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Executive Summary

Background

On February 13, 1998, the AQMD Governing Board adopted Rule 1118 – Emissions from Refinery Flares.  The purpose of this rule is to monitor the quantity and composition of gases flared at petroleum refinery operations in order to improve the flare emissions inventory and to assess the need for, or the level of, any future controls required to minimize flare emissions.  

As part of the February 13, 1998 Rule 1118 adoption resolution, the Governing Board directed staff to evaluate all the information and data collected and submitted to the AQMD by the affected facilities subject to Rule 1118.  Based on all such information obtained in the first two years from the start of monitoring and recording of flaring operation, the Governing Board also directed staff to do the following:

1. Make a determination on whether emissions from flaring operations are significant; and 

2. Make recommendations for the AQMD Governing Board’s consideration on changes to Rule 1118.

Facilities subject to this rule are petroleum refineries, sulfur recovery plants that recover sulfur compounds from sour water generated by refining processes, and hydrogen production plants that produce hydrogen from refinery gas and supply hydrogen for petroleum refinery operations. Flare use varies from facility to facility.  In general, the gas flares are used for the combustion and disposal of combustible gases due to emergency relief, overpressure, process upsets, startups, shutdowns and other operational and safety reasons.  During this evaluation period, twenty-seven flares at ten facilities were subject to this rule. These ten facilities included eight refineries, one sulfur recovery plant and one hydrogen production plant. 

During 2002, AQMD staff met with refineries and the sulfur recovery plant subject to Rule 1118 to clarify data collected in 1999 (partial), 2000 and 2001 and address implementation issues. Subsequently, AQMD Staff met with the same facilities in July and August 2004 to discuss Rule 1118 implementation issues and Rule 1118 data collected in 2002 and 2003, which are also incorporated in this report.

Characteristics and Causes of Vent Gases 

In general, process gas produced during the refining process may be further processed into useful petroleum products, recovered and treated for use as fuel for combustion equipment at the refineries or sold to other facilities.  However, process gas may be vented directly to the flares under certain unavoidable circumstances, such as equipment breakdown and power failure, process turnaround, planned startup and shutdown of process units.   Under these circumstances, a sudden large volume of gases is released and may be vented directly to the flares when it cannot be effectively recovered and treated (e.g. sulfur removal) with the existing vapor recovery and treatment capacity.
Although it is expected that the gases vented to the flares would be largely due to unavoidable circumstances, the data reported (October 1, 1999 to December 31, 2003) to the AQMD as shown in Table 1 indicates otherwise.  Of the 21 billion standard cubic feet of gas reported to be vented to the flares during this period, 17 percent of the gas released to the flares were due to emergency, maintenance, planned startups and shutdowns, and process turnaround activities.  For the remaining 83 percent of the gases reported to be vented to the flares, 2 percent was from venting of fuel gas to the flares, 2 percent was from venting of process gas to maintain vessel operation pressure within the desirable operation, while 79 percent was due to unknown and non-recordable (vent gas at the flow rates and duration below recordable event) flare events. 
Table 1: Top Reasons for Flared Vent Gases amongst the Featured 
Facilities from 4QTR1999 through 4QTR2003 
	Reasons for
	Total Flow (Mscf)
	% of Total
	NOx (tons)
	ROG (tons)
	CO
	PM10 (tons)
	SOx (tons)

	Vent Gases
	
	
	[%]
	[%]
	(tons)
	[%]
	[%]

	 
	
	
	 
	 
	[%]
	 
	 

	Emergency
	928,013
	4.41
	26.31
	24.36
	143.05
	9.58
	460.40

	(Recordable Event)
	
	
	[3.27]
	[2.86]
	[3.29]
	[4.35]
	[6.53]

	Non Emergency
	Non-Recordable Event
	9,392,348
	44.60
	415.06
	489.66
	2,231.95
	101.55
	3,493.70

	
	
	
	
	[51.58]
	[57.57]
	[51.29]
	[46.15]
	[49.56]

	
	Recordable Events
	Unknown
	7,346,275
	34.88
	243.38
	225.48
	1,324.25
	73.26
	1,788.55

	
	
	
	
	
	[30.25]
	[26.51]
	[30.43]
	[33.29]
	[25.37]

	
	
	Maintenance
	831,928
	3.95
	35.98
	33.33
	195.75
	8.84
	261.25

	
	
	
	
	
	[4.47]
	[3.92]
	[4.5]
	[4.02]
	[3.71]

	
	
	Planned Shutdown
	1,101,877
	5.23
	34.03
	31.53
	185.16
	11.47
	555.92

	
	
	and Startup
	
	
	[4.23]
	[3.71]
	[4.25]
	[5.21]
	[7.89]

	
	
	Process Vent
	415,266
	1.97
	15.28
	14.16
	83.16
	4.36
	157.98

	
	
	
	
	
	[1.9]
	[1.66]
	[1.91]
	[1.98]
	[2.24]

	
	
	Turnaround Activities
	710,438
	3.37
	20.22
	18.73
	109.99
	7.47
	261.87

	
	
	
	
	
	[2.51]
	[2.2]
	[2.53]
	[3.39]
	[3.71]

	
	
	Fuel Gas
	334,418
	1.59
	14.38
	13.32
	78.24
	3.51
	69.50

	
	
	
	
	
	[1.79]
	[1.57]
	[1.8]
	[1.6]
	[0.99]

	Total from all sources:
	21,060,563
	100.00
	804.63
	850.57
	4,351.56
	220.04
	7,049.17

	
	
	
	[100]
	[100]
	[100]
	[100]
	[100]


Data in Table 1 indicates that there are opportunities for each facility to continue to focus on methods best suitable for its operations to reduce or eliminate unknown flare events (presenting 79 percent of collective flare volume from October 1999 to December 2003) and to continue to improve on its existing procedure to minimize flaring during turnaround activities and during planned startups and shutdowns.  It should be noted that identification of flaring causes is not a requirement in Rule 1118.  As a result, not all flaring event causes were well documented by all refineries during the first two years.  Documentation of event causes has improved noticeably in 2002 and 2003 as shown in Tables C-1 through C-5 in Appendix C.  Event causes listed as unknown are considered non-emergency for the purpose of this report because normally releases due to emergencies such as power outage and equipment failure are well documented by the refineries and are often required to be reported to responsible agencies under federal regulations. As shown in Tables C-1 through C-5, refineries have made significant progress in managing vent gas to the flare, and the percent of gas vented to the flare due to unknown and non-recordable flare event was reduced to 50 percent in 2003. 

As evidenced in the continued reductions of flare emissions since the start of the monitoring program, some facilities subject to Rule 1118 have taken steps to reduce flare emissions.  The approaches to reducing emissions varied.  One facility invested in new equipment to increase vapor recovery capacity in 2000 after it discovered through Rule 1118 monitoring that a significant volume of gas was vented to the flare.  The recovered gas is used as fuel, thus reducing the expense of purchasing natural gas.  As the price of natural gas continues to increase, investments in additional vapor recovery systems can result in economic benefits as well as environmental benefits.  One facility that produces more gas than it can consume, installed an additional sulfur treatment system to reduce sulfur content in a small stream of process gas, which enabled this facility to sell treated gas to a nearby facility.  A third facility reconfigured vapor recovery/flare systems connections in early 2004.  This action enabled the facility to recover process gas more efficiently and reduce flaring. Other facilities indicated that emission reductions were due to increased awareness of flare events and “best management practice”.

Flare Emissions

The emissions data from October 1, 1999 through December 31, 2003, and the additional information collected during the meetings was examined to determine the amount of emissions due to flaring within the South Coast Air Basin (Basin).  Based on the analysis of the reported emissions, staff has determined that flare operations represent a significant SOx emissions source, as shown in Table 2 below.

Table 2: Overview of Flare Emissions as Reported Pursuant to Rule 1118 
	
	Calendar Year 2000
	Calendar Year 2001

	Pollutant
	Rule 1118 Reported Emissions

(Tons)
	Overall Emissions-excluding flare emissions
(Tons)
	Percent Rule 1118  Emissions to Total

From other sources

(%)
	Rule 1118 Reported Emissions

(Tons)
	Overall Emissions-excluding flare emissions
(Tons)
	Percent Rule 1118  Emissions to Total

From other sources(%)

	NOx
	136
	6,725
	2%
	380
	5,298
	7%

	SOx
	2,633
	4,895
	54%
	1,793
	4,123
	43%

	ROG
	125
	2,850
	4%
	456
	2,751
	17%

	CO
	733
	5,332
	14%
	2,058
	5,374
	38%

	PM10
	43
	1,465
	3%
	87
	1,459
	6%


	
	Calendar Year 2002
	Calendar Year 2003


	Pollutant
	Rule 1118 Reported Emissions

(Tons)
	Overall Emissions-excluding flare emissions
(Tons)
	Percent Rule 1118  Emissions to Total

From other sources

(%)
	Rule 1118 Reported Emissions

(Tons)
	Overall Emissions-excluding flare emissions
(Tons)
	Percent Rule 1118  Emissions to Total

From other sources(%)

	NOx
	83
	4,809
	2%
	79
	4,706
	2%

	SOx
	754
	3,476
	22%
	735
	3,242
	23%

	ROG
	78
	2,781
	3%
	75
	2,907
	3%

	CO
	450
	6,709
	7%
	423
	7,354
	6%

	PM10
	25
	1,377
	2%
	23
	1,298
	2%


Note:
For year 2001, one facility indicated that they over reported the flare emissions as a result of the flow meter being out of commission for 20 days.  As a result, this facility used the maximum design capacity of the flares during the 20-day period.  They subsequently provided revised data estimating emissions based on process parameters.  If the estimated emissions provided by the facility were to be used, the overall emissions would be as follows for 2001:

	Calendar Year 2001 Adjusted Emissions Based on Facility Estimates

	NOx
	SOx
	ROG
	CO
	PM10

	226
	1,766
	314
	1,228
	44


However, since method used to estimate the emissions during the 20-day period has not been demonstrated to be adequately accurate to the satisfaction of AQMD and was not used to report the Rule 1118 quarterly emissions, the data presented in this report continues to use maximum design values as reported under the Rule 1118 requirements.
Although SOx emissions are significant, it should be noted that the reported SOx emissions have declined since the start of the flare gas monitoring under Rule 1118. In 2000, SOx emissions from flares were reported to be as high as 2,633 tons, representing 54 percent of SOx emissions from other sources at facilities subject to Rule 1118.  However, the reported SOx emissions declined to 1,793 in 2001, 754 tons in 2002 and 735 tons in 2003. SOx emissions in 2003 represent 23% of SOx emissions from other sources at facilities subject to Rule 1118 comparing to 54% in 2000.  A summary of reported SOx emissions for the years 2000 through 2003 is shown in Figure 1. 
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Figure 1: Comparison of Rule 1118 SOx Emissions to Overall from Other Sources Excluding Rule 1118 Emissions

SOx emission reductions from 2000 to 2001 can be partly explained by the addition of vapor recovery compressors in one of the flare systems at one refinery.  Except for a sulfur treatment system installed at one facility to reduce sulfur content of process gas sold to a nearby facility in 2003, there have been no other physical modifications to the system to expand the gas vapor collection or gas treatment to account for lower emissions in 2002 and 2003.  In other words, emission reductions reported were not due to permanent installation of vapor recovery and treatment systems.  Facilities indicated that the reduction in flare emissions resulted from the “best management practice”. As a result of Rule 1118 reporting requirements and other federal requirements, facilities have increased awareness of the flaring and have tried to minimize the flaring via procedural changes and operator awareness.

Reporting Methodology

The emissions from flares reported by facilities subject to Rule 1118 are calculated based on the volume of process gas to the flares measured by a flow meter and the corresponding concentration of sulfur and higher heating value in the process gas.  The concentration of sulfur and higher heating value in the process gas are determined either by direct sampling or by data substitution based on historical data.  For this reason, reported emissions may vary due to sampling location, data substitution method, reporting methodology changes, and monitoring equipment operational status.  Additionally, concerns were raised regarding flow measurement accuracy at low gas flow velocities.  In addition to flow accuracy concerns, vent gas sampling location and sampling frequency are also factors influencing the accuracy of the reported emissions.

Rule Compliance

The AQMD has found substantial non-compliance with the rule and various plan requirements.  Reasons for non-compliance varied.  Some facilities appeared to lack resources and commitment, some appeared negligent, and at least one facility appeared to have intentionally failed to obtain the required information utilizing the more accurate method specified in the rule.  Moreover, it is important to acknowledge the effort of some refineries to reduce flaring by upgrading their vapor recovery system and sulfur treatment system, which contributed to the emission reductions.  Efforts by other facilities to minimize flaring through the “best management practice” should also be commended.
Recommendations

Although efforts have been made by many facilities to minimize flare emissions since the start of the program, there are further emission reduction opportunities and emission reduction targets that should be explored by facilities subject to Rule 1118.  Several control options were evaluated to determine the feasibility of reducing flare emissions. One or more of the following methods have been employed by refineries in the Basin to a certain extent to reduce flare emissions. However, there is no regulatory requirement to ensure that emission reductions will continue. Staff recommends that Rule 1118 be amended to set appropriate emission goals for facilities subject to the rule.  Taking into account the unique operational requirements and the current flare emission levels at each facility, one or more of the following emission reduction methodologies below may be considered by each facility to further minimize emissions and meet the emission reduction goals appropriate for each facility:

· Prevent flaring of refinery fuel gas, process gas from leaking valves, and non-emergency flare events (excluding planned startups, shutdowns and turnaround activities.) Methods that have been employed to minimize flaring and reduce emissions include:

· Installing a vapor recovery system at a facility without existing vapor recovery capability;

· Increasing the vapor recovery system capacity; 

· Increasing the fuel gas treating system capacity; and

· Implementing routine inspection and monitoring to detect leaking valves.

· Minimize the duration and volume of gas vented to the flares due to emergencies, planned startups and shutdowns, and turnaround activities.  This may be accomplished by:

· Improving operational and maintenance procedures to prevent upset conditions; and

· Improving gas minimization plans for startups, shutdowns, and turnaround activities.

Several methods for post combustion treatment of emissions have been analyzed preliminarily but were not deemed practical for refinery flares due to the elevated configuration of the existing flaring equipment and the intermittent nature of their operation.

In addition to setting emission reduction targets, staff recommends Rule 1118 be amended to increase compliance and the accuracy of emissions information. In reviewing the flare emission data during this evaluation, staff has also determined that steps are necessary to increase both rule and plan compliance.  Also, further refinements to the monitoring, reporting and emission calculation methodology would increase the accuracy of emissions information.  The refinements that could be further explored during future rule development efforts include:
· Installation of additional flow meters or equipment capable of accurately measuring vent gas flow at low flow rates. This additional provision should allow for accurate flow measurements across the full flow range of the flares and allow for detection of continuous flaring of gas at low flow due to leaking valves.
· Installation of continuous gas monitoring systems such as gas chromatography equipment to measure and record H2S and Total Reduced Sulfur (TRS) concentrations and Higher Heating Value (HHV) continuously for each flare.  
· Enhancement of standard methodologies for flow and emission calculations.
· Establishment of standardized substituted data procedures when actual data are not available through direct measurements.
· Identification of causes of flaring events.
As a result of review of Rule 1118 data to date, and the emission reduction opportunities available, staff recommends rule development activities commence immediately to initiate the public process to amend the rule requirements.
CHAPTER 1 --  INTRODUCTION
On February 13, 1998, the AQMD Governing Board adopted Rule 1118 – Emissions from Refinery Flares.  The purpose of this rule is to monitor the quantity and composition of gases flared at petroleum refinery operations in order to improve the flare emission inventory and to assess the need for, or the level of, any future controls required to minimize flare emissions.  

As a part of the February 13, 1998 Rule 1118 adoption resolution, the Governing Board directed staff to evaluate all the information and data collected and submitted to the AQMD by the affected facilities subject to Rule 1118.  Based on all such information obtained in the first two years from the start of monitoring and recording of flaring operation, the Governing Board also directed staff to do the following:

1. Make a determination on whether emissions from flaring operations are significant; and 

2. Make recommendations for the AQMD Governing Board’s consideration on changes to Rule 1118.

Facilities subject to this rule are petroleum refineries, sulfur recovery plants that recover sulfur compounds from sour water generated by refining processes and hydrogen production plants that produce hydrogen from refinery gas and supply hydrogen for petroleum refinery operations.  Flare use varies from facility to facility.  The gas flares are used for the combustion and disposal of combustible gases due to emergency relief, overpressure, process upsets, startups, shutdowns and other operational and safety reasons.

There are twenty-seven flares at ten active facilities subject to the requirements of Rule 1118. These ten facilities comprise eight refineries, one sulfur recovery plant and one hydrogen production plant. Of the total twenty-seven flares, four are clean service flares and twenty-three are general service flares.

During 2002, AQMD staff met with representatives from each of the refineries and the sulfur recovery plant subject to Rule 1118 to clarify data collected for the past 2.5 years and address additional questions staff had. However, no meetings were held with the hydrogen production facility that operates one clean service flare exclusively. Facilities subject to Rule 1118 are:


Air Products (Hydrogen Production Plant)


BP West Coast Products (Refinery)


Chevron Products Company (Refinery)


ConocoPhillips Company (Refinery – Carson Plant)


ConocoPhillips Company (Refinery – Wilmington Plant)


Equilon Enterprises, LLC, Shell Oil Products U.S. (Los Angeles Refinery)

· Equilon Enterprises, LLC, Shell Oil Products U.S. (Sulfur Recovery Plant)


ExxonMobil Oil Corporation (Refinery)


Paramount Petroleum Corporation (Refinery)

· Ultramar Inc. (Refinery)

Subsequently, AQMD staff met with the same facilities in July and August 2004 to discuss Rule 1118 implementation issues and Rule 1118 data collected in 2002 and 2003, which are also incorporated into this report.

In general, flares are used to burn and dispose of excess combustible process gases that are generated as part of the production processes or during a process upset or other situations.  Flares are also used as safety devices to reduce the potential for fires and explosions due to unburned gaseous hydrocarbon releases.  Flares can be elevated like a stack where the combustion, or burn-off, takes place at the tip of the flare and the flames are visible from a distance.  The height of an elevated flare is dictated by the need to limit ground level temperatures that can be produced by radiant heat from the flame. They can also be of the ground-flare type, where the burners are located near the ground level in a shrouded space.  Both types of flares are capable of destruction of hydrocarbons and other combustible gases.  However, as with any type of combustion equipment, they generate air pollutants, such as nitrogen oxides, sulfur dioxide, carbon monoxide, and particulate matter in addition to releasing hydrocarbons that have not been completely combusted.  Also, similar to any other combustion device, flares have the potential to generate toxic emissions depending on the type of gases burned and operating parameters.

A flare must be kept in an operational status whenever the system it serves is in operation.  Therefore, the pilot burners are kept on at all times.  A stream of combustible gas, called purge gas, is continuously pumped through the pipes and into the flare to prevent air from entering the flare header and creating an unsafe, explosive mixture of air and hydrocarbons. Depending on the flare design, the amount of purge gas needed to keep the flare safe varies considerably.  Although the quantities are relatively small, the burning of pilot and purge gases is a continuous source of emissions. 
The flares covered in this report were installed to either serve a single or wide variety of purposes.  At those facilities having multiple flares, some of the flares serve only one process area, while the others are used to serve a number of process units for a wide variety of purposes, ranging from controlling a small stream of leaks from a piece of machinery to the disposal of large quantities of gases during an emergency. At facilities having one flare, these flares typically are in service for all process units at the facility. 

Rule 1118 identifies three distinct categories of flares: clean, emergency and general service. A clean service flare is used to only burn natural gas, hydrogen, liquefied petroleum gas, or other gases with a fixed composition vented from specific equipment.  These gases contain little or no sulfur, and the quality (i.e., heat content and sulfur content) of the gas is usually predictable regardless of the flaring situations. This type of flare requires the least amount of information to determine the emissions from flaring events.  An emergency service flare is a flare that receives vent gas only during emergencies.  The quality and volume of the vent gases vary depending on the source and duration of the emergency release.  Nevertheless, an emergency flare is usually in a standby mode and does not create emissions except for those associated with pilot and purge gases, and during actual emergencies.  None of the flares subject to this rule are used as emergency flares only.
The most complicated and the most common flare configuration is the general service flares.  In addition to the services described above, many flares are also used to dispose of gases from routine or non-routine operations, including purged non-emergency releases of excess pressures, venting of storage tanks or wastewater sumps, and equipment leaks, etc.  Twenty-three of the twenty-seven flares subject to Rule 1118 are classified as general service flares.

Based on the analysis of the reported emissions, staff has determined that flare operations represent a significant SOx emissions source.  Although SOx emissions are significant, it should be noted that, the SOx emissions have declined since the start of the flare gas monitoring under Rule 1118 in late-1999.  In 2000, the reported SOx emissions from flares were as high as 2,633 tons, representing 54 percent of SOx emissions from other sources at facilities subject to Rule 1118.  However, the reported SOx emissions declined to 1,793 tons, 754 tons in 2002 and 735 tons in 2003. SOx emissions in 2003 represent 23% of SOx emissions from other sources subject to Rule 1118 comparing to 54% in 2000.

In addition to Rule 1118 and general prohibitory rules, such as Rule 401 - Visible Emissions, and Rule 402 – Nuisance, there are no other AQMD rules that regulate emissions from refinery flares.  Also, general prohibitory rules are not flare-specific and Rule 1118 does not specify any emissions limit from flaring.  Although all facilities affected by this rule are subject to Regulation XX – RECLAIM, these gas flares are exempt from Regulation XX and, consequently, NOx and SOx emissions from flares are not subject to the declining emissions cap.  It should be noted that, on occasions, some refineries burn excess refinery fuel gas in the flares.  Although emissions from combustion of refinery fuel gas in most combustion equipment are subject to Regulation XX, these emissions are not counted toward RECLAIM allocations when they are burned in the flares. Furthermore, as a result of refineries’ SOx RECLAIM status, flares are exempt from Rule 431.1- Sulfur Content of Gaseous Fuels.  In addition, flare emissions are not generally subject to emission limits under New Source Review (NSR) rules and are exempt from offsets because they are considered as air pollution control systems. Construction of flares would be subject to Best Available Control Technology (BACT) requirements of NSR. However, there have been no new flares built in recent years. 

Refinery flares, however, are also subject to federal rules, such as the provisions of 40CFR60, Subpart J - Standards of Performance for Petroleum Refineries, if they were constructed or modified after June 11,1973, and 40CFR60, Subpart A – General Control Device Requirements, if the source of emissions being vented to the flare is subject to NSPS or NESHAP requirements.  Although Subpart J limits the vent gas H2S content concentrations to 160 PPM, it exempts vent gases from this limit, provided that the vent gases are due to an emergency upset that includes startups and shutdowns.  Currently, there are a total of seven flares in the AQMD subject to Subpart J requirements.  In addition, Subpart A does not set any emission limitation standards and only sets design and operation standards for flares.  To sustain a high level of combustion efficiency and prevent burnout, a provision in Subpart A requires a minimum higher heating value (HHV) of 300 BTU/SCF for flares with vent gas flow velocities less than 60 feet per second and a minimum HHV of 1000 BTU/SCF for flares with vent gas flow velocities between 60 feet per second and 400 feet per second. 

Although SOx emissions from refinery flares represent a significant amount of the total refinery SOx emissions, currently there are no AQMD rules establishing emission limits from refinery flares.  Also, existing federal rules do not apply to most flares. In cases where they do apply, limits are difficult to enforce and do not ensure that emission reductions will occur. 

CHAPTER 2 --  Overview of flare systems AND EMISSIONS

Flare System Overview

Flares subject to Rule 1118 are classified as either clean service, emergency service or general service. Four facilities subject to this rule operate at least one clean service flare as defined in the rule.  As mentioned earlier, clean service flares only burn natural gas, hydrogen, liquefied petroleum gas, or other gases with a fixed composition vented from specific equipment.  These gases contain little or no sulfur, and the quality (i.e., heat content and sulfur content) of the gas is usually predictable regardless of the flaring situations. This type of flare requires the least amount of information to determine the emissions from flaring events.  An emergency service flare is a flare that receives vent gas only during emergencies.  The quality and volume of the vent gases vary depending on the source and duration of the emergency release.  Nevertheless, an emergency flare is usually in a standby mode and does not create emissions except for those associated with pilot and purge gases, and during actual emergencies. Lastly, general service flares are used to dispose of gases from routine or non-routine operations including non-emergency releases of excess pressures, venting of storage tanks or wastewater sumps, and equipment leaks, etc, in addition to those services performed by clean and emergency flares.
For the most part, the flares in the AQMD are typically used as general service flares. In addition to handling process upsets and unit shutdowns and startups, they also handle vent gas release from normal operations. Some of the flares have several processes including the facility fuel gas system connected to them. Although they vary in capacity, general service flares discussed in this report are the elevated, steam-assisted type. 

