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Integration of Process Safety and
EnMS webinar Agenda

* Introduction of PSMS Framework According
to CCPS AICHE

* Introduction to ISO-50001 EnMS Framework
e Common Elements of PSMS and EnMS

* Overview of IMS Integrated Management
System

* |ntegrating Management Systems and Metrics
to Improve Process Safety Performance.
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Process Safety Culture

Compliance with Standards

CCPS risk based
process safety _
management | Stakeholder Outreach
system 20

elements /
4 Pillars

Process Safety Competency

AL34VS 553004d
OLLIWWOD

Process Knowledge Management

Hazard Identification and Risk Analysis

Operating Procedures

Safe Work Practices

An AIChE Technology Alliance Asset Integrity and Reliability

PSS B Comtractor Management

Center for Chemical Process Safety Training and Performance Assurance

NSI4 IOYNYIW

Management of Change

Operational Readiness

INJWIDYNYIW ALI4VS SS3D04d AISYE NSIY

Conduct of Operations

Emergency Management

SKi




SHA PSMS 14 Elements

10113 i) JEICERETET JEICREETT] 195011 M)

Employee Participation Process Safety Information Process Hazard Analysis Operating Procedures
Esiablish 2 PSM Team ML & Liiry fo: RiAY mmuaslmm
Dirvelop 2 Written Plan of Acson Manufacture's Data Foports
Priontiza Goals Maricranco Manusk, ; I bl als
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Hawva schoduled moatngs or if the Process Changes Starng Ilowing shudowns
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Training of Person

1910.11% joj

Compliance Audits

¢  Roleshor PSM Training

= Operators in Opanmting
Procedunes

*  Management of Changs

= Confacio’s

«  Emergoncy Resporsa

The Lrst tweo mist B ket on e

OSHA 1910.119

Process Safety Management

1910115 jnj

1810.11% {h)
Emergency Planning & Fourteen Elements Contractors
Response
Off-Sike R
msai L LA Conifications and insurance Hicoeds
Emergency Evacuation Posiers Perfcam OreSite Satety Orerdation
Alarm Sysiems For Empiciyars and Lrpioywes

(LIREEY ]

Meachanical Integrity

1910118 0) HWI0.119 §)

Indd-r‘nz1;]r:;:;mtllqatlon Management of Change 910119 onspection and Testing Pre-Startup Review
Accidents and Near Misses Hot Work Permit st ba parforeed prior o Inirodud
MUST BE REPORTED Involves Plant Engineer, Safety wmpmmmsmm =
{Investigation within 48 Hours) Manager. Refrigeration Operators. Mles sure mat CONTRACTORS are _
Make COMECtive HCtkons 1o avoid and Maintenanco aware of your Hot Work Procedures Operators Trained?
future ocoumences; you could ie. PSMTEAM prior to beginning work. PHA Performed?

PEID'S Up-dated?

i.e. Management of Change
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e

e
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El Process Safety Management
Framework gzenergy

Guidance on meeting expectations of El Process safety management framework
- Flernent 1: Leadership, commitment and responsibifity
— Elernent 2: ldentification and compliance with legislation and industry standards
— Elernent 3: Employee selection, placement and competency, and health assurance
— Elerment 4: Workforce involvement
- Efernent 5: Communication with stakeholders
- Efernent 6: Hazard identification and risk assessment
— Elernent 7: Documentation, records and knowledge management
— Elernent 8: Operating manuals and procedures
— Elernent 9: Process and operational status monitoring, and handover
— Elerment 10: Management of operational interfaces
- Flernent 11: Standards and practices
— Elernent 12: Management of change and project management
- Elernent 13: Operational readiness and process start-up
- Flernent 14: Emergency preparedness
— Elernent 15: Inspection and maintenance
— Elerment 16: Management of safety critical dewvices
- Elernent 17: Work control, permit to work and task risk management
— Elernent 18: Contractor and supplier, selection and management
— Elernent 19: Incident reporting and investigation
— Elernent 20: Audit, assurance, management review and intervention SKi
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Integrated PSM and Climate Change
Model

Table 8. 1. (continued) Screening and selection of elements from PSM systems in the oil and gas industry adapted from Theophilus et al. (2018)
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22. Training, competency and performance NIA A A TTA AT TV
23. Incident reporting 4 4 NIV A 4 NN
24, Benchmarking 4 N N N |+
25. Audits SITA ATV YA Ay N AR
26. Incident investigation 1A A VI IRV RV Y A I A Y Y A Y Y NV ISV IRV I Y
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27. Management review and intervention for continuous improvement N U T A I R N VoW U I NV

Subcategories of Element 16 (Management of harsh weather conditions and climate change)

Personnel: - Training of staff on climate change adaptation strategies, staff preparedness and responses, as well as managing threats posed by harsh weather

