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Technology and control room consolidation are changing the role of the operator, making the position 
largely knowledge based – monitoring the system against goals and objectives. In Part 1, we identified 
operating factors to consider when consolidating a group of distributed control rooms.  In Part 2 we explore 
the design and systemic measures that can enhance productivity while satisfying needs for process safety 
and risk management.  These include: 

• Information noise and other distractions 
• Communication 
• DCS environmental factors 
• Control room architecture 

 
Although written from the perspective of consolidating an existing group of distributed control rooms into a 
central control room, many of the insights offered are applicable when rationalizing plant operations for 
new or existing facilities. 

INFORMATION NOISE & OTHER DISTRACTIONS 
One of the lessons information technology has brought to our attention is the difference between the words 
information and data.  Information is what we did not already know and can use constructively.  Data on 
the other hand has no meaning by itself but relies upon other outside sources to determine its worth. 
 
The operator uses three types of data: 

• Real-time – DCS, ESD 
• Transient  – operating targets, shift log, lab data, hourly averages, alarm status, equipment status 
• Static – procedures, P&ID, DCS configuration, PSV settings,  engineering data 

 
Studies of human cognitive ability have determined the rule-of-thumb for decision making is that a human 
can make a choice among seven, plus or minus two items at one time.  At best, an operator can correctly 
select which item to address between nine simultaneous choices. This should not be interpreted that a 
person can only process seven digits at a time.  Rather, tremendous amounts of data can be combined to 
form a chunk of information, but it requires minimal information noise and other distractions. 

Alarm Systems 
Alarm systems are universally recognized as essential to ensuring that processing plants are run safely and 
efficiently.  Traditionally they were based on hardwire indication lamps and annunciator panels, but more 
modern systems use computer driven displays to present graphical representations or text lists of alarms. 
 
Alarm systems are crucial for automatically monitoring plant conditions and attracting the attention of the 
operator to significant changes that require assessment or action.  They are a vital link in the operator’s 
work process, connecting man with machine, sensing conditions that affect safety, environmental and 
economic risk.  They help the operator to: 

• Maintain the plant within a safe and environmentally compliant operating envelope 
• Recognize and act to avoid hazardous situations 
• Identify deviations from desired conditions that could lead to a financial loss 
• Better understand complex process conditions 

 



 
 

An alarm is saying to the operator “do something about this urgently”, “look at this soon”, “don’t forget 
this problem”, etc.  An alarm system should help the operator to manage his tasks and resources, and 
should focus his attention on the most important issues.  To achieve this: 

• Each alarm should alert, inform and guide. 
• Every alarm presented to the operator should be useful and relevant to the operator. 
• Every alarm should have a defined response. 
• Adequate time should be allowed for the operator to carry out his defined response. 
• The alarm system should be explicitly designed to take account of human limitations. 

 
A poorly conceived alarm system manifests itself into alarm frequency and priority problems leading to 
indecision, overload, or pretermission.  The problem can be traced back to the original configurations and 
the criteria used to select the points to alarm. Back when all alarms were hardwired (and the costs of 
alarming points required justification), a lot more thought was given to alarming points. Due to the 
development of computer-based control and alarming, the costs associated with alarming a point have 
disappeared, along with much of the thought process of selecting and designing alarm points.   
 
Additionally, the interactive and multivariable nature of human performance can often mask alarm 
problems. In some cases, increased staffing can be used to compensate for poor alarm system design. Extra 
operators work the board to handle the alarm floods. Unfortunately, a similar phenomenon is seen where 
alarms are used to compensate for poor training or operating practices.  The greatest irony in the alarm 
problem is the tendency to add alarms to compensate for an operator missing an alarm as a result of an 
alarm flood. 

Response Time 

Response to an alarm requires detecting the cause of the alarm, correctly diagnosing the alarm's cause, and 
effecting the proper control actions.  People tend to process alarms or faults in series - responding to one 
fault at a time and not going on to another fault until the first fault is corrected.  Cognitive lockup occurs 
when the operator focuses on the fault at hand and ignores the rest of the system, including new faults that 
occur in the system. In a severe process upset, many different faults can occur that may or may not be 
related.  The result is that the operator fails to collect the information needed to diagnose the faults.  
Cognitive lockup needs to be avoided to successfully control the process during emergency and high 
workload situations.  A partial solution involves the design of the operator-process interface, where critical 
process relationships are defined and mapped onto displays and the alarm system. The design should 
enhance the ability of the operators to detect critical information and diagnose faults. 
 
