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1. Introduction

From a human performance management perspective,
it is important to understand the amount of time
required to execute an emergency response task in a
high-stress situation in a nuclear power plant. However,
the task execution time (TET) in an emergency situation
is highly dependent upon expert judgment due to the
lack of field data. This paper proposes an analytical
method to estimate the TET of a proceduralized
emergency task, which is based on a measure of the
task complexity, TACOM. The TACOM was developed
by the authors to quantify the amount of complexity in a
proceduralized task [1].

2. A Measure of Task Complexity, TACOM

The TACOM is a measure designed to quantify the
complexity of a task that is prescribed in the procedures
to guide the operations or emergency response of
complex systems. It consists of five sub-measures that
are related to a complexity factor that addresses a
particular aspect of task complexity [1, 2].

Among the five factors, the first three factors
represent the complexities that originate from the
physical characteristics of the procedural step. The two
remaining factors represent the complexities of a
subjective load that originate from the cognitive
characteristics of a task. Based on the graph entropy
concepts [3], TACOM is defined as a weighted
Euclidean norm of five factors, as follows:

TACOM = (@ x SIC)* +(Bx SLCY +(y x SSCY’ + (8 x AHCY + (e x EDCY? (1)

- SIC: Step information complexity (SIC)

- SLC: Step logic complexity (SLC)

- SSC: Step size complexity (SSC)

- AHC: Abstraction hierarchy complexity (AHC)

- EDC: Engineering decision complexity (EDC)

- a.,B.,y,5,¢ are relative weights; even weights were

used for this study.

In a previous study [4], the appropriateness of the
TACOM was investigated by comparing the TETs for
the emergency tasks that were obtained from simulator
studies with the relevant TACOM scores. The study
showed that there was a significant correlation between
the averaged TET data and the associated TACOM
scores, as shown in Fig. 1. It means that the average
task completion time was proportional to the
complexity of the tasks stipulated in the procedures. A
high TACOM score implies a high cognitive
complexity for the performance of a given task.
Consequently, the previous study indicated that the

TACOM is a feasible method for quantifying the
complexity of proceduralized emergency tasks.
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Fig. 1. Correlation between the TETs and the associated

TACOM scores

3. An Analytic Equation TET based on TACOM

As described in the previous section, the TACOM
exhibits a high correlation with the TET. Accordingly,
the TET of a task can be produced by using the
regression equation in Fig. 1 if the TACOM score of the
task that is being considered is known. The equation for
the TET based on the TACOM is defined, as follows:

TET,,, (i) =1.522x Exp(2.119x TACOM (i)))

mean

TET,, (i) = 3.504 x Exp(2.119 x TACOM (i)) 2
TET,, (i) = 0.663x Exp(2.119x TACOM (i))

where, TETy (i) is the estimated k TET of task i (k is
mean, 95%, or 5%) and TACOM(i) represents the
TACOM scores of task i.

The TET data for any procedural task can be
estimated by using Eq. (2) if its relevant TACOM score
is available.

To determine if the TET equation is appropriate to
estimate the execution time of a task, a validation study
was performed by using another set of simulator data.
The TET equation was derived from the regression
equation between the TACOM scores and the simulator
data collected from reference plant A. Therefore, to
independently confirm the validity of the TET equation,
the crew’s performance times that were gathered from
reference plant B are compared to the associated TETs
that were derived from Eq. (2). An SGTR was then
selected as the emergency scenario, and the simulator
data was initially collected. Similar to the case of
reference plant A, a full-scope simulator of reference
plant B was used to secure additional TET data.
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Table 1. A set of the proceduralized tasks and relevant
observed TETs for reference plant B

Task | Procedure and Time® spP 9504
ID steps
1 E-Od, 1~4 41.9 25.5 84.0
2 E-0, 5~6 12.0 29 16.8
3 E-0, 7~10 17.9 5.6 27.1
4 E-0, 11~14 339 22.3 70.7
5 E-0, 15~19 55.4 27.8 101.3
6 E-0, 19~21 38.9 16.0 65.3
7 E-0, 22~23 347 10.3 51.7
8 E-3% 1~4 97.0 28.6 144.2
9 E-3, 5~13 77.1 24.1 116.9

*Average task execution time (sec).

*Standard deviation (sec).

95 upper percentile assuming a log-normal distribution.
9E-0: procedure for an SPTA, E-3: procedure for an SGTR.

Table I shows a portion of the emergency tasks to be
conducted by a crew in an SGTR scenario in reference
plant B. By using timeline analysis, the TETs for nine
emergency tasks were extracted with respect to the
mean, standard deviation, and 95 upper percentile with
an assumed normal distribution.

On the other hand, Table II shows the associated
TACOM scores and the estimated TETs that were
derived from Eq. (2). Finally, the estimated TETs are
compared to the 95 percentiles of the observed TETs in
Table I, and Fig. 2 shows the result.

Table II. TACOM scores and estimated TETs for the
emergency tasks for reference plant B

Task | TACOM Estimated TET® (sec)

ID score” 5% Mean 95%
1 1.78 29.1 66.7 153.6
2 1.60 19.8 45.6 104.9
3 1.61 20.0 45.8 105.5
4 1.79 29.4 67.6 155.5
5 1.99 453 104.1 239.7
6 1.79 29.6 68.0 156.5
7 1.63 21.0 48.1 110.8
8 2.47 123.8 284.2 654.3
9 2.25 78.0 179.1 412.3

*TACOM scores are quantified by equal weights.
"Estimated TET is calculated by using Eq. (2).

According to Fig. 2, the 95 percentiles of the observed
TETs are distributed within the confidence intervals of
the estimated TETs. Almost all of the 95 percentiles are
less than or almost equal to the mean values of the
estimated TETs. The estimated TETs were compared to
the 95 percentile of the observed TETs because the
TETs should be determined as conservatively as
possible due to the fact that they would be used as input
or a criterion for a safety analysis for the design or
operation of the NPPs. Additionally, the performance
time observed in the simulators tends to be slightly
optimistic if it is compared to the actual performance
time of a stressful accident scenario. Therefore, the
estimated mean TETs that were derived from Eq. (2)
are conservative enough to be applied to the given
applications, including the safety analysis of NPPs.
Consequently, the TET equation is adequate to estimate

the TET of a proceduralized emergency task for the
NPPs.
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Fig. 2. Comparison between the estimated TETs and the 95
percentiles of the observed TETs

4. Conclusions

This paper suggested an analytic equation to estimate
the TET of a proceduralized task in a NPP. The
equation was derived based on a measure of task
complexity TACOM. This implies that the TET of a
procedural task can be estimated if the relevant
TACOM score is available.

As a validation study of the proposed method, the
estimated TETs of the tasks in the E-3 procedure of a
reference plant were compared to the observed TETs
that were collected for an SGTR scenario from a
training simulator for reference plant B. The validation
study showed that the 95 percentiles of the observed
TETs were distributed within the confidence intervals
of the estimated TETs. Almost all of the 95 percentiles
were less than or almost equal to the mean values of the
estimated TETs, which is reasonable if the usage of the
TETs in the field of safety analysis is considered.
Accordingly, Eq. (2) is applicable for estimating the
TET of a proceduralized emergency task in the NPPs.
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