May 2017 SCH No. 2014091020

TESORO
LOS ANGELES REFINERY

INTEGRATION AND COMPLIANCE PROJECT

FINAL
ENVIRONMENTAL IMPACT REPORT

VOLUME VII: Appendix G (G1-81 Attachment 24 — Response G1-97.3)

Executive Officer
Wayne Nastri

Deputy Executive Officer
Planning, Rule Development, and Area Sources
Philip Fine, Ph.D.

Assistant Deputy Executive Officer
Planning, Rule Development, and Area Sources
Susan Nakamura

Submitted to:
SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT

Prepared by:
ENVIRONMENTAL AUDIT, INC.

Reviewed by: Jillian Wong, Ph.D. — Planning and Rules Manager
Danny Luong — Senior Enforcement Manager
Tran Vo — Air Quality Analysis and Compliance Supervisor
Sam Wang — Air Quality Specialist
Barbara Baird — Chief Deputy Counsel
Veera Tyagi — Principal Deputy District Counsel
Cal Enviro Metrics, LLC




[This page intentionally left blank.]



APPENDIX G1: RESPONSE TO COMMENTS

< OF TRA_,V
o S N .

K o) The Pipeline and Hazardous Materials Safety
& '?; Administration
E 3 1200 New Jersey Avenue, SE
a =z Washington, DC 20590
'C,-'% Qf www.phmsa.dot.gov

e &

&
STares of P

Safety Alert -- January 2, 2014

Preliminary Guidance from OPERATION CLASSIFICATION

The Pipeline and Hazardous Materials Safety Administration (PHMSA) is issuing this safety
alert to notify the general public, emergency responders and shippers and carriers that recent
derailments and resulting fires indicate that the type of crude oil being transported from the
Bakken region may be more flammable than traditional heavy crude oil.

Based upon preliminary inspections conducted after recent rail derailments in North Dakota,
Alabama and Lac-Megantic, Quebec involving Bakken crude oil, PHMSA is reinforcing the
requirement to properly test, characterize, classify, and where appropriate sufficiently degasify
hazardous materials prior to and during transportation. This advisory is a follow-up to the
PHMSA and Federal Railroad Administration (FRA) joint safety advisory published November
20,2013 [78 FR 69745]. As stated in the November Safety Advisory, it is imperative that
offerors properly classify and describe hazardous materials being offered for transportation. 49
CFR 173.22. As part of this process, offerors must ensure that all potential hazards of the
materials are properly characterized.

Proper characterization will identify properties that could affect the integrity of the packaging or
present additional hazards, such as corrosivity, sulfur content, and dissolved gas content. These
characteristics may also affect classification. PHMSA stresses to offerors the importance of
appropriate classification and packing group (PG) assignment of crude oil shipments, whether
the shipment is in a cargo tank, rail tank car or other mode of transportation. Emergency
responders should remember that light sweet crude oil, such as that coming from the Bakken
region, is typically assigned a packing group I or II. The PGs mean that the material’s flashpoint
is below 73 degrees Fahrenheit and, for packing group I materials, the boiling point is below 95
degrees Fahrenheit. This means the materials pose significant fire risk if released from the
package in an accident.

As part of ongoing investigative efforts, PHMSA and FRA initiated “Operation Classification,” a
compliance initiative involving unannounced inspections and testing of crude oil samples to
verify that offerors of the materials have been properly classified and describe the hazardous
materials. Preliminary testing has focused on the classification and packing group assignments
that have been selected and certified by offerors of crude oil. These tests measure some of the
inherent chemical properties of the crude oil collected. Nonetheless, the agencies have found it
necessary to expand the scope of their testing to measure other factors that would affect the
proper characterization and classification of the materials. PHMSA expects to have final test
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results in the near future for the gas content, corrosivity, toxicity, flammability and certain other
characteristics of the Bakken crude oil, which should more clearly inform the proper
characterization of the material.

“Operation Classification” will be an ongoing effort, and PHMSA will continue to collect
samples and measure the characteristics of Bakken crude as well as oil from other locations.
Based on initial field observations, PHMSA expanded the scope of lab testing to include other
factors that affect proper characterization and classification such as Reid Vapor Pressure,
corrosivity, hydrogen sulfide content and composition/concentration of the entrained gases in the
material. The results of this expanded testing will further inform shippers and carriers about how
to ensure that the materials are known and are properly described, classified, and characterized
when being shipped. In addition, understanding any unique hazards of the materials will enable
offerors, carriers, first responders, as well as PHMSA and FRA to identify any appropriate
mitigating measures that need to be taken to ensure the continued safe transportation of these
materials.

PHMSA will share the results of these additional tests with interested parties as they become
available. PHMSA also reminds offerors that the hazardous materials regulations require
offerors of hazardous materials to properly classify and describe the hazardous materials being
offered for transportation. 49 CFR 173.22. Accordingly, offerors should not delay completing
their own tests while PHMSA collects additional information.

For additional information regarding this safety alert, please contact Rick Raksnis, PHMSA Field
Services Division, (202) 366-4455 or E-mail: Richard.Raksnis@dot.gov. For general
information and assistance regarding the safe transport of hazardous materials, contact PHMSA’s
Information Center at 1-800-467-4922 or phmsa.hm-infocenter@dot.gov.
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HYDROCARBON
PROCESSING

COPYING AND DISTRIBUTING ARE PROHIBITED WITHOUT PERMISSION OF THE PUBLISHER

Innovative solutions for processing shale oils
07.01.2013 | Sandu, C., Baker Hughes, Sugar Land, Texas; Wright, B., Baker Hughes, Sugar Land, Texas

New monitoring protocols can provide advance warning of any negative aspects of shale oil
processing, thus enabling the refiner to take corrective measures early.

Keywords: [shale oil] [paraffin] [waxes] [asphaltene

due to their availability and low cost, processing can be more difficult.

The quality of the shale oils is highly variable. These oils can be high in solids with high melting point waxes. The
light paraffinic nature of shale oils can lead to asphaltene destabilization when blended with heavier crudes. These
compositional factors have resulted in cold preheat train fouling, desalter upsets, and fouling of hot preheat
exchangers and furnaces. Problems in transportation and storage, finished-product quality, as well as refinery
corrosion, have also been reported. Operational issues have led to cases of reduced throughput and crude unit
shutdowns. The problems encountered with shale oil processing and possible prediction and control strategies will
be presented.

NEW RESOURCES

The production of shale gas and oils has increased rapidly due to significant advancements in drilling technology
and hydraulic fracturing. Coupling chemical treatments to the mechanical drilling capabilities has enabled
increased production efficiency.

In September 2012, shale oil production was reported to be nearly 1 million bpd (1 MMbpd). The most prolific
production locations are in North Dakota (Bakken), Texas (Eagle Ford), Ohio, Pennsylvania (Marcellus and Utica),
Colorado, Kansas, Nebraska and Wyoming (Niobrara). Other locations identified for probable shale oil production
are in New Mexico, Oklahoma and Utah. By 2020, production will be at least 10 MMbpd, based on expanded

drilling activity, as shown in Fig. 1." The predictions are largely dependent on the volatility of oil prices, technical
advancements, capital expenditure, infrastructure needs, and challenges associated with the processing of these
abundant resources.

http://www.hydrocarbonprocessing.com/Article/3223989/Innovative-solutions-for-processi... 10/8/2013
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Fig. 1. Forecast prediction of
US oil production. Source: EIA.

The properties of shale oils are significantly different than typical crude oils. As a result, a series of challenges needs
to be solved to ensure uninterrupted transportation and refining of shale oils. The main challenges encountered
with these feed streams will be discussed, including issues in storage, transportation, re
quality.

PHYSICAL AND CHEMICAL CHARACTERISTICS

Unlike most crude oils, shale oils are light, sweet oils, with a high paraffinic content and low acidity. They also have
minimal asphaltenic content phase and varying contents of filterable solids, hydrogen sulfide (H-S) and
mercaptans. Table 1 is a comparison of the oil characteristics typical for shale oil, and it includes data for Eagle
Ford and Bakken shale oils.” There are significant differences in the sulfur content and the filterable solids loading.
In addition, the streams from a shale oil production region can have significant variability, as shown in Fig. 2.
These were shale oil samples from one field, with colors ranging from pale amber to black.

TABLE 1. Eaale Ford and Bakken shale oil property comparisan

Parameter Eagle Ford Bakken
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http://www.hydrocarbonprocessing.com/Article/3223989/Innovative-solutions-for-processi... 10/8/2013
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|
Sample 1 Sample 2 Samphe 3

Fig. 2. Color variation of Eagle Ford shale oil.

Solids loading of samples from a single producing region can be highly variable and associated with the stage of
fracturing and production from which the oil is produced. Table 2 shows typical analytical results on the three
shale oil samples from Fig. 1. Filterable solids ranged from 176 pounds per thousand barrels (PTB) to 295 PTB.

TABLE 2. Physical properties of Eagle Ford shale oll samples

Parameter Yellow Red Black
;\Pll . 5;5 -dld.{; 5..'-*3
T}\N.g.}éﬂH.f'f._.; - |.'I.|:I‘5l o.or -:-I'.\.IZ;E
Sulfur, wi¥ <02 =02 <02
Ha, ppmi 1 1.6 1.6
K. ppm 03 a4 05
Mg, ppm L] 29 L}
Ca.ppm 26 28 1B
J‘..‘i.ﬂh:'l'ltﬁf;ﬁ. Wil 8] Qo al
Resin, wi 05 12 1.6
Fli rEraI:;Ir:- solids, FTE 176 245 275

Paraffin. The paraffin content of shale oil is one of the main properties that contributes to downstream problems
from transportation and storage to refinery processing. Analyses of one batch of shale oil revealed paraffin chains
containing well over 50 carbons. Similar paraffin analyses have been observed from multiple shale oils. To
understand fouling due to wax deposition, a carbon-chain profile analysis should be performed to document the
molecular-weight distribution (MWD) and the melting points of the waxes in the system. Fig. 3 illustrates the
characterization of waxes from Eagle Ford and Bakken oil samples. Some samples of Eagle Ford shale oil contain
over 70 carbon paraffins.

Paratfin distribution, % mass

http://www.hydrocarbonprocessing.com/Article/3223989/Innovative-solutions-for-processi... 10/8/2013
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Fig. 3. Paraffin chain distribution
for Bakken and Eagle Ford shale oils.

Due to their paraffinic nature, mixing shale oil with asphaltenic oil leads to destabilization of the asphaltene cores.
Asphaltenes are polar compounds that influence emulsion stability. Once the asphaltenes destabilize, they can
agglomerate, leading to larger macro-molecules. On hot surfaces, agglomerated asphaltenes easily crack or
dehydrogenate and gradually form coke-like deposits.

Several shale oil production locations have high H.S loading. To ensure worker safety, scavengers are often used to
reduce H,S concentrations. The scavengers are often amine-based products-—methyl triazine, for instance—that

are converted into mono-ethanolamine (MEA) in the crude distillation unit (CDU). Unfortunately, these amines
contribute to corrosion problems in the CDU. Once MEA forms, it rapidly reacts with chlorine to form chloride
salts. These salts lose solubility in the hydrocarbon phase and become solids at the processing temperatures of the
atmospheric CD towers and form deposits on the trays or overhead system. The deposits are hygroscopic, and, once
water is absorbed, the deposits become very corrosive. These physical properties are responsible for the problems

that are being experienced by refineries handling shale oils.
Extraction and production

The challenges associated with the production of shale oils are a function of their compositional complexities and
the varied geological formations where they are found. These oils are light, but they are very waxy and reside in oil-
wet formations. These properties create some of the main difficulties associated with shale oil extraction. Such
problems include scale formation, salt deposition, paraffin wax deposits, destabilized asphaltenes, corrosion and
bacteria growth. Multi-component chemical additives are added to the stimulation fluid to control these problems.

Shale oils are characterized by low-asphaltenic content, low-sulfur content and a significant MWD of the paraffinic
wax content. Paraffin carbon chains of C10 to C60 have been found, with some shale oils containing carbon chains
up to C72. To control deposition and plugging in formations due to paraffins, the dispersants are commonly used.
In upstream applications, these paraffin dispersants are applied as part of multifunctional additive packages where
asphaltene stability and corrosion control are also addressed simultaneously.

Scale deposits of calcite, carbonates and silicates must be controlled during production or plugging problems arise.
A wide range of scale additives is available. These additives can be highly effective when selected appropriately.
Depending on the nature of the well and the operational conditions, a specific chemistry is recommended or blends
of products are used to address scale deposition.

Storage and transportation

Another challenge encountered with shale oil is the transportation infrastructure. Rapid distribution of shale oils to
the refineries is necessary to maintain consistent plant throughput. Some pipelines are in use, and additional
pipelines are being constructed to provide consistent supply. During the interim, barges and railcars are being
used, along with a significant expansion in trucking to bring the various shale oils to the refineries. Eagle Ford
production is estimated to increase by a factor of 6—from 350,000 bpd to nearly 2 MMbpd by 2017; more reliable

other shale oil production fields.

The paraffin content of the shale oils is impacting all transportation systems. Wax deposits have been found to coat
the walls of railroad tank cars, barges and trucks. Waxy deposits in pipelines regularly require pigging to maintain
full throughput. Bakken shale oil is typically transported in railcar, although pipeline expansion projects are in
progress to accommodate the long-term need. These railcars require regular steaming and cleaning for reuse.
Similar deposits are being encountered in trucks being used for shale oil transportation. The wax deposits also
create problems in transferring the shale oils to refinery tankage. Fig. 4 shows samples of deposited wax collected

http://www.hydrocarbonprocessing.com/Article/3223989/Innovative-solutions-for-processi... 10/8/2013
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from pigged pipelines in shale oil service.

Fig. 4. Waxy deposits removed
from shale oil pipelines.

Multiple chemical and mechanical solutions are used to mitigate these deposit problems. A combination of
chemical-additive treatment solutions involving paraffin dispersants and flow drag-reducer technologies has
proven to be effective in pipeline applications. Wax dispersants and wash solvents have been used to clean
transportation tanks and refinery storage vessels. In the case of pipeline fouling management, a combination of
these technologies, coupled with frequent pigging, are the main means to mitigate wax deposition. Preventive
fouling control programs have been developed to manage the wax deposition occurring in storage tanks. By
injecting the proper chemical treatment to control wax buildup in storage tanks, the production field and refinery
can handle and transfer larger quantities of oil without significant plugging issues.

One other problem encountered in storing and transporting shale oils is the concentrations of light ends that
accumulate in the vapor spaces, requiring increased safety and relief systems. Shipping Bakken crude via barges
was challenged by the increased levels of volatile organic compounds (VOCs). Vapor-control systems should be
used to ensure a safe environment.

Due to the paraffinic nature of shale oils and their lack of heavy bottoms, most refineries mix crude oil with the
shale oil. Unfortunately, the shale oils have low aromatic content, so mixing with conventional crude oil often leads
to asphaltene destabilization. If blended oils are transported, the deposits can consist of waxes and precipitated
asphaltenes. Dispersants specifically designed for both hydrocarbon types can control deposit formation during
transportation. Until a proper transportation infrastructure is built, significant variation of shale oil shipments and
potential for contamination are still possible. Refineries are already experiencing the impact of the quality variation
of shale oil feeds, and of processing challenges.

REFINERY IMPACTS

Due to the variation in solids loading and their paraffinic nature, processing shale oils in refinery operations offers
several challenges. Problems can be found from the tank farm to the desalter, preheat exchangers and furnace, and
adding to the sludge layer in the tank bottoms. Waxes crystalize and settle or coat the tank walls, thus reducing
storage capacity. Waxes will stabilize emulsions and suspend solids in the storage tanks, leading to slugs of sludge
entering the CDU. Waxes will also coat the transfer piping, resulting in increased pressure drop and hydraulic
restrictions.

Mixing asphaltenic crude with paraffinic shale oils leads to asphaltene destabilization that contributes to stable
emulsions and sludge formation. To control these problems, wax-crystal modifiers or paraffin dispersants can be
applied successfully. Wax-crystal modifiers must be added when the shale oil is still hot from the formation. When

http://www.hydrocarbonprocessing.com/Article/3223989/Innovative-solutions-for-processi... 10/8/2013
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the paraffins begin to leave the liquid phase, wax modifiers are ineffective, and paraffin dispersants are required to
control deposition.

Desalter operations may suffer from issues related to the shale oil properties. Solids loading can be highly variable,
leading to large shifts in solids removal performance. Sludge layers from the tank farm may cause severe upsets,
including growth of stable emulsion bands and intermittent increases of oil in the brine water. Agglomerated
asphaltenes can enter from storage tanks or can flocculate in the desalter rag layer, leading to oil slugs in the
effluent brine.

Solutions include using tank farm additives to control the formation of sludge layers, along with specially designed
asphaltene dispersants and aggressive desalter treatments to ensure optimum operation. Pretreatment, coupled
with high-performance desalter programs, have provided the best overall desalter performance and desalted crude
quality; multiple treatment options for both areas can ensure maximum performance. Fig. 5 is an example of
applying a tank pretreatment. A crude-oil tank treatment program was initiated that broke waxy emulsions in
tankage, enabling improved water resolution of the raw crude oil and minimizing sludge and solids entering the
desalter. This program provided significant improvement of solids released into the desalter brine water compared
to previous operations. Prior to initiating the pretreatment program, solids in the brine averaged 29 PTB, and the
emulsion band control was sporadic. After the tank pretreatment program started, the desalter emulsion band
could be controlled with the emulsion breaker program, and solids removal to the brine water increased by a factor
of 8 to an average of 218 PTB.

Hverage 206 PTB hverage 2119 PTE I

=

Brine water filterable solids, FTR

Fig. 5. Tank pretreatment impact
on desalter filterable solids.

Preheat exchanger fouling has been observed in the cold train before the desalters and in the hot train after the
desalters. Cold train fouling results from the deposition of insoluble paraffinic hydrocarbons, coupled with
agglomerated inorganic solids. Solutions to cold train exchanger fouling include the addition of wax dispersants
and other oil management best practices to ensure consistent solids loading with minimum sludge processing.*
Crude oil management can include additives to stabilize asphaltenes and surfactants that resolve emulsions and

improve water separation.” These practices also include proactive asphaltene stability testing to ensure that the

crude blends to be processed retain an acceptable compatibility level.

Hot train fouling occurs from destabilized asphaltenes that agglomerate and form deposits. These materials entrain
inorganics, such as iron sulfide and sediments from production formations, into the deposit matrix. Some deposits,
including high molecular-weight paraffins, become complex with the asphaltene aggregates. Mixing shale oils with
asphaltenic crude oils results in rapid asphaltene agglomeration. Rapid hot train exchanger fouling has been seen

http://www.hydrocarbonprocessing.com/Article/3223989/Innovative-solutions-for-processi... 10/8/2013
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in units running crude blends with asphaltene concentrations of 1% or less. Table 3 shows the analysis from a hot
exchanger deposit that had to be shut down for cleaning after only a short time online. This hydrogen-to-carbon
ratio is consistent with asphaltenic deposits.

TABLE 3. Hot train exchanger deposit analyses of shale oil

with asphaltenic crudes in wi

H/C

atomic
Sample €C H N O Cl Fe § ratlo Ash Summary
Euxchanoer B2 8B ] 7 1 [ (8 [2] |  Asphalienes
|-crude side
Ewnchanoer | 7 ] 4 ] 1 B 107 3 Asphaltenes
2-rryde side
Euwchanoer & & 1 2 1 T lla 3 Asphalténos
I-crude shls

Feed analyses of the shale oil and crude blend being processed revealed poor stability of the asphaltenes.

Asphaltene stability tests are used to measure the ability of a crude oil blend to hold asphaltenes in solution.? * The

method utilizes light scattering, coupled with automatic titration, to force asphaltene destabilization and
agglomeration.

As titration begins, the oil becomes less opaque and the light intensity increases. When the destabilization point is
reached and the asphaltenes rapidly agglomerate and flocculate, the fluid opacity suddenly increases. Inflection
points on the curve show where asphaltenes become unstable: farther to the right indicates higher stability
asphaltenes, while inflection points farther to the left suggest unstable asphaltenes. Fig. 6 shows asphaltene
stability results for several crude blends, along with a test on Eagle Ford shale oil. An inflection point was not
achieved for the shale oil because it has no asphaltenes to flocculate. Typical crude oils are shown, with asphaltene
stability index (ASI) results around 120. When the shale oil was blended with the typical crude oils at a ratio of
80/20, the measured asphaltene stability result was less than 30, indicating rapid and uncontrollable
destabilization of the asphaltenes.

