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MANAGEMENT OF MAJOR HAZARD PLANT* 
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(Received August 30, 1978) 

The principles of good management which apply to ail factories are particularly applicable 
to the management of major hazard plant. However, installations having major hazards are 
characterised by the high technical content of the management of their operations. Thus 
there is the added need to ensure very good technical and people management systems when 
dealing with these plants. 

The management problem can be divided into three parts: (1) The provision of top 
quality technical management; (2) The special attention needed in the design and layout of 
the equipment; and (3) The special attention needed in the management of people, both the 
operating crew within the factory and members of the public and their Local Authority re- 
presentatives who are outside the factory gates. 

Arrangements for good technical management must include a system for ensuring both 
adequate qualifications and relevant experience in the key management at each installation. 
Attention to design and layout of equipment will bring in philosophies which encourage in- 
creased automatic protection against major incidents, the adoption of intrinsically safer 
processes with lowered inventories and reduced conditions of temperature and pressure, 

and enhanced arrangements for maintaining the integrity of containment. 
The high potential hazard which exists in major hazard installations necessitates the use 

of a much more open approach at all levels in discussing risks and safety precautions with 
the total operating crew. Such discussions will provide a greater feeling of confidence in the 
individual operators and repair men. There is also a useful feedback for technical manage- 
ment which will improve their ability to write clear operating instructions and on some oc- 
casions to design better equipment for the control of emergencies. Finally, there is a need 
to carry this philosophy outside the factory fence and into the public domain. Simple ex- 
planations of the potential risks in a major hazard installation and the precautions taken to 
avert emergency situations, are an essential feature of modern communication between the 
factory management and the officials and elected representatives of Local Authorities. On 
occasions there has been value in taking this approach into the general public domain where 
major hazard installations are sited within residential areas. 

In summary, the higher potential hazards which exist in major hazard plant call for deeper 
technological thinking in the management area and a greater degree of explicit explanation 
and explicit planning in the relationships between the factory management, the controlling 
Authorities and the factory operating crew. 

*Based on a paper given at the Harwell Environmental seminar on Major Chemical Hazards 
at the Larch Foundation, 26-27 April, 1978. 
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Introduction 

The management of large factories has always required the use of good 
management systems, a proper hierarchy of trained managers and good super- 
vision of the total working crew in the factory. The consideration of “Major 
Hazard Installations” brings in an additional and very important factor - 
technology. 

It is therefore a key point in setting up management structures for major 
hazard installations that the over-riding role of technology is clearly under- 
stood. Appreciation of this principle means that qualified technologists will 
be needed in the first level of executive management as well as further up the 
management structure. The young men who will occupy these posts will have 
spent their formative years in technical and academic training and will there- 
fore be deficient in the arts of management, yet the operating and repair crews 
in the major hazard factory will require human management in exactly the 
same way as their fellow workers in factories canning peas or making machine 
tools. 

Another characteristic of the major hazard installation is that the dangers 
are less easily perceived by ordinary people who have not had a technical 
training. It is easy to appreciate the danger from a massive machine tool or a 
ladle of hot metal; it is less easy to see the same danger in a large pump trans- 
ferring gasoline at high pressure and temperature or a pressure tank containing 
10 tes of liquified chlorine. The characteristic of the high technology plant 
which forms a major hazard installation is its ability suddenly to produce an 
emergency situation because of a fault condition which can only be appreciated 
by those who have a technical understanding of what is going on within the 
pipes, pumps and equipment. 

It can be seen therefore that the fundamental problem in setting up a safe 
management system for major hazard installations is how to bridge the gap be- 
tween the technical understanding of hazards in the executive management and 
a similar understanding of those hazards in the process and repair crews who 
handle the plant. The matter is essentially one of human relations and human 
understanding. I make no apology for stressing this point because it is frequent- 
ly overlooked in the erudite technical discussions which take place around 
technical problems of safety, security of containment and minimisation of 
damage when things go wrong. 

