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50 YEARS ON

How Management 
of Change Failures 
Contributed to the Disaster
Richard Mundy refl ects on the Court of Inquiry’s fi ndings relating to what we 
now call management of change (MOC), a concept that was not widely appre-
ciated in 1974, and discusses modern MOC good practices and common pitfalls

T
HE excerpt above is an extract from the official Court 
of Inquiry report for the Flixborough disaster. A 
temporary bypass pipe had been installed because 
a reactor vessel had developed a crack. The Court 

of Inquiry found a prior small leak had been dealt with 
for a period by diluting it with cooling water sprayed onto 
the outside of the reactor shell. The cooling water had 
been treated with an additive, making it nitrate-rich and 
leading to nitrate stress corrosion cracking the shell.

What these events illustrate is the importance of recognis-
ing change. The use of temporary equipment like hoses, portable 

pump skids, and portable leak-testing packages has given rise 
to many industrial incidents since Flixborough – the Bhopal 
chemical leak in 1984 which involved a modified cleaning plan 
and temporary water hose, being a prime example. It is all too 
often the case that MOC is seen as predominantly an engineering 
activity and changes that are not engineering-led are neglected. 
Awareness of change management requirements needs to be 
widespread across functions including engineering, site opera-
tions, and maintenance.

If the use of cooling water had been subject to an MOC process, 
is it even certain the potential for the additive to cause stress 

Mary Evans / The National Archives, London. England

“At about 4.53 pm on Saturday 1st June 1974 the Flixborough Works of Nypro (UK) Limited (Nypro) were virtually demolished by an explosion of warlike dimensions. Of those working on the site at the time, 28 were killed and 36 others suffered injuries.”
“The scene was set for disaster at Flixborough when, at the end of March 1974, one of the reactors in the cyclohexane oxidation train on the plant was removed owing to the development of a leak, and the gap between the flanking reactors bridged by an inadequately supported by-pass assembly.”
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corrosion cracking would have been spotted? This points us 
to another key facet of effective MOC: the importance of broad 
multidiscipline review. This change may have needed team risk 
assessment and/or change review including both a chemist 
(with an understanding of the water chemistry) and an integrity 
engineer (with an understanding of potential corrosion mecha-
nisms) to identify the cracking threat.
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The cracked reactor, which was removed and 
bypassed. Note the square holes are where metal 
has been removed for examination

“…no-one appears to have appreciated that the connection of No.4 Reactor to No.6 Reactor involved any major technical problems or was anything other than a routine plumbing job, and the possible design problems and design alter-natives were not discussed. Even the fact that the inlet and outlet of the by-pass pipe were at different levels was not appreciated at the meeting.”
“…the emphasis at the meeting was directed to getting the oxidation process on stream again with the minimum possible delay.”

The day after the leaking crack was found in Reactor 5, a 
meeting of plant management was convened. At this meeting, it 
was decided to remove the reactor and to install a bypass pipe in 
its place, despite this option’s feasibility and risks not having been 
fully assessed and the cause of the crack not being understood.

 This points us to a common mistake in the application of 
management of change: a failure to fully study the problem and 
all potential solutions at the start of the change process. This 
can lead to a poor option being executed. For example, an inher-
ently safer design may exist. Alternatively, if the problems with 
the chosen option are identified and a different option is then 
selected, it results in delays as the change management process 
is restarted.

“Although the openings to be connected were 28-inch openings, the largest pipe which could be found on site and which might be suitable was 20-inch diameter. Calculations were made to determine whether this pipe was large enough…No calculations were made for a dog-leg pipe as the exact shape of the pipe was not appreciated at this time.”

“No calculations were done to ascertain whether the bellows or pipe would withstand these strains; no reference was made to the relevant British Standard or any other accepted standard; no refer-ence was made to the designer’s guide issued by the manufacturers of the bellows; no drawing of the pipe was made, other than in chalk on the workshop floor; no pressure testing either of the pipe or the complete assembly was made before it was fitted.”

“…no thought appears to have been to the question of desirability of support under such condi-tions, save by Mr Blackman who at the “design” stage provided…his assistant with a sketch for supports…This support was not, however, provided and Mr Blackman did not take any steps to insist upon its installation.”
“There was no overall control or planning of the design, construction, testing or fitting of the assembly nor was any check made that the opera-tions had been properly carried out.”
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The modification at Flixborough went through no formal 
design or testing process. Underlying any technical management 
of change process there needs to be competent people applying 
safe engineering practices. Furthermore, the organisation needs 
enough depth of competence that the MOC process can apply 
sufficient technical review of the change that has been proposed.

The change also needs to be well documented to allow it to be 
thoroughly risk-assessed, reviewed, and executed. Now, this is 
normally achieved via a description of the change, “marked-up” 
controlled documents showing all aspects of the change, and 
associated supporting documents (eg calculations).  

Good MOC systems also include the ability to track associated 
actions to closure. At one stage at Flixborough, pipe supports were 
proposed that may have prevented the failure of the bypass. These 
were not installed. Instead, only a few scaffold poles were left to 
support the piping’s weight. If an effective MOC process had been 
in place, the lack of pipe supports in the initial design may have 
been noticed at a risk assessment or by a change reviewer and 
an action put in place to ensure pipe supports were added to the 
design prior to implementation.

For the first few weeks of operation after the modification, 
the bypass pipe held. It is thought that then, on 1 June during 
plant startup, the bypass was subjected to more severe condi-
tions than it had experienced previously.  It is not known with 
certainty what caused this because the records in the control 
room were destroyed and the most potentially informative 
witnesses were killed.

