the number at Point 1.
This assumption of a long-term steady-state is supported by
data presented in a previous fugitive emission study (Radian,
1982b). 1In this study, variability in emissions was found over

four years but no trends were identified.

In order to estimate emissions from nonexempt components using the
approach described above, the number of leaking (i.e., componments with screen-
ing values greater than 10,000 ppmv) and nonleaking components were multiplied
by average emission rate (AERs) for leaking and nonleaking components. The

derivation of these AERs is discussed previously in Section 4.4.1.

4.5.2 Exempt Components

The approach to calculating emissions from exempt components in-
volved using data presented previously in Table 4-3. The calculation approach
consists of multiplying exempt component populations (by refinery, process
unit, component type, service type, and type of exemption) by emission factors
that are on a per component basis. The derivation of the exempt component

emission factors is discussed previously in Section 4.4.2.
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5.0 EVALUATION OF DISTRICT RULES

Presented in Table 5-1 is a summary of the key requirements of rules
controlling fugitive emissions from sources such as valves, flanges, pumps,
compressors, and pressure relief valves for the following California air

pollution control and air quality management districts:

° Bay Area Air Quality Management District

° South Coast Air Quality Management District

. Kern County Air Pollution Control District

L] Kings County Air Pollution Control District

° Ventura County Air Pollution Control District

Key requirements summarized in Table 5-1 include inspection frequen-
cy, allowable repair period, reinspection requirements, detection instrument
and calibration method, and the number and type of different exemptions
allowed. A complete set of district rules for refinery fugitive emissions is

presented in Appendix C.
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Radian Corporation is under contract to the Research Divisicn of the
California Air Resources Board (ARB) to assesilfugitive emissions of photo-
chemically reactive organic compounds (PROC) from petroleum refineries.
These fugitive emissions result from leaking components such as valves, pumps,
and connections. Between 1978 and 1982, the ARB approved suggested control
measures (SCMs) for the control of PROC emissions from leaking components in
refineries. Subsequently, air quality management and air pollution control
districts adopted rules partially based on these SCMs. These rules included
requirements for the inspection and maintenance of leaking compoments. This
research project will estimate fugitive emissions from refineries, and will
quantify those factors which contribute significantly to differences in
fugitive emission rates between refineries.

The primary basis of Radian's research contract will be existing fugitive
emission inspection data collected by refineries, contractors to the refin-
eries, and regulatory agencies. This letter is a request for all fugitive
emission inspection data that have been collected by your staff or contractors
at your refinery. All of the inspection data that have been collected at your
refinery are requested. Examples of these data include data collected prior
to iwmplementation of refinery fugitive emission rules, data collected for
components exempt from these rules, and data collected to demonstrate compli-
ance with the rules.

Included with this letter is a questionnaire. This questionnaire should be
filled out by an individual who is knowledgeable in your refinery's inspec-
tion/maintenance program and the data that are generated by the program.

This request for data is a formal one made pursuant to Sections 39607, 39701,
and 41511 of the California Health and Safety Code and Section 91100, Title 17
of the California Administrative Code, which authorize the ARB, or its duly
appointed representative, to require the submission of air pollution related
information from owners and operators of air pollution emission sources.

(1)

PROC is any compound containing at least one atom of carbon except
methane, carbon monoxide, carbon dioxide, carbonic acid, metallic
carbides, or carbonates.



STATE OF CALUFORNIA GEORGE DEUKMEIIAN, Govern.

AIR RESOURCES BOARD
1102 Q STREET

P.O. BOX 2815

SACRAMENTO, CA 95812

In accordance with Title 17, California Adminsitrative Code, Sections 91000 et
seq., and the California Public Records Act (Government Code Sectioms 6250 et
seq.), the informationm which you provide may be released (1) to the public
upon request, except trade secrets which are not emission data or other
information which is exempt from disclosure or the disclosure of which is
prohibited by law, and (2) to the federal Environmental Protection Agency,
which protects trade secrets as provided in Section 114(c¢c) of the Clean Air
Act and amendments thereto (42 U.S.C. 7401 et seq.) and in federal regula-
tions.

