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Abbreviation

= APR1400: Advanced Power Reactor 1400 MW
= CBDTM: Cause-Based Decision Tree Method
= CPS: computerized procedure system

= FRP: functional recovery procedure

= HEP: human error probability

= HUREX: human reliability extraction

= |E: initiating event

= |GT: information gathering template

= |PS: information processing system

= KHNP: Korea Hydro & Nuclear Power Co.

= LDP: large display panel

= MCR: main control room

= PSF: performance shaping factor

= SS: shift supervisor

= UA: unsafe act (=human error)
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Background / APR1400 Data
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Background: Computer-Based Control Room in APR1400
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Background: Human Factors Issues in DI&C systems

= Change of Interfaces

Conventional MCR Computer-based MCR

Paper-based procedure Computer-based procedure
Digital information system
Large display panel

Hard-wired control interfaces Soft control
Alarm tile Advanced alarm system

Hard-wired indicators in analog panel

= Human performance issues in digital interface environments

— Instrumentation quality — Digital Fatigue

— Instrumentation complexity — Digital system failure

— Control interface complexity — Recovery

— Situation awareness — Trust/Reliance

— Task complexity — Stress

— Communication and coordination — Control interface quality
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Background: Human Factors Issue examples

= Distributed information
= Confusing and unstructured presentation of display

= Loss of contextual information (spatial/functional
information, visual patterns etc.)

= Misplaced salience (inappropriate HMI design)

= Weak correlations between alarms and the
associated process parameters or actions

= Requisite memory trap (over reliance on previous
memory)

= Missing task critical information

= Lack of early detection support (monitoring failure,
loss of vigilance)

= Lack of feedback information (including time delay)

www.epri.com
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Mode error (a type of slip where a user performs an
action appropriate to one situation in another
situation, common in software with multiple modes)

Decrease of the range of vision (visual momentum)

Difficulty understanding automation (visibility of
automation system)

Out-of-the-loop with the level of automation

Lack of big picture (e.g., Process overview)

Lack of in-depth insight of critical process dynamics
Keyhole effect (attentional tunneling)

Change in the role/function of human operators
with respect to the use of new digital systems

The effects of HMI design on crew coordination and
cooperation

Coordination among crew members and group
decision making

Communications among crew members
Information hand-off among different crews
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HUREX Data Collection Project (KHNP Project)

= Period: Jan. 1, 2017 ~ June 31, 2019

= Sponsor: Operating company (Korea Hydro & Nuclear Power)
= Research expenses:
= Research participants: KAERI (with UNIST and Chosen university)
= Raw data )

— Full-scope simulator of APR1400 (Shingori unit #3 and #4) '
— Records from regular training with licensed operators

HUREX data generation

— Data points collected to date : 44,585

— About 50 PSF (performance shaping factor) variables
— Statistical evidence for HEP, PSF effect, recovery action, etc.

— All human error identification/characterizations were peer-reviewed
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HUREX Framework

Design Simulation

\] . ¥
; Procedures
Simulators (AOP/EOP) H
Simulation Task Analysis
(video records, plant (identify tasks &
logs, interviews) cognitive activities

v

Response Analysis
(analyze what, when,
and how a crew
responses)

'

UA Analysis
(identify Unsafe Acts
& related contexts)

HUREX DB

Data Analysis
(perform statistical
data analysis)

)
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HRA data

* Event timeline

» Demand of cognitive subtask
* UA types & related PSFs infor.
» other qualitative infor.

* Performance time

= # of UA and task demand
* Human error probability

* PSFs multipliers

» Bayesian statistics, etc.

© 2019 Electric Power Research Institute, Inc. All rights reserved.

Full-scope
simulator

Subjectivity
minimalism

Statistical
evidence
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Simulation Records (Raw data)

= Data from full-scope simulator
— Audio-video records (from 5 cameras)
— Plant parameter log
— Screen navigation log
— Procedure progression log (CPS)
— Alarm/malfunction log
— Questionnaires (Career/experience)
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HuREX Data Generation

= |GT data from simulation records

General information including a plant
name, plant type, operating mode,
crew information (e.g., work
experience), and training/education
experience

Response (i.e., success or failure) of human
operators for given tasks in the scenarios and
the relevant task characteristics (e.g., task
type and target component to be
manipulated)

Detailed information on erroneous behaviours (i.e.,
UA) observed from a simulation record such as a UA
recovery, task complexity, task familiarity, and
procedure quality

)
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UA (Human Error) Definition

= Definition of Unsafe Act (UA)

— An erroneous behavior that negatively affects the safety of a plant

(= human error + a part of routine violation)

UA candidate

Successful behavior

UA: A human behavior that could have a negative
influence on the operational safety of NPPs in a

direct or indirect way.
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UA (Human Error) Identification

= First, identify all UA candidates (any kind of deviation from an expected procedural path)

= Second, select UAs from UA candidates based on their consequences.