Procedures: - Flexibility of work shift patterns, easy-to-implement process safety methods, the application of process safety to drilling operations, integration of
databases for process safety improvement, consequence analysis
Facilities: - Resilience engineering and climate proofing of assets against natech events

Safety Culture: - Integration of occupational safety and process safety

*




Development of an Integrated Process Safety Management
and Climate Change Model for the Oil and Gas Industry

Employee, contractor and sup-
plier selection and
management
Health evaluation and fitness
for duty
Operational control,
permit-to-work and
operational risk management
Management of personnel
change

Communication amongst
workers
Incident reporting
Compliance with legal and
industry standards

Management commitment, re-
sponsibility and accountability
to process safety
Worker Consultation
Objectives, Targets and Safety
Programs
Stakeholder involvement
Training, Competency and
Performance
Emergency planning and
response
Benchmarking
Incident investigation
Inspection and maintenance
Management review and
Intervention for Continuous
Improvement

K-BASED
“Gomme

CULTURE
-BASED EXTERNAL
FACTORS

PROCESS SAFETY
IMPLEMENTATION
STRATEGIES

Process hazard analysis
Document and record control,
and process knowledge
management
Operating manuals and
procedures
Process safety information
Standards and safe work
practices
Management of technology
change
Performance and quality
assurance

Management of facility and
equipment change
Asset integrity and

management of safety critical
devices

Operational readiness and
pre-startup reviews

External Audits
Regulatory enforcement,
enactment of legislations and
industry guidelines
Management of harsh weather
conditions and climate change




Anatomy
of a loss
Event

Deviation
from
target
operating
region

PSSR ¢m

Modes:

Plant
states:

Operations
goals:

Critical
systems:

Operations
& technical
support

Integrated Management System

A
IMS :SHEQSE
No
Production
Off-spec
Fodues Equipment
Reduced f damage
roduction
Increased e
costs
Normal » Abnormal Emergency
Optimal  Constrained  Off-targets Loss of control Shutdowr
Optimize Keep plant Return to
production  normal normal
* Process equipment » Safety shutdown cal &
« Control system « Protective applications mecha (e
» Control applications « Emergency procedure containme
» Operating procedures system
fovmine Manual control &~ Isolation, bypass &
monitoring & g5 ~ y QYpass
testing troubleshooting partial shutdown

|\|\.um""" activities:
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e —

ALARP (As Low As As Low As Reasonably Practicable
Reasonably Practicable):

UNACCEPTABLE REGION

Tolerable only if risk reduction is
impractical or its cost is grossly
disproportionate to the
improvement gained

THE ALARP REGION
(Risk is undertaken only if a
benefit is desired)

Tolerable if cost of reduction woul
exceed the improvement gained

\4

BROADLY (No need for detailed
ACCEPTABLE working to demonstrate
REGION risk is ALARP)

Necessary to maintain
assurance that risk stays at this
level

Negligible risk

=Residual risk: Remaining after risk treatment

(
iyl guwainel &la 7 h
Jordan Engineers Association
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Incident Causation According to
PSM Element

* Source :Process Safety Progress Vol.26 No. 4

P5M Element No. PSM Element % of Incidents

b Process and equipment integrity 23.8
Process knowledge and documentation 21.2

4 Process-risk management 16.8

7 Human factors 8.9

5 Management of change 7.3

3 Capital project review and design 6.5
procedures

|
“tw“""” SKI
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Universal Concept for Controlling Risk

Hazard Identification

Incident reporting and -
% and Risk Analysis

&
<
)
&
<
&
"b

investigation practices Q
to identify and correc'@ fp’ (HIRA)
weak barriers. 9'6
4,
> B
?'Q Controlling Risk G

® Management Systems of the Risks

W SKL

Training
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HLS of 1S0 50001:2018

4 Context of the

organization

CHECK

g PEI'fDlII'IﬂlICE
3 Leadership 6 Planning T Support & Operation 10 Improvement

41

Understanding the
organization and
its context

4.2
Understanding
the needs and
expectations of
interested parties

51
Leadership and
commitment

52
Energy policy

Dperatmnﬂl planning
and control

5.3

reaponsibilitizs and
guthocritiea

4.3
Determining the
scope of the
Energy manage-
ment system

Organizational roles,

8.2
Design

4.4
Energy manage-
ment system

8.3
Procurement

Ac'l:mns to address Ftesc-urces

rigks and

opportunities 72
Competence

6.2 73

Objectives, energdy )

' A

targets and planning WETENSEE

to achieve them T4
Communication

6.3

Energy review 7.3
Documented
information

g4 7.5.1

Energy performance G : I

indicators =nErE
7.5.2

85
Energy bassline

8.6

Planning for
collection of
encrgy data

Creating and updating

753
Control of documented
information

Mﬂnltonng, MmeasUrament,
analygis and evaluation of
energy performance and
the EnMS

