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MODULE 2

PRINCIPLES OF
OPERATION AND

MAINTENANCE
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MODULE 2 OBJECTIVES
•••••••IID~

• To outline from a corporate perspective the
principles of operation and maintenance.

• To show the direction given to the local
plant management as a guide to be built into
the detailed procedures for running the
plant.

• To identifY the key managerial positions
responsibile for ensuring adherance to these
principles.

Princinles of Oneration and Maintenance



MODULE 2
MAIN TOPICS

_ ••••••IIO~

• General goal of a NPP

• What is operations?

II What is maintenance?

• Pre-requisites for doing a job

• Performance objectives & criteria for
operating NPP's

• Functions of Production Manager, Shift
Supervisor & Maintenance Superintendent



GENERAL GOAL OF AN NPP
•••••••IIOU

• To produce electricity
- Safely

- Reliably

- Economically

'--------------------'
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OPERATING POLICIES AND PRINCIPLES

POLICY:

'Operating Policies and Principles' shall document the agreement between
station management and the Atomic Energy Control Board on how the station
will be operated, maintained, and modified to keep risk to the public low. It
will define the boundaries of the operating license, within which station
operation will take place.

Under no circumstances will the Operating Policies and Principles be
intentionally violated. If conditions are found to exist which contravene
Operating Policies and Principles, the affected system shall be placed in the
normal configuration or other safe state, or the unit shall be put in a safe state
following procedures and practices approved by the Station Manager,
Production Manager or Technical Manager.

All revisions shall be reviewed for consistency within Nuclear Generating
Division by the Manager, Nuclear Operating Standards Department.

Any operating conditions or restrictions specifically included in the Operating
License shall be observed as part ofthe Operating Policies and Principles.

Responsibilities:

All Production and TechTlical Personnel
o Be familiar with the concept of Operating Policies aIld Principles.

Shift Supervisors
• Ensure that the station is operated and maintained in accordance with the

Operating Policies and Principles.



GENERAL GOAL OF AN NPP
_ ••••••IID~

• Energy Conversion Process:
- Uranium to neutrons - Fuel system

- Neutrons to heat - Moderator system

- Heat to steam - Heat Transport system

- Steam to torque - Turbine system

- Torque to magnetic field - Generator system

I =~agnetic field to electricity - Output Transf. system
Lectricity to improved living - Social system



WHAT IS OPERATIONS?
_ ••••••IIO~

• Manipulation by 'Operators' of250 systems
with all the equipment to produce electricity
from uranium.

• Starting up systems sequential, opening
valves, starting pumps, moving fluids & gases.

• Monitoring simultaneously the condition of all
systems and equipment in the steady state as
full power is sustained over weeks & months.



WHAT IS OPERATION?
_ ••••••IID~

• Taking appropriate actions when systems or
equipment perfonnance is not in accordance
with pre-defined limits.

• Shut down & removing systems &
equipment in sequence from service for
repairs or checks.

• Taking appropriate emergency action to
luitigate events during accident conditions
and/or emergencies.

_ .. .·._·····.c _



WHAT IS MAINTENANCE
_ ••••••I.D~

• The process of limiting deterioration &
restoring system & equipment performance to,
'as new' .

• Fixing things when they are broken.

II Checking & repairing equipment based on the
amount of time since it was last checked.
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WHAT IS MAINTENANCE
_ ••••••IIO~

• Checking & repairing equipment based on
the condition detected during its operation.

• Checking systems & equipment because it
is a condition of the operating license &/or
regulations.



SAFETY: MAJOR CONSIDERATIONS

Employee and public safety must be the prime consideration at all times.

• Whenever equipment or systems require maintenance work to be
perfonned, they must first be 'de-energized' Le. cooled, depressurized,
drained, ventilated and electrical power removed.

• Arrangements must be made to ensure that when equipment is de­
energized there is no inadvertent re-energizing. The workers must not be
put at risk while work is being carried out.

• Prior to disabling a system, alternative provisions should be made to
maintain functions where required ie. removal of a heat sink

• Where necessary the timing of removal of systems must be carefully
considered and also the amount oftime out-of-service must be minimized
depending on plant conditions.

• Other situations require that provisions be made to n:turn the system to
s~rvice quickly - this is called 're-call time'.

