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Process Safety Regulations Around the World

Remigio Agraz-Boeneker

We're all in this alone.
Lily Tomlin, American actress

20.1
Introduction

The goal of the loss prevention engineering and safety fields will always be the
same: to avoid, prevent, or limit loss (injuries, property damage, etc.), immediate or
delayed, on-site or off-site, to employees, to neighboring facilities, and to the public.
However, the way in which industry accomplishes this, and also our definition
of tolerable risk, have been revolutionized in the last few decades by advances
in science and technology that have allowed companies and their loss prevention
engineering and safety professionals to make the workplace safer.

During this period of time, institutions and corporations involved in an accident
have focused accident investigations on finding the root cause and preventing
reoccurrence. Based on these incident investigations, a wide range of professional
organizations and government institutions around the world have developed
guidelines and recommended practices (RPs), and implemented regulations with
the intent of reducing the probability of having an undesired event at the workplace.

The purpose of this chapter is to collect the approaches that have been developed
around the world with process safety in mind.

20.2
Process Safety — Drivers

Process safety management (PSM) is the application of management principles
and systems to the identification, understanding, and control of process hazards.
This application is intended to prevent or minimize the consequences of major
uncontrolled (i.e., catastrophic) releases of toxic, reactive, flammable, or explo-
sive chemicals. These events would normally occur due to failures in process,
procedures, or equipment.
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The main drivers for regulations regarding process safety around the world are
the United States “PSM of Highly Hazardous Chemicals” regulation, the Seveso
Directive that affects all Member States of the European Union, and the conventions
and practices developed by the United Nations International Labour Organization
(ILO) to prevent major accident hazards.

In 1992, the Occupational Safety and Health Administration (OSHA) in the
United States promulgated its PSM regulation. This was considered a direct
response to the 1984 Bhopal incident, the October 1989 chemical plant incident in
Pasadena, Texas, and other major incidents involving highly hazardous chemicals
(OSHA, 1992a).

The Seveso Directive, a European Union law aimed at improving the safety of
sites containing large quantities of dangerous substances (European Parliament,
2003), was first issued in 1982 after several large-scale incidents that occurred in
the 1970s, including those in the towns of Flixborough, UK and Seveso, Italy.
The Seveso Directive was amended in 1987 and 1988 to broaden the scope of
the Directive, particularly to include the storage of dangerous substances. The
current version was adopted in December 1996 where new requirements relating
to safety management systems, emergency planning and land-use planning, and a
reinforcement of the provisions on inspections (i.e., enforcement) were included
(European Commission, 1996).

In the United Kingdom, the Control of Major Accident Hazards (COMAH)
regulations implement the Seveso Directive (HSE, 1999) (except for the land-use
planning requirements, which are implemented by different pieces of legislation),
replaced the Control of Industrial Major Accident Hazards Regulations (CIMAH),
were originally issued in 1984 and came into force in April 1999. These regulations
have been amended to reflect changes to Seveso.

In response to the need for cooperation, the Convention for the Prevention of
Major Industrial Accidents took place in 1993 within the International Program
on Chemical Safety, between the ILO, the United Nations Environment Program
(UNEP), and the World Health Organization to discuss the code of practice on the
same topic which had been issued in 1991 (ILO 1993).

These process safety initiatives have influenced the development of others around
the world. The identified guidelines, practices, and regulations currently used by
the industry are listed in Appendices 20.A—20.C. It is not the intent of the compiled
lists to be comprehensive, but to present a global picture of the process safety field.

20.3
Differences and Commonalities

At first glance, process safety regulations look extremely similar. It is not until
facility programs reach maturity that differences start to be more evident.

For the purpose of this section, OSHA’s PSM will be used as the baseline. This reg-
ulation contains requirements listed in 14 distinct paragraphs of the text of the law,
traditionally called “elements.” The Process Safety basic elements are as follows:
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« employee participation

process safety information (PSI)
« process hazard analysis (PHA)
operating procedures

* training

contractors

pre-startup safety review (PSSR)
+ mechanical integrity (MI)

+ hot work permit (HWP)

+ management of change (MOC)
« incident investigation

+ emergency planning and response (EPR)
+ compliance audits

« trade secrets.

Given that its concern goes beyond employee safety and includes off-site conse-
quences to members of the public or potential impacts to environmental receptors,
the US Environmental Protection Agency (EPA) has a different perspective on a
couple of items. The EPA’s Risk Management Program (RMP) adds the following
requirements to those listed before:

* management system,

« risk scenarios (quantitative) analyses,

+ communication with local emergency services

« registration with the authorities (chemicals, potential impacts, RMP program).

The available guidance for the Seveso Directive developed by the Major Accident
Hazards Bureau (MAHB) additionally includes the identification of potential
security concerns (i.e., unauthorized interventions) as a potential hazard source
(MAHB, 1997). This guidance also indicates that hazards should be avoided or
reduced at the source through the application of inherently safe practices.

ILO’s Prevention of Major Industrial Accidents code of practice contains the need
to include provisions to ensure that organizational measures (including staffing
levels, hours of work, and definition of responsibilities) have been considered in the
management system for the program (ILO, 1991). ILO also recommends periodic
testing and evaluation of their emergency planning procedures’ effectiveness and
revision as necessary, in addition to provisions to ensure the continuous improve-
ment of the system, which includes the need for reviewing and updating the process
safety program regularly. ILO goes one step further and indicates that the prevention
program should promote the use of the best available safety technologies.

Both Seveso and ILO also include land-use planning requirements (ILO, 1991),
in part to ensure that the siting of new establishments, modification of existing
ones, and new developments in the vicinity have been evaluated with respect to
the hazards in the facility. This is also presented as a conscious effort to make
reasonable attempts to ensure that there is appropriate separation between major
hazard installations and:
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« facilities such as airports and reservoirs
« neighboring major hazard installations
+ housing and other centers of population nearby.