101
MNonconformity and
comrective action

811

General

812

Evaluation of compliance
with legal and other
requirements

10.2
Continual
improvement

LE s
Intemal audit

9.3
Management review




HLS of 1SO-45001 :2018

PLAN

DO

CHECK

ACT

4
Context of the
organization

4.1
Understanding
the organization
and its context

4.2
Understanding
the needs and
expectations of

workers and
other interested
parties

4.3 Determining
the scope of
the 1SO 45001
management

4.4 150 45001

5
Leadership

5.1 Leadership
commitment

5.2 Policy

5.3
Organizational
roles,
responsibilities
and authorities

6
Planning

6.1 Actions to
address risks and
opportunities

6.2 ISO 45001
objectives and
planning to
achieve them

7.1 Resources

7.2 Competence

1.3 Awareness

74
Communication

7.5 Documented
information

8
Operations

8.1 Operational
planning and
control

8.2 Emergency
preparedness

9
Performance
evaluation

9.1 Menitoring,
measurement,
analysis and
evaluation

9.2
Internal audit

9.3
Management
review

10
Improvement

10.1
Nonconformity
and corrective

action

10.2 Continual
improvement

SKI

ting &

ons:
Traini

ing



Key Aspects of the Risk Management
Process ISO-31000

Establish the Strategic, Organizational
and Management Contexiof ...

Identify ... (What can happen and how)
Analyze ... (Possibility x Conseguence)
Evaluate ... (Priority List)

Control. Planning and implementing measures
to eliminate, reduce, mitigate, or take
contingency actions on...

Monitoring of the control system and the
stateof ...

Recording and Reporting. Communication
and Consult. Interaction with the parties to
have full information about ...

(Identification + Analysis + Evaluation = Risk Assessment)

THE RISKS

“Effect of uncertainty on objectives. Risk is usually expressed in
terms of risk sources, potential events, their consequences,
and their likelihood™ (/SO 31000:2018).

\

T r—r—————————4 ]_
«—» SCOPE, CONTEXT, CRITERIA
Actors and requirements. Trends

«—> RISK IDENTIFICATION <>
What can happen and how?
—
RISK ANALYSIS
Likelihood X Consequences

—
RISK EVALUATION
> Compare and Prioritize <>

YES

MONITORING AND REVIEW

Tolerable
? NO

il RISK TREATMENT
Reducing, anlicipating and managing
risk, vs Business Strategy J
L

_t_

RECORDING AND REPORTING

COMMUNICATION AND CONSULTATION

>

Training



Risk management is an integral part of all organizational activities.

IMS : SHEQS

Continual

Integrated
Improvement

Leadership and commitment :
Issuing a statement or policy that “‘é"‘li’" *“l“’ Structured
. . ultura and
establishes a risk management Factors (RN e ORRR (iprehensive ISO 31000:2018 Principles

approach, plan or course of
action; Be;stb 1 ,Framework and Process
Available .
Ensure that risks are adequately Information of Risk Assessment
considered when setting the
organization’s objectives; Significance of tolerable risk
Risk is managed.insenery.part of the /

Integration Principles

Understanding the
/ organization and its
(internal ,External ) context
(issues)
< &

el

SWOT /PESTELE Analysis's

Risk Assessment

Risk
Identification

Risk

Leadership and
Analysis

Commitment

DNSULTATION

Risk
Evaluation

COMMUNICATION &
MONITORING & REVIEW

Implementation

Modifying the applicable  Selection of risk treat

\ decision-making processes options
where necessary; Procass

RPI=KPI

iyl guwainel &la
Jordan Engineers Association
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Relationship between Energy
Performance and EnMS

EnMS context

= Continually improve energy management system
-  Continually improve energy performance

= Achieve intended outcome(s)

Glergy management system
(3.2.2)

Set of interrelated or interacting
elements of an organization such
as:

- policy

- objectives Promotes,
- energy targets supports
= energy baselines and

- energy performance indicators sustains

- internal audits

- addressing nonconformities
- procurement processes

- design

-

Energy performance improvement
(3.4.6)

Improvement in measurable results of:
- energy efficiency, or

- energy consumption related to energy use,

compared to the energy baseline

~

J

such as:

- improved reliability

\" increased use of renewables

rAEhiEVEI[IEIIt of other intended outco me?‘

= reduced cost of energy
- meet overall climate change gaa]s-

/

Continual improvement of the EnMS )

in terms of:

- suitability

- adeguacy

= effectiveness

= alignment with strategic direction

J




MERITT

 MERITT (Maximizing EHS Returns by Integrating
Tools and Talents) for enhancing process
development through more effective integration
of environmental, Energy, health, and safety
evaluations. MERITT has been based on the
benchmarked best practices of industry leaders
in this field and draws upon critical components
of pollution prevention, inherent safety, green
chemistry, and related paradigms through
selective adoption and adaptation of their
existing tools, skills, and knowledge resources

SKi



MERITT (Maximizing EHS Returns by
Integrating Tools and Talents)

* Experienced process/project professionals
feel that there is commonly a 15-35% life-
cycle cost reduction available when EHS
issues are addressed in a concurrent and
timely manner. Improvements of 50% or
more in project costs have been attained in

Some Cases.

