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Safety

Personal Growth and Lessons Learned
from Two Global Tragedies

he 3ikyear anmiversaries of two events of sig
I nificance to the chemical engineering pri L

particularly the process safety community, occur in
Movember and December — the PEMEX disaster outside
of Mexico City, Mexico, and the Union Carbide Corp. trag-
edy in Bhopal, India. These two incidents, two-and-a-half
weeks apart, molded my professional career and ulimately
motivated me to work for the Center for Chemical Process
Safety (CCPS) at AIChE, where our mission is to prevent
such tragedies from occurring.

After graduating from college i 1981, [ accepted
a position in Texas as a plant engineer at a facility that
produced chlorine, caustic, and chlonnated solvents. With
numerous leaming opportunities, this was an exciting
atmosphere for a new engineer. Lessons 1 learned in school
had new value when applied in real-world situations. My
unit operations class came to life when | was able to climb
inside a distillation column to install bubble caps made of
vanous metals for performance and corrosion testing

In the spring of 1984, 1 was entrusted with what would
b ome of the most impactful projects of, as well as on,
my carcer — the installation of one of the first computer-
ized spill-response monitoring systems in the ULS. This
computer model used real-time data for wind speed, wind
direction, temperature, and humidity to calculate the
dispersion of a chemical component or compound. Part of
the project mncluded evaluating the equipment and pipeline
capacities to be included in the database, which would
be used for release caloulations of anhydrous ammonia,
hydrochloric acid, and chlorine. Without the aid of the
engincering tools available today, it took over six months
Just to collect data, perform cap calculations, and
update piping diagrams to provide to the programmers
for the calculatons. At the time, this was state-of-the-art
technology, and it was inating to work with.

Suce 1 tests validated our work, but it was put to a
real test when we experienced an actual release. Fortunately,
the release was small and dispersed out over the Houston
Ship Channel. Luckily, no one was injured or exposed.

A post-release, lessons-leamed discussion raised the
question, “What if the wind had been blowing in the oppo-
site direction”™ If the release had not blown out over the
water, the likelihood of exposure and injunies would have
been much greater. At that moment, | came to the vivid
realization that, as a chemical engineer, [ was respon-

le for potentially dangerous chemical processes, and,
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if the equipment and infrastructure associated with these
processes were ot dcsigncd: onstructed, operated, and
maintained in a safe and reliable manner, people — includ-
ing me — could be injured, or even killed.
A few months after realizing the weight upon my sho
ders, on Nov. 984, a b quefied petroleum gas
gnition source (the flare), which nggered
apor-cloud explosions at the
PEMEX LPG terminal i San Juan Ixhuatepec, Mexico
City. Ower 500 people lost their lives and the termmal was
completely destroyed. This was the worst chemical inei-
dent that | had ever heard of, and I struggled to compre-
hend its implications. (See the Pr ]
p- 20 for more information on this event.)
‘While the incident investigation in Mexico
ay, another catastrophic incident oc
one happened on Dec. 3, in Bhopal, India, at a f:

worst accidents in the chemical industry, motivated me to
pursue a carcer in chemical engineering — which made a
geographically distant accident hit close to home.

The Bhopal meident, as it has come to be known,
occurred when 40 tons of 1 methyl isocyante was
released from a storage tank. At the time of the incident,
the safety systems, which included refrigeration, a flare,
and a scrubber, wene not functioning, allowing the release
to unfild without reduction or mitigation. As a result, thou-
sands of people lost their lives and over a 10,000 were
exposed to the wxic chemical. 1t s difficult to comprehend
such consequences. (In the December issue of CEF the
Process Safety Beacon, as well as a special section of three
articles, will focus on the Bhopal incident )

As the anniversaries of these tragedies approach, think
ahout how vou, in whatever your role 15, affect process

» Remember those who lost their a5 a result
these preventable disasters as you are designing, construct-
ing, operating, maintaining, or dismantling elements of a
chemical process. We are all capable of making a positive
impact on process safety to climinate incidents of this kind,
and as professionals in the industry, we have an
obligation to do so. | cer]
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Non-Routine Operations Carry Disproportionate Risk

5x Higher incident rate during startup vs. steady-state operations
— CCPS, 1995

45% Of major process safety accidents occur during startup —
AIChE/GCPS analysis

Non-routine operations represent less than <10% of time / 50%+

of incidents

1) Center for Chemical Process Safety. (1995). Guidelines for safe process operations and maintenance (p. 113). American
Institute of Chemical Engineers.

