


CALIFORNIA 
IMPLEMENTATION GUIDELINES FOR

ESTIMATING MASS EMISSIONS OF
FUGITIVE HYDROCARBON LEAKS 

AT PETROLEUM FACILITIES

Prepared by:

The California Air Pollution Control Officers Association
Engineering Managers Committee

and
The California Air Resources Board Staff

February 1999



ACKNOWLEDGMENTS

The following agencies participated in the development of these guidelines.

Bay Area Air Quality Management District
California Air Resources Board
San Joaquin Valley Unified Air Pollution Control District
San Luis Obispo Air Pollution Control District
Santa Barbara County Air Pollution Control District
South Coast Air Quality Management District
Ventura County Air Pollution Control District



AIR RESOURCES BOARD REVIEW

The staff of the California Air Resources Board has reviewed and approved the guidelines.  Staff
approval of the guidelines does not necessarily reflect approval of the guidelines by the Board.

  





1

CALIFORNIA IMPLEMENTATION GUIDELINES FOR
ESTIMATING MASS EMISSIONS OF

FUGITIVE HYDROCARBON LEAKS AT PETROLEUM FACILITIES

I. PURPOSE:

The purpose of the guidelines is to facilitate the estimation of fugitive emissions from
equipment components in the petroleum industry in the State of California.  These guidelines contain
some recommendations that all districts in California will apply consistently and some
recommendations that each district may elect to use at its discretion. 

II. BACKGROUND:

Beginning in 1993, the results of several studies conducted to improve the methodologies
used for estimating fugitive hydrocarbon mass emissions from equipment components in the
petroleum industry were published.  The Western States Petroleum Association (WSPA) and the
American Petroleum Institute (API) jointly commissioned the 1993 refinery equipment leak report to
evaluate fugitive emissions collected from five petroleum refineries (the 1993 Refineries Study).  API
also commissioned the 1993 marketing terminal equipment leak report which included screening of
four marketing terminals and the collection of screening and bagging data from three of the four
marketing terminals (the 1993 Marketing Terminals Study).  API, along with the Gas Research
Institute, jointly commissioned the 1993 and 1995 oil and gas production reports, which included
bagging and screening data from 24 facilities (the 1993/1995 Oil and Gas Production Study).  In
addition to these studies, screening data from 17 marketing terminals were also collected and
compiled by API.  The bagging and screening data from these industry-conducted studies are
considered by the United States Environmental Protection Agency (U.S. EPA) to represent a
significant improvement over data previously collected and analyzed.  

Using information from the above studies and reports, the U.S. EPA developed new default
zero factors, correlation equations, and pegged factors for estimating fugitive hydrocarbon emissions
from equipment components in the petroleum industry as a whole.  Also, the U.S. EPA developed
new average emission factors and screening value range factors for the marketing terminal segment
of the industry and new average emission factors and screening value range factors for the oil and
gas production segment of the industry.  These new factors and correlation equations are contained
in the U.S. EPA Protocol, dated November 1995, entitled 1995 Protocol for Equipment Leak
Emission Estimates (EPA-453/R-95-017, “the 1995 EPA Protocol”).  
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The 1995 EPA Protocol also presents procedures for estimating mass emissions from
equipment leaks and describes the methodologies to be used.  The methodologies include the
following:  four different methods for estimating total organic emissions from equipment leaks; EPA
Reference Test Method 21 as the requirement for the use of a portable monitoring instrument; and,
methodologies for bagging components and collecting data to generate unit-specific correlation
equations. 

In reviewing the 1995 EPA Protocol, the California Air Pollution Control Officers
Association (CAPCOA), identified several technical corrections and adjustments that improve the
accuracy of the 1995 EPA Protocol’s factors and correlation equations.  CAPCOA believes these
corrections and adjustments significantly affect estimates of fugitive hydrocarbon emissions from
California facilities. 

