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The U.S. Chemical Safety and Hazard Investigation Board (CSB) is an independent Federal agency
whose mission is to drive chemical safety change through independent investigations to protect people and
the environment.

The CSB is a scientific investigative organization; it is not an enforcement or regulatory body. Established
by the Clean Air Act Amendments of 1990, the CSB is responsible for determining accident causes,
issuing safety recommendations, studying chemical safety issues, and evaluating the effectiveness of other
government agencies involved in chemical safety. More information about the CSB is available at

WWW.CSb.gov.

The CSB makes public its actions and decisions through investigative publications, all of which may
include safety recommendations when appropriate. Examples of the types of publications include:

CSB Investigation Reports: formal, detailed reports on significant chemical accidents and include
key findings, root causes, and safety recommendations.

CSB Investigation Digests: plain-language summaries of Investigation Reports.

CSB Case Studies: examines fewer issues than a full investigative report, case studies present
investigative information from specific accidents and include a discussion of relevant prevention
practices.

CSB Safety Bulletins: short, general-interest publications that provide new or timely information
intended to facilitate the prevention of chemical accidents.

CSB Hazard Investigations: broader studies of significant chemical hazards.

Safety Videos: high-quality outreach products that result in improved worker and environmental
protection.

CSB publications can be downloaded at www.csb.gov or obtained by contacting:

U.S. Chemical Safety and Hazard Investigation Board
Office of Congressional, Public, and Board Affairs

1750 Pennsylvania Ave NW, Suite 910

Washington, DC 20006

(202) 261-7600

No part of the conclusions, findings, or recommendations of the CSB relating to any chemical accident
may be admitted as evidence or used in any action or suit for damages. See 42 U.S.C. § 7412(r)(6)(G).
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1.0 EXECUTIVE SUMMARY

On Wednesday, February 18, 2015, an explosion occurred in the ExxonMobil Torrance, California refinery’s
Electrostatic Precipitator (ESP), a pollution control device in the fluid catalytic cracking (FCC) unit that removes
catalyst particles using charged plates that produce sparks—potential ignition sources—during normal operation.
The incident occurred when ExxonMobil was attempting to isolate equipment for maintenance while the unit was
in an idled mode of operation; preparations for the maintenance activity caused a pressure deviation that allowed
hydrocarbons to backflow through the process and ignite in the ESP.

The CSB found that this incident occurred due to weaknesses in the ExxonMobil Torrance refinery’s process
safety management system. These weaknesses led to operation of the FCC unit without pre-established safe
operating limits and criteria for unit shutdown, reliance on safeguards that could not be verified, the degradation of
a safety-critical safeguard, and the re-use of a previous procedure deviation without a sufficient hazard analysis
that confirmed that the assumed process conditions were still valid.

This report discusses the key factors that caused this incident, which include:

1. ExxonMobil did not establish the safe operating limits for operating the FCC unit in Safe Park—a
standby mode of operation—or determine process conditions that required unit shutdown. As a result,
the FCC unit was unknowingly placed in an unsafe condition when a critical safeguard—pressure
induced by steam flow—was reduced below a safe level,

2. ExxonMobil re-used a procedure developed for a similar maintenance operation in 2012 that allowed
deviation from typical refinery safety requirements. ExxonMobil did not, however, perform a
sufficient hazard analysis to determine if the unit conditions specified in the 2012 procedure were valid
for the 2015 operation. The safeguards specified in the 2012 procedure were not sufficient for the
2015 operation, and they failed to prevent hydrocarbons from backflowing through the process and
into the ESP;

3. ExxonMobil operated FCC unit equipment beyond its predicted safe operating life.! The failure of the
equipment allowed hydrocarbons to reach the ESP;

4. ExxonMobil lacked safety instrumentation to detect flammable hydrocarbons flowing through the
equipment and into the ESP. The inability to detect hydrocarbons flowing to the ESP appears to be an
industry-wide problem; and

5. ExxonMobil refinery management permitted opening process equipment without conforming to
refinery standards.

As a result of this incident, a near miss event occurred in the modified hydrofluoric acid (MHF) alkylation unit
when explosion debris nearly hit tanks in close proximity to the ESP, each containing hydrofluoric acid (HF),
water, hydrocarbons, and a chemical additive intended to reduce the amount of HF vaporized during a loss of
containment event.? HF is a highly toxic chemical that can seriously injure or cause death at a concentration of 30

1 ExxonMobil does not define a piece of equipment’s safe operating life, but the company’s equipment strategy documentation
does set forth inspection and maintenance intervals.

2 The CSB was not provided with documentation quantifying the resulting effect of the chemical additive on a potential HF
release, and as such the CSB cannot comment on the effectiveness of this additive.
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parts per million (ppm).2 ExxonMobil resisted CSB requests for safety information pertaining to the potential
release of HF in the event the tanks were struck by explosion debris. ExxonMobil continues to refuse to provide
the CSB with information detailing safeguards to prevent or mitigate a release of HF. The CSB has issued
subpoenas for this information, and is pursuing enforcement in US Federal district court.*

As a result of the investigation findings of the February 18, 2015 incident, the CSB issues recommendations to
ExxonMobil, Torrance Refining Company (the current operator of the refinery), and American Fuel and
Petrochemical Manufacturers (AFPM). These recommendations aim to:

e  Ensure all ExxonMobil and Torrance refinery safety-critical equipment can effectively perform its
safety-critical function;

e  Ensure ExxonMobil procedure deviations are analyzed for safety by a diverse, experienced team prior
to their approval and implementation;

e  Ensure ExxonMobil and Torrance refinery ESPs are assessed for potential siting risks and are designed
with safeguards to prevent major consequences of an ESP explosion; and

e  Ensure the lessons from this incident are learned broadly throughout the refining industry.