== Shale ol H
'1 == 1yde fof blending
m === Shale blended with crede
u-"'""_-__..- I

0 0 L L 0o 5
L

Fig. 6. Asphaltene stability index testing
of shale oil and shale oil/crude blends.

If the asphaltenes in the crude blend were not being rapidly destabilized, the asphaltene stability would have been
well above 120. This data shows that mixing certain crude oils with shale oil can result in rapid asphaltene

http://www.hydrocarbonprocessing.com/Article/3223989/Innovative-solutions-for-processi... 10/8/2013
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deposition. New te

y can provide the capability to rapidly perform asphaltene stability measurements onsite

with a high degree of accuracy.®*

Hot-train exchanger fouling can be controlled through antifoulant additives designed to control the agglomeration
and deposition of asphaltenes and entrained inorganic solids. Another fouling control strategy is to do regular
analysis of the stability of the asphaltenes in the crude oil blend under consideration for processing. This
information can guide operations to minimize fouling problems.

CDU atmospheric furnace fouling has also been observed at several refineries processing shale oils, especially those
processing a blend of asphaltenic crude and shale oils. In some cases, the fouling rate was so severe that the crude
unit had to be shut down for furnace pigging. CDU furnace operations with conventional crude oils experience little
to no fouling, and these furnaces can easily run for 5 to 6 years between turnarounds. Fig. 7 shows the rate of
fouling in a unit processing a mixture of shale oil with crude vs. the rate of fouling with more typical crude feeds.

= | [ ‘M
Efiﬂ
280 - "
== Shali ol it cride ol operation
550 || = Typical blesdied crude operation
I I

] 50 Lii) -] 00 50
Days online

Fig. 7. Atmospheric furnace skin
temperature trends.

Depending on the asphaltene stability of the shale oil/crude oil blend, the furnace skin temperatures can climb by
0.5°F/day to 2°F/day vs. more typical operations of 0.1°F or less. To control furnace fouling when processing shale
oils blended with various crude oils, constant monitoring of the asphaltene destabilization potential is required.
Setting a minimum limit on the ASI ensures that the majority of the asphaltenes stay in solution. This limit should
be developed for each unit, based on correlations between the rate of furnace fouling being experienced and the
stability index. Using appropriate antifoulant additives can control agglomeration of asphaltenes and disperse
offending materials into the bulk oil phase.

Shale oils often contain high concentrations of H,S that require treatment with scavengers due to safety purposes.
Amine-based scavengers often decompose as the crude oil is preheated through the hot preheat train and furnace,
forming amine fragments. MEA, one of the most commonly used amines, readily forms an amine-chloride salt in
the atmospheric tower. These salts deposit in the upper sections. Often, under-deposit corrosion is the major cause
of failures in process systems because CDU tower under-salt corrosion rates can be 10 to 100 times faster than a
general acidic attack. Mitigation strategies include controlling chloride to minimize the chloride traffic in the tower
top and overhead, increasing the overhead operating temperature so that the salts move further downstream in the
overhead system, and acidifying the desalter brine water to increase removal of amines into the water phase.

Finished fuels

The quality of the finished fuels from refining shale oils has changed significantly. As the shale oils have higher
light-ends content, one benefit is increased production of naphtha for gasoline, and stable diesel and jet distillates.
These increased volumes can boost refinery margins. However, due to the chemical nature of these shale oil feeds,

http://www.hydrocarbonprocessing.com/Article/3223989/Innovative-solutions-for-processi... 10/8/2013
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several challenges can be encountered. The streams are more paraffinic—thus, they suffer from poor pour and
cloud-point properties. In addition, shale oils are lower in sulfur content, so the need for lubricity additives is
anticipated. Effective additives can be used to improve all distillate stream properties. Conductivity can also be off-
spec; a combination of lubricity/conductivity improvers can raise the quality of the distillate. To optimize chemical
treatment program, testing on specific product streams is required and suitable product selection should be
customized. Table 4 summarizes the main issues identified for different distillate cuts that a refiner can experience
as well as chemical and mechanical solutions that can mitigate these challenges.

TABLE 4. Possible problems and =olutions for finlshed Tuels

fram shale-oll processing

Distillala Challenga Salutions

Light ends (C~-C,}  Copper stnp comosion  Corrasion inlibitars

Naphtha \Wator shedding, Carrosian inhibitars,
COFTSGn microblal control

bt fuled Lusricity, conductivity, Varous lubncity adaitives
water shedding. filtration devices, dry
statlity salid systems, microbial

contral

Desel Lubricity, conductivity, Vanous lubricity
stability, water additives, de<hazers,
shidding microbial control

Resstual fusd ol Asphaltens instability,  Blending and
UM Heposits compatibility monitoring

Asphaltene statwlizers

Paratfin dispersants

Preparing to process shale oils. The risks that shale oils present can be successfully managed. The first step is to
identify the onset of all concerns. To be prepared for processing shale oils, monitoring protocols can provide
advance warning of any negative aspects of shale oil processing and the impacts on product quality, thus enabling
the refiner to take corrective measures early. HP
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Please read our Term and Conditions and Privacy Policy before using the site. All material subject to strictly
enforced copyright laws.
© 2013 Hydrocarbon Processing. © 2011 Gulf Publishing Company.
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Safety Alert -- January 2, 2014

Preliminary Guidance from OPERATION CLASSIFICATION

The Pipeline and Hazardous Materials Safety Administration (PHMSA) is issuing this safety
alert to notify the general public, emergency responders and shippers and carriers that recent
derailments and resulting fires indicate that the type of crude oil being transported from the
Bakken region may be more flammable than traditional heavy crude oil.

Based upon preliminary inspections conducted after recent rail derailments in North Dakota,
Alabama and Lac-Megantic, Quebec involving Bakken crude oil, PHMSA is reinforcing the
requirement to properly test, characterize, classify, and where appropriate sufficiently degasify
hazardous materials prior to and during transportation. This advisory is a follow-up to the
PHMSA and Federal Railroad Administration (FRA) joint safety advisory published November
20,2013 [78 FR 69745]. As stated in the November Safety Advisory, it is imperative that
offerors properly classify and describe hazardous materials being offered for transportation. 49
CFR 173.22. As part of this process, offerors must ensure that all potential hazards of the
materials are properly characterized.

Proper characterization will identify properties that could affect the integrity of the packaging or
present additional hazards, such as corrosivity, sulfur content, and dissolved gas content. These
characteristics may also affect classification. PHMSA stresses to offerors the importance of
appropriate classification and packing group (PG) assignment of crude oil shipments, whether
the shipment is in a cargo tank, rail tank car or other mode of transportation. Emergency
responders should remember that light sweet crude oil, such as that coming from the Bakken
region, is typically assigned a packing group I or II. The PGs mean that the material’s flashpoint
is below 73 degrees Fahrenheit and, for packing group I materials, the boiling point is below 95
degrees Fahrenheit. This means the materials pose significant fire risk if released from the
package in an accident.

As part of ongoing investigative efforts, PHMSA and FRA initiated “Operation Classification,” a
compliance initiative involving unannounced inspections and testing of crude oil samples to
verify that offerors of the materials have been properly classified and describe the hazardous
materials. Preliminary testing has focused on the classification and packing group assignments
that have been selected and certified by offerors of crude oil. These tests measure some of the
inherent chemical properties of the crude oil collected. Nonetheless, the agencies have found it
necessary to expand the scope of their testing to measure other factors that would affect the
proper characterization and classification of the materials. PHMSA expects to have final test
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results in the near future for the gas content, corrosivity, toxicity, flammability and certain other
characteristics of the Bakken crude oil, which should more clearly inform the proper
characterization of the material.

“Operation Classification” will be an ongoing effort, and PHMSA will continue to collect
samples and measure the characteristics of Bakken crude as well as oil from other locations.
Based on initial field observations, PHMSA expanded the scope of lab testing to include other
factors that affect proper characterization and classification such as Reid Vapor Pressure,
corrosivity, hydrogen sulfide content and composition/concentration of the entrained gases in the
material. The results of this expanded testing will further inform shippers and carriers about how
to ensure that the materials are known and are properly described, classified, and characterized
when being shipped. In addition, understanding any unique hazards of the materials will enable
offerors, carriers, first responders, as well as PHMSA and FRA to identify any appropriate
mitigating measures that need to be taken to ensure the continued safe transportation of these
materials.

PHMSA will share the results of these additional tests with interested parties as they become
available. PHMSA also reminds offerors that the hazardous materials regulations require
offerors of hazardous materials to properly classify and describe the hazardous materials being
offered for transportation. 49 CFR 173.22. Accordingly, offerors should not delay completing
their own tests while PHMSA collects additional information.

For additional information regarding this safety alert, please contact Rick Raksnis, PHMSA Field
Services Division, (202) 366-4455 or E-mail: Richard.Raksnis@dot.gov. For general
information and assistance regarding the safe transport of hazardous materials, contact PHMSA’s
Information Center at 1-800-467-4922 or phmsa.hm-infocenter@dot.gov.
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heavy crudes can experience crude . -
distillation problems ﬂRECISE‘

QNNTH KSTEMATIE IRILLINE STETIN

11/18/2002

Refiners will process increasingly heavier crude slates during the next 10 years. A majority will Email
originate from the Orinoco oil belt bitumen upgraders in Venezuela and the Athabasca tar sands

region of northern Alberta. Print
Even blended with lighter crudes, these lower-gravity blends will require crude-unit process flow 1K

scheme and equipment design changes to meet profitability objectives.
Facebook
This article addresses crude distillation unit (CDU) problem areas and identifies specific sections

requiring investment to maintain profitability throughout a 4-5 year run length for refiners processing L] sld, omron.com '
heavy crudes. tskeaontri@omeonaom  (Take Controf)

Twitter
Some heavy crudes are blends of 6-8° API bitumens combined with hydrotreated lighter products
from bitumen upgraders. 0
The blended lighter products that help produce synthetic crudes generally distill in the atmospheric Linkedin
column leaving a very heavy 6-8° API feed to the vacuum unit. CDUs must operate at increased
severity to maintain product cut points and qualities. 0
Heavy crudes are more difficult for the CDU to process. Historically, refiners processing heavier
crudes have had problems maintaining:
1K
« Crude charge rate. Share
+ Product yield and quality.
+ Unit reliability.
-
ConocoPhillips
CDU processing difficulties
Table 1 shows some specific problems refiners face when processing heavy crude blends.
EBMMHN PHUEESS'HG Table 1Heavy crudes have higher viscosities, some have higher salt content,
PH[IBI.EMS several have high naphthenic acid content, and they are all more
difficult to distill than lighter crude blends. Some upgrader crudes
High crude-side pressure drop also have lower thermal stability than conventional crudes and higher
Desalter upsets and poor desalting fouling tendencies due to the increased likelihood of asphaltene
Rapid crude-column condenser corrosion initati
A 5 precipitation.
Crude column naphtha-jet fuel section fouling AHTI FICIAL
Low diesel product yield
Vacuum heater coking Processing difficulties can result from flow schemes and equipment LI FT
xzzgzm 22:32: ?::I‘I':‘% onYeeeton] designs that may have worked well with light crudes, but are not
High vacuum-column operating pressure compatible with the heavy crude gharactenstlcs. Revamps to process SO LUT[ONS
Low HUGO product draw heavy crudes must carefully consider the flow scheme and
temperature equipment design in order to maintain crude charge rate, product
Low HUGO product yield yield and quality, and unit reliability.

High metals feed to the cat feed hydrotreater
General corrosion problems
Click here to enlarge image

Crude blends with gravities <22° API require sufficient cold
exchanger train preheat to achieve efficient desalting, which typically
requires a desalter temperature between 270° and 300° F

The desalter must separate the emulsion into low-salt crude and oil-free water.

With a heavier crude feed, the desalter temperature can decrease by 30° to 40° F., if no additional surface area is
added to the cold exchanger train. The desalted crude's salt content can increase dramatically if the temperature is too
low. Many heavy crudes such as Zuata or Merey can have high salt contents depending on production field operations;
therefore, good desalter performance is critical. Poor cold exchanger train designs often cause low desalter

http://www.ogj.com/articles/print/volume-100/issue-47/special-report/special-report-refine... 10/3/2013
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temperatures, poor salt removal, and periodic upsets that send large quantities of brine to the atmospheric heater and
column.

High chlorides to the atmospheric heater generate large quantities of hydrochloric acid (HCI). Severe fouling in the
crude column's top, rapid fouling and corrosion in the atmospheric condenser system, and severe overhead line
corrosion often reduce crude runs and unit reliability.

Most heavy crudes have higher viscosities, a condition that makes increasing or maintaining crude charge rate a
challenge.

Higher viscosity reduces the crude charge-pump developed head, increases exchanger network pressure drop, and
lowers heat-transfer coefficients throughout the cold preheat train. Crude charge rate, atmospheric column heat
removal, and desalter temperature are all adversely affected.

Many heavy crudes contain more vacuum gas oils. Refiners, therefore, often increase the atmospheric tower bottom
(ATB) product cut point to stay within the vacuum column diameter limits. As ATB cut point increases, however,
vacuum unit feed gets heavier resulting in higher vacuum tower bottoms (VTB) yield.

Increasing the vacuum heater outlet temperature can sometimes offset a higher ATB cut point. But many refiners have
existing heater design problems that prevent a higher outlet temperature without shortening heater run length.
Refiners, therefore, must optimize ATB product cut point to maximize heavy vacuum gas oil (HVGO).

An optimized ATB cut point is about 700° F. for heavy Venezuelan Merey, BCF-17, and Zuata crudes, assuming no
downstream equipment limits.

Most refiners and designers adjust ATB cut point vs. crude heater outlet temperature only.

Other parameters are, however, more effective in adjusting ATB cut point: minimized atmospheric column flash-zone
pressure, minimized percent overflash, and optimized ATB stripping efficiency.

This maximizes diesel recovery and reduces vacuum ejector condensable load, which permits lower vacuum column
operating pressure and helps maintain HVGO product cut point.

Maintaining HVGO cut point is a significant challenge with heavier crude blends. Most refiners lose 40° F. or more in
HVGO product cut point when switching to a heavy crude diet. Maintaining cut point requires a combination of lower
operating pressure, higher heater outlet temperature, reduced flash-zone pressure, lower flash-zone oil partial pressure
(more heater coil steam), and improved VTB stripping. The right combination will be specific to each unit.

The combination of operating variables needed to maintain or increase HVGO cut point is more severe and can lead to
rapid vacuum heater or column coking if the equipment is not carefully designed.

Heavy crudes have much higher microcarbon residue (MCR), asphaltenes, and metals. As mandated refinery gasoline
and diesel pool sulfur specifications take effect, minimizing cat feed hydrotreater (CFHT) feed contaminants becomes
more important.

In some cases, vanadium in the CFHT feed has increased from less than 1 ppm to 5-10 ppm with heavy Venezuelan
crudes.”

High feed-stream contaminants can reduce run length to less than half the planned turnaround interval.

Optimizing the atmospheric column flash-zone and wash section, and the vacuum unit design can reduce CFHT feed
vanadium by 30-40%.

Heavy crude properties

True boiling point (TBP) distillation curve, contaminants (MCR, asphaltenes, and metals) distribution, viscosity, salt

content, and total acid number (TAN) increase CDU operating severity and make heavy crudes inherently more difficult
to process.

Venezuelan heavy crudes include Merey, BCF-17, Zuata, BCF-22, and Laguna Blend 22. US refiners are also
processing large volumes of Mexican Maya crude. Heavy Canadian crudes include Cold Lake blend, Lloydminster
(LLB), and tar sands blends.

Only a few refiners can process these crudes neat.

Other refiners that increase their heavy crude percentage also face many of the same processing challenges.
TBP distillation

Accurate crude TBP curves are essential when CDUs are revamped to process heavy crude feeds. Figs. 1 and 2 show
TBP curves for selected heavy Venezuelan and Canadian crudes.

TBP curves are typically generated from ASTM LAIIN AMERICA HEAVY CRUDES Fig.1
D2892 and D5236 tests. Some refiners now use
high-temperature simulated distillation (HTSD) to 1.500

characterize the whole crude. Significant differences
between the two methods become more pronounced

w
as crude API gravity decreases.? g 1,000
2
]
We found that HTSD curves provide the best g
characterization of product yields in the 650+° F. E 500

portion of the distillation curve.

We reviewed several comprehensive test runs on 0

crude units processing heavy crudes and compared ] 20 40 60 80 100
synthesized whole crude TBP curves generated from Distilled. vol %

product stream HTSDs, whole crude HTSDs, and Click here to enlarge image

crude assay TBP curves generated from ASTM

nﬂﬂﬂ.ﬂl.ﬁ'l HFEAVY [RIINES R 3

http://www.ogj.com/articles/print/volume-100/issue-47/special-report/special-report-refine... 10/3/2013
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""" D2892 and D5236
tests.

= Canadan blend ——Cold Lake  — Lloydminster |

During a CDU
revamp to process
heavy crude, the
designer must
accurately
characterize crude
feed; otherwise,
predicted product
yields, operating
conditions, and

20 i o 80 _Imequiprnent design

may be flawed.
Distilsd, vol %
Click here to enlarge image

Inaccurate feed
characterization of
crude's heavy end has resulted in poor revamp yields and coked vacuum column wash beds.

Whole crude properties

Table 2 shows vanadium, viscosity, and salt content for some heavy crudes. Fig. 3 shows the vanadium distribution
curve for Maya crude.

Some vanadium compounds begin to [:" L| DE EULK PRUFERHES Tatle 2

vaporize at 925-950° F. TBP

temperatures; therefore, HYGO Salt content,
vanadium will rise as cut point Vanadium, Viscosity at Ib/1,000 bbl
increases.3 Crude type pm 100" F, cst [T
Maya 291 a5 [

Improved HVGO fractionation lowers Maray 35 461 40-60

. 4 Zuata 260 ams 81
vanadium for the same TBP cut point. Cold Lake 124 75 o)
A properly designed vacuum unit can Lieydminster (LLB) 100 70 42
reduce HVGO vanadium content by 30- Canadian blend 155 B0 40
50%.

Click here to enlarge image

MAYA VANADIUM DISTRIBUTION anahim comnt oan inorosse
Fig. Zvanadium content can increase for a

1,000.0 poorly designed CDU heavy crude
revamp. High ATB entrainment into
the atmospheric gas oil (AGO) and
high entrainment and poor
fractionation in the vacuum unit
100.0 caused the high CFHT feed
vanadium content.

ATB and VTB produced from Maya
crude will have nearly 550 ppm (wt)

10.0 and 900 ppm (wt) vanadium,

respectively. Operators must

therefore eliminate all crude and

vacuum column entrainment to

1.0 minimize CFHT feed contaminants.

Vanadium, ppm {wt)

Because heavy crudes have more

vacuum gas oils, vacuum column

vapor velocities increase. Poorly

01 distributed vapor entering the wash

50 85 B0 B5 70 75 v} 85 S section creates high localized
velocities that exceed the maximum
Distillad, vol % limit for effective VTB
Click here to enlarge image deentrainment.

Some refiners have seen HYGO MCR and vanadium levels greater CFHT FEED STHEAM VANAD“]M Table3

than 1 wt % and 10 ppm (wt), respectively, when processing 22°

AP gravity crudes. Dasign Actual
vanadium, vanadium,
Well designed flash-zone vapor horn and internals reduce Elzcainy BRI PRI
entrainment; both are critical to minimize CFHT feed contaminants.®  AGQ 10 80
VGO 04 04
HVGO 5.0 8.0

Some heavy crudes require metallurgical upgrades to higher-alloy

materials due to high naphthenic acid (Table 4), high sulfur, and Click here to enlarge image

high crude-
WHDLE TAN NUMBER Table 4 column overhead system chloride levels (Fig. 4). Crudes with a total
acid number (TAN) of 2.4 will produce an HVGO TAN of 3.5 or
Crude type Gravity, APl TAN grcner 67
Mar 22 04
BC 17 25  Metallurgy upgrades are needed for gas oil circuits that operate
Merey 16 12 between 500° and 650° F. Piping and column internal components
E:?éaLaks ;g 1:3 such as beams, packing supports, and tower attachments
Lloydminster (LLB) 19 07 commonly use 317L. Some refiners use 904 stainless steel in the
nadian blend 19 23  vacuum column for cladding and internals because it has a high
Click here to enlarge image molybdenum content, thus making it resistant to naphthenic acid

attack.

