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Abstract : Analyzing the aftermath of events at domestic nuclear power plants brings in
the question: “Why do workers not comply with the prescribed procedures?” The
current investigation of nuclear power plant events identifies their reasons considering
the factors affecting the workers’ behaviors. However, there are some complications to
it: in addition to confirming the action such as an error or a violation, there is a limit to
identifying the intention of the actor. To overcome this limitation, the study analyzed and
examined the reasons for non-compliance identified in nuclear power plant events by
Reason’s rule-related behavior classification. For behavior analysis, I selected unit
behaviors for events that are related to human and organizational factors and occurred
at domestic nuclear power plants since 2017, and then I applied the rule-related
behavior classification introduced by Reason (2008). This allowed me to identify the
intentions by classifying unit behaviors according to quality and compliance with the
rules. I also identified the factors that influenced unit behaviors. The analysis showed
that most often, non-compliance only pursued personal goals and was based on
inadequate risk appraisal. On the other hand, the analysis identified cases where it was
caused by such factors as poorly written procedures or human system interfaces.
Therefore, the probability of non-compliance can be reduced if these factors are
properly addressed. Unlike event investigation techniques that struggle to identify the
reasons for employee behavior, this study provides a new interpretation of
non-compliance in nuclear power plant events by examining workers’ intentions based
on the concept of rule-related behavior classification.
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Table 1. The Varieties of Rule—related Behaviour

Where the task was covered by an appropriate rule or procedure (good rule)
* Was the procedure followed and was it psychologically rewarding?
° If YES — Correct and rewarding compliance D
° If NO — Correct but unrewarding compliance )

If the procedure was not followed and was it psychologically rewarding?
° If YES — Incorrect but rewarding violation @

° If NO — Mistaken circumventioin (misvention) @

* Was the non-compliance motivated by a desire to damage the system?

° If YES — Malicious circumvention (malvention or sabotage) &

Where the task was covered by some inappropriate rule or procedure (bad rule)
* Was the procedure followed and was it psychologically rewarding?
° If YES — Incorrect but rewarding compliance ®
° If NO — Mistaken compliance (mispliance) @
+ If the procedure was not followed and was it psychologically rewarding?
° If YES — Correct violation
° If NO — Correct but unrewarding violation @
* Was the compliance motivated by a desire to damage the system?
° If YES — Malicious compliance (malpliance or working-to-rule) @

Where the task was not covered by a rule or procedure (no rule)
* Did the knowledge-based improvisation yield a good or acceptable outcome?
° If YES — Correct improvisation @
° If NO — Mistaken improvisation @
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Fig. 2. Classification of unsafe acts involving slip/lapse, mistake, violation,
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Table 2. Process to classify behavior per unit behavior
Unit behavior Rule Cause Result
. A bad rule because there is no information to check the status of
Rule quality .
. automatic control of water level
Not checking the status of Procedure for @ Mistaken
automatic control of steam | controlling steam Correctness Operator performed procedure based on inappropriate risk appraisal compliance
generator water level generator water level Psvehologicall mp
S};va?afﬁf; Y Difficult to regard this as providing psychologically rewarding
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Table 3. Professionals’ profile

. Major and . .
Belonging degree Major experience
Research professor PhD in Chief of IAEA International
of nuclear .
engincering in A nuclear Nuclear Reactor Materials
university engineering  Property(THERPRO) DB Center
Professor of nuclear ~Ph.D in  Member of the Event Scale Rating
engineering in B nuclear ~ Commission in Nuclear Safety and
university engineering Security Commission

Task(event investigation) leader of
Working Group on Human and
Organizational Factors in
OECD/NEA

Principal researcher ~ Ph.D in
in C nuclear nuclear
research institute  engineering

Principal researcher ~ Ph.D in
in D nuclear safety nuclear
regulatory institute ~ engineering

