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MANAGEMENT OF NPP
MAIN TOPICS

•••••••llm

• The Management Process

• Major influences on todays NPP
management process

• Management objectives:
- Employee safety - Environment

- Public safety

- Reliability

- Business perfonnance

Man<w:ement OfA Nuclear Power Plant



OPERATION & NIAINTENANCE
OF NPP MAIN TOPICS

_ ••••••IIiIO~

• Station organization
- Functions of main groups

• Implications for operation ofNPP
- Operating license

- Financial aspects and costs

- Elements of OM &A

- Capital Depreciation

- Cost model



THE MANi\.GEMENT
PROCESS

••••••••am
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• Three steps:
.- Where do you want to be?

- Where are you now?

- What resources need to be applied?

Manae:ement Of A Nuclear Power Plant
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MAJOR INFLUENCES ON NPP
MANAGEMENT PROCESS (INPO)

•••••••llm
• Pre Three Mile Island:

- Minimum regulatory requirements

- Fragmented approach to business

- Independent, working in isolation

• T.M.I.
- 'Hostages of each other'

- NRC threat

• Post T.M.I.
-- Self regulation and road to excellence



(" CIRCUMSTANCES THAT LED TO THE CREATION OF INPO

• Before the Three Mile Island incident, the nuclear industry basically
managed to meet the minimum requirements ofthe regulators. It was
fragmented and independent.

• (March 28, 1979) Three Mile Island put the industry in a fish bowl. The
industry recognizes that they wer~ "hostages of each other", i.e. if one
makes a mistake, they all pay the price. Also, Nuclear Regulatory
Commission were considering tight regulatory restrictions.

• (December 3, 1979) Institute ofNudear Power Operations was formed to
self-regulate -- to put the industry on the road to excellence.

Man3eement Of A Nuclear Power Plant



MAJOR INFLUENCE ON NPP
MANAGEMENT PROCESS (INPO)

_ ••••••IID~

• INPO Regulatory Norms
- Perfonnance Objectives

- Criteria

- Guidelines

- Good Practices



MAJOR INFLUENCE ON NPP
MANAGEMENT PROCESS (INPO)

•••••••llm

• Benefits of Self-Assessment
- Criteria for Self-Assessment"·

- Benchmarks for Excellence

- Shared Experience

- Mutual Support



INPO

Unlike the regulator INPO does not produce prescriptive standards that must
be stringently adhered to. Rather, it provides benchmarks for excellence that
reflect the best standards achieved to date.

INPO emphasizes the achievement of performance objectives. The criteria
outline the various tasks normaHy required to achieve a given performance
objective. Methods for achieving the desired results are generally not stated,
so considerable judgment is required in applying the criteria. Guidelines on
the criteria capture a great deal ofoperating experience. ll'.JPO'S good
practices are based upon the industry's most successful plants and provide a
model for success.

The benefits of INPO are reflected in the improved performance ofU.s.
nuclear plants since TMI.

The challenge in any NPP is to achieve the same level ofnuclear excellence
when benchmark agamst the U.S. best performers.



10

MANAGEMENT OBJECTIVES
•••••••llIm

• Management performance is measured by
the key result areas (KRA)
- Employee safety

- Public safety

- Reliability

- Business performance

- Environment

Management OfA Nuclear Power Plant
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KEY RESULTS AREAS

What are these Key Result Areas (KRA's)

SAFETY;

As long a~· management continues to focus on the safety and well being of the
employees and the public, major nuclear accidents '>lilI not occur.

Managers and supervisors must be constantly aware of the potential danger
and consequence ofunsafe practices. It is in this regard that the INPO
philosophies encourage organizations to constantly strive for excellence at all
levels of staff.

No amount of effort must be spared, as the responsibility of running a nuclear
power plant is tremendous. Society accepted the assurances of the industry,
and this tn;st must never be lost.

RELIABILITY;

It is the vlIsiness ofmaking sure everything works we!!. It is ensa.'ing that ali
the equipment and syste!I1s, are robust, withstand shock, do not deterior~te,

carry out the intended functions well when called to operate, and give some
kind of indication if they are about to fail.

