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FOREWORD

The purpose of Annex | is to provide a demonstratib the application of the DeSa safety
assessment methodology described in the main refportthat purpose three examples of
facilities to be decommissioned were selected bylibSa project participants for evaluation.
The chosen test cases are broadly representativagoing or completed decommissioning
projects.

The test cases selected for evaluation were:
e Anuclear power plant (NPP);
*« Aresearch reactor; and
* Anuclear laboratory.

The facilities were selected because they repredentange of differing types of facility and
because the operating organizations had commitbegbrovide all necessary technical
information to allow safety assessments to be cciedu

Once the safety assessments for the decommissiafingPP, research reactor and the
nuclear laboratory had been developed, each testreport was reviewed by the Regulatory
Review Working Group and the Graded Approach WakKaroup to provide a simulation of
a regulatory review and to demonstrate that thelatgry review procedure developed for
DeSa (see Annex lll) and the recommendations orgthded approach (see Annex ll) are
robust.

Part A of Annex | deals with the NPP test case. Jiiigect of this test case is a Boiling Water
Reactor (BWR) that was used for electricity genemtbut which had reached the end of its
operating life. The reactor had been defueled aetiremoved from site where two of these
units were located. A plan for the transition ameparatory phase for decommissioning was
available, but the planned decommissioning work afan early stage and had not been
subject to detailed safety assessment. The pungddke safety assessment for this unit was to
support the decommissioning plan for immediate disthing.

The safety assessment for a large NPP is extersmike comprises a large suite of
documentation. Due to the time constraints on tleSd project, it was not considered
practicable to address the decommissioning of deMd®P, nor was it considered necessary
as the safety assessment approach and methods beosichilar for many of the phases of the
overall project. It was decided therefore that leyesting two radiologically significant
decommissioning tasks (dismantling of two systeansatisfactory demonstration of the DeSa
safety assessment methodology would be achievedmbiald be broadly representative of
most decommissioning projects for light water reextThe NPP Test Case therefore:

e Deals broadly with the whole decommissioning projeesd the supporting safety
assessment; and

* Specifically addresses two significant decommigsigrtasks for the purpose of
demonstrating the DeSa methodology.
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1. INTRODUCTION

1.1. BACKGROUND

Evaluation and demonstration of safety is an egdenbmponent of the successful planning,
performance and completion of decommissioning @8/ This has been highlighted by the
international safety standards on decommissionfnguolear power plants (NPPs), research reactors
medical and research facilities [1], [2] etc. Ratiaing the need for exchange of information and
experience and consolidation of the best experiemce lessons learned in these areas, the
International Atomic Energy Agency (IAEA) launchdte international project on Evaluation and
Demonstration of Safety of Decommissioning of Rae## Using Radioactive Material (DeSa) in 2004
[3]. This project aimed the development of a harimeth methodology for evaluation and
demonstration of safety during decommissioning #mel development of safety assessments for
selected facilities by applying this methodologheTmethodology developed, as part of the project
and documented in the main report was tested iaraktest cases — an NPP, a research reactor and a
nuclear laboratory. All three test cases are ptesden this Annex |.

The three test cases provide practical illustratiérthe application of the methodology and also
illustrate the need of and the application of adgthapproach to development of safety assessment,
due to the complexity and hazards of the facilitiBsese may also be of assistance to operators and
regulators in the Member States.

The test cases present safety assessments fatigacivith different complexities and hazards,
following the individual steps of the methodologeé the main report). By developing these cases,
practical issues related to the use of the metloggolvere identified, such as the criteria for stédec
and justification of scenarios and models, defmitof types of uncertainties and approaches far the
treatment. Decisions on the importance of inpua daguired, the use of generic vs. site specifia,da
as well as the depth for safety assessment negdesatemonstration of safety for decommissioning
of various facilities with different hazard poteitiare also be addressed in the project. The
formulation of the test cases very much reliedraibformation provided by volunteer facilities and
the knowledge and experience of the participantsérDeSa project.

It should be noted that, although the test casedbased on real information about the facilitiagyt
do not represent a specific safety assessmenedanit for these facilities.

The safety assessment for a nuclear power planPYMRs developed in Phase 2 of the project and
reviewed by the Regulatory Review and the Gradegrdgches Working Groups [3]. The
recommendations made by these project working graume also reflected in this Part |A of Annex I.
Part B presents the safety assessment of for tt@mdrissioning of the research reactor and Part C
the safety assessment for the nuclear laboratory.

1.2. SCOPE

Part A of Annex | documents the safety assessneerthé decommissioning of one of two light water
nuclear reactors at a NPP site. It concentrateshenactivity associated with the removal of a
contaminated part of the reactor primary circutemabpent fuel removal, its size reduction untéd th
waste is packaged and handled from the reactodibgito on-site processing and storage or further
off-site disposal. Waste processing, disposal aesarance of material are not within the scope ef th
assessment and this report. Non-radiological hazarel not considered, however the report highlights
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the importance of consideration of these hazardhendevelopment of a decommissioning plan and
authorization of decommissioning activities.

The information on the facility, the site and thersundings presented in the NPP Test Case exceeds
the needs of the particular safety assessmenhéotwo selected systems 321 and 322. However, in
the safety assessment for the whole reactor, te ¢¢ detail and information required would becals
based on national legislation and on the specdffijuirements of the Regulatory Body in a Member
State and on other stakeholders.

The host country has a mature regulatory and keigaronment, with substantial powers delegated to
individual regulators and to regulatory bodies. Host country has a developed national system for
disposal of radioactive waste. The waste acceptaniteria for disposal are established. Waste
treatment processes have been established angpie a@f containers for waste disposal have been
decided upon. This means that the aims and obgsctor waste management at the decommissioning
NPP are known. These in turn determine the natiutteedasks to be carried out for decommissioning.

For the purpose of the NPP Test Case, the safegssiment was based to large extent on information
from a volunteered facility and also on series s§uamnptions. The assessment was developed in
support of a high level decommissioning plan f& MPP, shown in Fig. 1.

Planning scenario for decommissioning - DeSa pro  ject "Test Case A"

Status
Shut down

Final status
Operation Large component Survey of buildings Final Status

removal Survay of the hole site

Removal
321/322

Defuel t Removal of systems

Building demolition

and site restoration
--------------- >
Preperation Dismantling

for dismantling

Main Activities

Preparation for reactor vessel removal D

Non-essential systems removal :]

Main turbine/generator :]

Main condenser :]

Reactor vessel & internals :l

Reactor Building Systems Removal :]

Reactor Building Decon :]

Site Systems Removal and Decon l ]
Support Systems Removal E]

Final site survey C]
Licence Termination D

Turbine Building Demolition :]
Reactor Building Demolition :]

Landscape Site [I
FIG. 1.Planned NPP decommissioning activities.
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However, the range of decommissioning tasks angatipg activities necessary is very large, with
the decommissioning stage of the NPP life cycleéings? years. The complexity of the NPP is
indicated by the systems line diagram shown in Eig.

The following more specific decommissioning actest at unit 1 are envisaged to be carried out
during the decommissioning period (see Fig. 1.):

@

(b)
(©)
(d)
(e)
(f)
(9)

(h)

(i)

0)

(k)
0

(m)

(n)
(0)

Design and fabrication of temporary and pemnanshielding to support removal and
transportation activities, construction of contaation control envelopes, and the procurement
of special tools;

Procurement of shipping canisters, cask lireemd industrial packages;

Removal of piping and components no longeerissl to support decommissioning;

Transfer of the steam separator and dryenasiges to the dry separator pool for segmentation;
Removal, segmentation and packaging of the: fiester sparge system;

Disassembly, segmentation, and packaging®ttre shroud and in-core guide tubes;

Removal, segmentation, and packaging of theanmging internals, including the fuel support
castings and core plate assembly;

Draining and decontamination of the reactorll.whstallation of shielded platform for
segmentation of reactor vessel;

Disconnection of the control rod drives andtmmentation tubes from reactor vessel lower
head. The lower reactor head and vessel suppatiingture are then segmented;

Removal of the reactor recirculation pumpstdfior surfaces are decontaminated and openings
covered,;

Demolition of the biological shield activatedncrete by controlled demolition;

Removal of remaining components, equipmend, jplant services in support of the area release
survey(s) — including systems 321 and 322;

Conduct of final radiation survey of land amngimaining structures and buildings are in
compliance with relevant criteria (see Section 2);

Building demolition and site restoration; and

Preparation of the final decommissioning répor
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Given such a large decommissioning project and:timstraints of the three year DeSa project, it was
impracticable in this Test Case report to presentomprehensive safety assessment for all

decommissioning activities at the unit 1. Safetyeasments for large projects are always divided to
support individual phases of the overall projectr Fhe purpose of demonstrating the safety

assessment for a NPP, two specific decommissidaisks have been selected for presentation of the
safety assessments methodology. These are decdaomimgsof:

O The cooling system for the shut down reactor syg®ystem No. 321); and
O The containment spray cooling system (System N2).32

These two systems were chosen for the NPP Testlemseise they are representative of the type of
decommissioning work to be undertaken; they arengsiothe more significant tasks in terms of
radiological exposure to workers resulting fromnplad work and the radiological and conventional
industrial risks under accident conditions. In &ddi the differences in the hazards presentechby t
two systems allow demonstration of the applicatibthe graded approach.

1.3. OBJECTIVES

The aim of this report is to illustrate the applica of the safety assessment methodology (see the
main report) to an NPP, representing a large amptax nuclear facility.

This report also aims to illustrate the evaluatbthe radiological hazards expected to result ftben
conduct of decommissioning in the time and with thesources available following a
decommissioning phased approach. Given the limigsdurces available in the DeSa project, it was
not possible to analyse the decommissioning ofetidre unit. Therefore, for the purpose of this
report, it was decided to limit the scope to atedinumber of decommissioning tasks. The scenarios
and work packages have been chosen to illustrnatender of assessment areas, including:

O Assessment of hazards to workers arising from detissioning operations; and

O Assessment of radiological releases and effectosesl to the public due to anticipated or
accidental releases to the environment via eithsegus or liquid pathways (involving doses
attributable to inhalation and ingestion of relebs®terial via agricultural pathways, etc.).

The safety assessment for this NPP has providetbde& to the Regulatory Review and Graded
Approach Working Groups of the DeSa project.

1.4. STRUCTURE

Part A of Annex | is structured as follows:

O Section 1 provides a background, scope and obgsctif’the report;

O Section 2 provides the safety assessment framework;

U Section 3 describes the NPP, and sets the conftélie scope of this test case report in the
overall larger decommissioning work for the wholemy

O Section 4 presents the identification and screeofriwgazards;

U Section 5 the evaluation of the normal and accalesgenarios during decommissioning, and
the associated modelling;

O Section 6 describes the engineering analysis;
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O Section 7 presents the analysis of results andifabation of safety measures;

O Section 8 discuses the approach to and decisiods foa application of the graded approach
in the development of the safety assessment dfl B

O Section 9 contains the confidence building measwagglied to the safety assessment
development;

O Section 10 provides a summary of the lessons leamitconclusions from the preparation of
this test case report;

O Appendix | contains the detailed analysis that sujgpthe assessment of consequences for

workers from normal decommissioning activities, @ethils of the proprietary computer code
that was used to do this;

O Appendix Il contains the detailed analysis thatpguits the assessment of consequences for
the public (critical group) from normal decommissimy activities, and details of the
proprietary computer code that was used to do dmd;

O Appendix Il contains the detailed analysis thapmrts the assessment of consequences for
workers and the public from accident conditionst tbeuld arise during decommissioning
activities.

2. SAFETY ASSESSMENT FRAMEWORK

This Section provides an outline of the context which the safety assessment for the
decommissioning of two systems of the NPP is cameil and developed. It also presents the
objectives, endpoints, timeframes, approach anddemies for conduct of this assessment.

2.1. CONTEXT OF SAFETY ASSESSMENT

The safety assessment is performed in preparatiofinfall decommissioning of one of two units at a
NPP site for which the immediate dismantling stygitbas been selected. The whole NPP was shut
down in November 1999; defueled two years lateriaral state of surveillance since then (see Fig. 1
in Section 1). A detailed decommissioning plan ier preparation as part of the supporting
information for the application for authorizatiohdecommissioning of the facility and release ¢ si
from regulatory control with remaining buildings tire site.

The safety assessment is developed in supporetdinhl decommissioning plan for the unit that is
necessary for obtaining of authorization for decassioning.

2.2. SCOPE OF THE ASSESSMENT

The assessment covers two specific systems ofLi(aibe of two reactor units) with common support
systems located at an NPP site. The assessmengéntmates on the activity associated with the
removal (i.e. cutting of systems, size reductiod aegregation) of contaminated parts of the reactor
primary circuit (Systems 321 and 322, see Sectidn their emplacement in containers for
transportation for processing, storage on the NEP Bvaluation of safety during waste treatment,
conditioning, storage and disposal is not withie 8tope, but waste handling within the NPP is
included up to the boundary of this scope wheretavagrives at the on-site waste treatment plant.
Waste handling in the context of this test cadamiged to handling waste from the decommissioning
of the two systems as they are removed from thiér af installation, placing this waste into
temporary containment and temporary transport gosta and moving these containers through the
reactor buildings to the point of the boundary with waste handling plant.
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It should be noted that the safety assessmentradiaver the erection and operation of a suppprtin
facility that needs to be built to carry out decoissioning of the reactor.

Due to the time constraints of the DeSa projectthadysis is reduced to two systems within the winit
(systems 321 and 322). The two systems have ditféegels of contamination which will show the
application of the graded approach.

2.3. OBJECTIVES

The objectives of the NPP safety assessment are:

(a) To demonstrate safety of workers and publiénduthe planned decommissioning activities
and to show compliance with regulatory requirements criteria;

(b) To confirm the existing or suggest new safetgted systems and controls;

(© To give confidence that the use of selecte® N{stems demonstrates that the methodology is
applicable to the whole NPP; and

(d) To be independently reviewed within the De$ajgrt framework (i.e. Regulatory Review
Working Group and the Graded Approach Working Gjoup

2.4. TIMEFRAMES

The timeframes specified at site level and relef@anthe safety assessment are:

O The whole NPP decommissioning intent is to takeNRé& out of regulatory control 7 years
from the start of decommissioning; and
O Unrestricted use of the buildings is achieved dtgears from the start of decommissioning.

The timeframes specified at the work package lavel9 months for the dismantling of each system
321 and 322 that result in 18 months work in total.

2.5. END POINTS AND END STATE OF THE DECOMMISSIONGN

The end point for the NPP Test Case is the remufvle two systems from the unit 1, the removal of
any residual contamination in the rooms and theoxein of any associated decommissioning
equipment.

The end state for the whole unit 1 decommissioisngpat all reactor nuclear and auxiliary systems
are removed and the building structures are belwsvrelease values and can be released from
regulatory control (see Section 2.6). The inteniiorthat the site will be removed from regulatory
control after completion of decommissioning. Thenewis then free to develop the site for any
purpose that may consider suitable.

The radioactive waste arising will be in a buffare that will remain at a part of the NPP site emd
nuclear regulatory control until the waste is resevor disposal and this part of the site is also
designated as suitable for unrestricted use.
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2.6. REGULATORY REQUIREMENTS AND CRITERIA

The safety assessment is based on the followingategy requirements and criteria that will appy t
the planned decommissioning activities at unit ™ dar which compliance will need to be
demonstrated:

2.6.1. Workforce criteria from normal activities

The radiation exposure predicted during the plandedommissioning needs to comply with the
criteria specified in International Basic Safetyar@tards [4]and IAEA Safety Requirements for
Decommissioning [2], i.e. the limit for potentidfextive doses to workers will not exceed:

(a) An effective dose equivalent of 20 mSv per ywaaraged over five consecutive years;

(b) An effective dose equivalent of 50 mSv per yisany one yeatr;

(© An effective dose equivalent to the lens ofelge of 150 mSv in a year; and

(d) An effective dose equivalent to the extremitijieands and feet) or the skin of 500 mSv in a
year.

2.6.2. Public criteria from normal activities
For the relevant members of critical groups (thielipit

(@) The estimated average effective dose equivéfiem all sources) shall not exceed 1 mSv in a
year;

(b) The dose constraint for the NPP site is 0.3 m$], which is divided equally between the
waste handling facility and the two units underatemissioning. The dose constraint for the
decommissioning of the NPP unit 1 is thus 0.15 mSv/

(© An equivalent dose equivalent o the lens ofetye of 15 mSv in a year; and

(d) An equivalent dose equivalent to the skin oh®Vv in a year.

Notwithstanding the dose limits and constraintsrkwmeeds to be planned for optimization of safety
so that predicted exposure can be demonstrat@ivessl reasonably achievable (ALARA).

2.6.3. Accident criteria

Consequence-based, defence-in-depth criteria weed un this Test Case to determine the
acceptability of the safety controls (as presemediable 1.). As the defence-in-depth criteria were
met in the Test Case, no specific risk criteria eveised directly, although Appendix Il (the
radiological accident analysis) shows that the isskdequately low.

These criteria are appropriate for short-term den@sioning tasks, and can even be applied to one-
off operations, for which risk-based criteria mayless suited. Using these more deterministicraite
usually avoids the need for extensive frequencgutations, resulting in a less complex radiological
accident analysis that is easier to understand.r@lagively modest consequences of the radiological
accident analysis support this approach.
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TABLE 1. DEFENCE-IN-DEPTH CRITERIA

Number of Independent

Unmitigated Consequences Complete Safety Measures
Required %3

Higher

> 20 mSv to a worker [4]

> 1 mSv to the public critical group Two

[4]

Significant

2 to 20 mSv to a worker One

0.01 to 1 mSv to the public critical group

Insignificant

< 2 mSv to a workér None

< 0.01 mSv to the public critical group[6]

Notes to Table 1:
! ‘Unmitigated’ assumes failure of safety controls.

2 An independent complete safety measure must be:

O Independent of the initiating event and of any pttemplete safety measures;

O Capable of detecting a failure (the initiating etyedeciding what must be done, and terminating or
suitably mitigating the accident scenario. This rfayexample require an equipment safety control
(such as an alarm) to detect a failure, an opedsoiding what needs to be done in response to the
alarm, and another equipment safety control usedhbyoperator to terminate or mitigate the
scenario. ‘Suitably mitigating’ means that the aansences are reduced to below the low end of
the relevant consequence range, meaning that rhare dne mitigating safety control may be
required just for the mitigation part of a singtelépendent complete safety measure.

This number can vary depending on the initiatimgn frequency, but this complexity was not needed
in the NPP Test Case.

One tenth of the ‘higher’ consequences value ah3y.
> Based on IAEA RS-G-1.7, [6] which treats this deaal annual dose.
All doses are effective dose equivalent.

The requirement for an appropriate number of inddpat complete safety measures is fundamentally
based on the ‘single failure and redundancy/indégece’ (para. 3.73 to 3.80 in Ref. [7]).

2.6.4. Clearance values
Three sets of clearance values are used in theTdBFCase:
a. Activity concentration

The values for activity concentration for clearamfebulk material from regulatory control are the
ones presented in Ref. [6], and in Table 2 below.
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TABLE 2. CLEARANCE VALUES FOR ACTIVITY CONCENTRATIONS

Radionuclide Activity Concentration
Value (Bag/g)

Mn-54 <1

Fe-55 <1000
Co-60 <1

Ni-59 <100

Ni-63 <100

Tc-99 <1000
Pu-239 <1

Pu-240 <1

Pu-241 <100
Am-241 <1

Cm-244 <1

As well as compliance with limits for individuala®pes given in the Table 2 above, the composite
activity must also meet the criterion that, sumraerbss all isotopesthen,

Z%—s 1. (1)

b. Surface contamination

For the site end state, the intention is to remiheremaining building structures from regulatory
control; the criterion for surface contaminationliwibe that there is no removable surface
contamination. Ingrained radioactive material tteinot be removed by treatment of the surface will
be addressed through the criterion (a) above.

The surface areas of the room are to be deconttadinia levels [8] that allow their release from
regulatory control. Clearance is treated on théshafghe concept of 10Sv/y individual dose. The set
of isotopes is based on analysis of the primamgudirand the confirmation that these are the isetop
of relevance to the protection of the workers,gbblic and the environment during decommissioning.

It is has been considered also appropriate to st the criteria shown in Table 3, which are based
the occupational dose limits for the workers subgecdose control to the occupational limit of
20 mSv/a and the associated health surveillance.

TABLE 3. CLEARANCE VALUES FOR SURFACE ACTIVITY

10

Radionuclide

Activity Concentration
Value (Bg/cnT)

All B,y emitters

<4

All o emitters

<04
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c. Site release

The applicable dose constraint for the public atfter release of a site needs to be expected t@ be n
higher than that applied for the operational phais¢he practice. According to Ref. [5] this dose
constraint should take into account multiple patysvaf exposure and should not exceed 300 uSv in a
year above background.

The dose limit of 1 mSv in a year for members @f plublic represents an upper bound on the sum of
effective doses from all possible combinations)afasures arising from practices.

These criteria are relevant for the decommissionifigthe unit 1 and release the land after
decommissioning completion. However, these critar&not directly related to the decommissioning
of the two systems 321 and 322 but their removddama positive contribution to the final end state.

Monitoring and surveillance is required during after decommissioning until the site is released
from regulatory control [2, 5].

For the scope of this test case, metallic scragrighivill be assessed by a combination of monmipri
of surface contamination and dose rates by conwegitiradiation protection instruments and by more
detailed analysis using more sensitive spectromatistruments such as high purity gamma
spectrometry. It is then the intent to release agkhmas possible of the metallic scrap into the
commercial scrap market so as to realise its ecaneafue.

For the civil structures, the intent is to monitbiin-situ so that it can be passed out of regulatory
control. The likely route for the civil structuresdemolition, with the material arising being dispd
of by normal landfill.

2.6.5. Waste management

The waste classification used in the NPP Test @Gabased on the revised IAEA waste classification
as presented in Ref. [9]:

(&) Exempt waste (EM)Exempt waste contains such small concentratidnmadioactive material
that it does not require radiation protection psais, irrespective of whether it is disposed of
in conventional landfills or recycled.

(b) Very short-lived waste (VSLW)Very short lived waste contains only radionuetidof very
short half-life with concentrations above the céaee levels. Such waste can be stored until the
activity has fallen beneath the levels for cleaeangllowing for their clearance waste and
management as conventional waste. However, in getle management option of storage for
decay will only be applied for radionuclides withalf-life in the order of 100 days or less.

(c) Very low level waste (VLLW)it is expected that for these waste with a maigetevel of
engineering and controls, a landfill facility camfedy accommodate waste containing artificial
radionuclides with activity concentrations of ommeéwo orders of magnitude above the levels for
exempt waste. In the case of naturally occurrindiorauclides the acceptable activity
concentrations will be in general more limiting view of the long half-life radionuclides
involved. An adequate level of safety for such wastay be achieved by their disposal in
engineered landfill type facilities.

(d) Low level waste (LLW)Low level waste in the classification schemeastin this publication
is waste that is suitable for near surface dispddus is a disposal option suitable for waste that
contains such an amount of radioactive material itheequires containment and isolation for

11
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limited periods of time up to a few hundred yeaues. (Up to around 300 years). A limit of long
lived alpha emitting radionuclides of 4000 Bg/gindividual waste packages and to an overall
disposal facility average of 400 Bg/g has been ttbpy an increasing number of countries for
near surface disposal facilities.

(e) Intermediate level waste (ILW)ntermediate level waste in this classificatgmheme contains
long lived radionuclides in quantities that needigher degree of containment and isolation
from the biosphere than provided by near surfaspadial. Disposal in a facility at a depth
between a few tens and a few hundreds of meténdisated.

(f)  High level waste (HLWA The high level waste class contains large canagons of both short
and long lived radionuclides, so that, as comp&ned W, a higher degree of containment and
isolation from the biosphere, usually provided bg tntegrity and stability of deep geological
disposal, with engineered barriers, is needed tsuren disposal safety. HLW generates
significant quantities of heat from radioactive agcand normally continues to generate heat for
several centuries. The NPP site has no stocks @¥ IHow that spent fuel has been removed.

The waste material generated during the decommisgjoof systems 321 and 322 is planned to be
size-reduced within the working area tent such thaan fit into the transport box specific to the
facility. This box is transported to the site wastanagement facility where further processing takes
place to consign the waste as ILW, LLW or releasenf regulatory control in accordance with
regulatory requirements. The transport box is meglio have a maximum dose rate at 10 cm from the
surface [10]. The maximum will be 2 mSv/h for LLWda60 mSv/h for ILW generated during
decommissioning. These values are actually thogeedefor transport in the public domain, but for
the purpose of the NPP Test Case it has decideddly these to internal transport and the movement
of waste arising.

2.6.6. Chemical and other industrial safety considations

The applicable national occupational health anétgafegulations will also apply to the control of
effects to workers from non-radiological hazardewldver, these aspects are not addressed in the
DeSa project and in the NPP Test Case, but thegiaceissed for illustrative purposes. The hazard
analysis considers the affect of decommissionirggsses and unique chemical applications used in
decommissioning as initiators to release eventasahey could affect or hinder the ability of werk

to respond to an event (e.g. beryllium).

Under the transition from operation to decommissignof a reactor and later to the site of
unrestricted use the dominant risk-focus is rapaignging from reactor safety and radiologicalgisk
to more conventional industrial safety risks (s&g B). This leads to application of a graded appho
in the evaluation of safety during decommissiorphgses, as it is required by Ref. [2].

12
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FIG. 3. An example of an overall radiological amtustrial risk profile during the defueling and
dismantling periods.

2.7. ASSESSMENT OUTPUTS

The assessment outputs for the NPP Test Case f@éderhis report comprise of the following:

O An estimate of the effective dose to workers andnber of the public from both normal
(planned) and accident conditions during decommigsg of the selected systems 321 and
322;

O The operational limits, controls and conditions five specific decommissioning tasks

considered for systems 321 and 322; and

O Recommendations for improvements to engineerinfe{@drelated Systems, Structures and
Components - SSCs) and administrative measureseguoes) for decommissioning of
systems 321 and 322, so that expected doses t@msakd the public are ALARA.

2.8. SAFETY ASSESSMENT APPROACH

The safety assessment framework depicted in Figagidiscussed in detail in the main report) was
followed in a deterministic manner [11].

13
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Safety Assessment Framework

Safety assessment process

Description of Facility and Decommissioning
Activities

A

\4

A

Hazard Identification and Screening

l
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Hazard Analysis
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A

Engineering Analysis

A 4

Evaluation of Results and
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v

with
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Safety Control Measures for
Decommissioning Activities
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Issues from
Independent

Yes

\ 4

Review by the
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Regulatory

Review

No

v
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Implementation of Safety
Control Measures

Implementation of safety assessment
results

FIG. 4. The safety assessment methodology applidtetNPP Test Case.
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Hazards were identified using the HAZDmethodology. The HAZOP analysis technique uses a
systematic process to:

O Identify possible deviations from planned actistiand

O Ensure that appropriate controls are in place &wvgmt or mitigate potential accidents. The
HAZOP technique uses systematically considers adldible deviations from normal
conditions.

The characteristics of HAZOP include (see alsodstdar Hazard and Operability Analysis Technique
Volume I):

O A systematic, structured assessment conducted bsubidisciplinary team using a
brainstorming to generate a comprehensive listaziahds, conditions and potential control
mechanism(s) to prevent or mitigate events;

O It is used mostly as a system or process levelgsiessment technique;
O Generates primarily qualitative results, althougime basic quantification is possible.
O It identifies the hazardous material, initiatingeats and processing parameters associated

with the planned decommissioning activities to tifgrpotential events that could result in
the release of material or expose receptors toagssary potential for harm. Standard hazard
analysis techniques were applied which use a sefissreening tools and techniques to focus
on a set of events that are representative anddimynso that there is assurance that the
resulting controls offer an appropriate level adtpction. The evaluation is iterative and limits
and conditions are reviewed and consolidated twigeothe minimum set of manageable
controls to address the relevant hazards duringrdeissioning.

O The approach to hazard analysis (further describbe®kction 4) adopted accident screening
criteriawhich were used to eliminate any low consequeregligency accident sequences that
do not make a significant contribution to over&@kr Results of the screening performed for
the NPP Test Case are provided in Section 4.

2.9. EXISTING SAFETY ASSESSMENT

No preliminary decommissioning assessments aréadl@i The NPP has prepared safety assessments
for operational and care and maintenance phastig gflant. Data from the volunteered NPP safety
cases was used for the NPP Test Case. It conts@figlunaterial, such as plant descriptions, sesvice
descriptions and relationship between releaselset@nvironment and doses to the critical group that
has been used in the analyses included in thisésst All NPP systems have been characterized for
their radioactive inventory and the data used im tist case are based on these documents.

2.10. SAFETY MANAGEMENT MEASURES

The NPP has prepared a management system for déssiomng that includes: organizational

structure for decommissioning with clear respoitisés and authorities; change control procedures;
work control procedures; maintenance and testinggafures; personal protective equipment; training
and testing programmes; trained personnel; radiapootection programmes and procedures;
occupational safety programmes and emergency m@epess programmes; quality assurance
programme, as well as procedures for documentatimhrecord keeping. The NPP has a good and

! HAZOP stands for Hazard and Operability Analysis
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known operational record and maintains a good wafefture that also applies to the NPP
decommissioning.

It is required that these safety measures will isrimaplace until decommissioning is completed.

3. DESCRIPTION OF THE FACILITY AND DECOMMISSIONING
ACTIVITIES

The NPP has been in a care and maintenance regice Becember 2001, after all spent fuel had
been transported from the site. Care and maintensncomprised of the following: closed building,
controlled ventilation with filtration still presérirradiated components covered by water in thedgp
instrumentation systems in operation for fire maonitg/fire fighting and for radioactivity
measurements. There are still contaminated andadeti components in the reactor building.

3.1. SITE DESCRIPTION AND LOCAL INFRASTRUCTURE
3.1.1. Site description

The NPP area is located in the southern part afrenpula enclosed by a bay in the north and south.
The bay is 1.8 km long with approximately 2.4 knd&iopening. The water depth is about 6 m at the
deepest spot. In the southern part of the baygetieml shallow zone about 1 km wide, where the
deepest spot is about 6 m. The transition betweershallow zones close to the shore and the outer,
deeper zones, where the water depth is varyingdeetvt0 and 20 m, is rather fast in the whole area
described (see Fig. 5).

1 Reactor building
2 Turbine building
3 Workshop
4 Control room
| 5 Electrical power building

6 Seawater intake building

7 Storage building:
Low and intermediate
radioactive solid waste

FIG. 5. Overall view of the NPP site (unit 1 markeded).

The site is situated southwest approximately 1.5fkom the nearest village and 16 km north of the
nearest city. The closest big city is situated a@fukm from the NPP.

16
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The cooling water channel that previously supptiedling water to the units, runs east of the fgcili
through an open canal from the south side of thweepglant level surface, until it reaches the cobla
intake building for unit 2 (see Fig. 5).

The cooling water was returned to the sea via ctdwehich discharged at the shore on the west side
of the facility. The return channel is dimensiont a water flow of approximate 60°%s,
corresponding to a depth of 4.0 m, bottom widtt3®fm and inclination of 1:2. On the south side of
the power plant level surface, the opening of dugatis protected by two breakwaters, and in fafnt
the inlet to the cooling water canal are dredgetinsentation pools reaching to a level of -7.5 m.

Leading to the cooling water canal is a dredgelihgathannel, with bottom level at -6.0m. Inside th
breakwaters is a small harbour that is used to shipradioactive waste. The water depth in the
harbour is the same as in the sailing channekd.6.m.

At the NPP area, two power units are in place (Sge5). The outside dimensions for the reactor
buildings above ground are 34 x 36 m. The buildsides are directed towards the north-east and
south-west respectively, that is, with approximéiedegrees deviation from the main cardinal points.
The height of the reactor buildings is 60 m. Comingcchimneys reach another 50 m, resulting in a
total height of 110 m above sea level.

Every reactor building is connected to a turbindding, consisting of two parallel, windowless
annexes of different lengths, directed in the samag as the reactor buildings. The dimensions of the
turbine building are: length 86 m and width 35 rheTturbine building has a total height of 33.5 m
above sea level.

The electricity buildings are placed between thbihe buildings for each block. In the space betwee
the electricity building and the reactor buildingpere is an auxiliary cooling water building, a
workshop and a storage facility for unit 2. The kahrop and storage facilities are placed south ef th
reactor building.

On the south side of the NPP area, at the inldtetooling water canal, there is a building farate
of with low level waste (LLW) and intermediate léveaste (ILW).

The waste treatment building, the coolant intakiddimgs and the facility for desalination are lomt
east of the turbine buildings and placed alongrited of the cooling water canals.

Next to the waste treatment facility for both upitisere is a hydrogen making facility that during
normal operation produced hydrogen for dosing tih lbmits. During the care and maintenance period
no hydrogen is produced, and there is no residydridgen in the factory.

North of the turbine building of unit 2 is a cylimchl building (FILTRA), built with diameter 20 m
and height 40 m. At the top, a 10 m high chimnegasnected. The pipes connected to the pressure
relief valves in the secondary containment at ddabtk are connected to FILTRA via an outer culvert
in the ground. This building provides emergencyliogoto the secondary containments on both NPPs
in the event of a loss of containment accidentsiich accident ever occurred at this NPP.

East of the road leading up to the NPP, i.e., datguarded area, are the outer facilities builthifi
this area there is a gas turbine facility, withtailks and the electrical switchgear for 400 kV 484
kV cables. At the end of the road, south of thetgasine buildings, there is an information builglin
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North of the gas turbine facility is a village camged as accommodation by temporary workers who
were hired for the overhaul outages.

Within the reactor building are the primary ando®tary systems of the NPP. The NPP Test Case
will assess only the safety of decommissioningwad of the unit 1 systems, 321 and 322, to allow a
simple test case report. As mentioned in Sectian@®as described in more detail in Section 4, these
systems are chosen to represent the extremes lofamd low hazards to allow application of the
graded approach.

3.1.2. Local infrastructure

A road leads away from the NPP, and connects toglagest highway connects, located 3.5 km from
the NPP. A separate analysis has showed thatgke fior transports of dangerous goods to affect the
NPP are negligible.

The nearest railway station is located 16.5 km ftbmmNPP. No part of the railway stretch is in the
vicinity of the NPP facilities.

The nearest airport is located approximately 21flam the NPP, and there is frequently air traffic i
the vicinity of the NPP, as well as some localtgiffic. A separate investigation, dated 1999, show
that an airplane crash in the vicinity of the plduats very low probability. The probability of an
airplane crash was estimated to be lower than @°#r year and thus the potential event does not
require analysis for this decommissioning safesgasment.

3.1.3. Population distribution and critical group

The closest village is situated 1.5 km northwesthaf site with a population of 200 people. The
population within a 15 km radius of the site is @pg@mately 20 000 people. In the immediate
surroundings there are also a fishing port, aguceland summerhouses etc. The closest majorscity i
about 20 km from the plant. In an area stretchiognfthe north-western to the south parts there are
also some deciduous forests.

Although the closest village is situated at 1.5 fom the site, it is assumed for conservative
evaluation, that the members of critical group tehe boundary of the site where the distanam fro
the stack is 500 m. They are assumed to spend @4 keoery day a year in their house, and they eat
vegetables, meat and milk which were cultivatethatboundary. The amounts of food ingestion for
individual adult of members are assumed to be 3d@oy leaf, 400 g/d for root, 250 g/d for meatdan
1000 g/d for milk and milk products according teittdietary habit.

Because no liquid effluent is released into the pathways of public dose such as swimming, fishing
at the sea and ingestion of seafood are excluddtkievaluation of system 321 and 322 dismantling.
The analysis models used would be able to calcdlages from this pathway if needed.

3.1.4. Current and future land use

The site has two boiling light water reactors tivate used for electricity production. These units a
at present at a care and maintenance stage pri@ctammissioning. At the NPP area, there is a port
which first and foremost is used to ship waste fioa disposal site for radioactive waste.
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After completion of decommissioning, the site iteimded for release from regulatory control after
decommissioning, that is to say, release from agguy control. At the end state for the site, binid
are envisaged to be left for other industrial psgso

3.1.5. Meteorology

The meteorological data from the national weatketians close to NPP provided meteorological data
about the temperature, precipitation and wind. @iven data are mean- and extreme values of air
temperature, precipitation and wind. These datdadken from the operational safety case of the NPP.
They form a good basis for this test case, as #werdmissioning exercise assessed by the test case
follows quickly on from the operational period.

a. Air temperature

The highest temperature measured since 1936 is&4dGhe lowest is -28°C. These temperatures are
measured in a thermometer cage 1.5 — 2 m abovengrodt the cage level, above grass, the
temperature can rise to an estimated 35-40°C afidtda-35°C and -40°C under extreme
circumstances.

b. Precipitation

Mean precipitation per month (mean value for theigoe 1961-1990) is 603 mm, of which
approximately 10% is constituted by snow.

The highest measured precipitation value is 65 mifth@ highest value reported in the region is 300
mm per day. The upper limit in the country is estied to be between 300 and 400 m per day (24 h).

In extreme cases, an amount of 35 to 50 mm of jpitation can fall during a 10 min. period. This is
in cases of rain or rain with hail. There are npresentative values calculated for frozen rain and
show, but the frequency is lower than for rain. Treguency for 20-25 mm precipitation falling
within a 10 min. period is estimated to18.

It is recorded that flooding from extreme precifiita has never happened and so this can be
dismissed from the list of external hazards shaw8ection 4, and in any case flooding would not be
a relevant hazard for the decommissioning of syst@?1 and 322.

c. Winds
The wind speed rarely exceeds 15 m/s.

