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1. Introduction

Since the Fukushima Daiichi accident in the nuclear
power industry, it has become an important issue to
improve the operator's ability to respond to unknown
unknowns. The unknown unknowns that can arise in
natural disasters such as earthquakes and tsunamis cause
fundamental surprises for operators. The fundamental
surprise has been studied for a long time in terms of
human error through psychological or human factors
approach to human behavior. However, few studies have
quantified the effects of fundamental surprise on human
performance cause of ambiguous definitions of the
fundamental surprise. The purpose of this study is to
experimentally quantify the effect of fundamental
surprises caused by earthquakes on human performance
in the control room of a nuclear power plant. This paper
introduces experimental research methods and results.

The term ‘fundamental surprise’ was coined by Zvi
Lanir [3]. The fundamental surprise was also used for
explaining the TMI-2, Chernobyl, and Fukushima
Daiichi accidents. A fundamental surprise reveals a
profound discrepancy between one’s perception of the
world and the reality [4].

As shown in Figure 1, the basic assumption led the
stakeholders to believe an accident of this kind would not
happen and resulted in their conscious and unconscious
rejection of the importance of certain knowledge
elements and undermining the importance of sharing and
combining them [2].
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Figure 1. The impact of unknown unknowns (IAEA,
2015)

Also automation surprise in aviation continue to be a
significant concern and many researches for effective

strategies to mitigate them are ongoing [5]. The
automation surprise can be classified as a kind of
fundamental surprise. A fundamental surprise can occur
in unknown unknowns. In those unknown unknowns,
human behavior expected in the context is, in a word,
unpredictable. As see the Figure 2, the fundamental
surprise can occur by relevance gap in a perceptual
process. Zvi Lanir suggested that the fundamental
surprise error is to avoid any fundamental meaning and
to learn the situational lessons from the surface events.
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Figure 2. 3 Stages of Fundamental Surprise (Zvi Lanir,
1986)

2. A Conceptual Model of Surprise

In order to explain the causes and effects of surprise,
the conceptual model of startle and surprise is useful (see
Figure 3). In the perceptual cycle, hypotheses based on
the active frame are continually applied and tested with
regard to their practical consequence [1].
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Figure 3. Conceptual model of startle and surprise
(Annemarie, et al., 2017)
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3. Human Performance in Fundamental Surprise

On March 31, 1993, a severe fire accident took place
in a nuclear power plant located in Narora in North India.
The event involved a major fire in the turbine building of
NAPS unit-1 and resulted in a total loss of power to the
unit for 17 hours. In addition, there was a heavy ingress
of smoke in the control room, mainly through the intake
of the ventilation system, forcing the operators to vacate
the control room. The Narora fire accident provides us
lessons indicating that operators could lose their mind
and predictable behaviors during a fire.

After the Fukushima accident, which resulted from a
natural disaster, unanticipated external events are also
required to be prepared and controlled for the ultimate
safety of nuclear power plants. Our research team has
developed a test and evaluation facility that can simulate
external events such as an earthquake and fire based on
the operators’ real-sense. As one of the results of the
project, we proposed a unit real-sense-based facility that
can simulate fire events in a control room for utilizing a
test-bed of human factor validation. The test-bed has the
operator’s workstation shape and functions to simulate
fire and/or earthquake conditions such as smoke, heat,
vibration and auditory alarms in accordance with the
prepared scenarios.

There are three main aspects of the operators’ real-
sensing factor that should be considered in the human
factors verification and validation of nuclear power plant
control room. First, when the operators monitor or
control the status of the equipment in the field as a
realistic element, the state is simply the information of
the text, symbol, mimic diagram, etc. It is possible to
increase the level of real-sense through 3D interfaces
which can be improved. Secondly, 3D visualization
technology which allows the operator to realize the
macroscopic condition of the nuclear power plant
immediately before or after core-melting can be increase
as an actual real-sensing factor of the emergency
condition or severe accident. Lastly, there is a way to
increase the level of real-sense against the external event
by realizing sensation in the control room due to
earthquake or fire, physically realizing high temperature,
toxic gas and smoke due to fire.

