1
INTRODUCTION

Management of change (MOC) is a process for evaluating and controlling
medifications to facility design, operation, organization, or activities — prior fo
implementation — to make cerfain that no new hazards are introduced and that
the risk of existing hazards to employees, the public, or the environment is not
unknowingly increased.

MOC is ene of the most important elements of a process safety
manageinent (PSM) system. Changes occur when modifications are made to
the operation or when replacement equipment does noi meet the design
specification of the equipment it is replacing. Other, more subtle changes can
occur when new chemical suppliers are selected, National Fire Proteciion
Association hazard classifications change, procedures are modified, or site
staffing and/er company organization is revised. Such changes, if not caretully
controlled, can increase the risk of process operation and result in incidents.

MOC has been called the minute-by-minuie risk assessment coatrol
system in planis and companies. The significance of MOC — or the lack of it —
was never move apparent than in the Flixborough accident, as shown in
Figure 1.1." This watershed event involved a temporary modification to piping
between cyclohexane oxidation reactors. In an effori to maintain production, a
temporary bypass line was installed when the fiith of a series of six reactors
was removed at a facility in Flixborough, England, in March of 1974, The
bypass failed while the plant was being restarted after unrelated repairs on
June 1. 1974, releasing about 60,000 pounds of hot process material,
composed mostly of cyclohexane, The resulting vapor cloud exploded,
vielding an energy release equivalent to about 15 tons of TNT. The explosion
compleiely desiroyed the plant, and damaged nearby homes and businesses.
killing 28 emplovees, and injuring 89 employees and neighbors.
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FIGURE 1.1 Flixborough Accident — Failure to Manage Change

No engineering support was available in the plant at the time of the
accident. The temporary modification was constructed by people who did not
know how to design large pipes equipped with bellows. As stated in the
official report: *“...they did not know that they did not know.” An effective
MOC system should have discovered the design flaw before the change was
implemented, thus averting the disaster.

1.1  HISTORICAL PERSPECTIVE

Many companies have implemented MOC systems over the past 15 years. In
1989, the Center for Chemical Process Salety (CCPS) published its
groundbreaking Guidelines for Technical Management of Chemical Process
Safetv, which included MOC as an element.” However, most of the initial
chemucal industry MOC implementation activity has been driven by two
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torces: (1} the Occupational Safety and Health Administraiion’s (OSHA s}
PSM standard and (2) quality initiatives.>*

[n 1993, the Chemical Manufacturers Association, now known as the
American Chemisiry Council (ACC), published the first comprehensive
gutdelines on MOC: 4 Manager’s Guide to Implementing and Improving
Management of Change Systems.” However, this treatise was not widely
distributed. Since that time, many conference presentations have been given,
Journal papers written, and several additional texts completed on MQC; and
vet the industry “thirst” for effective MOC practices remains.®” More than
ever before, companies recognize that insufficient control of changes plays a
major role in accidents.

In addition, much has happened in the chemical industry since 1989 and a
iarge amount of experience {good and bad) has been accumulated. Table 1.1
lists a number of events, happenings, trends, and experiences that CCPS
considered as inpuis to the development this book.

Given this industry experience, CCPS has developed these MOC
Guidelines considering CCPS’s new Risk Based Process Safety (RBPS)
system approach (Chapter 2).° Table 1.2 lists the goals of these MOC
Guidelines in serving identified industry needs.

As a result, companies can use these guidelines for any of the following
activities:

+ Impiementing a company’s first MOC system
s Diagnosing and correcting a defective MOC system
e Determining ways to continnously imaprove MOC efiectiveness

1.2 MANAGEMENT OF CHANGE ELEMENT OVERVIEW

MOC reviews are performed at operating siics or in company corporate offices
that are involved with capital project design and planning. MOC reviews focus
on bona fide changes, not replacements-in-kind (RIKs). An employee first
originates a change request. Then qualified personnel, normaily independent
of the MOC originator, review the request o ideniify any potentially adverse
impacts. Based on this review, and afier addressing any additional
requirements, a vesponsible party either approves or rejects the change for
execution. If the change is approved, it can be implemented. Before startup of
ihe change, potentially affected personnel are either informed of the change or
provided with more detailed training, if needed. Affected process safeiy
information (PSI) is modilied to reflect the change. Most of the time, these
activities are completed prior to startup of the change.
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TABLE LY. Things that Have Happened in MOC Since 1992

e More (han 15 years of MOC experience, particularly with incidents for which tailure
of MOC was identified as a root cause