Table 4 shows the calculated wind frequencies (#n@#) divided into direction and speed, measured
at 10 m above ground at the NPP during the per9@y-1992.
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TABLE 4. WIND FREQUENCIES AT THE NPP

Speed | | Ne | E | sE| s | sw| w| nw| sum
[m/s]
0525 24 21| 36| 15| 15| 10| 15| 19| 151
2545 24 23| 45 26| 28| 26 34| 32| 238
4565 14 14| 34| 25| 30 35| 44| 32| 231
6585 081 060 19| 18| 24| 33| 40| 26 175
85105 036 020 088 099 15| 23| 28 17] 107
105125 | 0.13 005 034 043 0.78] 1.3| 1.6/ 0093 55
125145 | 004 001 011 0.14] 033 054 0.71] 0.44 23
145165 | 001 0.03] 0.04] 011 0.18 026 018 _ 081
165185 0.01] 0.01] 003 0.05 0.08 006  0.24
185205 0.01] 0.01] 002 002 006
Sum 75 66| 14.7] 100 125 148 188 142 991
Sl 0.09

The extreme wind speeds at NPP have been calcitatédo different heights above ground (10 m and
50 m). The calculated extreme winds (see Table&jhe highest values, that with 99% probability no
will be exceeded during one year, i.e., wind spamgtsirring once every 100 years. As a comparison,
Table 6 shows the values that are exceeded ongeaerMean wind is a mean value during 10 minutes
whereas the wind gusts have a mean value for 31dseco

TABLE 5. CALCULATED EXTREME WIND SPEEDS OCCURRINGNICE EVERY 100 YEARS
AT TWO DIFFERENT HEIGHTS ABOVE GROUND AT NPP

Height Mean Wind Wind Gust
[m above ground)] [m/s] [m/s]
10 30.6 43.0
50 39.8 50.5

TABLE 6. CALCULATED EXTREME WIND SPEEDS OCCURRING NICE EVERY YEAR ON
TWO DIFFERENT HEIGHTS ABOVE GROUND AT NPP

Height Mean Wind Wind Gust
[m above ground] [m/s] [m/s]
10 22.1 31.1
50 28.7 36.5

The wind speed in a tornado can during short peraddime reach 70-100 m/s. The frequency of such
events at the NPP is estimated t&/$0For normal winds, the given maximum value dgranperiod
of 50 years is 45 m/s.

d. Changes in air pressure

A change in air pressure of around 10 kPa/h has bbserved in the region. Such pressure falls are
estimated to be occurring approximately once el€&y years. Above the ocean, a change in the air
pressure of 53 kPa/h has been observed in connestib a very intense low pressure. A change of
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this magnitude is utterly extreme and can be arrcxpate upper limit for fast changes in air

pressure over the country.

e. Lightning

A normal lightning flash is defined in such a wagtt 2% result in major impacts. Usually, a normal
lightning flash is defined in such a way that 10¢ab flashes result in higher risks than a normal

flash. Table 7 shows data for both of the nornasdtks.

TABLE 7. DATA FOR NORMAL LIGHTNING FLASHES

Share of Flashes with Unfavourable Values 10% 2%
Total time § (S) 0.4 0.9
Rise time { (microsecond) 0.9 0.7
Half-time value { (microsecond) 45 100
Number of strokes per flash (N) 7 12
Charge Q (As) 90 160
Peak current | (kA) (stroke No. 1) 60 110
Steepness dl/dt (kps) (stroke No. 2) 25 80
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The highest values of N, | and dlI/dt do not oceuthe same lightning flash, and therefore the real
safety level is higher than 90% and 98% respegtivel

3.1.6. Geology

The area of the NPP is located on a layer of apmabely 30 m, consisting of highly compressed
moraine clay and muddy moraine, on the edge ofsthecalled a depression in the underlying
limestone rock. Only the top layer, down to a fewtens depth, consists of less compressed gravel
and sand. The depression is a valley created Isyoerof the limestone in connection with a glacial
period more than 150 000 — 200 000 years ago. €peedsion and the surrounding area has since
then been filled with sediment, consisting of moeaiclay, gravel and sand in several layers,
compressed during the following glacial periods.

The facilities within the NPP area have mainly beegcted on the highly compressed moraine clay.
Only the top layer, down to a few meters depthstis of less compressed gravel and sand.

The terrain is almost completely flat, which istolist from the otherwise forested and sea-rich
geography of the country. There are hardly any rtans or even hills or lakes or forests. Denser
forests are only found in the north-eastern phasthorder to the heavily forest dominated province

3.1.7. Hydrogeology

Some of the NPP structures penetrate below thendwater table, and as a result all drainage and
ground water are collected in a sump. This is umsénted and fitted with pumps to ensure and
control the water level around and under the bogsli

(a) Sea water level

The water level is mainly determined by the windd &he air pressure, which primarily affect the
water level in the region.
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These conditions, generally causing extreme watgel$ in the area, arise during the period
September/October until April.

Fast changes can cause so called Seicher-waveswaves, reflected back and forth between the
neighbouring coasts with a period of approximasalyhour. Obviously, these can also increase an
extreme water level with a few decimetres, for arsheriod of time.

Measurements of the water level have been collefded consecutive period of 1937 to 1968,
although this was only with a few measurementsipgr

The statistic material below contains informatiomoat the mean water levels, maximum and
minimum levels. Data for 1937-1993 is summarized able 8 below. The land rise coefficient is
0.03 mmly.

It is recorded that flooding from extreme sea ls\es never happened and so this can be dismissed

from the list of external hazards shown in Sectipand in any case flooding would not be a relevant
hazard for the decommissioning of systems 321 23d 3

TABLE 8. WATER LEVEL NEAR THE NPP, MEASURED IN 193¥993

Level [cm] Day of Registration
Highest water level on record 101.0 1962-02-17
Mean value of annual HHW 70.0
Mean value of annual M%V 0.0
Mean value of annual LHW -54.0
Lowest water level on record -97.0 1941-11-12

Note: HHW = Highest water level
MW = Mean water, with the land rising considered
*LLW = Lowest water level

An extreme value was reached during a storm fromhnest in December 1902. This has been
verified through studies of literature from theipdr With a careful localization of such data arahi
measurements, it has been established that the leagd at this point was as high as 180 cm above
the MW-value above. The data from reference nelstdsta have an estimated margin of error of plus
minus 40 cm, for the value of 180 cm. from this [€abis derived to show the extreme values of high
and low sea level and their return period.

TABLE 9. PROBABILITIES FOR EXTREME SEA WATER LEVEL3N RELATION TO
THE MEAN WATER LEVEL, MW.

Recurrence Time [y] Extreme High-water Level Extreme
[m] Low-water Level [m]

100 1.31 -1.32

1000 1.57 -1.71

From this it can be shown that variations in seallare extremely unlikely to present a hazarcheo t
site during the decommissioning period.

22



Annex |, Part A
b. Ice formation

Frazil icing can occur due to strong winds in camaltion with temperatures below zero and open
water. The water temperature on these occasicagpioximately 0°C. Ice crystals are created on the
water surface and drawn down to several meterdidgpthe turbulence. They then form clusters that
can stick to constructions below the water surf&ae winds can make them reach down to 10 m.
depth.

The ice is often drifting back and forth due to ddrand currents. The ice sheets are small, alnsost a
crushed ice (partly due to the ship traffic in #teit). Snow and ice slush are also occurringhdf
onshore wind is strong, the ice is pressed towtnelgoast. A packed zone of ice slush, a so calked
slush bank, is produced, and has occasionally beasured to reach 6-7 m below the water surface.

When the wind is less strong and when the wate isvdecreasing, the ice slush bank will run ashor
and remain to several meters depth on the ferfulee weather is cold enough, the ice will freexel
create a thick, immobile ice cover.

3.1.8. Seismology

The NPP is located in a region with low earthquakdivity. There are, however, geographical
variations in the activity — mainly two regions kinoticeable earthquake activity. The platform
tectonics, with dynamic propagation from the netarnege, and the land rise, continuing since tis¢ la
glacial period, have been presented as two mainthgges of why earthquakes occur in the region.
Whichever the reason is, fissures or zones of weskrin the bedrock are required to release
accumulated energy in case of relative movementdst blocks. Such a sudden displacement, when
the friction in the rock no longer can hold back fotential movement, constitutes the earthquake
itself. To find out the exact occurrence of eardd@s in an area, good knowledge about the
distribution and character of the fissures is regli For the NPP area, such detailed knowledge is
missing, and as the seismic statistics is limiteckliable correlation analysis of the known faaltsl

the probability for earthquakes can not be condlcte

Earthquakes are a phenomenon reaching over milbbygars, and the national statistics comprise,
with varying reliability, only the last 900 yeaRegistrations based on instruments are only availab
since the beginning of the 20th century, whereadieeastatistics are based on documented
descriptions of the consequences of the earthqu&kesarthquakes with a Richter-magnitude up to
4.5, there are enough statistics in the regionni geological/geographical relations, whereas ithis
not established for higher Richter-magnitudes. treractive regions in the world, with known active
faults, there is a linear relationship between sarad large earthquakes. For this region, knowivact
faults are missing. On the other hand, earthquakitismagnitudes over 4 occur occasionally even in
areas that do not have heightened seismicity. ¢t therefore not been possible to determine a
maximum value for earthquakes in the region, oeganal distribution of large earthquakes. It is
conservatively assumed that the distribution isyeaxer the region.

3.1.9. Natural resources

The land area surrounding the NPP consists of ifgitile agricultural land. For instance, 90% loé t
country’s sugar beets are grown in the region. féigushows the pattern of agriculture in the region
surrounding the NPP. The soil in southwestern efrégion is among the most fertile in the world.
The ellipse marks the location of the NPP.
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yellow: agriculture

light green: leaf woods
O dark green: fir woods
O Red: Cities

Orange: Fruit or garden

FIG. 6. Overview of the regional agriculture.

3.2. FACILITY DESCRIPTION

This Section contains a description of the NPPsstwiction, function and performance during the
care and maintenance operation period; includingdra, protection functions, requirement systems
and handling of radioactive waste (see Fig. 7).

=8

5d ]

m /?/
0

FIG. 7. NPP site layout.

3.2.1. Description of the NPP

The NPP consists of two boiling light water reastéor electricity production with thermal reactor
output 1800 MW and electrical generator output B\ from each unit (see Fig. 8). Both units are
closed down earlier than planned, respectively MBSed down in 1999 and unit 2 in 2005.
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3.2.1.1 Systems, large components and the buildings

The main buildings, components and systems areemied in Fig. 8 to Fig. 11 and are also
summarized in Table 10 below.
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1 Reactor vessel 7 Main steam pipes 12 Condensate pumps
2 Reactor pool 8 Turbine 13 Feedwaler pumps
3 Fuel storage pool 9 Reheaters 14 Feedwaler heaters
4 Storage pool internal parts 10 Condenser 15 Generator
5 Condensation pool 11 Cooling water 16 Main transformer

6 Blow.down pipes

FIG. 8. Vertical cross-section of unit 1

allin o

FIG. 9. Horizontal cross-section of unit 1.
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FIG. 11. Main process systems of unit 1.
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TABLE 10. LIST ON MAIN SYSTEMS OF UNIT 1

1. Cooling and cleaning system
for fuel storage pool

20. main steam pipes

39. Ventilation plant for othetive spaces

2. Hydraulic system for control
rod drive mechanisms

21. Feed water system

40. System for total denlinet®@n, storage
and distribution of demineralized water

3. Cooling system for shutdown
reactor (system 321)

22. Auxiliary feed water
system

41. System for processing liquid radioactive
waste

4. Cleaning system for reactor
water

23 Boron injection system

42. Secondary cooling system for starting 4
shutdown

5. Gas processing system for
reactor containment atmosphere

24. Drainage system for
> reactor core

43. Secondary cooling system for service
requirements

ind

6. Cooling spray system (systen
322)

n 25. Sprinkler system for
reactor core

44. Seawater cooling system for starting an
shutdown

d

7. Storage pool for irradiated fue
assemblies and control rods

126. High-pressure turbine

45. Seawater coolingesydor service
requirements

8. Water radiation protection po

27. Reheatetsranisture
separator

D

46. Seawater cooling system for diesel
engines

9. Storage space for internal
components

28. Low-pressure turbine

47. Condenser and auxilister system

10 Sprinkler system for reactor
vessel lid

29. Condenser

11. Moisture separator

30. Main condensate
system

12. Steam separator

and recombiner system

31. Condenser, evacuation

13. Core sprinklers

32. Cleaning system for
condensate, powder

14. Reactor core 33. Feed water system

15. Control rod 34. Leakage and auxiliary
steam system

16. Blow off system 35. Generator cooling

system (external circuits)

17. Circulation system

36. Generator

18. Leakage monitoring system

37. Stack

19. Condensation system

38. System for radioact
waste gases

(The NPP Test Case systems 321 and 322 are higgdighblue)

(a) Safety related systems, structures and components

Strategic components that are needed during thentlecssioning period have been analysed from
their lifetime service in light of the new timeseslassociated with the care and maintenance period,
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with future new investments in replacement systemssidered. This set of most relevant safety
related structures, systems and components (S®Cshd whole NPP is presented in Table 11. It
needs to be remembered that the NPP Test Casenmijllconsider the removal of the two plant
systems already specified.

TABLE 11. SUMMARY OF SAFETY RELATED SYSTEMS, STRUMIRES AND
COMPONENTS

Requirement/  |Decommissioning

System of NPP Safety Function Service

BUILDINGS
Outer facilities
Bridge (N)
Harbour (O)
Culverts (K)

X X X

Main building parts
Reactor building (R) X
Turbine building (T) X
Electricity building
Waste building X
AB- and C-storage X
Water plant building
Workshop-, storage-, and auxiliary cooling water X
building (V)

X X X X X X X

Other buildings
Building for transport containers, ATB-garage (Q X

REACTOR WITH SERVICE EQUIPMENT
Equipment for disassembly of internal parts X
Bolt tensioners for the reactor vessel lid X

Equipment in the storage pools
Equipment in the storage pool for irradiated fuel X
cartridges and control rods
Equipment in the storage areas for internal parts X X
Sealing between the vessel and the reactor X
containment
Sealing plate X

WASTE SYSTEMS
Equipment for treatment of liquid radioactive waste X
Equipment for treatment of solid radioactive wast
Cleaning equipment (decontamination equipment) X
Floor drains in controlled areas X X
QOil spill handling (only BVT2) X

0]
X
X

Safety- and drainage systems
Drainage system for the reactor part X

MONITORING EQUIPMENT
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30

System of NPP

Requirement/

Decommissionin

Safety Function Service
Equipment shared by the programmable control
systems
Programmable electronic systems, shared by several X X
systems
Control- and information network, shared by sevgral X X
systems
Man-machine interface, shared by several systems X X
Facility network, shared by several systems X
Communication equipment reaching outside the X
facility
Shared control equipment
Control boards X
Desks X
Apparatus- and relay lockers, apparatus lockers and X
voltage distribution
Switchboard, switch boxes and distribution framefs X
Cables, cable insulators and cable support systems X
Process monitoring
Process measuring X
Valve maneuvering X
Miscellaneous process maneuvering X
Equipment for monitoring of radioactivity
Radioactivity measurements in the main chimney X X
Radioactivity measurements in other rooms and areas X X
Monitoring of radioactivity in the surrounding area X
External measuring equipment
Meteorological measuring equipment X X
ELECTRICAL EQUIPMENT
6 kV switchyard X
400 V switchyard X
Prioritized AC
230 V AC inverter-secured grid X X
DC
Rectifier X
Batteries X
DC distribution X
110V grid X X
Equipment shared by the electrical backip power
systems
Protection equipment X
Internal earth wire grid X

SERVICE SYSTEMS

Cooling systems
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Requirement/  |Decommissioning

System of NPP Safety Function Service

Ventilation cooling system X

Water treatment- and distribution systems
Storage and distribution of completely desaltedewat X

Ventilation facility
Ventilation for other active areas X
Ventilation for uncontrolled areas X

Water supply systems inside buildings
Heating system for 742 (mixture of water and glycol X
Station heating X
Hot water X
Fire extinguishing water X X
Sanitary waste water X
Runoff water, incl. from roof tops X
Circulation system for utilitarian hot water X
Auxiliary steam boiler X

OTHER EQUIPMENT
Lifting- and transport devices
Traversers

Lifts

Harbour crane

X X X

Inventories
Decontamination equipment X
Workshop equipment X

Transport radiation protection X
Special tools X
Gates X
Radiological indication- and protection equipmen X

Lighting and electric sockets
Power, indoor lighting X
Outdoor lighting X

Communication- and alarm systems
Local telephone net, direct telephone lines X
National telephone lines
Alarm facility

Fire alarm X

X X X

Surveillance systems
Passage control X X
Area surveillance X X

Fire protection system
Fire protection equipment X X
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(b) Common systems needed for decommissioning

The two units have mostly independent systemsahatv their independent decommissioning. The
exceptions are:

The radioactive waste management treatment anagetdacility;
Site electricity supply;

Common drainage systems;

Common emergency arrangements for e.g. fire fightmd
Common management team and management systems.

I o Iy

3.2.2. Description of systems 321 and 322

Shut down cooling and clean up system 321 (numhbarTable 11 above for main process system)
consists of two parallel pumps, with one pump thas used in normal operation (see Fig. 12 and Fig.
14 below).

V20 W1 V2 ‘-—-'
52 =
o =

P2

V33 Vi4

FIG. 12. Outline diagram of system 321.

Both heat exchangers are connected and cool treydeat from the reactor vessel until the vessel
head is dismantled. System 321 cools the reactor ftO bar (18%C) and steam dumps to the turbine-
condenser or when there is ho access to the comdénmps it to the containment condensation pool
(see Fig. 13).
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FIG. 13. Cooler from system 321.

The pipes of system 321 are of austenitic stairde=s, the pumps of stainless cast steel anddae h
exchangers of tubes and end walls are manufactiweslistenitic stainless steel, the header in
compound plate and mantle in steel for pressurseles

FIG. 14. Main pump of system 321.

The containment spray system 322 contains two agpaircuits, each with one pump, P1 and P3 and
also an extra pump P2, which provides with watemfthe condensation pool. Each circuit has 100%
capacity and one pump during normal operation dP&ldee Fig. 15 below).
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The function of the containment spray system 32duNPP operation was:

O In the event of a pipe break in the containmeningfar the containment to decrease pressure
and temperature, flush condensable fission prodactd achieve a circulation of the
containment atmosphere; and

O In the event of a pipe break within the containmstnticture, to flush the strainers in the
system 322 and 323 (an associated system for gpolirthe reactor core after a loss of
coolant with decreasing water level under a ceifaial in the reactor vessel).

The spray system 322 is held ready to cool theatmmient condensation pool. When the temperature
iIs over 25°C, the system automatically starts the pumps andth@ water with help from the so-
called “cooling chain”, consisting of system 322t7212 (secondary 721 and primary circuit of
seawater 712).

The pipes of the system 322 are made of austestiitioless steel and the pipes that connect to 823 a
made of carbonized steel. The pumps are made infesta cast steel and the impeller in of austenitic
stainless steel (see Fig. 16). The heat exchatjerg2 have tubes manufactured in aluminium-brass
and a shell made from steel. The heat exchangeem&¥4 plate heat exchanger (see Fig. 17), with
the plates made from austenitic stainless sted.sTitain and sprinkler nozzles are made of austenit

stainless steel (see Fig. 18).
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FIG. 15. Schematic of containment spray system 322.
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FIG. 16. System322 main pumps system 322 (P1 and P2
The electric motors are placed on the upper level.

FIG. 17. System 322 heat-exchanger.
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FIG. 18. System 322 upper containment spray nazzles

3.3. RADIOACTIVE INVENTORY
3.3.1. Nuclear power plant

All nuclear fuel from both units was removed frohre tNPP site in 2001. The amount of induced
activity in structures and activity contaminationtlae plant, not including fuel or operational vegst
has been calculated by combining measurementsalodations 48 000 TBq (Co-60: ca 4700 TBQ).
The total radioactive contaminated waste has bstmated to approximately 5500 ton of that is 900
ton concrete waste.

The radioactive inventory estimation for NPP wadqened on the basis of a combination of activity
measurements during the NPP operation and afteshittddown. In order to quantify the degree of
contamination of NPP after shutdown an extensiv@edate measurement and surface contamination
sampling was performed. Different activity vectoedegorized the material. These vectors include all
other radionuclides, not only those that are easi®yasured by gamma measurements. The following
techniques were used:

(& A special sampling campaign was made afteNfPB shutdown. These samples were evaluated
by radionuclide specific gamma measurements. Samgken from by drilling included:

O 2 samples from the biological shield outside reae®ssel, 150 cm deep in concrete;
reinforcement steel; and insulation - caposileyfe tof asbestos);

O 4 samples from concrete constructions, 15 cm caragp;

O 50 samples from floors, 4 cm deep; and (iv) 10ihglsamples, oxide layer.
(b) Direct radionuclide specific measurement withmally about 30 measuring points;

(©) Dose rate measurements were made on same &86 @eery time under consistent conditions.
For example, if the measurements are done withrviflesl pipes it must always be done at the
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same conditions, the answers are in mSv/h. Thissanement gives trends on increasing or
decreasing of contamination and dose rates simcstént of the NPP;

(d) Groundwater measurements around the NPP. Guaiples have been taken quarterly from
drainage and groundwater sumps below the buildihbe. samples are checked for example
appearance of tritium. Normally no tritium is detgt (limit of detection H-3 < 60 Bg/kg).
During plant operations, there were a few repoftsittum being detected at above the limit
of detection. Since the closure of the NPP, no dfiietiings have been made. Tritium
contamination could have an effect on the clearafdbe site, because of the possibility that
parts of the foundations of the reactor building @sntaminated.

(e) Modelling of neutron induced activity for bigiical shield of the NPP. Contamination profiles
for different materials and surfaces were also ifipec Induced activity in core internals was
calculated by using neutron activation code. Alinponents were specified by elementary
composition, weight, exposure to neutron flux arstony of activation.

() Soil samples taken from outside the waste g®rareas, used for waste containers, spent
turbine parts, etc. have been checked for gamméezmby soil sampling. In a few well-
defined areas Cs-137 has been detected. The coatizoni is low (< 60 Bg/kg) and no further
measure has been taken. Soil and gravel outside f&m controlled area is checked for
beta/gamma emitters monthly. The values are noynadlow detection limit (Minimum
detectable activity - MDA for Co-60 ~20 kBg/m?). dictivity is indicated samples will be
taken and gamma spectroscopy performed (MDA < lIapgOver the years traces of Co-60
has been detected only rarely.

A database was made covering the system identitynridentity, dose rates, floor surfaces, tank
surfaces, contaminated system surfaces and massngionents. The database was used to summarize
the total amount of contaminated material, weigttt activity.

3.3.2. Systems 321 and 322

The radionuclide specific values for contaminatafrthe inner surfaces of systems 321 and 322 are
presented in Table 11. This data is obtained assaltrof radiological survey of system 321 before
decontamination. The survey was conducted by tagingars and direct measurements of residues
from cut pipes (metal). The calculated radioaciiveentory based on measurements taken in July
2005 for system 321 is summarized in Table 12.

Cs-137 is absent from Table 12 as a result of mbegrity of the fuel used during the operational
lifetime of the NPP. There are some weak beta smittadionuclides that are not present on the
inventory, such as Nb-93. Given their low radiotityi and their lack of gamma radiation emission,
this omission is not significant for the assessnudrthe safety of decommissioning activities. These
isotopes will, however be significant in the assem® of the long term performance of any disposal
facilities where this material is placed.

The sampling and direct measurements were alsoleampted by calculation of the concentration of
the radionuclides using a proprietary computer c{/RCrud) that simulate the chemistry and

radiochemistry in BWRs. This programme simulates dlativity concentration in reactor water and

activation products on surfaces by define reacpmcific: corrosion rates of different materials;

deposition- dissolution rates of metals on cordasas; neutron activation flux on core surfaces and
internals and activity deposition rates on pipes @ther surfaces.
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TABLE 12. SURFACE CONTAMINATION OF INNER SURFACESFOSYSTEMS 321 AND

322 AS OF 2005
System System
Isotope 321 322
Activity [Bg/m 7]
Mn-54 2.6x168 2.6x16
Fe-55 3.8x1Y 3.8x16
Co-60 3.4x1d 3.4x16
Ni-59 1.5x 10 1.5x 14
Ni-63 2.1x16 2.1x16
Tc-99 9.8 x 16 9.8 x 10
Sb-125 1.8 x 10 1.8x 16
Pu-238 1.5x 10 1.5
Pu-239 1.7 x 10 1.7x 168
Pu-240 2.7x10 2.7x106
Pu-241 6.3x 10 6.3 x 10
Am-241 1.2 x 16 1.2x 168
Cm-244 1.9 x 19 1.9
The calculated result from BWRCrud code is validdig:
O Radionuclide specific measurements of activity aef density [Bg/f} on surfaces as the

system 321 and other system surfaces, totally eébddtevery other year during outages;
O Measured dose rates on 100-150 different dosegduring outage; and

O On-line radionuclide specific surface contaminatimeasurements at one point in the system
321.

Other data that is used in the programme is crasepke analyses, feed water and reagtater
analyses on metals and activity and fuel failugtdny and transuranics (TRU) analyses of reactor
water. The output from BWRCrud is a diagram in tiofieactivity surface density [Bg/Ahon system
surfaces for each radionuclide.

The calculated results were found to correspong wetl with actual measured data. The program has
been used to calculate consequences of power uggEthnge in feed water iron input and
accelerated corrosion in fuel spacers, as somemganDuring recent years the programme has been
useful in safety assessment calculations. Thisriplgied and made as steady state calculationarby
excel calculation sheet.

Hard to measure radionuclides, such as TRU, NN6%B3 and Fe-55 are calculated the same way as
other radionuclides, by using the calculated reaspecific constants for activity uptake, corrosion
rate, etc. Specific measurements of these radimlaschave also been used to verify the result ®f th
calculations.

System 322 took water from the condensation pgstesn 316, a water reservoir of 2008 ffhe Co-

60 activity concentration of this water during cgg@n was about 1000 Bg/kg. Other radionuclides are
mostly long lived radionuclides, as the system 8ily was contaminated during outage, when water
from fuel pool could contaminate this system. Imegml the 322 system was tested once a week by
circulating water from the condensation pool thifogpgpes and heat exchangers. The temperature of
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the system was always kept low, and the activityipes and heat exchangers is mainly due to particl
contamination.

The contamination level of the system 322 was #gtuaeasured radionuclide by radionuclide
specific surface measurements at one of the hehtaagers until 1999, when it was stopped. Also,
dose rates were measured until 1998 when the yeaelysurements unfortunately were stopped.
Activity concentration data from the water of thgstem 322 has been collected to the end of
operation. When looking at dose rate data one earlsat there was an increasing trend during the
1990’s. The contamination level expressed as cbdtzse rates of the most contaminated components
is about 10% the level of the system 321. In gdrida system shows a low contamination level.
However, this does not mean that the system 32®eaonsidered “non radioactive”.

This means that the system 322 is mostly a lowatoimated system where dose rates are low, but in
some parts of the system, especially heat exchangfee dose rates can make a contribution to
collective doses to workers during decommissioneggpecially if highly contaminated systems as

system 321 have been chemically decontaminatedsyestdm 322 is left not decontaminated.

Measured dose rates for the system 321 at thendest5 m from the equipment, which is considered
as the working distance during dismantling, arthinrange of 0.02 to 0.48 mSv/h. The dose rates for
the system 322, except the heat exchangers, e irange of 0.005 to 0.030 mSv/h. The reason for
dose rate for items of system 322 is not the comatmon of these items, but the presence of itefns o
other contaminated systems, like system 321, irséimee rooms. The only contaminated items of the
system 322 are the heat exchangers, where therdtesefor four inventory items is in the range of
0.015 to 0.030 mSv/h.

3.4. OPERATIONAL HISTORY

3.4.1. Nuclear power plant

In the entire operating life of the NPP, all opemgtparameters were within normal limits and the
operational history is known to a high degree afuaacy. This will allow, for example, the flux
history of irradiated components to be calculaf#ie normal operational mode, the duration of that
operation, interruptions etc., is presented in E8y.

Avalilability %

77875 8081 B283 B4 A5 B BY BB B9 50 91 92 93 94 95 S5 97 98 85

FIG. 19. Availability of the two NPP units duringet operational period 1975-1999.
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(@) Significant modifications

The NPP has been subject to some modification sinees constructed and commissioned. All
modifications were carried out in a controlled ananaged manner, and plant drawings are available
that accurately describe the plant as it is nowekivthe NPP was shut down in 1999 a project was
realized to increase the electricity supply to Basy feed water pumps by using NPP diesel
generators. In addition, at the NPP site the falhgwnodifications were implemented:

New building for storage and handling of LLW and\lLsolid waste;

New service building, mechanical and electricalkgbops in the radioactive area;
New hydrogen plant;

Installation of hydrogen dosage into the feed wated

Programme on mitigation of intergranular stressasion cracking.

I

(b) Incidents or accidents

In the history of the operational period with NRiere were no significant incidents or accidents
related to the safety of the decommissioning. Thezee very few small incidents with fuel leakage
(about 15 instances in all) but there was no ifieation of any alpha- activity in the reactor systs

or the buildings. The damage was caused by abré&sionforeign objects and pellet-clad interaction.
The fuel damage was slight and did not lead toaroirtation of the systems with fission products.
These events are judged to not affect free-rel@mske dismantling of the facility. Equally, alpha

emitting isotopes are not problematic in the agsaents made for this test case, and neutron flux fro

transuranics has been dismissed as a hazard.

A complete record has been compiled of eventsrttegt have generated radioactive spillage into the
plant have been listed. Personal interviews andingewith employees took place to confirm that
these events were connected to normal NPP operation

As mentioned in Section 3.3, a special samplingpeagm of concrete was performed after the NPP
was shut down to confirm areas of highest contatiminaMost relevant places of NPP that where
affected by these incidents were identified:

O Sump for receipt of any spillage from condensatjwool and underneath the reactor
condensation pools;

O Spills of material from ion exchangers in differdiiter rooms, giving rise to ingrained
contamination in the concrete floors in these rqgams

O Sump for liquid waste under the reactor tank (is #xample dominated Co-60 over Cs-137.

The value for Co-60 was 1.63 kBg/gnwhile Cs-137 was only 0.079 kBg/ém

The consequences of these spills above indicatedataactive contamination deeper in the concrete
of the reactor building of NPP is to be expected.

No previous decommissioning activities have begriemented at the NPP.
3.4.2. Systems 321 and 322

There have been no serious incidents or acciddrds have an impact on the safety of the
decommissioning of the systems 321 and 322. Thieaetive inventory of these systems has been
established with a high degree of accuracy.

40



Annex |, Part A
3.5. DECOMMISSIONING ACTIVITIES AND TECHNIQUES

The decommissioning activities planned for NPP @esented and discussed in Section 1 and are
shown in Fig 1.

3.5.1. Decommissioning activities at systems 321caB22

The decommissioning schedule for systems 321 ar@tl iB@udes the dismantling of systems,
decontamination of building surfaces and final oéafjical survey of building surfaces in rooms
where the systems are located. From the point eivvof safety of planned decommissioning
activities, the dismantling of systems is the caltiactivity, being performed at dose rate fields
from the dismantled equipment and in the average date fields of the rooms where the equipment
are located. Other listed activities are evaluatedeference activities.

The overview schedules for decommissioning of sgst821 and 322 are presented in Table 13. Start
date for decommissioning activities for the syst@fl1 is the % quarter of 2005. The
decommissioning of system 322 starts after disnmantbf system 321. The detailed schedules
according to individual rooms, as generated in M§eet software, are presented in Appendix I.

One team of workers per each type of activity penf the activities according to the extent of
inventory items within the rooms and accordingte éxtent of rooms involved. The average number
of members of the working group for dismantling7isworkers, for decontamination of building
surfaces 5 workers and for radiological surveywfding surfaces 3 workers.

TABLE 13. OVERVIEW SCHEDULE FOR DECOMMISSIONING OFYSTEMS 321 AND 322

3rd Q. 2005 | 4th Q. 2005 1st Q. 2006) 2nd Q. 208rd Q. 2006 |4th Q. 2006 | 1st Q. 2007| 2nd Q. 200§ 3rd Q. 207  4th 2007
Activity of systems 321, 322

4 9 0 11 42 |1 |2 I3 |4 |5 |67 |8]9(10]11]12

Dismantling of system 321

Decontamination of building
surfaces of system 321

Radiation survey of building
surfaces of system 321

Dismantling of system 322

Decontamination of building
surfaces of system 322

Radiation survey of building
surfaces of system 322

Decommissioning of the system 321 is planned tadmducted without prior decontamination. The
approach for evaluating the decommissioning aewits that for each decommissioning activity, the
general and safety related decommissioning parasete calculated individually. The extent of
specific decommissioning activities need to be ragfi based on the inventory database. For this
purpose, the detailed inventory database was deseléor individual items of the systems 321 and
322 and for relevant rooms, for the purpose of Wating the decommissioning parameters. The
approach for implementing of the planned decommiigsg activities is the room-by-room sequence
(see Appendix I).
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The room oriented approach includes implementimgsit of preparatory activities for each room to
prepare the conditions for proper and safe disimantthe dismantling of items according to the
inventory content for each room and finally thedgfinishing activities in order to properly fifghe
dismantling and to leave the rooms in conditionadyefor carrying out other decommissioning
activities, in this model case the decontaminatibbuilding surfaces.

In order to balance the extent preparatory andHing activities with the dismantling activitiebet
preparatory and finishing activities were appliedlydor limited number of rooms due to fact thag th
dismantling is only partial. The inventory item&et than that of systems 321 and 322 are in prhcip
present in the rooms evaluated. The approach edlegs, that the preparatory and finishing acésiti
were implemented for rooms where number of invgnitems is larger than 10.

The preparatory and finishing activities, as impbaed for the system 321 according to the above
discussed approach, are presented in the Tablerlthé system 321 and in the Table 15 for the
system 322. The data in the tables are defineddomms according to the room database for both
systems. System 321 and system 322 are plannegl dedommissioned independently by the same
groups of workers.

TABLE 14. PREPARATORY AND FINISHING ACTIVITIES FORBYSTEM 321

Preparatory Decommissioning Activities Finishing Decommissioning Activities :
Removal of ...
g g
- 2 o
Floor Room 51 o g 5 g1 3
8 1] g ° © < 8 g <
> - k=1 51 2 g| s 2 < 5] c 5 = s 2
9] [0} o =] = = = = o [} = < o
> K] 8 — <] e = = e K] k=l = =
c = = € 5 = =3 1) c ] S = = € c s o
> (=} © = ] (] (=} I} Q £
) = = o 3 c [S] - c = c c = = o 3 = * =
c [ € £ >| S = o 8 o 2 8 [ € £ > o 5 S
S| 2| 8| S| S| §| 8| 5| S| £ S| ) 2| ¢| 35| 38| 2 2] 2
k] 8 = £ = o @ = 54 3 IS 54 9 = ] = 8 » 154 °
5 £ g 5 3 £ c < aQ 2 o aQ 2 s} = 3 2 3 2 T
S <] 8 S o © © [} o <} o o <] o} o o < o S £
o o = (] w [a] = 2 o o o o o = n w o = O ic
+91.10 m 1R1.31 X X X X X X X X X X X X X X X X
1R1.32 X X X X X X X X X X X
+91.10/
+92.60 m 1R1.30 X X X X X X X X X
+92.60 m 1R1.57 X X X X X X X X X X X X X X X X X
+97.00 m 1R2.36
+103.00 m 1R1.57PL3
1R3.31
+111.50 m 1R1.57PL4
1R4.31 X X X X X X X X X X X X X X X X
1R4.60 X X X X X X X X X X X X X X
+116.35m 1R4.60.51 X X X X X X X X X X X X X X X X X X
+116.5 m 1R1.57PL5
1R5.31 X X X X X X X X X X X X X X X
+118.80 m 1R5.66
+121.00 m 1R4.60.61
1R4.60.62
1R4.60.63
1R4.60.64
1R4.60.65
1R4.60.66
1R4.60.67
+121.50 m 1R1.57PL6
+126.5m 1R7.47 X X X X X X X X X X X X X X X X X X
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The preparatory activities for decommissioning witimdividual rooms are the following:

0

OOdooooogogood

Survey of radiological situation in the room fomfiomation of the data used in the planning
of dismantling activities;

Covering of the floor with protective foils to irdii the floor contamination;
Installation of local ventilation to suppress tleeasols from dismantling;
Installation of scaffolding for dismantling actis;

Installation of temporary connections for electsi@nd other media needed,;
Delineation of cuts on equipment;

Transport of dismantling tools to the dismantliegtsr;

Isolation/check of equipment from electrical corti@tor operating media;
Preparation of dismantling tools for the work;

Installation of protective tenting for suppress $peeading of aerosols;
Preparation of the working group (WG) for the deatissioning work; and
Preparation of containers for waste from dismagtlin

After preparation of rooms, the dismantling of widual items follows, using the appropriate
techniques, depending on the physical propertigaveintory items (material composition, size, etc.)
and also radiological properties. Totally, 373 imwey items were defined for the system 321.

The finishing activities for dismantling within inddual rooms are the following (see Table 15):

OOoO0oogood

Removal of protective foils on floors;

Removal of local ventilation;

Removal of scaffolding;

Removal of temporary electrical connections andienfat dismantling;
Removal of protective tenting;

Removal of dismantling tools;

Handling of waste containers; and

Final cleaning of the room after dismantling.

Decommissioning of system 322 will commence aftengletion of decommissioning of system 321
(estimated to last 8 months). The same approgalansied to be applied to system 322 as presented in
Table 15. Totally 1031 inventory items were defifi@dthis system.
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TABLE 15. PREPARATORY AND FINISHING ACTIVITIES FORBYSTEM 322

Finishing Decommissioning Activities :

Preparatory Dismantling Activities Removal of ...
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+91.10/

+92.60 m Virtual room | X X X X X X X X X X

1R1.08 X X X X X X X X X X X X X X X X X

1R1.09| X X X X X X X X X X X X X X X X X X
1R1.28

1R1.40 | x X X X X X X X X X X X X X X X X X X
1R1.40PL1

1R1.40PL2 | X X X X X X X X X X X
1R1.40PL7

1R1.47 | x X X X X X X X X X X X X X X X X X X
1R1.47PL1
1R1.47PL2
1R1.47PL5

1R1.50 | x X X X X X X X X X X X X X X X X X X
1R1.50PL2
1R1.50PL7

1R1.57 | x X X X X X X X X X X X X X X X X X X
1R1.57PL4
1R1.57PL5

1R1.60 | x X X X X X X X X X X X X X X X X X X
1.R1.60.04
1.R1.60.05
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TABLE 15. PREPARATORY AND FINISHING ACTIVITIES FORBYSTEM 322(CONT.)

