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FOREWORD

Since 1992, the Information System on Occupational Exposure (ISOE) has provided a forum for
radiological protetion professionals from nuclear power utilities and national regulatory authorities
worldwide to discuss, promote and-ocalinate international coperative undertakings for the
radiological protection of workers at nuclear power plants. The ISOE olgeivo improve
occupational exposure management at nuclear power plants by exchanging relevant information, data
and experience on methods to optimise occupational radiological protection.

Key to successful occupational exposure management is the galeefoing and execution of
jobs at nuclear power plants, referred to as work management. Work management stresses the
importance of approaching jobs from a mudigciplinary team perspective, and of following jobs
completely through all stages of work. Bycusing such attention on the jobs to be undertaken, their
successful completion can be assuredn schedule, within budget, fulfilling the desired goal and
optimised from the perspective of occupational radiological protection.

Since the publication ahe first ISOE report on work management in 1997, this approach has
been broadly implemented in the nuclear power industry worldwide, and for several years has shown
itself to be useful in reducing both occupational doses and operational costs. Hosewemie and
regulatory pressures have continued to confront the nuclear power industry, while many other changes
have also arisen, including evolutions in the system of radiological protection, technological advances,
social, political and economic situatis, and the prospects for new nuclear build. Of no less
importance is the ongoing exchange of experience amongst radiological protection professionals.
These collective challenges and experiences have provided a deep base of practical knowledge from
whichto reconsider work management in the first part of tifec2htury.

This updated report on work management provides practical guidance on the application of work
management principles as a contribution to the optimisation of occupational radiatiastiqmoté
recognises that while work management is no longer a new concept, continued efforts are needed to
ensure that good performance, outcomes and trends are maintained in the face of current and future
challenges. The focus of this report is therefonepresenting the key aspects of work management
that should be considered by management and workers to save time, doses and money, supported by
updated practical examples from within the ISOE community.

ISOE is jointly sponsored by the OECD Nuclear Egetgiency and the International Atomic
Energy Agency.

ISOE Networkwww.isoenetwork.net


http://www.isoe-network.net/
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1.INTRODUCTION

1.1 Background

Nuclear plants are constructed to high engineering standards, operated by highly trained and
licensed operators and independently assessed by government regulatory authorities. A mandate of error
free perfomance is essential for safety, efficiency and public acceptance of nuclear plant technology.

The nuclear industry in the 1960s and 1970s was characterised by rapid expansion of nuclear
powered electricity generation plants as an alternative to-tax@ecoal and gas powered plants.
However, at the end of the 1970s and in the 1980s, the accidents at Three Mile Island Unit 2 and
Chernobyl decelerated the push toward nuclear power in many countries. In response to this situation
and the absence of expansitre 1980s were to a large extent focused on improving the safety of the
existing fleet of operating reactor units.

In many countries, the 1990s prepared nuclear utilities for deregulation in the electricity industry.
The US nuclear industry, for examphlenchmarked their activities and performance against European
work management practices in seeking safer and more efficient means to operate and refuel nuclear
units and increase annual capacity factors. By 2000, the nuclear industry in some countries had
become very robust in their ability to execute shorter and more effective refuelling and maintenance
outages, all while improving the optimisation of occupational radiation protection. In the US alone,
capacity factors rose from 80% in the 1970s and 188G#out 90% in the 1990s. This was done
while decreasing exposures to workers throughout the nuclear industry.

As a result, throughout the world, occupational exposures at nuclear power plants have steadily
decreased since the early 1990s. Regulatoigspres, technological advances, improved plant designs
and operational procedures, ALARA culture and information exchange have contributed to this
downward trend (Figure 1). However, with the continued ageing and possible life extensions of
nuclear power lants worldwide, ongoing economic pressures, regulatory, social and political
evolutions, and the potential of new nuclear build, the task of ensuring that occupational exposures are
As Low As Reasonably Achievable (ALARA), taking into account operati@mosts and social
factors, continues to present challenges to radiation protection professionals.

Since 1992, the Information System on Occupational Exposure (ISOE), jointly sponsored by the
OECD Nuclear Energy Agency (NEA) and the International Atomic @néxgency (IAEA), has
provided a forum for radiological protection professionals from nuclear power utilities and national
regulatory authorities worldwide to discuss, promote anebrdnate international coperative
undertakings for the radiological peation of workers at nuclear power plants (8gpeendix1). The
objective of ISOE is to improve the management of occupational exposures at nuclear power plants by
exchanging broad and regularly updated information, data and experience on methodsise optim
occupational radiation protection.

To this end, ISOE includes a global occupational exposure data collection and analysis
progr amme, culminating in the worldobés | argest



plants, and a communications netwéor sharing dose reduction information and experience amongst
participants. These resources, including access to the ISOE Network information exchange website
(www.isoenetwork.net) are available to participants of the ISOE programme

Figure 1 3-yearrolling average per reactor for operating reactors in ISOE, 1992007 (man-Sv)
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Key to the successes noted above has been the widespread understanding of the importance of
careful planning and execution of refuelling and maintenamntages at nuclear power planthe
first ISOE report oWork Management in the Nuclear Power IndughifzA, 1997) was an important
report in this regard. Its timely content was aligned with the focus in the nuclear industry, which was
under pressure to hieve production goals with significantly smaller operating and technical staff. In
short time, the report became a guide which attracted a keen interest from radiation protection
managers, plant managers and senior manageas.report, built upon thert few years of ISOE
experience, was an important contribution to the optimisation of occupational radiation protection in
the nuclear industry at a time when the principles of work management had not yet been fully
integrated into routine work practices.

Work management stresses the importance of approaching jobs from alismiftinary team
perspective, and of following jobs completely through the stages of conception, design, planning,
preparation, implementation and follayp. By focusing such attéan on the jobs to be undertaken,
their successful completion can be assurezh schedule, within budget, with a sufficient level of
quality and maximum chance of fulfilling the originally desired goal, and optimised from the
perspective of occupationaddiological protection.

Work management is now broadly implemented in the nuclear power industry worldwide, and for
several years has shown itself to be useful in reducing both occupational doses and operational costs.
However, economic and regulatoryepsures have continued to confront the nuclear power industry,
while many other changes have also arisen, including evolutions in the system of radiological
protection, technological advances, social, political and economic changes, and the prospect of new
nuclear build. Of no less importance is the ongoing exchange of information and experience amongst

1. Official participants to ISOE include tBe nuclear electricity utilitiesand national regulatory authorities
that participate in ISOE under the ISOEBrms and Conditions
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radiation protection professionals from nuclear power utilities and national regulatory authorities
worldwide. These collective challenges and experienoge h@aovided a deep base of practical
knowledge from which to reconsider work management in the first part of tree@tury.

Recognising both the broad use that the first work management report has had amongst radiation
protection professionals over tipast 10 years, as well as the changing work environment since its
publication, the ISOE Management Board, in response to a proposal from the ISOE Asian Technical
Centre, launched the ISOE Expert Group on Work Management (EGWM) in 2007 to develop an
updatel report reflecting the current state of knowledge, technology and experience in occupational
radiation protection of workers at nuclear power plants.

As with the 1997 report, the objective of thi
Occupationn Radi ati on Protection in the Nuclear Powe
the application of work management principles as a contribution to the optimisation of occupational
radiation protection. This recognises that while work managensemilonger a new concept,
continued efforts are needed to ensure that good performance, outcomes and trends are maintained in
the face of current and future challenges. The focus of this report is therefore on presenting the key
aspects of work managemethtat should be considered by management and workers to save time,
dose and money, supported by updated practical examples from within the ISOE community. The
EGWM hopes that this approach will bring practical value to the reader and encourage continuous
improvement of performance.

1.2 Principles of work management

The operation and maintenance of nuclear power plants imply the occupational exposure of workers.
However, experience has shown that a coherent and comprehensive work management approach, in
addtion to contributing to good radiation protection, also facilitates safe and ecqulanticperation

Work management, as presented in this report, is a comprehensive methodology which stresses the
importance of managing jobs completely from planningoltoW-up using a multdisciplinary team
approach which involves all relevant stakeholders. While dose reduction is only one component of this
approachradiation protection personnel at nuclear power plants are a key component within such teams,
and musbperate within this context to ensure that occupational exposures are kept ALARA.

The determining factors in occupational exposure in nuclear power plants are the radiation levels
in work areas, the amount of time spent in these areas and the numbekefsviavolved. These
factors can be influenced by both technical as well as administrative me&@xaseseduction is often
accomplished through reductions in the source term, the number of workers in the controlled area, the
time spent by workers in thabne and the amount of rework required (due to faulty design, equipment
or work).

Work management measures aim at optimising occupational radiation protection in the context of
the economic viability of the installation. If properly applied, work managemsll lead to a
reduction of occupational exposures in an ALARA fashildrus, the goals of reducing cost as well as
classical safety risks and of minimising the time required for an outage can often be simultaneously
fulfilled. In brief, the effective pplication of work management principles should save time, dose and
money. Important factors in this respect are those measures, methods and techniques influencing:

1 Doseand dose rateéncluding sourcgerm reduction.

1 Exposure including amount of time spéin controlled areas for operations, maintenance,
inspection and repairavk.

1 Efficiency in work planning, including sherand longterm planning, worker involvement,
co-ordination of activities, training and information.

11



Equally important due to theliroad, crossutting nature is the influence of motivational and
organisational arrangements on the effectiveness of work management approaches. The responsibility
for the previously mentioned aspects nmaignalr esi d
structure. Thus, the muitiisciplinary nature of work management must be recognised, accounted for
and wellintegrated in any work.

This book provides practical guidance based on the operational experience within the ISOE
programme in the key as of work management to optimise occupational radiation protection, including:

Regulatory aspects.

ALARA management policy
Workerinvolvement and performance
Work planning and scheduling.

Work preparation.

Work implementation

Work assessment and feedka

E E EEEEE]

The specific aspects affork management applicable to each of these areas are illustrated by
examples and case studies arising from ISOE experience. The topics and practical examples presented
are intended to provide all those involved in work manageméth relevant experience on good
practice in the implementation of work managemitiatives aimed at optimising occupational
radiation protection in the nuclear power industry.

Work management is a comprehensive and iterative approach to work. ildsepify of work
management is a continuous loop that consists of planning and scheduling, preparation,
implementation, assessment and follopvin order to make the overall work progressively optimised
(Figure 2). Feedback is a key component, and suath&ek should be obtained both locally and
globally. Assessment and feedback is the final stage of work and, at the same time, the first stage of
the process. However, work management is also forward looking. Therefore, recognising the constant
evolution of many parameters that are included in the above topics, such as ongoing technological
advances, as well as using past and current lessons to not only inform future work but also future
design and operations, this roempgadrntuoalsodamrwivtelme

Figure 2 Work management elements and their iterative nature

Regulatory Aspects

Work Planning
Worker
Work
Assessment Involvement Work
and Feedback and Preparation
Performance
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United States/An exampleof work managemen(Organisational ALARA) at Quad Cities NPP

Quad Citiesl NPP successfully reduced collective radiation exposure (GfBugh an integrated approa
focusing on all components of work managemenb(genisationaRLARA). Concerted efforts addressisgurce
term reductio(STR), equipment reliabilitf ER), worker engagemertVE) andstrategic planningpave decrease
CREto 1.9 person-Sv for the 2007 refuelling outage from a high of 8.6 person-Sv for the 2002 refuelling
due to challenges created by chemistry transients affecting primary and secondary piping dose rate
equipment challenges associated withupeating of the units. Aggressive application in each of these ared
also reducedn-line CRE by 70%.

Quad cities-1 (Outage CRE)
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Successful actions by area include:

Sourceterm reduction Chemical decontaminations of recirculation piping and masseparators; replacement
turbine blades containing Stellitmsed erosion shields; use of a Site Exposure Reduction Charter with Sitg
President signature approval/accountability; integration of chemistry parameters into site management vq
and daily discussion; operational focus on water chemistry; and focus on beating minimum industry guida
achieving besidentified performance for measures such as Cdabalinc ratio.

Equipmentreliability: Power uprate recovery to treat plant @itions through effective diagnosis and treatmen
underlying causes; implementation of the acoustic side branch modification on steam lines to resolve a
old vibration issue, reducing equipment failure dramatically (vibrations now less than fS5®fdse at old full
power); steam dryer replacement increased capacity in concert with the uprated power; development of
human performance philosophy and principles governing engineering activities that include exposure ¢
including dose s a required value in Plant Health Committee discussions of modification prioritisatior]
integration of dose into equipment reliability priority lists.

Workerengagementindividual dose accountability established, including individual daily dose ;gRal$iation
Work Permit trip tickets implemented, forcing determination and accounting of dose individually by entry
Line Supervision ownership of crew performance and feedback; and Management accountable to 10
(Imrem) over agese iDmyfPImamagfement meetings.

Strategic planning Fleet dose now monitored accounting for aggregate over/under performance; Co
ALARA Committee established with site ownership for dose at the Plant Manager level accountable to th
Vice Presidat of Operations; and lorgrm planning includes dose impact of future jobs (out 5 years) as p
decisionmaking process.

Strategn

At Exrpa\
Zgujpment ReVRNN,

Source Term Redudhen







2.REGULATORY ASPECTS

The main principles of radiation protection (justification, optimisation of radiation protection and
limitation of individual doses) are established at the international level. National regulations are
elaborated to provide a radiological protection framework consistent with these principles. Within this
framework, utilities should also develop and $&lit own internal procedures and develop targets to
manage individual and collective exposures on a case by case basis.

2.1 Introduction

While it is the licenseebs duty, in the firs
from the perspente of nuclear safety and radiological protection, this must be done within the
applicable regulatory framework. Regulatory frameworks aim to secure the maintenance and
improvement of safety at civil nuclear installations through regulations addressiegmsafety, and
ensure the protection of workers, public and environment from ionising radiation through regulations
addressing radiation protection. Such regulation provides for an effective radiological protection
infrastructure wbuthuireocl sdased Bgafhboge with i
workers through to managemefte licensing regime therefore provides one of the means of control
available to a regulatory authority. Such regimes can vary in their level of prescriptiotaand
therefore impact the options available to utilities within their approaches to work management. This
chapter briefly discusses international radiological standards and guidance and the means by which
they are implemented within the regulatory framekgaf individual countries.

2.2 International standards and guidance

Several international organisations contribute significantly to the establishment of the scientific
and legal framework in the field of radiological protection, and thus have a majorgoearthe safety
standards adopted nationally to manage work at nuclear installations. Although there is no process
formally defined, these include the United Nations Scientific Committee on the Effects of Atomic
Radiation (UNSCEAR), the International Comssion on Radiological Protection (ICRP), the
International Atomic Energy Agency (IAEA), the European Commission (through the EURATOM
Treaty), and the OECD Nuclear Energy Agency (NEW).addition, other integovernmental and
non-governmental organisatis and programmes have also provided feedback and guidance relevant
to the elaboration of new standards. The roles of these baodiestablishing the radiological
protectionframework are discussed below (Figure 3).



Figure 3 Elaboration of radiation prot ection standards and regulation$
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United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR)

UNSCEAR was established in 1955 by the United Nations to collect and evaluate information on the
levels and effects of ionising radiatiosad for peaceful as well as military purposes, and arising from
natural and mamade sources. Governments and organisations throughout the world rely on UNSCEAR
estimates as the scientific basis for evaluating radiation risk and for establishing proteesuees.

UNSCEAR systematically reviews and evaluates global and regional levels and trends of
occupational, public and medical exposure. It also regularly evaluates the evidence for radiation
induced health effects from studies of the survivors of dtmmic bombings in Japan and other
exposed groups, as well as advances in scientific understanding of the mechanisms by which
radiationinduced health effects can occur. These assessments (e.g. UNSCEAR, 2000, 2001, 2006)
have provided the scientific fourtittn used by the ICRP in developing its radiological protection
recommendations, and by the relevant agencies in the UN system in formulating international
radiological protection standards.

International Commission on Radiological Protection (ICRP)

TheICRP is a norgovernmental scientific organisation established in 1928 by'thetérnational
Congress of Radiology. I't is regarded as the wo
recommendations from time to time on which standards aiddme within the radiological protection
field as a whole can be based. ICRP authority stems from the standing of its independent members who
are drawn from a range of scientific disciplines and from the merit of its recommendations.

ICRP recommendationfor limiting the detrimental effects of ionising radiation are issued in
publications and through subsequent statements clarifying or extending those recommendations. For
more than 50 years, ICRP recommendations have been the basis of underlying iné¢aradimational

2. EC: European Commission; FAO: Food and Agriculture Organization of the United Nations; IEC: International
ElectrotechnicalCommission; ILO: International Labour Organisation; I1SO: International Organization for
Standardization; PAHO: Pgiimerican Health Organization; WHO: World Health Organization.
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standards and principles governing the use of ionising radiation. At the end of 2007, ICRP issued new
general recommendations in Publication 103 (ICRP, 2007), resulting from an extensive drafting and
consultation process. Publication 1@8nhally replaces the previous ICRP general recommendations
issued in 1990 as Publication 60 (ICRP, 1991). As of the time of publication of this report, most
international standards and national regulations are based on ICRP Publication 60.

The ICRPsystenof radiological protection

Thethree basic principles which form the basis for radiological protection standards and regulations
worldwide as elaborated by the ICRP in Publication 60 and reiterated in Publication 103 are:

9 Justification any decision thalters the radiation exposure situatghould do more good than
harm.

1 Optimisation of protection: the likelihood of incurring exposures, the number of people
exposed and the magnitude of their individual doses should all be kept as low as reasonably
achievable, taking into accotireconomic and societal factors.

1 Doselimitation: the total dose to any individual from regulated sources in planned exposure
situations other than medical exposure of patients should not exceed the appropriate limits.

The major &atures of the new general recommendatiammich consolidate and add to previous
recommendations issued by ICRP since Publicaticaré@s follows (ICRP, 2007):

1 Maintainingthe three fundamental principles of radiological protection and clarifying how
they apply to radiation sources delivering exposure aimtiteiduals receiving exposure.

1 Updatingthe radiation and tissue weighting factors, and the radiation detriment based on the
latest &ailable scientific information.

1 Evolving from the previous prassbased protection approach of practices and interventions
by moving to a situatiohased approach characterised as planned, emergency, and existing
exposure situations, and applying the fundamental principles of justification and optimisation
of protecton to all @ntrollable exposure situations.

1 Maintaining the individual dose limits for effective dose and equivalent dose from all
regulated sourcén planned exposure situations.

1 Reenforcing the principle of optimisation of protection, which shouldapplicable in a
similar way to all exposure situations, with restrictions on individual doses and risks (dose
and risk constraints for planned exposure situations; reference levels for emergency and
existing exposure situations).

1 Includingan approach fodeveloping a framework to demonstrate radiological protection of
the environment.

Doselimits: in addition to reaffirming the three basic principles of radiological protection, the new
ICRP general recommendation have maintained the dose limits as fsedigfirsed in Publication 60.
For occupational exposure in planned exposure situations, ICRP recommends that the limit be expressed
as an effective dose of 20 mSv/year, averaged over defined 5 year periotS{1D05 years), with the
further provisiontiat the effective dose should not exceed 50 mSv in any single year (ICRP, 2007). Both
the 1996 International Basic Safety Standards (IAEA, 1996) as well as the 1996 EURATOM Basic
Safety Standards (EURATOM, 1996xpress the individual dose limit as 10@v5 years, with a
maximum of 5amSv in one single yedr

3. Both the 1996 International Basic Safety Standards and the EURATOM Béstig Standardsvere in the
process of revision at the time of publication of this report.