• The standard arrangement for ventilation, barriers and fall arrest provision
are all part ofthe job.

• Last but not least is the requirement to test the equipment or system after
maintenance work has been done before declaring the system 'in service'

• Final requirement, dean up the job site, return all the tools and write up
the reports.
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PREREQUISITES FOR DOING
A 'JOB' WELL

•••••••llm
• An NPP has 500 staff: every day each does

various 'jobs' .

• 2,000 jobs done each day.

• 10,000 jobs per week plus weekends.

~~_!_~,_ E"f"" ,_
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PREREQUISITES FOR DOING
A 'JOB' WELL

•••••••llm

• Assume 100 contractors, each do 4 jobs.

• 400 jobs done each day by contractors.

• 2,000 jobs per week, plus weekend.
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PREREQUISITES FOR DOING
A 'JOB' WELL

•••••••IIIO~

• 12,000 jobs per week - 624,000 jobs/year.

• If all are done wen, what is likely result.

• If all are done poorly, what is likely result.

(



PREREQUISITES FOR DOING
A 'JOB' WELL

•••••••llm
• The 5 basic requirements for a job to be

done well are:
- Staff must be capable of doing requested work.

- Staff must have relevant up to date
documentation / instructions.

- Must have 'tools' & 'materials' to do the work.

- Must be given & understand clear instruction
on what is required of them.

- Must be properly supervised.
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PREREQUISITES FOR DOING
A 'JOB' WELL

•••••••llIIm

• In the absence of anyone of these
requirements the job will not be dont well.



PERFORMANCE OBJECTIVES &
CRITERIA FOR OPERATING NPP'S

•••••••IID~

• In order to achieve the 5 basic requirements
much thought & effort has been made by
the nuclear industry.

• INPO in conjunction with the utilities have
set out 'performance objectives & criteria'.

• These have been adopted by many utilities
& are based on 'best practices'.
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PERFORMANCE OBJECTIVES &
CRITERIA FOR OPERATING NPP'S

•••••••llm

• Rely on learning from others & own
mistakes.

• Benchmarking is us~d extensively to assess
& monitor performance.

• Plant evaluations are used for objective
formal assessments.

HI
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"') PERFORlviANCE OBJECTIVES &

CRITERIA FOR OPERATING NPP'S
•••••••llm

• The task of doing 624,000 jobs per year
well is a enormous task.

• To provide an insight to the process the
following four main areas of station
activities will be examined in detail:
- Organization & Administration

- Operations

- Maintenance

- Technical Support
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ORGANIZATION &
ADMINISTRATION

•••••••••m
• The following areas within organization &

administration are examined in detail:
- Management

- Industrial Safety

- Station Nuciear Safety Review Groups

- Quality Assessment

- Configuration Management

- Quality Improvement Programs

Princioles of Ooeration and Maintenance

(



ORGANIZATION &
ADMINISTRATION

•••••••llm

• Management
- Performance Objective:

}} Managers, by leadership and example, promote a
high regard for nuclear safety & reliability.
Promotes a high standards ofperformance, and
demonstrate high ethical standards.
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ORGANlZAnON AND ADMlNlSTRAnON O.A.3
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ORGANIZATION &
ADMINISTRATION

•••••••llm
• Industrial Safety

- Perfonnance Objectives:
}) Station industrial safety programs contribute to a

high degree ofpersonal safety.
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ORGANIZATION &
ADMINISTRATION

•••••••II.m
• Station Nuclear Safety Review Groups

- Performance Objective:

» Review ofstation nuclear activities by
knowledgeable interdisciplina.ry group(s)
contributes to achievement of a high degree of
nuclear safety.

L--- J



ORGANIZATION AND ADMINISl'IlATlON
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ORGANIZATION &
ADMINISTRATION

•••••••llm
• Configuration management

- Performance Objectives:
» Station activities are effectively managed to verify

that the plant configuration & operation confonn to
design requirements and design documents.
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ORGANIZATION &
ADMINISTRATION

_ ••••••IIO~

• Quality Improvement Program
- Performance Objectives:

» Quality improvement programs are effectively
implemented and lead to continu31 improvement in
the quality of station activities.

______J
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OPERATIONS
•••••••llm

y_ 7>;

~ ~/

• Main operation performance objectives and
criteria to be examined are:
- Operation organization & administration.