CAPCOA's concerns have been expressed to the U.S. EPA.  Since October 1996
representatives of CAPCOA, individual California air pollution control districts (districts) and the
California Air Resources Board (CARB) have engaged in constructive dialogue with the U.S. EPA
and the petroleum industry to address concerns expressed by CAPCOA.  Documentation of this
effort is contained in Appendix A.  In general, CAPCOA expressed the following concerns:

1. Blowthrough Bagging Method Leaks - The bagged data for refineries and marketing
terminals used in the development of correlation equations and factors were obtained
using the blowthrough bagging method which did not account for hydrocarbon
leaking into the bags.  

2. Facility Grouping - Grouping data from all three facility types (refineries, marketing
terminals, oil and gas production) to develop one set of pegged factors for the entire
petroleum industry can significantly underestimates oil and gas production emissions.

3. Average Emission Factors - Average emission factors should represent the emissions
from both controlled and uncontrolled facilities.

4. Component Identification and Counting - Existing component counts used by
California districts may be inconsistent with the component count methodology used
in the underlying studies.

5. ROC/THC Ratios - ROC/THC ratios of pegged factors produced by combining data
from all segments of the petroleum industry may differ significantly from ROC/THC
ratios currently being used by California districts.
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IV. METHODS OF CALCULATING FUGITIVE HYDROCARBON EMISSIONS FROM
EQUIPMENT LEAKS:

The United States Environmental Protection Agency (U.S. EPA) Protocol, dated November
1995, entitled 1995 Protocol for Equipment Leak Emission Estimates (EPA-453/R-95-017, “the
1995 EPA Protocol”) presents four different methods for estimating equipment leak emissions.  The
methods, in order of increasing refinement, are:

Method 1:  Average Emission Factor Method; 
Method 2:  Screening Value Range Method;
Method 3:  Correlation Equation Method; and
Method 4:  The Unit-Specific Correlation Equation Method.

In general, a more refined method requires more data and provides more reliable fugitive
hydrocarbon emission estimates.  In the Average Emission Factor Method and the Screening Value
Range Method, emission factors are combined with equipment counts to estimate emissions.  To
estimate emissions with the Correlation Equation Method, OVA-measured concentrations (screening
values) for all equipment components are individually entered into correlation equations or counted
as either default zeros or pegged components.  In the Unit-Specific Correlation Equation Method,
screening and actual mass emissions are measured as discussed in Section VII of the guidelines for a
select set of individual equipment components at a site and then used to develop unit-specific
correlation equations and pegged source factors.  Screening values for all components are then
entered into these unit-specific correlation equations and pegged source factors to estimate
emissions.

Using CAPCOA recommendations, the U.S. EPA's four different methods can be applied and
used to estimate fugitive emissions.  Detailed discussion of the methods is presented in the 1995 EPA
Protocol.  Another source is the American Petroleum Institute (API) document, dated July 1997,
entitled Calculation Workbook for Oil and Gas Production Equipment Fugitive Emissions, which
provides step-by-step example calculations using each of the estimation methods outlined in the 1995
EPA Protocol.  However, as discussed in Section III of the guidelines, some of the factors and
correlation equations associated with the first three methods have been corrected and revised. 
Method 4 is not affected because it calls for the collection of site-specific data which are then used to
develop unit-specific correlation equations and factors.  Component counting, component screening,
and the leak quantification must use the methods specified in Sections V, VI, and VII of the
guidelines for the unit-specific equations and factors to be acceptable to the local districts.  

Flow charts detailing the development of the 1995 EPA Protocol correlation equations and
factors, the revisions made by CAPCOA, and the development of the oil and gas production
correlation equations and factors are presented in Appendix B.
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Thus,

Emissions =comp A,service X

(Component Count #) x (Average Emission Factor )comp A,service X  comp A,service X

Total emissions = Summation of emissions from all component/service types

EXAMPLE - AVERAGE EMISSION FACTOR METHOD

Five thousand (5,000) components at a marketing terminal were counted and placed
in the eight groups of component type/service type that correspond to the 1995 EPA
Protocol average emission factors for marketing terminals.  The number in each group
was multiplied by the appropriate average emission factor in Table IV-1b, and the total
emissions estimate for the marketing terminal was found to be 0.0944 kg/hr.  