Major increase in the vse of electronic documentation of site information

Emergence of MOC software applications

Emergence of Web-based documentation sharing systems

Company-wide MOL systems (involvement of non-iccal personnel in MOC reviews)

Redistribution of PSM work to sites (lack of central monitoring of PSM/MOC)

Downsizing and integration of MOC duties within production jobs

[ncreased efforis to monitor MOC implementation via managemens reviews

Organizational upheaval (divestitures, acquisitions lack of culture integrationy

Use of MOC in process areas not coverad by regulatory standards

Realization of the need for MOC for nontraditional iypes of changes

PSM reguiatory creep {broadening of the application for new change types and

expanding the MOC work required)

*  Expansion of the six-sigma approach aid other productivity imprevement mitatives,
which tas increased the workload assoctated with MOC svsiems involving subtle
types of changes

*  Accident investigations that have revealed the yisk significance of previously under-

considered sources of subile change, such as organizational changes

* & & 2 & & b 0 b

TABLE 1.2. Goals of these MOC Guidelines

*  Reduce the number of MOC related incidents and PSM audit findings
+  Expand MOC into the process/project life eyele and nontraditiona évpes of changes

*  Tailor MOC systems to the facility size, perceived risk anticipated usage rate of the
MOC system, and safety culiure

Monitor MOC performance at sites from afar, i real time, and cost effectively
Quickly diagnose MOC problems without having to pertorm ot wail for a PSM audit

Make MOC systerns more fault tolerant and resistant to circumvention or hueman
error

Maonitor MOC performance and efficiency in a practical way
Achicve beiter MOC results with fewer resources, if possible

The main product of an MOC svstem is a properly reviewed change
request that is authorized, amended, or rejected. Ancillary products include
medified PSL, change communication, and updated training records.

Companies and sites usually have written MOC procedures thai apply (0
all work that is inot judged to be an RIK. The resulis of the review process are
typically documented on an MOC review form. Backup information provided
to aid the review or generated by the review is usually kept for several years as
a foundation for updates and process hazard analysis (PHA) revalidations.
This information alse provides an auditable record of the MOC
implementation process.
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1.3  MOTIVATIONS FOR MOC

Companies that manufacture, handle, store, or use hazardous chemicals are
committed to effective MOC for a variety of reasons. In addition to a desire to
promote employee and public safety and to protect the environment,
motivations for MQOC include the intent to comply with ¢1) ACC’s
Responsible Care™ initiative, (2) government regulations requiring MOC
systems, and (3) quality/environmental initiatives such as International
Organization for Standardization (ISO} 9000/14000.7 7 1

PSM practices and formal management systems have been in place in
many ¢ompanies for more than 20 years. PSM is widely credited for perceived
reductions in major accident visk and improved chemical industry
performance. Nevertheless, many companies continue 0 be challenged by
Fesource pressures, inadequate management systems {as evidenced by chronic
deficiencies found in MOC audit results), and stagnant process safety incident
performance. pariicularly involving MOC systems.

1.3.1  Internal Motivations

Inappropnate changes can affeci employee and/or public safety, damage the
environment, or vesult in significant business interruptions, They can also
reduce product quality or increase production costs. The desire to decrease the
occurrence of change-induced incidents and reduce the cost of doing business
motivates companies to create effective MOC systems that will enable them to
remain competitive, grow, and prosper.

Experience has demonstrated that inadverteni, unintended, erroneous, or
poorly performed changes — changes whose risk is not properly understood —
can result in catastrophic fires. explosions, ov toxic releases. The 1974
explosion at Flixbosough, England, described at the beginning of this chapter,
was fundamenta! to the development of formal safety rmanagement systems,
both in Europe and the United States. Table 1.3 gives examples of changes
that could increase risk.

