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Nuelazsir Povwer Plants i PaglsiEirn)

Nuclear Power Capacity. Year of:
Plants (MWe) Commissioning

In Operation

KANUPP 137 1972

CHASNUPP-1 325 2000

CHASNUPP-2 325 2011
Under-construction

CHASNUPP-3 340 2016

CHASNUPP-4 340 2017
Target

Installed Capacity 8,800 by 2030
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Milestone (oL | C-2
Signing of Contract Dec 31, 1991 May 04, 2004
First Concrete Pouring Aug 01, 1993 Dec 28, 2005

Submission of FSAR Apr 01, 1998 Nov 30, 2009

First Fuel Loading Nov 22~28, 1999 Dec 22~30, 2010

First Criticality May 03, 2000 Feb 22, 2011

Connection to Grid June 13, 2000 Mar 14, 2011

Commercial Operation Sep 15, 2000 May 18, 2011




C-1 Cycle Wise Perforrrarice
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==Availability Factor -#Capacity Factor

Longest Continuous Operation: 239 Days




C-Z Cycle—l Perforrrleircs

May 12, 20000 — Jaip) 20, 2013
Availability Factor 86.7 %
Capacity Factor 79.3 %

est Continuous Operation 161.7 Da




CNFPGS Orezirizatior)

Director General
CNPGS

Dir.
CHASCENT

Dir.
Finance

Security
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Plaint Orefariizziiiorn - CNPGES

Plant Manager

Manager Operations

L Manager Technical
|— : Manager Mechanical
Manager Planning

Manager Health Physics Manager Electrical
Manager Chemistry Control Manager I1&C
8

Manager Warehouse
Manager Quality Assurance

Manager Administration

Manager Accounts
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g of Tecrinical Sugoari - CNPES
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Dirggiorel

Director
Technical Support

Deputy Director Deputy Director Manager
Engineering Maintenance Procurement

Manager Manager

Waste Management Mechanical Support
—  Manager QA

Manager Manager

Equipment Management |&C Support
Manager Admin
Manager Manager
Information Systems Electrical Support

Manager Manager Accounts
Manager Structures &

Technical Coordination Services




CriASNUPE Ceriire of Nucleealr Trainirlg) - CNPES)

Director
CHASCENT

Simulator

Manager
L Basic Training )
4 )
Manager
L Operations Training y
4 )
Manager
g Maint. & Tech. Training )
g )
Manager

L PSA )
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PEnodiCSalietyMeVIEWNESKR)NORURITE=]
CorporaterandiEiantiSaretys=olicy:
dechnicallSpecificationsSirequirements

Management ove
= Regulatory Oversight
° Support from Reactor vendor, Designer available
® Third Party Inspections
® Self-assessment program

® |AEA Pre-OSART and OSART missions, WANO Peer
Reviews / Follow-ups / TSMs at C-1
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WAN OENIGErEsStartupiEECIAREVIEWN SEOIIOWEUPrand
IShiNormC=2anLumaniEenormancenmprovementand
organizationformultizuntsites

= Ageing Management Brogram
° Equipment Condition Monitoring Program
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Neguletory Oversignie

Pehdsiain Muelezlr Raguleiiory Autniority (RNRA)

+ Regulations
Operatin g Cicense CJIJJ]‘ ?]ijs

Approvalofl |
= Participation In selected activities
© Surveillance
° Formal Audits / inspections
° Review of Mandatory Reports

® Evaluation of Emergency Preparedness Plan (EPP)
exercises.

® Approval of FSAR, EPP, QAP, PSP, PSA etc.
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Oograilorial Safety - Corgoraiie Ovearsie)ns

Pakistan Atomic Energy Commission (PAEC) has always given
importance to the axis of nuclear safety.

@A audits
« Corporate Peer Review.

= Safety enhancement improvements under Fukushima
Response and Action Plan (FRAP C-12).
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Raise'awarenessiofineed toladdressthumanifactors
risksirelateditoidesign, maintenance and

of safety-related systems

“We all know Human Factors have much to offer nuclear
safety

“Environment where the persons works

“The equipment interface and functionality

“The design of Systems and Procedures

°The organization of work

°The reliability and capability of the personnel

15



Success of the nuclear industry from safety point of
view has large credit to the international exchange of
experience.

IAEA has played a crucial role in this spread of nuclear
safety.