Processing tar IETALLURGY UPGAAGES

sands crudes
creates some
unique
challenges.
These crudes

http://www.ogj.com/articles/print/volume-100/issue-47/special-report/special-report-refine...
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can have high
sediment and
clay contents
and some
blends also
have high
viscosity.

Desalter
operations are
more difficult
and there is an
increased
likelihood of
stable emulsion
formation. If
desalter
performance
deteriorates, the Sraser
corrosion rate in Fuel g g
the atmospheric

column

overhead

system may

increase and cause reliability problems.

Lol

Bk P

LILLLIL wsd

Fusell gay
Click here to enlarge image

Maintaining crude charge rate
Revamp process flow schemes must account for the inherent crude hydraulics and preheat dilemma associated with
processing heavy crudes while maintaining unit reliability.

Higher-viscosity heavy crudes reduce the crude-charge-pump developed head and can also increase exchanger
fouling.

Circumventing hydraulic limits to achieve a desired crude feed rate can be expensive; therefore, a revamp must
consider crude hydraulics early in the process to ensure there is sufficient capital to achieve processing objectives.

Crude charge hydraulics are not generally evaluated thoroughly enough until late in detailed engineering when they
can result in scope growth, additional expenditure, or scope rationalization.

Crude charge rate will often decrease if preheat train modifications are not made. With heavy crudes, cold-exchanger-
train heat transfer decreases because there is less heat available from the atmospheric column pumparounds and
products.

These exchangers also have lower heat-transfer coefficients due to higher crude viscosity. Additional cold-train-
exchanger surface area is needed to meet desalter temperatures necessary for efficient desalting.

To lower the cold-train pressure drop at the expense of crude velocity, refiners commonly install new exchangers
parallel to existing exchangers or reduce the exchanger bundle tube passes on existing exchangers.

This approach causes increased exchanger fouling, which decreases heat-transfer coefficients and increases pressure
drop.

For example, cold-train exchangers processing 100% Merey or BCF-17 operate in the laminar flow regime and have
service heat-transfer coefficients as low as 12 btu/hr-sq ft-°F.

LD TRAIM EXCHANGERS

*An alternate
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Click here to enlarge image and sometimes

pump

replacement.

New exchanger bundles are typically designed for higher maximum allowable working pressure (MAWP) to meet cold-
train charge hydraulics. Designers must also evaluate pipe flange and exchanger pressure ratings for the higher head
pumps. Several heavy-crude revamp designs included very little pressure drop available on the desalter pressure-
control valve and crude-heater-pass balancing valves for start-of-run operation.

When exchangers are clean, design crude-charge rates were possible; however, as the exchangers foul, pressure drop
increased and crude rate was reduced.

In some designs, the operator had to open exchanger bypasses to meet design charge rates when the exchangers
fouled. This generally allows a higher crude rate, but it also lowers the temperature at the desalter, reduces
atmospheric-column heat removal, raises atmospheric-column operating pressure, and increases product-rundown
temperatures.
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When revamping a preheat train to process heavy crude, the designer must use accurate viscosities, allow sufficient
pressure drop allowance for fouling, and correct pump head-flow and efficiency curves for viscosity effects.

Product yield, quality

Many heavy crude blends contain less total atmospheric-plus-vacuum-column distillates and more ATB and VTB;
therefore, high recovery of these distillates is important.

A well-designed crude unit can recover more distillates than inadequate process and equipment designs. In one case,
for the same heavy crude a poorly designed flow scheme and equipment flaws yielded 20 vol % atmospheric distillates
and 80 vol % ATB, whereas a proper design yielded about 33 vol % atmospheric distillate and 67 vol % ATB.

Processing heavier crudes can lower diesel product recovery, increase diesel boiling-range material in the CFHT feed,
reduce HVGO recovery, increase CFHT contaminants, and increase <1,000° F. boiling-range material in the coker
feed.

Higher heater temperature, lower atmospheric and vacuum-column operating pressures, lower atmospheric column
c«verﬂash‘8 improved wash-section efficiency, and better ATB-VTB stripping are needed® to maintain product yield and
quality.

Table 5 shows operating changes needed_ to maintain atmospheric UPEHA“HE [:HAHEES Tﬂ Table 5

and vacuum column ATB and VTB cut points. Pnuciss HEA‘JY EH”DES

Heavy crudes are difficult to vaporize in the crude heater alone. Variable M:mm ‘::f::.";
Diesel product cut point may vary 30° to 80° F. due to low diesel-
AGO internal reflux, high column pressure, low pumparound-heat Temperature Higher Higher
removal, high overflash rates, and ineffective stripping section Pressure Lower Lower
performance. Flash-zone oil

partial pressure Lower Lower

Residue stripping

Low diesel recovery causes a high feed rate to the CFHT or FCC efficiency Higher Higher
and may limit refinery crude rate when these units are operating at Click here to enlarge image

maximum capacity.

Because heavy crudes contain vanadium compounds that distill in the HYGO-product boiling range, increasing HVGO-
product cut point will increase metals. The rate of increase is directly related to the process and equipment design.

Efficient VTB stripping lowers HVGO vanadium; yet most vacuum units are designed without VTB stripping. The few
units that include a stripping section have tray efficiencies less than 10-15% due to poor tray design. These stripping
sections can require higher steam rates, which increase condenser and ejector system capital and operating costs.

Reliability

Unit reliability means the unit can meet a targeted run length without significant deterioration in charge rate, product
yield, or product quality. Poor reliability results in unscheduled shutdowns, significantly lower product yields and quality,
or reduced unit charge rates.

Heavy crudes diminish unit reliability due to chronic heater coking,10 condenser corrosion, crude-column tray fouling, or
poor desalter operations.

Correcting these deficiencies requires capital investment; otherwise, realistic run lengths may only be 1-2 years vs. 4-5
years that many refiners target. Refiners must always balance revamp capital investment against run length.

Heavy crude viscosity can cause poor desalter performance. As desalter temperature drops, oil-water separation
becomes problematic and the desalted-crude salt content increases. Some refiners processing heavy crudes have had
to switch from series to parallel desalter operation to eliminate oil-water separation problems.

HYOROCHLORIC ACID CORROSION fig Single-stage
desalting removes
90-95% of crude
salt; desalted crudes
may have salt
contents of 3-6
i 1b/1,000 bbl. This
high chloride content
results in fouling and

ﬂ Froduct corrosion in the
drur Coude Fouling, crude-column
Binvdt overhead condenser
Naphiha powhaat corrasion  and an increased
Sow

. .J_U_LJ_I.I_LL likelihood of column
—— tray fouling (Fig. 6).
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Click here to enlarge image difficult to vaporize

because there is

less light material in the feed.

Crude-unit designs must optimize ATB cut point to balance overall unit performance because it influences crude and
vacuum column operations. The relationship between ATB and VTB cut points are complex and refiners must evaluate

the columns and ancillary equipment as a single syslem.11
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With a lower ATB cut point, there is less atmospheric flash-zone vapor available to provide pumparound and product
heat to the cold exchanger crude preheat train. As diesel and AGO materials shift to the vacuum tower, less high-
temperature heat is available for crude preheat.

Diesel and AGO pumparound and product temperatures are about 550° F. and 625° F., respectively. LVGO draw
temperature is only about 330° F.; therefore diesel and AGO product yielded in the vacuum column provides little or no
preheat. A lower HVGO product draw temperature can also result due to a lighter HYGO product.

Maximizing diesel recovery is important when crude rate is limited by CFHT or FCC unit capacity. This requires
optimum atmospheric column diesel-AGO fractionation, ATB stripping, and AGO product stripping.

Good diesel-AGO product fractionation requires adequate reflux rate (liquid-vapor ratio), 8-10 trays, and good tray
efficiency. Most atmospheric columns wider than 16 ft in diameter will use four-pass trays. These large-diameter towers
have low weir loadings (gpm/in. weir) and the tray efficiencies can be low. Low reflux and tray efficiency dramatically
reduce diesel yield.

An AGO pumparound increases crude preheat; however, if the ATB cut point is only 700° F., there is not enough vapor
from the atmospheric column flash zone to provide sufficient internal reflux in the diesel-AGO fractionation section to
allow heat removal from an AGO pumparound.

Operating with an AGO pumparound should be based on crude TBP distillation, acceptable diesel-AGO fractionation,
and ATB cut point target, not standard design practices.

The vacuum-unit design depends on the HVGO product cut point target, vacuum heater design, crude vanadium
distribution, and other detailed equipment design issues. HVGO product cut points are typically less than 975° F. when
crudes with gravities less than 24° API are being processed.

A dry vacuum unit design uses no steam in the heater and does not have a stripping section. Maintaining cut point is
difficult even with a well-designed unit using coil steam, but a dry vacuum unit simply cannot operate reliably at cut
points greater than about 950° F. when processing Merey, Zuata, or BCF-17 crudes.

A heater without coil steam must operate at only 760-770° F. to avoid rapid coking from heavy crudes. HVGO product
TBP cut points >1,000° F. require a heater outlet temperature of 795-800° F., low flash-zone oil partial pressure, and
good VTB stripping.

Heavy crude increases total LVGO and HVGO pumparound duty requirements because more VGOs are yielded. A
two-product vacuum column will have a high HYGO pumparound duty at a relatively low temperature of about 480-
540° F. Increasing vacuum unit heat input requires more surface area and more HVGO pumparound capacity to
remove the added heat.

Increasing HVGO pumparound duty typically requires increasing the number of exchangers in series because the log
mean temperature difference is so low.

One refiner used six exchangers in series in the hot preheat train. Exchanger network design must address the
increased pressure drop caused by additional exchangers.

This refiner can alternatively include an OPTIMIZE HOT PREHEAT TRAIN Fal
extra pumparound. A portion of the To Ta

HVGO pumparound heat shifts to an

MVGO pumparound. This increases the

HVGO pumparound temperature to HVGO P HVGO PA

product Two HVGO axchargers,
>600° F. and reduces the hot train —_— —
preheat exchangers from six to three

low crude-side pressure
drop, low HVGO A rate

(Fig. 7).
When crude hydraulics are tight, a third .
pumparound can help alleviate crude - Dl P I:‘:L:-:i?;m:&n
bottlenecks. It can also reduce the s«-ﬁu';uo anly thees muchangars
; . axthangens,
required HYGO pumparound circulation '"u'-‘z ot W
rate to stay within existing pump and Eetture o
piping limits. A third vacuum-unit .'.'.‘."2"‘
pumparound often results in the lowest HvGE A e e MVGO
. " MVGO PA
overall cost solution (Fig. 8). Fh nxchanges
Revamp equipment design
Maximizing heavy oil vaporization, Prosi Erom
minimizing product contaminants, '2 and Sl G ) Tepersture, °F.
maintaining an acceptable run length Click here to enlarge image
requires fundamentally sound
MVGO pumpaRoUND g ¢ OUIPMENt design.
Vacuum heater, ATB and VTB stripping, and
atmospheric and vacuum wash section designs
oW influence unit performance.13 14

Refinery vacuum heaters need to operate at outlet
temperatures between 790° and 800° F. while

meeting run-length targels,15

Maximized ATB stripping efficiency requires
adequate stripping steam, maximum trays, and
maximum tray efficiency. VTB stripping and vacuum
heater coil steam should balance with column
operating pressure.

Atmospheric and vacuum column flash-zone vapor
horn and wash sections should eliminate entrainment
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and the vacuum column needs to fractionate HVGO

“M;rd: product to reduce the TBP curve 95%-EP tail. F
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Abstract The global burden of atmospheric methane has been increasing over the past decade, but
the causes are not well understood. National inventory estimates from the U.S. Environmental Protection
Agency indicate no significant trend in U.S. anthropogenic methane emissions from 2002 to present. Here
we use satellite retrievals and surface observations of atmospheric methane to suggest that U.S. methane
emissions have increased by more than 30% over the 2002-2014 period. The trend is largest in the central
part of the country, but we cannot readily attribute it to any specific source type. This large increase in U.S.
methane emissions could account for 30-60% of the global growth of atmospheric methane seen in the
past decade.

1. Introduction

Methane is the second mostimportant anthropogenic greenhouse gas, with a radiative forcing of 0.97 W m~2
since preindustrial times on an emission basis, as compared to 1.68 W m~2 for CO, [Intergovernmental Panel
on Climate Change (IPCC), 2013]. The global burden of atmospheric methane rose by 1-2% a~' in the 1970s
and 1980s, stabilized in the 1990s [Dlugokencky, 2003], and has been rising again since the mid-2000s [Rigby
et al., 2008; Dlugokencky et al., 2009]. There has been much speculation as to the cause for the recent trends
with explanations including oil and gas production [Wang et al., 2004; Aydin et al., 2011; Simpson et al., 2012;
Bruhwiler et al., 2014; Franco et al., 2015], microbial sources [Kai et al., 2011; Levin et al., 2012], wetlands
[Dlugokencky et al., 2009; Bousquet et al., 2011; Pison et al., 2013; Bergamaschi et al., 2013], and changes in the
OH sink [Fiore et al., 2006; Rigby et al., 2008]. Here we show evidence from atmospheric observations to suggest
that U.S. methane emissions have increased by more than 30% over the past decade, which would represent
a major contribution to the global increase of methane concentrations.

Major anthropogenic sources of atmospheric methane include oil and gas systems, livestock (enteric fer-
mentation and manure management), coal mining, and waste (landfills and wastewater). Wetlands are the
dominant natural source. Oxidation by the hydroxyl radical is the main sink of methane, imposing an atmo-
spheric lifetime of about 10 years [IPCC, 2013; Kirschke et al., 2013]. The current global source of methane
is constrained to 550 + 60 Tg a~' from knowledge of the global sink [Prather et al., 2012]. However, esti-
mating the contributions from different source types and regions is difficult due to spatial overlap in the
sources and because sources mostly involve biological processes and fossil fuel losses that are hard to quantify
[Dlugokencky et al., 2011].

Methane emissions can be estimated using “bottom-up” methods that compute emissions as the product of
activity rates (e.g., number of gas wells drilled) and emission factors per unit of activity (e.g., methane emis-
sion per well drilled), thus relating emissions to the underlying physical processes. Emission factors often
have large uncertainties. Bottom-up estimates can be tested by “top-down” methods that use atmospheric
observations of methane to constrain emissions on the basis of a chemical transport model relating emis-
sions to concentrations. Inverse studies optimize emission estimates by combining bottom-up and top-down
constraints, often using Bayesian inference.
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Figure 1. The 2002-2014 trends in U.S. methane emissions, atmospheric mixing ratios, and gas production rates.

(top) The total contiguous U.S. (CONUS) methane emissions from three recent inverse studies [Miller et al., 2013;

Wecht et al., 2014; Turner et al., 2015] with horizontal bars indicating the temporal averaging periods and vertical bars
indicating reported uncertainties. U.S. EPA anthropogenic emission estimates from the Greenhouse Gas Inventory for
2002-2012 are also shown, with shading indicating reported uncertainties [US EPA, 2014]. (middle) The monthly
atmospheric methane mixing ratios measured in surface air by the U.S. DOE at the Southern Great Plains site

[SGP; Biraud et al., 2013] near Billings, Oklahoma (36.62°N, 97.48°W) and the NOAA/ESRL site (BMW) [NOAA ESRL, 2015]
at Bermuda (32.27°N, 64.87°W), along with the corresponding SGP-BMW difference (black), a deseasonalized difference
(gold line), and the ordinary least squares trend expressed as the percent change from 2004 (dashed black line).
(bottom) The trend in CONUS oil and gas production and drilling activity as measured by active rig counts [US EIA, 2015]
(number of active rigs at a given time). Oil and gas production data are from the U.S. Energy Information Administration.

2. U.S. Methane Emissions

The Greenhouse Gas Inventory of the U.S. Environmental Protection Agency [US EPA, 2014] provides the
most detailed bottom-up estimate of U.S. anthropogenic methane emissions, following IPCC guidelines for
reporting [Eggleston et al., 2006]. Figure 1 shows yearly emissions from 2002 to 2012. Values vary between
27.0 and 28.9 Tg a™' over the period with no significant trend. Over 98% of emissions are in the contigu-
ous U.S. (CONUS), excluding Alaska, Hawaii, and Puerto Rico [Maasakkers et al., 2015]. The EDGAR v4.2FT2010
global inventory [European Commission, 2013] also shows no significant trend in U.S. emissions from 2002 to
2010 (see Figure S10 in the supporting information). Major contributions in the U.S. EPA inventory and their
interannual ranges are 30-32% from oil and gas, 31-34% from livestock, 21-22% from waste, and 10-13%
from coal. Natural wetland emissions in CONUS are estimated to be 8.5 + 5 Tg a~' for 1993-2004 based on
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the Wetland CH4 Inter-comparison of Models Project ensemble of bottom-up models [Melton et al., 2013;
Wania et al., 2013].

Recent work by Wecht et al. [2014], Miller et al. [2013], and Turner et al. [2015] used inverse methods to derive
CONUS methane emissions of 38.8 + 1.3,47.2 + 1.9,and 52.5 + 2.1 Tga~’, respectively. Wecht et al. [2014] used
Scanning Imaging Absorption Spectrometer for Atmospheric Chartography (SCIAMACHY) satellite data for
July-August 2004. Miller et al. [2013] used NOAA Global Greenhouse Gas Reference Network in situ observa-
tions for 2007 -2008 from ground stations and aircraft. Turner et al. [2015] used Greenhouse Gases Observing
Satellite (GOSAT) data for June 2009 to December 2011. Wecht et al. [2014] found the total CONUS anthro-
pogenic emissions to be consistent with the U.S. EPA bottom-up estimates, while Miller et al. [2013] and Turner
etal. [2015] found much higher values. All three found maximum emissions in the South Central U.S., a region
with large sources from livestock and oil and gas production. The reported uncertainties in these studies are
likely too low because they do not properly account for systematic errors [Peylin, 2002; Heald et al., 2004;
Ganesan et al., 2014]. The U.S. EPA inventory gives only national totals, so pinpointing specific regions of dis-
crepancy is difficult, and the spatial overlap between livestock and oil and gas sources makes it difficult to
attribute the high South Central U.S. emissions to a specific source type [Turner et al., 2015]. A spatially resolved
version of the U.S. EPA inventory is currently under development [Maasakkers et al., 2015].

A possible factor contributing to the difference in CONUS emissions between the three inverse modeling
studies is the time period investigated, as shown in Figure 1. Treating the results of the inverse studies as a
time series and applying a least squares regression implies an increasing trend of 2.2 Tg a=2 in U.S. methane
emissions. This corresponds to a 38% increase from 2004 to 2011 or a 5.4% a~'. Natural gas production and
drilling activity increased greatly during that period [US EIA, 2015] (Figure 1, bottom) though the U.S. EPA
inventory indicates a 3% decrease in national oil and gas emissions over the period due to lower emission
factors (better control of leaks).

3. Trends in U.S. Surface Observations

Long-term measurements of methane dry-air molar mixing ratios from the DOE/Atmospheric Radiation
Measurement (ARM) Southern Great Plains (SGP) [Biraud et al., 2013] site in central Oklahoma offer inde-
pendent evidence of a CONUS emission trend. There are other surface sites in the CONUS (Figure S6), but
SGP has one of the longest continuous records and is most centrally located. Figure 1 (middle) shows the
2002-2014 trend in the deseasonalized difference between methane measured at SGP and at the Tudor
Hill Atmospheric Observatory in Bermuda (BMW) [NOAA ESRL, 2015], taken as a Northern Hemispheric back-
ground. The SGP-BMW difference shows a trend of 2.3 ppb a~' (p < 0.01) from 2002 to 2014 and 3.9 ppb a™'
for the 2004-2011 period. This 2004-2011 period is relevant here because it is the time period covered by
the inversion studies [Miller et al., 2013; Wecht et al., 2014; Turner et al., 2015]. A similar trend is found when
using the NOAA Mauna Loa Observatory site in Hawaii (MLO) [NOAA ESRL, 2015] as reference background
(see Figure S7). We may expect the difference with SGP to reflect the footprint of U.S. emissions affecting SGP,
which implies a relative increase in these emissions of 3.6% a~" for 2002-2014 and 6.0% a~" for the 2004-2011
time period covered by the inversion studies [Miller et al., 2013; Wecht et al., 2014; Turner et al., 2015].
The 2004-2011 trend is larger because of the 2004 minimum apparent in Figure 1 and is consistent with the
5.4% a~' CONUS trend for 2004-2011 implied by the inverse studies, as might be expected since SGP is in the
South Central U.S. where inverse studies point to large underestimates in emissions. Scaling the SGP-BMW
difference correspondingly would suggest a CONUS trend in methane emissions of 3.2% a~' or 1.3 Tg a~2 for
2002-2014.