MOC svstems call for implementation of formal administrative procedures
that require reviews and approvals of proposed changes within designated
areas of a siie. The objeciive of MOC is to preveni changes in process
chemistry and technology, equipment operations, maintenance, and supporting
functions from iniroducing unacceptable risks. Inadequate veviews of proposed
changes can result in the potential for certain changes to violate the design
basis of carefully engineered systems or to increase the risk of processes that
have operated safely for years.

1.3.2 Industry Initiatives

Several indusiry organizations have recommended the development of MOC
procedures through various guidelines (Table 1.4).



6 GUIDELINES FOR MANAGEMENT OF CHANGE

TABLE 1.3. Examples of Changes that Should Be Managed or Could Inerease Risk

Process equipment changes such as materials of construction design parameters, and
equipment configuration

®  Changing piping from carbon steel o stainless steel without considering the potential
for pilting due to the presence of chlorides

*  Replacing a reactor with one of equal velume but differsni length-to-diameter ratio
without considering potential changes in vessel mixing and heat transfer characteristies

s Changing a vessel's service 10 a higher specific gravity material without considering
the impact of the additional weight on the vessel support swructore

e« Changing a pump impeller to a larger diameter to increase capacity ov head without
considering the potential to (1) overpressure downstream equipment, {2) operate above
PSV sel pressures, or {3) cause pump cavitation because of suction side limitations

*  Repairing a process leak via an engineered ¢lamp without confimming that the pressure
rating for the temporary repair is adequate for the service

*  Replacing a metal wafered gasket with a Teflon gasket, which won’t hold up ic an
external fire, on a temporary basis to make ir through the weekend.

»  Comneeting the cooling systern of a new reaclor to an existing cooling tower, without
assessing the impact of increased load on the tower

*  Substituting plastic pipe for stecl pipe without considering the potential for gencrating
static eleciricity that couid ignite flammiable vapors or combustible dusts, or failure
caused by lack of support, particularly at elevated temperatures

®  Temporarily replacing a centrifugal pump with a positive displacement pump without
considering the need for a reliable relief path in the downstream piping

Process control changes such as instrumentation, controls, interlocks, and
computerized systems, including logic solvers and software

*  Raising the trip point on a satety-related high level alarm beyond the safe operating
limiit established by prior safety analyses

*  Permanently converting a -out-of-3 voted safety sensing system to a |-out-of-2
system because one of the sensors hag failed, which ignores the hardware Tault
tolerance of the safety sysiem

*  Replacing a transmiiter that produces an analog output with one that produces a digital
output without considering the failure modes associated with the new transmitter and
the potential effect on the reliability of the associated iaterlock circuit

¢  Adding a new alarm within the DCS without considering the incremental impact for
creating a process alarm overload situation for operatars

Safety system changes such as allowing process operation while certain safety systems
are out of service

*  Adding an isolation valve beneath a pressure relief valve to make it casier 1o remove
and tesi the reliel valve without considering the management system required to be
ceriain the valve is not inadvertently closed

& Heplacing a building sprinkler system with 1 CO: system without considering the
associated asphyxiation hazard

*  Direcling atmospheric relief valve discharges w an existing tlare header without
considering the impact on the Oare header or the performance of other relief devices
discharging into the header

*  Replacing an explosion relicf vent panel with a panel having a higher burst pressure 10
“prevent spurious openings”
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TABLE 1.3. Examples of Changes thai Should Be Managed or Could Increase Risk

(cont*dy

Site infrastructure changes, such as fire protection, permanent and temporary
buildings, roads, and service systems

Increasing the occupancy of the control room building without considering the
increased risk of building occupancy

increasing the size of the chemicals warehouse without considering the impact
requirements for sprinkler protection may have on the flow/pressure capability of the
firewater supply

Reloeating a wpie’s control room 10 a remote locaiion i reduce opecator exposwre 1o
unit hazards, without considering the impact of decreased operator presence in the
process area

