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1. Introduction

Human Errors

TABLE 1. LEVELS OF PERFORMANCE IMPROVEMENT

Goals Key performance tools Principal management level

Events

Orgamzanonal level \Orgamization goals  Strategies, design/structure, allocation of resources  Executives/semuor managers

Process level ess goals Process improvement and effective teamwork Middle level managers

goals Job design. coaching, performance management First-hine supervisors and work
and tramung

30%
Individual

20% Equipment Mistakes
Failures

Job level

Contribution of human error to the occurrence of events (courtesy of the USDOE):
TAEA Nuclear Energy Series. No. NG-T-2.7: Managing Human Performance to Improve
Nuclear Facility Operation, 2014

In order to fully understand how human performance can be managed to facilitate
performance improvement, three levels of performance need to be considered:
organizational, process and job levels.
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1. Introduction

WHAT IS ERGONOMICS?

Working
smarter,
not harder

v" Derived from two Greek words:
v" “Nomoi” meaning natural laws
v “Ergon” meaning work
—>ergonomics: study human
capabilities in relationship to work
demands

Making things
Fitting the task \ user-friendly

“Ergonomics is the application of scientific information concerning to the

design of objects, systems and environment for human use.”
The Institute of Ergonomics and Human Factors 2010
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2. The Scope of Ergonomics

O Organizational ergonomics: Focuses on designing
inclusive work systems

L Physical ergonomics: Focuses on physical activity,
safety, posture, and injury risk reduction

O Cognitive ergonomics: Focuses on mental
processes like memory, perception, and reasoning

O Environmental ergonomics: Focuses on how heat,

cold, vibration, noise, odor, and light affect
people's health, comfort, and performance

O Applied ergonomics: Focuses on fitting
workspaces to people's needs

Motivating factors :
improve human
perft}rmance rEducE cost,

Process of Ergonomics:

Task evaluation,
prioritization, problem
solving, improvement

Contributing diciplines:
engineering, psychology,
physiology, industrial

design, anthropology, etc

Applications: Tools, work
station, production
process, display and

control, etc

Results: improved human
well being, increase
Efﬁ{:lem:',r It}wer cost,
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2. The Scope of Ergonomics

Design of working place and environment
Twelve simplified principles :

Neutral Postures

Neck straight

1. Work in neutral posture I NI

2. Reduce excessive forces : grasping, push and pull, etc Elbows at sdes

3. Keep everything in easy reach Wrists in neutra

4. Work at Proper Heights l Back with S-curve ——— v
5. Reduce excessive motions

6. Minimize static load e o g Lo g e Permed SmcRaaously 5y mors Sian See peres !
7. Minimize Pressure Points

8. Provide clearance 919 MMl @les

9. Maintain a comfortable environment - soo| Alsse
10. Make displays & controls understandable DOW [°aT el
11. Reduce Stress o U j ot H J i -

12. Move, Exercise & Stretch

Figure 3-32. Equipment-to-equipment distances
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2. The Scope of Ergonomics and Human Factors

Keselamatan dan Kesehatan Kerja (K3),

Environment)

, KEMENTERIAN
KETENAGAKERJAAN

REPUBLIK INDONESIA

4 BERANDA ™ FLOW CHART 22 LAYANAN ~ E INFO &

.,\

E Norma,Standar, Pedoman, Kriteria (NSPK) K3 terkait bidang Kesehatan Kerja N \/

Norma,Standar, Pedoman, Kriteria (NSPK) K3 terkait bidang Ergonomi dan Lingkungan A
Kerja

M Surat Edaran Menteri Tenaga dan Transmigrasi No.SE.01/MEN/PPK/IV/2012Tentang Kewajiban Syarat-

Syarat Keselamatan dan Kesehatan Kerja di Ruang Terbatas ...

L)

&/ Peraturan Menteri Ketenagakerjaan No. 9 Tahun 2016 Tentang Keselamatan dan Kesehatan Kerja Pada
Ketinggian

&/ Peraturan Menteri Ketenagakerjaan Rl Nomor 5 Tahun 2018 tentang Keselamatan dan Kesehatan Kerja
Lingkungan Kerja

HSE (Health, Safety and

Peraturan Menteri Ketenagakerjaan Rl Nomor 5
Tahun 2018 tentang Keselamatan dan Kesehatan
Kerja Lingkungan Kerja.

K3 adalah segala kegiatan untuk menjamin dan
melindungi keselamatan dan kesehatan Tenaga Kerja
melalui upaya pencegahan kecelakaan kerju dan
penyakit akibat kerja.

