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Executive Summary

On August 6, 2012, a substantial fire occurred due to a hydrocarbon leak at a crude oil
processing unit at the Chevron Refinery in Richmond, California. The fire resulted in a large
plume of black smoke and visible emissions from a refinery flare. The August 6, 2012 incident
prompted the Bay Area Air Quality Management District (Air District) staff and Board of
Directors to identify a series of follow-up actions to enhance the Air District’s response to
similar incidents (Board of Directors, October 17, 2012). One of these actions was to convene a
panel of air monitoring experts (Expert Panel) to recommend technologies, methodologies and
tools to enhance community air monitoring capabilities near refineries. In order for the Expert
Panel to have a uniform starting point for their discussion, the Air District contracted with
Desert Research Institute (DRI) to compile a report that provided background on current air
monitoring capabilities near refineries and potential air monitoring technologies,
methodologies and tools that could be used at refinery fence-lines and in the community to
determine impacts from normal refinery operations and episodic incident-based releases.
Another related follow-up action was the development of a new Air District Petroleum Refining
Emissions Tracking rule, which would include a requirement that Bay Area refineries establish
and operate fence-line and community air monitoring systems consistent with guidelines to be
developed by the Air District.

The purpose of this Guidance for Air Monitoring Near Bay Area Refineries is to provide a
framework on how these air monitoring systems should be developed and deployed and what
metrics the Air District will use to evaluate the ability of those systems to meet the goals
outlined below. The Guidance provides refineries with information to be used to develop an air
monitoring plan that the Air District will review, provide feedback and/or recommendations
and approve once the monitoring plan meets the goals of the monitoring effort.
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Background

On August 6, 2012, a substantial fire occurred due to a hydrocarbon leak at a crude oil
processing unit at the Chevron Refinery in Richmond, California. The fire resulted in a large
plume of black smoke and visible emissions from a refinery flare. The Contra Costa County
Health Department issued a community warning and ordered a shelter-in-place for
approximately five hours in Richmond and San Pablo. Thousands of residents sought medical
treatment, with most suffering respiratory and/or eye discomfort.

The August 6, 2012 incident prompted the Bay Area Air Quality Management District (Air
District) staff and Board of Directors to identify a series of follow-up actions to enhance the Air
District’s response to similar incidents (Board of Directors, October 17, 2012). One of these
actions was to convene a panel of air monitoring experts (Expert Panel) to recommend
technologies, methodologies and tools to enhance community air monitoring capabilities near
refineries. Another related follow-up action was to expedite the development of a new Air
District Petroleum Refining Emissions Tracking rule, and to include a requirement that Bay Area
refineries establish and operate fence-line and community air monitoring systems consistent
with guidelines to be developed by the Air District. This guidance document is intended to
provide a framework on how these air monitoring systems would be developed and deployed
and what metrics the Air District will use to evaluate the ability of those systems to meet the
goals outlined below.

As part of the effort to develop this guidance, the Air District contracted with Desert Research
Institute (DRI) to compile a report that provides background on current air monitoring
capabilities near refineries and potential air monitoring technologies, methodologies and tools
to:

e Provide air quality information for communities near refineries
e Gather data to evaluate health impacts associated with air quality near refineries
e Track air quality changes and trends over time near refineries

The DRI report reviewed and evaluated measurement approaches and methods for assessing
the impacts of refinery emissions on ambient concentrations of criteria and air toxics pollutants
in nearby communities and is included in Appendix A. Available data for refinery emissions
along with ambient air concentrations were reviewed and compared to established levels for
acute and chronic health effects to identify the species that should be considered for air
monitoring. Various monitoring options were associated with the following monitoring
objectives: short-term characterization of emission fluxes; long-term continuous fence-line
monitoring of refinery emission releases to the community; community-scale monitoring with
varying time scales to evaluate potential chronic or acute health impacts; and episodic
monitoring during catastrophic events. With these objectives in mind, air quality data from
existing Air District criteria and air toxics pollutant monitoring programs, and air monitoring
(both regulatory and voluntary) by the refineries were then used to identify existing gaps in
information or useful supplemental data. Published results from relevant applications of the
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monitoring approaches were reviewed and the specifications for selectivity, sensitivity,
precision, accuracy and costs of commercially-available continuous or semi-continuous
monitors, and time-integrated sampling and analysis methods were compared for each target
pollutant to determine the positive and negative attributes of each monitoring approach and
method. Potential augmentations to existing monitoring in the Bay Area were suggested with
scalable options. It was the intent of the Air District to utilize the DRI report to provide the
Expert Panel with a starting point for further discussion.

The Expert Panel was convened on July 11, 2013 and included monitoring experts from around
the nation representing academia, community advocates, industry and government. The final
report of the Expert Panel, including a list of participants is provided in Appendix B. The Expert
Panel reviewed the DRI report, received a presentation by one of its authors, Mr. David
Campbell, and then addressed questions developed by the Air District to further explore
potential air monitoring methodologies and instrumentation that could be developed to
provide the public, refineries and regulators information about exposures to the public near
refineries. The questions that the Expert Panel addressed were:

e What should the size and spatial orientation of a network of monitors be around
refineries?

e What network components should be considered (compounds measured, technology
and instrumentation used, methodologies applied, air quality assessment tools utilized,
etc.)?

e How should the data be provided to the public?

e What should be considered when developing measurement quality objectives, such as:

o What type of instrument siting criteria should be used?

What should the time resolution of the equipment be?

How often should the instrumentation be calibrated?

What should the accuracy/precision/completeness requirements of the data be?

What other quality control/quality assurance requirements should be put in

place?

e What technologies, methodologies and tools could be employed to augment any fixed
network to better quantify pollutant variations over space and time, especially during
short duration incidents?

e What emerging technologies might be utilized in the future to further enhance
community air monitoring capabilities?

©)
©)
©)
©)

The Expert Panel believed that open path monitoring capable of measuring representative
compounds at near-ambient background levels of detection likely to be emitted by refineries
should be employed at, or near, refinery fence-lines. Measurements of these compounds
should be collected at a time resolution of 5 minutes. Data should be displayed to the public
real-time, with appropriate QA/QC parameters defined and context provided so that the public
can more easily understand when concentration from refineries reach levels of concern.
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The Expert Panel believed that defining chemical composition and concentration gradients as
distance away from refinery fence-lines increased was critical and that monitoring within the
community be tied to these gradients. The DRI report and the Expert Panel acknowledged that
there were available methods that could be utilized to represent gradients, such as flux
measurements and modeling, around refinery property. For purposes of this Guidance
Document, the term “gradient” will be used to represent any of these techniques that can
adequately represent gradients as distance increases from the fence-line into the community.

The Expert Panel also believed that no more than three community monitoring locations were
necessary. They believed that compounds associated with risk and measured at other air
monitoring locations should be included in the community monitoring locations, even if those
compounds were not emitted by the refinery, so that the community could compare
concentrations and associated risk to other locations.

The Air District has developed this Guidance Document for monitoring near refineries based on
the DRI report and the input provided by the Expert Panel. This Guidance Document can be
used by the refineries to develop Air Monitoring Plans as described in Air District Regulation 12,
Rule 15. The guidance is intended to identify what should be included in the Air Monitoring Plan
and what must be provided to the Air District in order to deviate from specific
recommendations and satisfy flexible conditions of the guidelines. The Air District recognizes
that, in certain circumstance, flexibility must be provided in order to allow for operational or
technical limitations of instrumentation or sampling methodologies and has identified where
that flexibility may be used as long as acceptable rationale is provided that outlines the
operational or technical limitations.

In addition, the Air District will use this Guidance Document as a basis to evaluate whether Air
Monitoring Plans and the monitoring systems contained therein adequately address the
monitoring goals of measuring compounds of interest near refineries and reporting them to the
public. The Air District encourages the inclusion of the community and other interested parties
in the development of Air Monitoring Plans to help ensure that the community’s concerns and
desires are adequately addressed.

Revisions and updates to this guidance will be required as new instrumentation, methodologies

and monitoring strategies are developed. Staff will bring any substantial changes to the Board
of Directors for their consideration of approval.
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Section 1: Basic Requirements for an Approvable Air Monitoring Plan

This Section describes the criteria for an approvable Air Monitoring Plan. Plans that meet these
criteria will be considered by the Air District and approved if all criteria in this Section are met.
However, as part of the approval process, the Air District will consider comments received
during the public comment period.

This Guidance Document provides additional information in later sections that demonstrates
pathways to alternatives and outlines processes and considerations for meeting the
requirements of developing an Air Monitoring Plan. Where air monitoring requirements
described in this Section are not met, subsequent Sections outline what a refinery
owner/operator should provide as a rationale for why the Air Monitoring Plan should be
approved. Such rationale will be evaluated on a case-by-case basis.

1.1  Fence-line Monitoring

Refinery operators must measure benzene, toluene, ethyl benzene, and xylenes (BTEX) and
H,S concentrations at refinery fence-lines with open path technology capable of measuring in
the parts per billion range regardless of path length. Open path measurement of SO,, alkanes
or other organic compound indicators, 1, 3-butadiene, and ammonia concentrations are to be
considered in the Air Monitoring Plan. Refinery operators must provide a rationale in the Air
Monitoring Plan for not measuring all of the above compounds that addresses: why these
compounds are not contained in the compositional matrix of emissions; are not at expected
concentrations measured by available equipment; and/or, address the technical or other
considerations that make specific measurements inappropriate or unavailable.

Fence-line measurements must be continuously measured with a time resolution of five
minutes. If this is not the case, refinery operators must provide rationale in the Air Monitoring
Plan for lesser time resolutions based on equipment or other operational limitations. These
measurements must be provided to the public on a real-time basis, with appropriate Quality
Assurance/Quality Control (QA/QC) measures taken to provide assurance of data accuracy. A
Quality Assurance Project Plan (QAPP) that follows EPA guidelines must be developed that
outlines the QA/QC parameters. Instrumentation must meet a minimum of 75% completeness
on an hourly basis, 90% of the time based on annual quarters. Atmospheric conditions beyond
the control of the refinery that affects accurate measurements, such as dense fog, shall not be
counted against data completeness requirements as long as appropriate meteorological
measurements document time periods when these conditions exist.

Measurements must cover populated areas within 1 mile of the refinery fence-line likely to be
affected when the annual mean wind direction lies in an arc within 22.5 degrees of a direct line
from source to receptors 10% of the time, or greater, based on the most representative
meteorological measurements for sources likely to emit the compounds listed above at the
refinery. If this is not the case and an alternative method, such as dispersion modeling is used
to determine fence-line locations, refinery operators must provide rationale for utilizing any
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alternative in the Air Monitoring Plan that addresses why receptors would not be affected by
emissions from the sources within the refinery.

Refineries that already have open path monitoring capabilities in place need only provide
verification those current systems adequately address population requirements.

1.2 Community Monitoring

Refinery operators must appropriately site and operate at least one permanent community air
monitoring station that provides a reference for exposures for residents living near the refinery.
Concentration gradients from the refinery fence-line will be used by the refinery to develop
correlations to the compounds (see below) measured within the community to determine
where and how many stations must be installed. Other measurement techniques may be used
to determine gradients, such as component flux across the fence-line, or appropriate modeling
techniques. The methodology chosen for determining gradients, and the rationale for this
choice, must be provided and approvable in the Air Monitoring Plan. The term “gradient” will
be used throughout this Guidance Document to represent the approved methodology.

The Air Monitoring Plan must outline how permanent site(s) will be chosen and correlations
and relationships with gradients established. In addition, methodologies must be provided to
determine how often gradient measurement must be repeated to demonstrate that
correlations and relationships continue to be valid. Gradient measurements, or appropriate
alternatives, must be repeated every seven years, at a minimum, or when equipment or
processes change significantly. The Air Monitoring Plan must provide rationale for when
gradient measurements or appropriate alternatives will be repeated.

Multiple stations must be considered where chemical component mixtures differ in
composition and/or differ in concentration by such that overall risk, as defined by Health Risk
Assessments required as part of Regulation 12, Rule 15, is greater than 10 in one million.
Rationale supporting the number and location(s) of community monitoring stations as well as
the methodology for determining correlations to gradients, must be supported and approvable
in the Air Monitoring Plan.

Measurements of a surrogate for diesel particulate matter (DPM), such as black carbon, total
hydrocarbon, or other representative hydrocarbon measurement, speciated hydrocarbons
based on TO-15 including BTEX, 1, 3 butadiene and carbon tetrachloride, oxides of nitrogen,
SO, and particulate matter less than 2.5 microns in diameter (PM,;s) shall be measured at
community monitors. Filter-based measurements that can be analyzed for metals, semi-
volatiles, and other PM species must also be considered in the Air Monitoring Plan. If the above
compounds are not included, refinery operators must provide a rationale for not measuring the
above compounds that addresses: why these compounds may not be contained in the
compositional matrix of ambient air; and/or, are not at concentrations measured by the
equipment and analytical techniques available. In addition, if multiple community monitoring
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locations are indicated and not proposed, refinery operators must explain how developed
correlations will adequately represent the number of locations proposed.