Bruhwiler et al. [2014] previously used a global inversion of NOAA/ESRL surface data to derive 2000-2010
emission trends for large continental regions. They found a 4 Tg a~' increase in fossil fuel emissions
from temperate North America (as defined by The Atmospheric Tracer Transport Model Intercompari-
son Project regions, which is larger than the CONUS) over that period (0.4 Tg a=2). This is a factor of
3-4 lower than what we derive. Their results showed an increasing residual difference in the simulation
of SGP concentrations over the 2000-2010 period, suggesting a larger trend in CONUS emissions than
derived in their inversion. Schneising et al. [2014] found from SCIAMACHY satellite data that methane emis-
sions grew by 1.5 Tg a~' in the Bakken (North Dakota) and Eagle ford (Texas) oil and gas basins during
2006-2011, which alone would drive an increase of 5% a~' in CONUS methane emissions. Franco et al.
[2015] reported a 4.90 + 0.91% a~' rise of ethane concentrations over 2009-2014 at the Jungfraujoch
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Figure 2. The 2010-2014 trend in U.S. methane enhancements as seen

fr'om GOSAT. The methane e'nhancement' ('A methane) |§ defined as the ' 4. Trends in GOSAT

difference in the tropospheric column mixing ratio relative to the oceanic )

background measured in the glint mode over the North Pacific (176-128°W, Satellite Data

25-43°N) and normalized with the 2010 A methane. Trends are computed . .
on a 4°x 4° grid. Statistically significant trends (p < 0.01) are indicated by The GOSAT satellite launched in
a dot. Sun-synchronous low Earth orbit in

January 2009 provides retrievals at
sampling locations separated by 90-280 km along the orbit tracks. GOSAT has three observing modes:
high gain (nominal setting over land), medium gain (setting over highly reflective surfaces), and ocean glint
(setting over the ocean). We use RemoTeC v2.3.6 proxy methane retrievals [Butz et al., 2011; Schepers et al.,
2012] (data available at http://www.temis.nl/climate/methane.html) in the high-gain nadir and ocean glint
modes that pass all quality flags. The proxy methane retrieval method [Frankenberg et al., 2006] assumes
knowledge of the CO, concentration, and RemoTeC uses CO, concentrations from CarbonTracker including
long-term trends [Peters et al., 2007]. Validation with data from the Total Carbon Column Observing Network
[Wunch et al., 2011] shows that the RemoTeC retrieval has a single-scene precision of 14 ppb and a differential
accuracy of 3 ppb [Buchwitzet al., 2015].

GOSAT observations are spatially sparse, but they are temporally dense because the satellite always revisits the
same ground pixels, every 3 days [Kuze et al., 2009]. They are therefore well suited for temporal trend analyses.
For example, the 4° x 4° pixel encompassing SGP has 1937 data points from January 2010 to January 2014
(see Figure S15). We examined the spatial distribution of GOSAT CONUS trends from January 2010 to January
2014, using ocean glint retrievals over the North Pacific to subtract the background and correcting for spatial
differences in tropospheric contributions to the total columns on the basis of local orography. We refer to
the difference between CONUS methane and North Pacific background for the corresponding latitude as the
enhancement (“A methane”) due to U.S. emissions. Pacific air generally provides a good estimate of the U.S.

0.16 - background at the corresponding lati-
044 North Pacific Ocean tude [Benmergui et al., 2015]. To check
_§ 0'12 Contiguous US the consistency in background trends
2 1 | between nadir and glint modes, we
'% 0.10 1 compared the two at southern mid-
A .08 ) latitudes (using Patagonia for land)
E 0.06 ] | and found no significant differences
g - (see Figure S5).
2 0.04 4 |
e To obtain the orography-corrected A
0.02 | .
methane, we first normalize all the
0.00 j " Haune Lo oA === methane retrievals to account for vari-
-10 -5 0 5 10 15 20

ations in orography and tropopause
height, similar to the approach of
Figure 3. Spatial frequency distributions of 2010-2014 methane increases ~ Kort et al. [2014]. The normalization
seen from GOSAT. Values are shown for the state of Oklahoma, the is computed by determining the local
contiguous U.S. (CONUS), and the North Pacific (176-128°W, 25-43°N). (retrievals within a 300 km radial dis-
The 2010-2014 trend at the NOAA Mauna Loa Observatory site (MLO) is ) .

also shown. GOSAT trends were computed on a 0.5° x 0.5° grid, weighted tance) relationship between column

GOSAT trend (ppb a™')

by the square root of the number of retrievals, and distributions were
computed with kernel density estimation.

dry-air mole fraction (XCH4) in the
GOSAT retrieval and the fraction of air
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in the troposphere (Fyp), using all GOSAT retrievals within a 300 km radius. Fy, is computed from the
tropopause pressure in the NCEP/NCAR reanalysis [Kalnay et al., 1996] and the surface pressure used in the
GOSAT retrieval.

In this manner we obtain the methane enhancement (A methane) over the CONUS relative to the North
Pacific at the same latitude as a difference in tropospheric columns. We then computed a 2010-2014 ordinary
least squares trend in A methane for each 4° x 4° grid box. The horizontal resolution (4° x 4°) was chosen to
minimize the impact of smearing due to atmospheric transport (see supporting information).

Figure 2 shows the spatial distribution of trends in GOSAT methane enhancements over CONUS from 2010
to 2014. The trends are expressed as percentage changes relative to the mean 2010 A methane. Figure S14
shows the absolute trend in A methane. We find statistically significant (p < 0.01) increasing trends across
the Midwest. Trends are weaker and/or insignificant in the West and over the eastern seaboard. Trends in A
methane can be expected to be proportional to trends in CONUS emissions, and the corresponding emission
trend averaged over the CONUS (2.8 + 0.3% a~"') is comparable to those inferred in Figure 1 from the inverse
studies and the surface sites.

Figure 3 shows the frequency distribution of GOSAT 2010-2014 trends for three selected regions: (1) the
background North Pacific (176-128°W, 25-43°N), (2) the CONUS, and (3) the state of Oklahoma (for relation
to the SGP site). Also shown is the trend inferred from surface observations at the MLO site for 2010-2014.
North Pacific GOSAT trends are consistent with MLO, providing a check on the background trend used in our
analysis. Using a Metropolis-Hastings algorithm, we find that trends in the CONUS distribution are 1.7 ppb a™'
larger than the background, a significant difference (p < 0.01), corresponding to a relative increase in A
methane of 2.5% a~" over the 2010-2014 period. Trends in Oklahoma are 3.2 ppb a~" larger than background,

corresponding to a relative increase in A methane of 4.7% a~".

5. Discussion

Long-term surface observations and satellite retrievals of atmospheric methane, interpreted directly and
using inverse methods, point to an increase of more than 30% in U.S. methane emissions over the past decade.
The increase is largest in the central part of the country. The U.S. has seen a 20% increase in oil and gas pro-
duction [US EIA, 2015] and a ninefold increase in shale gas production from 2002 to 2014 (Figure 1, bottom),
but the spatial pattern of the methane increase seen by GOSAT does not clearly point to these sources. More
work is needed to attribute the observed increase to specific sources.

Kirschke et al. [2013] found that the renewed growth in atmospheric methane between 2005 and 2010 could
be explained by a 17-22 Tg a~' increase in global methane emissions. Our results suggest that increasing
U.S. anthropogenic methane emissions could account for up to 30-60% of this global increase. Other studies
have pointed to tropical sources as a major driver for this increase [Bousquet et al., 2011; Bergamaschi et al.,
2013]. Better understanding of U.S. anthropogenic methane emissions, particularly those from the livestock
and oil and gas sectors, is obviously needed.
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Erratum

Edward Dlugokencky had been listed as an author on the submitted manuscript but was removed from the
final published version by mutual agreement. His contribution has been described in the Acknowledgment.
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|
AQMD

Emission Target

South Coast Air Quality Management District

Tesoro Refinery Carson (formerly BP Carson)
2014 Rule 1118 Quarterly Flare Emissions

2014 SOx
Emissions
Target (lbs)

Year-to-date SOx
Emissions (Ibs)

95,160

736.0

Quarter | (January 1, 2014 - March 31, 2014):

Total Gas Flow Emissions (Ibs)
Flare ID (scf) PM-10 NOX ROG cO Sas 502
5 Flare 21,941,933 164.6 2,852.5 153.6 768.0 18.2
FFHDS 4,373,765 32.8 568.6 30.6 153.2 3.6
HC 12,722,514 95.6 1,653.2 90.0 450.9 10.5
FCC 10,552,662 79.3 1,370.6 74.6 373.5 8.9
Coker 8,525,838 64.5 1,107.2 62.9 317.3 9.4
Total 58,116,712 436.8 7,552.1 411.7 2,062.9 50.6
Quarter Il (April 1, 2014 - June 30, 2014):
Total Gas Flow Emissions (lbs)
Flare ID (scf) PM-10 NOXx ROG co Sas SO2
5 Flare 27,045,695 203.2 3,513.8 190.6 954.2 22.6
FFHDS 4,666,754 35.0 606.5 32.8 164.3 3.9
HC 13,801,552 103.6 1,793.8 97.0 485.3 11.5
FCC 10,872,927 81.7 1,412.6 76.8 384.7 9.0
Coker 8,865,051 67.9 1,143.2 65.6 331.5 15.9
Total 65,251,979 491.4 8,469.9 462.8 2,320.0 62.9
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Quarter Il (July 1, 2014 - September 30, 2014):

Total Gas Flow Emissions (Ibs)
Flare ID (scf) PM-10 NOx ROG co S as SO2
5 Flare 32,451,379 243.4 4,218.7 227.2 1,135.8 26.9
FFHDS 4,696,917 35.2 610.6 32.9 164.4 3.9
HC 24,093,449 314.7 2,159.0 393.3 2,223.4 392.4
FCC 10,465,327 79.5 1,360.8 82.3 419.6 20.8
Coker 8,970,585 67.7 1164.8 64.8 326.1 7.8
Total 80,677,657 740.5 9,513.9 800.5 4,269.3 451.8

Quarter IV (October 1, 2014 - December 31, 2014):

Total Gas Flow Emissions (Ibs)
Flare ID (scf) PM-10 NOXx ROG co Sas S02
5 Flare 35,438,402 266.2 4,605.70 | 250.20 1,253.10 29.5
FFHDS 6,876,614 82 715.1 138 782.2 10
HC 15,578,895 117 2,024.80 109.6 548.7 12.9
FCC 7,745,399 59.8 997.50 60.2 307.2 7.1
Coker 9,344,480 77.5 1,174.10 89.9 474.3 111.2
Total 74,983,790 602.50 | 9,517.20 | 647.90 3,365.50 170.7
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Presented at the Air & Waste Management Association’s 93" Annual Meeting & Exhibition,
¢ June 24-28, 2001, Orlando, FL,

Industrial Flares: Linking Plume Dispersion with Combustion

Paper AT-4a #6
David McCready, PhD, PE, QEP

The Dow Chemical Company, South Charleston, WV 25303

ABSTRACT
Flares are used in many industries as air emission control devices to combust flammable and toxic
or orlormls:"'\'fapors. A flare can be a cost-effective device for destroying both episodic and routine .
emissions. A well-designed and operated flare has a high destruction efficiency that results in
good plume rise with low pollutant concentrations at ground level. However, operational factors,
such as low heat content, high or low exit velocity, and hlgh wind speed can blgmﬂcantly reduce
the flare efficiency. Wind tunnel experiments by Johnson ! show that a Jow exit velocity makes

_ flames susceptible to wind effects and reduces the flare efficiency. This reduction in efficiency has
three significant concerns: a) flame height is reduced, b) buoyant plume rise is reduced, and c)
pollutant concentration is increased in the plume.
Although a high wind speed may reduce the flare efficiency, it also enhances plume dispersion,
The plume dispersion analysis must be linked with combustion to determine if a reduction in flare
efficiency will canse high pollutant concentrations. It is important to have a dispersion model that
can be used to demonstrate that workers and the public are adequately protected from high
ambient concentrations in the event of a process upset. Most common air dispersion models, such

as the EPA SCREEN3 and ISCST3, do not explicitly consider flare efficiency or link plumc
dispersion with combustion.

This paper presents an experimental model for evaluating the rcduction in flare efficiency that may
oceur due to a high wind speed. Guidance is presented on how to optimize the calculations to
identify operating scenarios and meteorological conditions that may cause high ambient
concentrations. An example dispersion study is presented.

BACKGROUND

An industrial flare is simply described as a device that destroys waste gases by combusting them in
the atmosphere, usually at the top of an elevated stack as shown in Figure 1. Waste gases are
injected into the open air through the flare tip that is designed to promote air entrainment and
maintain a stable flame “. If the waste gas has insufficient heating value to maintain a stable
flame, then fuel gas is added. A pilot light ensures that the flame stays lit. A major concern is the
potential exposure of people and equipment to thermal radiation from the flame. Maximum
radiation' levels are calculated and incorporated into the flare design. Another concern is the
polen[ia]_éxposure to toxic chemicals or odors in the flare plume; so ambient concentrations are
predicted and evaluated. This topic is discussed in detail later,

AWMA 2001, Orlando
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WHY AN ACCURATE FLARE DISPERSION ANALYSIS IS IMPORTANT

During the design phase, a flare will typically be evaluated using the maximum load, The
maximum load has the greatest need for safe operation since it has the maximum radiation leve]
and maximum pollutant emission rate. However, the maximum load will reflect optimum
dispersion due to maximum plume rise and exit velocity. Low load scenarios should also be
considered, because these may cause higher ambient concentrations at ground level.

The reduction in flare efficiency due to wind effects is a significant issue. Since pollutant ernission
depends on the flare efficiency, a relatively small change in efficiency from 98% to 96%, may
double the predicted ambient concentrations. This efficiency reduction may explain why a flare
that is rated as 98% efficient may cause an occasional odor problem.

MODELING PLUME DISPERSION

Ambient concentrations from a flare are commonly predicted usin £ a Gaussian c:qu‘.'ﬁtipn. For a
screening analysis, the standard Gaussian model can be used if it has buoyant plume rise and
buoyancy induced dispersion algorithms. These additional algorithms are required for a refined
analysis; gradual and final buoyant plume rise; flame length and flame distortion due to wind;
radiant heat Joss from plume to atmosphere, and flare cfficiency. -
The experimental model, CARNIVORZ, takes a simple, fixst step in linking combustion elficiency
with air dispersion modeling. Experimental results from Johnson ! were used to estimate flare
efficiency as a function of exit velocity and wind speed. The pollutant emission rate, flame length,
and buoyant plume rise are calculated using the flare efficiency. The user can either input a single
atmospheric stability and wind speed or allow the model to iterate through 53 combinations of

~ atmospheric stability and wind speed to predict the maximum concentration. Details of the

important algorithms are discussed below.

Plume Rise

Figure 1 illustrates an industrial flare and some of the important dispersion parameters, Plume
rise is quite important because ground level concentrations decrease as plume height increases.

Equation 1. The effective plume height, hey (m), in the Gaussian equation is shown below,

et = hy+ bet+ Ah

h; = stack height (m)
hy = flame height (m)
Ah = plume rise (i)

It must first be determined if plume rise is dominated by momentum or buoyancy:‘. The buoyant
equations estimate plume rise for hot combustion: gases, The momentum equations estimate plume
rise when the exit velocity is high and the plume temperature is near ambient, such as a flame out
scenario. The Briggs equations are the most popular plume rise equations and are based on
observations of plumes from large power plants, EPA used Briggs equations in the 1SC* and
SCREEI\._J:J dispersion models®.

If a plume has not attained its maximum height {final plume rise) then gradual plume rise

AWMA 2001, Orlando
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wations should be used. Gradual plume rise is important for a buoyant plume because it will
“slower than a momentum plime and disperse farther downwind to attaining its final height.

Figure 1. An industrial flare illustrating some of the imp'urrant dispersion parameters.

i '
LIS
Flare Stack

Flare Buoyant Plume Rise

The buoyancy flux calculation for a flare is slightly different than the calculation for a stack.
Equation 2. Schultz’ calculates the buoyancy flux, Fy (m'*/s?), for a flare below.

Fo - = (g*Q)*(1-R)/(m*p,*C*T.)
g = gravitational acceleration (9.8 m/s?)
Q. = heat release rate (cal/s) )

R = fraction of heat loss due to radiation
Pa = ambient air density (g/ m’)

G, = $pecific heat of air (0.24 cal/g/°K)
T, = ambient temperatore ("K)

AWMA 2001, Orlando
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Iiquation 3. The buoyancy flux, Fy(m*s?), for a stack, is calculated below”.
Fy = (g* Vo*do #d)( T~ T,/ (4%Ty)

Vs = slack exit velocity (m/s)
d = stack diameter (m)
T, = stack temperature (°K)

After buoyancy flux is calculated, both the flare and stack use the same buoyant plume rise
formulas described in Section 1.1.4 of the User’s Guide for the ISC Dispersion Mode_]sg.

A second method requires extra calculation steps, so that a flare can be modeled as a stack
simultaneously with other sources. One must first calculate F, using Equation 2. One then
assumes Vs = 20 m/s, T, = 1273 °K (these are typical values within the normal operating range);
and back calculates an effective stack diameter from Equation 3. The stack height may be
modified to account for the flame height, The velocity, temperature, and diameter values are used
in the dispersion mode] for a stack release option. The plume rise results are comparable to the

e

first method. . ) .
Radiant Heat Loss from Flame to Atmosphere '

The infrared radiation from the flare flame is important because heat Joss will reduce the plume
rise. The buoyancy flux is directly proportional to the sensible heat, (1- R in Bquation 2). The
plume rise decreases as radiant heat loss increases. Shore © developed a technique to estimate
heat loss (i.e. emissivity). He reported values for R ranging from 0.15 for Methanol to 0.4 for
Benzene and Ethylene. Radiant heat loss is site-specific; it depends on the fuel, flame size,
temperature, and soot formation. For example, a flame with a large amount of suspended carbon
(smoke) will have more radiant heat loss than a clean flame °. If the R value is unknown, then it is
conscrvalive to use a large R value, since this reduces the plume rise and increases the predicted
concentrations. The EPA SCREEN3 model assumes the R value is 0.55. .

i

Flame Length and Distortion Due to Wind

Flame height is also required to determine the effective plume height, as shown in Equaltion 1,
There are several flame height equations in use *%7. The equations define flame length as a
function of the heat release rate raised to a power. Kumar ! presented the American Petroleum
Institute (API) Recommended Practice 521 equations for estimating flame length, L, and wind
distorted flame height, Ay, as shown in Figure {. The wind distorted flame height is based on
flame length, exit velocity, and wind speed. Since the flame length fluctuates rapidly, some
dispersion modelers conservatively use 50% of Ly . This represents the flame “center”; it can vary

from the apparent visual center ®

Flare Efficiency

The combustion process is important because it initializes many of the air dispersion model
parameters. A decrease in flare efficiency increases the pollutant emission rate while decreasing

the flame height and buoyant plume rise. All these factors result in' higher ground |evel
concentrations. The converse is also true; as flare efficiency increases, then ground Jevel

concentrations will decrease,

AWMA 2001, Orlanda
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‘tind tunnel experiments performed by Johnson ! show that a low flare exit velocity coupled with
‘gh wind speed may result in a reduced destruction efficiency. - These experiments used small
_rfames with small heat release rates, so the lab experiments may be more susceptible to the wind
than full scale flames. The experimental results may nuder predict combustion efficiency when

extrapolated to a larger flame g

Equation 4. The preliminary experimental results ? for natural gas fit best to a quadratic equation
to calculate combustion inefficiency. The combustion inefficiency, Y (%), is calculated as a
function of exit velocity and of wind speed.