Event investigation team leader
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Table 4. Events analyzed in this research
Date Event Cause Rating level
upgraded
2017-03-27  Wolsong Unit 4 Drop of a fuel bundle during handling of new fuel Human error x
2018-01-24 Wolsong Unit 4 Opening emergency water supply system isolation valve during plant cooldown after reactor H ertor y
shutdown
2018-03-06 f—}l;nblt Unit 2 Automatic startup of emergency diesel generator ‘B’ by loss of voltage on 4.16 kV safety bus H error «
2018-06-11 Wolsong Unit 3 Reactor coolant leakage by mistake to control pressurizer drain valve Human error O
2019-01-24  Hanbit Unit 2 Automatic Reactor Trip due to Low Level of Steam Generator ‘C’ Human error x
2019-05-10 Hanbit Unit 1 Auxiliary Feedwater System Actuation and Manual Reactor Trip due to Careless Withdrawal H error o
of Control rods
2019-09-06  Shin-Wolsong Unit 2 Automatic Reactor Trip due to Low Water Level of Steam Generator #1 Human error X
2020-07-19 Hanul Unit 6 Automatic Reactor Trip due to Two Reactor Coolant Pumps Trip Human error O
2021-04-23  Automatic Reactor Trip due to Turbine/generator Trip Caused by Actuation of Differential Protective Relay =~ Human error x
2022-09-08  Shin-wolsong Unit 2 Automatic Reactor Trip Due to Opening of M-G Set Output Breakers Electrical failure O
2023-04-05 Wolsong Unit 2 Automatic Actuation of a Standby Diesel Generator #2 Caused by Opening of Circuit H error

Breaker for Class 4 Power Bus
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Table 5. Unit behavior classification for important action (field operator)

Unit behavior Rule Analysis according to behavior classification criteria Result
a | Procedures to prevent human error were appropriate
i)" He failed to perform inspection to| Procedure for . . . .
o . .« | The field operator did not implement procedures in accordance with an| @ Incorrect but
check whether it is the valve which| human error | b |. . . . .

A . . . inappropriate risk appraisal. rewarding
maintain a pressure equally in pressurizer,  prevention violation
isolation valve or not technique o This is presumed to be an intention to achieve the goal with little effort

and also considered to get psychological rewards.
a | Procedures to prevent human error were appropriate
ii) He reported valve number and its Procedure for The field operator did not implement procedures in accordance with an| @ Incorrect but
. human error b |. . . . /
status although he did not check the prevention inappropriate risk appraisal. rewarding
f val . .. . . . 1 iolati
number of valve technique c This is presumed to be an intention to achieve the goal with little effort viotation
and also considered to get psychological rewards.
a | Procedures to prevent human error were appropriate
v) He did not stop the work despite of I;rocedureeni(;r b The field operator did not implement procedures in accordance with an| @ Incorrect but
uncertainty when he controlled a valve prevention inappropriate risk appraisal. rewarding
ithout late of it . .. . . . 1 iolati
without namepiate ot 1 technique This is presumed to be an intention to achieve the goal with little effort viotation
c . .
and also considered to get psychological rewards.
(‘'The number means the sequence of unit behavior. “Rule quality, ““Behavior correctness, ™ Psychological rewarding)
Table 6, Unit behavior classification for important action (reactor operator)
Unit behavior Rule Analysis according to behavior classification criteria Result

a | Procedures to prevent human error were appropriate
) It was not sufﬁment for him to have | Procedure for The reactor operator did not implement procedures in accordance with | @ Incorrect but
a questioning attitude although he had| human error b an inanpropriate risk appraisal rewardin
been briefed on the status of the valve| prevention pprop PP : violatio I;g
inconsistent with the normal condition technique c This is presumed to be an intention to achieve the goal with little effort
and also considered to get psychological rewards.
a | Procedures to prevent human error were appropriate
iv) He did not stop the work despite of Procedure for The reactor operator did not implement procedures in accordance with | @ Incorrect but
. human error b . . . - A
uncertainty when a field operator controlled prevention an inappropriate risk appraisal. rewarding
\ ith 1 f i . . . . . o iolati
a valve without nameplate of 1t technique c This is presumed to be an intention to achieve the goal with little effort violation
and also considered to get psychological rewards.
a | Procedures to prevent human error were appropriate
vi) He did not report the status of valve| Procedure for The reactor operator did not implement procedures in accordance with | @ Incorrect but
and the operation to open the valve to| human error b . - . . .

. N . . an inappropriate risk appraisal. rewarding
shift supervisor if he could not implement| prevention violation
procedure according to it technique c This is presumed to be an intention to achieve the goal with little effort

and also considered to get psychological rewards.
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