Community monitoring locations must continuously measure total hydrocarbons, or other
representative hydrocarbon measurement, and oxides of nitrogen and provide at least hourly
measurement of PM,s using a federal reference or equivalent method. Black carbon must be
measured on at least an hourly averaged basis unless a filter based Elemental Carbon/Organic
Carbon (EC/OC) method is used. Samples collected for TO-15 analysis and filter based sampling
must be conducted every twelve days, at a minimum, and must be a twenty-four hour
integrated sample. Federal and/or State sample collection and analytical methods must be
used, where available. If Federal and/or State methods are not available, best industry practice
must be utilized and rationale as to why a method is an “industry best practice’ provided as
part of the Air Monitoring Plan. Results must be provided to the public on a real-time basis,
where possible, and when results become available for parameters that require laboratory or
other analysis to provide results. All QA/QC techniques must be outlined in a QAPP that follows
EPA guidelines. Data completeness must be maintained at 80% for all compounds with
continuous measurements meeting 75% completeness on an hourly basis 80% of the time
based on annual quarters.

Measurements must be taken in a location that is representative of the population living near
the refinery and be correlated to gradients caused by emissions from the refinery as described
in this document. The siting of this location must meet the requirements of 40 CFR Part 58, or
the refinery operator must provide rationale on why there should be allowable deviations from
these requirements, explaining how those deviations do not bias measurements to be lower
than expected.

1.3  Display of Monitoring Information

The data must be displayed to the public as defined above and available to the Air District in an
approved format. The refinery operator must include in the Air Monitoring Plan how the data
will be displayed and the steps taken to provide context of the measurements to the public,
including how background concentrations and/or contributions from non-refinery sources
affect measured concentrations. The Air Monitoring Plan must also outline a methodology for
the public to provide comments and feedback for improvement of the website. It is hoped that
this will be a mechanism to help improve the general understanding by the public of the air
quality information presented but does not require refineries to address all comments
received. Comments regarding the website made by the public must be made available to the
Air District upon request.
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Section 2: Air Monitoring Guidance Document and Development of Air Monitoring Plans

The Air District is providing this Guidance Document to enable Air District staff, the community,
industry and other interested parties to determine if Air Monitoring Plans submitted by Bay
Area refineries adequately collect the data needed to determine air pollutant exposures
associated with living or working near Bay Area refineries. Information gathered by the
equipment and methodologies outlined in the Air Monitoring Plan will be used to evaluate the
need for additional actions to reduce emissions and exposures.

This Guidance Document and the below Sections outlines where documentation and rationale
for decision making must be included in the Air Monitoring Plan. The Air District understands
that there is a need for flexibility when designing air monitoring networks. Air Monitoring Plans
should document the considerations that were taken, the process involved with determining
the proposed course of action and the potential affects the different choices may have on the
data produced to support the decisions made.

The Expert Panel was clear that not all measurements need to necessarily utilize high cost
instrumentation, provide real-time results or be located on a permanent basis as long as
technologies met monitoring goals, measurements for gradients represented spatially “dense”
information and provided correlations to accurate, long term measurements or demonstrated
strong agreement with Health Risk Assessment (HRA) modeling. The Expert Panel stressed the
need to leverage all monitoring activities available, be they regulatory or informational.
Examples of this type of monitoring strategy are also provided in the DRI report. If alternatives
monitoring strategies, such as those outlined in the DRI report or discussed by the Expert Panel,
are proposed to replace measurement and/or equipment required in Section 1 for
consideration, an acceptable rationale for this substitution must be supplied and approvable in
the Air Monitoring Plan.

It is important to note that the Expert Panel generally agreed that information collected
utilizing the techniques addressed in this Guidance Document could not be effectively utilized
to take direct enforcement action but could be an effective tool to potentially identify areas
where actions could be taken to reduce emissions. In addition, this Guidance Document is not
intended to provide a representation of exposures within refinery property.

The following Sections and Appendices are intended to provide guidance on specific
considerations that should be investigated and thoroughly addressed in the Air Monitoring
Plan. It is required that a Quality Assurance Project Plan (QAPP) that follows EPA guidelines be
provided with the Air Monitoring Plan that outlines the specific goals of the monitoring
networks and instrumentation, the data quality that is required and how that relates to when
data generated by the instrumentation is accepted, and how the data will be reviewed and
managed by the refineries.

2.1  Components of Monitoring Near Refineries
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The Expert Panel made clear that there should be two measurement components to monitoring
near refineries, at a minimum, and both are required to be addressed in the Air Monitoring
Plan. One component should address real-time information about compounds as they move
across the refinery property fence- line. This Guidance Document addresses this type of
monitoring in Section 3: Fence-line Monitoring. This component has currently been addressed
with open path type monitoring at two Bay Area refineries. Most available methods are
addressed in the DRI report.

The other measurement component identified by the Expert Panel, and required to be
addressed in the Air Monitoring Plan, deals with determining the near-field gradients and
compound concentrations that represent air pollutants associated with ambient air exposure
risk. This is addressed in Section 4: Monitoring Based in the Communities around Refineries and
is divided into two distinct monitoring networks that would take place sequentially. One
network, or appropriate alternative, would be designed to specifically represent gradients of
compounds of interest as distance increases away from the refinery fence-line and will be used
to establish the second component; fixed site(s) within the community.

The gradient study information will be used to establish relationships and correlations with the
fixed site(s). As a result, the fixed site(s) would be representative of correlations and
relationships with the gradients over time. Once the correlations and relationships are
established, any measurements to determine or verify gradients can be discontinued. The
refinery must provide in the Air Monitoring Plan a schedule of how often the measurements
representing gradients must be employed to demonstrate that correlations and relationships
continue to exist, with a minimum of every seven (7) years or when there is substantial change
of this Guidance Document or refinery processes.

2.2  Data Display and Dissemination

The Expert Panel discussed how measurement results should be displayed to the public. The Air
Monitoring Plan must address the measurements of compounds as well as the display and
dissemination of this information. This Guidance Document provides information on this
subject in Section 5: Data Display/Reporting. Providing context for the measurements is an
important consideration when displaying the information. The Air Monitoring Plan submitted
by the refinery operators must describe how the refinery will provide the air monitoring data in
a way that the public can readily access and understand. This would require involving interested
parties in the design of data dissemination. The Air Monitoring Plan must also provide a means
for the public to provide input toward improving the way data is displayed in order to aid in
understanding. It is hoped that this will be a mechanism to help improve the general
understanding by the public of the air quality information presented but does not require
refineries to address all comments received.

Section 3: Considerations for Fence-line Monitoring

As stated above, the main goals of fence-line monitoring are:
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e to provide continuous air quality concentration information on a short enough time
scale to address changes in fence-line concentrations of compounds associated with
refinery operations

e to provide data of sufficient accuracy to identify when concentrations of compounds
associated with refinery operations are elevated as compared to other monitoring
locations throughout the Bay Area

e to provide context to the data so that the community can determine differences in air
quality between their location and other locations in the Bay Area

e to potentially aid in identifying corrective actions that will lower emissions

It is expected that the fence-line monitoring will be permanently installed and continually
operated.

As pointed out in the DRI report, multiple technologies need to be employed to ensure
adequate compound identification at appropriate levels of detection and accuracy. The Expert
Panel also agreed that each refinery should identify compounds of interest and define
correlations and relationships of compounds prior to choosing measurement technologies and
that potential interference(s) should be identified to ensure representative results. Air
Monitoring Plans must include which organic and other refinery generated compounds likely to
impact the health and wellbeing of people are likely to cross fence-lines, whether or not the
proposed equipment is capable of measuring those compounds. If a refinery wishes to utilize a
technology other than open path, the rationale for the choice must be outlined in the Air
Monitoring Plan. The rationale must include how the proposed technology will be
representative of the varying concentrations along the applicable refinery fence-line and how
the time resolution goal of five minutes will be met. In addition, it should include how the
proposed technology will meet data completeness and quality objectives and how the
proposed technology’s provides advantages/disadvantages compared to open path
technologies.

Technologies proposed in the Air Monitoring Plan must be able to measure, at a minimum,
benzene, toluene, ethyl benzene, and xylenes (BTEX) and H,S and potentially SO,, alkanes or
other organic compound indicators, 1, 3 butadiene and ammonia. Exclusion of any of these
compounds by fence-line monitoring must be thoroughly explained in the Air Monitoring Plan.

3.1  Open Path Monitoring

The Expert Panel agreed with the DRI report that open path monitors best addressed the goal
of monitoring potential impacts from refineries and also believed that shorter time scale
resolution was very desirable. Open path equipment should provide appropriately accurate
data on an hourly basis, at a minimum, and the Expert Panel believed that 5 minute data
resolution was reasonable. Rationale for the technology chosen and the associated time
resolution should be included in the Air Monitoring Plan.
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Investigation prior to fence-line installation should address areas more likely to emit
compounds of interest and identify the appropriate open path distance necessary to accurately
and precisely capture those emissions. The results of the investigation must be provided in the
Air Monitoring Plan, providing support for the technologies chosen. In addition, the elevation
of likely emissions as well as topographical changes should also be incorporated into the
evaluation to ensure maximum coverage.

Meteorological measurements should also be used and addressed in the Air Monitoring Plan to
ensure proper location of fence-line systems, looking at long term measurements such as
annual average wind rose, but also taking into account more seasonal and recurring short term
meteorological events. It was also suggested, and is likely in the best interest of the facilities, to
locate additional fence-line monitoring in a predominately upwind location to measure
contributions from upwind sources that could impact downwind refinery fence-line
measurements. The following guidance and metrics will be used by the Air District to evaluate
the expected performance of the fence-line monitoring portion of the Air Monitoring Plan.

Refineries that already have open path monitoring capabilities in place need only provide
verification those current systems adequately address population requirements.

The EPA has recently proposed a rule requiring monitoring for benzene at refinery fence-lines.
The Air District believes that the best methodology for this is the use of open path technologies,

and will work to ensure that monitoring systems proposed as part of the Air Monitoring Plan
meet all applicable EPA requirements for monitoring of benzene.

A summary of fence-line monitoring considerations appears in Table 1.

Table 1. — Fence-Line Monitoring Considerations

Evaluate

Information Needed

Additional Considerations

Compounds likely to be
emitted

Compound relations and
correlations within the facility

Likely interferences

Precision, accuracy and
minimum levels of detection
of equipment

Information that is represented
of compounds of interest at
concentrations likely to cause
concern

Maximum path length allowed
to provide precision and
accuracy

Time resolution of data
produced

Resolution will be adequate to
appropriately capture short
duration events

Data management

Identify likely emission
sources and compounds likely
to be emitted from those
sources

Compounds potentially unique
to emission sources to ensure
appropriate technology will be
representative

Potential to utilize multiple
technologies to capture
relevant information
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Topography of measurement | Measurements will likely Power and security

area and elevation of capture emissions from

equipment sources of concern

Meteorology Annual average and likely to | Variations of wind from
occur wind patterns location to location

3.2  Appropriate Sampling Locations

Air Monitoring Plans must include locations of equipment, elevations of equipment and
expected path length and the rationale behind these choices. Potential disruption of airflow
and the potential effect on measured concentrations cause by obstacles must also be
addressed. Any interferences cause by meteorological or process issues associated with the
chosen location must be addressed. For example, an explanation should be included if a chosen
measurement area is likely to be affected by fog or process steam. In addition, the Air
Monitoring Plan should include how the open path monitoring will effectively provide relevant
information for all nearby downwind communities during expected meteorological conditions.

3.3 Appropriate Sampling Methodologies

Air Monitoring Plans must address why a particular measurement method was chosen for a
given location based on likely emissions from nearby contributing sources, desires to reach
appropriate levels of detection and ability to measure compounds that have potentially unique
relationships that apply to the particular facility. Factors that affect measurements, such as
path length and potential interferences, should also be addressed. Issues that affect data
completeness for the measurement technique proposed should be documented. If time
periods when data cannot be collected due to these operational issues are to be excluded from
data completeness calculations, methodologies for determining and documenting when the
events occur must be addressed. Errors associated with the measurement technologies as well
as accuracy, repeatability and precision should be documented and presented and ways to
address these issues provided in the Air Monitoring Plan.