- Conduct of operators.

- Operating procedures & documentation

- Operator knowledge & performance



OPERATIONS
•••••••IIO~

• Operation Organization & Administration
- Perfonnance Objective:

» Operations organization and administration ensure
effective implementatio!l and control of operations
activities.

'------ J
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OPERATIONS

• Conduct of Operators
- Perfonnance Objectives:

- Operational activities are conducted in a
manner that ensures safe and reliable plant
operation. Reactor safety is a foremost
consideration in station operations.
Management policies and actions actively
support this operating philosophy.
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mN'Pncr OF Q'P§BATIONS

OP.2

f~."·\.J

Opet...... ocIiviIiIs _ CODliD<::.d ill a safe aDd nIiIbIeP- opontioD.
a-Iility is a bL_ ...,,. ill cpenIlaoIs. M ....paliciesllDd aetillIls
ICtiwIy IIIpJIClIt Ibis OJ' • jll, pIriIooophy.

(b) aper-n lie _1Il4 .....,...;...10 ..... PI__ns aDd ,,""'.,. "', OJ .'OS __
.1" "" from ft.CIl'U....Y ."" sj!ulily.

(c) SdoIy.,....... lie ...... ope:rabIo _ ttIiahIo 10 Ibe _.......- Wbm
...., Iy.II&ID CUiiJ s .m ctipNed, me ..... of time 1bis 'iD- cmt; is -. . , aDd
~.. esrzNjsheeI eo fIRm__ ..ret;y is me" l' 1 Sdq sysIIIDs aDd fm " .e
_lIIba _of ......_Ibe ...........~ oidlo sb!ft __ioot or __.........

(d) ne Lif*lliui' ,n"" us at SIaI:ian eqllij:::JM!lt.. iDe effiaiw1y JDUJIiIw:ed.. Plam tlj "I 7
.tes· . are efth1IIed aad ptic;·· , at' CIISIJre &qU;j 1 is asand 10 faD Rpability ill a
lDoIy....-.

(e) 0penIllrts~ lIItI respa!llI =-.IIi".j lD oll __ jqcIjc«jrm, jncipIiDJaa.><liIiuw
_ ill . ies lie JlRiO'Il. 1IIIIess dle~ _ '_Cllldusivelj ....,.... 10 boo:
iaoclmct.

(f) ~cvaa,~11 I L Jplatuas\eaa«1IbDanDI! 'flicas,mia,CIi1ipMl
lD ' '. root __~ c:orrec:tivoo octilxB lie'" ;" a IiIlIIely__•

(J) QmIIo\ _ ocIiviIiIs _ ! n • ill a~ _ Pi f • .._. CmmoIIOOIIl
...... is IiIaiad, mi ...... 'Xl die CIlIIlIroI ... is~ III .....opdooo ...._.

(h) """'......__ idi.iIies ad IIOiIiDC lie p:upedj aadluii=l by hi' I =aDd lie

ClDIDODed lJy qaaJified 'I ,atiloDs pcucr.:wl T:raiDees arc IIICl~ to-~ p!ar4

e .'1 '-"""'Pl-dMo dite:t ofa 'P'.1jfir;I apoamr.

(i) Opellliini\ ad leSlibg ICIiviIies ! C!eI! ill IClXoII!IDce wiIb .ppM. jl1ClQdma.

(j) Operxi<m lOti_ilit. are p1mIIlocI aDd _ ..... ill a "- ndioiioD e:xpt6W"" os
low.~~:md"'il· Ii t1w:sprt:adof On " i

(k) Liae lIWIt&et$ ad ....,...ioots periodicaII) observe sinIalIIl:lr aDd opallioos idiom lD idIIIlif)
ad coneo:t ptOblem:i out to __ ...... 10 amcm polk:ies aDd ...-.,...



OPERATIONS
•••••••••m

• Operation Procedures & Documentation
- Perfonnance Criteria:

» Operations procedures and documents are clear,
technically accurate, provide appropriate direction,
and are effectively used to support safe operation of
the station.