The nuclear industry is regarded as the Gold Standard
in human factors but there is a little room of

complacency.
16



faced in nuclear po

° Being regulatory requirement, Chashma Nuclear Power
Generating Station (CNPGS) conforms to the
requirement of Human Factors Engineering (HFE).
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rltrrlelr) Felctors rfaviayw Areels

Human Factors in Human Actions in Safety
Design Analysis

HUMAN FACTORS
GOAL
Minimize potential for
Work Organization & human error by Procedures and
Job Design addressing factors that Job Aids
may adversely
influence human
performance

Organization Fitness for Duty
Performance

Performance Monitoring and Improvement
HF in root-cause analysis



Wy aiclogt @ ritrrzr) fectors soorazier)
to ritclesEr D,Jf ©Y/7

W ASHEChnologyeEcomeNmoreNelianlessouman
.I':J]JJJ’:) PECOMEShEIprevalenticauseroinuciear
Incidents

tthefingeratitechnology not keeping up
its promises or do we point the blame at human error
and complacency?

® Although the approach to human factors has
matured considerably, yet, pockets of over-emphasis
on technology without recognizing the human
contribution to risk, do still exist
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riurrler)

technology

management

Integration of
management human factor
system Human

activity

Time

Successive Approaches to Nuclear Power Safety
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INTENDED
ACTION

Classification of human errors

Rule-based mistakes
Misapplication of good rule
Application of bad rule
Knowledge based
mistakes
Many variable forms

Routine violations
Exceptional violation
Acts of sabotage




rltrrzr Error Crizlins

Catalyst
Errors

Unsafe Situation

Situation Awareness

Final Error
(Point of No Return

ADVERSE EVENT
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Dlgiarisiorns of tria rlurrzar Feetors

CulturalilanciorganzationalN=actors
Optimizingrhtumaniperformance

luman factersinighrdemandssittuations
Human factors as aipartofithe’enginee
process (HEE)

° Human performance in Plant outages
® Outline of HFE Program at CNPGS

° Human Performance Improvement Program at
CNPGS

23



rlurriarn rectors Profile

Selection Stress Training
Teams Shift work Operators

DESIGN ISSUES

Input devices Alarms
Simulators Procedures
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and support
Employee
involvement

Team working +———————————p  Behaviour
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Selfaty Culilre — Stee

W ACGHIVE participaticnioiwoerkiorceranaimandagement

~Issue card remindersiandichecKliSts ofihenaviors

Constantly reinforce and er rage behavioral

change

® Measurement through surveys, questionnaires.

A



CQotlrnlzirig) Flurrizir) Perforrrizirics
hrougns

‘ Frocedures
‘ Iraining

orporation of Human

Factors in the design
Process



INDIVIDUAL

Attitude, abilities, knowledge,
skills, personality, etc.

GROUP

Structure, size, cohesiveness,
culture, power, relationship,
etc.

ENVIRONMENTAL

Task design, reward structure,
organizational structure,
decision support, technological
support, etc.

consensus

reaching decisional
characteristics etc.

TASK RELATED

OUTCOMES

Safety, efficiency, productivity,
quality, etc

GROUP RELATED
OUTCOMES

Changes in member
satisfaction, attitudes,
cohesiveness, structure, etc.
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Procecires arid cornolizirics

S Welllknownfactapeopierdongtirespectiprocedures!
905 ofitheraceidentsthaveatiieastione root cause:

relateditormistakesSwithiniprocedures:

WHY? Complex; ot updated; too restrictive; do

NOL describe the best way to do the job....

Technical accuracy and usability of
procedures

Need to address normal and Emergency
Procedures and assessed descriptions of
EOP related practices

AS



Trelrlirie)

IraINNgMEIPSIPEORIETCHUITENNEISKIlISTROWIEdgesana

What knowledge; skills;and abilities?
°  Implementation of a training management

Annual training plan, training team, assessment,

use of Simulator training frequency of training, and
instructors qualifications.

° Examination based on a task analysis
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performance
e Oral / written examination and
6. Periodical interview

review

5. Final authorization and license to
practice

General framework for training
31



Cogritlve Tasi¢ Loz Dasigr)

ldSKSHoONENdESIgREdiCONSIdERNGMUManNImits:
InteractionSramongimuituplesWorKksmemoers;
equipmentandisystems:

\ 4

The combination of the three
load factors determines the
cognitive task load

32



& to Alirrn rlariclirlg

|:>r\ widenssueraboutiassuringithe human

responsetoranialanm

control room

Operators facing as few as 10 alarms
(say) a minute in an emergency may
quickly abandon the alarm list to
reduce stress. They may find a way to
solve the problem without using the
alarms

33



rloy to felc

|::> Implementationioiianialarmiphiiosephy;

Notify o pem&qb offeventsireguired
morerocusiattention

Help to prioritize response

Guide operator towards most
appropriate response
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rlow o Iricoroore
Proce““