Plant response
(e.g., process parameter log
or event log)

Contents of
proceduralized tasks

Method 2 Method 3

Method 1

Contents of verbal

communications
(e.g., communication log)

Method 4

Manipulation history
(e.g., an action log)

T

Method 5

Three Consequence

Detailed example

Inappropriate component ma [* A wrong component is operated.

nipulation

was satisfied.

* A targeted component is not operated when its operational condition

Inappropriate procedure perf | ¢ A wrong procedural step is performed.

ormance

e A procedure transfer is omitted.

Inappropriate notification/re [* An important announcement or request to other department and/or or

quest

ganizations is omitted
* A wrong announcement is proclaimed.
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66 Supportive UA Identification Rules (Examples)

When a BO did not immediately start an ordered task that was directly instructed by a SS:

(1) Ifthe BO accomplished the ordered task before initiating a new procedural step, the BO’s behavior should not be marked as an UA;

(2) Ifthe BO accomplished the ordered task after the initiation of a new procedural step, this behavior should be marked as an UA,;

(3) If the BO cannot immediately follow the SS’s instruction due to the performance of an another task.(e.g., a previous task ordered by the SS), the BO’s
behavior should not be marked as an UA;

(4) If the BO manifested rationales explaining why the ordered task is not immediately conducted (e.g., this value needs to keep closed because of a high
temperature), the BO’s behavior should not be marked as an UA.

When a SS did not instruct a certain task that was already conducted (a repeated task completed), if the SS did not order a BO to conduct the repeated task
completed, the SS’s behavior should not be marked as an UA;

When a SS did not instruct a certain task that was not finished (a repeated task not finished), if the SS did not order a BO to conduct the repeated task
completed, the SS’s behavior should be marked as an UA;

When a SS has to order a series of instructions combined by AND logic (e.g., ‘IF A and B and C are TRUE, THEN perform D’), if the SS did not command a BO
to carry out one or more instructions after identifying there is an unsatisfied instruction (e.g., ‘A is FALSE’), then the SS’s behavior should not be marked as
an UA.

The number of UAs should be counted by the following rules:

(1) When an UA has occurred as the result of a SS’s instruction, the number of UAs should be one.

(2) When an UA is related to the reporting of process parameters or the manipulation of specific components, the number of UAs should be counted
based on the number of process parameters inappropriately reported or specific components inappropriately manipulated.

When an UA and its recovery behavior were observed during the performance of an identical procedural step, instead of considering the occurrence of an
UA and its Recovery, the corresponding behaviors should be marked as successful behavior.

When an UA and its recovery behavior were observed during the performance of different procedural step, the corresponding behaviors should be marked
as an UA and Recovery, respectively.

When a SS has to order an instruction according to the availability of a certain system , equipment and component, the availability should be determined
based on the required function of the target system, equipment, and component.
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Human Error Taxonomy of HUREX Data

Information gathering |Checking discrete state - Verifying alarm occurrence IG-alarm EOO, EOC
and reporting Checking discrete state - Verifying state of indicator IG-indicator EOO, EOC
Checking discrete state - Synthetically verifying information IG-synthesis EOO, EOC
Measuring parameter - Reading simple value IG-value EOO, EOC
Measuring parameter - Comparing parameter IG-comparison EOOQO, EOC
Measuring parameter - Comparing in graph constraint IG-graph EOOQO, EOC
Measuring parameter - Comparing for abnormality IG-abnormality EOO, EOC
Measuring parameter - Evaluating trend IG-trend EOO, EOC
Response planning and [Entering step in procedure RP-entry EOO
instruction Transferring procedure RP-procedure EOO, EOC
Transferring step in procedure RP-step EOO, EOC
Directing information gathering RP-information EOO, EOC
Directing manipulation RP-manipulation EOO, EOC
Directing notification/request RP-notification EOO, EOC
Situation interpreting |Diagnosing Sl-diagnosis EOO, EOC
Identifying overall status Sl-identification EOO, EOC
Predicting Sl-prediction EOO, EOC
Execution Manipulation - Simple (discrete) control EX-discrete EOO, EOC
Manipulation - Simple (continuous) control EX-continuous EOO, EOC
Manipulation - Dynamic manipulation EX-dynamic EOO, EOC
Notifying/requesting to MCR outside EX-notification EOO, EOC
Other Unauthorized control - Unguided response planning and instruction OT-planning EOC
Unauthorized control - Unguided manipulation OT-manipulation EOC
Timing error (too fast/too late) -
*EOO (Error of Omission); EOC (Error of Commission)
)
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Application Example of Taxonomy (1)