3.4  Quality Assurance/Quality Control (QA/QC)

Methodologies for ensuring appropriate levels of QA/QC must be provided in the Air
Monitoring Plan to ensure data are of high enough quality and representative and defensible
enough to meet the goals described in Section 3.3. The QA/QC plan should set data acceptance
levels as well as appropriate levels of data quality. In addition, the QA/QC plan should address
data management issues and provide the levels of review that data will go through to
determine validity. This should be outlined in a Quality Assurance Project Plan (QAPP) that
follows EPA guidelines submitted in the Air Monitoring Plan. It is critical that this portion of the
monitoring plan identify a clear and transparent manner when data does not meet quality
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requirements and should be removed from the data set, to ensure the community understands
why data is removed.

Section 4: Monitoring Based in the Communities around Refineries

Measurements conducted as part the fixed site(s) located in communities around refineries
would have a number of goals, not all associated with direct emissions from the refineries
themselves. These goals are:

e to provide air quality concentration information for communities near refineries

e to gather air quality monitoring data to evaluate health impacts associated with air
quality near refineries

e to track air quality concentration changes and trends over time near refineries

e to potentially demonstrate correlations and/or relationships with emissions from the
refineries

e to compare air quality measurements near refineries to other air quality measurements
in the Bay Area

The DRI report and the Expert Panel agreed that monitoring within the communities around
refineries was critical in identifying the health risks associated with living near such large,
industrial sources. Vital to this evaluation is developing an approach that identifies and
guantifies health risk drivers, regardless of origin, so that comparisons can be made to other
locations that also measure those risk drivers. In addition, the gradients of compounds moving
away from the refinery’s boundaries must also be evaluated and quantified to compare to
emissions estimates from the facility and to estimate the spatial extent of those impacts.

It is expected that two networks will need to be developed — one, used first, where gradients
are measured/estimated as distance increases away from the fence-line of the refinery that
informs placement of the second network where permanent site(s) are located within the
community and linked by relationships and correlations to the results of the gradient
measurements. If gradient measurements are taken, they must be of long enough duration to
properly determine the gradients and the potential effects of variations in meteorological
conditions, inform the location of the permanent site(s) and develop relationships and
correlations. Once this has been accomplished, only periodic gradient measurements need to
take place to confirm those relationships and correlations remain valid.

It is understood that there are many methods available that could provide information on the
gradients as distance increases from refinery fence-lines, such as flux measurements or
modeling. The Air Monitoring Plan must address how the chosen method will determine the
gradients, what the errors involved with the method are and how the outcomes of that method
can be verified. For example, appropriate modeling techniques might be used to predict
gradients and a short term, spatially limited, measurement study performed to demonstrate
that the modeling result is appropriate.
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Risk drivers and rough estimates of gradients should be investigated and included in the Air
Monitoring Plan to inform where effective gradient measurements, or appropriate alternatives,
should take place, allowing a more definitively determination of compounds of interest and
gradients/compound relationships. Previous health risk assessments or other modeling
techniques would be appropriate to use to inform gradient measurements, or verify the results
of modeling estimates of gradients.

The DRI report provides a number of options that could be utilized for both determining
gradients and measuring at fixed site(s), and any combination of methodologies that meets the
goals of defining a gradient of compounds likely emitted by the refinery and measuring risk
drivers within the community could be acceptable to the Air District. The following guidance
and metrics will be used by the Air District to evaluate the expected performance of the
community monitoring portion of the Air Monitoring Plan.

4.1 Likely Risk Drivers and Near-field Gradients

The DRI report provides information on health risk assessments that were performed at the
refineries as well as other information regarding potential risk near these facilities. The
Air District also has information on risk associated with the Air Toxics “Hot Spots” Program and
Community Air Risk Evaluation (CARE) program. This information, along with information about
compounds that are measured at locations throughout the Bay Area and the state should be
used to determine what compounds should be measured at permanent sites. The Expert Panel
suggested that a maximum of three such permanent sites should be located in communities
near refineries, with a maximum of two being located in the predominately downwind location.
The siting of new monitoring stations could leverage measurements at stations already in place.

Determining gradients of compounds moving away from refinery boundaries towards
communities was also addressed in the DRI report and discussed by the Expert Panel. This task
is associated more with spatial issues as opposed to temporal issues. As a result, Air Monitoring
Plans must identify how proposed measurements or appropriate alternatives will best capture
or represent concentration changes with distance. Consideration should be given to areas
prone to fugitive emissions or other difficult to quantify emission sources, as these gradients
and compound profiles tend to be less understood and potentially steep. In addition, areas that
have been identified by HRAs or emission studies to have expected high concentrations of
compounds of interest should also be considered and adequately addressed in the Air
Monitoring Plan. Again, variations in emissions associated with source operations that may
impact compounds of interest and concentration should be addressed to demonstrate
appropriate measurement methods or study techniques.

Since the changes in compound concentration are expected to remain proportional to
emissions over time, measurement or verification of gradients is expected to be of shorter
duration, allowing enough time to adequately determine or verify likely gradients and potential
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relationships and correlations with the permanent community monitoring. It is also assumed
that these shorter duration gradient studies will be repeated over time to ensure conditions
have not changed significantly and that relationships and correlations remain. The Air
Monitoring Plan must contain rationale for determining when gradient studies will be repeated,
based on time, process or emission source changes or other relevant parameters. At a
minimum, gradient measurements, or appropriate alternatives, must be repeated every seven
years to ensure correlations and relationship remain valid with the permanent monitoring
location(s).

The DRI Report identifies many measurement techniques that could be used for gradient
measurements. They range from utilizing passive sampling techniques in a spatial dense
arrangement to measuring concentration fluxes across fence-lines to performing detailed
modeling. As stated previously, the rationale for the choice made, the potential errors involved
with the chosen technique and, if actual measurements are not taken, a method to verify
results of the study must be provided in the Air Monitoring Plan.

4.2  Fixed Community Monitoring

Fixed community location(s) should represent relationships and correlations built from previous
studies and the gradient study results. In addition fixed site measurements will be used to
represent changes over time and to compare to other measurement locations throughout the
Bay Area, state and nation.

Refineries must develop methodologies that include population exposure and likely
concentration based on the gradient studies to determine how fixed site(s) will best meet the
monitoring goals described in Section 4 and include them in the Air Monitoring Plan. The Air
District recognizes that flexibility must be provided to accommodate the many variables that
can affect the appropriateness of a monitoring location, such as vehicle traffic, vegetation, and
available power. As a result, it is critical that the Air Monitoring Plan address potential issues
up front so that all interested parties know the parameters of site location at the beginning of
the process. It is highly suggested that the community be involved in the process and able to
provide feedback and understand the issues. The Air Monitoring Plan should include the
methods that will be used to involve the public in this process.

The refinery must submit to the Air District their proposed location of the fixed monitoring
site(s) prior to site development while still meeting the monitoring deadlines contained in
Regulation 12, Rule 15. The refineries are encouraged to work with the Air District and
community throughout this process. The proposed location must be based on the area of
highest likely exposure of compounds of concern emitted from the refinery to the population
located near the refinery based on normal operations utilizing the gradient studies, available
risk information and available modeling. Rationale for siting must be contained in the Air
Monitoring Plan that includes an analysis of the variables involved and how they affected the
choice of the ultimate locations. For example, if the most appropriate location is determined to
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be near another source, the analysis should provide an explanation of how that source would
affect the measurements and how that influenced the choice of the proposed monitoring
location. Correlations and relationships to gradient studies must be included in the Air
Monitoring Plan if the fixed site(s) are proposed in the Plan.

Since the location(s) will be based on information developed as part of the Air Monitoring Plan,
the proposed location may be submitted after the Air Monitoring Plan has received approval
and will be considered an “Addendum to the Air Monitoring Plan”. The Addendum to the Air
Monitoring Plan must contain the rationale for the proposed siting, analysis of the variables
involved and how they affected the choice, and outline the correlations and relationships to the
gradient studies as described above. If an Addendum to the Air Monitoring Plan will be
submitted, it must be stated in the Air Monitoring Plan and the refinery must still meet the
deadlines contained in Regulation 12, Rule 15.

A summary of community monitoring consideration appears in Table 2.

Table 2 — Community Monitoring Considerations

Evaluate Information Needed Additional Considerations
Compounds associated with Risk drivers in Bay Areaand | Monitoring technologies
highest risk in nearby compounds of interest likely needed to measure identified
communities emitted by the facility compounds
Identifying appropriate long- | Where compounds may be Measurement must represent
term fixed sites and associated | emitted at higher spatial density required to
shorter-term sites concentrations and building develop concentration
relationships of emitted gradients
compounds to shorter-term
measurements
Precision, accuracy and Information that is represented | Issues associated with reduced
minimum levels of detection of compounds of interest at temporal resolution of shorter-
of equipment concentrations likely to cause | term measurements
concern
Siting issues Locations are appropriate with | Infrastructure, security and
minimum interferences and long term availability of use of
appropriate air flow so that sites
measurements are
representative
Meteorology Annual average and likely to | Variations of wind from
occur wind patterns location to location

4.3  Appropriate Sampling Locations
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Air Monitoring Plans must provide methodologies for identifying appropriate locations of
sampling equipment and monitoring sites. Many sources of information are available that
provide representative sampling locations, such as EPA regulations dealing with ambient air
monitoring. Air Monitoring Plans must address how chosen locations provide adequate air flow,
are not unduly impacted by localized emissions from non-refinery sources, are not impacted by
surfaces or areas that may cause chemical reactions that bias the data low or high (such as
trees) and that will provide a representative sample of concentrations that occur in that area
over the time period that sampling occurs. This applies to both the gradient studies as well as
the permanent monitoring location(s). Additional siting information and requirements are
contained in Section 6.

4.4  Appropriate Sampling Methodologies

Air Monitoring Plans must provide information on how the chosen sampling method will
provide data of high enough quality and measure compounds at levels appropriate for expected
concentrations. Errors associated with the measurement technologies as well as accuracy,
repeatability and precision must be documented and presented and ways to address these
issues provided in the Air Monitoring Plan. For example, if a less precise method is chosen, the
number of collocated methods should be determined and outlined to ensure that enough
measurements are collected to address the lack of precision. This applies to both the gradient
studies as well as the permanent monitoring location(s).

45  Quality Assurance/Quality Control (QA/QC)

Methodologies for ensuring appropriate levels of QA/QC must be provided in the Air
Monitoring Plan to ensure data are of high enough quality and representative and defensible
enough to meet the goals described in Section 4. The QA/QC plan should set data acceptance
levels as well as appropriate levels of data quality. In addition, the QA/QC plan should address
data management issues and provide the levels of review that data will go through to
determine validity. This must be outlined in a QAPP that follows EPA guidelines submitted in
the Air Monitoring Plan. This applies to both the gradient studies as well as the permanent
monitoring location(s).

Section 5: Data Display/Reporting

The Expert Panel discussed the importance of providing relevant, useful and understandable
monitoring information to the public. This was especially important for fence-line information,
but also applies to gradient studies and more permanent real-time monitoring activities located
within the community. Monitoring that requires laboratory analysis, or involves time integrated
sampling methods and therefore would not be presented to the community real-time, would
also need to be made available to the public, but would most likely require a different display
format. The Expert Panel stressed the need for QA/QC requirements to be stated clearly up
front, so that if data removal were required due to failed QA/QC objectives, the rationale for
the data removal would be done in a transparent way with proper notation.
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Providing context to measurements that the public could readily understand was also stressed,
with graphics to allow residents to determine when concentrations were within normal
ambient ranges and what constituted concentrations that might indicate potential issues. This
included providing information regarding the affects background concentrations as well as non-
refinery sources may impact measurements. There was also a realization that more complex
data should also be provided, so that residents that had the understanding and ability could
perform additional analysis. There was also general agreement by the Expert Panel that any
data display should contain a means for residents to provide feedback so that improvements
could be made to data display as well as monitoring activities over time.

Air Monitoring Plans must provide an explanation of how data will be provided to the public,
how that data will be provided context, and how the public will be able to provide feedback to
improve the process. Feedback regarding the website or other data presentation must be made
available to the Air District upon request.

5.1  Time Resolution and Data Availability

Air Monitoring Plans should provide information on how real-time data will be distributed to
the community and how other data generated by this air monitoring will be made available. It is
assumed that this will likely result in data being presented on a website on a real-time basis and
many examples of these types of websites exist. Ideally, the websites for all refineries would be
similar in nature, so that the public could compare the various locations to each other, though
this is not a requirement. In addition, the Air Monitoring Plan must contain alternatives for
those members of the community who may wish to have access to data while not having
computer access at home, such as ensuring that the website can be accessed at a public library.
The data must also be made available to the Air District in an approved format.