Besides the variables shown in the idealized Fault Timing Graph below, several other factors affect the 
available time an operator has to prevent the implied consequence of an alarm: 

• Effectiveness of HMI in helping operator recognize and diagnose the problem 
• Accessibility to resources required to execute tasks 
• Availability of resources to execute tasks 
• Speed at which tasks can be executed 
• Total number of tasks to be performed by operator during high workload periods 
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Fault Timing Diagram 

 
On the basis of user experience, the UK organization EEMUA (www.eemua.co.uk) suggests that 1-minute 
per alarm is the minimum average time to allow for the operator’s response.  For example, if there is on 
average an alarm rate of 5 alarms per 10 minutes and the operator on average needs one minute to deal with 
each alarm, then the alarm system would be demanding 50% of the operator’s time.  For many operators, 
such a workload would be unacceptable.   The alarm system should not require all of the operator’s 
attention because the operator has other plant supervisory responsibilities that reduce the amount of time 
devoted to alarm management.  Still, a small number of alarms should not be viewed as necessarily 
desirable as this may mean that the operator will be unaware of important events.  A balance must be 
struck. 
 
Some response time factors are tied to the reliability of the operator, who may be unavailable, is confused, 
is not paying attention, etc.  Human factors specialists suggest that human reliability can be improved 
through operator selection, training, motivation, supervision, task allocation, and HMI design.  Increased 
automation may be an alternative means of improving reliability, but the added complication may put the 
operator into an untenable position because the system can become more difficult to operate. 
 
Response time is an active research area, particularly in the areas of early detection and decision support 
systems.  The explosion in technology and standards is making exciting possibilities out of the impossible. 

Standing Alarms & Frequency 

Today’s alarm systems are often problematic in that there are too many alarms.  Alarms should only be 
used to cause an operator to take action.  It makes no sense for an operator to respond to a low-flow alarm 
when the pump providing the flow is shutdown for maintenance. 
 
The avalanche of alarms that occur during any type of transient or upset situation is the most serious 
problem as it can overload the operator's information processing capacity.  Operators have discovered that 
the alarms scroll down on the CRT screen at such a rate during upsets that they cannot possibly read new 
alarms.  The danger is an operator may miss an alarm critical to the process.  Alarm avalanches contributed 
to famous incidents like Three Mile Island, Milford Haven, and the power failure in Northeast US. 
 
Sometimes process upsets propagate as a consequence of the alarm avalanche, where propagation means an 
upset on one process unit causes an upset on another.  The propagation can be a result of interaction 
between processes.  It can also be a consequence of the same operator controlling multiple processes, 
where the operator becomes so engrossed in one process that the operator misses a situation developing on 
another process.   
 



 
 

Today’s alarm management programs provide operators with an alarm system that minimizes alarm floods, 
has no invalid alarms and allows timely responses to alarms.  Metrics often used to characterize the 
program performance include: 

• Average alarms per hour 
• Maximum number of alarms occurring over a 1 hour time period in the last 24 hours 
• Alarm chattering events per day 
• Stale alarms per day 
• Duplicate alarms per day 
• Distribution of alarms priorities per shift 
• Time to acknowledge alarms based on alarm priorities 

 
An LNG facility reported that their alarm management program reduced the daily alarm count from 819 to 
387 and lowered the number of standing alarms shown on the alarm summary page from 150 to 20 under 
steady-state conditions. 
 