Instructions

Response Not Obtained (RNO)

21.1

21.2

21.0 Check IF RCPs should be stopped.

Determine IF at least ONE
charging/Sl pump is running

Determine IF RCS pressure is
less than 96kg/cm?
(105kg/cm? for ADVERSE
CONTAINMENT)

21.3 Stop ALL RCPs

21.1 Perform Step 22.0

21.2 Perform Step 22.0

RCP: Reactor Coolant Pump
RCS: Reactor Coolant System
SI: Safety Injection

"ADVERSE CONTAINMENT denotes the specific condition of containment when either its
pressure is greater than 0.35kg/cm? or its radiation dose is greater than 10°R/hr.

( Entry to Step 21.0 )

(Check if RCPs should

be stopped.)

- J

\ 4
Determine that at

~N

least one charging/Sl
_ pump is running )

Determme
containment status

(i.e, ADVERSE CONTAINMENT)

If ADVERSE

Determine that RCS

Perform Step 22.0

A

pressure is less than

Determine that RCS

96kg/cm?

Yes

pressure is less than
105kg/cm? J

Yes ‘

[
|
|

v

Perform the next
procedural step

(i.e., Step 22.0)

——m e m e ————
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Application Example of Taxonomy (2)

Instruction” ID  Cognitive activity Task type
Check if RCPs should be 1 Response planning and instruction Entering step in procedure
stopped
Determine that at least one 2 Response planning and instruction Directing information
charging/SI pump is running gathering
3 Information gathering and reporting — checking Verifying state of indicator
discrete state
Determine containment 4 Response planning and instruction Directing information
status (i.e., ADVERSE gathering
CONTAINMENT) 5 Information gathering and reporting — measuring Comparing for abnormality
parameter
Determine RCS pressure 6 Response planning and instruction Directing information
gathering
7 Information gathering and reporting — measuring Comparing parameter
parameter
Stop all RCPs 8 Response planning and instruction Directing manipulation
9 Action — manipulation Manipulating simple (discrete)
control
Perform Step 22.0 10 Response planning and instruction Transferring step in procedure

2
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|GT Data Ex

ample - Overview IGT

Data Field Meaning Example
Scenario ID 170208 #1 AFASfalse
Plant/simulator name SWO01
Plant type APR1400
Crew/shift/team name Unit 3-#4
Crew Age A5
work experience of plant operation 13
work experience in current team 2
Training experience Inclusion of scenario in the regular training program True / False

Simulation mode

Type of the simulated situation based on the reactor trip

Abnormal / Emergency

Multiple initiating events

Whether inputted scenarios are single or multiple

True / False

Failed system/component

Existence of additional malfunctions in the system or component

True / False

Failed alarm/indicator

Existence of masked or failed indicators or alarms

True / False

Leadership of SS

Leadership style of shift supervisor

Commanding / Democratic

Whether board operators showed active responses or communications

Cooperative attitude of BOs . . . True / False
during the simulations
Supervising level of STA Whether the STA actively checked the operations of the systems True / False
Independent checker Existence of independent review during significant system controls True / False
Mission Goal Only /
Procedure compliance How the shift supervisor gave directions based on the procedures Instruction in Detail /

Instruction Selectively

Overall communication

strategy

Communication strategy that is frequently observed during the simulation

One-Way / Two-Way /

Three-Way

www.epri.

com © 2019 Electric Power Research Institute, Inc. All rights reserved.
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|IGT Data Example — Response IGT