Refinery pressure-relief systems are used at facilities subject to Rule 1118 to manage vapors and liquids that are released by pressure-relieving devices and blow downs.  Pressure relief is an automatic release when operating pressure exceeds a predetermined level.  Blow down normally refers to necessary release of process gas, such as blow downs from process unit startups, shutdowns and emergencies.  A pressure-relief system typically consists of relief valves, safety valves, header lines, and knockout vessels to separate vapors and liquids, and is connected to a flare system. 
A flaring system is necessary safety equipment in the refinery and is designed to protect equipment and prevent direct discharge of refinery gas to the atmosphere. However, because flaring is a combustion process, it also produces other pollutants.  Vent gases from the pressure-relief system are directed to the flare burner tip atop the elevated flare, which is the subject of discussion in this report. The gases released to the top of the flare stack are ignited by pilot burners (much like a stove pilot). Steam is usually injected into the vent gas stream at the flare tip for the purpose of promoting complete, smoke-free burning.  Any liquids entrained in the  gases can cause an irregular flame and must be removed prior to the gas reaching the flare.  This is usually accomplished by using a knock-out drum to separate vapors and liquids.  Liquids are recovered and either sent back to the process unit or sent to the water treatment facility.

There are several flare system configurations, and the refineries within the Basin generally utilize the methods described below.

Method 1:  In this method, as illustrated in Figure 2-1, vent gases due to emergency relief and routine operation are collected in a common gas header and are captured by the vapor recovery system (VRS). The gases typically go through a cleaning process before reaching the fuel gas system. It utilizes a water seal and purge gas to prevent ambient air from entering the system and creating a potentially explosive condition.  A water seal also provides system static pressure as added protection to ensure that the captured vent gases go through the treatment system.  In the event of VRS system overpressure (e.g., due to the volume of vent gases generated exceeding the compressor design capacity), untreated vent gases are routed to the flare until the system pressure returns to normal.


[image: image2]
Figure 2‑1: Emergency Relief and normal vent gases are captured by VRS 

Method 1A: This method is similar to Method 1 except that vent gases due to emergency relief and routine operation are collected separately.  A dedicated set of compressors serves the emergency relief header and another set of compressors serves the normal vent header.

Method 2:  Under this method, vent gases due to emergency relief and routine operation are collected separately.  A gas header serving the emergency relief is sent to the flare directly and normal vent gases are captured by the vapor recovery system (VRS).  Figure 2-2 illustrates this method. Typically, purge gas is introduced in the flare header line to clear the lines of explosive gases and to prevent ambient air from entering the system by providing a positive pressure in the line.


[image: image3]
Figure 2‑2: Emergency Relief is vented directly to the flare and normal vent gases are captured by VRS 

Method 3: The vent gases from process units are vented directly to the flare (See 2-3). Clean flares and flares that are dedicated to a sole process unit are typically in this configuration. 
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Figure 2‑3: Process Unit Pressure Relief

Reported Flare Emissions

The reported flare emissions monitoring data were evaluated  to determine whether emissions due to flaring within the Basin represent a significant source of emissions.  The data used in this chapter represent reported emissions from the years 2000, 2001, 2002, and 2003.

Rule 1118 defines a flare event as any intentional or unintentional release of vent gas to a flare.  A recordable event is any flare event for a specific flare during which the flow rate of vent gases to that flare exceeds 330 standard cubic feet per minute continuously for a period greater than 15 minutes, or any other flare event, as defined and approved in writing by the Executive Officer.  The rule requires sampling and analysis of gas for certain recordable events.  The rule also requires samples to be taken when the flare events last at least 30 minutes; however, alternative estimation methods are allowed when events end in less than 30 minutes. Refineries are required to submit daily and quarterly emissions of criteria pollutants from each flare along with all information used to calculate each flare’s emissions, such as volumes, heating values, and sulfur contents of the representative samples of vent gases, etc. 

The AQMD found substantial non-compliance with the Rule's reporting requirements.  Many flare events, including flare events well over 30 minutes, were not sampled.  Instead, less-accurate substitute data was provided.  Enforcement action is proceeding in response to these violations.

Based on the analysis of the flare emissions data received, it is concluded that flare operations represent a significant emission source, especially SOx emissions, as shown in Table 2‑1 below, which compares the emissions attributed to facility flares to that of all other sources within the facility.  The NOx and SOx overall emissions were determined from the RECLAIM Annual Permit Emissions Program (APEP) reports and the remaining pollutant emissions data were gathered from the Annual Emission Reports (AER).  Table 2‑1 does not contain emissions data for Air Products, a facility that only operates a clean service flare.

Table 2‑1: Overview of Flare Emissions as Reported Pursuant to Rule 1118

	
	Calendar Year 2000
	Calendar Year 2001

	Pollutant
	Rule 1118 Reported Emissions

(Tons)
	Overall Emissions-excluding flare emissions
(Tons)
	Percent Rule 1118  Emissions to Total

From other sources

(%)
	Rule 1118 Reported Emissions

(Tons)
	Overall Emissions-excluding flare emissions
(Tons)
	Percent Rule 1118  Emissions to Total

From other sources(%)

	NOx
	136
	6,725
	2%
	380
	5,298
	7%

	SOx
	2,633
	4,895
	54%
	1,793
	4,123
	43%

	ROG
	125
	2,850
	4%
	456
	2,751
	17%

	CO
	733
	5,332
	14%
	2,058
	5,374
	38%

	PM10
	43
	1,465
	3%
	87
	1,459
	6%


Note: For year 2001, one facility indicated that they over reported the flare emissions as a result of the flow meter being out of commission for 20 days.  As a result, this facility used the maximum design capacity of the flares during the 20-day period.  They subsequently provided revised data estimating emissions based on process parameters.  If the estimated emissions provided by the facility were to be used, the overall emissions would be as follows for 2001:

	Calendar Year 2001 Adjusted Emissions Based on Facility Estimates

	NOx
	SOx
	ROG
	CO
	PM10

	226
	1,766
	314
	1,228
	44


However, since the method used to estimate the emissions during the 20-day period has not been demonstrated to be adequately accurate to the satisfaction of AQMD and was not used to report the Rule 1118 quarterly emissions, the data presented in this report continues to use maximum design values as reported under the Rule 1118 requirements.
	
	Calendar Year 2002
	Calendar Year 2003


	Pollutant
	Rule 1118 Reported Emissions

(Tons)
	Overall Emissions-excluding flare emissions
(Tons)
	Percent Rule 1118  Emissions to Total

From other sources

(%)
	Rule 1118 Reported Emissions

(Tons)
	Overall Emissions-excluding flare emissions
(Tons)
	Percent Rule 1118  Emissions to Total

From other sources(%)

	NOx
	83
	4,809
	2%
	79
	4,706
	2%

	SOx
	754
	3,476
	22%
	735
	3,242
	23%

	ROG
	78
	2,781
	3%
	75
	2,907
	3%

	CO
	450
	6,709
	7%
	423
	7,354
	6%

	PM10
	25
	1,377
	2%
	23
	1,298
	2%


In 2000, the SOx emissions from flares were reported to be as high as 2,633 tons representing 54 percent of SOx emissions from other sources at facilities subject to Rule 1118.  However, the reported SOx emissions declined to 1,793 tons in 2001, and 754 tons in 2002 and 735 tons in 2003. SOx emissions in 2003 represent 23% of SOx emissions from other sources at facilities subject to Rule 1118 comparing to 54% in 2000.

The reported SOx emissions from flares by facilities subject to Rule 1118 are calculated based on the volume of vent gas to the flares measured by flow meters and the corresponding concentration of sulfur in the vent gas.  For other pollutants, the emissions are based on the volume and the HHV of the vent gas.  Please refer to Chapter 6 – Flow Measurement, Sampling and Data Acquisition Method, where a more detailed explanation of emissions determination methodology is discussed.

More detailed information for each flare is listed in Appendix A.

CHAPTER 3 --  COMPARISON OF RULE 1118 REPORTED EMISSIONS AND Annual Emission Report (AER)
The AQMD requires the filing of an Annual Emissions Report (AER) and payment of annual fees based on a facility's emission of air contaminants, as specified in Rule 301- Permit Fees. As authorized by State Health and Safety Code Section 40510, the fees help cover costs to evaluate, plan, inspect, and monitor air quality compliance. This annual emissions inventory of pollutants and source categories is essential to effectively design and evaluate clean air strategies to comply with state and federal public health standards. The data collected is used to update the comprehensive emissions inventory for the AQMD, and the compiled inventory is published in each update of the Air Quality Management Plan.
Annual emission fees are assessed on sources that emit: 

· Four tons or more per year of sulfur oxides (SOx), volatile organic compounds (VOCs), nitrogen oxides (NOx), specific organics, or particulate matter; 

· More than 100 tons per year of carbon monoxide (CO); 

· In excess of the thresholds for specific toxic air contaminants and ozone-depleting compounds listed in Table IV of Rule 301. 

It is each facility's responsibility to accurately report their annual emissions from all of its equipment and processes. Facilities must use either the AQMD’s reporting software or the official paper forms for calculating and reporting their emissions for the period.

Facilities in the AQMD report flare emissions annually through AER. The product of the throughput in thousand barrels and pollutant emission factors equals the emissions for each pollutant the operator reports for flare operations in the AER. Most refineries used the default emission factors provided by the AQMD to calculate emissions while two facilities used revised emission factors
. The default factors normally provide conservative estimates of actual flare emissions.  The AQMD allows facilities to report flare emissions using the Rule 1118 monitoring data for AER purposes provided that certain criteria are met to ensure accuracy and reliability of data.  However, no refineries have reported the AER emissions from flares using the Rule 1118 monitoring data.

The Rule 1118 reported emissions were compared against the same period in the AER as shown in Table 3-1.  A graphical comparison of Rule 1118 and AER for 2000 and 2001 can be seen in Figure 3‑1 and Figure 3‑2, respectively. In addition, at the facility level, the same comparison can be seen in Appendix B.

Emissions for all pollutants based on the AER indicate that the emissions from year 2000 to 2003 have remained essentially unchanged, indicating that the overall refinery crude throughput has essentially remained the same from year 2000 to 2003.  However, in comparison, Rule 1118 emissions data from year 2000 to 2003, show that emissions have been declining since 2000. 

As will be explained in Chapter 6 - Flow Measurement, Sampling and Data Acquisition Method, the current Rule 1118 method of quantifying emissions may not accurately estimate all emissions from flares.  However, emission calculations based upon proper flow measurements, and samples taken and analyzed pursuant to Rule 1118, may better reflect the actual flare operations.  Therefore, with more frequent and consistent measurement of gas data, along with accurate flow measurements, Rule 1118 emissions data can potentially provide more accurate estimation of emissions from flares.

Table 3‑1: Overview of Flare Emission Reported Pursuant to Rule 1118 vs. to AER

	
	Calendar Year 2000
	Calendar Year 2001

	Pollutant
	Rule 1118 Reported Emissions
(Tons)
	AER  Reported Emissions
(Tons)
	Rule 1118 Reported Emissions
(Tons)
	AER  Reported Emissions
(Tons)

	NOx
	136
	127
	380
	129

	SOx
	2,633
	2,794
	1,793
	2,776

	ROG
	125
	129
	456
	129

	CO
	733
	694
	2,058
	694

	PM10
	43
	36
	87
	36


Note: For year 2001, one facility indicated that they over reported the flare emissions as a result of the flow meter being out of commission for 20 days.  As a result, this facility used the maximum design capacity of the flares during the 20-day period.  They subsequently provided revised data estimating emissions based on process parameters.  If the estimated emissions provided by the facility were to be used, the overall emissions would be as follows for 2001:

	Calendar Year 2001 Adjusted Emissions Based on Facility Estimates

	NOx
	SOx
	ROG
	CO
	PM10

	226
	1,766
	314
	1,228
	44


However, since the method used to estimate the emissions during the 20-day period has not been demonstrated to be adequately accurate to the satisfaction of AQMD and was not used to report the Rule 1118 quarterly emissions, the data presented in this report continues to use maximum design values as reported under the Rule 1118 requirements.
	
	Calendar Year 2002
	Calendar Year 2003

	Pollutant
	Rule 1118 Reported Emissions
(Tons)
	AER  Reported Emissions
(Tons)
	Rule 1118 Reported Emissions
(Tons)
	AER  Reported Emissions
(Tons)


	NOx
	83
	136
	79
	140

	SOx
	754
	2,597
	735
	2,560

	ROG
	78
	136
	75
	140

	CO
	450
	733
	423
	758

	PM10
	25
	39
	23
	41
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Figure 3‑1: Rule 1118 and AER Emissions Comparison - Yr 2000
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Figure 3‑2: Rule 1118 and AER Emissions Comparison - Yr 2001
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Figure 3‑3: Rule 1118 and AER Emissions Comparison - Yr 2002
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Figure 3‑4: Rule 1118 and AER Emissions Comparison - Yr 2003

CHAPTER 4 --  SOURCES, Characteristics and Causes of vent gas flows to flare

The petroleum refineries employ a variety of processes that fall into five general categories: separation processes, petroleum conversion processes, petroleum treating processes, feedstock and product handling, and auxiliary facilities
. These processes are sources of gases vented to the fuel gas system or vapor recovery systems and the flares during normal operations (e.g., during pressure control), planned shutdowns/startups and process upsets. This section will address the constituent pollutants in the vent gas stream and the significant conditions under which vent gases are created. For clean-service flares used by the refineries, this chapter will discuss only daily flows because there are no event flows from this type of flares.  
Sources of Vent Gases

Among the various refinery processes, four processes generally are significant sources of process gas that are collected and treated for use as fuel gas at the refinery or sold to other facilities.  Under certain operation, vent gases may be flared. These processes are vacuum distillation, fluid catalytic cracking, thermal cracking processes and the sulfur recovery unit.  Vent gases from these processes are usually routed to pressure-relief systems connected to the flares. Large volumes of hydrocarbon gases are produced from these processes. These hydrocarbon gases contain hydrogen sulfide (H2S), ammonia (NH3), organic sulfur and mercaptans.  These chemical compounds are converted from sulfur and nitrogen, natural components of crude oil, during the refining processes.  Brief descriptions of these processes are summarized below:

· Vacuum Distillation: The crude distillation units are the first major processing units in the refinery.  They are used to separate crude oil into petroleum fractions according to their boiling points, so that each of the downstream process units will have feedstocks that meet their particular specifications. The vacuum distillation unit is generally a preferred process for separating heavy crude oil into petroleum fractions over the atmospheric crude distillation unit because the high temperatures necessary to vaporize the topped crude at atmospheric pressure cause thermal cracking to occur, causing discoloration of the product and equipment fouling due to coke formation.

· Fluid Catalytic Cracking (FCC): This is a process for the conversion of straight-run atmospheric gas oil, vacuum gas oils, certain atmospheric residues, and heavy stocks recovered from other refinery operations into high-octane products, light fuel oils, and olefin-rich gases.  The cracking reactions are carried out in a vertical reactor riser, in which a liquid oil stream contacts a hot powdered catalyst.  The oil vaporizes and cracks to lighter products as it moves up the riser and carries the catalyst powder along with it.  Along with the desired reactions, coke (carbonaceous material having a low hydrogen-to-carbon ratio) deposits on the catalyst and renders it less catalytically active.  The spent catalyst is sent to a regenerator where the coke is combusted to rejuvenate the catalyst.  The rejuvenate catalyst then passes to the bottom of the reactor riser where the cycle begins again.

· Thermal Cracking Process: This process encompasses a range of non-catalytic processes used to enhance the heavy fraction of crude oil by conversion and separation. In order for a refinery to produce more valuable products, the heavy "residue" fractions can be processed into lighter fractions. Thermal cracking produces gas, naphtha and distillate (kerosene and diesel). An example of this separation method is Delayed coking.  This process converts petroleum residue into gas, naphtha, diesel and coke. It is normally a semi-continuous process. Operating parameters are typically, temperature 450° - 500° C in the coke drum and 2 - 3 bar pressure.

· Sulfur Recovery Unit (SRU): The SRU converts the acid gas (H2S) streams from the amine and sour water systems (SWS), respectively, into a molten form.  To further increase the sulfur recovery efficiency, the effluent gas from the SRU is further treated in a secondary treating unit, the Tail Gas Unit (TGTU).  

· Amine System:  The basis method of removing sulfur from refinery products – including fuel gas – for the purpose of meeting product quality specifications, is to convert the sulfur compounds into gaseous hydrogen sulfide (H2S).  The H2S is then captured by a liquid amine solution that is continuously circulated between “absorber” vessels (typically located within various process units) and regeneration vessels called “strippers.”  The H2S that is stripped out of the amine solution is sent to the SRU, and the regenerated (“lean”) amine solution is circulated back to the various absorbers.

· Sour Water System: Numerous refinery processes use water and/or steam for various purposes.  Examples include using steam as a stripping medium in distillation, reducing hydrocarbon partial pressure in thermal or catalytic cracking, injecting wash water to absorb corrosive compounds or salts, etc.  When these aqueous streams come into contact with H2S or ammonia, they absorb it and, therefore, become contaminated (or “sour”). The sour water requires cleaning prior to reuse or disposal.  Clean-up might involve several steps but generally ends by “stripping” the H2S and ammonia out of the water in vessels called Sour Water Strippers.  The combined H2S and ammonia stream from the SWS is sent to the SRU, where the H2S is converted into sulfur and ammonia is destroyed.

· Pressure Relief Systems: This system is used primarily to ensure the safety of plant personnel and the community and to protect equipment in the event of emergencies, such as process upset, equipment failure, or fire.  The system for safely disposing of emergency vent gases consists of individual pressure relief devices (PRDs), a piping network of manifolds and headers, and is connected to flares. In addition to disposing of emergency and excess gas flows, pressure relief systems are used for the evacuation of equipment or entire process units during shutdowns and turnarounds. Normally, the procedure for shutting down a process unit involves depressurizing into a fuel gas or vapor recovery system with further depressurizing to essentially atmospheric pressure by venting to a low-pressure flare system.
Typically, flare vent gas streams are composed primarily of hydrocarbons. Contaminants, such as sulfur species may be present, and their concentration levels are dependent on the process source

Characteristics and Causes of Vent Gases

In general, process gas produced during the refining process may be further processed into useful petroleum products, recovered and treated for use as fuel for combustion equipment at the refineries or sold to other facilities.  However, process gas may be vented directly to the flares under certain unavoidable circumstances, such as equipment breakdown and power failure, process turnaround, planned startup and shutdown of process units.   Under these circumstances, a sudden large volume of gas is released and must be vented directly to the flares because they cannot be effectively recovered and treated (e.g. sulfur removal) with the existing capacity of the gas recovery, fuel gas and sulfur treatment systems.  It should be noted that each refinery is uniquely designed and operated.  Therefore, the design of their vapor recovery/fuel gas/flare systems at each refinery may also vary in their capacity to handle process gases under different operating scenarios.  

Although flares are designed to be used mainly during emergency releases, data reported to AQMD as shown in Table 4-1 shows that from the years 2000 to 2003, the total volume of gas flared due to emergencies ranged from only 2 to 14 percent of the total gas flared.

As discussed in Chapter 2- Overview of Flare Systems and Emissions, flare operations represent a significant SOx emissions source.  For this reason, this section focuses on the vent gas characteristics and causes related to parameters contributing to SOx emissions.  Also, as explained in Chapter 6 – Flow Measurement, Sampling and Data Acquisition Method, parameters contributing to SOx emissions are the vent flow rates and sulfur concentration.  Furthermore, Chapter 5 - Emissions Control Options, discusses methods of reducing SOx emissions.  In essence, SOx emissions can potentially be reduced by minimizing the vent gas generated and cleaning the generated vent gases.

Event Causes

The data received was also analyzed according to the causes that triggered flares to operate.  These causes are broadly classified as either emergency or non-emergency, and are shown in Table 4-1 below with detailed information for each flare contained in Appendix D. 
Table 4‑1: Event Flow Totals for Four and One Quarter Year Period

	
	Class of Event Gas Release
	Total Flow 
(Mscf)
	% of Total 
Daily Flow
	SOx 
Emissions
(Tons)
	SOx 
Emissions
(%)

	4Q1999
	Emergency Event Flow
	13,799
	0.35
	12
	1.05

	
	Non-Emergency Event Flow
	3,962,588
	99.65
	1,122
	98.95

	
	Subtotal
	3,976,387
	100
	1,134
	100

	
	
	
	
	
	

	2000
	Emergency Event Flow
	217,904
	5.33
	167
	6.36

	
	Non-Emergency Event Flow
	3,866,914
	94.67
	2,466
	93.64

	
	Subtotal
	4,084,817
	100
	2,633
	100

	
	
	
	
	
	

	2001
	Emergency Event Flow
	143,222
	1.72
	189
	10.53

	
	Non-Emergency Event Flow
	8,181,151
	98.28
	1,605
	89.47

	
	Subtotal
	8,324,372
	100
	1,793
	100

	
	
	
	
	
	

	2002
	Emergency Event Flow
	330,089
	13.53
	51
	6.74

	
	Non-Emergency Event Flow
	2,109,672
	86.47
	703
	93.26

	
	Subtotal
	2,439,761
	100
	754
	100

	
	
	
	
	
	

	2003
	Emergency Event Flow
	223,000
	9.98
	42
	5.65

	
	Non-Emergency Event Flow
	2,012,225
	90.02
	693
	94.35

	
	Subtotal
	2,235,225
	100
	735
	100

	
	
	
	
	
	

	Total
	Emergency Event Flow
	928,013
	4.41
	460
	6.53

	
	Non-Emergency Event Flow
	20,132,550
	95.59
	6,589
	93.47

	
	Total
	21,060,563
	100
	7,049
	100


Table 4-2 below shows the sum of flow and emissions from October 1, 1999 through December 31, 2003, for emergency events and detailed breakdown of non-emergency events (in the order of descending total flow) along with corresponding emissions. Breakdown of this data for each year is shown in Appendix C.

Table 4‑2: Top Reasons for Flared Vent Gases amongst the Featured 
Facilities from 4QTR1999 through 4QTR2003 

	Reasons for
	Total Flow (Mscf)
	% of Total
	NOx (tons)
	ROG (tons)
	CO
	PM10 (tons)
	SOx (tons)

	Vent Gases
	
	
	[%]
	[%]
	(tons)
	[%]
	[%]

	 
	
	
	 
	 
	[%]
	 
	 

	Emergency
	928,013
	4.41
	26.31
	24.36
	143.05
	9.58
	460.40

	(Recordable Event)
	
	
	[3.27]
	[2.86]
	[3.29]
	[4.35]
	[6.53]

	Non Emergency
	Non-Recordable Event
	9,392,524
	44.60
	415.06
	489.66
	2,231.95
	101.55
	3,493.70

	
	
	
	
	[51.58]
	[57.57]
	[51.29]
	[46.15]
	[49.56]

	
	Recordable Events
	Unknown
	7,346,275
	34.88
	243.38
	225.48
	1,324.25
	73.26
	1,788.55

	
	
	
	
	
	[30.25]
	[26.51]
	[30.43]
	[33.29]
	[25.37]

	
	
	Maintenance
	831,928
	3.95
	35.98
	33.33
	195.75
	8.84
	261.25

	
	
	
	
	
	[4.47]
	[3.92]
	[4.5]
	[4.02]
	[3.71]

	
	
	Planned Shutdown
	1,101,877
	5.23
	34.03
	31.53
	185.16
	11.47
	555.92

	
	
	and Startup
	
	
	[4.23]
	[3.71]
	[4.25]
	[5.21]
	[7.89]

	
	
	Process Vent
	415,266
	1.97
	15.28
	14.16
	83.16
	4.36
	157.98

	
	
	
	
	
	[1.9]
	[1.66]
	[1.91]
	[1.98]
	[2.24]

	
	
	Turnaround Activities
	710,438
	3.37
	20.22
	18.73
	109.99
	7.47
	261.87

	
	
	
	
	
	[2.51]
	[2.2]
	[2.53]
	[3.39]
	[3.71]

	
	
	Fuel Gas
	334,418
	1.59
	14.38
	13.32
	78.24
	3.51
	69.50

	
	
	
	
	
	[1.79]
	[1.57]
	[1.8]
	[1.6]
	[0.99]

	Total from all sources:
	21,060,563
	100.00
	804.63
	850.57
	4,351.56
	220.04
	7,049.17

	
	
	
	[100]
	[100]
	[100]
	[100]
	[100]


Table 4-2 shows reasons for vent gases to flare including: emergency, maintenance, planned shutdowns & startups, process vents, turnaround activities, fuel gas and unknown.  Fuel gas is any gas that is produced at the refinery that the operator has treated in order to use it as fuel.  When there is an excess amount of fuel gas due to a decrease in demand from external customers or internal process units, this excess fuel gas is flared.  