Wercannotichangetheumaniconditionbutiwercan
change therconaitionSunWRCHNUManSWorks
take humanifactorsiintoraccountias partiofthe
Ineering designirequiresithedesigniof:
Equipmen
—  Operations,
— Procedures,
— Work environments.

such that they are compatible with the capabilities,
limitations and needs of the workers, and respected in all
engineering design decisions.
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Procecires to i &LJ rltrrleln)
Erfars Witnlrl @ Plent / Prajeet

— Performance goals of HFE

B Design solution to address the Error Causes

36



Teisi< Arzllysis

ldentincation Jf HEeNISt
pPEriormedanaithenareld

OINUIMANOPENAtIoNS
Lionrtorthe systemitasks
SpPecification of; 'iha syssams' mannngievelieswhat

rsonnellis needed andihowitsimembers be
selectec

g
eld

= ldentification of training needs
© Evaluation of: control room instrumentation
° Writing of operating and maintenance procedures

® The aim Is to maximize the overall system
capabilities in performing plant operation
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Actlor) Efror Arlelysis

Cognituvessupportimoade]
Review oiplantisaietyanicasertneroperatoracts

iongly ordees notactiatall

Check of the operator kload in case of demands

occurring simultaneously or in fast sequence

® Review if the operator Is able to relate alarm and the

cause clearly
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Parforrrizirica G

ldENUITYAIFHERETe
performance

SLFESS; WOrk: pwcadurass, guality;erworkienvironment:..

prevent human
human error.

© Synchronized cycle time, flexibility, punctuality, cost
effectiveness, and quality.

° Regulatory requirement — credibility, auditability,
reliability and validity

39



Dasierl solLtior) to zicldrass trle

System Control and
Monitoring

Human Error
Precursors

Work Environment




ritrrieir=zieriirie Iriter

|:> IINCIUdeSialanmSHnionnatuoniSystemsianc conirol
OYSIeEms
- Rectification ofiprogramming errors and erroneous
O pamior in puis,

and programming changes are strlctly controlled.
—~ Labeling and color:. coding reduce human errors.

— 7 Alarms need to be designed to be noticed but not
overload the workers.

— > Design for operability, maintainability, flexibility of
HSI be given a top priority.

41
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Collaetion of rlurnzr rector Dejez)

" The need for c jualitativesnformation
= Byin=depth'EventiNotification'Reports
(ENRS)byplantipersonnel
on=sitelinvestigation ofsigr
abnormal events carried out by
experienced human factor experts

— > By the use of simulators

42
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a2t CNFGS

Planning and
Analysis

HFE Program Human-System
Management Interface Design

Operating Experience
Review
Procedure
Functional Development
Requirements Analysis
and Function

Task Analysis

Staffing and
Qualification

Human Reliability
Analysis

Training Program
Development

* - Incorporated in FSAR of Unit-2
- Using PSA input in HFE

Verification and
Validation

Human Factors
Verification and
Validation

“rlFE Prograsr Mevigw Model Elgiriens

Implementation
and Operation

Design
Implementation

Human Performance
Monitoring




review model)

= NUREG-0700 (Human-system design review

guidelines)
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P)isieloliniss CrefeinliZzitein) zinlel srizinziejsraseit of UL=Ygliesiee ciglel

ESTaPIISHMENROIRARIEVEI N UIEN=ENOIaNCEN=Togran
(HUE)AINEINEES

Recommendations:

Viay e centralized respensiniityy/ de-centralized
responsibility/ area oriented/ function eriented.
Fundamental function to'be assured by respective
organizational elements with single point responsibility and
without any overilap in responsibilities.

Regarding Human Performance, a high respected nuclear
professional with strong supervisory and project
management skills to be selected to lead the effort for
complete success, the HUP to be seen with reference to
examples of two different US utilities to facilitate HUP.
development
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Continuous SA Annual SA By WANO, IAEA, IPR, etc.

e Comprehensive
Periodic SA SA (5-Yearly)
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A firial triougrit

HUManivENavIoURCaANEIPIENICIEN WILHNEASONAIEaCCURACY?
CorrectiyantegratingiEsuntonncident/eventainyestigating
processwillireaprewanass

Managing humat
honesty:
= What behaviour s really rewarded?

= Are we willing to look at organizational factors, especially
when see rule breaking?

°  Are we willing to make the investments that are likely to
prevent reoccurrence?

®  Are we willing to strive for objectivity and pragmatism?
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A firial triougrit

R fJJ Soul LOMMNKSAOUTNGAS LN OGAWAYALONg OAWItHI Uiman!
ChashmaNuclearEoWeERSTtation CoNtinUESHoIMeasure SUccess,
identify'newiprobiems andiormmewanitiatives:Werplanito:
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