19

. . Proce- ub- Cognitive Success ( UA
E E Desc.
Scenario ID Time GT_ID dure ep step Contents Activity Task Type ) 00 EOC Code esc
13:00: APRSW
170314 #1 SGTR Og 00 0125 - DA Goal: Check reactivity RP Entry 1 0
. o RP; Information; 1; 0; 0;
170314_#1_SGTR QESW— DA Lz ;Z?f;c'j"?'ty criteria IG; Synthesis; 1; 0, [o; UA-01
' RP/RP Step/Procedure |1/0 0 0
13:00:
170314 #1 SGTR 03 00 gleRSW_ DA Goal: Check electric supply [RP Entry 1 0
RP; Information; 1; 0; 0;
170314 #1 SGTR SlszSW— DA IG; Indicator; 4; 0; 0;
RP/RP Step/Procedure |1/0 0 0
170314 #1_SGTR 13:00: APRSW _ DA Goal Fheck RCS subcooling RP Entry 1 0
02 012 margin
. . RP; Information; 1; 0; 0;
170314_#1_SGTR QE{SW— DA :Z \T/S fﬁ:ﬂ‘;"geg r;;aer?g'” IG; Comparison; 4; 0, o;
gree: RP/RP Step/Procedure |1 0 0
)
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|IGT Data Example - UA IGT

Data Field

Meaning

Example

UA code

Code to identify each UA

UA-1

UA overall description

UA information including context information

Free description

Effected component type

Type of component being affected by an UA

Pump (RCP-01)

Effected system type System being affected by an UA None
Recovered UA Yes for a recovered UA Yes
Recovery timing Actual timing of recovery After step.
Failed system/component System/component already failed at the simulation starting stage None

Time pressure

- Before the completion of diagnosis during EOP operation
- Before the completion of initial response in EOP operation
- After the completion of initial response in EOP operation

- During AOP operation

After the completion of initial

response in EOP operation

Contingency action Yes if an UA has occurred during the performance of a contingency action part, if MCR operators | No
used two-column format EOPs

Note OR Caution Yes if Note or Caution is related to the occurrence of an UA No
Change of procedure strategy Yes if an UA has occurred during the transfer to other procedure or step No
Procedure conformity Procedure conformity to a simulated situation; Good

- Good if there is no sudden/unexpected change in process parameter

- Bad if there is sudden/unexpected change in process parameter
Number of sub steps The number of sub steps or detailed actions included in a step in which an UA has occurred. 3
The number of manipulations The number of component manipulations included in a step in which an UA has occurred. 3

e
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HUREX Video Analyzer & Data Analyzer
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Simvulated Scenarios

= Abnormal situation (8)

False operation of auxiliary feedwater
actuation signal

Rupture of letdown flow line

Simple earthquake

Failure of high pressure heater drain valve
Letdown pressure control valve close
Steam generator tube leak

Leak of turbine control oil

RCP seal flow control valve failure

www.epri.com

= Emergency situation (12)

© 2019 Electric Power Research Institute, Inc. All rights reserved. 8

SBO (station black out)

SGTR (steam generator tube rupture)

SGTR with failure of N-16 radiation indicator
SGTR with CPS failure

SGTR with safety injection failure

LOCA (loss of coolant accident) from RCP
(reactor coolant pump) seal

Interfacing system LOCA (LTOP valve)
Interfacing system LOCA (letdown valve)
DVI (direct vessel injection) LOCA

LOCA with safety injection failure

LOCA from pilot operated safety relief valve

Feed and bleed operation in LOAF (loss of all
feed water)


http://www.epri.com/

Characteristics of Scenarios

Scenarios Failed alarm/ Procedure Scenario
Reactor Tripped Multiple IE indicator type FRP Inclusion Familiarity

AFAS false Abnormal FALSE FALSE CBP Abnormal TRUE
CV-201 Close Abnormal FALSE FALSE CBP Abnormal TRUE
CVCS letdown Leak Abnormal FALSE FALSE CBP Abnormal TRUE
Earthquake(lower than OBE) Abnormal FALSE FALSE CBP Abnormal TRUE
Failure of high pressure heater Abnormal FALSE FALSE CBP Abnormal TRUE
drain valve