It is the process of equipment selection and maintaining the 'as new'
performance over the life of the plant. It is selecting the correct equipment
for the required job, e.g. a locomotive cannot be stopped using automobile
breaks. It is having systems that can function for longer times than the
shutdowns require to repair them, and to produce plant capacity factors to
achieve a business that is economic~1.
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BUSINESS PERFORMANCE

• The business performance covers a wide range or issues such as:
• Documentation updates
• Control ofjumper
• Training of staff
• Radiation exposures
• Infringements of Policies & Principles
.. Compliance with local regulation & by-laws

• The fmancial health ofthe bUSL'leSS covers such things as:
.. Budgeted OMB expenses - actual/planned
.. Capital improvement programs - actual/planned
• Heavy water losses
.. Fuel bum up

.. The following costs lire important:
• Production costs for unit energy
.. Total costs for unit energy

• Capacity factor
.. Planned outage tilue
.. Unplanned outages

(

1') Manaeement OfA Nuclear Power Plant
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ENVIRONMENT

It is of vital importance to monitor the effects on the environment local to the
power plant. The following are the types of parameters monitored closely.

Radiological discharges:

• Solids
• Liquids
• Gll.ses
• Temperature impact of discharge water
• Noise impact ofplant operation
• Radiological waste treatment
• Irradiated fuel management
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STATION ORGANIZATION
•••••••llm

• Modeled on a single unit 1 X 7220 MW
with on site independence

• Examples of such Nuclear Stations are:
- Point Le Preau - Canada

- Gentile 2 - Canada

- Wolsong 1 - Korea

- Embalse 1 - Argentina
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STATION ORGANIZATION
_ ••••••IID~

• The total station staffis approx. 500

• The station capacity factors lifetime> 85%

• No major refurbish programs are
considered.



• Examine the
organization &
responsibilities of the
following:

- Operations

- Maintenance
- Technical
- Planning

- QA

- Training

- Health Physics

I'::

STATION ORGANIZATION
•••••••••m

- MANAGEMENT FUNCTIONS

- STATION MANAGER

- PRODUCTION MANAGER

- SIllFT SUPERVISOR

- MAINlENANCE
SUPERINTENDENT

- TECHNlCAL MANGER

- PLANNING GROUP

- ADMINISTRATION GROUP

- QAGROUP

- HEALTH PHYSICS

- TRAINING GROUP

.............. ....
~------ --
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MANAGEMENT FUNCTION
•••••••llm

• Establishing procedures to ensure that
documentation correctly reflects the field
status.

• Maintaining adequate records of
commissioning, operating and maintenance
activities.

• Verifying procedures and field activities to
ensure that the right thing is done at the
right time in the right way.
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MANAGEMENT FUNCTION
_ ••••••IIO~

• Systematically reviewing commissioning
completion assurance at appropriate stages
during commissioning.

.. Auditing the quality assurance program to
independently confirm that the right thing is
being done at the right time in the right way.

• Periodically reviewing the effectiveness of

the QA program. J
L-.- _



STATION MANAGER
RESPONSIBILITIES

•••••••llm

• Authorize overall organizational structure.

• Define section responsibilities.

• Define specific position responsibilities to
first level of supervision.

• Commissioning completion assurance.

• Significant event reports.
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STATION MANAGER
RESPONSIBILITIES

•••••••ll1m

• Operating manuals

• Abnormal incidents manual

• Radiation protection procedures

• Work authorization

• Work protection

• Use ofjumpers



STATION MANAGER
RESPONSIBILITIES

•••••••llm
• Surveillance, Routine testing and Periodic

Inspection

• Maintenance program

• Audits

• Change controls

• Quality assurance records

L_

(



'. .' PRODUCTION MANAGER
RESPONSIBILITIES

_ ••••••IIO~

• Commissioning completion assurance

• Planning and scheduling offield work

• Station logs

• Signification event reports

• Operating manuals

• Abnormal incidents manual
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PRODUCTION MANAGER
RESPONSIBILITIES

•••••••llIIm

• Radiation protection procedures

• Maintenance procedures

• Operating memos

• Work protection

• Use ofjumpers

• Maintenance Program

l __
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'-.;J PRODUCTION MANAGER
RESPONSIBILITIES