2) Ostrowski & Keim (2010); CSB (2018)
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Why Startup and Shutdown P

Procedure Designed for Steady State
Non-Routine Condition Arises
Operator Improvises Without Guidance
Multiple Safety Barriers Bypassed

Loss of Containment Event

© Louisa A. Nara, CCPSC
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Bypassing a Safety System
Can Have Serious Consequences

afety systems are designed to prevent unsafe operations
k_Yfrom occuming, as well as to safely shut down an opera-
tion if an unsafe condition does eccur. The goal of a safaty
system 15 to prevent loss of containment and protect people,
property, and the environment.

Safety interlocks and emergency shutdown (ESD)
systems are crifical and should be connected and operable
whenever 2 process is in operation. In a very small mum-
ber of scenanos, however, it may be necessary to bypass
or inactivate a safety mterlock or ESD system for a short
penod of ime using fully reviewed and approved proce-
dures that implement alternative safeguards.

For example, during a process umit starfup, 1t may be
necessary to bypass safeguards until cerfain operatng
conditions are reached. This action 15 incorporated info an
approved startup procedure and alternatrve safeguards are
condifions required for operation without entical safeguards
and indicate shingent limits on duration and operating
conditions.

Examples of simations where it 1= appropriate fo bypass
a safety system are few and in each scenane alternative
safeguards are put in place. Bypassing a laver of safety
removes protective measures, and the consequences can be

I learned firsthand of the severe consequences of
overndmg a safety mterlock early in my career. Dhuing a
holiday weekend, when most of the site managers were at
home, an operator responsible for running the reactor sys-
tem used a supervisor’s password to overnide the safety sys-
tem. The subsequent incident caunsed an explosion and fire
that severely burned the young operator, and he ultimately
died from has mjures.

Safety system bypass contributed to an meident at the
Formosa Plasties fzetlity m Iliopolis, IL., in April 2004 that
caunsed five fatalities, three senons infunes, and the closure
of the site. The site made polyvinyl chlonde (FVC) mm 24
reactors, amranged in groups of four. Approximately 8,000 Ib
of flammable and toxic vinyl chlonde monomer
{WCM) was released when an interlock on the bottom valve
of a pressunzed reactor (#310) m mid-cycle was manually
bypassed.

The interlock was designed to block the aur supply to the
vahre’s actuator and prevent a release dunng operation. The
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‘operator may have mustakenly opened the bottom valve and
dram valve on reactor #310 when he intended to open the
bottom valve and drain valve on reactor #5306, which was
bemng cleaned. Better operafing practices and equipment
design could have reduced the possibility of buman error.
The site also faled to follow up on recommendations after

These two incidents illustrate the mportance of
understandmg and respecting all safety mterlocks, as well
as regularly mspecting and maintaining equpment and
instrumentation so that it 15 available for use as mtended
and when needed. Process hazard analy=es (PHAS) and
risk assessments (RAs) should be performed regularly.
Findmgs from thesze mveshgations should be followed up
on to ensure hazards are controlled and contaimed PHAs
and F4s are particularly immportant after taking over a
newly purchazed facility or restarting a plant after extended
downtime.

To prevent or protact against unsafe safety system
bypasses at your facility:

» Use mterlocks and other protective systems as
designed. Ensure the system is calibrated and maintamed
appropriately.

* Report a failure of a enfical mstrument or alarm 1mme-
diately so that the appropriate actions can be taken.

» Cany out a management of change (MOC) review
before attempting to bypass a safety system.