Key points for good management 

There are a number of points which are key to the good management of a 
major hazard installation. They cover the provision of adequate technical 
management, the provision of equipment which has special features in its design 
which will aid the management of the high hazard; and the provision of special 
attention to human relationships between the technical management and the 
non-technical population both within the factory and outside in the public 
domain. 
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I would like to deal with these three areas separately under the three 
headings The Management, The Equipment, and The People. It will be noted 
that I have included the management of relationships in the public domain. 
This is a peculiarity of major hazard installations which is not found in other 
factories of comparable size. It is far more than a conventional “Public Rela- 
tions” operation and has been made necessary because of increasing public 
awareness that major hazard installations are capable of producing sudden 
emergency incidents which can bring harm to the public outside the factory 
fence. Typical examples of this are of course explosions such as that at Flix- 
borough, and toxic emissions which can cause alarm and some medical upset 
in the public area beyond the factory fence. It is necessary also to combat un- 
real and unwholesome fears engendered by over-dramatic presentations in the 
media. This is all part of good management because a modem factory can be 
run efficiently with minimum interference from external authorities only if 
the public and their elected spokesmen have a feeling of confidence in the 
factory management. 

The management 

Works management structure is a most important aspect of any organisation 
and the key positions must be held by men who have a good technical qualifica- 
tion and a satisfactory amount of experience in managing both the equipment 
and the men under their control. For satisfactory management of a major 
hazard plant there must be a clear executive line from the Works Manager 
down to the senior supervisor (Fig.l). This is particularly essential in major 
hazard plants because of the rapidity with which a hazard can develop and the 
gravity of the consequences to both people and equipment should a major 
incident become escalated. Experience has shown that a strong executive atmo- 
sphere must exist in a works team if the potential major hazards in a plant are 
to be contained and minor incidents prevented from escalating to full potential. 

Works Manager 

I 
Operations 

Manager 

I 
I I 

The Process Crew The Maintenance Crew 
c 1 I I 

Fig. 1. 
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For the same reasons it is also necessary that the technical manager is seen 
clearly to be executively in control of the day to day operation of the plant. It 
is not satisfactory in my opinion for managers in charge of high hazard plants 
to regard the job as “managing from the office”. There is a temptation for 
technical graduates to adopt this stance partly because of their inexperience in 
managing and partly because of the natural desire to apply their technical skills 
in calculation and design. Many large plants will have sufficient technical 
problems to require the use of graduates full time on solving the problems and 
designing new equipment to implement the solution. However, such men must 
play an advisory role and the Plant Manager and Plant Engineer must regard the 
technical management of the day to day problems on the plant as his full-time 
occupation. 

It is clearly necessary for young technical graduates to obtain relevant ex- 
perience before they can be accepted as fully satisfactory for the management 
of major hazard plant. This brings up the problem of how that relevant ex- 
perience is to be obtained. There are several solutions - the use of a position 
as Assistant Plant Manager is one and the employment of young graduates on 
specific tasks concerned with the operation of the plant is another. Whichever 
way is adopted it is essential that the young graduate becomes physically famil- 
iar with the plant and the process crew who operate it. This means that he 
must spend a significant part of every working day actually in the plant and 
talking to the men. Only in this way will he get the experience of the small 
and sometimes silly things that go wrong in plant operation and repair and lead 
to conditions which may provoke an incident. To put it shortly there is no sub- 
stitute for on-the-plant experience for the graduate manager, be he in charge 
of the process operation or the repair organisation. 

It is clearly useful to have a more senior executive in the works structure 
with experience and qualifications which at least match those of the first line 
managers. Such a man will be able to “step down” and take over the first line 
manager’s job to cover for sickness or any other absence. He can also of course 
cover for new graduates who are obtaining experience as first line managers. If 
he does this, then he must make sure that he pays more than normal attention 
to the daily operation of the plant. 

I have dealt at length with the abilities needed at the first line of executive 
technical management because I believe these are of vital importance in the 
safe management of major hazard installations. However, the management 
structure needs to be supported by good management systems. The more 
commonly used systems such as permits to work, authorisation for entry into 
vessels and record systems for storage and handling of product are commonly 
understood. 

A permit to work is required before work commences on a major hazard 
plant. I believe some attention should be given to providing checklists of 
hazards which may be present to remind the supervisor that precautions may 
be required. It is particularly necessary that such checklists are provided in 
major hazard installations to jog the memory of those who day by day sign 
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authorisations which result in the plant equipment being isolated, rendered 
harmless and given to repair men for work to be done. 