TABLE ex-1:  CALCULATION USING THE AVERAGE EMISSION FACTOR
METHOD TO ESTIMATE EMISSIONS AT A MARKETING TERMINAL   

Component Service Type Number of Components 1995 Protocol Average Subtotals
Type installed at the Emission Factor (kg/hr)

Marketing Terminal (kg/hr/source)

Valves Gas 28 1.3E-05 0.0004

Light Liquid 593 4.3E-05 0.0255

Pump seals Gas 0 6.5E-05 0.0000

Light Liquid 25 5.4E-04 0.0135

Others Gas 20 1.2E-04 0.0024

Light Liquid 85 1.3E-04 0.0111

Fittings Gas 224 4.2E-05 0.0094

Light Liquid 4,025 8.0E-06 0.0322

TOTAL (kg/hr) 5,000 0.0944



9

TABLE IV-1a: 1995 EPA PROTOCOL REFINERY AVERAGE EMISSION FACTORS  a

Component Service Type Emission Factor
Type (kg/hr/source)b

Valves Gas 2.68E-02
Light liquid 1.09E-02
Heavy liquid 2.30E-04

Pump seals Light liquid 1.14E-01c

Heavy liquid 2.10E-02
Compressor seals Gas 6.36E-01
Pressure relief valves Gas 1.60E-01
Connectors All 2.50E-04
Open-ended lines All 2.30E-03
Sampling connections All 1.50E-02

Source: 1995 EPA Protocol for Equipment Leak Emission Estimates (EPA-453/R-95-017,a

November 1995) which referenced the 1980 Petroleum Refining Study (EPA-600/2-80-075c,
April 1980).  These factors are based on the 1980 Petroleum Refining Study.

These factors are for non-methane organic compound emission rates.b

The light liquid pump seals factor can be used to estimate the leak rate from agitator seals.c
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TABLE IV-1b: 1995 EPA PROTOCOL MARKETING TERMINAL 
AVERAGE EMISSION FACTORSa

Component Service Type THC Emission Factor
Type (kg/hr/source)b

Valves Gas 1.3E-05
Light liquid 4.3E-05

Pump seals Gas 6.5E-05
Light liquid 5.4E-04

Others Gas 1.2E-04
(compressors and others) Light liquid 1.3E-04c

Fittings Gas 4.2E-05
(connectors and flanges) Light liquid 8.0E-06d

Source:  1995 EPA Protocol Equipment Leak Emission Estimates (EPA-453/R-95-017,a

November 1995).  NOTE: These factors have not been corrected to reflect the technical
corrections and adjustments discussed in Section III of the implementation guidelines.

These factors are for total organic compound emission rates (including non-VOC's such asb

methane and ethane).

The "Others" component type should be applied for any component type other than fittings,c

pumps, or valves.

"Fittings" were not identified as flanges or non-flanged connectors; therefore, the fittingd

emissions were estimated by averaging the estimates from the connector and the flange
correlation equations.
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Method 2:  Screening Value Range Method

The Screening Value Range Method was formerly known as the Leak/No Leak Method. 
This method uses the screening data (instrument screening values, “SV”) to calculate the mass
emission rates based on the component leak level (below 10,000 ppm = no leak, or 10,000 ppm or
greater = leak).  Some districts define leaks at lower levels than 10,000 ppmv.  A district may choose
to apply the 10,000 ppmv emission factors to all components above their leak definition.  Such a
policy will generally result in a conservative estimation of emissions.  Facilities that record individual
screening values for each component may prefer to use the Correlation Equation Method (Method 3)
or the Unit Specific Correlation Equation Method (Method 4).  