If you wish to claim that any of the information you submit is trade secret or
otherwise exempt from disclosure under applicable law, you must identify in
writing the portion of the submittal claimed to be confidential and provide
the name, address, and telephone number of the individual to be consulted if
the ARB receives a request for disclosure or seeks to disclose the data
claimed to be confidential. Emissions data shall not be identified as confi-
dential. Data identified as confidential will not be disclosed unless the ARB
determines in accordance with the above-referenced regulations that the data
do mot in fact qualify for a legal exemption from disclosure. The regulations
establish substantial safeguards before any such disclosure. Please note that
Radian has formally agreed with the ARB to protect the disclosures of trade
gsecrets to the public.

Information on ARB policy may be obtained from the ARB research contract
monitor, Mr. Joseph Pantalone, whose telephone number is 916/323-1535. The
ARB contract number for this research project is A4-153-32. Questions
regarding the legal aspects of this request may be directed to the ARB's
Office of Legal Affairs 916/322-2884.

Please complete and return the questionnaire forms within thirty (30) days to:
Mr. Scott Peoples
Radian Corporation
10395 0ld Placerville Road
Sacramento, CA _95827
All questions concerning the survey should be directed to Mr. Bill Oliver or
to Mr. Scott Peoples with Radian Corporation. They can be reached at
916/362-5332.
Thank you very much for your cooperation and assistance.
Sincerely yours,
John R. Holmes, Ph.D.

Chief, Research Division

Attachment
Page 2
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QUESTIONNAIRE INTRODUCTION

The purpose of this questiomnaire is to obtain information and data on
the fugitive emissions from your refinery. The information that is being
sought includes all fugitive emission inspection data that have been collected
by your staff or contractors at your refinery.

The enclosed questionmaire has two parts. Part I requests general
information about your refinery. This general information includes informa-
tion on the number of components (e.g., valves, pumps, compressors, etc.) that
are covered by local air pollution rules as well as the number of components
that are exempt from the rules for various reasons. These reasons may include
inaccessibility, low vapor pressure of the material being handled, low
hydrocarbon content of the material being handled, etec. These component
counts are very important to the study that is being conducted. Therefore, it
is important that these component counts be provided.

A copy of Part II of the questionnaire should be completed for each
inspection data set that exists for your refinery. Examples of different
inspection data sets that might exist would be a special study conducted prior
to implementation of refinery fugitive emission rules, data collected for
components exempt from these rules, and data collected to demonstrate
compliance with the rules. These data could have been collected by your staff
or by contractors.

In order to provide insight into the type of refinery fugitive emission
inspection data that we are trying to obtain, we will describe what could be
termed an ideal fugitive inspection data base. Hopefully, this description
will provide an understanding of the types of data that would be useful in
evaluating emissions from refinmery fugitives. The following parameters woul
ideally be included in a fugitive emission inspection data base:

) Component identifying number;

0 Process unit that the component is part of; _

o Specific component type (e.g., gate valve, block valve, centrifugal
pump, reciprocating pump, etc.);

0 Specific material handled by each component (e.g., crude oil,
naphtha, gasoline, etc.);

0 Reid or true (specify) vapor pressure (psia) of the material handled
by each component; (1)

0 Photochemically Reactive Organic Compound (PROC) content
(percent) of the material handled by each component;

o} Temperature (°F) of the stream handled by each component;

o Line pressure (psig) of the stream handled by each component;

0 Date that the component was inspected;

(1)

PROC is any compound containing at least one atom of carbon except
methane, carbon monoxide, carbon dioxide, carbonic acid, metallic
carbides, or carbonates.

10395 Old Placerville Rd./Sacramento, California 95827/(316)362-5332
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0 Inspection value (ppm or soap score) for each component (whether
requiring maintenmance or not);

Date of component maintenance (if required);

Inspection value immediately before maintenance;

Type of maintenance performed (e.g., new seal, injectiom, etc. )
Inspection value immediately after maintenance;

Date of followup inspection;

Followup inspection value.

o o O 0 O 0O

The questionnaire should be completed and returned along with your
fugitive inspection data within 30 days after receipt. We expect that your
fugitive inspection data may be in the form of magnetic tape, microfiche,
copies of log books, etc. If you have any questions about this request or the
questionnaire, please contact Bill Oliver or Scott Peoples with Radian. Both
of them can be contacted at 916/362-5332.