As stated previously, continuous instrumentation should be capable of producing data on an
hourly basis, at a minimum, with data resulting from fence-line instrument measurements
available on a shorter time resolution, ideally at 5 minutes. Data completeness for displayed
data (as defined by collected measurement data being successfully displayed) should be
upwards of 95%, given the reliability of current telecommunications equipment. Members of
the Expert Panel representing the community provided input that as long as QA/QC data
removal requirements were provided up front and were reasonable, removal of questionable
data was not usually an issue. As a result, Air Monitoring Plans must incorporate how data can
be displayed real-time, while incorporating necessary QA/QC to ensure representative data. Air
Monitoring Plans must also address timeframes that data will be provided and the rationale
behind those decisions as well as minimum expected uptime for the website. While QA/QC and
data completeness must be addressed in the QAPP, how these will be applied to real-time
display must also be provided in the Air Monitoring Plan. It is understood that a balance
between providing data as close to real time as possible and providing adequately QA/QC'd
data must be struck. It is assumed that data will go through a rudimentary QA/QC screening
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prior to display, and a more thorough review in which data may need to be removed from
display due to data quality issues. Clearly defining the QA/QC parameters that will result in
data removal in the QAPP is critical in ensuring a transparent method to data removal.

The Air Monitoring Plans must also include how the refineries will provide context that the
community can utilize to understand what the data mean. This must include a mechanism for
feedback and improvement of the site and a means for residents to report experiences and
provide information regarding potential impacts from the refinery that could be used to
improve data display and the monitoring activities themselves.

Air Monitoring Plans should also include how residents can access historical data directly, as
websites should not simply provide graphical information about current conditions. The Expert
Panel suggested that data should be “layered” so that interested parties with expertise could
access more complex and complete datasets and these considerations must be incorporated
into the Air Monitoring Plan. It is recognized and expected that this will likely involve
appropriate annotation of data to convey limitations and issues associated with these more
complex datasets.

Section 6: Siting Considerations

In general, siting consideration contained in EPA’s ambient air monitoring regulations, 40 CFR
Part 58, must be followed and should meet the smaller scales of representativeness presented
for compounds of interest. In addition, requirements contained in EPA’s proposed 40 CFR Part
63 should also be considered and addressed where the use of passive sampling techniques are
proposed. Vertical placement of sampling equipment should attempt to be between 2 and 7
meters above ground level. These criteria match that of microscale PM, s siting criteria, and
encompass the current microscale CO siting criteria. Probe placement at or near a 2 meter
height above ground level is generally considered to be at or near “breathing height,” which is a
human exposure consideration. Rationale for any deviations from EPA siting criteria must be
provided in the Air Monitoring Plan along with likely effects of the deviations on data.

Sampling should be spaced away from certain supporting structures and have an open,
unobstructed fetch to the target area. At least 90 percent of the monitoring path (for open
path, remote sensing instruments), should be at least 1 meter vertically and/or horizontally
away from any supporting structure, and away from dusty or dirty areas. Rationale for siting
equipment, including how it meets EPA criteria as well as why deviations from EPA criteria are
necessary, should be included in the Air Monitoring Plan. Locations where power may not be
adequate to ensure proper equipment operation or where substantial security measures must
be taken may also be considered while evaluating appropriate sites.

Once siting has been determined, the refinery operator may choose to have the Air District
operate the community monitoring site utilizing its QAPP to define QA/QC procedures and its
website to display the data. This may result in monitoring at the community site being
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incorporated into the Air District’s monitoring network and, as a result, be used for NAAQS
determination as defined in 40 CFR, Part 58. If this option is chosen, the refinery operator will
be responsible covering costs of all Air District resources needed to operate and maintain the
site. The refinery operator must include in the Air Monitoring Plan an agreement regarding the
operation of the necessary equipment and recognizing that the Air District may be required to
continue operation of equipment as mandated by 40 CFR, Part 58. The agreement must also
allow the Air District to operate additional equipment at the location, if desired, but that the
operation and maintenance costs associated with any equipment are covered by the Air
District.

6.1  Nearby Structures

Structures may be present that can significantly impact pollutant concentrations. These
structures include sound walls or noise barriers, vegetation, and buildings. Physical barriers
affect pollutant concentrations around the structure by blocking initial dispersion and
increasing turbulence and initial mixing of the emitted pollutants. While these structures can
trap pollutants upwind of the structure, these effects are very localized and likely do not
contribute to representative peak exposures for the nearby population. In general, these
structures should be avoided when establishing fence-line and near-field monitoring systems.
Air Monitoring Plans must address how any effects caused by structures were identified and
addressed.

6.2 Terrain

As described previously, local topography can greatly influence pollutant transport and
dispersion. However, large-scale terrain features may also impact where peak concentrations
can occur. Air Monitoring Plans must address how the effects of terrain were taken into
consideration and addressed.

6.3 Meteorology

Evaluating historical meteorological data is useful in determining whether certain candidate
locations may experience a higher proportion of direct impacts from emissions from a given
source or process. Often, peak concentrations occur during stable, low wind speed conditions.
Thus, historical wind directions should be a consideration in establishing any monitoring site
but should not be the only considerations. Therefore, monitor placement on the
climatologically down-wind side of sources might be preferential when the option is available;
however, this should not preclude consideration of sites located in the predominant
climatologically upwind direction or in directions where meteorological conditions are expected
to occur on a non-routine basis. Rationale for how meteorological measurements where used
to determine sampling locations should be included in the Air Monitoring Plan.

Section 7: Multi-pollutant Monitoring
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Multi-pollutant monitoring is a means to broaden the understanding of air quality conditions
and pollutant interactions, furthering capabilities to evaluate air quality models, develop
emissions control strategies, and support research, including health studies. The DRI report and
the Expert Panel recognized the need to employ a multi-pollutant monitoring strategy at and
near refineries for these reasons and this Guidance Document provides the following list of
compounds for consideration as part of the Air Monitoring Plan. All compounds must be
considered and evaluated for the permanent site(s) with rationale for chosen measurements,
and, as a result, the gradient measurement study. Those marked with an asterisk (*) should also
be considered for the fence-line monitoring network. As stated throughout this Guidance
Document, the Air District would consider adding or deleting compounds in the below list
dependent on the rationale provided for inclusion and/or exclusion in the Air Monitoring Plan.

7.1 Black Carbon

Black carbon (BC), often referred to as “soot,” is a common constituent emitted from motor
vehicles and other processes that burn fuel. Another measurement is elemental carbon (EC),
which is detected using different techniques. Both BC and EC are operationally-defined, and
represent the graphitic-containing portion of PM. BC uses light absorption as a measurement
technique. Although BC and EC are often associated with emissions from heavy-duty diesel
engines, a portion of all combustion emissions contains these constituents. Other sources of BC
or EC exist in urban areas, but emissions from motor vehicles usually dominate these sources,
especially in near-road locations, thus making BC or EC measurements a useful parameter for
identifying impacts from motor vehicle emissions. Measurement of this constituent will be used
to compare community locations with other BC measurements located throughout the Bay
Area.

7.2  HS*

H,S is a colorless gas with a strong “rotten egg” odor and can be smelled at very low
concentrations. It is poisonous, discolors paints and can tarnish metals. Although it is produced
at sewage treatment plants and through anaerobic processes, it is also produced at oil
refineries as a by-product of refining crude oil. As a result, measurement of this compound will
help identify potential leaks at refineries.

7.3  NO; (Nitrogen Oxides)*

Scientific evidence links NO, exposures with adverse respiratory effects, making it a compound
that is routinely measured in ambient air monitoring networks. NO, measurements also
typically include measurement of NO and NOy. It is emitted during combustion and is therefore
of interest near refineries, though there are many sources of nitrogen oxides. Measurement of
these constituents will help determine if refineries add significant concentrations to nearby
urban environments by comparing measurements with other Bay Area locations.

7.4  Particulate Matter (PM)
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Combustion sources emit significant amounts of PM. Motor vehicles may also contribute to
elevated PM concentrations by re-suspending dust present on the road surface. There are
regulations that address ambient concentrations of PM less than 10 um in diameter (PMyo) and
PM less than 2.5 um in diameter (PM,s). While both of these PM size fractions are emitted
during combustion, the majority will generally be in the PM, 5 size fraction. Since combustion-
emitted particles typically occur at less than 0.1 um in diameter, these emissions tend to
contribute little to ambient PM,s mass concentrations, but do contribute significantly to PM
number concentrations, and may impact the chemical composition of the PM, s mass collected
relative to urban background conditions. PM emitted through mechanical processes (brake
wear, tire wear, re-suspended road dust) will tend to be in the PM g size fraction and can lead
to elevated mass concentrations. As a result, PM,s mass measurements may be useful for
estimating potential refinery contributions to nearby urban environments by comparing
measurements with other Bay Area locations.

Most PMyy and PM, s mass measurements use filter-based, gravimetric analyses over a 24-hour
sample collection period. Diurnal variations in meteorology can have a tremendous impact on
air quality that may not be identifiable in 24-hour average measurements. Thus, continuous PM
measurements provide useful information for refinery emission measurement applications;
however, care must be taken in choosing a sampling method. Optical PM mass samplers
typically cannot detect particles less than approximately 0.2-0.5 um in diameter. Therefore,
these measurement devices may not capture a significant amount of the PM mass related to
primary combustion emissions. In addition, some continuous PM samplers heat the inlet air
prior to analysis. Since PM emissions can contain a significant amount of semi-volatile organic
compounds, these samplers can underestimate the PM mass by volatilizing the organic PM
prior to collection in the sampler.

75 PM constituents

PM present near refineries contains a number of organic and inorganic constituents that may
pose a public health risk. Organic PM samples are most often collected on filters backed by a
cartridge to collect gas-phase constituents. Sample collection typically uses high-volume
samplers to maximize the amount of PM mass obtained for detailed chemical and physical
analysis; thus, collection times can be from 24-hours to over a week to collect an ample amount
of mass. Inorganic PM samples are also usually collected on filters using high-volume samplers
and longer sampling times to collect sufficient mass for elemental analyses. A detailed listing of
organic and inorganic PM compounds of health concern is provided by the California Office of
Environmental Health Hazard Assessment (OEHHA). Detailed speciation of organic and
elemental PM compounds can be useful in conducting or evaluating source apportionment
studies to estimate the impacts of PM concentrations, although the long sample averaging
times required for this analysis may limit the ability to discern differences of source activity of
PM impacts.

7.5.1 Elemental Carbon/Organic Carbon (EC/OC)
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Elemental Carbon/Organic Carbon (EC/OC) usually involves analysis of PM filters. EC differs
from BC in how it is defined through analysis. EC uses thermal measurement techniques and
has less potential for interference from other compounds than BC. OC is a complicated mixture
of thousands of individual molecules and is a combination of both primary particulate emissions
and gaseous precursors that can form secondary aerosols. OC is often the largest component of
PM in urban areas in the Western United States, especially near roadways. Measurement of
these constituents will be used to compare this community locations with other EC/OC
measurements located throughout the Bay Area.

75.2 Metals

Measurement of metals usually involves analysis of PM filters. Many metals have negative
health impacts associated with exposure and can be emitted in trace amounts when contained
in compounds being burned or processed. Of particular interest are nickel, hexavalent
chromium and arsenic, since these metals are associated with most of the risk in the urban
environment. Since many metals are contained in crude oil and the fuels needed to process
crude oil, measurement of these constituents will help determine if refineries add significant
concentrations to nearby urban environments by comparing measurements with other Bay
Area locations.

7.5.3 PM number concentration

As previously discussed, PM emitted through the combustion process occurs primarily in the
ultrafine size range (i.e. less than 0.1 um in diameter); thus, the impact on PM mass may be
negligible. However, emissions of these small particles occur in extremely large quantities;
therefore, PM number concentration measurements often provide a good indication of primary
PM emissions. In addition, several health studies suggest that ultrafine particles may lead to
adverse health effects. A number of devices exist to measure PM number concentrations,
ranging from inexpensive industrial hygiene monitors to research-grade ambient air monitors.
Most of these devices can provide number concentration measurements in near real-time,
although the range of particle sizes and concentrations detected do vary. When comparing
measurements from different devices, any differences in particle size ranges detected must be
noted. Measurement of PM numbers may help determine if refineries add significant
concentrations to nearby urban environments by comparing measurements with other Bay
Area locations.

7.5  Speciated Hydrocarbons*

Speciated hydrocarbons are pollutants that are made up of hydrogen and carbon and can be
associated with adverse health effects. They are emitted by a large number of sources, but
many hydrocarbons are associated with fuels and the production of fuels. As a result,
measurement of these compounds is critical to determining the impacts refineries have on
nearby communities. The following are potential compounds of interest and are separated out
based on their measurement and/or analytical techniques. Measurement of hydrocarbons will
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help determine if refineries add significant concentrations to nearby urban environments and
can indicate leaks and emissions from refinery sources by comparing measurements with other
Bay Area locations.

