Part F
ADVANCED MANAGEMENT SYSTEMS
Role of Managers in Safety and the Environment

F 1 Introduction
This part is a blend of ideas, which are closely intertwined but can also be treated as “free standing”. It is
an introduction to the Role of Management in Safety and Environment and is an attempt to show that it is
an integrated whole and not a series of parts.
The main elements chosen are:
Culture
Why do people make mistakes?
Defence in depth
Role of Managers in Safety and the Environment
Management of Safety/the Environment or The Generation of Safety/Environment
Management Systems
Management Systems at the Work Place
Safety Management Systems (SMS)
Testing of Protective Systems
Management of Change
Safety/Environmental Audits
Accident Investigation
Human Error
Each company has its own “culture” and in any professional role it is possible to sense different cultures
within different companies. There is no doubt that there is an increasing recognition that there is a need
for an analysis of the corporate culture and how it can impact on Safety and the Environment. This topic
will explore this in more detail.
Even with good systems in place people will make mistakes. It is not inevitable but humans do appear to
have a predisposition to make mistakes. This part will explore some of these causes, which will be
expanded in Part G. The basis of all safety and environmental control is Defence in Depth, that is, a multi
layer approach that ensures that there are many defences in place and reprised in F 4.
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In the final analysis Managers have duties and a duty of care and must Manage Safety and the
Environmental actively and not passively.

F 2. Culture
Culture is a complex idea and the definitions do not help - these include: A crop of experimentally grown bacteria or the like,
A particular civilisation at a particular time,
The total of the inherited ideas, beliefs, values and knowledge, which contribute the shared
basis of social action,
The total range of activities and ideas, of a group of people with shared traditions, which are
transmitted and reinforced by members of that group
Definition a. has a humorous significance but it is definitions c and d, which are most applicable. There is
no doubt that “culture” in the safety and environment context is a blend of these definitions. Each
company is based on evolved tradition and the way groups of people interact and perform their tasks or
duties does differ due to both evolved tradition and reinforcement by managers and peer groups. The
statement illustrates this: “That person is a typical “X” company person” Fill in the X and the meaning will become more obvious.
Within even one nation there will be different cultures each believing that its traditions and beliefs are
correct.
There is no unique corporate culture but a series of cultures. One company may believe in “empowering”
its employees to take on responsibilities, another may require a detailed audit procedure before taking on
those responsibilities, and another may request detailed supervision while taking on those responsibilities.
The differences in a corporate culture can be found in many areas. These are just some variants.

“No-Blame” Culture
A culture, which is perceived as “blaming” people for poor decisions, results in resentful, un-cooperative
employees who are unwilling to make decisions and report any incidents. (Initially it was thought that this
should say “incapable of making decision”. It was deleted but the message is there!)
The open, no blame, culture results in more open management with employees willing to report untoward
events and then to discuss the way they can be eliminated. The employee does make decisions and is
guided or tutored in this by his/her supervision. The “no blame” culture also results in easier personnel
management.

Domineering Culture
There are some companies, in which the managers foster the belief that “they know best as they have
more experience than anyone in that area.” This approach has a dulling influence on creativity and puts
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the employee into a very subservient position. The end-point is that nothing changes and the company
stagnates and starts to lose any competitive advantages.
A variation of this is the very clearly defined boundaries of “authority” where only persons of a certain
level can make “real” decisions. This results in demoralised employees or employees are incapable or
unwilling to take a lead in improvements in Technology or Safety. Worse still the employees are unable or
unwilling to act for themselves, “keeping the head below the parapet”. Once again the Company
stagnates.

Club or Clique Culture
Some Companies have a very “cliquey” culture where they employ personnel from certain backgrounds or
Universities. Rapidly employees realise that they have to become part of that club in order to progress up
the structure or if they can not become a member of the club they have no option but to leave the
company. This results in a self-centring of style, the company becomes prematurely old or “jaded” as there
is a lack of innovation through outward vision and outward looking. New Companies with more modern
approaches start to corner the Market and from a safety stand point the Company can not and will not
learn from cross fertilisation of ideas.

Culture of Design/Specification
Some companies write very detailed design specifications for a design, based on their own experiences
which the contractor must follow. Some companies go so far as to specify the finest detail (part of the
“we know best culture”) but others specify the objective to be achieved and leave the detail to the
contractor using international codes/standards. At the extreme, some companies may set the objective
and allow a contractor to Engineer, Procure, Install and Commission the process (E.P.I.C)
Within some of the corporate specifications are to be found the reaction (over reaction) to incidents which
occurred in the past (The Corporate Memory) and within others are to be found reliance on good
personnel or procedures (The Corporate Culture). There are no rights or wrongs; each variation is the
result of culture or evolution.

Culture and Procedures
There is a wide range of detail in procedures, some companies go to the finest detail and others give a
general outline of the steps and objectives to be achieved. There are strengths and weaknesses in both
approaches; with good skilled personnel it is arguable that the steps and objectives are better than the
finest detailed. The corporate culture must therefore match the quality of the personnel to the quality of
the procedure. At the end of the day a good Surgeon does not need a detailed description of an operation,
however most car owners expect the Car Mechanic to follow the Workshop Manual when carrying out an
overhaul, including the torque limits on bolts.
It is necessary to recognise that some procedures may actually be the written decisions of a Manager. The
Standing Instructions (later) are the record of what the Manager wants to happen when he/she is not
there. This could reflect a culture with a low level of devolved responsibility; on the other hand the
instructions could be written in such a manner that the user has some scope for responsible actions. These
procedures will include not only the routine but also the handling of Emergencies and upset conditions.
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Once again the detail should be appropriate to the need. In effect there is no need for anyone to “make a
decision” as it has already been made for him/her. On one plant which was rather prone to process leaks it
was found that each Supervisor had a completely different set of criteria for making the decision for a
plant shut down. A rule set for the decision process was written (an expert system) which the Supervisors
could follow and react accordingly. This resulted in a consistency in the decision making process but in
reality the decisions had already been made for them within the rule sets!!!
There are other procedures, which need to be recognised. Into this category would fall such as: Audits of Systems
Audits of Procedures in general
Management of Change
Permit to Work
Design Procedures
Review of Procedures
Control of Procedure Revision
Control of Drawing Revision
The list is not meant to be complete but indicative and each must be treated on merit. All of the above
would be written in some detail as will be outlined in F 8.

Training/Knowledge
There are a range of Training and Knowledge requirements, which again reflects culture. Some companies
employ honours graduates, others are less specific. Some companies require Continuous Professional
Development and others do not. Some companies require refresher training for all operating personnel
and others do not. The depth of the training and detail of knowledge is again tailored to the culture and
inclusion in this list is again only meant to be indicative.

Supervision
The level of supervision varies between company and the task to be performed. New graduates will
normally be heavily supervised and the level of supervision relaxed with gained knowledge. Special tasks
may always require detailed supervision to ensure that a procedure is fulfilled to the letter yet others may
not be supervised. This is appropriate during stressful conditions such as a start up or shut down.
It has been claimed that incidents seem to have a periodicity of 10 years. This is of some debate as it
appears to be shortening to nearer 8 years. In many Companies the average tenure for a Manager is about
3 (three) years. It is not difficult to see that there will be 3 new Managers in 10 (ten) years. If each
Manager only passes on 75% of what they were told when they had their initial “hand-over” by the end of
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enforced by some real events. It is not coincidental that the “return” time for “major” events is about 10
years.
It is worth noting that structural changes in organisations do change that culture. Often the history and
reasons for “best operating practice” are lost (that is there is a dilution of the “corporate memory”). In
addition it is inevitable that with “down sizing” there is a reduction in the level of supervision which in
turn reflects a reduction in the day-to-day audit procedure. One other effect of “down sizing” is that there
is a loss of “Corporate Knowledge” which in turn makes the company more vulnerable to the “10 year
Corporate Memory Half Life”. Recent trends in USA include the appointment of a “Corporate Knowledge
Manager”. Guess what he/she does? They collect the history of operating practices before an employee
“goes down the road”. Does this help to explain why the periodicity now seems to have shortened to
nearer 8 years?
Summary
The culture of a company reflects its traditions, experience and evolution. It is passed between members
of that company and is re-enforced by a common objective. It will vary between companies and reflect
the needs of that individual company and the skills within that company.
It could be argued that no company culture is perfect but that it has evolved defences or systems to
compensate for weaknesses in its culture (without realising what it was actually doing). It could also be
argued that a root and branch change in a culture would be a disaster waiting to happen. In the final
analysis it is the flaws and weaknesses in the culture that will create problems and identifying these flaws
will not be easy.

F.3 Why Do People Make Mistakes?
This is based on personal experience and was written before the publication of HSG 48 Reducing Error and
Influencing Behaviour
It is worth pointing out that HSG 48 identifies three main causes of human failure in its figure 2:
Skill based errors
Rule based mistakes
Knowledge based mistakes.
It is hoped that these notes cover these appropriately.
There is a general belief that some people are “accident-prone”. This can be debated long and hard but it
is more constructive to analyse some of the possible causes. These can be broken down into many
categories the most common three are:
Experience and Skills
Psychological Make Up
Stresses
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Experience and Skills
The training and knowledge of the person must reflect the job description but also that person must have
certain extra skills, which will reflect the need and ability to make decisions.
A good Engineer will normally have a good grasp of his/her own discipline and also a good understanding
of the needs of other Engineering disciplines. There is a balance between depth and breadth of
knowledge - the knowledge of the individuals’ discipline has to be deep but there has to be breadth so as
to work with other disciplines and understand/interpret those other problems and needs. The good
engineer has to have deductive skills to recognise where problem areas may arise and the technical skills
to overcome them. If either is missing there is the risk of an error/mistake. This not only applies to the
technical problems but also dealings/supervision/checking of members in the work group. In the case of
Management of Hazardous Plant, the Engineer must understand how the process works and also
understand the weak points in the process. These skills take time and training and require the ability to
use deductive skills which convert technical knowledge into a practical application. (Most of this is
“knowledge based”.)
Operating personnel require similar training, knowledge and skills are still required but at a lower level.
There may be situations that the operating personnel have not met or cannot analyse. If the operating
procedures do not give clear guidance to the operating personnel, the personnel may make mistakes, as
they will be forced to operate outside the envelope of their experience and skills. This reflects back to the
concept of culture and forward to Managers Responsibilities. (This is skills based.)
This part is an attempt to give a broad overview and it is worth considering a new process plant start-up
with novel features to illustrate the problems. The supervisors and operators were picked from an
experienced group of personnel so the experience will be satisfied by years of training. However, the new
plant had both unknown and un-experienced characteristics. The team were alert to their lack of
experiences drawing on their previous experience and detective skills.
The operation of an Acetylene (Ethyne) Hydrogenation Reactor is illustrated to show that errors can arise
from lack of experience (knowledge). The process involved passing a mixture of Hydrogen, Ethylene
(Ethene) and Acetylene (Ethyne) across a fixed bed nickel/palladium catalyst at about 60oC in a single pass.
The reaction is of course exothermic and the catalyst is both reactive and selective, that is, it has to be
raised to an initial temperature (60oC) before the Hydrogen/Acetylene reaction takes place but beyond a
threshold temperature the Hydrogen/Ethylene reaction also takes place and is favoured. There were two
shifts of Managers each had experience of Hydrogenation processes. The first had experience of a simple
mixed stream Hydrogenation process that was fairly unreactive but was very selective to Acetylene. The
second had experience of this process and a direct Hydrogenation process. The first Manager raised the
inlet temperature rapidly with an excess of hydrogen such that the reaction took place in a limited section
inlet to the bed with a rapid rise in temperature, which produced reaction conditions selective to the
hydrogenation of Ethylene and the Acetylene concentrations in the reactor exit were out of specification.
The second Manager was more careful and ensured that the reaction spread throughout the reactor bed
monitoring the Acetylene concentration exit the reactor as the inlet temperature was raised step by step.
A steady reduction in Acetylene was noted with increased inlet temperature such that it was possible to
predict the correct operating conditions for the total Acetylene conversion within a few hours. The first
Manager came on shift and wrestled with the reactor for twelve hours. The second Manager returned to
the shift and was convinced there was an error in the analysis. The only thing that had changed was the
Gas Liquid Chromatograph which had been changed to a more sensitive coil. Was the fault in the G.L.C. or
the reactor? Within the sensitivity of the analysis the first G.L.C. showed there was less than 10 ppm
Acetylene exit the reactor but the second showed there was over 100 ppm. The solution was to seek a
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third G.L.C. and to test for rouges, which were masking the second G.L.C. The answer was rapidly found,
the Acetylene concentration was masked and the rogue was Butadiene - the derivative of Acetylene and
Ethylene.
There were obvious skills and knowledge used in this incident. Some of the skills and knowledge had been
acquired in an industrial environment and some in an academic environment.

Psychological Make-up
There are two forms of psychological make-up worthy of note. The first is the person who cannot handle
stress of any sort and goes into a panic at the first hint of pressure. This person is likely to be error prone.
The second is the one who will not listen to guidance and will do what he/she wants to. This is likely to
lead to errors of judgement.

Stresses
Stresses can be various and could include
Fatigue
Emotional
Work Related
The first two are self-evident; as the human becomes more tired the judgement becomes flawed and
mistakes result as the deductive skills become flawed. Emotional stresses could arise from problems at
home or personal who are set upon by a work mate. Feelings of oppression and inferiority can lead to
judgement being flawed.
Work stresses are also understandable. The human performs best under a slight or low level of stress.
High levels of stress can impair the judgement and deductive skills and low levels of stress can produce a
lethargy, which ignores information and in turn leads to lack of judgement or response. But there are
more insidious stresses caused by poor ergonomics. Aircraft designers have worked hard to develop the
Head up Display (H.U.D.), which is also becoming used in cars. Without realising it, the personnel can be
put under stresses by the layout of the pages on Distributed Control System Screen, the position, order;
ease of recognition/reading is essential. (See also Part H - Texaco Refinery Explosion).
Don’t blame an operator for making an error of identification if the order is A/B; A/B; A/C/B, there are
“expectations” which will become “rules” in the mind of the operator. If an operator has to reach out over
a handrail to access a valve it is human nature to ease the damage potential to the back by climbing over
the handrail. The perceived risk of falling may be less than that of injury to the back and a precedent is
set.
Human ergonomics, as a means to reducing “mistake potential” involves layout but also size/colour,
postural position, eye position and many other important features.
There are a number of references to human reaction under pressure/panic conditions. Lars Weisaeth has
written extensively on this topic, one worthy of more study is “Technological Disasters Psychological and
Psychiatric Aspects” 7th International Symposium on Loss Prevention and Safety Promotion in the Process
Industries Taormina 4-8 May 1992. In this, he discusses perception of risk after being put under stress
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such as Kuwait, Post Traumatic Stress Syndrome/Disorder - and “Flight from an emergency” (fight or
flight); under these circumstances survival is more imperative than the logical correction of the fault.
F. Hearfield discusses a series of what might be called “Human Errors” under a paper “Hazards of Pressure
Testing” 3rd International Symposium on Loss Prevention and Safety Promotion in the Process Industries
BASLE 11-19 September 1980.
D.E. Embrey discusses “Human Errors” in a paper at the 7th International Symposium on Loss Prevention
and Safety Promotion in the Process Industries. The best prediction is that all humans are “error prone”
and the objective is to reduce the scope or the consequences of this error (flaw in make-up).
It is now recognised that what was called “shell shock” has some variations one being that of guilt. Guilt
that “your mate was killed but you were not”. Guilt that you did not do enough to help your mate. “If I had
tried to save him he would be alive now”, (forgetting that both would have lost their lives!)
The Brain
Some of the problems that can result in errors are to be found in the brain. There are a number of
problems that are not easy to explain in simple terms.
Information overload
In Information overload the brain has TOO MUCH information and can not sift the critical or top level
information from the low level unimportant information. In effect the reasoning powers are swamped by
both essential and trivial information and so the outcome is that nothing is done. This can be analogous to
a juggler - there is an absolute limit to the ability to handle objects and beyond that limit things get
dropped.
The concept of Information Overload can be dealt with by two strategies. At one level the operators have
sufficient resources to handle all of the work and at the other, the information is filtered and presented on
a clear unambiguous form (skills and rules). In process plant it is not only the information but the size; on
a small plant where the transit time may be small the supervisor may be able to handle more as there is
less time used in moving from A to B to C in data collection. Above all the presentation of clear
unambiguous data with the appropriate diagnostics in a Control Room is fundamentally important. The
human can only accept a limited amount of information at any one moment and the message must be
clear and unambiguous.
Training and background knowledge all help to reduce the potential for information overload as also does
practices. There are no solutions or fixes; an understanding is required as well as the open mind and eye.
The key question must be:
“How could I handle the problem/problems professionally and without error?”
Mind set
The person has a fixed idea and can not be convinced that there may be an alternative explanation or idea.
It could also be called “tunnel vision”.
Cognitive Dissonance
This is quite difficult to explain. The mind tries to fix the evidence into a picture. Some does not fit so is
rejected or reasoned away. The brain is quite convinced that the evidence is now consistent but ignores
the fact that some key evidence may have been rejected or distorted due to some erroneous logic.
Panic
The person just can not make any decisions!
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F.4 Defence in Depth See Part A (a reprise)
Introduction
Defence in Depth is the basis of safe process operation and is worthy of a reprise of Part A. The definition
is not yet written and the interpretation is variable as it is a concept and therefore requires a little
explanation.
Consider first of all the recommendations from an incident report; these will usually extend to the order of
four to eight. This means that the committee felt there were four to eight elements which contributed to
the incident and require corrective actions. Put another way the committee felt that there was no unique
cause of the incident but a number of causes. The finer analysis is that the causes of most, if not all,
incidents can be broken down into four categories.
Design/Specification (Equipment/Hardware)
Procedures (Software)
Training / Knowledge
Supervision
The categories are open to discussion but it is arguable that all are the reasonability of Management.
Further when the initiation of the cause is examined it will be found that some were in place for some
time but only when the final one was in place did the event occur. These have their parallels in the
Accident Investigation (See later). The initial causes were part of the build up until the final cause initiated
the whole sequence. Once initiated, defects in the system will lead to escalation and loss of (or poor)
control. Each cause is a breach of a defence. (The Bow Tie Model Fig E 1.1).
There are no hard and fast rules, alternatively the model may be, that the more breaches in place prior to
initiation, increases the potential damage energy in the incident. Then it is not a case of the number, but
the sequence of the initiating event. If the initiating event was “number five” then an injury would result,
if it were number seven a fatality would result. Whatever the model used, the evidence matches the
traditional Heinrich/Bird Triangle.

Fig F.4.1 Hazard Triangle
The ratios are open to discussion but generally follow a ratio of about 1/30, which is a typical human
failure rate or failure rate of a protective system. Put another way, for a serious injury about 306
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operations (109 operations) must take place. The probability is low but by a little attention to detail, the
final probability can be significantly reduced. (A change in failure rate from 3.33% to 2.5% reduces the
final probability of fatality by a factor of 7.49. Who would not want that level of reduction in their Accident
Statistics?)
It will be noted that all contributions are the responsibility of Management.
Some studies have suggested that the causes or breaches of defences run to dozens this may be true but
they are often subcategories of one more major breach. From my own observations there is a fairly clear
pattern as follows:
Number of Major
Breaches

Effect

1

Nothing

2

Nothing

3

Nothing obvious

4

Near Miss

5

Minor Injury

6

Serious Injury

7

Fatality

8

Multiple Fatality

It could now be argued that after five breaches there should be a “minor injury” and the breaches should
be rectified at the “minor injury” level and there should never be a “fatality”. In reality many of the
breaches are latent, some come in very quick succession and some affect the ability to control a small
event (injury) from escalating to a more serious event. The final outcome will depend very much on the
phase of the incident where the breaches were found: Build up
Initiation
Escalation
Control
For example breaches in the control phase may not be evident until the incident is initiated.
The Flixborough accident and the Piper Alpha incident have been used in Part H to illustrate how and
where breaches in the defence occurred. The itemised breaches may not be all that might occur but they
are the more obvious ones.
A similar approach can be taken to the Environment - while the number of defences is less obvious it is
clear that a single level is totally inadequate. It is right to consider what Duty of Care means. This means
at one level that there is a duty to maintain the Environment, which is spelt, out in EPA90: -
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“It shall be the duty of any person who imports, produces, carries, helps, treats or disposes of controlled
waste or as a broker, has control of such waste, or to take all such measures applicable to him in that
capacity as are reasonable on the circumstances
a) to prevent any contravention by any person of section 33 above;
b) to prevent the escape of waste from his control or that of any other person; and
c) on the transfer of waste, to secure: i) that the transfer is only to a person or to a person for authorised transfers purposes;
and
ii) that there is transferred such a written description of the waste to avoid a
contravention of that section and to comply with the duty under this subsection as
respects the escape of waste.
At another level there is a duty on all Managers to ensure the Health and Safety of employees and the
public as a whole (as defined in HASAWA).
There will be defences against losses at site and irregular disposal of waste.