•••••••llm
• Housekeeping
II Audits

• Change controls

-
t. '"'.j
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~.._ ..J SHIFT SUPERVISOR

RESPONSIBILITIES
•••••••I.O~

• Operating policies and procedures

• Equipment Identification

• Nuclear prescribed substance control

• Station logs

• Significant event reports

• Operating manuals

_______________~AA.=M.-mf"ntnfANuclearPowerPl_~~ _
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SHIFT SUPERVISOR
RESPONSIBILITIES

•••••••llm
• Maintenance program

• Housekeeping

• Security

• Deficiency reports

• Change controls

• Work on pressure boundaries

Mana2ement OfANuclear Power Plant
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~<.) MAINTENANCE SUPT.

RESPONSIBILITIES
•••••••llm

• Maintenance Programs
- Preventative maintenance

- Predictive maintenance

- Specialized skiils training

- Specialized tools

- Maintenance procedures

- Spare parts

- Maintenance standards & practices

- Identification of capital improvements projects
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TECHNICAL MANAGER
RESPONSIBILITIES

•••••••llm

• Station logs

• Significant event reports

• Technical reports

• Abnormal incidents manual

• Work protection

• Use ofjumpers

Manaeement OfA Nuclear Power Plant
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,,-oJ TECHNICAL MANAGER

RESPONSIBILITIES
_ ••••••IIO~

• Surveillance, Routine testing and periodic
inspection

• Maintenance program

• Audits
II Change controls

• Work on pressure boundaries

• Feedback
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TECHNICAL MANAGER
RESPONSIBILITIES

•••••••llm

• Correlation to other standards

• Commissioning documentation

• Turnover procedure

III Commissioning completion assurance

• Equipment identification

• Callups and routines

(



TECHNICAL MANAGER
RESPONSIBILITIES

_ ••••••IIO~

• Environmental qualification of safety
related equipment

• Nuclear prescribed substances control

• Technical reports

• Operating manuals

• Abnormal incidents manual

• Operating flowsheets

.. Maintenance procedures



,---------------------
PLANNING GROUP
RESPONSIBILITIES

_ ••••••IID~

• Commissioning completion assurance

• Initiation offield work

II Planning and scheduling of fie!d work

• Callups and routines

• Station logs

• Surveillance, Routine testing and periodic
inspection

(
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PLANNING GROUP
RESPONSIBILITIES

•••••••llm

• Maintenance program

• Housekeeping Audits

• Deficiency reports

• Change controls



ADMINISTRATION
SERVICES

• Staff Services

• Payroll

.. Accounting

II Administrative
Services

•••••••llm
• Information

T'lclffiology

• Material Management
- Procurement

- Storage

- Supply



QA RESPONSIBILITIES
_ ••••••IIO~

• Prepare QA manuals

• Audit Business Process to assure all
relevant standards are applied & complied
with

• Report fmdings to Station Manager

• Make recommendation for QA aspects

• Provide QA training



TRAINING GROUP
RESPONSIBILITIES

•••••••llIm

• Provide training programs for
- Licensing staff

- Operators

- Maintenance staff

- Technical staff

- Business Administration staff

- Manage & maintain simulator(s)

I -~anage & maintain training facilities

~aintain records of staff competency

.,...... "'~•• _' T"Io ._T''' __•
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HEALTH PHYSICS
RESPONSIBILITIES

•••••••IIO~

• Provide services to line management for all
radiological aspects ofplant operation &
maintenance.

II Provide specialized services for 'high
hazard work'

• Prepare emergency preparedness procedures
& provide training.

• Provide radiation protection training
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~'. .; HEALTH PHYSICS

RESPONSIBILITIES
•••••••lIlm

• Make recommendations on the use &
application of radiation monitors &
instruments.

• Evaluate the effectiveness of station
radiation monitoring program.

• Provide services for staff dose
measurements & records.

----.~---------------

(
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IMPLICATIONS FOR
OPERATION OF NPP

_ ••••••IIO~

• The major influences which require
balancing in order to make a nuclear power
plant viable are:
- Operating license

- Fina..icial aspects ofvarious costs

- Various element of OM & A costs

- Capital improvements

- NPP operating cost model



OPERATING LICENSE
•••••••llIIlm

• The operating license is issued by the
regulator authority.