Faktor ergonomi adalah faktor yang dapat
mempengaruhi aktivitas tenaga kerja, disebabkan
oleh ketidak sesuaian antara fasilitas kerja yang
meliputi cara kerja, posisi kerja, alat kerja, dan
beban angkat terhadap tenaga kerja.
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Caorrect lifiing technique Incarvect lifting technique

Figure 3-31. Spacing of equipment to accommodate seated users
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Figure 3-35. Control operation stereotypes for the U.S. population
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2. The Scope of Ergonomics and Human Factors

RECOMMEND

CONVENTIONS FOR Identify potential color applications in design; select a limited
THE USE OF COLOR number of c:u;ida:e colors :\d Idﬂin" mtimrf‘o« m:cm;.col:':::iu BACKGROUND CHARACTER
color in labeling, demarcation, and mimic designs; r d measures COLOR COLOR
to help ensure color integrity over the life of the plant.
P\ White Black
SPECIFY : y ; = Dark blue Yellow
LABELING 1
€ T Green whit
labeling practices. Light gray Black
. . Dark gray White
Panel design: requirement oy Had White
SPATIAL SEPARATION [T~ Establish spacing requirements for demarcation purposes;
and Standard OF INSTRUMENTS define minimum separation requirements, reflecting control Exhibit 4-28. Combinations of label
zg:::‘:gm':‘w“? include space for stickers, tags, and background and character colors that

—~TIT; produce good legibility (Mil-STD-1472C,
CONVENTIONS FOR ‘ U.S. Army Missile Command, 1981).
LINES OF DEMARCATION

Establish boundary line characteristics; consider use of

0 CDE S simple corners or brackets and lines of association;
worletsonlendio establish mimic characteristics. VIEWING CHARACTER HEIGHT
(in inches)
DISTANCE a
SPECIFY (in feet) MINIMUM PREFERRED
INSTRUMENT CODING Establish attention-getting codes; consider estab-
CONVENTIONS lishing component state and acceptability codes; 2 .096 .144
identify potential applications of orientation 3 .144 .216
::odes; establish codes for di'ﬁavontiatin;g controls a 192 288
eg., ize, shape, mode-of-operation). o e
g., by si mode-o 5 240 '360
PRODUCE 6 .288 .432
a,‘::',‘:::&,‘ﬂ%’,‘,s Reflect sequence, frequency, and impor- 10 .480 .720
PANEL LAYOUTS tance of instrument use; consider location 20 960 1.440
expectancies and visual scanning patterns, < :
standardize recurrent groupings across 25 1.200 1.800
panels; ensure compatibility between mimic -
structures and documents, Note. — Under unfavorable illumina-

tion conditions or for especially critical
markings, preferred values become mini-
mum design vaiues.

ASSESS

PANEL DESIGNS A!i Un. drawings for assessing prgliminlry
ytacaocisue” ;m,,',,,;,':i’:,,,him.u,:',u"_m,,'"",;xf Exhibit 4-32. Recommended charac- > e
ups for i iled desigr ter heights for selected viewing dis— BerAKHLAK me’}g?;lni
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3. HF implementation in Nuclear Reactor
IAEA Report on

Operators
Human and Organizational ¢
Factors in Nuclear Safety in | S
: : e Alarm
the Light of the Accident at the ; » Manual contro ;
: > Redundant Trains
Fukushima Daiichi Nuclear | S
Safety functions pafdrona congo

POWEI" Plant =& . « Reactivity control * ?eabgtor power t°°“tr°|t l

i - ¢ Heat removal e |urbine generator contro

‘Vé ‘ , ' « Prevention of radiation release | : gjartgi;;?\acr;:gglgigg:g:tlics

I/'
/ // 4 M A A=actuation

M=measurement

NPP processes to be monitored and controlled

‘¢¢".a‘ : Y y .- 5
{.ﬁ‘ F| ' T n‘ - FIG 5. Functional overview of NPP I&C.

ba a
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3. HF implementation in Nuclear Reactor

< Convention on Nuclear Safety (CNS).

“Each Contracting Party shall take the appropriate steps to ensure that
the capabilities and limitations of human performance are taken into
account throughout the life of anuclear installation.”

«» Safety Fundamentals:

“To prevent human and organizational failures, human factors have to
be taken into account and good performance and good practices have

to be supported”
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3. Implementation in Nuclear Reactor

“*CONCEPT: Application of knowledge about human capabilities and
limitations to reactor plant, system, and equipment design.

“<*OBIJECTIVE: Ensure that the equipment design (e.g. Human System
Interface/HSI), the human tasks and the work environment are
compatible with the cognitive and physical attributes of the
personnel who operate, maintain and support the Reactor Plant.

**Human Factors /Ergonomics is not only a licensing requisite, but also
a way to ensure that the plant can be operated safely while taking
into account mental and physical human limitations.