A newer management system which has been found valuable on major haz- 
ard installations is the introduction of a control system for modifications to 
the plant in the form of an authorisation sheet. Such a sheet needs to have 
check lists printed on it, which will jog the memory of the designer and autho- 
riser. A typical list is shown in Fig.2. It has been found beneficial to extend the 
use of this authorisation down to quite minor modifications. Experience has 
shown that it is not only major modifications like the disastrous one at Flix- 
borough which can cause trouble. A violent upset to a process can be caused 
by a modification involving only a few feet of 1%” bore pipe if that pipe 
happens to by-pass some security system or give access to reverse flow into 
some other part of the equipment. In all major hazard installations realisation 
of a hazard is effected by loss of containment. If hazardous materials cannot 
escape from the plant then a hazardous situation will not develop. It is there- 
fore vital that pressurised systems are regularly inspected and repaired where 
necessary. A feature of good management for major hazard installations is the 
operation of a comprehensive system of records in which each vessel and major 
pipe system in the plant has a unique engineering description on file. To this 
description is added at regular intervals the written reports of inspection, both 
internal and external, and any other written reports which detail actions taken 
as the result of inspection. This Pressure Vessel Inspection System should have 
rules about the frequency of inspection, the qualifications of the inspector and 
the qualifications and level of authority of those executive managers who are 
permitted to authorise repair work and to shorten or lengthen the frequency 
of inspection. The rules of the system often fill a book. The heart of the system 
is the pressure vessel record which should be based on the Works and is a living 
dossier of the inspections and repairs made to the equipment. 

The equipment 

The design of major hazard plant requires more than good professional engi- 
neering. An essential feature of a good installation is the experience at operating 
level which has been put into the design team. A good management system 
should be able to show that the major hazard plant which it is running has been 
designed with the benefit of operating experience. Formal systems such as Haz- 
ard and Operability Studies (HAZOP) are a useful way of crystallising and in- 
jecting this operating experience. However, it is very valuable to have members 
of the design team who have themselves had operating experience on similar 
plants and are therefore capable of visualising the consequences of minor or 
major failures in the equipment. 

The equipment in major hazard installations should reflect the following 
philosophies in the design and layout: High integrity of containment; Auto- 
matic limitation of an incident; Automatic protection of equipment; “Second 
Chance” safety; Accessible layout; Limitation of inventory. 
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It cannot be too highly stressed that integrity of containment is a key para- 
meter for the safe management of major hazards. Clearly the design organisa- 
tion plays a major part in ensuring the integrity of equipment, but the oper- 
ating management has a larger part to play than is normally realised. Pressure 
vessel design to recognised codes will give a very high standard of containment, 
but this will be maintained only if a regular inspection and rectification work 
is carried out. I have referred to a management system of pressure vessel inspec- 
tion already. 

Experience shows that pipework and moving machinery are much more like- 
ly to be sources of a major hazard incident than pressure vessels. An analysis of 
failures in a typical large works over a number of years has shown that 50% of 
incidents were caused by “failures in pipework due to design or operation”. In 
fact many of these failures arise from inattention to detail either at the con- 
struction stage or during operation. The management of a major hazard installa- 
tion must carry the responsibility for checking newly constructed plant before 
it is put into service. 

A checklist (Fig.3) is therefore provided to act as an aide memoire for tech- 

PIPELINES AND PIPEWORK 

When carrying out plant reservations checks, the following list of possible faults should be 
looked for. 

Tick When 
Checked 

over paved areas 
21. 1 Flanges lagged up 

Fig. 3. Reservation check list. 



nical and supervisory management who are taking over newly constructed 
plants. Pipelines run everywhere in a plant and it is easy for pipe hangers and 
support to become jammed and subsequently cause the pipe to bend or break. 
An operating management system must include regular inspection of these com- 
paratively trivial details if a pipe system is to remain leak-free. 

Rotating machinery such as pumps can give rise to very dramatic incidents 
if bearings fail and the resulting mechanical disruption breaks up the mechanical 
seal or gland where the rotating shaft goes into the pump. A quite hazardous 
fire is an example of a typical incident arising from such a disruption. Again 
regular inspection and preventive maintenance schedules are an essential feature 
in the management system if the risk of major hazard is to be reduced. 

