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purposes of general discussion. Before relying on the material in this paper, readers 
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accuracy, currency, completeness and relevance for their purposes. 
 



Abstract 
 

Operational personnel in complex process plants such as major hazard facilities are 
regularly called upon to make decisions that balance the production and safety 

requirements of their organisation.  Hazardous facilities that operate under safety 
case-style regulatory regimes typically have a set of operating limits in place.  These 
limits normally cover both restrictions on process parameters and required minimum 

safety equipment availability, apparently removing the need for in-the-moment 
judgements.   
 
Focussing solely on compliance with pre-defined operating limits underestimates the 
direct contribution to safety made by the operating team based on their professional 

judgement.  In practice there are many possible system conditions that do not 
contravene the defined operating limits and yet are not safe.  This does not mean 
that the procedure writers’ procedure is incorrect– it is simply a reflection that in a 

complex dynamic system not every possible state can be identified in advance.  
Research has identified a line in the sand approach taken by experienced operating 
crews when abnormal situations arise.  This approach could form the basis of a 

process rule (similar to job safety analysis or permit to work) to assist operational 
crews in making better decisions when such situations arise. 
 
Keywords: Decision making, major hazard facilities, operating limits 
 
 

Introduction 
 
Organisations that operate complex plants such as major hazard facilities and nuclear 

power stations face special challenges.  Their activities may have the potential to 
cause significant numbers of deaths and/or if things go wrong, so they need to 
operate conservatively.  On the other hand, they also face normal commercial 
pressures to reduce costs and maximise production.  Accident literature abounds 
with cases where organisations have failed to achieve this balance – Texas City 
(Hopkins, 2008; US Chemical Safety and Hazard Investigation Board, 2007), 
Buncefield (HSE Major Incident Investigation Board, 2008), Longford (Dawson and 
Brooks, 1999; Hopkins, 2000) and Piper Alpha (Cullen, 1990) are just a few 
examples.   
 
Achieving the appropriate balance between these two priorities requires a multi-
facetted approach from design and engineering, through to maintenance and 
operations.  A key aspect of the role of operations personnel is to make decisions 
that balance organisational goals and take appropriate action.  High reliability 
researchers have focussed on the need for mindfulness from operational personnel 
when dealing with abnormal situations (Weick and Sutcliffe, 2001), whereas 
resilience engineering researchers have more recently been focussing on sacrifice 
decisions – in the moment sacrificing of long term production targets in order to take 
action on short term safety imperatives (Woods, 2006).  The emerging analysis on 
the circumstances surrounding the Deepwater Horizon incident is also emphasising 
the importance of operational safety decision making (US Department of the Interior, 
2010). 
 
 
 



This paper describes some of the results of a broader case study-based research 
project investigating how operational managers in high hazard industries make safety 
decisions - for full results see Hayes (2009).  It is a “normal operations” study 

(Bourrier, 2002) which, in contrast to studies that review past accidents to determine 
what went wrong, looks at day-to-day decisions and attempts to draw lessons from 
those cases where things have mostly gone according to plan.   

The research shows that in making sense of situations, and taking action, operational 
managers act from two discrete occupational identities.  As employees, operational 
managers take direction from organisational superiors by way of rules and cultural 

norms.  In addition to their identity as employees the operational managers also 
have a strong professional identity which drives their decision making by valuing 

qualities such as dedication to the job, public trust, loyalty to peers and in-depth 
technical knowledge.  Furthermore, the research shows that their experience gives 
them a deep understanding of the system, its inherent complexity, and the potential 

for serious consequences where things go wrong.  These aspects of professional and 
organisational identity are complementary to the use of rules and the role of 
compliance discussed below. 

 
 
Method 
 
The research was conducted using ethnographic techniques based on interview, 
observation and document review.  The work is founded in a case study tradition of 
social science inquiry (Flyvbjerg, 2001).  The aim is to improve practical 
understanding of safety performance by collecting stories which provide a rich 
picture of decision making by operational managers managing safety and production 

goals.  The results are both descriptive and explanatory of the organisational 
situations studied.   
 

Overall, three organisations participated in the broader research work described 
above.  They were chosen based on similar organisational goals and environments 
(despite differing technologies).  The examples used in this paper are part of the 
interview data collected from operational managers at a United Kingdom (UK) 
nuclear power station and a chemical plant in Victoria, Australia1.  The UK nuclear 
power station operates under the UK Nuclear Installations Act (1965).  The chemical 
plant holds a Major Hazard Facilities Licence under the Occupational Health and 
Safety (Major Hazard Facilities) Regulations (State of Victoria, 2000).   
 