While the manufacture of explosives in the United States, and other hazardous
activities, remain as separate standards that may reference PSM, Seveso has been
extended (European Commission, 2003) to cover risks arising from storage and
processing activities in mining, from pyrotechnic and explosive substances and
from the storage of ammonium nitrate and ammonium nitrate-based fertilizers.

20.4
Non-Regulatory Approaches

Perhaps one of the best known, non-regulatory approaches to process safety is
Responsible Care. Responsible Care is a global initiative that began in Canada
in 1984 and is practiced today by 55 national and regional associations in 60
economies around the world (ACC, 2012). The initiative contains several guiding
principles that establish the foundation for a prevention program. Some of the
guidelines provide a unique approach to PSM; the following stand out:

« Work with customers, carriers, suppliers, distributors, and contractors to foster
the safe and secure use, transport, and disposal of chemicals, and provide hazard
and risk information that can be accessed and applied in their operations and
products.

+ Design and operate facilities in a safe, secure, and environmentally sound

manner.

Instill a culture throughout all levels of the organization to identify, reduce, and

manage process safety risks continually.

« Cooperate with governments at all levels and organizations in the develop-
ment of effective and efficient safety, health, environmental, and security laws,
regulations, and standards.

+ Support education and research on the health, safety, environmental effects, and
security of products and processes.

The Canadian Society for Chemical Engineering (CSChE, 2002) as well as the
Center for Chemical Process Safety (CCPS) (CCPS, 1994) in the United States have
also issued guidelines related to process safety. They provide additional items to
consider, such as:

« accountability: objectives and goals

+ human factors (process equipment interface, administrative control versus hard-
ware, human error assessment)

« enhancement of process safety knowledge.

The American Petroleum Institute (API) RP 750 was developed for refineries,
petrochemical operations, and major processing facilities (API, 1990). Even though
it was issued just before OSHA’s PSM, the practice is still used in locations where
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applicable regulatory requirements do not explicitly address process safety for this
type of facilities.

The International Organization for Standardization (ISO), better known for
their ISO 9000 and ISO 14000 programs regarding quality and environmental
concerns, respectively, has issued a guideline for risk management. The ISO
31000 Risk Management standard establishes a number of principles to make risk
management effective (ISO, 2009). Among others, some of these principles are:

 Continual and iterative communication and consultation processes to provide,
share, or obtain information and to engage in dialogue with stakeholders regard-
ing the management of risk.
« Commitment by management of the organization to achieve involvement at all
levels. Management should:
— define and endorse the risk management policy;
— ensure that the organization’s culture and risk management policy are aligned;
— determine risk management performance indicators that align with perfor-
mance indicators of the organization;
— align risk management objectives with the objectives and strategies of the
organization;
— ensure legal and regulatory compliance;
— assign accountabilities and responsibilities at appropriate levels within the
organization;
— ensure that the necessary resources are allocated to risk management;
— communicate the benefits of risk management to all stakeholders;
— ensure that the framework for managing risk continues to remain appropriate.

Analogously, the American National Standards Institute (ANSI) Z10 provides
critical management systems requirements and guidelines for improvement of
occupational health and safety. Guidelines included are:

« management leadership and employee participation
+ planning, implementation, and operation

« evaluation and corrective action

* management review.

The ANSI Z10 appendices address roles and responsibilities, policy statements,
assessment and prioritization, incident investigation guidelines, and audit informa-
tion, among others (ANSI, 2005). While ANSI Z10 was developed with occupational
safety in mind (not process safety), the concepts can be applied to both programs.

Offshore facilities may sometimes be exempt from these regulations (OSHA,
1992b). However, API RP 75, Development of a Safety and Environmental Man-
agement Program (SEMP) for Offshore Operations and Facilities (API, 2008),
addresses this type of facility. This practice provides guidance for use in prepar-
ing SEMPs for oil, gas, and sulfur operations and facilities located on the outer
continental shelf (OCS). These guidelines are applicable to well drilling, servicing
and production, and for pipeline facilities and operations that have the potential
for creating a safety or environmental hazard at OCS platform sites. Eleven major
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program elements are included for application to these facilities and operations.
Identification and management of safety and environmental hazards are addressed
in design, construction, startup, operation, inspection, and maintenance of new,
existing, and modified facilities.

20.5
Lessons Learned

The safety field has advanced, unfortunately, thanks to major catastrophic events:
the Triangle Shirtwaist Co. fire in 1911 (US Department of Labor, 2011), Feyzin in
1966 (HSE, 1966), Flixborough in 1974 (HSE, 1974), Seveso in 1976 (HSE, 1976),
Bhopal (HSE, 1984b) and Mexico City in 1984 (HSE, 1984a), Pasadena in 1989
(HSE, 1989), Texas City in 2005 (CSB, 2005), the Macondo Blowout and Explosion
in the Gulf of Mexico in 2010 (BOEMRE, 2011, to mention just a few, and also
numerous mining- and construction project-related accidents. All of them have
provided the industry with lessons that stand the test of time.

The Chemical Safety Board (CSB) is an independent US federal agency charged
with investigating industrial chemical accidents. The purpose of the CSB is to con-
vey information and recommendations to improve safety in the oil and chemical in-
dustries and protect workers and the environment. The CSB is not a regulatory body.

Recent investigations conducted by the CSB provide recommendations intended
to direct process safety programs and regulatory efforts. Some of these are:

* MOC reviews to be conducted for organizational changes (CSB, 2005) that may
impact process safety, including:
— major organizational changes such as mergers, acquisitions, or reorganizations
— personnel changes, including changes in staffing levels or staff experience
— policy changes such as budget cutting

« conduct practice evacuation drills at least annually, but more frequently if
necessary, to ensure that employees are prepared for emergencies (CSB, 2006).

In parallel, an independent review panel evaluated a group of refineries after the
2005 Texas City event (Baker, 2007); the report concluded that three main areas
needed attention:

« corporate safety culture (including incorporating PSM into decision making)
+ PSM systems, including implementation of good engineering practices (GEPs)
« Performance evaluation, corrective action, and corporate oversight.