RCPO1A Seal Flow Valve Fail Abnormal FALSE FALSE CBP Abnormal TRUE
SGTL Abnormal FALSE FALSE CBP Abnormal TRUE
Turbine EHC Leak Abnormal FALSE FALSE CBP Abnormal TRUE
POSRV LOCA Emergency FALSE FALSE CBP FALSE FALSE
DVI LOCA Emergency FALSE FALSE CBP FALSE TRUE
:/r;tlsg)ac'”g system LOCA (letdown| o oncy FALSE FALSE CBP FALSE TRUE
RCP seal SBLOCA Emergency FALSE FALSE CBP FALSE TRUE
SBO Emergency FALSE FALSE CBP FALSE TRUE
SGTR Emergency FALSE FALSE CBP FALSE TRUE
LOAF Emergency FALSE FALSE CBP TRUE TRUE
SGTR with CPS failure Emergency FALSE FALSE PBP FALSE TRUE
:/r;tlig)ac'”g system LOCA (LTOP Emergency FALSE TRUE CBP FALSE FALSE
SGTR with N-16 failure Emergency FALSE TRUE CBP FALSE FALSE
SBLOCA with Sl failure Emergency TRUE FALSE CBP TRUE FALSE
SGTR with Sl failure Emergency TRUE FALSE CBP TRUE TRUE

www.epri.com
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Additional Malfunctions in Emergency Scenarios

Scenario Additional malfunctions
SBO Earthquake alarm annunciation
SGTR Full strength control elements stuck (emergency boration required)

Failure of SIAS/CIAS

SGTR with failure of N-16 radiation indicator

Full strength control elements stuck (emergency boration required)
Failure of SIAS/CIAS
Failure of N-16 radiation indicator

SGTR with CPS failure

Failure of SIAS/CIAS
Anticipated transient without trip
Failure of diverse protection system

SGTR with safety injection failure

Loss of offsite power
Failure of SIAS/CIAS
Anticipated transient without trip

LOCA from RCP seal

Failure of SIAS/CIAS

Interfacing system LOCA (LTOP valve)

Full strength control elements stuck (emergency boration required)
Failure of SIAS/CIAS
Failure of indications regarding leak area

Interfacing system LOCA (letdown valve)

Full strength control elements stuck (emergency boration required)
Failure of SIAS/CIAS

DVI (direct vessel injection) LOCA

Full strength control elements stuck (emergency boration required)
Failure of SIAS/CIAS

LOCA with safety injection failure

Loss of offsite power
Failure of SIAS/CIAS
Anticipated transient without trip

LOCA from pilot-operated safety relief valve

Anticipated transient without trip
Failure of diverse protection system
Failure of SIAS/CIAS

Feed and bleed operation in LOAF

Anticipated transient without trip
Failure of diverse protection system
Failure of SIAS ™

www.epri.com
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Data Analysis with EPRI
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EPRI Project Overview: PSF Data Analysis

= Two Projects for HRA data in Digital MCR
— Basic HEP estimation from HUREX data (collaboration with KHNP)
= Sep., 2019 ~ Feb., 2021
— PSF effect estimation from HUREX data (collaboration with KAERI)
= QOct., 2019 ~ Jan., 2021
= Goal: data collection and analysis of the performance shaping
factor-related data

- Understand the qualitative factors that affect human performance in
digital environments

- Provide some quantitative representation of the effect of these
performance shaping factors (PSF)

2
www.epri.com © 2019 Electric Power Research Institute , Inc. All rights reserved . (C — vrRUXEIeIng (= PEI
/ KAERI " Korea Atomic Energy Research Institute
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Data Analysis Process

» Audio-video records (from 5
cameras) Tt 05 e aSem

+ Plant parameter log i DI S s,
+ Screen navigation log a
+ Procedure progression log
» Alarm/malfunction log

Questionnaires (Career/experience)

Raw data (simulation records)

EPRI Project

Information
from Overview
IGT

KHNP

Information
from Response
IGT

Project

Information
from unsafe act
(UA) IGT

General information including a

mode, crew information (e.g.,
work experience), and
“training/education experience

Response (i.e., success or failure) of
human operators for given tasks in the
scenarios and the relevant task
characteristics (e.g., task type and target
component to be manipulated)

Detailed information on erroneous behaviours
(i.e., UA) observed from a simulation record
such as a UA recovery, task complexity, task
familiarity, and procedure quality

HUREX IGT data (165 sets of excel files)

plant name, plant type, operating

|GT_Respense_170208_#1_AFASfalse

B 1GT_Response_170208_#1_CVCS_letdow.
07 16T_Response_170208_#1_Earthquake(lo.
@ |GT_Respense_170208_#1_HPHTR7Avalve
T Response_170208_#2_ CV-201 Close
T Response 170208 #2 SGTL
07 IGT_Response_170208_82_SGTR
07 16T _Response_170208_83_SGTL
IGT_Respanse_170208_#3_SGTR
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data