F 5 Managers Responsibilities and the Role of the Manager in Safety and Environment
Introduction
There is sometimes a belief that certain roles are not the responsibility of Management - incidents such as
the Clapham Junction Rail Accident and the sinking of the Herald of Free Enterprise have proved this to be
untrue. Whatever the aspect or feature of safety, the areas, which contribute to accidents noted in
Defence in Depth: are all the role of the Managers.
The responsibilities above are all Management (or Managers). Managers have to ensure that the
objectives are clearly set, that the personnel have the appropriate skills and knowledge to achieve the
objectives and that the personnel achieve and do not deviate from the objectives. This is a formidable
sentence, which it is hoped captures the Role of Managers. It is possible some will disagree, some will
disagree violently and some will say “ROT”. Whatever the reaction they are a personal belief expressed in
these notes.
The only way this can be elaborated upon is to develop a series of illustrative examples. Some serious
thought was given to discussing:
Setting Objectives
Skills
Achievement of Objectives
Likewise some serious thought was given to discussing:
Hardware
Software
Training/Knowledge
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Supervision
In many ways Hardware and Software are objectives, Training/Knowledge are skills and Supervision is
achievement as there is a potential repeat only one list could be discussed.
In the end it was decided to amalgamate the two columns and treat setting objectives, skills and
achievements of objectives as subheads and Hardware, Software, Training/Knowledge and Supervision as
main heads.
Hardware (This illustration refers to an Engineering Department)
Setting Objectives
Are there clear Design Guides, Codes of Practice, and Engineering Specifications in place? Do they
reflect the Safety Policy? Are they regularly reviewed to ensure that they reflect the changes in
technology and thinking? Are calculations stored and recorded in the appropriate files? Are
equipment specifications recorded in the appropriate files? Are P and I Ds always up dated and
reissued?
Skills
Are the Design Team suitably qualified and trained? Are annual appraisals carried out to assess the
skills/weaknesses/needs for continued professional development? Are personnel promoted by
ability and not age or another artificial yardstick? (Metre stick?)
Achievement of Objectives
Are calculations and specifications independently checked/audited? Are project audits on the project
carried out by independent teams? Do the Terms of Reference and Scope reflect the nature of the
audit?
Software (This illustration refers to an Operating Site)
Setting Objectives
Do the Works Standing Orders (W.S.O), Permanent Instructions (PIs) and Standing Instructions (SIs)
have clear guidance on Permit to Work/Hot Work Permits/other Permits? Do the instructions have
clear guidance on the Management of Change? Are all Operating Instructions in place and regularly
reviewed? Does the W.S.O. reflect the Safety Policy Statement?
Skills
Are the production team suitably qualified and trained. Are annual appraisals carried out to assess
the skills/weaknesses/needs for special operating training/day release courses/continued
professional development? Are personnel promoted by ability? Are some personnel frustrated and
others overstretched? Are all software systems audited?
Achievement of Objectives
This can be verified by audits (see later)
Training/Knowledge (This illustration is general)
Setting Objectives
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Are the skill matrices for various jobs defined? Does the annual appraisal reflect the need for
training? Does the training/knowledge reflect the safety policy statement?
Skills
Are competent trainers (internal or external) used in training?
Achievement of Objectives
Are training and knowledge tested on routine by practices and verbal tests? Are the results fed back
on the form of changes to software or training? Are training/knowledge needs reviewed/audited?

Supervision (This illustration is general)
Setting Objectives
Do all personnel know their exact role in the company? Do they know their lines of communication?
Do they know their scope for responsibility and accountability? (The two may be different - one
person may be responsible for carrying out a task and the supervisor (or senior person) may be
accountable for the junior’s actions). Do all personnel feel free to talk to their supervisors at any
time? Do they feel confident in their supervisors?
[Note: Supervisors could mean Managers]
Skills
Do the Supervisors know what their juniors have to achieve? Do they have the correct
technical/inter-personnel skills? Can they carry out a form of audit on their junior’s capabilities?
Achievement of Objectives
Are the Supervisors tested on handling practices?
supervisors? Are supervisors audited?

Do the work team feel confident in their

The illustrative examples are just that. There are many more areas for Hardware - such as work
shop/maintenance, Trip and Alarm Testing, Relief Valve “Pop” tests, Lifting Beam Tests just to name a few.
Software could equally refer to computer programming, laboratory procedures, security checks, road
access checks etc. The training/knowledge will change from role to role but the general model with
variations will fit. The same is true for Supervision (Management). It would be wrong to think that for a
major blue chip company the Chief Executive is beyond Objectives/Skills/Attainment of Objectives - the
shareholders are the ultimate masters!
This topic was not written lightly or without a lot of thought. If there is a sense of emotion in the words it
is because it was written with emotion. If Managers at any level “get it wrong” there is the possibility of
injury/pollution/loss of revenue/loss of capital (or worse).
F 6 Management of Safety/the Environment
Or
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The Generation of Safety/Environment Management Systems
Introduction
Most Safety and Environmentally conscious Companies have had Safety/Environment Management
System in place for many years and actively manage their business to achieve a high Safety/Environment
performance. Initially many of the Management Systems were good common sense and good business,
and to a degree they still are. In recent years there has been a better understanding of the manner in
which management systems can affect Safety/The Environment and they have been named
Safety/Environment Management Systems S/EMS (and so gained an element of mystique).
There is no doubt that S/EMS plays a significant part in Defence in Depth. Not only is there a limitation to
the benefits of hardware based systems but they are expensive, need maintenance/checking but also
Management can be relatively cheap. (This may not be apparent in the recent wave of “downsizing”). For
example Permits to Work (PTW) have been in existence for many years and the concept of Auditing PTWs
was in evidence over 30 years ago (two Defences and two Management Systems).
There is no doubt that Safety and Environment standards are improving year on year but there is also
recognition that it is good business. Injuries cost UK of the order of £1010 per year (yes ten billion pounds)
there is also the added cost of lost production, lost sales potential and the remedial/repair costs.
Environmental clean up can be extremely expensive - the cost for the clean-up of a major oil tanker spill
are estimated to be in the range £108 to £109, that is £2000 to £20,000 per tonne spilled - for a product
that has a sale value of £75 -100 per tonne (2014 prices). There is also a hidden cost resulting from loss of
sales/revenue if the public refuse to purchase the product of the perceived “polluters”. The loss of
revenues to Shell resulting from the attempted dumping of Brent Spar is estimated to be of the order of
£108. There is good evidence that dumping was the Best Practicable Environmental Option (BPEO) and
involved the minimum risk to human life - but this was not perceived to be the case by the public and
Green Peace. In retrospect, rather than dumping, on shore disposal may have been cheaper in the long
run due to the adverse public reaction. Maybe the incident could have been managed in a better manner;
this closes the loop and goes back to the start of the introduction.
Recent research has shown that there is a correlation between improved safety and environmental
awareness at work, improved production efficiency at work and accident reduction in the home.
What are S/EMS?
There is a slight dilemma in these notes - which parts of S/EMS are relevant - All? Part? The following
statement was published in the Chemical Engineer.
The Health & Safety Executive (HSE) booklet Monitoring Safety analysed 960 fatalities in all industries
during the period 1981 to 1983 and determined the prime responsibilities). Recent major accident
investigation reports have increasingly criticised management for failing to install and insist on safe
systems of working. But is it fair to blame a manager when an operator makes a mistake leading to a
serious incident? Is it reasonable to ask management to guard against human error? The answer to both
these questions must be “Yes”. The Figure below is a schematic chart of the major topics of loss
prevention, which have characterised the last four decades. Like all chains, safety performances are as
strong as the weakest link.
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Responsibility for Fatal Accidents %
Senior Management

61

Local Management

3

Workers

17

Management and Workers

12

Others

6

No one

1
Total

100

System(s)
Is defined variously as:
1. A way of working, a method
2. A set of interconnected or interrelated parts forming a complex whole (what? FKC!)
Systematic
Is defined as:
A clearly worked out plan or method
Management
Is defined as:
The skill or practice of controlling something

Safety
Is defined variously as:
1. The quality or condition of being safe
2. A safe place
Safe
Is defined as:
Free from danger
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SMS could therefore be defined as:
A worked out plan for controlling the freedom from danger of persons
(A similar approach could be added to the definition of EMS)
There are clearly defined features of any S/EMS, these are: • Commitment
• Policy
• Leadership/Targets
• Organisation
• Planning
Followed by
• Implement action
• Monitoring
• Audit
• Review
The S/E will now be dropped and the common words Management Systems (MS) used, again deliberately
so, since we are discussing Management Practice within the S/E context. The initial description will apply
to the body corporate and then more localised detail given. The headings chosen are the key features
already given. The discussion, which follows, is meant to be at the higher, corporate, level.
Commitment
Any MS must start, and be seen to start, at the top and also be believed in by all levels of Management. It
may be easy to install a tangible hardware modification but software systems have to be kept vital and
real. In simple terms there has to be a commitment to them and to making them work by all levels of
staff, top to bottom.
Policy
There is a requirement under HASWA for a company to produce a Safety Policy Statement. Increasingly
many companies are producing Environmental Policy Statements. The corporate policy statements will
be more general and longer term but will demonstrate commitment and give authority to the lower level
(departmental) policies.
At the corporate level there is no benefit to “being the best” as it may be meaningless and impossible to
achieve. The policy may be more general and be of the form, “to be the equivalent of the best in the
field” or “to strive to improve standards”. Corporate policy statements are usually to be found in the
Annual Report to the Shareholders. There is no benefit to repeating or comparing company policies (as it
will end up like a beauty contest) but most are short, crisp and full of impact.
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Leadership/Targets
It is sometimes difficult to separate Commitment, Leadership and Targets, they are closely interconnected. Once a team is committed someone has to set targets and take the lead. At the corporate
level the leader(s) could be the Managing Director, the Chief Executive Officer, the Board of Directors or it
could be the Corporate Safety Manager/Director. If there is commitment everyone becomes a leader but
there have to be targets to ensure everyone is pulling in the same direction. In the era of acronyms, these
must be SMART:• Specific: what must be achieved?
•

Measurable: must be measured in a consistent manner which will demonstrate the progress to
the target

•

Achievable: must be realistic but a challenge. (If the target is too easy there will be no incentives,
if it is too hard the team could lose heart - (Success breeds successes)

• Relevant: the team must be able to relate to the target
• Timed: the target must be time marked “DD/MM/YY”
It is self evident that corporate targets will be on a different and longer time scale than those of the local
department and the corporate targets will be more general while the local ones will be more specific. The
corporate and local targets must therefore be complementary.
At the corporate levels the targets could be of the form:
1. To reduce injury accident rates by x% by DD/MM/YY
2. To reduce carbon dioxide production by y% per tonne of product by DD/MM/YY
3. To reduce solid effluent disposal to z tonne/yr by DD/MM/YY
Naturally the targets must be relevant to the organisation, as indicated earlier, and therefore must reflect
an area of the Safety/Environment, which the company believes (commitment), should be improved.
There must be some research (leadership) into the following aspects of performance:Past Performance: Any previous performance can be bettered with the correct commitment. This may
involve examination of performances such as Abnormal Incidents, Dangerous Occurrences, Accident
Causation, Injury Accidents, Effluents, Efficiency.
Bench Marks: Benchmarks for performance may be set by another company in the same sphere of
production. (If company A is better than company B, what does company A know that company B should
know?)
Legislation: Legislation will be fluid for a number of years - it may be that this sets targets. (This already
exists it “The Offshore Safety Case Regulations”.) The progress (good or bad) to the targets will normally
be reported in the Annual Report to the Shareholders. This also shows a corporate commitment as
shareholders may view a poor HSE performance as a good reason for selling funds in that company - this
reduces the corporate value and makes it more vulnerable to “take over”. (The new Management will
then “sort it out” with the inevitable loss of jobs in the previous company!)
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Audits: The audit will probably recommend some actions for improvement.
Organisation
The HSE have given the characterisation of a good organisation under four headings:
Control
Cooperation
Communication
Competence
(Successful Health and Safety Management HS (G) 65)
Control: is (usually) a managers responsibility - the Manager must, by definition, be “in overall control or
charge of” the Managers job functions, including SHE. This will involve establishing the policy and setting
the targets to be achieved and monitoring the progress towards the target.
As part of the control process there should be an active identification (and if necessary quantification) of
all risks and a planned review, measurement and audit of all safety activities. The control must be
supported by active implementation and performance records. It is obvious that the words must be
supported by leadership and commitment.
Cooperation: is the act of involving all groups of the organisation in the drive for safety - the team effort.
Communication: is the act of listening to concerns as well as informing all levels of the company of the
drive for SHE.
Competence: is the act of having the correct people, with the correct skills and knowledge in the correct
job functions.
Planning
Plan is defined as “a thought out arrangement or method for doing something”.
The plan must be clearly thought out as there has to be a clear structure for achieving a change or else
the change will only be partial and ineffective. It is to be hoped/expected that there will be a MS within
the organisation but it will be assumed that a company has carried out a review and that the results of
this review have produced the results “we are good - but we could be better”.
The start of the planning process will involve three questions:
How good are we?
How good could we be?
How do we achieve the change?
It may be concluded that the answers to the first two questions require no change - would this still be
true if a new operation was introduced? When drafting these notes there was a thought that the word
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“could” might be replaced by the word “should”. This was resisted as the word should infer a standard
less than the word could.
The qualitative judgement of performance can be achieved by thorough analysis based on
Industrial Best Practice
Corporate Performance
Audits
Legal
Regulations
Approved codes of Practice
Codes of Practice
International Pressures/Trends
Inevitably this analysis will produce targets for future improvements. Once these are set, the resources
and campaigns must be set in place. The campaigns must be appropriate to the organisation but should
start with some risk assessment process. First the hazards must be identified and then assessed against
best practice or other requirements.
Following this, the improvements, be they
hardware/procedure/controls, can be put in place. If the procedures do not exist - for example on a new
site - this may be formidable task.
Finally, the procedures for ensuring the compliance must be devised and put in place. (See F 8).
Implementation
The implementation involves allocating the responsibilities for the execution of the plan. This will involve
targets and the authority to carry out the appropriate changes (but consider also the Management of the
Change as the change must be managed to ensure that it does not create a worse situation in the
transition). The implementation should be appropriate to the organisation. (See F10)
Monitoring
The monitoring of the plan would be very finely tuned to the organisation and its needs - these will be
discussed later but will generally involve measurement of compliance (See Audits F 11).
Audits
Naturally, one of the means by which compliance (and performance improvement) can be assessed is by
the audit process. The audit could normally be part of the planning process so (hopefully) any follow up
audit would be no more than fine tuning (See F 11).
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Review
The whole change will have both a long-term objective and milestones. In the real world, some finetuning will be needed, some problems will be found that need resolution and there may be a need for
more resources to reach the targets. This may result in a recycle back to Policy.

F 7 Management Systems at the Work Place
Introduction
There are many Management Systems which are common place and in general use. It would be wrong to
ignore them in the total spectrum so there are no apologies for any repetition. This is, once again, a
dilemma - to whom are these notes directed? If they are directed at a Senior Manager, there may be
tendency to say, “I know! I know!” But, to a young manager seeking professional qualification, there is a
risk of projecting them onto a high plain and producing a response “That does not apply to me! What are
you getting at?”
This is a difficult topic. Is it telling, not teaching or “This is what I believe” or is it “This is what should be
done”? This section of the notes is not meant to teach management skills but to give indications. The
skills will be learnt elsewhere. This section should be read in this manner - it is not complete but some of
it may make the reader think again or see something in a different light. At no time will any reference be
made to legislative requirements as that is implicit and cross-referencing may result in the loss of thrust in
the argument or the points being made.
Two reference organisations will be chosen to illustrate the work place – Design and Operator.
Design
The Policy
Any devolved policy statement from the corporate policy will inevitably be more focussed on the work
scope, what can be achieved and what is achieved. The Policy will, however, complement the Corporate
Policy Statement and reflect what that department can achieve to satisfy the Corporate Policy.
In a Design Office, accidents can still occur, even from lifting paper or tripping over a trailing flex. The
Policy might reflect the need to use best design practice and the need to review/audit the work/design at
appropriate times. The policy may also reflect the willingness of Senior Managers to help to resolve
problems and the need to discuss problems - “If in doubt, ask”. A minor design error may have serious
implications for someone else. (I know, one piping designer ran a pipe at 6ft 4in and I always caught my
safety helmet on it. I am 6ft 3in tall and my helmet adds 2 inches!)
In an Operations Department, the policy may reflect the need for best operating practice and compliance
with instructions at all times. The policy may also reflect that production is subservient to safety and that
any untoward event must be reported and investigated fully. It is possible that the policy may be blunt
and to the point. “Violation of instructions will be result in disciplinary action”
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Leadership and Targets
Leadership
The leadership must come from the top but everyone can act as a leader. The leader must set the
standard and reinforce the need for safety.
In the Design Office, the standards can be readily set but they must be seen to be meant. There must be
the resources to handle problems and a willingness to respond to problems in an encouraging manner.
There must be a clear monitoring process for all work carried out.
In the Operations Department, the leadership can be more positive. The manager must be visible and be
seen to be paying attention to safety detail, even if it is reading shift logs, walking round the plant and
talking safety to the operators. Above all, the leader must demonstrate the highest standards of safety,
both by action and reinforcement.
Targets
The targets for a Design Office are less clearly defined but could be at one level to reduce minor injuries
and at another level to have targets to carry out design reviews by (a date) and to have follow-up work
carried out by (a date). It would be fairly easy to devise other appropriate targets such as percentage
compliance on audit and training for engineers on a specific skill or legislation.
The targets for an Operating Department are more readily defined. These could be an injury frequency
rate on a moving, decreasing target year on year. Another target could be the audit of x% of all PTW with
a target of y% accuracy/detail. Yet another target could be to reduce effluent rates or fugitive emissions
or to reduce losses during a shut down/start up by z% against the previous achieved best. In yet another
target, it may be that all personnel are given fire fighting training/refreshers once per year and another
that all trip/function testing of shut down systems will be carried out within one day of the determined
routine. The same might apply to maintenance and the timely inspection of equipment.
All targets are only examples but consider, for example: • Training in new legislation
• Training in preparation for equipment maintenance
• Review of operating procedures on a routine
The list in both cases is only indicative.
Organisation
Control
It is self-evident that all systems, be they management or a process, require a control system and, in the
extreme, a “shut down” or disciplinary system.
The first level of control is to define the responsibilities and accountabilities of all members clearly, in the
Design Office or the Operations Department. This would also extend to the scope for decision-making. In
the case of Design level there will be a fairly defined task but at the Operations level, the responsibilities
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during the “Dark Hours” must be defined. Obviously, the Shift Supervisor will have some clearly devolved
responsibilities, which should be well defined within the WGOs/SIs and PIs, but the Operator’s
responsibility must be to comply with instruction and to report any deviation from normal. In particular,
the operations level operating out-with responsibilities or competence has every potential for a major
upset so the definitions of scope and responsibilities are essential and equally so is the assurance that
they are adhered to.
The next level of control is the standards and procedures, be these design standards or operating
procedures. Naturally, these will require review and amendments in the light of evolving experience.
These should be extended to contractors.
The next level of control is the resource for carrying out the HSE requirements. This may be monitoring
the environment or contractors or even the performance of personnel in the office or department. The
resources will be both manpower and finance.
The final level of control is the disciplinary process, which should be visible, but not a threat.
Cooperation
Cooperation is a two way process, which requires that all members work to a common good, and the
capturing of ideas.
In the Design Office it may be that there is a new or better way of carrying out the design (however,
ensure that the Management of Change Procedures are used properly). The Designer may perceive that
there is a potential hazard and must feel free to discuss it with someone more appropriate.
The cooperation is very much common sense and, although more could be written on it. It was felt that it
was only reiterating good management skills. The following are worthy of note:
• Suggestion schemes
• Abnormal Occurrence Reports/Investigation
• Dangerous occurrence reporting
• Safety groups or circles
• Problem solving
The list is an essential part of task analysis.
Communication
One of the most important mechanisms for gaining commitment is by communication. There are also
many examples of the need for communication. Communication is not only verbal but also written. At
the verbal level, the communication could be simple day to day discussions of a piece of work, how it
could be handled in a safer manner and how it should be handled to ensure a safe objective is achieved.
Other forms of communication are obviously meetings, informal (sometimes called “tool box”) or more
formal in the form of safety committees. It must never be forgotten that if a meeting is considered to be
only a talking shop, with the outcome resulting little progress or change, commitment will be lost. The
verbal communication must be two - way and achieve progress.
Copyright University of Strathclyde, prepared by FK Crawley for IChemE

245

The following map taken from the Chemical Engineer, 11 March 1999, shows the benefits of the dialogue
such that all share the same attitude and have the same positive attitude. This is corporate culture.