17



Optimisation:the practical implementation of optimisatiomeans that the level of radiological
protection should be the best under the prevailing circumstances, maximising the margin of benefit
overharm.The ICRP hasecommendethat in order t@avoid inequity in the distribution of individual
doses resulting from an optimisation procedure, there should be selatssl restrictions on the
doses to individuals which are referred to as dose cortstrdior occupational exposures, a dose
constraint is a value of individual dose used to limit the range of options in the optimisation process,
such that only those expected to result in doses below the constraint are considered (ICRP, 2007). The
dose consaint is not a regulatory limit; however if exceeded, protective actions should be reviewed
and modified if appropriate. The principle of optimisation of radiation protection is further developed
in ICRP Publication 101 (ICRP, 2006).

International Atomic Energy Agency (IAEA)

The IAEA was formed in 1957 as an independent, igtatrernmental organisation within the
United Nations network. Its main objective is to promote atomic energy in the interests of peace,
health and prosperity throughout the worldthe context of the international system of radiological
protection, the IAEA plays a special role in establishing international safety standards, codes and
guides representing international consensus.

Some IAEA standards, by nature of their broad scopeagplicability, are cgponsored by other
international, intergovernmental organisations to avoid duplication of efforts and to prevent the issuing
of contradictory standards. The 1996 | AEA dl nt
againstlomi ng Radi ation and for the SafposgredbyfsixRadi a
international organisatioffshelping to ensure the very broad use of the BSS by various international
governmental organisations and their national constituencies19%& BSS is based largely on the
radiation protection principles elaborated in ICRP Publication 60. While not mandatory on any
country, most of the IAEA Member States have today integrated the International BSS into their
national laws, or are consistenitimthe provisions therein.

In view of the new ICRP general recommendations, of experience with implementing the 1996
BSS, and of IAEA standards and other strategic documents developed since 1996, a process to revise and
update the International Basis 8gf Standards was launched in 2005, with the new version expected to
be approved by all esponsoring organisations through their own institutional mechanisms.

Additionally, the IAEA has addressed the principle of optimisation within two main publications

1 Safety Guide o®ccupationakadiation protection RSG-1.1 (IAEA, 1999), wherein the main
features of ALARA are described, as well as the role of doseragmnstand investigation
levels.

1 Safety Report o®ptimization of radiation protection in the riol of occupational exposure
Safety Report Series No. 21 (IAEA, 2002), which gives practical recommendations for the
assessment of exposure situations, the means to reduce exposures and the definition and
implementation of ALARA plan.

European Atomic Errgy Community (EURATOM)

The EURATOM Treaty came into being on 1 January 1958 following a treaty signed in Rome in
March 1957, having the same Member States as the European Economic Community (EEC). The goal
of EURATOM is to promote common efforts betweigs members in the development of nuclear
energy for peaceful purposes.

4. FAO,IAEA, ILO, OECD/NEA, PAHO, WHO
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Article 2 (b) of the Treaty establishing the European Atomic Energy Community provides for the
establishment of basic safety standards for the health protection of workers andyeriehad public
against the dangers of ionising radiation. These standards are specified in a European Union (EU)
directive developed by the European Commission and are therefore legally binding on member states.
The AEURATOM Basi c S arbtectioy of he healtld & watkers dna the genleral
public against the dangers arising from ioniz
96/29/EURATOM adopted by the European Council in May 1996, are based on the recommendations
of ICRP Publicatia 60. Reflecting their status as a legislative act, the EU Member States individually
enact national legislation implementing the requirements of the directives.

As with the 1996 International BSS, a process was launched to update the 1996 EURATOM
BSS, wih the intention to develop a revision that reflects the new ICRP recommendations, new
scientific data and implementation experience.

OECD Nuclear Energy Agency

The Nuclear Energy Agency (NEA) is a specialised agency within the Organisation for Economic
Co-operation and Development (OECD), an intergovernmental organisation of industrialised countries
established in 1958. Its mission is to assistniésnbercountries in maintaining and further developing,
through international coperation, the scientificethnological and legal bases required for the safe,
environmentally friendly and economical use of nuclear energy for peaceful purposes. The NEA works
as: a forum for sharing information and experience and promoting internatievéiaiion; a centre of
excellence which helpsmiembercountries to pool and maintain their technical expertise; and a vehicle
for facilitating policy analyses and developing consensus based on its technical work.

The NEA is the only integovernmental nuclear energy organisatishich brings together
developed countries of North America, Europe and the-Ragific region in a small, negpolitical
forum with a relatively narrow, technical focus. Generally, the topics addressed by the NEA are
specific, statef-the-art technologyor policy-oriented areas, from which the international and national
guidance documents can be developed. Performing the work in close collaboration with other
international organisations assures that its efforts are complementary.

Within NEA, the Committeeon Radiation Protection and Public Health (CRPPH) has the
responsibility to study various radiological protection issues and take actions to support national
authorities in the adoption and maintenance of high standards of protection in the use @ ionisin
radiation. The NEA has workedtestocodtabbraetcomm
to their implications for policy, regulation and application, anesmponsors the International Basic
Safety Standards.

Other organisations contributingo the elaboration of radiation protection standards

In addition to the work undertaken by the international organisations described above, other inter
governmental and negovernmental organisations and networks of practitioners also provide a source
of feedback that contributes to the elaboration of new standards. These include, for example:

1 The Information System on Occupational Exposure (ISOE): provides a forum for radiation
protection experts from utilities and national regulatory authorities to dispusmote and
co-ordinate international eoperative undertakings for the radiological protection of workers
at nuclear power plants. ISOE is jointly sponsored by the OECD/NEA and.IAEA

1 The International Radiation Protection Association (IRPA): providesedium whereby
radiation protection practitioners worldwide may communicate more readily with each other
and through this process advance radiation piioteah many parts of the world.



1 The European ALARA Network (EAN): furthers specific European rebseart topics
dealing with optimisation of radiation protection and facilitates the dissemination of good
ALARA practices within European industmesearch and medical sectors.

1 The Western European Nuclear Regulat@ssociation (WENRA): serves as a netwark
chief nuclear safety regulators in Europe to exchange experience and discuss significant
safety issues in order to facilitate development of a common approach to nuclear safety and
provide an independent capability to examine nuclear safety in agptioantries to the
European Union.

2.3 National regulatory policy

The regulation of nuclear and radiation safety is a national responsibility, for which international
standards provide a harmonised basis and promote consistency. Depending on theyriggaiateork,
national regulations can have varying levels of influence on the application of work management.

|t is the nuclear power wutilitybés duty, i n t|
safe from the perspective of nuclear safnd radiological protection, which must be done within the
applicable regulatory framework. An effective regulatory regime will provide an appropriate balance
between prescriptive and performasimsed rules, enabling the utility to integrate flexipilib the
application of work management. To demonstrate the influence that regulations can have on approaches
to work management, two categories of regulations, and the relationship between them, are considered:
those that address nuclear safety, and tth@geaddress radiological protection.

Nuclear safety regulations

Although all nuclear regulations are intended to protect workers, the public and the environment
from the harmful effects of radiation exposure, one aspect of this protection is the $afetyear
installations and the prevention of nuclear accidents. Regulations addressing nuclear safety issues may
place specific obligations on licensees, which may impact the exposure of workers. Examples include
regulations relating to system inspectiand maintenance (including their extent and frequency)
which may vary both from country to country as well as in their degree of flexibility.

Exposure of workers performing maintenance and inspection in compliance with nuclear safety
requirements should bearranted by the benefit in increased plant reliability. Depending on the safety
significance of a particular system, a regimepefformancebasedplant condition monitoring and
breakdown maintenance may offer advantages over a prageriptive system & preventative
maintenance based on a-pletermined schedule. For example, if the annual frequency of an inspection
and maintenance programme is high, the application of work management may be constrained. On the
other hand, the flexibility to undertakerabined inspections less frequently or to postpone inspections
untii more optimal radiation protection conditions are achieved, such as following system
decontamination, may save dose and allow a broadly optimised inspection and maintenance schedule.

As arother example, whereas a prescriptive rule could require systematic steam generator tube
inspection during every refuelling outage, a performance type rule would require that future
inspections be scheduled according to the outcomes of the last inspEkitolater type of regulation
fulfils the regulatory requirement to protect workers and the public while providing the utility with the
flexibility to more broadly optimise occupational exposure. Recent trends in regulation have, in fact,
been towards pfarmance standard type rules as opposed to more prescriptive rules, and this tendency
supports the principles @fork management.
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Sweden and BelgiumReductionof steam generator inspection

In Sweden, at Ringhals plant (3 Pwahd 1 BWR), it was agreed llye Safety Authority (SKI) that, for th
PWR having benefitted from a steam generator replacement, the new steam generators can be
every two years. All tubes have to be inspected withiryads period and 50% are inspected every 2 yea

In Belgum, after the steam generator replacement at Baeld Doel, only one steam generator w,
opened and checked each year. However, the Belgian safety authorities accepted, after negotig
Electrabel, that each steam generator would be inspechgdmae every six years. The Doel plant opted
opening two steam generators each third outage, enabling two consecutive unit outages without g
steam generator. The inspection covers the entire length of a random sample of 40% of the tubiethel
tubes are also checked in the roll transition zone.

Japan: Reductionof outage frequency

In Japan, prior to 2007, the plants followed a 13 month operating period. A new inspection system, an
in 2007, allows maintenance activities to be penfed according to the maintenance programme of ¢
plant. In this system, inspections have shifted from a uniform inspection to -arisitted inspection
according to the characteristics of each plant, allowing4léhonth operating periods.

United StatesReactoro ver si ght p rioncfeosrsmeadnod ifinrsipsekct i on

The US Nuclear Regulatory Commission (NRC) has embarked on a programme to improve the effe
and efficiency of its regulatory process. A key aspect of this programme is a change in tte WRCt
conducts its inspection process for nuclear power reactors. The basis of this approach-iaftsmdKRC
inspection of nuclear power reactor licensees. Fundamental to this is the concept that licensee pe
meeting the objectives and keffrioutes of the process provides reasonable assurance that public heg
safety is maintained. Seven safety cornerstones were developed, including occupational radiation safet

For example:the NRC radiation protection inspection procedures direetitispector to focus on th
licenseebds controls established for work perf
These include locked high and very high radiation areas, and areas where there is a potential for dog
change dramatically (such as around the radwaste sluice tanks).

Radiation protection regulations

In addition to nuclear safety regulations, other national regulations and guidance refer tirectly
radiation protection issues. These can include dose limitsvorkers and the publicas well as
operational restrictions established by the authority for use in the monitoring of activities at existing
facilities (such as action levels or investigation levels, etc.) Objectives of such regulations and guidance
are to ensure that protection is optimised and that as statutory limits are approached, measures are taken
to prevent them being exceeded.

Regulations addressing the principle of optimisation of protection for both workers and the public
can have an additiahinfluence on work management in relation to control of occupational exposures.
In implementing this principle, there is often a balance between measures aimed at further reducing
the generally very low public doses from routine operation, and thosé widg have the potential
for achieving substantial reductions in occupational exposure. For example, the use of certain effluent
reduction technology might lead to occupational doses from its installation, operation, maintenance
and decommissioning that gfit not be proportionate to its benefit in terms of decreased public dose.
It is therefore important that resulting exposures are appropriately managed and options are agreed by
all relevant stakeholders. This is a qualitative and quantitative proceshthed be adapted to each
situation so that both public and occupational exposures can be considered ALARA.
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Dose limits

Regulatory dose limits for occupationatxposed workers in most countries adhere to ICRP
guidance (1991, 2007), the 1996 InternatidaS or the 1996 EURATOM BSS, although the manner

of their implementation may vary.

Table 1 Regulatory occupational dose limits (whole body) in ISOE participating countries

Occupational dose limits(whole body) Country

20 mSv in one single year Germany ltaly, the Netherlands, PakistdfRomania,
Slovenig® United Kingdom

20 mSvl/year per 12 rolling months Belgium, France

100 mSv/5 years and Armenia, Brazil, Bulgaria, Canada, @hi Czech Republic,

50 mSv per any single year Finland, Hungary, Japan, Korea, LithuarRaissian
Federation, SlovaRepublic, South Africa, Spaigweden,
Switzerland

50 mSv/year Mexico, United States

With regards to the management of doses for outside or transient workersawloe mmployed

by different utilities and/or working in several countries, employers and licensees need to be aware of
the dose history of these workers in so far as the information is available. After the completion of
work, those who are responsible fircording worker dose information into the individual dose

records of such workers need to ensure that this is done.

Japan: dosepassports

When an NPP needs to temporarily employ US personnel (for example qualified welders for und
welding), they wil control the exposure of such workers under the Japanese dose control system, tak|
previous exposure into consideration. If the workers have their own dose passport, the Japanese U
accept and complete this passport.

Europe: experienceand follow-up with outside workers

Most of the EU states have personal dose record documents for outside workers. Some also havg
dose record systems which may be specific for outside workers, or applicable to all radiation worke
France andgpain. In Spain, the official personal document includes not only personal dose informati
also other information such as training history, medical surveillance, etc.

A 2006 European workshop on outside workers concluded that most countries desire standardise
outside worker personal dose record document (EAN, 2006). This does not however imply the ne
document that would be strictly identical in terms of content in each member state. Concerning stan
content, a degree of flexilly was considered desirable, with the European Commission setting a min
required level of information. The question of language was considered to be crucially important:
document would at least need to be written in English and the natiowgialge of the state where it w,
issued.

ALARA regulation and guidance

National regulatory authorities may introduce additional regulations or guidance addressing
ALARA planning. Such regulation or guidance can focus on the procedures or processey that ma

5.  As of time of publication of this report
6. In special circumstances under very specific conditions, an effective daisefi50 mSvyear may be
authorised by the regulatory authorifthe total dose over 5 years shonlit exceed 100 mSv.
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adopted by licensees to implement systematic and efficient ALARA programmes. In addition,
regulatory authorities can also play an i mport a
some cases, regulatory authorities might set a collective ttiosshold above which formal or official

ALARA planning procedures must be approved by the authority. Moreover, a regulatory body can
require involvement of external experts to provide opinion and advice in case of high exposure jobs.

Canada, United Sties: ALARA basis

In Canada, the Radiation Protection Regulat[®#R 4(a) include an ALARA requirement for all licensees
establish a radiation protection programme to keep exposures ALARA through the implementation of a
of control programmesncluding

Management control over work practices.

Personnel qualification and training.

Controlof occupational and puiblexposure to radiation.
Planning for unusual situations.

Verifying the quantity and concentration of any nuclear substance releasedeault of the license
activity.

The regulatory body (CNSC) issued a guide on ALARAI1Z®, revision 1, October 2004) which guid
licensees on the type of action that aims to effectively control and minimise doses. It outlines the imy
of an exglicit commitment by senior management to limit doses to magnitudes that are ALARA, the né
suitable programmes to achieve this objective, and the value of reviewingelatéd doses periodically {
ensure that they continue to be adequately coattolThe CNSC, among other things, looks at the pro
adopted by licensees to maintain doses ALARA as evidence of compliance with paragraph 4(a
Radiation Protection Regulations.

In the United States, NRC regulation 10 CFR 20.1101, Radiation Rootderogrammes, provides th
regulatory requirements for ALARA:

=A =4 =4 -8 =9

9 Each licensee shall develop, document, and implement a radiation protection programme comm
with the scope and extent of licensed activities and sufficient to ensure complianckewitiovisions
of this part.

9 The licensee shall use, to the extent practical, procedures and engineering controls based up
radiation protection principles to achieve occupational doses and doses to members of the py
are as low as is reasdig achievable (ALARA).

9 The licensee shall periodically (at least annually) review the radiation protection programme
and implementation.

France, Germany, Korea, Slovenia: ALARA regulation

In France, the decree related to occupational radiatiotegtion Décret n° 2003296 du 31 mars 200
relatif a la protection des travailleurs contre les dangers des rayonnements iohisaettfies that, in orde
to apply the optimisation principle, for each operation taking place in a controlled area, sioped\
estimate of occupational collective and individual doses shall be made, and collective and individy
objectives for the operation shall be set at the lowest level possible according to the available techni
the nature of the operation be undertaken.

In Germany, regulation states that anyone intending to engage or engaged in activities causing ra
obliged to keep all types of radiation exposure or contamination of persons or the environment as
practicable, taking due esunt of the statef-the-art and in consideration of the circumstances of &
individual case, even where the values are below the limits. The regulations do not contain any m
criteria for implementing overall optimisation based on monetary &sp€his allows interpretation bot
along the Iines of minimisation as well as op
however, the VGB has made recommendations for the use ef@ostit analysis in the choice of radiati
protection options.




France, Germany, Korea, Slovenia: ALARA regulatidnCo nt 6 d)

In Korea, the utility KHNP has always strived to reduce occupational exposures to levels that are 4
and has made remarkable strides over the last two decades. Thesensdasie been achieved through
variety of means at a number of levels, even if the main driver has been compliance with reg
requirements. ALARA requirements were incorporated in Korean regulation as follows:
1958: Establishment of the Atomic Act.
1983: General Revision based on ICRRMPD, MPAD, MPC).
1994: Inclusion of the ALARA principle.
1998: Transition to dose limit of 106Sv/5 years and 5&Sv/year maximum
(200mSv/5 years until 2002).
1999: Requirement to implement the ALARA programmes.
2001: Application of the concepts of ALI, DAC.
In Slovenia, the nuclear and safety regulations have introduced the optimisation plan as a part of the req

for radiation exposure assessment (Official Gazette No. 115/2803) related to the rulesif authorisation of
radiation protection practices (Official Gazette No. 13/208%/8, and No. 27/2006JV2/SV?2).

= = = =4 =4 =9

Japan, Spain:Regulatoryreview

In Japan, the authority reviews and approves the Operational Safety Programmes which licen
requiredto submit and which serve as the basis for keeping occupational exposures ALARA.

In Spain, in the 1990s, the regulatory body (CSN) issued a guide on optimisation of radiation prote
NPPs(GS&® 1. 12 AAplicaci-n pr 8§8ct icada radio®gich an lacepptotacidn g
| as <centr ai Rratical applitagoa ofehe optimisation of RP in NPP operation). This incl
general criteria for the ALARA framework such as establishment of responsibilities, necessity of
doaumentation and guidelines for ALARA programmes (indicators, objectives, training, managemer
These criteria are implemented in different official documents at different organisation levels and are
and assessed periodically.

2.4 Industry internal procedures: operational restrictions

Aspartofaut i |l ityds internal procedures, operation
reduction of individual occupational doses or to facilitate the identification of workers who might reach
the egulatory dose limits. Such restrictions may also include dose constraints, dose targets or dose
objectives. It must be noted that, according to national frameworks, different terminologies are used by
the operators for thesecopetraaionad oresfidoséi ba
specify a maximum annual individual dose to be received that is lower than the dose limit. The levels of

i ndividual dose giving rise to a speamveftigaionact i o
|l evel s0 or dAwarning | evel s orelatddievels in teyns of individwlo me ¢
or coll ective exposure may al so be set. Such

constraintso. T h e y phagse of agob to estinhate whatwoybdrbe theamasimumo n
dose for this job and to perform optimisation of protection below this level. They can also be used after
job completion to compare actual doses with the objectives.

While these may be referred to byfdrent names, they are operational values used by utilities in
day-to-day dose management. They may also be used when considering radiological protection criteria
in the design of a new process or facility. I'wark management sense, these restrictioms/ige
utilities with tools to facilitate individual dose management within the regulatory limits.
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Canada:Radiationprotection regulations and establishment of action levels

In Canada, the General Nuclear Safety and Control Regulations require a$icengd i cat i on

proposed action |l evel for the purpose of sect
defines an fiaction |l evel o as a specific dose
lossofcmt r ol of part of a |icenseeb6s radiation

action to be taken. RPR 6(2) stipulates fihen a licensee becomes aware that an action level refer
in the licence for the purpose of this subsethas been reached, the licensee shall:

I Conductan investigation to establish the cadsr reaching the action level.

9 Identify and take action to restore the effectiveness of the radiation protection programme imple
in accordance with section 4.