During the aftermath of the Macondo Blowout and Explosion in the Gulf of
Mexico (also known as Deepwater Horizon) in April 2010, it became evident
that regulations are only as good as their enforcement. After the event, the
Bureau of Safety and Environmental Enforcement (BSEE) was created to engage
in responsibilities previously under the jurisdiction of the Bureau of Ocean Energy
Management, Regulation, and Enforcement (BOEMRE). The BSEE has undertaken
regulatory reform initiatives, and has promulgated regulations, including one
designed to address drilling safety, and workplace safety (Elournoy, 2011). It also
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requires the development of a safety and environmental management system for
offshore platforms which basically follows API RP 75.

20.6
Evolving Field

Safety legislation is attributed with having a significant impact on reducing
work-related injuries (Greer, 2001). The approach the regulatory bodies have
taken is through the development of performance-based standards that specify
the desired outcome with few prescriptive requirements. This approach leaves the
actual method of compliance up to the companies, where organizations define
what constitutes compliance and whether they have complied.

Performance-based standards allow for one set of guidelines to cover a broad
scope of processes. However, this type of regulations depend on the ability of
government agencies to specify, measure, and monitor performance; situations
which demand internal resources that may not be available. The future may rely
on a combination of either performance standards with design standards (or
codes of practice) or design standards with performance-based equivalency clauses
(Coglianese, Coglianese, and Olmstead, 2003).

Recently developed enforcement guidelines in the United States are accomplish-
ing just that. Inspections that follow the approach established by the National
Emphasis Programs (NEP) for the refinery industry (OSHA, 2009) and chemical
facilities (OSHA, 2011) focus on the organization’s research and application of
relevant GEPs. GEPs are developed by professional organizations such as the
American National Standards Institute (ANSI), American Society of Mechanical
Engineers (ASME), API, Institute of Electrical and Electronics Engineers (IEEE),
and CCPS, to mention just a few; a list of specific GEPs listed in OSHA’s NEP for
Refineries is provided in Appendix 20.D.

These enforcement guidelines also focus more on the actual implementation of
a program than on its documentation. For instance, in addition to the traditional
PSM elements, the refinery NEP includes specific PSM auditable items within the
following categories:

relief systems

+ blowdown drums and vents stacks (blowdowns)

* vessels

* piping

« PHA, incident investigation, and compliance audits findings/recommendations
« Facility Siting

+ human factors

« piping and instrumentation diagram (P&ID) verification.

Regarding design standards, functional safety as presented by the ANSI/ISA
S84/IEC 61511 standard for safety instrumented systems (SIS) for the process
industry sector guides a design team to incorporate ways to take the process to
a safe state when out-of-limit conditions have been reached. These systems are
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often automated, but can also involve human action in response to alarms. Also,
other quantitative (or semiquantitative) types of analyses such as layer of protection
analysis (LOPA) are being used to ensure that safeguards are adequate, sufficient,
and reliable enough to prevent or minimize the impact of loss of containment
events. These approaches are gaining acceptance in the process industries.
Another industry development worth mentioning is the use of metrics for process
safety. Several guidelines have been developed that review the concept and promote
the use of performance indicators (OECD, 2005; HSE, 2006; API, 2010; CCPS, 2011).

20.7
General Duty

Perhaps the most important piece of regulation has already been implemented by
countries around the world, the general duty clause.

Every operator shall take all measures necessary to prevent major accidents and
limit their consequences to persons and the environment (HSE, 1999). Comparably,
ILO established the need to ensure that all appropriate measures are taken to:

« prevent major accidents
+ minimize the risks of major accidents
+ minimize the effects of major accidents.

OSHA establishes a shared responsibility as it includes, in the same code, the
following two paragraphs:

1) Each employer shall furnish to each of his employees employment and a place
of employment which are free from recognized hazards that are causing or are
likely to cause death or serious physical harm to his employees (OSHA, 1970).

2) Each employee shall comply with occupational safety and health standards
and all rules, regulations, and orders issued pursuant to this Act which are
applicable to his own actions and conduct.

Canada takes the general duty clause one step further. Bill C-45 became law
on 31 March 2004. It was created as a result of a 1992 coal mining disaster in
Nova Scotia where 26 miners were killed after methane gas ignited, causing an
explosion. Despite serious safety concerns raised by employees, union officials,
and government inspectors at the time, the company instituted few changes.
Eventually, the disaster occurred. After the accident, the government failed to
secure a conviction against the company or its managers. The situation led to the
creation of Bill C-45; its provisions:

¢ Created rules for establishing criminal liability to organizations for the acts of
their representatives for negligence and other offenses.

« Established a legal duty for all persons “directing the work of others” to take
reasonable steps to ensure the safety of workers and the public.

+ Set out the factors that courts must consider when sentencing an organization.

+ Provided optional conditions of probation that a court may impose on an
organization.
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Bill C-45 added a section to the criminal code which reads:

Every one who undertakes, or has the authority, to direct how another person
does work or performs a task is under a legal duty to take reasonable steps
to prevent bodily harm to that person, or any other person, arising from that
work or task.

These provisions of the Criminal Code affect all organizations and individuals
who direct the work of others, anywhere in Canada. These organizations include
federal, provincial, and municipal governments, corporations, private companies,
charities, and non-governmental organizations.

20.8
Proposed Changes to Regulations

The Seveso Directive and OSHA’s PSM are scheduled to be revised to conform to
the UN’s Globally Harmonized System of Classification and Labeling of Chemicals
(GHS) hazards (classification, labeling, and packaging of dangerous substances and
mixtures). In part, OSHA’s PSM regulation is scheduled for this revision because
the GHS triggered a change on the Hazard Communication Standard (HCS) which
provides a definition for flammable materials, a definition which is referenced in
the PSM regulation. The scope of the PSM regulation is not expected to change; it
will now include its own definition for flammable materials to be subject to PSM.