Stages of safety culture improvement
Above all the role of a Manager in the team can lead to enhanced safety if the Manager listens and
responds to suggestions as well as proposing changes. This results in a two-way information flow and a
team building/confidence in both parties.
At the written level, there are obvious hard systems. In the Design Office, there will be design
procedures/standards but also engineering design change procedures such that everyone can comment
on any change. There will also be Quality Assurance procedures for records and communications. This
will extend to revision of P&ID and other engineering drawings,
In the Operations Department, the written procedures become more vital. At one level, the shift
handover log which is a permanent record of what happened, why and what was done (or should be
done). There are many examples of failure on the handover system leading to a serious event. It is
arguable that one of the direct causes of Piper Alpha was poor shift handover.
Another example of written communication is the Permit to Work system but more obviously the
communication is in Operating Procedures, P&IDs, Data Collection, Hazardous Area Classification
Drawings, Design Data/Philosophies - process operating parameters and analytical results. Various other
thoughts on communication are the manner in which information is displayed and recovered. The
information should be in the right place and readily recovered. This begins to impact on the Man/
Machine Interface which is essential on aircraft - why not process plant - because a greater level of
disaster can arise?
Competence
There are two elements to competence. Knowledge is obviously essential but equally so are skills and
experience. A graduate chemical engineer should have sufficient knowledge to be a process operator
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(avoiding the use of the adjective “good”) but it may take years to acquire the skills and experience to be
a “good” operator.
At the highest level, a University degree does not guarantee competence and, increasingly, Institutes
(Institutions) of Engineering require Continued Professional Development (CPD). It will be noted that
many courses and symposia now include a table giving the CPD “points” so that there is a form of
measure on the total CPD in a year. The manager, at whatever level, must ensure that those below (and
the managers as well) have the correct knowledge, skills and experience (skills matrix) to do the job “fully
and well”. This will involve reading, attending courses (internal or external) and exposure to new
situations. Inevitably, an inexperienced member of the team will require some training and, following
this, supervision until the member has demonstrated the appropriate skills and experience.
Annual appraisals are one obvious means of assessing competence but it would be wrong to ignore the
spadework required to acquire the material to do this assessment/appraisal. This may involve sampling
technical work, observing performances of juniors (at all levels), asking probing questions to “test” the
member - but in a very casual manner. Such a technique is used during the interview when seeking
Chartered Professional Status (IChemE). With good management skills using eyes, ears and feedback, a
very accurate assessment can be made - but it cannot be done from a desk alone.
It is obvious that the assessment of the skills and knowledge of the operation group requires exposure on
the site, walking and talking with supervisors and operators. No one can “teach” these skills but the
experienced eye will spot short cuts taking place. The deftness of the control room operator and the
ability to recognise faults is a skill, which can be readily recognised. Likewise, the manner in which a
pump is started or an incident is handled by a supervisor or operator is readily recognised. This is
“Managing by Walking About”.
In the operating environment, the speed and skills of response to an upset are fundamental to safety and
operation. If the operator/supervisor cannot handle the situations positively, it is essential to determine
if the problem is due to a lack of experience and training or is it in the psychology of that person, if so a
different action must be taken - one might be to put the person into a different job! The purpose of this
section of the notes, which are directed at a Masters level, is to give indicators. These will be the final
words on competence.
Monitoring
There is little use in having a plan if progress is not monitored and if the working practices are not
monitored. Naturally, the progress towards any targets must be monitored to determine any need for
adjustments to the safety/environmental plans but there are other monitoring techniques, which can be
applied and in some cases come very close to Audits.
In the Design Office, there are many useful tools which include:Structured Project Safety Studies/Audits
HAZOP
HAZID
Relief Reviews
Hazardous Area Classification
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Design Standards
Design Guides
Risk Assessment
The results of all of these become part of the Safety Dossier (see part A)
In the Production Department/Environment, the monitoring is less high level but more down to earth.
Incident Investigation: Where the CAUSES determined and controls or procedures put in place.
Abnormal Occurrence Investigation: Where an unusual event which might have created an
incident is investigated to identify the corrective actions to eliminate the causative
problems.
Site Tours: Where the site is visited and compliance with procedures and performance of the
personnel and the process are verified by observation.
Plant Records Review: Where the plant records are checked to show that the process and
equipment is performing as intended. Is there any evidence of slow, systematic shift/drift?
Plant Analyses: Does the record show the product quality is consistent and not overly pure?
(This will usually mean excess energy is used in separation.)
Plant Yield: Is this monitored and recorded?
Plant Efficiency: Is this monitored and recorded?
Equipment Performance: Does any piece of equipment have a poor reliability and require
endless maintenance? (Maintenance may involve plant intervention, which can itself be a
source of hazards.)
Function Testing Protective Systems: Are the tests carried out on time and in the correct
manner? Does the performance match the required performance? (Poor performance can
lead to a hazardous situation.)
Personal Protective Equipment: Is it used properly and is it in good condition?
Are PTW issued correctly, followed correctly and are deficiencies identified and corrected
speedily?
Do operators feel uncertain about some phase of the operation and can improvements be
devised?
Are changes subject to management procedures?
Are trip hazards removed in a timely manner? (Why were they there in the first place?)
Certain clearly identifiable environmental monitoring tools might include the following:
Are samples taken correctly?
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Are drains/vents blanked off?
Is all process drainage captured and recovered?
Are drums of oil stored correctly and handled correctly?
Is a maintenance site tidied up after the work and no waste left on the site?
Audits
Audits are discussed in F 10. Audits should be carried out on routine to identify areas where change may
be appropriate. These will compliment the routine, monitoring procedures, and will also reinforce the
leadership and commitment to safety.
Review
The performance targets must be kept under constant review. This will involve not only the progress
towards the safety and environmental targets but also a review of the detail of Audits and the need for
changes. This in turn must be communicated to all so that all are aware of their own achievements.
Performance Indicators
As part of the M.S. there should be performance targets and also indicators. The process performance
indicators could be yield, service usage per tonne of product but safety performance indicators need
more careful review.
Safety performance indicators could include Injury Accident Rate, Protective System Reliability, PTW
accuracy, VOC losses/dumping or any such indicator considered appropriate and meaningful.
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F 8 Safety Management Systems (SMS)
Introduction
SMS are good common sense! However, they are not as simple as might be first thought and they are
becoming the key drivers in improving safety/environment. This is evidenced by the reports on
incidents/accidents which invariably have major references to deficiencies in the Corporate Management
Systems.
There are so many possible Safety Management Systems that there is not enough time or paper to write
on all of them. Design Standards are a form of SMS, as are Annual Appraisals and Training (Continuous
Professional Development). Therefore it is easier to use illustrations, more particularly in the Production
Environment, as this is where they are probably most important. (The general ideas are equally applicable
to other working conditions.)This section may appear to a repetition of expectations with nothing new.
Please read on and digest it, the main features of Management Systems are the thought and the detail
that is in them; they are not simple in any way!
Part A outlined the operation of SMS and gave some limited examples, however, at any SMS large or small
will have the following elements:Safety Policy Statement
Leadership and Targets
Communication
Co-operation
Audit/Review
There is a whole raft of legislations and legislative requirements which include the following small
samples:Safety Policy
Safety Standards
Competent Advice
Safety Representatives/Consultation
Management of PTW
Supervision
Emergency Planning
Training/Competence
Health Surveillance
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Biological Hazards
PPE
Machinery/Guarding
Pressurised Systems
Maintenance
Heating and Lighting of Premises
Electrical Supplies
Control of Access/Egress
Signs
Accident Reporting
Licences
Certification
Cooling Towers, (legionella)
etc.
The list might appear to show SMS is fully covered by Regulations, Approved Codes of Practices and Codes
of Practice, this is not necessarily so. Reference to the above alone is not adequate in terms of
Professional Development.
S.M.S. A Develpment
All SMS must ask two questions:
“Can it be done safely - and how?”
“Was it done safely?”
This thread will run through the following examples
The main elements or steps in answering these questions and applying SMS are to be found in Risk
Assessment. There are:Identification
Assessment (Quantification\Qualification)
Control/Mitigation
Copyright University of Strathclyde, prepared by FK Crawley for IChemE

251

Assessment - Verification
There is a recycle loop in SMS, which is not always carried out in Risk Assessment. In reality many Risk
Assessments cannot be fully verified, but there are regulations in force offshore, Prevention of Fire
Explosion and Emergency Response Regulations (P.F.E.E.R.), which request performance standards to be
established and verified. That is, if the shut down system has to operate properly on at least 95% of all
demands (FDT/PFD - 0.05), can this be demonstrated by testing? Nearly forty years ago a High Integrity
Protective System, similar to that shown in Part D was designed to achieve a certain performance but the
results of the function tests showed it was failing to achieve the performance targets. Certain detectors
did not meet the required performance standards and were changed. There was a SMS in place even
then!
As a means to demonstrating “Safe Systems of Work” - (HASWA) the following have been chosen for
illustration:
Permit to Work
Procedures
Testing of Protective Systems
Maintenance
Management of Change
Training
Performance Monitoring
The following is a form of Management System in operation in Health Monitoring, as; this has to be
managed by a mixture of Hardware and Software. The topic chosen is “Noise”.
Noise
Identification
Carry out a noise survey on the plant/site and plot noise contours on the plot plans.
Assessment
Noise levels over 85 dB (A), have the potential for noise induced hearing loss following 8 hours per day
exposure (82 dB (A) for 12 hours).
Control
Fit low noise equipment or fit acoustic booths around the noise sources and carry out a new noise survey.
(It will be assumed that noise reduction was attempted through equipment specification and design and
that further expenditure would have been prohibitive). However if it were possible to fit noise attenuation
features it would be necessary to have another SMS to inhibit entry to the controlled zone.
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Mitigation
Mark all noise zones over (say) 80 dB (A) with clearly visible and distinguishable markings.
Install clearly noise warning signs in the area.
Install signs requiring hearing protection to be worn in the area.
Issue a Works Standing Order (SI or PI) requiring hearing protection to be worn in noise areas.
Issue approved hearing defenders, free, to all employees.
Terms of contract should request adherence to warning signs - non-adherence to be a breach
of conditions.
Verification
Carry out base line and continuous audiograms on all employees (see part G).
Check the adherence to procedures (audit).
Monitor changes in the site/plant noise profile.
Monitor any change in the audiograms for the employees.
Monitor the changes in Noise Legislation.
Finally, the commitment must be demonstrated by all Managers being seen to adhere to their own rules
without deviation.
The main sections will now be addressed: Permit to Work
There are many forms of Permit and they also have different names but generally mean the same thing.
The following is a list in a descending order of Risk.
(Under Pressure break in)
Entry Permit
Hot Work Permit
Electrical Isolation Permit
Nucleonic Isolation Permit
Cold Work Permit
Excavation Permit
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Roof Access Permit
Road Closure Permit
Scaffold Permit
The list is not exhaustive - the top was put in brackets as some companies may consider this to be a
“special” permit. The order can be discussed and some may feel that the order of two could be reversed
but entry permit does come exceeding high as there is a risk of asphyxiation and the risks are higher than
for cold work. Do not forget humble scaffolding could create problems with lighting, valve access and
means of escape and a road closure could inhibit access for the emergency services.
Identification of Hazards
On routine tasks there may be a written procedure already in use but for complex tasks it may be
necessary to carry out a Task Analysis where each step is analysed in detail to establish the potential
hazards of that step and the mitigating features that might be applied. The following “guidewords” are
given to assist this task.
What are the tasks?
What are the hazards associated with the task?
What are the potential effects on?
Personnel Involved
The Process
The Environment
The Bystander
What are the secondary hazards of the task?
Noise
Impaired Lighting
Impaired Access
Impaired Escape
Fume
Leakage
What are the hazards in the area?
Noise
Hot Metal
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Leakage
What are the means of escape?
What tasks are mutually incompatible and forbidden?
What must be done if the task cannot be carried out as intended/specified?
What should be done on sounding of alarms?
Does everyone know what is to be done and by whom?
The following are some guidewords, which will assist in the identification of some of the hazards.
Under Pressure Break In
NDT
Finite Element Analysis
Metallurgical Assessment
Means of Escape
Handling Emergencies
Handling a Process upset
Communication
Authorisation of a Qualified Engineer
Entry Permit
Isolation Process:
Process - including purges
Nucleonic
Electrical
Instruments
External sources of hazard
Purging - gas freeing
Air Tests:

How?
How often?
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Where?
What for?
Accuracy/Relevance/Limits
Portable Meters:
02 Deficiencies
Flammable
Toxic
Means of Escape:
How?
Harness?
Stand by?
Lighting:
Impaired or requiring reinforcing
Change of working environment due to disturbed debris or sludge.
Spillage/draining of process fluids
Communication:
Routine
Health check
Recording entry/exit other permit in operation (compatibility)
Change in wind direction
Plant condition change
Hot Work
Isolation of all process fluids
Spill collection containment - drains and other
Spark suppression/control
Sources of spillage and leakage in the area. How can they be prevented/mitigated?
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Tools
Other permits in operation (compatibility)
Monitoring the local environment for hydrocarbons, toxics or changes in condition
Access
Means of escape
Communication
Change in the working environment due to disturbed debris of sludge, spillage/draining of
process fluids
Change in wind direction
Plant condition change
Isolation
Standard Task Procedure
Cold Work
Isolation - Process and Electrical
Draining
Preparation
Access
Tools to be used
Lifting hazards
Trapped fluids
Source of leakage
P.P.E.
Other hazards in the area
Means of escape
Communication
Change in the working environment due to disturbed debris or sludge, spillage/draining of
process fluids
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Plant condition changes
Excavation
Toxic or flammable gas freeing – can fumes drift into the excavation?
Piping/cables in the area
Consolidation of the sides of the excavation against inward collapse
Rainwater accumulation
Soil retention
Signs/barricades
Communication
Access
Means of Escape
Change in wind direction
Process upset
Roof Access
Work Below
Nets or roof ladders
Harness
Duck Boards/Roof Ladders
Road Closure
Emergency Services
Warning Signs/Detours
Runners
Scaffold
Access to/from
Load limits
Lighting
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Valve access
Instrument access and possible damage
Change in process indicators
General Guidewords
Dropped loads
Fluid properties:
Flammable
Toxic
Flammable
Environmental Impact
Pressure
Temperature

Cold Work Permit
The following is a simple but usable cold work Permit and a covering Works Standing Order (PI or SI). It
will be noted it calls for competence of all parties involved.
It is important that permits their control/supervision must be adhered to completely. There have been
too many near misses recorded in LPB and other documents like it. Please read, “Beware the Unexpected”
- IChemE Loss Prevention Bulletin No. 104.
YOU CAN NEVER BE TOO CAREFUL!
The following is a worked example of the operation of the PTW: Cold Work Permit for Pump Removal
Try to fill out the permit in full. The pump in question is driven by an electric motor and contained petrol.
Identification
Process Hazards
Leaking/Fluids
Flammable could damage eyes.
In contact with a potentially a toxic/carcinogenic fluid?
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Low Pressure but could be pressurised by a leaking isolation valve (called trapped pressure)
Pressure and temperature in this case are not hazards in themselves
Electrical Hazards
Motor may rotate during removal and cause injury
Mechanical Hazards
Motor may rotate during removal and cause injury
Lifting hazards while removing the pump itself - back/hand injury
Piping should be supported correctly once the pump is removed.
Chemical Hazards
Petrol - potential fire and toxicity
Access
A lifting frame will be required for the pump
Access to valves and joints is acceptable
Lighting
Acceptable - plant lighting/sunlight
Ventilation
Acceptable - open air-wind blown
Other Hazards
None - no hot metal, drains are clear
Means of Escape
Acceptable
Communication
Tannoy
Quantification
Motor must be fully isolated, isolator to be open, fuses drawn and stored in a “safe”
Single isolation valves are acceptable at the process pressures on suction/discharge of the
pump
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Isolation valves to be locked CLOSED and the keys stored in a “safe”
Isolation valves to have tags fitted
Isolation integrity to be verified by a pressure rise/leak off test
Control
Motor isolated and fuses stored in a “fuse safe”, Motor isolation proved by a “motor start” and
pump isolation standards (leaving valves leading to trapped pressure) by a pressure rise in
the pump body
Access is acceptable
Lighting is acceptable
Ventilation is acceptable, keep up wind of the joint
Process fluids to be drained into the closed drain and the pump flushed with water
Non-sparking tools to be used for bolts
Mitigation
Goggles/Safety Helmets/Gloves to be worn by fitters
Area to be roped off
Piping support to be checked and props fitted if necessary
Fire extinguisher on hand
Prior to the work the Maintenance Supervisor and Process Supervisor must visit the site and
agree the whole isolation is sound and access is clear
The joints are to be broken away from the fitter such that any leakage does not spray the fitter
Once removed open ends should be blanked off tightly - the blanks should have a “test cock”
against valve leakage when refitting the pump.
The pump should be removed to a cleaning bay
A Cleanliness Certificate should be issued before the pump is removed to the workshop.
Verification
The work site should be visited by the Production Supervisor at least once to verify compliance with the
P.T.W.
Summary
Electrical Isolation Permit
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Isolation (process) Permit
Cleanliness Certificate
Cold Work Permit

Below are examples of a Standing Instructions and a Standing Instruction for the start up of a pump.

F 9 Standing Instructions or Permanent Instructions or Works General Orders or Operating Procedures
SIs, PIs and WGOs are the record o the expectations of managers. In a design office they
may take the form of a Design Guide or Standard.

Two guiding principles will apply to any operating procedure.
Do not expect someone to do a task that you would not be happy to do.
Do not expect someone to do a task that you could not do as well - if not better.
The first principle is directed at ensuring all risks associated with the task are reduced to as low as is
reasonably practicable. (If there is any risk would you accept it?) The second principle is that the person
doing the work must feel at ease with the task and have the skills and knowledge to carry it out fully and
well. The procedure must follow the steps:
Identification
Quantification (Qualification)
Control/Mitigation
Verification

Copyright University of Strathclyde, prepared by FK Crawley for IChemE

262

Standing Instruction Company A
Number 1
Title: Permit to Work
Prepared by: J Bloggs
Authorised: A Scouser
Copies to:
Records,
All Plant Standing Instruction Dossiers
All Plant Supervisors
Last Issue: 1 March 2014
PERMIT TO WORK
XYZ COMPANY
The following instructions and notes are given to those who use Permits to Work and those who are
Performing Authorities in the XYZ Company.
It is the policy of the XYZ Company to issue specific permits for each task that involves a change from
standard operation. Under the appropriate circumstance the Permit to Work may also require the
following additional permits, which might include:
Entry Permit
Electrical Isolation Permit
Nucleonic Instrument Isolation Permit
Process Isolation Permit
Scaffold Permit
Roof Permit
Excavation Permit
Road Closure Permit
Only those who are fully trained, assessed and authorised as Issuing and Performing Authorities may sign
the permit. Under no circumstances may the Issuing Authority and Performing Authority be the same
person. If the Performing Authority is a contractor he/she must be fully trained and assessed and
authorised to carry out the tasks.
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The permit copies MUST be displayed at the work site. Routine audits of the operation and adherence to
its requirement WILL be carried out without notice. If the work is not being carried out in accordance with
the permit, the permit WILL be withdrawn and the work site returned to a safe condition.
At a shift change the status of all permits MUST be a part of the Shift Hand over.
The Main and Local Control Centre copies will be held on a special rack and be visible to all personnel for
inspection and appraisal of the plant condition.
A copy of all signed off permits will be retained for inspection for a period of two years at the issuing
centre.
A register of all incidents, which occurred during the operation of the permit, will be held in the control
room. In particular all incidents which could be dealt with by improvements to this procedure will be
recorded and actioned.
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Standing Instruction Company A
Number 2
Title Instruction on Filling in the PTW (Cold Work)
Prepared by: J Bloggs
Authorised: A Scouser
Copies to:
Records,
All Plant Standing Instruction Dossiers
All Plant Supervisors
Last Issue: 1 March 2014
PLANT: The plant should be clearly defined by its name and location.
AREA: The exact area of the plant should be specified.
DATE: Self-Explanatory - day/month/year.
1. EQUIPMENT
The title should be exactly as the equipment is labelled on the site and P and I Diagrams. The
Number should be a unique identification. The Serial Numbers A, B, C etc, MUST be specified. A
tag number MUST be specified if there is any possibility of confusion.
2. TASK
2.1 The task must describe exactly what work is to be carried out - “Maintain the Pump” is NOT
ACCEPTABLE - it should define exactly what will be carried out such as “Remove Pump
Rotating Unit - take to the cleaning compound - steam clean - await cleanliness certificate
before taking the unit to the work shop”.
2.2 The limitations must describe what work MAY be carried out and what MUST NOT be carried
out. For example, it may say, “Inspect the pump unit - no joints may be broken without
issue of a new permit”.
2.3 The tools must be carefully specified to reflect the local plant hazards.
3. PERIOD OF VALIDITY
3.1 The permit will normally last for the duration of the shift issuing the permit.
3.2 The renewal may extend up to but no more than 24 hours.
Copyright University of Strathclyde, prepared by FK Crawley for IChemE

265

4. HAZARD IDENTIFICATION
4.1 There WILL be a structured identification of all Mechanical, Process, Electrical, Civil and
Instrument and Chemical Hazards involved during the performance of the task. In the
case of routine tasks this may be in the form of a standard sheet.
Attention will be paid to: •

The means by which the equipment will be isolated from all sources of harm. This could include
lock-closed valves, slip plates, blanks, electrical isolation, clamped shafts and protection from any
moving parts.

•

The control of isolations covered by more than one permit.

•

The nature of the fluids/chemicals and their relationship to the Control of Substances Hazardous
to Health Regulations (C.O.S.H.H.).

•

The work at height and the means of primary and secondary escape.

•

The work in confined spaces and the attention to access, primary and secondary escape.

•

The need for Entry Permits.
In the case of the novel or unusual tasks a full task analysis (as in management of change) will be
carried out involving assessment of the risks, loads/forces, site surveys, underground surveys.
The results of these assessments will be recorded as part of the task analysis and also in the
permit. This section will be central to filling in the rest of the permit.