7.5.1 Aldehydes*

Aldehydes emitted into ambient air include, but are not limited to, formaldehyde,
acetaldehyde, and acrolein. A more detailed listing of aldehydes with potential health concerns
is provided by OEHHA. Aldehydes are typically measured using cartridges containing
dinitrophenyl hydrazine (DNPH). However, other methods, including evacuated canisters and
cartridges containing other compounds, have been used to measure ambient concentrations of
some of these compounds. Sample collection periods of 24-hours or more are typically required
for assessing ambient aldehyde concentrations, although a few manufacturers advertise semi-
continuous analyzers for select compounds.

7.5.2  Polycyclic Aromatic Hydrocarbons (PAH)*

Polycyclic Aromatic Hydrocarbons (PAHs) are hydrocarbons with multiple aromatic rings that
have been associated with potential health effects. They are present in fossil fuels and can be
formed as part of the combustion process, though there are many sources of PAHs. Sampling
and analysis for PAHs requires very specific techniques and methodologies, though there are
some non-specific, real-time instruments available. A more detailed listing of PAHs with
potential health concerns is provided by OEHHA.

7.5.3 Volatile organic compounds (VOCs)*

These air toxics are found in the gas phase in ambient air. Typical VOCs of concern include, but
are not limited to, benzene, toluene, ethylbenzene, xylenes (BTEX), 1, 3 butadiene, acrolein and
styrene. A more detailed listing of potential VOCs of health concern is provided by the OEHHA.
VOCs are typically measured by the collection of ambient air using evacuated canister sampling
and subsequent analysis on a gas chromatograph (GC). For evacuated canister sampling, the
sample collection time can vary from instantaneous grab sample to averaging times of more
than 24-hours depending on the collection orifice used. As discussed for PM sampling, shorter
averaging times can be important to discern the impacts of varying environmental conditions.
Auto-GCs can be used to measure select VOC pollutant concentrations semi-continuously at a
monitoring site. A number of manufacturers also advertise semi-continuous analyzers for one
or more VOCs of interest using various GC technologies.

7.6 SO,*
Heating and burning of fossil fuel releases the sulfur present in these materials and result in the

formation of SO,. SO, can have direct health impacts as well as cause damage to the
environment and, as result, is routinely measured in ambient air monitoring networks. Like H,S,
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SO, is produced at refineries, though there are other sources. As a result, measurement of this
compound will help identify potential leaks and issues at refineries.

1.7 Surrogate Measurements*

A number of surrogate measurements can also be considered to assist in interpreting emission
impacts on air quality and to determine possible causes of adverse health effects. A common
surrogate has been the use of CO to represent the impacts of other non-reactive gas emissions
that are more difficult to measure from emission sources. While studies do show that CO and
other non-reactive VOC concentrations tend to correlate in some near combustion source
environments, the magnitude of VOC concentrations relative to CO concentrations may be
difficult to discern because of varying impacts from control strategies and emission sources.
Regulations that have led to reductions in CO emissions may not equally affect VOC emission
rates. In addition, CO is emitted by fuel combustion, whereas VOCs are emitted from both
combustion and evaporation processes.

Other surrogate measurements focus on PM constituents that are primarily emitted from
motor vehicles and other combustion processes and may pose a public health concern. These

surrogate measurements were discussed in the above sections.

If surrogate measurements are proposed in the Air Monitoring Plan, the relationship to
compounds of interest must be identified and confirmed for the application desired.
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INTRODUCTION

This study reviewed and evaluated measurement approaches and methods for assessing
the impacts of refinery emissions on ambient concentrations of criteria and air toxic pollutants in
nearby communities. Available data for refinery emissions along with ambient air concentrations
were reviewed and compared to established levels for acute and chronic health effects to identify
the species that should be considered for air monitoring. VVarious monitoring options were then
associated with the following monitoring objectives: short-term characterization of emission
fluxes; long-term continuous fence-line monitoring of plant emission releases to the community;
community-scale monitoring with varying time scales to evaluate potential chronic or acute
health impacts; and episodic monitoring during catastrophic events. These objectives were
reconciled with available air quality data from existing BAAQMD criteria and air toxics
pollutant monitoring programs, and air monitoring (both regulatory and voluntary) by the
refineries to identify existing gaps in information or useful supplemental data. Published results
from relevant applications of the monitoring approaches were reviewed and the specifications for
selectivity, sensitivity, precision, accuracy and costs of commercially-available continuous or
semi-continuous monitors, and time-integrated sampling and analysis methods were compared
for each target pollutant to determine the positive and negative attributes of each monitoring
approach and method. Potential augmentations to existing monitoring in the Bay Area are
suggested with scalable options. This report is intended to facilitate the evaluations by a panel of
monitoring experts from academia, industry, the community and other governmental agencies to
provide input to the BAAQMD in developing a community air monitoring program designed to
inform the public of the potential air quality and health impacts near refineries and other major
industrial facilities in the Bay Area.

Background

Exposure to hazardous air pollutants (HAP) remains a concern in the San Francisco Bay
Area and other major metropolitan areas. While air quality data from existing monitoring
networks are generally adequate to characterize the spatial variations of secondary pollutants
such as ozone, nitrogen dioxide, and nitrate and sulfate particles, they are less useful for
determining the range of exposures to directly emitted HAP. Pollutant concentrations may vary
in space and time and gradients can be especially sharp near emission sources (e.g., near
roadways and adjacent to major industrial facilities). These variations may result in significant
differences between the community exposures estimated from annual average ambient
concentrations from existing neighborhood-scale air quality monitoring sites and the actual
exposures of individuals who spend more time in environments in close proximity to emission
sources.

In recognition of the higher pollutant concentrations that may exist near emission
sources, the recent revisions to the National Ambient Air Quality Standard (NAAQS) for
nitrogen dioxide (NO,) and sulfur dioxide (SO,) established new ambient air monitoring and
reporting requirements for determining compliance with the new standards. Monitors are
required for the first time near major roads as well as in other locations where maximum
concentrations are expected. These new monitoring requirements are designed to help protect
communities that are susceptible to higher exposure concentrations. This is the latest phase in a
trend over recent years toward a greater focus on near-source impacts. In 2004, the U.S.
Environmental Protection Agency (EPA) began awarding grants to State and local agencies to



conduct short-term, local-scale monitoring projects to augment on-going routine criteria
pollutant and air toxic monitoring programs. These studies addressed a wide range of air toxics
issues including near-source impacts.

Paralleling the recent emphasis on local-scale monitoring, the concept of environmental
justice (EJ) was developed to address disproportionate impacts that may be experienced by
certain communities due to their proximity to pollutant sources. Several programs were initiated
in California to evaluate tools for assessing such exposures. The California Air Resources Board
(ARB) established the Neighborhood Assessment Program (NAP) in order to develop guidelines
for evaluating neighborhood air pollution impacts and reduction strategies. In response to Senate
Bill 25 (Children’s Environmental Health Protection Act), ARB conducted special studies in six
communities around the state including an 18-month (November 2001 through April 2003)
special air quality monitoring study in the communities of Crockett in Contra Costa (ARB, 2004)
and Fruitvale in Oakland (CARB, 2005) to investigate the impact of traffic and other industrial
sources on children’s exposure to air pollution. These studies were conducted as part of a larger
statewide evaluation of the adequacy of the State’s air quality monitoring network as required by
SB 25. The California Office of Environmental Health Hazard Assessment (OEHHA) conducted
the East Bay Children’s Respiratory Health Study to determine whether exposures to traffic-
related air pollutants are associated with increased respiratory symptoms and disease in children,
such as asthma and bronchitis (Kim et al. 2004).

In addition to near-road measurement studies, a number of community-scale studies have
been conducted throughout California, which addressed environmental justice concerns or were
conducted as part of a legal settlements arising from planned expansions of existing facilities.
The subject of these studies include the Ports of Los Angeles and Long Beach (Fujita et al, 2009;
Kozawa et al., 2009; Moore et al., 2009; Mason et al., 2011), Port of Oakland (Fujita et al, 2010)
and the Roseville Rail Yard (ARB, 2004; Campbell and Fujita, 2005). A major study of the air
quality impacts of operations at the LAX International Airport is currently nearing completion.
In the Bay Area, the ARB and the BAAQMD conducted a health risk assessment (HRA) study of
the impact of diesel particulate matter (DPM) emissions from the port of Oakland to the
community of West Oakland (ARB, 2008). The West Oakland Monitoring Study (WOMS) was
conducted in 2009-10 to provide supplemental air quality monitoring that will be used by the
BAAQMD to evaluate local-scale dispersion modeling of diesel emissions and other toxic air
contaminants for the area within and around the Port of Oakland (Fujita et al., 2010). Monitoring
data from WOMS showed spatial patterns of higher pollutant concentrations that were generally
consistent with proximity to vehicle traffic. The concentrations of DPM estimated from
measured elemental carbon at the WOMS community sampling sites were consistent with the
model estimates of DPM from the HRA for 2005 after adjusting the model projections for
changes in distributions and volumes of truck traffic provided by a detailed Truck Survey
(BAAQMD, 2009) conducted by BAAQMD and projected impact of mitigation measures that
have been implementation since 2005. The combined decrease in DPM emissions estimated by
BAAQMD of 40 to 60% were consistent with reductions reported in an exhaust plume
measurements study made in the port area during implementation of the California drayage truck
regulation (Dallman, et al. 2011).

The new near-source monitoring requirements as well as the community monitoring
studies that have been conducted in the Bay Area (e.g. WOMS) and elsewhere in California
attest to the growing interest in the disproportionate impacts that may exist within communities

2



that are located in close proximity to major emission sources. The fire that erupted at the
Richmond Chevron Refinery on August 6, 2012 heightened public concerns in the Bay Area
about such impacts and added impetus for the BAAQMD to consider additions or
reconfiguration of existing monitoring programs to inform susceptible communities of the
potential impacts of TAC emissions from major industrial sources.

Study Objectives

1. Identify the primary risk drivers that can be used to determine ambient air health risks
associated with living near refineries and chemical plants. While the main focus is on
emissions associated with normal plant operations, consider means to capture emissions
during plant upsets and accidents.

2. Review and evaluate current air monitoring capabilities.

3. Develop a matrix that lists additional instrumentation, methodologies and/or other
exposure assessment tools that could be employed to enhance monitoring capabilities and
provide information about emissions from refineries and chemical plants. Include in the
matrix potential advantages, disadvantages, and approximate costs associated with each
option that accommodate varying scales of the monitoring network.

4. Develop a short report describing the process used and how the matrix was developed.

Major Emitting Facilities in the Bay Area

The San Francisco Bay Area, the largest urban area in Northern California with
approximately 7.15 million people, encompasses the major cities and metropolitan areas of San
Francisco, Oakland, and San Jose, along with smaller urban and rural areas. The Bay Area's nine
counties are Alameda, Contra Costa, Marin, Napa, San Francisco, San Mateo, Santa Clara,
Solano, and Sonoma. The 2008 base year inventory in



Table 0-1 shows the contributions of areawide, mobile and stationary sources in the Bay
Area. Stationary Sources account for about 15% of the total emission of particulate matter less
than 2.5 pm (PM25), 28% of reactive organic gases (ROG), 11% of nitrogen oxides (NOy), 75%
of sulfur dioxide (SO,) and 3% of the carbon monoxide (CO).

Major emitting facilities are subsets of stationary sources that emit more than a total for
the facility of 0.05 tons/day of any criteria pollutant. The five refineries in the Bay Area account
for about half of the PM,5, ROG and NOx emissions from all major emitting facilities and over
90% of the SO, emissions.



Table 0-1 also shows the subcategories of emissions from petroleum refining and total
emissions of the five Bay Area refineries. The refineries are located in Contra Costa and Solano
County along the shore of San Pablo Bay and Suisun Bay. A list of the refineries, their location
and capacity is shown in Table 0-2. The aggregate emissions for industrial categories other than
petroleum refining are relatively small in comparison. The information in this report focuses on
refineries due to the greater potential for near-source impact in the Bay Area from this source.
However, the measurement method and approaches described in the report are generally
applicable to other point sources of hazardous air pollutants.



Table 0-1. Inventory of emissions (annual average tons per day) from petroleum refining in the
Bay Area.