Process vent events occur from routine operation as the refineries are constantly trying to maintain a pressure balance between their process units. Though infrequent, certain upsets to process units require immediate, emergency shutdown of the process unit. Such scenarios are categorized as emergency.

Turnaround activities, maintenance and planned shutdowns & startups may be independent or interdependent on one another.  Turnaround activities are planned shutdowns and startups of process equipment which may encompass required maintenance actions; however, turnaround activities typically cover a significant portion of the refinery and as such required broader coordination.  On the other hand, maintenance procedures can simply also be isolating an equipment so repairs can be performed. Moreover, planned shutdowns & startups can involve the temporary removal of equipment from service. 

A greater percentage of flaring was caused by non-emergency events such as planned shutdowns & startups, repair and maintenance activities, unknown flare events, and vent gas flow at low volume or short duration (non-recordable event).  Table 4-2 shows that 83 percent of flare volume reported to AQMD was due to non-emergency events. In other words, a large quantity of vent gases going to the flares and a high frequency of flare operation is due to non-emergency events.  

It should be noted that identification of flaring causes is not a requirement in Rule 1118.  As a result, not all flaring event causes were well documented by all refineries during the first two years.  Documentation of event causes has improved noticeably in 2002 and 2003 as shown in Tables C-1 trough C-5 in Appendix C.  Event causes listed as unknown are considered non-emergency for the purpose of this report because normally releases due to emergencies such as power outage and equipment failure are well documented by the refineries and are often required to be reported to responsible agencies under federal regulations. As shown in Tables C-1 through C-5, refineries have made significant progress in managing vent gas to the flare, and the percent of gas vented to the flare due to unknown and non-recordable flare event was reduced to 50 percent in 2003. 

The above information indicates that a large percentage of gas was released to the flare at a low flow rate (i.e., non-recordable event). This suggests SOx emissions can potentially be reduced by treating the vent gases prior to being burned in the flares, and a gas minimization plan can be incorporated to minimize the amount of vent gases generated during non-emergency operation.  

Although a gas treatment system cannot be built to accommodate all of the high volume vent gases generated during emergencies, a certain portion of emergency gases can be sent to a gas treating system with any excess gases being sent to a flare. Although large volumes of vent gases are generated during turnaround periods, a gas minimization plan can be incorporated to minimize the amount of vent gases generated during these periods.

Sulfur Content

Sulfur concentration analyses of the data received are shown below.  A number of recordable events and sampling issues are discussed in Chapter 6 and a detailed breakdown by flare can be found in Appendix C.
Figure 4-1 shows the breakdown of reported sulfur concentrations by the number of event days.  This figure indicates that the higher concentrations of sulfur compounds (greater than 40 PPM total sulfur) were present during the majority of event days. For each year from 2000 to 2003, the highest number of recordable event days fall between 100 to 1000 PPM total sulfur concentrations. Event day is defined as a day where, at least, one recordable event occurred.
Figures 4-2 and 4-3 compares the recordable event days and flow amount between “dirty”
 vent gases and “clean” vent gases for each year from 2000 to 2003, respectively.  These figure shows that the majority of vent gases are dirty.  

Figure 4-4 further breaks down the sulfur composition of gases by volume.  This figure indicates that there are significant flows with sulfur concentrations exceeding 1,000 PPM and some vent gases contain sulfur concentration in excess of 100,000 PPM.  Vent gases containing high concentrations of sulfur can generate a large amount of SOx emissions even under low flow conditions.
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Figure 4‑1: Reported Sulfur concentration Range by the Number of Event Days
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Figure 4‑2: Bar Chart of Event Day Counts Categorized By TRS Concentration and By Year
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Figure 4‑3: Bar Chart of Total Event Flows Categorized By TRS Concentration and By Year
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Figure 4‑4: Distribution of Reported Total Event Flow Categorized by TRS Concentration

CHAPTER 5 --  emissions Control options

The reported Rule 1118 emissions data indicate that refinery flares are significant sources of emissions, especially SOx emissions. Therefore, it is necessary to identify appropriate control options that can effectively reduce flare emissions.  This report explores post-combustion and pre-combustion methods for reducing flare emissions that are recommended for further evaluation during future rule amendment proceedings. 
Post-Combustion Control

This method of control relies on selecting appropriate air pollution control (APC) equipment for each criteria pollutant to reduce emissions after they have been generated through combustion process in the flares.  Most flares subject to Rule 1118 are elevated flares that are more than 100 feet high and are not easily accessible.  Furthermore, flare combustion occurs at the flare tip in open atmosphere rather than in a combustion chamber which is a common feature for other combustion equipment.  This design is necessary to handle a sudden release of a large volume of gas during emergency situations.  Post-combustion control methods are generally more practical for a combustion process that occurs inside a combustion chamber where the combustion air contaminants are released through an exhaust stack.  From all the cases reviewed, it is not technologically feasible to apply these technologies to elevated flares.   

Table 5‑1 lists examples of APC equipment that has been used for controlling air contaminants from conventional combustion equipment.  In addition to the problem with the lack of an exhaust stack to capture air contaminants, other technical issues with applying post-combustion control techniques are also discussed.
Table 5‑1: Pollutant Specific APC Devices

	Pollutant
	APC
	Comment

	NOx
	Selective Catalytic Reduction (SCR)
	· SCR has been used to reduce NOx emissions from conventional combustion sources. 

· Technical problems for flare application

· Catalyst poisoning due to “dirty” gas stream.

· Large volume and inconsistent exhaust flow.

· SCR requires a minimum startup time and works best under steady state condition.

.

	
	NOx Scrubber
	· NOx scrubber is effective in removing NO2 for conventional combustion sources.  

· Technical problem for flare application

· Since most combustion NOx is composed of NO, this will not be effective in removing NOx emissions from the combustion process.

	
	Low NOx Burner
	· Potential for reducing NOx emissions.  

· Technical problem for flare application

· Proper tuning requires a constant fuel gas composition

	SOx
	SOx Scrubber
	Requires correct chemistry to react SOx with a reagent.  Therefore, the pollutant stream chemistry must be fairly consistent and must be at a steady state for proper operation.  These conditions are not likely to be encountered in the flares.

	CO
	Oxidation catalyst
	Although the method only requires a minimum temperature, if the combustion gases are not clean, it will lead to catalyst fouling.

	ROG
	Oxidation catalyst
	

	PM10
	Baghouse
	Due to high temperature, small particle size and the fact that baghouses have not been used in this type of operation, it is doubtful that this can be adapted to control facility flare emissions.

	PM10
(Con’t)
	Oxidation catalyst (PM10 from combustion is primarily composed of heavy molecular weight hydrocarbon(HC)
	Due to the size and nature of PM10 emissions from HC gas combustion, these devices will not be effective in removing PM10 emissions.

	
	Inertial separators (e.g., cyclones)
	

	
	Scrubbers (wet collection devices)
	

	
	Electrostatic Precipitator (ESP)
	ESPs have not been used in controlling PM10 emissions from HC gas combustion.


Pre-Combustion Control Methods

Rather than trying to reduce emissions after they have been generated, it is much more effective to reduce the amount of excess process gases going to a flare by a combination of implementing flaring minimization plans and treating vent gas prior to flaring.

Minimizing vent gases requires operators to proactively use best practices and data from historical events to anticipate and control conditions that cause gas venting and to continuously maintain a constant pressure balance in the process at all times to prevent unnecessary venting of off-gases. Process units should not periodically vent gas to the flares during pressure spikes. To prevent unnecessary venting of process gas, the process units as well as their associated control systems should be monitored and adjusted to maintain operating pressures well below relief set points, and be robust enough to handle the pressure spikes without venting to relieve the excess pressure. During turnaround or scheduled shutdown and startups, the pressures in the unaffected units or vapor recovery systems should be lowered to offset the anticipated increase from the startup activities to affect a “vent-less” startup. Lastly, efforts would have to be made, and modifications implemented, to reduce or eliminate upset conditions. Again, system controls would need to be sensitive to detect warning signs which typically occur prior to an upset. Furthermore, the addition of redundant systems and checks may preclude conditions which may eventually lead to process upsets.

Although preventing the occurrence of vent gases would be optimal, in certain cases, it may not be possible to eliminate all vent gases.  Therefore, these gases would need to be recovered, cleaned and used in other refinery processes as fuel gas for combustion equipment. Moreover, the excess cleaned gas could also be sold to external consumers.

To maximize recovery of all the gases that are vented to flares, the vapor recovery compressor and associated equipment need to be installed or modified if the existing vapor recovery system is inadequate to handle the expected vent gas volumes. Most refineries have some sort of vapor recovery system to capture the vent gases; however, some systems may be insufficient to handle the current volume of vent gases.  Implementing process gas minimization plans would be another means to reduce flaring without the need to enhance the existing vapory recovery system

Once collected, the vent gases would then be treated. The gas treating system would have to be sized to handle this typical gas volume plus a volume of a safety factor size. The limiting factors for treating the gas would appear to be the cleaning rate and capacity of the gas treating system. After undergoing the sulfur removal process, the treated gas can be used within the facility (e.g., process heaters) or can be sold to another facility (e.g., power plant) with effective control equipment.  
Existing Capacity

As an example of comparing the current vapor recovery system and treatment capacities with the flare vent gas flow, capacity data from two refineries have been used below.  These two example refineries provided information concerning their existing vapor recovery system (VRS) and fuel gas treating capacities.  These capacities are specified in terms of volumetric flow rates (e.g., cubic feet per minute).  One of these two facilities provided the volumetric flow rates from events in addition to the total daily flow electronically while the other provided only total daily flow. For the facility with flow rate data, Table 5-2 and Table 5-3 below compares the maximum event flow for each year from fourth quarter 1999 through first quarter 2002 (high emission period)  against the design capacity of the amine unit and the vapor recovery system compressor. 

Table 5‑2: Refinery Case Study 1

	
	Max. Recordable Event Flow Rate (SCFM)
	Fuel Gas Treating Design Capacity

(SCFM)
	Compressor
Design

Capacity

(SCFM)

	1999 (Q4)
	5730
	25,800
	3883

	2000
	2210
	25,800
	3883

	2001
	8795
	25,800
	3883

	2002 (Q1) 
	4771
	25,800
	3883


As the data shows, the maximum flow during these years can reach 34 percent of the design capacity of the fuel gas treating system and exceed the design capacity of the VRS. Therefore, if the vent gas flow rate frequently exceeds compressor design capacity to reduce emissions, this facility will need to upgrade, at the least, its existing VRS to treat the vent gases prior to flaring. Depending on the amount of capacity utilized, the fuel gas treating may or may not need to be expanded. 

For the other facility, the one without electronic volumetric flow rate data, it is still useful to compare the available existing capacities against the vent gases released to flares to approximately determine how much additional VRS and treating capacities are needed relative to the existing capacities.  In this case, these systems are most likely operating far below the 100 percent capacity and any unused capacity will decrease the amount of additional capacities required.

Table 5‑3: Refinery Case Study 2

	
	Total Flow (MMCF)
	Available Fuel Gas Treating 

Capacity

(MMCF/period)
	Available Compressor

Capacity

(MMCF/period)

	1999 (Q4)
	605
	34,228
	757

	2000
	2055
	135,797
	3,004

	2001
	1440
	135,797
	3,004

	2002 (Q1) 
	85
	33,484
	740


In Table 5-3, the available fuel gas treating and compressor capacities are determined by multiplying the design capacities by the number of calendar days.  The total flow represents the reported flow during the reporting period.

Although the above figures are based on average capacities, it does indicate that vent gas flow to flares represent a small fraction of the total amine capacity.  However, some refineries may not have adequate VRS capacity and may need to augment the VRS capacity to effectively reduce flaring events. 
Emission Reduction Opportunities

As previously mentioned, each facility subject to this rule is unique in their facility design and operation.  Consequently different emission control methods may be utilized by these facilities to meet their emission reductions goals.  As discussed in the previous chapters, the refineries have employed various techniques to reduce flare emissions.  However reported data shown in Table 4-2 and Appendix C, show opportunities for further emission reductions for certain facilities such as installation of a vapor recovery/treatment system at a facility with no existing vapor recovery/treatment capability, improved methods for identifying leaking valves, minimizing flaring of non-emergency releases, and increasing the capacity of gas recovery/treatment systems as necessary.

Because each facility operates differently in term of the total crude oil throughput, types and quantity of products produced, etc., Table 5-4 presents emissions and vent gas flow rate per one thousand barrels of crude throughput to allow for better comparison of data.  

Table 5‑4: Normalized Emissions to Throughput

	
	 
	Normalized Emissions In Terms of Lbs/1000 BBL Throughput
	Daily Flow
(MSCF/ 1000 BBLS)

	 
	 
	NOx
	ROG
	CO
	PM10
	SOx
	FLOW

	Company A
	Yr2000
	1.02
	0.95
	5.55
	0.30
	1.16
	14.34

	
	Yr 2001
	1.43
	1.32
	7.78
	0.29
	2.16
	13.88

	
	Yr 2002
	0.39
	0.36
	2.11
	0.10
	1.16
	4.68

	
	Yr 2003
	0.27
	0.25
	1.47
	0.08
	2.35
	7.62

	Company C
	Yr2000
	0.82
	0.72
	4.21
	0.26
	25.06
	11.68

	
	Yr 2001
	0.89
	0.80
	4.67
	0.27
	46.82
	13.11

	
	Yr 2002
	0.47
	0.42
	2.48
	0.27
	6.16
	12.75

	
	Yr 2003
	0.24
	0.21
	1.23
	0.10
	1.47
	9.93

	Company D
	Yr2000
	0.63
	0.59
	3.43
	0.28
	2.33
	13.29

	
	Yr 2001
	10.63
	14.06
	57.81
	2.30
	1.29
	109.58

	
	Yr 2002
	0.10
	0.10
	0.56
	0.07
	0.13
	3.10

	
	Yr 2003
	0.12
	0.18
	0.64
	0.04
	0.04
	3.63

	Company E
	Yr2000
	1.05
	0.97
	5.70
	0.30
	2.84
	14.05

	
	Yr 2001
	0.85
	0.79
	4.62
	0.24
	0.80
	11.46

	
	Yr 2002
	0.32
	0.30
	1.76
	0.11
	0.76
	5.18

	
	Yr 2003
	0.19
	0.18
	1.04
	0.07
	0.66
	7.07

	Company F
	Yr2000
	0.62
	0.57
	3.36
	0.12
	0.20
	5.90

	
	Yr 2001
	0.24
	0.22
	1.30
	0.04
	0.37
	2.05

	
	Yr 2002
	0.08
	0.07
	0.44
	0.01
	0.05
	0.63

	
	Yr 2003
	0.10
	0.09
	0.56
	0.02
	0.11
	1.86

	Company G
	Yr2000
	0.36
	0.33
	1.94
	0.13
	7.15
	6.09

	
	Yr 2001
	0.05
	0.05
	0.29
	0.02
	0.23
	0.89

	
	Yr 2002
	0.01
	0.01
	0.06
	0.00
	0.28
	0.17

	
	Yr 2003
	0.00
	0.00
	0.02
	0.00
	0.12
	0.13

	Company H
	Yr2000
	1.43
	1.30
	7.64
	0.43
	77.94
	20.71

	
	Yr 2001
	1.93
	1.75
	10.30
	0.48
	41.80
	22.85

	
	Yr 2002
	0.59
	0.54
	3.17
	0.13
	9.58
	6.19

	
	Yr 2003
	0.39
	0.36
	2.08
	0.09
	5.65
	8.32


The data in this table show that facilities subject to Rule 1118 have made significant reductions in both the volume of gas vented to the flares and the corresponding emissions.  However, as discussed in the previous chapters, there are further emission reduction opportunities at some facilities and the baseline performance levels shown in Table 5-4 serve as a good starting point for determining appropriate emission reduction goals for evaluation in the future rule development process.
To set appropriate emission reduction goals, one must consider many factors including operational requirements at each facility.  To quantify the amount of emission reductions that can occur under various scenarios, Table 5-5 shows tons of SOx reductions the can be achieved if the goals are set at .04 lb/1000 bbl (the lowest rate achieved by Company D in 2003), 1.0 lb/1000 bbl, and 2.0 lb/1000 bbl. 

Table 5-5 shows the expected emission reductions if refineries reduce emissions to the Company D level.
Table 5‑5: Annual Expected SOx Emission Reduction in Tons Based on Select Normalized Emission Rates 

	
	
SOx Emission Reduction in Tons Based on Normalized Emission Rates
(Emissions in parenthesis indicate potential increase rather than decrease) 


	Company
	Emission Rate
 @ 0.04 lb/ 1000 bbls
	Emission Rate
 @ 1.0 lb/ 1000 bbls
	Emission Rate
 @ 2.0 lb/ 1000 bbls

	
	2000
	2001
	2002
	2003
	2000
	2001
	2002
	2003
	2000
	2001
	2002
	2003

	Company A
	15
	28
	36
	119
	2
	15
	5
	70
	(12)
	2
	(27)
	18

	Company B
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Company C
	418
	769
	98
	23
	402
	753
	82
	8
	385
	736
	66
	(9)

	Company D
	55
	31
	2
	0
	32
	7
	(23)
	(25)
	8
	(18)
	(49)
	(51)

	Company E
	123
	32
	56
	71
	81
	(9)
	(19)
	(38)
	37
	(51)
	(97)
	(152)

	Company F
	0
	1
	0
	1
	(1)
	(3)
	(8)
	(8)
	(2)
	(7)
	(16)
	(16)

	Company G
	275
	8
	21
	11
	238
	(32)
	(63)
	(115)
	199
	(73)
	(151)
	(247)

	Company H
	1,741
	918
	529
	493
	1,719
	897
	476
	409
	1,697
	875
	420
	321

	TOTAL:
	2,627
	1,787
	742
	718
	2,473
	1,629
	451
	300
	2,312
	1,465
	147
	(136)


Table 5-5 indicates that potential SOx emissions can be reduced by 718 tons below the Year 2003 level if the target rate of 0.04 pound per 1000 BBL crude throughput was achieved.  However, if the SOx emission rate of 1 pound per 1000 BBL crude throughput were selected, although potential SOx emissions would be reduced by 300 tons below the Year 2003 level, a number of facilities are already operating below this target level. At this higher target level, some facilities would potentially be able to increase their SOx flare emissions from 2003 level.

CHAPTER 6 --  FLOW MEASUREMENT, Sampling and Data Acquisition Method AND ISSUES

Due to the disparity in data collection start dates and other early implementation issues, staff and the affected facilities where staff held meetings agreed that data from the fourth quarter of 1999 was the appropriate initial period for staff analysis.  Also, at the request of the refineries, two additional years of data were analyzed.  Hence, the period over which flaring operation data was evaluated is from October 1999 through December 31, 2003. The emissions from each flare are listed in Appendix A – Rule 1118 Flare Emission by Company.

Determining Emissions from a Flare

All pollutants except SOx emissions are proportional to the product of the total gas flow to the flare and the higher heating value of the gas.  The SOx emissions are proportional to the product of the total gas flow to the flare and the total sulfur content of the gas
.  The following are basic equations for determining flare emissions:

Ei = Vt x HHV x EFi
ESOx = Vt x TRS x k

Where,

i = Individual pollutants except SOx (i.e., NOx, VOC, PM, CO)

Ei = Individual pollutant emissions (except SOx)
ESOx = SOx emissions

Vt = Flare total gas flow (excluding pilot gas)
HHV = Higher heating value of the gas
EFi = Pollutant specific emission factor

TRS = Total sulfur concentration in the gas

k = Unit conversion factor
As the above equations show, the critical variables affecting the flare emissions are the total flow, the higher heating value of the gas, and the sulfur concentration in the gas.  For this reason, the Rule 1118 requires sampling of vent gases and measuring of vent gas flow to the flares.

Flow Method Determination and Accuracy Issue

Flow Measurement Method

The total gas flow into a flare consists of excess process gases from the refinery processes, excess fuel gas (i.e. refinery gas) due to a decrease in, or absence of, fuel gas demand from combustion equipment at the facility, and purge gas, gases used to keep the lines clear of remnant gases.  

Depending on the specific flare set up, purge gas for some systems are introduced downstream of the flow meter (i.e., not measured by the flow meter).  For systems where clean purge gas (e.g., natural gas, propane, nitrogen, etc.) is introduced upstream of the flow meter, facilities subtract the clean purge gas flow from the total flow reading.  However, information from the facilities using clean purge gas indicated that none of them actually measure the low flow rate of the purge gas.  Rather, an estimated flow rate of the purge gas is subtracted from the recorded flow. 

Under Rule 1118, several methods for determining the total flow through a flare are allowed as follows
:

· Single On/Off Flow Indicator Switch 

The flow rate setting of the on/off flow indicator switch if the switch is not actuated or the maximum design capacity of the flare for the flow rate for each flare event. 

· Multiple On/Off Flow Indicator Switch 

a)
The flow rate setting of the first stage on/off flow indicator switch if the switch is not actuated. 

b)
When an on/off switch is actuated assume the flow rate is the flow rate that would actuate the on/off switch set at the next highest flow rate. 

c)
Use the maximum design capacity of the flare for the flow rate when the on/off switch set for the highest flow rate is actuated. 

· Flow Meters Only 

a)
Use the recorded flow meter data until the maximum range is exceeded. 

b)
When the maximum range of the flow meter is exceeded, assume the flow rate is the maximum design capacity of the flare. 

c)
When the flow rate is below the valid lower range of the flow meter, assume the flow rate is at the lower range. 

· Combination of Flow Meters and On/Off Flow Indicator Switches 

a)
Use the recorded flow meter data until the maximum range is exceeded. 

b)
When the maximum range of the flow meter is exceeded, assume the flow rate is the flow rate that would actuate the on/off switch set at the next highest flow rate. 

c)
Use the maximum design capacity of the flare for the flow rate when the on/off switch set for the highest flow rate is actuated. 

d)
When the flow rate is below the valid lower range of the flow meter, assume the flow rate is at the lower range. 

e)
When the flow rate is below the valid lower range of the flow meter and the set flow rate of an on/off switch, assume the flow rate is the flow rate that would actuate the on/off switch.

· The most common method of determining the total flow is by direct measurement of flow going to a flare using a flow meter.  

Flow Measurement Accuracy Issue

Although the flow meter measures all gases vented to the flare, the way the measured volume is reported is inconsistent among the facilities.  Although some facilities report all measured flows, not all facilities follow this procedure.

· Some refineries reported concerns that their flow meters may not be accurate at low flow rates.  As a result some facilities do not report low flow data.  The total unreported flow may represent a significant portion of the reported flow when the low flow is summed over the entire year.  
· Some facilities report the flare gas flow subtracted by the assumed clean purge gas flow (e.g., when using natural gas as purge gas).  Since the purge gas flow is not measured and some facilities use large quantities of purge gas, the reported flow after the purge gas may be unreliable. 

· Not all facilities rely on the flow meter reading as an indication of a flare event. Rather than relying on flow meter as an indication of flare event, a review of several operating parameters such as pressure readings around the system and operator logs is used to determine if a flare event occurred.  Once this determination has been made, the flow meter is used to quantify the volume.  There is a potential for missed flare event reporting.
Although the monitoring system measures temperature and  pressure and determines the molecular weigh of the vent gas stream, not all flow meter systems compensate flow using the actual measure parameters.  Some systems are set up such that constant values for pressure, temperature and molecular weight are used in lieu of the actual measured values.  Since the flare gas flow are reported at standard condition (i.e., 1 atmospheric pressure and 60oF as defined under Rule 102), uncompensated reading will under report the flow rates.  Therefore, if the assumed value for a specific parameter is incorrect (e.g., pressure value), the reported flow will be inaccurate.  