Finishing Decommissioning Activities :
Preparatory Dismantling Activities Removal of ...
2 §
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Floor Room cglelslglal8lele|lalalalalals|g|alals] S)E
+97.00 m 1R2.08 | x X X X X X X X X X X X X X X X X X X
1R2.09 | x X X X X X X X X X X X X X
1R2.10 | x X X X X X X X
1R2.28 | x X X X X X X X X X X X X X X
1R2.30 | x X X X X X X X
1R2.31| x X X X X X X X X X X X X X X X X X X
1R2.35| x X X X X X X X X X X X X X X X
1R2.36
+103.00 m 1R3.08
1R3.10 | x X X X X X X X
+111.50 m 1R4.51
1R4.60 | x X X X X X X X X X X X X X X X X
1R4.60.42
1R4.60.43
1R4.60.44
1R4.60.45
1R4.60.62
1R4.60.63
1R4.60.64
1R4.60.65
+116.5m 1R5.41
+126.5m 1R7.47

Similar sequence of activities was applied for aeamination of building surfaces for the system 322
after dismantling of equipment in the rooms astlifier system 321. The planned preparatory activities

are the following:

Survey of contamination of building surfaces in them;

Covering of the floor to inhibit the contaminatiohthe floor;

Installation of local tent (for mechanical deconitaation);

Installation of local ventilation to suppress tleeasols from decontamination;
Installation of scaffolding;

Installation of temporary connections for electsi@nd other media needed;
Delineation of areas for decontamination by varitmehniques;

Transport of decontamination tools and equipmethéaoom;

Preparation of decontamination tools and equiprfarthe work;
Preparation of the working group for the work; and

Preparation of containers for waste.

OOdoOoooogooad

For each room involved, the items for chemical &dmechanical decontamination were defined
with estimated areas for decontamination. In realothmissioning projects, these data need to be
defined based on radiological sampling of roomdas@s. The finishing activities involved after the
decontamination are the following:
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Removal of scaffolding;

Removal of temporary electrical connections andiejed

Removal of decontamination tools and equipment filoeroom;

Removal of local tent (if mechanical decontaminatizas used);

Removal of protective foils;

Removal of local ventilation; and

Removal of containers with waste;

Cleaning of the room; and

Construction of temporary closure of the room fdribiting the re-deposition of
contamination from other rooms.

I o I

As the last decommissioning activity planned inli&P Test Case is the final radiological monitoring
of building surfaces. The same sequence of a@dvittas applied — preparatory activities, monitoring
and finishing activities. The extent of rooms andolvement of preparatory and finishing activities
according to individual rooms is the same like isnthntling and decontamination of building

surfaces. Preparatory activities for final radiabady monitoring of building surfaces are the foliog:

Installation of scaffolding;

Delineation of areas for radiological monitoring;
Transport and preparation of measuring instrumemd;
Preparation of the working group for the work.

O 0O oOgod

For radiological monitoring of building surfacebethand held instruments or instruments placed on
manual or remote positioned small vehicles will used, depending on shape and dimensions of
individual rooms. The finishing activities for rattbgical monitoring are the following:

Removal of scaffolding;

Removal of instruments and tools for monitoring;
Cleaning of the room; and

Elaborating the documentation.

O 0O oOgd

The approach described above enables the safetya@va of each individual decommissioning
activity. Using this approach and taking into actdhhe composition of the working groups according
to individual professions, the safety related demissioning parameters can be evaluated on the level
of individual workers (individual effective dosendanot only as collective data as is the case akmo
approximate approaches. The resulting safety bldsga reflects the procedure expected in real
decommissioning projects.

3.5.2. Decommissioning techniques

The inventory items developed for the systems 38d 322 were classified according to the
decommissioning categories of equipment. The dedesioming category represents a typical
equipment inventory item as for the material contpmy size, thickness of the walls of the

equipment and other physical parameters. Exampldeammissioning categories are pipes, valves,
motors, elements of ventilation systems, etc., dabsified according to dimensions. For each
decommissioning category, the preferable decomarigsj techniques are allocated. The main
techniques considered in dismantling of systemsaBil322 are the following:
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O Hydraulic shears cutting for cutting of pipes witimall dimensions, electrical cables,
components of ventilation ducts and other equipseiith thin walls;

O Plasma cutting for general equipments, preferadngtainless steel equipments;

O Mechanical cutting by mechanical saw or other meidah cutting method which does not

generate much heat, used in applications whererémizvgeneration of aerosols is required, or
for cutting for equipments with large wall thickisdge reactor vessels;

O Oxygen - acetylene cutting of general equipmerfgably for those made for carbon steel,
O Manual dismantling using standard mechanical haal$tand
U Grinding for cutting of equipments with medium wtiickness. The technique has relatively

high cutting rate, but the release factors foraadclides is high.

Selection of the above listed techniques was data@atically by OMEGA code used for calculation
of decommissioning parameters, based on pre-sdlecgtimal technology for individual
decommissioning category. The current hazard @etafbdiological accident analysis (given in
Appendix IIl) does not analyze grinding techniquesl indicates that grinding must not be used
without further safety analysis. Techniques invadyigrinding were not considered in this test case
calculation of decommissioning parameters.

Remote dismantling techniques are not considenediémantling of the systems 321 and 322. These
techniques will be used for dismantling of the teamternals and reactor pressure vessels.

Decontamination techniques applied to room surfamfesystems 321 and 322 after removal of

dismantled systems, are standard wiping decontdéiminatechniques and the mechanical

decontamination techniques. There are several igpods which mechanically remove the surface

layer from the building surfaces like shaving. Thiekness of the removed layer depends on depth of
penetration of contamination and normally variesMeen 5 to 20 um. In the NPP Test Case, the
conservative approach was applied, which removas2@f material.

It was also considered conservatively for roomslved in the system 321, that all floors were
mechanically decontaminated and all walls were détaliy decontaminated. For rooms involved in

the system 322, half of the areas of floors wereode&minated mechanically and half of areas of
walls were decontaminated chemically.

3.6. WASTE MANAGEMENT

3.6.1. For the whole NPP

The radioactive waste at the site is being prockkslowing the scheme, presented in Fig. 20.
(a) Sorting and size reduction of waste

Low-level waste will be transferred to the sizeugtibn area from either the mixed waste sortingare
or the potential clearance monitoring area. Siziicgon will be carried out within an enclosed re-
usable modular containment primarily using handthebls, see Fig. 20 (e.g. the waste handling
area).
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FIG. 20. NPP waste processing and package facility.
Thick line = Denotes shielded cells equipped wi#mote handling equipment, saw table, vent plant,
thermal cutting tools and effluent discharge taeks,
Thin line = Denotes conventional containment ange for “exempt” or “clearance” waste.
= Waste route for “short-lived” ILW.
Blue = Waste route for “short-lived” LLW.

The equipment includes both conventional mecharsizad reduction equipment and more advanced
technigues. Conventional equipment includes hand pewer tools e.g.: hack saw, fret saw, band
saw, bow saw, circular saw; shears; pipe cuttéasnand wire cutting rig; balers; and compactors.

The selection of the appropriate equipment willdrgely driven by the nature of the object thatois

be size reduced, although for some pieces of eqnprsuch as compactors throughput economics
will also be relevant. Many of the above techniquesticularly the saws, shears and pipe cutters,
have the potential to be operated both manuallyrambtely.

(b) Decontamination

Following sorting and size reduction, there is putential to decontaminate LLW arising down to
clearance levels, in order to further reduce thkime of LLW generated. Whether this is cost
effective will need to be assessed in a similar Wwathat of potentially decontaminating ILW. Factor
such as the practicalities of decontamination inagga that may be subject to significant airborne
contamination and the consequent disposal of danonation waste will need to be considered
further.
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(c) Packaging and handling of waste

Dry waste will be transferred to the receipt amssse Fig. 20. (e.g. “size reduction” and “blastimgl a
cleaning” area) using a small transfer container.

Waste will be removed from the transfer contaitieen monitored to determine its next destination.
ILW material will continue along the ILW processilige, LLW and waste for potential clearance will
be transferred to an adjacent size reduction area.

In some instances it may not be productive, or ewecessary, to break large items of plant or
equipment into components small enough to fit withistandard disposal container. Large items may
therefore be contained within bespoke packagintalsi@ for final disposal of the category of waste

concerned.

The long-lived waste mainly consists of the intésrdose to the core and is assumed to be tramsport
and stored in 0.1 m thick steel containers withdabter dimensions 3.30 x 1.30 x 2.30 m. The inner
volume is approximately 7.2%and the maximum weight, including 12 tonnes ofteiais 34 tonnes.
The long-lived waste assumed to be deposited atfitied repository for long-lived low and
intermediate level waste.

LLW will be loaded into ISO-type containers. Loagliwill be carried out by primarily manually
controlled techniques, using local lifting geara@gropriate. The dose rates could not exceed 2lmSv/
according to [10]. For the ILW that requires shietda set of large transport containers have been
developed. Each container carries loads of up ttm@0es and can take up to approximately 2®in
waste. The container has thick shielding walls eam thus take waste packages with a high dose rate.
The strongest container used at present can talk@ges with a dose rate of about 60 mSv/h, under
the regulation of special arrangement it could fa&ekages with dose rates up to 100 mSv/h. By using
these shielding containers the waste can be caatedtand the volumes can be lowered. Received
and outgoing goods are mainly transported by Lsrrieransport of radioactive waste for final
disposal is carried out by sea. Lorries also dosiart of other type of waste. Transport routesngur
decommissioning are planned to be as same as éseused during operation.

Internal scanning and handling of the dismantledtevaan be described as follows:

O The shaft for the main steam pipes, through thanstgipes wall entrance, are planned to use
as transport way between the reactor and the withinding.

O Large items of equipment will take a different mut

O Storage pools in the reactor hall are filled witater until dismantling of internals from the
primary circuits has been finish.

U Wet-well (blow off-system pool) is planned as buféorage for pipes from the containment.

O Equipment for dismantling and preparing for furtt@ndling and scanning are planned to

take place in rooms were the high-pressure preeteéiave been located, and rooms where
the low-pressure pre-heaters have been placedaamegul for buffer or intermediate storage.

O The turbine hall and condenser area are used tmntemination.

O Temporary buildings, directly connected to the ingbbuilding, are planned to be used as
buffer stores, scanning and packaging of intermedand low-level waste and cleared
material.
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The waste processing facility will therefore needhtave the capability to receive; segregate and
process all decommissioning waste, from ILW and LkdWwaste that is potentially acceptable for

clearance. Once processed, LLW will be loaded empproved long-term disposal packages and
dispatched to the final storage or disposal. ILW W send to the intermediate decommissioning
waste repository, while cleared waste will be rduteough normal commercial channels.

(d) Clearance of material

Material, which is considered suitable for cleammg less than the clearance values described in
Section 2 of this report [4, 6]. Material potentfat clearance will therefore be monitored prior to
packaging at a dedicated facility on the NPP dSitee aim is to efficiently monitor the materials
produced during decommissioning that are expeatettet suitable for unrestricted release. This
facility is equipped with appropriate automatednséag/monitor equipment and is located in an area
of low background radiation.

Any material not complying with the clearance valwdll be isolated and transferred to the LLW size
reduction area for further processing, storageispasal.

Cleared material will be loaded into standard I$fet freight containers for off-site transport.
Loading will be carried out by manually controllegthniques, using local lifting gear as appropriate
These packages will be routed to an appropriateliag or disposal facility.

3.6.2. Systems 321 and 322

The estimated mass of pipes and ducts and othetwstes for the systems 321 and 322, are presented
in Fig. 21 below.

The expected waste categories from the decommisgi@i systems 321 and 322 will be LLW and
material with potential for clearance from reguigt@ontrol. The following approach to waste
management generated during the decommissioningystems 321 and 322 is planned to be
implemented:

O All waste will undergo appropriate size reductidrtbe place of their generation in order to
facilitate loading into a transfer container;

O Categories of waste will be initially determinedsatrce (at systems 321 and 322 rooms) and
will be confirmed during additional surveys;

O Some processing of mixed waste may be requireldeatvaste processing facility at the NPP
site;

O The material for potential clearance and LLW wil bandled in standard ISO-type freight
containers;

U Transfer of waste item to the waste processing @atkaging area and then to the buffer

storage on site; and

O Off-site transport of packaged decommissioning evéretm the NPP site is out of the scope of
this safety assessment.
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h
h

Removal of pipe 6.35 to 50.8 mm dia, meters
Removal of pipe >50.8 to 101.6 mm dia, meters
Removal of pipe >101.6 to 203.2 mm dia, meters
Removal of pipe >203.2 to 355.6 mm dia, meters
Removal of valves >101.6 to 203.2 mm dia,each
Removal of valves >203.2 to 355.6 mm dia,each
Removal of valves >203.2 to 355.6 mm dia,each
Removal of pipe fittings >101.6 to 203.2 mm dia,eac
Removal of pipe fittings >203.2 to 355.6 mm dia,eac
Pipe hangers for small bore piping, each

Pipe hangers for large bore piping, each

Removal of pumps, 453.1 - 4,531 kg, each

Removal of pump motors, 453.1 - 4,531 kg, each

Removal of pumps, <135.9 kg, each

321-Residual

105 - 129 157 8 24 2 5 13 3 51 2
Heat Removal
322-
Containment
Spray-Wet Well 411 128 546 79 7 30 & - - 73 311 © 3 ©
Cooling
Burial Volumes Burial /
LLW ILw Processed
(m3) (m3) Wt., kg.
321-Residual
Heat Removal 46 - 56 506
322-
Containment
Spray-Wet Well
Cooling 95 - 116 530

FIG. 21. Overall estimate of pipe lengths, volunkesgth and weights for dismantled system 321 and
322 (the upper values refers to length in meters).

A dedicated facility for management of all typesdeCommissioning waste, volume and rate of waste
arising will be available during the decommissianiof systems 321 and 322. It will be a suitably
sized at the NPP with:

O Good connections to the various work faces thdtheilproducing radioactive waste;

O Sufficient space to allow the various processesdalitional size reduction, and packing to be
laid out efficiently;

O An active extract system, suitably rated to thevftd waste;

O Easy access to the outside for dispatch of loadedercontainers; and

O A suitably rated overhead crane, rated to shapenvaight of the waste packages.

If adopting the fully engineered philosophy, thesl be some segregation of wastes at the
decommissioning workplace.

3.7. SUPPORTING FACILITIES

Supporting facilities are identified in the detdilengineering schedule presented in Section 6 and
Section 7. In summary the planned supporting tédliand associated activities are the following:
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O A temporary tent is planned to be constructed lier purposes of the decommissioning of
systems 321 and 322. The accident conditions safetgssment in Appendix Il shows that
standards for the construction and testing oftdmgporary containment are important;

Systems for personal dose meters, for their testimtcontrol of issue;
Building ventilation systems and associated fitraisystems;
Installed radiometric systems; and

O 0Oodgad

Systems for control of isolations.

3.8. END-POINTS

The end-point for the decommissioning of the tWleded systems is that they are removed from the
NPP building with the waste material taken beyonel boundary of this assessment to the waste
management facility. Rooms where they were locatddhave been decontaminated as necessary and
all equipment used for decommissioning will haverbeemoved.

The end state of the facility after decommissioniill) represent the site and the associated bigklin
passed out of regulatory oversight. The site owhen has the option to reuse the buildings or to
demolish them.

4. HAZARD ANALYSIS: IDENTIFICATION AND SCREENING.

4.1. HAZARD IDENTIFICATION

Working technigues and methods were reviewed tatifyepotential hazards and initiating events that
could arise during the decommissioning of systeri§ a&nd 322. This was performed by a
combination of:

O The checklist from Appendix VIII of Safety Assessmhdlethodology for Decommissioning
of Facilities Using Radioactive Material (main rep@and Appendix | [11]; and

O The HAZOP process.

The hazard identification and hazard assessmemegsowas conducted by suitably qualified and
experienced persons from a wide range of disciplimeluding plant operators and engineers,
radiological protection specialists, safety engiaediuman factors and criticality specialists and
assisted by decommissioning workers. These hazandsinitiating events were then screened to
identify appropriate scenarios for further detadelysis.

4.2. APPROACHES TO HAZARD IDENTIFICATION

A structured and systematic approach was adoptedier to identify a complete list of all reasoryabl
foreseeable hazards, initiating events and scenénat could lead to harm to the public, workers or
the environment during the decommissioning. Thegss, which was undertaken iteratively with the
detailed hazard analysis, included the following:

O A review of the operational history of the faciligsee Section 3.4) including a detailed review
of all significant events during the facility lifete with interviews were conducted with
operations personnel with specific facility histpry
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O The basis of the radiological inventory was the m&sured prior to decontamination.
Human factors/ergonomic walk down were performed,;

|

U A checklist was used for preliminary identificatiohinitiating events and hazards. Industrial
hazards with no radiological consequences were awotsidered further in this safety
assessment as prescribed by the methodology [1i$ fbrms the basis of the hazards
presented in Section 4.3.1;

U Identification of event sequences was carried aunharily using HAZOP studies (both
desktop and plant walk down). In addition, a “wkaevaluation of potential failure modes,
including initiating events such as power los® &énd operator error, was applied,;

O Construction of a hazard/event schedule for infeamal external initiating event scenarios
was based on the HAZOP. The identified hazarddrtidting events were grouped logically
to minimize the number of scenarios to be analy3dus forms the basis of the hazards
presented in Section 4.3.2; and

O Input from the hazard analysis (including enginagrassessment) to ensure that any new
initiating events identified during the more detdil consideration of the scenarios and
variations of the main scenarios (e.g. failure rit@ctive measures) were taken into account.

4.3. PRELIMINARY HAZARD ASSESSMENT AND SCREENING
4.3.1. Use of a checklist

Preliminary hazards assessment as described abtamveapplied to the planned decommissioning of
the two systems 321 and 322. The results of thadyais are summarized in Table 16.

TABLE 16. HAZARDS FOR PLANNED AND FOR ACCIDENT CONDIONS DURING
DECOMMISSIONING OF SYSTEMS 321 AND 322

Relevant for Relevant for

Hazards and Initiating Events Planned Work Accidents

System| System| System| System
321 322 321 322
INTERNAL INITIATING EVENTS
Radiological Initiating Events
Crltlgall_ty _ N N N N
[no fissile material present]
Spread of Contamination N N
[system 322 is not significantly contaminated]
Loss of containment/barriers Y Y
Dismantling of containment/barriers Y N
Drop of radioactive materials, packages and waste N Y
Cleanup of buildings (activated or contaminated)
) ) N N
[cleanup is beyond the scope of this assessment]
External exposure
Activated materials and equipment Y N Y N
Direct radiation sources Y Y Y Y
Internal exposure N N
Physical and chemical state of the radioactive
) » Y Y
materials [Very small quantities of Pu are present]
Contamination, corrosion, etc N N
Pathways (inhalation, ingestion) v v
[Inhalation relevant to system 321]
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Hazards and Initiating Events

Relevant for
Planned Work

Relevant for
Accidents

System
321

System
322

System
321

System
322

Spectrum, activity, emitters (presence of alpha
emitters)

N

N

Contaminated materials

Y

Y

Gaseous Effluent

N

N

Liquid Effluent
[No wet cutting techniques are being considere(

]

Non Radiological Initiating Events

Fire

Thermal cutting techniques (Zircalloy, etc.)

Decontamination process (chemical, mechanics
electrical methods or mixed methods to remove
contamination from metals, concrete or others
surface).

|

Accumulation of combustible materials and
radioactive waste

Flammable gases and liquids
[depends on the cutting solution finally selected

Explosion

Decontamination process.

Dust (graphite, Zircalloy, etc.)
[not considered credible]

Radiolysis phenomena (radioactive waste stora
transport)
[dose rates too low]

Compressed gases
[depends on the cutting solution finally selected

Explosive substances
[depends on the cutting solution finally selected

Flooding
[no liquids present in room]

Leak of liquid storage

Leak of pipes

Toxic and hazardous materials

Asbestos/glass wool in thermal insulation syste
[asbestos and other insulation has been remove
However, residual amounts could potentially

2d.
Y

remain. This needs to be taken into account duiing

the control of normal operations.]

Lead in paint, shielding

Beryllium and other hazardous materials

Polychlorinated biphenyls (PCBs)

Oils

Pesticide use

Biohazards

zZ|Z22

zZ|Z22

zZ|Z22

ZZZ2

Electrical hazards

Loss of power supply
[this will result in loss of ventilation and hence,
potentially, a small dose]

High voltage

Non-ionizing radiation sources (lasers, ...)
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Relevant for Relevant for

Hazards and Initiating Events Planned Work Accidents

System| System| System| System
321 322 321 322

Falling of heavy loads Y Y Y Y

Falling loads on SSCs important for safety N N N N

Falling loads on radioactive materials (packages$ Y

=<
<

Collapse of structure (due to ageing)
[not credible] N N N N

Demolition activities
[no demolition will take place during the N N N N
decommissioning of 321 and 322]

Working at heights Y Y Y N

High noise area
[this could be relevant in accident scenarios, but Y Y Y Y
will not initiate any radiological accidents]

Excavations N N N N

Vehicle traffic N N N N

Pinch points, sharp objects N N

<|Z
<

Obstruction of passageways or exits Y| Y|

Physical hazards

Kinetic energy
[no rotations, no movement]

Potential energy (springs, Wigner energy in
graphite)

[no springs, no graphite, pipework components hot
fixed in-situl]

Degraded or degrading structures, systems and
components N N N N
[systems are in a good state of repair]

Steam
[no systems in operation needing steam]

Temperature extremes (high temperatures, hot
surfaces, cryogenics)

High pressure (pressurized systems, compressed
air)

Human and organizational initiating events

Operator error/violation Y Y Y Y

Inadvertent entry into high-radiation areas Y| Y| Y| Y

Misidentifications Y Y Y Y

Contractor and sub-contractor Y Y Y Y

Performing incompatible activities
[no parallel activities are planned to be undemake N N N N
during the decommissioning]

Disabling services to other facilities
[although there are electrical power cables in the
room, these are remote from systems 321 and 322
and are clearly identifiable]

D

Poor ergonomic conditions N N N N

EXTERNAL INITIATING EVENTS
Note —these factors are not relevant to the spectific
scope of this test case.

Earthquake
[these and the other external initiating eventsedis
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Hazards and Initiating Events ROISEITE (27 Rele\(ant %S
Planned Work Accidents
System| System| System| System
321 322 321 322
here are addressed in the baseline safety analysts’
report.]
External flooding N N N N
[See above comment]
River
Sea
Infiltration of groundwater
External fire (oil storage, etc.) N N N N
Extreme weather conditions (temperature, wind, srjow
etc.) N N N N
[See above comment]
Subsidence (formation of underground cavities
(subsidence) from rain, waste degradation etc.) N N N N
(This potential fault was identified by the NPP fTes
Case review team and is not found in the methogdlog
Hazards due to industrial environment (explosidn,)g¢ N N N
Airplane crash
[See above comment] N N N N
OTHER INITIATING EVENTS
High temperature and pressure N N N N
Corroded barriers N N N N
Unknown or unmarked materials N N N N

Note:

Comments found in brackets () come from the téditen from Ref. [11].
Comments found in brackets [ ] have been added th@eNPP Test Case review.

4.3.2. Separate identification of possible initiatig events

Initiating events and hazards considered relevantitie planned decommissioning activities were
used as an input to the detailed task analysigidesan Section 5.

Initiating events and hazards considered relevamadcidents were further screened to identify ¢hos
scenarios where further analysis was warranted.

. Spread of contamination due to loss of containrbantiers (for system 321 only)

Cutting of the system 321 pipework has the potetdiaesult in a significant dose to the workensd a

if filters fail, to the public. This hazard thereéorequires detailed analysis (Sequence Alt)also
requires an operating assumption that the syst@hsd 322 are proved to be drained and dry before
decommissioning tasks start.

. Spread of contamination due to drop of radioactivaterials, packages and waste (for system
321 only)

It is credible that pieces of cut contaminated wipek could be dropped, either as these are
manoeuvred away from the workface, or while beraggported from the room in containers. Such
initiating events can be controlled through staddaork place systems and procedures for normal
handling. The anticipated size of the pieces ofpipework/components means that detailed analysis
of these initiating events is not warranted (Seqgadsil).
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. External exposure due to activated materials andpmygent (for system 321 only)

Doses in credible accident sequences will be damihéy the surface contamination and will be

largely unaffected by the fact that the componearts also activated. In particular, no special
precautions will need to be taken as a result ef dhtivated nature of these components in any
foreseeable accident scenario (though precautioiis eed to be taken in regard to normal

operations). The presence of trace amounts of @3 dot give rise to neutron dose rates of any
significance.

. External exposure due to direct radiation sourdes gystems 321 and 322)

The decommissioning of systems 321 and 322 willih@ertaken in a gamma radiation environment.
Normal operational controls will therefore needmimize doses (e.g. through limiting durations,
provision of shielding, etc). Exposure to dirediagion in accident scenarios will arise if the rsmeo
leads to increased proximity or elongated timehanradioactive environment. The relatively low dose
rates, and credible evacuation times in these siosmaean that detailed analysis in these casastis
warranted. Moreover, no special provisions are idensd to be required to minimize the likelihood of
initiating events beyond those in place for coniedl safety.

. Internal exposure due to physical and chemicalestatf the radioactive materials (for system
321 only)

Very small quantities of Pu are present. This méded to be taken into account in the detailed ldazar
analysis (e.g. Sequence Al). However, the preseh&u does not lead to any additional accident
scenarios.

. Contamination, corrosion, etc. — exposure pathw@ghbalation, ingestion) (for system 321
only) same as for previous entry.

. Contamination, corrosion, etc. due to contaminateaterials (for system 321 only)
Addressed by Sequence Al (see above).

. Fire as a result of the use of thermal cutting téghes (Zircalloy, etc.) (for systems 321 and
322)

The use of hot cutting techniques means that wadepfires are a credible scenario. Such accidents
may be controlled/mitigated through good practicerkplace systems and procedures (e.g.

minimization of combustible material at the worldacDetailed analysis of these sequences would
add little value (e.g. this would be unlikely tateto any change in the safety measures provided)
(Sequence B2).

. Fire due to accumulation of combustible materiatsl #aadioactive waste (for systems 321 and
322)

Same as for previous entry (Sequence B2).

. Fire due to flammable gases and liquids (for syst8@i and 322)
Same as for previous entry (Sequence B2).

. Explosion as a result of compressed gases (foesys821 and 322)
Same as for previous entry, Sequence B2 also needkress explosions.
. Explosion due to explosive substances (for syst@msind 322).
Same as for previous entry (Sequence B2).

. Electrical hazards due to loss of power supply figgtem 321 only)
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Loss of power supplies will result in a loss of tileion and hence, potentially, a small dose (ginc

cutting operations will also (necessarily) havepptd). Good practice will mean that the operators
will evacuate following the failure of the ventilat. Hence credible doses from this sequence will b

small enough not to warrant additional detailedysis (Sequence B3).

. Decommissioning/workplace initiating events as suteof falling of heavy loads (for systems
321 and 322).

Dropping of loads during the decommissioning oteys321 has been addressed above. Additionally,
dropping of a piece of system 322 could conceivéddy to the levitation of contaminated material
present below and hence to a dose to the operdimesconsequences of such an accident for system
322 will be bounded by those for system 321. Howetlee scope of Sequence Bl needs to be
expanded to include system 322.

. Decommissioning/workplace initiating events — fali loads on radioactive materials
(packages) (systems 321 and 322)

Same as for previous entry (Sequence B1).

. Decommissioning/workplace initiating events duetoking at heights (for system 321 only)
Same as for previous entry (Sequence B1).

. Decommissioning/workplace initiating events dubigh noise area (for systems 321 and 322)

Although high noise is not a radiological initiagievent, this aspect needs to be taken into ac@ount
the safety measures put in place (e.g. through ptloeision of audio-visual alarms). Accident
scenarios that include operators failing to respmndudible alarms may be addressed by following
good practice standards for working in high noiseé®nments. Detailed analysis of these scenasios i
not considered warranted (Sequence B4).

. Decommissioning/workplace initiating events duelstruction of passageways or exits (for
systems 321 and 322).

Although obstructed passageways etc. will not ead radiological initiating event, an inability to
evacuate following an initiating event representscanario that need to be considered in the safety
assessment. Such scenarios are however addres$eitbiyng good practice standards in regard to
fire safety. Detailed analysis of these scenasa®i considered warranted (Sequence B5).

. Human and organizational initiating events due fexator error/violation (for systems 321
and 322).

Application of good ergonomic design of equipmemd #asks, training and human factors review will
be applied to minimize initiating events arisingrfr operator errors and violations and to mitigate
their consequences. Detailed analysis of scenafidbis type is not considered to be warranted.
Similarly the variety of scenarios involving operagrror/violation means that identifying individua
scenarios would be of only limited value.

. Human and organizational initiating events due nadvertent entry into high-radiation areas
(for systems 321 and 322).

The location of systems 321 and 322 means thatatgercould inadvertently enter high radiation

areas on their way to/from the workface. Howevenpligation of good practice signage, and access
controls will be used to minimize the likelihood @fich events. Detailed analysis of scenarios sf thi

type is not considered to be warranted (Sequenge B6

. Human and organizational initiating events due tsidentifications (for systems 321 and 322)

Misidentification of plant and equipment is a foofnoperator error (see above).

58



Annex |, Part A

. Human and organizational initiating events due & wf contractor(s) and sub-contractor(s)
(for systems 321 and 322).

Application of appropriate training and work coitnoeed to ensure that tasks undertaken by
contractors are carried out as reliably and tonailai standard as tasks undertaken by employees.
Detailed analysis of scenarios of this type is cmisidered to be warranted. Similarly the varidty o

scenarios involved means that identifying individe@enarios would be of only limited value.

4.4.

OUTCOME OF PRELIMINARY HAZARD ANALYSIS AND SCEENING

On the basis of the preliminary hazard analysie @ection 4.3) the following accident sequences
were identified for further detailed analysis:

Sequence System(s) Hazard Details
Affected Type
Worker and public exposureFailure to control the spread
Al 321 due to inhalation contamination arising from the cutting
of pipework and components

The following accident sequences was consideredidtailed analysis and those that do not require
detailed analysis (Table 17) but will need prevamtiprotection and/or mitigating measures derived
from standard good practice workplace systems amcegures for normal operations:

TABLE 17. ACCIDENT SEQUENCES CONSIDERED IN THE HARD ANALYSIS

Sequence| System(s Hazard Details
Affected Type
Dropping pieces of cut contaminated
B1 321 and Worker pipework, either as these are manoeuvred gway
322 inhalation from the workface, or while being transported
from the room in containers
321 and Public and
B2 397 worker Fire/explosion arising from hot cutting
inhalation
Worker Power supply failure leading to a failure of the
B3 321 . . o
inhalation ventilation system
B4 321 and Worker Operators fail to respond to alarms due to high
322 inhalation noise environment.
321 and Worker _O_p_ergtors are unable to evacuate following an
B5 . . initiating event due to blocked emergericy
322 inhalation :
exits.
321 and Wo”‘e'.r Operators inadvertently enter areas of high
B6 inhalation and o
322 . ._.. | radiation en-route to/from the workface
direct radiation
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Nevertheless, depending on the national legal egdlatory framework in a Member State,
the operator may consider appropriate or necessgrgrform further detailed analysis of the
sequences presented in Table 17.

5. HAZARD ANLYSIS EVALUATION

5.1. ANALYSIS OF NORMAL DECOMMISSIONING CONDITIONS

The scope of the normal scenario is the evaluatfoeafety of normal planned decommissioning
activities for system 321 and 322, as present&euntion 3.5 and Tables 14. and 15. For evaluafion o
normal decommissioning activities (as planned), &wproaches were applied:

(a) Evaluation of doses to workers resulting fromnmal decommissioning activities for the
systems 321 and 322 in their full planned extemd;, a

(b) Evaluation of doses to public based on congeevapproach taking into account the worst
case for dismantling techniques from the pointietwof all identifiable routes of exposure
from the decommissioning activities in their fulapned extent.

For the dismantling of items in systems 321 andf8f@wing techniques were considered:

U Hydraulic shears cutting for cutting of pipes wiimall dimensions, electrical cables,
components of ventilation ducts and other equipmeiith thin walls;

O Plasma cutting for general equipments, preferadngtainless steel equipments;

O Mechanical cutting by mechanical saw or other mewah cutting method which does not

generate much heat, used in applications whererémivgeneration of aerosols is required, or
for cutting for equipments with large wall thickisdike reactor vessels;

O Oxygen - acetylene cutting of general equipmerfgprably for those made for carbon steel,
Manual dismantling using standard mechanical haat$}

|

U Grinding for cutting of equipments with medium wtiickness. The technique has relatively
high cutting rate, but the release factors foraadclides is high.

Allocation of techniques to selected dismantlintggaries, as applied in the computer code OMEGA,
Is presented in Table 18. The table shows the He&ahniques (green colour) as selected by the cod
during generation of the calculation structure alternative techniques, which can select the user.
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Dismantling category

HDCT | COBO

OCHC

MSW

PLHC

MNOC

MAND

weet [ eroc [ cre

Piping (SS), diameter =< D25 mm
Piping (SS), diameter over 25 mm
Piping (CS), diameter =< D25 mm
Piping (CS), diameter over 25 mm
Tanks (SS)

Tanks and containers (CS)

Heat exchangers (SS),

Heat exchangers (CS) ,

Pumps (SS, CS), mass <= 50 kg
Pumps (SS), mass over 50 kg
Pumps (CS), mass > 50 kg,
Ventilators (SS, CS), mass <= 50 kg
Ventilators (SS), mass > 50 kg,
Ventilators (CS), mass > 50 kg,
Valves (SS)

Valves (CS)

Electric motors, mass <= 50 kg
Electric motors, mass > 50 kg

Air conditioning components - piping (SS)
Air conditioning systems others (SS)
Air conditioning components - piping (CS),
Air conditioning systems others (CS),
Air conditioning systems, (Al)
Electrical cables & conductors

General electric equipment, (CS) mass <= 50 kg
General electric equipment, (CS) mass > 50 kg

Thermal insulations, non-metal covering
Steel constructions, (CS)

Small piece components, shielding (CS)
Hoisting equipment (CS), electrical tackles
Digestors, sampling boxes (CS)

Piping feedthroughs, gulleys

Hermetic and shielding doors (CS)
Stainless steel linings, (SS)

Carbon steel linings, (CS)

Other general equipment

Casing of technological equipment (CS),
Casing of technological equipment (SS),
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Note: HDCT Hydraulic shears cutting
COBO Core boring
PLSM Plasma cutting
OCHC Oxygen cutting - hydraulic cutting (combinedhnique)
MSAW Mechanical cutting by saw
OACT Oxygen cutting (oxygen - acetylene cutting)
PLHC Plasma cutting - hydraulic cutting (combinedhnique)
MNOC Manual dismantling - oxygen cutting (combirtedhnique)
MAND Manual dismantling (by tools)
MAPL Manual dismantling - plasma cutting (combirtedhnique)
GROC Grinding - oxygen cutting (combined technique)
GRPL Grinding - plasma cutting (combined technique)

Grinding is the alternative technique and was mgliad in calculation of parameters for systems,322. The release factors for aerosols for dishmant
techniques are identified in the Table 17 by caldine values are as follows:

- Release factor — 10%

OCHC Release factor — 1%

Release factor — 0.1%
HDCT
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5.1.1. Doses to workers

Other activities evaluated, such as the decontamimand radiation monitoring of building surfaces,
are evaluated from the point of view of annual tio 20 mSv for workers. During dismantling, the
workers are occurring in the dose rate fields ef ¢bntaminated equipment to be dismantled and are
exposed to risk of inhalation of radioactive ael®sgenerated during cutting. Technical,
organizational and personnel protection meanssed to minimize the exposure of workers.

Tables 15.and 16 give the detailed list of disniagthctivities as proposed for the systems 321 and
322. The activities are organized according tortimem-oriented approach (dismantling of equipment
is organized room by room, see Appendix Ill) whigolves:

(a) A set of preparation of works prior dismantlitay prepare the working conditions and to
support the dismantling in the room where equipn®gbing to be dismantled;

(b) The dismantling of the two systems and equipgnaecording to the inventory content in the
room;

(© A set of finishing activities to remove all tnsments, materials, supporting systems and for
cleaning/decontaminating the room after dismantlargl

(d) All support activities for preparation for desmissioning tasks and for decontamination and
radiological surveys to verify the condition of tr@oms at the end of the decommissioning
tasks.

As it is presented in Section 3, for the NPP Tem$eCit has been conservatively considered that the
dismantling of each system will be performed by #aene working group. The basic criterion for
evaluation of safety of the dismantling activitissthe annual limit 20 mSv for individual workers.
The evaluation methodology applied is describedaction 5.3.2 and it is the evaluation of the
individual effective dose to individuals in eachcdemissioning activity. This detailed calculation
approach will ensure that already in planning phitisepossible to foresee the need of optimizatibn
critical decommissioning activities from the safptyint of view. The optimization tools like invohg
more personnel, application of remote controlledhtéques or application of pre-dismantling
decontamination can be then involved into planmingrder to meet the 20 mSv criterion.

5.1.2. Doses to public

Public dose was calculated by the computer codeDbse [12] under the conditions of the
decommissioning of system 321 as the most contdedrane. The additional inventory in system 322
could be seen not to add any significant contrdgsutio the potential exposure of public. Because
dismantling activities using water or liquid aret warried out, therefore, exposure doses to théiqub
are potentially caused by atmospheric dischargeadibnuclides and by radiation from radioactive
wastes temporarily stored in the building. Primasgumptions to assess the normal public dose are as
follows:

O Segmented pieces are put promptly into an ISO cwrtaFrom the handling point of view,
those pieces must be shorter than 1.5 m;

O Plasma arc cutting technique is applied to all comemts;

O No HEPA filter is installed on the contaminatiomtol enclosure (tent), while it is installed

at the building ventilation system before stack;
O The NPP ceased power operation in April 2002; and
O Dismantling activity of system 321 starts on 1 OP5 and ends on 31 March 2006; and
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O The isotope inventory and characterization aréhag/s in Table 12.
5.2.  ANALYSIS OF ACCIDENT SCENARIOS

This radiological accident analysis forms part loé tsafety assessment. Reference [11] gives the
methodologies to be used for safety assessmeneadnamissioning of facilities using radioactive
material.