PM10 PM2_5 ROG NOX SOX Cco
Areawide 175.51 52.90 87.95 16.92 0.62 161.86
Mobile 20.33 16.27 183.12  380.52 14.93 1541.50
Stationary 16.30 12.14 106.58 50.59 45.95 44.31
Total Emissions 212.14 81.31 377.65  448.03 61.50 1747.66
Petroleum Refining
Catalytic Cracking 0.37 0.34 0.00 0.00 8.10 0.00
Coking 0.48 0.44 0.02 0.37 16.26 0.00
Cooling Towers 0.06 0.06 1.67 0.00 0.00 0.00
Fixed Roof Tanks 0.00 0.00 0.82 0.00 0.00 0.00
Floating Roof Tanks 0.00 0.00 1.67 0.00 0.00 0.00
Fugitive Losses 0.00 0.00 0.71 0.00 0.00 0.00
Others 0.02 0.02 0.17 0.07 0.04 0.06
Sulfur Plants 0.01 0.01 0.01 0.09 0.88 0.18
Tanks Unspecified 0.00 0.00 0.00 0.00 0.00 0.00
Vacuum Distillation 0.03 0.02 0.13 0.00 0.02 0.00
Vapor Recovery/Flares 0.00 0.00 0.03 0.08 0.33 0.03
Wastewater Treatment 0.00 0.00 0.94 0.00 0.00 0.00
Boilers 0.11 0.11 0.32 5.97 2.39 1.02
I.C. Reciprocating Engines 0.00 0.00 0.01 0.86 0.00 0.15
I.C. Turbine Engines 0.13 0.13 0.01 1.46 0.22 0.90
In-Process Fuel 0.08 0.08 0.43 0.66 4.22 2.61
Process Heaters 1.25 1.23 0.27 6.57 2.32 2.31
Total Petroleum Refining 2.57 2.45 7.20 16.11 34.78 7.26
% of Total Emissions 1.2% 3.0% 1.9% 3.6% 56.6% 0.4%
Major emitting facilities that emit more than 0.05 tons/day of any criteria pollutant.
All major facilities 8 6 19 33 38 36
Refineries
Chevron (Richmond) 0.62 0.55 2.80 2.26 4.65 1.50
Tesoro (Martinez) 0.42 0.28 3.14 4.48 7.75 0.88
Shell Qil (Martinez) 0.90 0.84 3.53 3.02 3.19 3.07
Valero (Bencia) 0.71 0.58 0.63 5.33 14.52 1.77
Conoco Phillips (Rodeo) 0.39 0.38 0.45 2.56 4.64 0.84
% of All Major Facilites 38% 44% 56% 53% 91% 22%




Table 0-2. Bay Area Refinery Locations and Capacities (Information as of October, 2012).

Barrels
Refinery Name Location Per Day
Chevron U.S.A. Inc. Richmond Refinery Richmond 245,271
Tesoro Refining & Marketing, Golden Eagle Refinery Martinez 166,000
Shell Qil Products US, Martinez Refinery Martinez 156,400
Valero Bencia Refinery Benicia 132,000
Phillips 66, Rodeo San Francisco Refinery Rodeo 78,400

The Richmond Refinery is the largest and oldest (1901) major oil refinery on the West
Coast. With a processing capacity of over 350,000 barrels per day, this refinery is among the
largest in the United States. It covers 2,900 acres, has 5,000 miles of pipelines, and hundreds of
large tanks that can hold up to 15 million barrels of crude, gasoline, jet fuel, diesel, lube oil, wax,
and other chemicals produced by the refinery. Chevron is currently implementing an Air Quality
Monitoring program in the surrounding neighborhoods of North Richmond, Point Richmond and
Atchison Village. This program is part of the Richmond Community Benefits Agreement for the
Chevron Energy and Hydrogen Renewal Project. The Air Quality Monitoring Program will
sample air quality using testing methods similar to those used by government agencies and
publish these results on a community-accessible website.

The Martinez Refinery is the second largest refinery in the Bay Area and was the first
American refinery built by the Shell Oil Company in 1915. It is operated by Equilon, a joint
partnership of Shell and Texaco. Today it employs 900 people and processes around 165,000
barrels of crude per day. It is connected to oil fields in the Central Valley by a 170 mile long
pipeline.

The Golden Eagle Refinery in Martinez, also known as the Avon Refinery has a
processing capacity of 166,000 barrels of crude per day, making mostly automotive fuels. It was
built in 1913, to process heavy crude from the southern San Joaquin Valley, to which it is
connected by pipeline. It is now owned by Tesoro, of San Antonio, TX, and has previously been
owned by Tosco and Ultramar Diamond Shamrock.

The Benicia Refinery was built by Exxon from 1966-1969, and has the distinction of
receiving the first shipload of crude to be delivered from the Alaskan Pipeline, in 1977. Most of
the crude processed here still comes from the pipeline via Valdez, though the refinery is also
connected to a crude pipeline that brings oil from the San Joaquin Valley. It employs around 500
people, and is considered an average, large refinery, capable of processing 150,000 barrels of oil
per day. Exxon sold the refinery to Valero in 2000. The oil refinery and the surrounding
industrial park were built on the grounds of the Benicia Arsenal.

The San Francisco Refinery is an oil refinery located in Rodeo, California and in Arroyo
Grande, Califorina, in the San Francisco Bay Area and Santa Maria Valley. These two locations,
although more than 200 miles apart are considered one location. The two locations are directly
connected by a pipeline. The refinery is currently owned and operated by Phillips 66, a
downstream company with midstream and chemical businesses spun-off from ConocoPhillips in
2012. The complex is capable of refining 100,000 barrels (16,000 m3) of crude oil per day.
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Refineries can be classified as topping, hydroskimming or complex. Topping refineries
are the least sophisticated and contain only the atmospheric distillation tower and possibly a
vacuum distillation tower. The topping refiner's ability to produce finished products depends on
the quality of the petroleum being processed. A hydroskimming refinery has reforming and
desulfurization process units in addition to basic topping units. This allows the refiner to increase
the octane levels of motor gasoline and reduce the sulfur content of diesel fuel. Complex
refineries are the most sophisticated refinery type and have additional process units to "crack™
the heavy gas oils and distillate oils into lighter, more valuable products. Complex refineries
have the highest utilization rate at approximately 95 percent. Utilization rate is the ratio of
barrels input to the refinery to the operating capacity of the refinery. Complex refineries are able
to produce a greater proportion of light products, such as gasoline, and operate near capacity.
The five refineries in the Bay Area are all complex refineries.

Chemical Species of Interest

Refineries emit a wide variety of pollutants including criteria pollutants (SO, NOy, CO,
and PM), volatile organic compounds that are photochemically reactive (e.g., ethylbenzene,
formaldehyde), carcinogenic hazardous air pollutants (benzene, naphthalene, 1,3-butadiene,
polycyclic aromatic hydrocarbons), non-carcinogenic HAP (hydrogen fluoride, hydrogen
cyanide), persistent bioaccumulative HAP (mercury), and other pollutants (hydrogen sulfide).
Refineries include the following process units with associated air emissions.

e Crude Desalting removes contaminants that can cause corrosion of equipment and
processing problems by washing the crude oil with water. Process produces wastewater
with contaminants including benzene and other VOCs that can be emitted into the air.
Control technology: steam stripper/biotreatment.

e Catalytic Reforming converts naptha-boiling range molecules into higher octane
reformate. Process produces hydrogen as a byproduct that can be used in hydrotreaters or
the hydrocracker. Air emissions include CO, NOx, benzene, toluene, Xxylene,
naphthalene, other VOC and dioxins. Control technology: scrubber.

e Fluid Catalytic Cracking upgrades heavier fractions into lighter, more valuable products.
Process uses a fluidized catalyst to contact the feedstock at high temperature and
moderate pressure to vaporize long chain molecules and break them into shorter
molecules. Largest source of emissions of SO,, NOx, CO, PM, and metals at the refinery.
Control technology: scrubber and ESP.

e Sulfur Recovery removes and recovers H,S using an amine treating unit and the Claus
process. Air emissions include SO, NOy, CO, carbonyl sulfide, and H,S. Control
technology: Scrubber.

e Thermal Processing converts heavy fractions into lighter products. Types include delay
coking, fluid coking (no emissions), visbreaking (no emissions) and flexicoking (no
emissions). Heavy residues are thermally cracked in the delayed coking unit in a furnace
with multiple parallel passes (semibatch process), which cracks the heavy, long chain
hydrocarbon molecules into gas oil and petroleum coke. Process is potentially a
significant source of emissions. Delayed coking unit emits SO,, NOy, PM, HAP (metals)
and VOC. Control technology: Flares.



Flares are combustion control device used to burn waste gases in both normal and process
upset conditions. Flare stacks are primarily used for burning off flammable gas released by
pressure relief valves during unplanned over-pressuring of plant equipment. During plant or
partial plant startups and shutdowns, flare stacks are also often used for the planned combustion
of gases over relatively short periods. Oil refinery flare stacks may emit methane and other
volatile organic compounds as well as sulfur dioxide and other sulfur compounds, and soot
particles containing elemental carbon and polycyclic aromatic hydrocarbons (PAH).

Fugitive emissions are emissions of gases or vapors from pressurized equipment due to
leaks and other unintended or irregular releases of gases. Fugitive emissions are potentially the
largest source of VOC emission within a refinery. Leaks from pressurized process equipment
generally occur through valves, pipe connections, mechanical seals, or related equipment.
Fugitive emissions also occur from storage tanks. Because of the huge number of potential leak
sources and the difficulties in detecting and repairing some leaks, fugitive emissions can be a
significant proportion of total emissions. To minimize and control leaks at process facilities
operators carry out regular leak detection and repair activities. Routine inspections of process
equipment with gas detectors are used to identify leaks and estimate the leak rate in order to
decide on appropriate corrective action. Proper routine maintenance of equipment reduces the
likelihood of leaks.

Air Toxics Inventory

The Air Toxics "Hot Spots" Information and Assessment Act (AB 2588, Connelly, et.
al.1987: in the California Health and Safety Code § 44300,) established a formal regulatory
program for site-specific air toxics emissions inventory and health risk quantification that is
managed by California air districts. Under this program, a wide variety of industrial, commercial,
and public facilities are required to report the types and quantities of toxic substances their
facilities routinely release into the air. The goals of the Air Toxics Hot Spots Program are to
collect emissions data, to identify facilities with potential for localized health impacts, to
ascertain health risks, to notify nearby residents of risks that are determined to warrant such
notification, and to reduce significant risks. Table 0-3 gives the annual emission of HAP for the
five refineries in the Bay Area for 20009.

The Toxics Release Inventory (TRI) program was established in 1986 by the Emergency
Planning and Community Right-to-Know Act (EPCRA, section 313). In 1990, Congress passed
the Pollution Prevention Act (PPA), which required that facilities report additional data on waste
management and source reduction activities under TRI (Section 6607 of PPA). The Toxics
Release Inventory (TRI) is a database that contains detailed information on nearly 650 chemicals
and chemical categories collected from over 23,000 industrial facilities. The EPA maintains this
information in a national database called the Toxics Release Inventory, which is available to the
public via the Internet at www.epa.gov/tri. MyRight-To-Know TRI application
(http://www.epa.gov/tri/myrtk/index.htm) is a look-up tool on the web site, Table 0-4 summarize
the TRI data for the five refineries for the 2011 reporting year.


http://www.epa.gov/tri
http://www.epa.gov/tri/myrtk/index.htm

Table 0-3. Bay Area AQMD inventory of air toxic contaminants for 2009.

Shell Tesoro Chewvron Phillip 66 Valero
Martinez Martinez  Richmond Rodeo Benicia TOTAL
Pollutant Emissions Ibs/yr Ibs/yr Ibs/day
Acetaldehyde 702 228 181 76 280 1468 4.0
Ammonia (NH3) pollutant 292134 124128 265069 681330 1865
Arsenic (all) 2.8 0.5 15 1.4 0.2 6.5 0.0
Benzene 1864 1131 5524 681 263 9464 25.9
Butadiene, 1,3- 15 51 274 340 0.9
Cadmium 0.3 0.2 0.4 6.9 23.1 30.8 0.1
Chloroform 308 308 0.8
Chromium (hexavalent) 5.0 0.4 0.8 1.4 0.3 7.9 0.0
Diesel Engine Exhaust Particul 6.3 29.6 315.3 20.7 75.9 448 1.2
Diethanolamine 650 675 1325 3.6
Ethylbenzene 479 900 62 1441 3.9
Formaldehyde 37772 11904 1664 38239 4224 93803 256.8
Glutaraldehyde 84 84 0.2
Hydrogen Sulfide (H2S) 1538 1552 7294 10385 28.4
Lead (all) pollutant 7.4 16.2 23.6 0.1
Manganese 47.7 13.2 117.3 11.8 284.7 474.7 1.3
Mercury (all) pollutant 8.8 1.9 3.0 69.4 314 114.4 0.3
Naphthalene 345 2003 2348 6.4
Nickel pollutant 5.4 1.6 4.2 47.8 438 497 14
PAH's (benzo[a]pyrene equiv) 61.4 129.8 239.5 30.2 30.1 491 1.3
Sulfuric Acid mist pollutant 62.4 62.4 0.2
Perchloroethylene 28.6 36.4 65.0 0.2
Toluene 19289 19289 52.8

Source: http://www.baagmd.gov/Divisions/Engineering/Air-Toxics/Toxic-Air-Contaminant-Control-Program-
Annual-Report.aspx
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Table 0-4. 2011 Toxic Release Inventory (TRI) for refineries in the Bay Area in Ibs per year.