Y = 0.1127-0.814*X + 0.173*X?
X — / Vsﬂ.ﬁ'ﬂ
n = wind speed (m/s)
Vs = flare exit velocity (m/s)
Equation 5. The preliminary results from the propane expertments % fit best to a cubic equation.
Y = -14.4+6.14*X - 0.846+X” + 0.038*X’
Equation 6. Combustion efficiency, C, (%), is calculated below.
i Ce =(100-Y) :
Johnson ! attributed the higher combustion efficiency for propane to its higher energy density.

The combustion inefficiency equations do not apply to a flare that has its flame enclosed in a
shroud; the flame is not exposed to the wind. The calculated combustion efficiency can be greater

than the design efficiency (typically 98%), so logic must be Jm,]udn:d in the model code to prevent

this.

A point of clarification is that hydrocarbon destruction efficiency considers the fraction of
hydrocarbons in the waste gas that is destroyed by combustion. Combustion efficiency considers
the fraction of hydrocarbons that is completely converted to carbon dioxide and water, The
hydrocarbon destruction efficiency may be higher than the combustion efficiency. Hydrocarbons
in the waste gas may be destroyed but not be completely converted to carbon dioxide; carbon
monoxide and other carbon containing combustion by-products may be formed. The bulk of the
incompletely combusted material will be carbon monoxide, as it is the most stable combustion

inter mcdmlc.

FLARE REGULATIONS

Flares may be subject to air emission regulations, such as the Maximum Achievable Control
"Technology (MACT) rules. The General Provisions 40CFR63.11(b) set upper limits for the flare
tip exit velocity ranging from 18.3 to 122 m/s, depending on the flare design. The velocity limit
prevents flame blowout or ‘flame lift-off from the tip with subséquent escape of uncombusted
vapors. These regulations do not set lower limits for exit velocity. Setting a lower limit for exit
velocity is impractical becanse the flow rate (and exit velocity) can be highly variable. Many
flares used for batch unit operations are in a standby mode waiting to receive waste gases ® These
flares are usually continuously purged at a very low rate until they go into service.

: . - - N . . . .
Flares used to destroy episodic emissions may not be covered by air emission regulations; these

follow good design practice. These flares also have highly variable flow rates (and exit

AWMA 2001, Orlando
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velocities). Episodic events occur infrequently. When an such an event does occur, the flow rate
may increase from zero to a high value and then back down to zero within a few minutes.

OPTIMIZING DISPERSION CALCULATIONS

If a flare has the potential to cause high ambient concentrations/odors, the conditions that may
cause a problemshould be identifiable using a dispersion analysis. Althuugh a high wind speed
may reduce flare efficiency, it also enhances plume dispersion. The CARNIVOR? model
optimizes the dispersion calculations by iterating though 53 combinations of atmospheric stability
and wind speed in a single model run. If a high wind speed reduces the flare efficiency, then the
model adjusts other paramelers, such as pollutant emission rate, flame length, and buoyant plame
rise. The model identifies the maximum concentration and its associated atmospheric conditions.
Figure 2 shows a simple logic flowchart with the major model components.

Block 1; input data on flare characteristics.

+» Block 2; calculations to initialize model,
e Block 3; calculate combustion efficiency.

" Block 4; calculate effective stack height.

- Block 5; calculate plume concentration.

Blocks 6, 7, and 8; jterate downwind distance, wind speed, and atmospheric stability.

Block 9; determine maximum concentration and associated meteorological conditions.

AWMA 2001, Orlando
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wure 2. A simple log
«el components.

ic flowchart for linking combustion and air dispersion showing the major

AWMA 2001, Orlando

Input Flare Data

Set initial conditions 2

- atmospheric stability .

- stack tip wind speed |
- downwind distance e

- radiation heat loss

L

Modify combustion efficiency 3
- pollutant emission rate
- heat of release

- flame length

’—Eﬁ‘ective staclk height 4

- gradual plume rise

- final plume nise

- buoyancy.induced dispersion
coefficients

Y

Caleulate concentration - 5

- print to file

Iterate
downwind
distance

Iterate
wind speed

Iterate
atmospheric
stability

l:rint maximum concentration l
e DO
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FLARE PLUME DISPERSION EXAMPLE

The CARNIVOR2 model was used to predict flare efficiencies, plume rise, and ambient
concentrations for the following example. The hypothetical flare is sized to contro] ernissions
from emergency pressure relief of the reactor, an infrequent event. However, it rouljne]y receives
emissions from batch unit operations (reactor emptyimg, tank filling, etc.) that vary from 3% to

" 15% of the maximum load. Table | presents data for various Joacd conditions. It receives a
Hydrocarbon ?in a nitrogen purge stream. Supplemental fuel £as is used to maintain the heat
content at 7.5 MJ/m’, the minimum for a nonassisted flare. Model predictions are presented
below and compared to results obtained from the EPA SCREEN3 model. Rural dispersion

coefficients were used in both cases.
The Hydrocarbon being burned has an odor threshold of 10 ug/m’; which is quite low. The
Hydrocarbon has an Emergency Response Planning Guideline (ERPG-1) value of 229 pg/m';

this is the maximum airborne concentration below which it is believed that all individuals could be
-exposed for up to one hour without experiencing other than mild transient adverse health effects

or perceiving a clearly defined objectionable odor.

Table 1. Flare operating data for various load conditions,

Scenario load (%) 100 15 T 3
" |Total mass rate to flare, including 4,091 614 409 | 205 123

inerts (kg/hr)

Hydrocarbon rate to flare (g/s) 2268 | 340 | 227 | 113 ‘ 6.8
Flare exit velacity Qn!s) 60 9 6 B_L 1.8
Heal release rate (cals) 1,636,614 | 245,492 [ 163,661 | 81,831 | 49.098
- Rated combustion cfﬂcicnc_:y (%) 98 98 98 - 98 08
Flare stack height (m) 12.2 122 | 122 122 1 152 ]
Ambient tempcréiure (K) _ 208 298 208 2984 298 |

Dispersion Results

Figure 3 presents the predicted flare destruction efficienc
(V) and wind speed. For this example, the flare efficien
wind speed approaches 8 m/s: then the efficiency for exit velocity of 1.8 nv/s decreases
dramatically to 82% for a 15 m/s wind speed. The efficiencies for exit velocities of 3, 6, and 9
m/s, decrease to 89%, 94%, and 96.3%, respectively, for the 15 m/s wind speed. It is not shown
in the figure but for flare exit velocities greater than 9 m/s, the flare efficiency is not reduced by
wind speed. The SCREEN3 model does not consider flare efficiency or exit.velocity, so its

¥ as a function of flare tip exit velocity
cy remains at the rated 98% until the

results are not shown in the figure.
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Figure 3. The predicted flare destruction efficiency (%) as a function of flare lip exit velocity (V,
inm/s) and wind speed (m/s). The radiant heat loss is 0.40 and the stability is class “1)”.
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Figure 4 presents a sensitivity analysis for radiant heat loss, R. Plume rise versus downwind
distance is presented for radiant heat loss values of 0.20, 0.40, 0.55 for a wind speed of 2 m/s.
The predicted plume rise increases as the heat loss decreases. The final plume height occurs about
100 meters downwind. There is a significant difference in plume rise (and concentrations) at low

* wind speeds. Figure 4 shows SCREEN3 plume rise is constant with downwind distance because
this model always uses the final plume height. -

Figure 4. The predicted plume rise versus downwind distance for three values of radiant heat
- loss, R. The wind speed is 2 m/s, exit velocity is 6 m/s, stability is class “D”, and load 1s 10%.
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Figure 5 presents ground level concentrations as a function of flare tip exit velocity (V) for the
worst case atmospheric condition, a 15 m/s wind speed. As shown in Table 1, the flare tip exit
velocities of 1.8, 3, 6, and 60 m/s correspond to loads of 3, 5, 10, and 100%. The predicted
concentrations for the lowest exit velocity of 1.8 m/s at 3% load are significantly higher, because
these conditions have the efficiency reduced to 82%. For exit velocities of 3, 6, and 60 nvs, the
efficiencies are higher (89%, 94%, and 98%, respectively). The predicted concentrations were
lower because plume rise was greater even though the emission rales were higher. Figure 5 also
shows that low load conditions result in higher predicted concentrations than the maximum load
conditions (exit velocity of 60 m/s). For the same conditions (3% load or exit velocity of 1.8
m/s), SCREEN3 model predicted much lower concentrations than CARNIVOR?2, because
SCREEN3 did not reduce the flare efficiency. CARNIVOR2 showed there is potential for an odor
problem because the predicted concentrations are greater than the 10 pg/m’® odor threshold.
Fortunately, a 15 nv/s wind speed is an infrequent event but it illustrates how high wind speed may
cause an odor problem. The predicted concentrations are well below the ERPG-1 value of 220
pg/m’; one would not anticipate adverse health Lﬂcctq o

Figure 5. The predicted ground level concentrations on plume center line versus downwind
distance for several flare exit velocities. The radiant heat loss fraction is 0.40, wind speed is 15

m/s, and atmospheric stability is class “D”.
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DISCUSSION
This experimental dispersion model can be used to demonstrate that workers and the public are
adequately protected from high ambient concentrations in the event of a process upset. There can
be significant differences in predicted concentrations for various load scenarios.
Low load conditions are more susceptible to a destruction efficiency reduction during a high
wind, as shown in Figure 3.
Low load scenarios should be evaluated because these may result in higher concentrations
than the maximum load scenario, as shown in Figure 5.

*

For different radjant heat loss factors, there is a difference in plume rise (and concentration)
for a low wind speed, as shown in Figure 4. However, the difference in plume rise decreases

with increasing wind speed.

Flame height is reduced as wind speed increases. The maximum reduction in flare efficiency
occurs during a high wind when the flame is at its minimum height.

This model provides a satisfactory level of accuracy for most engineering applications. It has the
all the limitations associated with a Gaussian dispersion model. Many flare parameters; such as
flame length, plume rise, heat loss, and destruction efficiency, must be calculated because they can
not be easily measured.

For a flare with a variable flow rate, the duration of the low exit velocity is importﬁnt, If a high

concentration occurs for a brief period, an odor may not be noticed. The model has a
concentration averaging time on the order of 15 to 60 minutes. One may convert the model

predicted concentrations to a shorter averaging time (with a higher concentration) for odor
episodes. C .

Ifaflare causes an odor problem at low load conditions during high winds, a simple fix may be to
increase the purge gas flow rate. If the resultant heating value is too low, then the fuel gas flow
rate must also be increased. A long-term solution may require installation of a smaller flare tip, a
staged flare, or use a shroud to enclose the flame £

This model is the first step in linking plume dispersion with flare combustion. The next and more
complicated step is to consider the effect of the heat release rate on the combustion efficiency.

This may be the subject of a future paper.

AWMA 2001, Orlando
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Excerpts, full report available at:

file:///C:/Users/Julia%20May/Desktop/jan12%20t0%20Apr16%20NEW/refineries%20Tesoro/Tesoro%20BP%202016%20
integration%20DEIR/background%20info/Emission Estimation Protocol for Petroleum Refinerie 052011.pdf

May 2011

Emission Estimation Protocol
for Petroleum Refineries

Version 2.1.1
Final ICR Version — Corrected

Version 2.1: Final ICR Version

Form Approved: 03/28/2011
OMB Control No.: 2060-0657
Approval Expires: 03/31/2014

Subnutted to:
Office of Air Quality Planning and Standards

U.S. Environmental Protection Agency
Research Tnangle Park, NC 27711

Submtted by:

RTI International
3040 Comnwalliz Road
Research Tnangle Park. NC 27709-2194
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Fersion 1.1.1
Final ICR Farzion — Corrected Section 3—Process Feniz

55 Suifur Recovery Plants

Al crode oils contain some sulfur compound impurities. Sulfur compounds in crude oil are converted o
H.5 in the cracking and hydrotreating processes of the refinery. The H,5 in the generated zas streams is
removed from the process vapors nsing amine scrubbers, The amine scabbing solution is subsequently
heated to release the H.5 w form an H,5 rich “acid gas™ that is weated in the sulfor recovery plant to yvield
high-purity sulfur that is then seld as product. Maost sulfur recovery plants nse the Claus reaction and are
commonly referred to as Claus units or Claus sulfor recovery plants. There are a couple of other types of
sulfur recovery plants at smaller refineries, but all largar snlfur recovery plants employ Claus units. The
exhamst gas from the sulfor recovery umit {3PLT) iz commonly referred to as “tail gas.”™ The sulfur
recovery plant consists of one or more SR operated in parallel and may alse contain one or more
catalynic tail gas freatment units and/or & thermal oxidizer to combust the tail gas.

The primary HAP components of the final snlfur plant vent are carbony] sulfide (CO5) and carbon
disulfide (C5;). These HAP components are by-products of the SEU and tzil gas treatment mnit (TGTLT)
reactons; COS may alse be a product of incomplete combastion from a thermal oxidizer. Unreacted Ha 5
may also be released duning the process. Sulfur recovery plant vents are commonly controlled by a
thermal oxider to oxidize noreacted H,5 or H,5 in sweep gas from the sulfur pits to 50, Some sulfur
recovery plants use reducing controls and thus emit H.5 rather than 50, The sulfur plant sour gas feed
may also contain small amounts of light organics. Therefore, it 1= important to account for the
bydrocarons in the sulfur recovery plant feed when estimating emissions from the sulfur recovery plant,
particularly from Lo-Cat" or other sulfur recovery plants that may have ammospheric vents withownt
thermal destruction

When the sulfur recovery plant is in operation, the sulfur plant vent flow rate is fairly small so that the
50 emissions from the sulfor recovery plant are also relatively small. If the sulfur recovery plant most be
taken offline due to an upset or malfunction, the sour gas may be temporarily directed o a backup solfur
recovery unit of directed to 3 fare or the thermal oxidizer. If the sour gas in these cases is sent fo a flare
or thermal oxidizer, the 50 emissions can be very large. As such, it is critical to inchide acourate
acconntng of S0 emissions during stavmp, shotdown, or malfonction (S580) events assoctated with the
sulfur recovery plant

551 Methodology Ranks 1 and 2 for Sulfur Recovery Plants

It iz anficipated that moest sulfor recovery plants, paricularly Claws sulfur recovery plants, will have
continnous 50, concentration monitors. When continuons flow monitors are also in place, mass
emissions rates can be calculated nsing the CEMS method previously described in Section 4, Stafionary
Combuzrion Sources. Unlike combustion sources, however, there iz not an F factor method to project the
wvent flow rate. If the flow rate and H,5 concentration of the feed to the sulfar recovery plant, the air or
oxygen feed rates to the sulfur plant burmer (used to comvert one-third of the H.5 to 50:), and the guantity
of mulfur recovered are known, then calculations to determine/quantify emissions can be made, but the
caloulations are not wivial As such thers is not 2 simple Flank 2 method that can be provided for sulfor
recovery plants. Mon-Claus sulfor recovery plants may monitor H:5 or reduced sulfur compound
concentrations instead of 50, Again, H,5 emissions estimmates shonld be provided for sulfar recovery
plamiz.

552 Methodology Ranks 3 and 4 for Sulfur Recovery Plants

Emizzions estimates can be made from inlet flow measuremnents and assomed recovery efficiencies. For
most Claws units, especially those with tail gas treatment/recovery units, 8 mass balance approach for
sulfur is expected to yvield emissions estimates with hizh uncertainties (e.g., when two large numbers ara
subiracted so that the differsnce is only a few percentages of the original values, the uncertainties m the
original values may be as large as the difference). A three-stage Claus unit is expected to have salfur
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Version 2.1.1
Final ICR Version — Corrected Section 6—Flares

6. Flares

Flares are point sources used at petroleum refinenies to destrov organic compounds mn excess refinery fuel
gas, purged products, or waste gases released during startups, shutdowns. and malfunctions. Most flares
have a natural gas pilot flame and use the fuel value of the gas routed to the flare to sustain combustion. If
the heating value of the flare gas falls below certain values (for steam or air assisted flares. typically 300
Bnitish thermal umts per standard cubic feet [Btw/scf]). then natural gas may be added to the flare gas to
maintain the appropriate heating value for good combustion. Emissions from flares consist of a fraction of
the hydrocarbons in the flare gas (e.g., CH,. CO, VOC, and specific orgamic HAP) that are not combusted
in the flare; SO, resulting from the oxidation of sulfur compound impurities, such as H,S, in the gas
stream; and CO; from the combustion process. Flares are also expected to produce NO, emussions and
may produce PM (soot) if combustion conditions are not adequate. A complete emissions inventory will
mclude estimates for all these compounds (the specific orgamuc HAP will vary based on the composition
of the gas being flared).

Accurate estimates of emissions from flares are difficult to obtain because they do not lend themselves to
conventional emissions-testing techniques. and only a few attempts have been made to characterize flare
emissions. Therefore, to date_ there are linuted direct emussions test data for flares. Recent developments
in testing protocols. such as the DIAL technique. provide a direct emissions measurement technique for
flares. However, DIAL measurements provide only a snapshot in time. Unless the flow and composition
of the flare gas 1s highly stable. inaccuracies build as these measurements are extrapolated to annual
emssion rates. Contimuous monitoring of the gas stream prior to combustion in the flare 1s generally the
most accurate means of assessing flare emmssions. One difficulty with this approach 1s that flare gas
composttion and flow are highly vanable. and the momtors are calibrated to detect compositions or flows
within a certain range or span. so if the flow or composition is outside the instrument’s range, then
maccuracies in the measurement data result. In addition. because the monitors are evaluating the stream
of gas going to the flare. assumptions must be made regarding flare efficiency to determune the emissions
following combustion. Engineenng calculations are another methodology that can be used to assess
certain release events. For example, if a pressure relief valve on a tank opens. then the volume of gas
released can be calculated based on the pressure inside the tank. the pressure outside the tank. the cross-
sectional area of the valve opening. and the duration the valve is open (see Section 12,
Malfunctions/Upsets, in this Refinery Emissions Protocol document. Product knowledge of the tank
liquid composition can be used to calculate the equalibrium vapor space composition. which is assumed to
be the composition of the gas vented. Some emission factors are available, but these have high
uncertainty. EPA concludes that direct measurement methods are best used to develop site- or flare-
specific enmssion factors or to venify the combustion efficiency of a specific flare under certamn
conditions; however, they are not particularly useful m developing an emissions mventory for flares.

Table 6-1 summarnizes the hierarchy of flare enussions estimation techniques. Within a given
measurement method (or rank), there may be alternative methods for determuning the constituent-specific
emissions; these compositional analysis methods are provided m order of accuracy. Each refinery will
likely use a muxture of different methods. For example, Methodology Rank 1 for flares may be used for
events that are directly monttored and are farrly routine releases. but Methodology Rank 4 for flares may
have to be used to estimate emissions for unusual events. The remainder of this section provides
additional detail and gmdance regarding the implementation of these methods.
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Two years after North Dakota oil spill,
dirty pile still dwarfs clean pile

http:/Amww.inforum.com/news/3848193-two-years-after-north-dakota-oil-spill-dirty-pile-still-dwarfs-clean-pile

By

Amy Dalrymple / Forum News Service on Sep 26, 2015 at 7:46 p.m.

An aerial photo taken June 18, 2015, shows the site of the cleanup and remediation of the September 2013 Tesoro Logistics oil pipeline leak that released 20,600

barrels of oil into a wheat field near Tioga, N.D. Vern Whitten Photography

TIOGA, N.D. — Two years after North Dakota's largest oil pipeline spill, landowner Patty Jensen

measures progress by how large the dirty pile of soil is compared to the clean pile.

Cleanup operations continue around the clock at the site of the Tesoro Logistics pipeline leak that

saturated Patty and Steve Jensen's wheat field with 20,600 barrels of oil.
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The company, which has spent $42 million on cleanup as of June 30, is about one-third to half done
with the process to treat the contaminated soil, said Bill Suess, spill investigations program manager

with the North Dakota Department of Health.

While the pile of contaminated soil dwarfs the piles that have been cleaned, Patty Jensen saw

progress Friday during one of her frequent visits to the site.
"It's kind of starting to come together," she said.

Jensen keeps close tabs on the cleanup site, where the motto is "As long as Miss Patty's happy,
everyone's happy." She brings the workers homemade pie and they keep the office Keurig coffee

maker stocked for her.

"The relationship between Tesoro and their consultants and subcontractors and the landowners is one
of the best I've ever dealt with," Suess said. "That goes a long way to make this a smooth-running

project."