Section 3 also defines a critical group for assessrof exposure from the normal consequences of
decommissioning operations. For this accident amglfthe consequences identified are of a nature
such that there is no need to redefine the criticalip for the consequences of accident conditions.
The same critical group as described in Sectidiu8 applies to both analyses.

It is assumed that a baseline safety case foramalemaintenance of the NPP already exists, so that
this radiological accident analysis only needsddrass new issues arising from the decommissioning
operations. It is assumed that systems 321 and@2Bolated from water feeds. In particular, gyste
321 is isolated from the primary circuit by blankserted between the twin isolation valves (numbers
V1/V2 and V33/V34, supply and between V10/V32 arff\X381 on the return side), as shown in Fig.
11. This then removes any interactions betweenlécemmissioning of system 321 and the rest of the
nuclear plant.

This radiological accident analysis considers #mialogical effects opotential accidents that may
occur during decommissioning of the shut down empénd clean up system 321 and the containment
spray system 322.

To summarize the scope:

O The operations involve cutting up Systems 321 &f#] 8ansporting them to a size reduction
facility, size reduction, placement in drums, lingli of drums and export to a waste
management facility on site. Thus use of decontatian liquids is excluded from the scope
of this analysis.

O This radiological accident analysis does not coedy expected doses from normal
decommissioning operations. It does not cover chexio hazards on-site or off-site, or
industrial hazards. The impact of external hazanlshe NPP has been judged not to be
significantly affected by the operations includeithim the scope.

On the basis of the preliminary hazard analysie Section 4, see Table 19.) the following accident
scenarios have been analysed:

(a) High external dose to a worker (Scenario 01);
(b) Accidents during cutting operations (Scenafi@jy and
(c) Dropped loads (Scenarion 03).
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TABLE 19. SOURCE OF IDENTIFICATION OF HAZARDS COVHEHED BY RADIOLOGICAL
ACCIDENT ANALYSIS FOR THE NPP TEST CASE

from

Sequence

Section 4 of
the Safety
Assessment

Scenario Description

Scenario Reference

Sequence

Failure to control the spread of contaminat

d@? Accidents during cuttin

o

Al arising from the cutting of pipework andperations
components
Sequence | Dropping pieces of cut contaminated pipewark3 Dropped loads
Bl either as these are manoeuvred away from| the
workface, or while being transported from the ropm
in containers
Sequence | Fire/explosion arising from hot cutting Detailed abysis not require(
B2 (see pre-ambile to table)
Sequence | Power supply failure leading to a failure of th@2 Accidents during cuttin
B3 ventilation system operations
Sequence | Operators fail to respond to alarms due to hHi@2 Accidents during cuttin
B4 noise environment. operations (specifically
performance requirement with
Table 42)
Sequence | Operators are unable to evacuate following| 8etailed analysis not require
B5 initiating event due to blocked emergency exits. | (see pre-amble to table)
Sequence | Operators inadvertently enter areas of hidgll High external dose to worke
B6 radiation en-route to/from the workface

The basic approach adopted (and presented in Appéhdfor each accident scenario is a graded

approach based on the consequences of accidemti®sawithout any mitigation, as follows:

O Assessment of the unmitigated consequences ot thdeat scenarios;

O Comparison of the number of independent and comglafety measures with the criteria (see

Section 2, Table 1);

0

safety measures; and
O Consideration on whether the risk is As Low As Reably Achievable (ALARA).

Appendix Ill contains a detailed analysis of thesenarios, i.e.:

I o |

Initiating event;

Description of the potential consequences;
Defence-in-depth;

Safety measures/safety controls; and
Conclusion on risk.

d

Identification of those safety controls that make the required independent and complete

Even for this most significant scenario, the riskiot considered to be high because three independe

low likelihood accidents would have to occur. Aseault, no numerical frequency or probabilistic
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analysis has been carried out for any of the tsommarios analysed. The engineering analysis (and
any other section of the safety assessment) hagqoired any allocation to frequency bands, s® thi
has not been necessary, thus simplifying the ragichl accident analysis.

Section 7 summarizes the key outputs from the wiraal®logical accident analysis, including:

Procedural safety controls;

Engineered safety controls (see also Section 6);
Shortfalls and recommendations; and
Outstanding issues.

I o R |

All scenarios are judged to have an acceptabld vaefence-in-depth and to present an acceptable
risk that is ALARA, subject to resolution of shatté and outstanding issues.

Because of the conservative approach taken tor#umlogical accident analysis, no sensitivity
analysis is carried out within this document, arehis a high level of confidence in the parameters
used.

5.3.  MODELLING AND CALCULATION OF CONSEQUENCES
5.3.1. General input data
(a) Contamination and radionuclide compositiorite# systems 321 and 322

The contamination levels of the inner surfacesefrhain components of the system 321 as individual
radionuclides are presented in the Table 12. Thererece date is 1 July 2005. These data were
conservatively used for all components of the sys821 for evaluation of the dose to public and
doubled values in evaluation of accident scenarios.

The decommissioning inventory database was dewelfipethe systems 321 and 322, containing the
physical data and radiological data for individeanponents of the systems, based on:

O The constructional data of the NPP
O The radiological data based on site measured @tselata; and
O The results of calculation modelling.

The procedure for developing the database is pregéem Section 5.3.2. The physical and radiological
data in the database were used for evaluationeofdtdses to workers for normal decommissioning
activities and the physical data were used foruatadn of doses to the public.

5.3.2. Doses to workers

Worker dose was calculated by using the computée ©@MEGA [13] and addressing the full scope
of the decommissioning of systems 321 and 322. $adion describes the application of this detailed
analytical computer code for applications in thaleation of dose to individual workers.
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(a) Introduction

The computer code OMEGA was applied for calculatioh dose to workers for normal
decommissioning activities (as planned). The maatures of the code are described in Appendix |
and Ref. [13]. The methodology implemented in thdecis based on calculation modelling of the
decommissioning process including waste manageasedescribed in Ref. [14]. The code applies a
bottom-up approach which is based on calculatiod awmaluation of data for each discrete
decommissioning activity. This principle is recommded as the most accurate method for evaluating
of decommissioning parameters as set out in RBY. [tlhas the following features:

U The calculation structure implements the standadlizcost items structure for
decommissioning, issued by OECD/NEA, EC and IAEA®99 [16]. The calculated data are
transparent, traceable and comparable with othr@ndmissioning programmes and activities.

O The calculation process is sequentially linked-wp such a way that it simulates real
decommissioning process flow and relevant mateadidactivity flow. The calculation items
are linked to the material/radiological data of theentory database and to the database of
interim material/radiological items created durtaculation, so the calculation uses data for
material and radioactivity inventories that comanrverifiable measurements.

O The calculation process is radionuclide specifid amcorporates the radioactive decay of
individual radionuclides. This allows the use ofdiomuclide resolved limits for
treatment/conditioning/disposal/release of matenaithin the material flow and enables to
study the effects of deferred decommissioning. TeEommissioning infrastructure is
simulated by various scenarios for management dibaative waste. The scenarios include
decommissioning activities linked from dismantlingg to the disposal of conditioned
radioactive waste or release of materials.

O The calculation structure of the code is standadlifor all applications. The tool was
developed for generating of the option specific kvbreakdown structure (WBS) by user
defined grouping/linking of the items of the stamtized calculation structure to the WBS
items. The resulting WBS is transferred to the M8jdet software for on-line optimization
(tasks linking, critical path definition, period mkndent activities adjustment, deferred
decommissioning phases definition, etc.) and aiff#imization it is transferred back to the
code for recalculation of decommissioning paransetecording to the optimized WBS. The
process can be repeated in an iterative way.

An additional aspect of this advanced methodolsghe possibility to perform the sensitivity anadys
which can reveal the margins of decommissioningameters by considering various levels of
contamination, various radionuclide composition fgets of alphas), application of various
decommissioning technologies, various durationsleferred decommissioning phases, etc. This is
achieved due to due to the internal linking of taéculation process and to the compactness of the
calculation structure. The OMEGA code is able tneste the following:

Exposure of personnel;

Duration of specific activities, phases and ovepatiject duration;

Waste data including the source terms for gaseiflugets and liquid discharges;

Manpower,

Costs; and

Other planning data like number and professionh@fpersonnel, requirements on materials,
energy, technical media, equipment, etc.

I o Iy
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The code was proposed for calculation of the pldm@mal decommissioning activities for the two
systems 321 and 322 because it can calculate seerdoeived by the individual workers involved for
the full extent of planned decommissioning actegtirelated to decommissioning of these systems.
The use of the code is facilitated by automaticegation of the standardized calculation structune a
user friendly oriented modules. A more detailedcdpsion of the code and methods of its application
are presented in Appendix .

(b) Key assumptions

The inventory database

The key data set for application of the code OME&#he decommissioning inventory database with
the structure of data prescribed for applicatiothef code. The inventory database was developed for
the systems 321 and 322 in the level of detail Emgihe application of the bottom-up approach for
generating the standardize calculation structuréh wdiscrete decommissioning activities for
application of room oriented approach for systeis &1d 322. The procedure for development of the
inventory database is presented in Appendix .

Calculation of dose for internal exposure

The procedure for calculation of the internal dpsesumes that the workers will use the protective
means as allocated in the calculation procedure Seetion (c) below. The calculated internal data
will be valid only under these assumptions. It whikrefore be necessary that operational meastees a
put in place to ensure that that this assumptidimét as decommissioning work is performed.

Duration of the process

The duration of the evaluated decommissioning digts/needs to be analysed using the approach as
implemented in the OMEGA code, i.e. the decommisap time schedule in Microsoft Project
software. The duration of the dismantling is used domparison of calculated dose relevant for
duration of dismantling, with the annual dose lifoitindividual.

Conservative approach in evaluating the dose twighehls

In order to evaluate the effective dose to indigiduconservatively, the dismantling of the systems
321 and 322 was assumed to be performed by the teameof workers.

(c) Modelling approaches

Calculating of the external dose for professionthefworking group

The dose uptake during performing the planned dewssioning activities is evaluated for each
individual decommissioning activity and has folloggicomponents:

O Dose uptake by the dose rate 0.5 m from the equiptaebe dismantled;
O Dose uptake by the average dose rate in the roamewthe dismantling is performed; and
O Dose uptake caused by the average dose rate lrathground in the controlled area.

The working time structure for dismantling involvése productive working time needed for
dismantling of the equipment and the non-productiiee components. The manpower needed for
dismantling is normally calculated using the priei of categorization of equipment which is
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grouping of the types of equipment with similar pical properties into categories for which the
decommissioning unit factors are defined. Calcoratf the productive manpower for dismantling is
based on the mass of the equipment and the manpamerfactors for individual categories of
equipment. In this way, the time needed for catoutaof the dose uptake during dismantling is
obtained.

Various multiplying factors can be applied whercao#dting the productive manpower, to account for
inefficiencies resulting from work in radioactivertrolled areas, work on scaffolding, work in
congested areas, work on complicated tasks, etselfactors can be significant from the point of
productive manpower calculation. This multiplyingcfor depends on the level of dose rate from
dismantled equipment, and will have a graded charaorresponding to levels of dose rate.

The manpower calculated for performing the disniagtlis the basis for the calculation of the
manpower for non-productive working time componenitéch also contribute to the total exposure of
the personnel, see Fig. 22. The dose uptake foprmauctive time components are calculated taking
into account the dose rate of the background ofcivatrolled zone. The dose rate relevant for
calculation of the dose uptake during performing pheparatory and finishing activities is the agera
dose rate in the room. In the case of finishingviigs the dose rate in the room is multipliedthg
conservative factor of 0.1 to allow for time spantower dose rates.

The data calculated on this Sum for all professions of the
level are used for evaluation working group

of external dose for A

individual workers

__________________ > External exposure for the calculated

profession of the working group
A

External Exposure
for non-productive manpower

A

Coefficientsof non-
productive manpower

11

<«— time components of the,
<4— working time for the
<«—| Wworking group
4_
4_

Coefficients of —>

effective stay for the [—p

profession:

- 0,5 m from the

equipment

- inthe average
dose rate in the
room

CA — controlled
area
DR - dose rate

FIG. 22. Concept of calculation of the external@optake for individual dismantling activities.
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The calculation of the dose uptake is organizedagiently to calculation of manpower components
for individual dismantling activities according tiee room oriented approach as described in Section
5.1.1. The calculated manpower items are the lassalculation of the dose uptake. The manpower
data are calculated according to the professioniseofvorking groups which perform the preparatory,
decommissioning and finishing activities.

The individual professions of workers are exposedlifferent way in accordance with the type of
work they perform. The most exposed professiongharse who directly perform the cutting and are
most exposed to the dose rate of the dismantleghmgnt. For other professions the average dose in
the room is dominant. For the rest of the workinget the dose rate in the background of the
controlled zone is applied. These conditions akertainto account in the calculation of the dose
uptake for individual professions of the workingogp and they are expressed by coefficients of
effective stay in the working distance from the ipquent and coefficients of effective stay in the
average dose rate in the room.

The dose uptake is calculated for individual decdssianing activities as a sum of dose items for
individual professions of the working group for ividual productive and non-productive components
of their working time. The calculation is performéar each preparatory and finishing activity
according to the rooms involved and for each inegnitem in the rooms as introduced into the
inventory database. The principle of calculation ddse uptake for dismantling activities is
schematically presented on the Fig. 22.

Normally, the calculation of the dose uptake iratieh to the average dose rate in the room is
performed conservatively. It means that the dose irathe room is applied for dismantling of all
items in the room. A methodology was developednimn ©MEGA code to calculate the dose items
related to the dose rate in the room more readibficby taking into account the subsequent deereas
of the average dose rate in the room during disimgniThis methodology of optimized calculation of
the dose uptake was applied in the NPP Test Case.

Calculation of the internal dose for different @msdions of workers

A similar approach, based on calculated producéind non-productive manpower components, is
applied also in calculation of the dose from ingrexposure. Other data needed for calculation are
the breathing data, conversion factors for indigidtadionuclides [Sv/Bq] and retention factors of
protective means. Volume activity of aerosols a& working place is calculated using the release
factors of radionuclides from cutting for the voleraf 10 m. The code evaluate first what would be
the internal dose for the worker if he/she has nmegtive means and based on calculated hypothetica
value, the code allocate the protective means deroto keep the dose as low as reasonable
achievable, see Section 5.3.2.(d). The calculatiothe effective dose from internal exposure is the
performed under the assumption that the workertt@sllocated protective means. Average volume
activity of aerosols in the room and average voluangvity of aerosols in the background of the
controlled area are estimated values. The prin@pteesented on the Fig. 23.

As with external dose, there are assumptions madkis code that need to be implemented in the
decommissioning practices adopted, if the safetgsmnent is approved. In this case, it is necegsary
ensure that workers wear respiratory protectivepegent that meets the performance criteria assumed
in the modelling code. This needs to be recordedaérassumptions part of a real safety assessment.
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Calculation of the volume aerosol« Inventory database — contamination data
concentration in the working area

per each nuclide, based on < Release factors

contamination data and release

Izgthonr.s f(;r given dismantling Data for application of the protective means, mieliata,
Iqu breathing data, etc. (Section 5.3.2.(d))

Evaluation of potential Calculation of the internal
Calculation of the potential internal dose to worker andg dose with application of
internal dose to the given » allocating the relevant —»| the retention factor of the
profession of the working group protective means for allocated protective mean
when having no protective meang minimization of the

internal exposure

FIG. 23. Principle of calculation of internal dog@ring dismantling.

Calculating of dose for individual workers

The sum of the external and internal doses forviddal professions of workers is summed and
presented as a total dose for individual professiand after summing over all professions of the
working group is presented as the overall dos¢h®discrete decommissioning activity. According to
the general procedures for protection of workere, dose for individual workers must be evaluated
and controlled in order to be ALARA and in any casebe lower then the annual limit of 20 mSv in a
year per individual.

The bottom-up approach used in the calculation emfothmissioning parameters, as applied in the
OMEGA code, enables to evaluate the dose to indalgl during the discrete decommissioning

activities. By summing the data over the duratidntlte given decommissioning phase, like

dismantling the system 321 or 322, and compariegitiration of the phase with one year duration, it
is possible to evaluate whether the annual lim2@mMmSv per year was met. The principle applied is
the following:

O For each decommissioning activity, the dose isutated for each profession of the workers
separately. The calculation is dependent on thiegsmn that results in coefficients of stay in
main components of the dose rates. The doses madl\productive and non-productive time
components, spent by each member of the professitime controlled area. This approach
corresponds with the real organization of the wagkiime within the controlled area and
recording of dose data for individuals. The modetking time structure is presented on Fig.
24.

O Each profession of workers can have in principessd members. The manpower and dose
calculated for the profession as whole, is disteduto each individual of the profession
according to the number of workers in the giverfggsion of the working group.

O The manpower allocated to an individual, repres#rgsreal duration of the discrete activity
within the controlled area. When dividing the domdocated to an individual by this
manpower, the normalized dose rate for the decogiomiing activity is calculated. This dose
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rate represents the averaged level of risk forindevidual of the profession involved in the
working group.

O A table is constructed, having on one axis the atimad dose rate in selected intervals (for
example 2uSv/h) and other axis the data of manpower compsnghich fits with the given
interval of the normalized dose rate as picked romfthe database of calculated data. The
individual effective dose components can be catedlaas the product of manpower

component in the given interval of the normalizexbal rate and the middle value of the
interval.

O By summing the data over the whole range of thenatired dose rate, the total effective dose
for individual can be calculated. The data needs tlo be compared with the duration of the
evaluated process.

Non-productive
manpower components
outside of the controlled
area (CA

. N\

Total duration of the specific activity

Non-productive
manpower components
inside of CA

Productive manpower
components within CA

A
A 4

Duration (manpower) of the elementary activity witthe CA

<& »
<« L
v \4

Start of dose recording, entering the End of dose recording, leaving the
controlled area controlled area

FIG. 24. Model working time structure for calculagi the dose to workers.

A manpower spectrum can then be constructed forddmmmissioning activities or for selected
group of decommissioning activities which represetite distribution of manpower components
versus the normalized dose rate. Parallel to tkeetapm of manpower, the individual effective dose
components spectrum can be reconstructed. Thidtingsgraph represents the distribution of the
overall exposure risk for members of individuals thie professions involved in the planned
decommissioning activities or its stages. In thePNRest Case, the spectrum was constructed for
dismantling of the systems 321 and 322. The shhffeaspectrum shows the distribution of exposure
risk in evaluated decommissioning activities. Thstribution is facility specific, related to the
radiological situation in facility systems and stures.

(d) Parameter values
The main data used in the calculation of the imtligd doses to workers is the following:

O Inventory database for systems 321 and 322 angl@vant rooms;
O Dismantling categories allocated to equipmenthefsystems 321 and 322 to be dismantled;
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Cutting techniques for dismantling categories aupliand aerosols release factors for
techniques;

Increase factors for calculating the manpower;

Composition of the working groups;

Coefficients of stay of professions of the workagrgup for individual dose components;
Retention factors of the personnel protective meesesl;

Non-productive time components; and

Dose rate of the background of the controlled zone.

(e) Treatment of uncertainties

Uncertainties of parameters used in the calculaifdhe doses to workers are the following:

O

The equipment of systems 321 and 322 were intrablii® the inventory database in full
extent according to the facility documentation. slevant physical data for individual items
of the database were collected or estimated basedroent knowledge of the facility.

The radiological data for the equipment and them®oof systems 321 and 322 were

developed based on the existing facility data, adeh calculation and selected data were
checked by on-site measurements. The radiologatal were developed in full extent needed

for the calculation. The uncertainties of radiotagidata are estimated to be approximately 30
%.

The extent of preparatory and finishing activitwas involved into the calculation case
according to the Tables 14 and 15 in Section 3.&Xtent is representative and is considered
as sufficient for the test case.

Unit factors, coefficients of stay for workers, e&ols release factors and other data used for
the calculation in the OMEGA code were applied enesal other decommissioning projects
up to now. The data are subject of continuous dariapdating, and comparison with real
results. The uncertainties of these data are ethia be approximately 20 %.

() Results

The main calculation data for both systems 3213##lis presented in Table 20. It is evident that th
dismantling of systems is the critical operatioanirthe point of safety of planned activities. The
decontamination of building surfaces will be bouhdyy the dismantling assessment and the annual
limit of 20 mSyv is not reached.
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TABLE 20. MANPOWER AND COLLECTIVE DOSE FOR THE DEQ@MISSIONING OF

SYSTEMS 321 AND 322
Decommissioning Manpower Collective dose
Activity [man-hours] [man.uSv]
Sum 321 19 363 183 581
Dismantling, 321 7 048 180 597
Decontamination of rooms surfaces, 321 9 666 2 656
Radiation survey of rooms surfaces, 321 2 648 328
Sum 322 49 825 95 842
Dismantling, 322 12 886 87 718
Decontamination of rooms surfaces, 322 29 075 7127
Radiation survey of rooms surfaces, 322 7 863 997

The values of individual effective dose to workdrging decommissioning, evaluated according to
the procedure presented in Section 5.3.2. (c) alaogepresented in the Table 21. The effect of
delaying the dismantling was also evaluated andrdselts are presented in Appendix I. As an
example, the individual dose for most exposed i@ B, when dismantling in year 2010, is 14 954
HSv compared to 29 032 pSv for prompt dismantling.

TABLE 21. MANPOWER AND INDIVIDUAL EFFECTIVE DOSE F& THE
DISMANTLING OF 321 AND 322 SYSTEMS

Profession A B C D E F
Manpower,
System 321 [manhours] 928 841 797 212 903 571
Dose, System
321 [USV] 21185 29032 28013 3385 14069 10895
Manpower,
System 322 [manhours] 1644 1437 1361 508 1 6B71551
Dose, System
322 [LSV] 10105 14920 14150 1209 6704 5 2(|>4

The duration of dismantling evaluated using the Rt§ject schedule, as generated by the OMEGA
code, is 8 months for the system 321 and 14 mdoththe system 322. The duration is rounded for
whole months. The schedules are also presentedpemdix I.

The manpower spectrum for decommissioning of syst@?1 and 322 is also presented in Fig. 25 and
the individual dose spectrum in Fig. 26. It is enitlfrom the figures and from the Table 20 that the
dismantling of system 321 needs to be optimizedthisds discussed in more detail in Section 7.

As for decommissioning of the system 322, most ahpower components are located in “safe” range
of normalized dose rate below approximately 14 pSuhder this value, the annual limit of 20 mSv
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is not expected to be reached. Some manpower cangoof the system 322, in the range of 30-40
uSv/h, are related to dismantling of the heat exghes.
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FIG. 25. The manpower spectrum for dismantlingystem 321 and 322.
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FIG. 26. The individual effective dose spectrumdismantling of system 321 and 322.

5.3.3. Doses to public
(a) Introduction

The DecDose code [12] was applied for the estimatibthe public dose in the normal situation
during the decommissioning of systems 321 and B22Dose assesses the annual public dose from
radioactive gas and airborne particles dischargtxthe environment through various pathways from
the nuclear facility, where decommissioning ad@dt such as cutting and decontamination are
conducted (see Fig. 27). The amount of radionusliddeased into the environment is calculated
according to the dismantling conditions relatingthle assumptions on cutting tools, contamination
control enclosures and filters. A cutting modelwhan Fig. 28 was proposed for the calculation of
the amount of radionuclides dispersed into workémgironments such as workshop and enclosure.

75



Annex |, Part A

The annual public dose is evaluated from the yleardismantling activity started to the year it is
completed. The public doses before and after dilimgnactivity are beyond the scope of this
assessment.

Dismantling activities

Radioactive substance
(Particles, Gaseous H-3, C-14) ‘

] . . Contamination into
Dispersed into working space liquid waste Container

Removed objects ‘

. Untrapped at treatment v
Pass through barrier ‘ ‘
‘ 9 process Distribution of containers
l l temporally stored in building
‘ Release to atmosphere ‘ ‘ Release to ocean ‘ l
l l ‘ Radiation from containers

Suspended in air ‘ Floating in ocean ‘

A4 l A

Depositon | Accumulated to Deposit Accumulated Penetration Penetration
ground agricultural crops on seashore to seafood through wall through ceiling
and animal products
v v v l v v v A 4 A 4
Radiation Inhalation Radiation Ingestion of food Radiation Ingestion of Direct radiation Skyshine radiation
(B and y ray) (yray) (vegetable, milk, meat) (B and y ray) seafood (yray) (yray)

FIG. 27. Pathways for public dose evaluation in Dese.
(b) Key assumptions

All of the components and structures in the sys8h are assumed to be contaminated uniformly.
Radioactive decay during one-year decommissionatiyity can be neglected and is not taken into
account in the dose assessment.

(c)Modelling approaches

Discharge of radioactive gas and airborne partictas the stack

The public dose focused on discharge of radioacsivbestances from the surface contaminated
materials into the atmosphere. No data on activekaerial is provided for the system 321.

The release of radioactive substances from thétfaitito the atmosphere was modelled based on the
pathways shown in Fig. 27, according to the decasimning plan which includes working schedule,
cutting techniques and contamination control coost DecDose is capable of dealing with up to
fifty five radionuclides including gaseous radiohdes of H-3, C-14 and their decay products. For
accurate evaluation of the radioactivity emittednirthe contaminated materials, the kerf area in
cutting activities is required to be determinedslaswn in Fig. 28. Kerf widthy, actually depends on
the cutting tool applied and thickness of the congma, and kerf length,, depends on the dimensions
of the container in which the component is stoged] the shapes of components such as piping and
ducts. Therefore cutting models also depend orcdingponent shape in evaluating the kerf area. It is
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considered that cutting for size reduction is camned to radioactive material which is already cutt 0
of their originally installed positions in differeplaces.

Radioactive contaminants usually exist on the inamed/or outer surface of the components and
structures, except percolation. A simple plateakenh for a typical example as already shown in Fig.
28. The surface density of radioactive contamimai® assumed to be constant on the plate. The
guantity of radioactive substances emitted from tigect to working space is expressed by
multiplying the cutting length L by kerf width;vby surface density; bf radionuclide i, which is
obtained using radionuclide composition ratio foe bject. If the contaminant exists on the both
sides, it must be evaluated in consideration withdurface densities for each side. The quanijtss A
expressed by the following equation using emissabes to air pfor a single side contaminated plate.

Aij = L*Wj*bij*fi (2)

where the emission rate for surface contaminatetgnmag b, is defined as the ratio of radioactivity
dispersed into the working space as airborne pestiexcluding those deposited on the floor to the
surface radioactivity contained in the kerf.

Cutting Torch

Surface Area: S=w*L

A

Metal Plate
(Uniform Surface
Contamination)

Thickness:

<>

Width: w
FIG. 28. Dispersed model during cutting activity $orface contaminated plate in DecDose.

Radionuclides dispersed into the working spacedaeharged to the atmosphere through one of the
following three routes as shown in Fig. 28. In tregard, airborne particles are assumed not to be
deposited on the inner surface of ducts and bugjldialls for conservative evaluation.

i) Route passing through both the enclosure andtlileling ventilation (discharge at higher positjon

Among the quantity pof radionuclides dispersed into the working spagsiag method j, the quantity
B, of radionuclide i discharged to the atmosphereudin this route is expressed as follows:

B1j = (1-p)(1-6)(1-9)A; (3)
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<
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p-r A. Contamination Control Enclosure P* Leall(lng ratio of the
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Particulate, ij
__________ Tritium C-14 "~ " {,  lLeakage
Leakage ‘Dismantling of Equipme (Enclosure)
K (Building) | and Structures
r: Leakingratio @ | L —TtroereeARIIAAIIRIRC
of the building

FIG. 29. Discharge routes from enclosure to theaspiere in DecDose.

i) Route passing through building ventilation diitafter leakage from the enclosure (discharge at
higher position)

The quantity By of radionuclide i discharged into the environmisrgxpressed as follows:

Baj = p (1-F) (1-5) A 4)

iii) Route of leakage from both the enclosure aniding containment (ground level discharge)
The quantity By of radionuclide i discharged into environmentxpressed as follows:
Bsj = p*ri*Aj (5)

Segmenting methods for piping depend on the dianadtthe piping, in order for densely packaging
in waster containers. Vertical cuttings are neeftedpiping with larger diameters in addition to
circumferential cutting as shown in Fig. 29.
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- Larger than 200A: divided into four by vertical cutting for efficient storage

\ +

vergcal cutting line

‘i ]

FIG. 30. Segmentation model for piping in DecDose.

Radioactive gas and airborne particles dischargewh the stack are advected and diffused in the
atmosphere. Equations for advection and diffusippliad here are the same as those in the
operational phase using latest meteorological [d&a Models for surface deposition of radionuctde
and transfer to vegetable and livestock are als@#ime in the operating stage.

Radiation from dismantled waste temporally storeduildings

In the evaluation of the public dose from direct eskyshine radiations in DecDose, the radiation
attenuation in walls and ceilings of containers anddings is taken into account in addition tof sel
shielding of dismantled objects in the waste cowtai Packaging efficiency for each container and
type of solid material such as metal or concretdse used to determine the amount of radioactinity
the container. Distribution of containers in thelding is assumed so that it gives the maximum
public dose at the NPP site boundary for consemvavaluation.

(d) Parameter values

Components in system 321

The surface contamination density of componentsystem 321 is shown in Table 22. At the
reference date of 1 July 2005 the total contanonadiensity of the inner surface of the inner su$ac
of pipes, T-junctions, valves, pumps and heat engéis is 9.76 x f0Bg/cnf and that of the outer
density is 0.6 Bg/cf

General parameters

Dismantling of the system 321 is assumed to be tetegbin nine months. The activity for system 321
starts at 1 July 2005 and ends at 31 March 2006.
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TABLE 22. COMPONENTS IN SYSTEM 321

Outer
Component Number Total Weight Inner Surface Surface
P [ton] Density [Bg/cm] Densit
[Ba/cnT]
20 mny 34
Piping,
T-junction 80 mmmp 6 164
250 m 59
. 9.76 x 16
Valve 197 14.6 0.6
Pump 2 54
Heat exchanger 2 7.0
Motor, etc. 75 6.8 0

Parameters for the calculation of the radionuclalesunt

Plasma arc cutting whose kerf width and emissite age generally larger than any other cuttingstool
Is assumed to be applied to all of the componehtsystem 321 for conservative evaluation. The
emission rateb;, of radionuclide i from a surface contaminatedahgtate up to 70% was obtained
for plasma arc cutting in the experiment at the@arcreactor facility. Another experiment showed th
lower emission rate by a factor of eight for pipsitape components than that of plate components.
Therefore, the emission rate of plasma arc cutiimghe NPP Test Case is assumed to be 10% or
70%.

Cutting length depends on the dimension of the ¢8@tainer which is 5.7 m x 2.3 m x 2.2 m inside.
Considering the actual dismantling activities ie tlacility, however, piping of 1.5 m or shorter in
length are better for handling in the working spaesf width by plasma arc cutting in air is assdme
tobe 1 cm.

HEPA filters are not installed at the local contaation control enclosure where cuttings are carried
out, and only the filtration at the building veatibn is taken into account. The filter efficienof/
99.0% or of 99.97% was assumed to cases as sholabla 23.

TABLE 23. CALCULATION CONDITIONS FOR EACH CASE ONMISSION RATE AND
FILTRATING EFFICIENCY

Emission Rate of Plasma Building Filter
Cutting for Contaminated

Case 1l 10% Yes (99.97%)
Case 2 70% Yes (99.97%)
Case 3 70% Yes (99.0%)
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Parameters for calculation of public dose
O Physical parameters

The critical group is assumed to reside at the NiPboundary on the ground level. The effective
height of stack is the same as the actual staglhhef 110 m. The distance between the site boyndar
and the stack is assumed to be 500 m at the heightn. Based on the meteorological data shown in
Table 4, dilution factory/Q at the boundary is calculated to be 1.46 X*HJcn?, which is actually
the maximum value at approximately 4 km from tharmary of the site.

O Social parameters

As described in Section 3.1.3 (Definition of crtigroup), members of a critical group live on $ite
boundary and ingest foods such as vegetables, naatsnilk and its products which were cultivated
at the same place. The amount of food ingestedlblfsasaccording to the NPP Safety Report is shown
in Table 24.

TABLE 24. FOOD CONSUMPTION FOR INDIVIDUAL ADULT MEMBER OF

CRITICAL GROUP
Food Quantity (g/d)
Leaf 310
Vegetables
Root 400
Meat 250
Milk and its products 1000

(e) Uncertainties

It must be noted that some of the parameter vadssamed in 5.3.3(d) range widely and associated
with uncertainties. For example, kerf width is ddesed to depend not only on the cutting technique
applied, but on the skill of the cutting workerdathe uncertainty associated with worker skill @& n
taken into account. Most of parameter values welected as conservative as possible. In this
assessment, three cases with different values is@m rate and filtering efficiency were carrieat o

as the sensitivity analysis.

() Results

The calculated results of the amount of radioneslidischarged into the atmosphere and on this basis
the estimated public dose for each pathway are suined in Tables 25 and 26. In the Case 1, where
the emission rate for surface contaminated maseisal0% , the total radioactivity of 6.27 x°18Y is
estimated to be discharged into the atmospherdirgsin the total public dose of 2.22 x 1pSv/a.

In the Case 2, where the emission rate is 70%gstienated total radioactivity discharged into the
atmosphere increases to 4.39 X B@ and the total public dose increases accordit@ly.55 x 10
uSv/a.

In the worst case evaluation with filtrating eféocy of 99.0% (Case 3), instead of 99.97%, the
estimated total radioactivity that is dischargei ithe atmosphere is 1.46 x*1q and the dose to the
public is 5.17 x 10 pSv/a.
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Compared with the safety criteria for the publiegsSection 2), however, these evaluated value is si
orders of magnitudes less than the public dosd bifni mSv/a in the normal situation and less than
the dose constraint for the site (0.3 mSvl/y). Ththway of ground surface deposition, which causes
external exposure dose to public of more than 60&mtre annual public dose, is the dominant for al

cases.

TABLE 25. CALCULATED RESULTS OF RADIONUCLIDES DISCARGED INTO

ATMOSPHERE

Activity (Bq) at
Radionuclides the Start Case 1 (Bq) Case 2 (Bq) Case 3 (Bq)

(7/1/2005)

Total 4.03 x 1& 6.27 x 16 4.39x 16 1.46 x 18
Mn-54 2.38 x 1ff 3.71x 168 2.60 x 14 8.66 x 16
Fe-55 3.48 x 18 5.42 x 18 3.80x 16 1.27 x 18
Co-60 3.12E x 18 4.85x 10 3.40x 16 1.13 x 16
Ni-59 1.37 x 18 2.14x 168 1.50 x 18 4.99 x 14
Ni-63 1.92 x 1¢' 3.00 x 14 2.10x 168 6.99 x 16
Tc-99 8.98 x 16 1.40 x 1¢° 9.79 x 17 3.26
Sb-125 1.65 x 16 2.57x 18 1.80 x 14 6.00 x 16
Pu-238 1.37 x 10 2.14 x 1¢° 1.50 x 10" 4.99
Pu-239 1.56 x 10 2.43 x 10° 1.70 x 1¢° 5.66 x 10"
Pu-240 2.47 x 10 3.85x 10 2.69 x 107 8.98 x 10
Pu-241 5.76 x 10 8.96 x 10 6.28 2.09 x 10
Am-241 1.10 x 16 1.71 x 1¢° 1.20 x 1¢° 3.99 x 10
Cm-244 1.74 x 10 2.71 x 10 1.90 x 10 6.32

TABLE 26. CALCULATED RESULTS OF PUBLIC DOSE FOR EACPATHWAY AND

TOTAL (uSvly)
Pathway Case 1 Case 2 Case 3
Cloudshine 7.58x 10° 5.30x 10°® 1.77x 10°
Ext I Ground surface deposition 1.50x 107 1.05x 10° 3.50x 10°
xterna

Direct gamma radiation 1.55x 10* 1.54x 10 1.54x 10™
Skyshine radiation 2.88x 10%° 2.87x 10%° 2.87x 10%°

Inhalation Adult 7.49x 10° 5.24x 10® 1.75x 10°

Leaf 2.31x 10° 1.61x 10’ 5.38x 10°

Agricultural crops 9 8 7

Internal Root 1.94x 10 1.36x 10 4.54x 10
i estock Milk 4.66x 10° 3.26x 10° 1.09x 10°

ivestoc
Meat 2.70x 10° 1.89x 10’ 6.30x 10°
Total 2.22x 107 1.55x 10° 5.17x 10°
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5.3.4. Doses in accident scenarios

(a) Introduction

The purpose of this Section is to explain how tbged in accident scenarios have been calculated.
(b) Key assumptions

There are a number of assumptions within the mimdefipproaches and parameter values that were
used in the evaluation, as described below. Theseither justified in Appendix IlI.

(c) Modelling approaches

The modelling approach is based on the dose ratts@tamination levels for the systems 321 and
322. For external doses, dose rates are combindd tmes of exposure. For internal doses,
contamination levels are combined with releasdifyas, airborne release modelling, decontamination
factors, breathing rates, dose release factorsneddl. cases, a conservative approach is used.

(d) Parameter values

Key parameters are presented in Table 41 of ApgeidiThe surface contamination levels used in
the radiological accident analysis are assumee tiwire those given in Section 5.3.1 above, inorde
to ensure a conservative approach.

(e) Uncertainties

There are a number of uncertainties in paramet®d, but these are addressed by using conservative
values, ensuring that the assessed dose is cotigervathough it might be possible to reduce the
level of conservatism in the accident dose assessriiee radiological analysis does not need this
reduction, so the level of conservatism is considercceptable.

() Results

The highest dose calculated for an accident saensuwP6 mSv to a worker, for accidents during
cutting operations. Although this is above the 2Bvntevel in Ref. [4], Section 5.2 above shows that
the risk is low. Nevertheless optimization can ppli@d to reduce the potential exposure as disdusse
in Appendix IlI.