The industry expects that the agencies will also take the opportunity to introduce
several other modifications.

For instance, the CSB has asked OSHA and EPA to broaden PSM to cover
both individual chemicals and combinations of chemicals that can undergo haz-
ardous reactions under specific process conditions, basically expanding the current
understanding of reactivity incidents.

Other potential revisions may be related to listed chemicals and threshold
amounts, including the addition of new named substances, and also additional
guidance to ensure applicability is determined by the chemical components and
effects more than by the names of the chemicals.

20.9
Summary

The compilation of the concepts presented here provides an outline, a roadmap
for process safety, that goes beyond any one of the main drivers individually.
Such an outline is provided in greater detail in Appendix 20.E. A possible outline
for process safety programs contains 16 sections or elements. The requirements
would look as follows:

—_

) applicability

) management system
)

)

w N

leadership and involvement
process safety information (PSI)

N
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5) hazard analyses (task, process, facility)
6) procedures (operating, emergency response, and maintenance procedures)
7) training
8) contractors (including subcontractors)
9) mechanical integrity (MI)
10) Safe Work Practices (SWPs)
11) management of change (MOC)
12) pre-startup safety review (PSSR)
13) incident investigation and analysis
14) emergency planning and response (to protect employees, the public, and the

environment)
15) continuous improvement (audits, findings follow-up, documentation)
16) trade secrets.

20.10
Future of Process Safety

The complexity of the chemical industry makes a generic, one-size-fits-all regulation
inappropriate as it needs to accommodate different types of processes and products
in addition to diverse geographic, cultural, and social conditions (Beebe, 2006).

Regulations will always be imperfect as they cannot cover every exigency (Perrow,
2011). In other words, a regulatory requirement is the established and agreed
upon minimum. The industry will continue to expect the establishment of these
minimum requirements to benchmark itself.

The guidelines and regulations available are based on the industry’s cumulative
knowledge based on past experiences. As Admiral Hyman G. Rickover, considered
the Father of the Nuclear Navy, once said: “It is necessary for us to learn from the
mistakes of others. You will not live long enough to make them all yourself.” This
is the reason why guidelines and regulations are important, and yet it is also the
reason why they are not sufficient.

It is also important to mention that there is no unique approach to ensure
process safety; each one of these approaches present challenges and limitations
when applied to a company or field in particular. Each organization can, and should,
apply the prevention program initiatives that are a better fit for their process, their
people, and their locale.

In a way, whether one is required to follow a specific guideline or regulation, or
is looking for best practices, each organization needs to develop its own version of a
process safety program. The program should be based on applicable guidelines and
regulations, but with a design based on the site’s culture and own learned lessons,
taking advantage of programs and practices previously developed, available tools,
and also designed to achieve continuous improvement.

The future of process safety relies, then, on each process safety professional
around the world to share the approaches that are successful, providing new
information for others to absorb and implement, closing the loop, and contributing
to the field’s never-ending cycle of continuous improvement.
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Country/  Agency/ Description Identifier  Link Notes
region institution/
organization
USA EPA Risk 40 CFR 68  hitp://www.epa. EPA’s RMP web site
Management gov/oem/content/
Program (RMP) rmp/
Rule
USA OSHA Process Safety 1910.119  http://www.osha. ~ OSHA’s PSM web
Management gov/SLTC/ site
(PSM) processsafety-
management/
index.html
Europe European Major Accident ~ SEVESO  hitp://ec.europa. Directive’s web site:
Commission Joint Hazards Bureau Directive  eu/environment/  description and
Research Centre  (MAHB) seveso/index.htm  documentation
(RC)
Europe European Major Accident ~ SEVESO  hitp://ipsc.jrc.ec. Guidance documents
Commission Joint Hazards Bureau Directive  europa.eu/index.  and other
Research Centre  (MAHB) php/Information-  information
(JRC) material /503/0/
Europe European Major Accident ~ SEVESO  hitp://ec.europa. Member States:
Commission Joint Hazards Bureau Directive  eu/environment/  Chemical Accidents
Research Centre  (MAHB) seveso/natautho. (Seveso
(JRC) htm II) — National
authorities and other
structures
UK Health and Safety Dangerous S12002 hitp:/ www. Other regulations
Executive Substances and ~ No. 2776 legislation.gov. address notification
Explosive uk/uksi/2002/ of sites with
Atmospheres 2776/contents/ hazardous
Regulations made substances, land use
planning, offshore
activities
UK Health and Safety Control of Major 1999 No.  http://www.hse. COMAH web site
Executive (HSE)  Accident Hazards 743 gov.uk/comah/
(COMAH) index.htm
Regulations
Worldwide ILO Prevention of Code of http://www.ilo.org/ Prevention of major
major industrial  Practice safework /info/ industrial accidents,
accidents standards-and- Code of Practice, web
instruments/codes/  site

WCMS_107829/
lang—en/index.
htm
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Appendix 20.D: Good Engineering Practices (GEPs) Listed in the OSHA NEP for
Refineries (CPL 03-00-004)

Plant Piping

— API 570 — Piping Inspection Code, American Petroleum Institute, 2nd edn,
10/98
* Addendum 1 -2/2000, Addendum 2 — 12/01, Addendum 3 — 8/2003; API

— API RP 574 - Inspection Practices for Piping System Components, 2nd edn,
1998, API

— API RP 578, Material Verification Program for New and Existing Alloy Piping
Systems, 1st edn, 1998, API

— ASME B31.3 — Process Piping; ASME

Pressure Vessels and Atmospheric Storage Tanks

— API 510 — Pressure Vessel Inspection Code: Maintenance Inspection, Rating,
Repair, and Alteration; 8th edn
* Addendum 1 -12/98, Addendum 2 —12/2000, Addendum 3 — 12/2001; and

