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Environmental Partncnbip 

One of the most significant long-term trends affecting the future vitality of the petroleum industry is the 
public's concems about the environment. Recognizing this trend, API member companies have developed 
a posiuve, forward looking strategy called STEP: Strategies for Today's Environmental Partnership. This 
program aims to address public concerns by improving our industry's environmental, health and safety 
performance; documenting performance improvements; and communicating them to the public. The 
foundation of STEP is the API Environmental Mission and Guiding Environmental Principles. 

API ENVIRONMENTAL MISSION AND GUIDING ENVIRONMENTAL PRINCIPLES 

The members of the American Petroleum Institute are dedicated to continuous efforts to improve the 
compatibility of our operations with the environment while economically developing energy resources and 
supplying high quality products and services to consumers. The members recognize the importance of 
efficiently meeting society's needs and our responsibility to work with the public, the government, and 
others to develop and to use natural resources in an environmentally sound mannetwhile protecting the 
health and safety of our employees and the public. To meet these responsibilities, API members pledge 
to manage our businesses according to these principles: 

B 

b 

b 

B 

B 

b 

B 

B 

* 

b 

b 

To recognize and to respond to community concerns about our raw materials, products and 
operations. 

To operate our plants and facilities, and to handle our raw materials and products in a manner 
that protects the environment, and the safety and health of our employees and the public. 

To make safety, health and environmental considerations a priority in our planning, and our 
development of new products and processes. 

To advise promptly, appropriate officials, employees, customers and the public of information on 
significant industry-related safety, health and environmental hazards, and to recommend 
protective measures. 

To counsel customers, transporters and others in the safe use, transportation and disposal of our 
raw materials, products and waste materials. 

To economically develop and produce natural resources and to conserve those resources by 
using energy efficiently. 

To extend knowledge by conducting or supporting research on the safety, health and 
environmental effects of our raw materials, products, processes and waste materials. 

To commit to reduce overall emission and waste generation. 

To work with others to resolve problems created by handling and disposal of hazardous 
substances from our operations. 

To participate with government and others in creating responsible laws, regulations and 
standards to safeguard the community, workplace and environment. 

To promote these principles and practices by sharing experiences and offering assistance to 
others who produce, handle, use, transport or dispose of similar raw materials, petroleum 
products and wastes. 
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FOREWORD 

API PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A GENERAL 
NATURE. WITH RESPECT TO PARTICULAR CIRCUMSTANCES, LOCAL, STATE, 
AND FEDERAL LAWS AND REGULATIONS SHOULD BE REVIEWED. 

API IS NOT UNDERTAKING To MEET THE DUTIES OF EMPLOYERS, MANUFAC- 
TURERS, OR SUPPLIERS TO WARN AND PROPERLY TRAIN AND EQUIP THEIR 
EMPLOYEES, AND OTHERS EXPOSED, CONCERNING HEALTH AND SAFETY 
RISKS AND PRECAUTIONS, NOR UNDERTAKING THEIR OBLIGATIONS UNDER 
LOCAL, STATE, OR FEDERAL LAWS. 

NOTHING CONTAINED IN ANY API PUBLICATION IS TO BE CONSTRUED AS 
GRANTING ANY RIGHT, BY IMPLICATION OR OTHERWISE, FOR THE MANU- 
FACTURE, SALE, OR USE OF ANY METHOD, APPARATUS, OR PRODUCT COV- 
ERED BY LETTERS PATENT. NEITHER SHOULD ANYTHING CONTAINED IN 

ITY FOR INFRINGEMENT OF LETTERS PATENT. 
THE PUBLICATION BE CONSTRUED AS INSURING ANYONE AGAINST LIABIL- 

Copyright Q 1995 American Petroleum Institute 
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PREFACE 

This report presents final results of an API study entitled, Emission Factors for Oil 

and Gas Production Operations. The report supplements API Publication Number 

4589, published in December 1993, entitled, Fugitive HydrocanSon Emissions 

from Oí/ and Gas Production Operations. Although API Publication Number 4589 

contains correlation equations for several types of Exploration and Production 

(E&P) facilities and emission factors for those facilities, it does not contain 

emission factors for gas plants. This supplemental report contains emission 

factors for gas plants (as well as other E&P facilities) based upon the correlation 

equations recently published on the EPA electronic bulletin board. Emission 

factors for each component type were calculated by substituting screening values 

into the appropriate EPA correlation equation. 
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ABSTRACT 

In 1980, the American Petroleum Institute (API) published emission factors for fugitive 

hydrocarbon emissions from onshore and offshore petroleum production sites. In 1993, API 

published the results of a joint study with the Gas Research Institute (GRI) at 20 oil and gas 

production sites, including light crude, heavy crude, gas production and offshore oil and gas 

facilities. The current report combines the 1993 APVGRI data with data from four additional gas 

processing plant sites. Emission factors contained in the current report replace the existing 1980 

and 1993 API factors. More than 200,000 components were screened during the two recent 

studies using EPA Method 21 guidelines. Mass emission rates from nearly one thousand leaks 

were quantified. Approximately three-fourths of the quantified leaks were speciated to determine 

emission rates of total hydrocarbon, volatile organic compounds, and individual air toxics (Le., 

benzene, toluene, ethyl benzene, and xylenes). 