SKi




The Need for Integration

* Increasing and overlapping regulatory demands
—Documentary and record-keeping requirements
—Formal and demonstrable programs

—Improved performance (particularly in areas such
as emissions standards)

e Pressure to reduce cost of operation and at the
same time improve performance

—To maintain and improve competitive position
—To avoid costs of poor performance

e Pressure to continuously improve ESH
performance and Well-desighed management
systems

SKi



Cost Reduction with EnMs

Costs

+5% -/—‘.\

0
-50 =

-10%

-15%

- 20%

Increasing energy Decreasing energy costs through Additional energy-saving through Saving energy becomes part

consumption simple energy-saving measures efficient use of energy of the company structure

0 * * + ~ 3 years

Company decision on
implementation of energy
management

Investments Additional investments
(e. 9. buying energy-efficient machines) (e.g. technical improvement of plants)



Integration of EnMS with Other MS

- INTEGRATION OF ENMS

Top Management
| Management system
Administration Procurement R&D Production Sales EMS OMS SMS EnMS
Quality Environmental Security Energy
management management management management

Integration of targets and objectives (e.g. policy)

Setting-up personnel structure (e. g. responsibilities)

Integration of operative elements (e. g. process and job description)




The Overlapping EEHS Paradigms.

IS : Inherent Safety

GC: Green Chemistry

GT: Green Technology

P2: Pollution Prevention

DfE: Design for the Environment

integrating the concepts endorsed by P2, DfE, IS, GC, and GT within a
programmatic effort that links information, decision making, and
validated results throughout the development process.

Training




Paradigm comparison matrix.

Strategy/
Tenet
(Based on IS) Example Concepts

Substitution Reaction chemistry, Feedstocks,
Caralysts, Solvents, Fuel selection

Minimization Process Intensification, Recycle,
Inventory reduction, Energy
efficiency, Plant location f

Simplification Number of unit operations, DCS

configuration, Raw material quality,
* Equipment design

Moderation (1) | Conversion conditions, Storage
[Basic Process] |conditions, Dilution, Equipment
overdesign

Moderation (2) | Offsite reuse, Advanced waste
[Overall Plant] treatment, Plant location, Beneficial
co-disposal

Key: ™ Primary tenet/concepts; ™ Strongly related tenet/concepts;  Some aspects
addressed; O Little relationship.

IS : Inherent Safety GC: Green Chemistry GT: Green Technology P2: Pollution
Prevention DfE: Design for the Environment




Life Cycle Stages

Phase Project/Life-Cycle Stage

Research and Development 0 Discovery

I Concept Initiation

2 Process Chemistry

3a  Process Development or Definition

3b  (replication)
Project Implementation 4 Basic Process Engineering

5 Detailed Engineering/Design

6 Construction & Commissioning
Production 7 Operations (includes upgrades)
Postproduction 8 Shutdown, Decommissioning, Disassembly

Training



Areas of energy focus at different

stages of a project

Scope of application

Daily monitoring of the system
S —————

Opﬁmizcﬁon of operating conditions
Maintenance of units and utilities networks
Improvement of reliability

Choice of process
A

Identification of improvement projects

Areas addressed
in operational phase

Areas addressed
in design phase



Representative EEHS Opportunities

Process Aspect Opportunities

Materials/Resources Alternate reagents
Alternate solvents
- Alternate catalysts
Alternate raw materials
Woaste/byproduct reuse
Recover/recycle solvents
Raw materials modification

Recycle raw materials

Conditions Alternate catalyst system
- Reaction heat sink (Moderation)
Moderate conditions (P, T, pH)
Adjust concentrations (Moderation)

Transform waste (Alternative waste treatment)

Equipment/Containment Combine steps (Minimization/Simplification)
Fewer reaction steps
» Total containment design
Reduce equipment size (Intensification)

Improve constructability

Continuous versus batch operation




MERITT Framework

Concurrency—Thinking about
environmental, health, Energy and

~— Fundamental Principles)

safety concerns concurrently while _
. ifving i . .. * Commitment
identi y!ng issues, settm.g.prlormes, » + Concurrency
and defining and actualizing « Communication
opportunities is the cornerstone of = Collaboration
the approach. * Continuity )
Resource Tools
Components
Criteria | Alignment | Staffing
implementation » Establishing the Basis
Elements « |dentification of Issues (and
# Generating Opportunities)