The company declined to comment on a potential end date for the cleanup, which has become part of
the Jensens' lives since Steve discovered the spill while harvesting on Sept. 29, 2013. Both the

Jensens and health officials say Tesoro Logistics has been dedicated to restoring the land.

"Up to this point, they have made an effort to get it fixed," Patty Jensen said. "But it's a pretty big

mistake."

Cleanup site grows

The oil spill contaminated about 15 acres of cropland, but the cleanup site has grown to about 35

acres to accommodate areas where excavated soil is being stockpiled, Suess estimates.
"It's so huge," Jensen said.

Crews excavate soil nearly 50 feet deep and use technology called a Thermal Desorption Unit to

"bake" the hydrocarbons out of the soil.
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The Jensens say they have a lot of confidence in the contractor, Nelson Environmental Remediation

of Alberta, Canada, which operates the TDU system and carefully separates topsoil from other layers.

"They've done this all over the world," Jensen said. "They know what they're doing."

Co-owner Warren Nelson said the process will restore the land so it's productive for farming.

"It'll go back to as good if not better condition," Nelson said.

The TDU operates 24/7 can clean up to 1,000 tons of contaminated soil per day. Soil samples are

then tested by a third party, and so far all samples have come back clean, Nelson said.

The company has two more TDUs on location, but the natural gas supply to the site is only adequate

to run one unit, Suess said.

The region has plenty of natural gas - the state flared 20 percent of natural gas produced in July - but
the challenge is getting enough gas to the site by pipeline.

"That would drastically cut back the amount of time needed," Suess said.

Tesoro Logistics is routinely evaluating the operation, including the use of additional natural gas,

spokeswoman Tina Barbee said.

In addition to the environmental contractors, Tesoro Logistics is paying North Dakota State
University soil scientists $300,000 to help restore the land. They'll begin working with test plots

during the next growing season.

"There's a fair bit of work to put it back to productivity," said associate professor Tom DeSutter.
"One of the things that we always stress is making sure that when the soil is replaced that the
compaction is monitored very closely. The actual soil compaction where the roots will reside can

have a lot to do with how productive those soils will be."

Lessons the NDSU scientists learn can be applied to restore land contaminated by oil in other areas

of the state, DeSutter said.
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Fine still pending

The North Dakota Department of Health will fine Tesoro Logistics because of the spill, but the

amount has not yet been determined, said Dave Glatt, chief of the Environmental Health Section.

The penalty will take into consideration how quickly the company responded and how thorough the

response is, Glatt said.

"Tesoro has been very responsive in getting to the cleanup, even though it's costing them a lot of
money," Glatt said. "They've been committed to getting it cleaned up and bringing in more help as

needed."

Jensen said she thinks Tesoro Logistics should be required to reimburse the health department for its

costs to investigate and oversee the cleanup.

"It's huge when you think of the time they've had to dedicate to that," Jensen said. "Is that the
taxpayers' responsibility? The people shouldn't have to pay for that."

The Pipeline and Hazardous Materials Safety Administration regulates the pipeline, but it's unclear if
the federal agency plans to seek civil penalties. The agency did not respond to Forum News Service

inquiries last week.

The North Dakota Public Service Commission meets with PHMSA representatives Tuesday, the
anniversary of the spill, and commissioner Brian Kalk said the Tesoro Logistics spill is one topic he

plans to bring up.

Tesoro Logistics said it works closely with PHMSA in regard to the cleanup, as well as strengthening

the controls on its pipeline system.

"We have put systems and controls in place to identify and prevent this type of spill in the future,"

Barbee said.

An independent, third-party report confirmed that the likely cause of the hole in the pipeline was

from electrical discharge, consistent with a lightning strike.
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The size of the spill - 865,200 gallons - put a spotlight on the need for stronger controls on pipelines

to prevent spills and detect leaks sooner.

Since the spill, the Jensens have approved one natural gas pipeline for their land - already criss-

crossed with pipelines - but they've said no to other proposed pipelines.

"We have to let the natural gas lines go in, but I have not let a saltwater go in because I don't trust

that the regulation is there," Jensen said.

Jensen said she tries to focus on the positives that can come from the spill, even using some
excavated boulders and petrified wood in their landscaping. More important to Jensen are the lessons

that can be learned to prevent spills.

A representative of another pipeline company once told her: "Every time I see this in the paper, it

makes me work harder that it's not us."

Tesoro Logistics pipeline spill near Tioga

Discovered Sept. 29, 2013

Estimated spill: 20,600 barrels of oil

Estimate of recovered oil: 6,000 barrels of oil, or 30 percent

Area contaminated: 15 acres

Overall site of cleanup: 35 acres of farmland

Amount of soil excavated as of mid-September: 449,543 tons

Average amount of soil cleaned each day: Up to 1,000 tons

Cleanup costs as of June 30: $42 million

Sources: Tesoro Logistics, North Dakota Department of Health and Nelson Environmental
© INFORUM

and

101 5th Street North
Fargo, ND 58102

Call us at
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(701) 235-7311
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NOTICE OF PROBABLE VIOLATION
and
PROPOSED COMPLIANCE ORDER

CERTIFIED MAIL - RETURN RECEIPT REQUESTED

January 6, 2009

Mr. Michael McCann

Vice President of Pipeline and Terminals
Tesoro Refining and Marketing Company
300 Concord Plaza Drive

San Antonio, TX 78216-6999

CPF 5-2009-0002
Dear Mr. McCann:

On September 9-11, 2008, a representative of the Pipeline and Hazardous Materials Safety
Administration (PHMSA), pursuant to Chapter 601 of 49 United States Code, inspected Tesoro
Refining and Marketing Company’s (TRMC) procedures for Operations and Maintenance
Procedural Manuals in Wilmington, California.

As a result of the inspection, it appears that you have committed probable violations of the
Pipeline Safety Regulations, Title 49, Code of Federal Regulations. The items inspected and the
probable violations are:

1. §192.225 Welding procedures.

(a) Welding must be performed by a qualified welder in accordance with welding
procedures qualified under section 5 of API 1104 (incorporated by reference, see
§192.7) or section IX of the ASME Boiler and Pressure Vessel Code “Welding and
Brazing Qualifications" (incorporated by reference, see §192.7) to produce welds
meeting the requirements of this subpart. The quality of the test welds used to qualify
welding procedures shall be determined by destructive testing in accordance with the
applicable welding standard(s).
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(b) Each welding procedure must be recorded in detail, including the results of the
qualifying tests. This record must be retained and followed whenever the procedure
is used.

Tesoro Refining and Marketing Company has no welding procedures. If TRMC has a
separate welding manual, and if that manual addresses the welding procedures, then it
should be included or referenced in its O&M manuals. The welding procedures need to
specify the section and the edition of API 1104 under which it is qualified.

2. §192.231 Protection from weather.

The welding operation must be protected from weather conditions that would impair
the quality of the completed weld.

Tesoro Refining and Marketing Company’s welding procedures do not specify how it will
protect welding operations from weather conditions that could negatively impact the weld
quality. If TRMC has a separate welding manual, and if that manual addresses weld
protection from weather, then it should be included in its O&M manuals.

3. §192.233 Miter joints.

(a) A miter joint on steel pipe to be operated at a pressure that produces a hoop
stress of 30 percent or more of SMYS may not deflect the pipe more than 3°.

(b) A miter joint on steel pipe to be operated at a pressure that produces a hoop
stress of less than 30 percent, but more than 10 percent of SMYS may not deflect the
pipe more than 12 1/2° and must be a distance equal to one pipe diameter or more
away from any other miter joint, as measured from the crotch of each joint.

(¢) A miter joint on steel pipe to be operated at a pressure that produces a hoop
stress of 10 percent or less of SMYS may not deflect the pipe more than 90°.

Tesoro Refining and Marketing Company does not preclude the use of miter joints, yet has
no procedures for constructing miter joints. If TRMC has a separate welding manual, and

if that manual allows miter joints, then the miter joints should be included or referenced in
its O&M manuals.

4. §192.235 Preparation for welding.

Before beginning any welding, the welding surfaces must be clean and free of any
material that may be detrimental to the weld, and the pipe or component must be
aligned to provide the most favorable condition for depositing the root bead. This
alignment must be preserved while the root bead is being deposited.

Tesoro Refining and Marketing Company has no procedures for surface preparation prior

to welding. If TRMC has a separate welding manual, and if that manual addresses
preparation for welding, then it should be included or referenced in its O&M manuals.
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5. §192.459 External corrosion control: Examination of buried pipeline when exposed.

Whenever an operator has knowledge that any portion of a buried pipeline is
exposed, the exposed portion must be examined for evidence of external corrosion if
the pipe is bare, or if the coating is deteriorated. If external corrosion requiring
remedial action under Secs. 192.483 through 192.489 is found, the operator shall
investigate circumferentially and longitudinally beyond the exposed portion (by
visual examination, indirect method, or both) to determine whether additional
corrosion requiring remedial action exists in the vicinity of the exposed portion.

Tesoro Refining and Marketing Company has no procedures to examine a buried pipeline
when exposed for external corrosion and coating deteriation.

6. §192.461 External corrosion control: Protective coating.

(a) Each external protective coating, whether conductive or insulating, applied for
the purpose of external corrosion control must-

(1) Be applied on a properly prepared surface;

(2) Have sufficient adhesion to the metal surface to effectively resist underfilm
migration of moisture;

(3) Be sufficiently ductile to resist cracking;

(4) Have sufficient strength to resist damage due to handling and soil stress; and,

(5) Have properties compatible with any supplemental cathodic protection.

(b) Each external protective coating which is an electrically insulating type must also
have low moisture absorption and high electrical resistance.

(c) Each external protective coating must be inspected just prior to lowering the pipe
into the ditch and backfilling, and any damage detrimental to effective corrosion
control must be repaired.

(d) Each external protective coating must be protected from damage resulting from
adverse ditch conditions or damage from supporting blocks.

(e) If coated pipe is installed by boring, driving, or other similar method, precautions
must be taken to minimize damage to the coating during installation.

Tesoro Refining and Marketing Company has no procedures for ensuring adequate
protective coating for buried pipe. TRMC, in its O&M manuals, only states the pipeline
should be coated. TRMC should specify procedures for coating specifications, type,
installation, and protection.

7. §192.467 External corrosion control: Electrical isolation.
(a) Each buried or submerged pipeline must be electrically isolated from other

underground metallic structures, unless the pipeline and the other structures are
electrically interconnected and cathodically protected as a single unit.
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(b) One or more insulating devices must be installed where electrical isolation of a
portion of a pipeline is necessary to facilitate the application of corrosion control.

(¢) Except for unprotected copper inserted in a ferrous pipe, each pipeline must be
electrically isolated from metallic casings that are a part of the underground system.
However, if isolation is not achieved because it is impractical, other measures must
be taken to minimize corrosion of the pipeline inside the casing.

(d) Inspection and electrical tests must be made to assure that electrical isolation is
adequate.

(e¢) An insulating device may not be installed in an area where a combustible
atmosphere is anticipated unless precautions are taken to prevent arcing.

(f) Where a pipeline is located in close proximity to electrical transmission tower
footings, ground cables or counterpoise, or in other areas where fault currents or
unusual risk of lightning may be anticipated, it must be provided with protection
against damage due to fault currents or lightning, and protective measures must also
be taken at insulating devices.

Tesoro Refining and Marketing Company has no procedures for electrical isolation.
TRMC should have procedures isolating its buried pipeline from other underground
structures unless they are all interconnected and cathodically protected as a single unit.

8. §192.471 External corrosion control: Test leads.

(a) Each test lead wire must be connected to the pipeline so as to remain
mechanically secure and electrically conductive.

(b) Each test lead wire must be attached to the pipeline so as to minimize stress
concentration on the pipe.

(¢) Each bared test lead wire and bared metallic area at point of connection to the
pipeline must be coated with an electrical insulating material compatible with the
pipe coating and the insulation on the wire.

Tesoro Refining and Marketing Company has no procedures for installing test leads. The
procedures should make sure the test wire is mechanically secured, electrically conductive,
has no stress concentration, and the point of connection to bare metal is coated.

9. §192.479 Atmospheric corrosion control; General.

(a) Each operator must clean and coat each pipeline or portion of pipeline that is
exposed to the atmosphere, except pipelines under paragraph (c) of this section.

(b) Coating material must be suitable for the prevention of atmospheric corrosion.
(¢) Except portions of pipelines in offshore splash zones or soil-to-air interfaces, the
operator need not protect from atmospheric corrosion any pipeline for which the
operator demonstrates by test, investigation, or experience appropriate to the
environment of the pipeline that corrosion will-

(1) Only be a light surface oxide; or

(2) Not affect the safe operation of the pipeline before the next scheduled inspection.
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10.

11.

Tesoro Refining and Marketing Company has no procedures to ensure proper coating
materials are used to protect their pipelines against atmospheric corrosion.

§192.481 Atmospheric corrosion control: Monitoring.

(a) Each operator must inspect each pipeline or portion of pipeline that is exposed to
the atmosphere for evidence of atmospheric corrosion, as follows:

If the pipeline is located Then the frequency of inspection is

Onshore At least once every 3 calendar years, but with
intervals not exceeding 39 months

Offshore At least once each calendar year, but with

intervals not exceeding 15 months

(b) During inspections the operator must give particular attention to pipe at soil-to-
air interfaces, under thermal insulation, under disbonded coatings, at pipe supports,
in splash zones, at deck penetrations, and in spans over water.

(c) If atmospheric corrosion is found during an inspection, the operator must provide
protection against the corrosion as required by Sec. 192.479.

Tesoro Refining and Marketing Company has no procedures for monitoring atmospheric
corrosion. TRMC, in its O&M manuals, requires the exposed pipes to be coated. TRMC
need to inspect portion of the pipeline that is exposed at least once every 3 years not
exceeding 39 months to ensure the applied coating is effective at protecting their pipeline
against atmospheric corrosion.

§192.503 General requirements.

(a) No person may operate a new segment of pipeline, or return to service a segment
of pipeline that has been relocated or replaced, until-

(1) It has been tested in accordance with this subpart and §192.619 to substantiate
the maximum allowable operating pressure; and

(2) Each potentially hazardous leak has been located and eliminated.

(b) The test medium must be liquid, air, natural gas, or inert gas that is-

(1) Compatible with the material of which the pipeline is constructed;

(2) Relatively free of sedimentary materials; and,

(3) Except for natural gas, nonflammable.
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12.

13.

(¢) Except as provided in §192.505(a), if air, natural gas, or inert gas is used as the
test medium, the following maximum hoop stress limitations apply:

Maximum hoop stress allowed

as percentage of SMYS
Class location Natural Gas Air or inert gas
1 80 80
2 30 75
3 30 50
4 30 40

(d) Each joint used to tie in a test segment of pipeline is excepted from the specific
test requirements of this subpart, but each non-welded joint must be leak tested at
not less than its operating pressure.

Tesoro Refining and Marketing Company has no procedures for pressure testing its
pipeline. TRMC has detailed hydrotest procedures in its O&M manuals (appendix B),
however, these procedures are for hazardous liquid pipeline and not natural gas pipelines.

§192.605 Procedural manual for operations, maintenance, and emergencies.

(b) Maintenance and normal operations. The manual required by paragraph (a) of
this section must include procedures for the following, if applicable, to provide safety
during maintenance and operations.

(3) Making construction records, maps, and operating history available to
appropriate operating personnel.

Tesoro Refining and Marketing Company has no procedure requiring that all construction
records, maps, and operating history are available to its operating personnel.

§192.614 Damage prevention program.

(¢) The damage prevention program required by paragraph (a) of this section must,
at a minimum:

(6) Provide as follows for inspection of pipelines that an operator has reason to
believe could be damaged by excavation activities:

(ii) In the case of blasting, any inspection must include leakage surveys.

Tesoro Refining and Marketing Company has no procedures in its damage prevention
program for conducting leakage surveys when there may be blasting close to its pipeline.
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14.

15.

16.

17.

§192.615 Emergency plans.

(a) Each operator shall establish written procedures to minimize the hazard resulting
from a gas pipeline emergency. At a minimum, the procedures must provide for the
following:

(3) Prompt and effective response to a notice of each type of emergency, including
the following:

(i) Gas detected inside or near a building.

(ii) Fire located near or directly involving a pipeline facility.

(iii) Explosion occurring near or directly involving a pipeline facility.

(iv) Natural disaster.

Tesoro Refining and Marketing Company has no procedures for responding to fire,
explosion, and natural disasters that may affect the pipeline integrity or safe operation.

§192.617 Investigation of failures.

Each operator shall establish procedures for analyzing accidents and failures,
including the selection of samples of the failed facility or equipment for laboratory
examination, where appropriate, for the purpose of determining the causes of the
failure and minimizing the possibility of a recurrence.

Tesoro Refining and Marketing Company has no procedures for investigating failures.
TRMC needs to make certain that all contributing causes of a failure is investigated and the
possibility of a recurrence minimized.

§192.627 Tapping pipelines under pressure.

Each tap made on a pipeline under pressure must be performed by a crew qualified
to make hot taps.

Tesoro Refining and Marketing Company has no procedures for tapping pipelines under
pressure.

§192.739 Pressure limiting and regulating stations: Inspection and testing.

(a) Each pressure limiting station, relief device (except rupture discs), and pressure
regulating station and its equipment must be subjected at intervals not exceeding 15
months, but at least once each calendar year, to inspections and tests to determine
that it is—

(1) In good mechanical condition;

(2) Adequate from the standpoint of capacity and reliability of operation for the
service in which it is employed;

(3) Except as provided in paragraph (b) of this section, set to control or relieve at the
correct pressure consistent with the pressure limits of §192.201(a);; and
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(4) Properly installed and protected from dirt, liquids, or other conditions that
might prevent proper operation.

Tesoro Refining and Marketing Company did not have procedures for inspecting and
testing its pressure limiting devices as required in §192.739(a).

Proposed Compliance Order

Pursuant to 49 United States Code § 60118, the Pipeline and Hazardous Materials Safety
Administration proposes to issue a Compliance Order to Tesoro Refining and Marketing
Company. Please refer to the Proposed Compliance Order that is enclosed and made a part of this
Notice.

Response to this Notice

Enclosed as part of this Notice is a document entitled Response Options for Pipeline Operators in
Compliance Proceedings. Please refer to this document and note the response options. Be
advised that all material you submit in response to this enforcement action is subject to being
made publicly available. If you believe that any portion of your responsive material qualifies for
confidential treatment under 5 U.S.C. 552(b), along with the complete original document you must
provide a second copy of the document with the portions you believe qualify for confidential
treatment redacted and an explanation of why you believe the redacted information qualifies for
confidential treatment under 5 U.S.C. 552(b). If you do not respond within 30 days of receipt of
this Notice, this constitutes a waiver of your right to contest the allegations in this Notice and
authorizes the Associate Administrator for Pipeline Safety to find facts as alleged in this Notice
without further notice to you and to issue a Final Order.

In your correspondence on this matter, please refer to CPF 5-2009-0002 and for each document
you submit, please provide a copy in electronic format whenever possible.

Sincerely,

Chris Hoidal
Director, Western Region
Pipeline and Hazardous Materials Safety Administration

cc: PHP-60 Compliance Registry
PHP-500 H. Monfared (#120751)

Enclosures:  Proposed Compliance Order
Response Options for Pipeline Operators in Compliance Proceedings
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PROPOSED COMPLIANCE ORDER

Pursuant to 49 United States Code § 60118, the Pipeline and Hazardous Materials Safety
Administration (PHMSA) proposes to issue to Tesoro Refining and Marketing Company a
Compliance Order incorporating the following remedial requirements to ensure the compliance of
Tesoro Refining and Marketing Company with the pipeline safety regulations:

1. In regard to Item Number 1 of the Notice pertaining to welding procedures. TRMC must
prepare welding procedures and ensure these procedures are qualified (by explicit
reference) to the appropriate industry standard.

2. In regard to Item Number 2 of the Notice pertaining to protection from weather. TRMC
must prepare procedures to protect welding operation from weather conditions that would
impair the quality of the completed weld.

3. In regard to Item Number 3 of the Notice pertaining to miter joints. TRMC must prepare
procedures to ensure that a miter joint on steel pipe do not deflect more than 3°, 12%5°, and
90° if the hoop stress is >30%, <30% but >10%, and <10% of SMYS respectively.
Alternatively they may preclude the use of miter welds.

4. In regard to Item Number 4 of the Notice pertaining to preparation for welding. TRMC
must prepare procedures to ensure the welding surfaces are clean and free of any material
that may be detrimental to the weld and the pipe or component are aligned before
beginning any welding.

