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There is an observable and definable process that occurs during
the course of responding to an abnormal event at a nuclear power
plant. Each of the elements that comprise that process involves
collective action and consequently is influenced by the character
and effectiveness _of organizational and managerial arrangements.
Factors which affect each element include overt ones like the
allocation of authority and responsibility and the skill of
personnel, as well as covert factors like the methods used to
resolve uncertainty. The purpose of this research project is to
examine the process of response that occurs to an abnormal event
at a nuclear power plant and where possible to identify the
organizational and management factors that influence that process.

Introduction

Under a separate research project (FIN A-3956) entitled, "Influence of
Supervisors/Managers on Performance Reliability", we have been examining the
organizational and managerial factors which influence performance under normal
operating conditions at a nuclear power plant (NPP). We have described NOMAC,
which represents a Nuclear Organization and Management Analysis Concept
depicting the functional and process-oriented structure of a NPP with par-
ticular emphasis on the processes important for safety. In this work, a NPP
has been categorized as a "machine-like bureaucracy" with organization and
management processes routinized in an extensive set of administrative,
testing, maintenance and operating procedures.

The objective of the research project to be described is to define the
response process that occurs under abnormal conditions at a NPP and to
identify the organizational and managerial factors that influence that
process. In addressing that objective, we have identified the following
project plan.

The first task in this project involved the review and anal}-sis of an exten-
sive volume of documentation, primarily Nuclear Regulatory Commission docu-
ments. These included, but were not limited to Incident Investigation Team
reports and Diagnostic Evaluation Team reports. Preliminary insights were to
be developed on existing influences identified in NPPs relative to handling
unusual situations.

The second task was to observe emergency preparedness exercises to better
understand how a NPP plans to respond to an unusual or emergency situation.
Insights were to be developed here as well so as to further elucidate the
response process to an unusual situation.

*This work was performed under the auspices of the U.S. Nuclear Regulatory

Commission.



The third task is to characterize the response process and to specifically
delineate the organization and management factors involved. Guidance is to be
presented as to which areas are significant and may present potential problems
or have not been fully considered.

The fourth task identifies a research plan to assess the factors that have
been described as significant. What questions need to be asked and what types
of methods can be used to assess these factors will be included in the plan.

Task 1

Based on the documentation reviewed during the first task of this project, it
is possible to specify an observable and definable process for response to an
accident or emergency situation in a NPP. The response process can be de-
scribed by eight elements. It is complex and interactive, steps are executed
sequentially and the results of action are assessed and additional steps are
taken if necessary.

Each of the eight elements in the response process involves, to varying
degrees, group decisions and perhaps most central to the response is the
necessity to deal with uncertainty. Given the extensive use of training and
procedures under normal operating conditions at a NPP, there has been an
inclination to adopt the same organizational philosophy for dealing with
accident and emergency conditions. By their very nature however, accidents
and emergencies carry with them varying degrees of uncertainty and unexpected
events. It is this necessity to deal with ambiguity that must be factored
into any discussion of the influence of organization and management on
performance in the accident situation. The dilemmas posed for the normal
operating organizational structure, the machine bureaucracy, are significant
and the conflict between conforming to procedures and the ability to im-
provise can result in dysfunctional behavior.

In looking at the response process we can understand the eight elements:

1. Initiating Transient/Plant Status

Nuclear reactors are designed to provide operators with considerable informa-
tion about the status of the plant. Once an abnormal situation develops, this
information may not be complete for such reasons as a key system may be off
line, operators may misinterpret the meaning of particular information,
instrumentation may malfunction as a consequence of the event, or a particular
system of interest may not be adequately monitored.

2. Diagnosing the Problem

Current philosophy underlying the emergency response is that operators should
treat "symptoms" of an incident rather than worrying about the cause. This
approach depends upon the quality of information available about the plant and
can sometimes be problematic.



3. Availability of Emergency Procedures

The underlying assumption for incident response is that procedures generally
cover contingencies that are likely to occur. However, this is not always
true and because of the uncertainty, there is no way of knowing ahead of time
how exhaustive the procedures actually are.

