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Let's Get Oriented

= Alis an umbrella term. This webinar mainly focuses on Gen-Al.

= I'm a Chemical Engineer not a Computer Science Expert.

= My assumption is that you are familiar with Al's basic definitions and
terminology.

= Majority of Al use cases in this webinar are in the HIRA realm.

= This webinar's main goal is to give you fresh ideas you can explore
further on your own.



Why Now?

Al Adoption
Among U.S.
Adults

-

61%

of U.S. adults
have used

Al in the past
six months

19%

of U.S. adults
interact with
Al daily

Forbes

According to Forbes, more
than 92% of oil and gas
companies are investing in Al
technologies, with their capital
expenditure on Al projected to
hit $2.38 billion by the end of
2023, rising to $4.21 billion by
the end of 2028.



What's Gen-Al?

Generative Al |s a subfield of Machine
Learning and therefore Al in general, that
focuses onéeneratmg new content ftext
images, audio, code, etc.) based on learned
patterns from'training data.

Foundation: Built largely on ML, especially
deep learning and neural networks.

' Powerful, Easy to Use, Creative, and Practical —all at once.



What's out of Scope?

= Machine Learning and Process = Data A“ﬂlUSiS, Pattern ReCOgnition
Control / Optimization for Incident Investigation & Analysis

= Fault prediction and Predictive- = Drone & Robotics, Inspection and
Preventive Maintenance Mechanical Integrity

Area  |UseofGen-Al?

ncident Investigation
Predictive Maintenance _
Process Control I




CAPABILITIES OF GEN-AI

TOOL ASSISTANT
o—-0O
PEER MANAGER




' Gen-Alas aTOOL

= Supports repetitive, data-heavy tasks
= Great for rule-based tasks

= No decision-making power




' Gen-Al as a Tool - HIRA

119,41 P&ID



TEXT PREDICTION
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In HAZOP study reports, what
word appears the most after “"High
High pressure”?

In HAZOP study reports, the word that most
commonly appears after “High High Pressure”
is:

| utripu
So the most frequent phrase is:
| “High High Pressure trip”

This reflects a typical safeguard or response
mechanism: when the pressure reaches a
critically high level (High High), the system
initiates a trip — meaning an automatic
shutdown of equipment (e.g., compressors,
pumps, heaters) to prevent overpressure
scenarios, which could lead to equipment
rupture or loss of containment.

Other common words that may follow but are
less frequent include: (|,
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So the most frequent phrase is:
| “High High Pressure trip”

This reflects a typical safeguard or response
mechanism: when the pressure reaches a
critically high level (High High), the system
initiates a trip — meaning an automatic
shutdown of equipment (e.g., compressors,
pumps, heaters) to prevent overpressure
scenarios, which could lead to equipment
rupture or loss of containment.

Other common words that may follow but are

lacec 'Fr'nﬂll 1iant incliida:
- “alarm" - "High High Pressure alarm”
« “shutdown"” - “High High Pressure shutdown”

- “interlock” - “High High Pressure interlock”

But “trip” is the most common due to its direct
linkage to automated protective actions in most
process industries.
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P&ID EXTRACTION

P&ID "\ OBJECT
(IMAGE, PDF) AN EXTRACTION

GENERATIVE

&l

DIGITAL P&ID



P&ID EXTRACTION

CASE STUDY: HAZOP NODE SELECTION & MARK-UP

'
UNLOADING i
STATIONS €

]

AMMONIA
SOLUTION
STORAGE

CCPS Guidelines for Hazard Evaluation Procedures
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N
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Rules:

Tier 1 — Highest Priority (Always Enforced)

*R1: Segment at major equipment (vessels, column,
reactors). Major equipment should be the center point
of nodes.

*R2: Group equipment and flow lines with a common
process objective and operating condition. Include
associated equipment (e.g., pump with a storage tank,
heat exchanger with reactor) unless the subcomponent
has a complex system.

*R3: Node boundaries at control valves, PRVs, regulators
with significant AP/AT. Include these devices within the
equipment node they regulate.

*R5: Stop on unreadable or invalid drawings

UNLOADING
STATIONS

ENCLOSED
WORK
AREA

LOADING
STATIONS




CALCULATOR

CASE STUDY: GAS DISCHARGE MODELLING

Question: calculate the discharge mass flow rate (kg/s) and discharge velocity (m/s)
for a circular opening (1 inch diameter) on a 10 m® methane vessel at 200 psig and 25 °C,

discharging to atmospheric pressure. Only provide the final numerical values.