» Follow procedures as wniten. If you find that a
procedure 15 incorvect, take the necessary steps to have it
corrected.

* During a PHA or other safety review, verify that
automatic shutoff systems work effectively and ensure all
personnel understand the purpese of the safety systems.

» If a valve will not operate using its control system, do
not force it to operate by connecting the actuator to air or
another power supply.

» Maimntain the confidentiality of passwords for over-
niding safety systems. Shanng this information with an.
unauthonzed person could be grounds for termmation.

Every protectrve device has a pwpose, and it 15 enitical
that vou understand that purpose. Know what protective
actions vou need to take before operating equipment Read
the June 2013, June 2003, and March 2002 CCPS Process
Safety Beacons for more tips en safety systems.

CEP Feonary 2017 wwwakheorgioep 19
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Chemical Incompatibility Is a Hidden Hazard

Compatibility Matrix - Tools: CCPS Chemical Reactivity Worksheet (CRW4)

Reactive Hazards - Energetic or unstable reactions can escalate into fire,
uncontrolled reaction, or explosion.

Assessment Gap Most PHAs focus on normal operations. Chemical reactivity
screening is frequently skipped or incomplete. CCPS Guidelines for Chemical
Reactivity Evaluation (2004) remain underutilized across the industry.

Reactive Chemistry Missed at T2 Labs (2007), West Fertilizer (2013), Arkema
Crosby (2017) Root: Reactivity screening absent or incomplete

Bottom line: The hazard you never screen for is the one that finds you.
© Louisa A. Nara, CCPSC



Detecting Weak Signals Before They Become Events

W
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 Near-misses treated as normal operating noise rather than precursor data

* Declining participation in safety reporting — silence is not the same as safety
* Schedule compression overriding procedure review during turnarounds/outages

* Loss of experienced operators without structured knowledge transfer — institutional
memory erosion

* Management of Change — changes implemented before hazard review completes

* Audit findings recycled year after year without root cause closure — the appearance

of compliance without its substance
© Louisa A. Nara, CCPSC



Patterns That Repeat Across Incidents

 Non-Routine Operations: BP Augusta (2001), T2 Labs (2007), Dow Plaguemine
(2023) Root: Procedures inadequate for abnormal operating modes

« Management of Change Failures: BP Texas City (2005), DuPont La Porte (2014),
PEMEX Deer Park (2024) Root: Changes made without hazard re-evaluation

 Deferred Maintenance: Tesoro Anacortes (2010), Chevron Richmond (2012), USS
Clairton (2025) Root: Economic pressure overrides mechanical integrity programs

* Loss of Containment During Isolation: DuPont La Porte (2014), PEMEX Deer Park
(2024) Root: Isolation procedures lacked independent verification

e Organizational Drift: BP Texas City (2005), Deepwater Horizon (2010) Root:
Normalized deviance across management layers

* SIMOPs: Poor coordination of overlapping work contributed to Wacker

Polysilicon (2023) and Evergreen Packaging (2023).
© Louisa A. Nara, CCPSC



Impact of the US Chemical Safety Board

Link: https://www.csb.gov/

*More than 180 major investigations completed
*Thousands of recommendations issued
e 70M+ YouTube Views

*Landmark safety videos

*Catalyst for regulatory and industry change
*Independent voice for workers, communities,
and first responders

*S14M Approved by Congress for 2026
*Videos and reports are used worldwide

© Louisa A. Nara, CCPSC

s,

sh

Louisa A. Nara
cces

}--:8;,4

"«u’-’-;t".":\
neite

O
Y

(9]

n‘og

Spotlight on

Safety

What is Safety Worth?

1.5, Chemical Safety and Hazard Investigation

Board (CSB) has issued more than 130 investigative
reports during its almost two decades of operation. These
valuable documents detail investigations of imcidents at
industrial facilities involving fatalities, injuries, and envi-
ronmental impacts. The msights and recommendations they
provide have helped prevent reoccurrences. 1 have heard
first-hand testimonials at chemical facilities m the LS. and
around the world of the usefulness of CSB investigations
and reports m evaluating hazards and nsks.