The interviewees were selected based on their organisational role.  They are all 
operational managers – the most senior individuals on shift, whose job is to 

supervise the operating crew and ultimately to decide if a production interruption is 
required for safety reasons – or people whose advice operational managers seek in 
making decisions.  Even in a large organisation, there is only a small group of people 
who hold these roles; eleven people were interviewed in each organisation.  They 
were asked to describe some specific situations in which they had to make a decision 
balancing safety and system efficiency/operations/production.  Twenty six stories 
were collected in total (of which four are described below) along with rich contextual 

                                           

1 The third participating organisation was an air navigation service provider. 
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information about how individuals conceptualise safety and how they choose a 
course of action in any specific case.  Information obtained from interview was 
supplemented by documentation such as procedures and position descriptions. 

 
Approval for this work was obtained from the Australian National University Faculty 
of Arts Ethics Committee. 

 
 

Compliance with Operating Limits 
 
The practice of defining an operating envelope or a set of operating limits for 
complex process plant has achieved wide acceptance in both industry standards2 and 

safety regulation.  Such limits provide a fixed boundary of acceptability for specific 
system parameters that impact safety such as: 

• Maximum and/or minimum values of measurable system properties such as 
pressure, composition, or number of operators,  

• Specific minimum requirements for equipment e.g. must have one pump 
running and one on-line spare, must not run without gas detection in place. 

Ensuring that operations stay within the operating envelope at all times is an 
overriding factor in decision making in the face of equipment breakdown or abnormal 
operating conditions.  
 
Turning to how these limits are used in practice, at the nuclear power station the 

defined operating limits were treated by all involved as a set of firm and fixed 
boundaries never to be crossed.  One operational manager said: 

“…[W]e will comply with them absolutely, where we can, and if not we will 
flag it up to the world.  If we do deviate we know that we will be held 
personally responsible and it can be a career threatening type of thing…it’s 
something we take very seriously because it’s the safety envelope of the 
plant.  If we go outside of that we are threatening safety.”  

 
Story 1 below is a typical example of action taken as a result of the limits defined in 

the operating instructions. 
 

Story 1: You need to button your reactors and button your turbines. 

Shift Manager Interviewee 2 was out in the plant when the sudden loud noise and 
visual impact of high flow in the venting and relief system made him aware that a 
plant trip had started.  Returning to the control room, he discovered that a full 
reactor and turbine trip had been initiated by the control room staff.  A failure had 

occurred in the low voltage power system, which meant that the technicians had lost 
access to the data presentation system that allows them to monitor the plant and 
would not be able to ‘see’ what was happening from inside the Control Room.  

Operating instructions call for an immediate trip in these circumstances.   

                                           

2 See for example Center for Chemical Process Safety (2007) and International Atomic Energy 
Agency (2000) 
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Tripping the reactors and turbines initiates a period of very high workload for the 
entire shift to shut down and isolate all equipment and perform all necessary 
external notifications (since power generation has ceased).  
 
In this case, control functions were not impacted by the failure, so, in theory, 
operations could have continued without monitoring until the data presentation 
system was restarted (estimated to take 20-25 minutes).  The staff members on duty 
were well aware that operating instructions require an immediate trip if monitoring is 
lost, even if there are no signs that the reactors and plant are not operating 

normally.  This was the action that they took. 

 
Activities at the chemical plant were managed in a similar manner, as illustrated in 
Story 2. 

 
Story 2: Minimum manning levels 

Shift Manager Interviewee 1 recounted the story of an occasion where, through 
illness and lack of availability of a replacement technician, there were only five 
technicians available to work a shift in the plant instead of the usual six. 

 
It is possible to run in the short term with only five technicians but there is 

insufficient capacity to manage any maintenance work or attend to developing plant 
issues.  Interviewee 1 said that he chose to shut down one section of the plant that 
is relatively simple and hence safest to restart.  He described the decision in practical 

terms based on the tasks that needed to be done for the plant to run safely. 
 
The safety case specifies that the minimum number of people necessary to safely run 

the plant is six.  This limit was set when the Safety Case was prepared based on 

analysis of previous operating experiences.   

 
Compliance with the defined operating envelope is often a regulatory requirement.  
In the case of this research, each site operates under a safety case-style regulatory 

regime that treats operational limits in a similar way.  Setting operating limits is 
largely an engineering exercise.  Limits are based on risk analysis and engineering 
design considerations with input from operations personnel to ensure that issues 

such as the necessary response time have been taken into account.   
 

The two stories recounted above and many others in the research data show that 
these types of limits are commonly respected in practice.  This may be what 
regulators, engineers and senior managers expect to see as the process for 

operational decision making, but this is far from a complete picture, as we shall see 
in the following section. 
 
