2015 Torrance Refinery Explosion:
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About the CSB

* Independent federal agency
 The “Board” is a group of 5 individuals nominated by

the President
* From 42 U.S. Code § 7412 (6)(C)(i):

— “The Board shall investigate...determine and report to the
public in writing...the cause or probable cause of any
accidental release resulting in fatality, serious injury, or

significant property damages.”
 Companies are required to report incidents to the
CSB (40 C'F'R' Pa rt 1604) 26th California Unified Program

Annual Training Conference
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All completed investigation reports
are available at www.csb.gov

bout the CSB

ExxonMobil Torrance Refinery
Electrostatic Precipitator Explosion
Torrance, California

Incident Product Development (QS FCC Unit Explosion and Asphalt Fire
= u,_@,,ﬁu“ at Husky Sup_er_io:r Refingry
- |r|n,egt|gat|on Team Hazrd invesbgaton Board Superiorn, W | noident Dare: Ao 26, 2018 | Mo, 2048-02-4W1
NRC & Media Reports Investigation Report

Incident Screening

|‘=

Report Writing

Fublished: December 23, 2022

Incident Date: February 18, 2015 -

On-Site Property Damage, Catalyst Particles Released to Community, Near Missin MHF Alkylation Unit |m'|gamr5 Investigation Team,

No.2015-02-1-CA Recommendations
L

KEY ISSUES:

= Lackof Safe Operating Limits and
Operating Procedure

= Safeguard Effectiveness

* Operating Equipment Beyond

Report Review

I-‘

Deployment Meeting

Safe Operating Life
= Re-use of Previous Procedure Variance
Without Sufficient Hazard Analysis

Board Members,
Investigations, OGC,
Recommendations, ]
and Public Affairs o
Board Vote

Team Prep

Investigaticn Team,
Board Members,
and Public Affairs Y

Report & Video Posted on Web

|-'

Field Deployment

Published May 2017 CSB - ExxonMobil Torrance Refinery Investigation Report

Investigation Team,
Board Member,
and Public Affairs

E
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Torrance Refinery Overview

e 3 Million Dollar
P\} ) 0/73‘ Refinery to Go Up

\7\\2

Here Immediately

Genéral Patroleum Announces Copstruction of First Units
of Mew Flant in Toreance; Sirveyons §

City of Torrance [ e

Immainte, sonttrachisn o, the, fitek e units o 1 thess miltlgn

* deller refiary ut Torranea wan announcid Festanday by the

Petralasms Corperatian v Wbty o 5 St i A Goupany, o

incorporated in 1921 i Nt

-~

| wiarted sk snea.
" The Immedints pragram af buskding -dalls for o-wnlh a{

e D000 haral rafivney i wdgtln of 1200400 Larole wbar-

Ul nue an the site. The expendbtune will pogreasis T, 7

A et il anabe ¥ b Alul i i, The .unhunl
rime

Refinery constructed
In 1928-29

t-h.
iy s fire Aratec
“Tha o '\-‘h
*In plant,
% af ml
- oMimary 0
Thana n
For abasl - tankege an the Paific Gosb  Heestefors. 12000001 |
fanke have basrs the it i axpsaity, This Wilk lve the G P, a6
arditiansl sborags capecity of WEDSADD barrah, aee v
digianal fankege will be grected ahortly attak the firit of
‘Acoecding e pravent plans the. new pefinery will bo | i\.r
Eion by Feb. 16,983, This will ba In Hne to mlnq i Ibﬂ
‘the gxpssted. e roses o prodeclon reulting fram sompiatien of
5 MM“Ibﬁlﬁ“mumhmdﬂNwl e
Buwta Fo Springs and Sienat il fialds

26th California Unified Program

CALIFORNIA AR Annval Training Conference
U P A ) \ February 26-29, 2024

FORUM




Torrance Refinery Overview

Refinery Proximity to
Public Receptors:
Within a 3-mile radius of
the refinery, there are:

* 330,000 people

e 71 schools

* 8 hospitals

CALIFORNIA

FORUM

& =
e El
El Segihido

S (&

CA-

CA-1N

Manhattan

& Beach @
@l
Palos
Verdes
P Ees
= &l
I 4
ey
3 @l
-
2 & &

R
Paghl
Verdes - = Willow St
Peninsul 2 e, - signal
’6"!% ; ' (< PTTEN éL:ll
R4 i 0y °
) Ry o RolhngH?ns" y G-:qﬁ ;T“‘,,. = Epméc ‘:;“
Estates 'S W And sim b A

hE
2

Torragte
Wt

January 4, 2016

+ Digitized Point  [i]  Hospitals
Buffer Area

@ Schools

R"".ii“g
al Hills
. 4 !
b 4 L S
g £ gt Long
Al Gy b o et
1:144 448
0 1.25 25 5mi
| . .
I 1 {
0 2 4 skm
Soures: Esrl. HERE. Delome. USGS. imemap. increment P Cop . NRCAN.
Esrl Jagan. METL Esd Chha (Hong Kongh. Esfl (Thalind), Mapmyindla, ©
OpenSteetiap comtributons, and he GIS User Communty

26th California Unified Program
Annual Training Conference
February 26-29, 2024



Fluid Catalytic Cracking (FCC) Overview

The FCC converts low-value, thick oil to higher value gasoline by
“cracking” the large molecules apart into smaller molecules

26th California Unified Program
Annual Training Conference
February 26-29, 2024
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Fluid Catalytic Cracking (FCC) Overview
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https://www.cer-rec.gc.ca/en/data-analysis/energy-commodities/crude-oil-petroleum-products/north-american-crude-oil-refinery/index.html
https://www.eia.gov/petroleum/refinerycapacity/

Fluid Catalytic Cracking (FCC)
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Fluid Catalytic Cracking (FCC) Overview
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Fluid Catalytic Cracking (FCC) Overview
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Transient Operations

Transient Operation:
The operating mode when the process is in transition
and is not in its normal operations mode.

Examples:
Startup, shutdown, standby, emergency,
procedure-based operations

26th California Unified Program
Annual Training Conference
February 26-29, 2024
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Transient Operations

Flue Gas Relief System

Air Blower

QLIFORNIA
FORUM
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ExxonMobil Torrance Refinery
Electrostatic Precipitator Explosion
Torrance, California

nciden : February 18, 2015
On-Site Property Damage, Catalyst Particles Released to Community, Near Miss in MHF Alkylation Unit

2015 Torrance, CA Incident

February 18, 2015

FCC unit was idled for unplanned maintenance
Pressure deviation allowed hydrocarbons to backflow
in the process and ignite in the ESP

Consequences:
Four contractors sought first aid; no serious injuries/ fatalities
Catalyst dust dispersed into the community

CSB report / YouTube video

26th California Unified Program
Annual Training Conference
February 26-29, 2024
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https://www.csb.gov/exxonmobil-torrance-refinery-explosion-/
https://youtu.be/JplAKJrgyew




2015 Torrance, CA Incident

Safety Issues Identified by the CSB:

1. Safe Operating Limits: Lack of “safe park” procedure
and verifiable operating parameters

2. Process Hazard Analysis: Reliance on 2012 variance
without verifying safeguards

3. Mechanical Integrity
4. ESP Operation
5. Refinery management permitted opening process

equipment without confirming to refinery standards

26th California Unified Program
Annual Training Conference
February 26-29, 2024
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Industry Responses to Torrance Incident

* CSB investigation lessons shared widely
across the refining industry

* YouTube video used as training tool

* Most refiners now automatically shut down

the ESP during FCC unit transient operations
— Process safety vs. Environmental impact
— EPA updated 40 C.F.R. § 63.1564(a)(5)

26th California Unified Program
Annual Training Conference
February 26-29, 2024
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https://www.ecfr.gov/current/title-40/part-63/subpart-UUU#p-63.1564(a)(5)

Deployment Activities
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Stretch Break

(5 minutes)

26th California Unified Program
Annual Training Conference
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2018 Superior, Wl Incident

) . V. V. V. W
(QS B FCC Unit Explosion and Asphalt Fire

e i s at Husky Superior Refinery
Harard invesbgaton Board Sapeerion, W1 | cident Dare: A2a) 26, 2015 | Mo 209802181

Investigation Report
Published: December 23, 2022

QLIFORNIA
FORUM _

April 26, 2018
FCC unit was shutting down for a planned turnaround
Two vessels exploded around 10:00 a.m.