9 Notify the Commission within the period specified in the licemice.
Action Levels are an important tool in alerting the licensee and the CNSC to any potential losses of ¢

In addition, some Canadian utilities establish Exposure Control Levels (ECUsh@ministrative Dose
Limits (ADLs) within their radiation protection programme to ensure an appropriate level of manag
control is applied as a worker approaches dose limits to minimise risk of exceeding regulatory limits.

An Action Level (that formgpart of the license) requires reporting to the CNSC. Administrative control I¢
operational intervention levels, etc. are essentially internal tools for dose monitoring and control, and

not require individual reporting to the CNSC. Both ardyewarning indicators of potential problems

radiation protection and both require follmyp actions.

France: Operationaldose restrictions

In order to respect the annual dose limits, the French utility EDF has implemented two warning dog
for regularly exposed workers: i) a prearning level of 16 mSv/year on 12 rolling months, and ii) a war
level of 18 mSv/year. If a worker reaches the-wegning level, a special surveillance is performed, and
working environment is adapted, possiblycmoperation with the medical services. However, the worke
still allowed to enter the controlled area. If the warning level is reached, the worker has to stop his g
within the controlled area until the following actions are made: the empltheehealth physicists and th
medical services are informed; a special risk analysis is conducted in order to estimate the worke
doses; and the employer gives a specific authorisation to continue the work.

Germany:Work to be done outside outagperiod (Philippsburg NPP)

If a system failure must be eliminated prior to an outage, due to plant safety or technical requiremg
team planning radiation protection activities asks to reduce the power of the plant and estimates the
individual dose on the basis of the area dose rate. The main rule is that, in this case, the individ
should not exceed 1 mSv.

Japan: Dosetargets

In Japanese regulation, occupational dose limits are set ah3@Byears and 5Sv/year; these are n
exeeded in the countryods nucl ear power pl ani{
occupational exposure by setting a lower target of individual dose, for instance 20 mSv/year, in their 1
protection management. In Japan, 66 péBons work in nuclear power plants, of which onig persons
exceeded 2enSv in one year between FY2002 and FY2007.

Romania: Dosecontrol pointsfor optimisation of internal exposure (Cernavoda NPP)

The Dose Control Point (DCP) is an internal administealimit for the control and limitation of occupation
radiation exposure. It represents half of the effective dose available at any time until the administrative
18 mSv/year is reached. At the beginning of a dosimetric year, the DCP is setSat, @&nd decreases wi
increasing received dose. The DCP cannot be exceeded in any single exposure (single task/job fo
entrance in the radiation field) without approval of the Station Health Physicist.




Romania; Dosecontrol points for optimisabn of internal exposure (Cernavoda NPR)Cont 6 d)

For CANDU reactors the major contributor to the internal dose is tritiated heavy water (DTO). Besi
administrative total effective dose limit of 18 mSv/year, other administrative controls are imfgdnire
order to optimise protection for internal doses due to the intake of DTO:

1 Removal limit of 1 mSv committed dose: when DTO concentration in urine exceeds 1.2 MBg/L
sample submission is required and the subject is not allowed to enter agiadiatone with tritium in
air contamination until the concentration decreases.

9 Investigation level of 0.3 mSv for followp of internal exposure to tritium: investigations are made
the depart me-ardiratérs. ALARA co

9 Threshold of 0.03 mSv anticipatedmmitted dose for the use of respiratory protection equipment,
when the tritium dose rate does not exceed the mandatory respiratory protection leveht® @5

1 Monthly targets for collective dose for station and work groups.

1 Performance indicate to improve station/work group performance.

Sl oveni a: Dose constraint and operational do s

At Krgko NPP, the plant operational l'imit for

in a year. Approval by the radiatigarotection superintendent and technical director is required in ord
exceed this limit. The operational limit has been slightly exceeded only for a few exposed individuals
related to welding or radioactive waste processing.

In accordance witlslovenian regulation, the plant has proposed to the authority external and intern
constraints. These values are used as authorised dose constraints:

9 The dose constraint due to external radiation is 15 mSv in a year for category A workemrn@wtb6
category B workers.

9 The dose constraint due to internal exposure is 0.2 mSv in a year.

If these dose constraints are exceeded, the Slovenian Radiation Protection Authority must be infor
corrective actions taken by the plant.

2.5 Summary

Radiaton protection principles and standards are developed at the internationgbdeviginga
sound bas for the development of national regulations. These regulations usually degl seitbty
and ii) radiation protection. In the field of safetthereis an effort to develop and implement
Aper f or ma mplanée mamterarecehier than mscriptive prescheduld maintenanceThis
typically allows reductions irmaintenance volume and therefore occupational expdsuitee field of
radiation protectin, specific rules can be introduced to foster the optimisation of radiation protection.
In addition to the regulatory framework, utilities can develop their own radiation protection internal
rules, integrating operational restrictior the management arfidividual and collective doses.
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3. ALARA MANAGEMENT POL ICY

ALARAT As Low As Reasonably Achievalileis usually considered as a way of thinking, a
philosophy, continuously questioning whether all reasonable action has been done to reduce
exposures. Téoster the practical implementation of this philosophy, it is necessary to create specific
organisations distribute individual and collective responsibilities regarding ALARAd establish
common rules to bepalied.

3.1 Introduction

The ALARA approach ansists in always questioning whether the best has been done in the
prevailing circumstances, and whether all that is reasonable has been done to reduce doses (ICRP,
2007). As with the implementation of any initiative, success depends upon motivationpguuait s
originating at the highest levels of the organisation. Plant management must put in place a
management structure or organisation to ensure that radiation protection is appropriately considered in
all jobs performed. In particular, plant managemeunsibe willing to support, in policy and budget, a
multi-disciplinary team approach to plan, schedule, implement, and fajoyebs. Although such
structures vary from country to country and from utility to utility, many of the key points of these
organistions are common, as discussed in this chapter.

3.2 Plant ALARA programmes

While every wutility should respect the fAspir
should be developed and implemented at all nuclear power plants. Such programmes express the
commitment of management to appropriately implement radiation protection measures, define the
objectives and describe the specific structures, procedures and tools necessary for their
implementation. These generally include:

1 The setting of programme goaad objectives, for example, requirement for establishment
of collective dose objectives for the year, éotages, and for specific jobs.

T A definition of resources available to meet the programme objectives
1 The assignmerof roles and responsibilities.
1 Adescription of theroleandfund oni ng of an AALARA Committee
1 The specification of radiation protection structures (outagerdimation, specific radiatin
protection work groups, etc).
1 The elaboratiomf an education/training policy.
1  Working methodsind requirements for job preparation, inmpéatation and pogbb analysis.
1 The means to measure the success of ALARA efforts, for example, a monitoring system

which provides timely, periodic feedback up and down the management chain as to the status
of achieving progamme goals and objectives.

1 The measures necessary to effect corrective action when feedback information indicates
programme shortcomings or failures.
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Russian FederationStandardALARA programme for all Russian NPPs

In 2000, the utility Conern Rosenergoatom initiated ALARA programme implementation at all Ru
NPPs. The Standard ALARA programme for Russian NPPs was elaborated by-fRessiin Researc
Institute for NPP Operation (VNIIAES) in 2000. The main features of the programme are:
a) ALARA organisational structure at NPPs:

T ALARA Committee

1 ALARA Groups: Main tasks and functions include job analysis, work preparation performan
feedback, etc.
b) Standard programme of activities aimed at occupational exposure reduction, including

9 Organisational activities
9 Source term reduction activities
9 Time saving activities.

In accordance with the Standard ALARA Programme, each NPP has elaborated a local ALARA prog
For example, the local programme at Kalinin NPP includes the follosddgional features:

Dose goals regarding the ALARAggramme.

ALARA organisational structure.

Sharing of responsibilities concerning the implementation of the ALARgMmMe.
Measures for reducing occupational exposures durizigtenance and normal opéon.
Procedures for occupational dose planning, anaéysisrecording.

Specal equipment for dose reduction.

Employee education on ALARA Programme.

List of jobs of 1 man-Sv or higher which should be optimised for exposure reduction.

E R ]

3.3 Roles andrespmsibilities for the implementation of ALARA

All workers and managers must share the responsibility for the implementation of the ALARA
programme in their field of activity.

Management commitment to any project is always demonstrated by management medence
support. Management policy should thus encourage managers to make frequent visits to the work site(s),
and to have firshand knowledge of project status and problems. Plant tours should be conducted with a
specific purpose or area of concentratiag.(dhousekeeping, cleanliness, worker procedural compliance,
tool staging adequacy, specific repair task progress, etc.) This can be facilitated by the appropriate
del egation of authority, which will fatiorteursmanage:!

In addition, management policy can require that work be performed within specified limits (dose,
marthours, time, etc.) This can be implemented via contractual requirements for contractors, and by
management 6s wi l | i nmaney sl personndl, thepdojectsi necestaey tormeet thef
assigned goals. The communication of these goal
these goals, is also very important.

Ownership of ALARA philosophy is a responsibility of all planbétional areas, which generally
include:

1 Plantmanagersresponsible for ALARA performance, inding setting internal standards.

1 Chemistry: chemistry specifications, key role in developing shutdown procedures, etc.

1 Operations: implementation of chemistadvice to maintain plant within chemistry
specifications, maintain water levels in accordance with RP advice etc.

1 Maintenance: foreign materials exclusion, preparation of tools and work areasuumock
training, etc.
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1 Radiation protection advise managersnd other work groups, set standards, pragmatic

implementation of rules and regulations, etc.

Engineeringsupport using operating experience to minimise maintenance requirements, etc

Work planning and scheduling understand how work schedules are linked plant

configuration and how deviationfn plans can affect ALARA etc.

i Outage logistics: account for logistics during outage periods i&sa from normal
operations).

1 Facilitiesmanagement.g.housekeeping and cleanliness.

1 Contractors.

E

It should & noted that the organisation and structure of these functions may differ from utility to
utility, and possibly between normal operations and outage periods. It is thus difficult to elaborate
what could be the Abest o ddr,same gdmarit rulesrcan bod drawre s p o
from the pasexperience of numerous operators, which are discussed further in the following sections.

United Kingdom:Role of management

In the United Kingdom, the employer is required by law to appoint suitable peirsenfficient number, to ag
as radiation protection supervisors. These people are responsible to the employer for ensuring that th
follow properly the plant radiological safety rules. To be effective, these supervisors must command the
of a supervisor and be knowledgeable about the work being performed and how the radiological p
requirements are effective at keeping doses ALARPIdw as reasonably practicgblat SizewellB, each
front-line supervisor (in maintenance, ogeria o n s , etc.) is appointed asg
involved in briefing their team on Radiological Work Permits and ensuring that rules are followed. In af
all users of ionising radiation have been reminded by the regulatbigyrigwthat the managers must be activ|
involved in promoting ALARP and in decisiomaking that affects occupational exposure.

Distribution of ALARA responsibilities

While the distribution of responsibilities may vary between countries and utilitee$oltbwing
broad areas of responsibilities are generally applicable.

For large utilities, the following centralised functions for ALARA at the corporate level usually
include:

Elaboration of theverall ALARA philosophy.

Fleetwide standardisation of ALRA policy and procedures

Elaboration of generic action plans for dose reduction and optimisation

Establishment of short (3 months to 1 y), mediunb (f) and longerm (e.g., 10 y) dose

targets, corporate wide for each site if applicable.

1 Independenthallenge boards for detailed review of major component replacement (e.qg.,
steam generator or reactor vessel head replacement)

1 Fleetwide sharing of ALARA expertise and experience

1 Establishment of dose targets for new build.

1
1
1
1

In addition, for all utilities, the following organisational roles and responsibilities for ALARA are
usually assigned, although it is recognised that different variations of this exist in practice:

Senior managememust promote, resource and support the ALARA programme to ensure its
overall success.



Plant managersre responsible for the overall ALARA programme in accordance with the policy
and objectives of the utility (which in some cases may be elaborated at the corporate level). To this end,
they:
Participate in the formulatiorf the station ALARA pogramme goals and objectives.
Support plant personnel in terms of the implementation of radiation protection measures,
particularly he radiation protection manager.
1 Ensure that open channels of communicatixistéo the corporate \el.
T Review the status of the plantés efforts to

1
1

Department managerare responsible of the implementation of the station ALARA programme
in their field of activity and for assuring that work is performed in accordance with ALARA
procedurs. To this end, they:

1 Define the contribution of their department to the station ALAR#gpamme.

1 Establish the dosiatric goals of their department.

1 Validate and control the procedures and methodsoeddéed to reach the objectives.

1 Support their persomhin the implementan of the ALARA principle.

1 Review periodically the performances of the department with respect to the ALARA
programme objectives.

Radiation protection managewme responsible for the development and implementation of the
radiation p ot ecti on pr ogr amme, and must have the aut
resolve radiation protection issues and concerns. In particular, they:

1 Develop methods and procedures for immamtion of the ALARA principle.

1 Identify and analyse condihs and operations (including risk) thedan cause significant
exposure.

1 Implement an exposure control programme and provide feedback data to other departments
(radiological data, exposeitevels, etc.).

1 Implement initial radiation protection training andont i nued i nput t o p
programme.

Radiation protection technicianare responsible for following operations in the field to help
assure that radiation protection policies are carried out and that jobs are implemented in accordance
with the ALARA principle. Their responsibilities include:

9 Providing assistance and advice to workers to motivesa to adopt an ALARA behaviour.

1 Following jobs to ensure the respect of safety andtiath protection procedures.

1 In some plants, stopping work irage of serious deviation from dosimetric objectives, or
when there is a significantly increasing radiological risk for workers.

Finally, eachindividual workeris responsible for maintaining his or her exposure ALARA by
following radiation protection traing and procedures and by identifying dose reduction opportunities
to management. In particular, workers are responsible for:

1 Maintaining their level of individual exposure and that of the workers around them as low as
reasonably achievable by applyingogaradiation protection procedures and practices
1 Identifying and suggesting improvements and good practices for the reduction of exposure.

Division of ALARA responsibilities between utilities and contractors

There is a need for a clear division of resjiulitties between utilities and contractors regarding the
implementation of ALARA. Utilities, as owners of the source, are usually responsible for the work
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environment . If the contractor i s using farhe wut
optimising the radiation protection at the working level. If, on the other hand, the contractor is
elaborating its own procedures, then it is responsible for demonstrating to the utility that protection has
been optimised. In some cases, it is posdiblintroduce specific contractual requirements addressing
radiation protection performance. However, in all cases, the dialogue between the utility and the
contractor is a key element for improving radiation protection.

France: Contractorsat EDF

For natonal maintenance operations performed by national contractors, EDF has introduced
obligations within multiyear contracts related to radiation protection compliance. These contracts includ
detailing a fixed amobanpantf dvetr &il amg @pos Jiiolplt
not fulfil the obligations specified in the contract, or does not demonstrate good behaviour regarding 1
protection, the optional part of the contract might not be awarded to tlmeatont

Slovenia:Contractorr e sponsi bilities (Krgko NPP)

Considering the contractir responsibility for ALARA, an efficient management policy is to introduce
obligation for ALARA into commerci al cablainthecass
of high collective dose activity for payment of a penalty to the plant as a result -@ongliance with
ALARA requirements. If the overall dose exceeds the ALARA Plan by 10 man-mSyv, the contractor m
an amount ofi10 000, plus andditional amount ofi 5 @oBedch additional Bnan-mSv over the dos
compared to the ALARA Plan. Settlement of the penalty is agreed upon by both parties during
meeting. In this case, the alpha value set by the plant is also used for commeax®ials to force th
contractor to take an appropriate responsibility for ALARA.

3.4 The ALARA Committee and other specificALARA organisations

According toa utility $organisation, ALARA Committees might bstablishedt various levels:
corporate levelengineering levelplant level, etcFor utilities managing a large number of plants, it
might be useful to create an ALARA Committee at the corporate level in order to disseminate the
main objectives of the utilite ALARA policiesandcoordinate radi&n protection actionamongst
theplans. Such a&committee is generally chaired by a representative from thRRanagenentand
members are representatives from fient top managenent Some utilitiesthat have established
engineering departments atet corporate level might also set up ALARA Committees for co
ordinating the integration of radiation protection aspect® iengineering developments.d.
elaboration of plant modifications or special maintenance gibg,

Plant ALARA Committee

A Plant ALARA Committee is established in some utilities to provide an ongoing imulti
disciplinary planning and review of the ALARA programme. Sudommitteeis generally chaired
by a representative from plant top management to ensure a capacity for decisiug aradkimembers
are generally representatives from the various plant departments, including radiation protection,
chemistry, maintenance, operations, engineering, planning, scheduling and logistics.

The committee is typically responsible for approving aediewing the ALARA programme
proposed bythe plant manageiof setting annual occupational exposure goals and of assuring that the
programme is implemented and robust. The ALARA Committee should meet periodically to review
station ALARA performance, evaidte individual dose reduction suggestions and make recommendations
to management regarding the effectiveness of the ALARA programme. The minutes of each meeting
should specify who is responsible for each action decided by the Committee, and shoulbbedigir
all departments.
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The Plant ALARA Committee can be consulted in order to validate the ALARA plans of some
maintenance jobs. The decision to present such jobs to the committee usually depends on the level of
expected individual or collective exposs associated with the job, or when an arbitration has to be
done in selecting the best protection option (see also Section 3.5).

ALARA engineering group

In order to facilitate the practical implementation of the ALARA programme, it can be useful to
crede a specific ALARA engineering group composed of radiation protection professionals and
engineers. The role of this group danlude participation in job planning, scheduling and preparation
meetings, detailed review of work procedures, design of tempsiéelding, etc.

Korea: ALARA organisation and responsibility (KHNP)

KHNP revised its ALARA programme and developed a standard ALARA procedure to meet6(C
recommendations implemented by Law (1998). Previous ALARA procedures had been applied tarnts
until the standard procedure was developed for all plants in 2000. The organisation and responsibiliti
ALARA Committee and ALARA Practical Committee, shown below, are described in the standard pro

Position ALARA Committee ALARA Practical Committee
Chairman Plantmanager Radiationsafety manager
Secretary Radiationsafety section manager | Radiationprotection section chief
Members Vice-plant manager Workgroupsection chief
QA manager Subcontractoworkgroup manager
All -plant managr Radiationservice subcontractor manager
Subcontractomanager Member recommended by the Chairman

The ALARA Committee is responsible for general ALARA programme reviews (RP policy, annual t
long-term ALARA strategy, etc.) Both committees arepassible for the following items, depending on t
expected job doses:

 Review of radiation protection optimisation planning; Pestk ALARA review if actual dose exceed
the expected dose by 25%

9 Review of the radiation safety control plan

1 Review of theoptimisation plan for radiation protection (whenever requested by a chairman).

Germany:The creation of the ALARA Committee as a result of an OSART (Phillipsburg NPP)

An OSART review conducted in 2004 suggested the establishment of an ALARA committeg
committee holds a meeting two times a year for outage preparations, and for look back previews @
events. The ALARA committee consists of members of plant management, plant operator 3
responsible RP commissioners of traticulardepartments i.e. maintenance and operations. The comr
was successfully established and is an important contact to the plant management. Thus more
radiation protection preparaticcan be introduced and elaborated. This means that the most recent
and those with potential flaws will be openly discussed and analysed. The committee encou
willingness to address radiation protection issues.

Romania: ALARA culture (Cernasda NPP)
At Cernavoda NPP, the ALARA culture consists of the following:

T The work groupsd® ALARA Coordinators:
T Analyse the monthly dose reports for their work groups (doses received against dose targef
received for major workactivities).
T Are involved in the issuing and followp of the work group ALARA objectives and indicators, 3
the dose reduction plans.
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Romania: ALARA culture (CernavodaNPR) Cont 6 d)

The ALARA Technical Committee is responsible for:
T Pre/postob ALARA evaluation for activitis/jobs > 20 man-mSv estimated collective dose.
T Analysis of those activities established through theasdessment process.
T Establishing ALARA specific objectives and targets.
T Analysis of the evolution of dose related performance indicators.
T Collection, aalysis and evaluation of data for determining the efficiency of the ALARA Pro
ALARA costi benefit analysis.