5. EQUIPMENT PREPARATION
5.1 The means of isolation will be specified, the isolation certificate number will be recorded, the
location of blanks, slip plates and locked valves will be itemised.
5.2 The process preparation will be specified in detail such as “Drained of process fluids and
flushed with water”.
5.3 The residual fluids may include process; toxic acid/alkali or flammable and water.
6. OTHER HAZARDS IN AREA
This section is self-explanatory and could include steam mains, sample points, rotating equipment
(guards must be fitted).
The section may also impose other limitations on other permits - for example, “no other joints
may be broken within 25 metres of the work site”.
7. AREA PREPARATION
This section should refer to the preparation of drains flushed, “sand-bagged”, a roped off
maintenance area where access is controlled, need for scaffolding for access, gas detection in
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drains or locally. Particular attention must be paid to access and means of escape from confined
areas or work at right.
Consider if local environmental monitoring is required.
8. PERSONAL PROTECTIVE EQUIPMENT TO BE USED
8.1 This should include a detailed description of ALL of the personal protective equipment to be
worn - this could include but is not limited to helmets, visors, hearing protection, eye
protection, protective clothing, gloves, boots, and special suits. Consider also the need for
harness and breathing air sets. The range is not meant to be complete and must reflect
the hazards involved in the task and the site.
8.2 Site protection may include removal of trip hazards or protecting work areas where over-head
hazards may exist.
8.3 The preparation could include locking off sample points.
8.4 Gas detectors may be required - but it is not normal for breaking of joints.
9. SUPERVISION
9.1 This may specify the need for special supervision of unusual work is carried out - (See also
Hazard Identification).
10. WHEN MUST THE WORK BE SUSPENDED
Detail those conditions when work MUST be suspended. In particular specify those changing
conditions or the goals, which MUST be achieved before the work can proceed to its next goal.
11. WHEN MUST THE SITE BE EVACUATED
Detail the alarm signals/warnings, which will require the evacuation of the site.
Note: Section 10 and 11 are closely related. The work MUST NOT be suspended or the site
evacuated if it creates a hazardous condition.
12. ISOLATION CERTIFICATES
Detail those certificates, which will apply to the task to be performed.
13. OTHER CERTIFICATES/PERMITS
Detail those certificates/permits, which will apply to the task to be performed.
14. OTHER PERSONS WHO SHOULD BE NOTIFIED
The work may affect more than one area of the plant. Incompatible activities such as opening
joints and welding must not be carried out in close proximity. If the notification is not detailed
potential hazards may be created.
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Consider the need to inform also the operators in the area/areas as well as the other issuing
authorities.
HAND OVER
This MUST NOT be signed before both authorities have discussed the task, have inspected the site
and are in TOTAL agreement with the contents of the permit.
HAND BACK
This MUST NOT be signed before both authorities have inspected the site and agree that the site
has been returned to a safe condition.
LOCATION OF COPIES OF PTW
The copies must be clearly displayed as indicated. The work MUST NOT start until all permits are
logged in the correct place.
Top copy to be held at the work site.
Second copy to be held in the main control centre.
Third copy to be held in the local control centre.
Fourth copy to be held by issuing authority.
FILING
The Control Room copy will be held in Archive for at least 2 years.
(The following permit has been condensed to save space)

It might be a useful exercise to fill one in the “laboratory environment”
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PTW COMPANY A
PLANT
1. EQUIPMENT

AREA

2. TASK
3. PERIOD OF VALIDITY
4. HAZARD IDENTIFICATION
(SPECIAL ENGINEERING FEATURES)
5. EQUIPMENT PREPARATION
6. OTHER HAZARDS IN AREA

7. AREA PREPARATION

8. PERSONAL PROTECTIVE
EQUIPMENT TO BE USED
9. SUPERVISION
10. WHEN MUST WORK BE SUSPENDED?

DATE
REF. NO
TITLE
PLANT/EQUIPMENT NUMBER
2.1 EXACT DESCRIPTION OF TASK
2.2 LIMITATIONS OF SCOPE OF TASK
2.3 TOOLS PERMITTED
3.1 (TIME-DATE) TILL (TIME DATE)
3.2 MAY BE RENEWED Y/N?
4.1 MECHANICAL REVIEW
4.2 PROCESS REVIEW
4.3 ELECTRICAL INSTRUMENT REVIEW
4.4 CHEMICAL HAZARDS REVIEW
5.1 MODE OF ISOLATION (INDICATE TAG NUMBERS)
5.2 DRAINING/PURGING
5.3 POTENTIAL HAZARDOUS FLUIDS IN THE EQUIPMENT
6.1 TRAPPED PRESSURE
6.2 SERVICES
6.3 OTHER PROCESS EQUIPMENT IN THE AREA
6.4 OTHER SOURCES OF HAZARD
6.5 OTHER PERMITS IN THE AREA
7.1 DRAINS
7.2 ROPING OFF
7.3 SCAFFOLD
7.4 OTHER ACCESS
7.5 OTHER
8.1 PERSONAL PROTECTION
8.2 SITE PROTECTION
8.3 GAS DETECTORS
9.1 SITE TO BE INSPECTED EVERY …….HOURS BY…….
9.2 PERMANENT STAND BY PERSON REQUIRED?

11. WHEN MUST THE SITE BE EVACUATED?
12. ISOLATION CERTIFICATE
13. OTHER
CERTIFICATE/
PERMITS

PROCESS: NO. INSPECTED BY …..
ELECTRICAL NO INSPECTED BY …..
NUCLEONIC: NO INSPECTED BY …..
13.1 HOT WORK
13.2 ENTRY PERMIT
13.3 CLEANLINESS CERTIFICATE
13.4 SCAFFOLD CERTIFICATE
HAND OVER
1. I agree the site has been inspected and is in accordance with this
certificate.
2. I agree that the site is safe so far as is reasonably practicable.
3. I agree that the work will be carried out exactly as specified.
Issuing Authority Performing Authority
(Time ……. Date ….. )
(Time ….. Date ………)
LOCATION OF COPIES OF PTW
Top copy to be held in the work site.
Second copy to be held in the main control centre
Third copy to be held on the local control centre
Fourth copy to be held by issuing authority
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Operating Instructions
The preparation of any procedure (a SI) is a team effort. The person who is to do the work has skills and
knowledge, which must be accessed. That person may wish to carry out the task in a manner which
involves risks or again the operator may know of a simpler and direct way of carrying out the task. If the
person doing the work thinks the procedure is wrong, it is likely that he/she will do it “the way he/she
thinks best”
The identification/quantification should examine every step of the process. The following guide words
would assist this process:Too soon
Too late
Sequence
Timing
Identification
Warning signs
Verification of success
Warning of error
Communication
Access
This would be adequate for a routine task but a more detailed procedure should be subject to a HAZOP
study.
The procedure must be clear and precise using exact terminology. Avoid terminology such as “slowly
open the valve”. What is the time frame for “slowly”? - What valve is being referred to?
The sequence of the operation must be clearly defined and the time frame defined. Valve numbers must
also be clearly defined in an unambiguous manner. Where there should be appropriate warnings and
guidance written into the procedures. These warnings should cover guidance on how the completion of
each step can be verified and what should be done if the objectives cannot be achieved. A task left part
completed is a hazard waiting to happen.
There is a balance between general tasks and the fine detail of each step of the task but the detail and
sequence of operations may be critical and a general instruction such as “start up” is inadequate. Once
the operation is written it should be discussed with the operating team to see if there is a better way of
carrying it up - the instruction must then be polished to ensure it has built in “quality”. The next step is to
practice the procedure as a desk top exercise to ensure there are no difficulties associated with the
operation. The final step is to train the operators in the instruction showing the operator what is required
and how it is to be carried out.
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There are two additional steps, which need to be followed through once the procedure is in place. The
first is to speak to the operators to identify any difficulties in the operation of the procedure - if necessary
it should be further refined and enhanced. If a new refined procedure is issued it must be formally issued,
retraining carried out and the old procedure formally withdrawn. The review of the procedure must be
carried out every year and if it is unchanged the procedure would be formally endorsed for the next year.
Finally the operation of the procedure should be reviewed to ensure that it is carried out as intended and
no hazardous short cuts are incorporated, that is the Audit Process.
All operators should be checked on routine to ensure compliance and new operation formally trained preferably be a training supervisor not by the routine operator. There is the very real risk of errors being
incorporated by “hand down training”. The old story of the message from the 1st World War Front is
quite appropriate. It started off as “Send reinforcements we are going to advance!” It ends up as “Send
three and four pence (1/6 of a pound) we are going to a dance!” This is meant as a serious warning.
The procedure should be concise and accurate, written in detail, in simple language with no ambiguity or
room for deviation but a check list approach can be used as an “aide memoir in parallel to the procedure”.
The start up instructions for a large process gas compressor ran to 20 sheets of paper but the restart
following a “trip out” could be reduced to a 15-step check list.
In the final analysis any procedure is worthless if it is not improved and it is not complied with. It is an
iterative recycle process. The final words on procedures are ones directed to ownership - if the operator
feels there is a ”better way of doing it” and the operator was not party to the work up of the procedure
don’t be surprised if the procedure is ignored.
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Standing Instruction Company A, Plant B
Number 3
Title: Start up of Turbine Driven Cooling Water Pump No 123
Prepared by: J. Bloggs
Authorised by: A.N. Other
Copies to: Records
Records,
All Plant B Standing Instruction Dossiers
All Plant B Supervisors
Last Issue: 1 March 2014
Objective of This Standing Instruction
This Standing Instruction gives a list of all of the contacts to be made when starting up Turbine Driven
Pump P-123. It also gives a list of the Pre-start up Checks, Preparation Tests and the final start up process.
Within the introduction are found the operating envelope and the prohibited operating zone.
Pre start up checks
1. Ensure from maintenance records that the turbine over speed trip has been tested in the last 2 years. If
this has not been done the turbine must not be started.
2. Ensure that the turbine lubricator is full of grade “xyz” oil and there are no oil leaks. In the event of any
leaks contract the maintenance department before starting.
3. Ensure that the pump lubricator is full of grade “abc” oil and that there are no oil leaks. In the event of
any leaks contact the maintenance department before starting.
4. Ensure the coupling guard is securely in place.
5. Ensure there are no slip plates in the process lines and start up blanks are removed.
6. Ensure the turbine exhaust Relief Valve is securely located and in place.
7. Ensure all valves are closed other than steam trap isolation valves. (See sketch 1.1).
Pre start up contacts
1. Contact the power station (telephone No. 123) and check that the correct amount of HP steam (x
Kg/hour) will be available on demand in 1 to 2 hours also check that the same amount of steam can
be admitted to the LP steam main. If this will not be possible stop the start up process until it
becomes available.
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2. Contact all control rooms on the plant (telephone Nos. 124, 125 and 126) and inform them that a new
cooling water pump is to be brought in line in 1 to 2 hours time and that operators may have to
adjust cooling water flows.
Preparation Tests
Reference should be made to Piping and Instrument Line Diagrams (P and I.D.) No 12 and 34 (Sketch 1.1).
1. Slowly open steam trap bypasses ST1, ST2 and ST3 on Steam Main LPS 123 over 5 minutes and blow out
any condensate.
If condensate is found, blow the line until live steam flows then allow a small continuous escape of live
steam to assist in the warming of the steam main.
2. Slowly open steam trap bypasses ST4, ST5, and ST6 on Steam Main HP 456 over 5 minutes and blow out
any condensate, allow a small continuous escape of live steam to assist in warming up the steam
main.
3. Open the Turbine Exhaust Steam Isolation Valve LPS 123 Valve 1 very slowly over 2 to 3 minutes and
blow out any condensate from the Turbine Casing Drains. When live steam is detected, close the
drains.
4. Open Pump P-123 suction valve CW123 valve fully and open the body vent valve 10 to clear (drive out)
any air or gas. Close valve 10 when liquids are detected.
Notification
1. Notify the power station (Telephone No 123) that the pump will be spun in 5 minutes and started in 15
minutes at which times there will be a sudden draw of x Kg/hr of steam. Check if they expect any
problems or require further notification.
2. Notify all control rooms on the plant (Telephones 124, 125 and 126 that the extra cooling water pump
will be brought on line in 15 minutes.
Start up
1. Open the cooling water pump minimum flow valve CW123, Valve 3.
2. Blow out the turbine Casing Drains Valve once more to ensure that there is no condensation in the
turbine. Close the valve.
3. Slowly open the steam inlet to the turbine HPS 456 valve 2 over 15 seconds to start the turbine spinning
at a minimum of 200 RPM required to ensure adequate lubrication of the bearing. Do not exceed
1000 RPM as this is the approach to natural frequencies of the Turbine / Pump System. Use a hand
held tachometer on the free end of the turbine.
4. Check the whole unit for excessive vibration and check that the lubricators are still full of oil. Control the
speed on HPS 456, Valve 2.
5. Open the pump body vent Valve 10 over 5 seconds to check there is no gas present. Close valve 10.
6. Blow the turbine drains Valve 20 to check there is no condensate present. Close Valve 20.
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7. Blow LPS 123 steam traps ST1, ST2 and ST3 bypasses to ensure that the main is condensate free. Close
the bypasses.
8. Blow HPS 456 steam trap ST4 and ST5 and ST6 bypasses to ensure the main is condensate free. Close
the bypasses.
The turbine and pump are now ready to be put on line. Contact the power station (Telephone 123)
if requested during the notification process.
9. Steadily increase the Turbine speed to 5000 RPM by opening HPS 456 Valve 2 over 1 minute and then
adjust the governor speed. Due to the throttling action valve 1 will be stiff to operate until the
turbine comes under governor control. Use a hand held tachometer on the free end of the turbine
shaft to make the measurements.
10. At 5000 RPM the turbine should come under governor speed control and HPS 456 Valve 2 should
become easy to open. Open Valve 456 Valve 2 fully once on governor control. If the governor does
not control the pump speed at 5000 RPM shut down the turbine by closing HPS 456 Valve 2 fully and
notify users, the power station and the maintenance department immediately. It may be possible to
carry out on line adjustments. It may be necessary to lock closed HPS 456 Valve 2 and LPS 123 Valve
1.
11. When the turbine is running properly under governor control, slowly open the pump discharge valve,
check the discharge pressure is at least 3 barg and then open CW 456, Valve 2 fully over 1 minute
and close the start up by-pass Valve 3.
12. Notify all users that the pump is now running.
Post Start up
1. Check the lubricator levels.
2. Check the Turbine and Pump bearing temperatures are not more than 50oC.
3. Check the vibration levels on the Turbine and Pump are acceptable (less than 2 mm/sec velocity).
4. Check Pump 123 for evidence of cavitation, if any is detected fully vent gases through valve 10, then
close valve 10.
5. Check all steam trap bypass HPS 456 ST4, ST5, ST6, LPS 123 ST1 ST2 and ST3 are functioning and not
passing steam. If they are faulty notify maintenance.
6. Check steam traps ST1, ST2, ST3, ST4, ST5 and ST6 are not isolated.
7. Ensure that users of the cooling water system have adjusted to the new pressure regime.
8. Check the whole system for joint leaks. If any are found notify the maintenance department.
Sketch P and I Diagrams
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P & I D No12 Steam System

Sketch 1.1

F 10 Testing of Protective Systems
Protective systems are designed to achieve a given performance, which in term influences the safety level
of the process. It is important therefore that the performance is verified by testing and then measuring
that performance against the given performance target. The target performance will not be achieved if it
is not tested properly and on the appropriate routine.
The Protective System is a Safety Hardware system but the testing and verification is a S.M.S.
The four steps will be used once again:
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Identification
Quantification
Control/Mitigation
Verification
Background
The performance of any protective system is assessed on a given test interval (T) and the failure rate of the
items of the system (F). This means that the system has to be tested at the correct routine (with a minor
flexibility) and in a manner so as to simulate the real event. (This will be explained further later). Finally,
when carrying out the test there is a dead time which is accumulative. For example in real situation the
mechanical/instrument performance of a shutdown system appeared to produce a fractional dead time of
less than 0.01 but the trip test dead time was nearer 0.01. That is the test interval was sub-optimal.
Identification
Most instruments function by an analogue of the detected event and the test must attempt to simulate
the real event fully. Short cuts can lead to improper testing. The test must be taken to a logical
completion, which can be verified. The tests must be carried out regularly and on routine, not, irregularly.
The identification requires that there are clearly defined test procedures and clearly defined routine
intervals.
Properly Tested
The main elements of a protective system are a detector, a switching system and a shut down valve. The
detector may include: High Pressure, Low Pressure
High Temperature, Low Temperature
High Flow, Low Flow
High Level, Low Level
There may also be an override to facilitate the process start up.
The switching system may be either electronic or electro=mechanical. The shut down valve will interrupt a
flow of energy, be it electrical, fuel, or process fluids including services such as steam. If the shut down
valve closes fully there may be a process upset but if there is debris in the line it may not close properly so
a “movement test” may be an improper test, that is, the protective system was not designed properly.
(See test bypasses in Part D.)
The instrument dead time is assessed on an interval - if the interval is irregular the performance may not
reach target. The fractional dead time for a simplex trip is
Weekly 0.0109
7 Weekly 0.0256
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4 weekly 0.0172
If the test is carried out four weekly the FDT is 0.0172 but if irregularly between 2 and 8 weeks but
averaging 4 weeks it averages 0.0182 - the error is not much but it is real.
Quantification
Incomplete and irregular testing will degrade the performance of the protective system
Control
The test must be full and properly executed on the correct routine.
Pressure
High Pressure switches can be tested by injecting a calibrated pressure signal onto the pressure switch - it
involves isolating the switch and human error. Low Pressure switches can be tested by venting the signal
through a choke or flow resistance - this does not involve isolating the switch and is “fail safe”.
Temperature
High and low temperature devices can be tested by injecting a calibrated EMF at the detector - this
involves disconnecting the thermocouple and human error.
Moving the set point is forbidden.
Flow
Low flow switches can be tested by isolating the flow signal - this does not involve isolation of the
detection device and is “fail safe”.
High flow switches can be tested by injecting a calibrated signal into the flow device - this involves
isolating the switch and human error.
Level
High level switches can be tested by floating the device on a compatible fluid - this only involves isolating
the lower isolation, this does not involve isolating the detection device and is “fail safe”. That is if the
lower isolation is left closed the item will still be in a “tested shutdown” condition and must be opened to
drain the devise and cancel the shutdown signal.
Low-level switches can be tested by draining the float - this does not involve isolation of the detection
device and is “fail safe”.
Start up Overrides
Start up overrides can be tested by engaging and disengaging the device during the test process.
Shut Down Valves
Shut down valves can be tested as part of the test routine if a test bypass is installed. Failing this a
detailed analysis of the implications of a partial test must be carried out. The design of the system plus
the bypass controls requires care. (Any bypass is a potential cause for abuse - sorry misuse!) The controls
on its use and the implication of valve closure needs to be analysed carefully, slam shut can damage seats
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but slow stroking valves can be too slow to prevent an undesired event. Therefore, tightness and closing
time are key parameters.
Test Interval
This should be part of the prescribed procedures for the process.
Verification
The performance of all elements - the response time and the stroking time of the shut down valve should
be recorded and analysed and a report issued.
The performance (or probability of fail to danger) should be analysed against the required performance.
The whole trip system should be checked as being healthy after the test with all isolations in the safe
position (a check on the human error).
The one item, which cannot usually be tested on routine, is the emergency shutdown - this is usually
tested on a plant shut down.
It will be noted that over-speed shutdown has not been mentioned. Mechanical over-speed devices can
only be tested off line but electric/electronic devices can be tested on line.

Over Pressure Trips
There is a belief that over-pressure protection can be provided by instrumental systems. This can be true
if the system is designed properly. Hydraulic systems only need a few c.c. of fluid to cause over-pressure
and the rate of change of pressure could be faster than the valve closure speed. The valve must as, a
minimum, have a leak off system (double block and bleed). Even the design of a simple pneumatic system
has to consider the effects of valve leakage if it is possible (credible) to vent off the system in an
appropriate time periods. Too many simplex/semi-redundant designs have been produced which
theoretically, with ideal condition, produce the designed performance but which in practice were
USELESS.

Maintenance
Maintenance may not seem to be a S.M.S or a shutdown test. However, Maintenance is one of the major
sources of hazards in plant as it usually involves break into a process - valve operation - for the removal of
equipment. Frequent maintenance increases the potential for hazards.
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Maintenance by definition must be handled to produce a quality repair and faults not only due to fair and
tear corrected but also design or operational short falls corrected. Further maintenance should not be
carried out too frequently or too infrequently as this will lead to “wear in” (infant mortality) or “wear out”
(old age) failures. It follows that the repair frequency may have to be adjusted for each piece of equipment
to optimise the running life without entering “wear out”.
From the above maintenance procedures should be clearly defined, how the repairs should be carried out
and what makes or style of parts should be replaced. The records on each piece of equipment, the cause
and symptom of the need for repair must be recorded; trends monitored and where appropriate
corrective actions taken. Further the equipment should be given a test run to eliminate the “wear in”
section of the bath tub curve.
The quality of maintenance requires the correct tools, skills, supervision and replacement parts
supplemented by testing or calibration in the use of instruments.
Training / Performance
Maintenance involves diagnostics and non destructive testing both of which are equally important.
Maintenance must therefore go through the cycle:What can go wrong/ what did go wrong?
What is its implication?
What can be done to correct it?
Was it corrected properly?
These are all part of the SMS.

