1

INTRODUCTION

1.1 AN INTRODUCTION TO PROCESS SAFETY
AND METRICS

Process safery management' is a disciplined framework for managing the integrity
of operating systems and processes handling hazardous substances by applying
good engingering, operating, and maintenance practices. It deals with the
prevention and control of rvisks that have the polential to release hazardous
materials ar engigy. Such incidents can result in a toxic release, fire, or explosion
and could ultimately resuit tn serious injuries. property damage, environmenial
degradation, and lost production.

Provess salety incidemts are rarely caused hy a single catastrophic failure, but
rather by multipic events or fuilures that coincide and collectively result in an incident.
This relationship between simultancous or sequential Taillures of multiple syslems s
illustrated by the ~Swiss cheese model,™ as shown in Figure |1, where hazards are
contained by muhtiple protecuive barmiers that may have weaknesses or “holes.™

The barriers (represented as individual slices of “cheese™) are elements ot a
process salety management system or some olher layer of pretection designed to
prevent an incident trom occurring. The holes in the slice of cheese represent
defictencies {ar failures) in those barricrs, gaps that may allow an event e escalate
into an incident. When holes align, hazardous energy or chemical may he released,
resulting in the poiential for hami Barmmiers may be physically cogzineered
comtainment or behavioral countrols dependent on poople. Holes may be latent,
ncipient, or actively opened by people.

' “Progess safety” is the rerm used in the process industries for what, in a more general
technological context is called “system safety”

° The Swiss cheese model of accident cuusafion was orgmally propused by British
psvchologist James T. Reasan and has singe gawned widespread acceptance in many risk-
analysis and management ficlds incleding process saley,
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Figure 1.1 Swiss Cheese Process Safety Model (CCPS, 2007b)

Protective
Hazard . ‘Barriers’

Weaknesses
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This analogy can also describe two types of metrics—Icading and lagging,
Ewvents that occur by passing through gaps in a process safety management system
or profective sysiem {e.g. loss of primary containment events, near misses, or
process sately incidents) can be described as “lagging indicators.” However,
detecting and measuring a falure of o management sysiem or proective system
{i.c., a hole i1 the “cheese™) before an incident oceurs {e.g., Lailure w complete a
scheduled mechanical integnty systent, tailure 10 vse an appropriate management
of change {MOC) processi are described as “teading meirics.”

Serious Incidents may be predicated by a number of less-severe related
meicdents resulting in minor or even no lass, Such predicating events may be low-
consequence incidents such as loss of containment into a diked area, near misses,
or tailures m which no injuries, damage, or loss cecurred. This relatienship
between no- or low-tmpact events and actual process safety incidents is
demonstratad in the process safety pyramid (see Figure {.2)."

In Gruidelines for Risk Bused Process Safery. COPS defines process safoty
management as a “management system that is focused on prevention of|
preparcdness for. mitigation of. response to. and restoration from catastrophic
refeases of chemicals or energy from a process associated with a facility™ (CCPS,
2007a). The process safety management system comprises the design, procedures,
and hardware needed 10 operate and maintain the process safely throughout the
operational life cycle (CCPS, 1999, Such a process safety management system
will include metrics to identity and measure nor only actual process safery
incidents that meet an established reporting threshold, as well as metrics to identity

¥ Uise of the process safety pyrarmid in selecting melnes is discussed in Chapters 3 and 6.
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lower-severity incidents, near misses (no-logs incidents), and unsafc hehaviors,
Process safety meurics should trach perfommance of individual system components
to ensure that the process safety systems are performming s iniended and to identily
nonconformities within sysiems hefore ihey can cascade and result in a serigus,
reportable wcident.

Process safety mwtries provide a means to meaasore activity, status, or
performance against requirements and goals. Maouitoring and analvrzing such
performance enables crgantzations to  ideatify and track not only current
performance bui alse trends, both umprovements and degradations, so that
cTective actions are taken as needed. An organization that expecis and mainlains
performance within operating specifications and  that monilors activitivs or
behaviors critficul to overall satety operations (e.g., training. management of
change) is mmore likely to avoid major failures, including catastrophic events. In the
event of an incident, process safety metrics can provide critical information to
wdentify comributing and root causes of the failures and a systemi o track
subsequent system improvements. The need 0 monitwor behavior includes the
behavior of engineers and managers, noi just operators. Unsale behavior includes
things like the unit manager deciding that he can delay a required safeiy inspection
to save meney on his maintenance badget or to avond a plant shutdown, or an
enginger deciding that he does not need 1o do a management of change review of a
piping maditication.