Another key philosophy lies in the provision of automatic limitation of an 
incident by the use of quick closing valves and other automatic isolation devices 
which can be energised remotely. This philosophy is particularly important in 
the large major hazard installations associated with petrochemicals and oil re- 
fining. The size of these plants is such that the process crew is virtually power- 
less in an emergency to close valves and shut-off flows by hand. Automatic 
closure using powered valves must be a key feature of the design and operating 
management philosophies. Some years ago I coined the catch phrase “auto- 
matic plant needs automatic protection” and I still believe this encapsulates 
exactly the philosophy which management must employ. It is interesting that 
a remote isolation valve was actually used to contain an incident on a pump 
handling liquified ethylene at a 100 bars, which resulted in a release of ethylene 
gas for less than 30 seconds. Without this quick shut valve a major incident 
could have developed. 

Automatic protection of this type must be easy to bring into action from the 
control room and it must be laid out in such a way that the control room men 
can easily understand which buttons to press when an emergency arises. Fire 
fighting installations surround equipment which processes high hazard liquid 
heat or flame spread. An incident will trigger the injection of fire-fighting 
steam and a remote button enables the process crew to activate the system at 
their will. 

A good deal has been talked recently about “second chance safety”. The 
simplest example of this is the well known bunding technique used in the oil 
industry for containment of storage tank contents if the tanks should split. 
However, in the petrochemical industry where liquid ethylene, ammonia and 
chlorine are stored in large quantities the simple bund alone is not enough. It 
is necessary to avoid presenting a large surface area of spilt liquids because 
such a lake of liquid will give a high vapour rate leading to large clouds of va- 
pour either toxic or highly inflammable. On a liquified ethylene tank the ex- 
ternal bund of concrete is virtually a second tank outside the special metal al- 
loy inner tank which contains the liquified gas. 

Consideration of access to major hazard units requires more than a “com- 
mon sense” approach to plant layout. Such installations must be laid out with 
equipment in well defined blocks separated by clear wide roadways. These 
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provide both access for dealing with the incident whether it is toxic release or 
fire and also give a fire break separation which helps to protect adjacent equip- 
ment from the spread of fire. Some detailed thought must be given to total ac- 
cess, particularly for fire fighting around rotating machinery. It is often the 
case that process pumps are set up in neat rows which results in an impenetra- 
ble jungle of process pipework around the whole pump area. The effect of such 
a layout on dealing with a major hazard incident can be quite dramatic. 

Finally a management must pay attention to reducing the inventory 
of hazardous materials which exists in the plant. Whilst this is 
mainly a design problem it must also be an aim of operating management. 
There is often a choice which can be made between running with high inven- 
tories in tanks and surge vessels and running with the same vessels less than half 
full. It is good practice to reduce inventories, particularly at times when the 
risk of an incident is larger than normal, that is during the start up or shutdown 
of major hazard installations. It is to be hoped that the efforts now being 
placed by designers on the task of reducing plant inventories will bear fruit in 
the next generation of plants to be built in the 1980’s. It must be remembered 
however, that reduced inventory often calls for a higher speed of response in 
the equipment which is processing the hazardous material. Such high speed 
changes cannot always be handled and damped out by better control. It must 
never be forgotten that rapid change in flow, pressure and temperature increases 
the chance of upsets in rotating machinery, process pipework and fired heaters. 
As always in the area of design one must be careful to avoid reducing one haz- 
ard only to increase another. 

The people 

The high hazard potential which exists in all major hazard installation calls 
for a much greater understanding of the risks of danger, the safety precautions, 
and the use of safety software, than is necessary in factories of a more general 
engineering nature. The high technology content of major hazard operations 
necessitates a special effort for the training of both supervisors and the opera- 
tional crew. It is not sufficient that the men should know what to do in a given 
situation on the plants - it is essential that they understand why they are being 
given specific actions to take. 

A typical control room in a major hazard plant focuses attention on two 
points. Firstly there are very few people involved in the operation of control- 
ling a very large plant. Secondly there is a very large amount of data available 
to these men and a very great degree of automatic control, but in spite of this 
the plant is still being run “by hand”. This is so even with plants having the 
most advanced on-line computer control. Shift supervisors and shift process 
men have to make adjustments to the operating parameters of the plant, by 
altering control settings on a conventional panel or by putting new data to on- 
line computer. When plant upsets develop those same men will have to take ac- 
tion which hopefully suppresses the perturbations. If these actions fail then 
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other actions will have to be taken to deal with the more serious out-of-normal 
condition before a major incident develops. 