Implementing an alarm management program can reduce many of above metrics upwards of 70 percent by: 

• Alarm rationalization in conjunction with HAZOP and SIS analysis 
• DCS environmental improvements: 

- New functionality in hardware and software 
- Utilize configuration features 

• Alarm management policy and procedures 
• Advanced alarm tools: 

- Dynamic (state dependent) alarm management 
- Smart shelving of nuisance alarms 
- Voting logic 
- First out systems 
- Operator alarming systems (lays on top of DCS configured alarms) 

• Improve disturbance rejection capability of controls 
• Lifecycle maintenance of alarm system 

 
Maintaining an up-to-date database of all settings of controller tuning (PID and APC) and their changes is 
becoming increasingly important since poor tuning contributes to alarm frequency.  Fewer alarms due to 
tight control gives the operator greater confidence to optimize the unit. 
 
Present day development for alarm management focuses on providing tools to help the operator quickly 
attain situational awareness as well as advise the operator of developing situations.  Methods to further 
reduce the size of the alarm avalanche are also under study. 
 

Alarm Priority 

The primary purpose of alarm prioritization is ergonomic – helping the operator determine significance and 
required speed of response.   Too many high-priority alarms can lead to confusion and probable escalation 
of an event. Companies are rationalizing alarm priority by considering severity of alarm consequence and 
the time available for the operator to respond to alleviate the alarm consequence.  The following illustrates 
the concept: 
 

Rationalizing the Matrix of Alarm Priorities 
Max Response Time Minor Impact Major Impact Critical Impact 
30+ Minutes No alarm No alarm No alarm 
10-30 Minutes No alarm Low Medium 
3-10 Minutes Low Low High 
<3 Minutes Low Medium High 

 



 
 

Best Practices in the process industry for the distribution of alarm priority based on alarm configuration 
data is: 

• 5% of all alarms have a high priority 
• 15% of all alarms have a medium priority 
• 80% of all alarms have a low priority  

 
To be an effective discriminator, the relative occurrence frequency of alarms of different priority should 
reduce with increased priority. This is particularly important during flood periods when the operator 
requires help in discriminating which actions to take first. 

CRT Count 
The operator’s comfort zone for quickly scanning the plant status was impacted with the advent of the 
DCS.   Operators could no longer walk into a control room and scan the control panel to quickly obtain the 
overall health of the plant.  Many plants today are using CRT count as a way of regaining the comfort zone.  
 
The term CRT is generically applied here to represent any screen monitor that provides the physical 
interface for the operator to interact with the control system.  It could be a flat-panel display.  CRT displays 
have excellent resolution, crisp graphics, wide viewing angle, large monitor size, and are cost efficient, but 
are susceptible to electromagnetic interference (EMI).  Flat-panel displays are lightweight, take up less 
space, require less power, and are largely immune to EMI. 
 
Early DCS systems provided three CRTs per workstation while today six or more CRTs per workstation 
are common. Human-engineering factors however caution that there is a trade-off between comfort zone 
and information noise caused by excessive CRT count.  Too many CRTs can decrease the ability of the 
operator to find needed information in an emergency situation.  
 
A human factors study found operators use one CRT roughly 70% of the time, a second CRT about 25% of 
the time, and a third CRT approximately 5% of the time.  When a fourth CRT is available, it is used only 
0.4%. Today’s navigation technology however allows the operator to use multiple plates of glass with one 
device.  Still, this data points out the significance of the workstation’s architectural and software design in 
the workflow.   
 
Besides the CRT’s used in normal activities, the operator wants CRT screens to monitor overall plant 
status, much like walking the old panel board.  At the top of the list are dedicated CRT screens for: 

• Overview status of DCS 
• Alarm Summary 

 
The comfort zone requirement for additional CRTs in a workstation is influenced by: 

• Number of process units controlled in the workstation 
• Complexity of the process units and controls 
• Rotation frequency of processing equipment  
• Access need by others (supervisors, outside operators, engineers, technicians) 

 
These additional screens are used to trend critical process measurements, display critical processing areas, 
or monitor troubles in a particular area. The additional CRTs are also used for start-ups and shutdowns.  
 
In addition to the DCS, most workstation environments have one or more PCs that are used for interacting 
with APC or RTO, trending data from the plant wide historian, interacting with LIMS, writing and reading 
reports, submitting work orders, reviewing schedule rotation, etc.  However, too many PC based operating 
windows detract from the operator’s ability to maintain vigilance. 