Temporarily closing a major site road because of inierferences {rom a construction
project or a mainienance fumaround withoui cousidering the impact on the
accessibility of emergency response vehicles to certain portions of the facilivy
Disbanding facility emergency response capabilities in Hew of support from municipal
emergency response agencies without considering the response time and capabilities of
such groups

Operations and technology changes such as process conditions, process flow paths,
raw materials and product specifications, introduction of new chemicals on site, and
changes in packaging

Increasing process throughpui beyond the currently established unit nameplate
capacity without considering the potemial impact on relief system capacity
requirements

Temporarily bypassing a heat exchanger without considering low temperature
embrictlement of downstream equipment

Temporarily receiving a highly toxic material via tank fruck instead of railcars without
considering that more frequeni conneciions and disconneciions of unloading lines
could increase the likelihood of process material releases

Using a more reactive caalyst type than that recommended by the vendor withow
considering that the higher reaction rale may exceed the cooling capacity of the
reactor, poteatially leading to runaway reaction

Changes in inspection, testing, and preventive maintenance, or repair requirements,
such as lengthening an inspection interval or changing the lubricant type used in a
compressor

Postponing a unit urnaround beyond the design run ume limit, resulting in exceeding
the maximum allowable intervals for certaiin equipment tests and inspections
Increasing maintenance intervals based on resource consiraints without considering
Past operating experience

Reassigning ¢erlain maintenance tasks from mainienance personnel (o operators
without providing the operators with appropriate proceduses, tools, and fraining for
their new responsibilities

Changing she inspection method for unit piping thickness from ulirasonic 1o X-vay
without considering the hazards associated with more frequent use of Ionizing
radiation in the wnii




8

GUIDELINES FOR MANAGEMENT OF CHANGE

TABLE 1.3. Examples of Changes thiat Should Be Managed or Could Increase Risk

{comt*d}

Changes in procedures, such as standard operating procedures, safe work practices,
emergency procedures, administrative procedures, and maintenance and inspection
procedures

*

Modifying operatitig procedures to reduce or eliminate operator rounds in an arca
without considering the benefiis of operator presence, such as leak detection

Changing previously established safety, quality, or operating limits in the operating
procedure

Moving from a hard-copy based operating procedure system 16 one where personnel
access all procedures through the site intranet

Abandoning the OEM wanuals in lieu of site-generated maintenance procedures

Organizational and staffing changes such as reducing the number of operators on a
shift, changing the maintenance contractor for the site, or changing from 5-day
operation to 7-day operation

L 2

Relocating the site technical group to a remote central corporate location without
considering the impacl on their ability to provide support to the facility

Changing from an 8-hour shift schedule to a 12-hour shift scheduie without evaluating
the potential effect of greater fatigue associated with longer shifis

Replacing an operations unit manager without considering the training needs for the
new unit manager

Deciding not o replace a retiring corporaie loss prevention expert who previously
reviewed ali relief system designs, or replacing the expert with an inexperienced
enginaer

Realigmng the corporate PSM auditing function, placing primary auditing
responsibility at the site level, witheui considering the possible reduced expertise or
independence of local auditors

Policy changes, such as changing the amount of overtime permitted

Liberalizing the limits on the amount of overtime thai an individual can work each
month withoutt cotisidering the possibility of worker fatigue, or reducing the amount of
overtitne without considering the impact on staffing emergency response teams
Revising the facial hair policy to allow facial bair for some classes of employees who
are perceived 1o have a reduced need to wear respivatory protection

Adopiing a new paperiess document policy intended to manage all site documentation
elecironically, including yeview/authorization, access, and retention of PSM-related
information on PHASs, procedures, MOCs, PSSRs, and fraining records

Implementing a new corporate policy for seleciing external equipment manufacturers/
vendors and services that calls for a reverse auction and low-cost bidding process
without consideration of the impact of non-standard equipment or less reliable
equipment

Changing the timing and meaos for shift change and tuinover of operating control




1 INTRODUCTION 9

TABLE 1.3. Examples of Changes that Should Be Managed or Could Increase Risk
{cont*d)

Other PSM system element changes, such as modifying the MOC procedure to include
a provision for emergency change requests