Data
Analysis
TechniquegiEasss

FALSE
(Multiplier: 1.0)
Emergency

(Multiplier: 1.0)

[TRUE
(Multiplier: 36.7)

/Abnormal

o R eﬁlxl

Nominal HEP ~ Simulation mode ~ Contingency action part Description of object

(Multiplier: 1.20)

Qualitative/quantitative insights
regarding impacts of PSFs

© 2019 Electric Power Research Institute, Inc. All rights reserved.

TRUE 5.68E-04
(Multiplier: 1.0)

FALSE 3.55E-03
(Multiplier: 6.3)

TRUE 2.09E-02
(Multiplier: 1.0)

FALSE 1.31E-01
(Multiplier: 6.3)

TRUE 681E-04
(Multiplier: 1.0)

FALSE 4.26E-03

(Multiplier: 6.3)
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Data Analysis Framework based on Data Science Process

* Reviewing raw data
* Understanding characteristics
of APR1400 environments

\

* Reviewing IGT data
| + Clarifying PSF-related items

Business Data . Refining IGT data
Understanding Understanding

Data
Preparation °

Deployment

* Interim report
* Final report
* Presentation

Modeling

Defining PSF variables / PSF

states

Generating PSF values in

success cases
Merging IGT data

Generating PSF data

www.epri.com

Evaluation

Basic statistics
Correlation analysis
Regression analysis
Other data science
techniques

[Jonathan, with existing estimates

Goodness of fit evaluation
(e.g., Akaike's Information Criterion)
» Comparison of predicted estimates

© 2019 Electric Power Research Institute, Inc. All rights reserved.
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Data Preparation: PSF Variable Generation

Simulation ID or initiating event

Operator Unit APRSW

012 DA 3

Team ID APRSW [0 g

’ . _012
SS’s operating yr. as SS e, s o, |,
SS age SGTR 012
RO age L | e
TO age
EO age
Procedure |
LeProcedure
CcProcedure Type |
StProcedure Type Il Continuous action step
Independent checker Key step
Procedure compliance Hold Step

Overall communication strategy
IE (initiating event)

Abnormal vs emergency
Multiple initiating events

Failed system / component
Failed alarm / indicator
Procedure type

FRP Inclusion

Scenario Familiarity

Simulation day

www.epri.com

Is reactivity Criteri
satisfied?

Goal: Check electric
supply

Goal Check RCS
subcooling margin

Is RCS subcooling
margin lower than 15
degree?

© 2019 Electric Power chontingency action ;;

Response IGT in IGT data

Entry

RP; Information; 1; o O
IG; Synthesis; 1 0; ;
RP/RP Step/Procedure 1/0 0o o0

Entry 1 0 o0

b Information;  1; 0 O
IG; dicator; 4; 0 O
RP/RP Step/R d 1/0 0 0

/! ep/Rrocedure 1/ TaSkTypel
RP Entry 1 0 o0
RP; Information; : TaSkTypeZ
IG; Comparison; 4;
RP/RP Step/Procedure 1 TaSkType3

ommon Procedural Step

The number of tasks in a sentence

Number of tasks in a step

Number of tasks in a step(RNO)

Number of manipulations(RNO)

Negation

Condition Set Check

Negative State Satisfaction

Description of object

Task familiarity (power reduction/elevation)
Multiple constraints

Clarity of decision-making criteria
Specification of manipulation means
Diagnostic information clarity

Information salience (information in LDP)
Logic of the state identification or instructions
Change of procedure strategy

CPS-IPS direct link

Design consistency of back up procedure

The type of control device for component manipul
ation

The type of alarm display -

a KAERI™  Kores Atomic Energy Research Institute
NAate Aar canivtinn
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Data Preparation: Defined PSF Variables

= Simulation ID —related variable (from overview IGT) (1)

Variable Source Description Example
Unit name [Document] Unit name Unit3
Team ID [Document] Team code Unit3-#4

SS’s operating year as SS of the team

[questionnaire]

SS’s operating year since becoming the SS in APR1400

(positive real number)

SS age (birth year)

[questionnaire]

The birth year of SS

(positive integer)

RO age (birth year)