 
 

Neighboring Workstations 
Control room consolidation introduces new sources of information noise and distractions to the console 
operator in the form of: 

• Alarm annunciation 
• Lighting control 
• Climate control 
• Music or radio 

 
Other than alarms, console operators often police the issues on their own, but the most aggressive 
personalities tend to win.  Preference clashes can become a source of friction between operators that can 
escalate to point of detracting from the collaboration objective sought by the consolidation effort.  
 
Noise can be reduced with acoustic treatments of the floor, walls, and ceilings in the control room. 
Other solutions might include increasing physical distances between workstations or installing sound 
barrier partitions between workstations, but these detract from the collaboration objective.  
 
Sometimes the operator cannot distinguish the alarm source between his own workstation and those 
adjacent. Solutions might involve varying combinations of volume and tone control and location of the 
horn within the workstation.  Another might reserve the horn for conditions that can have a plant wide 
effect and use a colored flashing light located at the workstation when the abnormal condition is localized. 
Still, a proactive approach reduces alarm frequency through an alarm management program. 
 
Operators must learn to contend with the music, lighting and climate preferences of the neighboring 
console operator since each individual has a slightly different preference for lighting brightness, music style 
and loudness, and room temperature.  Individual controls at the workstation are commonly used to the aid 
preference management, but a good neighbor attitude is still required. 

Control Room Community 
Before the advent of the DCS, operators and supervisors could walk into a control room and scan the 
control panel to quickly obtain the overall health of the plant.  During a major upset everyone in the control 
room knew the status of the plant because the data was in front of them on the panel board. 
 
Today, only the operator in front of the CRT knows the status of the plant, but only after interrogating a 
number of CRT screens.  Supervisors and outside operators walking into the control room often have to 
interrogate the console operator to learn the plant status. 
 
Interrogation of the console operator during steady state is generally not a problem, but during a major 
upset it is a source of distraction and additional stress.  During this time the console operator needs to focus 
his attention on keeping the plant on-line or stopping an incident from further escalation.  It only adds stress 
to an already stressful situation to have a number of people standing over the console operator’s shoulder 
trying to see what is going on. 
 
Large screen projection technology or wall screens can bring the plant view back to the entire control room 
community.  Wall screens can provide live graphic displays, alarm summary, and closed circuit TV from 
cameras around the plant.   
 
Plants have observed the following types of changes resulting from wall screens: 

• The head operator and engineer now discuss the process during upsets by gathering data from the 
wall screen without disrupting the console operator. 

• Outside operators are now more aware of the plant status.  When they come back to the control 
room they quickly assess the plant status by scanning the wall screen. 

• Console operators assist neighboring console operators by making them aware of situations they 
may have overlooked. 



 
 

• Console operators anticipate possible upsets in their own area by monitoring displays of the 
adjacent wall screen. 

• Console operators are more mobile because they can monitor their process area from other 
locations within the control room. 

• CRT displays on the upper tier of the workstations are freed up from overview displays to allow 
additional process graphics and trends. 

 
In addition to the wall screen, plants utilize a projector in a meeting room off the control room to display 
live process graphics from the DCS.  People congregate in the meeting room to monitor the plant without 
entering the control room.  Connecting the projector system to the plant wide historian or other databases 
allows more in-depth analysis. 

COMMUNICATION 
Central control rooms improve coordination of plant wide operations by increasing the interaction between 
the console operators of different units.  However, a side effect is that communication within a unit can be 
reduced, especially between the control center and field operations. 
 

• Efficient information flow is hindered when voice communication (via radio or phone) is 
substituted for face-to-face communication.  Voice communication is very difficult in noisy 
environments – field noise is obvious, but overlooked noise sources in a control room are alarms, 
indirect conversation, HVAC, and general traffic flow.   

 
• The communications problem is exacerbated when maintaining separate logbooks in the field and 

in the control room.  Since the field operators typically see much more of each other than the 
console operator, they set up informal communication methods in the field - such as blind lists and 
out of service logs - which are not accessible to the console operators.  The reduction in 
communication leads to unexpected difficulty with routine efforts such as maintenance 
coordination, permitting, and Lock Out/Tag Out.  