Please send the questionnaire and fugitive inspection data to:

Mr. Scott Peoples

Radian Corporation

10395 0ld Placerville Road
Sacramento, CA 95827
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FUGITIVE EMISSION QUESTIONNAIRE
PART I

GENERAL FACILITY INFORMATION

Date

Facility Name agod Address

Individual to be contacted with questions regarding this questionmaire.

Name

Title

Phone No.

Please complete Table ! by providing the most current component counts for
each major process unit in your refinery.

In Table 1, were the connections for in-line valves, pumps, and compressors
counted as connections in the total component counts, or were they considered
part of the valve, pump, or compressor and not counted separately?

For each major process unit, describe the frequency of process turnaround and
the typical time(s) of year a turnaround is scheduled, if applicable.

COMMENTS

On a separate page or below, please include any comments that you would like
to include about the fugitive emissiomns coatrol rule or your I/M program.
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FUGITIVE EMISSIONS QUESTIONNAIRE
PART TI

Please provide to Radian a copy of each fugitive emission inspection data set that
exists for your facility. A separate fugitive emission inspection data set may be
defined by a lapse in the program, a change in the inspection procedures, or a
change in the form of data storage. For example, separate data sets may exist for
special studies conducted prior to implementation of refinery fugitive emission
rules, data collected for components exempt from the rules, and data collected to
demonstrate compliance with the rules. We expect that your inspection data may be
in the form of magnetic tape, microfiche, copies of log books, etc.

A. GENERAL INSPECTICN PROGRAM INFORMATION

1. List the type of detection instrument(s) used: OVA, TLV, AID, soap solution,
other (specify).

2. Indicate the distance from the source that the measurements were made.

3. Describe the frequency and method of instrument calibration (i.e., type of
calibration gas used, singlepoint or multipoint calibration, etc.)

4, Describe the monitoring interval for each component type (i.e., the average
time between inspections).

5. Define the threshold (ppm or soap score) used to determine if a component was
leaking and therefore required maintenance.

6. Describe the approach used for maintenance for each comporent type.

7. Are summary statistics available on the effectiveness of the different
approaches used for maintenance in reducing fugitive emissions? 1If so, please
provide.

8. Are summary statistics available on the time until leak recurrence after
maintenance is performed? If so, please provide.



PART II (continued)

INSPECTION DATA BASE

Describe the form of data storage: magnetic tape, microfiche, log book, other
(specify).

List the time periods for which this data set was collected (e.g., 10/83 -
present). '

Are all refinery components included in the data base or only those compomneats
that have inspection values above the threshold?

Are coumponents that are exempt from the inspection requirements included in
the data base? 1If so, describe these components and the exemptions that are
applicable.

If the data base is stored in a fixed format on magnetic tape, please provide
an example record of the data base that includes the headings for each para-
meter (e.g., componeant type, service, date of imspection, inspection value
prior to repair, etc.). If the data is stored in a computer and camn be
provided im various formats, please call Bill Oliver or Scott Peoples with
Radian to discuss the format that the data should be provided im. Also,
please indicate the following parameters of data storage: density (BPI),
number of tracks, code (EBCDC or ASCII), labeling (labeled or unlabeled),
volume serial number, record type (fixed length or variable length), logical
record length, blocking (unblocked or blogked), blocksize and file number.
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March 11, 1986 ‘ 243-069-03

Radian Corporation is under contract to the Research Divigion of the Califor-
nia Air Resources Board (ARB) to assess fugitive emissions of photochemically
reactive organic compounds (PROC) from petroieum refineries. The primary
basis of Radian's research contract is fugitive emission inspection/mainten-
ance data collected by refineries and/or contractors to the refineries, A
letter sent to California refineries on September 10, 1985 requested such
data. Included with the letter was a questionnsire requesting information and
data on refinery fugitive emissions.

Radian ig currently in the process of conducting a detailed review and
evaluation of all of tha questionnaire responses and fugitive emission
inspection/maintenance data received from refineries through the formal
September 10, 1985 ARB request.