5. In regard to Item Number 5 of the Notice pertaining to examination of buried pipeline
when exposed. TRMC must prepare procedures to ensure whenever any portion of a
buried pipeline is exposed, the exposed portion are examined for evidence of external
corrosion.

6. In regard to Item Number 6 of the Notice pertaining to protective coating. TRMC must
prepare procedures to ensure each external protective coating, weather conductive or
insulating, applied for the purpose of external corrosion control for buried pipe meets the
requirement of §192.461.

7. In regard to Item Number 7 of the Notice pertaining to electrical isolation. TRMC must
prepare procedures to ensure each buried pipeline is electrically isolated from other
underground metallic structures, unless the pipeline and the other structures are electrically
interconnected and cathodically protected as a single unit.

8. In regard to Item Number 8 of the Notice pertaining to test leads. TRMC must prepare
procedures to ensure each test lead is connected, mechanically secured, electrically
conductive, has minimal stress concentration on pipe, and coated at the point of connection
to the pipeline.

9. In regard to Items Number 9 and 10 of the Notice pertaining to atmospheric corrosion.
TRMC must prepare procedures to ensure a portion of pipeline that is exposed to
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10.

11.

12.

13.

14.

15.

16.

18.

19.

atmospheric corrosion is properly coated, and subsequently monitored, at least once every
3 calendar years not exceeding 39 months for evidence of atmospheric corrosion. Any
atmospheric corrosion shall be evaluated and remediated, as necessary.

In regard to Item Number 11 of the Notice pertaining to test requirements. TRMC must
prepare procedures to ensure a new segment of pipeline, or returns to service a segment
that has been relocated or replaced, is tested in accordance with subpart J.

In regard to Item Number 12 of the Notice pertaining to procedural manual for operations,
maintenance and emergencies. TRMC must prepare procedures to ensure construction
records, maps, and operating history are readily available to appropriate operating
personnel.

In regard to Item Number 13 of the Notice pertaining to damage prevention program.
TRMC must prepare procedures to inspect pipelines that could be damaged by excavation
activities such as blasting, and if blasting is used, the inspection must include a followed
leakage survey.

In regard to Item Number 14 of the Notice pertaining to emergency plans. TRMC must
prepare procedures to minimize the hazard resulting from gas pipeline emergencies such as
fire near or directly involving a pipeline facility, explosions near or directly involving a
pipeline facility, and natural disasters.

In regard to Item Number 15 of the Notice pertaining to investigation of failures. TRMC
must prepare procedures for analyzing accidents and failures for the purpose of
determining the causes of the failure and minimizing the possibility of a recurrence.

In regard to Item Number 16 of the Notice pertaining to tapping pipelines under pressure.
TRMC must prepare procedures to ensure that if hot tapping is allowed on a pipeline under
pressure, it is performed by a crew qualified to make hot taps.

In regard to Item Number 17 of the Notice pertaining to inspection and testing pressure
limiting devices. TRMC must prepare procedures to ensure its pressure limiting stations,
relief devices, and pressure regulating stations are inspected and tested once per calendar
year, but not exceeding 15 months, to ensure they are in good mechanical condition, have
adequate capacity, set to control or relive at the correct pressure, and properly installed.

Within 60 days of issuance of the Final Order, TRMC must complete the above items,
and submit the required documentation and procedures to the Director, Western
Region, Pipeline and Hazardous Material Safety Administration, 12300 West Dakota
Avenue, Suite 110, Lakewood, Colorado 80228.

Tesoro Refining and Marketing Company shall maintain documentation of the safety
improvement costs associated with fulfilling this Compliance Order and submit the total to
Chris Hoidal, Director, Western Region, Pipeline and Hazardous Materials Safety
Administration. Costs shall be reported in two categories: 1) total cost associated with
preparation/revision of plans, procedures, studies and analyses, and 2) total cost associated
with replacements, additions and other changes to pipeline infrastructure.

10
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KAMALA D. HARRIS State of California
Attorney General DEPARTMENT OF JUSTICE

455 GOLDEN GATE AVENUE, SUITE 11000
SAN FRANCISCO, CA 94102-7004

Public: (415) 703-5500

Telephone: (4]5} 703-5555
Facsimile: (415) 703-3480

E-Mail: Kathleen Foote@doj.ca.gov

May 17, 2013

Raobert B. Weisenmiller, Ph.D.

Chair, California Energy Commission
1516 Ninth Street, MS-33
Sacramento, CA 95814

Dear Chair Weisenmiller:

After a nine month investigation that involved close cooperation between our agencies, we have
reached an agreement with Tesoro that resolves our concerns arising from Tesoro’s proposed
acquisition of BP’s Southern California refining and marketing assets. The concessions we
received from Tesoro will advance our effort to protect competition, the environment, and jobs in
the state of California. We could not have achieved such a resolution to the investigation
without the generous assistance of the CEC and its staff, and for that we are grateful.

Al the outset of the investigation, we had significant concerns about the potential effect of the
acquisition on competition. Over the course of the investigation the parties and various third
parties combined to produce millions of pages of documents and voluminous amounts of data.
We reviewed these documents and data, subpoenaed the parties and numerous third parties for
testimony, and secured a leading economist in the field of oil and gas to conduct various analyses
ol the markets at issue. After a thorough investigation and review of the evidence, many of our
initial market competition concerns were addressed, and our office decided that our remaining
consumer, environmental and job security issues were appropriately addressed through a letter-
agreement. Some of the facts that lead us to this conclusion include:

e Demand for CARB gasoline has declined over the past several years resulting in excess
capacity:

e A significant amount of excess capacity will be controlled by refiners other than Tesoro;

e The acquisition leaves intact seven refiners on the West Coast; and

e The structure of the retail market has become less vertically integrated and Tesoro, along
with many other refiners, no longer sets street prices for gasoline.

Below is a summary of the agreement we have reached with Tesoro, including a description of
our remaining issues and the binding commitments Tesoro has made to address them.
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Competition Issues

Capacity Concerns -- Reductions in CARBOB capacity have led 1o increases in the prices
California consumers pay for gasoline. One of our primary concerns here was that the
acquisition would enable Tesoro, as the largest refiner in Southern California, to reduce capacity
and increase prices. In response to thesc concerns, however, Tesoro has agreed not to reduce
capacity of CARBOB for a period of three years. Over the next three years, Tesoro will
maintain the historical average daily production for both the Carson and Wilmington refineries.
Tesoro has also agreed to increase CARBOR capacity in the amount of 400 barrels per day to
ensure that California continues 1o have cxcess CARBOB capacity on hand in the event of an
unplanned refinery outage. Tesoro will also provide our office with monthly production volume
data for all of its West Coast refineries, so that we can monitor Tesoro’s compliance with these
commitments.

Maintenance of the ARCO Brand -- As part of the acquisition Tesoro will take ownership of the
ARCO brand in Southern California. The ARCO brand plays an important role as the value
leader in the market for branded retail gasoline in Southern California. It is important to our
office that consumers continue to reap the benefits of ARCO’s lower prices for years to come.
Accordingly, Tesoro has agreed to maintain ARCO’s status as a low cost fuel provider. Tesoro
has agreed to provide our office with data for average monthly dealer tankwagon prices for all of
its retail brands in Southern California so that we can monitor its compliance with this
commitment,

Environmental Issues

Tesoro has stated that the acquisition will enable it to achieve significant synergies, some of
which will benefit the environment by lowering greenhouse gases and emissions. Specifically,
Tesoro has stated that the acquisition will enable it to install a single distillate desulfurization
unit (“DDU”) for both the Carson and Wilmington refineries.! The California Air Resources
Board has studied this issue and has concluded that the installation of a DDU for the combined
facility would result in a reduction of emissions and greenhouse gases. Additionally. Governor
Brown sent a letter to Tesoro on April 8, 2013, stressing the importance of installing a DDU
should the acquisition procced. Tesoro has committed to provide our office with an annual
progress report detailing the steps it has taken to realize the synergies resulting from the
acquisition, including the installation of a DDU, so that we can monitor its commitments to
lower greenhouse gasses and emissions.

' Currently, both Carson and Wilmington utilize fluid catalytic cracking (“FCC™) units to
convert feedstock (gasoil) into intermediate products that the refineries further process. The
FCC units produce much Jower cracking yields (and result in hi gher emissions and greenhouse
gases) than a DDU.

G1-2091



APPENDIX G1: RESPONSE TO COMMENTS

Robert B. Weisenmiller, Ph.D.
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Job Security

Acquisitions such as this one often lead to significant layoffs, which are then touted as
“synergies” by the companies. Our office was concerned that this acquisition might lead to
similar reductions in jobs. As a result, Tesoro has agreed not to eliminate any jobs at either the
Carson or Wilmington refineries for a period of two years. Tesoro will provide our office with
an annual report detailing employment data at the refineries so that we can monitor its
compliance with this commitment,

In conclusion, we believe that these commitments will help ensure that California’s oil and pas
markets remain competitive for years to come, help to reduce greenhouse gases and emissions,
and protect jobs for potentially thousands of Californians. Over the next several years we will be
vigilant in monitoring Tesoro’s compliance with its commitments, and we hope to continue
working closely with the CEC in this respect. Through our combined expertise and enforcement
authority we can ensure that Tesoro follows through with its commitments and the synergies
resulting from this acquisition will benefit all Californians.

Sincerely,

5 ,/- . e = 7:
GpdA_¢. :}'h ~
KATHLEEN E. FOOTE

Senior Assistant Attorney General

For  KAMALA D. HARRIS
Attorney General

KEF:dbe
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http://www.dailybreeze.com/business/20140911/critics-not-satisfied-by-assurances-that-rancho-lpg-storage-
tanks-in-san-pedro-meets-all-federal-standards

Critics not satisfied by assurances
that Rancho LPG storage tanks in
San Pedro meets all federal
standards

Chuck Hart of San Pedro was among residents objecting to the Rancho LPG chemical tanks at this
week's community meeting with federal officials. (Photo by Donna Littlejohn / Daily Breeze)

By Donna Littlejohn, Daily Breeze
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San Pedro neighborhood near Mary Star High School. October 2010 file photo. (Scott
Varley / Staff Photographer)

Federal officials from anti-terrorism and environmental protection departments assured
about 200 San Pedro residents this week that Rancho LPG, a chemical storage tank
facility on North Gaffey Street, was in full compliance with U.S. regulations.

But it’s not what most in the crowd wanted to hear.

The two-hour meeting Wednesday, on the eve of the 13th anniversary of 9/11, was
punctuated by outbursts as several impassioned, sign-toting attendees objected to
speakers who said that thorough inspections — followed by more than $7 million in
upgrades made by the facility — have determined that Rancho meets government safety
standards.

When the meeting was over, Janet Gunter, the San Pedro resident who has been at the
forefront of the battle to force the tanks to move, said the fight would go on.

“This is not over,” she said. “This is wrong. It’s nine kinds of wrong.”
The forum was organized by U.S. Rep. Henry Waxman, D-Manhattan Beach.

Rancho, long a target of residents who believe it poses a grave danger to the
surrounding community, has been included among the nation’s high-risk facilities being
monitored by the U.S. Department of Homeland Security, subjecting it to more
stringent regulations and oversight, according to David Wulf, compliance division
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director for the department established after the 9/11 terrorist attacks on the World
Trade Center in New York.

As part that program, Rancho is required to develop and implement a site security plan,
which it has done, Wulf said.

“It’s not a program that can eliminate all risks, but it can reduce risks,” Wulf told the
audience of the federal anti-terrorism oversight.

Meanwhile, Kay Lawrence of the Environmental Protection Agency said that agency had
spent three years investigating the facility, beginning in April 2010, and settled a claim
for risk management violations with the company this summer. She said the company
spent $7.2 million in upgrades and improvements to satisfy the agency’s concerns, in
addition to paying $260,000 in civil penalties.

“I can’t overemphasize to you enough that we have taken this very seriously and we’ve
invested a lot of time and resources into it,” she said of the lengthy investigations that
included participation of one of the agency’s top investigators.

But many who attended the meeting at Peck Park Recreation Center were in no mood
for reassurances, shouting over the speakers several times.

“It’s practically a fuse waiting to be lit,” said one audience member. “It’s only safe if it’s
in an isolated area.”

“Something’s going to happen, it’s just a matter of time,” another man called out from
the back of the room. “This is just crazy. Do something!”

Standing in a line, several demonstrators either wore or waved signs that included
slogans like “ISIS + RANCHO = DEATH,” “Protect Port Workers!” and “People over
$$$$ Profits.”

Lawrence and other federal officials said they are bound by government standards and,
in Rancho’s case, the facility meets those standards. But they encouraged audience
members to submit concerns going beyond that to the federal government.

Some critics said the government could do more, adding that more specifics need to be
required of the company including copies of its liability insurance documents and a
specific seismic figure that the plant could survive.

“Between your two agencies you could make life miserable for Rancho,” said one man.
“Make life miserable for Rancho.”

“Shut the damn thing down,” called out Chuck Hart of San Pedro.

Central to opponents’ concerns is that the facility, which was established at 2110 N.
Gaffey St. under a different operator in the 1970s, is simply in the wrong place.

In case of an earthquake or terrorist attack, opponents argue, much of the area
surrounding the volatile butane/propane storage tanks — for miles around — would be
vaporized.
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Surrounded by homes with several nearby schools, the site should be rezoned by the city
of Los Angeles, critics said, which could finally force the business to move to a more
remote area.

“Please, understand my limits as a federal regulator,” Lawrence told the crowd.

Wulf agreed that chemical plants such as Rancho are “attractive targets” for terrorists,
but said the facility is in full compliance with what the government requires.

“We work within the parameters of the regulatory authority given by Congress and we
do this to the best of our ability,” Wulf said.
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Minding the Climate Gap

EXECUTIVE SUMMARY

What's at Stake if California’s Climate Law isn’t Done Right and Right Away
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Introduction

With the passage of the bipartisan Global
Warming Solutions Act (AB 32) in 2006,
California demonstrated its leadership on
environmental issues by committing to
the reduction of greenhouse gas (GHG)
emissions. What is often overlooked when
evaluating the impacts of climate change
policy like AB 32 is that beyond large-
scale impacts — like decreasing global
carbon counts, tempering the rise in global
temperature, and staving off countless
natural disasters — GHG reductions can
have related local impacts.

When regulations prompted by AB 32 take
effect in early 2012, Californians will not
only see a reduction in GHG emissions,
they are also likely to see a reduction in
harmful chemical compounds that are
emitted alongside GHGs — pollutants such
as particulate matter, sulfates, and volatile
organic compounds.

That's good news for all Californians.

Too few Californians are aware of this
opportunity for potential health gains and
the fact that many economists predict
that AB 32 will also produce long-term net
growth in jobs. California lawmakers and
regulators should better broadcast these
facts — and they could also build more
public support for policies that will prevent
climate change by ensuring that mitigation
strategies also lead to cleaner air where

it is needed most: in poor neighborhoods
and communities of color.

Why are these neighborhoods and
communities overburdened? In a recent
report entitled The Climate Gap (Morello-
Frosch, et al. 2009), we showed that
climate change does not affect all
Americans equally. Communities of

color and low-income neighborhoods
suffer the greatest health and economic
consequences. Among the many disparate
impacts, these Americans are more likely

T N Sl v - s

Why The Other Pollutants Matter

Consider the La Paloma power plant and the Exxon Mobil
refinery in Torrance. The La Paloma power plant sits about
35 miles west of Bakersfield in an abandoned oil field just
outside of the small town of McKittrick (population 160) with
fewer than 600 residents in the surrounding 6 miles, and no
other facilities in the immediate vicinity. The Exxon Mobil
refinery, on the other hand, has nearly 800,000 people in the
encircling 6 miles and is one of many facilities in its
surrounding area.

While these two facilities seem quite different, they share
one similarity — according to recently released 2008 GHG
emissions data from the California Air Resources Board, they
both emit between 2.5 and 3 million tons of carbon dioxide
each year. However, La Paloma releases 48.6 tons of
particulate matter per year while Exxon Mobil emits 352.2
tons. This staggering emissions burden is important to people
who live in Torrance’s dense neighborhoods, yet this fact is
often ignored in the debates about how we might best
implement AB32.

Why is the difference between reducing emissions at La
Paloma and in Torrance overlooked in the discussion about
mitigating climate change? Part of the reason is that too
much of the discussion stays at the macro-level: climate
change is imagined as major weather events and sea level
rise. While the catastrophic potential of climate change is
well documented, the story of the climate gap — the often
hidden and unequal impacts on people of color and the poor
in the United States, ranging from increased air pollution and
higher prices for basic necessities to job loss — unfolds at the
neighborhood level and is just being understood.

Partly because of this, systemic efforts to combat climate
change have focused primarily on reducing carbon with little,
if any, regard for how these efforts might also worsen or
ameliorate the climate gap. Shining a light on the gap is no
excuse for forgetting the health concerns of the much smaller
population near the La Paloma power plant — or for backing
away from the shared global goals of legislation like AB 32 —
but it does provide yet another prism for our work and
another way to generate widespread support for tackling the
challenge of climate change.
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to be exposed to dirtier air, more vulnerable to
extreme weather events, and suffer more than others
by the rising costs of basic necessities and economic
dislocations caused by climate change.

This report examines one aspect of this “climate
gap” in the context of market-based strategies

to limit greenhouse gas emissions. Such market
strategies tend to come in two types: either charging
a fee on carbon emitters to encourage reduction

or placing emitters within a cap-and-trade system

in which firms receive or purchase emissions
allowances and are allowed to buy or sell allowances
depending on their ability or desire to reduce their
own pollution versus paying someone else to reduce
theirs.

It is argued that such market-based strategies make
little difference with regard to GHGs — reducing
carbon emissions anywhere has the same global
impact. But what are the potential benefits from
targeting the reductions in greenhouse gases from
sources that also emit high levels of other dangerous
pollutants that have localized health impacts? This
report looks at the consequences of a “blind”
market strategy that ignores these toxic chemicals
or co-pollutants — and the climate gap with regard
to who they affect and where. We argue that such
an approach could waste an opportunity to further
enhance the positive health impact of AB 32 at the
local level.

Think of it this way. Imagine a factory whose pollution
caused drinking water in a city to become unsafe.
Would it make sense to allow the factory to pay for
clean up at a remote lake across the state instead of
cleaning up their local pollution where residents live
to address the human health risks it has caused?
While it could be argued that cleaning up polluted
water anywhere is good policy, the public health
benefits of one choice could vastly outweigh the
public health benefits of the other.

It is exactly this kind of scenario — forgone benefits
and lost opportunities — that “blind” carbon markets
could create when the consideration of hazardous
pollutants that are emitted alongside greenhouses
gases are left out of the policy equation.

(N

Why California Must Mind the
Climate Gap

While reducing greenhouse gases will help to
counter global climate change and in turn benefit all
Californians, a carbon market that does not prioritize
reductions at sources that also emit hazardous air
pollution in populated neighborhoods is likely to
result in significant lost public health opportunities
— especially for California’s most vulnerable
populations.

Not all greenhouse gas emitting facilities

pollute equally, nor are they evenly distributed
statewide. A relatively small number, clustered in
densely populated low-income communities and
communities of color, are responsible for the vast
majority of the combined toxic air pollution from
these facilities in such neighborhoods. They account
for virtually all of the pollution disparity, under a
measure developed in this report, from facilities that
will be first to enter the carbon market. This means
that increases in emissions among this small group
of facilities, or a failure to reduce pollution in step
with the declining greenhouse gas emissions cap,
could widen the climate gap and weaken the public
health goals of California’s climate policies.

Fearing this scenario, advocates from impacted
neighborhoods have raised significant concerns
about the potential results of what seems to be
California’s likely adoption of a cap-and-trade
approach. This report provides evidence to justify
these concerns, and also offers a menu of solutions
for developing an equitable system that could
provide the most long-term benefits to the greatest
number of Californians.

Maximizing Benefits for All
Californians

Ensuring that California gets the maximum benefit
for its carbon reduction efforts is important for public
health, our struggling economy, and the reduction of
healthcare costs. Although we do not quantify here

G1-2103

/’h\



APPENDIX G1: RESPONSE TO COMMENTS

Minding the Climate Gap 3

the economic impact of health problems caused by
toxic air pollution in California, other research has
demonstrated that such costs are externalized by

are already adversely impacted by air pollution.” It
further requires that measures to reduce emisions
are designated in a way that “maximizes additional

(N

major polluters who shift the burden onto California

taxpayers and insurance companies. Recent
studies suggest that a greenhouse gas
reduction strategy that also prioritizes
reducing toxic air pollution would result
in improved air quality that enhances
the overall benefits, compared to a plan
that considers only carbon emissions.