• It is quite specific, lays out tenus and
conditions that must be met.

• The owner does not have a free hand.

(
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OPERATING LICENSE
_ ••••••IID~

• Governs such things as;
- Staffing levels

- Staffing qllalification

- Operating practices

- Limitation on system operation

-- Testing requirements

- Maintenance requirements

- Security



OPERATING LICENSE
•••••••llm

• Governs such things as;
- Handling of prescribed substances

- Transportation of radioactive material

- Reporting to licensing aut}lOrity

• The specifics ofoperating license will be
covered in detail under configuration
management.

(



COST COMPONENTS OF
ENERGY

•••••••llm
II The cost components of energy from a

nuclear generating station are di\ ided into
three main components:
- Capital costs

- Fuel costs

- Operating, maintenance, and administration
costs

--------~



3. THE COST COMPONENTS OF ENERGY FROM A CANDU NUCLEAR GENERATING
STATION

The cost ofelectricity produced at a nuclear power station is made up from the
components of cost to build and operate the plant. TIlis is genenl1ly divided into three main
components, Capital Cost, Fuel Cost, and Operating Maintenance and Administration (OM&A)
Costs.

Utilities have variollS ways of accounting for cost by breakdown into various
categories and some diffenmces in accounting practices exist from one utility to ann1her.
However, all utilities have the same genenl1 comJlOnents ofcost althougb the amounts (or
pm:enl£oges ofthe total) vuy to some extent depending UJ'OD whether the station is siDgle or
multi unit, and whether the utility has other nuclear stations which will share in some ofthe costs
common to all stations.

For the pmposes ofillustrating OM&A costs distribution, Point Lepreau has
been chosen as the example and the costs are based on those illCUl'Rd in the tiscal year 1994195
(which is the latest year for which complete and detailed costs are available).

3.1 Capital Co<l

The largest component ofcost is the initial capital cost ofthe Station. The
capital cost is nonr.aily determined when the station first enters commercial servi"". This date is
usually <.ailed the "In Service Date". The capital cost is paid hack over tile fmanciallife of the
station (typically 30 or 40 years) by means of a deprecia:ion charge against the station. The
interest on the c.utstanding debt (capital cost less depreciation) is also charged against the statien
and this interest charge reduces with debL Two general methods ofdepr:ciation are followed.
S!niight line depreciation causes the debl to be reduced l&liformly over the finan";&Ilife ofth..
station. This is the method followed by Ontario Hydro. S~ fund deprecia!ion mal= the
total e<>st ofannual payments ofinterest 011 IIl\d depreciation, lIJlP'OXimateIy oqual oveothe
fu.aneiallif~ofthe sialion. TIlis is similar to most houschcld lDOIlgages and a modified v"";on
of SinkiJ>g Fund depr.aation is the method chosen for ""Pital repa}1l1Cllt at Point Lepreau. The
annual inteleSl and depreciation cost i:: approximately S120 milliOll.

3.2 Capital Modifications Made During Plant Life

Historically during the life ofa CANDU. it is usual to make various
modifications tc the station design for a number of ,eas<ms..:

a) To meet the design intent and/or to ilnprove station pe:fonnance. These rnocJifications are
cOlJJla1ly decided based on the early opetaling histcry and lII3y be IDlII1e Ie over<:ot.lle
nfOolems wbith have CI1'JSed plant trips or to improveo~ efficien..-y and reduce

o"crating cost.



b) To improve maintainability and opc:zability. These modifications include the addition of
access ladders and plalfmms. c:nmes and boists. communicatioos equipment, wdding outlets
ell:. They may also include !be addition ofoperating deW:es such as motoriscd valves, or
even the addition ofa complete system such as a ('mx!ensote Polisher (used to remove
impurities from Condo n<Me in the turl>ine cycle).

c) To resolve licensing problems tequiled by the Regulator.

d) To overcome equipment ageing problems.