At the time of the formal request it was anticipated that the refinery
fugitive emission inspection/maintenance data sets would contain a number of
parameters. Such parasmeters include component identifying number, process
unit that the component is part of, specific component type (e.g., valve,
flange, pump, etc.), and stream service type of each component (i.e., gas or
liquid service). Following review of the refinery data received, it has been
realized that the majority of the data sets do not provide one or more of
these parameters.

For example, a number of the data sets do not provide service type for
components subject to the rule and components exempt from the rule. Because
the applicable emission factors are service-specific, distinction of service
type for all components is essential in estimating fugitive emissions of PROC
from refineries.

Therefore, with complete ARB concurrence this letter represents a follow-on to
the previous ARB refinery fugitive emission data and information requesat. The
following data parameters are requested for your refinery:

As with the previous ARB formal request for data, the information which you

provide may be released (1) to the public upon request, except trade secrets
which are not emission data or other information which is exempt from disclo-

10395 Old Placerville Rd./Sacramento, California 95827/(916)362-5332
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sure or the disclosure of which is prohibited by law, and (2) to the federal
Environmental Protection Agency, which protects trade secrets as provided in
Section 114 (c¢) of the Clean Air Act and amendments thereto (42 U.S.C. 7401 et
seq.) and in federal regulatioms.

If you wish to claim that any of the additional information you submit is
trade secret or otherwise exempt from disclogure under applicable law, you
must identify in writing the portion of the submittal claimed to be confiden-
tial and provide the name, address, and telephone number of the individual to
be consulted if the ARB receives a request for disclosure or seeks to disclose
the data claimed to be confidential. Emissions data shall not be identified
as confidential in accordance with the above-referenced regulations that the
data do not in fact qualify for a legal exemption from disclosure. The
regulations establish substantial safeguards before any such disgclosure.
Please note that Radian has formally agreed with the ARB to protect the
disclosures of trade secrets to the public.

Information on ARB policy may be obtained from the ARB research contract
monitor, Mr. Joseph Pantalone, whose telephone number is 916/323-1535. The
ARB contract number for this research project is A4-153-32, Questions regard-
ing the legal aspects of this request may be directed to the ARB's Office of
Legal Affairs 916/322-2884.

Please complete and return the additionsl requested data within forty-£five
(45) days to :

Ms. Caroline Thurn

Radian Corporation

10395 014 Placerville Road
Sacramento, CA 95827

All questions concerning the survey should be directed to Ms. Caroline Thurn
or to Mr. Scott Peoples with Radian Corporation. They can be reached at
916/362-5332.

Thank you very much for your cooperation and assistance.

Sincerely yours,

Scott H. Peoples
Department Head
Envirommental Services Department

SHP/let
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Bullet 1

Bullet 2

Bullet 3

Bullet 4
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Bullet Items

Please complete Table A, "Component Populations for Exempt and
Non-Exempt Components with Service Type Distinctions" by
providing service type distinctions for the most current
component counts for each major process unit in your refinery.
Please complete a separate table for each process unit.
Encloged are the completed component population tables you had
previously provided as part of the questionnaire response
(Enclosure 1). These tables can be used as a guide in
completing the Table A provided with this request.

Flease complete Table A, "Component Populations for Exempt
Components with Service Type Distinctions" by providing service
type distinctions for the most current component counts for
each major process unit in your refinery. Please complete a
separate table for each process unit, Bnclosed are the
completed component population tables you had previously
provided as part of the questionnaire response (Enclosure 1).
These tables can be used as a guide in completing the Table A
provided with this request.

Please provide a master list of all valves and pressure relief
valves ingpected with a direct correlation between component
identification numbers and component service type. This
information will allow a determination of the frequency of
leaking components by process unit with sgervice type
distinctions.

Pleage provide a direct correlation between component identifi-
cation numbers and component gervice type for the leaking
components indicated in the 1983, 1984, and 1985 inspection/
maintenance data sets you had previously provided (Enclosure
2). This information will allow a determination of the fre-
quency of leaking components by process unit with service type
distinctions,
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