T Evaluation and approval of the action plans to decrease the exposure at the work group level.

The ALARA Committee approves ALARA objectivesdatargets and performs trend analysis of ALAH
performance indicators and, if necessary, establishes corrective actions and modifies the objectives,
objectives include:

Plant and work group collective doses (man-mSv/year).

Planned outages collectidese (man-mSv).

Major works collective dose (man-mSv).

Plant internal collective dose (% from plant collective dose).

Work group internal collective dose (% from work group collective dose).

= =4 =4 =4 =9

United StatesThe ALARA engineering group

In the United Stateshe ALARA engineering group is generally composed of several health physicis
technicians who conduct routine ALARA reviews and who perform dose accounting functions. Ty
the group performs 20800 ALARA job reviews annually, recommends anradl outage man-Sv goals
the ALARA Committee, administers the exposure tracking data base, remote monitoring systems, tg
electronic dosimetry and robotics. Permanent and temporary shielding designs are also the respon
this group. Thiggroup should work closely with all phases of job planning, scheduling and prepara
assure that appropriate radiation protection measures are included, for example maintaining water
piping to achieve shielding benefits.

3.5 ALARA reviews

ALARA reviews are usually performed by the ALARA engineering group if such a structure has
been created. However, whatever the organisation, these should be performed -Joysaompiitiary
teams composed of radiation protection staff and technical speciadisvvant to the particular job
under review.

In applying the ALARA principle to particular jobs, it is evident that not all jobs require the same
level of review. Depending upon the radiological risk associated with the job, the level of effort put
into reviewing the job for the purpose of dose reduction will vary. Normally, dosimetric criteria are
established which define the level of effort and which also specify the hierarchical level of approval
necessary before the job can be implemented. Thesdecdre often set such that if the predicted
level of individual dose and/or the predicted total collective dose for the job pass a certain point, then a
defined level of review and approval is required.

In the selection of exposure reduction measuresisida aiding techniques like celsénefit
analysis are often effective. The use of these analyses implies the adoption of a reference monetary

value for the unit of collective dose (soa | | ed fal pha valueo). I'n most
alpha vale is restricted to decisions regarded as particularly important, whether in terms of budget or
of i mpact on operations or install at-aioci sqafted gl

rat her t hamnmmaaksi nag i doeoclios, i sobjectivipyiinrihg detisicmakimgl puocess.

33



In most cases, it is no more than one criteria among others. However, even if the result of & decision
aiding technique is only one criteria in the decigioaking process, such techniques permit users to
betterstructure the problem, identify the decision criteria and quantify the various elements needed
(collective dose, distribution of individual doses, effectiveness of radiation protection techniques, etc.)
It also facilitates transparency in the decisioakng process.

Belgium, France:Classificationof jobs by expected dose

In Belgium, at Doel NPP, an ALARA file has to be prepared whose detail depends on the collective d
on the dose rate:

Ambient dose rate < 0mSv/h (and contact dose rate < thSvh) and/or collective dos
< 0.5person-mSv: ndetailed preparation file.

9 Ambient dose rate > 0rhSv/h (or contact dose rate > @n%v/h) and/or collective dose of €&65man-mSv:
preparation of an ALARA file with detailed planned doses and a distckith the RP actions to b
implemented.

 Collective dose of 25 man-mSv: a mandatory meeting between the professional and the RP
prepare the ALARA file together, which htsbe validated by the RP staff.

 Collective dose > 2man-mSv: the same pralige as above plus a meeting of the ALARAmmittee
to identify actions to reduce the collective dose.

In France, EDF has established internal rules for radiation protection including a specific cha
optimisation of radiation protection. Depending thie collective dose, the dose rate or the contaming
level, a more or less detailed ALARA analysis has to be prepared. The reference values of the collec
and dose rate used to determine a level are the same for all EDF plants. The contateissi@are set uj
by each plant:

9 Level 0: Ambient dose rate < 0rhSv/h and/or collective dose <ndan-mSv: no specific optimisatig
study is required; the application of the standard rules is considered sufficient.

M Level 1: Ambient dose rate of 0:2 mSs//h and/or collective dose ofL10 man AmSv :
ALARA analysis is performed by the job planner;

1 Level 2: Ambient dose rate of-20 mSv/h and/or collective dose of-20 man-mSv: An kdepth
ALARA analysis is performed by the job planner in codieation with the health physig
department;

9 Level 3: Ambient dose rate > 40 mSv/h and/or collective dose > 20 man-mSv:-depih ALARA
analysis is performed under the responsibility of the health physics department, in collal
with the job plannerThis analysis should include the comparison of several protection op
It has to be accepted by the plant ALARA Committee.

Korea: Monetaryvalue model

At the 2007 ISOE Asian ALARA Symposium, the Korean Institute of Nuclear Safety (KINS) propg
new monetary value model. They surveyed alpha values used by the world NPPs and models o
(CEPN), the United Kingdom and Japan. They compared these models with the KINS model and de
a new model that considers social and economic factors sggbsassdomestic product and life expectanc

Romania: Prior assessment of radiation activity (Cernavoda NPP)

At Cernavoda NPP, all activities involving radiation exposure are assessed from the radiation pr
point of view according to station proceds. An estimated collective dose is calculated based on de|
information about activities to be performed. If the estimated total dose exceeds a predefined limit
assessments are performed by the NPP ALARA committees in order to establignsatofy measures 1
minimise collective doses and radiological impact. If the estimated total dose exceeds 10 man-mSv
work plan is approved to establish all the compensatory measures needed, such as hotspot shig@hdir]
mockup or restrictd use of respiratory protective equipment to minimise external dose, thus re
individual and collective doses.
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Romania: Prior assessment of radiation activity (Cernavoda NRPC o nt 6 d )

For each planned outage, activities are assessed and doseesstame calculated based on previg
maintenance experience. If no previous experience exists, -plprEssessment is done based on
measured radiation fields and necessary protective measures are established. Each activity with
collective dee higher than 0.1 man-mSyv is given a radiation work permit number and is closely mo
during performance to ensure that the established protective measures are observed and collec
follow the predicted trend. If not, corrective measuredaien in a timely manner whenever necessary.

3.6 Industry ALARA guidance

In support of plant ALARA activities, some utilities have developed their own internal radiation
protection guidance, including recommendations for the practical implementatio\BfAAln addition,
some industry groups, such as the Institute of Nuclear Power Operations (INPO) and the Nuclear Energy
Institute (NEI) have developed similar guidance based on the experience of their members.

France : EDF internal requirements

InFranceEDF has el aborated a fiRadiation Protectd.i
regulatory requirements as well as the internal EDF requirements in terms of radiation protectig
chapter is specifically dedicated to the optimisatioradiation protection and the way to evaluate predic
doses, track doses during operations and analyse feedback experience. Another chapter dedical
radiation protection management gives requirements for the plant organisation (creation of A
committees, nomination of a manager in the Direction staff in charge of radiation protection, etc.) Ad
guidance exists to help implement these requirements.

Japan: ALARA operational safety programme philosophy

Japanese utilities describe the sifitALARA in their Operational Safety Programme. In accordance
this, utilities make efforts to lower exposure using their own internal targets, for exampiSv2Zar (in
comparison with the regulatory limit of 30Sv/year).

United States: INPO guidéhes

In the United States, INPO, created by the nuclear industry in 1979 following the Three Mile Island a
is responsible for nuclear utility performance and assessment. All US organisations that operate cof

nuclear power plants are INPO mere r s . I NPOs mission is fito pr
reliability 7 to promote excellencé i n t he operation of nucl ear
perspective, | NPO i ssues AGuidelinesi bosORad®I

implement and maintain high standards in radiological protection and to meet collective dose obj
INPO is also responsible for developing performance indicators.

With respect to radiation protection, a single indicatorsisdu the collective dose objective per unit. Ev
five years, INPO requests that each nuclear power plant determines what they plan to achieve
objectveand ear obj ective). I NPO t he nb5yar doseaggaés $or BRb
and PWRs. The indusily chief nuclear officers set the goals so that the nuclear stations themselve
ownership of the goals. The goal is tracked on an annual basis to measure progress of the fleet o
the goal. It is noted that when plare ranking by INPO according to their annual collective dose, t
below the dose goal are penalised on the performance indicator index. The performance indicator i
composite of ten indicators and is used to measure overall plant performarmeghTthis practice, INPC
looks for a continuous improvement of plants performance.




3.7 Summary

I'n order to spread t hamongthllAeRels offitive anpnagerhenttchain,n k i n
from the company President to the worker on the floor, it is neyetgsaet up and structure dedicated
ALARA programmeshat make explicit the goals and objectives of the utility regarding optimisation
of radiation protection. The responsibilities associated with the implementation of the ALARA
programme should be clegrldistributed among the various management levels and work
specialsations The creation of ALARA Committees or other tyxe specific ALARA organisatios
are a key el reetingq gointd betweenthe man attorsn ALARA implementation
This favours their involvementin the ALARA programme as well as the common elaboration of
ALARA plans.
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4. WORKER INVOLVEMENT A ND PERFORMANCE

ALARA cannot be achieved without worker involvemeig.thte worker that is exposed, and it greatly
depends on the worker himself to reduce the exposure. Motivation and performance can be improved
by facilitating the involvement of the worker in each stage of the work, from the planning to the post
job review In order to realise this, top management must also be committed to this process and favour
a structure that encourages and takes into consideration the feedback of workers.

4.1 Introduction

A topic which influences many of the stages of a job is thelleweent and performance of the
worker. There are many features that contribute to worker performance and which can be supported or
improved by worker involvement. By engaging the worker in the task undertaken, the worker is more
likely to be motivated to grform the job to the best of his/her abilities. This will be reflected in lower
job doses and higher job quality. Recognising that there is a hierarchy of personnel, ranging from top
management and departmdanel (senior) management to section headgnien and workers, many
of the aspects in this chapter will be valid for personnel of all levels.

4.2 Worker performance contributing to ALARA implementation

Much of the operational knowledge needed to efficiently manage worker exposures rests with the
workers themselves. Exposures can be reduced at the same time as work efficiency is improved through
the application of good work management practices. To harness the knowledge and experience of the
workforce in this effort, it is essential to actively engdlge workforce in decisiemaking processes.

Good workers contribute to dose reduction by performing their jobs with high quality, low dose and
within schedule and budget. Structures also need to be in place to permit and encourage worker
feedback. Recogging some of the more important features defining good performance, workers should:

1 Be well educated and trained in tieehnical aspects of the job.

1 Know and apply good radiation protection practices in the work place, including the

practical applicatin of the ALARA principle

Act in accordance with their job assignments and work ioperation with their team

Assess the work to be performed and seek to improve performance within procedural

requirements using their own experiericduring job preparain, job implementation and

postjob reviews

1 Draw on their experience to propose new tool designs or modifications to existing tools,
facilities, or components as relevant

1 Recognise potential problems and be able to react to the occurrence of uneppEtrds
in a safe and efficient manner

i Take advantage of information exchange networks (internal and external) to ensure that their
knowledge, experience and lessons learned can be shared with and used by other workers.

1
1

One of the essential building bkx necessary to encourage good performance is personal
motivation. As such, the motivation of personnel is a key element in worker involvement.
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4.3 Education andtraining to implement the ALARA approach

Education, in the case of worker involvement in ALAR&eals with the concepts and good
practices in radiation protection and informs personnel of their responsibility to maintain exposures
ALARA. This education must be adapted to the type of personnel concerned and to their level of
responsibilities. For emple, a training course for managers can present an overview of the importance
of, and the justification for, implementing a plant ALARA programme, its basic principles and the
procedures for assessing its efficiency. Conversely, training for workersl Sflaomprehensive and
focus on the basic ALARA principles and practices, the distribution of roles and responsibilities, the
various radiological protection tools (plant controlling documents; anel posfob review, dose
reduction techniques, etc.)daguidance on conduct in case of unexpected events.

Even if not directly working in exposed areas, it is important for all workers to be aware of the
radiation protection aspects and impacts specific to their areas of responsibility. For example, it is
necessary for maintenance personnel to understand the possible impact of working conditions on the
duration of exposure, and therefore to take them into account when defining new working procedures
or developing tools which will be used in restricted areaglile wearing protective suits.

ALARA education and training should be repeated periodically, for example as a refresher course
before an outage in order to inform or remind workers of the important aspects of radiation protection
and of conduct in worlAs part of training, special consideration should be given to:

1 New personnel not yet sufficiently familiar with the ALAR#vproach.

1 Inclusion of previous experiences from recent education and training sessions, especially
from reviews and recomemdationsrom participants.

1 Providing information of relevance to the work to be performed.

STAR selfassessment process

Implementation of ALARA during work performance may also benefit from education and
training on the use of the STAR sa$sessment method taduee mistakes, incidents and accidents
and prevent both unnecessary doses and personal injuries. This technique requires the worker to:

S Stop before performing a task anddentify the correct component.

T. Think about the task, the expected respomsk actions required if the response does not
occur.

A: Act by reconfirming the correct component and perforntivegintended function.

R Review by comparing the actual response to the expected response.

The STAR process is widely used in the nuclear itvguend will effectively contribute to an
integrated safety management system by confirming that a task is safe to perform.

Canada:Continuing education for radiation protection technicians (Pickering B NGS)

At Pickering fABO, t h ehasHrestduted & corRituing dducation Pwgraanme fon
radiation protection technicians. At the start of each shift duringoprériefings, a health physicist preser
relevant topics and fields questions. The programme hafola ®enefit: the informon presented is a
extension of the radiation protection training; it delivers new information to experienced and
graduates; and it provides the RP technician an opportunity to routinely meet with the site health ph
This communication/irgraction is essential in improving the day to day performance of radiation prot
services.
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Lithuania: Training programmes at Ignalia NPP

At the Ignalia NPP, it is recognised that proper training and education of workers is one factor to ¢
radidogical safety culture. Training and education of outside workers in the field of radiation protec
organised according to requirements set out in the Order of Minister of Health of the Republic of Lit
The established frequency of trainingbigears. Training programmes prepared for Ignalia NPP worker
also applied for the training of outside workers. The programmes are approved by the Radiation P
Center and last about 30 hours.

Romania; Radiation protection training of workers

Station personnel have radiation protection qualifications according to the job requirements. There

gualification levels with different skills and responsibilities, each which requires a refresher course

S5years:

1 Red Untrained persons, who maot enter or perform radiation work without special approval

i Orange Persons with basic radiological training and a requirement for obtaining initial access
radiation area as well as for performing work in these areas. They are not alloweatmp
activities in Zone 1 without a radiation protection assistant

1 Yellow: Persons given thorough knowledge for radiation protection, but with limited pra
experience. These persons may perform radiation work without any assistance

i Green Experiencedradiation protection personnel with thorough radiation protection knowle
They may also act as radiation protection assistants for Red and Orange qualified pers

4.4 Factors contributing to worker involvement

Motivation is an important prerequisifer worker involvement, and the factors and modes of
behaviour previously discussed call for conditions and practices in the utility that will encourage and
maintain involvement of both plant workers and contractors. In thettwng this should lead to
improved performance of the weflirce and optimisation of radiation protection.

Role of management

To fully involve workers in optimising radiological protection, it is important for them to see that
management at all levels is committed to ALARA. lalso important that all levels of management
apply work management to improve plant performance. If management is not concerned about the
implementation of work management or the application of the ALARA principle, it will be more
difficult to motivate wokers to apply these approaches. Senior management is therefore an important
link in work management and worker involvement. Their specific role should be to motivate workers
encourage their feedbaekd report this to top management. It is essential dw storkers that they
are not the only ones participating in the ALARA process and that management will listen to their
suggestions.

As most of the outage work is often performed by contractors, it is similarly important to involve
the contractor personnel work management and radiation protection. Regarding management, there
are two areas to be addressed:

1 The management of the contractor should involve its personnel in workgemaeat and
radiation protection.
1 The management of the utility should:
T Support involvement of contract personnel during the outage work and motivate
contractors to coperate in the work nmagement and ALARA approach.

P

T Reviewt he contractords attitude toward work



France: Organisationof plantmanayer 6 s vi sits on the floor

To facilitate and improve the efficiency of -time-floor visits by managers, some EDF plants have develd
an interview guide for managers. The guide is a clistkvhich recalls the main points to be controlled
the manageraccording to the reference RP internal guidance applied at the plants. Annual planning
visit is set up to ensure that managers devote sufficient time to this activity.

Involving personnel in planning, preparation and ALARA review

Generally, the pson performing the job best understands the work and is best able to suggest
changes to improve the work and reduce dose. To take advantage of this operational experience,
workers should be integrated into the work planning and preparation phases. THiachitite
improvements in working procedures, scheduling, tools and techniques to be used, and harmonisation
of actions to be performed. Work performance can benefit from the experience of personnel through
postjob reviews and experience exchange (oeking), and where appropriate, through feedback at
specified stages (hold points) during a particil
their knowledge and experience is requested, shared and utilised. An additional tool for collecting
wor ker experience is the radiation protection fAs
tool if feedback is systematically provided to those who submit suggestions.

In that most jobs are performed by contractors, the possibility of involviege workers in
planning and scheduling is somewhat limited because they are normally not present on the job site
before the beginning of work. However, these workers should be involved in job/task specific training
as necessary, as well as in the pobtreview so that their feedback can be obtained and utilised. This
may require plant management agreement to pay contractors for their review time.

Japan: RCP inspection (Ohi NPP)

At the Ohi NPP of Kansai Electric Power Co. Inc, the ALARA working group established through th
participation of Kansai 0s radiation control

contractors to address the reduction of radiation dose in reactor coolant pump (RCP) inspection g
This group covers bBhspects of RCP inspection, including the designing of equipment, inspection ac
and administration. A plant management member was appointed leader of the ALARA working groug

Based on questionnaires sent to some 50 workers involved in RCP iospsttvities, major causes of hig
doses were extracted using the cause and effect diagram. These were further broken down tg
ALARA measures. Proposed measures were evaluated in terms of their reduction effect and cost ¢
and the followingmost effective measures were chosen:

Introduction of an ultrasonic cleaning unit for the decontamination tank

Enhancement of shielding in the RCP inspection room (greenhouse)

Impeller shielding box

Improvement of the internals hoisting device

Introdudion of automatic electric toals

Enhancement of training.

E R EEEE

Information and communication

Workers should be regularly informed of manag
should be answered as soon as possible. This may be done by regular iofoshagéts, handouts,
posters, or on a cafy-case basis using, for example, information workshops. If goals are set for
specific jobs, personnel should be informed of the achievements in meeting these goals, for example
by the posting of charts, graphgdaresults on a periodic basis.
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Prior to task performance, a short worker briefing provided by the task managers adidtown
protectionpersonnel can be useful to remind workers of the dosimetric objectives for the job, as well
as of t h e agraotdritiss. Ongoingr dose mesults associated with the outage should be
displayed in a visible place, for example at the entrance of the guard house, reactor building or in the
dressing room. Outage dose and job duration charts can also be posted loft theéage turnover
reports and discussed at each outage turnover meeting. Some key messages can be added to reinforce
the motivation of workers to reach the outage goals. However, care should be taken to ensure that it
will be not interpreted as checkipgrformance or questioning qualifications.

Communication, information transfer and exchange of experiences within and between all levels
will support the implementation of radiation protection procedures. This is particularly important for
communication btween utility staff and contractor personnel. For this purpose, it could be worthwhile
to include utility personnel on contractor work teams if appropriate.

France: Daily dose display, and booklets for contractors

In France, all plants have implementée daily display of the evolution of actual and predicted colleg
dose for the outage, and such practice is very well perceived by workers. This display is ver
completed with information related to:

I The number of work accidents.

The number of ginificant RP incidents.

I The number of internal or external individual contaminations.
I The main facts of the day.

EDF has also elaborated different guides for contractors summarising the safety and radiation p
rules to be applied at nuclear powéargs:

1 A national guide for all contractors (nuclear site access conditions, safety and radiation protectig
recall of zoning, mandatory RP education, etc.).