Chevron, Richmond

Phillips 66, Rodeo

Shell Oil, Martinez

Tesoro, Martinez

Valero, Benicia

Parameter Fugitive Point Fugitive Point Fugitive Point Fugitive Point Fugitive Point
1,2-DIBROMOETHANE 4 0

1,3-BUTADIENE 130 2 34 11 17 57 37 98
BENZENE 1600 2100 1954 1424 610 1200 1300 3200 3159 3334
CARBON DISULFIDE 0 1900 0 0 1 5 0 0 0 1472
CARBONYL SULFIDE 0 280 1359 0 5 0 0 0 0 9877
CHROMIUM 0 174 23 12 0 60
COBALT COMPOUNDS 2 4 0 71
CRESOL (MIXED ISOMERS) 40 440 1 11 2 20
CUMENE 100 260 280 170 117 11
CYANIDE COMPOUNDS 0 0 0 48 0 1452
DIETHANOLAMINE 80 0 1100 1 140 0

ETHYLBENZENE 2400 1400 630 721 1200 2700 830 750 2647 1710
HYDROCHLORIC ACID (1995 AND AFTER AC 0 2600 0 8900 0 0
LEAD COMPOUNDS 10 41 1 27 2 20 4 74 0 99
MERCURY COMPOUNDS 0.7 7.2 0.0 20.0 0.5 21.0 0.7 3.8 0.0 6.0
METHANOL 1700 28000 4715 0 0 22000 500 4100 0 59410
N-HEXANE 3200 10000 249 2295 1400 6700 2300 1500 47 1595
NAPHTHALENE 500 300 74 169 480 500 330 110 635 63
NICKEL COMPOUNDS 18 310 25 25 0 725
PHENOL 210 210 0 104 23 61 21 37
POLYCYCLIC AROMATIC COMPOUNDS 6.8 7.7 0.5 3.2 3.0 15.0 0.6 4.7 0.1 91.0
TETRACHLOROETHYLENE 2600 23 77 0 20000 0 52 2588
TOLUENE 8100 6000 4272 2516 3500 5700 2000 7000 10083 6365
XYLENE (MIXED ISOMERS) 9600 4400 4288 5696 4200 4200 2300 2800 11423 2282
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Health Risk Assessments

Table 0-5 shows the health risk values approved by the California Office of
Environmental Health Hazard Assessment (OEHHA) as of February 25, 2013 for toxic air
contaminants that are commonly associated with refinery emissions. By comparison, the unit risk
factor for diesel exhaust is 3.0 E-4 pg/m°. The table includes all cancer potency values and
noncancer acute, 8-hour, and chronic Reference Exposure Levels (RELs) that are available for
use in the AB 2588 Air Toxics "Hot Spots” Program. The most current acute and chronic health
values should be used for the development of a facility health risk assessment.

The BAAQMD conducted a risk assessment for refinery emissions as part of the
reformulated gasoline requirements in the 1990s. The results of this assessment are shown in
Table 0-6. Health risk results for the maximally exposed individual (MEI) have been adjusted
for changes in OEHHA health effects values (as of March 2012). The health risk impact for each
TAC calculated specifically for the MEI location were scaled by the ratios of the current and
previous health effect values. A recalculation of the health risk impacts using the updated health
risk values for all receptor locations may result in a change in the MEI location and a change in
the corresponding maximum risk values. This also doesn’t take into account any changes in the
facility’s operations since the Facility-wide HRA was prepared. TACs of most concern include
benzene, PAH, hexavalent chromium and 1,3-butadiene for cancer risk and nickel, H,S,
formaldehyde for acute risk.
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Table 0-5. OEHAA health risk values as of February 25, 2013.

Derived Residential Chronic HI for 0.02 g/s

Derived Residential Cancer Risk for 0.02 g/s deposition deposition
Oral Potency Viother's Tnhalation Maximum
Value| Dermal Unit| Soil Unit Risk|Milk Unit Risk Unit Risk Total Unit Chronic Pathway|

(mg/kg/day)-| Risk Factor Factor Factor Factor| Risk Factor Inhalation| ChronicOral| 1/Chronic HI
TAC 1 (ug/m3)-1 (ug/m3)-1 (ug/m3)-1 (ug/m3)-1 (ug/m3)-1 (ug/m3)| (mg/kg/day) (ug/m3)|  AELug/m3
1, 3- butadiene 1.70E-04 2.00E+01
Acetaldehyde 2.70E-06 1.40E+02 4.70E+02
Acrolein 3.50E-01 2.50E+00]
Ammonia 2.00E+02 3.20E+03
Arsenic 1.50E+00| 8.32E-03 4.05E-03 0.00E+00 3.48E-03 1.59E-02 1.50E-02 3.50E-06) 3.97E-04] 2.00E-01
Benzene 2.90E-05 6.00E+01 1.30E+03
Beryllium na 2.40E-03 7.00E-03 2.00E-03 6.99E-03
Bromine na na na na
Cadmium 4.20E-03 2.00E-02 5.00E-04 1.79E-02
Chlorine 2.00E-01 2.10E+02
Chlorobenzene 1.00E+03
Chromium, Hexavalent na 1.50E-01 2.00E-01 2.00E-02 2.00E-01
Copper na 1.00E+02
Cresols 6.00E+02
Ethylbenzene 2.50E-06 2.00E+03
Ethylene Dibromide 7.10E-05 8.00E-01
Ethylene Dichloride 2.10E-05 4.00E+02
Formaldehyde 6.00E-06 9.00E+00 5.50E+01
Hexane 7.00E+03
Hydrochloric Acid 9.00E+00 2.10E+03|
Hydrogen Cyanide 9.00E+00 3.40E+02
Hydrogen Sulfide 1.00E+01 4.20E+01
Lead 8.50E-03 6.96E-07 2.29E-05 0.00E+00 1.22E-05 3.58E-05] na na
Manganese 9.00E-02
Mercury 3.00E-02 1.60E-04 7.09E-03 6.00E-01
Methanol 4.00E+03 2.80E+04]
Methyl ethyl ketone na 1.30E+04]
Methyl tertiary butyl ether 2.60E-07 8.00E+03
Methylene chloride 1.00E-06 4.00E+02 1.40E+04]
Naphthalene 3.40E-05 9.00E+00
Nickel 2.60E-04 1.40E-02 1.10E-02 1.40E-02 2.00E-01
Nickel Carbonyl (must adjust emissions for Ni portion only) 2.60E-04 1.40E-02 1.10E-02 1.40E-02 2.00E-01
Nitrogen Dioxide 4.70E+02
PAHs (as BaP) 1.15E+01 1.35E-02 2.02E-03 0.00E+00! 1.01E-03 1.65E-02 na
Perchloroethylene 5.90E-06 3.50E+01 2.00E+04]
Phenol 2.00E+02 5.80E+03
Selenium 2.00E+01
Styrene 9.00E+02 2.10E+04]
Sulfur Dioxide 6.60E+02
Toluene 3.00E+02 3.70E+04
Xylenes 7.00E+02 2.20E+04]
Zinc na na na
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Table 0-6. Facility-wide HRA conducted by the BAAQMD for the reformulated gasoline project (BAAQMD, 1993).

Facility Chevron Shell Valero Phillips 66
(1993 HRA MEI) (1998 HRA MEI) (Exxon, 1993 HRA MEI) (Unocal, 1991 HRA MEI)
# of TACs reviewed in HRA 29 34 25 15
TAC % TAC % TAC %) TAC %
Adjusted | contribution to Adjusted | contribution to Adjusted | contribution to Adjusted | contribution to
Toxic Air Contaminant Cancer Risk Cancer risk|| Cancer Risk Cancer risk| Cancer Risk Cancer risk| Cancer Risk Cancer risk|
Benzene 5.9E-06 77.3% 5.7E-06 82.3% 8.0E-07 40.6% 2.1E-06 40.4%
PAHs (as BaP) 8.2E-07 10.7% 3.5E-07 5.0%) 8.1E-07 41.0% 2.0E-06 38.4%
Chromium, Hexavalent 2.1E-07 2.8% 4.2E-07 6.1% 3.1E-07 15.8% 8.9E-07 17.1%
1, 3- butadiene 3.2E-07 4.2% 2.0E-07 2.9% 1.7E-11 0.0% NA
Perchloroethylene 1.6E-07 2.1% NA NA NA
Arsenic 3.1E-08 0.4% 1.4E-07 2.1% 3.8E-08 2.0% 9.4E-08 1.8%)
Cadmium 2.6E-08 0.3% 9.1E-08 1.3% 4.5E-09 0.2% 1.1E-07 2.2%
Remaining TACs 1.6E-07 2.1% 2.6E-08 0.4% 8.5E-09 0.4% 7.2E-09 0.1%
Total 7.6E-06 100.0%, 6.9E-06 100.0% 2.0E-06 100.0% 5.2E-06 100.0%
TAC % TAC % TAC %) TAC %
Adjusted | contribution to Adjusted | contribution to Adjusted| contribution to Adjusted| contribution to
Toxic Air Contaminant Acute HI Acute Hi Acute HI Acute HI Acute HI Acute HI Acute HI Acute HI
Nickel 1.6E+00 65% 1.4E-02 2.9% 2.4E-03 1.2%) NA
Hydrogen Sulfide 6.7E-01 28% 4.6E-01 96.2% 3.3E-03 1.7%) 4.0E-03 3.37%
Formaldehyde 3.5E-02 1.4%| 1.5E-03 0.3% 2.8E-03 1.4%) 1.2E-01 96.6%
Sulfur Dioxide NA NA 1.8E-01 90%) NA
Mercury 1.2E-01 4.9% 3.8E-04 0.1% 2.5E-04 0.1% NA
Remaining TACs 3.0E-02 1.2%| 2.3E-03 0.5% 1.1E-02 5.6% 0.0E+00 0.0%
Total 2.4E+00 100.0%, 4.8E-01 100.0% 2.0E-01 100.0% 1.2E-01 100.0%
TAC % TAC % TAC %) TAC %)
Adjusted | contribution to Adjusted | contribution to Adjusted| contribution to Adjusted| contribution to
Toxic Air Contaminant Chronic HI ChronicHI| Chronic HI ChronicHIf  Chronic HI ChronicHI| Chronic HI Chronic HI
Mercury 1.2E-01 60% 6.8E-03 3.9%) 1.7E-03 4.7%| 3.8E-03 16.4%
Hydrogen Sulfide 5.5E-04 0.3% 4.5E-02 26%| 5.5E-05 0.2% 1.9E-06 0.0%
Naphthalene 1.7E-02 8.6% 3.0E-02 17% 8.7E-05 0.2% NA
Arsenic 1.4E-02 7.0% 5.5E-02 32%) 2.8E-02 76%) 1.5E-02 64.2%
Nickel 2.1E-02 11% 6.9E-03 4.0%) 4.6E-04 1.3%) 7.9E-04 3.4%
Cadmium 6.7E-03 3.4% 1.8E-02 10% 1.9E-03 5.3% 1.5E-03 6.5%
Manganese 1.2E-02 5.8% 2.6E-04 0.2% 1.7E-04 0.5% 5.1E-04 2.2%
Remaining TACs 8.9E-03 4.5% 1.0E-02 6.0%) 4.2E-03 11.7% 1.7E-03 7.2%
Total 2.0E-01 100.0%| 1.7E-01 100.0% 3.6E-02 100.0% 2.3E-02 100.0%
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REVIEW OF EXISTING AIR QUALITY MONITORING NEAR REFINERIES

Air quality monitoring at and near the five refineries in the Bay Area include the
permanent and special purpose air quality monitoring stations operated by the BAAQMD, and
the ground-level monitors (GLM) that the refineries are required to operate as part of their permit
to operate. Additionally, the Phillips 66 (formerly Conoco Phillips) Rodeo Refinery and Chevron
Richmond Refinery are conducting additional fence line monitoring as part of an agreement with
the local communities. This section describes and summarizes the data from these measurement
programs and evaluates the adequacy of the existing monitoring for determining the impacts of
refinery emissions to air quality in nearby residential communities.

Criteria Pollutant and Air Toxics Monitoring by the BAAQMD

Ambient concentrations of criteria pollutants are routinely monitored in urban areas
throughout the country to determine compliance with National Ambient Air Quality Standards.
The National Air Monitoring Stations (NAMS) were established to ensure a long term national
network for urban area-oriented ambient monitoring and to provide a systematic, consistent
database for air quality comparisons and trend analysis. NAMS was replaced by the National
Core (NCore) network, which began in January 1, 2011 with 80 sites; 63 urban sites and 17 rural
sites. NCore is a multi-pollutant network that integrates several advanced measurement systems
for particles, pollutant gases and meteorology.