 
Line in the Sand 
 

Operational managers described other occasions when they had chosen to interrupt 
operations, even though the state of the plant was not close to the boundary of the 
operating envelope.  This is an important point.  Operating outside the defined 
envelope is unsafe, but operation within the envelope is not automatically seen as 
safe just because none of the individual stated parameters is in danger of being 
breached.  Ironically, the complete set of operating limits is sometimes called the 
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Safe Operating Envelope (or SOE) for the plant but experienced operations people 
know that it is possible for the system to be inside the SOE and yet not safe. 
 

Sometimes the process system may present unusual modes of operation or failures 
not foreseen by the engineers who wrote the procedures and set system limits.  This 
may be seen as a failure on the part of those who wrote the procedures.  In a 

perfect world all hazardous operating modes could be defined and proscribed.  In 
fact the real-world operation of complex ageing technology, often in a changing 
environment, means that there will always be the potential for system behaviours 

that have not been predicted in advance.  A recent study of the California electricity 
system (Roe and Schulman, 2008) found that the grid transmission control room 

staff operated in performance modes covered by routine procedures only 10% of the 
time.  The system was under so much pressure (due to fluctuating power demands 
from customers and fluctuating power availability from generators) that control room 

staff spent almost their entire working time balancing transmission system integrity 
(safety) and delivery reliability (production) in ways that the system designers had 
not foreseen. 

 
The performance of the systems at the nuclear power station and the chemical plant 
was much more stable.  Nevertheless, at both sites there were occasional deviations 

that designers had not foreseen.  In such cases the operational managers at the 
nuclear power station moved into a mode that they called conservative decision 

making.  Under this approach, where an abnormal situation develops, the manager 
fixes a limit beyond which attempts to continue running will be curtailed and the 
facility will be moved to a safe state (usually shut down).  This is similar to a limit 

imposed by a formal operating instruction, but it is specific to the particular situation 
at hand and is developed at the time by the crew based on the available information 
about the state of the system.  Within this self-imposed limit, personnel continue to 

monitor the situation and attempt to solve the problem.  If the situation is not 
resolved before the limit is reached, then the plant is shut down.  Story 3 below 
describes a specific case where such a limit was developed and used. 

 
Story 3: We set boundaries and work within those 

One of the Shift Managers (Interviewee 1) recounted the story of restarting a reactor 
after a planned outage.  Part of the way through the start up sequence, the control 
room technician found that there was a problem with moving the control rods (one 
of the key devices used to control the reactor power level).  The technician’s initial 
response (shouted out to Interviewee 1, who was in his office adjacent to the control 

room at the time) was to plan to shut the reactor down again immediately.   
 
Further investigation (over a few minutes) showed that it was possible to manually 

decrease the power of the reactor but not increase it.  Interviewee 1 described this 
as “partial control”.  It was also established that, whilst there is a minimum power 
level specified in the operating instructions, they were well above that figure.  Before 

continuing, they set themselves a limit. 
 
“We gave ourselves a bound of power level whereby if it went down so far towards 
the automatic trip, then we would have tripped it anyway…so, we set boundaries and 
worked within those.” 
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Within two to three minutes they had solved the problem with the control rods and 
were back to power raising. 

 
What would have happened in this case if the power level had continued to fall?  
Would they really have acted to shut down the reactor, or would they have simply 
continued in their efforts to fix the problem?  The research data includes several 
cases where facilities were shut down in accordance with the agreed criteria. 
 
Several of the stories told by operational managers at the chemical plant followed a 
similar pattern.  In one case, the manager was involved in temporary repairs to a 
leaking cooling water system. Since the plant was still running, he had set the control 
room technician the task of monitoring a plant parameter with instructions to shut 
equipment down if a specific limit was reached.  The difference at the chemical plant 

was that there were also several stories told where the limit that formed part of the 
operational manager’s thinking in the first instance was then ignored as repairs were 
delayed for a range of practical reasons.  Story 4 below is a case in point.   
 
Story 4: False Economy 

Shift Manager Interviewee 10 told the story of a fault in a valve in the plant water 
system that developed late one Monday afternoon.  This meant that, instead of 

levels being managed automatically, the technicians had to manually check the water 
level in the system and ensure that sufficient water was in each tank.  Maintenance 
advised that the necessary part would be delivered and installed on Tuesday.  The 

water is used to cool each reactor vessel i.e. as a key process safety system.  
Interviewee 10 considered leaving the affected reactor offline until the valve was 
repaired, but was convinced without much difficulty by the departing day Shift 

Manager that they could manage to run the plant overnight by adjusting the water 
levels manually.  
 

Interviewee 10 came back on shift on Tuesday evening to discover that the wrong 
part had been delivered during the day, so the system was still on line with levels 
being adjusted manually.  He continued with this approach but “2 o’clock in the 
morning that decision bit us in the bum because the cold tank had dropped to a level 
where we lost suction to the pump that supplies the chiller units, which were no 
longer supplying chilled water to the tank, which meant that the autoclaves that 
needed chilled water weren’t getting it and we had to [manually dump] two 
batches.” 
 