Reclassifying an area that currently requires a hot work permit as a designated area
Revising the qualifications required for incident investigation leaders

Eliminating a step tn the approval of safe work permits that currenily requites sign-oft
by the controd room lead operator

+  Modifying the way in which temporary trailer occupancy is controlled

Other changes including anything that “feels” like a change but does not fit in a
change-type category that has been established for your facility; this “other type”
should be in every MOC system

*  Adopting a new RAGAGEP on site, such as ISA 84.0104 standavds for safety interlock
life-cycle managenient

Relocating a laboratory within an existing building
Adding/deleting emergency response rolling siock (ambulances, ete.}

Local municipalities/governments consolidating police, emergency medical service,
and fire emergency response capabilities into one central location with enhanced
communication and response technologies

¢ Changing the policy of using bicycles for onsite transportation

TABLE L4, ladustry Enitiatives to Implement MOC

*  American Chemistry Council Responsible Care Management Sysiem® °

»  Amertican Insiitute of Chemical Engineers Guidelines for Risk Based Process Safeny *

*  American Petroleum Institute Guidelines for Management of Process Hozards
Recontmended Practice 750 %

#  Canadian Chemical Producers Association Responsible Care Program, Manufacturing
Code of Practices

*  GE Corporation, Six Sigma — The Road 1o Customer limpact

1.3.3 Regulatory Influences

Various LS. and international government regulations require that changes to
processes be reviewed. For example, the U.S, Congiess has mandated that
both OSHA and the Environmental Proteciion Agency (EPA) implement
regulations that address accidents involving hazardous chemicals.™' The
regulations issued by both of these agencies include MOC requiremenis. In
February 1992, OSHA adopted a regulation, Process Safety Management of
Highly Hazardous Chemicals (29 CFR 1210.119), which requires MOC as a
key element of a compiete PSM program. Specificaily, the OSHA PSM
regulation [paragraph (1}] includes the following requirements:
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Develop written procedures for managing change

Address the technical basis for each change

Evaluate potential safety and health impacts for ¢ach change

Define requiremenis for authorizing changes to be made

Appropriately inform and train affected employees and contractors
before changes occur

in addition, OSHA requires that MOC systems specify the appropriate
time period for the change {(2.g., a change that is permitted for only 1 week)
and that PSlL, procedures, and practices be updated, as necessary, when
changes occur.

In June 1996, EPA finalized its risk management program (RMP) rule.
The accident prevention program component of the RMP rule requires
companies to develop MOC procedures.'” These requirements are nearly
identical to OSHA’s MOC provisions, but they expand the evaluation o
consider the potential offsite impacts of changes,

[n addition to these federal regulations, various slate process safety-related
regulations specify MOC requirements. Companies should also consider these
state regulations as they develop their corporate and local MOC programs.

[nternationally, numerous legislaiions, regulations, and guidance
documents require companies to address MOC (e.g., the BC Directive on
Seveso, the UK COMAMH regulations, OECD Gziidfnﬁ Principies for Chemical
Accident Prevention, Preparedness, and Response).'™"®

1.3.4 Quality Initiatives

iSO has established rigorous quality siandards {i.e., the SO 9000 series) that
include MOC concepts for companies desiring to do business in the
international marketplace. Specifically, 180 9004, Quality Management and
Qualinv: Svstem Elements - Guidelines, requires the documentation and
authorization of all process changes. In addition, changes to work insiructions,
specifications, and drawings are to be controlled. Some purchasers of products
have requested final approval of any MOCs related o that product to ensure
that product quality is not compromised. ISO has also promulgated 1SO 14000
on Environmental Management Systems, which also requires that changes be
managel.

1.4 COMMITMENT REQUIRED FOR EFFECTIVE MOC
SYSTEMS

Even though the concept and benefits of managing change are not new, the
maturation of MOC programs within industry bas been slow, and maay
compantes still struggle with implemening effective MOC systems. This is
parily due to the significant levels of resources and management commitmeni
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that are required to implement and improve such programs. MOC may
represent the biggest challenge to culiure change that a company faces. For
example, seasoned engineers may feel as though an MOC process “second-
guesses” their judgment, or operating managers may dislike having to “get
permission” irom others o make a change, even though they are the “experts.”