3 The National Institute for Occupational Safety and Health (NIOSH), "NIOSH Pocket Guide to Chemical Hazards, Hydrogen
fluoride,” 11 April 2016. [Online]. Available: https://www.cdc.gov/niosh/npa/npgd0334.html. [Accessed 27 February 2017].

4 ExxonMobil has not provided this information to the CSB because they have stated that the requested documents are not
within the CSB’s jurisdiction in investigating the causes of the February 18, 2015 incident.
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2.0 REFINERY BACKGROUND

2.1 EXXONMOBIL CORPORATION

The Exxon Mobil Corporation (ExxonMobil) was formed on November 30, 1999 as a merger between Mobil Qil
Corporation and Exxon.® ExxonMobil operates five refineries within the United States with a total combined
capacity of approximately 1,857,500 barrels per day (bpd).6 ExxonMobil also explores for oil and gas deposits;
drills wells; transports crude oil; and sells finished petrochemical products, including gasoline. In addition to a
substantial research division, ExxonMobil has a chemicals division that produces a wide range of products,
including synthetic rubber, plasticizers, synthetic automotive oil base stocks, and catalysts.” In 2016, ExxonMobil
reported $226 billion in revenue, with a net earnings of $7.8 billion.®

2.2 TORRANCE REFINERY

The General Petroleum Corporation, which would eventually become part of Mobil Qil,® announced the
construction of the Torrance refinery on October 4, 1928.1° The company chose this site due to its proximity to the
Los Angeles Harbor, and because the City of Torrance was designed as a mixed use, industrial/residential area.

The Torrance refinery was ExxonMobil’s second smallest refinery nationwide,*? and currently sells about 5 million
gallons of low emissions gasoline per day in Southern California, Arizona, and Nevada. The Torrance refinery
currently produces approximately twenty percent of the gasoline sold in southern California and ten percent state-
wide. The refinery also produces jet fuel, diesel fuel, liquefied petroleum gases (LPG), coke, and sulfur. The
refinery covers 750 acres and employs approximately 650 employees and 550 contractors. The Torrance refinery
is surrounded by the City of Torrance, which as of July 2015, had a population of 148,000.% Figure 1 shows the
Torrance refinery, outlined in yellow.

5 ExxonMobil, 2017. Our history. [Online]

Available at: http://corporate.exxonmobil.com/en/company/about-us/history/overview [Accessed 07 March 2017].

6 U.S. Energy Information Administration, 2016. Refinery Capacity Report. [Online]

Available at: https://www.eia.gov/petroleum/refinerycapacity/refcap16.pdf [Accessed 07 March 2017].

" ExxonMobil, "Our Products," 2017. [Online]. Available: http://www.exxonmobilchemical.com/Chem-English/about/our-
products.aspx. [Accessed 07 March 2017].

8 ExxonMobil, "ExxonMobil Earns $7.8 Billion in 2016; $1.7 Billion During Fourth Quarter," 31 January 2017. [Online].
Awvailable: http://news.exxonmobil.com/press-release/exxonmobil-earns-78-billion-2016-17-billion-during-fourth-quarter.
[Accessed 07 March 2017].

° Gnerre, Sam. South Bay Daily Breeze, "Capt. John Barneson brings an oil refinery to Torrance,” 4 October 2014. [Online].
Available: http://blogs.dailybreeze.com/history/2014/10/04/capt-john-barneson-brings-an-oil-refinery-to-torrance/. [Accessed
07 March 2017].

10 Torrance Herald, "3 Million Dollar Refinery to Go Up Here Immediately," 4 October 1928. [Online]. Available:
http://arch.torranceca.gov/archivednewspapers/Herald/1928%20May%203%20-%201929%200ct%2031/PDF/00000239.pdf.
[Accessed 07 March 2017].

11 M. Crawford, Building the Workingman's Paradise - The Design of American Company Towns, London: Verso, 1995.

12 The Torrance refinery was sold by ExxonMobil to PBF.

13 United States Census Bureau, "QuickFacts, Torrance City, California,” 01 July 2016. [Online]. Available:
https://www.census.gov/quickfacts/table/PST045215/0680000. [Accessed 07 March 2017].
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Google Earth image of Torrance refinery and surrounding community

2.3 PBF’s AcQUISITION OF THE TORRANCE REFINERY

On September 30, 2015 ExxonMobil announced an agreement to sell the Torrance refinery to PBF Holding
Company LLC (PBF).** Founded on March 1, 2008, PBF owns five refineries in the United States with a
combined capacity of 884,000 bpd.*® PBF completed its acquisition of the Torrance refinery from ExxonMobil on
July 1, 2016, and Torrance Refining Company LLC (TORC), a fully-owned subsidiary of PBF, currently operates
the refinery.6:%7

14 ExxonMohil, "ExxonMobil to Sell Torrance Refinery to PBF Energy," 30 September 2015. [Online]. Available:
http://news.exxonmobil.com/press-release/exxonmobil-sell-torrance-refinery-pbf-energy. [Accessed 07 March 2017].