* Development of Options

» Assessment of Options

* Reconciliation of Issues and
Decision Making SKI.J
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. ?E 2 ?E E Application to Stages
E |28 _2| _T9|%E . . _
Strategy/Tenet Concepts g %- g E & E € c .Ei.g Conespt | Process N Basic Da.tmlafj Appllcatl?n
'E :ﬁ SEIEE|sol8 2 Initiation | Chemistry | Development Process | Engineering[to Retrofits/
£ ao|0o|0k 3 w "y P Engineering| Design |Upgrades
Substitution Synthesis Route - Reaction Chemistry vV | v |V v O [
Feedstocks & Reagents v | v |V v ] 0 [
Catalysts vV |V |V |V |V 0 0 .
Solvents vV I iV I v ]/ |V e 0 [
Minimization Process Intensification VI iv |/ |V |V Q ) 0
Inventory Reduction vV | v v Q [ )
Recycle v SV L O ]
Focused Analytical Technigues VA v . 0
Plant Location ("Co-Location”) v | Vv v o
Simplification System Design (Multi-step vs. Integrated) | ¢ | ¢ v 0 ) *
DCS Configuration vV | v vV | v °
Pre-purified Raw Materials vV | / v 0 [ 0 )
Individual Equipment Design v | / oI v ® 0
Moderation (1) Conversion Gonditions (pH. T, P) v Vv Vv |V () . Q (]
Storage Conditions (T, Form, State) v | v/ v . 0 ]
Dilution (Heat Sink, Reaction Kinetics) v o
Equipment Overdesign (Pressure) v v/ 0 ]
Moderation (2) Offsite Reuse v v °
Advanced Waste Treatment 4 v Q ° 0
Benefical Co-Disposal v 0
Equipment/Process Cleaning Design oV |V hd
Plant Cleanup Practices (Dry vs. Wet) v | v °
Plant Location (Climate) v | v v L) Q
Monitoring Systems v 0 .
Secondary Containment v 0 ]
Backup/Redundant Systems v o
Energy Efficiency | Waste Heat Recovery (Cascading) v |V Q ®
Fuel Mix oV v Q ®
f Heat Transfer Equipment Efficiency v vV | Vv 0 0 o
v Basic Concept [ ] High Potential
v Related Concept Moderate Potential
Q Low Potential

Value Creation Opportunities Matrix




Alignment of
EEHS

Disciplines to
project stage

\ 4

Pollution Inherent
Stage Green Chemistry Prevention Safety Green Technology
Concept Eliminate, Substitute, Eliminate Substitute Eliminate, Substitute,
Initiation Low Persistence, or Energy Use
Bioaccumulation f
Process Process: Reduce/ Minimize/ Reactors, Mixers:
Chemistry Eliminate, Renewable,  Recycle Simplify Minimize, Scale,
Order of Steps, Simplify, Eliminate
Minimize/Simplify (steps, unit
Chemistry: operations, etc.),
Atom Economical, » Energy Use
Selectivity, Reduced Separations:
Toxicity, Mass Efficient Substitute, Eliminate
Process Attenuate/Moderate Re-use Attenuate/ Attenuate, Order of
Development Moderate Unit Operations,
' Combination of Steps
Basic Process Low Waste or Treat, Contain Intensify Intensify
Engineering  Nonproduct
Detailed Reliability/ Mechanical Reliability,
Engineering Redundancy Integrity Redundancy
Production Dispose, Mitigate, Process Redesign
Process Process
Redesign Redesign

Training



HAZARD/PROBLEM IDENTIFIER/PRIORITIZER
= uses existing company datasheets/hazard swudies
* hazard/problem record to track hazards

= hazard/problem ranking/prioritizer

1

OPTION GENERATOR
Inherent = sets structure for analysis

SHEE TOOI = sets objectives

= guide word/brainstorm methods

Fra mEWOTk —prompt deviations

—question functionality

—prompt different means to achieve same function

1

INITILAL SCREENING
= compares options against key success factors
= rapid screening to find best options

= warns of possible conflicts between S5, H, and E

1 1 3
DECISION AIDS
= used where no clear best option identified
» = ranking index for inherent S5, H, and E
= multiattribute analysis to aid decision making
= defines “musts™ and “wants™ criteria/constraints

= includes provision for cost, feasibility, and other decision
criteria

= provides stand-alone decision support tool or can feed in to SKi
existing company decision support tools T




Frist Cut
Screening

Ideas
Example

Recycle Vent Stream and Add Additional O, as Needed

Cost $200,000 investment, $500,000/yr operating cost

Benefit Reduced end-of-pipe investment of $700,000
Reduced operating cost of $70,000/yr

