
OECD Specialists Meeting on Human Performance 
in Operational Transients

October 13-17,1997

Behaviors and Conditions that Challenge Teamwork:
An Assessment of Operating Events at U.S. Commercial Nuclear

Power Plants

David R. Desaulniers, Ph.D.
Human Factors Analyst 

Division of Reactor Controls and Human Factors 
U.S. Nuclear Regulatory Commission 

Washington, DC 20555-0001

Abstract: As part of its regulatory activities, the U.S. Nuclear Regulatory Commission (NRC) reviews events 
and routine activities at commercial nuclear power facilities throughout the United States. Frequently, these 
reviews have highlighted team performance as an important factor in either the initiation or mitigation of 
significant events and conditions at these facilities. This paper summarizes operating experience relevant 
to the understanding of teamwork at U.S. nuclear power plants during recent years, describes the specific 
behaviors that were considered detrimental to team performance, and discusses the conditions that were 
identified as contributing to these behaviors.

I. INTRODUCTION

Teamwork can be defined as "cooperative or coordinated effort by a group of persons acting together as a 
team for a common cause" (reference 1.). Although this definition describes what teamwork is, it tells us little 
about how teamwork is accomplished. For example, no mention is made of communications. Technically, 
one could argue that communications is not required for teamwork, assuming that the task does not change 
and everyone performs his or her part of the team’s task without error. Unfortunately, these conditions are 
rarely met, in power plants or elsewhere. Changes in the task, task conditions, and occasional performance 
errors are but a few of the challenges to a team's ability to accomplish its common goal, and effective 
communication is one of several skills that enable a team to adapt to these challenges. To gain insight 
concerning teamwork behaviors and the conditions that challenge teamwork, a review was conducted of 
recent events at U.S. commercial nuclear power plants. This paper summarizes findings from reports 
submitted to the NRC concerning significant plant events, and presents a case study in which more detailed 
information concerning the factors influencing teamwork was available.



II. REVIEW OF OPERATING EVENTS

In accordance with Federal regulations, specifically Section 50.73 of Title 10 of the Code of Federal 
Regulations (10 CFR 50.73), U.S. Nuclear Plant licenseesare required to submit reports concerning operating 
events and conditbns, including those that resulted in the serious degradation of the condition of the power 
plant or in the manual or automatic actuation of engineered safety features. These reports include a 
description of operator actions that affected the course of the event. Review of these licensee event reports 
(LERs) for the period 1 994 through june 1997 revealed that only 1 7 of 4, 687 LERs explicitly identified 
teamwork in their analysis of causes of the event. A subsequent search of LERs citing communications was 
conducted on the basis of the assumption that such LERs represented instances of implied teamwork 
deficiencies. This search revealed that the communication-related events occurred at the rate of 
approximately 135 instances per year and constitute from 10 to 14 percent of the LERs involving human 
performance each year.

A search similar to that conducted for LERs was conducted in a database of U.S. NRC inspection findings 
related to human performance, the Human Factors Information System (HFIS). Although the HFIS does not 
contain a specific code for teamwork, a search was conducted for communications items (i.e., 
communications misunderstood, not timely, less than adequate, or no communication). The analysis revealed 
that for the years 1994-1996, communications problems accounted for 8 to 12 percent of the human 
performance issues, results very similar to those obtained through the LER search. Together, the LER and 
the HFIS inspection report results provide a rough indicator of the importance of monitoring and evaluating 
teamwork and the factors that influence teamwork in nuclear power plants.

Behaviors and Conditions That Challenge Teamwork

To gain an understanding of the role of teamwork in nuclear power plant events, event reports were reviewed 
to identify the specific behaviors and conditions that influenced the performance of the team. Teamwork 
behaviors were considered to be any activity, including cognitive activities, that involved, or should have 
involved, two or more members of the team and which were integral to completing the team's objective. The 
conditions that were identified were performance shaping factors, including characteristics of the team, work 
processes, and deficiencies in individual performance that influenced teamwork behaviors.

The review was limited to identifying those behaviors and conditions that had a deleterious affect on teamwork 
and was based on an analysis of the 17 LERs citing
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teamwork deficienciesfrom 1994 until June 1997. Asummaryofthe results of this review is provided in Table
1 for the 1 5 LERs that provided sufficient detail to determine the nature and cause of the teamwork 
deficiency. Definitions for each behavior and condition identified in Table 1 are provided in Table 2. The 
general areas of ineffective teamwork behaviors were inadequate communications, weaknesses in group 
decisionmaking, and failures of personnel to monitor or verify the activities of other team members. 
Conditions that contributed to these ineffective teamwork behaviors included decisions based on incorrect 
assumptions, high workload, team composition, undetected changes in state of the plant, and weaknesses 
in procedures or work control documents.