15 PBF Energy, "Refineries," 2017. [Online]. Available: http://www.pbfenergy.com/refineries. [Accessed 07 March 2017].

16 PBF Energy, "PBF Energy Completes Acquisition of the Torrance Refinery and Related Logistics Assets," 01 July 2016.
[Online]. Available: http://investors.pbfenergy.com/news/2016/07-01-2016-113123883. [Accessed 07 March 2017].

17 The PBF Torrance refinery is now operated under new leadership. Many employees who worked at the refinery while it was
owned by ExxonMobil still work at the refinery.
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3.0 PROCESS DESCRIPTION

The February 18, 2015 explosion at the Torrance refinery occurred in the refinery’s fluid catalytic cracking (FCC)
unit (Figure 2). The FCC unit “cracks” heavy, high boiling point hydrocarbon molecules into smaller molecules
with lower boiling points. The main product produced by the FCC unit is gasoline.

A large portion of the FCC unit was involved in the sequence of events leading to the explosion in the unit’s
electrostatic precipitator (ESP), which removes catalyst particles from the regenerator combustion gas to meet
environmental regulations before it is discharged into the atmosphere. This section of this report describes the
FCC unit at the Torrance refinery.

Regenerator Air Side  Hydrocarbon Side

combustion gas
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Light Hydrocarbon
Vapor

:( Orifice Chamber
ESP Light Hydrocarbon
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Naphth,
Expander o S AL
ass 207
BYF — — 4 LightcCycle Oil
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Spoa Column
Co Light Cycle Oil
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Boiler s I
Expander Inlet X = BN “:::;ﬁ'ng"ga
Butterfly & R-eal:tnr
Catalyst Riser
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J_\L Catalyst Slide
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71" Expander Wain Air feed or riser
Outlet Flange Air Blower steam Slurry Oil
FIGURE 2

Schematic of ExxonMobil Torrance Refinery FCC unit
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3.1 CATALYST LooP

During normal operation, a catalyst*® in the form of small spherical particles®® circulates between the reactor and
the regenerator in the direction of the circular arrow in Figure 3. The catalyst is typically fluidized, meaning that
the solid catalyst is aerated with hydrocarbon vapor, steam, or air so that it behaves like a liquid (Figure 4%°). The
catalyst both drives the cracking reaction and transfers heat from the regenerator to the heavy hydrocarbon feed

entering the reactor riser.

Air Side

Regenzrator
combustion g2s to

Combustion products
to flue gas system
where catalyst
particles are
removed
(pollution control)

Cracked hydrocarbon '\
vapor to main column
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Min (P I Vatve /\
Column ] , -
| Regenerator <3< &)
S e |
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FIGURE 3 Air from | g onerated 2
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Blower Slide Valve Hydumon
Feed

FIGURE 4

Fluidized Particles

3 ]
Stationary Particles

Depiction of stationary particles (left) and
fluidized particles (right)

18 A catalyst is a substance that increases the rate of a chemical reaction without changing its own composition.
19 The catalyst used in the FCC unit is a powdery solid composed mainly of clay and aluminum oxide.

20 Photos in Figure 4 are still video clips from Glatt, "HP Spray Coating,” 2017. [Online]. Available:
http://www.glatt.com/en/processes/coating/fluidized-bed-coating/hp-spray/#jfmulticontent c6020-1. [Accessed 07 March

2017].
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The cracking reaction occurs in the reactor riser (Figure 3). Heavy hydrocarbons are fed into the reactor riser,
where they vaporize upon contact with fluidized hot catalyst, and the cracking reaction begins. The cracking
reaction continues as the mixture of hydrocarbon vapor and catalyst travel up the riser. Coke, a solid byproduct of
the cracking reaction, deposits onto the catalyst particles during the reaction process, making the catalyst less
effective. The coke-covered catalyst is referred to as “spent catalyst.” The spent catalyst and cracked hydrocarbon
vapor exit the riser and enter the reactor vessel, where most of the catalyst particles are separated from the
hydrocarbon vapor. The cracked hydrocarbon vapor then flows to the main column for separation (Section 3.2).

The spent catalyst is routed to the reactor standpipe. Within the reactor standpipe is the spent catalyst slide valve
(SCSV), which controls the spent catalyst flow into the regenerator.

Inside the regenerator, the hot spent catalyst contacts air supplied by the main air blower. The coke deposits that
are on the surface of the hot catalyst particles burn off when in contact with the air, in a combustion reaction. The
heat of combustion further heats the catalyst particles, and this “regenerated catalyst” enters the regenerator
standpipe. The regenerated catalyst slide valve (RCSV) controls the flow of the hot catalyst to the reactor riser
where it contacts, heats, and vaporizes fresh heavy hydrocarbon feed to begin the cracking reaction.