Addendum 4 —8/2003; API

— API Recommended Practice (RP) 572 — Inspection of Pressure Vessels, 2nd

edn, 2001, API

API/(ANSI) Standard (STD) 521 — Pressure Relieving and Depressuring Sys-

tems, 5th edn, 2007, API

API RP 576 — Inspection of Pressure Relieving Devices, 2nd edn, 2000, API
— ASME Boiler and Pressure Vessel Code, ASME

+ Maintenance

— API RP 579, Fitness-for-Service, 2000, API

Facility Siting

— API RP 752, Management of Hazards Associated with Location of Process
Plant Buildings, 2nd edn, 2003, API

» Management
— API Publication 770, A Manager’s Guide to Reducing Human Errors, Improv-

ing Human Performance in the Process Industries, 2001, API

+ CCPS Guidelines

— Guidelines for Writing Effective Operating and Maintenance Procedures,
CCPS

— Guidelines for Mechanical Integrity Systems, CCPS

— Guidelines for Engineering Design for Process Safety, CCPS

— Guidelines for Process Safety Documentation, CCPS

— Guidelines for Auditing Process Safety Management Systems, CCPS

— Guidelines for Facility Siting and Layout, CCPS

— Guidelines for Evaluating Process Plant Buildings for External Fires and
Explosions, CCPS

— Safe Design and Operation of Process Vents and Emission Control, CCPS

— Plant Guidelines for Technical Management of Chemical Process Safety, CCPS

— Guidelines for Investigating Chemical Process Incidents, 2nd edn, CCPS
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« Fire Protection
— NFPA 25 - Standard for the Inspection, Testing, and Maintenance of Water-
Based Fire Protection Systems, NFPA
— Dow’s Fire and Explosion Index Hazard Classification Guide, 7th edn, AIChE
— Chemical Engineer’s Condensed Encyclopedia of Process Equipment, 2nd
edn, 2004, N.P. Chermisionoff

Appendix 20.E: The Author’s Suggestion for a Possible Outline for a Process Safety
Management Program, Based on Concepts Derived from the Main Process Safety
Drivers

1) Applicability
a. Determination, and confirmation of, the boundaries of the process:
i. raw materials, intermediates, products, by-products:
I) flammable, explosives
II) toxics, reactive
ii. analysis of compatibility of materials:
b. Communication and registration with authorities:
i. documented response from authorities (e.g., acknowledgment for the
receiving of information; prohibition of use rationale)
ii. periodically updated (e.g., at least every 5 years)
c. Possible exemptions (industries or services normally addressed by other
regulations) may include:
i. nuclear installations,
ii. military installations,
iii. transport (e.g., pipeline, tanker truck, rail car).
2) Management System
a. Define, develop, and endorse a Process Safety Policy that includes:
i. a general duty statement and
ii. accountability for those who “‘direct the work of others”
b. Ensure adequate allocation of resources to risk management:
i. human, including but not limited to:
I) staffing levels
II) hours of work
I11) definition of responsibilities
ii. financial
iii. technical
c. Establish objectives and goals, and periodically evaluate performance with
the use of metrics:
i. ensure that the organization’s culture and risk management policy are
aligned
ii. align risk management objectives with the objectives and strategies of
the organization
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Ensure strategic and rigorous planning to achieve commitment at all
organizational levels. Management should:
i. ensure legal and regulatory compliance
ii. incorporate process safety into decision making
iii. engage in dialogue with, and communicate the benefits of risk man-
agement to all stakeholders.

Leadership and Involvement

a.

Written plan of action regarding the mechanisms to ensure involve-
ment of employees (including managers), customers, carriers, suppliers,
distributors, and contractors

. Lessons learned (including incident reports) proactive communication

i. affected personnel (including contract employees where applicable)
ii. authorities
iii. facilities with similar operations
iv. other interested parties

. Communication and consultation with workers and representatives on

the conduct and development of process hazards analyses and on the
development of the other elements of process safety management.

Process Safety Information (compilation of written information about the pro-
cess to identify and understand its hazards), including information pertaining

to:

a.

Design, technology and equipment, safety systems, construction, choice
and hazards of chemicals used or produced by the process, operation,
maintenance, and systematic inspection of the installation

. Functional safety determination
. Human factors design (tasks, people, procedures, workplace, equipment,

computers, organization, environment).

Hazard Analyses (task, process, facility)

a.

Identification and analysis of hazards involved in the process and the as-
sessment of risks including consideration of possible interactions between
substances:
i. ateam approach study or combination of studies, with a methodology
appropriate to the complexity of the process, that address:
I) equipment failures
IT) organizational errors
I11) deviation from normal operational conditions
IV) chemicals compatibility and potential contamination
V) build-up of electrostatic charge and other ignition sources
VI) external events (e.g., utility failure, knock-on effects, vehicle impacts
to process equipment, security concerns, and natural forces)
VII) inherent safety principles review
VIII) human factors engineering review:
A. task analysis or human error assessment
B. factors that influence human performance
IX) facility siting study, including land-use planning
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X) qualitative evaluation of risk
ii. evaluate the need for, and conduct as appropriate, quantitative (or
semi-quantitative) analyses (e.g., risk scenarios; LOPA studies)
b. Hazard analyses shall be updated and revalidated by a team at least every
5 years.

6) Procedures (written instructions for safely conducting activities involved in
a process such as safety, operating, emergency response, and maintenance
procedures):

a. Develop and implement procedures in accordance with human factors
guidelines
b. Procedures should include or reference:
i. steps for each operating phase to be experienced
ii. operating limits consistent with the process safety information, and:
I) consequences of deviation and
II) steps required to correct or avoid deviation
iii. safety and health considerations:
I) properties of, and hazards presented by, the chemicals used in the
process
II) precautions necessary to prevent exposure, including engineering
controls, administrative controls, and personal protective equip-
ment
I1I) control measures to be taken if physical contact or airborne expo-
sure occurs
IV) quality control for raw materials and control of hazardous chemical
inventory levels
V) any special or unique hazards
iv. safety systems and their functions
c. Ensure procedures are readily accessible to those who work in or maintain
a process
d. Periodic certification (e.g., annually) that procedures are current and
accurate.

