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ABSTRACT

This paper will discuss the latest thoughts and techniques in Control Room design.  Today legislators are forcing the re-design of control rooms both internally and externally.  They are forcing manufacturers to move away from the potential blast area and this is having a major impact on the way people work and communicate.

The paper will discuss the pros and cons of control room location, the need for a people refuge on the plant.  The trends in control room design and a systematic design methodology for control rooms.  The latest IEC draft standards that seem to have stalled in committee.

INTRODUCTION

Accidents resulting in major damage to occupied buildings are rare but when they occur the results can be tragic and disastrous as we witnessed in the Hickson & Welch (1992 – UK), the Total La Mede Refinery (1993 – France), and finally the Philips Pasadena Texas (1992 – USA). In each case more than five people died as a direct result of being in a building on a Chemical Process Industry site.  Most fatalities in buildings resulted from Vapor Cloud Explosions or Boiling Liquid Expanding Vapor Explosions (BLEVE’s).  So the easy solution is to move the building well outside the potential blast area and that should be an end to the problem.

Unfortunately we have to consider non-ignited gas source from a toxic gas source and how local plant people escape from the danger.  Most company’s state that employees need to watch the wind socks on the plant and run up wind to safety.  Is this a good solution?  In the past the control room was a refuge from fire, gas and explosion and now we intend to not build a refuge.  I have witnessed many projects build a consolidated control room off the plant and at a later date has had to build a shelter for local people after a small incident.  The shelter becomes a useful residence and the field operators call for local DCS user Interface because of communication problems between the control room and the field.  Any savings sought on building economy are now gone but the control room operators are Safe but isolated from the action.

Is it possible to build a control room to withstand a plant catastrophe?  Many companies and architects believe so, we are left with the question what are we trying to achieve?

This is the question that many companies never ask.  Some respond to industrial trends and believe blindly that consolidated is the best practice for control rooms, that it is cheaper to build a non-blast proof building away from the plant.  This may be true but not without a price.  We need to have a methodology that guides designers and owners through a process to discover the real requirements and apply today’s real best practices.

A Prototypical Ergonomic System Design Approach

The International draft Standard ISO/CD 11064 covers principles for the design of control centers and has a large number of support sections which cover lighting, the room layout and consoles design recommendations, however, the standard appears to have stalled.  This does not mean to say that the work done to date is not useful.  In fact in many places, it is recognized as a best practice until something else replaces it.  I find the draft standard rich and full of useful suggestions for the designer.  It starts by applying a recognized best practice in Process Safety Management, which is founded on Employee Participation; this is called problem definition and shared vision.   

The designer is then encouraged to review any existing rooms and practices and develop a system description and task analysis capturing the things that work well and designing out the things that cause problems, hence, the need for employee participation.  Most new rooms involve something else new, e.g., a control system upgrade, staffing changes so the designer must now exam the intend use and do a new task allocation and understand job roles and responsibilities.  At this point the designer can start to consider the detailed control center design and sitting down with an architect who understands and specializes in building control rooms. This is an important point to make just any architect is not necessarily good enough.  The control room is so different from any other building and the un-initiated could introduce some serious design flaws that ultimately could cost someone their life.

After doing the initial design the designer is encouraged to present the design back to the users of the building.  We have a plan but when did we decide on the location of the control room?  The draft standard does not really address this issue as far as I have seen from copies of the draft standard.  The truth is, it is part of each of the phases outlined above.  Part of the problem definition should include the need to protect people and critical equipment.  In most plants this is driven by some form of risk assessment to determine the plants philosophy.  The major effort of operating companies is directed to prevention of events that trigger major incidents.  A risk assessment will be able to define the probability of an event happening and specify the building protection based on the needs of that assessment. This is in keeping with the principles of Responsible Care, which much of the CPI has embraced.

Responsible Care calls for companies to apply Inherent Safety practices.  In this case the amount of hazardous material should be minimized and the number of people exposed to chemical plant hazards of the type referred to should be minimized.  To mitigate the hazards that cannot be removed, Hazard Identification Techniques and Hazard Management Practices should be adopted.

This introduces the first major issue to resolve.  The closer the building to the plant the more effective the occupants could be in operating and maintaining the plant by being closer to the hardware they manage or the people with whom they interface.  It is arguable that there is less likelihood of there being an accident due to better communications between key groups of people.  The closer the people are to the plant the higher the risk they run of being exposed to the consequences of the hazards of the plant should these consequences be realized.  To balance these hazards it is important to consider the protection given to the people by the building they occupy.  The closer to the hazards the more protection the building must provide and hence, the more it will cost.  However, if the decision is made to reduce costs and then later build a building for the field operators and maintenance folks these cost savings soon disappear.