6. ENGINEERING ASSESSMENT

6.1. ENGINEERING ASSESSMENT METHODOLOGY
The process for identifying engineered control mess (safety related systems, structures and

components - SSCs) has been outlined in SectiaB ar&l Section 5.2 above. As part of the safety
assessment, a safety assessor needs to specifgetiessary safety related functions, and any
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performance requirements, of each SSC. Then engigeevaluation needs to be performed to
demonstrate that the safety and performance regeitess assumed by the safety assessor will be
provided by each SSC as expected.

It is normal practice to categorize SSCs in acamdawith the importance of the safety function that
they are be required to provide. This allows a gdaalpproach so that engineering expertise anc effor
can be applied in proportion to the safety sigaifice of the SSCs. The operator may develop his/her
own engineering assessment process, as thereusiversal international standard in this area, with
national arrangements being driven by nationalleggts and their specific requirements.

The NPP Test Case has arrived at an assessmein ti@itstrongly based on a risk based approach
but instead takes a more deterministic approactsust, SSC classes were found not to be needed,
but some discussion of risk classes is made irother test cases. An example is given below for

information and consideration (see also main réport

SSC Category 1- Those SSCs that are principle means for thegpt@n/mitigation of significant
public exposure and major worker exposure. Typjcétis is applied for Risk Class | accident
scenarios. Category 1 SSCs are not usually to pectad in a decommissioning safety assessment.

Requirement —Engineering assessment to be supported by detaitgtheering investigations and
calculations, assessment against national engingedodes and standards, review of operational
experience, specification of surveillance progranmeguirements and a demonstration of fitness for
purpose in meeting functional requirements undeident conditions.

SSC Category 2 -Those SSCs that make a significant contributmithe prevention/mitigation of
decommissioning worker exposure, other workershensite but a lesser public risk, where the risk is
commensurate with Risk Class Il accident scenaridategory 2 SSCs may be required in
decommissioning safety assessments, but will not cbeimonly found in decommissioning
applications.

Requirement —The requirement is similar to SSC Category 1 itdms,with an appropriately lesser
level of detail in the engineering assessment.

SSC Category 3 -Those that have only a minor contribution in thevyention/mitigation of worker
exposure. Typically, this is applied to Risk Cléi$saccident scenarios. This will be the categofy o
SSC often found in decommissioning safety assedsimen

Requirement —The requirement will be to demonstrate adequatetfonality and performance only
based on records or/and a structured plant walkddevrdemonstrate that the facility is in good
condition and in accordance with engineering draygn

SSC Category 4 —Those that make only slight contribution to thevergion/mitigation of worker
exposure. Category 4 SSCs may be applied in Ria&dV accident scenarios.

Requirement —The only requirement is to register the SSCs infdladity surveillance programme,
and may only be required to be considered for raspavhen they become non-functional.

If a SSC is provided by new facility engineerings@ssment by the operator is not needed. Instead, t
design documentation needs to be in accordancethdttappropriate national engineering codes or
standards, together with a demonstration that #fetys and functional requirements of the SSC
specified in the safety assessment are satisfi8€CsSequired during decommissioning must be

84



Annex |, Part A

subject to an appropriate Ageing Management Progi@fAMP), such as that shown in Fig. 31, to
ensure that the functional requirements continugetonet. IAEA Safety Reports Series No. 15 gives
details [18]. The detail in the engineering assesgndemonstrating compliance with functional and
performance requirements need to be proportionate 5SC Category.
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FIG. 31. Features of a pragmatic ageing managemersgramme.

The principle of defence in depth is required to dggplied during decommissioning and the
compliance with relevant international engineeraugles. This requires hierarchical deployment of
different levels of equipment and procedures ireotd maintain the effectiveness of physical basrie
placed between radioactive materials and workbespublic or the environment, in normal operation,
anticipated operational occurrences and, for scamedsns, in accidents at the facility [19].

6.2. ENGINEERING MEASURES DERIVED FROM THE SAFETYSESSMENT OF
SYSTEMS 321 AND 322

The results of the safety assessment are presengattions 5 and 7 in a series of summary tables -

one for each significant accident scenario seleftiedssessment. Table 26. identifies the engingeri
measures necessary to ensure that the radiolagiogequences of each accident scenario are within
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the requirements of the accident risk criteria (Seetion 2.6) and are also ALARA. The full analysis
is presented in Appendix Ill. On the basis of theufts shown in Appendix Ill, the identified SS©s f
decommissioning of Systems 321 and 322 are sumeakiizTable 26.

A ‘desktop review' was then carried out by an expgmoup that included the facility operator,
appropriate engineering staff, the safety assedsemgineer and the decommissioning engineer. The
specific functional and performance requirementeath SSC were discussed to confirm that they
could be met or identify measures necessary tolwesany shortfall. This was followed by a
walkdown of systems 321 and 322 to provide a viswgdection of the condition and environment of
the SSCs. The walkdown was also used to consigenemic and human factors aspects of the work
area and planned decommissioning operations, with @ncerns being recorded. A record of
significant findings during the walkdown was madeastandard proforma and any improvement or
corrective actions identified on the proforma. Hobedule of SSCs was then updated following the
desktop review and walkdown into a form that is eimes called the ‘Engineering Schedule’. This
schedule identifies the SSCs, their safety categptheir functional and performance requirements
and any actions necessary to deal with shortfahe. Engineering Schedule for systems 321 and 322
is attached as Table 26.

Additional investigation of ALARA measures was merhed and identified the following two
enhancements for consideration over and above thoseified in the risk assessments and by the
facility Safety Management Arrangements. These are:

O During the set-up of the room containing the systeshielding has to be fitted to the
pipework of system 321 to minimize the dose to afms during set-up. The effectiveness of
this needs to be confirmed by radiation survey; and

O During the post system dismantling of the room aomihg the systems, the operators must
wear respiratory protection to further reduce tossiility of internal dose uptake.

6.3. APPLICATION OF A CATEGORIZATION SCHEME

The accident analysis conducted for the NPP Tese @& not set out a categorization scheme and
then seek to apply protection systems or mitigasiggiems until a desired low category was achieved.
Such an approach takes the safety assessment soywablabilistic risk assessment, which is not
necessarily the appropriate method for all decorsimigng assessments.

Instead, the accident analysis in this test cagk tioe view that deterministic safety measures were
preferable, and set out criteria for the numbergrotective barriers to be available. The test case
working group did not want to try to assign prolisibs to accidents that might occur in non-routine
tasks that would only be performed once.

Another DeSa test case has used a more probabgipproach, and has set out a categorization
scheme (see Part C of Annex | of this report). Hitisrnative categorization scheme shows:

O Category 1 — An engineered barrier that providegation of potential consequences of >
250 mSv to workers or >10 mSv to the public.

O Category 2 — An engineered barrier that providetggation of potential consequences in the
range 20 — 250 mSv to workers or 0.1 — 10 mSveqitiblic.

O Category 3 — An engineered barrier that providdgation against potential consequences in

the range 2-20 mSv to worker or 0.01 - 0.1 mSweogublic, i.e. minor consequences.
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O Category 4 — An engineered barrier that providdggation against potential consequences of
< 2 mSv to worker or <0.01 mSv to the public, insignificant consequences.

If this alternative scheme was to be used to caitegythe NPP Test Case output, then it is evideat t
none of the SSCs would be in Category 1. Two SS@sldvbe in Category 2, these being the
ventilation failure alarm and the respiratory potitee equipment shown on lines 3 and 4 of Table 27.

TABLE 27. ENGINEERING SCHEDULE FOR THE SYSTEMS 32ND 322
DECOMMISSIONING

Description of SSC SSC SSC Safety and Performance Requirement and| Action to Address Shortfall
Safety Identified Shortfalls
Class

1. Derived from the Radiological Accident Analysigsee Appendix III)

Personal dose meters that 3 To alarm when the dose reaches the | Provide adequate training
incorporate an alarm on alarm level
dose Alarm level is controllable to pre-defingd

levels

Operator training required

Ventilation extract for 3 To minimize spread of contamination | Procure fan to deliver safety
local enclosures, fitted from the enclosure and performance requirements
with fans Extract to exhaust into the building
ventilation system.

Fans to provide a flow rate of ajir
extracted from the enclosure exceeding
20nt/min.

A fan needs to be procured

Alarm for failure of local | 3 To warn a worker within the tented area Carry out routine testing ang
ventilation extract or size reduction facility that the local | Maintenance of alarms befo
. . work commences.

ventilation extract has failed

To alarm on loss of depression in local
ventilation extract

To alert the worker above the noise |of
cutting operations
Alarms need to be confirmed as

0]

operational.
Respiratory protection 3 To mitigate worker dose when there is | None identified.
equipment airborne contamination present

To provide a filtration efficiency o
> 99% for particulate material.

Filters on building 3 To clean up the ventilation extract Carry out routine testing and

ventilation system To provide a filtration efficiency of Maintenance of filters before
. . work commences.

> 99% for particulate material

Filters need to be confirmed as

operational.

U
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TABLE 27. ENGINEERING SCHEDULE FOR THE SYSTEMS 32ND 322
DECOMMISSIONING (CONT.)

Ventilation stack To be at the height specifiedthe| Confirm stack height an
analysis of normal operations so thagterform periodic
extract dispersion supports public dgsengineering review  tg
targets. confirm integrity.

To be available for the discharge |of
aerial effluents.

Stack height and integrity to Rhe
confirmed.

Ventilation ductwork 3 To be sealed and connected. Perform engineering revieyw
Integrity to be confirmed. to confirm integrity.

Ventilation stack| 3 To ensure that aerial discharges @afearry out routine testing and

radiometrics monitored. maintenance of stack
Availability and calibration to be radiometrics before worl
confirmed. commences and periodically

thereafter.

Building ventilation fans 3 To adequately extrale tbuilding to| Carry out routine testing and
mitigate normal worker exposure. maintenance of fans before
Confirm correct functionality of the¢ work  commences  and
fans. periodically thereafter.

Process isolation equipment3 To prevent liquor seepage into wdriCarry out review  off

(blinds, spades etc) area. isolations and plant
Confirm that all isolations are correctlywalkdown.
fitted.

Waste container/transport3 To contain and transport wast€arry out routine inspection

trolley materials safely from work area toand maintenance of transpart
waste handling facility. trolley and integrity of waste

container  before  worl
Confirm correct functionality of commences and periodically
transport trolley and integrity of wastethereafter.
container.

Footnote — as given in the NPP Safety AssessmgrdrRgR0]

7. EVALUATION OF RESULTS AND SAFETY MEASURES

7.1. COMPARISON OF ANALYSIS RESULTS WITH CRITERIA
7.1.1. Summary of criteria

The criteria for this safety assessment are setnoBection 2, Section 2.6. The results of thetgafe
assessment are presented in in Section 5. ThegésreBow that for both normal planned activities
and accident conditions, mitigation is necessactieve compliance with criteria.
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For normal planned activities, the mitigation catsiof rotation of the workforce to limit exposure
individuals.

For the accident analysis, the NPP Test Case dichdhmpta priori criteria for risk, probability or
consequence, as to demonstrate compliance would hhee needed a sophisticated probabilistic
analysis. Instead the accident analysis looketh@tuhmitigated consequences of an initiating event
and derived criteria about the numbers of barribed needed to be in place to prevent the event
leading to consequences.

Identified engineered safety control measures,systems, structures and components (SSCs) were
subject to engineering assessment, as descriligecton 6, to demonstrate that the selected SSCs ca
deliver their specified functional and performameguirements. The results of the assessment are
summarized in Table 27, the Engineering Schedual&eiction 6. Once the recommendations in the
schedule are completed the engineered and adraitustrcontrol measures will be included in the
plant maintenance schedule that supports the deigsioming plan.

@) Normal decommissioning operations

Worker dose limit

This has been identified in Section 2.6 as effetyibeing 20 mSvly; this being the interpretatidn o
100 mSv averaged over 5 years.

Public dose limit/dose constraint

This has been identified in Section 2.6 as effet§ibeing the dose constraint of 0.15 mSvly.
(b) Accident conditions

Consequences - worker dose and public dose

The accident analysis has been conducted withntieati of identifying accidents that would exceed
the normal decommissioning dose limits and con#saidentified for normal decommissioning
operations. This test case has not sought to usga&ation schemes, though other DeSa test cases
have. A provisional categorization for these decdssioning activities would be Category 3, using
the categorization scheme set out in Section 6.

Frequency

No criteria have been set or identified as beingregriate. The accident analysis does however
identify some improvements necessary to both ergatkecontrols and operational controls to ensure
compliance with this assumption.

7.1.2. Safety assessment results
(a) Normal conditions

Worker dose limit

A maximum dose of 29 mSv in one year is identifiedhe assessment of the worker dose from
normal decommissioning activities. As discussedvapmitigation measures are thus necessary to
ensure compliance with the safety criteria. Thizdke to the assumption that a two team rotation
approach will be used to perform the decommissipriasks identified, and that monitoring of
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workers doses will be done to ensure complianck thié assumptions and criteria set out in the pafet
assessment.

The worker dose is dependent on the decommissiomicigniques selected. The assessment here
presents its lowest dose outcome which comes fitoenselection of thermal cutting techniques.
Selection of other cutting techniques would resu#t higher worker dose.

This then would lead to a worker dose of 14.5 miSerie year which complies with the criteria.
Public dose limit/dose constraint

The public dose is dependent to some extent onddwmmissioning techniques selected. The
assessment here presents its most conservativenotehich comes from the selection of thermal
cutting techniques. Selection of other cutting réghes would result in a lower public dose.

The conservatively estimated dose to the publ&pisroximately 5.18 mSv/y to the member of the
critical group. This is below the criterion, anccén be deduced that compliance with the publiedos
criterion is not dependent on the choice of cuttgahniques. It also needs to be borne in mindttieat
dose constraint of 0.3 mSv/a applies to the whdd Nite and not only to the two systems 321 and
322.

(b) Accident conditions

Consequences - worker dose and public dose

The unmitigated consequences of those accidentsosnselected for analysis were that a worker
dose of 96 mSv was a possibility. To make this auie unlikely, requirements were identified for
engineered measures to give defence in depth. ifiee=red measures are supplemented by robust
administrative measures. Collectively, all theseasoees ensure safety. A further positive search for
additional control measures was made. Where théd#ianal control measures were found to be
justified as being ALARA, then they were introduced

The worker dose from unplanned events (accidestdependent on the decommissioning techniques
selected. The assessment here presents its loasstaditcome which comes from the selection of
thermal cutting technigues. Selection of otheriegttechniques would result in a higher worker dose

Some assumptions were made in the accident anadygisto comply with the outcome of the safety
assessment, it will be necessary to ensure thaaghemptions are translated into the practice. This
would be a key requirement for the overarching deungssioning and its implementation instructions.
Frequency

As explained in Sections 2 and 6, a numerical camation of frequency has been found not to be
necessary. It has thus been possible to limit goitibic aspects in making this safety assessnasd,
the case is made almost entirely on determinisbamgs in each of the three components.

The results of the safety assessment are summaniZexble 28.
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TABLE 28. SUMMARY OF CRITERIA USED AND OUTCOME OF 8SESSMENT

Criterion Value Assessment outcome
Normal decommissioning operations
Worker dose 20 mSv/a 14 mSv/a.maximum
identified
Public dose (constraint) 0.15 mSv/a Less than 2m8v/a

Accident conditions
Worker dose 20 mSv/a Maximum of 90 mSv per
event, if unmitigated. When
mitigated - insignificant
Public dose None set Insignificant

Accident conditions

Consequences — defence in depth requirement

Worker protection against accidents — high@rlayers specified | 3 layers identified in the

consequences (i.e. number of most demanding scenarip.
independent This bounds the other
complete safety | scenarios discussed in detil
measures) in Appendix 1.

Worker protection against accidents — significpfitlayer specified 3 layers identified in the

consequences most demanding scenarip.

This bounds the other
scenarios discussed in detgil

in Appendix Il
Worker protection against accidents — insignificafitlayers specified 3 layers identified in the
consequences most demanding scenarip.

This bounds the other
scenarios discussed in detgil

in Appendix .
Public No requirement Not applicable
Risk Not quantified because of

low consequences

7.2. TYPES OF AND TREATMENT OF ASSUMPTIONS AND UN®GHAINTIES

Due to the limited activities associated with thepe of the decommissioning of systems 321 and 322
(i.e., the removal and size reduction of specif@gtems from the NPP primary circuit and
containment structure), the uncertainties in tHetgassessment are limited. In addition, the NB® h
had a good and well known operational history wtiodifications being well controlled and
documented. Significant effort has gone into charang the remaining radioactivity and
quantifying the waste inventories. As a result,dbasiderations described in the DeSa guidancé, suc
as uncertainty about the physical facility, consinn and facility aging, models/codes used and
waste/waste streams are not pertinent.

The amount and type of information available alibatradiological condition of the selected systems
321 and 322 is very detailed and complete, duée¢opiost-operational clean-up activities and the
comprehensive characterization activities. In aoldjt the safety controls and procedures were
developed using the “worst case” input parametessudsed in Appendix Ill, and the release model
used is a conservative one. There is confidendeeimeliability and performance of key systems such
as the building ventilation system and its filtdggicertainties lie in the adequacy of implementatb

the decommissioning plan requirements and in tladitguof the workforce and its supervision during
operations.
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7.3. SAFETY CONTROL MEASURES

The safety control measures derived from the safisgessment for the decommissioning of the
selected NPP systems are summarized in Tablesd230abelow.

TABLE 29. SUMMARY OF SAFETY CONTROL MEASURES

Control Measure

Engineered Safety Control

Associated Administrative Safety

Number Measures (SSCs) Control Measures
1 Personal dose meters that incorporaté System of calibration;
an alarm on dose 0 System of control of issue and
recording of results;

0 System to relate recorded results to
approved dosimetry records, and to
engineering work packages;

0 Adequate training to support the above;

O Adequate training to wearers of
personal dose meters.

2 Ventilation extract for local Standard for construction and testing of
enclosures, fitted with fans tented enclosures.
Temporary enclosure for cutting
operations.
3 Alarm for failure of local ventilation | 0 Carry out routine testing and
extract maintenance of alarm before each work
period;
[0 System of calibration.
4 Respiratory protection equipment | [0 System of testing before issue;

0 System of calibration for test
equipment;

O System to recover, clean and
reassemble prior to testing;

O Wearers to be individually tested for
protective factors obtained on a
periodic basis.

5 Filters on building ventilation system Design standard.
Periodic testing to confirm performance.
6 Ventilation Stack Periodic testing of flow and integrity.
7 Ventilation ductwork Periodic testing of flow and integrity.
8 Ventilation stack radiometrics System of calibration.
Periodic testing and calibration.
9 Building ventilation fans O Periodic testing of flow;
0 Routine maintenance.
10 Process isolation equipment (blinds, 0 Plant configuration control;
spades, etc.) 0 Design standards;
O Plant procedures to drain and confirm
drained the primary circuit.
11 Waste container/transport trolley | Routine maintenance and inspection.
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Description

Safety Function

Internal
Reference

Procedures to be Implemented

Systems 321 and 322 are isolated fron

N This removes any interactions

Section 1.2 and

protection.

created during cutting operations.

water feeds. In particular, System 321 jidetween the decommissioning of | Section 5

isolated from the primary circuit by System 321 and the rest of the

blanks inserted between the twin nuclear plant.

isolation valves (numbers xx1 and xx2).

High dose rate jobs are planned such thab define the boundary of intended| Scenario 01

a target dose for each job must be operations with respect to dose. (Appendix 111)

defined.

Workers must be issued with personal| To enable workers to evacuate whgnScenario 01

dose meters that incorporate an alarm|ahe dose approaches the limits of | (Appendix IlI)

dose, with the alarm level set at a lowarintended operation.

dose than the target dose for the job

Workers must evacuate the area if the|rTo ensure that workers do not Scenario 01

personal dose meter alarm is activated. significantly exceed the dose alarm| (Appendix III)
level.

Cutting operations for System 321 To minimize the spread of Scenario 02

metalwork must be carried outin an | contamination from the area local t¢ (Appendix IlI)

enclosure that is provided with a local | the cutting site, and thereby minimize

ventilation extract. The enclosure must doses to workers outside the

be well enclosed, even if temporary in| immediate area.

nature. For a tent, ‘well enclosed’ means

that the tenting must be visibly under

depression when the local extract is

working.

System 321 metalwork must be cut by|alo minimize the amount of airborng Scenario 02

plasma torch, mechanical shear, a activity created during cutting (Appendix 111)

reciprocating saw, a band saw, or an | operations.

oxy-acetylene torch, but must not be cpt

by a grinder.

At the start of a System 321 cutting To minimize dose to the worker and Scenario 02

operation with a worker present, the | minimize spread of contamination. | (Appendix IlI)

local ventilation extract must be

working. If it fails during the cutting

operation, the worker must cease cutting

operations and evacuate from the

enclosure.

During System 321 cutting operations,| To mitigate the dose to a worker Scenario 02

the worker present must wear respiratprgrising from airborne contamination| (Appendix I11)

Where achievable, cutting operations ¢
System 321 must be carried out
remotely.

DT 0 minimize the maximum dose th4g
a worker could receive.

tScenario 02
(Appendix 111)

Parameters
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Description Safety Function Internal
Reference
Whole body external dose rates in The radiological accident analysis | Scenario 01
working areas for decommissioning has assumed a maximum dose rate (Appendix III)
System 321 & 322 are less than equal to this value. If it were higher
2 mSv/h. the potential external doses would be
higher, and this radiological accident
analysis would not be valid.
There is no significant contamination of The radiological accident analysis | Scenario 02
System 322. has not assessed any potential for | (Appendix III)
internal doses from cutting up
System 322.
The maximum length of cut during a | To limit the amount of airborne Scenario 02
work period is 1.5m. contamination that can be released| (Appendix IlI)
during a work period.
The volume of an enclosure in which | The radiological accident analysis | Scenario 02
System 321 metalwork is cut is greater has assumed a minimum volume | (Appendix IlI)
than 8 . equal to this value. If it were lower,
the potential internal doses would be

higher, and this radiological accider
analysis would not be valid.

—

Surface contamination levels on the
inside of System 321 (averaged over t
area of any single cut) do not exceed:

Activity

[Bg/cm?]

System

321

Mn-54 5.2 x1d
Fe-55 7.6x 16
Co-60 6.8 x 16
Ni-59 3.0x 16
Ni-63 4.2 x 16
Tc-99 2.0x 10
Sb-125 | 3.6 x 1d
Pu-238 |[3.0x 10"
Pu-239 |3.4x10°
Pu-240 |[5.4x 10
Pu-241 |1.3x104
AM-241 | 2.4 x 10
Cm-244 |3.8 x 10"

The radiological accident analysis
hdas assumed a surface contaminat
level equal to this value. If it were
higher, the potential internal doses
would be higher, and this radiologig

accident analysis would not be valid.

Scenarios 02 and
0d3 (Appendix
1)

al

7.4. SHORTFALLS, RECOMMENDATIONS AND OUTSTANDING BUES

Mitigation measures have been identified that aeessary to ensure that the identified criteria are

met. Implementation of these in practice will beessary before decommissioning starts.
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8. GRADED APPROACH

8.1. INTRODUCTION

The graded approach with respect to safety assessifer facilities undergoing decommissioning
means a process by which the level of detail ofahalysis, the complexity of the approach, the
documentation, and other issues necessary to dém@nsompliance with safety requirements are
commensurate with:

() The legal requirements;

(i) The magnitude of any hazard involved;

(iii) The particular characteristics of a facility;

(iv) The step within the decommissioning processt a
(v) Any other relevant factor.

According to [11] and the main part of this repait,application of the graded approach needs to tak
into account the following factors:

U The purpose of the safety assessment (e.g. preliynend final decommissioning plan, the
phase of the decommissioning process);

O The scope of the assessment (e.g. a part of @&yfaailsingle facility at a multi-facility site or
the whole site, handling of spent fuel);

O The end-state of the facility (unrestricted or niestd use);

O The radiological hazard potential (source term).g. ectivity inventory of the facility
(surface, bulk contamination); radiological chaesistics (short or long-lived radionuclides,
presence of alpha emitting radionuclides); themibal and physical state of the radioactive
material (solid, liquid, gaseous; sealed sources);

O The radiological criteria with which the resultdiMae compared;
O The size and type of the facility (including itshgplexity);

O Site characteristics (seismic risks, flooding, uefice from or dependence on any
neighbouring facilities);

O The presence and type of initiating events fordaent/accident sequences (e.g., chemicals,
temperature, fire, etc.);

O Likelihood and consequences of hazards;

O The physical state of the facility at the starttttd decommissioning work (shut down after
normal operation, or shut down after an incidewiger period of poor maintenance;
uncertainty on the state of the facility);
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O Complexity of decommissioning activities (e.g. Simation after a planned shutdown of the
facility vs. the situation when shutdown occurresl the consequence of an incident or
accident);

O Availability of applicable safety assessments fus tor other similar facilities or novelty of

the proposed decommissioning activities.

The NPP Test Case addresses these factors, butsdoeg the limited scope of considering the
dismantling of two of the whole set of reactor syss.

The application of the graded approach in the NER Tase is illustrated in Fig. 32.

Medium active

Level of radiological analysis
Low active

FIG. 32. Schematic of risk reduction profile.

The application of the graded approach to the dgwveént of the safety assessment for the unitl (in
particular systems 321 and 322) was also relateaieéalecommissioning plan as shown in Fig. 33
below.

96



Annex |, Part A

>

— N ™
P o © | e etc
%) 7)) 7))
. : T e o O e » ©

Review/revised| O < > O < > O

as needed > P 2
2 QL =
5 ? ?
EQ 5 3 Implementation
o ko) ko) of Project
= Q o Safety
o o o

/V Measures

| ! |

Baseline Safety Analysis Report for Care and Mainteance only

FIG. 33. Example of a decommissioning plan (safase) approach.

8.2. LEVEL OF DETAIL FOR SAFETY ASSESSMENTS AND DQMENTATION

The graded approach report (see Annex Il of thpont illustrates schematically the steps that a
number of facilities can pass through, linking céemgy of the facility and risks from
decommissioning to stages of assessment. The NBPcé@se aligns with the category of “nuclear
power plant”, but not with the most severe categidrinuclear power plant shutdown after accident”.
The number of blocks in Fig. 34 on the NPP linaas meant to be a fixed number, rather the length
of the line indicates the number of phases reldaovether types of plants.
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shutdown afer ecen] NN N DN | | |
nuctear power plant| [N [ | | | |
fuel cycle faciity| [ I [ | | | |
large research reactor _ [ | | |

small research reactor | | | |

laboratory |:|

of complexity

Onn

decreasing level

phases /
time

FIG. 34. lllustration of the application of the gled approach to various types of facilities (see
Volume III).

The DeSa methodology also shows a relationshipdstwdifferent types of administrative control
measures, as presented in the main report. This&eganmmarized by the flow chart below in Fig. 35.

Define scope and boundaries

l

Preliminary qualitative analysis

Yes

A\ 4

FIG. 35. Relationship between levels of control aafiety category.
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8.3. THE GRADED APPROACH IN THE RADIOLOGICAL CHARATERIZATION
AND DATA ACQUISITION OF THE FACILITY

The NPP had an excellent operational record withpgdete continuity of ownership and management.
Similarly, the transition from power generatiorraiigh defueling and plant decontamination was well
managed.

There is therefore good knowledge of the plant #rel history of operations, modifications and
preparation for decommissioning.

For the systems selected to form the basis of e Nest Case, facility characterization by analigsis
appropriate because of the uncertain science adfgtryo theoretically deduce the transfer of
contamination around the primary circuit.

8.3.1. Review of historic documents

The design, construction, operational life and rficalions to the NPP were all well documented.
These were reviewed for the NPP’s Safety Analysspd®t for Care and Maintenance, and were
reviewed again for the NPP’s Safety Assessment iRepo

8.3.2. Characterization

Characterization has been carried out by sampliddgog direct measurements, as described in Section
3.

8.3.3. Calculation of activation

This is not relevant to the systems chosen fortwee systems 321 and 322, but would be for other
NPP systems and structures. Possible examples Wweuddtivation of the core barrel, or activation of
the civil structure of the building to assess wkefihcan be removed from regulatory control.

8.3.4. Preparation of the sampling and characterizéon plan

This activity was graded according to the radia&cinventory (i.e. hazard). System 321 has been
extensively characterized by radiochemical analgsid by radiation survey. For system 322, the
analysis has been confined to the extent necessasfiow that the system has no contamination or
activation products within it.

8.3.5. Performing the direct measurements
This is adequately addressed in the text above.
8.3.6. Determination of radionuclides to for analyis

In theory, the analysis of radionuclides can berirted or selected according to the hazard theth ea
one poses. In practice, there are some caviabésimtgument:

The selection for grading can only be made in tgbtlof the knowledge of the radionuclides. A
comprehensive survey is therefore necessary feleation to be made.

Characterization for waste management and dispospbses requires anyway a very comprehensive
characterization.
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8.3.7. Correlation method for measurement of hardd detect radionuclides

This is applicable to the systems 321 and 322 weldor the NPP Test Case, because of the presence
of hard to detect activation products, such asi-6

8.4. THE GRADED APPROACH IN CARRYING OUT THE SAFETXSSESSMENT
8.4.1. Screening and grouping of hazards

The identification of hazards was described in i8act.2. The HAZOP process applied in the NPP
Test Case relies on the quality of the informateid in front of the HAZOP team and also on their
expertise and judgement about the relevance oftenfial hazard. In deciding that some potential
hazards were judged to be important enough to ladysed in detail, while others were not, the
HAZOP team was applying a form of a graded approach

8.4.2. The complexity of the approaches and calcuian methods

Detailed analysis has been performed of the twtesys of the unit 1. One of these holds a significan
inventory of radioactive material and the other hagse. By using the contaminated system as a
“bounding case”, it was possible to then easilyesthat the non-radioactive system needed no limits
and conditions associated with it uniquely.

The calculation methods were:

(a) A detailed database of decommissioning tasslase rates from rooms and plant items — to
produce worker doses from normal operations.

The analysis tool used to calculate normal consempseis quite detailed. This is because of thecbroa
need to be aware of and to control worker doseetaid This need arises not so much from the level
of hazard, but from the requirements to plan wankl @ffectively manage resources. As for the
application of the graded approach, the differéndbe nature of the systems 321 and 322 is refiect

in the level of detail of the assessment. For sys321 dose rates at several points per object are
needed. For system 322, only room dose rates agede

(b) A detailed database of decommissioning taskiscantamination levels — to estimate public
doses from normal operations.

This also arises automatically from the tools ndedeplan decommissioning work, and is embedded
in the OMEGA code. Again, the difference in theunatof systems 321 and 322 is shown in the level
of analysis. For system 322, the non-active systefease fractions are simply set at 0.00 and no
activity is released.

(© Accident conditions analysis

The safety assessment identified those reasonabbgdeable accident conditions that could occur
during planned decommissioning activities. The ea@bn then grouped these accidents into
categories to assess the maximum unmitigated myleal exposure that could result. The graded
approach adopted here for the safety assessmémtkeep the assessment as simple as possible to
limit assessment effort, while at the same timeugng that the assessment results are sufficient to
evaluate risk and identify safety measures thdt eviture risk to workers and public are optimized
and ALARA. It is important to ensure that by apation of the graded approach that it does not
compromise safety and or compliance with the relesafety requirements and criteria.
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8.5. ALTERNATIVE APPROACHES FOR DEMONSTRATION OF &ETY

In the safety assessment presented in this Anhexsadiological inventories and other hazards were
well characterized, thus avoiding the need for lyveonservative assumptions. The identification of
accident grouping was also used to reduce the teatesafety assessment by grouping accidents with
similar initiating events. A deterministic approashas followed rather than set targets for frequency
of accidents or for risk outcome, as would be thgecwith an operational power reactor. If the NPP
Test Case had followed a more probabilistic baggdtcach, then it would have allocated categories
of consequence. For example, the initiating eveaqiency and consequence evaluation allocated
accident scenarios into four risk classes. Thedlagses are read from the matrix as depicted lkeTa
31.

Class 1 off site consequences;

Class 2 significant on site consequences;
Class 3 minor consequences in facility; and
Class 4 insignificant consequences.

O 0Oodad

TABLE 31. CATEGORIZATION OF RISK CONSEQUENCES ACCOIRNG TO THE
INITIATING EVENT FREQUENCIES

Beyond Extremely . -
Consequence Extremely and Unlikely 103Ut2|”1(8LV or Airgllctlgaitgg
Level Unlikely < 10° | 10*to 10° per P

year per year

per year year
High 3 2 1 1
Consequence SAR SAR SAR
Moderate 4 3 2 1
Consequence SAR SAR
Low 4 4 3 3
Consequence

Note: SAR= Safety Analysis Report

The potential consequences could be divided ine€gcaies as follows:

0

High consequence for public (100 mSv to 1000 n#dw) for workers (> 1000 mSv);

Moderate consequence for public (10 mSv to 100 meéhg for workers (100 mSv to

1000 mSv); and

Low consequence for public (1 mSv to 10 mSv) amdvorkers (10 mSv to 100 mSv);

The initiating event frequencies are graded as\l(see Table 31):

U
U

Anticipated (1 x 10 to 1 x 107 per year);
Unlikely (1 x 10° to 1 x 10* per year);
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O Extremely unlikely (1 x 10to 1 x 10° per year); and
O Beyond extremely unlikely (<1 x TQper year).

The output from such an assessment could thendzbtasdrive further design work and the addition
of further active mitigation systems to reduce rigk a member of a critical group during
decommissioning.

For example, a high consequence event which icipated at beyond extremely low frequencies

would be classified as a risk Class 3. Similarlymaderate consequence event at extremely low
frequencies would be classified as a risk Clagsod.risk Class 4 no further assessments is required
since the Safety Management Programme (SMP) isdedas adequate to optimize and control the
risk to be as reasonably low as achievable, takshinto consideration. For Class 1 and 2 events, a
detailed safety assessment is required.

During the safety assessment process engineerthg@@ministrative control measures are identified
and their mitigation effects taken into considematin the mitigated accident dose assessment. To
reduce the risk class, more mitigation measuresaded and the effects are recalculated. This
process is repeated until the resulting Risk Categg Class 3 or 4 and the activities are thereby
optimizing the process to reduce the effects ofotadical exposure to a minimum, taking cost into
consideration.

9. CONFIDENCE BUILDING IN THE SAFETY ASSESSMENT

9.1. QUALITY MANAGEMENT

The management system is not specifically discugsetthis document. The management system
applied during normal conditions would be maintdideiring decommissioning, which has to comply
with the requirements of the Regulatory Body. Sachystem would typically make provision for
organizational and management responsibilitiesagipmintment of suitably qualified and experienced
persons a document configuration and control measthe control of the all activities, keeping of
records, checks and balances, traceability reqgeimésnand a non-conformance management
measures.

Furthermore, management system need to ensuraltiztivities are performed in sufficient quality
and in accordance with the legal and regulatoryega — e.g. authorization of activities and
modification of licences, design control, justificea of release of land from regulatory control,
clearance of material, material accounting, wast@agement and minimization, safeguards, waste
minimization programme, radiation protection pragnae, environmental monitoring, security, access
control, transport of radioactive material, in-3eevinspection, maintenance, care and maintenance
(for the period of institutional control after tbempletion of decommissioning), staffing and tra@i
emergency preparedness and response, fire proteaioc. Some of these activities have been
mentioned but not included in detail in the NPPtTe@ase. Nevertheless, the management system
applied to the development of the safety assessfoetite decommissioning of the two systems 321
and 322 was followed and is presented in this Becti

In accordance with the NPP decommissioning plarafatys assessment team was comprised of
qualified operational personnel and safety expéirisas assembled to plan and evaluate the safety o
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the proposed decommissioning activities for the systems. Facility characterization was included in
the preparatory work in the form of a radiologicrvey, material sampling, and review of
operational history. International practice andoramendations were followed [1, 2, 4, 5, 9, 11] and
an independent review of the NPP Test Case restoanducted by the Regulatory Review Working
Group and the Graded Approach Working Group oflb&a project.

9.2. INDEPENDENT REVIEW AND APPROVAL PROCESS

As part of the approval process, the safety assdswould normally be subject to an independent
review by an independent party to ensure that $sessment addresses all safety aspects adequately.
Therefore the operator has to demonstrate that:

(a) The input data and assumptions are valid;
(b) The assessment reflects the actual state d¢hdigy and the decommissioning activities;

(© The limits and conditions derived from the $afeassessment are adequate to the
decommissioning activity; and

(d) The safety assessment is kept updated to réflecvolution of the facility and of knowledge
and understanding about it.

This would normally include a review of the whokfety assessment, which would amongst others
include the review of the methods used for iderdiion of the initiating events, verification of
calculations, review of the adequacy of the derieegdineering measures, administrative measures and
the safety management programmes to be appliechgduecommissioning of the facility in
accordance with the predefined end states andmili@ confines of the authorization criteria of the
Regulatory Body. In some countries the independewiew by the Regulator Body is regarded as
adequate.

In the case of the DeSa project the NPP Test Casedeveloped by a group of experts with various
and broad experience. As mentioned earlier, the N&&®P Case report was reviewed by the Regulatory
Review and Graded Approach Working Groups for imdelent scrutiny in order to verify
completeness but also to ensure consistency inoapprwith the other test cases. The comments
received have been incorporated into this document.

Decommissioning and closing of nuclear facilitissparticular when there is a release of the gite f

other applications, is often of concern to local aregional authorities and to the surrounding
population. Such concerns are particularly likdlythie site contains a large quantity of low level
waste. Therefore, stakeholder participation need®tpursued in these cases [21].