In this study, we focus on a fundamental surprise
caused by earthquake in main control room of nuclear
power plant. Using the real-sense based test-bed, we
produce fundamental surprise situation accordance with
the conceptual model by Ammemarie et al. Also, we
have a plan to measure the quantitative human
performance in terms of bio-signals in a situation of
fundamental surprise.

4. Experimental Design and Results

The purpose of this experiment is to identify the effect
of the Fundamental Surprise (FS) on the operator's
human performance in an unforeseen situation caused by

an earthquake event. The FS is a surprise that can be
caused by a huge gap between the individual's perception
and reality. The FS refers to the surprise sentiment that
arises from the development of an unpredictable
situation or the collapse of the basic assumptions that
could be predicted but would not occur as expected.
Comparitively, the Conditional Surprise (CS) is caused
by the enemy and is rooted in the failure to gather,
process, or distribute information.

The research hypothesis of this experiment is as
follows.

* Inthe FS situation, the operator's performance is
reduced.
* In the CS situations, the operator's performance
is reduced.
* In the FS situation, the operator's human
performance is lower than in the CS situation.
This experiment limited the external events that could
generate FS to seismic vibration. Also a facilitator was
set up to improve the likelihood of occurrence of FS
situations.

The apparatus of this experiment is an earthquake
motion platform, a digital seismograph, an earthquake
emergency stop button, nuclear reactor manual stop
buttons, a nuclear power plant main control room
simulation operator console, and biological signal
measurement and acquisition devices (see Figure 4).

Figure 4. Apparatus Overview

In this experiment, one test supervisor, one facilitator,
one motion device and simulator operator, and fifteen
graduate students with experience in operating the
operator's console are participated.

In terms of measurement variables, task performance
success or fail was measured as a dependent variable.
Independent variables were measured as shown in Table
1.

In this study, the statistical analysis for each
biosignal affecting human performance were applied as
95% two-sided verification criteria.

This test is divided into two types. This test type 1 is
an experiment that causes surprise emotion by abnormal
vibration injection due to sudden failure of seismic
motion platform during test preparation (random time
after completion of biosignal measurement sensor
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attachment). At this time, the facilitator urgently
instructs the subject to press the emergency stop button.
Type 2 of this test involves injecting a reactor shutdown
scenario into the simulator and requiring the subject to
perform a reactor shutdown procedure in accordance
with the test scenario.

As a result of the test, the difference between the
EEG index and the ECG index in the FS and the CS
situations was statistically significant compared with the
subject's stable state (open eye state). All three research
hypotheses could be adopted and the details of the
biosignals that underlie the adoption of each hypothesis
will be discussed.

Table 1. Independent Variables

Signals | Measurement Index
EEG RT Relative Theta Power
Spectrum
RA Relative Alpha Power
Spectrum
RB Relative Beta Power
Spectrum
RG Relative Gamma Power
Spectrum
RFA Relative Fast Alpha Power
Spectrum
RSA Relative Slow Alpha Power
Spectrum
RLB Relative Low Beta Power
Spectrum
RMB Relative Mid Beta Power
Spectrum
RHB Relative High Beta Power
Spectrum
RST Ratio of Mid Beta to Theta
RMT Ratio of Mid Beta to Theta
RSMT Ratio of (SMR~Mid Beta) to
Theta
RAHB Ratio of Alpha to High Beta
ECG Mean HRV Mean Heart Rate Variability
SDNN index | Standard deviation of all NN
intervals for 5-minute
segments of the entire
recording
Norm LF Normalized Low Frequency
Norm HF Normalized High Frequency
pNN50 NN50 count divided by the
total number of all NN
intervals
RMSSD Square root of the mean of
the sum of the squares of
differences between adjacent
NN intervals

5. Conclusions

In the nuclear industry, human factors verification and
validation is a systematic method of verifying and
validating whether the developed human system
interfaces are appropriate in terms of human
performance. However, there was a limit to
systematically incorporating changes in the expected

control room environment due to external events such as
earthquakes and fires into the human factors verification
and validation process.

Changes in the control room environment can cause
unexpected surprise to the operator, which can
significantly reduce human performance. Therefore, this
study aims to clarify the quantitative effects of
unexpected surprise of the operator on the performance
and to provide a way to minimize the human error caused
by fundamental surprise.

In this paper, quantitative effects of unexpected
surprise on human performance are discussed in terms of
bio-signals variability.
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