Waste Minimization Reduced gas flow to be treated

Energy Conservation Reduced electricity requirements

Probability of Success 90%

Recycle Benzene from the Steam Stripper Overhead Stream

Cost $100,000 investment, $10,000/yr operating cost
Benefit Reduced operating cost of $90,000/yr

Waste Minimization Reduced gas rate to thermal oxidizer

Energy Conservation No change

Probability of Success 90%

Use Steam Stripper Bottoms as the Source of Water for the Water Scrubber

Cost $300,000 investment, $10,000/yr operating cost
Benefit Water conservation and reduced treatment cost
Waste Minimization Reduced wastewater treatment load (35 gpm to | gpm)
Energy Conservation No change

Probability of Success 90%

Training



Use Fluidized-Bed Reactor (reduces air volume)

Cost $500,000 investment, $500,000/yr operating cost
Benefit Reduced end-of-pipe investment of $800,000
Reduced operating cost of $40,000/yr
Woaste Minimization Reduced gas flow to be treated
Energy Conservation Reduced electricity requirements
Frist Cut Probability of Success 80%
Screening
Use New Catalyst with Better Selectivity/Conversion
Ideas
Exambples Cost Unknown
P Benefit Unknown
Woaste Minimization Reduces waste generation by 50% for a 5% increase in yield
Energy Conservation None
Probability of Success 50%

Change Air-to-Feed Ratio to Reactor to Reduce COS Generation

Cost Unknown
Benefit Unknown
Woaste Minimization None
Energy Conservation None
Probability of Success 50%

Training



Development Bias
Comparison
between General
process and
MERITT

Element

Basis

General Process

MERITT

=

Objectives

Production capacicy
Product efficacy
Plant availability/reliabilicy

Investment cost

Proeduce zero manufacturing waste
Develop molecules that are not persistent, toxic, and bicaccumulative

MNonhazardous manufacturing process (i.e., low toxicity, explosivity, and
reactivity)

General Process

MERITT I

Criteria

Product qualicy

Operational efficacy
Process economics
High controllabilicy

Limit water use
Limit hazardous byproducts

Limit toxic solvent use

General Process

MERITT

2

Requirements/Constraints

Corporate design standards
Plant commercialization date

Utilities availabilicy/cost

Environmental regulations
OSHA regulations

Community acceptance




Power Steam Generating Unit

Natural gas ]
Water [
Steam ]

Seawater [N
Ix‘l v
Centralized smoke stacks |§| Air I

v Electricity 1]
X @ Boiler
A LNG B

Transmission tower
W1/

© Turbine 4

L A
@ Generator

Steam

X ;
)i"il T

Gas

3 mixing
verrtllamr
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Boiler Explosion —Noodle Making factory

=2 ps://english.jagran.com/india/bihar-explosion-muzaffarpur-noodle-making-factory-
#¢'| st-death-toll-casualties-live-news-updates-10036917
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Boiler Explosions Accidents
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NI @ DD News

@ The Financial Express Tamil Nadu: 8 workers...

Neyveli Boiler Blast Live:... D Bangalore Mirror
Death toll rises to 11 in boil...
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@ Mint @ The Financial Express

Six Killed in Tamil Nadu's... Boiler blast at NLC India. ..

% NDTV.com »# North East Business Mirror
Tamil Nadu News: Second. .. Six killed, 17 injured in boil...

=8 The Statesman
6 dead, 17 injured in massi...

X NDTV.com
Number Of Dead In NTPC...

® The New Indian Express
Six dead, 16 injured in boil...

&) News18
Boiler Blast at Lignite Pow...
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Explosion Pentagon

Explosion A sudden, rapid release of energy that
produces potentially damaging pressures-Blast

FIRE TRIANGLE vs. EXPLOSION PENTAGON

Oxygen Fuel Oxygen Fuel

Confinement Mixture

\
\
f‘;

lgnition Source

lgnition Source

Training



Boiler Process Safety Codes and
Standards

ILO Ordinance on Safety of Boilers and Pressure
Vessels

NFPA -85 :Boiler and Combustion Systems
Hazards Code

NFPA-69 : Standard on Explosion Prevention
Systems

ASME(B&PVC) : Boiler and Pressure Vessel Code

API RP 538 : Industrial Fired Boilers for General
Refinery and Petrochemical Service

Training
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CSB Investigation Report

Cause:

The CSB determined that
the cause of the explosion
was deficiencies in Loy-
Lange’s operations,
policies, and process safety
practices that failed to
prevent or mitigate chronic
corrosion in its Semi-
Closed Receiver and
Kickham Boiler and
Engineering’s performance
of an inadequate repair to
the SCR in 2012 that left
damaged material in place

- . - -
(C:S B Pressure Vessel Explosion at

U.S. Chomical Sasety and Loy-Lange Box Company

Hazard Investigation Board St. Louis, MO | Incident Date: April 3, 2017 | No. 2017-04-1-MO