> bangga
i Coyal AR Kodesormtl T bangsa




we e e

3. Implementation in Nuclear Reactor
Elements of Human Factors Program

= Organizational and management structures, policies and programs
= Allocation of functions between humans and automation

= User interface design

= Staffing and job design

= Shift work systems

= Design of written procedures

" Physical work environment

=" Human reliability

= Safety Culture

r serniiak” 5.




3. Implementation in Nuclear Reactor
HF Standards and Requirements

Perka BAPETEN Nomor 3 Tahun2011 : Ketentuan Keselamatan
Desain Reaktor Daya

< Persyaratan Umum : Reaktor Daya harus didesain dengan mempertimbangkan
faktor manusia termasuk antarmuka manusia-mesin

< Persyaratan Khusus : Desain Sistem I&K dan ruang kendali reliable
untuk semua kondisi operasi

r BerAKHLAI( ,#" ciayani



HF Standards and Requirements

**PERKA BAPETEN Nomor 3 Tahun2011 : Ketentuan Keselamatan Desain Reaktor Daya
**Persyaratan Umum desain untuk faktor manusia (Pasal 31):

= Reaktor Daya harus didesain dengan mempertimbangkan faktor manusia termasuk
antarmuka manusia-mesin.

= Desain mempertimbangkan :
a. jumlah minimum personil pengoperasi;

b. tata letak instalasi, tata letak peralatan, dan prosedur yang memudahkan interaksi antara personil
pengoperasi dan peralatan di semua kondisi instalasi;

c. antarmuka manusia-mesin yang dapat menyediakan informasi secara komprehensif dan mudah
diolah untuk digunakan dalam pengambilan keputusan dan tindakan;

d. faktor psikologi personil pengoperasi;

e. perlindungan keselamatan personil pengoperasi di ruang kendali, ruang kendali tambahan, dan
jalur akses ke ruang kendali tambahan dalam hal terdapat kejadian yang berdampak ke instalasi;

f. konsep ergonomi dalam desain daerah kerja dan lingkungan kerja; dan

g. velrifikasi dan validasi fitur terkait dengan factor manusia, termasuk dengan menggunakan
simulator.
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3. Implementation on the Nuclear Reactor
Control Room and HMI Desain

technical a system reaches
HUMAN-
COGNITIVE TIME EXPERIENCE

required state 2
WINDOWS & TRAINING MACHINE
PROGESS INTERFACE

individual pdes conscious actions sl
STRESS

Ve link with context
OTHERS T
s Manua
efection HUMA_N

task

Tinten internal conditions:
Actuation personal intenton, - ) experience,
motivation — goal intention coxr?wpetence
instrumental intention
MACHINE 'l'
Indicators Controls and 1
and Displays hand switches

understanding
Operation of '\
Equipment

7 W

external factors I.
organimtio;{al aspects
. . . I other criteria I Dl \l training I
HMI Design: enhancing reactor plant operation safety by
providing reactor operator with more suitable and technical aspects SeEmn e T : T
. state 2 is required the state
appropriate HMI components
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3. Implementation in the Nuclear Reactor
Control Room and HMI Desain

Design of Main Control Room for
Nuclear Power Plant

) " i
S— LU D
m L

o g
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3. HF Implementation in Nuclear Reactor
Control Room and HMI Desain : generic process

Co t Requi ts ; Desi Design Si rt 1 -
Develr:;ﬂ"l]ent Di?flglr(?[:rr:’?:nt Design Impler?:elg?ation duringSIg::er:?ig?l and ReqUIrement 32 Of SSR 2/ 1 (ReV 1)
Maintenance [1] states: “Systematic consideration
HFE Programme Management Of human faCtOFS, inCIUding the
| | . .
PR human—machine interface, shall be
I included at an early stage in the
HFE Design .
| | design process for a nuclear power
Verfication and Validation plant and shall be continued
HFE throughout the entire design
Implementation ”
process.
Human Performance Monitoring
[ [ [

FIG. 1. An example of a generic engineering project, indicating when human factors

engineering (HFE) activities are undertaken.
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3. Implementation in the Nuclear Reactor

Human Factors Program

**Human Factors (HF) Programs are one of the safety areas/elements considered
by regulators = Regulatory requirements/guidance and criteria should exist

s*Establishment of HF program should be supported with adequate Human
Performance programs

**|AEA Safety Standards do not prescribe the elements of HF program. There is a
general consensus regarding the elements of a HF program, but regulatory
requirements are International Atomic Energy Agency country specific

r BerAKHLAI( #m?
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. Implementation on the Nuclear Reactor

Control Room and HMI Desain

Reactor
Operator 2

Shift Technical
Advisor

Reactor Operator 1

eactor

o
5
B
g
o]

. Madule Contral §sem

El Plant Contral Syatem

SafetyDisply &

. Indiasion/ Module

protectionsysem

MNuScale Nonproprietary Copyright ® 2012 NuScale Power, LLC.