The president’s recent budget request, however, seeks to
eliminate the CSB entirely. While the tiny agency reguires
a budget of only about 512 million, the *America First:
Budget Blueprint to Make America CGreat Again”™ overlooks
the value of that small financial investment. The CSB helps
1o mainiain the safety and security of U.S. businesses and
citizens, helping to save both money and lives.

The CSH hegan operation in 199% as an independent,
nonregulatory, federal agency with a mission to conduct
investigations of chemical accidents, identify root causes
and patential contributing factors, and communicate findings
to the Amenican people. Reports of these investigations are
distnbuted for free and are used by industry, emergency
responders, and communities to prevent future catastrophic
incidents. Many of the CSBE's recommendations have
been directed at the LS. Cecupational Safety and Health
Administration {OSHA), the LS. Environmental Protection
Agency [EPA), and industry irade rganizaiions o mprove
existing regulations, standards, guidelines, and outreach
PrOgIEmS.

What is the value of the CSB?

T peaple. According to a 20107 Strata report, the EPA set
the value of a statistical buman lifie at $6.3 million; the US.
Food and Drug Administration (FIDA) at $6.5 million; and
the U5 Dept. of Transportation { DOT) at around $9.1 mil-
lion. If recommendations from the CSB save just two lives a
year, the C5B would pay for itself.

Asphyxiation in industrial settings is one hazard to
human lifie that the CSB has highlighted. Nitrogen is safe o
breathe when mixed with an appropriate level of oxygen, but
disrupting the balance in air {78% nitrogen, 21% oxygen,
1% other) can cause nitrogen asphyxiation. Decreases in
oxygen concentration can cause impaired judgment, and
concentrations below 10% can be fatal. From 1992 to 2002,
the CSB investigated 85 incidents of nitrogen asphyxiation
that caused 80 deaths and 50 injuries. To share this informa-

Copyrighs @ 2017 Amencan instiute of Chemical Engreens (8CnE)

tion with industry and the public, the CSB created a tram-
ing presentation on the hazards of mitrogen (www.csb.gov/
assets/ 1/ 19N rogen Asphyxiation Bulletin Training Pre-
sentation. pdf).

o property and the environment. Many of the incidents
that the CSB investigates have profound consequences
that extend bevond the borders of the facility and affect the
surrounding community. Such was the case m West, TX,
at the West Fertilizer Co. storage and distribution facil-
ity [www.cshgov/west-fertilizer-explosion-and-fire-). An
ammenium nitrate explosion at the facility killed 15, injured
2641, and cansed widespread damage to the surrounding
community. Lack of zoning regulations to restrict buildings
near hazardous industrial facilities allowed the town of West
to encroach on and overtake a safety buffer zone around
the plant.

CSB recommendations based on its investigations of the
incident include training and cerification programs, hazard-
ous response operating procedures for emergency respond-
ers, and updates to regulations and codes that aim to make
facilities, personnel, communities, emergency responders,
and citizens safer.

In addition to impacting facilitics and communitics,
ncidents can have an environmental footprint as well. A
tonic release of allyl aleohol vapor at the MFG Chemical,
Ine., facility in Dalton, GA, sent 154 people to the hospital
and forced the evacuation of nearby residents (www.csh.
gov/mig-chemical-inc-toxic-gas-release). The release also
contammated water at the facility that made its way into two
nearby creeks, killing fish and other aguatic life.

Priceless

Bruce K. Vaughen, a well-regarded process safety pro-
fessional and coauthor of Process Safens Kev Concepts and
Practical Approaches, says, “Incidents with fatalities, inju-
rigs, environmental harm, and property damage, described
in detail in the publicly available CSB reports and videos,
provide vet another set of eves to help us better understand
what happened, and additional guidance on how we can
prevent the incident from recurring.™

Preventing an industrial mcident means preventing
fatalities, njunies, damage, and environmental impacts.
Prevention can be difficult to quantify, especially when there
are injuries and fatalities involved. Although [ attempted to
detail the financial cost, the moral and cthical value 15 more
nebulous. For this reason, when considering the value of the
CSB, | would conclude thar it is priceless.