[questionnaire]

The birth year of RO

(positive integer)

TO age (birth year)

[questionnaire]

The birth year of TO

(positive integer)

EO age (birth year)

[questionnaire]

The birth year of EO

(positive integer)

Existence of Operator Change

[questionnaire]

Whether any operator was absent or changed his/her role
during training

TRUE / FALSE

Affiliative / Coaching /

Leadership style of SS [Judgement] Leadership style of shift supervisor Commanding /
Democratic
Cooperative attitude of BOs [Judgement] Whether.boe?rd operjdtors sho_wed a.ct|ve responses or TRUE / FALSE
communications during the simulations
Supervising level of STA Dudgement] Whether the STA actively checked the operations of the TRUE / FALSE
systems
Exi £ ind I . farine cianif _
Independentchecker Hudgement] {Failedto-evaluate)
controels
Missi | Onl
) How the shift supervisor gave directions based on the |55|on'Go§ on y./
Procedure compliance [Judgement] Instruction in Detail /
procedures . .
Instruction Selectively
Overall communication strategy Dudgement] Communication strategy that is frequently observed during 2-way / 3-way

the simulation

30 www.epri.com
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Data Preparation: Defined PSF Variables

= Simulation ID —related variable (from overview IGT) (2)

Variable Source Description Example

IE (initiating events) [Document] Name of IE LOCA/ .../ SBO
Situation: abnormal vs emergency [Document] IE inducing the reactor trip TRUE / FALSE

Multiple initiating events [Document] Two or more initiating events (SBO, LOOP, LOAF, LOCA, etc.) [TRUE / FALSE

Existence of failed alarm / indicator [Document] Inclusion of additional malfunction in indicator or alarm TRUE / FALSE

Procedure type [Document] CPS or paper-based procedure CBP / PBP

FRP Inclusion [Document] Whether the scenario requires to proceed to FRP TRUE / FALSE

Scenario familiarity [Document] Regular training scenario vs newly introduced scenario TRUE / FALSE

Simulation day [Document] Training period 2017spring / ... / 2018fall

www.epri.com
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Data Preparation: Defined PSF Variables

= Procedure—related variable

82

Procedure Proc. Class | Proc. Class Il Proc. Class Il
DA Non-SPTA BeforeDA Non-SPTA
ESDE Non-SPTA afterDA Non-SPTA
FRP-1 Non-SPTA afterDA Non-SPTA
FRP-6 Non-SPTA afterDA Non-SPTA
LOAF Non-SPTA afterDA Non-SPTA
LOCA Non-SPTA afterDA Non-SPTA
LOOP Non-SPTA afterDA Non-SPTA
Regicgor — SBO Non-SPTA afterDA Non-SPTA
. FRP-02 SGTR Non-SPTA afterDA Non-SPTA

PTA : Egﬁgi SPTA SPTA BeforeDA SPTA
procedure . AOP-3515 Abnormal Abnormal Non-SPTA
: Symptoms AOP-3530-01 | Abnormal Abnormal Non-SPTA
DA procedure e si FRP-01 AOP-3451-04 | Abnormal | Abnormal | Non-SPTA
Rrocedure AOP-3542-03 | Abnormal Abnormal Non-SPTA

DA procedure

(for review) AOP-3522-02 | Abnormal Abnormal Non-SPTA
ORP Every AOP-3431-03 | Abnormal Abnormal Non-SPTA
. E(B)(C)A win ffr?fogn Pnsatistactory AOP-3500-01 | Abnormal Abnormal Non-SPTA
© SGIR status check AOP-3762 Abnormal Abnormal Non-SPTA
i atistactory AOP-3451-05 | Abnormal Abnormal Non-SPTA
AOP-3431-05| Abnormal Abnormal Non-SPTA

Feed &bleed is

required during LOAF

www.epri.com
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FRP-06
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Data Preparation: Defined PSF Variables

= Step-related variable
— Continuous action step : APR1400 procedures distinguish some steps with pentagrams
= Operators have to continuously check the procedure sentences after ingress of the step
—  Key step : APR1400 procedures distinguish some steps with “key” on the step goal.
= QOperators have to carefully follow the procedure sentences in the step
— Hold Step : APR1400 procedures distinguish some steps with “hold” on the step goal.
= QOperators cannot proceed the next step before completion of the step

K'7#2 | Secure SG Inventory T
Procedure Step Continuous action step Key step Hold Step +
L#$#$ 31 Emergency-TRUE Emergency-FALSE Emergency-FALSE .
L#$#$ 34 Emergency-TRUE Emergency-FALSE| Emergency-FALSE #3| Determine faulty SG
L#$#$ 35 Emergency-FALSE Emergency-FALSE Emergency-FALSE 12N
L#$#$ 36 Emergency-FALSE  [Emergency-FALSE|Emergency-FALSE #5|Isolate faulty SG
L#$#$ 37 Emergency-FALSE Emergency-FALSE Emergency-FALSE !