1.2 PURPOSE OF THIS BOOK

This book has many purposes, including the following:

+  To provide guidehines and examples of effective practices for the
devetopment and use of process safety leading and laggimg metrics;

»  To provide the reader with summaries and references 10 other useful
resourees;

«  To convey basic information about performince indicators such as the
what, when, where, why, and to whom they are useful;

+«  To provide guidance to compdnies on how to collect, evaluate, and
COMMUNICAE Process Sativly metrics;

+  Tu prewvide guidance to companies at corporate and site levels on how to
use  performance  metrics  effectively  fo improve process  safety
performance;

= Ta provide sufficient exatnples such thai readers gain an understanding ot
how performance metrics can be successfully applicd over the short and
long term:; and

«  To encourage the adoption of & set of consensus process safety metrics
comparable to occupational safety metrics.
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Figure 1.2 Process Safety Pyramid (CCPS, 20076}

Near Miss®

Unsafe Behaviors or Insufficient Operating
Discipline*

Incidents which meet the threshold of severity which should be
reported as part of the process safety metric.

Incidents which didnt mest the definition of PS incident metric {e.g., all
other Loss of Primary Containment or fire).

System failures which could havé led ta an incident (e.g., instrument
had failed, pipe wall thickness is low).

Other Process Safety Faclors, e.q., Equipmant Selection, Engineering

Design, Specification of Inspection Freguency and Technique, Unsafe
Behaviors and Insufficient Operating Discipline.
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1.3 KEY AUDIENCES FOR THE GUIDELINES

This book is primarily written for those within the chemical process and allied
industries responsible for process safety including,

Pracess Sofery Specialisis—those at the corporate and facility levels
respansible for the process safery system including tailoring the system w
specitic facilities and using metrics to monitor and maintain ar improve
process safety performance,

Line Managememt (area managers, unil managers)  those respoansihle
for culleciing melrics data and ensuring that the behaviors in the work
arca are consistent with the cxpeciations ol the process safety system.

Site Management (site managery, plant managers, ficiline managers, health
safery,  and  emvironmental  (TISE)  managers)—those who  set site
perfonmance goals based on management expectations and use metrics data
to measure and improve the process safety performanee at a given site.
Corporate Leaders—those providing the leadership commitment, setting
the expectationg, for a process safety performaance and the supporting
metrics system ineluding the resnurces necessary to develop and implement
such a program throughout the corporation to improve process safety.

Orther audiences and stakeholders interested in improving process safery are
also likely to (i this book useful and informative and mav include:

*

Production personnel {operators), including representatives of labor, who
are congerned with the satety of the operators

Those within a company who wish 1o make comparisons between sites
with process safety programs

Personnel responsible tor mechanical integrity (M1}, management of
change (MOCY, and other clements of the process salety system who can
use mednics 1o measure the poerfommance of their svstems;

Corporate communicators responsible for communicating the company’s
safety performance within the company and to the public

Industry trade groups that want to promote the safety of the industries
they represent and show progress towards sustainable process safety
improvement;

Ciovemment regulators and analysts wha are concerned with regulating or
analvzing companies and industries, including ihose in the ficlds of public
health, emergency response. and local land-use planning
Non-governniental  organizations  (NGOs)  addressing  envirommenial,
public safety, and other chemical-related issues

Members of the public, especiallv those near a process indusuy facility,
who eould be affected in the event of a major or catastrophic accident
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The scope of this book is intended to be globally applicable, and the concepts
and appreaches will be usciul (o all companics seeking to continueusly improve
their process safety performance. However, many of ihe references and exaniples
are based on U5, condiiiens and programs,