Implementing the three pillars of trust — safetgytigipation and local development — is the key to
successful decommissioning projects. In generareths limited international [2, 5, 22] or legal
requirement to involve interested parties dire@tlydecommissioning decisions; though (at least in
some cases) there can be substantial consequemcéscdl communities in terms of decreasing
employment rate and an eventual reduction of rezeror the host municipality. On the other hand,
interested parties do generally have the legal tiglbe involved in the consequential decision abou
the strategy for decommissioning the shut downtptane. the actions taken to facilitate the end of
regulatory oversight of the facility — typically rbtugh participation in an environmental impact
assessment process. As the decision process mawedssues concerned with the shutdown of the
plant to strategies for its dismantling, the imparte of purely local interests becomes greatertti®r
reason, it is necessary to develop dialogue amapeoation among regulators, implementers, and local
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interested parties as early as practicable. The masicipalities for nuclear facilities tend to foc
their attention on the day-to-day issues arisimgmfrthe activities at the plant and, as regards
decommissioning, will generally favour the earlyse of the site for economic or cultural purposes.
As in other phases of the nuclear facility life leydt is necessary to develop trust among intetest
parties in decommissioning and dismantling projettis may be accomplished through involving
local and regional actors in decision-making, daban monitoring activities, so as to have a bette
grip on the continuous changes taking place asitiee Transparency is needed indecision-making and
in the respective roles played by regulators, imgleters and local authorities. At all times, privact
information, and efforts to “translate” technicafarmation into language meaningful to the chosen
audience, will contribute to building mutual undarsling and trust. Partnership arrangements, by
which institutions enter into structured relatiocipsh with local communities, have been found
beneficial. Decommissioning in both nuclear and-noolear areas may be viewed as an opportunity
to improve the sustainability of the host communitiie creation of added cultural or economic value
can contribute to increasing quality of life oveetyears. More recent designs integrating reflactio

the end use of the facility and site, or technjoadvisions for quick transitions to other types of
facilities, provide better assurance to the hosthroanity that there will be flexibility in future
planning capacity. There is an increasing recogmithat, although there is a gradual convergence in
terms of the technical approaches to decommisgioaimd in the overall decommissioning objectives,
there is also a need to retain a degree of flaiibds these are implemented, in order that local
considerations can be adequately accommodatedthioreason, actual practices will necessarily
differ from context to context [23].

The NPP Test Case has not engaged in consultatiin ather interested parties; expect the
independent review as described above. In real nleissioning projects, the involvement of
interested parties will be essential for the susfcesmplementation and completion of the project.

10. SUMMARY AND LESSONS LEARNED

The development of the NPP Test Case was perfomitbdthe following four main objectives. The
first aim was to illustrate the application of thafety assessment methodology developed as part of
the phase 1 of the DeSa project to an NPP, andiigdo to illustrate the application of and betsefi

of the graded approach. The second aim was torgraseassessment of proposed decommissioning
activities at the NPP to give confidence that tleSB safety assessment methodology can be used to
prepare a safety assessment that can be subndtiedRegulatory Body, showing that the activities
described can be conducted safely and thus thatetipdatory body could issue a licence for this
work. Thirdly, it aimed to provide an illustraticof the application of the graded approach and its
benefits. Finally, and specific to the NPP TesteC@tsaimed to illustrate that phasing can be &gbli
within a large decommissioning programme whers itat possible or desirable to carry out a detailed
safety assessment of all the proposed decommisgi@giivities at once in order to be able to steat
work.

Taking into account the DeSa project constraintg, test case used for the illustration of the
assessment methodology two specific systems 32132Rdrom the unit 1 of the volunteered NPP.
The NPP Test Case covers immediate dismantlindh@fspecified systems, with the aim for their
removal and the decontamination of the rooms thesevin so as to be able to satisfy the end-point
objective. This in turn contributes to the achieeainof the overall and state objective which ig tha
the building structures that remain after decomimigsg can be released from regulatory control.
Demolition or re-use of the existing civil struatgrcan be a choice made later by the owner without
any constraints remaining from the nuclear acasithat were formerly carried out on the site.
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The methodology developed in the DeSa project fier assessment and evaluation process was
followed in this test case. It was quantitativegmbnstrated what the effects of the application of
individual safety significant components, admiraitre measures and limiting conditions of operation
on the resulting effective dose would be. This @ase using a purely deterministic approach to the
safety assessment and there was no attempt tomagsigcategories to tasks or plant systems. It was
also quantitatively demonstrated how the implemeoriaof the identified control measures reduced
consequences and risk to workers and the publicteptable levels. Mitigation was assumed for both
the consequences to workers of both normal plaactdties and of accident conditions. The results
are illustrated in the assessment in terms of ugatéd and mitigated dose to both workers and the
public, both for normal planned activities and &ocident conditions.

The NPP Test Case report has a structure thatwsllthe structure set out in the DeSa safety
assessment methodology (see main report). Thisfowasd to be appropriate. By following this
structure an independent regulator is taken sydieatist through the stages of the safety assessment
process, relevant criteria are identified and cdamgke with them is shown. The necessary conditions
and assumptions for ensuring this compliance aetiiied and can form the basis of inspection by a
Regulatory Body once the decommissioning has starte

It was demonstrated how through the applicatiothefgraded approach, effort applied for analyzing
the consequences associated with decommissionind e minimized when the bounding criteria

are well established and applied. As an exampig t¢ist case has a thorough evaluation of the gubli
dose consequences which shows that the publichiew the criterion by many orders of magnitude.

Since the system 321 represents a bounding caseok® contamination in the NPP systems, it will

not be necessary to repeat the public dose calmultdr any of the other systems. The practical use
and benefits of the graded approach was clearlydstrated through:

O The application of the of the safety assessmerha@oaccident conditions with the highest
consequence only. It was clearly possible to disra@me initiating events very early in the
process of hazard identification.

O Not using a probabilistic risk assessment appro&elly quantification of the unmitigated
consequences was used to set a boundary, andHi®ihwas clear that a simple approach of
barriers and defence in depth was adequate fosdlfiety analysis.

O It was possible to avoid risk categorization, as tlequires a calculation of risk so that a
category can be assigned to the decommissioningtist.

O The selective approach to plant characterizatian it linked to the hazards emerging from
the particular systems being decommissioning.

The depth of safety assessment required dependeeonomplexity of the plant and the hazards
associated with the decommissioning activities.tie case of the NPP, the complexity of the
decommissioning programme resulted in a safetysassent that considers only one part of the
overall decommissioning plan.

On the basis of the NPP Test Case, some addifiarias can be made:

O The importance of input data was demonstrated th eenario. On the one hand it is
important to use conservative input data in oraéno overestimate the results in calculations
in order to demonstrate confidence in uncertain@@s the other hand, unrealistic and over
conservative data can lead to unnecessary effoneimmount of assessment work required to
demonstrate compliance with the basic safety @it@rhis was illustrated by the analysis of
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various layers of mitigation. The end-point wasnitifecation of a number of safety measures
that gave a good margin on compliance with critefiut were not onerous or
disproportionately expensive to implement.

O The amount and type of information available abibat radiological condition of the NPP
systems and the rooms that they are in is veryilddtand complete, due to the post-
operational activities for sampling and charactgran. In addition, the safety measures and
procedures were developed using conservative pgratmeters.

O This test case did not deal with materials managea this was beyond its scope, other than
recognizing the existing waste acceptance critend stating that the waste produced was
added to existing site waste inventories. The iexjstvaste acceptance criteria did determine
decommissioning activities, as plant systems halgetaut into pieces that could be handled
within the waste management system at the NPP.

The safety assessment demonstrates that the dessimmimg of the NPP systems does not impose
unacceptable hazards (e.g. leading to effectivesias excess of relevant constraints, criteria and
limits) or undue burdens on future generationadditional safety measures are implemented. Fsr thi
specific facility, the waste is entered into thésBrg waste management system of the NPP, which in
turn is linked to a national infrastructure. Thalestate of the overall decommissioning projechét t
buildings are left which are outside of regulatopntrol and the site owner is free to determine the
future use of the site.

The applied method demonstrated that various eagimg measures, administrative measures and
safety management programmes can be applied, atlekbdnmust be applied to ensure that the
conditions and assumptions set out in the safetgsasnent are to be met in the conduct of the
decommissioning activities. The test case demaestrdhat, through the application of the
methodology, the most appropriate and effectiveigatiing factors could be identified and
implemented, thereby optimizing the amount of demissioning activities and the associated effects.
The assessment demonstrated that the DeSa metbpduald be applied effectively to facilities of
various types, sizes and complexities to identdfety significant components and structures, to
evaluate safety measures and demonstrate compliatircepecific regulatory requirements.
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APPENDIX I: ASSESSMENT OF WORKERS’ DOSE IN PLANNED
DECOMMISSIONING ACTIVITIES

V Daniska, M. Vasko, P. Bezak, F. Ondra, M. Zachdrehak, O. Schultz,
DECOM a.s., Slovak Republic.

I.1. INTRODUCTION

This appendix presents the methods and resultseoéaluation of exposure of workers during the
planned decommissioning activities of the NPP Tease. The scope of the evaluation and
optimization are the planned decommissioning a@wifor dismantling of systems 321 and 322 as
set out in Section 3. The computer code OMEGA vezsidor these purposes.

The decommissioning parameters related to safetgsament must be incorporated in the set of
calculated and optimized parameters. The purpostefcalculation and optimization of safety
related decommissioning parameters is to demoeastinat the planned decommissioning activities
can be carried out safely, i.e. the dose to a wonkk be lower than the authorized limits 20 mSv
per year.

The selection and implementation of decommissiorsirgtegies for nuclear facilities requires

calculation, evaluation and optimization of decossioning parameters with a sufficient level of

detail for the actual stage of planning. The acoyrancreases from the preliminary stages of
feasibility studies up to the final detailed decossioning plan. General data needed for planning of
decommissioning activities are:

Costs;

Manpower,

Dose for personnel,

Dose for public;

Personnel needed for performing the decommissioagtityities (professions, amount per
profession);

Waste resulted from decommissioning (types, amouadiological data);

Consumable items (materials, electricity, othehidcal media, etc.); and

Equipment needed for performing the decommissioaitiyities.

I o Iy

OooOod

The cost of decommissioning is the central and nmapbrtant decommissioning parameter into
which all input data, having influence on decomimissg process are transformed. Manpower and
personnel data (professions and amounts) are ‘aléytarameters, significantly independent of

facility, site and national conditions. Waste data used for planning and organization of waste
management, consumable items and equipment dadeddor performing of decommissioning

activities, are all used for planning of supportivdites for the decommissioning tasks. From the
safety point of view, the following parameters areeded for an evaluation of the safety of
decommissioning activities:

O Doses to workers;
O Gaseous effluents and dose to public; and
O Liquid discharges (waste water from the site) aosedo public.
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Doses for workers are calculated based on calculaderation of individual planned
decommissioning activities and on the radiologamaiditions at the working place, both for external
and internal exposure. Individual radiation prattimeans are taken into account. Optimization of
the dose uptake can be accomplished by managingrober of personnel for performing the work,
by pre-dismantling decontamination of systems or dpplication of remote techniques. The
calculated data are used for demonstration thatptaened decommissioning activities can be
performed within the limited values for exposurdrafividual personnel.

The data for gaseous effluents are calculated deroto present that the influence of planned
decommissioning activities on the critical group pfblic is within the limited value, based on
existing exposure pathways for evaluation of migrabf radionuclides to the critical group under
local conditions. The gaseous effluents are cadledlas radioactivity per individual radionuclides a
the discharging point of the central ventilatiorinohey of the nuclear facility. These data can be
compared with the authorized limits of gaseousuefits for the site. Alternatively the data of
gaseous effluents can be used for calculation sé do public using other pathways than those from
the central ventilation chimney. This NPP Test Cases a separate code to assess doses to the
public, as shown in Appendix Il. The role of the BMIA code has been to provide a set of data that
are common between the two assessments given iendljiges A and B.

The data for liquid discharges can be calculated/alemes of discharged waste waters from
decommissioning activities. The discharging of wastaters is limited according to individual
radionuclides. The values of limits are deriveddoasn facility specific scenarios for the critical
group for radionuclide intake from water-based ac@s. If it is demonstrated that the specific
radioactivity of discharging waters is under theiled value, also the dose uptake of the public is
under the limited value. The calculated data foguill discharges can be used also for evaluation of
other exposure scenarios.

For the NPP Test Case, the computer code OMEGA wgasl for the evaluation of potential
exposure of personnel during normal (planned) deaissioning activities. Safety aspects of
hazardous situations were evaluated separatelyhendose to public, based on gaseous and liquid
effluents was evaluated using the DecDose comprdde [12]. This is shown in Appendix II.
Appendix | presents the general properties of tMEGA code, methods for evaluation of collective
dose for personnel and methods for evaluation dividual doses in order to demonstrate that the
individual effective dose for each worker involvedll meet the safety criteria for individual
workers.

1.2. THE OMEGA COMPUTER CODE

The basis of the OMEGA code is that the standaddszricture [16] is in principle the complete list
of decommissioning activities which make up thepscbeing assessed. This is the base for the
standardized calculation core which is in interstaiicture equal for all decommissioning options.
What is specific for the individual decommissionimytion is the work breakdown structure (WBS).
The WBS can be defined individually for each optimnlinking the WBS items to the grouped or
non-grouped calculation items of the standardizaltutation structure, including allocating of
calculated data. A tool (WBS interface) was devetbjfor transforming the WBS into the Gantt
chart of the decommissioning option in MS Projaexftvgare and for allocating the calculated data to
the Gantt chart. Optimization of the decommissignioptions and management of time is
accomplished by defining the time structure in @antt chart. From the point of view of evaluating
the safety of workers during performing the decossiining activities, this optimization tool can be
used effectively for optimization of number of worg groups, number of working shifts in order to
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lower or keep the limits of exposure for individwabrkers or in adjusting the duration of deferred

dismantling.

The top level structure of the OMEGA code is préséimn Fig. 36.
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FIG. 36. Principal scheme of computer code OMEGA.

The costing methodology as implemented in the caerpcode OMEGA, is based on calculation
modelling of the decommissioning process including waste management [Ref. 14]. The main
features of the code are:

0

The calculation structure implements the standaddizcost items structure for
decommissioning, issued jointly by OECD/NEA, EC aiiEA, 1999 [Ref. 16]. The
calculated costs are transparent, traceable angaraime with other decommissioning
projects. The calculation structure is one compmaatkage and includes also the waste
management.

The calculation process is sequentially linked-npsuch a way that it simulates real
decommissioning process flow and relevant matesdibactivity flow. The calculation
items are linked to the material and radiologicafadof the inventory database and to the
database of interim material/radiological itemsated during calculation, so the calculation
use actual material and radiological parametergaste.

The calculation process is radionuclide-resolved amspects the radioactive decay of
individual radionuclides. This enables to use theclide resolved limits for
treatment/conditioning/disposal/release of matengthin the material flow and enables to
study the effects of deferred decommissioning. Teeommissioning infrastructure is
simulated by various calculation scenarios for ngangent of radioactive waste. The
scenarios include decommissioning activities linkeoin dismantling up to the disposal of
conditioned radioactive waste or release of mdgeria
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The methodology has “multiple options” capabilitgeaning that several decommissioning options
can be defined for a decommissioning project ineortb evaluate all possible scenarios of
decommissioning in the frame of the project. Eaebothmissioning option is analysed, optimized
and evaluated individually and the optimal optiam be selected based on multi-attribute analysis.

An additional aspect of the advanced costing metlogy, due to internal linking of the calculation

process and due to compactness of the calculatrictwre, is the possibility to perform the

sensitivity analysis which can define the margihsl@commissioning costs by considering various
levels of contamination, various radionuclide cosifion (effects of alphas), application of various
decommissioning technologies, various duratiordedérred decommissioning phases, etc.

The most recent presentation of the propertiehetbde and lessons learned from application of the
code is in [13]. The principles of decommissionaogting implemented into the OMEGA code are:

O What to do: configuration of decommissioning activities ofdacommissioning option in
the standardized format using the templates of stendardized structure; computer
generation of calculation structures and managemoérthese standardized hierarchical
calculation structures, which correspond to thadlifpacstructure of buildings — floors —
rooms/cells - inventory items in rooms/cells.

O How to do: allocation of calculation procedures into thendidized calculation structure,
definition of the conditions for calculation, compuevaluation of the radiological condition
at the planned time of execution of individual @ts in order to select manual/remote
operations and to allocate relevant personnel gtiote generation/editing of relevant
calculation data and correction factors for manposadculation.

O In what sequence implementation of the concept of material andigactivity flow
modelling of the decommissioning process basedata kihking of the calculation process
and on definition of the calculation sequence whadrrespond to real primary and
secondary waste flow in waste generation decomamsxj activities (e.g. dismantling) and
in waste management activities (e.g. sorting oft@aacluding the final waste disposal and
material release and effluents from the processanvironment.

O At what time: implementation of the concept of on-line optiniiga of the project work
breakdown structure by direct data linking of tremputer code to standard MS Project
software.

One of the most important features of the coddésdompactness of the standardized calculation
structure which includes all activities of the dewnissioning option and the activities for
management of waste resulting from decommissioniffte compactness, internal linking and
sequencing of the standardized calculation stracemables the calculation of costs and other
decommissioning parameters for a decommissioningropvithin one calculation run including
processing of the calculated data and generatingutifut data formats and the decommissioning
schedule of the option.

The templates of the standardized calculation &traovere developed for computer generation of
the standardized calculation structures and foegion of the default values of input calculation
data. These values are derived from the inventats df the systems and structures and from the
inventory radiological data updated by the code tf@ planned start dates of decommissioning
activities.

The concept of radionuclide vectors was used imdiein of nuclide composition of contamination,
activation, mass/volume activity and dose rate. ftkonuclide vectors are stored with the date of
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the definition and prior to application in the adhtion; the radionuclide composition is recalcetht
for the decay of individual radionuclides. The teakated radionuclide vectors are then used for
generation of contents of individual radionuclidesed in radionuclide resolved calculation process.
The effect of time and radionuclide composition ¢anthus evaluated directly. The concept is
applied in calculation of exposure of personnefluefts, in selecting the manual or remote
operations and in waste management.

For management of material and radioactivity flawthe calculation process the code uses the
principle of initial mathematical material and raldigical partitioning of the individual inventory
items of the facility inventory database into onetenial components and the principle of linking
and sequencing of individual activities of wastenagement. The one—material components are
applied in relevant calculation items of waste ngmmaent. The flow of interim waste forms,
secondary waste and final waste forms can be mmexitorhe calculation process is radionuclide
resolved and the radionuclide resolved limits fodividual technological equipment for waste
processing, acceptance limits for low level anérimediate level repositories and limits for release
of materials into environment, can be applied. §seous effluents and waste waters discharges are
included into the material and radioactivity flowa¢uation.

1.3. THE DECOMMISSIONING ACTIVITIES FOR EVALUATION
.3.1. THE STRUCTURE OF DECOMMISSIONING ACTIVITIES

The scope of evaluation of safety of normal (plahrdiecommissioning activities is the dismantling
of system 321 and 322, as the critical operationsnfthe safety point view. Other activities
evaluated, such as the decontamination and radiatamitoring of building surfaces, are evaluated
as safe from the point of view of annual limit dd 2nSv per worker. During dismantling, the
workers are occurring in the dose rate fields ef¢cbntaminated equipment to be dismantled and are
exposed to risk of inhalation of radioactive ael®sgenerated during cutting. Technical,
organizational and personnel protection means sed to minimize the exposure of workers. The
calculation process needs to take this into accthede aspects. The accuracy of calculation on
decommissioning parameters, including the safdatad parameters, depends on the level of details
of decommissioning activities evaluated. Best itastn be achieved when the evaluated activities
are the decommissioning activities like dismantliofj a single inventory item, e.g. a valve.
Individual radiological data (dose rate, contamogtradionuclide composition, etc.) related testhi
valve, could then be taken into account. This fpleds generally described as bottom-up approach.

The bottom-up approach is considered as the mosura@e method for evaluation of
decommissioning parameters [Ref. 15]. The datacafeulated at the lowest level of details of
decommissioning activities and the results are eguently grouped up to the level of overall
results. The breakdown of the dismantling actisittan be organized based on following principles:

(a) Room oriented structure of dismantling actisti
(b) System oriented structure of dismantling atitei and
(© Manually composed structure of dismantling\atés.

(a) The room oriented approactor organizing the dismantling activities roomimpm involves:

O A set of preparatory activities prior to dismarglito prepare the working conditions and to
support the dismantling in the room where equiprnaeatgoing to be dismantled,
O Dismantling of the equipment according to the ineencontent in the room; and
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O A set of finishing activities to remove all instrants, materials, supporting systems and for
cleaning the room after dismantling.

At the end, the room is ready for carrying out emsive set of decommissioning activities, like
decontamination of building surfaces. The list cfparatory activities for dismantling, as appliad i
the NPP Test Case is as follows:

O Survey of radiological situation in the room foméiomation of the data used in the planning
of dismantling activities;

Covering of the floor with protective foils to irdif the contamination of the floor;
Installation of local ventilation to suppress tleeasols from dismantling;
Installation of scaffolding for dismantling actis;

Installation of temporary electrical connectiond amedia for dismantling;
Delineation of cuts on equipment;

Transport of dismantling tools to the room;

Isolation of equipment from electrical connectiagroperating media;

Preparation of dismantling tools for the work;

Installation of protective tenting for suppressihg spreading of aerosols;
Preparation (instructions) of the working group tlee work; and

Transport of containers for dismantled materials.

OOdoOoooogood

Carrying out the dismantling activities is orgamizsased on the inventory content of the room. For
example, in the case of dismantling, for each itethe inventory database (individual pipes, valves
motors, etc.) a separate item for calculation ofodemissioning parameter is generated. After
performing calculations for all inventory itemsset of finishing activities will follow, such as:

Removal of protective foils on floors;

Removal of local ventilation;

Removal of scaffolding;

Removal of temporary electrical connections andienfat dismantling;
Removal of protective tenting;

Removal of dismantling tools for the work;

Transport of containers; and

O Final cleaning of the room after dismantling.

I A

A comparable set of preparatory and finishing dtitis is defined for other typical room oriented
decommissioning activities like dismantling of emfled elements, dismantling of asbestos,
contaminate or activated concrete. The extent epamatory and finishing activities for building
surface decontamination and radiation survey dflimg surfaces as applied in the NPP Test Case is
presented in the Section 5 of the main report.

(b) System oriented approadior organizing the decommissioning activities ppled mostly for
the components with large dimensions and complicateicture, like reactors, refuelling machines,
large components of the primary circuit, etc. Thecpdures are specific for each component and
normally the dismantling is the procedure inverge donstruction. A typical structure of
decommissioning activities is organized accordimghie individual construction sub-assemblies of
the dismantled systems:

O Set of general preparatory activities;
O Dismantling of the construction sub-assembly No. 1:
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0 Set of specific preparatory activities for the domgtion sub-assembly No.1;
o Dismantling of individual components of the constion sub-assembly No.1;
0 Set of finishing activities for the constructiorbsassembly No.1.

O Dismantling of the construction sub-assembly No. 2:

0 Set of specific preparatory activities for the domgtion sub-assembly No.2;
o Dismantling of individual components of the constion sub-assembly No.2;
0 Set of finishing activities for the constructiorbsassembly No.2.

And so on, until......

O Dismantling of the construction sub-assembly No. N

0 Set of specific preparatory activities for the domstion sub-assembly No.N;
o Dismantling of components of the construction ssfembly No.N;
o Set of finishing preparatory activities for the sbmction sub-assembly No.1.

O Set of general finishing activities;
O Set of continuous supporting activities like radgital monitoring, waste removal;
maintenance of dismantling equipment, etc.

(c) Manually composed structuref decommissioning activities is the definition thie specific
decommissioning activities specific case by case.

.3.2 THE DEVELOPMENT OF CALCULATION STRUCTURES

The calculation structure is a composition of abprasented types of decommissioning activities. In
order to harmonize the structure of decommissioaitities, it is recommended to implement the
general structure of decommissioning activitiestlasy are defined in the document [16]. The
document contains the comprehensive list of decasioning activities which can be identified in

any decommissioning project. This principle wa$yfuhplemented in the OMEGA code.

The preparation of the calculation structure witiplementation of the bottom-up approach requires
the generation of large number of individual cadtioin items. This is facilitated effectively in
OMEGA code by the implementation of methods for pater generation of the calculation
structures based on inventory database and thdatspf the standardized structure. The structures
with a total number of calculation items on theeleof 10 items can be generated within several
hours.

From the point of view of evaluating the safetygmaeters for decommissioning, it is important, that
they are calculated on level of above listed iteand for individual professions involved in the
working groups for dismantling. The individual pestions of the workers will differ in working
conditions during the decommissioning work, so ekposure of workers is profession dependent.
These aspects are considered in the OMEGA codg jspossible to go down in evaluating of the
exposure up to the level of individual workers asmbers of individual professions.

The user can configure the standardized calculatimtture in three steps using the templates which
facilitates significantly the work of the user. Thase for this work is the general standardized
template which covers the decommissioning actwisie defined in Ref. [16]:
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In the first step the user can develop thetenaemplate which is specific for a type of a

In the second step the user can adapt thetselenaster template to the standardized
structure specific to the decommissioning optiorb¢ocalculated. In this step the user can
required fbe evaluation within the
decommissioning project. The option “specific stmdized structure of decommissioning
activities” involves also the prescriptions for geation of lower levels of calculation items,
for allocating the calculation procedures and deédin of calculation sequence.

(a)

nuclear facility.
(b)

define as much calculation options as
(c)

The third step is the computer generation ef standardized calculation structure for the
calculation case. The typical feature of this gtriceis that it has the hierarchical structure of
the buildings - floors - rooms/cells - inventorgrits in the room/cell in selected sections of
the standardized structure, as required in badioitien of decommissioning activities in
Ref. [16].

The generated structure contains also input cdlonlaata with default values. After the generation
the user can review/edit the generated calculatredtare and the generated default values of the
calculation data and can define the extent of ¢aticun by clicking in the individual calculation
items. An example of the executive calculatiorhigven in Fig. 37.

This three-stage style of the work enables fleiibiin developing the standardized calculation
structures for any nuclear facility. The precordditis the inventory database for the nuclear tgcili
with relevant structure and data needed for apphicaof standardized structure. The methods for
development of the inventory database with theepgsties were developed.

Soe - 3e

43 Strom Ginnosti vyradovania (VERIF_JZ - TATR_PG_12-12-2003 [106])
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FIG. 37. Example of a standardized calculation stuve.
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1.3.3. THE INVENTORY DATABASE

The databases for systems 321 and 322 were dedelopa hierarchical structure starting with
objects of nuclear facility (only one object — tleactor building was used for these cases) through
individual floors, rooms up to items of plant equignt in each room. The inventory database has
two main components:

(@) The physical inventory; and
(b) The radiological parameters.

The physical inventory normally refers to identfiion of the inventory item in the frame object -
floor - room system and to parameters like masgases, volume, categories of equipment while
the radiological parameters refer to surface comation of inner and outer surfaces, volume of
induced activity, dose rates (all of them radioielresolved), dates of definition of radionuclide
vectors and dates of definition radiological pareereand theirs radionuclide vectors.

Based on the description of the two systems (sedoBs 2 and 3), the inventory data for the 321
and 322 systems were developed. The documentatiolved the following data and information:

O Drawings of the central part of the NPP;

O Inventory data of equipment relevant for both systavhich include the list of equipment,
names, locations, identification of types, massedaces, etc.;

O List of rooms, dimensions of some rooms and allopatf equipment to individual rooms;

O Radionuclide vectors of dose rates and contamimadiod

O Dose rates at selected points at the equipment.

Some parameters were not present in the data bleadafirst and were derived specifically for this
test case application. After analysis of the drasjnthe missing dimensions of room were
introduced to the room database. The missing datanfier surface contamination of technological
items was calculated (based on the delivered dates)rin Microshield code for model types of
equipment (pipes, valves, tanks etc.). Then theappation of the contamination data for all
inventory items was done. The dose rates in 0.5distance from the equipment item was
approximated based on dose rates measured onrsiteelected points. The completion of
technological item database was done by identifinabf equipment categories for all individual
items of the systems.

The average dose rates for rooms of the systenw®P4 calculated as the average dose rate in 2 m.
distance from all equipment in the room (calculabydthe Microshield code). The average dose

rates for room of the system 322 were calculateddoms with heat exchangers, other data were
estimated.

At the end of database preparation process, coetpldatabase tables (objects, floors, rooms,
technological items) were imported to Oracle sofewdén order to be able to generate the
standardized calculation structure for the 321 32®Isystems.
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.4. THE CALCULATION OF DOSES TO WORKERS
.4.1. PRINCIPLES OF DOSE CALCULATION FOR WORKERS

The principle of calculation of manpower used dgridecommissioning is the calculation of
manpower components for individual professions ld twvorking group in the first step and
calculation of exposure of individual professions $pecific manpower components. The procedure
is the following:

Calculation of manpower for specific decommissigractivities;

Distribution of calculated manpower to individuabfessions of the working group;
Extending the manpower for non-productive workimget components; and

Calculation of external and internal exposure basedlocal radiological conditions,
protective means and manpower components.

I I o R |

Calculation of manpower and exposure is differ@ntgroups of decommissioning activities. There
are three main types of decommissioning activitsggmrding to the exposure of workers:

(a) Hands-on decontamination and dismantling. Thgosure is dominated by dose rates in
working distances to the equipment to be dismanilée exposure can be controlled partially
by duration of stay of workers in the vicinity dfet dismantled equipment, by application of
more personnel or by application of remote disniagibr pre-dismantling decontamination of
equipment to be dismantled.

(b)  Work at technological facilities for radioaaiwaste handling and processing. The exposure
is controlled by appropriate technical means at wheking place for the workers, like
shielding and can kept normally below annual expo$mits.

(c) Period dependent activities like surveillanogintenance, management, technical support.
The exposure is controlled by organization of tharking time and can normally be kept
below annual exposure limits.

The critical decommissioning activities from theirpoof view of calculation of exposure are the
dismantling activities, where the personnel durgagrying out the decommissioning activity, is
present close to the contaminated equipment. The dptake during performing decommissioning
activities is calculated as external exposure abetral exposure of workers. External exposure is
calculated based on duration of activities and dases at working places and the internal exposure
based on concentration of aerosols generated dulEmpmmissioning activities and theirs
conversion factors, personnel protection meansegpphd breathing data.

The bottom-up approach discussed in Section 5 lenéb calculate the exposure data on the level of
a specific decommissioning activity. Each handsdenommissioning activity is decomposed into
specific productive and non-productive manpower ponents and for each manpower component,
the relevant radiological data are allocated basethventory data of the facility. The model time
structure of a specific decommissioning activity,defined in the calculation model, is presented in
Fig. 38. The selected approach is the attempt talemdhe real sequence and content of
decommissioning activities of this type.
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Non-productive manpowey Productive manpower Non-productive manpowefr
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Total duration of the elementary activity
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FIG. 38. Model working time structure of a specifacommissioning activity.

The first step is a calculation of productive mampo components. All other non-productive
manpower components are calculated based on deatcwhich increase the basic productive
manpower. The productive manpower components, digpgnon working conditions, can be
increased due to difference between the ideal @ral Wvorking conditions, like working in ambient
with ionizing radiation, etc.

Another aspects which is taken into account whdoutating the exposure of workers, are the
different working conditions for different profeeas of the working group. For each
decommissioning activity, a working group is defineprofessions needed and number of workers
per professions. Various professions of the workgrgup are exposed differently from the
contaminated equipment, from the average dose rmatése rooms. In the case of the internal
exposure the OMEGA code allocate a personal piotecteans, depending on local conditions, in
order to decrease the amount of inhaled aerosbksefore the exposure of personnel is calculated
on the level of the individual professions of therking group.

As the summary the principal scheme for calculabbrexposure of personnel is presented in Fig.
39. The main input data needed for calculationxpbsure of personnel are:

O Manpower components resolved according to indiviguafessions of the working group;

O Composition of the working group — professions aathber of workers per professions;

O Dose rate data — dose rate 0.5 m from the equip(asetage working distance), average
dose rate in individual rooms of the facility, aage background dose rate of the facility;
and

O Concentration of aerosols in working places, dependn release factors of cutting

techniques, local and facility ventilation, persehprotection means allocated.
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Composition and Components of
amount of workers manpower per
per professions per individual

working groups professions

Internal exposure

External exposure
of personnel

of personnel

FIG. 39. Principal scheme for calculation of expasaf personnel.

.4.2. THE CALCULATION OF MANPOWER FOR DECOMMISSIONG
ACTIVITIES

The productive manpower is calculated based orcipti of categorization of equipment to be

dismantled. The decommissioning categories arecdypiepresentative equipment for a group of
equipment similar as for size, material composijtibickness as other the main physical properties.
Several thousand types of equipment, which candbatified in a typical NPP, are grouped into

several tens of decommissioning categories basesingitar physical properties. As the unit factor

approach is applied in the OMEGA code, the unitde for calculating manpower and other

decommissioning parameters are defined for indalidiecommissioning categories. Calculation of
the productive manpower for dismantling is thenedasn the mass of the equipment and the
manpower unit factors for individual categoriesegtipment.

In this way, the duration needed for calculationthe dose uptake during dismantling is obtained.
Various increase factors can be applied when ciogl the productive manpower, like increase
factors for work in dose rates, work on scaffoldimgrk in congested areas, work on complicated
tasks, etc. Increase factor for the work in dose fields is significant from the point of produi
manpower calculation. This increase factors depemdshe level of dose rate from dismantled
equipment and average dose rate in room where difntpis being carried out. Increase factor has
graded character corresponding to levels of dase Tae default values of this factor used aredist
in Table 32.
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TABLE 32. DEFAULT VALUES OF MANPOWER INCREASE FACTR FOR WORK
IN DOSE RATE FIELDS USED IN OMEGA CODE

Dose rate range Sv/h] Increase factor
0-5 1
5-20 1.2
20 -50 1.4
50 — 200 1.6
> 200 2.4

The manpower calculated as total manpower for pleeiic decommissioning activity is distributed
down to the level of individual professions. Thegwefession resolved manpower components are
then used for calculation of exposure of individpadfessions of the working group. The principal

scheme for calculation of the specific manpower gonents per profession is presented in the Fig.
40.
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FIG. 40. The principal scheme for calculation oésfiic manpower components.
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Normally for calculations, the remote controlledrdantling operations are selected for dose rates
over 200 microSv/h for dismantling with longer diima. The manpower calculated for performing
the dismantling is the base for calculation of nwwgx for non-productive working time
components which also contributes to the total sxp® of the personnel. The dose uptake for non-
productive time components are calculated takimg @&count the dose rate of the background of the
controlled zone. The coefficients of non-productmanpower as applied in the OMEGA code are
presented in the Table 33.

TABLE 33. DEFAULT VALUES OF NON-PRODUCTIVE MANPOWER OMPONENTS

Ratio to Productive
Time Components [%]

Entry to non-controlled area 3
Work preparation in non-controlled area 2
Work breaks in non-controlled area
Moving within non-controlled area
Entry to controlled area

Work preparation in controlled area
ALARA breaks

Work breaks in controlled area
Moving within controlled area
Work finishing in controlled area
Exit from controlled area

Exit from non-controlled area

Non-productive Time Components

WOWwWhAOoOWWNOO

.4.3. THE CALCULATION OF EXTERNAL EXPOSURE

The dose uptake during planned decommissioninyites is evaluated for each of individual
decommissioning activities and has components| sV

O Dose uptake caused by the dose rate 0.5 m froraghment (average working distance)
to be dismantled during carrying out the dismagtlin

O Dose uptake caused by the average dose rate imotira where the equipment are
dismantled; and

O Dose uptake caused by the average dose rate ibattiground of the controlled area of
facility.

The dose rate relevant for the calculation of doptake during the preparatory and finishing
activities, is the average dose rate in the roothimmthe background of the controlled area.

The individual professions of workers are exposedifferent way in accordance with the type of
work they perform. The most exposed professionstlawse who directly perform the dismantling
and are most exposed to the dose rate of the dilrdaguipment. For other professions the average
dose in the room is dominant. For the rest of thekimg time, the dose rate in the background of the
controlled zone is applied. These conditions akertanto account in calculation of the dose uptake
for individual professions of the working group athety are expressed by coefficients of effective
stay in the working distance from the equipment aadfficients of effective stay in the average
dose rate in the room.
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These coefficients for dose rate from equipmengeanfrom 0.1 to 0.5, the values of 0.5 are
allocated to workers performing the cutting andvdiatling of the equipment, the lowest values are
allocated to foreman of the working group. The @ioets for average dose rate from the room
ranges also from 0.1 to 0.5, the lowest valuesalloeated to dismantlers, the highest for workers
supporting the dismantling.

The dose uptake is calculated for individual decagsioning activities as a sum of dose items for
individual professions of the working group for ividual productive and non-productive
components of their working time. The calculatisrperformed for each preparatory and finishing
activity according to the rooms involved and foce@&ventory item in the rooms as recorded in the
inventory database. The principle of calculation difse uptake for dismantling activities is
schematically presented in the Fig. 41.

Sum for all professions of the
working group

LT 1

External exposure for the calculated
profession of the working group

A

External Exposure
for non-productive manpower

Coefficients of non-
productive manpower
time components of
the working time for
the working group

ttttt

Coefficients of
effective stay for the
profession:

vy

0|

- 0.5 m from the
equipment

- in the average
dose
rate in the room

CA — controlled
area
DR - dose rate

FIG. 41. Concept of calculation of the dose upt@kendividual dismantling activities.

Normally, the calculation of the dose uptake idgrened conservatively. It means that the dose rate
in the room is used for dismantling of all itemstlwe room. A methodology was developed in the
OMEGA code to calculate to dose items, relevanttli@ room, more realistically by taking into
account the decrease of the average dose rate nodim during dismantling of the equipment in the
room.
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l.4.4. THE CALCULATION OF INTERNAL EXPOSURE
Calculation of internal exposure is based on tievdng input data:

Productive and non-productive manpower components;
Volume concentration of aerosols at the workinggja

Average volume concentration of aerosols in rooms;
Background volume concentration of aerosols incthr@rolled area;
The breathing data;

Conversion factors for individual radionuclides [Bq]; and
Retention factors of protective means.

OoOd0ooogod

The manpower components are the same as in theotasgernal exposure. Volume activities of
aerosols at the working place are calculated usiagelease factors of individual radionuclidesyfro
cutting, Section 2.2. Other data are the data fthen database of calculation parameters. The
retention factor for respiration protection using@e respirators is 0.9, for portable breathing ai
sets the factor is 0.999 and for whole body préssdrsuits with external delivery of air it is 0989

The code evaluates first what would be the intedwse for the worker if he would not have no

protective means and based on calculated hypotthetidue, the code allocate the protective means
in order to keep the dose as low as reasonableadiie. The calculation of the effective dose from
internal exposure is performed under the assumpghiahthe worker uses the allocated protective
means. Average volume activity of aerosols in tam and average volume activity of aerosols in
the background of the controlled area are estimaadees. The principle of calculation is presented
in the Fig. 42.