Inadequate communicationswere cited most frequently (11 of 15 events) and were generally identified as the 
most direct cause of the teamwork deficiencies. The failure to communicate necessary information or to direct 
important actions was identified in eight of the events analyzed, and misunderstood communications were 
involved in four of the events. Inadequate use of group resources (e.g., knowledge or experience) for 
decisionmaking or for situation assessment was cited as a contributor to three of the events. Failures to 
challenge decisions or assessments when they were perceived to be incorrect were identified in two of the 
events.

The communication deficiencies were also coded according to whether the communication failure occurred 
within a work group or crew or between work groups or crews and whether the communication was vertical 
(i.e., up or down a chain of command) or horizontal (i.e., at the same relative organizational level). Review 
of the event reports indicated that seven of the events involved communication failures between work groups 
or crews and seven events involved communication failures within work groups or crews. Similarly, five 
events involved communication failures up the chain of command and five events involved communication 
failures down the chain of command. The most common communication deficiency was at the same 
organization level between work groups (nine instances in seven events).

In the majority of the event reports reviewed, one or more factors were cited as contributing to ineffective 
teamwork. In several instances, weaknesses in procedures, work control documents, or work processes "set 
up” communications failures because they caused the teams to be working with unclear, confusing, or 
ambiguous expectations. In other instances, the high workloads or changes in the composition of the team 
disrupted the team's normal ability to communicate or coordinate activities. A few events were due, in part, 
to a change in work plans or a change in plant state that was not effectively evaluated for its impact on the 
activity in progress.



Significant Events

Although LERs provide insights into factors affecting teamwork at nuclear power plants, the events vary widely 
with respect to safety significance. In order to examine teamwork in the context of some of the more safety- 
significant events, the results of a study conducted by the NRC’s Office for Analysis and Evaluation of 
Operational Data (AEOD) were reexamined (Reference 2). The AEOD study was focused on factors that had 
either a positive or a negative influence on human performance during significant operating events and was 
based on the onsite analysis of 16 events from 1990 through 1 992. The events represented one-fourth to 
one-third of the events that significantly challenged U.S. operating crews during the 2-1/2 year time period of 
the study and included a wide variety of plant conditions, including a stuck open safety-relief valve, a partial 
loss of instrument air, a pipe rupture in the turbine building, and a loss of shutdown cooling.

In general, the AEOD study found that teamwork was an influential factor, either positive or negative, in 14 
of the 16 events. The study report identified specific teamwork deficiencies for six of the events. Three of the 
events involved a "failure to inform" type of communication deficiency. Individuals failed to inform other 
members of the crew or team that a specific action had been taken or was about to be taken. In two of the 
events, individuals failed to effectively use capabilitiesor expertise of other crew members to accomplish tasks 
or to gain input to the decisionmaking process. One event involved a failure of a crew member to challenge 
an incorrect decision, weak supervisory oversight, and individual performance deficiencies that challenged 
the ability of the crew to respond to the event. The conditions that contributed to the teamwork deficiencies 
in these events were, in many cases, similar to those identified in the LER review (e.g., high workload, lack 
of experience, and recent changes in the individuals that comprised the team). However, the AEOD study 
also identified other factors that had a deleterious affect on teamwork, including fatigue and a human-machire 
interface weakness.

Case Study - Unplanned Radiation Exposure

The importance of teamworkand the diversity of factors that can impair team performance were well illustrated 
in the review of an unplanned radiation exposure event at the Calvert Cliffs Nuclear Power Plant (reference 
3). On April 3, 1997, a diver entered the spent fuel pool at Calvert Cliffs, Unit 2, to commence work on an 
upender limit switch at the south end of the fuel transfer area. The south end was the only surveyed and 
authorized work area. Following completion of one part of the work, the diver requested some materials. 
While waiting for the materials, the diver requested permission to inspect a kink in the upender cable. A 
radiation protection (RP) technician approved the request, and the diver headed toward the north end of the 
pool. The observer at the surface did not detect the diver's unauthorized entry into the north end of the fuel 
transfer area.



Near the north end of the transfer system, the diver stopped to survey a pipe on the west wall of the pool that 
he did not recognize. During the survey, the monitors on the diver's right and left wrists alarmed and 
increased to 90 mGy/hr (9 rad/hr) and 23 mGy/hr (2.3 rad/hr), respectively. The RP technician instructed the 
diver to retreat to a lower dose area. The RP technician was not aware that the diver had actually 
encountered the radiation field from recently offloaded spent fuel located in the racks on the east side of the 
transfer area. Thinking that the diver was at the south end of the pool, the RP technician instructed the diver 
to survey the area to locate the source of the unexpected radiation. When the survey meter readout increased 
to 30 mSv/hr (3 rem/hr), the dive was suspended. Only after the diver surfaced, did the RP personnel realize 
that the diver had actually been in the north end of the pool. The diver had crossed about 4.6 meters (1 5 feet) 
of unsurveyed fuel transfer area floor and came within a few feet of radiation dose rates ranging from 120 to 
200 Gy/hr (1 2, 000 to 20, 000 rad/hr).