This has both production and safety implications.  Initiating a manual dump of the 
contents of the reactor indicates that the reaction is not under full control and that 

urgent action is required.  If the contents are not manually dumped and the pressure 
continues to rise, then the automatic relief system will initiate a dump to 
atmosphere, the “last resort” in reaction control.  Dumping the partially reacted 
product is also a production issue as that batch of product is lost and it takes some 
hours to get the plant back to a normal running state. 
 
“So that’s probably a really good example where in hindsight, the decision, what I 
said to [other senior operations staff] on Monday night, just leave it off until we get 
a new valve, would have been the best one.” 
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This account shows our tendency to revise our original view that the activity or 
operation was undesirable based on our very short-term experience.  This can lead 
to acceptance of continuing operation with decreased safety margins.   

 
In her study of the Challenger disaster, Vaughan (1996) found that, over a period of 
years, NASA technical staff came to accept observed damage to solid rocket booster 

seals as normal, even though it was initially seen as a problem.  Eventually the seals 
were so damaged on one launch that they failed and the shuttle was lost.  She calls 
this shift in what is normal or accepted practice “the normalisation of deviance”.  The 
research with operational managers indicates that such normalisation can occur very 
quickly in cases where the self-imposed limit is not strongly articulated and recorded.  

These examples show that this aspect of decision making is of similar importance to 
compliance with the plant operating envelope, yet it is largely invisible to regulators 
and staff outside the immediate operational areas of most high technology 

organisations. 
 
 

Applying Experience 
 
The line in the sand approach implies that the person setting the line has sufficient 

experience to make a reasonable judgement.  The parameter chosen is often a time 
limit (as in Story 4) but it is sometimes another plant parameter such as pressure, 
temperature or flow.  In setting such limits, operational managers focus on two 

things: 

• Firstly, in considering the danger associated with an abnormal operating state 
or activity, the research data shows that operational managers do not use the 
concept of risk (in the sense of likelihood and consequence).  Instead, they 
assume that normal operations are safe and loss of any safety barriers is of 
serious concern to them.  They become very uncomfortable if safety systems 
or devices are unavailable, or likely to be impaired or ineffective for any 
reason.  Their focus is on repairing/reinstating, or providing temporary 
replacements and they will rapidly interrupt production if these options are 
not possible.  

• Secondly, many people described stories of past experiences that had 
frightened them greatly and given them a vivid appreciation of the potential 
danger posed by the system.  These stories are sometimes accidents 
involving injuries or deaths of colleagues, but more often they are seemingly 

more trivial occasions that nevertheless have left a strong impression that the 
facilities are dangerous and at times unpredictable.  Keeping the danger 
under control is a priority for which they are actively responsible. 

 
It seems likely that the line in the sand approach has been adopted because it 
supports the cognitive processes that the operational managers naturally use as 

experienced decision makers (Dreyfus and Dreyfus, 1986; Klein, 2003) based on 
intuition rather than analysis and with a strong commitment to the required 

outcome.  This approach does not dictate how best to come to a conclusion about 
the safety or otherwise of the system.  Rather, it specifies a way of helping an 
operational manager stick to their judgement once they have drawn initial 

conclusions (unless the situation changes).   
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Conclusions 
 
Organisations rely critically on the experience and expertise of engineers in designing 
safe plant and recording the limitations of the design in the form of a well-defined 

set of operating limits.  Compliance with such limits is clearly a key aspect of 
ensuring safe operations, but much less attention has been paid to the role of the 
experience and expertise of senior operations personnel.   

 
Comments from senior managers about the broader research project from which this 

work is taken (Hayes, 2009) often revealed the view that their operational managers 
had relatively little freedom and that their job was limited to application of concrete 
rules.  In fact, the research has highlighted decisions being made largely outside 

existing rules and procedures.  The line in the sand approach could be formalised 
into a procedure for decision making focussing on the circumstances in which to 
create a line in the sand, plus development, monitoring, recording etc.  This type of 

procedure is an example of a process rule (Hale and Swuste, 1998).  The idea behind 
using process rules for safety assurance is that, if the series of steps that a skilled 
individual is required to perform is specified, then the individual will come to the best 

possible decision.  Other examples of process-based rules commonly used in 
manufacturing and process industries are permit to work systems and job safety 

analysis.   
 
Putting in place a procedure for operational safety decision making based on the line 

in the sand concept would make these safety practices more visible and hence able 
to be drawn in to normal management system practices such as training, review and 
audit.  In a political environment where operational decisions are likely to come 

under increasing levels of scrutiny, this must be a good thing for safety outcomes 
and for reputation management. 
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