4. Adequacy of Emergency Procedures

Just because a procedure exists to solve a particular problem is no guarantee
it will do so when applied in a specific situation. Several reasons for its
inadequacy may be that it is written incorrectly, equipment assumed to be
usable or aligned in certain ways may be out service or misaligned, or it may
not have been revised adequately to reflect changes made in plant design.

5. Implementation of Emergency Procedures

Whether an adequate and available procedure will be effectively implemented
depends upon several factors; there must be a willingness on the part of
operating personnel to carry out the procedure; personnel must understand how
to implement the procedure; the procedure should be taught in a context
similar to the one in which it will be performed, and operators must be
buffered from inappropriate internal and external influences.

6. Developing an Ad Hoc Response

When uncertainty is especially high, operators and those who support them may
decide to depart from established emergency procedures. It is not always a
successful decision and can involve high risk.

7. Evaluating an Ad Hoc Response

The usefulness of an ad hoc response remains problematic until it is tried.
The formal process of validation that procedures go through is not available.
At best, an ad hoc response will undergo an informal and hasty review. Some-
times the response works out and other times the consequences are unfortunate.

8. Implementing an Ad Hoc Response

This element of the response process faces the same obstacles to successful
completion as that of the formal procedure; namely, willingness on the part of
operators to carry it out or technical disagreements over details may emerge
that are difficult to resolve. Because of their novelty, the skills required
to implement the ad hoc response may not be present. Additionally, internal
and external influences may exert a lot of pressure in the implementation
phase.

The response process described is an iterative one. Procedures and improvised
responses are executed in sequence, but each result is assessed and the
process is continually re-evaluated.



Once the process is identified, the organizational and management influences
which affect each element of the response process can be described.

1. Communication

Failure on the part of the organization, especially the operators, to cul-
tivate strong communicative relationships with and learn from other organiza-
tional units; e.g., engineering, may well impede the mitigation of an emer-
gency. Often if these communication processes do not exist under normal
operating conditions, they will not be there for emergency situations.

2. Decision-making

Group decision-making is critical to the response process. A team of opera-
tors at the beginning of the process only make choices after consultation with
their colleagues. Once the technical support center is activated, collabora-
tion becomes more complicated and structured. Organizational, rather than
individual factors, will affect decision-making in the response process.

3. Coordination

Similarly, coordination is an influence which must be effective for elements
in the response process. Organizational units must work together in a sys-
tematic fashion to be successful.

4. Authority

Managerial reluctance to delegate authority and responsibility will probably
reduce personnel's ability to improvise when confronted with uncertainty.

5. Organizational Structure

Organizational structure becomes significant when the other influences just
discussed are considered. How can these be most effective in handling an
emergency situation? It may be that only physical structure in the organiza-
tion changes, but functional relationships stay the same, so as to be most
familiar in an unfamiliar situation.

6. External Influences

Finally, external influences are critical to the performance of a nuclear
power plant during an accident situation. How the organization deals with
external forces, but yet buffers its personnel so that expedient operations
can continue is a significant factor to be considered.

In Task 2, a three person team from Brookhaven observed two emergency planning
exercises. One exercise was conducted at a boiling water reactor and the
other at a pressurized water reactor. At each exercise one member of tha team



observed from the control room, one in the technical support center and the
third was in the emergency operations facility.

The insights from these observations confirmed our confidence in the basic
elements and general outline of the response process, as well as the impor-
tance of the organizational and management factors described. Several new
ideas and characteristics were also identified and will be considered with
respect to the response process.

Future Work

A coordination of the insights from the first two tasks, the documentation
review and the observations for the emergency preparedness exercises, is the
focus of Task 3. The response process will be modified as necessary as a
function of the coordination and identification of the special characteristics
of the organizational and management influences on the response process to be
assessed will be defined.

Most importantly, a research plan will be identified to assess and systemati-
cally evaluaue the insights derived from the first three tasks in the project.
Information from our other research project describing the influence of
organizational and management factors on performance reliability under normal
operating conditions (FIN A-3956) will be used where appropriate.
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