Recently published EPA correlation equations were used in combination with the 200,000 

instrument screening values to produce new average and Lea Wno-leak emission factors for oil 

and gas production operations. The new factors allow operators to more accurately quantify 

actual emissions from their sites. This greatly improves assessment of control technologies and 

selection of equipment to lower fugitive hydrocarbon emissions. As the new leak definition 

imposed by the Clean Air Act of 1990 becomes effective, results of this study will be 

indispensable to operators. 
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EXECUTIVE SUMMARY 

In December 1993, the American Petroleum Institute (API) published API Publication Number 

4589, Fugitive HydrocanSon Emissions from Oil and Gas Production Operations (Star 

Environmental, 1993) which contains correlation equations and emission factors developed 

from the screening of 184,035 components at 20 sites. In August 1994, the US EPA 

published new correlation equations for the petroleum industry (see Table ES-3), based in 

part on the data contained in the API report. 

This report contains new emission factors developed from the 1993 API data using the new 

EPA correlation equations. The new emission factors are generally higher than the 1993 API 

factors, but they are lower than the SOCMI factors, refinery factors, and gas plant factors 

published by the EPA in Protocol for €guipment Leak Emission Estimate (EPA, 1993). The 

new emission factors are highly dependent on the EPA pegged source emission factors. 

This report also contains emission factors for gas plants based on the data contained in the 

1993 API report appendices and data collected at four additional gas plants as a part of this 

study. 

Average emission factors, calculated for use with component inventories, are shown in Table 

ES-1. These factors can be used to predict total hydrocarbon emissions when screening 

data is not available and only the number of components installed at a site is known. 

Table ES-1. Av 
7 

Liaht Crude 
Heavy Crude 
Gas Production 
Gas Plants 
Offshore 

lerage Emission Factors by Facility Type (Ib/component-day) 

5.70E-03 

"Others" category includes instruments, loading arms, pressure relief valves, stuffing boxes, 
compressor seals, dump lever arms, and vents. 

Emission factors for connections and flanges are typically an order of magnitude lower than 

valve emission factors. Emission factors for onshore light crude production and onshore gas 

ES-I 
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production are similar and lower than emission factors for onshore gas plants. Emission 

factors for onshore heavy crude production are significantly lower than the other onshore 

emission factors. Offshore emission factors are lower than those for onshore light crude 

production or onshore gas production. 

Leakíno-leak factors, calculated with a leak definition of 10,000 ppmv, are shown in Table 

ES-2. These factors can be used with leakho-leak screening data to predict total 

hydrocarbon emissions. 

Table ES-2. Leakíno-leak Emission Factors by Facility Type (Ib/component-day) 

I Connection ]Flange IOpen End IPump ]Valve lothers I 
II LEAK II 

"Others" category includes instruments, loading arms, pressure relief 
valves, stuffing boxes, compressor seals, dump lever arms, and vents. 

Total hydrocarbon emissions can also be calculated using component screening data and the 

new EPA correlation equations and factors shown in Table ES-3. 

Table ES-3. August 1994 EPA Correlation Equations and Factors (Ib/component-day) 

EPAs "other" category includes instruments, loading arms, pressure 
relief valves, stuffing boxes, and vents. 

ES-2 
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Speciated hydrocarbon emission rates can be calculated using total hydrocarbon emission 

rates obtained from either Table ES-1, ES-2, or ES-3 and the speciation factors contained in 

Table E S 4  

Table E S 4  Speciated Fugitive Emission Factors 
weight Fraction of THC emissions in each category) 

NOTES: I. Emission factor = Speciated EmissionsTTotal Emissions 
2. NMHC = Non-methane hydrocarbon 
3. VOC = Propane and heavier hydrocarbon 

ES-3 
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INTRODUCTION 

API Report No. 4589 

The American Petroleum Institute (API) and the Gas Research Institute (GRI) conducted a 

field study of fugitive hydrocarbon emissions from 184,035 equipment components at 20 
petroleum production facilities. A total of 4,796 components were found to be emitting 

hydrocarbons. Seven hundred and five (705) of the emitters were quantified and speciated 

into C I  through C6+ fractions. Approximately 25 percent of the samples were also analyzed 

for air toxics. Results of the study were published in Fugitive Hydrocarbon Emissions for Oí/ 

and Gas Production Operations, API Publication No. 4589 (Star Environmental, 1993). 

The report contains emission correlation equations that relate instrument screening values to 

mass emission rates for four component types (connection, valve, open end line, others) at 

five types of production operations: 1) light crude production, 2) heavy crude production, 3) 

gas production, 4) gas processing, and 5) Gulf of Mexico (Gulf) offshore production. "Default 

zero" emission rates were defined for components with instrument screening values below 1 O 

ppmv. Emission factors were derived for four of the five types of facilities using the 
emissions correlation equations and component screening values. Emission factors included 

average facility factors, component specific factors, "LeaWNo-leak" factors, and stratified 

factors. 

