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1. Introduction

During the design basis event, the safety system
performs safety functions to mitigate the event. The
most of safety system is actuated by automatic system
however, there are operator manual actions that are
needed for the plant safety[1]. These operator actions
are classified as important human actions in human
factors engineering design[2]. The human factors
engineering analysis and evaluation is needed for these
important human actions to assure that operator
successfully perform their tasks for plant safety and
operational goals. The work load analysis is one of the
required analysis for the important human actions.

2. Time based workload analysis

There are several characteristics to determine
workload of operator in mental and physical point of
view. The analysis of operator response time is one of
representative method to determine workload. For the
important human actions, the safety analysis assumes
that the operator manual action is performed at a certain
time in analysis scenario to mitigate the event and keep
the plant in safe. This time is the time available to
operator (Tavw). Then operator needs a time to perform
that action. This time is the time required by operator
(Treg). The workload is defined as the ratio between
Treq and Tav. It means that if there less time between
Treq and Taw then the workload is increased. For the
workload analysis, the following definition of times in
operator response analysis by ANSI/ANS 58.8 are
applied[3].

= Start time of event (ts) : The time at which the DBE
begins.

= Indication time of event (t;,q) : The time at which
information is readily available.

= Earliest credited action time (teca) : The time at
which credit for the initiation of a safety-related
operator action can be taken.

= Manual action initiated time (tya) : The time at
which the analysis credits the initiation of operator
action.

= Safety-related action completed time (tsac) : The
time at which the analysis credits the initiation of
operator action.

= Safety-related function completed time (tsec) @ The
time at which an indication is received that a safety-
related system has performed its required safety-
related function.

= Event limit time (ty) : The time at which the
limiting design requirement would be exceeded if a
safety-related function has not been completed.
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Fig. 1. The time lines for workload analysis

Treq and Tava can be defined with the times as shown
in Fig 1. Treq is consist of time for diagnosis and time
for operator action. Tay, is from time indication of event
to time safety-related action completed. Therefore, the
workload is defined as :
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3. Workload analysis for important human action

Workload analysis method is applied to one of
important human actions from transient and safety
analysis, which is “Inadvertent opening of SG relief or
safety valve.” This event assumes that an atmospheric
dump valve (ADV) or a turbine bypass valve is
inadvertently opened by an operator or a failure of the
control system that operates the valve. For the analysis,
times defined in section 2 should be calculated or
estimated based on the scenario of the event. The
opening of a steam generator ADV increases the rate of
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heat removal by the steam generators and the RCS is
cooled down. Because of the negative moderator
temperature coefficient, the core power increases from
the initial value of 102 percent of rated core power,
reaching a stabilized value of 113 percent after 40
seconds from the event initiation time. It is assumed
that the operator may notify the core power difference.
Therefore, the t,q is estimated as 40 second in this
analysis. For the tgca, time for operator diagnosis
(Tlgiagnosis) should be estimated. In this analysis the
assumption in ANSI/ANS 58.8 is applied. The Tlgiagnosis
is assumed as 10 minutes because this event is
classified as an anticipated operational occurrences
(AOO).

The safety analysis for this event assumes that the
initial operator action is delayed until after 30 minutes
following the event initiation so the operator trip the
reactor by manual at 30 minutes from the start time of
event. However the safety analysis do not consider the
time for operator action. In the scenario, trip signal is
generated at 30 minutes. Therefore, it can be estimated
that the safety-related action completed time is 30
minutes. The time for operator action (Tlgperawr) IS @S0
estimated from the assumption in ANSI/ANS 58.8 as 3
minute. Then workload is calculated from each
estimated time and the result is 44.3%. Table 1 shows
each estimated time and calculated result.

Tablel. Time based workload analysis result for the
sample scenario

. Estimated
Type of time time (sec)
Start time of event (ty) 0
Indication time of event (ti\g) 40
Earliest credited action time (tec,) 640
Manual action initiated time (tp,;) 1620
Safety-related action completed time
1800
(tsac)
Safety-related function completed
. 1804
time (tsfc)
Event limit time (tin,) Not
fim estimated
Time diagnosis (tigiagnosis) 600
Time for operator action (tigperator) 180
Time available to operator () 1760
Time required by operator (te) 780
Workload 44.3%

In current safety analysis, the t;, is not usually
calculated. However, the time between tgec and tiiy, IS
safety timing margin. This margin is not included in

safety analysis, but if t ;, is calculated then tya, can be
adjusted. Therefore the ratio between timing margin and
Treq Is Workload margin as :
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4. Discussion

Time based workload analysis method is proposed
and one example is analyzed with the method. Proposed
workload analysis method can be applied to the task
analysis of important human action. For the accurate
evaluation, followings are need to be considered. 1) the
operator diagnosis time and action time in digital main
control room should be developed. The current
estimation use the assumption in analog main control
room. 2) When the time of operator manual action is
defined in safety analysis, it should be decided whether
the time includes the time for safety action completion
(tsac) or time for safety function completion(tsar). 3)
The t;m should be calculated for every important
human action for the calculation of workload margin. 4)
When the important human action is the action for plant
cooldown, the series of operator actions should be
considered.
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