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Abstract

The ATHEANA project, sponsored by the USNRC, began as a study of operational events during 
low power and shutdown conditions at US commercial nuclear power plants. The purpose was to 
develop an approach for human reliability analysis that is supported by the experience; i.e., with the 
history of operational events. As the analysis of operational events progressed, a multidisciplinary 
framework evolved that can structure the analysis, highlighting significant aspects of each event.

The ATHEANA multidisciplinary framework has been used as the basis for retrospective analysis of 
human performance in operational events in the nuclear power, chemical process, aviation, and 
medical technologies. The results of these analyses are exemplified by three operational events from 
different industries. Attention is drawn to those common elements in serious operational events that 
have negative impacts on human performance.

Introduction

The ATHEANA project [1] was conceived to address the special nature of human performance in 
events that could occur during low power and shutdown conditions at commercial nuclear power 
plants in the U.S. [2] During shutdown the configuration of the reactor coolant system is changed 
routinely. The plant also undergoes a series of unusual maintenance configurations. Few technical 
specifications or emergency procedures are in effect and most emergency response is by manual 
action.

The work progressed as a study of operational events that led to the development of a 
multidisciplinary framework to structure the analysis and display the interrelationships among factors 
affecting human performance. The framework is illustrated in Figure 1 and is fully described in earlier 
reports and papers [3,4], Later, as the value of the framework was established through retrospective 
analysis of operational events [5,6], the project was extended to examine events at power. 
Eventually, events from other industries were analyzed as well. Not only is the framework a useful 
tool for structuring the analysis of operational events, but the results of the event analyses feed back 
into the search tools developed for ATHEANA as an HRA method [7,8], A rich base o f analyzed 
events is needed to provide a sound basis for prospective analysis to support probabilistic risk 
assessment.
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Figure 1. The ATHEANA multidisciplinary framework

In addition to the framework, ATHEANA has adopted an information processing model of human 
cognition to address the mental activities involved in complex systems operation [7,9], The stages 
involved in information processing can be represented as shown in Figure 2. Here unsafe acts can 
be explained as failures in situation assessment, monitoring, response planning, or response 
implementation. The most troublesome failures involve situation assessment. With an incorrect 
situation assessment, due to incomplete or erroneous knowledge or because of an inadequate 
situation model, the operator misunderstands the current and future states of the facility. Therefore, 
actions are likely to be misdirected and monitoring may be biased. These two models, the 
multidisciplinary framework and the information processing description, can provide alternative views 
of the factors affecting human performance.

Analysis of Three Operational Events

Three operational events from different industries (nuclear power, aviation, and chemical processing) 
are summarized in the following paragraphs, with the goal of identifying common elements in all three 
events. These events are more fully described in other documents.
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Underlying Model of Operator’s Behavior

Internal to Operators

Figure 2. Information Processing Stages

The first to be examined is the well-known TMI-2 accident in 1979 [10], That accident involved
several key plant conditions and performance shaping factors that interacted in a way to create an
error-forcing context.

•  Pre-existing misalignment of emergency feedwater valves with a maintenance tag obscuring 
valve indications

• Misleading relief valve indication

•  Previous problems with leaky relief valves contributed to discounting of the true relief valve 
position

• “Level” indication not really representative of coolant level in the reactor core region, 
especially for saturation conditions experienced in the event

•  Operator training emphasized the dangers of “solid” plant conditions and the resultant loss of 
pressure control

•  Key indications on back panels and computer printouts were running 2 hours behind real time



One way to look at the TMI-2 accident under the framework is shown in Figure 3, where the effects 
of context are clearly shown. Key unsafe acts and human failure events (PRA events) are identified.

PSFs Error Unsafe Act HFE

Figure 3. TMI-2 Represented in ATHEANA Framework

However, when we take an operational view of the accident, a slightly different picture is 
obtained. Here one finds parallels with the accident at Chernobyl [11,12] that is usually seen as 
quite different and more a function of reactor design than human performance. This reframing.of 
the two accidents demonstrates that, from a human point of view, there are striking similarities.
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TMI-2 Chernobyl

W ork-around (IA to unblock resin beds) and 
all EFW  tagged out

Intentionally violate/bend rules on 
power/reactivity

Lack o f understanding o f implications of 
reaching saturation

Lack o f understanding of core physics in 
unusual condition

Continued refusal to believe implications o f 
instruments

Continued refusal to believe instruments 
and field reports

Next we turn our attention to an accident in U.S. aviation, the Air Florida crash in Washington in 
1982 [13], The analysis is summarized in Figure 4 and the accompanying table. Again it is 
possible to note similarities with the two nuclear accidents discussed above.