LEGEND PUSHBUTTONS N SMALL JHANOLE
xey PUSHOUTTON PUSHOUTTON SUDE AN ARRAY OF PUSHBUTTON TOGG ON A MOUNTING
svaTon WITH ENCLOSURE RRAY SWITCH MODULES SWITCH STRUCTURE

S

CONTROL WITH A
SAFETY SHIELD

Figure 3-30.
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3. Implementation in Nuclear Reactor
Control Room and HMI Desain

¢ Iterative approach in the design process of the human-machine interface.

¢ Final Safety Analysis Report is required to fulfill Nuclear Licensing requirements

¢ Considers to the standard for the Final Safety Analysis Report (such as NUREG-
0800) and associated requirements which specifies with detail all the license
requirements regarding Human Factors Engineering
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3. HF implementation in Nuclear Reactor

L]
HFE Issise can
Control Room and HMI Desain
Operating Experience MuScala Design Documents
Human Factors Engineering (HFE) i e ﬁm @
Design and Implementation Process ; e
. /_/\ N
E | aer
1 !
. - . - Innovativ Treatmert of
Planning Analysis Design V&V Operation e et
And Traning Human
Dlﬂﬂl‘ﬂ_ﬁ"ﬂ Concepts Actions
Experience
Review Interface
Design
Functional Design . 21
Requirements Implementation 1le—] 2| e secan J
Analysis and o] HFEITS < impacl o or 3
Functional Procedure Verification and Elements I
ﬁiﬁ;ﬂ?n'}‘ Allocation Development Validation Human | 1 ¥ 16
Task Performance Other I 14§
Analysis Monitaring Tracking Hs1 _I
. Programs Development
. Training W
Staffing Development 1’_”‘.(
Procedure /I
Development ¥
Human Reliability \L
Analysis . 15 19 4
I Training
Development —
18 l 0
TEHFE Verification & Validation (HEDs) ’q—'i
L3
The elements of the human factors engineering program et [ besonmplmentation _jo————
e e e o | Human Perfarmance Monitaring |1—

generate HFE lssues end
N U I (EG'O ; 1 1 HEDs which are tracked \_
) by HFEITS at point6.

Overview of Human Factors Engineering Program Process at NuScale
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3. HF implementation in Nuclear Reactor
Control Room and HMI Desain

Intanim Configuration fo avoid / Help priorifized correcfive action

- Ri : " > HREA
RiHAs: Rizk Important Human Acfions N Tee! :lfAs.s:.w:lpf.l;:ln ’Pen‘:lrrrrance '..-‘afm‘a!non
ISR Information & Confrol Requirement T i
PSFa: Performance Shaping Facfors
I Cperating Sequences Procedure inefruction
" FSFz Development Cperating
= (HSI Design, : . | Philazcphy
E" Frocadure, Training) Onerator Boles Training P
8| 2 o raining Program
;%i E Development
5 Staffing & 3
H . !
T Qualifications 5 3 3
m
3 | B
2
L EE"
HFEPP ™ T _ — Design
> HSI Design - Implementation
I Deaign Degign Design Az-Builf
Criteria Input Cufout Cresign
. FRA/FA — oo 7| | Validation
Function Dram:\u
Hizrarchy, wirngs
HFE Elements :
Imol tat | ICA, HSI Tests and Human
Bt Engineering | | Evaluations Performance
OER perience Monitoring
Plan Analyses HSI Design HF V&V Operation

HFE program implementation on APR 1400
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3. Implementation in Nuclear Reactor

«* Human Factors requirements in the Safety Analysis Report (SAR) :

To identify the how the design has been engineered to account for potential human errors,
considering operator capabilities, limitations, and cognitive processes, aiming to minimize the
risk of accidents by optimizing interactions between operators and the plant through features
like user-friendly interfaces, clear procedures, and workload management.

< Key aspects :

Operator workload analysis, Control room design, components and layout, Alarm system and
procedure development, Training Requirements, HRA

** Regulatory compliance:

Adhering to relevant regulatory standards and guidelines for human factors engineering in
nuclear power plants.

> bangga
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3. Implementation in Nuclear Reactor

Regulatory Requirements —

PERATURAN BADAN PENGAWAS TENAGA NUKLIR

PERATURAN BADAN PENGAWAS TENAGA NUKLIR REPUBLIK INDONESIANOMOR1 .
TAHUN 2020 TENTANG PENYUSUNAN LAPORAN ANALISIS KESELAMATAN.REAKTOR. ...
DAYA. - BAB XIX Rekayasa Faktor Manusia

**Pengelolaan program rekayasa faktor manusia,

**Analisis rekayasa faktor manusia, desain antarmuka manusia dan mesin,

*»*Verifikasi dan validasi dari hasil rekayasa faktor manusia, implementasi desain,
monitoring kinerja manusia.