Location of the flow meter is also an issue.  Some facilities locate their flow meters downstream of the water seal, and any flow registered by the flow meter is considered valid except for the issues related to low flow regime accuracy.  However, some facilities installed their flow meters upstream of the water seal causing each facility to report flow data differently as described above.  Since the section of the pipe where the flow meter is located is essentially a “dead flow” region as long as the water seal is intact, frequent ebb and flow of vent gas in this region of the pipe can potentially cause spurious flow readings.  However, the current Rule 1118 does not provide protocols for dealing with this issue and each facility uses different methods to report flows (e.g., either eliminate flow levels below a certain amount or use other operating parameters as the determining criteria for flare event). 
Sampling and Data Acquisitions Method

As a result of the flare emissions calculation methodology, Rule 1118 requires operators to sample and analyze for high heating value and total sulfur content for each recordable event and measure the flow continuously. Except for two facilities, for the most part sampling collection is a semi-automated process. For those facilities, the automated portion occurs when the flow meets the threshold rate. At this point, the system starts to collect a sample. The manual portion requires the operator to physically remove the sample. Otherwise the system may purge the existing sample and collect a new one. In the case of the two facilities that employ manual methods, the collection of a sample is contingent on the operator identifying that an event is occurring and has lasted for at least 15 to 30 minutes depending on the approved Rule 1118 flare plan
. Under this circumstance, the operator has to travel to the flare location to collect a gas sample provided that the event has not ended by the time the individual takes the sample. 

Issues Related to Sampling and Data Acquisition
Rule 1118 defines recordable event as “…any flare event for a specific flare during which the flow rate of vent gases to that flare exceeds 330 standard cubic feet per minute continuously for a period greater than 15 minutes, or any other flare event, as approved in writing by the Executive Officer.”, and requires operators to sample and analyze for high heating value and total sulfur content for each recordable event  Therefore, emissions calculated during the recordable flare events should be accurate since the actual flow measurements combined with the actual sampling data are used to determine emissions.  In addition, issues associated with low flow measurement are avoided.  However, the AQMD has encountered substantial problems with facilities not submitting the data based on sampled results as required by the rule.  

When a required sample has not been taken, facilities have used various data substitution methods in lieu of the actual data required.  Some of the reasons offered to explain these failures to take samples include:  (1) rule compliance was too expensive, (2) operators forget to collect samples, (3) not having enough sample canisters for the number of flare events experienced, and (4) sample collection practices complied with a proposed revision to a Rule 1118 plan, rather than the plan in effect.  The AQMD's investigation of these and other reasons for sample collection failures is ongoing. 

Data substitution rates from the fourth quarter of 1999 through the fourth quarter of 2003 is shown in Table 6-1 below.  This table shows that one refinery's data substitution rate in lieu of the Rule's sample collection requirements was greater than 90 percent at times.  The data substitution rate for other refineries averaged above 50 percent for the period.  The AQMD approved two Rule 1118 plans that augmented the threshold flow rate, thus reducing the number of events for which samples were required to be collected.

When samples are taken, higher heating values (HHV) and total sulfur content are measured values. However, when the event is considered non-recordable, or if the original recordable event values are missing, each facility has implemented their own method for data substitution, creating a dichotomy in replaced data. For instance, one facility takes the last five events; another, the average for the quarter; another, maximums for the quarter; another, values from similar gas streams; etc.  In addition, the data substitution method used by each facility has changed over the period.  

Table 6‑1: Percentage of Substituted Data for Recordable Event Flow 

	
	
	Company A
	Company C
	Company D
	Company E
	Company F
	Company G
	Company H
	Overall Total

	4Q1999
	Reported Substituted Events
	1
	27
	148
	351
	5
	162
	94
	788

	
	Total Reported Recordable Events
	146
	33
	148
	368
	6
	274
	191
	1,166

	
	Percent Substituted to Total
	0.68%
	81.82%
	100.00%
	95.38%
	83.33%
	59.12%
	49.21%
	67.58%

	
	
	 
	 
	 
	 
	 
	 
	 
	 

	2000
	Reported Substituted Events
	0
	17
	211
	1,619
	20
	490
	193
	2,550

	
	Total Reported Recordable Events
	300
	43
	257
	1,756
	21
	939
	790
	4,106

	
	Percent Substituted to Total
	0.00%
	39.53%
	82.10%
	92.20%
	95.24%
	52.18%
	24.43%
	62.10%

	
	
	 
	 
	 
	 
	 
	 
	 
	 

	2001
	Reported Substituted Events
	88
	28
	184
	1,813
	35
	140
	149
	2,437

	
	Total Reported Recordable Events
	523
	39
	243
	1,935
	44
	273
	1,221
	4,278

	
	Percent Substituted to Total
	16.83%
	71.79%
	75.72%
	93.70%
	79.55%
	51.28%
	12.20%
	56.97%

	
	
	 
	 
	 
	 
	 
	 
	 
	 

	2002
	Reported Substituted Events
	96
	27
	19
	880
	17
	84
	101
	1,224

	
	Total Reported Recordable Events
	407
	43
	56
	1,079
	18
	164
	605
	2,372

	
	Percent Substituted to Total
	23.59%
	62.79%
	33.93%
	81.56%
	94.44%
	51.22%
	16.69%
	51.60%

	
	
	 
	 
	 
	 
	 
	 
	 
	 

	2003
	Reported Substituted Events
	72
	7
	14
	367
	13
	94
	21
	588

	
	Total Reported Recordable Events
	410
	14
	53
	882
	34
	146
	395
	1,934

	
	Percent Substituted to Total
	17.56%
	50.00%
	26.42%
	41.61%
	38.24%
	64.38%
	5.32%
	30.40%

	
	
	 
	 
	 
	 
	 
	 
	 
	 

	TOTAL
	Reported Substituted Events
	257
	106
	576
	5,030
	90
	970
	558
	7,587

	
	Total Reported Recordable Events
	1,786
	172
	757
	6,020
	123
	1,796
	3,202
	13,856

	
	Percent Substituted to Total
	14.39%
	61.63%
	76.09%
	83.55%
	73.17%
	54.01%
	17.43%
	54.76%


Also, some facilities perform weekly sampling to gather data so that non-recordable event emissions can be better estimated.  However, due to the location of the sample line on some facilities, the sample data do not represent the flare vent gas composition.  Rather, the sample data represent cleaner purge gas data.  As a result, the non-recordable event emissions may be underestimated.  As shown in Table 5-2 below, the overall non-recordable event flows make up approximately half or more of the total reported flows from year 2000 to 2003.

Table 6‑2: Event Flow Totals from 4QTR1999 through 2003

	
	Class of Event Gas Release
	Total Flow 
(Mscf)
	% of Total 
Daily Flow

	4QTR1999
	Recordable Event Flow (Emer/ Non-Emer)
	3,429,403
	86.24

	
	Non-Recordable Event Flow (Mscf)
	546,984
	13.76

	
	Subtotal
	3,976,387
	100

	
	
	
	

	2000
	Recordable Event Flow (Emer/ Non-Emer)
	2,578,874
	63.13

	
	Non-Recordable Event Flow (Mscf)
	1,505,944
	36.87

	
	Subtotal
	4,084,817
	100

	
	
	
	

	2001
	Recordable Event Flow (Emer/ Non-Emer)
	3,238,702
	38.91

	
	Non-Recordable Event Flow (Mscf)
	5,085,671
	61.09

	
	Subtotal
	8,324,372
	100

	
	
	
	

	2002
	Recordable Event Flow (Emer/ Non-Emer)
	1,232,455
	50.52

	
	Non-Recordable Event Flow (Mscf)
	1,207,306
	49.48

	
	Subtotal
	2,439,761
	100

	
	
	
	

	2003
	Recordable Event Flow (Emer/ Non-Emer)
	1,188,781
	53.18

	
	Non-Recordable Event Flow (Mscf)
	1,046,444
	46.82

	
	Subtotal
	2,235,225
	100

	
	
	
	

	Total
	Recordable Event Flow (Emer/ Non-Emer)
	11,668,214
	55.40

	
	Non-Recordable Event Flow (Mscf)
	9,392,348
	44.60

	
	Total
	21,060,563
	100


In general, data from similar vent gas streams are suitable replacements for the determination of HHV provided that the source of similar vent gas stream has been identified and it produces a vent gas stream of consistent quality. However, in the case of total sulfur content, the use of substituted data is more difficult due to additional factors such as multiple vent sources, line contamination, interim processing to clean the gas (or the absence of said process), etc. 

In addition, there are anomalies in the way flows are measured. As discussed in the Flow Method Determination and Accuracy Issue section, the sum total flow vented to the flares is the combination of vent gas flow (both recordable and non-recordable event flows), any excess fuel gas flow and purge gases. Therefore, the total flow should always be equal to or greater than excess fuel gas flow, vent gas flow or purge gas flow measured individually.  

However, when staff compared the measured total flow against the individual flow readings for selected Rule 1118 quarterly reports, there were many instances where individual flows (e.g., excess fuel gas flow readings) were greater than the total measured flow pursuant to Rule 1118.   This anomaly was observed primarily at low end of the flow range. 

Recordkeeping and Reporting

Facilities have submitted quarterly reports as required by Rule 1118 in hardcopy form since Rule 1118 does not require this same report to be provided in electronic format.  As a result, Rule 1118 data analysis would have required transcribing written data into electronic data which not only increases the opportunity for errors, but would have been a major undertaking considering the number of facilities, the vast amount of data involved and the limitation in staff resources. In late 2001, a cooperative effort was undertaken by the AQMD and the refineries to provide the flare data to the AQMD electronically.  During the early phase of the Rule 1118 implementation, the refineries went through a steep learning curve such as calibrating the instruments and training the operators to follow the Rule 1118 compliance plans.  For this reason, AQMD staff and the refineries agreed that the data beginning with fourth quarter 1999 would be utilized for analysis.

Moreover, the data format varied from facility to facility. Subtle differences in units, and in reporting table format and content, complicated data collection and consolidation. Each facility’s data had to be reformatted prior to any consolidation can take place. Reformatting on an ongoing basis would not be very effective. A preferred alternative would be to implement a recordkeeping and reporting standard. In addition to providing hardcopies, each facility can submit the data electronically. Having a standard format, the submitted data can then be imported into a database. 

In addition to the use of flow meters to determine flow, the vent gases to flare should also be monitored by a continuous analyzer such as gas chromatography (GC) analyzer. Installing, maintaining and operating a GC analyzer would help reduce the incidence of missing HHV and total sulfur data. Furthermore, real-time inputs of temperature, pressure and, most importantly, average molecular weight of the vented gas stream will provide more accurate flow data since the current flow meters in use can readily accept these inputs.
CHAPTER 7 --  Conclusion

The purpose of Rule 1118 was primarily to monitor and gather data on refinery and related flaring operations for analysis to quantify the level of emissions and to determine ways to minimize flare emissions. This rule has helped refineries to become aware of causes and sources of vent gases going to the flares and, as a result, some refineries have instituted ways to minimize the amount of vent gases to flares. One facility even installed a larger vapor recovery and fuel gas treating system. 

Rule 1118 has provided useful information in determining the individual flare emissions and provided refineries with a tool to implement an excess process gas minimization plan.  However, it is evident that the gathering of information needs to be improved in order to obtain more accurate and reliable flare emissions data.  For example, replacing the current method of sampling with continuous monitoring systems and the addition of dual range flow meters will significantly improve the accuracy and reliability of the data. 

Analysis of the data submitted from the fourth quarter of 1999 through the fourth quarter of 2003 indicated that refinery flare operations represent a significant SOx emission source.  The data indicated that there is a high percentage of non-emergency vent gases being generated and sent to the flares.  Also, these gases contained large concentrations of total reduced sulfur (TRS). As a result, it was determined that the focus on emission reduction should be placed on SOx emissions and the most effective way of minimizing SOx emissions is by excess process gas minimization, collection and treatment. Since non-emergency events cause most of the vent gases going to flares and cause flares to operate more frequently, facilities may be able to significantly reduce flare emissions by minimizing the volume of vent gas produced and cleaning that volume such that it can be used in other facility processes or sold to external consumers when supplies exceed internal demand. If demand does not exist, the burning of cleaner gas will result in lower emissions.
In addition, comparing the data from the Rule 1118 reports with the Annual Emission Report (AER) data indicates that there are enough differences in the quantity of reported emissions to warrant a revision to the way AER emissions are calculated and reported. However, before this can happen, gas monitoring system and flow measuring devices must be accurate at all flow ranges and uniformly implemented and reported to AQMD.

Therefore, further refinement to the monitoring, reporting and emission calculation methodology is recommended to increase the accuracy of emission information.  These refinements include:
· Installation of additional flow meters or equipment capable of accurately measuring vent gas flow at low flow rates. This additional provision should allow for accurate flow measurements across the full flow range of the flares and allow for detection of continuous flaring of gas at low flow due to leaking valves.
· Installation of continuous gas monitoring systems such as gas chromatography equipment to measure and record H2S and Total Reduced Sulfur (TRS) concentrations and Higher Heating Value (HHV) continuously for each flare.  
· Enhancement of standard methodologies for flow and emission calculations.
· Establishment of standardized substituted data procedures when actual data are not available through direct measurements.
· Identification of causes of flaring events.
Furthermore, data collected indicated that on many occasions process gas was released to the flares due to maintenance actions, process valve leakages and unknown reasons.  To minimize the amount of excess process gas being burned in the flares, the rule development process should also consider requirements to establish emission reduction goals for all vent gases to flare along with identification of causes of flaring events with full enforcement action follow-up. 
As a result of review of Rule 1118 data to data and the emission reduction opportunities available, staff recommends rule development activities commence immediately to initiate the public process to amend the rule requirements.
APPENDIX A:  Rule 1118 Flare Emission by Company
Table A‑1: Reported Daily Flare Emissions from Applicable Facilities 

	
	
	NOx 
(tons)
	NMHC 
(tons)
	CO 
(tons)
	PM10 
(tons)
	SOx 
(tons)
	Daily Flow 
(MMCF)

	4th Quarter '99
	126.56
	117.00
	687.11
	41.72
	1,133.51
	3,976.39

	
	AER Total
	32.31
	32.94
	177.03
	9.12
	667.48
	 

	 
	Company A
	6.76
	6.26
	36.79
	1.76
	8.65
	167.44

	 
	Company B
	0.01
	0.02
	0.05
	0.00
	0.00
	0.40

	 
	Company C
	6.82
	6.16
	36.16
	2.68
	47.87
	256.69

	 
	Company D
	87.23
	80.82
	474.66
	28.30
	730.69
	2,694.96

	 
	Company E
	11.20
	10.38
	60.95
	3.43
	87.70
	326.54

	 
	Company F
	0.30
	0.28
	1.62
	0.06
	0.07
	5.37

	 
	Company G
	5.28
	4.89
	28.72
	2.01
	85.88
	191.70

	 
	Company H
	8.95
	8.20
	48.16
	3.50
	172.64
	333.28

	
	
	 
	 
	 
	 
	 
	 

	2000
	135.95
	125.25
	732.69
	42.88
	2,633.19
	4,084.82

	
	AER Total
	126.84
	129.08
	693.88
	35.63
	2,793.88
	 

	
	Company A
	14.00
	12.97
	76.16
	4.13
	15.91
	393.42

	
	Company B
	0.61
	1.02
	3.13
	0.00
	0.01
	17.23

	
	Company C
	13.70
	11.98
	70.34
	4.28
	418.37
	389.92

	
	Company D
	15.05
	13.96
	81.88
	6.66
	55.51
	634.06

	
	Company E
	46.26
	42.86
	251.71
	13.02
	125.24
	1,240.41

	
	Company F
	0.73
	0.67
	3.95
	0.15
	0.23
	13.84

	
	Company G
	13.75
	12.74
	74.81
	4.94
	276.20
	470.38

	
	Company H
	31.86
	29.06
	170.72
	9.70
	1,741.73
	925.57

	
	
	
	
	
	
	
	

	2001
	379.70
	455.82
	2,058.32
	87.08
	1,793.32
	8,324.37

	
	AER Total
	128.54
	129.27
	694.43
	35.60
	2,775.92
	 

	
	Company A
	19.01
	17.61
	103.43
	3.88
	28.70
	369.16

	
	Company B
	0.90
	1.50
	4.62
	0.00
	0.02
	23.35

	
	Company C
	14.58
	13.08
	76.80
	4.47
	769.29
	430.64

	
	Company D
	263.53
	348.81
	1,433.94
	57.07
	31.91
	5,435.64

	
	Company E
	36.01
	33.36
	195.92
	10.20
	33.82
	971.68

	
	Company F
	0.98
	0.90
	5.31
	0.18
	1.50
	16.71

	
	Company G
	2.19
	2.03
	11.90
	0.77
	9.58
	73.20

	
	Company H
	42.51
	38.53
	226.40
	10.51
	918.50
	1,003.99

	
	
	
	
	
	
	
	

	2002
	83.45
	77.82
	450.08
	25.03
	754.21
	2,439.76

	
	AER Total
	136.45
	136.30
	733.42
	38.76
	2,597.24
	 

	
	Company A
	12.54
	11.71
	68.24
	3.16
	37.60
	302.26

	
	Company B
	1.27
	2.03
	6.25
	0.13
	0.02
	38.00

	
	Company C
	7.43
	6.73
	39.50
	4.25
	98.30
	406.79

	
	Company D
	2.69
	2.50
	14.66
	1.70
	3.37
	161.62

	
	Company E
	25.12
	23.27
	136.69
	8.23
	58.62
	804.38

	
	Company F
	0.67
	0.62
	3.63
	0.11
	0.45
	10.49

	
	Company G
	1.00
	0.93
	5.44
	0.32
	24.84
	30.65

	
	Company H
	32.73
	30.04
	175.66
	7.13
	531.02
	685.56

	
	
	
	
	
	
	
	

	2003
	78.97
	74.68
	423.36
	23.33
	734.94
	2,235.22

	
	AER Total
	140.27
	140.43
	757.61
	41.09
	2,560.47
	 

	
	Company A
	13.96
	12.96
	75.93
	4.14
	121.30
	393.94

	
	Company B
	0.48
	0.67
	2.06
	0.11
	0.00
	18.80

	
	Company C
	3.87
	3.39
	19.82
	1.66
	23.67
	159.90

	
	Company D
	3.05
	4.79
	16.61
	0.99
	1.02
	94.72

	
	Company E
	21.78
	20.17
	118.48
	8.44
	75.58
	804.04

	
	Company F
	0.87
	0.80
	4.71
	0.17
	0.92
	15.74

	
	Company G
	0.60
	0.56
	3.27
	0.18
	16.13
	17.39

	
	Company H
	34.38
	31.33
	182.48
	7.64
	496.32
	730.70

	
	
	
	
	
	
	
	

	Total:
	804.63
	850.57
	4,351.56
	220.04
	7,049.17
	21,060.56

	Avg (4.25 yr):
	189.32
	200.13
	1,023.90
	51.77
	1,658.63
	4,955.43

	Avg (per day):
	0.52
	0.55
	2.81
	0.14
	4.54
	13.58

	
	
	 
	 
	 
	 
	 
	

	AER Total:
	424.14
	427.59
	2,298.76
	119.11
	8,834.53
	

	Avg (4.25 yr):
	99.80
	100.61
	540.88
	28.03
	2,078.71
	

	Avg (per day):
	0.27
	0.28
	1.48
	0.08
	5.70
	


APPENDIX B:  Comparision of Rule 1118 data to AER data
[image: image13.emf]Company A - Yr 2000

0.00

200.00

400.00

600.00

800.00

1,000.00

1,200.00

1,400.00

1,600.00

1,800.00

2,000.00

NOxROG CO PM SOx

Emissions (tons)

R1118 2000

AER 2000


Figure B‑1: Comparison of Rule 1118 and AER Data for Company A - Yr 2000
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Figure B‑2: Comparison of Rule 1118 and AER Data for Company A - Yr 2001
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Figure B‑3: Comparison of Rule 1118 and AER Data for Company A - Yr 2002
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Figure B‑4: Comparison of Rule 1118 and AER Data for Company A - Yr 2003
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Figure B‑5: Comparison of Rule 1118 and AER Data for Company B - Yr 2000
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Figure B‑6: Comparison of Rule 1118 and AER Data for Company B - Yr 2001
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Figure B‑7: Comparison of Rule 1118 and AER Data for Company B - Yr 2002
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Figure B‑8: Comparison of Rule 1118 and AER Data for Company B - Yr 2003
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Figure B‑9: Comparison of Rule 1118 and AER Data for Company C - Yr 2000
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Figure B‑10: Comparison of Rule 1118 and AER Data for Company C - Yr 2001
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Figure B‑11: Comparison of Rule 1118 and AER Data for Company C - Yr 2000
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Figure B‑12: Comparison of Rule 1118 and AER Data for Company C - Yr 2001
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Figure B‑13: Comparison of Rule 1118 and AER Data for Company D - Yr 2000
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Figure B‑14: Comparison of Rule 1118 and AER Data for Company D - Yr 2001
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Figure B‑15: Comparison of Rule 1118 and AER Data for Company D - Yr 2002
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Figure B‑16: Comparison of Rule 1118 and AER Data for Company D - Yr 2003
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Figure B‑17: Comparison of Rule 1118 and AER Data for Company E - Yr 2000
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Figure B‑18: Comparison of Rule 1118 and AER Data for Company E - Yr 2001
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Figure B‑19: Comparison of Rule 1118 and AER Data for Company E - Yr 2002
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Figure B‑20: Comparison of Rule 1118 and AER Data for Company E - Yr 2003
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Figure B‑21: Comparison of Rule 1118 and AER Data for Company F - Yr 2000
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Figure B‑22: Comparison of Rule 1118 and AER Data for Company F - Yr 2001
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Figure B‑23: Comparison of Rule 1118 and AER Data for Company F - Yr 2002
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Figure B‑24: Comparison of Rule 1118 and AER Data for Company F - Yr 2003
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Figure B‑25: Comparison of Rule 1118 and AER Data for Company G - Yr 2000
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Figure B‑26: Comparison of Rule 1118 and AER Data for Company G - Yr 2001
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Figure B‑27: Comparison of Rule 1118 and AER Data for Company G - Yr 2002
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Figure B‑28: Comparison of Rule 1118 and AER Data for Company G - Yr 2003
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Figure B‑29: Comparison of Rule 1118 and AER Data for Company  H - Yr 2000
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Figure B‑30: Comparison of Rule 1118 and AER Data for Company H - Yr 2001
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Figure B‑31: Comparison of Rule 1118 and AER Data for Company H - Yr 2002
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Figure B‑32: Comparison of Rule 1118 and AER Data for Company H - Yr 2003

APPENDIX C:  Top reasons for flared vent gases by year 

Table C‑1: Top Reasons for Flared Vent Gases for 4Q99

	Reasons for
	Total Flow (Mscf)
	% of Total
	NOx (tons)
	ROG (tons)
	CO
	PM10 (tons)
	SOx (tons)

	Vent Gases
	
	
	[%]
	[%]
	(tons)
	[%]
	[%]

	 
	
	
	 
	 
	[%]
	 
	 

	Emergency
	13,799
	0.35
	0.64
	0.59
	3
	0.14
	12

	(Recordable Event)
	
	
	[0.51]
	[0.51]
	[0.51]
	[0.35]
	[1.05]

	Non Emergency
	Non-Recordable Event
	546,984
	13.76
	24.51
	22.45
	131.83
	6.15
	860.87

	
	
	
	
	[19.37]
	[19.19]
	[19.19]
	[14.75]
	[75.95]

	
	Recordable Events
	Unknown
	3,037,611
	76.39
	88.90
	82.36
	483.71
	31.59
	140.84

	
	
	
	
	
	[70.24]
	[70.39]
	[70.4]
	[75.7]
	[12.43]

	
	
	Maintenance
	104,444
	2.63
	4.63
	4.29
	25.19
	1.10
	66.75

	
	
	
	
	
	[3.66]
	[3.67]
	[3.67]
	[2.63]
	[5.89]