1 Local guides elaborated by each NPP for a specific outage (map of the site, phone neA®eos,
practical work organisation, alert signals, safety, RP and environment rules, outage flow ch
planning, etc.)

Romania: Performanceindicatorsi collective dose and dose accounting (Cernavoda NPP)

To improve the station and work group performgnplant performance indicators have been establish
Cernavoda NPP that are related to the presence of ionising radiation and radioactive materials, inc
collective dose, ii) internal dose (percentage from collective effective dose), iiharunh environmenta
events that have been reported to the regulatory bodies. These are assessewrttiige monthly or
quarterly.

Radiation protection awareness in the station and dose ownership were increased by placing specifi
information in key traffic areas of the plant: charts, bulletins, newsletters on radiation protection
goals, ALARA initiatives, RP policies and procedures. Moreover, before a planned outage, the rz
control service staff assesses all work plans involvadjological risks. The target value is established
the external collective dose for each task and for the entire planned outage. Each day the planned
printed and distributed by means of the following graphs and reports:

9 Collective dose (psonal alarming dosimetersPADs) for all the tasks (daily and cumulative).

9 Collective dose (PADs) for tasks with i) an estimated dose mdfdmSy, ii) an estimated do
< 10man-Sv, and iii) for routines, support activities (with no estimated dose).

9 Collective internal dose due to tritium intakes.

41



Romania: Performanceindicatorsi collective dose and dose accounting (Cernavoda NPRJont 6 d
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Sweden: Ceoperation with contractors (Oskarshamn NPP)

At Oskarshamn NPP, when a contractor is in the process of contract preparation for a job whic
involve considerable individual and/or collective exposure, it is expected that estirhatgeected doses &
well as costs will be calculated and included in the information supplied to the utility for contract eval
To facilitate the contractords job, and to
necessarydaa ( phot os, dose rates, drawi ngs, etc.)

by the utility radiation protection professional assigned to follow that particular job, and the contra
required to explain how the proposed proceduil assure that exposures are maintained ALARA.

following this procedure, the contractor fully understands the problem and is able to propose solutior
on past experience, resulting in a better product for the plant and lower exposures.

United Sates: ALARA briefing, outage guide and or®ur meeting with contractors

At some US NPPs, workers assigned specific tasks are briefed by the Radiation Protection Shift Su
and by ALARA Group representatives. These briefings are documented amtkincl

A review of work procedure

A review of work area conditions

A discussion on the necessary tools and equipment

A radiological briefing (review of all the specific requirements of the radiation work permit,
discussion on personnel responsil@Btfor their conduct in radiation areas).

EE EE]

Additionally, at the beginning of the outage, the ALARA group spends 1 hour with the maintg
contractors in order to brief them on the outage goals. Each worker receives an outage guide, prov
phonenumbers of the people responsible for the major activities, the outage objectives and goals, t
meeting schedule, recommendations on security, quality assurance, industrial safety, scaffoldings,
control, housekeeping, radiation protectietg. This guide also includes 25 maps of the major areas an
location of the main systems.

Additional incentives to motivate and involve workers

In some cases, incentive programmes that recognise good ALARA performance can be used to
motivate workergowards achieving dose reductions. Such programmes could recognise, for example,
the best team or good performance in comparisons with results from previous outages or at sister

pl ants. Company awards <can

rei nf or pogancmafragog e me nt

well done. Although awards and incentives can also be used to encourage feedback from workers on
making exposures ALARA, organisational structures should be in place to allow and encourage

routine feedback as part of the job planning mview process.
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Japan, United StatesExamplesof incentive programmes

In Japan, at some of the Tokyo Electric Power Company (TEPCO) nuclear power stations, compet
good practice in work management and reduction of radiation dose and radioalitiweastes have bee
held once or twice per year for over ten years. More than ten groups from various maintenance co
participate in these competitions, which are hosted by the station Engineering Division Ma
Presentations of good practicesanade by participants and awards for excellent presentations are m
TEPCO management. Also, the Hamaoka Nuclear Power Station of Chubu EPC has commend
practices for dose reduction since 1994 to pr

In the United Statg some nuclear plants have implemented some types of ALARA recognition progra
Some of these programmes allow workers to col
Other award options include compapsovided trinkets (hats, shirtpenknives), prominent parking spact
or dinner certificates. One advantage of awarding merchandise over monetary awards is the length
worker will remember the award and thus its positive impact on attitude and plant ALARA culture.

Russian Feder#on: Professionalcontest of health physics workers

In Russia, one way of promoting the education and training of health physics workers is the prof¢
contest. Health physics contests are organised every three years by the Russian utility,
Rosenergoatom. The preliminary stages of the contest take place at the nuclear plants and 36 Uiolea?
health physics workers who are competing in theoretical and practical disciplines. As a result, th
candidates are selected from every NPRey participate in the final stages of the contest in persona
team nominations. The winners receive rewards such as laptop computers, digital cameras, etc. N
workers are also strongly motivated by the fact that most winners have a sua@ssfutdevelopment.

4.5 Summary

While certain types of work planning and implementation may be carried out without the
feedback of workers, the involvement of workers at all levels is one of the most important aspects of
an effective work management pragrme. By engaging the worker in the task being performed, the
worker is more likely to be motivated to perform the job to the best of his/her abilities, and this will be
reflected in lower job doses as well as in higher job quality. To ensure the fulldment of workers,
conditions should favour the creation and continuation of such involvement. It should also implicate
workers at all the stages of a job (planning, scheduling, preparation, implementation;ufojlawd
assure that there is a mechanfsmmatching individuals and their skill levels with appropriate tasks.

It is also important to improve worker performance for ALARA implementation. This requires an
appropriate level of education and training to ensure that workers possess the colseahdoo
competencies. Involvement of all levels is also necessary: senior aA@walidnanagement, job
foreman, shift supervisors, etc. Good communications between different levels of the hierarchy and
among the different disciplines should be a managenpeiarity. Finally, worker incentive
programmes will help to improve and maintain worker motivation and involvement, and should pay
for themselves in terms of savings in time, dose and costs, and in job quality.






5. WORK PLANNING AND SC HEDULING

The planning stage is an essential period within which to implement work management actions and
optimise radiation protection. Particular attention should be paid to the optimisation of outage
duration Work planning and scheduling should integrate radiation protection criteria and use feed
back experience and benchmarking to ensure that the most effective approaches are implemented. The
planning stage should also integrate actions for the preparatibmessonnel, such as pieb

briefings or mockup training, in order to improve worker performance and reduce occupational
exposure.

5.1 Introduction

Work activities in nuclear power plants must be carefully planned to ensure that radiological
protection § optimised. Planning must recognise not only the sequence of job steps, but also their
relationship and their muldisciplinary nature. The scheduling of jobs in relation to each other, the
identification of potential work interferences and hazards énvtbrk zone, and the identification of
dose intensive jobs are critical to the optimal use of resources and job success. The objective of this
section is therefore to identify the key elements in planning and scheduling that permit work at nuclear
power phnts to be accomplished efficiently and the radiological protection of workers to be optimised.
Technical and operational aspects are addressed in Chapter 6.

5.2 Optimising outage duration

The search for an optimal outage duration is based on two mais fiélactions: the work
selection process, which allows the elimination of all unnecessary jobs and, when all jobs have been
selected, the elaboration of a tight schedule. These two aspects are developed below.

Work selection

Selection of worktobeinctbed on a plantés outage schedul e
outage and impact dose and cost. The minimum outage duration is determined by the time taken to
follow the outage critical path, for example, primary circuit depressurisation, reactadibesuohtling,
core offload, performance of work, core-l@ad, reactor reassembly and repressurisation. All other
tasks adding to the critical path will increase the outage duration. While additional work may be
required to repair defects or fulfil stabuy inspection requirements, any work other than the outage
critical path should be evaluated and justified. Technically appropriate work which contributes to
nuclear safety and equipment reliability should be scheduled and performed, as its avoidance or
postponement may lead to unplanned shutdowns with their associated costs, risks and doses. However,
other modifications, new installations or changes to existing systems may also be suggested by those
initiating the work.

As all work should be evaluated ¢émsure that it imecessarya key criteria will be the ability to

make proper technical judgements regarding the valygogfosed work and to distinguish between
necessary and optional work. Within the organisation, there should be adiseifilinary group
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(distinct from the ALARA committee) that meets periodically to perform such evaluations taking into
consideration the plarspecific criteria for the maintenance programme. This group should make
fiyes/n@ decisions on the work to be performed, havimgnind that performing unnecessary jobs
costs money and causes unwarranted radiation dose.

In order to reduce the work load during the outage period, planned preventive maintenance
(PPM) during operations may be considered, if appropriate. Howevemdhibitities for this depend
on the actual design of the various systems with respect to redundancy and diversity, especially those
concerned with safety. Consideration of systems for which PPM may be performed will also depend
on the radiological conditits.

Finally, consideration should also be given to developing a 1yedti approach to work that
addresses longerm improvements in planadiation levels, for example through the use of engineered
plant modifications, improved work practices and othemsiderations. Such an approach allows a
long-term plan of work addressing identified improvements to be undertaken in a stepwise fashion and
included in a structured manner in the plan of work for any individual outage.

Sweden:Useof planned preventive mintenance (PPM) during operation (Forsmark NPP)

At Forsmark NPP, PPM on safety related systems may only be performed if the following conditig
restrictions are met:

Thetechnical specificationspecifically permit PPM for the systeamd time duratio.

Only one (of four) trains may be impacted at a time, the other three trains being operational
The work is performed in accondiee with operational directives.

If during PPM, faulty components (due to any unanticipated reason) are discovered, speificfar
repair have to be met, as specified in the Technical Specifications

Also in the event that faulty components are found in a redundant system in any other train than
in which PPM is performed, specific criteria for repair have to be awspecifiedn the Technical
Specifications.

The mode of operation of theaetor may be changed during PPM.
PPM may be performed for a total duration of maximum 60 days per year.

= = =4 =4 =9

= =

Work scheduling

When all the work and the corresponding schedules apgvrknpotential problems can be
anticipated in the planning stage and corrective actions taken to optimise the work sohédule.
establishing the overall schedule, it is important to bear in mind that a job will often take as much time
as it is allocatedn the scheduleA loose timetable will increase the likelihood of mlbs and tasks
taking more time to finish than an optimal titadle. Thus, by simplgptimising thetimetable, time,
dose and cost can be savkds also important to recognise thfan outageis prolongedby a single
job, it will causeexcessivaadiationdosesbecause other jobsill also proceedmore slowly. If one
unexpected job causes significant delay to an outage (for instance, because spare parts have not been
delivered onitne), efforts should be taken to postpone the work to a future outage if the system can be
left in a safe mode and approved by the safety authority based on dose reduction projections.

Outage duration
The search for an optimal outage duration based on sedektion and optimal schedule has been
successful in most utilities and for all types of reactors. Figure 4 shows the evolution of thee#iree

rolling average of outage duration for PWRs, BWRs and VVER (ISOE, 2008). On an average, the
duration of outges is now around 50 days.
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Several utilities are also experiencing the implementation of short outages dedicated only to
refuelling and with only a few maintenance works (e.g., 7 days outage at Olkiluoto NPP, Finland),
followed the year after by a moretersive outage where all maintenance works are performed.

Figure 4.Average outage duration by reactor type
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Finland, France: Outage types and durations
In Finland, planned outage types at Loviisa NPP include:

9 Short refuelling outage: planned dtioa 18days (every other year).
9 Normal refuelling outage: 24 days.

9 Inspection outage: 34 days (every fourth year)

I Extended inspection outage: 42 days (every eighth year).

The outage policy at Olkiluoto NPP is:

9 Short refuelling outage: 7 days.
9 Long service outegy 1421 daygnormal, long)
9 Annual outages after each other with short interval.

Outage duration at Olkiluoto NPPs
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15 1

10 1

No. of outage days
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Year
ETVO1 0Tvo2
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Finland, France: Outagetypes and duration§ Cont 6 d)

In France, three types of outages exist for EDF plants:
9 Short refuelling outage: aund 3 to 4 weeks.
 Normal maintenance outage: around 6 weeks.

1 10year maintenance outage: around 14 weeks.

There is a turiover between the short and normal outages; the delay between 2 outages is usually 17
for 900 MWe plants and 18 months foB@0 MWe plants.

5.3 Thejob planning process
Work planning

Three types of work are traditionally understood for fuel outages: i) planned work ii) unplanned
work which is not planned in advance and can therefore cause delays and iii) emergent work.

Plannedwork

Effective work planning is essential to optimise radiological protection and minimise operating
and maintenance costst i s i mportant not only for outage p
ensure that costs and doses are optimised throudi®pbtver cyclelntegrated work planning allows
proper review of work in radiation areas and provides an opportunity for necessary controls to be
factored into work plans.

One approach to the process of integrated work planning is to assign mainteaaneespkather
than radiation protection personnel, the responsibility for radiation protection planning down to the job
level. This puts the responsibility in the hands of line management closer to the actual work and
fosters interdisciplinary communicatis. As part of the muldisciplinary planning team, it is, of
course, essential to maintain the involvement of radiation protection personnel in this process, for
instance, to provide input as to radiological conditions at the work site, feedback ecpeas to
contractor and material selection, and review ALARA of procedures. This approach is currently used
in many nuclear plants worldwide.

An important consideration for the planning team is the review of lessons learned and the inclusion
of correctiveactions in the planning process (see also Chapter 8). Planners should use the best available
sister plant information on source term, duration and crew size in planning similar work at their unit to
increase effectiveness. Noptimal information can lea extra shielding, additional time, etc.

The physical location of the job planning team is also a factor in the success of the planning
process. While much communication can take place electronically, situating planners tingetteer
location opens comunication lines and enablesore efficient interfaces. Reinforcing the multi
disciplinary nature of work management, most plants which have been successful in incorporating
effective radiation protection consideration into their planning process havaiggmted radiation
protection personnel into the planning organisation.

Unplanned and emergent work
Unplanned work refers to plant equipment repairs and work not previously identified or planned

as part of the outage work scope and subsequently diecbvkrring the outage, for example,
unplanned work required to repair a BWR dryer crack discovered after unit shutdown and vessel head
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removal. Emergent work refers to new issues or concerns identified after the start of the outage,
resulting in an expandedork scope, for example, the need to plug selected steam generator tubes
based on eddy current testing results.

In both cases, utilities should define in advance the policy to be adopted in the case that
unplanned or emergent is identified during theagat This could include, for example, determining if
the identified work must be addressed immediately during the outage or if it can be postponed to next
outage or the inclusion of a contingency in the schedule/budget for undertaking such necessary work.

Radiological protection aspects of work scheduling

Careful work scheduling and scheduling reviews are important in maintaining doses ALARA.
The majority of doseignificant maintenance work is performed during the refuelling outage in PWRs
and BWRs, and ding maintenance outages in CANDUSs, when radiation fields are substantially less
in most places than during power operation. Other opportunities for maintenance work occur,
however, during power downs used to perform control rod sequence adjustmentdpadeates are
lower in areas such as BWR steaffected locations.

Scheduling work during a particular period within the outage is also important. Doses can be
saved without any costs by putting jobs in an optimal order and performing them at theoriggrtm
For example, if the timetable does not require that jobs on radioactive systems be done immediately at
the start of the outage, then they should be scheduled later when dose rates are lower. Coolant
purification and natural radioactive decay willntdbute to this effect. Additionally, jobs should be
scheduled, whenever possible, during periods when the system is water filled. Even if the process
water is contaminated, it absorbs radiation. The dose rate at the surface of a pipe, valve or pump is
almost always much lower when the system is full than when it is drained. It is usually assumed that
the presence of water will reduce dose rate on the order of 30%. This is important for work done close
to pipes, for example work with insulation, shieldiagd scaffolding. Flushing of systems, where
possible, can also contribute to dose reduction by removing hot spots or crud deposits.

During planning, it is important to have a clear understanding of all work to be done in an area,
and how various jobs arelated. In order to take advantage of arrangements for other work about to
begin, in progress or recently finished, to avoid situations where one job creates a radiation problem
for an adjacent work crew or to prevent congested areas that diminish saf@typductivity, planners
shoul d tnebssdddresdurcébased aarabbased schedul i ng:

i Timebased scheduling is the traditional outage schedule with planned work assigned time
blocks on a master refuelling outage schedule. The timeline desasplanning issues
including critical path work, need for maintenance of secondary containment, decay -of short
lived noble gases and fuel movement window

1 Resourcébased scheduling aims to take advantage of local arrangements or infrastructure for
multiple activities, thereby saving dose and cost, e.g., the reuse of contamination
containment or previously erected scaffolding for multiple tasks

1 Areabased scheduling evaluates the type and concentration of work in defined sectors. This
is accomplished byidding work areas into grids depicting different kinds of work, which
can be overlaid to allow schedulers, planners and work foremen to visually depict all work in
each grid sector. This can be performed using computerised systems, or engineering maps.

Work planning tools

Advanced imaging tools provide a good visual reference for work planners, radiation protection
prejob planning and worker pjieb meetings. Many plants have identified the need to record and
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access images of various plant areas and ooergs not normally accessible due to plant operation
and/or high radiation levels. A centralised image database provides consistent information for job
planning, minimising visual inspections and reducing redundant and inconsistent individual efforts by
various groups to record photos or videos of selected components whenever work is being planned. As
many engineers regularly photograph plant items with digital cameras, these files should be
appropriately named and stored in a central information manageystam to avoid the need tc re
photograph the item when planning the next round of work.

The following advanced imaging tools are being used worldiddeetter view and assess the
working areas and to better take into account the potential environroenstraints which might have
an impact on the job performance

1 Computerbased multimedia
1 Videodiskbased image storage and retrieval systems
i Videoand digital photography
1 Imagetransmission technology
1 Photogrammetry
- Gammacamera radiatiofield phaography
- CZT (Cd, Zn, Te)Xetector (multispectrum gamma analysis).

Such technology and information is particularly important to use or collect during the
commissioning of new plants.

In plants where aemote monitoring systefRMS) has been installed,ehvideos recorded by
these systems can be used in the job planning phase. In addition, many plantDusechiter
aided desigfCAD) models during the design phase. Older plants also employ laser scannin® and 3
computer techniques to characterise ey the actual plant environment, and minimise work time.
These tools should be used in the work planning process wherever available.

France: 3-D modelling software

EDF has developed two main types eiD3nodelling softwaravhich can be used in workasining

 PANTHERERP: A static simulation of areas presenting the dose rates of the main componen
software is used to estimate the contribution of each component to the ambient dose rate in
optimising shieldingas well as for the conceptiofi new installations and modifications.

9 ADRM: A dynamic simulation where the tasks can be simulated in time and space. With this sg
it is possible to simulate holarge components can be removed and replaeeg, (heat exchangers
Theareamodelsare based on real data coming fromsite laser scanning.

Germany:Systenof 3-D pictures (Phillipsburg NPP)

Because of very high dose rates during full power operations, many areas inside the controlled are
be accessed, or only on a limited ba3ischnical evaluations in these areas are quite difficult to carry
One possibility to minimise the access to higdg
KKP1 and KKP2. This computdrased programme consists of -®3sersion ofthese rooms under norm
circumstances are naccessible areas inside in the unit. Technical evaluations can be done in man
on a fivirtual o basis without unnecessary ex
operational, D laser sans of these areas where taken during prior outages. Within these laser sca
distances for planning options can also be measured with an accuracy of-8bmutfar a 10m distance.
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Spain: Mapping database (Almaraz NPP)

At Almaraz NPP, the Envimmmental and Radiation Protection Department has a comprehensive m
database covering the radiological characteristics of the two units: 300 maps of the rooms are comyf
including for each area, recorded dose rates-80 3neasurement points (ABmant and in contact with
equipment) as a function of the different states of the unit before and during unit outages. The data
be read from the radiation protection room at the entrance to the controlled area.