Historically these modifications continue througbout Ibe life ofthe CANDU
and typically amount to $10 to $20 million per year for a sing1e unit plant, These costs laid to be
hi@berintheearly life ofthe station due to ":mmaturity" ofthe design. As the operatiJ:g 1Lf"e
progresses, tho modification costs mostly address licensing and ageing isstJ"s. Feedback on
modifications from openting statioos to AECL design ""uld make " significant contribution to
reducing OM&A costs (and early life capital modifications) for fdlltte plants.

The large (and expensive) modifications an: lIODDlI1Iy dcnominaled as "Capital"
and are charged to the capital cost ofthe station; the minor modifications are usually absorbed
into the operating and majntenance cost There may be years when the capita1 spending may be
considerably higher; for example, for a large scale pressme tube or steam genwalOl teplaeemenL

The cost of these "capital" modificmoos to the plant design are added to the
tota1 of remaining capital cost and are repaid over the remaining financial life "fLlte I'lanL As
the remaining piant life shortens, these costs become more sil'tlific.mt as they lIiusl be
depreciated over a shorter period. However, !bey are offset by the fact thai wme ofthe capItal
bas been repaid by the dc;pJeciatiOll charged to the plOllL

3.3 Fuel

The fuel used tIuring~"n is cba.-ged to the plant as & seperate "fuel"
obarge. F~I includes the n:Jclear fuel plus Itoe fuel fur the diesel engines (or gas turbine:t) for
sJandby and emerge:ney power. It als<> includes fucl foc the plant beating boiler ifplant beat is

.!:Upplied with follSil fueL Typically plant beating is supplied ft:lm steam genentted by the
roa=tor. However. during shutdowns at a single unit plant, steam is needed for plant beating and
for various other servic:cs such as the heavy water upgradct. The follSil fuel costs are llSUe11y
minor when com)l81ed with the costs ofthe nuclear fuel.

A cbarge is made for long term disposa1 ofspe11l~ fuel. An estimate of
the cost of flnal disposa1 ofimIdiated fuel bas been made and the cost ofshipping the fuel to tbe
fina1 disposal site and the dispoal costs are iilcluded in the charge made for fuel.

As !be1iliaI disposal si'"'" for Canadi'r 1I1ICiear spent fuel bas DOl yet been built
(and a siL> for it bas DOl yet been chosen). the SJ"'lIi fuel must be ston:d on lI11 interim basis Illltil
the various decisions leading to ultimate displ>sa1 have been made. The fuel is initia!ly BtoIed i:J
water filled spe11t fuel hays and the11, after a cooling time in Wlltet ofaboUl1 years, is mo·Jed to
dry otorage in COiCete c:anisters ofvarious designs.
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The cost of the water filled storage bay is pari ofthe initial capital cost of the
station. The COl1C1ele canisters an: built as needed and an: COlDlted as "Capitli1 Modifications
made during Plant Ufe" and tbeir cost is added to the plllll1 capital cost.

The cost of fuel for Point Leprcau including spent fuel disposal costs is about
S 10 to S15 million per year; this depends on the cost of fuel and the c:apacily factor achieved by
the station.

\A::m~<JM1lf":nt Of A Nuclear Power Plant
-----~
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• General Manager
Nuclear

• Labor & Benefits

• Travel & Living, in
Province

• Travel & Living, Ollt-
of Province

• Vehicle Costs

• Contractor Services

• Office Equipment
-~~~~~~=.::.::._-

OM & A ELEMENTS
•••••••1100

• Regulatory

• Consulting

• Hired Services
II Materials

• Computer Services

• Communications

• Tools & Equipment

• Properties

• Other
• Insurance allocated
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\ COST COMPONE,NTS OF

ENERGY
•••••••IIO~

• To establish the cost ofpower the costs are
defmed as follows:
- Cash Cost == OM & A

Net electrical energy generated (cents/KwH)

- Production unit energy = (QM &A + fuel + UFMP)
Net elect. engy. gen.

- Where UFMP = Used fuel management provisions



COST CO~1PONENTS OF
ENERGY

•••••••I.D~

t·:·~:~
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• Total Unit Energy Cost
equals:
- (QM & A + fuel + UFMP + DPI)

net electrical energy generated

- where DPI = Depreciation ofminor fixed assets
+ Depreciation of plant
+ Provisions
+- Interest on provisions
+ Interest on the plant

51
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