_________________________--J

Princinl~ofOneration and Maintenance
~--~---~---~ ------~
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OPERADONS
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(c) Eu:rp:ar.y lIIIIl WiilUiIIiJ& CI(l'i MIhe proc:dutes e!fa1itely JIIkIe die openD:a ICIff in
I'IIIO""q 10 die mDowiD&_:

(1) 5eIioas pzoces$ UiJm'es.
(2) LoA or..."", of..,. SJIIImS.
(3) AJmormal acNriaIlMzmIs.
!4) &casiYe mrissYms of nriioae:I:iw Iiqaid or PIecJUS~
(S) FinIs.
(6) c....... en=ats <ee. floodinI.~).
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pafamo Ibeir~ c6diwty.
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(f) New ad J8rised pmcedwo are revWiwed fOr~ acc:ura;.y prioc 10 iDiIiallJSe, m:l are
dJecbd by IIIQ ....wrificIliaD md valilJItilm JIdmiqDes ;0 I!DSIIR ccmc::DeI& Dd
1IS8biIiI:Jprior 11) md dariDI iDiDallile. Sjamlma are used 10 valida~ pnx::edwcs
~ appropria:.

CI) A policy BOvu:WD, lbt: usc cf pzoc:ecIurO. is irJplrnrmed 1'be pr,IiI;y iDchIda die mt!owiDg:



OPERATIONS
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• Operator knowledge & performance
- Performance criteria:

» Operator knowledg0, training and qualification, and
perfonnance support safe and reliable station
operation.

(
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(5) GeDcnls-"t!rifta -.I fIalc:Ciol$~ ar; IIICiDD Iayora.~ Idciomtiips.
..... Ii i:aci'JlIs DIIIdIods, cIoa - IDd pt'(MIdaie iaRIc lad tmsiaa., nccmIs~
--............ ...., u;e. .. in." -ur.ty Jli&Ul.A,.

(6) Opendac JIdI'2i:a.1 "c .Jmi"nctm... ad s'Jift ICIiviIie&,~ ad ua._
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(e) Opcnlon~~~_ fimctiminI of ...aaral"liiI(4"d S IDll a!IO OM il C".IIIlrol
JINIX:mIS.



MAINTENANCE
_ ••••••IIO~

• Maintenance organization and
administration
- Performance criteria:

» The maintenance organization and administration
ensure effective and efficient implementation and
control ofmaintenance activities.

(
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MAINTENANCE
•••••••lIl1m

• Plant condition:
- Perfonnance criteria:

)} The condition of the plant equipment is maintained
to support safe and reliable plant operation.

'P.., .....i ....lp<! ....f"~tinn ::Inn M::Lintenance
-----



PLANT mt!DllJON.

lbe Of'"1 F I mrljtjeJb or1be p1aDt is maimjnec1 to SIIppOIt SIte IDd reliable plam:opetltiuu.

<a) SysImas"e:pc4 r-.,,,· I " w1 iDJQJC!WD'lti::IcOfder. F i Pi"ofddsiDclade1be
~
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(6) F......... IlllI mppor1S _ pmpaly iDftIlod,

(h) E1p'ripnwd 4eficie; jet ara jdf ,-fief. are ill~ 1'ICB adJOl~ .... Db oxrect:ed ira a
t:iIIIdy ---=r. 'I1Ie '*181 of i'" :msU ,".! are pltwrpd) '" wiaed IIOd :val1ll:ecl
10 detenI:UDe~npIir~ np1 'i armadifi !!j "rl1he·· '4 MImi is QdCiiJCi*;t.3
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(c) TeIIl(IOW' npairs are 69IIbI8Ied, CClIIlftlIied, aad 1lalbd. .Tho _ of MJii4lCdl' npaiIs is
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(e) Newly iDsIaIIed or ...."-I.,........... -I ' are l:Sl>d aad -med lD I1IIisfjr all desip
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(f) 1DDmiI....mollllaticll_-. aad JIOIIIIlh is A,R;· I 11> pezfomI wmk IlCtiviIios D1
iIbp r:Qom propeoI)o aDd ,*".



MAINTENANCE
•••••••llm

• Conduct ofmaintenance
- Perfonnance criteria:

» Maintenance is conducted in a safe and efficient
manner to suppcrt safe and reliable plant operation.
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M - 0 is Q ........., in • safe _ dIicioat__ ., mpport salt lIIlI nIiabIepia "l' .-on
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(i) Wod<: pi • "' _ todmicoIIy-.
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i* '=ue~
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(i) ,Pc':"=-:I~llCZtfStiaI.1* fiN .'. rau1Is 1m rcviewtd, ad cuno::ti'l8lC1icm 1m tIb:a IS
n J.