United Kingdom: Health physics informtion sheets (Sizewell B NPP)

Si zewel | B has produced fiHealth Physics I nfo
or component in question, a map showing where the plant item is located, a brief summary
radiological conditionsn various plant states and advice regarding optimal work windows to minimise
Originally intended to help work parties find the job location, they are used extensively by engineer
planning jobs.

Size and management of work teams

The scope oWork, as well as workplace factors, will impact the size of the team required to carry
out a given job. The optimum size of a work team is the smallest number of workers that can perform
the work according to the work plan and schedule. Generally it caaith¢hat the fewer the number
of workers, the smaller the collective dose. For instance, if the number of workers is doubled, the
duration of the work will be shorter, but it will not be halved. Adding more workers will increase the
total number of workig hours thus increasing the collective dose and cost. Therefore, in general, no
more than the necessary minimum number workers should be assigned to a job, accounting for the
need to not exceed designated dose constraints, as well as the impact obdthkrce factors such
as noise and heat.

Another example of how the collective dose will increase with the number of workers is the
exchangeof workers. The dose received from a job is the sum of three phases: 1) doses received in
transit to the work sitgyrientating and putting the tools in order and getting started, 2) doses received
while performing the job, and 3) doses received while finishing the job, securing the work site,
removing protective equipment and leaving. The dose in phase 2 is relatimegtant and
independent of the number of workers exchanged, but doses in phases 1 and 3 will increase each time
a worker or work team is changed. The exchange of workers should be used only wheodssary
for controlling individual doses, or for maging other work place factors.

Selection of contractors

As most outage work is often performed by contractors, it is important to have a process that
allows the identification and selection of appropriate contractors when required, based on the work to
be performed. Such selection should be based on several criteria including methods proposed by the
contractor to optimisation radiological protection during the work and their past performance. Since
interaction between the utility and the contractor is @inhe most effective ways to optimise the job
design, it is important that the contractor is brought in at the design stage, with sufficient time before
the work is to be performed (see also Chapter 4). A consideration in the selection of contrattors is
was used previously and the level of success.
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France: Experiencein selection of contractors

At the planning stage of new maintenance operations, EDF selects the contractor based on severg
including the demonstration that they have implemeérat study to optimise radiation protection of the tg
(ti me, dose, cost) . Af ter the contractords

between the contractors and the utility take place to continue the task design. The docubseptedaced
by the contractors include: a radiological risk analysis (external and internal exposure, contan
transfer, etc.) and a radiation protection procedure.

5.4 Work process control systems

Work process controls are critical to the succeswealf planned outages. Computerised work
process control systems assist with the planning process by providifrglgtdd information,
including the authorisation process of the different departments, as well as scheduling asilework
requirements. Thegan also be operated as a tool for working crews, providing guidance and giving
knowledge of the state of the operation to all groups involved (Chapter 7). This may be supported by
information from a radiation protection database covering dose rate lsardpatrameters influencing
the radiological risk.

Such a system is of great advantage during the planning and scheduling phase as well as when
dealing withunexpected job€xperience in most plants is that even in the case of unexpected high
priority jobs, anad-hoc planning/scheduling strategy must exist to assure adequate work results and to
avoid rework. Computebased systems facilitate quick planning/scheduling and can also include the
radiation work permit, using the same database of informationggpent, site, working conditions)
and incorporating information of similar operations done in the past.

Radiation work permits in work planning

The radiation work permit (RWP) is usually a written and approved document establishing all the
radiation protetion measures necessary for safe performance of a specific activity or job considered as
Aradiation worko and addressing the radioacti ve
given to workers by the radiation protection staff prior totist@grthe job, usually contain the
following information: date and time of the job, number of workers, description of the job, predictive
dose, dose rates, surface and atmospheric contamination levels, protective suits needed, biological
shielding, type ofadiation protection monitoring for the job, etc.

There are several advantages associated with the use of the radiation work permit. Firstly, the
task of producing them requires planning and anticipating the radiation protection that will be
required. In ddition, the radiation protection staff is informed of all planned jobs in the controlled
area and can monitor the progress of work during the outage. In the field, the information contained
into the permit help the team leaders and the workers to be afidue radiological conditions at the
work site. The radiation work permit can also be used check (and hence limit) entries, especially since
the expiry dates of the permits are read automatically when the workers enter the area. Lastly, it can be
used as data base for collecting the dose associated with the specific jobs (s&eciilsn7.3).
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France: PREVAIR software

In France, EDF has developed the PREVAIR software for the elaboration of predicted dose e
associated with each job. At the erfdlee preparation phase, this software allows the printing of a radi
work permit (RTD), with the following information:

Predicteccollective dose for the job

Predicted mean individual dose for the job and per day

Predicted dose rates at the workygla

RP actions to be implemented

Specific instructions to be fulfilek if the actual dose rate or the actual collective dose is signific
different from the predicted ones.

=A =4 =4 -8 -9

A bar code associated with each RTD is used to check the entrance to th#etbatea (if the code is ng
recognised by the system, the entrance is refused), to modify the alarms set on the operational dosi
to assign the dose to the right job in the outage dose database when the worker exits the controlled ¢

Romania Radiation work permit system (Cernavoda NPP)

At Cernavoda\PP, the prejob and posfob RWP analyses involve personnel from all the plant work grg
as well as the ALARA Committee. Radiation Control Service personnel verify the observance of rg
protection requests as they are mentioned in the RWP. RWPs with more than 10 man-mSv €
coll ective dose wil/l be r eviordivamrd in brger to ideatifywwmionk {
reduce exposures. If necessary, this form will be setitdcALARA Technical Committee to be reviewg
(for activities with more than 20 man-mSv estimated collective dose). After the work is comple
radiation work permit report will be sent to the work group ALARA staff to justify, if necessary|
discre@ncies between estimated and received doses.

5.5 Job planning for high dose jobs

Identifying and tracking high dose jobs

High dose jobs are those jobs which should primarily be included in the radiation protection
control system. As such, it is necesstyidentify these as part of work planning, to put in place
processes for tracking them to ensure that protection of individual workers is optimised and that
occupational dose limits are not exceeded, and to develop contingencies in case of unexpésted even
during the work. In Table 2, typical high dose jobs at light water reactors have been listed as an

example.

Table 2 Typical high dose jobs at light water reactors

iTop tend high dose jobs

Control rod drive maintenance* Calibration and repair of:

In-service inspection In-core radiation monitors (IRM)

Main stean isolation valve maintenance (MSIV) Transversing ircore probes (TIP)
Pressuriser valve maintenance Residual heat removal system valve maintenanc
Reactor water cleanp pump maintenance (CUW)| (RHR)

Recirculation pump maintenance and replaceme| Safety relief valve maintenance* (SRV)

* Some plants move/conduct this worksité by contractor.




Table 2.Typical high dose jobs at light water reactord Cont 6 d)

Other high dose jobs

Cavity decontanmation Calibration and repair of:

Chemical and volume control system maintenanc Power range monitors (PRM)

Insulation removal and replacement Startup range monitors (SRM)
Instrumentation calibration and repair Reactor water cleanup heat exchanger maintena
Local leak rate testing Scaffld installation and removal
Operationsurveillance routines and valve lhps | Snubber inspection and repair

Plant modifications Steam generator maintenance

Radioactive waste system maimiece Steam generator replacement

Radioactive waste processing, storage, shipmen| Torus inspection and repair

Reactor coolant pump maintenance Weld overlay job of recirculation system piping
Reactor head work

Refuelling

One useful approach to take advantage of the many years daftigellexperience in the nuclear
industry for critical jobs is to use the ISOE occupational exposure database and communications network
to Abenchmarkd the collective dose of a job ag
example of an RP infmation report which can be found on the ISOE Network website is presented in
Appendix2.

ALARA preparation for high dose jobs

Although a search for dose reduction has to be performed for all jobs, it is particularly important
to perform detailed and systatic ALARA analysis in terms of collective and/or individual doses for
high dose jobs. This type of analysis should include a systematic review of all the possible actions
available to reduce exposures. Usually, ALARA chhsts are used by job planneits order to
identify possible protection actions and/or dose reduction optidyppehdix3). Examples of
questions which may be integrated in more detailed cligskinclude:

1 Is the scheduled time sufficient and optimal?

What support services are needed when (scaffolding, shielding, insulation work, etc.)?

Is the manpower sufficient and optimal?

What doses can be expected (based on internal and external experience)?

Is there another similar component that could be inspected in place of the origiaafied

ihot 0 one?

1 Can the component that needs service be moved to another place with a lower ambient dose
rate for repair and servicing?

1 What personal protective equipment should be used? What was used before and what were
the benefits?

I What dose reduion techniques can be used.d, system flushing)? What was used
previously and what was the result?

1  Which contractor was used last time? Try to get the same contractor and even the same
workers if they did a good job. They know what to do and how it do

=a =4 —a -8
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Canada:Implementingradiation protection oversighfPickering B NGS)

At Pickering B NGS, during high radiologically hazardous work, the governing body for station n
procedures requires that, as part of the High Hazard Procedures, a RadiagetidPr@®versight must b
assigned to every High Hazard Job. The RP Oversight is an experienced qualified radiation prote
ordinator or a station health physicist. The RP Oversight does not actively participate in the executid
high hazard wik but oversees the work as it progresses. The job of the RP Oversight is to ensu
adherence to Station Procedures and the High Hazard Workplan, and as an impartial observer
procedural or operational disconnects and provide this informttithe workers.

France: Identification of high dose jobsheatinsulation workers

In France, a detailed and systematic risk analysis has to be performed before all jobs. This analyg
review the risk of external exposure (potential neutron exposxtremity doses, etc.), internal expos
(potential presence of alpha particles, etc.) and material contamination. Such an analysis is ess
identifying high dose jobs and other risks.

As a specific example, among all EDF workers, heat insulatiorkers receive the highest averg
individual radi ation dose. The Nucl ear Oper atf
for several years and has obtained encouragi

orderfor sites to minimise radiation exposure for this particular worker category. These good pract
out the measures to be taken in order to minimise dose (type of heat insulation, screens to be use
component, work time, etc.) Once this apgmio was implemented, average annual individual dose fell
6.45 man-mSyv in 1998 to 3.84 man-mSyv in 2005, equivalent to a drop of 40%. In order to achieve
i mprovement s, thbasepdoehppfiegaohp maest now dheet
action by bringing changes in the job.

Japan: Exposurereduction (Fukushima Daiichi NPP)

The replacement of drain piping at the Fukushima Daiichi Units 4 and 5 was performed under hig
rates. To reduce doses, the following exposure reductiasumes were executed:
9 Flushing of pipes

9 Installation of temporary shields

I Treatment of the blow down water (Unit 4)

1 Implementation of remote dose monitors.

Regarding remote dose rate monitoring, workers wore wireless dosimeter APDs (Alarm Personetddp
in addition to a usual electronic personal dosimeter, especially during high dose rate work. Mg
measures were taken to monitor the dosimeters worn inside the protective clothes on top of regular g

Removal work scope of equipment and flor drain piping

Unit 4 (BWR4) 5 (BWR4)
Schedule | Nov.22, 2002 May 21,2003 Jan.20, 2003Sep.26, 2003
Work Remove_ll: 415m Removgl: 446m
Installation: 556m Installation: 446m
Reactor Building Suppression Pool Area Reactor Building Suppression Pool Area




5.6 Benchmarking

Making good use of available data and operational experience during work planning will
optimise the radiological protection of workers and increase overall work performance. Mangftypes
information sources can be used, such as-jpbsteports, outage critiqgues, and deficiency/exposure
reduction item tracking lists. Other valuable resources which are available for radiation job planners
include job history files, photo libraries, imfoation databases and other utilities who have previously
performed similar work (see also Chapter 8).

Benchmarking during the planning stages allows good practices to be identified and implemented.
Benchmarking which takes advantage not only of histbiifarmation but also current experience
from other utilities is a key part of effective planning and good performance. Benchmarking not only
allows numerical data to be exchanged, but it is also closely linked to networking, where contact
between utilites leads to the exchange of work practices, equipment and technology. This sharing and
pooling of experience across the industry is an important factor in minimising outage duration, as key
tasks are often performed by the same contractors. If they canhsiohilar work practices at all plants,
the job will be easier and quicker than if they had to learn a new way of working at each plant.

Information exchange with other utilities by means of regional or global user networks, such as
industrysupported nsvorks, ALARA user groups and the global ISOE programme is one of the best
ways for sharing ALARA experience and good practice. Such exchange throughout the nuclear utility
industry has been universally endorsed and well supported, particularly throgganpmes such as
ISOE. Participation in industrp wner 6 s group meetings allows the
lessons learned and plaspecific regulatory issues. Utilities can also send personnel to visit other
facilities and benchmark their processgminst those identified as industry leaders or to learn from
problems encountered at these plants. One convenient and cost effective method of gathering useful
information istelephone calls or emails to other nuclear power plants.

Procedures, training daments and cworkers can provide detailed plant specific information
for radiation protection planning. People are sometimes one of the most frequently overlooked or
untapped information resources. Identifying the right people to contact for certaimatifin usually
takes time but becomes easier the longer an individual is part of an organisation.

ISOE: International benchmarking using ISOE

The | SOE progr amme, which operates the worl
workers at nu@ar power plants can provide various types of dose trend analyses by job type apthsist
This includes annual occupational exposures for individual units (normal operation, refuelling/ maint
outage, forced outage), individual annual doseitigions for each unit or site, job specific exposures, p
configuration information (staip/shutdown procedures, water chemistry, ALARA programmes, etc.),
specific information for particular tasks, jobs, incidents, etc. which are interesting dro exposurg
reduction perspective.

The ISOE Network website (www.isaetwork.net) provides a focal point for ISOE resources, including
ISOE database, ISOE reports, a users forum fdinenexchange of information, and contact information
ISOE members worldwide. ISOE also conducts annual ALARA symposia around the world to allow
interaction and exchange of experience amongst RP professionals.
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Japan: Benchmarkingvisits

Representatives of Japanese utilities and other organisations redatadiation protection conducte
benchmarking visits to the United States and Europe between 2005 and 2007. They visited the US
selected nuclear power plants in the United States (Fermi, Limerick, Susquehanna, Dresden and D.
STUK in Finland and ASN, CEPN and EDF in France. This permitted exchange of information o
technologies such as remote monitoring systems, the importance of top management commitment g
operation between maintenance and radiation protection personneljlaptmese utilities taking sug
information into consideration when making efforts to reduce exposures.

Russian Federation, United KingdonJsing ISOE in benchmarking analyses

In Russia, a special workshop was organised in December 2005 at #Resalan Rsearch Institute fo
NPP Operation (Moscow) with the aim to provide better comparison and analysis of ISOE1 data for
uni t s. As a result, the technical manual i B
VVER type r eaamcdandisstedwas prep

In the United Kingdom, the radiation protection regulations require utilities to use dose constraintg
planning stage of tasks. The constraint should be set at a level of individual, and sometimes, collec
t hat r e porde sperna cst ificgeoo . I f the work proposals i
received, the utility must review the proposals to ensure that all reasonably practicable measures h
used to keep doses ALARP.

To identify a suitable dosenstraint for the first reactor pressure vessel (RPV) head replacement at S
B, staff used the ISOE information sheets and ISOE 1 database to rank previous utilities performanc
task. The dose constraint was then set at the upper decitefaalthis distribution. The upper decile plan
were also identified, to enable direct contact to be made to discuss various aspects of this job.

The ISOE databases are not just for use by RP staff. They also contain information of direct rele
outage managers such as number of people on a job and number-bbuaramequired to perform each tas

United StatesHistorical ALARA database

A database of historical ALARA experience and good practice (1988; complied by Brookhave
National Laborator under NRC contradt turned over to NATC in 1995), created from information tal
from journal and proceedings articles and categorised by key words, exists at¥SIQE

5.7 Personnelpreparation

One major planning task is the selection of approppatsonnel. It is of major importance to
have motivated, highly skilled workers who are experienced at performing the anticipated or similar
jobs. A motivated, trained and experienced nuclear worker will do the same job with higher quality
and within a shder time than a specialist who is not used to working under controlled area conditions.

To develop an experienced team of qualified workers requires a significant amount of training.
This training is twdold. All workers should receive education and tragnto implement the ALARA
approach during the course of their w¢ske Chapter 4)n addition, as part of work planning, work
teams should receive specific gob training on the work to be undertaken, using actual (or similar)
tools and equipment anckalistic protective clothing in order to improve job performar@ae
efficient technique for reducing the exposures from tuigke jobs is to familiarise workers with the
work by undertaking multiple entries into the radiological controlled area oesies ®f outages.

It is important for the workers to be aware of outage goals, as well as the estimated doses for their
jobs. Prior to the work, a short briefing provided by the task managers and/or radiation protection
personnel can be useful to remindrkers of the dosimetric objectives for the job, as well as of the
jobés main characteristics. This can also be a
guality, the fact t hat radiation pkedection is
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United StatesPersonnelpreparation (Cook NPP)

At the American Electric Powerés Cook nucl eq
assigned specific tasks and areas for several outages in a row, thus familiarising them avih tred the
work. This has been particularly effective in high dose rate areas such as the upper and lower con
and particular areas in the auxiliary building. Sending radiation protection technicians to the
(Westinghouse) for training wittvork crews for particularly high dose jobs, such as reactor coolant
repair, has also proven effective at building interdisciplinary communication ties on the work crews.

Mock-up training

An important approach in personnel preparation is the us@okup equipment for training on
certain types of work, such as installation of ultrasonic scanners or temporary shielding, removal and
replacement of control rod drive mechanisms, valve disassembigesnbly or other dogetensive
jobs. Training on mek-ups allows workers to repeat anticipated tasks in a clean environment. This
allows workers to become familiar with the maintenance or inspection pramssal tools or
supporting devices, or difficult working conditiobsefore entering radiation areahereby increasing
the efficiency of work in the radiation areBy training several workers for the same job, those with
the highest performance can be given the most delicate jobs. In all cases, trained workers will perform
the actual job more efficily, in a shorter time and with lower doses.

Proper execution of a moalp training plan includes three important aspects as inaccurate mock
up training can be worse than none at all:

1 The mockup replica should be full size, if possible, and in an envirent similar to the
field location

1 The physical constraints and conditions (scaffolding, lead shielding, insulation etc.) should
be installed as for the actual work

1 Full personal protection equipment, respiratory protection, communications and access
constraints must be also simulated.

In Europe, many PWR plants have-gite steam generator channel head mage to train utility
as well as contractor personnel. Even some specialised nuclear service companies have their own
mock-ups to train their staff.

Belgium, France, Hungary, Japan, KoredJseof mockup training

In Belgium, at Doel NPP there is one steam generator 1upghker fleet, one reactor vessel head magk
two mockups for the cleaning of the splits, three magds for jobs on the thermocdep and three moek
ups for the coupling/uncoupling of the rod cluster control assemblies.

In France, a good example of the effective use of mugrkraining is the CETIC Training Centre, run

EDF and AREVA. This 900 nf facility houses fullscale mockups of all major PWR componen
(pressure vessel, vessel head, steam generator, pressuriser, reactor coolant pumps, refuelling ma|
assemblies, reactor cavity, etc.) and is used for worker training and new equipment testing. As a
examplet he trainigreghecfatdst ¢gaamper so to perform t
time in the channel head from 45 seconds to 20 seconds. For such jobs in high dose rate envir
studies indicate that adequate magktraining can reduceéhtime in the high dose rate environment by
to 40%.
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EDF CETIC fuel loading training

In Hungary, the Paks NPP has a training centre equipped with most of the main components of a VV
About 15persons work fultime & the training centre. It is unique due to the fact that the componen
exactly the same as those in the controlled area, as they were originally to be used in plants (whig
never became operational). In particular, there is a steam genaratdacGtor vessel, half of a reactor ves
head, a primary pump, internals assembly, an isolating valve,-deastructive testing laboratory, electrig
equipment, etc. These components are used for the practical training of workers (utility, conttheis
arrival in the plant and for refresher training courses once a year. A maximumpefsths (5 per
component) can train at the same time. Moreover, these-opsckre used to prepare maintenance work
validate new techniques, new composearid new devices in an ALARA perspective.