The State and Local Air Monitoring Stations (SLAMS) allow state and local governments
to develop networks tailored to their immediate monitoring needs. Special purpose monitors
(SPM) fulfill very specific or short-term monitoring goals and are typically used as source-
oriented monitors rather than monitors which reflect the overall urban air quality. Photochemical
Assessment Monitoring Stations (PAMS) are a specialized subset of SLAMS sites that collect
data on certain volatile organic compounds and carbonyl compounds (aldehydes and ketones) in
ozone nonatttainment areas. EPA has also developed additional specialized subsets for special
purposes, such as the Chemical Speciation Network (CSN) and National Air Toxic Trends
Stations (NATTS) discussed below.

Although the Clean Air Act does not require a national air toxics monitoring network,
many areas began sampling and analyzing ambient air samples for air toxics. Many of the high-
population states and local areas implemented their own air toxic monitoring programs including
California and the San Francisco Bay Area. Such s network was put in place by the BAAQMD in
1986. The EPA initiated a technical and laboratory analytical support program in 1988 to support
emerging needs for information regarding ambient levels of organic toxic species in ambient air.
This urban air toxic monitoring program (UATMP) supports the year-round collection and
analysis of a 24-hour canister sample every 12 days. EPA established the NATTS beginning in
1999 to provide long-term monitoring data for certain priority HAP across representative areas
of the country in order to establish overall trends for these pollutants. As of 2004, EPA had
established 23 NATTS in 22 cities. The national network is a subset of over 300 ambient air
toxics monitoring stations that have been established nationwide by State and local agencies. The
NCore monitoring station in San Jose (Jackson) is one of the NATTS.

EPA also established the CSN network to monitor and gather data on the chemical
makeup of PM 5 (selected ions, metals, carbon species, and organic compounds) and to establish
the relationships between PM concentrations and public health impacts. The CSN (formerly the



Speciation Trends Network) was initiated by EPA in 2000. The CSN consists of 54 long-term
trends sites and approximately 185 supplemental sites. These sites are existing NCore and
SLAMS sites across the Nation. The BAAQMD air monitoring station in San Jose is also a CSN
as well as an NCore and NATTS site.

Routine Air Quality Monitoring Programs in the Bay Area

There are 27 air quality monitoring stations in the San Francisco Bay Area, 26 operated by the
BAAQMD and one operated by the California Air Resources Board (ARB). Twenty-three of the
27 stations are classified by EPA as SLAMS that are permanently sited. The remaining four are
classified as SPM stations in Crockett, Fort Cronkhite, Cupertino and Patterson Pass. The
BAAQMD also performs air monitoring as part the NATTS Program, the National Core (NCore)
Program, the PAMS Program, and the PM,s CSN Program. Table 0-7 lists the locations and
parameters measured at air quality monitoring stations in the Bay Area. The green highlights in
the Table indicate the eight monitoring stations that located within communities that are near the
five refineries. Five of the monitoring sites (Martinez, Point Richmond, Richmond 7™, Rodeo
and Crockett) are intended to determine source impacts near the refineries. Three sites (Concord,
San Pablo, and Vallejo) characterize the pollutant concentrations in nearby urban areas. The map
in Figure 0-1 shows the locations of the eight BAAQMD monitoring stations (blue dots) and the
refinery GLM sites (yellow circles and triangles). The five refineries are shown on the map in
yellow strips and the white crosshatch show the populated urban areas of Contra Costa and
Solano Counties. Color-coded bars indicate the parameters measured at each of the BAAQMD
monitoring stations.

Figure 0-2 and Figure 0-3 show that, with the exception of Crockett, there are no
communities located downwind of the refineries during typical wind patterns.

The BAAQMD operates 18 air toxics monitoring sites. Locations are at existing SLAMS
and SPM monitoring stations and are generally in major population centers or downwind of
major industrial sources such as refineries. Air samples are collected for a 24 hour period on a 1-
in-12 day schedule except at special study sites such as Cupertino and San Jose where sampling
is on a 1-in-6 day schedule. Gaseous (VOC) toxics are collected in 6-liter SUMMA stainless
steel canisters using Xontech 910 samplers and analyzed by gas chromatography with
photoionization and electron capture detectors. Samples taken after January 1, 2012 were
analyzed using gas chromatography and mass spectrometry.

Summary of Existing Ambient Air Quality Data

The most complete extensively monitored pollutant of interest is SO,, for which hourly
measurements are recorded continuously at 9 sites (not including the GLM sites) to track
compliance with the NAAQS. As shown in Figure 0-4, although the 99" percentile SO,
concentrations were higher at sites in communities near refineries than in San Jose, the
regulatory values measured were less than 10% of the primary and secondary standards at all
sites during 2011 and 2012. Interestingly, the highest mean SO, concentrations occurred at the
San Pablo site in both years although it is located farther from the Chevron refinery than the
Richmond site. Such results illustrate the effect of prevailing wind patterns and the elevation and
buoyancy of pollutant emissions on the locations of greatest impact of refinery emissions.



The charts in Figure 0-5 and Figure 0-6 show the long-term trends in concentrations of
several gaseous HAPS over the last 12 years. The 90™ percentile for each year is plotted, to
represent the high-end of the concentration range and avoid the influence of outlier and below
detection values. A similar decreasing trend is seen for all sites, and the sites in communities
near refineries fall within the range observed at other sites in the Bay Area. Other VOC
compounds (ethylbenzene, o-xylene) were examined for the same time period, however most of
the values were near the limit of detection. Data for toxic metals is much more limited, but
Figure 0-7 indicates that concentrations are uniformly low relative to the OEHA recommended
chronic exposure limit (REL). The spatial distribution of formaldehyde and PAH could not be
evaluated since there are no sites near the refineries monitoring aldehyde or speciated organic
PM concentrations.

Existing Monitoring by Refineries

Ground Level Monitors (GLM) are air-quality monitoring stations that are required in the
permit conditions for certain large industrial facilities such as oil refineries. The facility operates
the monitoring equipment but the Bay Area Air Quality Management District audits and
validates the data.

In July of 1997, The Tosco Oil refinery in Rodeo, CA, USA (now owned by Phillips 66)
completed the installation of its new "fenceline monitoring system". This new monitoring
network, which incorporates ten optical remote sensing devices, is designed to detect and track
concentrations of a wide range of hazardous gases, and to provide early warning to the
surrounding communities in the event of a chemical emergency. Installation of the monitors
came about as part of an agreement reached between the refinery and local community groups in
after a disastrous chemical release which occurred in 1994 (UNOCAL facility at the time). After
this incident, Contra Costa County Health Services required additional air monitoring at the
refinery in conjunction with the refinery’s request for a land use permit. The County required the
refinery to work with community members to design and install a monitoring network that could
simultaneously measure and report toxic air pollutants at the refinery’s fenceline.

The refinery installed three types of open path monitors: FTIR (Fourier transform
infrared), UV (ultra violet), and TDL (tunable diode laser). The monitors sit along both the north
and south fencelines. Each of the monitors operates continuously, delivering data at 5-minute
intervals, 24 hours a day, 7 days a week. One monitoring station also collects meteorological
data, including wind direction. The FTIR measures ammonia, butane, carbon monoxide,
carbonyl sulfide, formaldehyde, methane, nitrous oxide, and ozone. The UV instrument monitors
for BTEX compounds (benzene, ethyl-benzene, toluene, and Xxylene). The TDL monitors
measure for ammonia and hydrogen sulfide. The data are available online at
http://www.ergweb?2.com/fenceline/default.asp. The measurements at the concentrations reported
by the UV and TDL monitors are not sufficiently accurate that Contra Costa County is willing to
report them on this Web site. Current raw data from the fenceline monitors is posted by the
contractor, Argos Scientific, at www.fenceline.org along with messages describing events that
resulted in higher than normal level detection and links to data reports for the past few months.
Based on examination of the limited data available from this website, data for SO, and BTEX are
generally below the 5 ppb LOD and the equipment has been frequently out of service.
Occasional concentration spikes were recorded, but most were determined to be due to
instrument calibration, weather events (fog), or false detections. Overall, it appears that the



http://www.ergweb2.com/fenceline/default.asp
http://www.fenceline.org/

system may be useful for early warning and evaluation of high-level releases and provides
information to the community about routine operation, but is not useful for determining
emissions flux during normal operations.

At the request of the City of Richmond, Chevron has agreed to implement an Air Quality
Monitoring Program in three neighborhoods surrounding the Chevron Richmond Refinery for
two years starting the second quarter of 2013. The locations are North Richmond, Point
Richmond and Atchison Village. Program will include fence line and community monitoring.
Monitoring measurements include: VOC, metals, H,S, PAH, and PM, 5, black carbon, ammonia,
and meteorological data. Fence-line monitors are proposed at the fence lines of each
neighborhood (3 total) and will be operated for a minimum of two years. Fence line
measurements will cover 1000 yards of fence line and measure benzene, toluene, xylene, SO,
H,S and CS,. Fenceline data are now available online at
http://www.fenceline.org/richmond/data.php.



http://www.fenceline.org/richmond/data.php

Table 0-7. Locations and parameters measured at air quality monitoring stations in the San Francisco Bay Area.

PM
PM;o PM, 5 me;als SA;;, TSP lehpth PAMS UFP
STATION ADDRESS City/ZIP 0O, NOx Noy so, CO HC PMio  continious PMas  continuous TOXICS H,S aldehyde PAH BC speciation Lead scatter GC Count
Hayward 3466 LaMesa Dr. 94542 X-S
Livermore 793 Rincon Ave. 94551 X-N X-S X-F X X X X X
Oakland 9925 International Blvd. 94603 X X X X-F X
Oakland 1100 - 21st Street 94607 X X X X X X X
Pt. Richmond 140 W. Richmond Ave. 94801
Martinez 521 Jones St. 94553 X-S X
Crockett End of Kendall Ave. 94525 X-S X
Concord 2956-A Treat Blvd. 94518 X-N X-N X-S X-N X-N (2) X-C X
Richmond 1065 Seventh St. 94801 X-S X
Bethel Island 5551 Bethel Is. Rd. 94511 X-S X-S X-S X-S X-S X
Rodeo 326 Third St. 94572
San Pablo 1865-D Rumrill Blvd. 94806 X-S X-S X-N X-S X X X
San Rafael 534 Fourth St. 94901 X-S X-S X-S X-N X-F X X
Fort Cronkhite Building 1049 94965 X
Napa 2552 Jefferson St. 94558 X-S X-S X-S X-S-C X X
San Francisco 10 Arkansas St. 94107 X-S X-N X-S X-N X- X-P CARB
Redwood City 897 Barron Ave. 94063 X-S X-S X-S X- X X X
Los Gatos 306 University Ave. 95030 X-N
Gilroy 9th & Princevalle Sts. 95020 X-S X-F
San Martin 13030 Murphy Ave. 95046 X-S
San Jose 158 E. Jackson St., Ste. B 95112 X-S X-N X-N X X-S X X X- X-P X-N  X-N X
Vallejo 304 Tuolumne St. 94590 X-S X-S X-S X-S X- X X X
Fairfield 1010 Chadbourne Rd. 94534 X-S
Santa Rosa 837 Fifth St. 95404 X-S X-S X-S X-F X X
Cupertino 22601 Voss Ave. 95014 X X X X X X X X X
Patterson 6500 Patterson Pass Rd 94550 X X X
San Ramon 9885 Alcosta Blvd 94583 X X X
Palo Alto Airport 1925 Embarcadero Road 94303 X
San Carlos Airport 620 Airport Drive 94070 (2) X-C
Reid Hillview Airport 2500 Cunningham Ave 95148 X
TOTAL [21]16 |1 [1ofa3f2] 7 [ 1 [ 3 ] 12 | 18 [3] 3 [1]2] 4 [ 4 | 4 ] 3 ] 4]

Notes: x = parameter monitored; P = parallel sampling with CARB; N = National Air Monitoring Station (NAMS); S = State and Local Air Monitoring Station
(SLAMS); CARB = CARB sampling only; C = collocated; F = FEM BAM.
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Figure 0-1. Locations of active BAAQMD air monitoring sites and refineries in the Bay Area.
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Figure 0-2. Closeup of locations of active air monitoring sites and refineries, showing prevailing wind directions (blue arrows).
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Figure 0-3. Closeup of locations of active air monitoring sites and refineries, showing prevailing wind directions (blue arrows).
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Figure 0-4. Annual statistics for SO, sites in the Bay Area. The primary NAAQS is 75ppb (99"
percentile) and secondary is 500 ppb (maximum 3hr average).
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