MAINTENANCE
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• Preventive maintenance
- Perfonnance criteria:

» Preventive maintenance contributes to optimum
performance and reliability ofplant systems and
equipment.
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MAINTENANCE
_ ••••••IIO~

• Maintenance procedures and documentation
- Perfonnance criteria:

» Maintenance procedures and other work-related
documents are clear, technically accurate, and
consistently used to ensure that maintenance is
performed safely and efficiently.

(



MAINTENANCE

M " pttJC&dua -.I""" _.....- ikl __• _ny-._
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MAINTENANCE
•••••••llm

• Maintenance personnel knowledge and
perfonnance
- Performance criteria:

» Maintenance personnel training, knowledge,
qualification, and performance support safe and
reliable plant operation.

"" •. " • ~ro. £, ~..I""_~_", _

(
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TECHNICAL SUPPORT
•••••••llm

• Technical support organization and
administration.
- Performance criteria:

» Technical support organization and administration
ensure effective implementation and control of
technical support activities.
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TECHNICAL SUPPORT
•••••••llm

• Surveillance testing and in-service
inspection programs
- Performance criteria:

» Surveillance testing and in-service inspection
activities provide assurance Lhat equipment needed
for safe and reliable plant operation will perform
reliably and within required limits.

1)nn""nlp<;: nfrm,..~tinn ::::mrt Maintenance
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TECHNICAL SUPPOR1'
•••••••llm

• Plant modifications
- Perfonnance criteria:

)} Pennanent and temporary modifications are used to
enhance plant safety and reliability. Modification
processes are timely and ensure proper design,
review, control, implementation, and documentation
ofplant design changes.
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TECHNICAL SUPPORT
•••••••llIm

• Plant perfonnance monitoring
- Perfonnance criteria:

» Perfonnance monitoring activities optimize plant
reliability and efficiency.

I
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TECHNICAL SUPPORT
_ ••••••IID~

• Technical support procedures and
documentation
- Perfonnance criteria:

» Technical support procedures and documents a;-e
clear, technically accurate, provide appropriate
direction, and are effectively used to mpport safe
and reliable plant operation.
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TECHNICAL SUPPORT
•••••••llm

• Technical support personnel knowledge and
perfonnance
- PerfOlmance criteria:

» Technical support personnel, knowledge, training
and qualification, and perfonnance support safe and
reliable station operation.

(
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FUNCTION OF PRODUCTION
MANAGER, S.S. & M.S

•••••••••m
• The responsibility for meeting the majority

of the fore mentioned perfonnance criteria
are:
- Production Manager - (PM)

- Shift Supervisor - (SS)

- Maintenance Superintendent - (MS)

(



FUNCTION OF PRODUCTION
MANAGER, S.S. & M.S

_ ••••••IIO~

• All operations & maintenance staff report to
these principals.

• About 60 - 70% of station staff are in the
operator & maintenance work groups.

• The potential for mistakes of significant
consequences are within these groups.

___J



FUNCTION OF PRODUCTION
MANAGER, S.S. & M.S.

_ ••••••IID~

• The staff in these groups are the front line
personnel who have to deal with emergencies.
The initial handling is the forermmer to
subsequent events.

• Performance Function:
- Those activities which, when taken together and

performed adequately, will ensure that systems and
equipment will perform within the intent of their
design pertormance requirements.

(



FUNCTION OF PM, SS AND MS

GENERAL POLICY:

• Station staff shall be aware of, and conversant with, policies, principles,
and procedures to ensure that their perfonnance complies with these
documents.

• Work shall be done following approved procedures.
• AU field work shall be appropriately authorized.
• Approved skills and work practices which are part ofthe training program

shall be employed.
• In the event of situations which require prompt action but are not covered

by an authorized procedure, personnel shall take action to protect the
health and safety ofthe public and station staff.

o When a procedure requires documentation of actions or recording of data,
such documentation or recording shall be done as the task is performed.
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FUNCTION OF PRODUCTION
MANAGER, S.S. & M.S.

•••••••llm
• Perfonnance Functions - Specific:

- Know all the rUles.

- Understand the implications of the rules.