3.2 MAIN COLUMN

The cracked hydrocarbon vapors leave the top of the reactor and enter a distillation column? called the main
column (Figure 5). The main column is fed superheated?? hydrocarbon vapor, with no additional heat added to the
column during normal operation. Heat is removed from the column to cool and condense the gas feed for
separation by removing heat in several loops called pumparounds. In these pumparounds, heat exchangers transfer
heat to other process streams in the refinery, reducing the temperature of the streams returning to the main column.
The main column separates the product from the reactor into light hydrocarbons and heavy naphtha (which are
further processed to produce gasoline), light cycle oil, and slurry oil.

ot AirSide  Hydrocarhon Side
et FIGURE 5
@—l 53!2,”"”% FCC unit main column
Refiux
[ Orifice Chamber
ESP \/ Maintanance ;. E:::dmd'mmn
I
= /N Bypass 10" r o (———————— >Heavy Naphtha
B w
M Spent — — J ugntcyeie ol e
7 Pumparound
Gas/Catalyst , Coahg : S
il | Slide Main (o)
co | Vabe Column b Ot o
Boiler CO Bypass Regenerator o
\ / - Heavy Cycle Oil
;m;f X ey B Pimparaing
Catalyst Riser
Fines

Regenerat ey 01
Catalyst Slide
Expander Valve
71" Expander Main Air
Dutlet Flange Air Blowar : Siurry Oil

2L A distillation column is a type of process equipment that separates a feed mixture based upon the mixture’s various
components’ boiling point temperatures. Components with lower boiling point temperatures (the more volatile components)
leave the upper portion of a distillation column, while components with higher boiling point temperatures (the less volatile
components) leave the lower portion of a distillation column.

22 A superheated vapor is hotter than its boiling point temperature.
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3.3 REGENERATOR COMBUSTION GAS

The gas leaving the top of the regenerator is composed of
combustion product gases entrained with catalyst particles.?
The gas is routed to the gas/catalyst separator (Figure 7)
where most of the catalyst dust particles are removed from
the combustion product gases. The gas, still containing some

catalyst dust, flows through the expander, where the

expansion of gas is used to partially power the main air

blower. Heat is removed from the gas in the carbon

monoxide (CO) boiler,?* and then the gas is routed to the
ESP. The ESP collects most of the remaining small catalyst

particles from the gas to meet California emissions

regulations® by using charged plates to attract the fine
catalyst particles (Figure 6).%¢ This operation generates
sparks—potential ignition sources—inside of the ESP.

Charged Plates

Fine
Catalyst
Particles

T

FIGURE 6
The ESP removes catalyst particles using charged
plates that produce sparks (as designed).
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23 The majority of the catalyst particles are removed from the regenerator combustion gas by “cyclones” inside of the regenerator.

24 The CO Boiler essentially serves as a heat exchanger, using the hot regenerator combustion product gas to generate steam for
use around the refinery. When the FCC unit was originally designed, it burned CO flowing from the regenerator, but the
process has since been modified so that all CO is now combusted in the regenerator.

25 SCAQMD, "Rule 1105.1, Reduction of PM10 and Ammonia Emissions from Fluid Catalytic Cracking Units," 07 November

2003. [Online]. Available: http://www.aqmd.gov/docs/default-source/rule-book/reg-xi/rule-1105-1.pdf?sfvrsn=4. [Accessed 07

March 2017].

% Figure from https://en.wikipedia.org/wiki/Electrostatic_precipitator#/media/File:Electrostatic_precipitator.svg [Accessed 07

March 2017].
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3.4 HYDROCARBON LEAK TO AIR SIDE

This report refers to the FCC unit as having two “sides” which are (1)
the hydrocarbon side, and (2) the air side. The hydrocarbon side
includes the reactor and the main column. The air side includes the
regenerator and the piping and equipment downstream of the
regenerator leading to the ESP (Figure 2). The SCSV and the RCSV are
used to prevent undesirable mixing of air and hydrocarbons, which is an
explosion hazard. During the Safe Park mode of operation (a standby
mode of operation that the FCC unit was in on the day of the incident),
the two valves isolate the air side and the hydrocarbon side from each
other by maintaining a level of catalyst on top of the valves, forming a
“plug” that prevents reactor process vapors from entering the
regenerator, and vice versa (Figure 8).

Discussed in Section 4.0, on the day of the incident, the SCSV did not
maintain the catalyst plug. Hydrocarbons from the reactor flowed into
the regenerator in the air side of the FCC unit, which in the Safe Park
mode of operation was not sufficiently hot to burn (i.e. combust) the
hydrocarbons. As a result, flammable hydrocarbons flowed to the ESP,
where they mixed with air fed to the ESP from the CO boiler fans.
Sparks within the ESP ignited the flammable mixture, causing an
explosion.
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4.0 INCIDENT DESCRIPTION

On February 18, 2015, a mixture of hydrocarbons and air accumulated and exploded inside of the ESP. This
section details the events that led to the explosion. Figure 9 shows a timeline of events in the days leading to the

incident.

TIMELINE OF EVENTS LEADING TO FEBRUARY 18, 2015 EXPLOSION

Wednesday
February 11, 2015

Expander experiences
severe vibration
problem.

Thursday
February 12, 2015

Expander blades cleaned
on-stream in attempt to
remove catalyst buildup
that is likely causing
vibration.