3. Implementation in Nuclear Reactor

Regulatory Requirements

Perka BAPETEN No 6 Tahun 2012 Desain Sistem yang Penting untuk keselamatarn:-........
Berbasis Komputer pada Reaktor Daya : = s s i e

KEPALA BADAN PENGAWAS TENAGA NUKLIR,

** Antarmuka manusia-mesin Sistem yang Penting untuk Keselamatan Berbasis KOMPULer.. . ... v we e o 1 «
didesain menyediakan informasi yang memadai dan terstruktur, dan waktu yang memadaiak%facg? e
operator untuk merespons. Seluruh masukan dari operator divalidasi untuk mencegah

kesalahan operator.

**Penyelesaian Tindakan Protektif : Sistem Keselamatan Berbasis Komputer didesain memerlukan
Tindakan operator untuk mengembalikan ke kondisi normal

**Tampilan Informasi : Perangkat keras Sistem Keselamatan Berbasis Komputer didesain memiliki
instrumentasi tampilan yang menyediakan tindakan pengendalian secara manual apabila tidak
terdapat pengendali otomatis.

r el 455
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3. Implementation in Nuclear Reactor
Standards and Requirements

|AEA Safety Standards q& USNRC N w
“* IEC60964 (1989). It is the main IEC standard for the design e
Human Factors Engineering Human performance management

Human Factors

of the main control rooms of NPP. in the Desin of
Human Factors

Nuclear Power Plants REGDOC221

+* Code on Equipment Design to Prevent Operation Error in Engineer::ng Fl’rogram I
eview Node

Main Control Room (JEAC 4624-2009). IAEA Safety Standards

* . . . . Specific Safety Guide
s |IAEA SSG-51, Human Factors Engineering in the design of No. 586-61
NPP Design of Instrumentation
Table 2 Supplemental standards of IEC60964 and Confrol Systems for
Nuclear Power Plants
IEC No. Title and scope IAEATECDOC.12
IEC61227% Nuclear power plats—Control rooms—Operator controls
This document specifies the standards of operator controls using software. It covers the functional Specific Safety Guide
design specification of IEC60964. No. S5G-39
IEC617719 Nuclear power plants—Main control room design—Verification and validation
This document specifies the standards regarding with verification and validation of control room Control room systems design
design. It includes the detailed standards than the standards included in IEC60964. for nuclear power plants
IEC617727 Nuclear power plants—Main control room design—Application of visual display units (VDU) Report prepared within the framewark of the
This document specifies the standards when VDU is applied replacement or additional monitoring Nocoer Power Flant Contor and mitromentadon
device of conventional hardware instrumentation.
IEC61839% Nuclear power plants—Design of the main control room—Functional analysis and assignment
This document specifies the detailed functional assignment and procedures.
IEC62241 FDIS? Nuclear power plants—Main control room—Alarm functions and presentation

This document specifies the detailed standards for alarm signal processing, control, and presentation.

Note FDIS: Final Draft of International Standard, CDV: Committee Draft for Vote

BerAKHLAK #?33?&.
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3. Implementation in Nuclear Reactor

Standards and Requirements

ISO11064-1 is the general purposes international standard
which defines the human centered design process

Table 3 [SO11064: Ergonomic design of control centres

Table 1 Parts of 1ISO9241and relationship with HCI design activities

HCI activity

Relevant part of [S09241

Contents

Analyzing and defining
system requirement

1S09241-11:1998
Guidance on usability

The definition of usability and
explanations how to identify the
information when specifying or
evaluating usability.

ISO No.

Title and scope

ISO11064-19

ISO11064-2'%
ISO11064-3"%
ISO11064-4
(DIS)
ISO11064-5
(WD)
ISO11064-6
(CD)
ISO11064-7
(WD)

ISO11064-8

Part 1: Principles for the design

of control centres

Part 2: Principles of control suite arrangement
Part 3: Control room layout

Part 4: Workstation layout and dimensions

Part 5: Displays and controls

Part 6: Environmental requirements
for control rooms

Part 7: Principles for the evaluation
of control centres

Part 8: Ergonomics requirements
for specific applications

Designing user-system dialogues
and interface navigation

1S09241-10:1996
Dialogue principles

1S09241-14:1997

Menu dialogues
1S09241-15:1998

Command dialogues
1S09241-16:1999

Direct manipulation dialogues
1S09241-17:1998
Form-filling dialogues

General ergonomic principles that apply
to the design of dialogues between
humans and information systems.
Recommendations for the ergonomic
design of menus of computer dialogues.
Recommendations for the ergonomic
design of command languages.
Recommendations for the ergonomic
design of direct manipulation dialogues.
Recommendations for the ergonomic
design of form-filling dialogues.