7) Training

a. Provide training to each employee currently involved in, and before being
involved in a covered process activity, in:
i. overview of the process and the prevention program elements
ii. procedures applicable to each individual responsibilities with particular
emphasis on the specific:
I) health, safety, environmental effects, and security of the organiza-
tion’s products and processes
1) safe work practices
ITI) emergency operations including shutdown (and the specific situa-
tions that would call for an immediate shutdown)
b. Refresher training to assure that the employee understands and adheres
to current procedures:
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i. The employer, in consultation with the employees, will determine the

appropriate frequency for each individual training (e.g., atleast 3 years).

c. Training documentation (also applicable for contractors):

i. Records that each employee has received and understood the training.
Contractors (those performing maintenance or repair, turnaround, major
renovation, or specialty work on or adjacent to a covered process)

a. Host organization responsibilities:

i. obtain, evaluate, and periodically appraise information regarding the

contract employer’s safety performance and programs
ii. inform contract employers (and/or contract employees as applicable),
of:
I) known potential hazards related to the facility and the contractor’s
scope of work
11) applicable provisions of the emergency action plans (EAP)
iii. evaluate performance of contractors in the field

b. Contract employer responsibilities (including subcontractors):

i. assure that each contract employee is trained in the work practices

necessary to safely perform his/her job
ii. assure thateach contract employee follows the safety rules of the facility
iii. maintain a contract employee injury and illness log
iv. advise the employer of any unique hazards presented by the contract
employer’s work, or of any hazards found.

Mechanical Integrity (needed to ensure the continued integrity of process

equipment)

a. Compile and categorize a list of process equipment and instrumentation
that upon failure can impact on, or affect, a release of a covered chemical
in the process:

i. process equipment, such as:

I) pressure vessels and storage tanks
II) piping systems (including piping components such as valves,
pumps)
III) relief and vent systems and devices
IV) Emergency shutdown systems;
V) controls (including monitoring devices and sensors, alarms, and
interlocks) and,
VI) rotating equipment (including compressors, fans, agitators,
blenders, etc.)
ii. use the process hazard analysis as a resource

b. Perform inspections and tests on process equipment:

i. follow good engineering practices

ii. document the results of each inspection or test
iii. establish the frequency of inspections and tests of process equipment
according to:
I) applicable manufacturers’ recommendations and GEPs
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II) prior operating experience or based on a predictive maintenance
schedule
c. Deficiencies in equipment that are outside acceptable limits need to be
corrected before further use or in a safe and timely manner:
i. when necessary, means are taken to assure safe operation
d. Quality assurance:

i. assure during the construction of new plants and equipment, that
equipment as it is fabricated is suitable for the process application for
which they will be used

ii. performed checks and inspections to assure that equipment is in-
stalled properly and consistent with design specifications and the
manufacturer’s instructions

iii. ensure maintenance materials, spare parts and equipment are suitable
for the process application for which they will be used.
10) Safe Work Practices
a. Develop and implement safe work practices (i.e., internal guidelines) to
provide for the control of hazards during operations such as, but not
limited to:

i. hot work

ii. lock-out/tag-out

iii. confined space entry
iv. opening process equipment or piping

v. control over entrance into a facility by support personnel

b. Establish a permit to work system for these non-routine operations, as
needed and applicable (e.g., hot work permit).
11) Management of Change (MOC)
a. Establish and implement written procedures to manage replacements
not-in-kind and other modifications with regard to:

i. process chemicals, technology, and equipment

ii. storage of chemicals (e.g., amounts, containers, locations)

iii. procedures (to assure that they reflect current practice)

iv. changes to facilities or installations that affect a covered process

v. organizational changes (e.g., mergers, acquisitions, reorganizations,
staffing levels, staff experience, budget cutting, etc.)

b. Prior to any change, a multidisciplinary review on the following is con-
ducted:

i. technical basis for the proposed change

ii. impact of change on safety and health

iii. evaluation of the impact of changes on human factors
iv. modifications to operating procedures
v. necessary time period for the change
vi. authorization requirements for the proposed change.
c. Inform of, and train affected personnel (including contractors) in, the
change, prior to:
i. start-up of the process or affected part of the process, or
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working on the affected part of the process (e.g., following shift)

d. Update process safety information and procedures as appropriate for each
change.
12) Pre-Startup Safety Review (PSSR)
a. Ensure that:

i.

ii.
iii.

prior to the introduction of hazardous chemicals to a process (i.e., for
the first time)

prior to the start-up of a new part of the process or unit

prior to the start-up of a modified part of the process or facilities, where
changes were significant enough to modify the PSI

b. A review is performed (e.g., via checklist) to confirm that:

1.
ii.
iii.
iv.

construction and equipment are in accordance with design
specifications

PSI is available and has been updated to reflect the process as is
procedures are in place and are adequate

training of each affected employee has been completed

. for new facilities, a process hazard analysis has been performed and

recommendations have been resolved or implemented before startup.

13) Incident Investigation and Analysis

a. Conduct investigations and analyses, as promptly as possible, for each
incident which resulted in, or could reasonably have resulted in (i.e., a near

miss), a loss of containment of a hazardous chemical. Team members
should include:

i.

ii.
iii.

knowledgeable individuals in the process involved, and analysis
methodologies

a contract employee if the incident involved work of a contractor
other individuals with appropriate knowledge and experience to inves-
tigate and analyze the incident thoroughly

b. Prepare a report at the conclusion of the investigation and analysis which
includes at a minimum:

i
ii.
iii.
iv.

date of incident and date investigation began
description of the incident

factors and root causes that contributed to the incident
recommendations resulting from the investigation

c. Ensure human factors aspects are addressed:

i

ii.

measures for gathering information:
I) avoidance of blame
IT) culture of openness
include human factors that contributed to the incident in the analysis
and report.