	
	
	Planned Shutdown
	231,356
	5.82
	6.16
	5.71
	33.55
	2.30
	51.47

	
	
	and Startup
	
	
	[4.87]
	[4.88]
	[4.88]
	[5.51]
	[4.54]

	
	
	Process Vent
	23,682
	0.60
	0.88
	0.81
	4.76
	0.25
	0.56

	
	
	
	
	
	[0.69]
	[0.69]
	[0.69]
	[0.6]
	[0.05]

	
	
	Turnaround Activities
	5,229
	0.13
	0.18
	0.17
	0.98
	0.05
	0.63

	
	
	
	
	
	[0.14]
	[0.14]
	[0.14]
	[0.13]
	[0.06]

	
	
	Fuel Gas
	13,282
	0.33
	0.66
	0.61
	3.58
	0.14
	0.51

	
	
	
	
	
	[0.52]
	[0.52]
	[0.52]
	[0.33]
	[0.04]

	Total from all sources:
	3,976,387
	100.00
	126.56
	117.00
	687.11
	41.72
	1,133.51

	
	
	
	[100]
	[100]
	[100]
	[100]
	[100]


Table C‑2: Top Reasons for Flared Vent Gases for 2000

	Reasons for
	Total Flow (Mscf)
	% of Total
	NOx (tons)
	ROG (tons)
	CO
	PM10 (tons)
	SOx (tons)

	Vent Gases
	
	
	[%]
	[%]
	(tons)
	[%]
	[%]

	 
	
	
	 
	 
	[%]
	 
	 

	Emergency
	217,904
	5.33
	6.46
	5.98
	35.14
	2.10
	167.43

	(Recordable Event)
	
	
	[4.75]
	[4.78]
	[4.8]
	[4.89]
	[6.36]

	Non Emergency
	Non-Recordable Event
	1,505,944
	36.87
	57.16
	52.26
	304.00
	19.68
	941.58

	
	
	
	
	[42.05]
	[41.72]
	[41.49]
	[45.9]
	[35.76]

	
	Recordable Events
	Unknown
	1,663,158
	40.72
	44.17
	40.92
	240.34
	13.77
	1,144.54

	
	
	
	
	
	[32.49]
	[32.67]
	[32.8]
	[32.12]
	[43.47]

	
	
	Maintenance
	377,028
	9.23
	16.26
	15.07
	88.49
	3.96
	113.46

	
	
	
	
	
	[11.96]
	[12.03]
	[12.08]
	[9.23]
	[4.31]

	
	
	Planned Shutdown
	95,476
	2.34
	3.26
	3.02
	17.76
	1.00
	115.40

	
	
	and Startup
	
	
	[2.4]
	[2.41]
	[2.42]
	[2.34]
	[4.38]

	
	
	Process Vent
	147,031
	3.60
	5.37
	4.97
	29.19
	1.54
	71.15

	
	
	
	
	
	[3.95]
	[3.97]
	[3.98]
	[3.6]
	[2.7]

	
	
	Turnaround Activities
	42,651
	1.04
	1.42
	1.32
	7.74
	0.45
	63.09

	
	
	
	
	
	[1.05]
	[1.05]
	[1.06]
	[1.04]
	[2.4]

	
	
	Fuel Gas
	35,626
	.87
	1.84
	1.71
	10.02
	0.37
	16.53

	
	
	
	
	
	[1.35]
	[1.36]
	[1.37]
	[0.87]
	[0.63]

	Total from all sources:
	4,084,817
	100.00
	135.95
	125.25
	732.69
	42.88
	2,633.19

	
	
	
	[100]
	[100]
	[100]
	[100]
	[100]


Table C‑3: Top Reasons for Flared Vent Gases for 2001

	Reasons for
	Total Flow (Mscf)
	% of Total
	NOx (tons)
	ROG (tons)
	CO
	PM10 (tons)
	SOx (tons)

	Vent Gases
	
	
	[%]
	[%]
	(tons)
	[%]
	[%]

	 
	
	
	 
	 
	[%]
	 
	 

	Emergency
	143,222
	1.72
	4.04
	3.74
	21.96
	1.51
	188.75

	(Recordable Event)
	
	
	[1.06]
	[0.82]
	[1.07]
	[1.73]
	[10.53]

	Non Emergency
	Non-Recordable Event
	5,085,671
	61.09
	248.74
	334.49
	1,345.73
	52.86
	704.67

	
	
	
	
	[65.51]
	[73.38]
	[65.38]
	[60.71]
	[39.29]

	
	Recordable Events
	Unknown
	2,418,557
	29.05
	98.90
	91.63
	538.14
	25.55
	371.56

	
	
	
	
	
	[26.05]
	[20.1]
	[26.14]
	[29.35]
	[20.72]

	
	
	Maintenance
	88,979
	1.07
	3.84
	3.56
	20.90
	0.94
	2.52

	
	
	
	
	
	[1.01]
	[0.78]
	[1.02]
	[1.08]
	[0.14]

	
	
	Planned Shutdown
	196,815
	2.36
	8.70
	8.06
	47.33
	2.10
	284.28

	
	
	and Startup
	
	
	[2.29]
	[1.77]
	[2.3]
	[2.42]
	[15.85]

	
	
	Process Vent
	142,582
	1.71
	4.79
	4.44
	26.07
	1.50
	73.85

	
	
	
	
	
	[1.26]
	[0.97]
	[1.27]
	[1.72]
	[4.12]

	
	
	Turnaround Activities
	182,497
	2.19
	7.69
	7.13
	41.87
	1.92
	140.72

	
	
	
	
	
	[2.03]
	[1.56]
	[2.03]
	[2.2]
	[7.85]

	
	
	Fuel Gas
	66,050
	0.79
	3.00
	2.78
	16.33
	0.69
	26.97

	
	
	
	
	
	[0.79]
	[0.61]
	[0.79]
	[0.8]
	[1.5]

	Total from all sources:
	8,324,372
	100.00
	379.70
	455.82
	2,058.32
	87.08
	1,793.32

	
	
	
	[100]
	[100]
	[100]
	[100]
	[100]


Table C‑4: Top Reasons for Flared Vent Gases for 2002

	Reasons for
	Total Flow (Mscf)
	% of Total
	NOx (tons)
	ROG (tons)
	CO
	PM10 (tons)
	SOx (tons)

	Vent Gases
	
	
	[%]
	[%]
	(tons)
	[%]
	[%]

	 
	
	
	 
	 
	[%]
	 
	 

	Emergency
	330,089
	13.53
	8.29
	7.68
	45.08
	3.56
	50.80

	(Recordable Event)
	
	
	[9.93]
	[9.86]
	[10.02]
	[14.24]
	[6.74]

	Non Emergency
	Non-Recordable Event
	1,207,306
	49.48
	45.28
	42.46
	242.38
	11.96
	479.11

	
	
	
	
	[54.26]
	[54.56]
	[53.85]
	[47.77]
	[63.52]

	
	Recordable Events
	Unknown
	161,277
	6.61
	8.73
	8.09
	47.50
	1.67
	102.02

	
	
	
	
	
	[10.46]
	[10.39]
	[10.55]
	[6.68]
	[13.53]

	
	
	Maintenance
	125,107
	5.13
	5.04
	4.67
	27.45
	1.35
	25.56

	
	
	
	
	
	[6.05]
	[6.01]
	[6.1]
	[5.39]
	[3.39]

	
	
	Planned Shutdown
	273,637
	11.22
	6.57
	6.09
	35.77
	2.88
	49.09

	
	
	and Startup
	
	
	[7.88]
	[7.83]
	[7.95]
	[11.52]
	[6.51]

	
	
	Process Vent
	65,729
	2.69
	2.78
	2.58
	15.15
	0.69
	10.94

	
	
	
	
	
	[3.34]
	[3.31]
	[3.37]
	[2.76]
	[1.45]

	
	
	Turnaround Activities
	197,604
	8.10
	3.88
	3.59
	21.11
	2.08
	20.67

	
	
	
	
	
	[4.65]
	[4.62]
	[4.69]
	[8.32]
	[2.74]

	
	
	Fuel Gas
	79,013
	3.24
	2.87
	2.66
	15.64
	0.83
	16.02

	
	
	
	
	
	[3.44]
	[3.42]
	[3.47]
	[3.32]
	[2.12]

	Total from all sources:
	2,439,761
	100.00
	83.45
	77.82
	450.08
	25.03
	754.21

	
	
	
	[100]
	[100]
	[100]
	[100]
	[100]


Table C‑5: Top Reasons for Flared Vent Gases for 2003

	Reasons for
	Total Flow (Mscf)
	% of Total
	NOx (tons)
	ROG (tons)
	CO
	PM10 (tons)
	SOx (tons)

	Vent Gases
	
	
	[%]
	[%]
	(tons)
	[%]
	[%]

	 
	
	
	 
	 
	[%]
	 
	 

	Emergency
	223,000
	9.98
	6.89
	6.37
	37.37
	2.26
	41.53

	(Recordable Event)
	
	
	[8.73]
	[8.53]
	[8.83]
	[9.68]
	[5.65]

	Non Emergency
	Non-Recordable Event
	1,046,444
	46.82
	39.37
	38.00
	208.01
	10.90
	507.48

	
	
	
	
	[49.85]
	[50.89]
	[49.13]
	[46.71]
	[69.05]

	
	Recordable Events
	Unknown
	65,672
	2.94
	2.67
	2.48
	14.55
	0.67
	29.58

	
	
	
	
	
	[3.39]
	[3.32]
	[3.44]
	[2.89]
	[4.03]

	
	
	Maintenance
	136,369
	6.10
	6.20
	5.74
	33.72
	1.50
	52.96

	
	
	
	
	
	[7.85]
	[7.69]
	[7.96]
	[6.41]
	[7.21]

	
	
	Planned Shutdown
	304,593
	13.63
	9.33
	8.64
	50.75
	3.18
	55.67

	
	
	and Startup
	
	
	[11.81]
	[11.57]
	[11.99]
	[13.64]
	[7.58]

	
	
	Process Vent
	36,242
	1.62
	1.47
	1.36
	7.98
	0.38
	1.48

	
	
	
	
	
	[1.86]
	[1.82]
	[1.89]
	[1.63]
	[0.2]

	
	
	Turnaround Activities
	282,458
	12.64
	7.04
	6.52
	38.30
	2.97
	36.76

	
	
	
	
	
	[8.91]
	[8.73]
	[9.05]
	[12.71]
	[5]

	
	
	Fuel Gas
	140,448
	6.28
	6.00
	5.56
	32.67
	1.47
	9.47

	
	
	
	
	
	[7.6]
	[7.45]
	[7.72]
	[6.32]
	[1.29]

	Total from all sources:
	2,235,225
	100.00
	78.97
	74.68
	423.36
	23.33
	734.94

	
	
	
	[100]
	[100]
	[100]
	[100]
	[100]


APPENDIX D:  Reported recordable and non-recordable event flows to flare pursuant to Rule 1118

Flare No. 1
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Figure D‑1: Vent Gas Flow vs. Time – Flare No. 1
	Class of Event Gas Release
	Total Daily Flow
(Mscf)
	% of Total Daily Flow
	Frequency
(% of 1553 day period)
	Frequency to Act. Operating Days
(% of 1553 day period)

	Emergency/ Breakdown
	0
	0%
	0%
	0%

	Non-Emergency
	22
	0.09%
	0.13%
	0.13%


Table D‑1: Top Causes by One-Day Maximum Event Gas Flow – Flare No. 1

	Causes
	One-day Max. Event Gas Flow (Mscf)
	Lowest One-day Event Gas Flow (Mscf)
	Avg. One-day Event Gas Flow (Mscf)
	# of Days Event Cause Occurred
	Total Event Gas Flow (Mscf)

	Maintenance
	11
	11
	11
	2
	22
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Table D‑2: Top Causes by Total Event Gas Flow – Flare No. 1

	Causes
	One-day Max. Event Gas Flow (Mscf)
	Lowest One-day Event Gas Flow (Mscf)
	Avg. One-day Event Gas Flow (Mscf)
	# of Days Event Cause Occurred
	Total Event Gas Flow (Mscf)

	Maintenance
	11
	11
	11
	2
	22


Flare No. 2
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Figure D‑2: Vent Gas Flow vs. Time – Flare No. 2
	Class of Event Gas Release
	Total Daily Flow
(Mscf)
	% of Total Daily Flow
	Frequency
(% of 1553 day period)
	Frequency to Act. Operating Days
(% of 1552 day period)

	Emergency/ Breakdown
	25,147
	3.52%
	11.72%
	11.72%

	Non-Emergency
	420,431
	58.84%
	42.50%
	42.50%


Table D‑3: Top Causes by One-Day Maximum Event Gas Flow – Flare No. 2

	Causes
	One-day Max. Event Gas Flow (Mscf)
	Lowest One-day Event Gas Flow (Mscf)
	Avg. One-day Event Gas Flow (Mscf)
	# of Days Event Cause Occurred
	Total Event Gas Flow (Mscf)

	Fuel Gas
	6,556.56
	8.59
	1,344.90
	78
	112,385.03

	Maintenance
	4,488.96
	5.77
	668.11
	71
	53,786.93

	Emergency S/D
	4,340.88
	46.76
	1,066.99
	6
	8,220.06

	T/A Activities
	3,484.08
	135.65
	1,564.63
	19
	30,255.86

	Unknown
	3,055.44
	6.39
	357.85
	487
	218,123.04

	S/D & S/U
	2,970.96
	13.53
	1,070.41
	5
	5,879.99

	Upset
	1,294.83
	6.99
	64.32
	176
	16,926.93
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Table D‑4: Top Causes by Total Event Gas Flow – Flare No. 2

	Causes
	One-day Max. Event Gas Flow (Mscf)
	Lowest One-day Event Gas Flow (Mscf)
	Avg. One-day Event Gas Flow (Mscf)
	# of Days Event Cause Occurred
	Total Event Gas Flow (Mscf)

	Unknown
	3,055.44
	6.39
	357.85
	487
	218,123.04

	Fuel Gas
	6,556.56
	8.59
	1,344.90
	78
	112,385.03

	Maintenance
	4,488.96
	5.77
	668.11
	71
	53,786.93

	T/A Activities
	3,484.08
	135.65
	1,564.63
	19
	30,255.86

	Upset
	1,294.83
	6.99
	64.32
	176
	16,926.93

	Emergency S/D
	4,340.88
	46.76
	1,066.99
	6
	8,220.06

	S/D & S/U
	2,970.96
	13.53
	1,070.41
	5
	5,879.99


Flare No. 3
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Figure D‑3: Vent Gas Flow vs. Time – Flare No. 3
	Class of Event Gas Release
	Total Daily Flow
(Mscf)
	% of Total Daily Flow
	Frequency
(% of 1553 day period)
	Frequency to Act. Operating Days
(% of 1551 day period)

	Emergency/ Breakdown
	26,211
	5.87%
	4.06%
	4.06%

	Non-Emergency
	274,373
	61.45%
	37.54%
	37.59%


 Table D‑5: Top Causes by One-Day Maximum Event Gas Flow – Flare No. 3
	Causes
	One-day Max. Event Gas Flow (Mscf)
	Lowest One-day Event Gas Flow (Mscf)
	Avg. One-day Event Gas Flow (Mscf)
	# of Days Event Cause Occurred
	Total Event Gas Flow (Mscf)

	Unknown
	11,115.00
	6.44
	396.40
	495
	230,450.78

	T/A Activities
	4,780.00
	34.80
	1,197.45
	9
	13,672.20

	Upset
	4,734.00
	19.60
	376.94
	52
	20,671.41

	Fuel Gas
	3,525.55
	8.00
	285.28
	57
	18,634.44

	Maintenance
	2,257.50
	42.40
	738.23
	6
	5,647.63

	S/D & S/U
	2,256.00
	13.44
	549.33
	9
	5,061.04

	Emergency S/D
	1,551.00
	22.50
	503.60
	11
	5,539.63

	Process Vent
	288.00
	50.05
	116.78
	7
	906.90
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Table D‑6: Top Causes by Total Event Gas Flow – Flare No. 3

	Causes
	One-day Max. Event Gas Flow (Mscf)
	Lowest One-day Event Gas Flow (Mscf)
	Avg. One-day Event Gas Flow (Mscf)
	# of Days Event Cause Occurred
	Total Event Gas Flow (Mscf)

	Unknown
	11,115.00
	6.44
	396.40
	495
	230,450.78

	Upset
	4,734.00
	19.60
	376.94
	52
	20,671.41

	Fuel Gas
	3,525.55
	8.00
	285.28
	57
	18,634.44

	T/A Activities
	4,780.00
	34.80
	1,197.45
	9
	13,672.20

	Maintenance
	2,257.50
	42.40
	738.23
	6
	5,647.63

	Emergency S/D
	1,551.00
	22.50
	503.60
	11
	5,539.63

	S/D & S/U
	2,256.00
	13.44
	549.33
	9
	5,061.04

	Process Vent
	288.00
	50.05
	116.78
	7
	906.90


Flare No. 4
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Figure D‑4: Vent Gas Flow vs. Time – Flare No. 4
	Class of Event Gas Release
	Total Daily Flow
(Mscf)
	% of Total Daily Flow
	Frequency
(% of 1553 day period)
	Frequency to Act. Operating Days
(% of 1540 day period)

	Emergency/ Breakdown
	12,485
	1.40%
	2.25%
	2.27%

	Non-Emergency
	295,559
	33.12%
	52.87%
	53.31%


 Table D‑7: Top Causes by One-Day Maximum Event Gas Flow – Flare No. 4

	Causes
	One-day Max. Event Gas Flow (Mscf)
	Lowest One-day Event Gas Flow (Mscf)
	Avg. One-day Event Gas Flow (Mscf)
	# of Days Event Cause Occurred
	Total Event Gas Flow (Mscf)

	T/A Activities
	4,317.00
	1,295.10
	2,362.36
	6
	14,174.15

	Emergency S/D
	2,424.20
	90.60
	977.50
	4
	4,356.87

	S/D & S/U
	1,748.39
	113.68
	953.64
	5
	4,768.18

	Unknown
	1,726.80
	5.00
	393.83
	587
	239,133.16

	Fuel Gas
	1,726.80
	12.00
	207.91
	46
	9,665.87

	Process Vent
	1,525.34
	8.50
	150.23
	176
	26,526.69

	Maintenance
	1,291.20
	1,291.20
	1,291.20
	1
	1,291.20

	Upset
	1,043.28
	13.33
	251.35
	31
	8,128.31
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Table D‑8: Top Causes by Total Event Gas Flow – Flare No. 4

	Causes
	One-day Max. Event Gas Flow (Mscf)
	Lowest One-day Event Gas Flow (Mscf)
	Avg. One-day Event Gas Flow (Mscf)
	# of Days Event Cause Occurred
	Total Event Gas Flow (Mscf)

	Unknown
	1,726.80
	5.00
	393.83
	587
	239,133.16

	Process Vent
	1,525.34
	8.50
	150.23
	176
	26,526.69

	T/A Activities
	4,317.00
	1,295.10
	2,362.36
	6
	14,174.15

	Fuel Gas
	1,726.80
	12.00
	207.91
	46
	9,665.87

	Upset
	1,043.28
	13.33
	251.35
	31
	8,128.31

	S/D & S/U
	1,748.39
	113.68
	953.64
	5
	4,768.18

	Emergency S/D
	2,424.20
	90.60
	977.50
	4
	4,356.87

	Maintenance
	1,291.20
	1,291.20
	1,291.20
	1
	1,291.20


Flare No. 5
This flare is a clean service flare

Flare No. 6
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Figure D‑5: Vent Gas Flow vs. Time – Flare No. 6
	Class of Event Gas Release
	Total Daily Flow
(Mscf)
	% of Total Daily Flow
	Frequency
(% of 1553day period)
	Frequency to Act. Operating Days
(% of 289 day period)

	Emergency/ Breakdown
	61
	0.29%
	0.06%
	0.35%

	Non-Emergency
	10,089
	47.27%
	1.42%
	7.61%


Table D‑9: Top Causes by One-Day Maximum Event Gas Flow – Flare No. 6

	Causes
	One-day Max. Event Gas Flow (Mscf)
	Lowest One-day Event Gas Flow (Mscf)
	Avg. One-day Event Gas Flow (Mscf)
	# of Days Event Cause Occurred
	Total Event Gas Flow (Mscf)

	S/D & S/U
	1,588.00
	49.58
	543.46
	13
	7,064.97

	Unknown
	1,163.00
	13.20
	291.13
	8
	2,394.90

	Maintenance
	629.03
	629.03
	629.03
	1
	629.03

	Upset
	60.90
	60.90
	60.90
	1
	60.90
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Table D‑10: Top Causes by Total Event Gas Flow – Flare No. 6

	Causes
	One-day Max. Event Gas Flow (Mscf)
	Lowest One-day Event Gas Flow (Mscf)
	Avg. One-day Event Gas Flow (Mscf)
	# of Days Event Cause Occurred
	Total Event Gas Flow (Mscf)

	S/D & S/U
	1,588.00
	49.58
	543.46
	13
	7,064.97

	Unknown
	1,163.00
	13.20
	291.13
	8
	2,394.90

	Maintenance
	629.03
	629.03
	629.03
	1
	629.03

	Upset
	60.90
	60.90
	60.90
	1
	60.90


Flare No. 7
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Figure D‑6: Vent Gas Flow vs. Time – Flare No. 7
	Class of Event Gas Release
	Total Daily Flow
(Mscf)
	% of Total Daily Flow
	Frequency
(% of 1553 day period)
	Frequency to Act. Operating Days
(% of 1547 day period)

	Emergency/ Breakdown
	8,805
	0.76%
	1.74%
	1.75%

	Non-Emergency
	384,570
	33.13%
	31.36%
	31.48%


Table D‑11: Top Causes by One-Day Maximum Event Gas Flow – Flare No. 7

	Causes
	One-day Max. Event Gas Flow (Mscf)
	Lowest One-day Event Gas Flow (Mscf)
	Avg. One-day Event Gas Flow (Mscf)
	# of Days Event Cause Occurred
	Total Event Gas Flow (Mscf)

	T/A Activities
	2,698.13
	24.20
	686.21
	29
	20,568.71

	Unknown
	2,475.08
	5.85
	808.53
	427
	350,446.95

	S/D & S/U
	1,620.00
	28.86
	517.55
	7
	3,622.85

	Upset
	1,569.40
	14.40
	326.99
	24
	8,006.57

	Maintenance
	1,122.42
	575.60
	819.32
	6
	4,915.93

	Fuel Gas
	1,008.00
	1,008.00
	1,008.00
	1
	1,008.00

	Process Vent
	638.92
	11.00
	222.40
	17
	4,007.62

	Emergency S/D
	566.57
	14.00
	242.36
	3
	798.22
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Table D‑12: Top Causes by Total Event Gas Flow – Flare No. 7

	Causes
	One-day Max. Event Gas Flow (Mscf)
	Lowest One-day Event Gas Flow (Mscf)
	Avg. One-day Event Gas Flow (Mscf)
	# of Days Event Cause Occurred
	Total Event Gas Flow (Mscf)

	Unknown
	2,475.08
	5.85
	808.53
	427
	350,446.95

	T/A Activities
	2,698.13
	24.20
	686.21
	29
	20,568.71

	Upset
	1,569.40
	14.40
	326.99
	24
	8,006.57

	Maintenance
	1,122.42
	575.60
	819.32
	6
	4,915.93

	Process Vent
	638.92
	11.00
	222.40
	17
	4,007.62

	S/D & S/U
	1,620.00
	28.86
	517.55
	7
	3,622.85

	Fuel Gas
	1,008.00
	1,008.00
	1,008.00
	1
	1,008.00

	Emergency S/D
	566.57
	14.00
	242.36
	3
	798.22


Flare No. 8

[image: image63.emf]Flare 8 Vent Gas Flow
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Figure D‑7: Vent Gas Flow vs. Time – Flare No. 8

	Class of Event Gas Release
	Total Daily Flow
(Mscf)
	% of Total Daily Flow
	Frequency
(% of 1553 day period)
	Frequency to Act. Operating Days
(% of 1552 day period)