F 11 Management of Change
In general most companies evolve slowly; changes are slow but steady and are readily incorporated into
the corporate culture. Occasionally more major changes are required for example a design of a plant or
equipment may require change or improvement or even a new procedure is requested. Each change
carries an inherent risk which must be managed using the steps:Identify
Quantify
Control / Mitigate
Verify
Change involves moving from state one to state two and that move has to be “managed”. The change
may be in many areas:
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Management
Hardware
Computer Programs
Procedures
“Change” could also involve “culture” or in the era of take-over the change within an organisation as two
companies blend together. However, the first state or culture may be stable and if all the correct
Management of Change procedures are in place state two should also be stable - but there may be an
unstable state in between.
Fig F 10.1 shows a Management of Change proforma which was used by many companies in the past. It is
quick and simple and will raise the alarms if there is a potential problem.
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Figure F 11.1 MoC Proforma
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Take for example a simple operating procedure. It will now become evident why the Hazard Studies was
introduced in Part A.
First the procedure has to be assessed and deficiencies identified. This may be due to changes in
legislation, operations skills or some audit (The concept phase of a project).
Second the draft operating procedure has to be devised in outline (Front End Engineering Design in a
project).
Third, the procedure has to be polished and refined in conjunction with the operators (Detailed Design of
a project).
Fourth, the operator will have to be trained on what is required on the new procedure and when it will be
in place (The construction phase of a project.)
Fifth, the operating data has to be set and simultaneously all OLD procedures withdrawn and new
procedure just in place. There must be a record of all old procedures issued and withdrawn and new
procedures issued (The start up phase of a project.)
Finally, the operation of the procedure must be reviewed for lessons learnt. (Study 6 of a project.)
It is self-evident that there are change procedures within this change procedure!!!!
The changes may be very small but have significant outcomes as shown below.
What Constitutes a Modification?
There are no firm, water tight rules, each change has to be managed effectively and safely be it a change
in a procedure (as discussed), a change in an operating parameter or in hardware as already indicated.
However, there are other less obvious changes which may creep into the system be it a design or a process
through “drift” (memory fade) or short cuts. It is arguable that some of the failure of defences at BHOPAL
(in India) was due to relaxing the need for safety features (refrigeration unit). Another change is the
operator’s over-ride of a safety function for easier operation. How do you know how it was done and if it
was done?
An illustrative Example Case 1
A control valve was replaced by one which had two long bolts out of the total complement, the flange of
the valve was effectively cut away and instead of there being four short bolts; There was now two short
and two long bolts. On the first examination the pipe flange faces were still as they were and the P and I
Diagram did not change. Unfortunately the fluid was hot, about 150oC, and the lower, long, bolts
expanded slightly more than the top, short, bolts so relaxing the bolting forces. The joint moved, fluid
leaked ignited and the lower bolts relaxed even more in the fire. A simple change resulted in major
damage to a plant. (See sketch below)
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Many companies have developed management of change for modification (hardware) and modification
(operating parameters). These incorporate the steps already outlined. The classic Management of change
produced after Flixborough (above) was based on this sequence but stopped a little short of the control
and verification steps as these were left in the hands of the Engineers / Managers. It is now evident that
more detail must be applied to these last steps and that the thinking is recorded in full. The classic fault in
a hardware system was at Flixborough and in a procedure was at Chernobyl. Both are discussed
elsewhere in these notes but it is arguable that a full safety study should have been carried out from the
very start.
The proforma shown above has been used by many companies as a template for the management of
change
Changes have the most awkward way of hitting back if not fully analysed. The following are some
examples.
Accidents, Which Occurred Because the Results of Plant Modifications Were Not Foreseen
TDC/PLC Systems
The electric logic of TDC/PLC controls does mean that the itemised logic cannot be fully checked/verified,
more particularly it is often difficult to predict what errors could occur due to “poor programming”. The
quality control of programming and its testing is now a major issue for safety. The QA program and the
management of the changes to the logic are fundamental and it can not emphasised too often how this
may affect the ultimate safety of the plant.
Modifications Made During or Just Before Start-up
Start-up is often a time when small modifications are made and it is always a time of intense pressure. It is
therefore not surprising that some modifications introduced at this time have resulted in serious,
unforeseen consequences.
Case 2
One incident started when a temporary start-up filter was put in a compressor suction line. Unfortunately,
it was placed between the compressor and the low suction pressure trip. (See sketch)
The filter choked, the compressor sucked a vacuum, some air was sucked in and this caused a
decomposition reaction to occur further on in the process where the pressure was higher. This caused two
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pipe joints to spring, the escaping gas ignited and the succeeding fire caused over £100,000 damage (1970
values) and many months delay. The consequential losses were significantly more than the capital losses.

Sketch of Compressor and Pressure Switch
Case 3
Another incident occurred in another company. A process stream passed through a series of heat
exchangers and a catch pot into a vessel. The relief valve on the vessel also protected the last exchanger.
(Shown below)
The start up team had an extra valve (shown in black) fitted during construction; they decided it might be
useful in preventing back-flow during start-up. The design contractor said that experience showed that
the valve was unnecessary but did not say that it was unsafe.
During start-up this valve was closed and the whole train of exchangers was subjected to the full upstream
pressure. When the pressure in the last exchanger reached 400 psig, the exchanger, which was designed
for 50 psig, burst. There was a major fire and a big delay in start-up. (A Non-Return Valve would have
been inherently safer!)

Sketch of Process Case 3
Reviews that worked
On one plant a repeat relief and blow-down review was carried out one year after start-up. The start-up
team had been well aware of the need to look for the consequences of modifications and had tried to do
so as they were made. Nevertheless the repeat relief and blow-down review brought to light twelve
instances in which the assumptions of the original review were no longer true, and additional or larger
relief valves, or changes in the position of a relief valve, were necessary.
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Training
Training is discussed under Human Error but it is necessary to repeat this section for completeness.
Personnel are becoming increasingly mobile and skills and knowledge can become diluted or inappropriate
for the tasks required. Traditionally training has become a “hand down process” which involves handing
down poor practices from one person to another resulting in the quality being degraded. Training requires
not only that trainers have the skills but that the correct skills are taught and reinforced. (For some these
notes will be refresher training and for others it will be new training). Training can sometimes be carried
out in house but sometimes it is necessary to seek specialised training - for example the training of a
HAZOP team leader (Facilitator).
Performance Monitoring
When titrating this heading there was a mind set on Individual Performance Monitoring but this mind set
(another source of errors see later) failed to see also Safety Performance Monitoring. Performance
Monitoring, in the broadest sense, is verification that the SMS are working. First there must be some
objectives or targets against which to measure performance. At an individual level there is an expectation
that performance will reach a certain level and if not more training would be given or the individual moved
to a more appropriate task/job. There is also an expectation that procedures will be complied with and if
not suitable advice given.
At another level as part of the SMS certain objectives will have been set for training, auditing, review of
operating instructions, follow up on Abnormal Incidents and Emergency Exercise (the list is endless). Were
these achieved and if not what actions have been put in place?
At the top level there will be targets for reducing accidents minor, serious or other and abnormal. Were
these achieved and if not what actions been put in place?
This final loop is a clear demonstration to everyone that the Management are committed to Safety.

F 12 Safety/Environmental Audits
Introduction
Audits are a very powerful tool in the safety armourary when use correctly.
Audits have parallels to HAZARD and OPERABILITY STUDIES - they are both systematic and rigorous. There
are a number of definitions referring to audits
•

BS 5660, (1996) defines an Audit as: -
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“A systematic and, wherever possible, independent examination to determine whether activities
and related results conform to planned arrangements and whether these arrangements are
implemented effectively and are suitable to achieve the organisations policy and objectives”.
•

The Institution of Chemical Engineers defines a - Safety Audit as: “A critical examination of all, or part, of a total operating system, with relevance to safety”.

•

The International Chamber of Commerce (1989) define Environmental Auditing as:“A management tool comprising a systematic documented, periodic and objective examination of
how well environmental organisation, management and equipment are performing with the aim
of helping to safeguard the environment by:1. Facilitating Management Control of environmental practice, and
2. Assessing compliance with company policies which would include meeting regulating
requirements

•

Management Systems are defined in BS 5660 (1996) as:“ A corporate, at any level of complexity, of personnel, resources, policies, procedures, the
components of which interact in an organised way to ensure a given task is performed, or to
achieve or maintain a specified outcome”.
There are a number of definitions of audits - both Audits as well as Safety/Environmental Audits
but there are common elements such as:-

•

Systematic (review)

•

Corporate/Regulatory; Objectives/Requirements

•

Organisation

•

Operation/Performance

When the definitions are read they seem confusing but when the common elements, shown above, are
drawn out the definitions are in reasonable harmony.
Consider now a financial audit. Someone, usually independent, verifies that the corporate accounts are
correct and recorded in the correct manner. The auditor does not check every penny and entry but the
auditor samples some of the entries and checks that their invoices, receipts and that there is an audit trail
to be followed.
Consider now a health check (or audit). The Doctor checks some key factors or health features to verify,
so far as is reasonably practicable, that there is no organic fault.
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The Doctor samples key parameters such as:
Blood Pressure
Pulse
Urine (for sugars and protein)
Height/weight (Body Mass Index)
Lungs
Retina
Palpates some internal organs
The doctor is looking for evidence of potential problems in the blood circulation, kidney, liver, stomach,
and bladder. The examination is definitely systematic and follows a fairly standard format. It is not a total
“top to bottom” audit as it is based on a selection of key parameters.
It is clear that any audit must be based on a series of factors:
The objective of the audit
Sampling key parameters/features
Measured against certain parameters or reference points
It may seem that some time has been spent trying to lay out the ground rules for an Audit but it is
essential to realise that it is:
It is systematic
It is based on sampling
It has certain defined objectives
It must have a reference against which the audit is measured

Background: to audits
Types of Audit
Audits generally require independence - or else there may be a conflict of interests or even worse,
prejudices. The audit group can be one of these types: External: where the auditors come from outside the organisation. This grouping ensures total
independence and produces a different perspective of the issues, there are obvious advantages.
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The auditors may also be highly skilled and experienced knowing what and where to search for
“tell tales” which might indicate problem areas.
Internal – Local: where the auditors come from the local organisation. This grouping will probably
not have total independence and may have prejudices, which may be positive or negative, and the
team may lack skills required to see the problem areas.
Internal – Corporate: where the auditors come from within the corporate organisation. This
grouping will probably have more independence, less prejudices, more skills but may have an
element of “corporate blindness” and again are unable to see certain problem areas.
The type of audit will obviously have to be chosen to match the Terms of Reference and Scope of
the audit. It may be appropriate to use an Internal audit to examine the compliance of a particular
plant with the Permit to Work Procedure and it may be better to use an External Audit to examine
the Corporate Management Structure.
Audit Steps
There are a number of clearly defined steps in the audit as follows:
Setting the Terms of Reference and Scope
Planning and Preparation
Pre-audit Sampling/Data gathering
Organisation based Sampling/Data gathering
Forming a Judgement
Drafting the Report
Issuing the Final Report
Follow up the Report
The audit will also have some key objectives, these will include:
Identification of the strengths (and weaknesses) of
Safety/Environmental Management Systems, (S/E.M.S.)

the

local

(or

corporate)

Identification of improvements considered necessary to improve the S/E.M.S
Identify an action plan for the improvement of S/E.M.S.
Those must all be measured against a set of references, which may include a whole spectrum of markers
such as:
Corporate Policy
Corporate standards
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Legislation present and future
External standards
Reasonable best practice
So that the text can be written without need to vary it too much the words “Safety/Environmental” have
usually been omitted. The approach for both audits is identical but the causes of a non compliance may
vary subtly between safety and environmental audits. Where there are differences the confusion
incorporated by highlighting these nuances is not worthwhile and a more general level of approach will be
adopted. Actions which result in safety issues also have some environmental implications (and vice versa)
the release of V.O.Cs. is one example. If a company does not accept strict controls for safety issues it is
not likely to adopt strict controls on environmental issues.
The main differences between the two types of audit are the skills and “hazard” recognition skills of the
auditors.
Sampling Data
The introduction indicated that the Audit is a sampling exercise. It is not possible to check every item in a
batch and it is necessary to draw on a sample for more detailed analysis. The sample size must reflect both
the size of the population and confidence that the sample is truly representative of the whole. If the total
population is 2 and the sample is only 1 it would be wrong to conclude that if the one sample of item was
“healthy” the other was also “healthy”, but if the population was 1000 a smaller percentage of the sample
would give good indicators of “health”. Various sampling factors have been suggested. The following are
indicative values.

Population

Sample Size for Confidence Levels
98%

90%

85%

10

All

9

8

50

45

30

16

100

80

40

20

1000

300

60

20

2000

320

60

30

It is clear that a larger sample is needed if the auditors wish to have a higher confidence of their
conclusions.
Identification of Non Compliance
This section has been taken out of sequence for the same reasons as the previous section but also it is
central to the Audit Process and also requires the most skill. This process can be described as:
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What?
Where?
Why?
The WHAT question requires an analysis of both Expectations and Required Standards. The expectations
are those Good Working Practices and Management Systems that would be expected in the particular
activity. The required standards will flow from Corporate Policies and the Legal/Regulatory Requirements.
Some expectations will flow from legal/regulatory requirements and some from experience. This is a very
open statement and requires illustration. The Health and Safety at Work etc Act requires “the provision
and maintenance of plant and systems of work that are (etc)”. It does not call explicitly for a Permit to
Work but on a process plant one of the “systems of work” is the Permit to Work and they will be expected.
In an office a permit to work may not necessarily be expected. On a construction site, particularly a green
field site, tractors might be expected but the access of tractors to an operational Oil Refinery would not be
expected. The identification process requires a large measure of experience, knowing WHAT to look for
and WHERE to look for it. Sometimes check lists may help assistance, either standard lists or ones
prepared for that specific audit.
When walking around a process plant there should be a mental (not written) checklist. If it is perceived to
be a crib sheet the Auditor might appear to be acting “mechanically and not really “on the ball”. A few
items are given:
Task

Reason

a

Check safety gates open/closed/stiffness

Do plant personnel visit the area of the
plant?

b

Are relief valves properly supported
against jet reaction?

Relief valves branches may be bent by jet
reaction forces and if it is bent the relief
capacity may be restricted

c

Are static waste skips on the site?

Do vehicles have to come into a hazardous
area to recover the skip? Is it a source of
fire/flame? What controls are applied for
their safe removal?

d

Are steam relief valves tail pipe drains
clear?

If the relief valve lifts someone may be
burnt with hot condensate. The capacity of
the valve may be compromised.

e

Are firewater drains clear of debris?

If they are fouled there is a possible risk of
the escalation of a fire due to fire spread
upon the un-drained water.

f

Are all sources of liquid spill or leakage
handled effectively and fully contained?

Leaks may enter the water course and
hydrocarbons may accumulate in the soil
to be floated out by the application of fire
water at a future date.

g

Is cellulosic/waste collected in closed
containers?

Waste may blow out of the site into the
public area.

This list is only indicative of a very few items in a possible check list for a site tour. Other “clues”
which might warrant further investigation can be found in the following series of observations:
Observation

Possible Implication

a

Damage to curbing inside hazardous
areas with tyre marks nearby

Is there unauthorised traffic in the
hazardous areas (a source of ignition)?

b

Tour guide “appears” to be “leading” you

What is being “hidden” and what should
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from an area of the site

you not see?

c

Damage to lagging or rust at the bottom
of the tank

Possible corrosion under insulation leading
to leaks

d

Roped off areas with no signs of
maintenance

Is maintenance being under-funded and is
there a latent problem?

e

Oil stains on roads

Oil is entering the drains and bypassing
interceptors

f

Open sample points

Vapour release to atmosphere

The WHERE question is seeking to identify the source of the “non compliance”, or the deviation from
expectation and required standards within the organisation or Management Systems.
The problem may lie in:
•

The organisation

•

Personnel

•

Other

The WHY question is seeking the root cause of the non-compliance or deviation from expectation or
required standards. These are likely to be fairly clear and have fairly clear indications, the list is obviously
fairly long and again only illustrations can be given.
Organisational Problems could be:
Symptom: People feeling uncertain and isolated
Possible cause: Lack of Objectives
Symptom: People feeling they are given poor guidance
Possible cause: Lack of Supervision
Symptom: People feeling that any message is conditional, “of course safety is important but production
comes first”.
Possible cause: Lack of Commitment
Symptom: People have poor skills
Possible cause: Lack of Training
Symptom: People feel uncertain as to who is their Supervisor/Manager
Possible cause: Poor Reporting Routes
Personnel Problems could be:
Symptom: New recruits do not know what to do
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Possible cause: Lack of Training
Symptom: Head strong personnel doing what they think is right - not what they are told to do
Possible cause: Corner Cutting/Lack of Discipline or Control
Symptom: Personnel feel they are being victimised or personnel having no respect for the manager and
ignoring guidance
Possible cause: Personality Clash
Other problems could be:
Poor accident investigation
Poor accident/near miss follow up
Formulating a Judgement or Conclusion
It is necessary to introduce this topic into this section to allow the procedure to be explained as a
continuum. The judgement or conclusion will lead to a finding and then to a recommendation and it is
therefore essential that the recommendation is appropriate to the issue.
First the judgement must reflect the needs and product of that company as well as its corporate structure.
This can best be described by simple examples. A research company which produces a technical product
does not necessarily require a Permit to Work System, but, if it is of sufficient size it may be appropriate to
expect one person who has a responsibility for “Safety” be this good housekeeping or for the practice of
office evacuations. A workshop, which employs many mechanics, may justifiably have one person
responsible for the Occupational Health and Safety of employees. The judgement must therefore reflect
the expectations of the Auditor and be in harmony with the structure and type of organisation being
audited.
Second the judgement must be measured against a reference. This reference may be a corporate
standard or a legal requirement. These should be clear-cut.
Third the judgement must be fully researched and supported. One person who did not wear head
protection or one spilled sample would not be a suitable sample and may be due to one rogue employee,
it is appropriate that this is highlighted but it is not a major finding. However, if these examples are
prevalent it may be necessary to research it further to find the real source of the problem.
The Audit Process
The main steps in the audit process were outlined in the Introduction and some of the essential tools or
skills outlined. It is now necessary to follow the sequence through in a logical order.
Terms of Reference and Scope
Normally a Manager within an organisation (Design, Operations Research etc) will ask for a
Safety/Environmental Audit for one of a number of reasons. It may be that an audit is required on a fixed
routine as required in the Corporate S & E Management Systems or a Manager may feel that there is a
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short fall in the Safety/Environmental performance and an Audit would assist in identifying the problem
area. It will be noted that it is requested and not imposed!
The Manager will call for the Audit to be carried out and a Leader or Chairperson will be nominated. The
Manager and Leader will then decide upon and write the Terms of Reference and the Scope of the Audit.
The Leader and initiating Manager will agree the type of audit to be carried out and draw up a possible
short list of team members.
The Terms of Reference will generally cover:
The type of Audit to be carried out
The objectives of the Audit
The start date of the Audit
The delivery date of the Audit
The person to whom the Audit should be delivered (if different from the initiator)
The Scope will generally cover:
The areas included
The areas excluded
Any specific area for detailed attention
The references against which the Audit should be measured
The Type of Audit as discussed earlier.
Planning and Preparation
The detail, which goes into the planning and preparation, can pay dividends during the Audit. There are
many aspects which cannot be gone into in any detail. The following are worthy of serious consideration:
First The list of team members has to be finalised and agreed with the initiating Manager. The team
should be chosen according to their skills and the nature of the audit itself.
Second The “domestic arrangements” must be made. The listing may be trivial but if the arrangements
are incomplete a few hours delay could be costly. These may include:
Accommodation - Hotels etc
Secure Office
Telephone
Filing Cabinets for storing documents
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Secretarial Support
Photocopying
Identity Badges while on the site
Liaison Person on the site
Third The team should meet to make their acquaintance and that of the Liaison Person if possible - they
may not have met before. Following from this a list of initial documentation should be drawn up for
review. The documents should be allocated amongst the team. The team should consider which items
need special attention and draw up an initial list of:
Issues to be examined
Personnel to be interviewed
Any check lists they feel appropriate for the future audits
Fourth The team should produce an initial timetable of tasks and interviews.
Pre Audit Sampling/Data Gathering
Following the initial meeting the team may have a few days in which to review documents in their own
office and analyse the data already delivered prior to the site visit. It is very possible that extra documents
or data will be required following this initial review. This should be directed to the Liaison Person who
should collect and forward as necessary.
It may or may not be necessary to have a further meeting of the Team.
Organisation Based Sampling/Data Gathering
The first on-site meeting of the team must be a “Courtesy Meeting” with site personnel. During this
meeting the Team and Site Personnel should be introduced to each other and the Terms of Reference and
Scope explained to the site personnel. It would be usual for the site personnel to know the Terms of
Reference or the Scope but it should be possible to expand on them and to include any particular topics,
which the Site Personnel may feel appropriate.
Following the meeting Identification Badges MUST be issued and worn the Team should then be given a
Site Safety Induction briefing and a familiarisation tour round the site to examine the detail and potential
hazards of the operation and also to be introduced to other site personnel. (If the Team is not introduced
properly and has no clear identity they should expect to be challenged). This tour may well be
supplemented by frequent more specific tours at a later time.
The Audit can now start. The task is basically searching the organisation for the WHAT?, WHY?, WHERE?
questions to produce a conclusion. The method may be by interview, data collection and analysis or by
the well-trained eye and ear. As much is based on experience no hard and fast rules can be given. It is
surprising how often a finding is identified by the well trained eye and ear.
At the end of each day a short team meeting should be held to exchange observations and classify details.
The meeting need not be highly structured but would generally include:
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Provisional, preliminary findings (these may change at a later date)
Areas requiring further clarification
Gaps in knowledge
Areas needing further study
At the beginning of the day and not longer than every other day the leader should meet with the Liaison
Person and a small group of the Site Personnel to give them a feed back of the provisional findings. During
these meetings any misunderstandings can be cleared up and the site personnel will be prepared for the
final report.
Initially progress may appear to be slow and it may require further visits to the site to assist in the data
gathering and formulating the findings - the Audit team should not be put off by what might appear initial
slow progress it is not unusual as the team is in a learning curve.
It is also very important that data is “logged and recorded” for reference purposes and filed on a suitable
manner. The data becomes the evidence which supports the finding and recommendations, if it is not
available, confirmed and secure the finding and recommendation cannot stand.
Draft Report
If possible the Draft Report should be available and presented to the site personnel before the Team
departs. Inevitably there will be negative features of the Report so it is important that these are counter
balanced by the many positive aspects that were found. If the feedback process has been successful there
should be no surprises in the report. If the feedback process described above has not worked there is the
risk of the undermining the whole validity of the audit with the killer statement ‘but you did not
understand (fully investigate) the issue - surely you know that....!?’
Final Report
The final report must reflect the observations of those being audited. If the appropriate liaison and
supporting information is available the final report should only be a ‘polished’ version of the draft.
Follow-ups
The Terms of Reference may require a follow up to determine if the actions recommended have been
complimented effectively.
Interview Technique
The auditor is eliciting information (as in a HAZOP) from the organisation and the personnel. To a degree
the interviewee will be defensive; more particularly if the auditor is not recognised or known to the
interviewee. The first task is to put the interviewee at rest by use of interpersonal skills. These may include
using first name terms, and common courtesy such as ‘please sit down’ if they are visiting you.
The next task is to create the correct atmosphere. Sitting forward in a chair is considered to be an
aggressive posture (body language) but slouching in a chair is showing a disinterested posture.
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The next task is to introduce questions slowly but purposefully. Start off with a benign question “how long
have you worked here” or “where did you work before you came here?” This sets the interviewee at rest
as it is simple, easy to answer and does not require a “yes/no” answer. The questions thereafter should be
“open” avoiding the questions that only require the yes/no answer and word them such they can allow a
second follow up question. The line of investigation should use questions that start with words like:
How?
Why?
When?
Who?/To whom?
Which?
Where?
These questions may produce fact, opinion, and lack of knowledge or they may produce a piece of
evidence worthy of further analysis.
The auditor is trying to elicit information so the interviewee must have the majority of the conversation,
possibly as much as 70% of the total. The questions in the interview may follow from research, prior
reading of data or documents or a concealed (mental) checklist. Do not let the interviewee see the list as
this could create a lack of trust and friction. The results of the interview will produce potential findings;
these may confirm a previous observation or give a new line for study. It is now necessary to add shape to
an observation. An aggressive “I put it to you” will achieve resistance but paraphrasing a reply such as
“Could you expand on...?” “Have I got it wrong....?” the use of I “appears” to put the auditor in a weak
position and the interviewee in a strong position and should lead to a more open and expansive reply. It is
all part of the interview technique as discussed under “interpersonal skills”.
Auditing requires “interpersonal skills” much of the Audit will be searching for information and asking
questions. If the Auditor is heavy handed the Interviewee will become defensive so the questions must be
carefully framed. The question must be framed to avoid the “yes/no” answer as this form of questioning
will result in no information flow - the question must be framed for an expanded answer by which the
Auditor can search for clarification or more detail. It is a case of coaxing out the information and shaping
the form of the “finding”.
The Auditor should also be aware of body language, an aggressive approach will result in a defensive
response and the interview will be a waste of the time two persons and may lead to conflict, which
eventually undermines the whole audit process.
Both of these are essential skills.
Useful Tips to Avoid Conflict as there is a potential for conflict if the interview is not carried out with
sensitivity:
The Auditor must, at all times, act in a professional manner.
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The Auditor must, whenever possible, be aware of the potential for conflict and try to avoid it
at all times. He/she should, where possible, be careful of the dangers of putting someone in
a “lose/lose” position.
The Auditor must be a good listener and able to analyse what is being said quickly.
The Auditor must be able to formulate questions in an easy to understand, unambiguous
manner.
The Auditor must be open-minded and non-judgemental.
The Auditor must be open eyed.
The Auditor must be open eared.
Thinking time is essential for both parties.
Findings must be specific and not generalised.
Recommendation must be clearly formulated and also must be realistic and appropriate to this
site.