- Be clear on the limits of authority.

- Appreciate limits ofpersonal understanding.

- Do not hesitate to stop work and seek help or
clarification.

- Follow to the letter 'Operating Policies &
Principles' .

.... - '._~ _.. _.. --



FUNCTION OF PRODUCTION
MANAGER, S.S. & M.S.

_ ••••••IID~

• The three positions have responsibility to
ensure all field work carried out on a day to
day basis is done in accordance with
Operating Policies and Principles Etc.



RESPONSIBILITIES OF
PRODUCTION MANAGER, SS, MS

•••••••llm
• Pelfonnance activities include:

- Preparation of policies and procedures

- Preparation of support documentation

- Planning and scheduling

- Equipment control

- Calibration ofmeasuring and test equipment

(



RESPONSIBILITIES OF
PRODUCTION MANAGER, SS, MS

_ ••••••IID~

• Performance activities con't:
- Field execution activities

- Receiving, handling and storage of material and
equipment

- Inspection and testing

- Commissioning completion assurance

- Work reporting

- Document controi



ACTIVITIES OF PRODUCTION
MANAGER, SS, MS

•••••••llm
II Examples of the main day to day activities

would relate to the following:
- Equipment identification of defects or problems

- Initiation of field work

- Planning & scheduling

- Call up and routine maintenance

- Nuclear prescribed Substance control

- Station Logs

(



ACTIVITIES OF PRODUCTION
MANAGER, SS, MS

•••••••llm
• Examples con't:

- Significant event reports

- Follow operating manuals instructions

- Follow abnormal Incidents and transient
procedures

- Follow radiation protection procedures

- Maintenance procedures

- Work protection

- Use ofjumpers

- Ensure minimum staff complement
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USE OF JUMPERS

POLICY

Any action that temporarily places a system, equipment of computer software
in a condition which differs from the design configuration shall be termed a
Jumper.

Jumpers shall be verified, approved, recorded, tagged, and reviewed.
Appropriate codes and standards, applicable to the type ofjumper, will be
met.

Operating policies and principles will be followed at all times.

Regardless of the proposed duration ofajumper, a DNGS Manager's
(Station, Production or Technical) prior approval is required for jumpers On:

1. Special safety systems.
2. Reactor regulation systems
3. Pressure boundary systems if the changes da not meet all code
requirements applicable to the affected system.

A Shift Supervisor shall authorize the application of all jumpers.

Long-term jumpers will be investigated for possible permanent design
change.

If a jumper is in effect at turnover from Construction, a jumper record shall
be initiated, UJllcss the jumper will be removed by Construction prior to pre­
operational checks starting ill the field.

RESPONSIBILITIES

I. Station ManagerlProduction Manag~rrrechnicalManager

• Approve jumpers on Special Safety Systems or jumpers that impair
or affect the normal fimctioning ofthe Regulating system.

• Approve temporary patches or repairs to pressure boundaries that
do not conform to code requirements.

(



(j
2. Responsible Engineer

• Review the application ofjumpers on systems to ensure that the
integrity and design intent of a system is not adversely affected.

• Review jumper ifextension ofduration required.

•
3. Shift Supervisor

• Ensure that all jumper record forms have been verified.
• Authorize the installation and removal of all jumpers.
• Ensure appropriate operating documents are updated to reflect the

installation and removal ofjumpers.
• Ensure appropriate testing is done after installation and removal of

jumpers.
• Ensure that jumper records are reviewed by appropriate operating

personnel in order for them to remain familiar with jumpers in
effect.

• Ensure that jumpers are reviewed at intervals with the objective of
removing jumpers no longer needed.

• Ensure jumper application is reviewed (temporary vs permanent
change) on jumpers that exceed their review date.
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FUNCTION OF
MAINTENANCE MANAGER

•••••••llm
• The main functions for Maintenance

Manager are:
- Surveillance & routine testing

- Maintenance program

- Calibration of measuring & test equipment

- Housekeeping & house cleaning

- On site manufacturing

- Computer software management support

- Spare Parts

77
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FUNCTION OF
MAINTENANCE MANAGER

•••••••llm
• In addition to the forgoing responsibilities

the Maintenance Manager has special
functions related to maintenance. (details of
maintenance programs will be covered in
module 4)

L- _
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