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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 compouﬁds
(PROC) are emitted from a variety of equipment component types at petroleum
refineries. These component types include valVes,ifianges, pumps, compres-
sors, and pressure relief valves (PRVs). In order to promote attainment of
federal and state ambient air quality standards for ozone (oxidant), these
emissions have been reduced through_the55@gp§;emgnpfpf,inspection/maintenance
(I/M) programs. Suggested control measures :(SCMs) for fhe control of PROC
emissions from refinery wvalves, flang%%wagu@gsgLgogpressors, and PRVs were
approved by the California Air Resources Board (ARB) "in 1978, 1981, and 1982.
Subsequently, air quality managemep;ﬁmag%3 ;&E,_Pgllution control districts
adopted rules or rule elements partially based on.the :5CMs.
oL usnimand : ; : )
The typical air pollution control rule for. refinery fugitive emis-

sions in California has the following elements:

e  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
source.

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

million by volume (ppamv).
° Reinspection of components after repair.
. 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



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 différences 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 tHeée:BEjéétives, an approach for estimating fugi-
tive emissions waéAaébeloped. 'Thfé!approach calculates fugitive emissions on
the basis of fourfﬁariableézzI)w%helﬂhﬁber of components (component popula-
tions); 2) the fraction of éomp%ﬁéhfsvwith screening values above 10,000 ppmv
(fraction of compdnenfs leakfﬁgfg §j4the distfibution 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 extrapclation approach was developed and implemented to fill

all gaps in the database.

. Average emission rates for leaking and nonleaking components

were developed.
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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 1mprove the database, a small field sam-
pling/data collection effort was conducted This effort drew upon a small
portion of the overall project budgeth and d1d not result in a significant
amount of data being added to the database._ Therefore, the study was almost
solely based on data collected by reflneries durlng 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® gsoftware and can be used on any
personal computer compatible 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 most
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



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 compoments 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
important 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 Cemponent Populations

This study obtained the most comprehensive and detailed set of
component populations ever developed for California refineries. Frobably 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
) Flanges: 43,9 percent
* Pumps : 59.3 percent
. Compressors: 29.0 percent
° PRVg ~ 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 refineriesg in
one example district, the South Coast;-Air Quality Maragement 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.

2-3
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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 conditions. 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 using a variety of ~different detection instruments,
calibration gases, and screening distances.' The most common of the combina-
tions used to collect post-rule daté:was an OVA calibrated with methane at
1l ¢m from the source. In order to compafégtﬁe 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 prerrule 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 011, Carson
® Texaco, Bakersfield

° Tosco, Martinez

2-5
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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

3 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 cycle.

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 QVA calibrated with methane at 1 cm from
source. Post-rule data were collected using a variety of different

tection instruments,

calibration gases,

and screening distances.

most common of the combinations used to collect post-rule data was an
calibrated with methane at 1 cm from the source.

2-6
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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 pessible factors:

. Real differences in the leak rates for components in different
refineries. These d%fferences 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

2-7



sets of nonexempt emission estimates were developed using two different sets
of average emission rates for valves and flanges. These two emission esti-
mates differ by approxzimately 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 assumad 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 tc 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
into account the uncertainty in these relationships. There-
fore, a given wvalue could be converted or correlated tc 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 hexane, 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 emissioﬁéwQaries 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 compouent 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

v

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 response to survey ques-—

tionnaires.

Comparison of pre-rule emissions to post-rule emissions for both
Method 1 and Method 2 indicate a decrease in emissions for nearly all com-
ponent types. 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/yrx)
Nonexempt Components 56.1 20.0
Exempt Components ‘ 43.9 78.3

Exemption Type

Low FPROCC 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

8 The post-rule emissions for flanges calculated using Method
than the pre-rule emissions for flanges.

2-17
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2,2 Differences in Fugitive Emissions and Imspection/Maintenance Pro-

grams Between Districts

2.2.1 Component Populations

Table 2-10 presents the percentage of components that are exempt 1in
each distriet 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 mno trends to indicate that
significantly more components are being claimed as exempt in

one district relative to another.