This report presents a menu of

policy options for how California can
implement climate policy in such a
way that Californians get more for their
initial taxpayer investments. Stressing
how to maximize gains is important
given that there are some political and
economic actors calling for delays in
the implementation of AB 32. Out-
of-state oil companies, for example,
have already begun bankrolling efforts
to halt the recent progress California
has made on its climate legislation.
Two large funders of the anti-AB 32
initiative, Texas-based companies
Valero Energy Corp. and Tesoro Corp.,
both operate facilities which, out of
those that will be regulated under AB
32, are among the most responsible for
both overall potential health impacts
and disproportionately polluting
neighborhoods of color and the poor.

Amid industry cries for postponing
implementation of California’s climate
legislation, taking account of the total
added economic and health rewards
for Californians should be a top
regulatory priority.

Closing the climate gap is also key.
AB 32 requires consideration of
“direct, indirect, and cumulative
emission impacts from these GHG
reduction mechanisms, including
localized impacts in communities that

environmental and economic co-benefits for
California, and complements the state’s efforts to

Tesoro Wilmington Refinery, September 25, 2009

AB 32 and Its Discontents

The current efforts to suspend AB 32, if successful, may
create lost opportunities to clean up California’s dirty air. Two
of the major contributors to that campaign, Texas oil
companies Valero and Tesoro, together operate four major
refineries in the state — the sector found in this study to pose
the greatest local pollution burden on all communities, but
particularly low-income communities and communities of
color.

Further analysis reveals that these two oil companies are
leading contributors to pollution-induced health problems
and the state’s dirty air disparity. Both operate facilities that
are among the worst ten percent of all facility-level health
impacts using a health impacts index that was calculated for
all facilities following the measure indicated in Bailey et al.
(2008) and are on the top ten list of worst contributors to the
disparity index developed in this study. If we group refineries
in California by company, Tesoro ranks worst in health
impacts among all companies with refining operations in the
state.

Tesoro also ranks second among the seven major refining
companies in California in the ratio of particulate matter that
accompanies their GHG emissions, and the ratio of potential
health consequences to GHG emissions. This suggests that
reducing GHG emissions at these sort of facilities could do
more to clean up California’s air than reducing the same
amount of GHG emissions at other facilities.

The current approach to implementation of AB 32 may need
some tweaks to better protect the most vulnerable
communities. If, however, implementation of AB 32 is
blocked or delayed, all Californians and particularly
low-income communities and communities of color will lose
out on potential health benefits.

/I|\\
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improve air quality.” If regulators meet such legal
obligations of AB 32 and implement the legislations
as intended, more Californians are likely to support
taking action now and all Californians will receive the
benefits of these investments.

Analyzing Major Polluters
to Prevent Unintended

Consequences

This report looks at the most significant GHG-
emitting facilities (power plants, petroleum refineries
and cement kilns) in California and identifies the
local burden to people from the accompanying
hazardous pollution. While the analysis builds on
earlier research by the Natural Resources Defense
Council on the overall burden from these facilities,
this is the first report of its kind to explicitly consider
the demographic disparity in that burden and the
implications for carbon market strategies. To do this,
we use maps and geographic analysis of the racial,
ethnic, and economic character of the surrounding
neighborhoods to quantify which populations are
currently suffering the most from these facilities’
harmful emissions, and therefore have the most to
gain from a smarter approach to reducing carbon.

Without knowing how many allowances will be
auctioned, at what price, and to which sectors, it is
not possible to forecast exactly what trades could
occur. Similarly, it is hard to estimate cost curves for
every facility to be regulated and use those estimates
to predict whether a firm will choose to pay a carbon
fee or instead reduce production or engage in
technological improvements. And even if all such
information were known, any prediction would be
error prone given the level of flexibility that would be
required of any market that is likely to take effect,
making it especially important to include measures to
guard against inequitable outcomes.

Given the uncertainty, this report instead identifies
the contribution to air pollution from these facilities
in surrounding neighborhoods and uses the
demographics of the neighborhoods to calculate

(N

disparities in those emissions; it examines the
potential negative outcomes that could result from
trading among these facilities; and it proposes policy
options for an efficient greenhouse gas reduction
strategy that would maximize public health and
provide the greatest overall benefits to California.

The analytics to do this are complex in their details
but relatively straightforward to explain.

First, we identified the most significant facilities

by looking at the California Air Resource Board’s
(CARB) first annual data release under the state’s
mandatory GHG Reporting Program and combining
this information with data on other pollutant
emissions, such as PM, . Second, we undertook an
extensive process to locate the facilities by cross-
referencing several databases and then conducting
visual checks with satellite imagery (see Figure 1
for the resulting map and the appendix for more on
the method). Third, we used a series of proximity
analyses based on a range of distances from half

a mile to six miles (the latter distance is perhaps
too generous but it is the benchmark used by the
California Energy Commission in its environmental
justice analysis of any proposed location for a
power plant) around each facility. The proximity
analyses were used to determine which communities
might be affected by emissions and to consider

the varying demographics of the communities.
Finally, we calculated a pollution disparity index for
each facility — a measure of the extent to which a
facility disproportionately pollutes people of color as
compared to non-Hispanic whites — based on both
its pollution level and the local demographics (see

/’h\
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Figure 1: Major GHG-Emitting Facilities in California
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Figure 5 for a description of the pollution disparity
index).

The resulting dataset allowed us to examine several
issues. In particular, the individual disparity indices
could be added up to calculate the statewide
disparity score to assess the overall statewide gap

in proximity to pollution. And because we had the
individual facility data, we could also ascertain the
contribution to that overall gap of any particular
facility as well as the relative contribution of the
major sectors to be regulated.
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Figure 2: Percentage Households Within 2.5 Miles of any Facility by
Income and Race/Ethnicity in California
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We find the following:

While the composition of neighborhoods more
than six miles away from any large GHG-emitting
facility is 54 percent non-Hispanic white and 46
percent people of color, neighborhoods that are
closer — within various distance bands such as
six miles, two and a half miles, or one mile — are
about 40 percent non-Hispanic white and 60
percent people of color.

Children in poverty, along with all people in
poverty, are also disproportionately near major
GHG-emitting facilities. However, it's not just
this income factor driving the apparent racial
disparity: people of color are more likely to live
near these facilities than their white peers in the
same income bracket (see Figure 2).

Within California, people of color are more likely
to be near those large GHG-emitting facilities with
the highest emissions of other pollutants such

as particulate matter and/or clusters of facilities
where such pollutants accumulate to high levels.
Overall people of color experience over 70
percent more particulate matter emissions within
two and a half miles from the facilities listed as
major GHG emitters as non-Hispanic whites,

-

Population -Weighted Average Emissions (Tons)

Population -Weighted Average Emissions (Tons)

-~

Figure 4: Population-Weig|
Emissions Burden (Tons) by Facility Category and Race/Ethnicity for
Facilities within 2.5 Miles

~

Figure 3: Population-Weighted Average Annual Particulate (PM, )
Emissions Burden (Tons) by Race/Ethnicity for Facilities within 2.5 Miles
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experience over 70%
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Petroleum refineries account for the
largest portion (93%) of the
state-wide PM,; pollution disparity
score, or difference between the
14| emissions burdens for people of color
and non-Hispanic whites.

Source of Emissions:
Power plant

= Petroleum refinery
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and the disparity is particularly sharp for African
Americans.

As noted, to quantify the gap more exactly in
terms of sectors and individual facilities, we
created a pollution disparity index to capture
racial disparity in PM,, emissions at the facility
level based on combining particulate matter
emissions with an analysis of the population

living within certain distances of the facilities

in question. Figure 3 provides one visual
representation of the overall gap (or statewide
disparity score), which can be derived by adding
up the pollution disparity index across all facilities
and is equal to the difference in emissions burden
borne by people of color and non-Hispanic whites

/I|\\.
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in California. While we focus on racial disparities
here, the same sort of analysis of income
disparities leads to similar conclusions.

Petroleum refineries, a major source of
greenhouse gases, are also a leading contributor
of other pollutants, such as PM, . Figure 4 breaks
the burdens and difference in burdens by source
type for people of color and non-Hispanic whites
in California; as can be seen, refineries account
for a large portion of the pollution burden faced
by all people statewide, and contribute even more
to the racial disparity in pollution burden — or the
difference in PM, emissions burden by race/
ethnicity.

The relative importance of refineries in this
pattern may be surprising given that there are
more electrical power plants statewide, and

cement kilns (which are the fewest in number)
generate the most pollution per facility. However,
petroleum refineries contribute most to the
disproportionate burden partly because they

are most likely to be sited in densely populated
communities of color.

If we rank all the facilities in California by their
individual pollution disparity indices, we find that
the top ten facilities (eight refineries, one power
plant, and one cement kiln) are responsible for
the vast majority of the air pollution disparity by
race/ethnicity (see Figure 5) , due in part to their
location proximate to communities of color (see
Figure 6).

What this means is that if facilities in this top ten
are allowed to avoid actual emissions reductions
by procuring an inordinate share of allowances

-

Figure 5: Distribution of the Pollution Disparity Index for PM, at 2.5 Miles Across All Major GHG-Emitting Facilities

Top 10 Facilities Polluting Disproportionately in Communities of Color

| —
Pollution
Rank Facility Name City Disparity Index
1 BP Carson Refinery Carson 1.44
2 Tesoro Wilmington Refinery Wilmington (Los Angeles) 1.01
3 Paramount Refinery Paramount 0.62
4 ConocoPhillips Wilmington Refinery Wilmington (Los Angeles) 0.52
5 ExxonMobil Torrance Refinery Torrance 0.40
6 Chevron Richmond Refinery Richmond 0.32
7 Malburg Generating Station (Vernon Power Plant) Vernon 0.31
8 ConocoPhillips Carson Refinery Carson 0.29
9 Valero Wilmington Refinery Wilmington (Los Angeles) 0.24
10 California Portland Cement Company Colton Plant ~ Colton 0.16
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Pollution Disparity Index

Calculation of the Pollution Disparity Index

The pollution disparity index measures the extent to which a facility disproportionately
pollutes people of color as compared to non-Hispanic whites. It is calculated by
considering total pollutants produced by the facility (tons of particulate matter), the
number of people within a certain distance of the facility, and the demographics of
that population. The resulting disparity index can be added up across all facilities to
get the state-wide disparity score — or gap — in pollution burden by race/ethnicity.

Particulate Matter (PM) p

2.5 mile buffer

\
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Figure 6: Map of Top Ten Facilities in Pollution Disparity
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during allowance allocations, paying fees, or distribution of allowances and trades between
trading their way out of reductions, the current sectors.

pattern of inequity could worsen. On the other
hand, minimizing allocations and purchases of
allowances and incentivizing actual reductions
among these particular facilities could go a long
way towards erasing pollution disparities and
maximizing the public health benefits of AB 32.

e In particular, because much of the pollution
disparity we identify is due to refinery emissions,
allowing such refineries to trade or pay their way
out of local GHG emissions reductions could leave
potential equalizing benefits on the ground.

o While there are legitimate concerns about
outcomes resulting from allowance distribution

and trading within a sector — such as when a The P0|ICy OpportunitiES:
power plant located near a large population ClOSing the Climate Gap

in a low-income community of color eschews
GHG reductions in favor of buying credits from
another power plant located in an unpopulated
area — the most harmful impacts on public health
and fairness are more likely to result from the

How do we turn this problem of unequal pollution
burden into an opportunity for improving
environmental equity and public health? How could
a GHG reduction strategy maximize opportunities to

lll\.\.
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clean up dirty air, reduce healthcare costs, decrease
pollution burden disparities, and build support
among more Californians for taking action on climate
change without delay?

When thinking through policy opportunities, it is
important to realize that the potential disparities we
discovered would be part of any market system,
including the carbon fee strategy favored by some
opponents of cap-and-trade. While fees may be
better than cap-and-trade for other reasons, one
system allows polluters to pay their way out of local
GHG emissions reductions while the other allows
them to frade their way out — thus, the disparity and
health issues we raise are important for advocates
from various sides of the regulatory debate over how
to incentivize real greenhouse gas reductions where
they are most needed.

The menu of market-based and regulatory
approaches below outlines strategies to prevent the
concentration of more air pollution in climate gap
neighborhoods and maximize the health benefits for
all Californians.

Necessary Components for Any Market
System

A crucial prerequisite to adopting any GHG reduction
system is the need for the California Air Resources
Board to create a mechanism for monitoring
allowance allocations and trades or fee payments.
Any framework developed to reduce each facility’s
carbon output below a target level should also assess
the impact of associated pollutants emitted from
those same smokestacks.

Policy Options

One solution would be assigning a price to co-
pollutants. By raising carbon fees (or making
emissions allowances more expensive) in areas with
the greatest concentrations of both co-pollutants and
people, polluters would have a financial incentive

to reduce emissions where health benefits could

be maximized. The challenge here is the added
complexity in developing a trading or fee system in

which allowances or fees must factor in co-pollutants
and population densities instead of just homogenous
units of carbon. A simpler approach might be to vary
permit prices (or fees) by the average relationship
between co-pollutants and GHGs in different sectors,
but this is would be highly inefficient due to not
considering the substantial variation in marginal
health co-benefits from GHG reduction that appears
to exist at the facility level.

The four options described below might be easier to
implement.

Option 1: Restrict Allowance Allocations
and Trading or Fee Options Among the Worst
Offenders

The full report summarized here identifies the
facilities that emit the most significant amount of
GHGs along with the air pollution that contributes
significantly to California’s pattern of environmental
disparity. This small number of facilities could be
required to reduce emissions locally to meet their
contribution to achieving the statewide carbon cap,
rather than essentially paying others to reduce
through either purchasing (or otherwise acquiring)
allowances at allowance auctions (or other forms
of allowance allocation), buying them from other
facilities through trading, or relying on what are
known as “offsets” — basically projects or activities
that yield a net GHG emissions reduction for which
the ownership of the reduction can be transferred
(e.g. slowing deforestation somewhere across the
globe). In a fee system, these facilities could be
restricted in their capacity to pay fees rather than
change operations.
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Option 2: Create Trading Zones

Drawing zones that limit trading based on whether
the surrounding neighborhoods are currently
suffering from extremely poor air quality is a strategy
that has already been tested in California. As Kaswan
(2009) suggests, certainty in achieving actual
reductions in prioritized areas would also largely
depend on how allowances were distributed with
trading playing a small role, for example, if facilities
are able to purchase all the allowances they need

for any compliance period at auction or if they are
able to rely on offsets to make up the difference
between allowance holdings and emissions. While
geographic restrictions on trading, allowances, and
offsets do impose a layer of complexity, they are an
objective and evidenced-based mechanism to create
incentives for facilities located in dirtier air zones to
reduce emissions, thus maximizing local benefits.

Option 3: Use Surcharges to Improve Highly
Impacted Areas

A third strategy involves the imposition of surcharges
on allowances in highly polluted neighborhoods, with
the funds being returned for environmental and other
mitigations in those same areas. This establishes a
tight connection or “nexus” between the pollution
sources and payments for affected areas. It also lifts
up the principle of “cumulative impacts” — that is,
that special efforts should be made in areas with
multiple sources of pollution.

Option 4: Create a Climate Gap
Neighborhoods Fund (also known as a
Community Benefits Fund)

In this scenario, neighborhoods with the dirtiest air
and/or significant socio-economic challenges would
have access to a share of any revenue generated
from a carbon fee or carbon allowances to reduce
air pollution and invest in other climate mitigation
strategies. While the geographic nexus between the
emitters and the communities receiving benefits

is somewhat looser in this scheme than in the
surcharge approach, it may be a more efficient and
more widely accepted path to protecting the people

(N

already breathing the dirtiest air in California’s most
impacted and vulnerable neighborhoods.

Avoiding Unintended
Consequences and Seizing
Opportunities

While it is not possible to predict the exact outcome
of any market system for carbon reduction in
California, it is likely that one based solely on
decreasing greenhouse gas emissions will, at a
minimum, fail to realize the full benefits of reduced
air pollution and, at a maximum, worsen current
patterns of inequality.

It is essential to ensure that any market-oriented
regulatory system — either cap-and-trade or fees —
avoids concentrating more air pollution sources in
communities already breathing the dirtiest air. This
report identifies four relatively simple and easy-to-
implement policy strategies to avoid unintended
health consequences and take advantage of the
hidden opportunities:

1. Restrict allowance allocations, trading and offset
use — or fee options — among facilities responsible
for the worst health impacts.

2. Create trading zones to incentivize pollution
reduction in the areas with the dirtiest air.

3. Use revenues to improve air quality in highly
polluted areas and enhance the ability of local
residents to adapt to climate change impacts.
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4. Create a climate gap neighborhoods fund
to protect California’s most vulnerable
neighborhoods.

Most important will be the development of a
monitoring system that tracks allocations and trading
of allowances and use of offsets (or fee payments)

to ensure that such a system does not exacerbate
the inequities depicted here, and to enable other
mitigation policies to be triggered as needed. This
system could also incorporate the impacts from other
facilities and sources and allow for the analysis of
the “direct, indirect, and cumulative impacts...on
communities that are already adversely impacted by
air pollution” as called for in the legislation.

In order to successfully confront the climate change
challenge, policymakers need to develop a system
that will work and that Californians will support.

As Minding the Climate Gap demonstrates, GHG
reduction policies that maximize public health and
economic benefits are not only efficient and sensible,
but could be relatively simple to implement.

California faces a big challenge but also a big
opportunity. We are poised to lead not only in curbing
climate change, but also in closing the climate gap.
As other states and the nation move forward, the
impact of this work will multiply. We should get this
right — and fair — from the beginning.

Methodology

This report builds on earlier work by Diane Bailey,
Kim Knowlton, and Miriam Rotkin-Ellman (in a 2008
report entitled Boosting the Benefits: Improving Air
Quality and Health by Reducing Global Warming
Pollution in California that was released by the
Natural Resources Defense Council). Their report
sought to understand the aggregate health impacts
of facilities likely to be regulated under AB 32; we
sought to look at disparate impacts, which required
highly accurate locational data as well as up-to-date
emissions data.

We used 2008 GHG emissions data from CARB’s
first annual release under the state’s mandatory GHG

(N

Reporting Program and PM,; and NO, data from
the 2006 CARB Emissions Inventory for stationary
sources. Facility locations were determined by cross-
referencing the facility names and addresses given
by CARB Emissions Inventory with data from the
GHG Reporting Program, a power plants database
maintained by the California Energy Commission,
and a dataset of facility locations from the U.S.
Environmental Protection Agency (EPA), which
provided geographic coordinates in addition to
addresses. We followed this with a visual locational
check using aerial imagery in Google Earth, and,
in some cases, following up with web-research on
location, including official documentation (reading
permit history, for example) and phone calls to
parent companies.

Because in-depth emissions modeling was beyond
the scope of this effort, we determined affected
communities by drawing buffers of different sizes
from the facility’s point location. We started with the
smallest unit of Census geography, the block, and
considered whether the center of that block fell into
a designated buffer; we then population-averaged up
to the block group (a geographic unit that is smaller
than the a census tract) because this was the most
geographically compact level at which detailed
income information was available. Multiple buffers
were used to ensure that the patterns we found were
not being distorted by buffer size choices. We then
developed a series of pollution disparity indices that
took into account both population and pollution; in
the full report and in the discussion in this summary,
we confine our attention to PM_ / because the results
for NOx are similar and we focus on a 2.5 mile buffer
because those results were most correlated with the
results from an air basin wide health impacts index
developed by Bailey and her colleagues and also
used here.

References
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4.8.4.1.2.3.1 Chevron Facility Greenfiouse Gas Reductions

Chevron would implement seweral Project Design Features within the Facility and
related Chewron operations to reduce greenhouse gas emissions. The measures
include water conservation, light-emitting diode (LED) lighting retrofits, Marin
Clean Emergy participation, and fluid catalytic cracker cooling water tower motor
upgrades. The minimum amount of greenhouse gas reductions to be achieved by
these Project Design Features is 1,312 MT CO,efyear. All reduc