 
• Console operators are typically operating more units so there is less time available to 

communicate. 
 
Systematic measures beyond better radios must be taken to enhance information flow such as on-line 
procedures, mobile computing systems, kiosk based applications, remote video, and improved on-line 
access to a wide variety of plant information sources.  Access to weather information and local news is also 
important for maintaining plant readiness. 
 
Sometimes automation is required to minimize the console operator’s communication time with the field 
when executing routine tasks.  Frequent communication detracts from the operator’s ability to maintain 
vigilance, increasing the probability of an incident.  The problem may not be apparent in distributed control 
room architecture if the operator has dual inside and outside responsibilities - the operator leaves the 
control room when a job requires execution in the field.  A remote, central control room does not permit 
dual responsibilities without incurring excessive travel time, which is time away from the DCS.  
 
In addition, satellite buildings located in the process units are commonly used in conjunction with a central 
control room and are often integrated into backup contingency plans.  These satellites, whose complexity 
can vary from a CRT screen to a fully redundant DCS, allow the outside operator to view the same data as 
the console operator, which improves communication between the operators and begins the DCS training 
process of the outside operator.  Satellite control centers are also useful for planned unit startups or 
shutdowns and for facilitating periodic breaks for the console operator.  In addition, some plants have their 
console operator take their lunch break with the field crew in the satellite center in order to foster 
camaraderie and teamwork. 
 



 
 

One important implication is that the console operators need to possess exceptional communication skills. 
Such skills, if not inherent, must be integrated into a training program.  Opportunities for 
miscommunication can occur when there is: 

• Lack of understanding of each others roles 
• Not knowing how and when to communicate 
• Not realizing that a personal action would be relevant to the other person 

 
Consolidating control rooms is not a quick fix for existing culture issues, communication problems, or 
reliability concerns.  Plants with culture or communications issues need to understand the source of those 
and deal directly with the source - it is rarely a problem with distance between the unit and control center. 
Plants that have problems controlling plant wide upsets may benefit much more from a concerted effort to 
address how upsets get started in the first place. Plants with reliability issues might benefit from increased 
staffing levels, increased automation, or a modern maintenance program. 
 
Ideally, the design of the control system, communication system, and control room should facilitate 
essential communications and inhibit unwarranted contacts. 

DCS ENVIRONMENTAL FACTORS 
The user interface for a control system can either assist or hinder the operator in maintaining optimum and 
safe control of the process.  The DCS is generally quite flexible in its capabilities, but can easily be limited 
through the improper implementation of graphics and programming.  Slow call-up, awkward navigation, 
and minimally useful displays all lead to operator frustration and ineffective monitoring of the process.  
 
DCS considerations affected by human factors can include: 

• Software: 
- Consistent screen-display design – placement, shape, color, contrast 
- Consistent text usage in screen displays – size, font, color, contrast 
- Quality of information displayed – how quickly can the operator interrogate the information 

• Navigation: 
- Minimize number of key strokes – how quickly can the operator find needed information 
- Use one mouse (key board) – operator interacts with multiple screens from a central location 

• Fallback positions for equipment failures like key board, mouse, CRT 
• Architectural layout – minimize working area, physical stress and fatigue; increase plant 

awareness 

HUMAN INTERFACE 
The graphical interface for the DCS is not about drawing P&IDs or pretty pictures on the CRT screen.  It’s 
about presenting information and tools that aid the operator’s cognitive ability.  It is the foundation of the 
console operator’s workspace. 
 
Consistency is a key word in screen design.  It requires the location of functions remain the same from 
screen to screen.  This includes placement, shape, and color of virtual controls, diagrams, readouts, and 
trend charts.  Controls with the same behavior should look similar. 
 