Investigation Report
Published: July 29, 2022

KEY ISSUES:
Pressure Vessel Corrosion
Pressure Vessel Inspection and
Regulation
Pressure Vessel Repair
Process Safety Management
Systems
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CSB —Causal Analysis

Appendix A—Causal Analysis (AcciMap)
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Process Safety Beacon-Boiler Safety

Sponsored
by
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Here™s Wihat Happemned:

Om Junme 11, 2003, an explosion
destrowved the natural gas furmnace at
the MNOWA  Chemmicals Bayport
plant. Before the explosion, an
operator noticed flame stabialityw
problems weith the Lo NI
burmers and begam o manwally
—_adjuest the airflossrs, Dunng the few
minutes that adjustments were
being madse o manage the burmers.
a loud puff was hearnd Ffollowed by
a major explosion in the fumace.

Avvoid Improper Fuel to Adr Mixtares

amage inmcloded tofal desitochiorn
of the furnace amnd adjacent

colummn. Fortunately., o one was
injured, howewver the conseguences

Phaotograph of the heater and adjacent colurmn

What YWom Can Do ¥ could hawve been much worse.

To prevent a similar explosion at your plamnt: Elooww Thid This Flaypyypemn T
= Ensure thal: a thorough hazard review and management It appears that the explosion
of change 15 conducted was caused by clogging in the
= Ensure that adeguate performance testing is conducted noFzrles on the new lira Low
= FEnsure that the burmers and flow hnes are cleaned amnd N bumers resultimg m an

unstable flame. Howewer, there

dewvold of debris before startup
were sewveral other contributing

= Loz and record any operating issues that occurred

during your shifi factors that remmforce the

- Communicate any issues during shifi-to-shift meetings e of establishing

) _ effective design, constraction

= Ensure that the operating procedures, safe operating and operating management of

limmits and control parameters for all new egquipment - change Processas wihen
imtroducing mew techmnology.

are accurate and well understood. YWou may have only
minutes o act to prevent an explosion.

PEID Mombxrs chock: “Fummaos™ n
Froee Scarch

Leaming from this ncident is beimg presented bere with the permiission of MOW A Chemicals. IF poun e Quesiioens OFr SOy s mis,,
please call ramiel WHFE, MOY%WA Chemicals Process Safety Acdvisor @@ <4 12— 9950- R0
A msore detad led repeort on this incident is availahle by requess oo cops beaconi@aiche ong .
Flamme Tnstability is DangeroLrs.
Errserre Efral oy wrrdaferstanndg fre consegurernrces of Cifrarrae.

ANChE £ 20E. Adl nghits reserved. Reprodocticon for mon-comemercial, edescanvonal parposes iz encouraged. Howewver
for the puarpose of resale by anyone other than OCPS is srictly pachibited. Comtact s an oopsbeacond@laiche org or 2I2-591-‘."3I1?

This editron 1s also avaidlable in CGermman, French and Spamsh. Contact OCPS at cops besconfa aichs ors for informatson.




NFPA-69 —Ventilation Calculation —Purging

Methods

B9—Hbh EXFPLOSION PREVENTION SYSTEMS

Annex E  Purging Methods

This annex is mnof a frert of e requiremends of thes NFPA document
Bl is smeluded for informalional purposes only.

E.1 General. Any of several methods might be used o ensoare
the formartion and maintenance of a noncombustible ammo-
h™
methods For one-time or occasional ase, as in purging egquip-
ment during shutdown, and “continuous™ methods invemnded
o ensure safe conditions during normal operations. The fol-
lowing is an outline of varous purging methods.

sphere in an enclosure to be protected. These incloude “han

E.2 Purging Methods.
E.2.1 Batch Purging. T

pressure, and venting to atmosphere.

s method includes siphon, vacuom,

E.2.2 Continuous Purging. This method includes fixed-rave
application and variable-rave or demand application.

E.2.3 Siphon Purging. In this method, equipment might e
purged by filling with liquid and inoodacing purge gas ineo
the vapor space o replace the liquid as it s drained from the
enclosure. The volume of purge gas required is egqual wo the
volume of the vessel, and the rate of applicadon can be made
espond w the rate of draining.