Explosion debris struck asphalt storage tank

Asphalt fire around 12:00 p.m.
Evacuation lifted at 6:00 a.m. the next morning

Consequences:
36 injuries (including 11 OSHA recordable injuries); no fatalities
39,000 pounds of flammable hydrocarbon vapor released
$550 million property damage

CSB report / YouTube video

26th California Unified Program
Annual Training Conference
February 26-29, 2024
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https://www.csb.gov/husky-energy-superior-refinery-explosion-and-fire
https://www.youtube.com/watch?v=sFhkzK7jkKg
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2018 Superior, Wl Incident

Safety Issues Identified by the CSB:
Transient Operation Safeguards
Process Knowledge

Process Safety Management Systems
Industry Knowledge and Guidance
Brittle Fracture During Extreme Events
Emergency Preparedness

1.
2.
3.
4.
5.
6.

26th California Unified Program
Annual Training Conference
February 26-29, 2024
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Flue Gas

Torrance Refinery

(2015)
‘lHH!HH"

Superior Refinery o
(2018)

Main Column

Higher pressure
than reactor

Stearn

Regenerator

WetGas
‘Com pr essor

Higher pressure
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2018 Superior, Wl Incident

Refinery’s FCC technology knowledge was not sufficient to safely shut down the
FCC unit. As a result, refinery workers were not aware of explosion risk

CSB recommendations to Cenovus Energy:

* Develop an FCC PHA guidance document for use at all Cenovus-operated
refineries

* Develop and implement a technology-specific knowledge-sharing network
program across all Cenovus-operated refineries, which at a minimum includes
an FCC technology peer network

26th California Unified Program

CALIFORNIA R, Annval Training Conference
hu PA AR - February 26-29, 2024
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2018 Superior, Wl Incident

Husky Superior Refinery knew about the Torrance incident, but workers did not
recognize that inadvertent flow in the reverse direction was also possible

Similar knowledge gaps may exist at other U.S. refineries
Many different FCC unit designs exist through multiple technology licensors

Currently, there is no industry publication that establishes common basic
process safety expectations for all FCC units

26th California Unified Program
Annual Training Conference
February 26-29, 2024
28



Industry Response to Both FCC Incidents

 2015: Torrance incident /j AFPM
f

* 2017: CSB publishes Torrance report; shared in conferences

e 2018: Superior incident; CSB publishes factual investigative update

e 2019: Refining industry survey on safe FCC operating practices

* 2020: Webinar on safeguarding the FCC unit during transient operation

e 2020-2022: AFPM publishes multiple webinars and practice sharing documents
e 2022: CSB publishes Superior report

e 2023-2025: FCC Process Safety Regional Workshops (“Safety Roadshow”)

-~ 26th California Unified Program
CALIFORNIA N y Annual Training Conference

February 26-29, 2024
FORUM 29




Open CSB Recommendations for FCC Units

CSB Recommendation to API:
Develop a publicly available technical publication for the safe
operation of FCC units

CSB Recommendation to EPA:
Develop a program that prioritizes and emphasizes inspections of
FCC units in refineries that operate HF alkylation units

26th California Unified Program
Annual Training Conference
February 26-29, 2024
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Hydrogen Fluoride (HF) Near-Misses

* HF acid is a toxic chemical and poses a severe hazard to
the population and environment when a release occurs

* Causes severe damage to skin, respiratory system, and
bones after exposure and can lead to death (30 ppm)

* Large release could impact hundreds of thousands of
residents

* Torrance Refinery used Modified HF (MHF)

* No HF was released in the Torrance and Superior
incidents

26th California Unified Program

CALIFORNIA s Annval Training Conference
hu P A NN N February 26-29, 2024
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HF Near-Miss: Torrance
e Two MHF tanks

approximately 80 feet  |Eeeiina—IiELE “‘..::...i‘!';'“ e
south of the ESP ’i?,—-’

* Temporary scaffolding
around tanks at time of
incident

* Qutside of ExxonMobil’s

minimum equipment

spacing requirement

26th California Unified Program

CALIFORNI Annual Training Conference
\U PA AR February 26-29, 2024
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HF Near-Miss: Torrance
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HF Near-Miss: Torrance