Our motivation so far has been the safe location of people.  Other benefits come from consolidation that may impact operating efficiency and that is the opportunity for upstream, downstream and utilities console operators to collaborate.  However, re-locating several groups of console operators into a single control room will not ensure collaboration.  We have witnessed many design issues inside a single room that have re-enforced segregation of console operators.  Minor issues such as different lighting requirements, different environmental requirements (some like it hot), disruptive maintenance activities in one area, constant field radios communication, likes and dislikes of background music, excessive alarm activation’s. Figure 1 shows a control room built with a lot of forethought to the needs of the plant, however, collaboration was not high on the users agenda and the routine communication is still done by telephone due to the distance between console groups.  Operators actually isolate themselves by pulling down screens, which were only intended for use during turnarounds.

Figure 1 Nova Chemicals Sarnia, Canada
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As the designer investigates the tasks and job functions, the importance of the needs for collaboration, workload sharing and communication are extremely important and with management commitment can be made to work to the plants advantage.  

The focus should not be limited within the building but should extract the needs of the field to control room collaboration and communications.  The console operator needs to have the field operator’s perspective on the condition and location of plant equipment.  Important information such as who, what, where and when of maintenance activities needs to be understood and monitored.  The physical time required for a task to be completed, for example, taking samples, switching equipment in and out of service needs to be comprehended so that the console operator understands the physical limitations of the field tasks.  With local control rooms the field operators had a casual and friendly rapport but as the distance increases these casual communications become more difficult and only formal communication takes place.  The sharing of  “gut feel” and instinct never get communicated in formal communications and we have seen from recent installations major problems and an increase in incidents due to this problem.

The operators in the control room become more and more isolated and motivation goes down which also impacts human performance, and may lead to increased incidents.  A “best Practice” is to rotate all the operators regularly to prevent some of these problems.  However, if the control room is a significant distance from the plant we find that this practice is less likely to be implemented.

“Loss of teamwork is further compounded by the fact that console operators in central control rooms are often running unfamiliar units.  Depending on the extent of consolidation and the presence of union seniority rules, the units may also be staffed by fewer field operators, and the field operators may also be new to the unit.”

The problem is not only technical, it is cultural and if it is not new it will often have a lot of previous baggage.  This is why we must determine what works and transfer them as best practices.   Then identify what needs to be improved and use this opportunity to improve.  Training is always good for a few opportunities and if you are contemplating moving the control building off-site you must identify the ramification of that move on the training facilities for example computers, reference books and other resources may have been centrally located and now need to be duplicated.  How do operators practice training exercises together?  A Best Practice is for the field and console operators at the beginning of a shift to review the current Plant State and to work together through “what-if” exercises and safety awareness reviews.

These issues can be challenging but when resolved can be very rewarding and an improvement on existing practices.  As the designer works systematically through the requirements and understands the tasks, the people roles, and business needs, the location of the control room will become less complex.  An easy comparison with positive and negative issue reveals it is easier to get a shared vision and buy-in from each of the groups involved.

The group needs to now consider the role of the building once it has been located, for example if it is very remote it not likely that maintenance work coordination and issuing of work permits would be done in the control room.  The team can now capture the communications requirements and the types of equipment available to resolve the identified problems, to select from a range of technologies such as radios, address systems, pagers, telephones, video conferencing capability, hand held computers, etc.

The building and the control room have different needs, the control room is a 24 hours/day operations in either 8 or 12 hour shifts. It is the main training center for operators, it has requirements for local food cooking and eating, for exercise, for Emergency Response and often for testing and commissioning new control strategies.  The goal is to enhance the “manufacturing team” performance in and around the control room; to apply sound human factors within the interior design t reduce health care costs.  

Design factors must consider influences such as comfort, health, safety, efficiency and effectiveness of all people through architectural design, control room lighting and recently lighting therapy.   Medical experts have stated that control rooms must be illuminated to at least 1000 lux to help operators adjust their circadian cycles. 

 If this is not done operators will experience sleep disorders which will impact overall health, increase the likelihood of heart disease and a range of other health related issues which reduce the operators reliability and increases the probability of more incidents/accidents. (A recent survey from CPI Company revealed that over 60% of operators acknowledged they sleep on nightshift).

The human performance is greatly effected by the User Interface design and the integrity of management information systems and physical location of equipment. Integration of ergonomics with the traditional approach enables the designers to define an integrated and compatible set of technical and organizational criteria.  The methodology extends the consideration of required functionality from the human perspective to provide an error tolerance design that informs the user of situations they are in. Some recent strategies have included building a blast proof building around the existing non blast proof building in order to save the large cost of relocation and the disruption that introduces.
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