S8

www.epri.com
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Data Preparation: Defined PSF Variables

= Task type variable

Entry Procedure Else
Procedure Procedure Else
Step Procedure Else
Information IG-instruction Else
Manipulation EX-instruction Manipulation
RP-Noti EX-instruction Else

Discrete Simple Manipulation
Continuous Simple Manipulation

Dynamic Complex Manipulation

EX-Noti Communication Communication

www.epri.com © 2019 Electric Power Research Institute, Inc. All rights reserved. 8@\ THRUXIEINITYY '—':El ERIEES:LI::EHP%V\;#TU“
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Data Preparation: Defined PSF Variables

= Instruction—related variable (1)

Variable Source Description Example
The number of tasks in a sentence [Document] The number of tasks in a sentence (positive integer)
Number of tasks in a step [Document] The number of tasks in the ongoing step (positive integer)
Number of tasks in a step (counted by [Document] The number of tasks in the ongoing step (counted by (positive integer)
separating RNO) separating RNO) P g
Number of manipulations (counted by The number of manipulations to be controlled during e
. [Document] . (positive integer)
separating RNO) performance of the ongoing step
Negation [Document] Existence of negation in a sentence TRUE / FALSE
Condition Set Check [Document] :/J\E/ahtitsher the sentence is related to check of a high level TRUE / FALSE
Negative State Satisfaction [Document] Whejcher th.e negative safety state is checked (e.g., is there TRUE / FALSE
leak in outside of contnmnt?)
5 I b ; .
Description of object [Document] escription of component ID to be manipulated/checked mTRUE / FALSE
the procedure
Task fa'mlllarlty (power [Document] Wheth'er the ta.sk can be experienced during the power TRUE / FALSE
reduction/elevation) reduction or raise
Multiple constraints [Document] Existence of two or more conditions checked in a TRUE / FALSE
procedure sentence
. . . N Inclusion of the specific criteria in procedure for the state
Clarity of decision-making criteria [Document] identification during IG-synthesis o SI-* tasks TRUE / FALSE
. . . . Dynamic-TRUE /
Specification of manipulation means [Document] Existence of detailed method description for dynamic Dynamic-FALSE /

manipulation

Simple

Information salience (information in LDP)

[Document]

Whether the required information can be obtained by LDP
only

LDP only / with IPS

www.epri.com
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Data Preparation: Defined PSF Variables

= Instruction—related variable (2)

36

Variable Source Description Example
AND / AND/OR /
. . e NOT / NOT/AND /
L f th f
i:s%clrcuf:)tiZni state identification or [Document] Logic of tasks within a procedure sentence NOT/AND/OR /
NOT/OR/OR/
Simple statement
Change of procedure strategy [Document] Relation of RP-procedure or RP-step with the sentence TRUE / FALSE
CPS-IPS direct link (Document] !Emsten;e of.a link button to IPS screen related to TRUE / FALSE
instructions in CPS
Design-consistency-of back-up-procedure [Document] TRUE

procedure

The type of control device for component

The type of manipulation (touch panel, mouse, analog

Console / External /

manipulation [Document] button) Non-safety / Safety

The type of alarm display [Document] Whether the alarm occurs in alarm tile during IG-alarm Alarm Tile / Other
tasks Alarm

. . Inclusion of the task in the contingency action part when |AOP / EOP-TRUE /
D

Contingency action [Document] the emergency procedure is used EOP-FALSE

Note or caution [Document] Inclusion of the task in the note or caution partin the TRUE / FALSE
procedure

Logic of inter-instruction [Document] Logic of between sentences in a step AND / ATOM / OR

Number of Check-off (Document] The number of check-off buttons in a step (counted by (positive integer)

separating RNO)

(Number of Check-off) / (Number of tasks
in a step)

[Document]

The ratio between Number of Check-off and Num