Sunday
February 15, 2015

Expander again experiences
severe vibration problem.

Monday
February 16, 2015
(early in day)

Expander blades are again cleaned
on-stream in attempt to remove
catalyst buildup. Cleaning operation
did not reduce vibration.

Wednesday
February 18, 2015 (Incident)

Reduced steam flow no longer prevents hydrocarbons from entering
air side of FCC unit. Hydrocarbons from main column leak past closed,
eroded SCSV. Hydrocarbons flow to ESP. Hydrocarbons mix with air
flowing to ESP from CO boiler fans, forming a flammable mixture that
ignites inside of the ESP.

Explosion debris damages FCC unit and nearly hits settler tank
containing hydrofluoric acid and other substances.

T

Monday
February 16, 2015
(later in day)

When process flow through expander is increased, vibrations worsen. Vibrations
reach high set-point and FCC unit automatically shuts down into “Safe Park.”

Spent Catalyst Slide Valve (SCSV) closes but is severely eroded, and all catalyst leaks
into regenerator. Catalyst does not form protective barrier plug on top of SCSV.
Steam flow into reactor is only barrier preventing hydrocarbons from entering air

side of FCC unit.

i

ExxonMobil personnel decide to re-use Variance
developed for 2012 expander entry, which allowed
deviation from ExxonMobil procedures to perform
confined space entry of expander. Variance was
not technically reviewed to confirm safeguards
specified in Variance were adequate for 2015
operation.

Tuesday
February 17, 2015

Wednesday February 18, 2015

Workers attempt to open flange on outlet of expander to insert blind.
Steam escaped from flange, and workers considered steam to present

a potential personal safety issue. ExxonMobil management decides
to reduce steam flow rate into reactor to reduce steam exiting flange.

Mo analysis is performed to determine if reduced steam flow will
prevent hydrocarbons from entering air side of FCC unit.

FIGURE 9

Timeline of events leading to explosion
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4.1 PRE-INCIDENT

Catalyst deposits on

4.1.1 INITIAL EXPANDER PROBLEMS expander blades

The sequence of events leading to the incident began when the
expander (located in the air side of the FCC unit—see Figure 2) started
to experience vibration problems.

The gas that flows through the expander contains a small amount of
catalyst particles that may, over time, build up on the expander blades
(Figure 10). Uneven distribution of this buildup causes the expander to
vibrate excessively, which can cause significant damage to the

expander. Torrance refinery instrumentation monitored the vibration FIURE 10

of the expander so that when the expander vibration increased to a Catalyst buildup within expander.
certain level, operators could clean the catalyst buildup from the Photo was taken post-incident in
expander blades. 2015.

On the morning of Wednesday, February 11, 2015, the FCC expander started to experience increased vibration.
On Thursday, February 12, 2015, workers cleaned the expander blades,?” and this temporarily reduced the
expander vibration. Three days later on Sunday, February 15, 2015, however, the expander again began to
experience high vibration.

4.1.2 MONDAY, FEBRUARY 16, 2015

4.1.2.1 EXPANDER EXCESSIVE VIBRATION AND SAFE PARK

On the morning of Monday, February 16, 2015, workers cleaned the expander blades again. This time, however, it
did not reduce vibrations. Refinery personnel decided to assess expander vibrations further after a planned FCC
unit rate increase, in case the increased flow through the expander reduced the vibration. The vibrations, however,
worsened when the flow rate through the expander increased. At 12:50 PM, the vibrations reached a high limit,
and the control system automatically began emergency shutdown to transition the unit into an idled state referred
to by ExxonMobil as “Safe Park” (Figure 11). To put the unit into Safe Park, the following process changes occur
automatically:

(1) the spent and regenerated catalyst slide valves close;
(2) hydrocarbon feed to the reactor riser stops;

(3) the main air blower and expander are shut down; and
(4) valves open to inject steam into the reactor riser.

The main column pumparound loops continue to operate and hydrocarbons remain in the main column. In
addition, the ESP remains energized.

27 \When operators clean expander blades, they inject ground-up walnut shells into the flue gas just upstream of the expander. The
intent is for the shells to scour the expander blades to remove catalyst, and with the catalyst removed, allow the expander rotor
balance to be restored and thereby reduce expander vibrations.
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Configuration of FCC unit in Safe Park
Air Side  Hydrocarbon Side
To prevent an explosion during Safe Park, ExxonMobil relied on two
safeguards (Figure 12) to isolate flammable hydrocarbons in the
hydrocarbon side of the unit from mixing with air in the air side of ah
the unit. These safeguards include:? s
Bypass 70" r

(1) A level of catalyst accumulated on top of each closed slide
valve to form a physical barrier; and

Main
. . . L :‘c ' Column
(2) Sufficient steam flow into reactor, which is used to generate a oy |
higher pressure in the reactor than in the main column to
prevent hydrocarbons in the main column from backflowing :;:f” P
into the reactor.
A4

Catalyst Slide

Valve Steam

Leading to the incident, both safeguards failed, allowing
hydrocarbons from the main column to enter the air side of the FCC
unit.