An investigation of this event revealed the following behaviors and conditions that contributed to the ineffective 
teamwork and unplanned exposure of the diver.

1. The scope of work was not clearly understood by all parties involved (Inadequate 
communication - failures to inform).

Subsequent to the survey of the spent fuel pool, a change was made to the work package to include 
inspection of a cable kink at the north end of the pool. The radiation protection department was not informed 
of this change in the work scope. During the formal pre-job briefing it was noted that the scope of work 
included an inspection of the cable kink if radiological conditions permitted. The RP personnel in attendance 
were not sure if the radiation survey made to support the dive covered the north end of the pool. After the 
briefing, the RP supervisor determined that the survey was limited to the south end of the fuel transfer area 
and informed the dive engineering support personnel that work in the north end of the pool was not authorized 
No one gave this information to the diver or the dive tender.

2. The diver was given inadequate instructions about the location and magnitude of the radiation 
sources accessible to him (inadequate communication - communications misunderstood).

A second communications failure took place at the dive site when the RP technician briefed the diver on the 
radiation levels in the work area. A map indicating the results of the radiation survey was shown to the diver. 
However, this map was an enlarged view of the south end of the transfer area. Because of a lack of 
perspective, the diver believed he was being shown the radiation levels in
the entire pool. This miscommunication reinforced the diver's incorrect understanding of the scope of the 
authorized work. An opportunity to correct this miscommunication was missed when the diver requested 
permission to inspect the cable because the RP technician assumed that the cable the diver was referring to 
was the cable that had just been replaced in the authorized area.



3. Control over the diver in the pool was inadequate (Inadequate monitoring).

The investigation revealed that the observer initially failed to detect that the diver had left the authorized area 
because of rising air bubbles from the diver, and the observer then became distracted by other duties and 
never regained visual contact with the diver. The dive tender continued to provide cable and breathing air line 
to the diver unchallenged. The licensee observer failed to recognize the importance of maintaining continuous 
visual contact with the diver. The inattentiveness and lack of a questioning attitude by the dive support 
personnel contributed significantly to the loss of control.

The licensee's investigation of this event determined that several of the people involved did not clearly 
understand the scope of their responsibilitiesfor the planning and conduct of the diving operation. One of the 
root causes identified was the practice at Calvert Cliffs of providing management expectations on how a task 
is to be performed in documents other than the formal job procedure. For example, the licensee found that 
the individual assigned to observe the diver did not understand that he was to continuously observe the diver 
and thought that this task was optional since it was not stated in the procedure. The requirement to maintain 
visual contact with the diver was in an RP job coverage standard instead of in a formal procedure. A 
contributing factor was that the maintenance dive coordinator had recently been assigned this position and 
was unaware that he was responsible for the overall performance of diving evolutions.

In summary, the event was initiated by a change in work scope, a condition that contributed to ineffective team 
behaviors, an inadequate pre-job brief and subsequent inadequate communications. The design of the survey 
map, the involvement of a new team member, and the communication of management expectations were 
additional cond/f/onsthat contributed to ineffective-team behaviors, specifically, inadequate communications 
between an RP technician and the diver and ineffective monitoring of the diver by other members of the team. 
These conditions contributed to team behaviors that allowed the diver to come within a few feet of 
experiencing a significant overexposure.

III. DISCUSSION

The review of LERs since 1994 yielded few LERs explicitly citing teamwork deficiencies. That statistic, 
however, is a misleading indicator of the importance of teamwork to the safe operation of nuclear power 
plants. Subsequent reviews of LERs and inspection reports indicated that teamwork is frequently a factor in 
operating events and is regularly evaluated through NRC inspection efforts. However, the findings are 
generally presented in terms of the specific team behaviors (e.g., command, control, and communications) 
rather than the more abstract concept of teamwork.

The detailed review of LERs provided an opportunity to examine collectively the teamwork issues that have



been cited in event reviews during the past several years and to catalog these findings as teamwork behaviors 
or conditions that influence teamwork. The cataloging process was somewhat subjective and dependent upon 
how broadly one defined the team and the team's objectives). For example, if the team is defined as the on- 
shift control room operators, then management expectations would be a condition affecting team performance 
Alternatively, if the team is defined as the operations department, the communication of management 
expectations would be a team behavior. Despite these limitations, the cataloging process was a useful 
approach to evaluating and communicating the contribution of teamwork issues to the operating events and 
experience.