CEP jugus 1017 wwwacheorgioop B



https://www.csb.gov/

at is the worst accident you could imagine
happening to your company?

DelhiO

Bhopalll ,_papHya
PRADESH

INDIA

What are you doing about it

a;s%"" T

Is it e h?
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Thank you for your attention
and your commitment
to Process Safety.




Process Safety Resources — Reference Set

¢~ FREE RESOURCES
1. CCPS Free Reference Materials

. PS Beacon - https://www.aiche.org/ccps/process-safety-beacon

. Golden Rules of Process Safety - hitps://www.aiche.org/ccps/publications/golden-rules-process-safety

. Safe Work Practices - https://www.aiche.org/ccps/publications/safe-work-practices

. Process Safety Monographs - hitps://www.aiche.org/ccps/publications/process-safety-monographs

. Vision 20/20 — Excellence in Process Safety - hitps://www.aiche.org/ccps/excellenceinps

. Process Safety Book Summaries (incl. 40-page RBPS summary) -
https://www.aiche.org/ccps/resources/publications/process-safety-summaries

. CCPS Annual Report - (URL referenced as “CCPS Annual Report | AIChE”)

. CCPS Body of Knowledge Poster
https://www.aiche.org/sites/default/files/docs/pages/ccps24 process safety poster web 20241202.pdf
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Process Safety Resources — Reference Set

2. Free Topic-Specific CCPS Monographs

. Ammonium Nitrate - ttps://www.aiche.org/sites/default/files/hitml/ccps/3548221 /mobile/index. html

. Combustible Dust - ttps://www.aiche.org/sites/default/files/html/ccps/2405081/V2/mobile/index.html

. Chlor-Alkali - https://www.aiche.org/sites/default/files/html/ccps/1815036/V4/mobile/index.html

. Key Principles for Operating Procedures -
https://www.aiche.org/sites/default/files/html/ccps/3509486/mobile/index.html

FREE CSB Material

Volume 1 - https://www.csb.gov/assets/1/6/csb incident reports volume one 2025-01-
14 rev 1.pdf

Volume 2 - https://www.csb.gov/assets/1/6/incident reports volume 2 2025-03-12.pdf

Volume 3 - https://www.csb.gov/us-chemical-safety-board-releases-volume-3-of-chemical-incident-
reports-incidents-resulted-in-18-billion-dollars-in-property-damage/

Volume 4 - https://www.csb.gov/us-chemical-safety-board-releases-volume-4-of-incident-reports/
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Process Safety Resources — Reference Set

3. Free Training / Courses

. Risk Based Process Safety Decision-Making for All Engineers (Free, 6 hours) -
https://www.aiche.org/ili/academy/courses/ela401v01/risk-based-process-safety-decision-making-all-
engineers
4. Free Webinars

. Understanding Process for Mechanical Integrity -
https://www.aiche.org/ili/academy/webinars/importance-understanding-process-when-implementing-your-
mechanical-integrity-program

. Process Safety in Operations — What’s Missing? - https://www.aiche.org/ili/academy/webinars/process-

safety-operations-whats-missing

. Whoops! | Made a Mistake Sizing My Relief Device - hitps://www.aiche.org/ili/academy/webinars/whoops-
i-made-mistake-sizing-my-relief-device-and-then-i-installed-it-incorrectly

. LOPA: When and Where? - hitps://www.aiche.org/ili/academy/webinars/laver-protection-analysis-lopa-
when-and-where

. A Chat with Louisa Nara on Process Safety Resources - hitps://www.aiche.org/chenected/2024/06/chat-
louisa-nara-on-process-safety-resources-every-level-expertise

. Benefits of Intelligent Drawing Practices - hitps://www.aiche.org/ili/academy/webinars/benefits-intelligent-
drawing-practices
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