Although many major hazard plants operate continuously for several hun- 
dred days between turnarounds, there is nevertheless a daily need for small re- 
pair and renewal work which involves close cooperation between the process 
and the maintenance crews. Process people are responsible for isolating and 
making safe items of equipment, and the maintenance people are responsible 
for returning that equipment in a safe and operable condition. It is vital there- 
fore that the process crew have a good grasp of the process fundamentals as 
well as a knowledge of the equipment, and equally that the maintenance per- 
sonnel have some knowledge of what is happening on the process site. 

It almost goes without saying that clear operating instructions must be 
available at all times. This requires attention from senior management because 
it is easy for a young technical manager to be over-enthusiastic in writing his 
instructions, and to mix a great deal of descriptive matter with the clear ex- 
ecutive action which forms the basis of the operating instruction. Clear execu- 
tive instructions are not easy to write but they are a key factor in good opera- 
tion. 

Whilst it is necessary for operating instructions to be clear, it is absolutely 
essential that emergency instructions are short, well understood and easily 
available for reference if required. Since Flixborough we have found that it has 
been a useful discipline for technical management to overhaul their emergency 
instructions and to p’ull them together into a single loose-leaf folder or an easily 
carried instruction card so that the emergency instructions become imprinted 
on the minds of all who work daily in the plant. I would like to stress once 
again that the techniques of the advertising world are often useful in getting 
home the message. 

Modem plants are so large and contain so much potential power that men 
find themselves dwarfed by the equipment. It is essential that everyone on the 
plant should understand what he has to do if an emergency develops. In many 
cases his job will be to leave the immediate process area and if this is the case 
he should understand that clearly. The practice of giving everyone on the plant 
a small card which indicates where he is to go in an emergency and how to get 
there has tended to increase a sense of confidence in the workforce rather than 
create a feeling of alarm. 

The strong theme running through this section is the need for technical 
management to explain clearly the risks of the potential dangers of major 
hazard installations as a prelude to explaining equally clearly the safety pre- 
cautions and the emergency precautions which will enable the operating crew 
to retain control of the installation when things go wrong. We have found that 
an open approach on the subject promotes a better understanding of the day to 
day need for control and at the same time builds up a mutual trust between 
the operating crew and their technical management. 

The same philosophy has been found to be valuable in dealing with the 
public domain. Immediately after Flixborough there was a natural and intense 
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public concern about the safety of many major hazard installations. We have 
found that this concern can only be alloyed if the officials of local authorities 
and elected representatives of the community clearly understand the plant 
hazards and the safety philosophies. This is a delicate area of communication in 
which there are many opportunities for misunderstandings. 

Relations between the technical management of an installation and the tech- 
nically competent officials of the civil authorities are fairly easy to establish. 
F’ire chiefs, local and central factory inspectorates, ambulance, police and emer- 
gency situations and good relationships established by the use of practice drills 
and simulated emergencies will stand up to the test of the occasional real in- 
cident. 

Relationships with non-technical people such as councillors and other com- 
munity leaders are more difficult to establish because of their lack of under- 
standing of the technologies. We have found that our own workpeople often 
provide a valuable bridge between the technical management and the non-tech- 
nical public outside the factory fence. Every reasonable opportunity should be 
taken to get some public involvement in the work of the factory either by en- 
gagement in community projects or by the use of “open days” where the 
process and maintenance crews act as guides to take local families round the 
plants and explain the key features. I personally feel that the use of such Works 
gatherings are a particularly valuable way of making a bridge with the commu- 
nity. The nature of the major hazard installation makes it difficult to organise 
these events and at the same time ensure the safety of the public. However, by 
limiting the numbers of people and strictly controlling the location of visiting 
parties it is possible to give members of the public a general feel for the installa- 
tion. 

There are many ways by which non-technical people both in the operating 
crew and in the public domain can be helped to understand the highly technical 
nature of the major hazard operation. Within the factory great use can be made 
of formal education procedures and of the new style safety committees now 
being reorganised under the most recent Health and Safety Regulations. 

However, I would conclude by stressing that informal contact between tech- 
nical management and the operating crew is still the best way of developing 
the trust which they must have in the technical experts who are needed to run 
safely the major hazard installations. Experience has shown that the best plant 
design, the strictest safety precautions, and the most elaborate safety software 
will all have a high probability of failure unless the technical manager is closely 
identified with the plant he runs and the operating team that he leads. It is this 
aspect of human management which will perhaps turn out to be the most im- 
portant feature of safe operation in the 1980’s. 