Table IV-2a contains the 1995 EPA Protocol screening value range factors for refineries;
Table IV-2b contains the 1995 EPA Protocol screening value range factors for marketing terminals;
and, Table IV-2c contains the CAPCOA-revised screening value range factors for oil and gas
production separated by stream types.  [NOTE:  The 1995 EPA Protocol factors presented in Table
IV-2b have not been revised to reflect the technical corrections and adjustments discussed in Section
III of the implementation guidelines.]

The successful use of Method 2 (Screening Value Range) requires the completion of the
following five steps:

Step 1. Components are separated into component types (i.e., non-flange connectors,
flanges, open-ended lines, pump seals, valves, others).

Step 2. Each component type is further separated into service types (gas, light liquid, or
heavy liquid) if there are different emission factors for the service types.

Step 3. The total number of components in each group (component type/service type)
with screening values below 10,000 ppmv is determined.  The total number of
components in each group with screening values of 10,000 ppmv or more is
determined.

Step 4. The number of components in each sub-group (component type/service
type/screening value range) is multiplied by the corresponding screening value
range factor to obtain the sub-total of emissions from the sub-group.

Step 5. The sub-totals of emissions from all sub-groups are added to give total emissions
from the facility.
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Thus,
Emissions  = comp A,service X

(Component  Count #)  x (<10,000 ppmv Factor ) +comp A,service X sv < 10,000 ppmv comp A,service X

(Component  Count #)  x (>10,000 ppmv Factor )comp A,service X sv > 10,000 ppmv comp A,service X

Total emissions = Summation of emissions from all component/service types 
for both non-leakers and leakers

EXAMPLE - SCREENING VALUE RANGE METHOD

All components on three large heaters at a refinery were screened in accordance to
Section VI of the implementation guidelines.  The components were grouped by type,
service (in this case all gas service), and screening value range.  The number of
components in each group was multiplied by the appropriate factor from Table IV-2a
and the total emissions estimate for the heaters were found to be 2.56 kg/hr.

TABLE ex-2: CALCULATION USING THE SCREENING VALUE RANGE 
METHOD TO ESTIMATE EMISSIONS FROM THREE REFINERY HEATERS

Component Type/ Screening Number of 1995 Protocol Subtotals
(Service Type) Value Components screening (kg/hr)

Range Screened Value Range
(ppmv) Factors

(kg/hr/source)

Valves (gas) <10,000 164 6.0E-04 0.098

>10,000 7 2.626E-01 1.838

Pressure relief valves (gas) <10,000 3 4.47E-02 0.134

>10,000 0 1.691 0.000

Connectors (gas) <10,000 703 6.0E-05 0.042

>10,000 11 3.75E-02 0.413

Open-ended lines (gas) <10,000 10 1.5E-03 0.015

>10,000 2 1.195E-02 0.024

TOTAL (kg/hr) 900 2.56
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TABLE IV-2a: 1995 EPA PROTOCOL REFINERY 
SCREENING VALUE RANGE EMISSION FACTORSa

Component Service Type < 10,000 ppmv > 10,000 ppmv
Type Emission Factor Emission Factor

(kg/hr/source) (kg/hr/source)b b

Valves Gas 6.0E-04 2.626E-01
Light liquid 1.7E-03 8.52E-02
Heavy liquid 2.3E-04 2.3E-04

Pump seals Light liquid 1.20E-02 4.37E-01c

Heavy liquid 1.35E-02 3.885E-01
Compressor seals Gas 8.94E-02 1.608
Pressure relief valves Gas 4.47E-02 1.691
Connectors All 6.0E-05 3.75E-02
Open-ended lines All 1.5E-03 1.195E-02

Source: 1995 EPA Protocol for Equipment Leak Emission Estimates (EPA-453/R-95-017,a

November 1995) which referenced the 1982 Petroleum Refining Study (EPA-450/3-82-010,
1982).  These factors are based on the 1980 and 1982 refining fugitive emissions studies.