E.2.4 Vacuum Purging. In this method, equipment thar o
mally operates at reduced pressure, or in which it is practcal o
develop reduced pressure, mighe be purged during shutdown by
breaking the vacuum with puorgge gas. IF the inivial pressure is not

Ly OO

lovw enough o ensure the desired Losw oxidant concentration, it
might be necessary o re-evacuabe and repeat the process, The
amount of puarge gas required is derermined by the number of
applicatons required w develop the desired oxidant concentra-
tion. Where two or niainers or tanks are j«
manifiold and shoald be purged as a groap, the vapor content of
each con@iner or tank should be checked o determine that

complete purging has been accomp

necl by a

LE1 g =

vescll

E.2.5 Pressure Purging. In this method, enclosures might be
purged by increasing the pressure within the enclosure by intro-
ducing purge gas under pressure and, after the gas has diffused,

VeTH T
sure cycle might be necessary to reduce the oxidant content to
the desired percentage. Where two or morne containers or tanks
are joined by a manifold and shoold be purged as a group, the

e enclosure po the ammosphere. More than one pres-

vapor content of each container or ank should be checked o
determine thar the desired porging has been accomplished.

If the system is complesx, involving side branches throogh
which circulation cannot be established, the sweep-through
purging method might be impractical, and pressure or vacoum
Purging m t be more appropriate.,

The relationship between the n per of volumes of purge
gas circulated and the reduction in concentraton of the crit-
cal component in original ank contents, assuming complene

mixing, is shown on the graph in Figure E_2.6.

1.0
5 0o
£ os
2
3 06
s
'
S 04 Y
=]
3 AN

0.2
= ~—

o ----'_————
[a] 1 2 3 4 5 3]
Mumbear of volumes of purgs gas injected

FIGURE E.Z.6 Dilution Ratio — Purging at Atmospheric

Pressure (Complete Mixing Assomed).

The following points should be noted:

(1) The votal quantity required might be less than that for a
seres of steps of pressure puarging.

(2} Four to five volumes of purge as are sufficient to almoste
complerely displace the original mixture, assuming corm-
plete miasxing.

E.2.7 Fixed-Rate Purging. This method involves the continuo-
ous introduction of purge gas into the enclosure ar a constant
rate, which should be sufficient o supply the peak require-
ment in order that complere protection is provided, and a
corresponding release of purge gas and whatever gas, mist, or
dust has been picked up in the eqguipment.

The follov

1z information regarding the fixed-orave purg-

SK1

Consulting &
Training



Metering Control Systems with O2
Trim-NFPA Requirement

Excess air is required to ensure complete mixing and
optimum heat-release characteristics, however, it contributes
to significant heat loss. Excess air is also essential from a
safety standpoint.

Without it, the amount of 02 at the burner might drop
below the theoretical stoichiometric level during load
changes, possibly leading to a boiler explosion. By keeping
excess air at the minimum level required for stable firing,
effluent heat losses may be minimized.

For boilers that are now currently operating at high excess-air
levels, the potential efficiency gain by reducing excess air is
significant. The idea behind low-excess-air combustion control
is to maximize boiler efficiency by operating at the theoretical
point where both combustible

SKi



Combustion Process Hazards

Protection

Accumulation of Combustibles :(Loss of Flame
or Substoichiometric Combustion)

Potential hazardous events include:

a. Afterburning in the furnace which may result
in the overheating and failure of tubes and/or
tube supports systems;

b. An explosion which may result in the partial
or total destruction of the boiler, and which may
be hazardous to personnel in the operating area

SKi



Process Hazards Considerations

At startup conditions, the accumulation of
combustibles within the boiler should not be
permitted to exceed 25% of the lower
explosion limit (LEL) before corrective action is
initiated.

The LEL may be calculated at laboratory
conditions using Le Chatelier's formula and LEL
data for pure components as listed in NFPA
325, Guide to Fire Hazard Properties of
Flammable Liquids, Gases, and Volatile Solids
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Boiler Explosion Purging Requirement

Potential advantage - This option reduces the number of times a boiler is shutdown in response to
substoichiometric combustion. Some facilities have operating experience to indicate that explosions are
more likely to occur during light off, due to inadequate purge or delayed ignition, than during
substoichiometric combustion. For those facilities, reducing the number of restarts may be an important
consideration.

INDUSTRIAL FIRED BOILERS FOR GENERAL
REFINERY AND PETROCHEMICAL

. . SERVICE
7.4.4.2 Low Combustion Air Flow

74421 Process hazard

API RECOMMENDED PRACTICE 538
Combustion air flow below that needed for stable flame operation may lead to the accumulation of carbon
monoxide or hydrocarbon within the boiler. See 7.4.4.1 for a description of the hazardous events that may
occur.

7.44.2.2 Considerations . .
Maximum Continuous Rate

This section is intended to apply to boilers equipped with forced draft fans. ‘

a. For multi-burmer boilers, the NFPA 85 committee set a minimum purge limit of 25% MCR airflow
to resolve insufficient purge-based explosions in the 1960's. With improvements in airflow
measurement technology, the prescriptive requirement to maintain 25% MCR airflow presents a
problem for the refining and petrochemical industry with requirements run an N+1 boiler on
standby. As a result, many refineries run the pilot in standby mode and elevate the airflow to
25% MCR airflow prior to lighting the main burner.
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