1.4 AN ORGANIZATION’S PERSONNEL HIERARCHY

Throughout these guidelines, relerences will be made to an orgamizational
personnel lierarchy - the levels of the orgamzation penerally spanning operating
and maintenance personuel 1o the board of directors -cach have different
responsibilities, necds, and nferests with respect to process safety  metrics,
Different arganizations may have difterem terms for different personnel levels, but
for the purpuse of ihe book the following desceriptions wiil be used:

Operating and  Maintenance  Personnel (operators, me
personnell
procedures

rehantics, oraff
individual contribuiors who carry out specitic tasks amifor

Supervisurs (foremen, first-line leaders)  mdividuals who provide direet
supervision far the operating, maimenance, and cralt personnel - could be
seen as firsl level of line nianagement

Line Management (area nuanagers, wnit managers)—individuals who
have management responsibility  for organizational units of  process
operating facilities and maintenance organizations, normally situated i a
single plant site or aperating arca

Site Munagement {sife managers, plunt managers, facility managers)—
individuals wha have management responsibility for an entire site,
usually based upon geographical boundaries. and may include multiple
production units on the site

Business Leadery - ndividuals who have management responsibility for a
busivess unit or portion of a company, including oversight lor a
manutacturing plant(s) associated with business:  budget appraval for
operations; and oversight of marketing, sales. and other (unctiomal arcas
that generate the production demsand

Corporate Leaders—-individuals who have responsibility al the highest
levels of @ company for business and/or company support functions; focus
upen the straicgic issues and planning for the enterprise; often have
overall management responsibility for a business or groups of businesses:
and usually do not huve day-to-day operational responzibility

Board of Directors—body of appoimed persons, including company
officers and outside directors, who jointly oversee the activiiies of an
cnterprise inghudimg ensuring that the enterprise is managing nsks properly
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1.5 ORGANIZATION OF THIS GUIDELINE

This book is organized n a logical flow for developing and implemcenung a
process safety metrics progrum. Becavse some readers may tead the book from
beginning to end while oihers may select specific chapters, the chapters have been
writlen 1o stand alone as well as pan of the book as a whole.

»  Chapter 2—Why Implement Process Safety Metrics, especially the 1ole
of metrics in managemett
»  Chapter 3= Pracess Safery Managemenr Metries commonly vsed i
process safety management systems including leading, lagging, and near
miss; and aclivity and outcome, exlernal and inlernal metrics as well as
characteristics of successful metrics
«  Chaper 4 Choosing Appropriate Metrics based on identified process
salely geals and objectives
+  Chapter 5—Implementing a Metrics Program, including implementation
strategy and framework, analyses, and program rollout
+  Chapter 6—Coempmunivating Resnlts to various iniermal and external
andiences and wools for reaching those audiences
»  Chapter 7— Eing Metrics to Drive Performance Improvements through
identification of system strengths and weaknesses, helding responsible
partics accountable, enpaging ihe public. conducling management reviews,
artics accountabl it blic, conducling 1 t
cultivating a positive progess safery culture, and communicating successes
v Chapter S—Improving Industry-Wide Performance through the adaption
of common process safety metrics and definitions within companies and
industry sectors. and across the processing industries
«  Chapter 9—Furure Trends in the Development and Use of Process
Safery Metrics for improving process safety pertformance and broader
societal interests
The gudelines include examples of metricy and how to establish, use, and
update them. These examples are gamered from several sources ineluding the
recently published CCPS “Process Satety Legding and Lagging Metrics™ brochure,
which 15 included en the accempanying €D, and the COPS Guidelinnes for Risk
Based Procesy Safety. Every attempt is made to be consisient with other published
guidelines from CCPS while reflecting growth and change in the development and
use of process safely metrics,

1.6 USING THIS GUIDELINE

Tt is hoped that process satety performance throughout the process industries will
improve as an increasing number of companics adopt more exwensive and more
vigorous process safety metrice as part of their process safety management
systems, {ompanics and fagilities that do this should alimately see unprovement
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in their process safety performance. which improves the performancee of the sector
more hroadly. In addition, benchmarking and other comparisons can he made
within and across sectats when companies adopt commion public-facing meirics.
Such public comparisons both acknowledge high performoers and  provide
wnprovement incentives tor all.
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