These factors are for non-methane organic compound emission rates.b

The light liquid pump seals factor can be used to estimate the leak rate from agitator seals.c
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TABLE IV-2b: 1995 EPA PROTOCOL MARKETING TERMINAL 
SCREENING VALUE RANGE EMISSION FACTORSa

Component Service Type < 10,000 ppmv > 10,000 ppmv 
Type THC Emission Factor THC Emission Factor

(kg/hr/source) (kg/hr/source)b b

Valves Gas 1.3E-05 NA
Light liquid 1.5E-05 2.3E-02

Pump seals Light liquid 2.4E-04 7.7E-02
Others (compressors and Gas 1.2E-04 NA
others) Light liquid 2.4E-05 3.4E-02c

Fittings (connectors and Gas 5.9E-06 3.4E-02
flanges) Light liquid 7.2E-06 6.5E-03d

Source: 1995 EPA Protocol for Equipment Leak Emission Estimates (EPA-453/R-95-017,a

November 1995).  NOTE: These factors have not been corrected to reflect the technical
corrections and adjustments discussed in Section III of the implementation guidelines.

These factors are for total organic compound emission rates (including non-VOC's such asb

methane and ethane).  "NA" indicates that not enough data were available to develop the
indicated emission factor.

The "Others" component type should be applied for any component type other than fittings,c

pump seals, or valves.

"Fittings" were not identified as flanges or non-flanged connectors; therefore, the fittingd

emissions were estimated by averaging the estimates from the connector and the flange
correlation equations.
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TABLE IV-2c: CAPCOA OIL AND GAS PRODUCTION 
SCREENING VALUE RANGE EMISSION FACTORSa

Component Service Type < 10,000 ppmv > 10,000 ppmv 
Type THC Emission Factor THC Emission Factor

(kg/hr/source) (kg/hr/source)b b

Valves Gas/Light Liquid 3.5E-05 1.386E-01
Light Crude Oil 1.90E-05 7.07E-02
Heavy Crude Oil 1.40E-05 N/A

Pump seals Gas/Light Liquid 9.96E-04 8.9E-02
Light Crude Oil 2.65E-04 8.9E-02
Heavy Crude Oil N/A N/A

Others Gas/Light Liquid 1.47E-04 1.376E-01c

Light Crude Oil 1.31E-04 7.1E-03
Heavy Crude Oil 5.7E-05 N/A

Connectors Gas/Light Liquid 1.20E-05 2.59E-02
Light Crude Oil 1.0E-05 2.34E-02
Heavy Crude Oil 8.0E-06 N/A

Flanges Gas/Light Liquid 2.80E-05 6.1E-02
Light Crude Oil 2.4E-05 2.6E-01
Heavy Crude Oil 2.3E-05 N/A

Open-ended lines Gas/Light Liquid 2.4E-05 5.49E-02
Light Crude Oil 1.8E-05 2.22E-02
Heavy Crude Oil 1.5E-05 7.11E-02

Source:  Fax Transmittal from STAR Environmental, dated December 17, 1997, entitleda

Comparison of Screening Value Range Factors for Oil and Gas Production Operations.  These
factors were developed using the separated oil and gas production default zero factors and
pegged factors.  Correlation equations for the petroleum industry (revised to reflect the technical
corrections and adjustments discussed in Section III of the implementation guidelines) were used
for components with screening values between background and 9,999 ppmv. 
These factors are for total organic compound emission rates (including non-VOC's such asb

methane and ethane) and apply to light crude, heavy crude, gas plant, gas production, and off
shore facilities.
The "Others" component type was derived from compressors, diaphragms, drains, dump arms,c

hatches, instruments, meters, pressure relief valves, polished rods stuffing boxes, relief valves,
and vents.  This "Others" component type should be applied for any component type other than
connectors, flanges, open-ended lines, pumps, or valves.  
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EXAMPLE CONTINUED