Review of the LERs initially resulted in the cataloging of relatively few teamwork behaviors that remained fairly 
constant during subsequent reviews. In contrast, the number of conditions that can challenge teamwork 
continued to grow as more LERS, or event analyses, were reviewed. This observation is consistent with the 
NUREG/CR-5953 conclusion that "the effectiveness of teamwork can be challenged by problems with any 
of . . .  [ 13 factors]..  in addition to the challenge presented by the unanticipated event itself."

Findings from the LER review concerning the relative frequency with which various behaviors and conditions 
were factors in events should be interpreted with caution, given the small sample of events that were 
analyzed. However, the frequency of events involving communication failures between work groups appeared 
high, and consequently a review of inspection report findings concerning communication failures was 
conducted through a search in the NRC's HFIS. The search revealed that 28 percent of the findings 
concerned communication weaknesses or problems between departments. This statistic underscores the 
challenge to effective communications that occur between groups who do not share the same background 
or perspective, who do not communicate face to face, and who do not work in conditions (e.g., close proximity) 
that provide frequent opportunities to detect and correct miscommunications.

The inadvertent exposure of the diver at Calvert Cliffs demonstrated the importance 
of two teamwork behaviors: (1) monitoring the actions of other team members, and 
(2) challenging decisions, assessments, or actions that appear to be incorrect or
inappropriate. These behaviors were highlighted in a study by the National Transportation Safety Board 
(reference 4), which found that failures to monitor or challenge were involved in 31 of the 37 major aircraft 
accidents analyzed in the study. In the Calvert Cliffs event, an initial instance of ineffective teamwork, an 
inadequate pre-job briefing, not only cascaded into multiple communication failings and misunderstandings 
but significantly degraded the ability of the team to employ the monitoring and challenging behaviors that 
would have allowed them to cope with the initial challenge. Members of the team lacked a clear 
understanding of their responsibilities for monitoring the diver and lacked the knowledge to effectively 
challenge his actions outside of the authorized work area.



In conclusion, it should be noted that reviews, such as this one/which are focused on operational events (i.e., 
teamwork failures) do not adequately capture the importance of successful team performance to nuclear 
power plant operations. Examining activities important to the safe operation of nuclear power plants it quickly 
becomes evident that the vast majority are dependent on an effective team effort. Nevertheless, this review 
provided information concerning the relative contribution of teamwork to significant events and conditions at 
nuclear power plants, and such information can be useful to assessing risks and directing resources in order 
to obtain performance improvements. Insights gained through the analysis of teamwork behaviors, and the 
conditions that influence team performance, can be applied to the development of team skills training or other 
initiatives focused on eliminating challenges to effective teamwork.
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Table 2. Teamwork Behavior and Condition Definitions

The following definitions were used to catalog teamwork behaviors and the conditions that influenced teamwork 
summarized in the Table 1 summary of the LER analysis.

Behaviors

Failure to inform or direct - Failures to provide team members with information necessary to complete a task 
correctly or to direct team members to conduct activities necessary to meet the team’s objective.

Communication misunderstood - Failures to verify that receiver understood the sender's message.

Group decision making less than adequate - Failures to involve members of the team with applicable knowledge 
and expertise which result in incorrect decisions or situation assessments.

Failures to challenge decisions - Failures of team members to question the decisions or assessments of other team 
members when they have reason to believe that the decision or assessment may be incorrect.

Supervisory oversight or cross-checking less than adequate - inadequate monitoring of team activities by direct 
supervisors or failures of team members to monitor and verify the correct performance of critical activities performed 
by other team members.

Conditions

Plan or plant state change - Any change in the state of plant components or systems, or in the scope of a work plan, 
that would require the team to alter its activities or the performance of the activities.

Wrong assumption - Decisions or situation assessments by individuals based on incorrect and unverified information

Analysis less than adequate - Decisions or situation assessments by individuals that were incorrect given the 
available information.

Work scope not understood - Conditions involving team members having incorrect expectations concerning the 
activities that they are to perform.

Procedures or work processes less than adequate - Any deficiency in the procedures or work processes governing 
team activities that negatively influences team performance.

Management expectations not clear - Inadequate communications of management expectations concerning 
individual responsibilities and standards of performance.

Workload or time pressure - Task loads or time constraints that negatively influence the ability of the team to 
coordinate activities and to perform without error.

Crew Experience or Composition - Conditions involving teams that include relatively inexperienced personnel or 
newly formulated teams or teams.