In Japan, a mockp facility is operated by Kansai Electric. Such mogls are also used to test new
developed tools or devices before use at actual work sites, thus saving time and optimising
functionalty before an actual outage. Many plants have their own rapskor training facilities which ar
effectively used to acquire appropriate skills.

In Korea, mockup training is undertaken2 times to familiarise workers for high radiation work, includi
entry into the steam generator and pressuriser. Such training favours reliable and speedy work, con
leading to a decrease in collective dose. A variety of muxtools have been prepared for training includ
a replica of the steam generator clh@mfor nozzle dam installation, an-éore instrument seal table fq
replacements, reactor coolant system boundary valve for lapping and pressuriser internals for heater|

Canada: SFCR training mock up (Pickering B NGS)

The single fuel channel reptemen{SFCR) is a complex project which involves many specialised peg
and tooling. It is a dose intensive job because the bulk of the work is performed on the reactor face
dose rates are generally high. Along with shielding, minimising ¢ingogmnel time in front of the reactor fa
is an effective technique to keep doses ALARA. In order to achieve this, extensive training and re
were carried out at a moalp facility specifically designed for the work. This not only reduces potébtig
human errors, but also helps in the execution of the work quickly and more efficiently, thus, reduci
spent on the reactor face.

Japan: Mockup training in the Ikata 1 core internals replacement

At Ikata 1 of Shikoku Electric Power Co., Indhetfollowing mockup training was performed for the co
internals (Cl) replacement work:

1 Removal of support column flanglts of the existing upper CI.

9 Performing clearance measurements at the outlet nozzle and radial support of the new CI.




Relevant ativities
. - Place of Date of Persons
of the Cl Trainingdescription L . . ;
training implementation | trained
replacement
1. Separation of | Train personnel in cutting the T/C conduit tub| Ikata NPP |23 August 28
the T/C support removing the T/C support column flange bolt 2 September 200
columns and attachig a plug to the T/C support columr
for tip-over prevention.
2. Removal of Train personnel in separating the T/C suppor{ Mitsubishi | 10-21 May 2004 10
components | column, marking the I/S when taking them oy  Heavy
from the and placing the back in their original position{ Industries
existing ClI
3. Assembly and | Train personnel in lowering down the new Cl| Mitsubishi | 12-23 July 2004 28
installation of |into the reactor vessel, performing alignment, Heavy
the new CI measuring the clearances at the outtetzle ang Industries
the crevice insert, and shrink fitting the radial
support key.
T/C: thermocouple; I/S: irradiation specimens

5.8 Summary

The work selection and planning phase of a scheduled outage, or ofsawide inspection
campaign, is one of the most ces$tective periods for implementingvork managementBy
judiciously selecting work (including those tasks that will not be performed), time, manpower, and
dose can be saved. By effectively planning worlobeprocedures are fixed and equipment has been
purchased, changes can be affected easily and inexpensively.

The location of job planners can be optimised by centralising all appropriate workers (planners,
engineers,schedulers, etc.), thus fostering afatilitating interdisciplinary communications. In
addition, the proper scheduling of jobs to-ardinate the use of services, scaffolding, installed
shielding, water shielding in pipes and tanks, etc., and the use of scale models for planning purposes
(aswell as training and worker orientation) contribute to the efficient use of resources.

The key issues in the effective selection and planning of work include the use of realistic
assumptions when deciding upon the necessity for performing work, the®eletctnly those jobs
which are finecessaryo to the safe and efficient
but not rushed schedule to reduce the risk of rework. In terms of job planning, the effective
incorporation of lessons learned frgrevious jobs, or from similar jobs performed elsewhere in the
nuclear industry, is essential. This sharing of experience, through data bases and communication
networks like ISOE, INPO, WANO, etc. can provide very useful experience and help to avoid
Areenting the wheel 0. By concentrating on thos
making effective use of available experience, work selection and planning activities will be optimally
focused and directed.
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6. WORK PREPARATION

The success of wogreatly depends on the quality of the preparation. To achieve good preparation, it

is essential to understand the source term in order to select appropriate dose rate reduction
techniques such as decontamination and shielding. Tools and equipmenéssiatiotics to avoid
exposure, as well as improvements of the working environment are also effective. Since these
techniques constantly develop and improve, it is important to choose the best available at any time.

6.1 Introduction

Work preparation in theontext of this report covers all activities considered or performed before
and during a job in order to prepare the site and the work crew. A large amount of preparatory work must
be done prior to the outage and all efforts to prepare and support tlandait& working environment
are essential if working conditions and radiological protection are to be optimlss@fore, the work
preparation should properly reflect the mdigciplinary nature of the work to be performed.

In order to optimise radiobical protection, factors affecting the source term, the duration of
work and the number of workers exposed need to be addressed as part of the work preparation. This
chapter focuses on the technical and operational aspects of this preparation, wittapdoitus on
the source. Administrative aspects are discussed in Chapter 5.

6.2 Sourceterm characterisation

In a nuclear power plant, the main sources of occupational exposure are the activated products
arising from the structural material of the nucleeactor. In order to develop appropriate exposure
reduction measures for these sources, it is important to understand their characteristics. Source term
characteristics include the nuclides and their spectrum, the amount of radioactivity preserspatidlits
distribution, the dose rate distribution, etc. Equipment needed to evaluate these characteristics must be
calibrated and kept in a readtate so that it is available and operational when required. The simulation
of the dose rate distribution bas@dmeasured or estimated values is also useful for work optimisation.

France: Sourceterm characterisation

EDF ugsa CZT (Cd, Zn, Te)pectrometerto measure gamma spectra frquoint, surface or volume
sourcesMeasurements are made systematically &t eatage on specific circuits in order to:

Characterse the contribution oéach nuclideo the ambient dose rates
Obtain a diagnostic for the contamination of circuits
Ensure a followup of circuit contamination from orfael cycle to the other

Identfy as soon as pasthl e t he presence whi€h cquld tgenaratd anl ovg
contamination otircuits

Involve RP officers and increase their awareness about contamination problem management

= = =4 =8 =9
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Spain: Combinationgamma scanning techniques andd3dose simulation in dose optimisation

For dose optimisation of work planned at the site, an estimation technique combining gamma scan
3-D dose simulation, developed under EU joint research, was applied at the Almaraz NPP. Dose rate
the aea calculated in two planes using the VISIPLAN tool were in agreement witi80%20 which is good
considering the accuracy of the pek&rnel calculation method used in VISIPLAN and the gamma
calibration method proposed for the scan interpretation.

6.3 Sourceterm reduction techniques

The radiation sources to which workers can be exposed may reside inside systems and piping, on
surfaces and in air. The following section describes some of the techniques for reducing or removing
these sources, therebeducing dose rates to workers. In the case of crud removal, the objective of
these various techniques is the removal of the transient crud layer by physical or chemical means with
minimal disturbance of the protective film layer (Figure 5) in ordeetluce inplant dose fields.

Figure 5 Reactor coolant system corrosion product deposits (CRUD) layer
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Chemical decontamination

An effective method to reduce radiation dose is the removal of radioactive materials and metallic
precursors by chemical decomiaation of system internals. Chemical decontamination removes
radioactive materials such as-60, which adheres to or becomes absorbed into the surface of devices or
piping in the reactor coolant system, by dissolving it with a decontaminant. Chenticataseination
processes have been commercially available for nuclear plant application since the early 1980s.

The most common and effective types of chemical decontamination processes use oxidation and
reduction reactions to remove radioactive materialdbup from various component internaise(
piping, pumps, valves and tanks). Although more widely used in reactor recirculation (BWR), reactor
water cleanup piping or running gears of main coolant pumps (PWR), there are also applications for
these proceses in PWR steam generator heads.

While many utilities today routinely perform chemical decontamination during refuelling
outages, some find it necessary to perform lagde maintenance operations before attempting
decontamination. ALARA codtenefit amlyses are generally the basis for decisions on performing
the process. Factors influencing these analyses aregplaaific dose rates, projected dose savings,
the value of a man-Sv and the technical acceptance by the organisation.
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Japan: Full system chmical decontamination

A replacement of the weltype reactor core shroud and other reactor internals was conducted at the
Electric Power Co. (TEPCO) Fukushima Daiichi NPS Unit 3 (BWR, 784MW) during i‘Fsp]aﬁSiodic
inspection from May 1997 to July928. In this replacement work, full system chemical decontaming
(FSD) was performed.

Average decontamination factors of 43 at the RPV bottom4&érat the reactor recirculation system (RR
surface were obtained by FSD. The activity and metal remoeat \&pproximately 10 TBgq and 72 Kk
respectively, and the waste generated by the FSD was only*®#iom exchange resins. After mechaniq
cleaning, the dose rates at the RPV bottom were 0.03 mSv/h under water and 0.2 mSv/h in air, with
in the RPV. Due to the decreased dose rate in the RPV, occupational exposure was 13v5(thartarget
value was 12.6 mafv).

The collective dose was further reduced to 4.6-8xaduring similar replacement work in Fukushima Daii
NPS Unit 1 (BWR, 460MW) diing the 22° periodic inspection from December 2000 to September 2001,

Japan: T-OZON chemicaldecontaminationprocedure

The minciple of chemical decontamination is based on dissolution of metal oxides on materials. Dij
metals, such as Fe and Crndze removed easily by an ion exchanger. Superior decontamination tech
can achieve a high decontamination factor, minimum secondary waste, and no adverse impacts orn
integrity. Based on these characteristics, tHeZION decontamination procgsvas developed in Japan. T
principle of FOZON processs as follows:

I Oxalic acid reduces ferrites to soluble Fe; ozone oxidizes chromites to soluble Cr

9 After the chemical reactions, both reagents can be easily decomposed.

In the TFOZON process, the sendary wastes of reagents arg O0,, and HO. The volume of secondar
wastes can be decreased dramatically.

The main features of the@ZON chemical decontamination process are:

9 High decontamination factars
Minimum secondary waste volume
1 Noadversémpacts on material integrity.

Results of Lab. Tests Volume of Secondary Waste
Ozone =1 ppm <«—Reagents
j
Tt
Before
¥ E L
DF> 100 S
s |
<
After Mn ‘
Fe Fe Fe
TED-40 CORD T-OZON

An example of the application of theQZON decontamination process was its use on the Hamaoka |
(BWR 1100MWe) primary systempfimaryloop recirculation pipingPLR; reactor water cl@aup system
RWCU; residual heat removal systd®iR). With this process, average decontamination factors of 1
stainless steel and 7 for carbon steel were obtained, and the dose rate in the drywell was reduce
This reduction corresponded to actease of 280 man-mSv of successive inspection work. One of the
features of the TOZON process is minimum secondary waste volume, and wastes generated
application were 2 fof ion exchange resins and 0.4 ofi cartridge filters.




United States Chemicaldecontamination (Susquehanna NPP)

Susquehanna Units 1 and 2 (BWR) achieved the lowest recorded recirculation piping contact dose
15mR/h after full system chemical decomation and depleted zinc injection in 200#heir dramatic
souice term reduction accomplishments were achieved through a series of plant management in
including:

Concensate filtration (June 1999)

FW iron injection (July 1999)

HWC (August 1999)

Chemical decontamination (March 2001)

GEZIP (DZO) (Decemberd?2).

Chemtal decontamination (March 2001).

E R Y ]

Susquehannaachieved US BWR industry low BRAC points dose rate level of285mR/h (on
recirculation/riser piping). The lesson learned from this experience is that the Susquehanna achiever
strong commitrent to source term reduction with a plant wide approach over a period of 5 years.

System flushes

Flushing of systems and piping to remove radiation sources and hot spots can reduce dose rates in
work areas by forcing radioactive material present insigm@ito downstream areas where workers
are not affected. Flushes may be performed through different routes, generally ending up in the waste
water handling system or reacteater cleanup system. Keys aspects of an effective flushing
programme include earlidentification of the source, procedure development, support of the
operations department and assurance of a scheduled window. To optimise dose reduction,
consideration should be given to the timing of flushes in relation to the work schedule. Often, the
appropriate window is early in an outage if a unit is shutdown, which is particularly important for
flushes which can only be performed while the reactor vessel head is still installed. In addition, system
flushing with full system pressure and tempemtand with a maximum flow rate, is most effective.

Hydrolasing piping flushes remove radioactive materials that contribute to local area dose rates
and either capture them by filtration or distribute them throughout the reactor vessélconst piping
or tank internals. Hydrolasing utilises high pressure waterl @@ bar/1000-20 000 psi) to force
radioactive crud, silt or resin material from reactor pools, nozzle thermal sleeves, tank eductors and
other dead leg or crud trap areas. The flushingrohary heat exchangers before maintenance or
inspection work can also dramatically reduce dose rate and dose for the total jolprddigire
hydrolasing (80€L 000 bar) with special lances has also proved effective in preparing for the exchange
of piping by reducing dose rates, thereby allowing reduced usage of personnel protective equipment.

Underwater vacuum cleaners are used when hydrolasing piping penetrations inside reactor
vessels. Vacuums collect and filter radioactive particles forced out ofatighs by a hydrolaser lance
and limit the impact on vessel water clarity (from resuspension of removed particulate material) and
outage critical path time. It should also be noted that the installation of flushing connections, through
which partial systenflushes and/or decontaminations can be performed, can save doses if the
connections are appropriately placed.

Drawbacks to flushing and hydrolasing are that most of the radioactive material is only

temporarily removed if no filtration system is availgbésd when redistributed can contribute to
higher dose rates for workers in other areas.
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Japan: Contaminationcontrol of the RPV for refuelling

In order to remove the reactor vessel head of a BWR for refuelling, the RPV must be full of water
proces of raising the water level, the main steam piping, relief valves and isolation valves may &
contaminated if radioactive crud from the reactor water falls into the main steam piping. If this ¢
radiation levels will increase. To prevent this meence at Japanese BWRs, clean magkevater is injecteq
into the main steam piping prior to filling the RPV with water for refuelling. The injected-unakeater fills
the main steam lines up to the level of their entry into the RPV, thus preventirgnaoetied reactor watg
from entering the main steam lines and possibly causing contamination. This will reduce dose ratg
vicinity of the main steam line valves (relief and isolation) and will allow work on these valves to b
encumbered by thase of personal protective clothing.

Surface decontamination technology

Several nordestructive mechanical decontamination techniques are available for removing both
loosely or tightly adhering surface contamination, some of which are discussed here.

High pressure water hydrolasintechnology is very effective at reducing loosely adhering
contamination on surfaces of components, in tanks or refuelling pools. Pressures up to 250 bar (for
manually operated) and up toOQ0 bar (for remotely handled) sprapzales make this a very
effective and low cost process.

Abrasive blastindechnology uses glass or plastic beads to achieve high decontamination factors,
effectively reducing dose rates at surfaces with oxide layers from primary water. However, because of
its higher degree of abrasion, it is not suitable for sensitive surfaces. Some of the abrasive medium can
be reused for as long as it is technically effective. An automatic separation process removes the
contaminated waste fraction from the medium fraction

CGO, cleaningis a pneumatic dry process that uses dry ice as the decontamination medium. While
similar to conventional abrasive blasting, it does not use hazardous or abrasive media, and can
therefore be used on sensitive equipment such as electronitse @ther hand, the decontamination
effect is lower for hard oxide layers. Although some form of ventilation is required for contamination
control, the CQcleaning process does not generate costly secondary wastes such as water or abrasive
aggregate. Téntechnology is mainly effective on softer materials like wood, rubber and plastics, or to
remove paint or coatings.

Ice blastingis a wet process which uses small pellets of ice as the cleaning media. Ice blasting uses
a refrigeration unit and ice grindar produce ice chips which are delivered to contaminated surfaces
with compressed air. Such systems can be used by robotics, and produce approxingtttyes§®f
water per hour. Inherent safety features of ice blasting include lower heat stress\goloveer
airborne levels from a wet environment and lower nozzle thrusts lessening operator fatigue.
Disadvantages include slower decontamination rates as compared to conventional methods and high
noise levels (typically 110 dB).

Ultrasonic cleanings aphysical decontamination treatment based on the use of ultrasonic waves
in a water bath. The ultrasonic generator produces the ultrasound at a frequency bet\@kHAN
A transducer converts this high frequency energy into low amplitude vibratitims s&ame frequency.
Decontamination is accomplished through the formation and violent collapse of thousands of minute
bubbl es, which | i ft radionuclides from the obje



Ultrasonic fuel cleanings an effective means for removing PWR fuel deposience mitigating
the potential problem of axial offset anomaly (AOA) in PWR reactor cores. In addition the reduced
fuel crud inventory has been shown to reduce dose rates on subsequent shutdown refuelling. Current
ultrasonic fuel cleaning technology idsa effective for exposure reduction because it removes
deposits on the surface of fuel. In addition, ultrasonic fuel cleaning does not cause any additional
radioactive wastes. While this technology was developed for PWRs, it is also thought to bring about
the following advantages to BWRs:

1 Mitigation of fuel issues associated with potential crud at plants with high iron.levels

1 Reduction of Ce&0 concentration in the reactor water resulting from the removal of its
largest source, thereby reducing radiati@ids and decreasing the required amount of
depleted zinc

1 Reduced loading of noble metals on ftmlowing the injection of noble metals, increasing
the relative proportion of noble metals on the surfaces of devices within the reactor.

Japan: Decontamnation by blasting

From the 1990s, advanced decontamination methods using blasting have been developed. Or
techniques used is the combination of cavitation jet (CJ) decontamination with blasting. Thro
applicability test, it was found that tledfectiveness of the combined decontamination process is highe
simply adding their individual effects. The table shows the results of the applicability test with
equipment.

Applicability test results of decontamination with CJ+blasting

Before decontaminationy After decontamination | Decontamination factor
Sample 1 40 mSv/h 0.7 mSv/h 166
Sample 2 25 mSv/h 0.63 mSv/h 111

Japan: Decontaminationof the reactor coolant pump internals by using ultrasonic cleaning

Chemical washing and higtressurevater have been used to decontaminate the RCP internals at th
NPP. The ultrasonic cleaning unit, which has already been proved effective at another plant,
introduced for the decontamination tank to enhance decontamination in -affective manner. This|
measure is expected to reduce the dose byd@2 mSv. The schematic diagram is shown below.

Introduction of ultrasonic cleaning unit to decontamination tank
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Currently: Chemical cleaning (high-pressure cleaning) alone is
inadequate to clean the inside of the internals.

Improvement: The effectiveness of the ultrasound unithas already been proved with the
cask with decontamination function. The cleaning unitis expected to enhance
decontamination atthe inner surface of the bottom of internals.
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Romania: Cernavoda NPP decontamination technology

Decontamination costs time and money, and potentially exposes workers to radiation doses ag
chemical and industrial safety hazards. Rather than developing complex technologies for decontar
Cernavoda NPP created an efficient system based, firstly, on practical principles (improvement in th
and health conditions for workers in theea by reducing or removing loose contamination) and also i
reduction of the amount of radioactive waste which is expensive to dispose. Operating experie
demonstrated that the maximum efficiency is obtained when decontaminations are mageasl\teained
personnel. The success of this decision consists of:

Thelowest dose and the best quality of the work
' Minimum consumption of a decontamination agents, water and other consumables.

These goals were obtained using accurate knowledge (daaa) arigin (source) of contamination, a

proper solutions (strategy) to decontaminate equipment, tools, and materials for reuse/recycling, ¢
the lowest quantity of secondary waste.

United StatesUltrasonic cleaning fuel cleaning

In the United Sttes, ultrasonic fuel cleaning has been applied to such PWRs as the Callaway, Sout
and Vogtle nuclear power stations. At the Callaway Nuclear Power Station, a dose rate reductiol
order of 50% has been observed at plant shutdown after openatiothe cleaned fuel installed.