Emissions From Components with Screening Values above Background but below 10,000  ppmv

Component Type Screening Value Correlation Equation Emissions
(ppmv) (kg/hr) (kg/hr)

Valve 300 2.27E-06(SV)^0.747 0.0002

Valve 5000 2.27E-06(SV)^0.747 0.0013

Valve 7000 2.27E-06(SV)^0.747 0.0017

Pump Seal 1200 5.07E-05(SV)^0.622 0.0042

Other 2000 8.69E-06(SV)^0.642 0.0011

Connector 75 1.53E-06(SV)^0.736 0.0000

Connector 800 1.53E-06(SV)^0.736 0.0002

Connector 3500 1.53E-06(SV)^0.736 0.0006

Connector 9000 1.53E-06(SV)^0.736 0.0012

Flange 50 4.53E-06(SV)^0.706 0.0001

Subtotal (kg/hr) 0.0106
             

TOTAL EMISSIONS FROM ALL COMPONENTS
Default Zero Subtotal (kg/hr)        0.0015
Pegged Source Subtotal (kg/hr)        0.2190
Correlation Equation Subtotal (kg/hr)        0.0106

TOTAL (kg/hr)        0.2311
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TABLE IV-3a: CAPCOA-REVISED 1995 EPA CORRELATION EQUATIONS AND
FACTORS FOR REFINERIES AND MARKETING TERMINALS a

Component Type/ Default Correlation Equation Pegged Factor
Service Type Zero Factor (kg/hr) (kg/hr)

(kg/hr)b

c d

10,000 ppmv 100,000 ppmv

Valves/All 7.8E-06 2.27E-06(SV)^0.747 0.064 0.138
Pump seals/All 1.9E-05 5.07E-05(SV)^0.622 0.089 0.610e

Others /All 4.0E-06 8.69E-06(SV)^0.642 0.082 0.138f

Connectors/All 7.5E-06 1.53E-06(SV)^0.736 0.030 0.034
Flanges/All 3.1E-07 4.53E-06(SV)^0.706 0.095 0.095
Open-ended lines/All 2.0E-06 1.90E-06(SV)^0.724 0.033 0.082

Source: SBCAPCD Report, dated May 1, 1997, entitled Review of the 1995 Protocol: Thea

Correlation Equation Approach To Quantifying Fugitive Hydrocarbon Emissions At Petroleum
Industry Facilities.  Technical corrections and adjustments were made to the refineries and
marketing terminals bagged data, obtained by use of the blowthrough method, to account for the
hydrocarbon leak flow rate.

The default zero factors apply only when the screening value (SV), corrected for background,b

equals 0.0 ppmv (i.e., the screening value is indistinguishable from background reading).  The
default zero factors were based on the combined 1993 refinery and marketing terminal data only;
default zero data were not collected from oil and gas production facilities.

The correlation equations apply for actual screening values, corrected for background, betweenc

background and 9,999 ppmv and can be used for screening values up to 99,999 ppmv at the
discretion of the local district.

The 10,000 ppmv pegged factors apply for screening values, corrected for background, equal tod

or greater than 10,000 ppmv and are used when the correlation equations are used for screening
values between background and 9,999 ppmv.  The 100,000 ppmv pegged factors apply for
screening values reported pegged at 100,000 ppmv and are used when the local district
authorizes use of the correlation equations for screening values between background and 99,999
ppmv. 

Only 3 data points were available for the pump seals 100,000 ppmv pegged factor.e

The “other” component type includes instruments, loading arms, pressure relief valves, vents,f

compressors, dump lever arms, diaphragms, drains, hatches, meters, and polished rods stuffing
boxes.  This “others” component type should be applied for any component type other than
connectors, flanges, open-ended lines, pumps, or valves.  However, if an acceptable emission
estimate exists which more accurately predicts emissions from the source, then that emission
estimate applies (e.g., positive flowing junction boxes in SCAQMD). 
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