Discharge Flow (kg/s) Discharge Velocity (m/s)

DNV PHAST 1.12 414

Chat GPT (03 model) 1.27 418

Manual Calculation 1.27 418

Mass Flow Rate (choked flow): . Discharge Velocity (choked):

m=Ca AR\ 57 («- - 1)
Lt L)\ /

Ref.: CCPS
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Gen-Al as a ASSISTANT

Al helps organize, research, write, or automate
tasks based on user direction—similar to a
human administrative or technical assistant.

As an assistant, Al starts interacting with users—
offering suggestions, simplifying tasks, and
supporting decisions.

14
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Gen-Al as an ASSISTANT
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CHAPTER 4: OFFSITE CONSEQUENCE ANALYSIS

You are required to conduct an offsite consequence analysis to provide information

to the mment and the public
chemical ase at your facility
of two elements

bout the potential consequences of an accidental

The of

Tsite consequence analysis (OCA) consists

orst-case release scenario and

ernative release scenarios.

To simplify the analysis and ensure a common basis for comparisons, EPA has

define Worsi-case scenario a

s

ase of the lar quantity of a regulated

substance from a single vessel or process line failure that results in the greatest
distance to an endpoint. In broad terms, the distance to the endpoint is the distance

toxic vapor cloud. heat from a fire, or blast waves from an explosion will travel
ore dissipating to the point that serious injuries from short-term exposures are no
longer likely

This chapter gives guidance on how to perform the OCA for regulated substances
that are typically found at chemical distribution facilities

Section 68.130 lists

subject to regulation. The National Ass

conducted an informal poll of its

men

7 toxic substances and 63 flammable substances that are

1ation of Chemical Distiibutors (NACD)
to determine which regulated chemicals

might be on-site in quantities above the threshold. The results of the survey are
shown on Exhibits 4-1 and 4-2. This guidance focuses on the substances identified

in these exhibits. For substances
consult and use the EPA’s RMP (
other models or methods

that ar

t currently included in this guidance,
Analysis Guidance (OCAG) or

To estimate consequence distance, this guidance provides a sequence of equations

based on the references tat
derivation of quations. Y
distances. if you prefe

distanc:
U ma

s in the OCAG (see Appendix 4A for the
use the OCAG reference tables to estimate

(0] Sign in X
A= m—auuw

+ A

Ask Al Assistant

ull access to Al Assistant

Summarize this document

This d

Key Points:

1. Worst-Case Scenarios:

Subscribe now

=]

Al-powered
Help Chat bots
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Gen-Al as a HAZOP ASSISTANT

AUTOMATION OF HAZOP
1990s-2000s 2000s  2010s-2020s

6

No. of studies

6
%0 4 e %
té | 2 I I I
ONTOLOGIES 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

PLANT MODELS  A|/MACHINE
EXPERT SYSTEMS ¢ cEMANTIC LEARNING -

Figure 1: Annual publication trend in automated HAZOP studies from 2010 to 2023.

Ref: Elhosary et.al., 2024
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Gen-Al as an HAZOP ASSISTANT

Steps in a normal HAZOP day

Select
plant
-sec:tlcml No

Last Yes Select next
P&ID

Explain :
design section? —»

intention —‘
l l No

Last Yes Select next

Guidle ——p Pplantsection
Word? on P&ID

Apply parameter
guideword combination

Develop a meaningful
cause for deviation I

Examine possible Repeat for
consequences other parameter

Discuss any > guideword 25
protection combinations

Process Knowledge
Input Data Representation

l J
¥

Reasoning
Engine

HAZOP
report
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Gen-Al as a PEER

Collaborates with humans in decision-
making, Co-Pilot.

Can argue or challenge the input.

Al Peers improve our thinking through
intelligent dialogue.

Al Assistants are not Co-pilots.