A Simple Form of Audit
A simple audit often carried out is the audit of the execution of the Permit to Work System. A Plant
Manager who could be both Initiating Manager and Auditor could carry this out.
The Terms of Reference could be
To examine the P.T.W. system to ensure that it is carried out according to works/site
procedure. (No.123)
To deliver the results to the Plant Supervisor by (name) and (date).
The Scope could be
To examine a sample of P.T.W. for the weeks x/y.
To include Hot work and Cold work permits but to exclude Entry Permits.
The Auditor must now decide on the sample size - possibly 50% for a total of 100 permits.
The Auditor should examine the permits - were they filled in correctly and unambiguously?
Is the task or job clearly specified?
Are the isolation standard clearly specified?
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Are the tools clearly specified?
Are the hazards clearly specified?
Are the site preparations clearly specified?
Are the emergency procedures clearly specified?
Are prohibited acts clearly specified?
Are other tasks in the area clearly specified?
Was the permit signed off correctly?
If the task was delayed, were new conditions specified?
The Auditor should take a sample of the permits produced for one day and progress all of them, checking
that the work was being carried out correctly and as laid out in the Permit.
The Auditor should sample the permits issued by each shift so as to satisfy that there is not a “weak link”.
The Auditor should issue a report containing: 1. Number of Permits inspected.
2. Number of Permits progressed on site.
3. Deficiencies noted.
4. Actions proposed or taken to correct the deficiencies.
5. The report should be issued to the Plant Supervisor and after one day discussed with the Plant
Supervisor.
Some of the Historic faults found in Permits included:Issuer signs “on behalf of….”.
Conditions for a Hot Work Permit were changed on the Permit without checking the site for the
reasons or causes of the change in conditions.
No-one inspected the site of the work.
Incompatible work was taking place in the same work area.
Valves were not correctly identified (tagged) and locked shut.
There were more permits in force than any reasonably competent issuer could supervise and
check/monitor.
The maintenance crew had no idea of the potential risks in the area.
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The maintenance crew had not read the permit.
The list is endless!

Use of an Audit in Academe.
It should be possible to carry out an Audit within a University Department.
First the topic must be decided and then the Terms of Reference and Scope must be defined.
Some “possible topics” are;
1. Are the PPE used correctly and what recommendations would you make for changes?
2. Are the risk assessments for Experiments in sufficient detail and accuracy, up to date and what
recommendations would you make for changes?
3. Do the experimenters follow the laid down written rules in detail? Are they appropriate? Are there
Safety implications if the rules are not carried out or if they are not in sufficient detail? What
recommendations would you make for changes?
4. Has a full survey of noise been carried out? What recommendations would you make for changes?
5. Good housekeeping. Is the place tidy? Is everything stored properly? Are there trip hazards? Are
escape routes clearly marked and uncluttered? Does everyone know what to do in an emergency?
6. etc
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F 13 ACCIDENT INVESTIGATION
Introduction
Accident Investigation is an excellent tool for teaching Chemical Engineering skills
and also understanding human factors and the interactions between engineering
disciplines.

In the Utopian World accidents would never occur with good management. In the Real World, they do
occur rarely, in spite of good management skills. The corollary is that a good manager will have very little
accident investigation experience if and when that rare event occurs. Such events might be categorised as
“Acts of God” if it is not recognised that accidents are actually caused. (See Part A) Once the event has
occurred there will be the inevitable questions:“Why did it occur? What should we do to prevent it occurring again?” The final command “Find out!” is
rarely said but it is understood and implied.
If a pump seal gave months of satisfactory performance and then failed suddenly, there must
be a cause which should be identified to prevent the occurrence of a worse event (such as a
fire).
If an operator twists an ankle, there may be a latent cause - such as an uneven surface - which
will result in another twisted ankle if no action is taken.
Three examples are used at the end of this topic to illustrate the investigations, which did occur some
years ago, one is simple and two are more complex. Each required analyses of data, comparison of theory
with what was observed and the careful construction of a “STORY” which described the whole event from
the initiation to the final outcome.
The narrative of the investigation process will be generalised. In reality, sections of the process may be
unnecessary in specific incidents and may be justifiably ignored. - BUT be very careful before ignoring
them as valuable information may be overlooked or lost.
Background
Accidents may appear to occur suddenly or may appear to develop over time. In reality, all accidents have
a series of precursors, which may be dormant or unrevealed (See Defence in Depth parts A and F earlier).
The sudden event such as a twisted ankle will be over in one or two seconds and will rely on visual
descriptions of on-lookers or narrative of the injured person to give clues. The developing event may
allow detailed “on the spot observations/investigations” to take place while it is occurring and will rely less
on the observations of on-lookers. In a generalised model, the accident will have discreet phases.
Build-up: When the elements or causes are put in place.
Initiation: When the event is catalysed.
Escalation: When the event grows in size.
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Controlling: When the event is brought under control.
Rectification: Eliminating the causes of this and hopefully other events.
(The Bow Tie Model again!)
The Build-up phase may take years. Elements of the Defence in Depth will be systematically eroded such
that an Initiating event starts the sequence of events, which lead to the accident. If some more defences
are eroded, the event may escalate - if not, it will be controlled.
In the example of the twisted ankle, the concrete surface may have been uneven since it was cast but the
operator did not go near it as the normal route between A and B was five metres away. After a number of
years, new equipment may have been installed until the operator was force to walk over an uneven
surface. The escalation may be that, when the operator fell, he/she hit his/her head on the badly placed
valve or bracket. If the medical service reacts well, the accident will be controlled quickly and the operator
taken to the medical centre. The rectification might require a recast of the concrete and relocation or
guarding round the valve.
In the example of the pump seal, the build-up may involve
Change in the tolerances
Change in the installation procedure
Dust in the work shop (house keeping)
The initiation may be the movement of a piece of grit. The escalation may involve failure of a shutdown
system (if it was not tested) or emergency drills, which were not practised.
The events in the build-up phase may be hard to detect, even for the most skilled personnel, they may be
small and systematic or they may be a manufacturing fault in a spare component. (This is not meant to be
a defence - it is a statement of reality - however, audit procedures (see above) may assist in the early
detection). The investigatory team has to consider if historic evidence, or even plant data, will be of use
and how it may be accessed. The initiating event may be significant or insignificant. [In the case of Piper
Alpha, the initiating event was a leak of 75kg of hydrocarbon but the build-up had been going on for
years]. The escalation conditions will usually be self-evident.
It must be recognised that, during an incident, there will be a whole range of “data” from “relevant” to
“irrelevant”. It will be impossible to determine into which of the two groups it will fall for some time, so it
is not called “evidence”. There may also be a third group - “I’ve never seen anything like this before!” It is
self-evident that a clear picture and self-consistent story may require careful analysis before data can be
truly categorised as irrelevant.
A simple exercise on perspective and the need to categorise the data with care was carried out on two
Greek and two British students. They were asked to make the following into patterns or consistent
groups: -
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Alpha

Cormorant

Auk

Bravo

Delta

Brent

Dunlin

Charlie

The data can be put alphabetically:
Alpha; Auk; Bravo; Brent....
Or groups of both A and both B
Alpha/Auk
Bravo/Brent
Charlie/Cormorant
Delta/Dunlin
or
Auk Alpha
Brent Bravo
Cormorant Charlie
Dunlin Delta
The Greek students put together
ALPHA
DELTA
The British students put together
Alpha/Auk, etc.
The groups were very simply
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PHONETIC ALPHABET (Alpha; Bravo; Charlie; Delta)
SEA BIRDS (Auk; Brent [Goose]; Cormorant; Dunlin)
[Auk Alpha is a Shell (EXPRO) oil platform but Dunlin Delta is not]
Once a clue was given, all of the pieces fell into place - but it took time. Such is the difficulty with accident
investigation.

Investigation - General Model
There are two parallels between accident investigation on the process plant and the police investigation
into a road accident or even murder. The comparison between a forensic study and accident investigation
will not be misplaced. In this generalised model, it will be assumed the accident has occurred (or is
occurring) and the build-up and initiation are not as yet disclosed.
Start
Just as the event occurs, or even just before it occurred, “someone”, “somewhere” will have heard or seen
“something”. This has to be captured at “sometime” but these people are likely to be very active in taking
control of the event and cannot be disturbed. Investigation therefore requires skilled, tactful interviewing
as well as technical analysis.
After the event, the memories of the incident may be distorted or facts may be missed so it is important
that some visual records of the incident are recorded on video or photographic film. (Digital cameras and
videos are best as the data is available immediately). It is not a question of “what” should be recorded,
more a case of “anything” and “everything”. Most will be a repetition but some of the views from
different angles will add to the three dimensional picture and give some scale. If possible, the exact
physical location and time of each shot should be noted.
After the incident, nothing should be disturbed until a number of photographs of the area can be taken. If
time allows professional photographers should be used but, failing this, high quality prints, which can be
enlarged, are essential. Much of the information in the photographs will be irrelevant but some will be
relevant and no one can be sure at that point which is which. If possible, the area should be grid marked
for future reference. Before anything is moved, the position of each item should be noted against the grid
mark, or against a set of coordinates, and then carefully labelled. The objective should be that when
pieces of data are removed for inspection they can be replaced in the correct place and orientation,
should the need arise. The location of each piece of evidence against fixed coordinates, its orientation and
its location relative to other pieces may be critical later on in the investigation. (It will be noted the word
DATA was chosen instead of EVIDENCE - some will be evidence, but most will not).
The data can now be removed carefully, piece by piece, and stored in a safe, secure room or work shop
with plant records and operating parameters leading up to the incident. Immediately after the urgency of
the situation, “eye witnesses” must be interviewed. The interviewer will be part of the investigative team
and must know what facts to seek out (See also Part B). It is essential this is done quickly as time will start
to distort the memory and also, if eye witnesses discuss the event, the memory of a key witness may be
changed adversely. The interviewer MUST be very tactful and sympathetic to ELICIT information (See also
Audits and HAZOP). It is very likely the witness will be suffering from some degree of shock, may be
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frightened and will not respond to a pressured interview. The eyewitness should be put at ease and
INVITED to write what he/she saw and heard in his/her own words.
Essential information would include:
Location of the eye witness
Approximate time (the start of the incident could be a reference but time could be distorted)
What was seen and where
What was heard and which direction it came from
What the person did then
Was more data gathered? In this case, repeat the cycle and go back to “Location”.
The need for tact and sympathy cannot be over-stated. The interviewee must feel confident and
relaxed with the interviewer imposing no pressure whatsoever.
The visual and audible data could be relevant and the interviewer should encourage comparisons so that
the size or noise can be referenced for more detailed assessment. The size of a fire could be measured
against a location on a structure and then height assessed by simple triangulation. Sounds could be
likened to a whistle, a jet engine or a squeal - a “whistle” may reflect a small gas jet leak, a “jet engine”
may reflect a two-phase release and a “squeal” may reflect a “reed effect” on a joint leak.
When all of the data or information (still not evidence) is compiled it is expected that there would be some
areas of data agreement but there may be some areas of data conflict. All the data or information must
still be treated as potentially useful but undisputed information could be treated as possible EVIDENCE
and disputed information may/may not be of use later. (See the example given earlier).
The team would then work to consider if it has a credible sequence of FACTS, which might make some
possible scenarios worthy of further detailed development. To use the analogy of a jigsaw, the corners
may be in place, some of the sides in place and two or three other pieces fitting together and some being
incorrectly fitted together, it is also possible that the pieces could be fitted together in a different order to
give another picture. At this point, it should be possible to eliminate certain scenarios with reasonable
confidence. Using the forensic analogy, there will now be the some useful “lines of investigation” but the
investigation team should still be very open-minded. The team can now address the hard data obtained
from the area of the incident and decide which pieces of data suggest the various pictures or scenarios.
Slowly, one or more of the scenarios will be proven to be wrong and can be dismissed. Some of the data
will require more detailed analysis; this may be metallurgical or by microscopic. The team should also
examine historic data from plant records and operating parameters. There may be other useful
observations where someone saw/heard “something” before the incident (that all-embracing word!) and
feels it may be useful.
Reverting to the analogy of the jigsaw, one picture could be developing as the likely scenarios and other
scenarios may be less likely (but still not capable of being rejected).
The time frame for the initial analysis may be one or two days. There will be great pressure for repairs to
progress and for production to be restarted. If there has been a massive mechanical failure, it is unlikely
that the repairs will have been affected but - even if they have been - could it happen again? If there has
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been a fire, repairs are likely to take well over a day or two to complete - could it happen again and be
worse the next time? The Site Manager is now putting pressure on you to make a decision as to what
occurred,
and whether he can justify restarting production
and HSE want to see an interim report in 2 days’ time and are threatening an improvement notice
and Sales have a potential one-off sale to be delivered in one week’s time.
The pressure to produce an answer may be intense.
It is clear that destructive tests on samples must be carefully devised so as to produce the maximum
information in shortest time with minimum sample loss. The detailed analyses of the damaged elements
may require time and obviously there is little point in carrying out “haphazard” tests using the entire
sample in destructive tests and then, finding that one more test was essential. In addition, all of the
possible incident scenario may still be live and parts A of the jigsaw fit into scenario A, parts B into
scenario B but parts (A & B) do not fit into scenario C and there is some data which fits nothing. (This is a
fairly unlikely event, but could occur).
One other useful hint is to determine if there are patterns in the data. This could be either physical marks
or damage which may be preferentially disposed to one direction/location.
The description of the investigation has obviously been slightly overdone to make it more universal. Some
of the evidence may be so overwhelming that there is only ONE likely scenario and no further action is
needed but this will not always be the case. Slowly (and hopefully rapidly), one incident scenario will
become the probable one. The evidence should, where possible, be supported by a second set of evidence
(corroborative evidence in the forensic analogy) but there will always be a small amount of unsupported
evidence and data, which fits no scenario. The objectives, where possible, are either to prove the data is
irrelevant or to find supporting evidence.
Eventually, the whole sequence of events will be clear and there will be a very high confidence that there
is a consistent, proven story. At this point, it should be possible to predict that there should be other
evidence - this may be available already but not fully recognised or it may be necessary to find it in
metallurgical examinations or more detailed examination of the area of the incident.
At this point, it is the “End of the beginning”.
The Beginning of the End
The incident will have a sequence:Cause
Development
Result (Incident)
Correction/Prevention
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The final step is to determine if the cause can be eliminated or detected or if the development can be
eliminated or detected. There are no rules for this - each situation must be treated on merit.
The End
It is possible that the final incident investigation report will have to be submitted to the HSE and must be
of high quality.
The contents may include:Causes Evidence
Development and Lessons Learnt
Incident Action
The causes of the incident will inevitably cover all causes. It has already been discussed, accidents do not
have a single cause but many causes, each cause should be discussed, and then a clear recommendation
or action can be defined based on the discussion.
The Development and the Incident will probably be fairly factual but will compliment and link with the
causes.
The Evidence may be one of the larger sections and may have to be summarised with the bulk of it put
into an Appendix. This section should record:
Photos
Interviews
Metallurgical Tests
Physical Tests
Calculations which support/confirm evidence
Evidence rejected - and the reason why it was rejected
Evidence which supports and compliments other evidence
Uncertainties or gaps in this evidence
The Lessons learnt come at two levels. In the first there are the conclusions, which will complement the
Causes and flow into the Actions. The second level will be the messages, which may require to be
cascaded down through the site/company or the Industry as a whole.
The Actions are of course the recommendations, which should have a time frame. It would be slightly
naive to believe that all of the issues could be cleared up within a few days; inevitably there will be some
form of risk ranking given to the recommendations, this will influence the time frame. Some of the
recommendations may be fundamental and have to be implemented before restart of the process but
others may be deferred and could be implemented within a few weeks with little risk of recurrence.
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There are no hard and fast rules.
Check Lists
During the Incident
Photos
Video
Visual records
After the Incident
Close off the area
Photograph the area
Label data and its location (coordinates or grid marks with any photographs)
Remove data to a safe location
Interview observers
Collect plant records
Close out
Issue the report
Example: Incident 1
A pump handling an organic fluid at 150oC (BP at 101 kPa = 80oC) took suction at 800kPa from a suction
drum of capacity 10 tonnes some 8 m above the pump for reasons of NPSH and process configuration (See
note on lay out in Part D). The suction line was 40 cm diameter and a total length of about 10 metres. The
ESD valve was located about 4 metres from the pump isolation valve.
The pump was inspected on routine by a very competent fitter about an hour before the incident as it was
intended to carry out maintenance on the water deluge surrounding that section of the plant. The fitter probably quite correctly - was satisfied that the bearings were in a healthy condition and that the seal was
not leaking so the permit was issued for maintenance on the water deluge system. The deluge system was
then isolated.
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Figure F 12.1.1 Simplifies Drawing of Process
A little later, a fire detector “sounded” and a major fire was seen completely surrounding the pump. The
ESD valve (shown above) was closed and a plant shut down. The fire did not abate when the ESD valve
was closed and either reverse flow or a passing ESD valve was possible, so extra valves were closed on the
discharge of the pump. Still the fire did not abate but the alternative explanation was the contents of the
suction line were draining into the fire. The location of the leak was hard to locate because of the fire
intensity. The flame height was about 8 metres and the diameter about 2.5 metres and access to the
pump suction valve was impossible.
The fire attack was carried out to cool the vessels/structure/piping within the area and to lay a foam
blanket to reduce the pool fire. It was not possible to extinguish the fire with foam and alternative actions
such as displacing the organic fluid with water were set in place. The option of putting out the fire with a
dry powder was also considered but put on “hold” as the water-cooling was very effective and the vapour
could reignite from hot metal. After about 12 to 15 minutes the fire suddenly self-extinguished over an
interval of 5 seconds.
1. Facts to date and in retrospect
Line content between ESD valve and the isolation valve about 400kg fluid.
Fire dimensions indicate a leak rate of about 0.5kg per second (See Part E)
Fuel output in 12 to 15 minutes about 360 to 450kg
2. Conclusion
The ESD valve was closed tight
The pump suction line was self-draining, under its own vapour pressure, through an orifice
3. Immediate Observation
The fire was confined to the close vicinity of the pump
The area for the investigation was closely defined
After the area was made safe, the damage was very limited. The passive fire protection to both the
structure and the piping was in good condition and the pump and motor had suffered no obvious damage.
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The pump motor cables had been damaged and one box containing an Escape Breathing Air Set had
blistered paint.
Just before the fire self-extinguished, the fire seemed to be centred on the suction valve.
Initial Theory
There had been a joint leak, which ignited - the cause of ignition was not evident.
Detailed Investigation
The enquiry had a fairly clear boundary, which included the PUMP and its SUCTION VALVE. The system
was pneumatically leak tested. The joint on the suction valve was found to be loose and damaged but it
was not clear if this was cause or effect.
The pump was stripped down and the seal found to be in quite good condition but the bearing had failed
due to interference failure between the pump shaft and the inner race. The bearing was well into plastic
deformation and was probably glowing red-hot at one stage. The shaft of the pump was “loose” due to
the bearing failure and was probably not running concentrically. The eccentric rotation of the shaft could
have resulted in a significant leakage at the seal, which in turn would have ignited off the red-hot pump
bearing.
The evidence was so far self-evident.
The source of ignition was found.
The initial source of leakage was found.
Why did the suction valve flange leak?
It would be unwise to assume joints do not leak in a fire. Bolts expand and gasket compression can be lost
with resultant leakage (see the example of a leak with a new valve design earlier). This is a fairly common
observation and probably occurred in this incident.
All of the facts are now secure except one: Why did the pump seal take up? This could be expected once
the pump was shut down and the seal and face stopped a processional movement.
Actions to prevent the incident
Interference failure in bearings is not common and is best controlled by good bearing
specification and workshop practice, which were both in place on that site.
Seals can be reinforced with secondary seals such as double mechanical seals or lip seals. Lip
seals were fitted following this event.
Joints can be simple gaskets or spirally edge wound. Spirally edge wound gaskets were fitted
following this event.
Due to the long suction line, fire walls some 2/3 metres from the pump with extended suction
valve spindles were fitted such as to give a second isolation should the ESD valve leaked or
fail to close.
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Rapid plant depressurising procedures were developed using internal recycle of flashed, cooled
fluids.
This was a very simple incident where the observation of many people before and during the incident was
fully corroborated by the evidence. It was one of the few incidents that could have been defined as “Act of
God” as all of the checks had been carried out in a thoroughly professional manner.
Example: Incident 2
This example of an incident refers to the failure of a turbine blade while on line. The main point about this
is not why it occurred but the difficulty in reading or interpreting the data. The diagram below shows the
two faces of a reaction turbine, the active face to the front is the main face where the gas should contact
and the inactive face is the reverse face.