Studies have shown color is a more important coding attribute than shape and that adding shape coding to 
an object that was already color-coded provides no significant performance improvement.  Relying entirely 
on color to communicate important information can be disastrous if an operator is colorblind.  Industry 
practices are: 

• Use color to indicate quality, not quantity 
• Avoid using more than seven colors (not counting background colors) 
• Define the meaning of each color and be consistent with the meaning throughout the system 
• Use compatible color combinations and avoid low-contrast combinations 

 



 
 

The presentation of on-screen text should vary as little as possible.  This includes lettering size, font, color, 
and underscoring.  Clarity also requires good contrast between text and its background.  A structured tag 
naming convention and description are paramount. 
 
Good HMI design allows screen-based, rather than keyboard-based, control.  Control actions that use point-
and-click navigation or touch screens greatly reduce operator fatigue exacerbated by the constant 
refocusing that can be required with keyboard-based control. 
 
Proper display system design is a two step process: (1) determining the display content and (2) determining 
the form or how it should look. Selection of display content is critical to the success of the system. 
Presentation of the information becomes extremely difficult if the right information is not chosen or 
properly organized.   Formatted structures must facilitate an operator’s recognition of patterns in the data, 
such that he sees chunks of data rather than just data. 
 
The information requirements, both variables and how they are to be encoded (color, shape, etc.), need to 
be combined into an integrated system that allows the operator to quickly access the right information at the 
right time. In general, the interface should be hierarchical in nature, where (1) different displays are created 
that match their use and (2) the displays are organized into a structured information environment.  The data 
287425963 is meaningless until restructured as 287-42-5963, which suggests a social security number. 
 
Appropriately designed displays directly illustrate to the operator how the plant is connected and how it 
behaves.  For example, the process flow should consistently map onto displays with left to right flow 
patterns.  The general strategy is to enhance the operator’s ability to detect, identify, and react by: 

• Ensuring display content and arrangement of information provides effective situational awareness 
• Providing displays that support functional models of the process and controls 
• Providing displays that feed back results of control actions 

 
As in all information presentation, display design requires an understanding of what information needs to 
be conveyed to the recipient. Adding unnecessary information results in a cumbersome, noisy system. For 
example, one plant may have an extremely stable process, so the operators become very sensitive to 
changes in valve outputs.  Ensuring outputs in the display system is a critical requirement for that unit, 
whereas for a less stable process the output information would simply be distractions or noise. 
 
Data can be presented in many forms, and certain forms are better for certain purposes.  Digital displays are 
much easier and faster for people to generate precise responses.  In comparison, graphical trend displays 
are better when qualitative or predictive responses are required. 
 
A major flaw with many interfaces is the inability for the operator to obtain the big picture of plant 
operation, or situational awareness. This may result in the operator developing tunnel vision during 
problems and upsets. To mitigate this problem, an overview is used to display qualitative status information 
on the major plant systems. 
 
A compact display system reduces the amount of paging and load on the operator’s short-term memory 
demands.  Compact displays assume qualified operators who know the hardware they are controlling.  
Extraneous information is excluded – what is in the pipe, the number of trays in a tower, number of 
exchangers in the preheat train.  The space saving is used for presenting chunks of useful information. 

ADVANCED CONTROL 
Without question, advanced control increases the efficiency and productivity of processing plants.  
However, it has its problems. 
 
Many of the problems are interface related - how the displays, system messages, and system alarms are 
configured and presented to the operators. Operational errors have occurred because the operator was 
unaware of: 

• The mode of operation the advanced control was in 



 
 

• What the advanced control was doing 
 
In addition, advanced control robs the operator of the opportunity to adjust the process and learn its control 
characteristics, resulting in loss of skill. Operators using DCS generally make 40% fewer control-moves 
than operators using pneumatic control systems.   Advanced control can also cut in half the number of 
control moves the operator makes per hour.  During upsets, the unpracticed operator must determine what 
the advanced control was doing, retake control, and then stabilize the process.   The operator is likely to 
overshoot every time he tries to make an adjustment to the system until he has relearned the dynamics of 
the system. 
 
Operator delay in diagnosing system failures creates a delay in problem corrections. This happens when a 
failure occurs and the advanced control system begins to compensate for the problem. The advanced 
control will keep trying to compensate for the failure until it has reached a parameter limitation and turns 
off. Once the advanced control system has shut off, the operator must look back through the data and try to 
reconstruct what the advanced control system was doing, and deduce the original failure.  
 