14) Emergency Planning and Response (for the purpose of protecting employees,
public health, and the environment)

a. Establish and implement an EAP that includes the following elements:
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ii.

iii.

iv.

Vi.

vii.

viii.

. proactive and periodic coordination with the community local emer-

gency response officials, providing information necessary for develop-
ing and implementing the community emergency response plan
procedures for handling small releases, including provisions on how
to handle hazardous waste when applicable

procedures for informing the public and local emergency services
about accidental releases

documentation of proper first-aid and emergency medical treatment
necessary to treat accidental human exposures

. procedures and measures for emergency response after an accidental

release of a regulated substance

procedures for the use of emergency response equipment and for its
inspection, testing, and maintenance

periodic testing and evaluation of their emergency planning proce-
dures’ effectiveness and revision as necessary

periodic practice evacuation drills

b. Ensure the EAP and emergency response procedures address human
factors:

i

ii.
iii.
iv.

assignment of responsibilities

time requirements for decisions and actions
task loads

communications.

15) Continuous Improvement (audits, findings follow-up, documentation)
a. Periodic review and update:

1.

ii.

iii.

ensure, through periodic research, the enhancement of process safety
knowledge, and use of best available safety technologies and practices
management system review to ensure the framework for managing
risk continues to remain adequate, and avoids complacency

audits (self-evaluations)

I) evaluate the prevention program periodically (e.g., at least every
3 years) to verify that the procedures and practices developed are
adequate and are being followed.

II) develop a report of the findings of the audit

b. Follow-up:

i

ii.
iii.

establish a system to promptly address and resolve findings and
recommendations (i.e., action items derived from PHAs, incident
investigation, audits, and other elements of the program)

assure that action items are resolved in a timely manner and
communicate the actions to operating, maintenance, and other em-
ployees whose work assignments are in the process and who may be
affected by the recommendations or actions.

c. Documentation; retain, at a minimum, the following records:

i

hazards analyses (updates or revalidations) reports for each applicable
process
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MOC forms (including supporting documentation for each change)
and Incident Investigation reports:

I) retain reports for 5 years or until information is incorporated into

the PHA (whichever occurs later)

the two most recent audit reports
the documented resolutions and corrective actions for action items of
the program:

I) actions taken or to be taken
IT) written schedule of when these actions are to be (or were) completed

II1) date of, and individual responsible for, action item closure verifica-

tion.

16) Trade Secrets
a. Provide access to information necessary to comply with the prevention

program, without regard to possible trade secret status, to individuals:

i

ii.
iii.
iv.

responsible for compiling the process safety information

assisting in the development of the process hazard analysis
responsible for developing, and using, process-related procedures
involved in incident investigations, emergency planning and response,
and audits

b. Confidentiality agreements may be used if needed, for employees and their

designated representatives, not to disclose the information.

Appendix 20.F: Abbreviations Used in the Appendices

AITHA
ANSI
API
ASME
BOEMRE
CalARP
CCPS
EPA

GEP

HSE
ICCA
IEC

IEEE

ILO

ISA

ISO
NOPSEMA

OECD
OSHA

American Industrial Hygiene Association

American National Standards Institute

American Petroleum Institute

American Society of Mechanical Engineers

Bureau of Ocean Energy Management, Regulation, and Enforcement
California Accidental Release Prevention

Center for Chemical Process Safety

Environmental Protection Agency

Good Engineering Practice

Health and Safety Executive

International Council of Chemical Associations

International Electrotechnical Commission

Institute of Electrical and Electronics Engineers

International Labour Organization

International Society of Automation

International Organization for Standardization

National Offshore Petroleum Safety and Environmental Management
Authority

Organization for Economic Co-operation and Development
Occupational Safety and Health Administration
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PEMEX Petroleos Mexicanos (State-owned oil company, Mexico)

RP Recommended Practice

STPS Secretaria del Trabajo y Prevision Social (Labor Department, Mexico)
UNECE United Nations Economic Commission for Europe

UNEP United Nations Environmental Program

References

ACC (American Chemistry Coun-
cil) (2012) Responsible Care,

http://responsiblecare.americanchemistry.com/

(last accessed 8 July 2012).

ANSI (American National Standards Insti-
tute) (2005) ANSI Z10-2005. Occupational
Health and Safety Management Systems,
American National Standards Institute.

API (American Petroleum Institute) (1990)
RP 750. Management of Process Hazards,
American Petroleum Institute.

API (American Petroleum Institute) (2008)
RP-75. Recommended Practice for Devel-
opment of a Safety and Environmental
Management Program for Offshore Opera-
tions and Facilities, American Petroleum
Institute.

API (American Petroleum Institute) (2010)
RP-754. Process Safety Performance Indi-
cators for the Refining and Petrochemical
Industries, American Petroleum Institute.

Baker, J. (2007) The Report of the BP
U.S. Refineries Independent Safety
Review Panel, hitp://www.bp.com/
liveassets/bp_internet /globalbp /globalbp_uk
_english/SP/STAGING /local_
assets/assets/pdfs/Baker_panel_report.
pdf (last accessed 8 July 2012).

Beebe, J.L. (2006) Houston J. Int. Law, 28,
239.

BOEMRE (Bureau of Ocean Energy Man-
agement, Regulation and Enforcement)
(2011) Report Regarding the Causes of the
April 20, 2010 Macondo Well Blowout, US
Department of the Interior, Washington,
DC.

CCPS (Center for Chemical Process
Safety) (1994) Guidelines for Implement-
ing Process Safety Management Systems,
Wiley—AIChE.

CCPS (Center for Chemical Process Safety)
(2011) Process Safety Leading and Lagging

Metrics, Center for Chemical Process
Safety, American Institute of Chemical
Engineers (AIChE).

Coglianese, C., Coglianese, N., and
Olmstead, T. (2003) Admin. Law Rev.,

55, 705.