_______________________ FAILURE LINE

Figure F 12 2.1 Failed Blade
The photo below F 12.2.2 shows:
On the left the stub of the Tee Root with the failure line off-set. This is fairly typical of the failure of a
turbine blade being the most highly stressed section.
At the top is one of the rubbed blades but not failed blades. Below it is the failed blade. Note
the wear and plastic deformation. It was hot!
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Photo F 12.2.2 Failed Blades Showing Damage
Note the silver edge to the blades above. This is on the “non active face” – the exhaust side away from the
main flow.
Why? It had been impacted by water in the exhaust duct which had accumulated during minor shut downs
so creating a cyclic bending moment leading to the fatigue crack. Metallurgical analysis shows this to be a
very high cycle fatigue so it had been occurring on and off for many years but the duration only lasted only
a few minutes. It took a number of hours and different lighting regimes to see these marks. The
positioning for the photo was chosen to highlight the marks.
The root cause was poor design and understanding of the implications. Would a HAZOP have identified
this potential? YES!
Example: Incident 3
This incident has elements of “I have never seen this before!” and “I don’t believe it!” However, it is a
very good example of everything coming together in a coherent story.
Before the incident is described, it is necessary to give some background information to assist in the
understanding of the whole incident.
A simplified process flow diagram of the essential elements of the plant is shown below. Process gas
containing oxides of nitrogen is compressed to about 2.5bar (350 kPa) with a discharge temperature of
about 200oC (473oK). As the gas is to be fed to an absorber, it must first be cooled in an inter-changer - the
heat being used in a power recovery turbine. The absorbent was water and the lean gas leaving the
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absorber passed through the interchanger, through the power recovery turbine and then on to an effluent
vent stack. The cycle is fairly typical of many used in the process industry and is not complicated.

Figure F 12.3.1 Process Flow Diagram of Absorber and Compressor
It is now necessary to consider some vibration characteristics of machinery. A vibration signal from any
machine will display harmonies of its rotational speed and if it is driven by a motor and gear box gear
mesh frequencies (and harmonics) will be found as well as mechanical and electromagnetic vibration from
the motor. These signals are usually quite low when measured on the compressor. The rotational
frequency of the compressor is usually the dominant component and reflects the residual unbalance in the
rotating shaft.
The figure below is a good vibration signature - assuming the total vibration level is low.
In this case, the compressor ran at 100Hz (6000RPM), the main component represents residual out of
balance and there would be no concern for mechanical integrity. The minor feature at 150Hz is again
typical of vibration transmitted from the motor along the support plinth.
THIS WAS A TYPICAL SIGNAL FOR THIS UNIT AND FOR ANY OTHER MACHINE OF ITS TYPE.
The relative magnitude of the harmonics relative to the rotational speed and their axes of propagation is a
clue to diagnostics. Raised levels of second harmonics may indicate minor coupling stiffness or
misalignment. Raised third and fourth harmonics may indicate misalignment. In addition to the
frequencies already mentioned, very low-level signals from natural frequencies can sometimes be
detected.
For a number of reasons, the natural frequency of the various elements of this machine had been
measured by static excitation tests and rotational run down tests - shaft-bending frequencies were known
and those of most of the rotational elements. This data will be introduced later.
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Figure F 12.3.2

Figure F 12.3.3

Figure F 12 3.2. was a signal measured one day. As the magnitude (vertical scale) is a logarithmic scale and
the frequency (horizontal scale) is linear scale, the change is very significant and represented by a doubling
of the vibration level. The rotational and second harmonics have not changed but the third and fourth
harmonics appear to have risen indicating some disturbance to the alignment of the compressor. For five
to ten minutes, these signals did appear to give real cause for concern as the signature appeared to be
correct. The small spike on the right hand of third and fourth harmonic seemed to be new until the two
plots, the old Fig F 12.3.2 and the new Fig F 12.3.3, were super-imposed, it was realised that there were
two new signals at 290Hz and 390Hz corresponding to the two natural frequencies of the turbine disc.
(The horizontal line links the 3rd and 4th rotational speeds, 300 and 400 Hz). The magnitude of the
harmonics had not unchanged. The shapes of the vibrating modes and the frequencies which had been
determined some months before are shown below - the lines represent the “nodes” in the vibration.

290Hz

390Hz

Figure 12.3 4 Modes of vibration of power recovery turbine disc
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The musical and physics purists might note that the interval between the natural frequencies is not as
might be expected. How do you describe in a drawing a nodal circle? That is two nodes, one at the hub
and the other is about midway between the hub and the periphery of the disc! This does not alter the
messages.
The only credible explanation was impact on the turbine disc BUT all process parameters were within the
normal range.
“I have never seen this before!”
Alarm bells were beginning to sound, “SOMETHING” was not right.
A week later the machine shut down on activation of high vibration trips - so many were activated that
there had clearly been a major failure of the rotating assembly. The only action to be taken was to open
the machine to find out what and where was the damage.
Twelve hours after the shut down, it was found that one of the turbine blades was “MISSING”. It was
subsequently found in the exhaust duct. The failure was due to fatigue at the tee root.
“WAS THE VIBRATION SIGNAL TAKEN A WEEK PREVIOUS TO THE FAILURE SIGNIFICANT?”
The two pieces of data did indicate that there might be some significance.
It is not necessary to add one more element of engineering fact. There are two faces to an impulse
turbine blade (such as these) - one the “active face” where the fluids (gas in this case) “impact” and the
“inactive face” shown below.

Figure F 12.3.5 Active/Inactive Faces of Impulse Turbine
Yet on more detailed analysis small pits were seen on the “inactive face” Photo F 12.3.1.
“I have never seen this before!”
It is now necessary to revert to theory and to consider the vector diagram for the turbine:-
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Figure F 12.3.6 Vector Diagram for Gas and liquid Flows
β: vector angle for “shock-free” entry. This would not explain the small pits!
SOME DATA WAS MISSING! What could have hit the blade? - The following are possibilities
Solids - the pits were rounded, not sharp
Water - steam turbines can handle water in mist form so was unlikely
BUT what if the water was not in the mist form?
If the water was not in a mist, it could hit the inactive face as shown by the vector diagram F 12.3.6.
BUT WATER IS IN THE VAPOUR PHASE AT 170oC (443K) and 2.2 bar (320kPa)
“I DON’T BELIEVE IT!”
The evidence is now pointing to the impossible which appears to have occurred.
Consider now the shape of the turbine admission path – a toroid with a dividing septum used for control.

Figure 12.3.7 Turbine Admission Toroid
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The admission Toroid was on 3 sections - 50%, 33.3% and 16.7% with two valves at the equator sectioning
the flow so allowing control of the absorber pressure. As these were both fully open they have not been
shown. The septum was an essential element of the segregation. The acceleration at the inlet was of the
order of 9000ms² so mist could be separated and enter the turbine as a discrete jet at the septum and
produce the pitting found on the turbine blades.
IF the theory is sound, the following evidence should be found.
1. Patterns would be seen on the admission valves to the two sectors.
2. Secondary pitting on the static blades would be found near to the septum but not elsewhere.

Photo 12.3.1
Both were found. See photo above.
The left hand blade is the inactive face of the stator blade located near the septum. The impact zone is
tinged in red/brown only part has been impacted as the left hand part is shielded from impact be other
blades. The right hand blade is the inactive face of the rotor blade. The right part of the blade is the impact
zone but the left, more shiny is shielded from impact by the other blades as the cross section of the path is
that of a venturi – required for sonic flow. The detail is more evident in colour and is nearly lost in B & W.
The theory so far holds good but the laws of equilibrium are still being broken - or are they? Was
equilibrium established? The time of passage from the inlet to the interchanger to the turbine would be 2
or 3 seconds - the droplets would start to boil but it is entirely possible that it would not complete its’ total
vaporisation in the transit time, the process being a balance between heat and mass transfer. The boiling
film would inhibit heat transfer into the droplet. It is credible, but only just credible.
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The plant records were examined in fine detail and for up to one hour at a time, possibly once a month,
the inlet temperature to the turbine would drop 10oC - not enough to create massive droplets but this was
a non steady state event which was worthy of further analysis.
Facts:
Water had passed through the turbine
Evidence:
1. Pitting patterns on the stator and rotating blades
2. Vibration signal
probably supported by
3. Temperature variations.
Once again, it is necessary to resort to some theory. Jet flooding can occur if a sieve tray is not properly
irrigated (or partially irrigated) so a simple experiment was carried out to illustrate this. A simple sieve
tray was built in a laboratory using air and water as the test media. When the air was turned on to the
tray first and water added second, the water hitting the tray sprayed out of the test rig - none fell through
the trays. When the water was added first and then the same airflow established second, no spray was
detected.
THE THEORY IS NOW GAINING CREDIBILITY.
1. COULD IT BE PROVED?
2. WHY DID IT OCCUR INTERMITTENTLY?
3. THERE IS NOW PRESSURE TO RESTART THE PLANT!
A drain was fitted at a bend downstream of the interchanger, which would act as the definitive proof of
the theory. If jet flooding did occur, it was more likely to occur at start up or at upset times such as
interruption of the absorbent flow or even during a process transient.
Following restart, water was detected at the sample point in variable quantities from a trickle to more
significant flows. Given the detection of more significant water flows, the temperature variations inlet the
turbine were possible. The theory is now 99% proven BUT the 1% doubt still existed until an operator was
asked “Have you ever noticed ‘SOMETHING’ odd?” The reply was “No,..... never,....., but I have seen a
white mist at the vent stack once or twice during a start up.”
The theory is now 100% proven.
This incident occurred many years ago and the investigation took about three days. It had a mixture of
evidence found before the incident, which was vital in giving direction to the formal investigation. This
was very fortuitous.
The elimination of the problem required a complete review of the start up process. The root cause was
probably associated with the start up sequence but was probably precipitated by a 10% increase in plant
throughput a year or two before the failure.
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The initiation was probably the rate change.
The escalation was probably the transients such as start up or process upsets.
It is very unlikely that a HAZOP or Management of Change procedure would have identified the final
outcome.
Other Reading
The Health and Safety Executive have produced an excellent report - The fires and explosions at BP Oil
(Grangemouth) Refinery Ltd 1989 ISBN.0.11.885493.3 HSE.
This also describes the sequence of events during the investigation of the incident on the Hydro cracker at
Grangemouth. The one event not described is the flight of some of the fragments. That was interesting
but not pertinent to the critical event.

F 13 Human Error
These notes were written before the publication of HSG 48
There are many books written on this subject and Industrial Psychologists frequently develop new theories
and write books and papers on the subject. Human error is a misnomer, the error occurs because of
deficiencies in:
(1) Training/Instructions
(2) Knowledge/Competence
(3) Design/Construction
(4) Personality
(5) Stressful situations/information overload
(6) Pitfalls put in the way of the human (confusion)
(7) “Health”
The brain can also fail due to:
Mind set
Cognitive Dissonance
Mental Overload
Panic
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“Health” can be dealt with quickly. There are some operators who have drink and drug problems and shift
work does allow the night shift operator to have a few drinks before coming on shift. If the law states that
over 80mg of alcohol per 100cc of blood is above the safe limit for driving a car, first, if the that person
drives to work, the person is driving it illegally and second if he/she is not fit to drive the car, he/she is not
fit to drive a process plant or do the work of the day. Any drugs or alcohol is likely to impair performance,
and the Manager must be alert to those who have such problems and disciplinary action taken. Many
companies are now carrying out routine urine analyses for evidence of drink and drug abuse.
The physical health of the operator is self-evident, being “sound” of “wind and limb”. Back injuries are
common and can be easily exacerbated, and, if the operator can not carry out all functions fully and well,
errors will result. The psychological health of an operator can also result in errors.
The operator can be put under undue psychological stress leading to impaired performance due to:
Financial worries
Health worries
Marriage worries
Family worries
The good Manager should be alert to the warning signs using the look! Listen! Feel! Technique and seek
the assistance of Supervisors in identifying operators with health problems.
Returning to the list.
Training/Instructions
Continuous Professional Development is now a requirement for all Professional Engineers. There are
moves elsewhere in the world for a positive demonstration of this training for maintenance of Professional
(Chartered) Status. (The author has to submit a five yearly report on his competence to maintain his
position on the Register of Process Safety and Loss Prevention Specialists - why should we not expect this
of all staff at whatever level?)
All staff requires training before they start a task or job and while in that job Continuous Professional
Development. The training should not be left to the team (who tend to hand down custom and practice
and not necessarily best practices) but by a skilled team of trainers who can ensure that the team
members have the appropriate skills, be they operators or engineers. One event where inadequate
operator training resulted in an incident was the recording of the suction pressure in a fuel pump. The
record was important as the fluid handled was waxy when cold. The operator did not know why this was
necessary or important nor did he care, until, on one very cold night the suction pressure fell and the plant
was shut down. The training was totally incomplete, no one had given this operator an understanding of
the operating parameters of the pump and the author must accept the blame for this. (The buck stops at
the top). There is a fine balance between “teaching Granny to suck eggs” and leaving the procedure too
loosely defined. It is necessary to ensure that all of the parameters in a procedure are clearly defined. This
should include timing and co-ordination as well as the physical parameters. Refer back procedures where
the procedure is in detail and also to Audits. In this it was noted that it may not be necessary for a Surgeon
to have a written procedure (however it will be finely practised) but it may be appropriate for a Car
Mechanic to follow the “Workshop Manual”.
Copyright University of Strathclyde, prepared by FK Crawley for IChemE

319

Process plants are becoming even more complex and require more and more knowledge and skills to
handle even routine operations. This means that procedures must be written properly and all who use
them should be shown how they should be carried out by means of careful training. The Military train
members in skills so that they become a reflex action. The Air Force practise low flying and evasion, while
athletes train both physically and mentally and practise the event for perfect timing and co-ordination.
Training in handling routine operations and handling emergencies are essential features of safe operation.
If a mistake is due to poor training or instruction it is not “human error” - it is a Management Error. There
were elements of poor training and procedures in the Chernobyl and Piper Alpha disasters.
Example:
The following discussion on Three Mile Island (3MI) which may help to clarify this:
Three Mile Island
The following is an extract from an ICI newsletter (IChemE) dated February 1982. It is just as valid now.
1. An operator carried out a “routine task” and initiated the event. Would your Management
Systems have prevented this?
2. The warning light on the PORV could have given false information, as it was not tested properly.
Would your Management Systems have recognised that this was major safety system?
3. The operators overall knowledge was very limited as they did not recognise the relationship
between pressure and temperature. Would your training cover this?
This incident did not occur in Britain - but can you be confident that all of your systems would have
prevented it. There were not only training/procedure/supervision deficiencies in the example but also lack
of knowledge, in addition the design was poor and stress and pitfalls were put in the way of the human.
Description of the Power Station
The figure below is a simplified diagram of a pressurised water reactor, the type used at Three Mile Island.
Heat was generated in the core by radioactive fission. The heat is removed by was pumping primary water
round a loop. The water was kept under pressure so that it did no boil. (It was called a pressurised water
reactor to distinguish it from another type, a boiling water reactor.)
The primary water gave up its heat to the secondary water, which in this case did boil. The steam drove a
turbine and was condensed and the condensate recycled. (This is a conventional power cycle.)
All the radioactive materials, including the primary water, were enclosed in a containment building so that
any radioactivity would be contained if there were a leak from the process.
In the following, the sequence of events is described and at each step the lessons for the industry as a
whole.
Phase A - How the trouble started
The secondary water passed through a resin polisher unit to remove traces of impurities. There were
several parallel paths and one of them choked.
Less attention was paid to the design of this off-the-shelf ancillary unit than to the design of the main
radioactive equipment. Its reliability was not studied to the same extent and its failure led to the incident.
To try to clear the choke, the operators used instrument air to displace the obstruction. The air pressure
was lower than that of the water so water was pushed into the instrument air lines. (There was a nonreturn valve in the line but it was faulty.) (This is stupid in the extreme! Instrument air should never be
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used for line blowing for two reasons. Air is in limited supply and the quantity dryness must be maintained
as the consequences of contamination with water would be rust resulting in erratic control).
The water in the instrument air lines caused several instrument failures and at a later date the turbine
tripped. This stopped the removal of heat from the radioactive core. The production of heat by fission
stopped automatically within a few minutes. (Silver rods drop down into the core. They absorb neutrons
and stop radioactive fission). However, the heat produced by radioactive decay (about 6% of the normal
load) still had to be removed. The heat from radioactive decay caused the primary water to boil, the pilot
operated relief valve (PORV) on the primary circuit to lift and make-up water pumps to start up,
automatically, to replace the water evaporated from the primary circuit.
Unfortunately the PORV stuck open.