The study also developed profiles of speciated hydrocarbon emissions including air toxics, 

assessed regional differences in fugitive emissions, and assessed control of efficiency of 

Inspection and Maintenance programs. 

The report contains a workbook with instructions on using emission factors and correlation 

equations. Inventory data, screening data, and leak quantification data for all 20 sites are 

contained in appendices published with the report. 

EPA Auqust 1994 Correlation Eauations 

In August 1994, the U.S. EPA published a single set of emissions correlation equations for 

the entire petroleum industry. The EPA equations were calculated by combining data from 

three reports: API Publication No. 4589 on exploration and production operations (Star 

Environmental, 1993), API Publication Nos. 4612 and 4613 on refineries (Radian, 1994), and 
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API Publication Nos. 4588 and 48881 on marketing terminals (Radian, 1993). The EPA 

equations, which yield higher emission rates than the equations used by API in Publication 

No. 4589, divide the components into six types (flange, other connection, valve, open end 

line, pump seal, other components) but combine all facility types including production 

facilities, refineries, and marketing facilities. The publication of these new EPA correlation 

equations created the need to revise the API emission factors given in API Publication No. 
4589. 

Current Study 

This report contains a recalculation of API emission factors based on the new EPA 

correlation equations. The factors were developed using the component counts and 

screening data contained in API Publication No. 4589 and additional data collected at four 

gas plants. This report also contains emission factors for gas plants which were developed 

from data collected at the four gas plants monitored as a part of APl’s 1993 study and four 

additional gas plants monitored as part of this study. The new emission factors are slightly 

higher than the previous ones published by API, but are lower than the Synthetic Organic 

Chemical Manufacturing Industry (SOCMI) factors, refinery factors, and gas plant factors 

published by the EPA in Protocol for Equipment Leak Emission Estimates (EPA, 1993). 

Many of the EPA factors were based on 1970-1980 data and are not representative of 

current petroleum industry practices. 

COMB IN ED DATABAS E 
Table 1 shows general screening data for 20 sites included in Publication No. 4589 (Sites 1 

through 20) and four additional sites monitored as a part of the current effort (Sites 21 

through 24). The table lists the sites by type and identification number, and includes: the 

number of components screened; the number components classified as non-emitters 

(instrument screening values less than 1 O parts-per-million, by volume, methane equivalence 

[ppmv]); the number of components with screening values from 10 through 9,999 ppmv, and 

the number with screening values of 10,000 ppmv or more. Detailed screening data for Sites 

1 through 20 are included in Publication No. 4589; detailed screening data for Sites 21 

through 24 are contained in Appendix A of this report. 

Information recorded for each emitter includes component type (flange, other connector, open 

end line, pump seal, valve, others), component size in inches, and instrument screening 
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value. Emitter data for Sites 1 through 20 are appended to Publication No. 4589; emitter 

data for Sites 21 through 24 are contained in Appendix B of this report. Mass emission rates 

from a total of 945 leaks were quantified. Emission rates for 705 leaks quantified at sites 1 

through 20 are appended to Publication No. 4589; emission rates for 240 leaks quantified at 

sites 21 through 24 are included in Appendix C of this report. 

Table 1. Sites Used to Develop New E&P Emission Factors 

EPA CORRELATION EQUATIONS, DEFAULT ZERO FACTORS, AND 
PEGGED SOURCE FACTORS 
Table 2 gives the August 1994 EPA correlation equations, default zero factors, factors for 
sources pegged at 10,000 ppmv, and factors for sources pegged at 100,000 ppmv as 
published on EPA’s electronic bulletin board. Default zero factors are used for components 
that do not give significant instrument screening values (zero instrument reading). Pegged 
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factors are used for components that give instrument screening values equal to or greater 
than 10,000 ppmv or 100,000 ppmv, respectively. Correlation equations are used to 
calculate emissions for components with instrument screening values between the default 
zero levels and pegged values. Compressor seals and dump lever arms were inadvertently 
left out of the "others" category when the factors and equations were published on EPA's 
electronic bulletin board. 

Table 2. August 1994 EPA Correlation Equations and Factors (Ibkomponent-day) 

EPAs "other" category includes instruments, loading arms, pressure relief valves, stuffing 
boxes, and vents. 

For this report, average emission factors were calculated using pegged source values of 
10,000 ppmv rather than 100,000 ppmv for the following reasons: 

Some monitoring instruments do not give direct measurements 
above 10,000 ppmv; 
Some agency regulations contain 10,000 ppmv as the definition 
of a leak; and, 
"LeaWNo-leak" emission factors published by EPA for other 
industries have 10,000 ppmv as the division point between 
"leaking" and "non-leaking" components. 
Total emissions calculated using 10,000 ppmv pegged factors 
are generally more conservative (higher) than those calculated 
using 100,000 ppmv pegged factors 

Figures I through 3 show relationships between the EPA default zeros, correlation equations, 
and 10,000 ppmv pegged factors. The intersection of the default zero factor and the 
correlation equation is different for each type of component. Table 3 lists the intersections of 
the default zeros and the correlation equations. 
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