CSB (US Chemical Safety and Hazard In-
vestigation Board) (2005) Investigation
Report, BP Texas City Refinery Explo-
sion and Fire, Report No. 2005-4-1-TX-9,
Chemical Safety and Hazard Investigation
Board, Washington, DC.

CSB (US Chemical Safety and Hazard In-
vestigation Board) (2006) Universal Form
Clamp Co. Explosion and Fire, Report No.
2006-8-I-1L-2, Chemical Safety and Hazard
Investigation Board, Washington, DC.

CSChE (Canadian Society for Chemical Engi-
neering) (2002) Process Safety Management,
3rd edn, Canadian Society for Chemical
Engineering, Ottawa.

Elournoy, A.C. (2011) Three meta-lessons gov-
ernment and industry should learn from the
BP Deepwater Horizon Disaster and why
they will not, Boston College Environmental
Affairs Law Review, 1, 281-303.

European Commission (1996) Chemical
Accidents (Seveso II) — Prevention,
Preparedness and Response, hitp://ec.
europa.eu/environment/seveso/index.htm
(last accessed 8 July 2012).

European Commission (2003) Directive
2003/105/EC of the European Parliament
and of the Council of 16 December 2003
Amending Council Directive 96/82/EC
on the Control of Major-Accident Haz-
ards Involving Dangerous Substances,
European Commission, Brussels.
hitp:/ feur-lex.europa.eu/LexUriServ/
LexUriServ.do?uri=CELEX:32003L0105:EN:
HTML



European Parliament (2003) Seveso Directive
by the European Economic Commu-
nity. Control of Major-Accident Hazards
Involving Dangerous Substances.

Greer, M.E. (2001)90 years of progress in
safety, Prof. Saf., 46 (10), 20-25.

HSE (Health and Safety Executive) (1966)
Refinery Fire at Feyzin, 4th January 1966,
hitp:/ /www.hse.gov.uk /comah /sragtech/
casefeyzin66.htm (last accessed 15 May
2012).

HSE (Health and Safety Executive) (1974)
Flixborough (Nypro UK) Explosion,
1st June 1974, hitp://www.hse.gov.
uk/comah /sragtech /caseflixboroug74.htm
(last accessed 15 May 2012).

HSE (Health and Safety Executive) (1976)
Icmesa Chemical Company, Seveso,

Italy, 19th July 1976, http://www.hse.
gov.uk/comah/sragtech /caseseveso76.htm (last
accessed 15 May 2012).

HSE (Health and Safety Executive) (1984a)
PEMEX LPG Terminal, Mexico City, Mex-
ico, 19th November 1984, http://www.
hse.gov.uk/comah /sragtech /casepemex84.htm
(last accessed 15 May 2012).

HSE (Health and Safety Executive) (1984b)
Union Carbide India Ltd, Bhopal, In-
dia, 3rd December 1984, http://www.
hse.gov.uk/comah /sragtech /caseuncarbide84.
htm (last accessed 15 May 2012).

HSE (Health and Safety Executive)

(1989) Phillips 66, Pasadena, USA,

23rd October 1989, hitp://www.hse.
gov.uk/comah /sragtech /casepasadena89.htm
(last accessed 15 May 2012).

HSE (Health and Safety Executive)

(1999) Controlof Major Accident Haz-
ards Regulations 1999 (COMAH),

http:/ /www.hse.gov.uk /comah /background/
comah99.htm (last accessed 7 July 2012).

HSE (Health and Safety Executive) (2006)
Developing Process Safety Indicators: a
Step-by-Step Guide for Chemical and Ma-
jor Hazard Industries, Health and Safety
Executive, Rugby.

ILO (International Labour Organization)
(1991) Prevention of Major Industrial
Accidents. An ILO Code of Practice, Inter-
national Labour Organization, Geneva.

ILO (International Labour Organization)
(1993) C174 — Prevention of Major In-
dustrial Accidents Convention 1993,
International Labour Organization,

References

http:/ /www.ilo.org/ilolex /cgi-lex/convde.
pl?C174.

ISO (International Organization for Stan-
dardization) (2009) ISO 31000. Risk
Management — Principles and Guidelines,
International Organization for Standard-
ization.

MAHB (Major Accident Hazards Bureau)
(1997) Guidance on the Preparation of a
Safety Report to Meet the Requirements
of Council Directive 96/82/EC (Seveso
II), Major Accident Hazards Bureau,
Luxembourg.

OECD (Organization for Economic
Co-operation and Development) (2005)
Guidance on Safety Performance Indica-
tors, Series on Chemical Accidents No. 11,
Organization for Economic Co-operation
and Development — Environment, Health
and Safety Publications, Paris.

OSHA (Occupational Safety and Health
Administration) (1970) Occupational
Safety and Health Act of 1970, 29 USC
654, Duties of Employers and Employ-
ees, Occupational Safety and Health
Administration, Washington, DC.

OSHA (Occupational Safety and Health
Administration) (1992a) Process Safety
Management of Highly Hazardous,
Preamble, Introduction to 29 CFR Part
1910, Occupational Safety and Health
Administration, Washington, DC.

OSHA (Occupational Safety and Health
Administration) (1992b) Process Safety
Management of Highly Hazardous Chemi-
cals — Regulation, Occupational Safety and
Health Administration, Washington, DC.

OSHA (Occupational Safety and Health
Administration) (2009) Petroleum Refin-
ery Process Safety Management National
Emphasis Program, Occupational Safety
and Health Administration, Washington,
DC.

OSHA (Occupational Safety and Health Ad-
ministration) (2011) PSM Covered Chemical
Facilities National Emphasis Program, Occu-
pational Safety and Health Administration,
Washington, DC.

Perrow, C. (2011) Bull. Atom. Sci., 67 (6),
44-52.

US Department of Labor (2011) The Tri-
angle Shirtwaist Factory Fire of 1911,
http:/ /www.dol.gov/shirtwaist/ (last accessed
8 July 2012).

499