	Emergency/ Breakdown
	459,482
	28.39%
	10.62%
	10.63%

	Non-Emergency
	872,518
	53.92%
	18.16%
	18.17%


Table D‑13: Top Causes by One-Day Maximum Event Gas Flow – Flare No. 8

	Causes
	One-day Max. Event Gas Flow (Mscf)
	Lowest One-day Event Gas Flow (Mscf)
	Avg. One-day Event Gas Flow (Mscf)
	# of Days Event Cause Occurred
	Total Event Gas Flow (Mscf)

	T/A Activities
	32,892.33
	683.98
	5,140.13
	29
	149,063.63

	Upset
	24,756.40
	22.00
	2,345.65
	143
	335,428.14

	S/D & S/U
	20,027.27
	0.00
	3,443.79
	138
	475,242.39

	Process Vent
	16,006.00
	0.00
	5,293.77
	32
	169,400.69

	Emergency S/D
	14,830.00
	356.58
	5,638.80
	22
	124,053.52

	Unknown
	5,521.00
	2,830.00
	4,487.33
	3
	13,462.00

	Maintenance
	3,493.00
	220.28
	1,273.84
	13
	16,559.86

	Fuel Gas
	2,935.90
	18.20
	728.20
	67
	48,789.40
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Table D‑14: Top Causes by Total Event Gas Flow – Flare No. 8

	Causes
	One-day Max. Event Gas Flow (Mscf)
	Lowest One-day Event Gas Flow (Mscf)
	Avg. One-day Event Gas Flow (Mscf)
	# of Days Event Cause Occurred
	Total Event Gas Flow (Mscf)

	S/D & S/U
	20,027.27
	0.00
	3,443.79
	138
	475,242.39

	Upset
	24,756.40
	22.00
	2,345.65
	143
	335,428.14

	Process Vent
	16,006.00
	0.00
	5,293.77
	32
	169,400.69

	T/A Activities
	32,892.33
	683.98
	5,140.13
	29
	149,063.63

	Emergency S/D
	14,830.00
	356.58
	5,638.80
	22
	124,053.52

	Fuel Gas
	2,935.90
	18.20
	728.20
	67
	48,789.40

	Maintenance
	3,493.00
	220.28
	1,273.84
	13
	16,559.86

	Unknown
	5,521.00
	2,830.00
	4,487.33
	3
	13,462.00


Flare No. 9

[image: image66.emf]Flare 9 Vent Gas Flow
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Figure D‑8: Vent Gas Flow vs. Time – Flare No. 9
	Class of Event Gas Release
	Total Daily Flow
(Mscf)
	% of Total Daily Flow
	Frequency
(% of 913 day period)
	Frequency to Act. Operating Days
(% of 912 day period)

	Emergency/ Breakdown
	22,916
	3.07%
	1.93%
	1.96%

	Non-Emergency
	439,392
	58.89%
	27.11%
	27.46%


Table D‑15: Top Causes by One-Day Maximum Event Gas Flow – Flare No. 9

	Causes
	One-day Max. Event Gas Flow (Mscf)
	Lowest One-day Event Gas Flow (Mscf)
	Avg. One-day Event Gas Flow (Mscf)
	# of Days Event Cause Occurred
	Total Event Gas Flow (Mscf)

	S/D & S/U
	13,124.25
	0.00
	1,421.51
	144
	245,700.84

	T/A Activities
	7,417.31
	0.00
	1,140.89
	50
	70,231.53

	Maintenance
	6,088.98
	0.00
	804.78
	45
	56,302.56

	Process Vent
	3,158.35
	0.00
	583.14
	85
	58,809.79

	Emergency S/D
	2,573.73
	0.00
	746.88
	20
	19,883.05

	Upset
	904.20
	0.00
	192.95
	10
	3,033.21

	Unknown
	564.77
	0.00
	86.05
	97
	8,347.07
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Table D‑16: Top Causes by Total Event Gas Flow – Flare No. 9

	Causes
	One-day Max. Event Gas Flow (Mscf)
	Lowest One-day Event Gas Flow (Mscf)
	Avg. One-day Event Gas Flow (Mscf)
	# of Days Event Cause Occurred
	Total Event Gas Flow (Mscf)

	S/D & S/U
	13,124.25
	0.00
	1,421.51
	144
	245,700.84

	T/A Activities
	7,417.31
	0.00
	1,140.89
	50
	70,231.53

	Process Vent
	3,158.35
	0.00
	583.14
	85
	58,809.79

	Maintenance
	6,088.98
	0.00
	804.78
	45
	56,302.56

	Emergency S/D
	2,573.73
	0.00
	746.88
	20
	19,883.05

	Unknown
	564.77
	0.00
	86.05
	97
	8,347.07

	Upset
	904.20
	0.00
	192.95
	10
	3,033.21


Flare No. 10
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Figure D‑9: Vent Gas Flow vs. Time – Flare No. 10
	Class of Event Gas Release
	Total Daily Flow
(Mscf)
	% of Total Daily Flow
	Frequency
(% of 1553 day period)
	Frequency to Act. Operating Days
(% of 1553 day period)

	Emergency/ Breakdown
	2,480
	0.91%
	0.90%
	0.90%

	Non-Emergency
	63,797
	23.52%
	3.73%
	3.73%


Table D‑17: Top Causes by One-Day Maximum Event Gas Flow – Flare No. 10

	Causes
	One-day Max. Event Gas Flow (Mscf)
	Lowest One-day Event Gas Flow (Mscf)
	Avg. One-day Event Gas Flow (Mscf)
	# of Days Event Cause Occurred
	Total Event Gas Flow (Mscf)

	S/D & S/U
	8,336.16
	12.73
	2,272.44
	11
	26,413.97

	T/A Activities
	6,467.37
	38.20
	1,783.22
	10
	17,832.24

	Process Vent
	3,954.16
	67.60
	2,092.91
	2
	4,417.47

	Maintenance
	2,071.52
	2,071.52
	2,071.52
	1
	2,071.52

	Unknown
	1,943.23
	1.81
	286.60
	34
	13,061.95

	Upset
	1,146.18
	7.84
	165.40
	12
	2,051.35

	Emergency S/D
	354.16
	74.96
	214.56
	2
	429.12
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Table D‑18: Top Causes by Total Event Gas Flow – Flare No. 10

	Causes
	One-day Max. Event Gas Flow (Mscf)
	Lowest One-day Event Gas Flow (Mscf)
	Avg. One-day Event Gas Flow (Mscf)
	# of Days Event Cause Occurred
	Total Event Gas Flow (Mscf)

	S/D & S/U
	8,336.16
	12.73
	2,272.44
	11
	26,413.97

	T/A Activities
	6,467.37
	38.20
	1,783.22
	10
	17,832.24

	Unknown
	1,943.23
	1.81
	286.60
	34
	13,061.95

	Process Vent
	3,954.16
	67.60
	2,092.91
	2
	4,417.47

	Maintenance
	2,071.52
	2,071.52
	2,071.52
	1
	2,071.52

	Upset
	1,146.18
	7.84
	165.40
	12
	2,051.35

	Emergency S/D
	354.16
	74.96
	214.56
	2
	429.12


Flare No. 11
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Figure D‑10: Vent Gas Flow vs. Time – Flare No. 11
	Class of Event Gas Release
	Total Daily Flow
(Mscf)
	% of Total Daily Flow
	Frequency
(% of 1553 day period)
	Frequency to Act. Operating Days
(% of 1553 day period)

	Emergency/ Breakdown
	199
	0.32%
	0.13%
	0.13%

	Non-Emergency
	7,659
	12.32%
	3.09%
	3.09%


Table D‑19: Top Causes by One-Day Maximum Event Gas Flow – Flare No. 11 

	Causes
	One-day Max. Event Gas Flow (Mscf)
	Lowest One-day Event Gas Flow (Mscf)
	Avg. One-day Event Gas Flow (Mscf)
	# of Days Event Cause Occurred
	Total Event Gas Flow (Mscf)

	Unknown
	2,288.71
	0.46
	78.92
	39
	3,077.70

	Maintenance
	1,712.74
	149.48
	796.07
	5
	3,980.37

	Process Vent
	236.16
	211.43
	223.80
	2
	447.59

	Emergency S/D
	164.86
	34.01
	99.43
	2
	198.87

	Fuel Gas
	81.04
	81.04
	81.04
	1
	81.04

	T/A Activities
	72.57
	72.57
	72.57
	1
	72.57
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Table D‑20: Top Causes by Total Event Gas Flow – Flare No. 11

	Causes
	One-day Max. Event Gas Flow (Mscf)
	Lowest One-day Event Gas Flow (Mscf)
	Avg. One-day Event Gas Flow (Mscf)
	# of Days Event Cause Occurred
	Total Event Gas Flow (Mscf)

	Maintenance
	1,712.74
	149.48
	796.07
	5
	3,980.37

	Unknown
	2,288.71
	0.46
	78.92
	39
	3,077.70

	Process Vent
	236.16
	211.43
	223.80
	2
	447.59

	Emergency S/D
	164.86
	34.01
	99.43
	2
	198.87

	Fuel Gas
	81.04
	81.04
	81.04
	1
	81.04

	T/A Activities
	72.57
	72.57
	72.57
	1
	72.57


Flare No. 12
This flare is a clean service flare

Flare No. 13
[image: image75.emf]Flare 13 Vent Gas Flow

0.00

1,000.00

2,000.00

3,000.00

4,000.00

5,000.00

6,000.00

7,000.00

8,000.00

9,000.00

10/1/1999 11/1/1999 12/1/1999 1/1/2000 2/1/2000 3/1/2000 4/1/2000 5/1/2000 6/1/2000 7/1/2000 8/1/2000 9/1/2000 10/1/2000 11/1/2000 12/1/2000 1/1/2001 2/1/2001 3/1/2001 4/1/2001 5/1/2001 6/1/2001 7/1/2001 8/1/2001 9/1/2001 10/1/2001 11/1/2001 12/1/2001 1/1/2002 2/1/2002 3/1/2002 4/1/2002 5/1/2002 6/1/2002 7/1/2002 8/1/2002 9/1/2002 10/1/2002 11/1/2002 12/1/2002 1/1/2003 2/1/2003 3/1/2003 4/1/2003 5/1/2003 6/1/2003 7/1/2003 8/1/2003 9/1/2003 10/1/2003 11/1/2003 12/1/2003

Vent Gas Flow (Mscf)

Event Flow (Mscf)

Daily Flow (Mscf)


Figure D‑11: Vent Gas Flow vs. Time – Flare No. 13
	Class of Event Gas Release
	Total Daily Flow
(Mscf)
	% of Total Daily Flow
	Frequency
(% of 1553 day period)
	Frequency to Act. Operating Days
(% of 1035 day period)

	Emergency/ Breakdown
	46,942
	7.20%
	3.09%
	4.64%

	Non-Emergency
	586,975
	90.04%
	29.94%
	44.93%


Table D‑21: Top Causes by One-Day Maximum Event Gas Flow – Flare No. 13

	Causes
	One-day Max. Event Gas Flow (Mscf)
	Lowest One-day Event Gas Flow (Mscf)
	Avg. One-day Event Gas Flow (Mscf)
	# of Days Event Cause Occurred
	Total Event Gas Flow (Mscf)

	Upset
	7,966.48
	11.70
	934.57
	46
	45,221.68

	S/D & S/U
	7,068.07
	11.50
	593.13
	15
	9,699.50

	Unknown
	7,045.28
	0.00
	1,284.73
	449
	577,240.30

	Emergency S/D
	1,067.20
	80.40
	313.60
	2
	1,720.80

	Fuel Gas
	35.20
	35.20
	35.20
	1
	35.20
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Table D‑22: Top Causes by Total Event Gas Flow – Flare No. 13

	Causes
	One-day Max. Event Gas Flow (Mscf)
	Lowest One-day Event Gas Flow (Mscf)
	Avg. One-day Event Gas Flow (Mscf)
	# of Days Event Cause Occurred
	Total Event Gas Flow (Mscf)

	Unknown
	7,045.28
	0.00
	1,284.73
	449
	577,240.30

	Upset
	7,966.48
	11.70
	934.57
	46
	45,221.68

	S/D & S/U
	7,068.07
	11.50
	593.13
	15
	9,699.50

	Emergency S/D
	1,067.20
	80.40
	313.60
	2
	1,720.80

	Fuel Gas
	35.20
	35.20
	35.20
	1
	35.20


Flare No. 14
This flare is a clean service flare

Flare No. 15
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Figure D‑12: Vent Gas Flow vs. Time – Flare No. 15
	Class of Event Gas Release
	Total Daily Flow
(Mscf)
	% of Total Daily Flow
	Frequency
(% of 1553 day period)
	Frequency to Act. Operating Days
(% of 1553 day period)

	Emergency/ Breakdown
	21,030
	0.26%
	0.90%
	0.90%

	Non-Emergency
	4,342,034
	53.56%
	22.99%
	22.99%%


Table D‑23: Top Causes by One-Day Maximum Event Gas Flow – Flare No. 15

	Causes
	One-day Max. Event Gas Flow (Mscf)
	Lowest One-day Event Gas Flow (Mscf)
	Avg. One-day Event Gas Flow (Mscf)
	# of Days Event Cause Occurred
	Total Event Gas Flow (Mscf)

	Unknown
	689,591.75
	0.70
	6,552.06
	300
	4,246,619.35

	Process Vent
	16,032.30
	3.20
	3,589.76
	5
	17,948.80

	S/D & S/U
	15,233.51
	0.32
	1,283.96
	29
	48,187.97

	T/A Activities
	7,971.02
	1,026.73
	3,088.68
	2
	10,676.25

	Fuel Gas
	7,655.26
	0.05
	647.84
	15
	9,926.17

	Emergency S/D
	6,811.58
	33.27
	1,377.52
	8
	13,712.41

	Upset
	6,478.63
	43.76
	1,219.54
	6
	7,317.22

	Maintenance
	4,202.00
	22.00
	1,445.83
	6
	8,675.00


[image: image79.emf]Total Vent Gas Flow By Causes

4,246,619.35

48,187.97

17,948.80

13,712.41

10,676.25

9,926.17 8,675.00 7,317.22

0

500,000

1,000,000

1,500,000

2,000,000

2,500,000

3,000,000

3,500,000

4,000,000

4,500,000

Unknown S/D & S/U Process Vent Emergency S/D T/A Activities Fuel Gas Maintenance Upset

Total Vent Gas (Mscf)



[image: image80.emf]Max. Daily Gas Flow By Causes

689,591.75

16,032.30

15,233.51

7,971.02 7,655.26

6,811.58 6,478.63

4,202.00

0

100,000

200,000

300,000

400,000

500,000

600,000

700,000

800,000

Unknown Process Vent S/D & S/U T/A Activities Fuel Gas Emergency S/D Upset Maintenance

Total Vent Gas (Mscf)


Table D‑24: Top Causes by Total Event Gas Flow – Flare No. 15

	Causes
	One-day Max. Event Gas Flow (Mscf)
	Lowest One-day Event Gas Flow (Mscf)
	Avg. One-day Event Gas Flow (Mscf)
	# of Days Event Cause Occurred
	Total Event Gas Flow (Mscf)

	Unknown
	689,591.75
	0.70
	6,552.06
	300
	4,246,619.35

	S/D & S/U
	15,233.51
	0.32
	1,283.96
	29
	48,187.97

	Process Vent
	16,032.30
	3.20
	3,589.76
	5
	17,948.80

	Emergency S/D
	6,811.58
	33.27
	1,377.52
	8
	13,712.41

	T/A Activities
	7,971.02
	1,026.73
	3,088.68
	2
	10,676.25

	Fuel Gas
	7,655.26
	0.05
	647.84
	15
	9,926.17

	Maintenance
	4,202.00
	22.00
	1,445.83
	6
	8,675.00

	Upset
	6,478.63
	43.76
	1,219.54
	6
	7,317.22


Flare No. 16
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Figure D‑13: Vent Gas Flow vs. Time – Flare No. 16
	Class of Event Gas Release
	Total Daily Flow
(Mscf)
	% of Total Daily Flow
	Frequency
(% of 913 day period)
	Frequency to Act. Operating Days
(% of 913 day period)

	Emergency/ Breakdown
	18,516
	2.21%
	0.97%
	0.97%

	Non-Emergency
	679,476
	80.95%
	49.97%
	49.97%


Table D‑25: Top Causes by One-Day Maximum Event Gas Flow – Flare No. 16

	Causes
	One-day Max. Event Gas Flow (Mscf)
	Lowest One-day Event Gas Flow (Mscf)
	Avg. One-day Event Gas Flow (Mscf)
	# of Days Event Cause Occurred
	Total Event Gas Flow (Mscf)

	Unknown
	15,591.45
	0.00
	310.35
	82
	25,448.47

	Process Vent
	14,154.13
	0.00
	982.08
	112
	110,041.67

	S/D & S/U
	12,540.30
	0.00
	1,796.40
	28
	50,689.06

	Fuel Gas
	7,568.71
	0.00
	399.60
	155
	65,578.21

	T/A Activities
	7,084.68
	0.00
	779.97
	109
	101,917.48

	Emergency S/D
	6,541.61
	0.00
	3,145.64
	5
	15,728.20

	Maintenance
	2,124.20
	0.00
	1,123.45
	290
	325,801.12

	Upset
	389.19
	0.00
	109.33
	10
	2,787.97
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Table D‑26: Top Causes by Total Event Gas Flow – Flare No. 16

	Causes
	One-day Max. Event Gas Flow (Mscf)
	Lowest One-day Event Gas Flow (Mscf)
	Avg. One-day Event Gas Flow (Mscf)
	# of Days Event Cause Occurred
	Total Event Gas Flow (Mscf)

	Maintenance
	2,124.20
	0.00
	1,123.45
	290
	325,801.12

	Process Vent
	14,154.13
	0.00
	982.08
	112
	110,041.67

	T/A Activities
	7,084.68
	0.00
	779.97
	109
	101,917.48

	Fuel Gas
	7,568.71
	0.00
	399.60
	155
	65,578.21

	S/D & S/U
	12,540.30
	0.00
	1,796.40
	28
	50,689.06

	Unknown
	15,591.45
	0.00
	310.35
	82
	25,448.47

	Emergency S/D
	6,541.61
	0.00
	3,145.64
	5
	15,728.20

	Upset
	389.19
	0.00
	109.33
	10
	2,787.97


Flare No. 17
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Figure D‑14: Vent Gas Flow vs. Time – Flare No. 17
	Class of Event Gas Release
	Total Daily Flow
(Mscf)
	% of Total Daily Flow
	Frequency
(% of 1553 day period)
	Frequency to Act. Operating Days
(% of 242 day period)

	Emergency/ Breakdown
	3,458
	33.82%
	0.71%
	4.55%

	Non-Emergency
	3,634
	35.54%
	3.73%
	23.97%


Table D‑27: Top Causes by One-Day Maximum Event Gas Flow – Flare No. 17

	Causes
	One-day Max. Event Gas Flow (Mscf)
	Lowest One-day Event Gas Flow (Mscf)
	Avg. One-day Event Gas Flow (Mscf)
	# of Days Event Cause Occurred
	Total Event Gas Flow (Mscf)

	Upset
	738.50
	17.20
	295.03
	10
	3,040.90

	Unknown
	468.20
	5.30
	63.62
	56
	3,562.82

	Emergency S/D
	417.11
	417.11
	417.11
	1
	417.11

	Fuel Gas
	46.20
	24.50
	35.35
	2
	70.70
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Table D‑28: Top Causes by Total Event Gas Flow – Flare No. 17

	Causes
	One-day Max. Event Gas Flow (Mscf)
	Lowest One-day Event Gas Flow (Mscf)
	Avg. One-day Event Gas Flow (Mscf)
	# of Days Event Cause Occurred
	Total Event Gas Flow (Mscf)

	Unknown
	468.20
	5.30
	63.62
	56
	3,562.82

	Upset
	738.50
	17.20
	295.03
	10
	3,040.90

	Emergency S/D
	417.11
	417.11
	417.11
	1
	417.11

	Fuel Gas
	46.20
	24.50
	35.35
	2
	70.70


Flare No. 18
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Figure D‑15: Vent Gas Flow vs. Time – Flare No. 18
	Class of Event Gas Release
	Total Daily Flow
(Mscf)
	% of Total Daily Flow
	Frequency
(% of 1553 day period)
	Frequency to Act. Operating Days
(% of 958 day period)

	Emergency/ Breakdown
	13,276
	15.27%
	1.35%
	2.19%

	Non-Emergency
	23,591
	27.13%
	20.93%
	33.92%


Table D‑29: Top Causes by One-Day Maximum Event Gas Flow – Flare No. 18

	Causes
	One-day Max. Event Gas Flow (Mscf)
	Lowest One-day Event Gas Flow (Mscf)
	Avg. One-day Event Gas Flow (Mscf)
	# of Days Event Cause Occurred
	Total Event Gas Flow (Mscf)

	Upset
	2,065.80
	6.20
	398.92
	20
	13,249.67

	Unknown
	1,106.49
	1.60
	65.51
	310
	21,020.32

	S/D & S/U
	885.80
	17.20
	183.11
	8
	2,209.80

	Fuel Gas
	128.10
	8.40
	47.02
	7
	361.30

	Emergency S/D
	26.20
	26.20
	26.20
	1
	26.20
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Table D‑30:  Top Causes by Total Event Gas Flow – Flare No. 18

	Causes
	One-day Max. Event Gas Flow (Mscf)
	Lowest One-day Event Gas Flow (Mscf)
	Avg. One-day Event Gas Flow (Mscf)
	# of Days Event Cause Occurred
	Total Event Gas Flow (Mscf)

	Unknown
	1,106.49
	1.60
	65.51
	310
	21,020.32

	Upset
	2,065.80
	6.20
	398.92
	20
	13,249.67

	S/D & S/U
	885.80
	17.20
	183.11
	8
	2,209.80

	Fuel Gas
	128.10
	8.40
	47.02
	7
	361.30

	Emergency S/D
	26.20
	26.20
	26.20
	1
	26.20


Flare No. 19
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Figure D‑16: Vent Gas Flow vs. Time – Flare No. 19
	Class of Event Gas Release
	Total Daily Flow
(Mscf)
	% of Total Daily Flow
	Frequency
(% of 1553 day period)
	Frequency to Act. Operating Days
(% of 1553 day period)

	Emergency/ Breakdown
	45,121
	5.38%
	0.39%
	0.39%

	Non-Emergency
	404,187
	48.15%
	15.78%
	15.78%


Table D‑31: Top Causes by One-Day Maximum Event Gas Flow – Flare No. 19

	Causes
	One-day Max. Event Gas Flow (Mscf)
	Lowest One-day Event Gas Flow (Mscf)
	Avg. One-day Event Gas Flow (Mscf)
	# of Days Event Cause Occurred
	Total Event Gas Flow (Mscf)

	S/D & S/U
	14,396.35
	0.00
	2,336.58
	27
	66,699.82

	Emergency S/D
	12,217.29
	0.00
	8,855.43
	5
	44,277.16

	Maintenance
	10,619.85
	0.00
	3,635.13
	31
	112,689.07

	T/A Activities
	8,471.71
	0.00
	1,957.84
	41
	87,423.90

	Process Vent
	4,258.68
	439.19
	2,021.46
	8
	16,171.68

	Unknown
	3,844.37
	0.00
	878.28
	138
	121,202.54

	Upset
	843.49
	843.49
	843.49
	1
	843.49
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Table D‑32: Top Causes by Total Event Gas Flow – Flare No. 19

	Causes
	One-day Max. Event Gas Flow (Mscf)
	Lowest One-day Event Gas Flow (Mscf)
	Avg. One-day Event Gas Flow (Mscf)
	# of Days Event Cause Occurred
	Total Event Gas Flow (Mscf)

	Unknown
	3,844.37
	0.00
	878.28
	138
	121,202.54

	Maintenance
	10,619.85
	0.00
	3,635.13
	31
	112,689.07

	T/A Activities
	8,471.71
	0.00
	1,957.84
	41
	87,423.90

	S/D & S/U
	14,396.35
	0.00
	2,336.58
	27
	66,699.82

	Emergency S/D
	12,217.29
	0.00
	8,855.43
	5
	44,277.16

	Process Vent
	4,258.68
	439.19
	2,021.46
	8
	16,171.68

	Upset
	843.49
	843.49
	843.49
	1
	843.49


Flare No. 20
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Figure D‑17: Vent Gas Flow vs. Time – Flare No. 20
	Class of Event Gas Release
	Total Daily Flow
(Mscf)
	% of Total Daily Flow
	Frequency
(% of 1553 day period)
	Frequency to Act. Operating Days
(% of 1279 day period)