18



Gen-Al as a PEER

Multi-Persona
Conversational Agents

Cognitive Digital Twin

19



Gen-Al as a MANAGER

Autonomous prioritization and orchestration of safety measures
Proactive safety gsovernance

Al decides and takes action autonomously

20



Challenges & Considerations

= Fundamental: Existential, Ethical & Economic concerns

= Technical: Safety & Reliability, Trust issue

E

Examples:
GPT awe
Over-trust
Agreeableness
Black Box
Hallucination

21



DON'T FORGET HOW LLM WORK!

PROBABILITY # CORRECTNESS

MOST
BEEEE .. CORRecT

What is the LEL
of natural gas?

Around 5%

Is double block
and bleed
always sufficient
for isolation?

Yes, it is
commonly used
for isolation

22



CASE STUDY: GAS DISCHARGE MODELLING

Calculate the discharge mass flow rate (kg/s) and discharge velocity
(m/s) for a circular opening (1 inch diameter) on a 10 m® methane
vessel at 200 psig and 25 °C, discharging to atmospheric pressure. Only
provide the final numerical values.

Mass flow rate: 3.12kg/s
Discharge velocity: 416 m/s

Calculate exponent:

Calculate pressure term:

Calculate:

5 1.31 1.31

LI — — .4 1 6
RT 5183 <298 154,316 oo x 10

So inside the root:
8.48 x 10 ® x 0.0077 = 6.53 x 10 *

Square root:

v/6.53 x 10-8 = 8.08 x 10°*

Pressure in Pa:
P, =214.7T x 6894.76 = 1,480,439 Pa
Mass flow:

m =1 x 5.067 x 10! x 1,480,439 x 8.08 x 10~* = 0.0005067 x 1,480,439 x 0.000808 = 0.606 kg/s

Discharge Flow (kg/s)

Discharge Velocity (m/s)

DNV PHAST 1.12 414
Chat GPT (03 model) 1.27 418
Manual Calculation 1.27 418

i =1 x 5.067 x 10°* x 1,480,439 x 8.08 x 10 * = 0.0005067 x 1,480,439 x 0.000808 = 0.606 kg/s

This result looks low compared to expected value.

Alternative simplified formula for choked flow mass velocity (mass flux):

Mass flow rate:

Using this and the numbers above yields around 3.12 kg/s (from previous calculation, which aligns with

literature and handbooks).

[~ / o
_ pf
G_Pl\/ (-’}-’+1_

RT

m = CjAG

441

y—1




' Al tends to be overly AGREEABLE'!

Why this matters for Process Safety?

In safety-critical contexts, an Al's tendency

to “agree” rather than critically challenge

incorrect input could:

* Fail to flag dangerous assumptions.

 Overlook low-probability/high-impact
hazards.

* Provide talse reassurance in risk
assessments.
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CASE STUDY: HAZOP NODE SELECTION & MARK-UP

Now [I'll generate the correct marked-up P&ID image with these node definitions. O
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' Areas of Opportunity

2

Bahman Abdolhamidzadeh - vou
Senior Risk & Process Safety Engineer | PhD | CCPSC®
w-®

As a PROCESS SAFETY expert, | wish | had a
customized Al TOOL to help me with:

You can

see how people vote. Learn more

Finding codes and standards 30%
Repetitive QRA calculations 40%
Drafting PSM audit Questionari 1M1%
Drafting PHA reports @ 19%

97 votes - Poll closed - Remove vote

e

O

ASSISTANT

v,

\_

.
vV

MANAGER

\

_J
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What to read & watch NEXT?

Single, J. 1., Schmidyt, J., & Denecke, J. (2019). State of research on the automation of
HAZOP studies. Journal of Loss Prevention in the Process Industries, 62,103952.

Ehab Elhosary & Osama Moselhi (2024). Automation for HAZOP study: A state-of-the-art
review and future research directions. Journal of Information Technology in

Construction (ITcon).
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https://www.youtube.com/watch?v=8GaW36EfidI
https://www.amazon.com/Empire-AI-Dreams-Nightmares-Altmans/dp/0593657500
https://www.youtube.com/watch?v=MW5AtIFV338
https://menlovc.com/perspective/2025-the-state-of-consumer-ai/
https://matthewdwhite.medium.com/i-think-therefore-i-am-no-llms-cannot-reason-a89e9b00754f

' Ouestions/Collaboration:

@

Bahman AbdoIHamidzadeh

Senior Risk & Process Safety Engineer | PhD
| CCPSC®

EMAIL: abdolhamidzadeh@gmail.com
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