Framework Application to Aviation
Performance- Unsafe

Organizational Shaping Error Actions Human Failure Unacceptable
Influences Factors Mechanisms (Multiple) Event Outcome

C ontingen t Conditions:
W eather conditions -  perfect fo r icing.
Inadequate  deicing solution.
Delay between deicing and takeoff.
B -737 p itch-up characteristic. B ased on N TSB-AAR -82-8

Figure 4. Air Florida Flight 90 Crash on January 13, 1983
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Air Florida Crash

Circumvention Did not verify free of snow or ice; used 
reverse thrust; failed to use engine anti-ice

Regim e not understood Effects of special conditions on ice 
formation on aircraft

Refusal to believe evidence Instrument anomalies ignored or 
overlooked

It turns out that the features observed in these events are repeated in many others and lead to the 
following two generalized descriptions of the comment elements found in many serious accidents.

Character of Serious Accidents: 
Operational Point of View

♦ Operations outside designer’s intention
♦ The resulting physical regime not well 

understood
♦ Operators refuse to believe or do not 

recognize the evidence coming to them within 
the available time

♦ Prepared plans are not applicable or helpful
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Character of Serious Accidents: 
Error-Forcing Context

♦ Random error under nominal conditions is not 
the issue in serious accidents

♦ Error-forcing context is the key
-  Complicating physical condition and
-  Complicating human condition (PSF)

♦ These human errors appear to be impossible 
a p r io r i

As a last example, consider the chemical batch reactor shown in Figure 5. The accident

Explosion at ICI Batch Reactor

Glycerol »

Ethylene
Oxide

Reactor Catalyser

Taken from Trevor A. KJelz, What Went Wrong? Case Histories o f  
Process Plant Disasters, Gulf Publishing Co. London, 1985.

Buttonwood Consulting, Inc. 'iVVWjr

Figure 5. Batch Reactor
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is thoroughly described by Kletz [14], The operator started the system with no flow indication (a 
circumvention due to a plant condition), relying instead on the pump to prove flow. However, the 
reactor discharge valve was Unexpectedly closed. The operator invented a rationale (incorrect 
situation assessment) to explain why the system was not reacting. When he belatedly realized the 
valve was closed he opened it, not understanding the true overheated state o f the system, despite 
plentiful indications. The result was an explosion destroying the reactor and injuring several 
people.

It seems that the causes of all these accidents are related. Learning more about human accidents 
in one industry helps all others.

Findings and Conclusions

Serious accidents often involve “human error;” i.e., the severity of the accident is directly related to 
one or more unsafe acts. However, the operational events also demonstrate that operators act 
rationally, give the information available to them and the situation in which they are involved. The 
unsafe acts appear to be the right things to do. In other words, the operators are “set up” by the 
circumstances they face (error-forcing context). Moreover, understanding the situation involving 
serious results and understanding how to predict and how to prevent such events is a multidisciplinary 
problem requiring the attention of PRA specialists, operators, engineers, human reliability analysts, 
and behavioral scientists.

It is often helpful to view the common elements in accidents involving unsafe acts from several points 
of view, as shown in Figure 6. While all such events involve failures in information processing, the 
most serious cases occur when situation assessment is impaired. Although unsafe acts can occur for 
isolated reasons, those associated with the most serious accidents in highly reliable systems seem to 
involve multiple elements of error-forcing context, specifically both unfavorable plant conditions and 
unfavorable performance shaping factors. Finally, from an operational point of view, the most serious 
are associated with a common sequence of events: the plant enters an unusual configuration, the 
operators do not fully understand the facility response under the new configuration, they fail to 
recognize that information coming to them is in fact evidence that they are taking the wrong path, and 
their prepared plans and procedures are not helpful under the current context.

The common factors in serious accidents cut across industries. They are characteristics of people and 
technological systems. Collecting data from a wide variety of industries can be directly useful to 
ATHEANA in all industries.
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Figure 6. Common Elements—Alternative Points of View
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