Designing or selecting
displays

1S09241-3:1992

Display requirements
1S09241-7:1998
Requirements for displays
with reflections
1S09241-8:1997
Requirements for displayed
colors

1S09241-12:1998
Presentation of information

Ergonomics requirements for display
screens that ensure that they can be read
comfortably, safety, and efficiency.
Methods of measurement of glare and
reflections from the surface of the
screens.

Requirements for multicolor displays.

cific recc ations for
Specific recommendations fol
presenting and repr‘t:-gentmt7 information

mm waonal dionla

1S09241 : ergonomics of human system interaction
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3. Implementation in Nuclear Reactor
Experimental study on the HMI design

" Pre Eksperimen
" Fksperimen

Prototipe sistem pegujian HMI: Hardware dan
program/aplikast HM!
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4. HUMAN ERROR AND HUMAN RELIABILITY

“ TO ERR IS HUMAN......”

*Human Error ..is an inappropriate or undesirable human

decision or behaviour that reduces or has the potential for
reducing the

s effectiveness

s safety

s*system performance

bangga
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4. HUMAN ERROR AND HUMAN RELIABILITY

Dealing with Human Error

“*Human error is inevitable
**Consequences and likelihood can be reduced by:-
= better recruitment & selection
= training
= better design of equipment procedures & work environment
**Tendency to view error at the operator level =2 1st blame only the individual
**Other people involved in the design and operation of the system can make
errors, consider the entire system = 2nd identify other factors : -badly designed
or faulty equipment, poor management practices, inaccurate or incomplete
procedures, etc

r BerAKHLAI( Fimecya
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WHY DO WE MAKE ERRORS
?

Others

Task complexity : Individual differences :

Error re likely to occur when the task ~ Differences in human abilities and capabilities
requirements exceed human capacity limitations ‘
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4. HUMAN ERROR AND HUMAN RELIABILITY

Human Performance Shaping Factors

** PSFs are used in
gualitative Human
Reliability Analysis
(HRA) to identify
contributors to human
performance. In
guantitative HRA, PSFs
are often used to
derive the HEP.

External PSF

Internal PSF

Situation

e structure

e environment
e work period
e work shift

Task and tools
e perception

e motion

e procedure

e plant policies

Stressor
Mental Physiological
e abruptness e duration
e duration e fatigue
e task speed e discomfort
e workload e hunger, thirst

e training

e experience

e skill, attitude
e personality

e intelligence
e motivation

e mentality

>
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4. HUMAN ERROR AND HUMAN RELIABILITY

Human Performance Shaping Factors

1.E+01

1.E+00

1.E-01

1.E-02

1.E-03
1.E-04

1.E-05

Probability of Diagnostic Error

1.E-06

1.E-07

|1 " ||||t|

**Population stereotype
*¢*Local and cultural factors

NUREG/CR-1278-F
7.. AN II'I--....‘
*e - - - UpperBound
. Nominal
. ’ — - LowerBound
< “,
' **«, .. Notenoughtraining
"‘i'l..._'_h
‘..“""I-t
\-
‘ — |
‘-
Enough training == - o . -
- -~ -— .
1 10 100 1000

Allowable Diagnostic Time (min.)

s*Error likely situation and people
s*Accident prone situation and people
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4. HUMAN ERROR AND HUMAN RELIABILITY

Human Performance Shaping Factors

N
{;mf ~

Alertness Level Multiple Sleep Latency Test (MSLT)

Time of Day

Figure 14-22. Many human variables rise and fall daily due to one’s natural circadian rirythm.
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4. HUMAN ERROR AND HUMAN RELIABILITY

Active and Latent Errors

**There are two basic kinds of human errors: active errors and latent errors.*

**Active Error — An action that has an immediate effect. People are most familiar with
active errors.

*»Latent Error — An action that has a delayed effect. Effects are delayed in time and
space and may not be felt immediately.

**Because of the time delay between error and consequence, latent errors and their
causes are much more difficult to trace than are active errors.