	Emergency/ Breakdown
	50,514
	6.34%
	0.84%
	1.02%

	Non-Emergency
	318,502
	39.96%
	38.25%
	46.44%


Table D‑33: Top Causes by One-Day Maximum Event Gas Flow – Flare No. 20

	Causes
	One-day Max. Event Gas Flow (Mscf)
	Lowest One-day Event Gas Flow (Mscf)
	Avg. One-day Event Gas Flow (Mscf)
	# of Days Event Cause Occurred
	Total Event Gas Flow (Mscf)

	Upset
	21,752.83
	20.13
	4,051.45
	8
	33,798.34

	S/D & S/U
	4,575.66
	0.00
	850.35
	45
	54,356.03

	Emergency S/D
	4,423.84
	2,471.21
	3,343.10
	5
	16,715.48

	Maintenance
	3,230.72
	0.00
	816.01
	19
	15,504.24

	T/A Activities
	2,152.47
	0.00
	638.32
	84
	60,394.15

	Unknown
	1,785.94
	0.00
	420.93
	441
	185,629.20

	Fuel Gas
	820.32
	0.00
	241.48
	4
	2,606.57

	Process Vent
	11.44
	11.44
	11.44
	1
	11.44
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Table D‑34: Top Causes by Total Event Gas Flow – Flare No. 20

	Causes
	One-day Max. Event Gas Flow (Mscf)
	Lowest One-day Event Gas Flow (Mscf)
	Avg. One-day Event Gas Flow (Mscf)
	# of Days Event Cause Occurred
	Total Event Gas Flow (Mscf)

	Unknown
	1,785.94
	0.00
	420.93
	441
	185,629.20

	T/A Activities
	2,152.47
	0.00
	638.32
	84
	60,394.15

	S/D & S/U
	4,575.66
	0.00
	850.35
	45
	54,356.03

	Upset
	21,752.83
	20.13
	4,051.45
	8
	33,798.34

	Emergency S/D
	4,423.84
	2,471.21
	3,343.10
	5
	16,715.48

	Maintenance
	3,230.72
	0.00
	816.01
	19
	15,504.24

	Fuel Gas
	820.32
	0.00
	241.48
	4
	2,606.57

	Process Vent
	11.44
	11.44
	11.44
	1
	11.44


Flare No. 21
[image: image96.emf]Flare 21 Vent Gas Flow

0.00

1,000.00

2,000.00

3,000.00

4,000.00

5,000.00

6,000.00

10/1/1999 11/1/1999 12/1/1999 1/1/2000 2/1/2000 3/1/2000 4/1/2000 5/1/2000 6/1/2000 7/1/2000 8/1/2000 9/1/2000 10/1/2000 11/1/2000 12/1/2000 1/1/2001 2/1/2001 3/1/2001 4/1/2001 5/1/2001 6/1/2001 7/1/2001 8/1/2001 9/1/2001 10/1/2001 11/1/2001 12/1/2001 1/1/2002 2/1/2002 3/1/2002

Vent Gas Flow (Mscf)

Event Flow (Mscf)

Daily Flow (Mscf)


Figure D‑18: Vent Gas Flow vs. Time – Flare No. 21
	Class of Event Gas Release
	Total Daily Flow
(Mscf)
	% of Total Daily Flow
	Frequency
(% of 1553 day period)
	Frequency to Act. Operating Days
(% of 1522 day period)

	Emergency/ Breakdown
	5,140
	0.61%
	0.84%
	0.85%

	Non-Emergency
	199,946
	23.78%
	27.43%
	27.99%


Table D‑35: Top Causes by One-Day Maximum Event Gas Flow – Flare No. 21

	Causes
	One-day Max. Event Gas Flow (Mscf)
	Lowest One-day Event Gas Flow (Mscf)
	Avg. One-day Event Gas Flow (Mscf)
	# of Days Event Cause Occurred
	Total Event Gas Flow (Mscf)

	Unknown
	5,554.54
	9.90
	417.74
	360
	159,982.56

	Fuel Gas
	3,430.86
	40.50
	493.60
	27
	13,327.21

	S/D & S/U
	2,875.50
	21.00
	757.76
	18
	13,639.75

	T/A Activities
	2,230.45
	50.00
	602.64
	21
	12,996.48

	Emergency S/D
	1,410.22
	29.25
	496.52
	5
	2,758.22

	Upset
	1,150.00
	38.25
	297.74
	8
	2,381.95
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Table D‑36: Top Causes by Total Event Gas Flow – Flare No. 21

	Causes
	One-day Max. Event Gas Flow (Mscf)
	Lowest One-day Event Gas Flow (Mscf)
	Avg. One-day Event Gas Flow (Mscf)
	# of Days Event Cause Occurred
	Total Event Gas Flow (Mscf)

	Unknown
	5,554.54
	9.90
	417.74
	360
	159,982.56

	S/D & S/U
	2,875.50
	21.00
	757.76
	18
	13,639.75

	Fuel Gas
	3,430.86
	40.50
	493.60
	27
	13,327.21

	T/A Activities
	2,230.45
	50.00
	602.64
	21
	12,996.48

	Emergency S/D
	1,410.22
	29.25
	496.52
	5
	2,758.22

	Upset
	1,150.00
	38.25
	297.74
	8
	2,381.95


Flare No. 22
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Figure D‑19: Vent Gas Flow vs. Time – Flare No. 22
	Class of Event Gas Release
	Total Daily Flow
(Mscf)
	% of Total Daily Flow
	Frequency
(% of 1553 day period)
	Frequency to Act. Operating Days
(% of 1553 day period)

	Emergency/ Breakdown
	10,663
	3.28%
	2.00%
	2.00%

	Non-Emergency
	106,699
	32.85%
	25.11%
	25.11%


 Table D‑37: Top Causes by One-Day Maximum Event Gas Flow – Flare No. 22

	Causes
	One-day Max. Event Gas Flow (Mscf)
	Lowest One-day Event Gas Flow (Mscf)
	Avg. One-day Event Gas Flow (Mscf)
	# of Days Event Cause Occurred
	Total Event Gas Flow (Mscf)

	T/A Activities
	4,173.10
	46.88
	1,449.16
	3
	4,347.48

	S/D & S/U
	3,341.00
	132.60
	760.13
	5
	6,312.93

	Unknown
	2,242.00
	0.00
	183.42
	372
	92,287.00

	Process Vent
	2,201.67
	9.60
	385.21
	7
	2,807.75

	Emergency S/D
	1,560.00
	69.60
	935.60
	4
	4,557.20

	Upset
	1,251.00
	7.23
	196.73
	27
	6,105.53

	Maintenance
	733.89
	21.15
	303.42
	3
	943.84
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Table D‑38: Top Causes by Total Event Gas Flow – Flare No. 22

	Causes
	One-day Max. Event Gas Flow (Mscf)
	Lowest One-day Event Gas Flow (Mscf)
	Avg. One-day Event Gas Flow (Mscf)
	# of Days Event Cause Occurred
	Total Event Gas Flow (Mscf)

	Unknown
	2,242.00
	0.00
	183.42
	372
	92,287.00

	S/D & S/U
	3,341.00
	132.60
	760.13
	5
	6,312.93

	Upset
	1,251.00
	7.23
	196.73
	27
	6,105.53

	Emergency S/D
	1,560.00
	69.60
	935.60
	4
	4,557.20

	T/A Activities
	4,173.10
	46.88
	1,449.16
	3
	4,347.48

	Process Vent
	2,201.67
	9.60
	385.21
	7
	2,807.75

	Maintenance
	733.89
	21.15
	303.42
	3
	943.84


Flare No. 23
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Figure D‑20: Vent Gas Flow vs. Time – Flare No. 23
	Class of Event Gas Release
	Total Daily Flow
(Mscf)
	% of Total Daily Flow
	Frequency
(% of 1553 day period)
	Frequency to Act. Operating Days
(% of 797 day period)

	Emergency/ Breakdown
	781
	6.55%
	0.45%
	0.88%

	Non-Emergency
	4,590
	38.54%
	2.38%
	4.64%


Table D‑39: Top Causes by One-Day Maximum Event Gas Flow – Flare No. 23

	Causes
	One-day Max. Event Gas Flow (Mscf)
	Lowest One-day Event Gas Flow (Mscf)
	Avg. One-day Event Gas Flow (Mscf)
	# of Days Event Cause Occurred
	Total Event Gas Flow (Mscf)

	Unknown
	813.16
	12.20
	124.06
	37
	4,590.14

	Upset
	288.80
	18.00
	81.96
	6
	707.20

	Emergency S/D
	73.40
	73.40
	73.40
	1
	73.40
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Table D‑40: Top Causes by Total Event Gas Flow – Flare No. 23

	Causes
	One-day Max. Event Gas Flow (Mscf)
	Lowest One-day Event Gas Flow (Mscf)
	Avg. One-day Event Gas Flow (Mscf)
	# of Days Event Cause Occurred
	Total Event Gas Flow (Mscf)

	Unknown
	813.16
	12.20
	124.06
	37
	4,590.14

	Upset
	288.80
	18.00
	81.96
	6
	707.20

	Emergency S/D
	73.40
	73.40
	73.40
	1
	73.40


Flare No. 24
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Figure D‑21: Vent Gas Flow vs. Time – Flare No. 24
	Class of Event Gas Release
	Total Daily Flow
(Mscf)
	% of Total Daily Flow
	Frequency
(% of 1553 day period)
	Frequency to Act. Operating Days
(% of 1553 day period)

	Emergency/ Breakdown
	58,258
	9.11%
	4.70%
	4.70%

	Non-Emergency
	352,549
	55.15%
	21.76%
	21.76%


Table D‑41: Top Causes by One-Day Maximum Event Gas Flow – Flare No. 24

	Causes
	One-day Max. Event Gas Flow (Mscf)
	Lowest One-day Event Gas Flow (Mscf)
	Avg. One-day Event Gas Flow (Mscf)
	# of Days Event Cause Occurred
	Total Event Gas Flow (Mscf)

	Process Vent
	11,379.72
	2,001.87
	6,539.55
	3
	19,618.64

	Unknown
	10,258.90
	6.41
	925.85
	199
	190,248.14

	T/A Activities
	6,264.48
	12.73
	1,295.84
	5
	6,479.20

	Upset
	5,328.48
	7.73
	747.23
	70
	56,912.62

	Maintenance
	4,190.64
	5.93
	1,065.03
	83
	95,811.48

	S/D & S/U
	2,804.88
	7.79
	816.05
	48
	40,391.06

	Emergency S/D
	693.41
	43.41
	178.17
	3
	1,344.96
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Table D‑42: Top Causes by Total Event Gas Flow – Flare No. 24

	Causes
	One-day Max. Event Gas Flow (Mscf)
	Lowest One-day Event Gas Flow (Mscf)
	Avg. One-day Event Gas Flow (Mscf)
	# of Days Event Cause Occurred
	Total Event Gas Flow (Mscf)

	Unknown
	10,258.90
	6.41
	925.85
	199
	190,248.14

	Maintenance
	4,190.64
	5.93
	1,065.03
	83
	95,811.48

	Upset
	5,328.48
	7.73
	747.23
	70
	56,912.62

	S/D & S/U
	2,804.88
	7.79
	816.05
	48
	40,391.06

	Process Vent
	11,379.72
	2,001.87
	6,539.55
	3
	19,618.64

	T/A Activities
	6,264.48
	12.73
	1,295.84
	5
	6,479.20

	Emergency S/D
	693.41
	43.41
	178.17
	3
	1,344.96


Flare No. 25
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Figure D‑22: Vent Gas Flow vs. Time – Flare No. 25
	Class of Event Gas Release
	Total Daily Flow
(Mscf)
	% of Total Daily Flow
	Frequency
(% of 913 day period)
	Frequency to Act. Operating Days
(% of 912 day period)

	Emergency/ Breakdown
	89,384.81
	13.73%
	5.59%
	5.59%

	Non-Emergency
	561,536.43
	86.27%
	22.23%
	22.26%


Table D‑43: Top Causes by One-Day Maximum Event Gas Flow – Flare No. 25
	Causes
	One-day Max. Event Gas Flow (Mscf)
	Lowest One-day Event Gas Flow (Mscf)
	Avg. One-day Event Gas Flow (Mscf)
	# of Days Event Cause Occurred
	Total Event Gas Flow (Mscf)

	Maintenance
	5,093.02
	125.35
	1,851.90
	50
	92,595.24

	Emergency S/D
	3,946.68
	679.68
	1,795.60
	24
	43,094.38

	S/D & S/U
	3,467.32
	43.96
	1,067.15
	11
	11,738.70

	Fuel Gas
	1,617.46
	12.17
	389.51
	78
	30,381.68

	Unknown
	1,227.62
	8.01
	247.37
	80
	19,789.55

	Upset
	563.16
	492.75
	527.96
	2
	1,055.91

	Process Vent
	237.82
	8.50
	57.31
	9
	515.79
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Table D‑44: Top Causes by Total Event Gas Flow – Flare No. 25
	Causes
	One-day Max. Event Gas Flow (Mscf)
	Lowest One-day Event Gas Flow (Mscf)
	Avg. One-day Event Gas Flow (Mscf)
	# of Days Event Cause Occurred
	Total Event Gas Flow (Mscf)

	Maintenance
	5,093.02
	125.35
	1,851.90
	50
	92,595.24

	Emergency S/D
	3,946.68
	679.68
	1,795.60
	24
	43,094.38

	Fuel Gas
	1,617.46
	12.17
	389.51
	78
	30,381.68

	Unknown
	1,227.62
	8.01
	247.37
	80
	19,789.55

	S/D & S/U
	3,467.32
	43.96
	1,067.15
	11
	11,738.70

	Upset
	563.16
	492.75
	527.96
	2
	1,055.91

	Process Vent
	237.82
	8.50
	57.31
	9
	515.79


Flare No. 26
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Figure D‑23: Vent Gas Flow vs. Time – Flare No. 26
	Class of Event Gas Release
	Total Daily Flow
(Mscf)
	% of Total Daily Flow
	Frequency
(% of 913 day period)
	Frequency to Act. Operating Days
(% of 52 day period)

	Emergency/ Breakdown
	24.64
	3.06%
	0.11%
	1.92%

	Non-Emergency
	781.61
	96.94%
	2.30%
	40.38%


Table D‑45: Top Causes by One-Day Maximum Event Gas Flow – Flare No. 26

	Causes
	One-day Max. Event Gas Flow (Mscf)
	Lowest One-day Event Gas Flow (Mscf)
	Avg. One-day Event Gas Flow (Mscf)
	# of Days Event Cause Occurred
	Total Event Gas Flow (Mscf)

	Unknown
	226.00
	9.60
	132.40
	3
	397.20

	Upset
	24.64
	24.64
	24.64
	1
	24.64

	T/A Activities
	2.27
	2.27
	2.27
	18
	40.80
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Table D‑46: Top Causes by Total Event Gas Flow – Flare No. 26

	Causes
	One-day Max. Event Gas Flow (Mscf)
	Lowest One-day Event Gas Flow (Mscf)
	Avg. One-day Event Gas Flow (Mscf)
	# of Days Event Cause Occurred
	Total Event Gas Flow (Mscf)

	Unknown
	226.00
	9.60
	132.40
	3
	397.20

	T/A Activities
	2.27
	2.27
	2.27
	18
	40.80

	Upset
	24.64
	24.64
	24.64
	1
	24.64


Flare No. 27
This flare is a clean service flare

APPENDIX E:  Flare system description

Information contained is public information and is taken from permit conditions of each facility’s respective permit. 
BP West Coast Products

Currently, BP has five general service flares in operation at their Wilmington, CA refinery. They are configured to handle various releases from their respective process units. Only the South Area and the FCC flares serve the refinery fuel gas system in addition to their assigned process units. However, once vent gases enters the flare system, the gases are not recovered. Each flare is described as follows:

FCC Flare

	Connected to:

Alkylation Unit, Coking Units, Sulfur Recovery Units, Coker Blowdown Facility, Coker Gas Compression & Absorption Unit, Blowdown Gas Compression System, DEA Regeneration Units No.1, 2, 3, 4 & No.5, Sour Water Handling & Stripping Facilities "A" & "B", Claus Tail Gas Treating Units, Coker Gas Treating/H2S Absorption Unit, Fluid Catalytic Cracking Unit, FCCU Gas plant & FCCU Gas Compression Unit, Propylene Tetramer Unit, Naphtha Splitter Unit, Light Ends Depropanizer Unit, Straight Run Light Ends Depropanizer Unit, North Area Deisobutanizer Unit, Coker Gasoline Fractionation Unit, Liquid Recovery Unit, Light Gasoline Hydrogenation Unit, Nos. 1, 2 & 3 Catalytic Reformer Units, Iso-Siv Units.


South Area Flare (Coker Flare)

	Connected to:

Alkylation Unit Coking Unit, South Area Mix Drum (Refinery Fuel Gas), Sulfur Recovery Units, Coker Blowdown Facility, Coker Gas Compression & Absorption Unit, Blowdown Gas Compression System, DEA Regeneration Units, Sour Water Handling & Stripping Facilities, A/B Claus Tail Gas Treating Units, Coker Gas Treating/ H2S Absorption Unit, FCCU, FCCU Gas Plant & FCCU gas compression, Propylene Tetramer Unit, Naphtha Splitter Unit, Light Ends Depropanizer Units, Straight Run Light End Depropanizer Unit, North Area De-isobutanizer Unit, Coker Gasoline Fractionation Unit, Liquid Recovery Unit, Light Gasoline Hydrogenation Unit, Nos. 1, 2 & 3 Catalytic Reformer Units, Iso-Siv Units


ISOM Flare

	Connected to:

Naphtha HDS Unit, Naphtha Isomerization Unit, C5 Alkylation unit, C5 Alkylation Depentanizer Unit, Hydrogen Plant No. 2, Naphtha HDS Reactor Heater, Feed Treating Unit, Plastic Production Unit, Polymerization Unit, Vent Recovery Unit, C3 Splitter Unit, UOP Merox Unit, LPG tank truck loading/ unloading rack, LPG rail car loading/ unloading rack, Butane Isomerization Unit.


Hydrocracker Flare

	Connected to:

Jet Fuel Hydrotreating Unit, Mid-Barrel Desulfurizer Unit, Catalytic Reformer Units No. 1, No. 2 and No. 3, Hydrogen Plant, Hydrocracking Unit, Light Gasoline Hydrogenation Unit, DEA Regeneration systems, LPG Recovery system, Liquid Petroleum Gas Drying facility.


FFHDS Flare (HDS Flare)

	Connected to:

FCCU Feed HDS Unit


Chevron Products Company

Currently, Chevron has six general service flares in operation at their El Segundo, CA refinery. They are configured to handle various releases from their respective process units. Moreover, the interconnection between flares allows each flare to handle vent gases from any of the other flares and the fuel gas system. 

Chevron has a centralized refinery fuel gas system that diverts gas to meet demand. During high demand and low supply the facility imports make-up natural gas. However, when the demand is low and the facility has an excess amount of fuel gas, the gas is processed further to reduce sulfur prior to selling it externally.

Flaring can occur when recovery capacities are exceeded. The flares typically have a vapor recovery compressor installed to capture the vent gas streams. However, once the compressor capacity is exceeded, the gases are vented to their respective flare. Each flare is described as follows:

FCC Flare

	Connected to:

No. 4 Crude Unit  Delayed Coking Unit, LSFO Naphtha Hydrotreating (NHT), Vacuum Gas Oil Desulfurizer (VGO), Vacuum Resid Desulfurizer (VRDS), Naphtha Hydrotreater No. 3 (Plant No. 10), Stream Naphtha Reformer (SNR), Alkylation Feed Fractionation Unit, Penex Isomerization, LPG Distillation Plant, No. 3 Caustic Treater, Sour Water Concentrator, No. 5 H2S Recovery Plant, NH3 H2S Recovery Plant, No. 4 Caustic Treating Plant, LSFO Fuel Gas Mix Drum, FCC Unit, Diesel Furnace Hydrofiner, Tame Plant, No. 2 H2S Recovery Plant, NH3 H2S Concentrator Copex Plant, Gas Oil Brightener Plant, No. 2 Crude Unit, No. 2 Resid Stripper Merox Plant, Alkylation Plant, Butamer Plant, De-isobutanizer, Gasoline Spliter Unit, Alkylate Depentanizer, Unit Inter-tied relief/ blowdown systems (FCCU Relief System, LSFO Emergency Relief System, Refinery Blowdown Gas Recovery System, Alky Unit Vapor Recovery System, Alky Unit Emergency Flare)


Alky Flare

	Connected to:

No. 4 Crude Unit, Delayed Coking Unit, LSFO Naphtha Hydrotreating (NHT), Vacuum Gas Oil Desulfurizer (VGO), Vacuum Resid Desulfurizer (VRDS), Naphtha Hydrotreater No. 3 (Plant No. 10), Stream Naphtha Reformer (SNR), Alkylation Feed Fractionation Unit, Penex Isomerization, LPG Distillation Plant, No. 3 Caustic Treater Sour Water Concentrator, No. 5 H2S Recovery Plant NH3 H2S Recovery Plant, No. 4 Caustic Treating Plant, LSFO Fuel Gas Mix Drum, FCC Unit Diesel Furnace Hydrofiner, Tame Plant, No. 2 H2S Recovery Plant, NH3 /H2S Concentrator Copex Plant, Gas Oil Brightener Plant No. 1, Crude Unit No. 1, Resid Stripper, No. 3 Caustic Treater, No. 4, Caustic Treating Plant No. 2, Crude Unit No. 2, Resid Stripper Merox Plant, Alkylation Plant, Butamer Plant, De-isobutanizer Inter-tied relief/ blowdown systems (FCCU Relief System, LSFO Emergency Relief System, Refinery Blowdown Gas Recovery System, Alky Unit Vapor Recovery System, Alky Unit Emergency Flare).


ISOMAX Flare

	Connected to:

Naphtha Prefractionator, Naphtha Hydrotreater No. 1, Jet Hydrofiner (JHP) CCRU, Steam methane reformer (SMR), Isomax Hydrocracking Unit, MTBE Plant LPG Odorant Injection System, No. 4 H2S Recovery Plant, Delayed Coking Unit, Isomax Vapor Recovery System, Pressurized Storage tanks (Blending and Shipping), Inter-tied systems (ISOMAX Vapor Recovery System, Delayed Coking Emergency Relief and Blowdown System) 


Coker Flare

	Connected to:

Naphtha Prefractionator, Naphtha hydrotreater No. 1 (Plant No. 45), Jet Hydrofiner (JHP) CCRU, Steam Methane Reformer (SMR), ISOMAX Hydrocracking Unit (Plants 5, 6, 7, and 9), MTBE Plant, LPG Odorant Injection System, No. 4 H2S Recovery Plant ISOMAX Vapor Recovery System, Inter-tied systems (ISOMAX Vapor Recovery System, Delayed Coking Emergency Relief and Blowdown System) 


LSFO Flare

	Connected to:

De-isobutanizer Crude Units, LPG Distillation Plant, Treating Units, Merox Plant Hydrotreating Units,  LSFO Fuel Gas Mix Drum Pressurized Storage Tanks, SNR, Delayed Coking, Inter-tied relief/ blowdown systems (FCCU Relief System, LSFO Emergency Relief System, Refinery Blowdown Gas Recovery System, Alky Unit Vapor Recovery System Alkylation Units)


NH3 Flare

	Connected to:

NH3 - H2S Recovery Plant


Equilon Enterprises, LLC

Currently, Equilon has three flares: two at the Los Angeles Refinery (LAR) in Wilmington, CA and one at the Sulfur Recovery Plant (SRP) in Carson, CA. Each facility has fuel gas and vapor recovery systems that are operated independently of that of the other facility. However, fuel gas can be provided to the SRP from the LAR, yet not vice versa. They are configured to handle various releases from their respective process units. Each flare is described as follows:

LAR Flares

	Connected to:

Crude Distillation Units, Delayed Coking Units, Fluid Catalytic Cracking Units, Hydrotreating Units, Catalytic Reforming Units, Hydrogen Generation Units, Hydrocracking Units, Alkylation Unit, Pressurized Storage Tanks. 