Figure F 12.1 A pressurised water reactor - simplified
Phase B - How the trouble got worse over the next two hours
The operators did not realise that the PORV was stuck open as a light on the panel told them that it was
shut. However, the light was not operated by the valve position but by the signal to the valve. The
operators did not know this (or had forgotten).
Several other readings should have suggested to the operators that the PORV was stuck open and that the
water in the primary circuit was boiling:
The PORV exit line was hotter than usual (140oC instead of 90oC) but this was thought to be due
to residual heat.
The pressure and temperature of the primary water were lower than usual.
There was a high level in the containment building sump.
The primary water circulation pumps were vibrating.
On the other hand, the level on the pressuriser was high, as it was raised by bubbles of steam.
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The operators chose to believe the PORV position lights and the pressuriser level and ignore or explain
away the other readings, probably because:They did not really understand how the temperature and pressure in the primary circuit
depended on each other and when boiling would occur.
Their instructions and training had emphasised that it was dangerous to allow the primary
circuit to get too full of water. Their instructions and training had not told them what to do
if there was a small leak of primary water (though they had covered a major leak, such as a
pipe break).
The operators thought the PORV was shut, conditions were clearly wrong and their training had
emphasised the danger of adding too much water. They therefore shut down the make-up water pumps.
On other occasions, at other plants, PORVS had stuck open but the lessons of these incidents had not
been passed on to the operators at Three Mile Island.
Phase C - How the damage occurred
With the make-up water was isolated the level in the primary circuit fell. The top of the radioactive core
was uncovered. The steam reacted with the zirconium cans which protect the uranium and hydrogen was
formed. (See also Chernobyl in Part H)
Meanwhile the steam which was discharging through the PORV was condensing in a drain tank,
overflowing into the containment building sump and was being automatically pumped outside the
containment building.
Changes in design could have minimised these consequences but the lessons are not of general interest.
It was 2 hours before damage started. Correct diagnosis at any time during those 2 hours would have
allowed a full recovery but the operators had made their diagnosis and stuck to it although the evidence
against it was overwhelming. They had a “mind-set”.
Many interesting psychological experiments have demonstrated the fixating power of premature
judgements. In one experiment, colour slides of familiar objects, such as a fire hydrant, were projected
upon a screen and people were asked to try to identify the objects while they were still out of focus.
Gradually the focus was improved through several stages. The striking finding was this: If an individual
wrongly identified an object while it was far out of focus, he/she frequently still could not identify it
correctly when it was brought sufficiently close so that another person who had not seen the blurred
vision could easily identify it. What this indicates is that considerably more effort and evidence is
necessary to overcome an incorrect judgement; hypothesis or belief than it is to establish a correct one. A
person who is in the habit of jumping to conclusions frequently closes his/her mind to new information
and limited awareness hampers creative solutions.”
E Raudsepp, Hydrocarbon Processing, September 1981, p291
Some General Lessons
The reports on Three Mile Island give the impression that many of those concerned believed that, if they
followed all the regulations, they must be safe. All they needed to do to achieve a safe plant was to follow
the rules.
We get less of this attitude in the UK because; instead of a lot of detailed regulations we have a general
obligation to provide a safe plant and system of work. Nevertheless signs of this attitude appear from
time to time. Whenever the HSE are being particularly demanding, someone is tempted to say ‘Just do
what they want’.
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Many recommendations have been made for improvements to the Three Mile Island design. To quote the
Kemeny Report, “While many of the proposed ‘fixes’ seem totally appropriate, they do not come to grips
with what we consider to be the basic problem. We have stated that fundamental changes must occur in
organisations, procedures and, above all, in the attitudes of people. No amount of technical ‘fixes’ will
cure this underlying problem.
There was so much concern with major failures such as a complete break of a primary water circulation
pipe, that smaller but more probable incidents were ignored. There was a belief that if large-break
incidents could be controlled, there was no need to worry about less important accidents.
At Three Mile Island, much went wrong, but no one was injured. (However, because Three Mile Island is
shut down more coal has to be mined and burning it will cause more pollution; the mining and the
pollution may cause extra deaths, perhaps two per year.) The incident showed how safe nuclear power
stations are but nevertheless it has seriously damaged the reputation of the nuclear industry in the US and
has set back the nuclear power programme.
Abstract from ICI Safety Newsletter written by T A Kletz
Knowledge/Competence
In summary the Three Mile Island Incident was caused by lack of training and poor instructions coupled
with poor procedures.
All professional persons have an annual assessment of their performance (annual appraisal) which
highlights strengths but also identifies weaknesses in knowledge or competence. Knowledge is appropriate
to the task being performed - this may be a statement of the obvious but there are many unreasonable
expectations laid on all levels of staff. In many cases, knowledge is an accumulation of facts from different
spheres of Engineering or Science, not all are relevant at any one time – it was recognised that “green
petrol” had a high Benzene concentration long before there was a drive to reduce the Benzene content
(Benzene is a carcinogen) but did everyone know this and was it important to the motorist? On the other
hand it is vital when issuing a permit to enter a storage tank.
In many cases, operators and engineers are put in a position where they do not have all of the facts or the
knowledge base - this does not mean that they are incompetent but it does dispose them to error
potential. In the example of Three Mile Island the operator may not have appreciated the impact of water
in an instrument air system (lack of knowledge) - this did not necessarily make the operator incompetent if
he had not been told of the potential. It is important therefore that all staff is given or acquires the
knowledge required to fulfil their task fully and well and that their performance is verified. Staff should be
instructed on the hazards that they will have to address and trained on means of avoiding or handling
them if they do occur.
In a cryogenic plant the operators must be taught the hazards of low temperature fluids and a
hydrocarbon production plant the operators must be taught about the hazards of flammable fluids.
The best way to explain this is to illustrate the problem with a real incident which occurred some years
ago. The process compressors of a gas plant were driven by steam turbines fed by both a fixed flow of
waste heat steam and a variable flow of steam from boilers. The boilers tripped off line and the steam
main pressure fell, gathering momentum as power demand exceeded power supply. The plant was on a
“death spiral”. This author immediately went to one compressor and shut it down as he knew that the
power demand on the compressors was fixed and the power had to be supplied by the steam turbines; he
also knew (from University) that the turbines operated on (Mass Flow x Enthalpy Drop). As the steam
main pressure fell, the enthalpy drop would also fall which in turn would increase the demand for steam
which was already in short supply. If prompt action was not taken, the whole plant would have shut down
itself. The author had been given knowledge on steam systems at University and could deduce what was
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happening - he did not expect his Supervisor to make that deduction, nor did he anticipate this event. The
Standing Instructions were amended.
Design/Construction
Often a design puts a manager, supervisor or operator at a disadvantage which results in errors. These
errors can be short cuts (OUCH!!) or a different non-standard mode of operation.
The simplest example is valve access. Occasionally valves are inaccessible from a normal access area and
an extended hand-wheel or chain operated valve is installed. Inevitably, the extended hand wheel sticks,
is removed and the operator climbs onto the pipe track to operate the valve. The operator is then charged
with “human error” when the ankle was twisted. The chain operator is not easy to operate and the
operator again cannot be charged with “human error” if the valve is not properly closed or the operator
was “lassoed” by the loose chain.
Another example of poor construction resulted in two valves being placed close together but routed fluids
to one of two different locations were. The labelling was poor and inevitably the wrong valve was selected
with the unexpected discharge of fluid in the wrong location. This was not “human error” but a
design/construction error.
Likewise the layout of a control panel or a page in a TDC screen can give the operator every opportunity
for misreading a signal or alarm while attention to ergonomics would have resulted in a more readily read
display.
It is to be hoped that with modern hazard identification techniques most major problems will be identified
and corrected before they become problems, however many “silly” items still slip through this net.
A hot oil circulation round the bottom of a scrubber column was cooled by a water cooler and a three way
control valve. The oil temperature was critical, once it rose more than a few degrees above the control
value; the oil became viscose and difficult to pump. For ten years the temperature was constant and was
routinely logged at 155oC. One day the temperature was noted at 158oC and was rising. There was no
high temperature alarm so the operator was not concerned. The three-way control valve used to control
the column parameters had stuck in the wrong position due to some debris in the valve seat and the oil
viscosity had reached an unacceptable level such that the flow through the cooler was far too low to
remove the heat load. The process was in a spiral. The situation was recovered by stroking the valve to
free the debris. The operator was not in error, the design was deficient of warnings and the instructions
did not cover this situation.
Trevor Kletz notes the problem with the engagement of ground spoiler on a DC-8 airliner. (The ground
spoiler was a braking mechanism to slow the plane once it had landed). The engagement was either
automatic on touchdown by a LIFT of the lever or manually engaged after touchdown by a PULL of the
lever. One day, a pilot PULLED the lever on approach with the resultant crash. The pilot was not in error,
it was a design/construction error put in the way of the pilot. (This is almost identical to the causes of a
crash of a B737 on approach to East Midlands Airport some 30 years ago. Basically it was pilot confusion).
A new low-pressure tank, with a level float inside a guide tube, was fabricated on the site. The guide tube,
as delivered to site, was not fully perforated along its whole length such that the top two feet were a
trapped pocket of gas. One day the operator noted that the level had been near the top of the tank but
then the level stopped rising, the operator assumed that the feed had stopped. The alarm operated off the
same guide tube so the operator was convinced there was no feed. The fluid continued to flow into the
tank; the pressure/vac valve opened and discharged fluids into the bund. Was this a design or a
construction error? It was not an operator error!
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Personality
Some persons are not able to make accurate decisions when confronted with a plethora of complex
information; they freeze and do nothing. (Information overload – see later) This is sometimes called panic
but it is more realistic to put it down to organic make up or lack of training.
Some persons are strong-minded and believe, rightly or wrongly, that they “know best”, they develop a
mind set, (as discussed earlier) such a person is likely to deviate from a fixed procedure believing that
he/she is doing the correct operation (mind set). This is the psychological makeup of the person and may
override any training of knowledge base (or maybe the knowledge base is in error).
Some persons may feel a fellow member or supervisor of a team is setting on them and as a result they
become reclusive and depressed. This will dull the decision-making skills, performance and reaction to
unusual situations.
A variation on this may be the “domineering” Manager or Supervisor who challenges the competence of
an employee or who is unable to accept advice from someone (or is unable to recognise the value of the
advice) and adopts a superior attitude. The end point is usually a comment such as “Come on make up
your mind” or “Is this the best you can come up with after ** days!” The employee will rapidly learn that
the best solution is to “give the Manager what he wants, NOT the correct action”.
A variation of the above is a “blame culture” (discussed earlier) where everyone is in fear of making a
mistake because of the retribution that might result or fear of blame or recriminations. As a result the
employee overlooks situations or avoids taking the correct decision such as highlighting a possible
hazardous situation or procedure. (This is a case of keeping the head below the parapet.)
Stressful Situations/Information Overload
The human performance falls off with boredom and information overload. The peak performance is
reached when there is just enough activity to keep the person alert and “on their toes”. Human error
tables are produced for normal situations and many protective systems are designed on the basis of a
certain level of operator “error”. See Table F 13.1. In the more hazardous industries, and this includes
Nuclear Power Stations), it is assumed that the operator takes no action, or takes the worst possible
actions for up to 15 minutes.
The following are some examples of errors induced, possibly by stress:
Table F 13.1 Error Probabilities with Stress

Type of Operation

Error Probability

Complicated, non routine in extreme
emergency

25% (0.25)

Non routine, other duties at same time

10% (0.1)
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Routine, requires care

1% (0.01)

Routine, simple

0.1% (0.001)

Simplest possible operation

0.01% (0.0001)

An example of “freezing on a plethora of information” occurred some years ago. An electrolytic cell (for
the production of Chlorine) was fitted with oxygen alarms in the hydrogen stream. One day the alarm
sounded and the first up alarm print out produced a stream of “O2 Alarm” signals. The operator could not
access any other data so could not make any realistic decisions - until there was the inevitable explosion.
Some elements of Three Mile Island discussed earlier could be put down to a stressful situation or
information overload.
Many years ago in ICI a similar sequence of events to those on Piper Alpha resulted in the death of three
persons. The shift supervisor returned from his shift break was confronted with the repair of a vital oil
pump on a Crude Oil Distillation Column. The operating philosophy was that the spare pump was always
left primed and the suction valve was left open ready for a restart in case the on-line pump tripped. The
supervisor had to read previous logs to find out what had happened on the plant over the previous three
days as well as to issue the permit for maintenance on the pump. The Supervisor was adamant that the
pump was fully isolated and the vent and drain was closed when the permit was issued. (Valve lock off
was not normal but became the norm after this incident.) It transpired that the valve was open and the
fitter clearly remembers hooking a chain operator over a spindle on the pump. Diesel above its auto
ignition temperature was released when joints were broken and three operators were trapped and died.
Was the Supervisor right or wrong? Had someone else opened the valves? No one knows. Clearly the
Supervisor was in “overload”.
Pitfalls put in the way of the human
There are many pitfalls which are put in front of the human. The following are some examples.
The normal procedure for off loading Ammonia Tankers was for a shift to be responsible for backing six
tankers into the off-loading bay, fully off-loading the tankers, storing the loading arms and taking the six
empty tankers out of the bay. For reasons that need not be discussed, it became a continuous operation.
At the shift change, the oncoming shift was informed that there were six empty tankers for removal.
Unfortunately, an off-loading line was still connected and as the six tankers were drawn out, the line
parted and a heel of about 500kg of ammonia was discharged.
A new offloading procedure had been put in place but was not handled as a “management of change”
which required more training. The team lost identity with the complete task which was no longer a wellrehearsed activity with one shift responsible from start to finish.
A new ball valve was fitted on the line see figure F 13.1. The previous valve had a fully captive ball but the
new valve relied on bolting forces to hold the valve on its seat. No one told the Supervisor or Fitter that
the valve construction had changed so when the joint was broken the ball moved and process fluids leaked
out. No one was hurt but the fitter got a nasty surprise.
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Figures F 13.1 Cut away of Two new valve where the Ball can be released if the
wrong joint is broken - ICI Safety Newsletter
System Induced Errors
The system-induced errors are legion and only some general guidance can be given to illustrate the
problems.
Control Systems
The modern processes use a compact control room utilising Totally Distributed Control systems instead of
the “long panels” where nearly every parameter is displayed and available for visual access. The T.D.C.
utilised a limited data display on every “page” and many “pages” or screens making up the whole. With
the old “long panel” control room the operator could scan the parameters and identify any deviations
from a normal condition - this can still be done with a T.D.C. system but it means using one VDU for
“scanning” and inevitably interrupting some of the data display. This means that the control room
operator may only wait until an alarm sounds before a page is interrogated by which time the problem
may be well advanced.
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There is no doubt that the configuration of TDC screens requires some skills. I am sure that it should be
subject to a HAZOP approach to ensure that some key parameters are displayed for fault
warning/diagnostics. Two incidents illustrate this clearly:
1 Texaco Milford Haven (1994) HSE Report
A process vessel was over filled with a volatile hydrocarbon with the exit route isolated. Eventually the
vessel safety relief valve opened and discharged the hydrocarbon liquids into a flare main which was only
designed to handle vapour. Eventually the flare main collapsed under the weight of liquid, ruptured and
there was an explosion. (There were other contributory causes which need not be discussed in this
example.
The recommendation of the Inquiry included:
1. Basic Mass Balancing Skills.
2. Configuration of the display system to provide an over view of the process - including
mass/volumetric balance summaries.
2 Company 1 - 1969
A distillation column developed a high-pressure drop during a process upset. The mass balance of feed
rate minus product rates after the upset was zero. The integrated balance over two hours showed a 10%
discrepancy - namely flooding - and the feed was stopped while corrective action was taken.
No recommendations were needed the event was managed correctly and mass balance skills used to
assess the diagnosis of the event.
3 Company 2 - 1969
During start up cold fluids were fed to a distillation column with metal temperatures notionally at ambient
conditions but whose operating temperature was -50oC. No base level was detected after one hour and
there was a mass imbalance. Feed was stopped and a faulty level measurement was corrected. No
recommendations were needed.
4 Company 3 - 1976
During start up cold fluids were fed to a distillation column notionally at ambient conditions but whose
operating temperature was -50oC. No base level was detected and feed continued for some time eventually cold fluids spilled out of the column via the pressure control system. The fluids over filled the
flare knock out drum and entered the flare stack. The flare stack was not designed for low temperatures
and failed in brittle mode. A major fire resulted. Recommendations? Unknown.
In events 2 and 3 there was a long panel control room but in events 1 and 4 the control was by TDC.
Procedures
Occasionally procedures have to be written in detail - a typical example might be a start up of a new
process but often a simple check list approach can be used particularly for a restart.
The problem with procedures is not so much the complexity or length as the “confusing speak” or
“gobbledy gook”. The procedure should be precise, give advice on what to do and what not to do as well
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as what are the success criteria for the task. “Open valve A” is not really adequate as it has no criteria for
speed or success.
The other difficulty is often in punctuation, spelling or deduction. The following shows punctuation which
could lead to confusion. (The term clearance has been superseded by the word permit.)

Figure F 13.2 A confusing label
The correct writing should be:
DO NOT ENTER WITHOUT THE APPROPRIATE ENTRY CERTIFICATE.
On one plant the Operating Instruction required the use of Sodium Sulphate not Sulphite as oxygen
scavenge in a boiler drum. Who knows the difference SULPHATE and SULPHITE between FLAMMABLE
and INFLAMMABLE?
The following are synonymous but it is possible that others do not realise it:
IN 1G
1L 1M were negatives!
So there could be a deduction that INFLAMMABLE means NOT FLAMMABLE!
Ergonomics
The Man/Machine interface has been discussed in various locations in this module. In some cases it is the
location of a valve and the use of hand wheel extension. In another case it may be labelling and yet
another, it may be a control panel. The modern cars have tended to pay more attention to ergonomics
and the layout of the facia/information. This is now an art form in the layout of aircraft panels, why can
we not do it in the Process Industry? The following incident illustrates some of the problems.
A reactor was being started up. It was filled with reaction mixture from another reactor which
was already on line and the panel operator started to add fresh feed, gradually increasing the flow while
he watched the temperature on a recorded conveniently situated at eye level. He intended to start a flow
of cooling water to the reaction cooler as soon as the temperature started to rise - the usual method.
Unfortunately, there was a fault on the temperature recorded and although the temperature actually rose
this was not indicated. Result: A runaway reaction.
The rise in temperature was, however, indicated on a six-point temperature recorder at a lower level on
the panel, but the operator did not notice this. (See figure F13.3). Fortunately the runaway was not serious
because a high temperature alarm on the six-point recorder alerted the operator before the temperature
got dangerously high.
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6 Point Temperature Recorder.
(This is an old photo but the message is up to date).

Figures F 13.3 Analogue control panel layout
Mental Issues
There are some interesting but real mental states:
Information Overload
In Information overload the brain has TOO MUCH information and can not sift the critical or top level
information from the low level unimportant information. In effect the reasoning powers are swamped by
essential and trivial information and so the outcome is that nothing is done. This can be analogous to a
juggler - there is an absolute limit to the ability to handle objects and beyond that limit things get dropped.
The concept of Information Overload can be dealt with by two strategies. At one level the operators have
sufficient resources to handle all of the work and at the other, the information is filtered and presented in
a clear and unambiguous manner. In process plant it is not only the information but the size of the plant.
On a small plant where the transit time may be small the supervisor may be able to handle more as there
is less time used in moving from A to B to C in data collection. Above all the presentation of clear
unambiguous data with the appropriate diagnostics in a Control Room is fundamentally important. The
human can only accept a limited amount of information at any one moment and the message must be
clear and unambiguous.
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Training and background knowledge all help to reduce the potential for information overload as also does
practices. There are no solutions or fixes; an understanding is required as well as the open mind and eye.
The key question must be:
“How could I handle the problem/problems professionally and without error?”
Mind set
The person has a fixed idea and can not be convinced that there may be an alternative explanation or idea.
It could also be called “tunnel vision”.
Cognitive Dissonance
This is quite difficult to explain. The mind tries to fix the evidence into a picture. Some does not fit so is
rejected or reasoned away. The brain is quite convinced that the evidence is now consistent but ignores
the fact that some key evidence may have been rejected or distorted due to some erroneous logic.
Panic
The person just can not make any decisions!
Training – by Cascade
There has been some tendency over a number of years (for operations staff, in particular) to have
knowledge cascaded down from the more experienced team member. This is sometimes called “learning
from Fred”. This also can apply to experienced Scientists and Engineers. There is nothing wrong with this
and to a degree it is to be encouraged as it is better known as “mentoring”. However it is essential that the
information being passed on by “Fred” is current and accurate. As an example of the potential pit-fall the
following is one example of where it could have failed.
A minor upset occurred during the commissioning of a new process plant. The solution was not
obvious immediately but the Foreman declared “On xyz Plant we opened up the abc valve and that sorted
the problem.” That may well have been the case for the xyz plant but it would have been the wrong thing
to do on the new plant. The Foreman was doing what he thought to be correct but it was an error in
reality.
Training must be continuous (CPD) and appropriate for the changing technologies and knowledge bases.
This applies to both operations and technical staff.
Aging
It would be wrong if some notes on “aging” are not included in this section. First there is the aging of
equipment such that it does not perform as expected. One very simple example may be the aging of a shut
down system such that valves a sluggish or worse still fail to shut. Another example may be the internal
leakage in a heat exchanger where the high pressure fluid leaks into the low pressure fluid and the
operating team have to deduce the cause of the problem and select the correct solution. This is not as
easy as it might seem particularly if the team does not have the skills.
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The more obvious aspect of aging is that of the human. There is a limit to the physical ability of the human
as it ages. This may lead to “short cuts”. There is a fall off in the ability to learn and adopt new ideas. The
outcome may be that the older operators (engineers) are put into “dead end” jobs. This results in total demotivation of the team and then errors creep in. Do not blame the team, blame the manager!!!! This
should have been identified as a likely outcome and the appropriate systems (checks, training and
motivation) put in place. The aging starts almost the day that the person takes up a new role. Traditionally
it was assumed that it took about 6 months for the new incumbent to be able to fill the role fully. For a
further 2 years the incumbent develops and improves the role in a creative and constructive manner. Then
the enthusiasm falls off and for about 6 moths the performance, though good is not as good as it had been
in the previous 2 years. Fatigue is setting in and it is time for a move!!!
Conclusion
While it is possible that human error does exist at a very low level of probability, the greater contribution
is management error. The manager therefore has to be alert to those potential causes of error: Training/Instruction
Knowledge/Competence
Design/Construction
Personality
Stressful Situation
Pitfalls
Information Overload
Training – by cascade
Aging of both equipment and personnel
Each plays a part in the causes of error and each has to be treated on merit.
The foundation for error reduction lies in training and proof of competence but equally ergonomics,
personality, reduction in stress and avoidance of pitfalls all play their part.
The following table gives some estimates of error - how would you reduce them?
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Table F 13.2 Human Error Probability – see also Table F 13.1
Estimated error
probability
Activity

-4

Selection of a key-operated switch rather than a non-key switch (this value does not
include the error of decision where the operator misinterprets a situation and believes
key switch is correct choice).

-3

Selection of a switch (or pair of switches) dissimilar in shape or location to the desired
switch (or pair of switches), assuming no decision error. For example, the operator
actuates a large-handled switch rather than small switch.

10

10

-3

3 x 10

General human error of commission, e.g. misreading label and therefore selecting wrong
switch

-2

General human error of omission where there is no display in the control room of the
status of the item omitted; e.g. failure to return a manually operated test valve to
proper configuration after maintenance.

10

-3

Errors of omission, where the items being omitted are embedded in a procedure rather
than at the end as above.

-2

Simple arithmetic errors with self-checking but without repeating the calculation by
doing it on another piece of paper.

3 x 10

3 x 10

“We are much more likely to develop a mind-set when we are under strain, as the following quotation
shows:
“Most people, when faced with a problem, tend to grab the first solution that occurs to them and rest
content with it. Rare, indeed, is the individual who keeps trying to find other solutions to his problem.
This is especially evident when an individual feels under pressure.
And once a judgement is arrived at, we tend to persevere in it even when the evidence is overwhelming
that we are wrong. Once an explanation is articulated, it is difficult to revise or drop it in the face of
contradictory evidence”.

The following incident also is of note in a black humour manner
“A man slipped on a staircase, twisted his ankle and was absent for 17 shifts. The staircase seemed to be
in good condition and so did the man’s boots”.
When you read this your first reaction is probably that it is just another of those incidents that we can do
nothing about - another of those occasions when “Man told to take more care” could have appeared in
the accident report. However, on the plant concerned they were not satisfied with the easy way out. They
looked into it more thoroughly. They asked the injured man why he had not used the handrails. It then
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came to light that the handrails were covered with plastic and that when anyone wearing insulated
footwear used them he got an electric shock when his hand touched bare metal. As he ran his hand along
the plastic coating he became charged, and as soon as he touched a piece of bare metal an electric spark
jumped from him to the metal. The spark, of course, was not serious enough to cause any injury, but it
was unpleasant, and people tended, therefore, not to use the handrails.
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