>
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4. HUMAN ERROR AND HUMAN RELIABILITY

Active and Latent Errors

Local triggers
Intrinsic defects

Latent failures at the Atypical conditions

managerial levels

— l 0
S g g\ Trajectory of

. O B\ g\accidentopportunity
Psychological / O
precursors / /T/f /

Personal factors
Environmental factors
Social factors

Q{) Context |[C—)>

HEP = P(unsafe act | context) x P(context)

Cognitive
Mechanisms

Unsafe acts

Defence-in-depth

Ecological view of human error

Reason,J. Human Error. New York:Cambridge University Press(1990)
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4. HUMAN ERROR AND HUMAN RELIABILITY

Reason’s error taxonomy
*»*Slip and lapse

= Actions deviated from intention
= [nappropriate attention or memory failure

**Rule-based mistake
= Intentional error at rule-base level
= Wrong use of correct rule or wrong rule

**Knowledge-based mistake
= Intentional error at knowledge-base level
= Limited resources, heuristics, and biases

r serniiak” 5.
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4. HUMAN ERROR AND HUMAN RELIABILITY

r-—-——- - - - - - - - il
Unsafe Acts | BasicEnor |
| Types |
| |
| |
. Slip : Attention Failures
Unintended : :
Action : :
. Lapse i Memory Failures
|
| |
| |
| | Rule-based
Unsafe Acts | | Mistake
I Mistake |
| | Knowledge-based
Lo __ | Mistake
Intended Routine Violation
Action L . L
Violation Optimizing Violation
Necessary Violation
Sabotage

BerAKHLAI( ,;t‘ms&:m
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4. HUMAN ERROR AND HUMAN RELIABILITY

Event Detection Diagnosis / Plan Execution
Success =~ mmmmmmmmmmmmmmm—m—m———m e
S
S
Misdiagnosis
F
E Too Late Action Failure
Detection Failure slip
F
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4. HUMAN ERROR AND HUMAN RELIABILITY

Rasmussen’s SRK model

Knowledge-
hased bhehavior

Rule-based
bhehavior
D
A 1
d
Skill-based
hehavior

Goals

J

Symbols

—»| |dentification

Decision,
choice of task

Planning

Feature formation

Recodnition Association Stored rules
- stateftask for tasks
Signs Automated
1  sensorimotor
pattems

FHitt

Sensory input

Ptvry

Signals Actions

Rasmussen J., IEEE Trans. System Man and Cybernetics 13.3(1983)
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4. HUMAN ERROR AND HUMAN RELIABILITY

Active and Latent Errors

**There are two basic kinds of human errors: active errors and latent errors.*

**Active Error — An action that has an immediate effect. People are most familiar with
active errors.

**Latent Error — An action that has a delayed effect. Effects are delayed in time and
space and may not be felt immediately.

**Because of the time delay between error and consequence, latent errors and their
causes are much more difficult to trace than are active errors.

*Reason, J. (1990). Human Error, Cambridge, UK: Cambridge Press.
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4. HUMAN ERROR AND HUMAN RELIABILITY

Human Error Type in PSA

TYPE

DESCRIPTION

IMPACT ON PSA

A

Human actions before the initiating event
during normal operation that degrade system
availability

Mis-calibrations, misalignments explicitly
modeled in the PSA (system fault trees)

Human actions that contribute to initiating
events

Not explicitly modeled in the PSA for full
power mode (except when using fault
trees to model initiating events). Treated
at IE data level. Explicitly considered for
Low Power and Shutdown PSA

C1

Human actions during the accident following
the correct procedures

Human failure event (HFE) explicitly
modeled in the PSA (event trees and fault
trees)

Cc2

Human actions during the accident that due to
the inadequate recognition of the situation or the
selection of the wrong strategy, make it worse

Identified errors of commission explicitly
modeled in the PSA (event trees and fault
trees)

C3

Human actions during the accident, trying to
recover the situation; for example repairs of
equipment

Recovery actions explicitly modeled in
the PSA (normally treated at sequence
level)

IAEA Safety Series No. 50-P-10

IAEA Training material
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4. HUMAN ERROR AND HUMAN RELIABILITY

Human Reliability Analysis

Task
definition/understanding

**OBJECTIVES

**Provides a complete description of human Task Analysis
contributions to risks or accidents and the

‘I |.|.|

methods to reduce those risks - E”a"tati“e
*-> Predicting the type of human error (HE) that R pff;fment

occurs. Analize : How the error occurred, why

it happened, and estimate how often it £ ey Lzl pullzall

occurred. (possibility, probability) >HRA

met h Od S Identification; PSF, time |

Quantification

) ba a
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4. HUMAN ERROR AND HUMAN RELIABILITY
Integrasi HRA pada PSA (SHARP)

< Step 1 : Error identification
|dentify Potential Human Failures through Event Tree/Fault Tree
Step 2 : Screening analysis
|dentify Potential Important Human Errors for Detailed Analysis

Step 3 : Task analysis

Collect Information for Error Analysis using Task Analysis

Define task steps based on procedure
Assess PSFs (Performance Shaping Factors)