SRP Flare

	Connected to:

Gas-Water Treatment/ Stripping, Amine Regeneration, Vapor Recovery/ Fuel Gas Treating System, Fixed Roof Storage Tanks.


ExxonMobil Oil Corporation

Currently, ExxonMobil has two general service flares and one clean service flare in operation at their Torrance, CA refinery. They are configured to handle various releases from their respective process units. Moreover, the interconnection between the general service flares allows them to operate in series to handle vent gases from all process units. 

ExxonMobil has four vapor recovery compressors in refinery fuel system service, and two are idle. The vent gases are recovered and treated at the amine treater. This process brings the sulfur content in the fuel gas to approximately 20 PPMv and hence the fuel gas can be used at the process heaters. Furthermore, during high fuel supply, ExxonMobil can sell fuel gas to external customers. 

The amine treater, however, is not capable of handling the flow capacity of all four compressors.  In the event of such high flows, the excess fuel gas bypasses the amine treater and is burned directly by the heaters. Sulfur concentrations of 100 PPMv are expected. 

During a process upset, the vent gas flow is large enough to exceed compressor capacity and hence breaks the water seals on the flares and goes up the flare stack. The two flares and the clean service flares are described as follows:

65F Flares

	Connected to:

Loading/Unloading Process, Catalyst Regeneration Process, Hydrogen Production, Gasoline Blending, Gas Production Process, Catalytic Reforming, Treating/Stripping Process, Fluid Catalytic Cracking Unit, Petroleum Miscellaneous Process, Crude Distillation Unit, Coking and Residual Conditioning, Hydrotreating Process, Hydrocracking Unit, Alkylation Unit, Air Pollution Control Process, Sulfur Production Process


55F Flare

	Connected to:

LPG Tanks


Paramount Petroleum Corp.

Paramount does not operate a Hydrocracker or a Coker unit at their facility in Paramount, CA. As a result, they always import natural gas to meet their demand and hence are net consumers.  

Furthermore, the fuel gas they do generate is collected by vapor recovery compressors. The gases are drawn by the gas compressors: one in operation, the other on stand-by mode. After being scrubbed in the amine units, the gases are placed in the fuel gas system.  This facility operates one general service flare, which is described as follows:

C-396 Flare

	Connected to:

Crude Oil Unit No. 1, Crude Oil Unit No. 2, Light Naphtha Fractionation Unit, Naphtha Hydrotreating Unit, Kerosene Hydrodesulfurization Unit, Gas Oil Hydrodesulfurization Unit, Catalytic Reforming Unit, Amine Unit, Sour Water Stripper Unit, Light Naphtha Merox Treater, Heavy Naphtha Merox Treater, Sulfur Recovery Tail Gas Treatment, Pressurized Tanks. 


Tosco Refining Company

Currently, Tosco has six flares in operation: two at their Carson, CA facility and four at their Wilmington, CA facility. They are configured to handle various releases from their respective process units. Out of the two facilities, only Wilmington has a vapor recovery system.  The Carson facility does not. The two flares at the Carson facility are named East and West flare, while the four at the Wilmington facility are North, South, Unicracker (UK) and LPG flare.

The Carson Plant

West Flare

	Connected to:

LPG Tank Car Loading /Unloading Arm, Crude Oil Tank Car Unloading, Surge tank, Pressurized Tanks (4 total), Maintenance Knock-out Pot, Crude Unit No. 5 vent gas vessel, Emergency Relief Knock out pot, High and Low Pressure Hydrotreaters HDT, DHT-3 Sulfur Plant, Hydrogen Plant, Coker, Utilities Area Quench Unit.


East Flare

	Connected to:

Vacuum Flash Unit - Skim Oil Pot, V-2256 Sour Gas Treating Unit - Flash Tower, V-2257, LPG Tank Car Loading /Unloading Arm, Crude Oil Tank Car Unloading, Surge tank, Pressurized Tanks (4 total), Maintenance Knock-out Pot, Flare Knock out pot, V-2254, Crude Unit No. 5 vent gas vessel, Emergency Relief Knock out pot, Coker, Utilities Area Quench Unit, High and Low Pressure Hydrotreaters HDT, DHT-3.


The Wilmington Plant
North Flare

	Connected to:

Fluid Catalytic Cracking Hydrotreating Units 59,80,89, 90 and 100, Catalytic Reforming Units 80 and 100, Hydrogen Generation Units 120 and 118, Hydrocracking Unit 120, Alkylation Unit 110, Sulfuric Acid Production, Blending (Gasoline and Mid-Barrel), Gasoline Treating Unit 85, Fuel Gas Treating, Amine Stripping Unit 138, Sour Water stripping Nos. 1 and 2, Sulfur Production Plants Nos. 1 and 2, Isomerization, Penex Plus Unit 60, Isomerization, Butamer Unit 60, Butane Loading/ Unloading Systems, Butane Loading/ Unloading System, Butane Storage Tanks, Vapor Recovery System Serving Loading Rack Vapor recovery systems (North and South).


Unicracker (UK) Flare

	Connected to:

Hydrogen Generation Unit 120 – Caustic Scrubber Unit 120 – Hydrogenator vessel, Fluid Catalytic Cracking, Hydrotreating Units 59,80,89, 90 and 100, Catalytic Reforming Units 80 and 100, Hydrogen Generation Units 120 and 118, Hydrocracking Unit 120, Alkylation Unit 110, Sulfuric Acid Production, Blending (Gasoline and Mid-Barrel), Gasoline Treating Unit 85, Fuel Gas Treating, Amine Stripping Unit 138, Sour Water stripping Nos. 1 and 2, Sulfur Production Plants Nos. 1 and 2, Isomerization, Penex Plus Unit 60 , Isomerization, Butamer Unit 60, Butane Loading/ Unloading Systems, Butane Loading/ Unloading System, Butane Storage Tanks, Vapor Recovery System Serving Loading Rack Vapor recovery systems (North and South).


South Flare

	Connected to:

Fluid Catalytic Cracking Hydrotreating Units 59,80,89, 90 and 100, Catalytic Reforming Units 80 and 100 Hydrogen Generation Units 120 and 118, Hydrocracking Unit 120, Alkylation Unit 110, Sulfuric Acid Production, Blending  (Gasoline and Mid-Barrel), Gasoline Treating Unit 85, Fuel Gas Treating, Amine Stripping Unit 138, Sour Water stripping Nos. 1 and 2 , Sulfur Production Plants Nos. 1 and 2, Isomerization, Penex Plus Unit 60, Isomerization, Butamer Unit 60, Butane Loading/ Unloading Systems, Butane Loading/ Unloading System, Butane Storage Tanks, Vapor Recovery System Serving Loading Rack Vapor recovery systems (North and South).


LPG Flare

	Connected to:

Butane Storage Tanks


Ultramar Inc

Currently, Ultramar has three general service flares and one clean service flare in operation at their Wilmington, CA refinery. They are configured to handle various releases from their respective process units. Moreover, the interconnection between the general service flares allows each flare to handle vent gases from any of the other flares. 

Ultramar has a centralized refinery fuel gas system that diverts gas to meet demand. The facility makes more than it needs. When there is excess fuel gas, the gas is processed further to reduce sulfur prior to selling it externally.

Flaring can occur when the vapor recovery compressor capacity has been exceeded and the pressure in the flare lines breaks through the water seal of the respective flares. Each flare is described as follows:

Phase 0 Flare

	Connected to:

Crude Distillation Unit Delayed Coking Unit, Delayed Coking Blowdown Unit, Bunker Fuel Oil Unit, FCC Unit, Hydrotreating Units, Catalytic Reforming Unit, Alkylation and Isomerization Units, Gas Production Units, Blending Units, Treating/ Stripping Units, Sulfur Recovery Units, Oil/ Water Separation Unit, Storage Tanks, Air Pollution Control.


Phase I Flare

	Connected to:

Crude Distillation Unit Delayed Coking Unit, Delayed Coking Blowdown Unit, Bunker Fuel Oil Unit, FCC Unit, Hydrotreating Units, Catalytic Reforming Unit, Alkylation and Isomerization Units, Gas Production Units, Blending Units, Treating/ Stripping Units, Sulfur Recovery Units, Oil/ Water Separation Unit, Storage Tanks, Air Pollution Control, Mercaptan Extraction Unit, Naphtha Hydrotreating Unit 56, Light End Recovery Unit.


Phase II Flare

	Connected to:

Crude Distillation Unit, Delayed Coking Unit, Delayed Coking Blowdown Unit, Bunker Fuel Oil Unit, FCC Unit, Hydrotreating Units, Catalytic Reforming Unit, Alkylation and Isomerization Units, Gas Production Units, Blending Units, Treating/ Stripping Units, Sulfur Recovery Units, Oil/ Water Separation Unit, Storage Tanks, Air Pollution Control, Mercaptan Extraction Unit, Naphtha Hydrotreating Unit 56, Light End Recovery Unit.


LPG Flare

	Connected to:

LPG Pressurized Tanks 


Air Products Hycal Co. L.P.

Currently, Air Products has one clean service flare in operation at their Wilmington, CA Plant. It is configured to handle vent gas releases from process units at the plant.  Air Products is the only company with whom staff did not have a meeting.

C46 Flare

	Connected to:

Hydrodesulfurization, Steam-Hydrocarbon reforming, HTS conversion and Hydrogen purification.


APPENDIX F:  Flare Capacity, flow data and event threshold table

Table F‑1: Flare Capacity, Flow data and Event Threshold

	Flare Name
	Max Capacity
(lb/hr)
	Total Daily Flow (MMCF)
	Rule 1118 Plan Threshold 
Flowrate
(scfm)

	
	
	4Q'99
	2000
	2001
	2002
	2003
	

	Flare No. 1
	41,000
	2.87
	9.02
	7.49
	2.82
	3.51
	330

	Flare No. 2
	232,281
	57.55
	177.12
	195.39
	115.64
	168.87
	330

	Flare No. 3
	1,120,000
	27.35
	75.66
	208.63
	83.11
	51.76
	330

	Flare No. 4
	600,000
	54.41
	224.11
	244.76
	185.36
	183.78
	330

	Flare No. 5*
	343,900
	0.40
	17.23
	23.35
	38.00
	18.80
	N/A

	Flare No. 6
	1,300,000
	12.21
	0.79
	7.88
	0.17
	0.29
	382

	Flare No. 7
	250,000
	185.59
	417.68
	303.72
	112.97
	140.80
	330

	Flare No. 8
	1,040,000
	253.82
	380.90
	423.15
	403.97
	156.39
	4500

	Flare No. 9
	956,000
	63.38
	137.75
	147.43
	134.34
	263.04
	330

	Flare No. 10
	133,950
	23.84
	37.75
	55.67
	58.06
	95.95
	330

	Flare No. 11
	825,000
	5.37
	13.84
	16.71
	10.49
	15.74
	330

	Flare No. 12*
	6,000
	0.50
	2.39
	4.46
	2.18
	4.18
	N/A

	Flare No. 13
	1,300,000
	173.25
	441.66
	14.32
	10.60
	12.09
	550

	Flare No. 14*
	26,718
	0.00
	0.01
	0.00
	1.13
	0.00
	330

	Flare No. 15
	3,540,000,000
	2,694.96
	633.61
	4,611.20
	77.03
	89.53
	330

	Flare No. 16
	176,000
	119.87
	349.10
	238.77
	228.85
	93.07
	330

	Flare No. 17
	960,000
	0.06
	4.56
	1.83
	2.04
	1.73
	330

	Flare No. 18
	1,400,000
	3.52
	18.53
	45.96
	16.20
	2.75
	330

	Flare No. 19
	173,000
	114.28
	303.34
	149.67
	155.56
	115.78
	330

	Flare No. 20
	188,000
	0.00
	223.20
	265.53
	177.56
	130.85
	330

	Flare No. 21
	1,220,000
	35.83
	151.32
	119.71
	237.03
	297.03
	330

	Flare No. 22
	655,000
	29.61
	54.40
	122.71
	64.91
	53.15
	330

	Flare No. 23
	26,000
	2.48
	4.48
	2.94
	1.52
	0.49
	350

	Flare No. 24
	335,847
	86.05
	178.54
	118.11
	127.43
	129.11
	330

	Flare No. 25
	498,000
	29.01
	227.01
	170.29
	108.08
	201.30
	330

	Flare No. 26
	1,407,000
	0.17
	0.36
	0.27
	0.13
	0.04
	330

	Flare No. 27*
	70,000
	0.00
	0.45
	824.43
	84.59
	5.19
	PV opens

	Sub Total:
	3,976.39
	4,084.82
	8,324.37
	2,439.76
	2,235.22
	

	less clean flares:
	0.90
	20.08
	852.25
	125.90
	28.17
	

	Total:
	3,975.49
	4,064.74
	7,472.12
	2,313.86
	2,207.05
	


*These flares are clean service flares.

APPENDIX G:   Vent gAs Quality Count by Flare

Table G‑1: Range of TRS Concentrations from Reported Events by Flare from 4QTR1999 through 4QTR2003

	
	Distribution of Total Reduced Sulfur (TRS) Concentration (PPM)

	FLARE
	<= 0
	0 - 1
	1 - 10
	10 - 40
	40 - 100
	100 - 1,000
	1,000 - 10,000
	10,000 - 100,000
	100,000 - 300,000
	300,000 - 500,000
	500,000 - 700,000
	700,000 - 1,000,000

	FLARE 1
	0
	0
	0
	0
	0
	0
	0
	2
	0
	0
	0
	0

	FLARE 2
	0
	0
	1
	24
	163
	463
	74
	64
	0
	0
	0
	0

	FLARE 3
	19
	3
	127
	159
	43
	187
	83
	10
	2
	0
	0
	0

	FLARE 4
	0
	0
	2
	57
	85
	542
	151
	3
	1
	0
	0
	0

	FLARE 5
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	FLARE 6
	0
	0
	2
	0
	1
	13
	3
	2
	0
	0
	0
	0

	FLARE 7
	0
	0
	4
	23
	25
	281
	83
	95
	2
	0
	0
	0

	FLARE 8
	0
	1
	5
	15
	4
	40
	77
	78
	3
	0
	0
	0

	FLARE 9
	0
	71
	401
	39
	5
	9
	0
	0
	0
	0
	0
	0

	FLARE 10
	0
	1
	16
	16
	9
	13
	6
	3
	0
	0
	0
	0

	FLARE 11
	0
	0
	1
	2
	0
	17
	29
	0
	0
	0
	0
	0

	FLARE 12
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	FLARE 13
	4
	1
	5
	3
	2
	38
	339
	58
	0
	0
	0
	0

	FLARE 14
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	FLARE 15
	1
	0
	4
	94
	69
	166
	28
	1
	0
	0
	0
	0

	FLARE 16
	0
	0
	5
	8
	26
	279
	448
	79
	1
	0
	0
	0

	FLARE 17
	0
	0
	4
	9
	6
	22
	12
	11
	1
	0
	0
	0

	FLARE 18
	2
	1
	15
	62
	42
	133
	56
	7
	1
	0
	0
	0

	FLARE 19
	0
	53
	172
	23
	0
	1
	1
	0
	0
	0
	0
	0

	FLARE 20
	1
	200
	155
	110
	14
	64
	83
	4
	0
	0
	0
	0

	FLARE 21
	0
	0
	2
	0
	0
	0
	42
	335
	51
	7
	1
	0

	FLARE 22
	5
	0
	59
	93
	27
	46
	40
	147
	0
	0
	0
	0

	FLARE 23
	0
	2
	4
	15
	11
	5
	2
	1
	0
	0
	1
	0

	FLARE 24
	0
	0
	4
	9
	39
	199
	97
	16
	0
	0
	0
	0

	FLARE 25
	0
	0
	35
	140
	84
	59
	33
	1
	0
	0
	0
	0

	FLARE 26
	1
	1
	3
	0
	0
	0
	2
	0
	0
	0
	0
	0

	FLARE 27
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	TOTAL
	33
	334
	1026
	901
	655
	2577
	1689
	917
	62
	7
	2
	0


Table G‑2: Distribution of Reported Total Event Flow (MMCF)  by Flare, Categorized by TRS Concentration from 4QTR1999 through 4QTR2003

	
	Distribution of Total Reduced Sulfur (TRS) Concentration (PPM)

	FLARE
	<= 0
	0 - 1
	1 - 10
	10 - 40
	40 - 100
	100 - 1,000
	1,000 - 10,000
	10,000 - 100,000
	100,000 - 300,000
	300,000 - 500,000
	500,000 - 700,000
	700,000 - 1,000,000

	FLARE 1
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.02
	0.00
	0.00
	0.00
	0.00

	FLARE 2
	0.00
	0.00
	0.02
	10.07
	98.40
	295.93
	22.38
	16.06
	0.00
	0.00
	0.00
	0.00

	FLARE 3
	7.38
	0.58
	54.61
	75.99
	39.03
	80.87
	34.72
	5.32
	2.08
	0.00
	0.00
	0.00

	FLARE 4
	0.00
	0.00
	0.21
	10.78
	21.43
	198.44
	75.09
	1.90
	0.19
	0.00
	0.00
	0.00

	FLARE 5
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	FLARE 6
	0.00
	0.00
	0.14
	0.00
	1.12
	6.19
	2.28
	0.31
	0.00
	0.00
	0.00
	0.00

	FLARE 7
	0.00
	0.00
	2.91
	19.40
	9.91
	261.26
	52.13
	47.67
	0.11
	0.00
	0.00
	0.00

	FLARE 8
	0.00
	2.92
	51.39
	78.58
	8.80
	201.18
	354.78
	351.02
	10.45
	0.00
	0.00
	0.00

	FLARE 9
	0.00
	109.74
	296.91
	16.72
	1.52
	8.65
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	FLARE 10
	0.00
	6.47
	27.97
	10.11
	2.81
	10.86
	4.22
	3.74
	0.00
	0.00
	0.00
	0.00

	FLARE 11
	0.00
	0.00
	0.15
	2.40
	0.00
	2.06
	2.89
	0.00
	0.00
	0.00
	0.00
	0.00

	FLARE 12
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	FLARE 13
	0.18
	0.04
	0.31
	2.05
	1.35
	49.88
	487.32
	90.78
	0.00
	0.00
	0.00
	0.00

	FLARE 14
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	FLARE 15
	4.20
	0.00
	9.39
	2,518.82
	1,487.26
	317.48
	25.91
	0.01
	0.00
	0.00
	0.00
	0.00

	FLARE 16
	0.00
	0.00
	2.66
	17.57
	6.15
	248.39
	399.10
	71.89
	0.06
	0.00
	0.00
	0.00

	FLARE 17
	0.00
	0.00
	0.18
	1.42
	0.46
	2.18
	0.75
	1.82
	0.24
	0.00
	0.00
	0.00

	FLARE 18
	1.70
	0.03
	2.00
	5.45
	5.10
	12.38
	3.98
	1.86
	0.13
	0.00
	0.00
	0.00

	FLARE 19
	0.00
	136.60
	249.08
	79.13
	0.00
	0.04
	3.26
	0.00
	0.00
	0.00
	0.00
	0.00

	FLARE 20
	0.09
	121.85
	113.36
	37.53
	7.02
	36.16
	48.15
	0.96
	0.00
	0.00
	0.00
	0.00

	FLARE 21
	0.00
	0.00
	0.47
	0.00
	0.00
	0.00
	22.34
	132.67
	44.97
	4.19
	0.45
	0.00

	FLARE 22
	0.25
	0.00
	12.69
	34.32
	7.55
	17.27
	19.22
	26.06
	0.00
	0.00
	0.00
	0.00

	FLARE 23
	0.00
	0.30
	0.41
	3.14
	0.84
	0.27
	0.23
	0.07
	0.00
	0.00
	0.03
	0.00

	FLARE 24
	0.00
	0.00
	4.01
	14.90
	63.28
	230.83
	58.01
	2.23
	0.00
	0.00
	0.00
	0.00

	FLARE 25
	0.00
	0.00
	55.05
	162.82
	32.74
	27.53
	8.19
	1.76
	0.00
	0.00
	0.00
	0.00

	FLARE 26
	0.03
	0.07
	0.20
	0.00
	0.00
	0.00
	0.03
	0.00
	0.00
	0.00
	0.00
	0.00

	FLARE 27
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	TOTAL
	13.83
	378.59
	884.11
	3,101.18
	1,794.76
	2,007.86
	1,624.98
	756.16
	58.21
	4.19
	0.47
	0.00


APPENDIX H:  Pilot and purge gas type and flow rate


Table H‑1: Pilot and Purge Gas Type and Flow Rate

	Flare Name
	Max Capacity
(lb/hr)
	Pilot
	Purge
	Threshold
Flowrate
(scfm)

	
	
	Type
	Flow Rate
(scfm)
	Type
	Flow Rate
(scfm)
	

	Flare No. 1
	41,000
	NG
	6
	NG
	6
	330

	Flare No. 2
	232,281
	NG
	3
	NG
	25
	330

	Flare No. 3
	1,120,000
	NG
	5
	NG/ Propane
	3/ 3
	330

	Flare No. 4
	600,000
	NG
	5
	NG
	5
	330

	Flare No. 5*
	343,900
	NG
	27
	N
	13
	N/A

	Flare No. 6
	1,300,000
	NG
	5
	FG
	52
	382

	Flare No. 7
	250,000
	NG
	4
	NG
	4
	330

	Flare No. 8
	1,040,000
	NG
	10
	- -
	- -
	4500

	Flare No. 9
	956,000
	NG
	25
	NG
	183
	330

	Flare No. 10
	133,950
	NG
	2
	NG
	25
	330

	Flare No. 11
	825,000
	NG
	3
	NG/ FG
	2/ 2
	330

	Flare No. 12*
	6,000
	Butane
	2
	Butane
	2
	N/A

	Flare No. 13
	1,300,000
	NG
	5
	NG/ FG/ N
	5/ 30/ 20
	550

	Flare No. 14*
	26,718
	Propane
	2
	NG
	2
	330

	Flare No. 15
	3,540,000
	NG
	12
	NG
	2000
	330

	Flare No. 16
	176,000
	NG
	5
	FG
	833
	330

	Flare No. 17
	960,000
	NG/FG
	7/ 7
	N/ FG
	23/ 17
	330

	Flare No. 18
	1,400,000
	NG
	9
	NG
	417
	330

	Flare No. 19
	173,000
	NG
	4
	NG
	417
	330

	Flare No. 20
	188,000
	NG
	4
	FG
	417
	330

	Flare No. 21
	1,220,000
	NG
	5
	Propane
	7
	330

	Flare No. 22
	655,000
	NG
	5
	NG/ Propane
	3/ 3
	330

	Flare No. 23
	26,000
	NG
	24
	NG
	20
	350

	Flare No. 24
	335,847
	NG
	3
	NG
	25
	330

	Flare No. 25
	498,000
	NG
	6
	FG
	183
	330

	Flare No. 26
	1,407,000
	NG
	6
	FG/ NG
	13/ 417
	330

	Flare No. 27*
	70,000
	NG
	18
	- -
	- -
	PV opens


*These flares are clean service flares.

NG
 –
Natural Gas

N
-
Nitrogen

FG
-
Fuel Gas
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� 3rd and 4th Quarter 2003 AER emissions were estimated since fiscal year 2003-2004 AER reports were not due at the writing  of this report 


� 3rd and 4th Quarter 2003 AER emissions were estimated since fiscal year 2003-2004 AER reports were not due at the writing  of this report 


� AER for the two facilities who used non-default emissions factors in 2000 and 2001 have not yet been audited. Prior approval is required before use of alternate emission factors.  However, neither facility received prior approval.


� 3rd and 4th quarter AER emissions were estimated since fiscal year 2003-2004 AER reports were not due at the time the report was written


� EPA, AP-42 5th Ed Vol I, Chapter Five: Petroleum Industry, Section 5.1: Petroleum Refining


� For the purpose of this report, the term “dirty” gas was used to identify any gas with sulfur concentration greater than Rule 431.1 limit of 40 PPM.  “Clean” gas refers to gases with sulfur concentration less than 40 PPM.


� If natural gas is used for purge gas/ pilot gas, then the SOx emissions are calculated similar to other pollutants


� Although Rule 1118 identifies various flow measuring methods, these methods are not specific to a particular flare type.


� Rule 1118 requires a 15-minute duration. However, it also allows a different duration to be specified by the Executive Officer. Most plans have either 15-minute or 30-minute duration. 