Blower

FIGURE 12

In Safe Park configuration, the accumulated
catalyst on top of the SCSV and steam
pressurizing the reactor are intended to act
as safeguards preventing hydrocarbons in the
main column from backflowing through the
reactor and to the regenerator.

28 Allowing hydrocarbons and air to mix introduces an explosion hazard.
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AirSide  Hydrocarbon Side 4.1.2.2 FAILURE TO MAINTAIN REACTOR CATALYST LEVEL

On February 16, 2015, when the FCC unit automatically
transitioned to Safe Park, the control system moved both slide
valves into the closed position. The SCSV, however, had severely
(A eroded over six years of operation (see Section 5.3) and was unable
Maintanance barrier to seal. As a result, within minutes after the FCC unit went into
Bypass 707 eacl Safe Park and the SCSV closed, the catalyst particles from the
Catalyst reactor leaked through the SCSV and entered the regenerator
=N (Appendix A). The SCSV safeguard failed because the damaged
Main SCSV likely could not maintain a protective level of catalyst to

through
| froded iS¥ isolate the reactor from the regenerator (Figure 13).

Regenerator

Lr

Reactor [ — = 7
Pumparounds

Riser continue to

operate

FIGURE 13

- In Safe Park, the catalyst leaked through
Steam the closed SCSV, which was severely
eroded from six years of operation and did
not form a catalyst seal.

4.1.2.3 ATTEMPTS TO RESTART EXPANDER

With the unit in Safe Park, operators attempted to restart the expander to bring the FCC unit back online. After
four unsuccessful restart attempts, refinery personnel worked to identify a strategy to repair the expander.
Operations personnel predicted the expander could not restart because catalyst had likely accumulated between
the expander blades and the expander casing, preventing the blades from rotating (Figure 14). At the direction of
ExxonMobil management, operators began isolating the expander from the process to allow for visual inspection
inside of the expander. The expander, however, could not be isolated using the typical safe isolation practices
required by ExxonMobil safety procedures.

FIGURE 14

ExxonMobil personnel predicted the
expander could not restart due to catalyst
buildup between the expander blades and
casing. Photo taken following expander
outage in 2012.
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4.1.3 TUESDAY, FEBRUARY 17, 2015

On Tuesday, February 17, 2015, a meeting took place involving maintenance and machinery reliability personnel,
the FCC unit operations manager, and the FCC unit business team manager. This group discussed a similar
expander outage that occurred in 2012, when the company made an entry into the expander while the unit was in
Safe Park to inspect its internals following a failed startup. For that expander entry operation, the Torrance
refinery developed a “Variance,” a management-approved procedure deviation that allowed a departure from
typical refinery equipment isolation requirements. ExxonMobil engineers developed, analyzed, and approved the
expander isolation method detailed in the Variance in 2012 (see Section 5.2).

Because ExxonMobil developed, approved, and successfully used the Variance in 2012, the group decided to re-
use the same 2012 Variance to isolate the expander for visual inspection. The approved Variance is located in
Appendix B of this report.

On the afternoon of Tuesday, February 17, 2015, operators worked to isolate the expander for maintenance as
specified in the Variance. Part of the required isolation was to install a blind? in a flange at the expander outlet.
Workers began opening the flange on the outlet of the expander so that they could install the blind.

4.2 INCIDENT

4.2.1 \WEDNESDAY, FEBRUARY 18, 2015

On the morning of Wednesday, February 18, 2015, ExxonMobil maintenance workers approached the open flange
to install the blind. They did not install the blind, however, because at that time steam was escaping from the
open flange, and they were concerned about their safety (Figure 15). Steam leaking from the flange indicated that
the SCSV, one of the safeguards specified in the Variance, did not fully seal and there was no catalyst barrier
present. Post-incident, the CSB identified meeting notes written on the Wednesday morning prior to the incident
by an ExxonMobil manager overseeing the expander maintenance that questioned, “Does the leaking spent slide
valve invalidate the Variance?” The sequence of events leading to the incident, discussed below, indicate that
ExxonMobil management decided to continue isolating the expander while the unit remained in Safe Park even
though it was known that the SCSV was leaking.

2 A blind is a metal plate inserted between flanges to ensure positive isolation of a vessel from the process.
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FIGURE 15
On the morning of the incident, steam leaked out of the open expander outlet flange. Steam from the reactor had
leaked through the eroded SCSV, through the FCC unit air side piping and equipment, and out of the open flange.

Because no protective catalyst level had developed on the closed SCSV, the reactor pressure generated by steam
fed to the reactor was the only safeguard preventing hydrocarbons from the main column from entering the air
side of the FCC unit. Steam enters the reactor from several feed locations (e.g. steam fed to the riser, and
“stripping steam” fed to the stripping section of the reactor). ExxonMobil adjusted the steam flow to the reactor
primarily by adjusting the riser steam, although stripping steam was also being fed to the reactor during Safe Park.
The Variance specified that for the expander entry operation the reactor steam flow should not be reduced below
2,000 pounds per hour (Figure 16). On the day of the incident, ExxonMobil did not evaluate whether this
minimum steam flow rate specified in the Variance was sufficient to prevent hydrocarbons from entering the
regenerator, with the knowledge that the reactor steam—the only remaining safeguard which was used to
pressurize the reactor—was leaking through the SCSV (Section 5.4). Hourly workers who may have been more
familiar with a higher, more typical Safe Park steam flow rate were not included in evaluating the steam flow rate
specified in the Variance (Section 5.4).
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ExconMobil Oil Corparation — Torrance Refinery
ELECTRONIC DOCUNMENT
DOC#E SF-DE-1A

VARIANCE REQUEST FORM

In the case of the expander inlet, safety would be provided with following:

- 66" Bafco inlet valve will be closed / LOTO

~ 74" bypass around the expander will be in the open position to provide an
open path away from the system being isolated.