Training and close collaboration between the operator and process control engineer is necessary to maintain 
a high confidence level and on-stream time for the advanced control.  Solutions to the practice-problem 
commonly include:  

• Periodically operating the unit without advanced control 
• Process training simulators 

CONTROL ROOM ARCHITECTURE 
Centralized control rooms are more than four walls and a roof.  The work environment is multi-functional 
in nature.  Besides an operational control and communication center, it is a lunchroom, training facility, and 
emergency response center.  Sometimes it is a software development center.  Sometimes it is an office 
building.  For sure it is a core infrastructure investment for the processing plant.  The design must consider 
all tasks to provide effective and safe operation of the plant. 

FOSTERING COMMUNICATION 
A control room supports 24-hour operation by individuals who require clear lines of sight between each 
other and seating arrangements that provide specific proximities and adjacencies.  The control room design 
must avoid operator distractions by unnecessary traffic flow; yet foster the operator’s awareness and speed 
of response. 
 
Provide a workstation layout and design that best serves the task: 

• Straight versus horseshoe layout – travel distance between operating screens 
• Use inward-facing horseshoe layout – lighting good; visibility poor 
• Use outward-facing horseshoe layout – visibility and communication good; lighting poor 
• Use adjustable monitors to allow operators to see above and around the console 
• Use wall-screens to provide overall view of plant 
• Use ramped floors like those in movie houses and auditoriums (NASA control center) 
• Partially enclose control center with transparent walls 
• Use adjacent meeting room equipped with projector system integrated into the DCS 

 
The building design can be used to foster communication and response time of personnel directing or 
supporting operations when offices are incorporated into the centralized control room.  The objectives are 
to foster team relationships and strengthen work processes by using the building design to manage face-to-
face communication and traffic flow.  Conceptually, the further one is away from directing or supporting 
the minute-to-minute operation, the further the office is away from the console operator. 
 
An important activity that is often overlooked is to define the teams’ compositions and relationships.  The 
differing needs and requirements of each user need to be considered to ensure that there is no conflict and 



 
 

to enable each user to perform their role to the benefit of all.  The means of access by the different users 
also needs to be clearly defined to prevent clashes of interest. 

CONTROLLING NOISE 
The level of noise increases as more people and more consoles occupy the control room.  Since noise 
impacts productivity, control room designs now provide an acoustical environment that promotes 
communication and productivity while reducing conversational distractions and uncontrolled noise. 
 
Studies have demonstrated that there are four design elements that can reduce noise levels and improve 
worker efficiency: 

• Acoustical ceiling systems 
• Carpeted flooring 
• Sound masking 
• Furniture type and placement of acoustical panels 

 
Acoustical ceilings absorb sound and prevent it from being reflected to the other side of the room or to an 
adjacent space.  Carpeting serves to absorb reflected sound and to reduce surface noise normally associated 
with tile flooring.  In some situations, ambient background noise can be used to mask or cover 
conversational distractions and other noise. 
 
Strategic placement of the consoles and placement of acoustic panels on furniture or casework also can 
reduce overall noise.  Consoles can be arranged such that operators who need to communicate with each 
other, are positioned next to each other.  Acoustic panels can be placed behind the operator to absorb sound 
reflected from and around the workstation.  For example, a 12-inch high vertical panel will absorb much of 
the noise without limiting lines of sight between seated operators. 
 
Another potential source of noise is location of the control center relative to the HVAC system for the 
building.  Air flowing through air registrars is another potential source of distraction.  Similarly, fan noise 
from electronic equipment can be distracting. 
 
In addition, visitors to the plant should be able to quickly view the control room without distracting the 
control staff.  Meeting rooms and offices are commonly incorporated into the building design to facilitate 
conversations without disturbing operators.  Glass walls and other traffic barriers route traffic while large 
overview screens display information to visitors such that there is no need for them to enter the control 
room.  However, care must be taken to avoid the feeling of working in a fish bowl. 