. It was expected that refineries in KCAPCD would have a signifi-
cantly greater percentage of compoments that are exempt as low
RVP because these refimeries 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 compoment type, a statistically significant difference
exists for the percent of leaking éomponents 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 bimomial 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

2-18
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TABLE 2-10. PERCENT OF TOTAL COMPONENT POPULATIONS THAT ARE EXEMPT BY DISTRICT
VALVES PRVS
DISTRICT GAS LIQUID FLANGES PUMPS COMPRESSORS GAS LIQUID
SCAQMD
Percent Nonexempt 57.7 58.8 57.0 42,6 69.4 37.4 42.8
Percent Exempt
Low PROC 20.3 4,3 6.9 15.3 30.3 13.9 0.9
Low RVP 0.0 29,9 22,5 41.0 0.0 0.0 24.3
Inaccessibls 22,0 6.9 10.0 0.0 0.0 a8.4 31.9
High Temperature 0.0 0.1 3.8 1.1 0.3 0.3 0.0
BAAQMD -
Parcent Nonexempt 73.2 53.8 52,0, .. 38,0 77.2 28.0 17.9
Percent Exempt ‘
Low PROC 17.8 1.4 9.,0: 0.8 22.8 38,0 9.8
Low RVP 0.0 40,3 28.4 51.0 0.0 0,0 63.8
Inaccassible 9.2 4.7 10.3 0.0 0.0 33.9 18.9
High Temperature o.0 0.0 0.3 g.0 0.0 0.0 o.0
KCAPCD
Percent Nonexempt 69,0 48.4 67.5 37.5 57.1 84.8 23.3
Parcent 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 6.0 4,3 85.7
Inaccessible 26.2 12.6 6.0 5.4 0.0 5.0 10,2
High Temperature 0.0 0.1 g.1 0.0 0.0 0.0 0,0
ALl DISTRICTS
Percent Nonexampt 65,1 56.8 58,1 40.7 71.0 38.7 ag,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 4.2 0.0 0.0 32.5
Inaccessible 18.7 6.5 9.9 0.4 0.0 42,5 28.3
High Temperatura 0.0 0.1 2.8 0.6 g.2 0.2 0.0

NOTE: The numbsrs in thesa tables were campiled for refineries that provided relatively com
plets sets of componsnt populations for both nonexempt and exempt camponents., These
refinaries are Listed below by district.

SCAOMD - ARCD, Chavron, Edgington, Huntway, MacMillan, Newhall, Shell, and Union.

BAAOMD - Exxon, Shell, Tosco, and Union.

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

Misc. Districts — No complete data sets were available,
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. Flanges: SCAQMD vs KCAPCD
M 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 fractiom 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 poimnts 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.
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2.3 Differences in Fugitive Fmissions and Inspection/Maintenmance 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 anvorder 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 amd the size of the unit.

There is even greater variability in exempt components populatioas
by process unit. This variability is increased because of the fleiibility
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 eﬁists in the percent of components leaking 1is
surprisingly large. The most significant example of these differences is the
percent of gas service valves leaking for Shell 0il, 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
operator.
® The program 1is conducted by a group of refinery personmel who

perform the I/M activities for the entire refinery.

° The program is conducted by an outside contractor.

The most significant difference in these approaches is applicable to
the use of process unit operators to conduct the I/M program. There are two
views regarding use of process unit operators to conduct I/M programs. The
fact that the process unit operator is involved in the I/M program may signif-
icantly improve their desire amd ability to recognize leaks. However, the
fact that a variety of process unit operators are conducting the component
screening may result in the use of inconmsistent procedures and a decrease in
quality assurance/quality control. These incomsistencies may carry over to

the recordkeeping associated with the I/M program.
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3.0 RECOMMENDATIORS

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 1is to suggest actions
that would improve consistency 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 Posgible Improvem 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 distimct 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 effectivemess of a given
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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 ilmpertant tool in assuring and mounitoring compli-
ance with rules. It is recommended that I/M records be submit-
ted annually to the districts in 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 Amalvses 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 differemces exist in the fraction of
components leaking between refineries and districts. It would
be valuable to further investigate these differemces. 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

I/M approaches?

Emissions from exempt components were shown to be a significant

percentage of total emissions. 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 valuable 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 valuable 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 informatiom could then
be used for many years and would only need to be updated as

refinery modifications occurred.
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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 this 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 hydrocarbon 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 rulés, and
(5) a detailed e§a1uation 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 screening 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 émissions 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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