- Regen and spent slide valves will be in closed position

- C3S will be dedicated to monitor pressure upstream of 66" valve. Should the
pressure increase above 0.6 psi, the CSS will understand to notify field
personnel and evacuate the expander
Reactor steam will be open to provide a barrier fluid between cif and air, A
CS8S will be dedicated to monitoring stearn lo make sure it does not fall balow
the recommended 2000 Ib/hr. If steam carnot be mainlained above this,
personnel will be evacuated from inside the expander.

FIGURE 16
The 2012 Variance that was approved for use in 2015 specified that the reactor steam flow rate should
not fall below 2,000 pounds per hour. (emphasis added)

Relying on the minimum specified 2,000 pounds per hour reactor steam rate, the operations shift supervisor
instructed the board console supervisor® to reduce the steam flow through the riser in an attempt to reduce the
amount of steam releasing from the expander outlet flange, so workers could safely access the flange. By 7:16
AM, the steam flow rate through the riser had been decreased from approximately 20,000 pounds per hour to
approximately 7,500 pounds per hour.3! Unknown to operations personnel at the time, however, the reactor
pressure was now too low to prevent hydrocarbons from backflowing from the main column into the reactor.
Hydrocarbons from the main column (as will be discussed in Section 5.5 was at a higher-than-typical pressure due
to accumulation of light hydrocarbons from a heat exchanger tube leak) flowed into the reactor and entered the air
side of the FCC unit through the leaking SCSV (Figure 17).

At 8:07 AM, a maintenance supervisor working in the FCC unit received an alarm on his personal hydrogen
sulfide®? (H,S) monitor.** H,S is present in the FCC unit hydrocarbons, and the alarm indicated that
hydrocarbons were likely leaking from an unanticipated location. Refinery personnel, however, continued
working near the expander. At approximately 8:40 AM, H,S monitors on multiple workers around the expander

30 The console supervisor operates the control board of the FCC unit. At other refineries, this person may be called a “board
operator.”

31 In addition to the riser steam, other sources of steam entered and pressurized the reactor. The board console supervisor,
however, was primarily managing steam flow rate using the riser steam as other steam feed to the reactor was operated
primarily by manual valves. During the course of the morning, the total reactor steam was reduced from about 45,000 pounds
per hour to about 18,000 pounds per hour.

32 Hydrogen sulfide is a colorless gas that has the odor of rotten eggs. The gas is heavier than air, toxic and flammable.
Hydrogen sulfide is present in many types of crude oils processed in refineries.

33 HS levels that were recorded on the day of the incident for the majority of the workers were at or below the Occupational
Safety and Health Administration (OSHA) exposure limits. One contract worker was exposed to levels that were at the level
that is specified as immediately dangerous to life and health.
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outlet flange activated, indicating that hydrocarbons were leaking out of the expander flange. At this point,
operators began evacuating personnel from the FCC unit.

Operations staff increased the steam flow up the reactor riser to 35,000 pounds per hour, but this action was taken
too late; hydrocarbons had already entered the air side of the FCC unit and were flowing towards the ESP. The
hydrocarbons soon reached the ESP and mixed with air flowing into the ESP from fans on the CO Boiler.3* At
8:48 AM, the flammable mixture ignited inside of the ESP, causing an explosion.®* See Appendix A for a full
analysis of the relevant pressures, flow rates, and catalyst level data leading to the incident, and how they compare

to the similar 2012 operation.
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FIGURE 17

When steam flow rate was reduced through the reactor riser, reactor pressure could no longer prevent hydrocarbon
backflow from the main column. Hydrocarbons leaked through closed SCSV, through FCC unit air side piping and
equipment, and to the energized ESP. A hydrocarbon/air mixture ignited inside of the ESP.

34 The CO Boiler fans were operated during a separate troubleshooting activity being performed simultaneously to the expander

isolation attempt.

3 Light naphtha, the primary hydrocarbons that entered the ESP, has a lower explosive limit of approximately 1.0 volume %. See

ExxonMobil, "Material Safety Data Sheets, 3139 Naphtha," [Online]. Available:

http://www.msds.exxonmobil.com/IntApps/psims/SearchResults.aspx. [Accessed 07 March 2017].
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4.3 INCIDENT CONSEQUENCES

The explosion severely damaged the ESP (Figure 18). Debris from the explosion hit equipment near the ESP,
causing two small fires and multiple leaks of flammable liquids. The explosion debris also punctured a heat
exchanger that was out-of-service. Four contract employees who were working nearby sought first aid for injuries
sustained while fleeing the area. Debris also fell on a building frequently used by operators, though was
unoccupied at the time. In addition, catalyst dust was reported outside of the refinery property in the nearby
community. -3