GLARING LIGHTS 
Generally low contrast lighting reduces glare on computer screens.  However, night workers need ambient 
lighting to keep alert, but ambient light increases glare.  In addition, such an intense light at night can make 
operators psychologically uncomfortable because it contradicts the body’s natural circadian rhythm.  
Operators often lower the light level or turn out the lights altogether to eliminate glare, thus promoting the 
desire to sleep. 
 
Architectural solutions might include: 

• Location of ceiling lights 
• Use wall lighting to reduce contrast by minimizing pockets of shadow 
• Use pendant fixtures to produce ceiling reflected light 
• Allow operators to adjust their own lights using dimming controls 
• Use flat-panel monitors that can be swiveled and titled 
• Use skylight programmed to mimic light intensity, color, and timing as it would appear naturally 

during a daylight cycle 



 
 

ADDRESSING FATIGUE 
Workstation design parameters that can effect work processes and influence operator fatigue include: 

• Chair selection 
• Locating monitors to reduce eye strain and neck stiffness 
• Positioning keyboard and mouse in front of monitors 
• Mouse interacts with multiple monitors 
• Positioning writing surfaces and storage to either side of the workstation 
• Increasing layout space of consoles so operators are not using lap-held clip boards 
• Using consoles where the desk surface can be raised to standing level 

 
Control room design can also reduce shift work fatigue and increase operator awareness by incorporating 
cost-effective methods: 

• Provide an exercise room adjacent to control room to allow periodic burst of exercise (treadmill, 
exercise bike, weights), but include wash facilities for personal hygiene 

• Provide a television in the lunch room tuned to repetitive programming like CNN news 
• Provide an alertness recovery room or nap room with a wakeup method (cot in adjacent room, 

long naps promote sleepiness) 
• Provide ventilation and heat controls at individual workstations 

 
Although it might seem odd to pay an employee to sleep, fatigue studies find that short, restorative naps 
help maintain an employee’s performance during nighttime hours when alertness is at its lowest levels.  
Some companies consider the mitigated risk to be well worth the cost.  
 
Some systemic measures that allow the console operator periodic absences for relaxation include: 

• Outside operator comes to the central control room 
• Transferring control of the plant from the central to the satellite control center 
• Adjacent console operator watches temporarily the vacated console while maintaining radio 

contact 
• Paging and handheld technologies are applied 

 



 
 

REGULATIONS & INDUSTRY GUIDELINES 
 
Applicable US government regulations (www.searchgov.com) include: 

• OSHA 29 CFR 1910, Process Safety Management 
• EPA 40 CFR 68, Risk Management Program 
• DOT 49D CFR 195, Transportation of hazardous materials 
• NRC 10 CFR 73, Safety related to nuclear material 

 
The API offers (http://api-ep.api.org/filelibrary/ACF2D7.pdf) the following publications and recommended 
practices: 

• RP 554, Process instrumentation and control  
• RP 760, Guidance for complying with EPA’s Risk Management Program rule 
• RP 750, Management of process hazards 
• Pub 770, A manger’s guide to reducing human errors 
• Pub 1200, Federally mandated training and information 
• Pub 4628, A guidance manual for modeling hypothetical accidental releases to the atmosphere 

 
The EEMUA in the UK (www.eemua.co.uk) offers the following publications: 

• Pub 160, Safety related systems for the process industries 
• Pub 191, Alarm systems philosophy and guidelines 
• Pub 201, Guide to design, operational and human interface issues  

 
The Human Factors and Ergonomics Society (www.hfes.org) publish the Human-Factors Perspectives on 
Human-Computer Interaction. 
 
Some industry organizations dedicated to process safety include: 

• Abnormal Situation Management Consortium, www.asmconsortium.com  
• AICHE Center for Chemical Process Safety, www.aiche.org/ccps  
• American Chemical Society, www.acs.org  
• American Nuclear Society, www.ans.org  
• American Petroleum Institute, http://api-ec.api.org  
• American Society of Safety Engineers, www.asse.org  

 
Academic programs involved with process safety or human factors include: 

• Laboratory for Intelligent Process Systems, http://molecule.ecn.purdue.edu/~lips   
• Mary Kay O’Conner Process Safety Center, http://process-safety.tamu.edu  

 
 