Many companies have insialled proiocels for addressing changes without
regulaiory impetus because such controls represent sound business practices
for achieving safety, quality, and environmental objectives. However, many of
these protocols may not fully address the scope and depth that external
guidelines and regulations now demand. That is, the MOC systems at many
companies may lack the formal structure to help ensure that:

s Designs of sitc processes are well understood and documentation is wp
to date

¢ Proposed modifications are routinely evaluated for potential safety and
health impacts before being implemented

¢ The level of detail for each review is appropriate tor the poteniial hazard
it poses
The appropriate level of company management authorizes the changes
Related activities required to safely implement the changes {e.g.,
training) are conducted
Training of personnel on the changes is effective
Records are maintained to document the changes

Deveiloping an effective MOU system may require evolution in o
company’s culture; it also demands significant commitment from line
management, deparimental support organizations, and employees. Strong
managemeni commitmeni should include allocation of adequate resources for
managing change and the willingness fo modify existing management systems
when necessary ro accommodate MOC requirements, Only when management
commitment is visibly demonstrated is it possible to obtain the widespread
involvement and support essential to implementing an MOC system. In
addition, to obtain the emplovee commitment necessary to make widespread
employee involvement effective, management should previde effective
orientation and ftraining for all personnel (including contract personnel)
wmvolved in activities that can result from or be affected by changes.

1.5 ORGANIZATION AND USE OF THESE GUIDELINES

These MOC Guidelines are meant o be evaluaied by companies who may
elect 1o implement some aspects of these praciices based on a thoughtful
consideraiion of risk-based design and implementaiion criteria. Not all
companies — even those with facilities in nearly simiiar circumstances — may
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elect (0 adopl and implement the MOC activities in the same way. Company-
spectfic and local circumstances may give rise to very different applications of
MOC activities based on the perceived needs, resource requirements, and
existing safety culture of the {acility.

These MOC Cuidelines are not meant 10 represeni the sole path for
compliance with process safety regulations, nor 1s this book meant o establish
new performance-based requirements for process safety. Nonetheless, in some
sense, these MOC Guidelines do establish new risk-based expeciations for
PSM and MOC.

Companies can use the information provided in this book 10 help
implement new MOC systems, repair defective systems, or improve mature
sysiems using a lite-cycle approach, including the tollowing tasks:

Design the MOC system

e Develop a wriiten description of the system based on the design
requirements
Instali the system
QOperate the MOC system over the life of the site

e Maintain the system and modify 1t as appropriate using wnformation
from audits and management reviews and through continucus
improvement activities

This book devetes chapters and appendices (as appropriate) 10 each of
ihese activities. Personnel creating a new MOC system oF repairing/improviang
an existing one can consider the features described for each activity. Several
appendices include additional information uselui to those personnel.

Table 1.5 provides a list of perceived user needs and iostructions on how
to use this book to best meet those needs.

TABLE 1.5. Using Guidelines for Management of Change for Process Safety

User Need Description Sections to Review to Meet Needs
Want ¢ know the basics .2
Just geting started 1.2 3, 6. Appendices AL Band C

improve audiz protocol for MOC 1.

Go from a paper system o an clectronic MOC | 1,
‘.-&)I'SEC!“

L3405 Appendix E
L34, Appendix D

MOC system imay be broken 1.2,3. 4,5, 6. Appendices C. G, and H
Lstablished svstem Lrying to get beuer 1. 2.8, Appendices I and G
Understand MOC regulalory requirements 1,434
Use MOC during process design 1,234
Develop a corporate MOC policy 1,2.3
Develop an MOC awareness presentasion 1. 2. 3, Appendix A

2

2
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Although managers and engineers can use these guidelines o implement,
correct, and improve MOC systems at their sites, they can also be used by
corporate personnel responsible for establishing company-wide standards or
zuidelines for MOC systems. In either case, the MOC implementation process
described in this book allows company management to implement an MOC
systemn that has a level of detail commensurate with the hazards associated
with the facility and that is appropriate and workabie for the site.
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