Water chemistry control

Water chemistryd an important factoto achieve chemistry regimes that favour continued
reduction in source terms, includitige prevention of crud adherence on the surfaces of deamtkes
piping. This involves an optimisation of chemical conditions during power operation, as well as during
transients, statp and shutdown. While some plants prefer to follow their initial water chemistry
specification, the following section describes severehriues that have been used successfully in
some plants for source term reduction.

Zinc injection

Zinc injection is an effective method for reduction of dose rate, and has been successfully applied at
a number of nuclear power plants worldwtdecontrolthe adhesion and accumulation of radionuclides
in piping This method is intended to control the corrosion rate of the primary piping and devices by
increasing the Zn concentration of the reactor water through the injection of Zn ions inside the reactor.
The injected Zn forms a fine film on the surface of the fuel cladding, piping and equipment. As a result,
the release of cobalt from the fuel into the reactor water and the subsequent deposition on the surface of
the piping and equipment are decrea$ied.well known from operational experience that control of the
corrosion rate will result in the control of the adhesion/accumulation rate of radionuclides to pipe
surfaces and, consequently, control of the upward trend of the surface dose rate.

In BWRs inparticular, the zinc injection method is also used to control the increase of the dose
rate resulting from hydrogen injection applied as a countermeasure agde¥siranular stress
corrosion crackinglGSCQ. Zinc injection is often used in associatimith noble metals injection,
which is implemented mostly in the United States. While natural zinc oxide (ZnO) was originally used
for Zn injection, the dose reduction associated with controlling@cs partially offset by the Z65
generated as an adivon product of Zr64. Consequently, there are cases where depleted zinc oxide
(DZ0), in which Zr64 has been removed in advance by isotope separation, has been used.

High lithium operation and application of enriched boron
In PWRs, high pH operation cdming about exposure reduction effects. Recently in Japan for

example, PWRs are operated at a high pH, with a target of 7.3 at 285°C. The pH is controlled by
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adding lithium as a pH adjuster. Because boron concentration is high at the beginning ofehe cycl
applicability of high lithium operation has been investigated as a means of pH optimisation through
the entire operation cycle. Moreover, the application of enrichd® Bs a chemical shim control
material has been studied with respect to decreasitog lmoncentration in reactor water.

Optimisation of dissolved hydrogen concentration

In PWRs, hydrogen is added to the primary coolant to prevent stress corrosion cracking (SCC)
due to dissolved oxygen by inhibiting oxygen generation arising from radiobfsthe primary
coolant. The chemical composition of crud is also considered controllable through appropriate control
of the dissolved hydrogen concentration. Considering these two effects, a study on the optimisation of
dissolved hydrogen concentratiomashbeen undertaken in the US and Japan with the objective of
controlling SCC as well as reducing the dose rate.

Ni/Fe control operation

The control of iron concentration in reactor feed water is important from the perspective of
reactor fuel integrity. lis also important from the perspective of exposure reduction and efforts to
reduce iron concentration have included: the injection of oxygen to prevent the corrosion of the feed
water system piping; the installation of condensatefifiegs to remove théron contained in the
condensate; and the improvement of the condensate demineraliser resin.

Based on the theory that it might be possible to immobilise radioactive cobalt generated from Ni
and Co on the fuel rod surface by balancing the iron concentrptigportionately with the Ni
concentration in theeactorwater, the Ni/Fe control method has been proposed. The NI/FE control
method aims to operate the plant such that the ratio of nickel to iron concentrations in the feed water is
maintained at 0.2 dess. In general, Ni ions brought into treactorwill react with Fe crud on the
surface of the core fuel cladding and generate nickel ferrite, which will then adhere to the surface of the
cladding. As a result, other ions with chemical behaviours sitoildr (e.g., Co, C&0, and Ceb8) will
be incorporated as ferrite and immobilised on the reactor fuel surface, resulting in a lower concentration
of the ion state radioactivity in the reactor water. This method was applied for the first time in Japan at
Onagawa Unit 1 and Kashiwazaki Kariwa Unit 1 (BWRS), with significant performance. As a result, it
has been employed in many of the new plants subsequently constructed in Japan.

Ultra-low Fe/high Ni operation

I n some Japanes-bwiBbMigs , nit blkeeliudpemati ond was
using a fuel typecalledi B J  ffuelewhioh hds a pure zirconium liner inside the high corresion
resistant fuel cladding)his operation is a combination of two different concepts. One is the reduction
in the amount of generated radioactivity by controlling to the maximum possible extent the iron crud
guantity transferred from the feed water to the reactor water (0.1 ppb or lower of the feed water
concentration) and thereby controlling the quantity of nitdelte and other crud to the surface of the
core fuel. The other is the reduction in the adhesion or accumulation of radionuclides in reactor water
to the outside of the reactor core by controlling the corrosion of the piping and devices outside the
reacor core by maintaining the nickel ion concentration of the reactor water at the highest possible
level. This operation has been applied to several plants including the Onagawa Nuclear Power Station
and, as a result, its usefulness has been demonstrated.
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Japan: Zinc injection (Tsuruga Unit 2 and Fugen)

Zinc injection at the Tsuruga NPP Unit 2 was implemented to assess its effects on (1) water chem
decreasing dose rates on primary equipment and piping, and (3) fuel performance. Zinc injecticenh
performed for eight months in the Ml4ycle with zinc concentrations ofBppb in the primary coolant
Although the concentration of radioactive cobalt was increased by a factor of ten following zinc inj
the increase was within the expectatlmased on European experience. Additionally, the dose rates

primary equipments and pipes (hot leg, cold leg and steam generator water room) were decrea36€th
compared with the rates measured during the previous refuelling outage.

Relative dose equivalent rate on the primary equipment and pipes
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Zinc injection reducedthe dose rates of the primary equipmentand pipes to 70-80 % of that of the
previousoutage. This effectis higherthan expected based on the earlier experience in otherplants.
However, low temperature non-regenerative heatexchanger had no effectdue to zinc injection.

At Fugen NPP, dose rate control technology combining system chemical decontamination and zinc
was implemented as an exposure reduction measure during a periodic inspection. Fugen isnatbea
moderated boiling light wat cooled, pressure tube type reactor, and is a prototype advanced t
reactor. Fugen ended its operation in March 2005. The experience of the zinc injection at Fugen sh
following results:

9 Zinc injection after decontamination effectively sumsed the radhesion of C&0 on the surface o
piping and maintained the radiation source at aléwg|.
! The occupational exposure dose in the" Iahd final inspection period was at the miniml
(L.31manASv) throughout Fugends operational p
 Permaent and effective dose control measures for a plant were achieved by these water chemistr
technique developments and, in this way, effective exposure dose control measures were establis
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Reactor water cleaiup

A part of the primary coolantfdhe nuclear reactor is always extracted and cleaned up during
operation in order to remove radioactive material in the coolant. Purification of the coolant is
performed using ion exchange resins and particle filters. In PWRs, purification using theatlzsmdi
volume control system also is performed; in BWRs, the-fuobine condensate is cleaned up using
condensate demineralisers.

Ventilation and filtering of airborne contamination

Ventilation, filter systems and temporary containments are effeetiveontrolling airborne
contamination. Properly designed and applied ventilation, which typically employs HEPA filtration,
can preclude the need for respiratory protection for workers, especially for those working in the
vicinity of the source area. Facsosuch as the placement of HEPA ventilation hoses and hoods, hood
design, capacity and capture velocity must be considered when selecting a unit. The type of work to be
performed also impacts the type of unit used. Grinding, for example, will require twtbdsigher
face velocities to capture materials. Specialised filter types (charcoal filters) must be used when iodine
activity has to be considered. For effective operation of these filters, hazardous conditions that can
destroy filter capability have toe avoided (high humidity, organic solvents).

Shutdown operations

Proper shutdown chemistry is necessary to ensure that primary system dose rates and contamination
levels are maintained ALARA to the extent that shutdown operations influence these @aramet

Addition of hydrogen peroxide

The oxidation operation is a method to actively remove radioactive cobalt from the system by
accelerating the dissolution of radioactive cobalt from the piping and increasing the flow rate in the
clearrup system. In thiprocess, when the primary system turns into an oxidizing environment, nickel,
Co-58, etc, are rapidly dissolved and their concentrations in the coolant increase. However, their
dissolution rates will decline later and the decrease in concentrations Viltther accelerated by
cleaning. With the objective of accelerating this decrease, full water oxidation operations can be
performed. In PWRs, this is undertaken when water is discharged from the primary coolant system
during plant shutdown. The primary stgm is turned into an oxidizing environment by adding
hydrogen peroxide to the water before discharge from the primary coolant system. This method,
applied at many power pl ant s, is called the Al
removes exteral surface oxides of metal materials, a source of external surface radioactive crud,
without removing the protective coat (internal surface oxides).

France: Shutdown procedures

An EDF study on shudown procedures and their potential impact on dosehageshown that the mai
steps contributing to limitation of radioactive deposits in the primary circuit are the following:

9 A constant decrease of temperature.
1 A sufficient quantity of hydrogen peroxide (eau oxygénée) introduced in the primary circuit.
1  Theduration of the purification (at least 15 hours for a 900 MWe plant).

Japan: Operationstarting temperature in the RHR system

In Japanese BWRs, a method has been applied to lower the operation starting temperature in th¢
heat removal (RHR) systechur i ng pl ant shutdowns with the o
This method exploits the dependence of the quantity of radioactive deposition to the RHR system pip
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Japan: Operationstarting temperature in the RHR systemCo nt 6 d)

the reactor water temperature. An investigation at Kashiwazaki Kariwa Nuclear Power Station
revealed that the quantity of radioactive deposition to the RHR system piping is generally constant
operation starting temperature is in the rangeppireximately 126150°C (the initial value), but decreas
below 120°C. In addition, by lowering the operation starting temperature from 150°C to 105°C, the i
in dose rate due to deposition will be reduced to approximatelygoaeer of the previougalue.

United States: Braidwoodés fAlnethadolagy e Shut dow

In an effort to reduce exposure to workers during outage evolutions, Braidwood Station has implemg¢
alternate method of shutting down its reactor that enabkrs tio save exposure to their workers. T
method was derived from conversations within the radiation protection department when past
performances were reviewed and the possibility of isolating the steam generator, the pressuriser
associategiping from the increased contamination and radiation levels that occur while performing a
oxidation through addition of hydrogen peroxide.(crud burst) was proposed.

This alternate shutdown method is executed at Braidwood through closwepdtolation valves (LSIVs
prior to the forced oxidation. This results in the lower activity water during shutdown to remain in the
generator and the pressuriser. This also results in a smaller volume of water to be cleaned up th
normal shlitdown. The alternate shutdown method also ultimately reduces exposure and increg
productivity of the plant personnel because of the shorter time required to clean up this volume
below the EPRI guidelines) and the necessary restrictiopkedpto entry to affected areas during t
cleanup phase.

The benefits from this methodology have been very noticeable in the reduction of dose rates in the p
plant has experienced a-80% reduction in dose rates in the areas of the steamagendhe pressurise
the associated piping and the general areas impacted by these components. This method
instrumental in reducing exposure to workers while performing work activities at Braidwood and h3
implemented at other Exelon plants

6.4 Exposurereduction techniques

In addition to the methods described above to remove or reduce the radioactive source term itself,
exposures to workers can also be reduced by employing methods that take advantage of the principles
of time, distance ahshielding.

Temporary radiation shielding

Use of temporary shielding, especially during refuelling and inspection outages, is one of the
primary methods used to reduce job specific and general area radiation levels. Areas which use the
highest quantitie®f temporary shieldingnclude the BWR drywell and PWR steam generators and
loop piping. Many plants install in excess of 25 tons of portable shielding during outage work on
various piping such as for the reactor coolant, cleanup, recirculation (BWRhargtimary loop
(PWR). Effective temporary shielding requires a flexible system of different shielding elements in
order to obtain the best results under the local conditions. Often, it is important to save space because
of narrow working areas and the dde give sufficient workspace to the work&ypical examples of
effective temporary shielding elements include:

1 Lead wool or lead sheet blankets (Pb wrapped in polyethylene for ease of decontamination)
1 Lead sheets (20 mm thick)

I Specialised lead/steshielding elements, tailored for repetitive tasks

1 Tungsten: high density (19.25 g/cc vs 11.34 g/cc for Pb)

1 Concrete bricks (with stainless steel liner)
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1 Water shields (plastic polymer/resin type containers)
1 Leadimpregnated expanding foam.

Supporting @vices for these elements include special quick connecting scaffolding equipment
with shield support hangers, and hooks and belts for direct installation on piping or supports.
Application of shielding depends on the desired dose rate reductions, plfigtietion and allowable
pipe loads for direct shielding.

Although lead blanket shielding, often supported by scaffold structures, still accounts for the
majority of temporary shielding, other alternatives are available. Options for direct shieldirdginclu
solid lead or steel rings which surround piping or casings of large valves. Water shields offer some
possible dose savings over lead blankets/sheets in terms of installation and removal since the carboy
containers are lightweight and allow remote fijliand draining.

Several important aspects of a temporary shielding programme implemented during refuelling
and inspection outages include work scope review, characterisation of the work area (layout and
configuration), cosbenefit evaluations, engineeriagalysis and planning of shielding requirements.
The availability of a wide range of shielding elements and atwatied team with sufficient skill to
find the optimal solution are needed for installation of the shielding elements in a short time.
Geneally, an engineering analysis should be undertaken to ensure approval of allowable weight
loadings for support of temporary shielding on plant systems and piping. The summation of all outage
temporary shielding packages should be tracked to assure thaitahaveight loading is below
engineering restrictions for each system.

In some countries specialised contractors employing skilled craftsmen and technicians perform
portable shielding operations using precise documentation of installation and dosguedaagether
with photo/visual documentation. These teams have developed optimised tools for temporary shielding
installation using experience gained from performing the job during numerous outages, combined with
radiation protection and other practidaiowledge. Such professional shielding teams have saved
some 510% of the yearly outage doses at several plants.

An optimal shielding programme should be supported by appropriate work scheduling (6Ghapter
Filling pipes with water, or draining them atimne when no work is being performed, is cost free and
can eliminate the need to install significant quantities of portable shielding, reducing the collective dose
associated with its installation. It should be noted, however, that water will not sigiyfieeduce dose
rates in piping of less than about 10 cm (4 inches).

An additional good practice used in plants with high dose rates is to create shielded waiting areas
near highly frequented working ar easawoikerets e i Ra
wait during work interruptions, technical discussions etc. Typical installation areas are in the
PWR/BWR containment or in/near the BWR drywell.

Asian region: Temporaryshielding

In some Asian nuclear power stations, doshefit analyses afhielding installation must be completed fi
as an engineering support for dose reductions. Lead blankets, mobile lead walls, lead bricks, tungst
and water boxes are often used based on specific needs of systems, components and work env
Shielding supports are constructed as permanent devices, which facilitate the installation of lead blar
minimise doses to installation workers. Temporary shielding andgemianent shielding are always set
for high radiation area activitiet® reduce collective dose. Specially designed tungsten lead blanke
often used during outages for high dose rate piping shielding in the hot area. Because the tungsten b
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Asian region: Temporaryshielding( Cont 6 d)

composed of certain amourdétungsten and poly materials, it is flexible and can bend to cover hot p
In order to reduce the level of higher radiation working areas, temporary lead shielding will be in
especially in period of refuelling outages at reactor coolant systienary associated piping and equipme
Movable and fixed type shielding have also been installed depending on the working environn
auxiliary buildings such as RHR and steam generator letdown rooms with high radiation piping.

Belgium: Biological shielding during outages (Doel NPP)

At Doel NPP, the personnel assigned to install biological shielding is extremely well qualified and t
The company to which they belong has prepared, over a number of years, a standard progra|
installing biologcal shielding at the start of a unit outage. Its operatives are also radiation protection v
and the only ones, apart from the radiation protection workers of the plant and the contractor organ
authorised to make certain dose rate measuresmalh the biological shielding is installed in the first two
three days of the outage. Only the radiation protection department is authorised to move biological s
or to modify the nearby signs (indicating hot points, zone classificatiol, etc.

Installation of biological shielding iBraceleto type p
on a pipe enabling monitoring of a valve

Canada:Newshielding materials (Pickering B NGS)

At Pickering B NGS, the application of new shielglimaterials is driven by the need for lighter, m
effective radiation attenuating materials to augment traditional PVC lead bags. Latest attenuating 1
include a homogenous mixture of-200 micron tungsten particles distributed in an elasticosil matrix.
This formulation can provide a %> HVL @ 2.5 cm and enables the production of mouldable sectiq
provide flexibility in shielding radiation on irregular shapes.

France : Optimising shielding installation

EDF has developed a methodology dzh®n its PANTHERE dose rates modelling software to define
optimal scenario for shielding installation on primary loop circuits. This methodology has been app
several 900 MWe plants. It appears that a dose saving of about 30% can be obttieedarks performed
in these areas.

Japan: Temporaryshielding for RV core internals replacement (Ikata and Fukushima Daiichi NPS)

Ikata Nuclear Power Station (Shikoku Electric Power Company) in Japan accomplished an RV core
replacement (CIR) im PWR for the first time in the world in 2004. The total dose received for the CIH
below 1/10 of the planned dose. There were two main reasons for this accomplishment: i) th
equivalent rate from the old CI storage container was actually 1/2 afetsign rate, and ii) various measu
were implemented to reduce radiation exposure, including temporary shielding. Temporary shield
installed at various places, such as the waiting area in the reactor cavity and surrounding the reac
hea. The temporary shielding for the RV core & replacement is shown below.
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At Fukushima Daiichi Unit No.3, a reactor internals (shroud) replacement was conducted for the first
a Japanese BWR plant in 1998. Temporary shielding was applieddér to reduce total dose. Th
temporary shielding for the reactor internals replacement is shown below.

The temporary shielding Temporary shielding for replacement
for the RV core internal replacement for reactor internals (BWR)

Switzerland:Lead shidding during outages (Beznau NPP)

At Beznau plant, biological shielding was originally only installed in maintenance and monitoring are
the quantity of lead used was very small. At the start of the 1990s, it was shown that the dose receiv|
person installing the lead shielding was very low compared to the dose saved by installing this shiel
other operators. The quantity of biological shielding installed for the outage has thus considerably in
to about 12Qonnes in 1999 for reptement of the steam generator in Unit 2. Until the start of the 2
80tonnes of lead were used on average for each outage. A new policy was then developed: insta|
biological shielding only in areas where work is carried out during the outdge.policy has led to 4
reduction in the quantity of lead used to aboutatihes per outage without increasing the collective dos
the maintenance works.

United StatesTemporaryshielding for worker transit (Cook NPP)

At Amer i can EIo&NRPrseveral Bpproeehedts addiess the problems of temporary sh
installation have been used. For example, worker transit dose can be a significant problem.

installation of temporary shielding in the lower containment, the shortest mut@fkers carrying shielding
is through the lower containment airlock; however this path requires workers to pass through

elevated radiation fields. To eliminate this dose, shielding material is now transported from the
containment hatch byse of cranes and floor hatches. Also, shielding of high transit pathways is perf
early in the outage to save as much exposure as possible. The use of quickly installed and remo
shields has also been effectively employed, as has the usenwdnent shielding hangers in areas wh
temporary shields are systematically used in each outage.

Permanent radiation shielding

While temporary radiation shielding is often installed and works effectively in a refuelling
outage, the ontme installationof permanent radiation shielding can be effective in situations where
the overall exposure reduction to workers for a given job is small in comparison to a large exposure

received during the shield installation, for example, in high dose rate areasaaed with difficult

access. When permanent radiation shielding is installed, it is necessary to consider conditions of
stability and security of the shielding, including earthquataof safety. A partial movable permanent
shield can also be effective irducing doses while facilitating access through a hatch or other

opening for inspection of piping and equipment.
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