FIGURE 18
Damage to the ESP from the explosion. White catalyst dust from the ESP is visible on the ground in left photo.
A large piece of debris from the explosion fell on scaffolding® around two settler tanks, each containing
hydrofluoric acid (HF), water, hydrocarbons, and a chemical additive intended to reduce the amount of HF
vaporized during a loss of containment event® (Figure 19). Pure HF is a highly toxic chemical that can seriously
injure or cause death at a concentration of 30 ppm.*° ExxonMobil resisted CSB requests for safety information
pertaining to the potential release of HF in the event the tanks were struck by explosion debris. ExxonMobil

continues to refuse to provide the CSB with information detailing safeguards to prevent or mitigate a release of HF.
The CSB has issued subpoenas for this information, and is pursuing enforcement in US Federal district court.*

36 The South Coast Air Quality Management District (SCAQMD) performed monitoring in the community after the incident,
including a composition analysis of the “fall out.” See SCAQMD, "Report on ExxonMobil Torrance Refinery Incident of
February 18, 2015; SCAQMD Response and Sampling & Analysis Efforts,” [Online]. Available:
http://www.aqmd.gov/docs/default-source/compliance/exxonmobil-02182015.pdf. [Accessed 07 March 2017].

$7°U.S. Chemical Safety and Hazard Investigation Board, "Transcript from 1.13.2016 Public Meeting (30015_Exxon public
meeting ptl)," 13 January 2016. [Online]. Available: http://www.csb.gov/assets/1/19/Public_meeting_transcript.pdf.
[Accessed 07 March 2017].

% The scaffolding was temporarily in place for work being done on the alkylation unit.

39 The CSB was not provided with documentation quantifying the resulting effect of the chemical additive on a potential HF
release, and as such the CSB cannot comment on the effectiveness of this additive. ExxonMobil did present CSB investigators
with a presentation on MHF.

40 The National Institute for Occupational Safety and Health (NIOSH), "NIOSH Pocket Guide to Chemical Hazards, Hydrogen
fluoride,” 11 April 2016. [Online]. Available: https://www.cdc.gov/niosh/npg/npgd0334.html. [Accessed 27 February 2017].

41 ExxonMobil has not provided this information to the CSB because they have stated that the requested documents are not
within the CSB’s jurisdiction in investigating the causes of the February 18, 2015 incident.
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FIGURE 19
Explosion debris landed in close proximity to
alkylation unit settler tanks containing HF,
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4.3.1 CATALYST DUST REACHING COMMUNITY

Some members of the local community are concerned about potential health effects from catalyst exposure, as a
result of the ESP explosion and dispersion of catalyst dust.*>** The CSB is not aware** if there are long-term
health effects from exposure to this catalyst.** The CSB therefore cannot make a statement regarding the toxicity
or potential health effects of the catalyst dust. In this report, the CSB identifies the events and conditions that led
to the February 18, 2015 ESP explosion, with the goal of preventing other similar incidents in refineries and
communities across the country. The findings, key lessons, and recommendations from this report can help the
refining industry learn from this incident. This report does not analyze the health effects of catalyst dust
exposure.

42 U.S. Chemical Safety and Hazard Investigation Board, "Transcript from 1.13.2016 Public Meeting (30015_Exxon public
meeting ptl)," 13 January 2016. [Online]. Available: http://www.csb.gov/assets/1/19/Public_meeting_transcript.pdf.
[Accessed 07 March 2017]. See statement by Alicia Rivera.

4 In the hours immediately following the explosion, the community was given mixed alerts from various responding
agencies regarding whether to shelter-in-place.

4 CSB subpoenaed health studies of the catalyst from ExxonMobil. ExxonMobil provided the CSB with safety data sheets
on the catalyst. The CSB has not been able to review any health studies of the catalyst dust

4 The South Coast Air Quality Management District (SCAQMD) performed monitoring in the community after the incident,
including a composition analysis of the “fall out.” See SCAQMD, "Report on ExxonMobil Torrance Refinery Incident of
February 18, 2015; SCAQMD Response and Sampling & Analysis Efforts,” [Online]. Available:
http://www.agmd.gov/docs/default-source/compliance/exxonmobil-02182015.pdf. [Accessed 07 March 2017].
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5.0 CAUSAL ANALYSIS OF FEBRUARY 18 EXPLOSION

The CSB identified key factors that contributed to a flammable mixture accumulating inside of the ESP on the
day of the incident. An Acci-Map*® depicting the CSB causal analysis is located in Appendix C. The key causal
factors include the following:

1.

ExxonMobil relied on indirect operating parameters to measure critical safeguards for the Safe Park
mode of operation. The relied-upon operating parameters did not signify that the FCC unit was in a
dangerous condition leading to the incident. In addition, ExxonMobil had not developed a Safe Park
procedure for how to safely operate within specified safe operating limits (Section 5.1);

In 2015, ExxonMobil relied on a Variance that had been developed in 2012, without verifying that the
safeguards specified in the Variance were sufficient (Section 5.2);

Erosion damage that had developed over six years of operation likely compromised the SCSV, and it
could not maintain a catalyst barrier while the FCC unit was in Safe Park (Section 5.3);
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