Calculation of the volume aerosol € Inventory database — contamination data
concentration in the working area
per each nuclide, based on < Release factors
contamination data and release
factors for given dismantling Data for application of the protective means, rieliata,
technique breathing data, etc.
¢ / v A
Calculation of the potential interng| Evaluation of potential Calculation of the internal
dose to the given profession of the »| internal dose to worker and dose with application of the
working group when having no allocating the relevant retention factor of the
protective means protective means for allocated protective mean
minimization of the internal
exposure

FIG. 42. Principle of calculation of internal dog@ring dismantling.

The process of calculation is repeated for eactomadlide in the nuclide vector, as is presented in
Fig. 43.
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FIG. 43. Calculation procedure for internal exposur

.4.5. OPTIMIZATION OF DOSE CALCULATION

As discussed in Section 3.3, the individual prdfess of the working group are exposed in different
way in accordance with the type of work they pearfolfhe most exposed professions are those who
directly perform the dismantling and are most erpo® the dose rate of the dismantled equipment.
For other professions the average dose in the is@ominant. For the rest of the working time, the
dose rate in the background of the controlled Zerapplied. These conditions are in calculation of
the dose uptake for individual professions of therking group expressed by coefficients of
effective stay in the working distance from the ipment and coefficients of effective stay in the
average dose rate in the room.

Normally, the calculation of the dose uptake isf@gened conservatively and the dose rate in the
room is used for dismantling of all items in themo A methodology was developed in the OMEGA
code to calculate to dose items, relevant for tdmr, more realistically by taking into account the
decrease of the average dose rate in the roomgddismantling of the equipment in the room. The
method corresponds to application of the ALARA pifile when the equipment with the highest
dose rate is dismantled as the first in order twatese the resulting average dose rate in the room.
The effect is presented on the Fig. 44. This propeevas applied also for calculations for systems
321 and 322.
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FIG. 44. Demonstration of optimization of dose kptaalculation versus conservative calculation.

.4.6. THE APPLICATION OF REMOTE DISMANTLING

One of the methods for reducing the exposure asquarel during dismantling is the application of

remote dismantling. In this case, the OMEGA codtects the remote dismantling methods

automatically, based on the actual dose rate irvitiaity of the equipment to be dismantled and

based on the pre-selected value of the dose maspfdication of the remote dismantling techniques.
Implementation of the remote dismantling decredlsesexposure of personnel due to fact that the
personnel is located in shielded working placed, the manpower needed for performing the

decommissioning activities is significantly high@pproximately 5-10 times) and the costs for the
work are also higher, in the rate similar to mangow

Optimization of the level of the dose rate at thaipment for implementing the remote dismantling
can be performed in the computer code OMEGA effebtiwhen all inventory data for the whole
NPP are available. The optimization is NPP spedifepending on the real radiological state of the
NPP. As an example, the case of A1 NPP in Sloviakmesented in this Section for demonstration
of application of this procedure. The methodolo@ycalculation, as applied in the OMEGA code,
enables to select automatically by the code thdicgtion of manual or remote dismantling
technique based on:

U Actual dose rate at the equipment to be dismarftesmbvered for the date of dismantling);
and
U Dose rate limit for application of the remote disihiaig — defined by the user.

This can be used for evaluation of the optimal llége application of remote dismantling and for
cost benefit analysis of the type costs and manpeessus dose uptake during dismantling. Model
calculations were performed for the primary cirafithe A1 NPP (Slovak Republic) and the results
are presented in Fig. 45. The results show that apgmal level for application of remote
dismantling is in the interval between 100 — 2@¥/h. The individual dose uptake for each member
of the working group can be optimized also by vagythe number of working groups in order to
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meet the annual limit value 20 mSv, depending oratibn of the process of dismantling, as it is
seen in Fig. 45.

Optimalisation of application of remote dismantling
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FIG. 45. Evaluation of costs for dismantling of gmémary circuit of A1 NPP versus dose uptake by
varying the limit for application of remote dismiamg.

Remote dismantling was conservatively not appliedailculation for systems 321 and 322.
.4, THE EVALUATION OF INDIVIDUAL EFFECTIVE DOSE

The sum of the external and internal doses forviddal professions of workers was summed and
presented as total collective dose for individualf@ssions and after summing over all professions
of the working group is presented as the overaledior the discrete decommissioning activity.

According to the general procedures for protectibworkers, the dose for individual workers needs
to be evaluated and controlled according to the RBAprinciple and in any case needs to be lower
than the annual limit of 20 mSv per individuals.

The bottom-up approach and profession resolved cappr implemented in calculation of
decommissioning parameters in the OMEGA code, esald evaluate analytically the dose to
individuals during performing the discrete deconsiuning activities. By summing the data over the
duration of the given decommissioning phase, lilemdntling the system 321 or system 322 and
comparing the duration of the phase with one yematibn, it is possible to evaluate whether the
annual limit of 20 mSv per year was met. The pples applied are:

O For each decommissioning activity, the dose isutated for each profession of the working
group separately. The calculation is dependentrofegsion resolved coefficients of stay in
main components of the dose rates as describddsirAppendix, Section 1.5. above. The
dosed involves all productive and non-productiveeticomponents, spent by each member
of the profession in the controlled area. This apph corresponds with the real organization
of the working time within the controlled area amttording of dose data for individuals.
The model working time structure is presented ictie 3.1.
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O Each profession can have in principle several mesnfdne manpower within the controlled
area and dose calculated for the profession asewhadlistributed to each individual of the
profession according to the number of workers fe given profession of the working
group. The dose calculated at this level has ajrtlael character of the individual effective
dose.

U This manpower allocated to an individual, represéme real duration of the discrete activity
per individual within the controlled area. Wheniding the dose allocated to an individual
by this manpower, the normalized dose rate fordg@mmissioning activity is calculated.
The normalization in this case means the relatioovierall duration of a specific activity
within the controlled area. This dose rate represstdre averaged level of radiological risk
for the individual of the given profession of thenking group.

O A table of manpower spectrum is constructed, haeimdporizontal axis the normalized dose
rate in selected intervals (for examplgS/h) and on vertical axis the data of manpower
components which fits with the given interval oé thormalized dose rate as picked up from
the database of calculated data. Parallel to spactif manpower, the individual effective
dose spectrum can be reconstructed. The indivielfedtive dose components are calculated
as the product of manpower component in the gimerval of the normalized dose rate and
the middle value of the interval.

O By summing the data over the whole range of thenatized dose rate scale, the total
effective dose for an individual can be calculatéte calculated effective dose is then
divided by the duration (unit are years) of the leated decommissioning phase, like
dismantling of the system 321 and the result isgamed with the annual limit of 20 mSv for
individuals.

Manpower spectrum and the individual effective dageectrum can be developed for the
decommissioning project or for selected group ofodemissioning activities. The shape of the
spectrum shows the distribution of exposure riskecfiz for individuals in evaluated
decommissioning activities or its sub-phases. Tisgilution is facility or system specific, relates

the radiological situation in facility systems astductures. The manpower spectrum for the systems
321 and 322 is presented in Fig. 46.
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FIG. 46. Distribution of manpower and individualsgofor dismantling of systems 321 and 322 for
the most exposed profession.

The above presented procedure creates the datapkimization of exposure for individual
professions involved in the decommissioning proje@epending on duration of the
decommissioning project or its phases under evaluyathe distribution of individual effective dose
can be managed by following measures:

0 Application of pre-dismantling decontamination;

O Involving more identical working groups or prolongi the critical decommissioning
activities (“diluting” the manpower in time). Theimmum number of personnel for critical
operations can be optimized;

O Managing the performing decommissioning activitiefor example by mixing the activities
performed under higher exposure risk with the @as with low exposure risk;
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O Implementation of remote controlled operations {i®ac3.6). The ratio cost versus “saved
Sieverts” can be evaluated; and
O Deferring the dismantling. The time point, when thdividual dose in under the annual

limit for all profession, can be found. The durati@nd the extent of safe enclosure phases in
deferred dismantling can be thus justified anaitjc

Demonstration of the above discussed procedureesepted in Fig 47. where the dismantling was
delayed for 5 years. The green colour is dismagflin2005 and the red is dismantling in 2010.
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FIG. 47. Distribution of manpower and individualsgofor dismantling of systems 321 and 322 for
the most exposed profession — effect of delaymgigmantling.

The duration of dismantling or other decommissignpihases is evaluated by construction of the
critical path in Microsoft Project software. Thénedules for dismantling of systems 321 and 322 are
presented in Figures 48 and 49 below.
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OMEGA System 321 Decommissioning Schedule DeSaTest Case NFP
D |Task Name [ Duration | Start 2nd Quarter 3rd Quarter 4th Quarter st Quarter
1 Test Case NPP model decommissioning schedule 1543 days Fri1.7.05 i .
2 Decommissioning of main reactor building, Unit 1 1543 days Fri1.7.05 #
BE Dismantling of system 321 1543 days Fri 1.7.06 *! ;
4 Floor +103,00 0,04 days Fri1.7.05
5 | Room RTE7PL3 [IR157PLY) 025 hrs Fri 1705
i Room 1R337(1R331) 0,08 hrs Fri 1705
7 Floor +111,50 54,37 days Fri1.7.05
3 Room 1R 157PL4 (1R 1.5TFL4) 3,18hrs Fri1.7.05
g Room 1R437 (1R 27) 336,58 hrs Fri1706
10 Room 1R4.60 {1R4 60 - Contaiment) 9518hrs|  Tue30.805
11 Floor +116 35 12,71days  Thu159.05
12 Room 1R4.60.51 (1R4.60.51 - Contaiment) 10166hrs . Thu15.905
13 Floor +116,50 1464 days|  Tue4.10.06
14 Room 1R 167PLS (TR157FLE) 318hrs Tued 1005
15 Room 1R531{1R5.31) 1M399hrs| Tued.1005
18 Floor +118,80 011days Mon24.10.05
1" Room 1R5.66 (1R5 66 - Contaiment) 084 hrs Mon 24.1005
EE Floor +121,10 132days  Mon 241005
19 Room 1R4 8061 (1R4 80 81 - Contaiment) 056hrs| Mon24.1005
20 Room 1R4.60.62 (1R4.60 62 - Contaiment) 157hrs | Mon 24,1005
21 Room 1R4.60.63 (1R4.60.63 - Contaiment) 037hrs Tue 251005
77 Room 1R4.60.64 (1R4.60 64 - Contarment) 225hrs| Tue 351005
23 Room 1R4 80 65 (1R4 80 85 - Contaiment) 343hrs. Tue 251005
24 Room 1R4.60.66 (1R4.60 66 - Contaiment) 225hrs Tue25.1005
25 Room R4 60 67 (1R4 60 67 - Contaiment) 01hrs | Wed 261005
26 Floor +12150 261 days Wed26.10.05
21 Room 1R 157PLE (1R 1.5TFLE) M 0hrs Wed26.10.05 E
28 Floor +126 50 2084 days  Fri28.10.058
29 Room 1R7 47 [1R7 47) 16508hrs | Fri28.10.05
30 Floor +81,10 273days  Mon28.11.05
31 Room 1R131(1R1.37) 106,67 hrs | Mon 28.11.05
32 Room 1R132 {1R1.32) M176hrs | Thu15.12.05
33 Floor +91,101+92,60 288days  Wedd1.06
KE] Room 1R1.30 {1R1.30 2145hrs T Wed4.1.06
35 Floor +82,680 178 days Mon 9.1.06
36 Room TR157 {1R157) 142,38 hrs Mon 9.1.06
B | Floor +87,00 000days  Thu2206
_&ﬂ Room 1R2.38 (1R2.36) 070 ThuZ206

FIG. 48. Dismantling schedule for the system 321.
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OMEGA System 322 Decommissioning Schedule et et Gasgir
D |TaskiMName [ Duration [ Start
Test Case NPP model decommissiohing schedule 301,97 days Wed 1.3.06
2 Decommissioning of main reactor building, Unit 1 301,97 days Wed 1.3.06
3 Dismartling of system 322 301,97 days Wed 1.3.06
a Floor +103,00 9,71 days Wed 1.3.06
5 Room 322 1R3.08(322 1R3.08) 1,01 hrs Wed 1.208
5 Room 822_1R3.10 (322 1R3.10) 76,67 hrs Wed 1.3.06
7 Floor +111,50 29,54 days Tue 14306
8 Room 322_1R4 .51 (322_1R4.51) 0,27 hrs Tue 14.2 06
9 Room 322_1R4 80 (322_1R4.80) 233,02 hrs Tue 14.2.06
10 Room 322_1R4.8042 (322_1R460.42) 0.37 hrs Mon 244 06
1 Room 322_1R4.6043 (322_1R4.60.43) 0,37 hrs Won 24.4.06
12 Room 322 1R4.8044 (322 1R4.60.44) 0,27 hrs Mon 244 06
13 Room 322 1R4B045 (322 1R4.60.45) 0,27 hrs Tue 25406
14 Room 322_1R4.6062 (322_1R4 .60 62) 0,27 hrs Tue 25406
15 Room 322_1R4 86063 (322_1R460.63) 0,27 hrs Tue 25406
16 Room 322_1R4.80.64 (322_1R4.60.64) 0,27 hrs Tue 25406
a7 Room 322_1R4.80.69 (322_1R4.60.65) 0,37 hrs Tue 264.06
18 Floor +116,50 0,04 days Tue 25.4.06
19 Room 322 1R541 (322 1R541) 0,29 hrs Tue 25406
70 Floor +126 50 0,15 days Tue 26.4.06
21 Room 322 1RT7 4T (322 1RT 47) 1,19 hrs Tue 25406
2 Floor +91,10i+92 60 153,36 days Tue 25.4.06
23 Room 322_Virtual room {322_Virtual room) 39,66 hrs Tue 254.06
24 Room 322_1R1.08 (322_1R1.08) 1256 hrs Tue 2506
25 Roomn 322_1R1.09(322_1R1.09) 192,37 hrs Wed 24.5.06
26 Room 322_1R1.25(322_1R1.28) 1.55 hrs Tue 20.6.06
27 Room 322 1R1.40 (322 1R1.40) 14217 hrs Tue 20.6 .06
28 Room 322 1R140PL1 (222 TR140PLT) 0,55 hrs Fri 14.7 06
29 Room 322_1R140PL2 (222_1R140PL2) 9352 hrs Fri 14.7 .06
30 Room 322_1R140PL7 (222_1R140PL7) 4,67 hrs Mon 31.7.06
31 Room 322_1R1.47 (322_1R1.47) 9833 hrs Tue 1.8.06
32 Room 322_1R1.47PL1 (322_1R1.4TPL1T) 1,46 hrs Thu 17.8.06
33 Room 322_1R147PL2 (322_1R147PLZ) 9,93 hrs Thu 17.8.06
34 Room 322 1R147PL5 (322 _1R147PL5) 46 hrs hon 21.8 06
35 Room 322 1R1.50(322 1R1.50) 109,917 hrs Mon 21.8 .06
36 Room 322 1R1.50PL2 (322 1R1.50PL2) 3,84 hrs Fri8.9.06
ar Room 322_1R150PLT (222_1R150PLT) 46hrs Frig 506
3 | Room 322_1R1.57 (322_1R1 57} 11059 hrs Kon 11.9.06
29 Room 322_1R1.57PL4 (322_1R1.57PL4) 1,84 hrs Fri 28.9.06
40 Roomn 322_1R1.57PLS (222_1R1.57FLS) 46 hrs Fri 28.9.06
41 Room 322_1R1.60(322_1R1.60) 295,94 hrs len 2.10.06
42 Room 322 1R1.80.04 (322 _1R1.60.04) 92 hrs Wed 22.11.08
LR Room 322 1R1.80.05 ({322 1R1.60.05) 92hrs Thu 23.11.06
aa Floor +97,00 (+96,00/+97 00) 109,17 days Fri 24.11.06
45 Room 322_1R2.08 (322_1R2.08) 13481 hrs Fri 24.11.06
B Room 322_1R2.08(322_1R2.09) 143,79 hrs Tue 19.12.06
47 Room 322_1R2.10(322_1RZAQ) 5242 hrs Fri121.07
48| Room 322 1R2.28(322 1R2.28) FO78 hrs Tue 23107
49 Room 322 1R2.30(322 1R2.30) 4295 hrs Mon 5207
50 Room 322 1R231 (322 1R2.231) 174 99 hrs Mon 12.2.07
51 Room 322 1R2.35(322 1R2.35) 252,89 hrs Wed 14.3.07
52 Room 322_1R2 .36 (322 1R2.26) 0.73 hrs Thu 26407

FIG. 49. Dismantling schedule for the system 322.

[.5.  CONCLUSIONS

The methodology for the evaluation of exposure efspnnel, as presented in this Appendix is
implemented by the OMEGA code for evaluating ofnpkad decommissioning activities. The level
of evaluation is at the discrete decommissionirtiyities. The input data used for calculations are
derived from calculated specific manpower composmienhtvorking time and the radiological data as
recorded in the facility inventory database. Thdialogical data are updated for decay before
calculation of dose.

The dose data are calculated at the level of iddadi professions, so the dose evaluation and
optimization can be performed at this level. Théividual effective dose is evaluated at the level o
individuals of the professions of the working grojor evaluation of duration of evaluated phases
of a decommissioning project, the Microsoft Projgaftware is used which organizes the evaluated
decommissioning activities in a sequence in comedpnce with real sequence during performing
the planned activities. In this way, the individe#flective dose per individual per evaluated dorati
can be compared with the annual dose limit of 2@ pe3 individual.
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The methodology implemented enables also effedptamization of the individual effective dose

for most exposed professions by involvement of miaseking groups, working shifts or evaluating
the effect of deferring the dismantling or applicatof remote dismantling.

134



Annex |, Part A

APPENDIX II: DETAILED MODEL DESCRIPTION OF PUBLIC D OSE
ASSESSMENT CODE FOR DECOMMISSIONING OF NUCLEAR REAC TORS
(DECDOSE) AND ITS APPLICATION TO NPP TEST CASE

[I.L1. INTRODUCTION

Radioactive substances are dispersed as dustsr andf@seous state to working spaces and liquid
wastes during dismantling activities such as cgttiri radioactive components. This condition is
different from that in operating phase of nucleaaators. Radioactive substances pass through
filtration and then are discharged to environmantd a large amount of radioactive waste temporarily
stored in the facility emits radiation to the eaviment through the building wall. They may cause
radiation exposure to public.

In order to evaluate the potential exposure of f@sprrounding the NPP in decommissioning stage, a
public dose assessment code for decommissioninguolear reactors (DecDose) was developed.
Further details can be found in Ref. [12]. Thisegtix describes evaluation methods for public dose
during decommissioning, modelling of cutting of etis, ventilation containment and the distribution

of containers in buildings, and example calculation

I1.2.  CHARACTERIZATION OF DECOMMISSIONING ACTIVITIES

Characterization of decommissioning was carriedfouh the viewpoint of public exposure during
dismantling activities in comparison with operatsityation. While constant quantity of radionuctide

is assumed to be discharged in safety assessnmntgdration of nuclear reactors, the quantity of
radioactivity discharged to environment dependdhendismantling schedule in a decommissioning
stage. For instance, in case of a ten-year decasioniag plan, relatively larger quantity of
radionuclides may be discharged in only a few yadren highly activated components such as core
shroud are dismantled. In addition, while I-131 aadioactive noble gas are focused on in the safety
assessment for the operation due to fuel failuradionuclides of Co-60 and Cs-137 are main
radioactivity in decommissioning stage, becauseeri@$ activated and contaminated during
operation are dispersed by cutting works.

I1.3. EXPOSURE PATHWAYS FOR PUBLIC

Figure 50 shows exposure routes to public arouad\RP from radiation and radioactive materials as
modelled in DecDose. Two kinds of radioactive matsrare regarded as the radiation source of
public dose:

(a) One is the radioactive substance dispersewbt&ing spaces during the activities of cutting
and decontamination; and

(b) The other is the radioactive component anactitre removed from the original position, and
is temporarily stored before shipping to the treattfacility.
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[1.3.1. Release of radioactive materials into envonment

Radioactive substances of airborne particles asdaga dispersed to working space and liquid during
activities of cutting and decontamination, and & pathem may be discharged from the stack to the
atmosphere and from the outlet to the ocean. Isethdischarges, following pathways need to be
considered in public dose evaluation.

Dismantling activities

Radioactive substance :
(Particles, Gaseous H-3, C-14) Removed objects

. . - Contamination into
Dispersed into working space liquid waste Container

- Untrapped at treatment v
Pass through barrier ‘ ‘
‘ 9 process Distribution of containers
l l temporally stored in building
‘ Release to atmosphere ‘ ‘ Release to ocean ‘ i
l l ‘ Radiation from containers ‘
‘ Suspended in air ‘ ‘ Floating in ocean ‘
v A A
Depositon | Accumulated to Deposit Accumulated Penetration Penetration
ground agricultural crops on seashore to seafood through wall through ceiling
and animal products
\4 v v l A\4 A\ 4 v A v
Radiation Inhalation Radiation Ingestion of food Radiation Ingestion of Direct radiation | | Skyshine radiation
(B and yray) (yray) (vegetable, milk, meat) (B and y ray) seafood (yray) (yray)

FIG. 50. Exposure pathways for public dose.

(a) External exposure by gamma ray:

O Radioactive plume;
Ground deposition;
Fishing net;
Swimming;

Activity at shore;
Fishing activity;
Direct radiation; and
Skyshine radiation.

OoOooogoag

(b) Internal exposure:

O Inhalation; and
O Ingestion:

» Agricultural crops (vegetables, cereals and edibit);
* Animal products (milk and its products, meat);
» Seafood (fish, shellfish, marine vegetation).
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[1.3.2. Radiation from dismantled waste temporallystored in buildings

It is assumed that the radioactive components &midtgres arising from dismantling activities are
temporally stored with containers. Since radiasonrces are fixed in the building, only gamma ray
from the wastes is considered in this evaluation.

1.4, EVALUATION METHODS
[1.4.1. Release of radioactive materials into envonment

The process for releasing radioactive substancas fhe facility into the atmosphere and ocean was
modelled. DecDose is capable of dealing with upfity five radionuclides including gaseous
radionuclides of H-3, C-14 and their decays in agance with a dismantling plan which includes
working schedule, cutting and contamination contohditions. It is very important, for accurate
evaluation, to evaluate kerf volume and area itirggactivities because radioactive substanceg exis
in the material in activated components, and thast @n the surface of the material in contaminated
materials. Kerf width actually depends on the agttiool applied, while the depth depends on the
component. Kerf length of the component dependsthentype of the container in which the
component will be stored. Shapes of components ascpiping and ducts also affect kerf lengths.
Therefore cutting models for various shapes wekeldped to evaluate kerf volume and area. It is
considered that fine cutting may be applied topieee which is already cut in the different placatt

is rough cutting, to carry out the activity effioity in the enough space. Though evaluation methods
on activated and contaminated objects are disciussgmtately in the following part, for both actaet
and contaminated objects, the sum of radioactigity both surfaces is regarded as the quantity
dispersed to working space.

11.4.1.1. Activated objects

A simple plate is taken as a typical example toashotting activities as shown in Fig. 51. Objeds t
be dismantled are assumed to be uniformly activAtdeen the plate is divided into two pieces at the
centre line by using cutting method such as plaamaand band saw cutting, the volume which is
formed by the length | on a side, the thicknessadithe cutting width w is removed from the plate. A
part of those removed drops down to the floor asoss, and the balance is dispersed into working
space. When a emission rate to air is definedeasativ of the weight dispersed into working spase
aerosols to the one removed from the object, thighelispersed into working space is expressed by
the product of kerf weight and emission rate. Ttlenradioactivity is calculated by multiplying the
weight dispersed by radioactive concentration ef abject. The emission rate to air depends on the
dismantling method applied and the type of materfizhe object.
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Torch

Kerf

d: Thickness

FIG. 51. Model for cutting of plate with activatiamd contamination.

Since emission rates are important parametersviauating the quantity of radionuclides dispersed
into air and liquid, a number of experimental daltéained by laboratories such as JAEA, CRIEPI and
NUPEC in Japan was collected to use in DecDose.

The quantity A of radionuclide i dispersed into air with cuttimgethod j is expressed by using
emission rate to airjas follows.

Aij = |*d*Wj*aij*Ci (6)

The quantity A of radionuclide i dispersed into liquid with cati method j using water is expressed
by using emission rate to liquig gs follows.

Aij = |*d*Wj*gij*Ci (7)

In case of dismantling without a cutting line, aaléhobject with the volume y/and radioactivity Q
may be dismantled as the controlled blasting metiib@ quantity 4 with dismantling method j is
expressed by using emission rate to aarad by using emission rate to liquigdas follows.

Aij = a,*V O*Ci (8)
Ajj = §*V o*Ci )
= Q*ziV, (10)

[1.4.1.2. Contaminated objects

Radioactive contaminant usually exists on the iramel/or outer surface of components and structures
except percolation. A simple plate is also takeraftypical example similar to the activated objgst
already shown in Fig. 51. Surface density of racliva contamination is assumed to be constant in
the plate. While the same volume as activated eneemoved in the cutting, the quantity of
radioactive substances removed from the objectespaexpressed by multiplying the cutting length |
by kerf width w by surface density because the contaminationsegisthe surface of the plate. If the
contamination exists on the both sides, it haset@¥mluated in consideration with surface densities
and radionuclide composition ratio for each sidee fuantity 4 is expressed using emission rates to
air b and to liquid f for contaminated objects by the following equation

Aij = I*Wj*bij*fi (11)
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Aij = |*Wj*hij*fi (12)

where the emission rate is defined as the raticadioactivity dispersed to working space without
dropping the removed radioactivity to floor.

11.4.1.3. Decontamination for building surface

Radioactive contaminations usually exist on thdasgr of components and structures. When there is
decontamination for building surfaces such as Hpaalls and ceilings, it is impossible to dealhait
without new registration of contamination infornaatiin addition to object data. Actually, informatio

on the area to be decontaminated which has evidehcadioactivity, shaved depth and types of
radionuclide composition ratio has to be registereddvance of the evaluation. The quantity ok
radionuclide i is expressed by the following eqoriin consideration with activation.

Aj = S*d*c*a; + S*fi*b;; (13)

11.4.1.4. Radioactivity mixed into liquid waste

Radioactive substances from hand wash water amdifgwater are considered as liquid waste to be
discharged to the ocean. The quantity, &f hand wash and laundry of radionuclide i is esged by
the following equation.

Aiex = Aind*Nw+Aig*N w (14)

where N, means the number of workers exit from the ac#sitiAny radioactivity per handwash, and
Ajq radioactivity per cloth at the exit. Some paramgetbove are empirically obtained in operating
phase.

11.4.2. Quantity of radionuclides discharged to enironment through the barriers
11.4.2.1. Atmospheric discharge

Radionuclides dispersed into working space passutitr one of following three routes as shown in
Fig. 52, until they are discharged to the environintn this regard, aerosol particles are assunaed n
to be deposited on inner surface of ducts and ingilalls for conservative evaluation.

(a) Route passing through both local ventilatiod building filters [discharge at higher position].

Among the quantity pof radionuclides dispersed into working spacegisiethod j, the quantity B1
of radionuclide i discharged to environment throtigh route is expressed as follows.

B1; = (1-p)(1-Q(1-5)A; (15)

(b)  Route passing through building ventilationéfilafter leakage from the enclosure [discharge at
higher position]

The quantity B of radionuclide i discharged into environmentipressed as follows.
B2; = p (1-1) (1-5) A; (16)

(c) Route of leakage from both the enclosure anldibg containment [discharge at ground level]
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The quantity B3 of radionuclide i discharged into environmentipressed as follows.

BSij = p*ri*A i (17)

@2 Atmosphere

(|
Stack Hi;ﬁéiasgsgon
FiIterinIg C(!Ilection
() (0) (150 | Wty () (Is) Ay
(Building)

Filtering Collection

Atmosphere Ventilation System

Release at (Enclosure)
Ground T
Contamination Control Enclosure
p-r Aij Radioactivity
Particulate, Aij
Tritium, C-14 Leakage
fT T 17 -1 (Enclosure)
Lea_lléa_ge i Dismantling of Equipment 1
(Buldng) | and Structures

Building

FIG. 52. Discharge routes to the atmosphere.

[1.4.2.2. Discharge of liquid waste to the ocean

Liquid waste from activities is processed by liguréatment systems existing and/or temporally
installed. Liquid from handwash and laundry of whaoncentration is relatively low is considered to
be treated only through existing system. For ligin@mn activities for dismantling highly activated
components and decontamination of which conceotras relatively high, a special treatment system
is usually installed. In Japan Power Demonstraileactor (JPDR) dismantling activities, the cleaning
device was applied for water during underwaterimgttor reactor internals inside the reactor pressu
vessel. The quantity of radioactive substance digghd to the ocean depends on the performance of
those treatment devices, that is, their decontainimdactors. It is necessary to pay attentiorhtmse
factors which depend on the concentration of oabiiquid before treatment.

For this test case however, there are dischargbguid effluents, and so this particular factomist
carried forward into the DecDose calculation.

(@ Liquid waste from hand wash and laundry

Liquid waste arising from dismantling activitiesndiar to that in operating phase is usually disgbdr

to the ocean only through existing processing sydiar liquid waste. When the decontamination
factor of existing processing system for liquid teais defined as ) the quantity By of radioactive
substances about radionuclide i discharged to tkearois expressed as follows, among the quantity
Aiex Of radionuclide of liquid waste from hand wash &ghdry.
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Biex = Aiex / Dai (18)
(b)  Cooling water and liquid from the decontamioati

Temporal treatment devices are usually applieghézial activities in which highly activated matésia
are cut or highly contaminated materials are deguintated. Liquid waste arising from these actisitie
is discharged to the ocean through both temporal amisting treatment devices. With
decontamination factor Jpof existing processing system ang; Df processing system temporally
installed, the quantity & to be discharged to the ocean about radionuclidehe quantity 4 in the
liquid waste from Equations (2) and (6) is exprddsg following equation.

Bigis= Ajj/ Dai/ Dy, (19)
11.4.3. Radiation from dismantled waste temporallystored in buildings

When direct and skyshine radiations are evaluatddeicDose, the radiation attenuation at walls and
ceilings of containers and buildings is taken iatwount in addition to self shielding of dismantled
objects in the container. In storing the objectthincontainer, containing efficiency for each eimér

and material is used for calculation of the nundferontainer and the quantity of radioactivity args
from the activity. Distribution of containers inettibuilding is assumed that gives maximum doses for
public at the boundary of the reactor facility éanservative evaluation.

[I.5. MODELLING WORK

Based on the described above, several modelsdee thvaluations were developed. Basic concepts of
those models are described as follows.

11.5.1. Cutting

Shapes of components such as piping and ductsafitstd kerf lengths. Both rough and fine cuttings
in different places to put in a container efficlgrdare also taken into account. Cutting modelsefach
shape were developed to evaluate kerf volume amd. @&s the typical model, a cutting model for
circular tubes is described here. Circular tubetuge piping, shroud and reactor pressure vesAels.
circular tube with outer diameter of 2R and ratliédkness of T is supposed.

Rough cutting is defined that the tube is cut imgtd direction by the value which is calculated by
container inner widthmpby multiple number of m. And fine cutting is dedohthat the length direction
after rough cutting is cut by the value contaimerer width a, and is cut vertically by the segment
number k which depends on the diameter of the thbeinstance, Fig. 53 shows the segment number
for vertical cutting. Length of circular tube L ¢glculated by dividing Yby the cross section of the
circular tube $

Vo=Wy/D (20)

141



Annex |, Part A

- Larger than 200A: divided into four by vertical cutting for efficient storage

. ve@cal cutting line
i A i
—

/ \

@250

insid|

ER

L J

i

- Smaller than 200A: No divided by vertical cutting

0

FIG. 53. Segmentation model for piping in DecDose.

s, =mR*-(R-T)?): L=V,/S,
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[1.5.2. Storage in containers
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FIG. 54.Concept of the modelling for direct radatifrom wastes.
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Components and structures from which the kerf V@i was already removed are categorized by
the type of container and material. The total vaum®s,, of sum of the objects in the same category
is allocated to the container by the product ofubkeme \, of the inner capacity of the container and
containing efficiency &, of the container for the material of the objedtisTconcept is different from
that of cutting in which dimensions of the cuttjpigce were considered.

The number K of containers necessary for totalmawf V2 is expressed by following equation.
K= 'int('vzsun{vc/fcon) (30)

It is also possible that the criterion for trangption of stored radioactivity is also satisfied
simultaneously by operating their storage efficieaatomatically.

Libraries for the direct radiation and skyshineiatidn were prepared by calculating distribution of
dose rate from each type of container with the rtatdiation source using QAD, DORT and so on to
reduce the calculation time.

11.5.3. Distribution of containers in buildings

Figure 54 shows the concept of the modelling foectiradiation. Shapes of buildings are regarded as
square and buildings are assumed to be just opposévaluating points in all of 16 directions ardu
the site. Containers are also assumed to be albcat three columns vertically for any types of
containers. Containers are taken until sum ofé¢hgth on a side or the diameter of containers e=ach
the value of three times of the length on a sidéhefbuilding. The first container extracted is pat
the floor at the centre line of the building. Néwio containers are situated on the first contaitter.
means three columns in vertical direction. The towontainer is assigned next to the first containe
on the left side on the floor. And then the fifthdasixth were put on the forth container. The sdéven
is next to the first on the right side. Followingntainers are put in a similar way. Radiation esitt
from subsequent containers located behind the [fitst is neglected because most of radiation is
shielded by containers at first row.

While actual wall thickness is used for the evabrabf the direct radiation from the container be t
centre line, for any containers else, the effectlistance and the wall thickness are applied to the
evaluation with correction because the angle betwibe container and the evaluation point is not
rectangular. Actual distance to the evaluation pbig is expressed as follows.

L e ={(L¢) 24y (31)

where y means the width from the centre line togbsition of the centre of the container along the
wall, which depends on the place of the contaitaned in the building. Effective wall thicknesgstis
expressed as follows:

twert = (L err /(L-C)) (32)

[1.5.4. Diffusion of radioactive substance at ocean

Radioactive concentration at outlet is regardedhas of sea water for the safety evaluation in
operating stage of nuclear power reactors. Whersdinge way is applied to decommissioning stage
where sea water of cooling is not taken for thedemser, relatively higher value of the concentratio
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is calculated, although the quantity of radioactubstances discharged to the ocean is much smaller
than in operation. It is required for reasonablel@ation in decommissioning to consider the diffnsi
effects at the ocean. IAEA method [17] for diffusion the ocean was installed. The equations for
radioactive concentration of sea water are givekdpyations (33) and (34).

- concentration for the region where fish and giséllive
c 2962, (33)
w,tot D[X117

Q: discharge rate (Bg/sec),

x: distance in a longitudinal direction between et and the potential receptor (m) [along idalt
stream]

- concentration along the seashore line

_9u [{_ (- 728x10°9)u > Eyg] (34)

witot = 117 234
D X X

Yo: distance from outlet to seashore (m)
11.5.5. Assignment of radioactive substance for e&icyear

The public exposure dose is evaluated for each geemrding to work schedule in this code. If a
working unit may run the period over a year, thargity of radioactive substance arising from this
activity needs to be distributed for each year. Whiee quantity may be distributed simply in
proportion to the duration for each year, the eatsld dose is not always conservative. A working uni
consists of preparation, dismantling and containiagd cleaning after removal. However, it is
difficult to specify the duration within the unitherefore, it is assumed that the weight to be xeo
is proportional to the duration.

[1.5.6. Discharge of radioactive substances to emanment

When components and structures are specified inotder of the value which is calculated by
radioactive concentration discharged and dose icaifs in advance, it is possible to always carry
out conservative evaluation by selecting the coreptsrand structures in the order of the value from
the highest every year during the working unit. ldger, sum of doses for each year throughout the
unit obtained by above way is too conservativenthicate representative dose because the sum of the
quantity of radioactive substances evaluated alvexggeds the whole of quantity discharged to the
environment. Therefore, careful attention must &ie po treat those results.

[1.5.7. Temporary storage

Basic concepts of stored components in contairerednservative evaluation are that they are stored
in order of the highest to the lowest of radioaetsoncentration of objects according to storage
efficiency in the container. When containers arecdffed in the order of the value which is calcetht

by radioactivity corresponding to Co-60 and gamrag dose coefficients and linear attenuation
coefficient at the container’'s wall, it is also pitide to always carry out conservative evaluatign b
selecting the container in the order of the vatoenfthe highest in the similar way.
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I1.6. STRUCTURE OF DECDOSE AND DATA
[1.6.1. Introduction

DecDose consists of three evaluation parts: (1)lé&=” which calculates the amount of
radionuclides released into the atmosphere andnpc@d “Andose” which calculates relative
concentration and relative dose rate at evalugboints in 16 directions; and (3) “Edose” which
calculates public exposure doses for each yean@srsin Fig. 55 which also shows data and its flow
used in DecDose. Andose which meets the requirepfethie meteorological guideline published by
NSC had been already developed for operating reactbAERI. Object data are fundamental in this
evaluation, and users must prepare these dataebet@uations. Scheduling and detailed working
conditions are configured by users on the scredbeaDose. Gaseous radionuclides of H-3 and C-14
and 53 particulate radionuclides such as Co-60Gsd37 are dealt with as the standard setting. The
radionuclide composition ratio is set for each matend for each component and structure. Fuither
is possible to insert new radionuclides other ttase present or to delete radionuclides.