*

>

< Step 4 : Modeling/integration and representation
Select Analysis Model and Represent Human Error
< Step 5 : Quantification
Quantification Error Probability using Available Data
< Step 6 : Documentation

BerAKHLAI( #m&
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4. HUMAN ERROR AND HUMAN RELIABILITY
PSA : Human Error

IE Sys-A Sys-B Result
Success
OK
- Success
107y Failure OK
104 Failure
CD freq.(CD)=1.1 X 107y
1.1X1072
Sys-A Sys-B
Eailure Failure
| | | | | |
Pump-1 Pump-2 Pump-3 [ Human :|
Eailure Failure Failure Error
102 102 103 102
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4. HUMAN ERROR AND HUMAN RELIABILITY
PSA : Human Error

Loss of function

7\ _anP
L-J AINL

Loss of B system Loss of C system
Loss of A system

QOR

Valve Pump failure Human error Failure of support
failure Q _ system
OR *Operation error
- Diagnosis error -electrical error
Recovery error, etc.  -cooling failure, etc.
Mechanical Common cause Electrical
failure failure failure

bangga
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RESUME

ssConsideration of human factors is important in enhancing reactor safety, and
therefore it should be applied in the design process and operation of nuclear
reactors.

“*There will always be opportunities for human failure and error in the system,
but value and their consequences can be suppressed to a minimum through the
implementation of a good human machine system design

r seraroal i



A
J

O% BRIN
" Sooumenr

m -
3]
bqngysg

ngga
# melgg

N

p-
g
-l
-
K
<
P
@
m:

b MRIRN Lotee S pen
(e oval Al < sbebormbl




	Slide 1: Human Factors and Ergonomics in Nuclear Reactor
	Slide 2: Outlines
	Slide 3: 1. Introduction
	Slide 4:  1. Introduction
	Slide 5: 2. The Scope of Ergonomics
	Slide 6: 2. The Scope of Ergonomics
	Slide 7: Keselamatan dan Kesehatan Kerja (K3), HSE (Health, Safety and  Environment)
	Slide 8: 2. The Scope of Ergonomics and human factors
	Slide 9: 2. The Scope of Ergonomics and Human Factors
	Slide 10: 3. HF implementation in Nuclear Reactor
	Slide 11: 3. HF implementation in Nuclear Reactor
	Slide 12: 3. Implementation in Nuclear Reactor
	Slide 13: 3. Implementation in Nuclear Reactor
	Slide 14: 3. Implementation in Nuclear Reactor
	Slide 15: HF Standards and Requirements
	Slide 16: Control Room and HMI Desain
	Slide 17: Control Room and HMI Desain
	Slide 18: Control Room and HMI Desain : generic process
	Slide 19: Human Factors Program
	Slide 20: Control Room and HMI Desain
	Slide 21: Control Room and HMI Desain
	Slide 22: Control Room and HMI Desain
	Slide 23: Control Room and HMI Desain
	Slide 24: 3. Implementation in Nuclear Reactor
	Slide 25: Regulatory Requirements
	Slide 26: Regulatory Requirements
	Slide 27: Standards and Requirements
	Slide 28: Standards and Requirements
	Slide 29: Experimental study on the HMI design
	Slide 30: 4. HUMAN ERROR AND HUMAN RELIABILITY
	Slide 31: 4. HUMAN ERROR AND HUMAN RELIABILITY
	Slide 32
	Slide 33: 4. HUMAN ERROR AND HUMAN RELIABILITY
	Slide 34: 4. HUMAN ERROR AND HUMAN RELIABILITY
	Slide 35: 4. HUMAN ERROR AND HUMAN RELIABILITY
	Slide 36: 4. HUMAN ERROR AND HUMAN RELIABILITY
	Slide 37: 4. HUMAN ERROR AND HUMAN RELIABILITY
	Slide 38: 4. HUMAN ERROR AND HUMAN RELIABILITY
	Slide 39: 4. HUMAN ERROR AND HUMAN RELIABILITY
	Slide 40: 4. HUMAN ERROR AND HUMAN RELIABILITY
	Slide 41: 4. HUMAN ERROR AND HUMAN RELIABILITY
	Slide 42: 4. HUMAN ERROR AND HUMAN RELIABILITY
	Slide 43: 4. HUMAN ERROR AND HUMAN RELIABILITY
	Slide 44: 4. HUMAN ERROR AND HUMAN RELIABILITY
	Slide 45: 4. HUMAN ERROR AND HUMAN RELIABILITY
	Slide 46: 4. HUMAN ERROR AND HUMAN RELIABILITY
	Slide 47: 4. HUMAN ERROR AND HUMAN RELIABILITY
	Slide 48: RESUME
	Slide 49