Another nearby vessel hit by
explosion debris (not MHF)

26th California Unified Program

Annual Training Conference
‘U P A February 26-29, 2024
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HF Near-Miss: Torrance

CALIFORN Annual Training Conference
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HF Near-Miss: Superior

HF tank was 5o feet closer to the explosion than the punctured asphalt tank

— . (HF tank was not Compromlsed) 26th California Unified Program
CALIFORNIA S - Annval Training Conference
\U PA RN — February 26-29, 2024
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Asphalt Spill
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HF Near-Miss: Superior

* Post-incident, Superior Refinery implemented additional HF
mitigation, including:
— Rapid acid transfer system

— Enhancements to existing water mitigation system
— Additions and modifications of other safety features

* Providing assistance to the Douglas County Emergency
Management Department on its emergency community alert
system and community evacuation plan, including interactive drills

Source: Cenovus

26th California Unified Program
Annual Training Conference
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https://www.cenovus.com/Our-operations/Upgrading-and-refining/Superior-rebuild

Philadelphia Energy Solutions (PES)

““_

COB oot i June 21, 2019
Piping in HF alkylation unit ruptured
Vapor cloud ignited, fire led to other explosions

Investigation Report
Published: October 11, 2022

HF response:

* Approximately 5,000 Ibs of HF released (no off-site
impacts reported due to HF release)

* Rapid acid de-inventory: 339,000 |bs of HF drained

* Explosion compromised control system to

remotely operate the water spray HF mitigation
system

BT~ 26th California Unified Program
"\ - CSB report | YouTube video Annvual Training Conference

February 26-29, 2024
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https://www.csb.gov/philadelphia-energy-solutions-pes-refinery-fire-and-explosions-/
https://www.youtube.com/watch?v=gc8qXTh6tTY

Philadelphia Energy Solutions (PES)

“[A]ctive” safeguards—or safeguards that require a person or
technology to trigger their activation—have the potential to fail
in major incidents involving fire or explosions.
Refiners operating HF alkylation units need to improve the
availability and reliability of active safeguards during incidents
involving fire and explosions.

From CSB report: Fire and Explosions at Philadelphia Energy Solutions Refinery Hydrofluoric
Acid Alkylation Unit (October 2022)

26th California Unified Program

CALIFORNI R Annval Training Conference
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Open CSB Recommendations for HF

* To EPA: "Develop a program that prioritizes and emphasizes inspections of
refinery HF alkylation units” and “"FCC units in refineries that operate HF
alkylation units”

* To API: "Update API RP 751 Safe Operation of Hydrofluoric Acid Alkylation Units "

* To EPA: "Revise 40 C.F.R. Part 68 (EPA Risk Management Plan) to require new
and existing petroleum refineries with HF alkylation units to conduct a safer
technology and alternatives analysis (STAA) and to evaluate the practicability of
any inherently safer technology (IST) identified”

* To EPA: Initiate prioritization and, as applicable, risk evaluation of HF under the
Toxic Substances Control Act

26th California Unified Program

CALIFORNIA s Annval Training Conference
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California PSM Reform

* California updated its PSM regulation for petroleum refineries
(Section 5189.1) in 2017 in response to previous regulatory gaps the
CSB identified:

— Chevron Refinery Fire (2012)
— Tesoro Anacortes Refinery Fatal Explosion and Fire (2010)

* Intended to make California petroleum refineries safer, including:

— Hierarchy of Hazard Controls Analysis

— Process Hazard Analysis that documents the effectiveness of safequards

— Damage Mechanism Review

— Employee Participation, Human Factors, Process Safety Culture
ssessment, and others 26th California Unified Program

CALIFORNIA NN Annval Training Conference
\U P A ' A February 26-29, 2024
FORUM AR N\ W 43



https://www.dir.ca.gov/oshsb/documents/Process-Safety-Management-for-Petroleum-Refineries-apprvdtxt.pdf
https://www.csb.gov/chevron-richmond-refinery-fire/
https://www.csb.gov/tesoro-anacortes-refinery-fatal-explosion-and-fire-/

Open Discussion

Melike Yersiz, Chemical Incident Investigator, CSB
Melike.Yersiz@csb.gov
(202) 713-6702
www.csb.gov
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