It is known that the 1 June startup deviated from the startup 
procedure due to a shortage of utility nitrogen. It is also known 
that some technicians had adopted a different startup method 
from the one proceduralised.

Any change in how a plant is operated, particularly during 
high-risk transient periods like startup, needs careful manage-
ment. This can be challenging. For example, there may be a 
reason why the procedure is difficult to conform with, like Flix-
borough’s nitrogen shortage. If this reason is not anticipated, 
the decision on whether to deviate from the procedure may 
have to be made with urgency and without every potentially 
relevant member of staff available to review the decision. For 
example, plants often run continuously 24/7 without full engi-
neering support available to cover night shifts and weekends.

Some operating organisations, therefore, have a process 
whereby changes can be executed on an “emergency” basis 
in a streamlined way, then being subject to a fuller assess-
ment at the first opportunity. For such a process to work safely, 
enough competence is needed continuously while the plant is 
running to make decisions on the permissibility of change. 
This streamlined emergency process must still include core 
aspects of the normal MOC process.
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Sketch showing the bypass pipe that was installed in 
place of the reactor which had cracked
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“…at least one process control technician 

adopted the practice during start-up of allowing 

the pressure to build up beyond working 

pressure, to about 9.2 bar.”

“On the 1st June 1974 the assembly was 

subjected to conditions of pressure and tempera-

ture more severe than any which had previously 

prevailed…the more severe conditions of 

pressure and temperature were sufficient to and 

did cause the assembly to rupture.”

“Up to the time when he left the Company the 

Works Engineer was a Mr Riggall who was 

a chartered mechanical engineer. Thereafter, 

although active steps were being taken to replace 

Mr Riggall, there was no effective work engineer 

although a co-ordinating function was exercised 

by a Mr Boynton…He was in our view not qual-

ified to act as a co-ordinator of the engineering 

department of a plant such as Flixborough and 

should not have been asked to assume this 

responsibility even for a short while.”

“…there was no mechanical engineer on site 

of sufficient qualification, status or author-

ity to deal with complex or novel engineering 

problems and insist on necessary measures 

being taken.”
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SAFETY & LOSS PREVENTION SIG
The committee of the Safety & Loss Prevention SIG are 
always looking for contributions to the newsletter we 
email to our membership. Do you have some manage-
ment of change tips you would like to share? Contact us via 
specialinterestgroups@icheme.org

The Court of Inquiry draws our attention to how a change in 
personnel may explain why the Flixborough plant’s engineer-
ing team oversaw an inadequate modification, which ultimately 
resulted in the loss of primary containment.

Management of change should not just be about technical 
changes. A thorough MOC process should also be applied to organ-
isational changes, including changes in personnel. Management of 
organisational change is still not consistently applied today across 
the industry. It can be hard to manage given that staff members 
can leave at any time and not all aspects of competency are easy to 
measure. It is also difficult to assess the risk posed by organisa-
tional changes in comparison to some other types of change. 

Other aspects of some of today’s successful MOC processes 
include:

• use of a computerised change database to enforce stage 
“gates” within the process, to ensure that only people with 
the right competence can sign their consent to the change 
and to allow easier administration of the system (eg by 
keeping all associated documents together)

• appointment of people responsible for upkeep of the 
database, providing day-to-day oversight. At large sites, 
this may be a full-time MOC administrator. At smaller sites, 
this may be a responsibility held as part of a wider role

• enforcement of high-quality risk assessment on the 
finalised change design, performed by teams with an 
appropriate diversity of technical specialisms and plant 
experience, with enough independence from the proposer(s) 
of the change, using an appropriate methodology (eg 
HAZOP for complex process changes)

• involvement of the right parties, typically including both 
engineering expertise and those with more direct plant-
facing roles

• an organisational culture where change proposers welcome 
challenge from others, including their changes’ risk 
assessment teams and technical reviewers, seeing this as 
an opportunity to improve the change design and to learn 
for the future

• an organisational culture where signatories in the 
MOC process take their gatekeeping role as a serious 
responsibility, rather than as a bureaucratic exercise

• the level of management tasked with approving or rejecting 
a change is commensurate with the level of residual risk 
associated with the change

• steps to communicate the change to all necessary 
stakeholders, potentially including associated training

• tracking of the “due dates” of temporary changes, to ensure 
that changes intended (and risk-assessed) only for short-
term operation do not become normalised for the long-term

• tracking of close-out of permanent changes to ensure 
that all activities associated with the change (eg update of 
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documents with back-drafted revisions, procurement of 
spares) are completed in a timely way

• management attention to applicable key performance 
indicators (KPIs), for example:

 – number of temporary changes in place
 –  number of temporary changes in place beyond their  

 “due date”
 – number of permanent changes still “open” six months  

 beyond change implementation
• regular audits to check the quality of MOCs and 

conformance to the MOC procedure

Finally, a tension in all MOC processes is the need to balance a 
high level of rigour with the need to keep the process efficient. If 
the process cannot be conducted efficiently, it may lead to delay 
in implementing safety improvements or may lead to people 
attempting to bypass the process. 

Richard Mundy CEng MIChemE leads the process and process safety 
engineering discipline for bp’s Mauritania and Senegal production 
region. He is also a member of the IChemE Safety and Loss Prevention 
Special Interest Group committee

Disclaimer: This article is provided for guidance alone. Expert 
engineering advice should be sought before application.

This article is the latest instalment of the Safety & Loss Prevention 
SIG’s series marking the 50th anniversary of the Flixborough disaster.
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