11.6.1.1. Object data

DecDose
Code System for Public Dose Assessment during Decommissioning Activities
Subprogram for estimating the amount of Subprogram for calculating radiation dose
radionuclides released to environment of surrounding public
Releas Edose | Output
Radiation dose for each year and each route

- Release to Atmosphere External and internal exposure
Decrease of radioactivity by decontamination by radionuclides released to atmosphere
The amount of radionuclides dispersed into work space by radionuclides released to ocean

by cutting

by decontamination External exposure
Leakage by direct radiation

from contamination control enclosure by skyshine radiation

from building

Filtration of radioactive particles
at local ventilation
at building ventilation

Subprogram for estimating relative concentration

- Release to Ocean and dose rate in normal activity
Migration of radionuclides to liquid wastes

by cutting

by decontamination
The amount of liquid wastes Andose

handwash

laundry - 16 Each directions

Advection by wind

- Wastes temporally stored Atmospheric diffusion
Containers with component volume and radioactivity Max relative concentration in each direction

Relative dose rate at boundary

FIG. 55. Structure of DecDose and data for the eatbn.

Object data is information on equipment and stmasun the plant of interest. The data fields cetnsi

of building, floor, area, component, shape, lin@lume, material, radioactivity and surface
contamination density and so on. The data defimgtiare in connection with keywords, independently
of the order. Composition ratios of radionuclides €ach material such as stainless steels, carbon
steels, concretes and contaminations are includélis category. Fifty-five radionuclides are dealt
with in DecDose as default, and it is possible dd ar reduce them. These data are based on the
reference date described in object data file. Iditemh, users can add materials so that different
composition ratios will be registered to the sanagamals and contaminations.
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Object data also include area data for decontaromat surface concrete in the room, and dimension
and surface contamination density are registeneddoh face of floors, walls and ceilings. Sincesth
areas are regarded as objects to be dismantldd,an0 working conditions need to be also selected.
If there is a large gradient of radioactivity contration in the object, it is necessary to divitie t
object into some pieces as each piece has almibstrardistribution of the concentration, in advance

11.6.1.2. Scheduling and detailed working condition

Dismantling activities are divided into some diviss and starting and terminating date for each
category are input by users according to the deassioming plan applied to the regulatory body. In
addition, components and structures are set fdn dadsion in consideration of areas and the line.
Working conditions such as dismantling tools anthwair without a contamination control enclosure
are also set for each component and structure.iplulactivities for one component can be set as
rough cutting and fine cutting are conducted irifizicnt place.

11.6.1.3. Database for safety assessment

Many parameters are necessary for evaluating puldises. Parameters are divided into two

categories, plant dependence and independencexgomple, social parameters are plant dependent.
On the other hand, exposure parameters such ascdosersion ratios are constant, that is plant

independent. Though data on tool and ventilatientegated as the category of plant independence,
those can be changed by users according to actabéithe plant.

11.6.2. EXAMPLE EVALUATION
[1.6.2.1. Calculation Conditions
11.6.2.1.1. Components in system 321

The surface contamination density of componentsystem 321 is shown in Table 34. At the
reference date of July 1, 2005, the total contatiwnalensity of the inner surface of the inner aces
of pipes, T-junctions, valves, pumps and heat engéis is 9.76 x f0Bg/cnf and that of the outer
density is 0.6 Bg/cfn

TABLE 34. COMPONENTS IN SYSTEM 321

Inner Surface Outer
Component Number Total Weight . Surface
Density .
Density
20 mny 34
Piping,
T-junction 80 mny 6 16.4 ton
250 mnp 59 9.76 x 16
Valve 197 14.6 ton (Ba/cnf) 0.6 (Bg/crm)
Pump 2 5.4 ton
Heat exchanger 2 7.0 ton
Motor etc. 75 6.8 ton 0
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11.6.2.1.2 General parameters

Dismantling activity of the system 321 is assummdbe¢ completed in nine months. The activity for
system 321 starts at July 1, 2005 and ends at MarcRh006.

[1.6.2.1.3 . Parameters for calculation of the ambaf radionuclides

Plasma arc cutting whose kerf width and emissite age generally larger than any other cuttingstool
is assumed to be applied to all of the componehtsystem 321 for conservative evaluation. The
emission rately;, of radionuclide i from surface contaminated metate up to 70% was obtained for
plasma arc cutting in the experiment at the nudleactor facility. Another experiment showed the
lower emission rate by a factor of eight for pipsigape components than that of plate components.
Therefore, the emission rate of plasma arc cutirassumed to be 10% or 70% in this evaluation. As
sensitivity analyzes, emission ratios for neutroduced material of carbon steel and stainless steel
were applied.

Cutting length depends on the dimension of the ¢8@tainer which is 5.7 m x 2.3 m x 2.2 m inside.
Considering of actual dismantling activities in tfaeility, however, piping of 1.5 m or shorter in
length are better for handling in the working spae3 container widely used was also applied for
sensitivity analysis.

Kerf width by plasma arc cutting in air is assuntede 1lcm for both materials, 0.3 cm for carbon
steel, or 0.5 cm for stainless steel.

HEPA filters are not installed at the local contaation control enclosure where cuttings are carried
out, and only the filtration at the building veatibn is taken into account. The filter efficienafy
99.0% or of 99.97% was assumed to cases as shovable 35. For sensitivity analyzes, some more
cases with local ventilation filters whose filtegimatio were 99.9% were calculated.

TABLE 35. CALCULATION CONDITIONS FOR EACH CASE ONMISSION RATE AND
FILTRATING EFFICIENCY

container kerf width Emission ratio (ﬁlteriﬁ:raﬁo) Building Filter
case 1l 1m3(1.0)  0.3cm(CS)/0.5cm(SUS)  1.3%(CS)/ 2.4%(SUS) (Q;Zs%) (ggi)?%)
case 2 ISO 0.3cm(CS)/ 0.5cm(SUS)  1.3%(CS)/ 2.4%(SUS) (g;zs%) (gggs%)
case 3 ISO 0.3cm(CS)/ 0.5cm(SUS)  1.3%(CS)/ 2.4%(SUS) No (gggi%)
case 4 1m3(0.8) 0.3cm(CS)/ 0.5cm(SUS)  1.3%(CS)/ 2.49%(SUS) No (9; gi% )
case5 1mP(0.8)  0.3cm(CS) 0.5cm(SUS) 10% No (gg oo |
case 6 ISO 0.3cm(CS)/ 0.5cm(SUS) 10% No (gggi%)
case 7 ISO 1.0cm (CS,SUS) 10% No (gg 7% )
case 8 1m3(0.8) 1.0cm (CS,SUS) 10% No (9; ;%)
case 9 1m3(0.8) 1.0cm (CS,SUS) 70% No (gg%s%)
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11.6.2.1.4 . Parameters for calculation of publiose

(a) Physical parameters

The critical group is assumed to reside at thelmiendary at ground level. The effective height of
stack is the same as the actual stack height ofnllDistance between site boundary and stack is
assumed to be 500 m at the height of Om. Basech@mieteorological data shown in Table 34,
dilution factor,x/Q at the boundary is calculated to be 1.46 X*ldkc/cmi, which is actually the
maximum value at approximately 4km from the boupdsdrthe site.

(b) Social parameters

As described in Section 3.1.3 (Definition of crigroup), members of critical group live on thee si
boundary and consume (by ingestion) foods suchegstable, meats, and milk and milk products
which were cultivated at the same place. The amotifdod ingested by adult according to the NPP
Safety Report is shown in Table 36.

TABLE 36. THE AMOUNT OF FOOD INGESTION FOR CRITICAGROUP

Food Quantity (g/d)
Vegetables Leaf 310
Root 400
Meat 250
Milk and its products 1000

[1.6.2.2. Uncertainties

It must be noted that some of parameter valuesnassun (1) range widely and associated with
uncertainties. For example, kerf width is considete depend not only on the cutting technique
applied, but on the skill of the cutting workerdathe uncertainty associated with worker skill @& n
taken account. Most of parameter values were sglexg conservative as possible. In this assessment,
three cases with different values of emission aat filtering efficiency as sensitivity analysis.

[1.6.2.3. Results of evaluation

The calculated results of the amount of radioneslidischarged into the atmosphere and the public
dose for each pathway are summarized in Tablen@38. In cases using emission rate for activated
materials (case 1 to 4), the small radioactivitycarged into the atmosphere and the total public
doses calculated lower than 4.4 x®1(5v/a were obtained. In case with emission rate&%6f(dase 2)

for surface contaminated materials, total radieégtdischarged into the atmosphere increases3o 2.
x 10° Bg and the total public dose accordingly increase®.0 x 10 pSv/a. In the worst case
evaluation with filtrating efficiency of 99.0% (@9) instead of 99.97%, the total radioactivityhagh

as 5.9 x 1bBq is discharged into the atmosphere and the pefposes 2.1 x T0uSv/a. Compared
with the criteria for the public, however, thesalerated value is five orders of magnitudes lesa tha
the public dose criterion of 0.15 mSv/a in the rarmituation. The pathway of ground surface
deposition which causes external exposure dosalbcpof more than 60% of entire annual public
dose is dominant for all cases.
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TABLE 37. CALCULATED RESULTS OF RADIONUCLIDES DISCARGED INTO THE
ATMOSPHERE

Residuz Radioactivity released into atmosphere (Bq)
Nuclide Activity

(July 1 2005 Casel Case2 Case3 Case4 Case5 Case6 Case7 Case89 |Cas
Mn-54 2.9E+1(0 2.0E+01 2.9E+00 1.8E+02 7.4E+02 5.6E+03 408E 4.5E+03 1.5E+04 3.5E+{6
Fe-55 4.0E+1p 2.8E+03 4.3E+02 2.6E+04 1.1E+05 8.1E+05 +ABE6.6E+05 2.2E+06 5.1E+{8
Co-60 3.5E+1] 2.5E+02 3.8E+01 2.3E+03 9.7E+03 7.3E+04 +08E5.9E+04 2.0E+05 4.6E+{7
Ni-59 1.5E+09 1.1E+00 1.7E-01 1.0E+01 4.3E+01 3.2E+02 ¥(@E 2.6E+02 8.6E+02 2.0E+{5
Ni-63 2.2E+11 1.5E+02 2.4E+01 1.4E+03 6.0E+03 4.5E+04 H#0YE 3.7E+04 1.2E+05 2.8E+{7
Tc-99 1.0E+0% 7.0E-05 1.1E-05 6.7E-04 2.8E-03 2.1E-02 BIE 1.7E-02 5.7E-02 1.3E+(1
Sb-125 1.9E+1p 1.3E+01 2.0E+00 1.2E+02 5.2E+02 3.8E+0E+@3 3.1E+03 1.0E+04 2.4E+p6
Pu-238 1.5E+0p 1.1E-04 1.7E-05 1.0E-03 4.3E-03 3.2E-02E-D® 2.6E-02 8.6E-02 2.0E+{1
Pu-239 1.7E+04 1.2E-05 1.9E-06 1.2E-04 4.9E-04 3.6E-03E-84 3.0E-03 9.8E-03 2.3E+{O
Pu-240 2.8E+Of 1.9E-05 3.0E-06 1.8E-04 7.7E-04 5.8E-03E-D3 4.7E-03 1.6E-02 3.6E+{0O
Pu-241 6.5E+0p 4.5E-03 7.1E-04 4.3E-02 1.8E-01 1.3E+O0E-BB 1.1E+00 3.6E+00 8.5E+p2
Am-241 1.2E+04 8.6E-06 1.3E-06 8.2E-05 3.4E-04 2.6E-03 E®@8 2.1E-03 6.9E-03 1.6E+{0O
Cm-244 2.0E+0p 1.4E-04 2.1E-05 1.3E-03 5.4E-03 4.1E-02E-D® 3.3E-02 1.1E-01 2.6E+{1

TABLE 38. CALCULATED RESULTS OF PUBLIC DOSE FOR EACPATHWAY AND
TOTAL (USV/A)

Pathway Case 1 Case 2 Case 3 Case 4 Casg¢ 5
Cloudshine 3.8E-11 6.0E-12 3.6E-10 1.5E-09 1.1E{08
External Ground surface depositior 7.6E-10 1.2E-10 7.2E-09 3.0E-08 2.2E}07
Direct gamma radiation 1.2E-11 1.6E-11 1.6E-11 1.2E-11 1.2Et11
Skyshine radiation 4.4E-15 2.9E-15 2.9E-15 4.3E-15 4.3E}15
inhalation Adult 3.8E-11 5.9E-12 3.6E-10 1.5E-09 1.1H-08
Agricultural Leaf 1.1E-10 1.8E-11 1.1E-09 4.6E-09 3.5H-08
Internal crops Root 9.9E-12 1.5E-12 9.3E-11 3.9E-10 2.9H-09
Livestock Milk 2.4E-11 7.3E-13 2.2E-10 9.4E-10 7.0E109
Meat 1.4E-10 5.1E-13 1.3E-09 5.4E-09 4.0H-08
Total 1.1E-09 1.7E-10 1.1E-08 4.4E-08 3.3E}07
Pathway Case 6 Case 7 Case 8 Case|9
Cloudshine 2.8E-09 9.3E-09 3.1E-08 7.2E106
Ground surface deposition 5.5E-08 1.8E-07 6.1E-07 .4ED4
External Direct gamma radiation 1.5E-11 1.5E-11 1.2E-11 11K
Skyshine radiation 2.9E-15 2.9E-15 4.3E-15 4.2B-15
inhalation Adult 2.8E-09 9.2E-09 3.0E-08 7.1E-06
Agricultural Leaf 8.5E-09 2.8E-08 9.3E-08 2.2E-05
Internal crops Root 7.1E-10 2.4E-09 7.9E-09 1.8E-p6
Milk 1.7E-09 5.7E-09 1.9E-08 4.4E-06
Livestock
Meat 9.9E-09 3.3E-08 1.1E-07 2.5E-p5
Total 8.1E-08 2.7E-07 9.0E-07 2.1E-04
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APPENDIX III: RADIOLOGICAL ACCIDENT ANALYSIS FOR
DECOMMISSIONING OF SYSTEMS 321 AND 322

l.12. SUMMARY OF RADIOLOGICAL ACCIDENT ANALYSIS

The radiological accident analysis has been dividemla humber of accident scenarios, whose titles
are given in the contents page. The analysis di eaenario identified in Table 39 is undertaken in
section I1.2. of Appendix III.

The basic approach adopted in section 11.2. forhesgenario is a graded approach, based on
unmitigated consequences:

O Assess the unmitigated consequences of the acadenérios;

O Compare the number of independent complete safetgsures with the defence-in-depth
criteria given in Section 2, Table 1 of this safaggessment;

O Identify the safety controls that make up the regpliindependent complete safety measures;
and

O For all scenarios, consider if the risk is As Low Reasonably Achievable (ALARA).

Different formats are adopted in IIl.2. to refléioe above graded approach.

Only one scenario has consequences that are smmifinamely Scenario 02, which considers
accidents during cutting operations. Fig. 56 shdwsv the key scenario could develop. This
radiological accident analysis shows that therearmajor concerns with this scenario.

Table 40 provides a scenario schedule for hazamasidered in this radiological accident analysis, t
purpose of which is to provide a relatively brieft tomprehensive listing of scenarios arising from
internally initiated events, along with the Basketfety Measures that are relevant to each inigjatin
event. It can be seen that the criteria for defenaepth are satisfied, in terms of numbers oéaf
measures, for all scenarios.

Conclusions

Most of this radiological accident analysis hasradsed System 321, since the hazard associated with
System 322 is low.

Table 30 lists the important procedural safety amgatidentified in this radiological accident arsify;
including procedures and parameters, along witlr gefety functions. Table 41 summarizes each
safety important structure, system or componenértaikito account in this radiological accident
analysis along with its safety function and perfante requirements. The safety functions and
performance requirements should be confirmed bedesmmissioning starts. If at any stage these
safety functions and performance requirements atrenet, or not known to be met, decommissioning
has to stop or not be started, until this radiaabiaccident analysis has been reviewed and any
required changes implemented within the facility.

All scenarios have been subject to an ALARA reviawPart 2. Two shortfalls have been identified,
together with recommendations to address the stigrtf see Table 42 This radiological accident
analysis is still valid even if the recommendati@ane not completed — the recommendations relate to
what may be considered to be good radiological timac All that is required is for facility
management to consider the shortfalls as parteof@ierall ALARA’ process. Subject to appropriate
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consideration/implementation of the shortfall/recoemdation, it is judged from the perspective of
radiological accident analysis that the risk wal ALARA.

Outstanding issues have been identified in TablelB8ess otherwise indicated, any outstanding
issues are to be resolved well before implementaifdhe safety case.

Provided that the shortfall/recommendation and tlstanding issues are addressed (including
implementation of all the safety controls), it isnsidered that the radiological risks from accident
associated with decommissioning systems 321 an&i2acceptable.

TABLE 39. SOURCE OF IDENTIFICATION OF HAZARDS COVHEHD BY THIS
RADIOLOGICAL ACCIDENT ANALYSIS

Sequence Scenario Description Scenario Reference
from
Section 4 of
the Safety
Assessment
Sequence Al Failure to control the spread of comiation 02 Accidents during cutting
arising from the cutting of pipework and operations
components
Sequence Bl Dropping pieces of cut contaminategympk, 03 Dropped loads

either as these are manoeuvred away from the
workface, or while being transported from the ropm
in containers

Sequence BZ Fire/explosion arising from hot cutting Detailed analysis not required
(see pre-amble to table)
Sequence B3 Power supply failure leading to arfibf the 02 Accidents during cutting
ventilation system operations
Sequence B4 Operators fail to respond to alarmsalbegh 02 Accidents during cutting
noise environment. operations (specifically a
performance requirement within
Table 1.4)
Sequence B Operators are unable to evacuate fofcam Detailed analysis not requireg
initiating event due to blocked emergency exits. (see pre-amble to table)
Sequence B Operators inadvertently enter arelaig)lof 01 High external dose to worker

radiation en-route to/from the workface

Section 4 of this Safety Assessment has screerelatrards and identified a number of ‘sequences’.
It divided ‘sequences’ into those requiring detinalysis (only one, Sequence Al) and others that
‘do not require detailed analysisbut will need prevention, protection and/or mitigg measures
derived from standard good practice workplace systeand procedures for normal operations’
(Sequences B1 to B6). This radiological accideraysis therefore only needs to address Sequence
Al, but some other ‘sequences’ have been addresgeehy, as detailed below.

The ‘scenario reference’ column refers to the nundfethe scenario within Section [ll.2. of this
radiological accident analysis.
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TABLE 40. SCENARIO SCHEDULE

The detailed radiological accident analysis presmt 111.2 of this Appendix is summarized in tladldéwing tables.

SCENARIO No. 01: High External Dose to Worker
Table 111.1.2.01.1. Introduction

Description of potential consequences: Worker: Higternal dose to worker Public: Not applicable
Highest consequence threshold exceeded: WorkaB\2 Public: Not applicable

Safety controls See schedule.

Table 111.1.2.01.2. Schedule

Initiating Event Description Defence-in-depth Safety Measures Other safety controls
Requirement

Exten_ded time spent in high Worker: One Mitigating _Systems (Worker) Parameter: whole body dose rates.
radiation area unintentionally. independent 1. Evacuation
complete safety

Procedure on issuing dose meters
Equipment: Dose meter
Evacuation following an alarm

Procedure: Planning doses. measure

Public: None

Defence-in-depth summary: One independent complete
safety measure is provided — this meets requiresnent

Conclusion on risk: provided that the relevant safentrols are implemented, it is considered thatradiological risk for this scenario is accejsal
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Table [11.1.2.02.1. Introduction
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Description of potential consequences:

Highest consequence threshold exceeded:

Safety controls:

None fote3ys322. For System 321

Public: Dose from aerial release from reactor bogd
WorkR8rmSv Public: None
See schedule

Worker: High internal dose from airborne contamiorat

Table 111.1.2.02.2. Schedule

Initiating Event Description

Defence-in-depth
Requirement

Safety Measures

Other safety controls

Local ventilation extract
fails.

Equipment: Local ventilation
extract

Procedure: Starting cutting
Procedure: Remote cutting

Worker: Two
independent
complete safety
measures

Public: None

Mitigating Systems (Worker)

1: Evacuation upon failure of local ventilation extact
Equipment: Alarm on failure of extract

Procedure: Stopping cutting and evacuating

2: Respiratory protection

Procedure: Wearing respiratory protection
Equipment: Respiratory protection equipment

Defence-in-depth summary: Two independent comlatety
measures are provided — this meets requirements.

Procedures: cutting methods and requirir
an enclosure.

Parameters: surface contamination levelg
maximum length of cut during a work
period, and volume of enclosure.

Conclusion on risk: provided that the shortfallstl@mendations identified are adequately addressetall the relevant safety controls are

implemented, it is considered that the radiologicsM for this scenario is acceptable.
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SCENARIO No. 03: Dropped Loads
Table 1111.2.03.1. Introduction

Description of potential consequences: None fote3ys322. For System 321

Worker: High internal dose from airborne contamiomat
Public: Dose from aerial release from reactor bugd
Highest consequence threshold exceeded: WorRanSv Public: None

Safety controls: Parameter: Surface contamination.

Conclusion on risk: provided that the relevant safentrol is implemented, it is considered that thdiological risk for this scenario is acceptable
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The assumptions made and the intended procedudeth@rmvalues of certain parameters used in this
assessment are presented in Table 30

The ‘safety function’ column describes the functibat is to be achieved by the procedure or the

parameter for safety purposes. There may be otiresafety functions achieved by the procedure or
parameter, which are not relevant to this radiaalgaccident analysis.
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Table 41 lists the assumptions made in this assggsabout equipment, which may be structures, Byster components.

The ‘safety function’ column describes the functibiat is to be achieved by the structure, systeroanponent; there may be other non-safety
functions achieved by the structure, system or asmapt, which are not relevant to this radiolog@etident analysis. The safety function is then
amplified, if appropriate, by performance requiremse which represent minimum standards requiredhis radiological accident analysis. The

‘scenario reference’ column refers to the numbahefScenario within the detailed radiological deat analysis.

TABLE 41. SPECIFIC ENGINEERED SAFETY CONTROLS

Structure, System or Component Safety Function(s) Performance Requirements Scenario
Ref
Personal dose meters that incorporate an alarmTanalarm when the dose reaches the alarm | Alarm level is controllable to pre-defined 01
dose level levels
Ventilation extract for local enclosures, fitted | To minimize spread of contamination from théextract to exhaust into the building ventilatign 02
with fans enclosure system.
Fans to provide a flow rate of air extracted
from the enclosure exceeding 26/min.
Alarm for failure of local ventilation extract Toanmn a worker within the tented area or sjZBo alarm on loss of depression in local 02
reduction facility that the local ventilation ventilation extract
extract has failed To alert the worker above the noise of cutting
operations
Respiratory protection equipment To mitigate worttese when there is airborn& o provide a decontamination factor of 100 for 02
contamination present particulate material
Filters on building ventilation system To cleantbp ventilation extract To provide a decontaminafector of 100 for 02

particulate material

156




Volume Il, Part A

Table 42. lists the shortfalls that need to be idmned by facility management, as part of the
overall ALARA process, before submission of theesafcase. For each shortfall, the
associated recommendation is a suggested improtemmérh would remove or significantly
reduce the shortfall. If the recommendation is catsidered practicable to implement, other
improvements need to be considered, i.e. it is gmign the shortfall (rather than the
recommendation) that must be addressed.

This radiological accident analysis is still valelen if the recommendations are not
completed — the recommendations relate to what Ineagonsidered to be good radiological
practice. All that is required is for facility magement to consider the shortfalls as part of the
‘Overall ALARA' process. Subject to appropriate esaderation/implementation of the
shortfall/'recommendation, it is judged from the gpective of radiological accident analysis
that the risk will be ALARA.

TABLE 42. SUMMARY OF SHORTFALLS AND RECOMMENDATIONS

No.| Scenario Shortfall in this Scenario Recommendation
No.
1 02 There is no warning to workers of Provide airborne activity
any release of airborne monitoring to warn of any

contamination from enclosures. | airborne activity release from ah
enclosure, enabling evacuatior
if an alarm is activated.

2 02 Surface contamination levels on | Before decommissioning
the inside of System 321 have ngtoperations begin, a

yet been reduced as far as decontamination process of
reasonably achievable. System 321 has to be
undertaken.

The outstanding issues, identified in this documesitich need to be resolved are presented
in Table 42. Unless otherwise indicated, thesetaunting issues are to be resolved well
before implementation of the safety case.
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TABLE 43. SUMMARY OF OUTSTANDING ISSUES

No.

Outstanding Issue

Significance of
Outstanding Issue

Internal Reference

Identified safety controls (procedures,
parameters and equipment) given in

earlier tables are confirmed by facility
operators to provide the identified safet

functions and performance requirements.

Where this is not practicable until the
time of the operation (e.g. ventilation
flow rates into each tent constructed),
there must be confidence that the safef
control will be capable at the time of
such provision. Furthermore, any
degradation of safety controls during
decommissioning operations must resy
in operations being stopped until this
radiological accident analysis has been
reviewed, and any changes in safety
controls have been implemented.

Without this
confirmation, the
radiological accident
yanalysis is not valid.

Tables 1.3 and 1.4

This radiological accident analysis nee
to be implemented in accordance with
robust site procedures covering training
supervision etc., within an appropriate
safety culture. In particular, this requirg
the adoption of the general, specific an
task-specific administrative controls
defined in Reference 2.

dyVithout this

implementation, the
J,radiological accident
analysis is not valid.

OO

Section 1.1
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FIG. 56. Scenario progression diagram for faultsidg cutting operations.
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.2  DETAILED RADIOLOGICAL ACCIDENT ANALYSIS

Further to Section 5, more detailed informationwhihe analysis of the accident scenarios for
decommissioning of the two systems 321 and 32p@andded below.

Where safety controls (procedures, parameters qugpraent) are identified within the scenario, t
safety function of each safety control is availdahl@able C1.3 or C1.4, and is not repeated withis
Section.

(A) SCENARIO 01 HIGH EXTERNAL DOSE TO A WORKER

the

he

This is an example of a scenario for which the ik consequences of an accident are significant

but not ‘higher’.

Scenario No: 01 Scenario Title:
High external dose to a worker

Qualitative Description of Initiating Event:

Extended time spent in high radiation area unineatly.
Procedure: High dose rate jobs are planned such tha target dose for each job must be defined

Qualitative Description of Potential Consequences:
High abnormal external radiation dose.

Justification that Consequences are not in the Higér Category:

Parameter: Whole body external dose rates in workig areas for decommissioning Systems 321
and 322 are less than 2 mSv/h.

Over an 8 hour shift (taken to be the absolute mari period of exposure), the maximum dose tha
worker could receive is 16 mSyv, which is less tAGmSv.

it a

Safety Measures:

There is one operational mitigating system, madefupe following safety controls:
Procedure: Workers must be issued with personal desmeters that incorporate an alarm on
dose, with the alarm level set at a lower dose thahe target dose for the job.

Equipment: Personal dose meters that incorporate aalarm on dose

Procedure: Workers must evacuate the area if theipersonal dose meter alarm is activated.

ALARA Considerations:

Although the safety measure is operational, amahlig mitigating, there is high confidence that the
safety measure will be effective. There are norathwious safety measures that could be
implemented that would significantly reduce thd.ris

Conclusion on Risk:

Provided that all the above safety controls ardémgnted, it is considered that the radiologicslt ri
for this scenario is acceptable.
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(B) SCENARIO 02: ACCIDENTS DURING CUTTING OPERATION S

This is an example of a scenario for which the i consequences of an accident are ‘higher’

There are no internal dose issues from cutting ygbem 322 metalwork, so this is not considered
further here.
O Parameter: There is no significant contamination of System.322

Abnormal external dose issues are addressed iraBodéH.

Cutting operations on system 321 metalwork haveptiitential to create large amounts of airborne

contamination, which must not be allowed to sprbagond the local area. In order to ensure that

contamination does not spread, the enclosure (dveery temporary) must be ventilated to an

appropriate standard:

O Procedure: Cutting operations for System 321 metalwork mustdeied out in an enclosed
area that is provided with a local ventilation extr The enclosure must be well enclosed,
even if temporary in nature.

O Equipment: Ventilation extract for local enclosures fitted with fans.

Sequence B1 from Section 4 (power supply failueglileg to failure of the ventilation system) is just
one way in which the ventilation extract could faihd is deemed to be incorporated within the above
equipment safety control.

O Description of Scenario

This section includes a description of the initigtievents and scenario progression, but first the
potential consequences are assessed, since ondedgapproach only the scenarios with higher
consequences require more detailed analysis.

(i) Assessment of consequences

Consequences are assessed for workers (both dineatived workers and nearby workers), and for
the public. In both cases, it is hecessary to wstded how much is normally released in the cutting
operation.

In order to calculate a dose the following datetpuired:

- A release fraction of 0.1 Bg/cm of cut per Bq s adopted based on working
experience. To support this release fraction, thlewWing procedure is required:
Procedure: System 321 metalwork may be cut by a @ana torch, mechanical shear,
a reciprocating saw, a band saw, or by an oxy-acdgne torch, but must not be cut by
a grinder.

- The length of cut during a work period. Inforioatprovided by NPP personnel indicates
a maximum of 1.5 m:
Parameter: The maximum length of cut during a workperiod is 1.5 m.

- The level of contamination on the inner surfatéhe metalwork. It is understood that the
activation products are there as a result of dépasbf activity on the inside of the
system, not as a result of direct irradiation & flystem. Thus all the radionuclides, both
those arising from spent fuel and those arisingnfexctivation, are within a thin layer on
the inside surface of the pipework etc. Referenfepfovides information on typical
surface contamination levels, and a factor of twtwieen the worst location and a typical
location is also allowed,; it is presented as aIpatar in case evidence to the contrary
arises during decommissioning:
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Parameter: Surface contamination levels on the inde of System 321 (averaged over
the area of any single cut) do not exceed:

Activity
[Bg/cm?]
System
321
Mn-54 5.2 x 1d
Fe-55 [7.6x 10
Co-60 [6.8x 10
Ni-59  [3.0x 16
Ni-63  [4.2x 16
Tc-99 [2.0x 10
Sb-125 (3.6 x 1d
Pu-238 (3.0 x 10"
Pu-239 [3.4x 107
Pu-240 [5.4 x 107
Pu-241 [1.3x 10
Am-241 2.4 x 107
Cm-244 (3.8 x 10"

Note that no allowance is made for radioactive gdwedich would reduce the above activities), thus
placing no constraints on a start date for disnratiperations.

Unmitigated Worker Dose

In order to calculate the potential worker dose, dbove data has been combined with other relevant
data within a computer model. This gives a dose0@4 mSv per cm of cut for maximum
contamination levels, conservatively assuming:

. The worker is present in the enclosure throughmeicutting operation;
. No ventilation working;

. No activity dropping out of the air during the d¢ogf operation; and

. An enclosure size as small as 8 m

Parameter: The volume of an enclosure in which sysm 321 metalwork is cut is greater
than 8 m°,

The computer model output also showed that Co-69hwyafar the dominant radionuclide in terms of
worker dose.
For worst contamination levels and the maximumtlernd cut, this gives a dose of:

0.64 mSv/cm x 150 cm = 96 mSv (35)

This exceeds the 20 mSv consequence thresholdharefore this scenario requires analysis against
defence-in-depth criteria.
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Mitigated Worker Dose

Worker dose is mitigated by two systems:

. The local ventilation extract of the enclosure; and

. Respiratory protection worn by the worker

When the local ventilation extract is working, tlaéborne concentration is reduced from the
assumptions in the computer model calculation. @ations show that this reduces the dose by factor

of more than 50, assuming a flow rate of air thiotlee enclosure of 20%per minute. Failure of this
extract means that cutting operations do not staate discontinued:

Safety Measure (Mitigating System): Cutting operatns only occur while the local ventilation
extract is working. This consists of the followingsafety controls:

Procedure: At the start of a System 321 cutting opation with a worker present, the local
ventilation extract must be working. If it fails during the cutting operation, the worker must
cease cutting operations and evacuate from the ensbre.

Equipment: Alarm for failure of local ventilation e xtract.
Respiratory protection must be capable of redudogges to the worker by a further factor of 100:

Safety Measure: Respiratory protection. This consts of the following safety controls:

Procedure: During System 321 cutting operations, # worker present must wear respiratory
protection.

Equipment: Respiratory protection equipment

The expected dose during a large cutting operasiadherefore less than 96 mSv/ (100 x 50) that is
less than 0.02 mSv. If just one of the mitigatiggtesms is working, the maximum dose would be less
than 0.2 mSv, which is significantly less than 20emSv threshold used in this analysis.

Nearby workers

Nearby workers (outside the enclosure) would nogxgected to wear respiratory protection, so they
are at greater risk in this respect. Nearby workerdd be at risk either from:

. The exhaust from the local extract, or
. Activity escaping from the enclosure.

With regard to the exhaust from the local extraists pathway can be eliminated by routing the
exhaust directly into the building ventilation st Thus a performance requirement has been added
to Table I1.1.3.

With regard to activity escaping from the enclosure

. The decontamination factor provided by an enclothaieis well enclosed and ventilated is so
large that doses to these workers would be neggigib

. If the local ventilation extract fails, the decamiaation factor provided by the enclosure
would reduce, but would not be lower than that fled by a respirator.

Thus there is no need to separately consider thebyeworker, as the worker doing the cutting
represents the bounding case.
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Public

The unmitigated consequence assumes that the @erlaativity created during cutting operations is
fed directly outside the building with no filtratioHowever, the dose to the public arising frons iki
very significantly lower than 1@Sv, so no safety measures are required. Neverfheleseems
appropriate to minimize aerial releases as faeasanably achievable:

Equipment: Filters on building ventilation system
A nominal decontamination factor of 100 is assighedthe filters within Table 111.1.3.,
although in practice much greater decontaminatatofs must be achievable.

Initiating Event

The main initiating event is failure of the ventiken extract during cutting operations.

Another initiating event may be postulated, nanst§rting cutting operations without the ventilation
extract working. However, given that the alarm miostactivated at this time, this initiating event
appears to be too remote to warrant detailed cereidn.

Scenario Progression

Figure 56 illustrates the scenario progression.
(i) Comparison with Criteria

Comparison with Defence-in-Depth Criteria

The number of independent complete safety measeepsired for the public is zero, based on
insignificant consequences. This places no req@rgsnon the analysis of the scenario.

The number of independent complete safety measwasired for the worker is conservatively
assigned as two. Two independent complete safesunes have been defined above, so the criteria
are met. However, they do not consist entirely ridieeered protection. The implications of this are
explored in the ALARA section below.

Comparison with Probabilistic Risk Criteria

A quantitative analysis has not been carried duis tonsidered qualitatively that the risk forsthi
scenario is low enough to avoid quantitative analfer the following reasons:

. There are two independent safety measures availathaowledging that both require human
action);

. The safety measures are simple to carry out, argt trave an intrinsically high reliability;
and

. Both safety measures are fully independent fromrtii@ting event.

Thus it is considered that little would be gaineshi a numerical analysis. Furthermore, provided tha
the shortfall/recommendation identified below isequately addressed, and all the above safety
controls are implemented, it is considered thatr#aglogical risk for this scenario is acceptable.
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(iif) ALARA considerations for this scenario

The number of safety measures satisfies the deferdepth criteria, and the risk is assessed to be
low, but the safety measures do not consist eptireéngineered protection.

Consideration has been given to options for imprgvihe type of safety measure; however, no
obvious worthwhile improvements have been iderifiblevertheless, the following procedure is
identified to help minimize risk as far as reasdpalthievable:

Procedure: Where achievable, cutting operations orBystem 321 need to be carried out
remotely.

The analysis has not assumed that any activityrimanitors are present, since it is understood tha
none are available. The main purpose of such atorasito warn workers in areas where they do not
have to wear respiratory protection that airboroivity is present; there is thus little advantage
providing any such monitor within an enclosure,atborne contamination is to be expected for
cutting up System 321, and respiratory protectidhbe worn by workers when cutting anyway. The
following is considered to be a shortfall:

Shortfall: There is no warning to workers of any rdease of airborne contamination from
enclosures.

The following associated recommendation is made:
Recommendation: Provide airborne activity monitoring to warn of any airborne

activity release from an enclosure, enabling evactian if an alarm is activated.

If this is not provided, this radiological accideartalysis is not undermined, but it is still comsizt
appropriate for facility management to consides gtortfall/ recommendation.

The analysis has been performed using current datasurface contamination levels, but it is
understood that System 321 will be subject to dienimation prior to the start of decommissioning
operations. The following is considered to be atshibbased on the current situation:

Shortfall: Surface contamination levels on the insle of System 321 have not yet
been reduced as far as reasonably achievable.
The following associated recommendation is made:

Recommendation: Before decommissioning operationselgin, a decontamination
process of System 321 needs to be undertaken.

If this is not provided, this radiological accidartalysis is not undermined, but it is still corset
appropriate for facility management to consides 8fiortfall/ recommendation. Note that this analysi
does not cover this decontamination process, wiiidhis decided to be carried out, needs to be
subject to a separate suitable safety assessment.
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(C) SCENARIO 03 Dropped Loads

This is an example of a scenario for which the midéconsequences of an accident are negligible.

Scenario No: 03 Scenario Title:
Dropped Loads

Quialitative Description of Potential Consequences:
For System 322, there are no radiological hazards.

For System 321, apart from any industrial hazaadsnall amount of contamination held on the
inside of metalwork from System 321 could be redeas

Justification of Negligible Consequences:

In comparison to Scenario 02, the area of surfacgamination that is involved in the release is
much higher. However, the following bullet pointsiadicate a lower release in practice:

» The contamination is well fixed to the inside sudaf the metalwork, following previous
decontamination processes;

* The ‘challenge’ of a drop i&r lower than that of the allowed cutting mechanisms, gjvin
release fractions orders of magnitude lower;

* Any airborne activity released inside lengths gfipg needs to get to the end of the pipe to
become a hazard;

» The likely low respirability of any contaminatioraite airborne.

A quick calculation (based on surface contaminatirels as defined in Scenario 02, and
assuming a 10 m drop height and a long length péwork being dropped) has indicated a
consequence to the worker well below 2 mSv, so dbesequences are in the negligible
consequence region. It is acknowledged that grelatgr heights are feasible, but this would hot
be enough to make the consequences significant.

[Parameter: Surface contamination levels as in Scanio 02]

From a comparison with Scenario 02, it follows titet public consequences are negligible.

ALARA Considerations:

There are no obvious improvements for implementatio

Conclusion on Risk:

Provided that the above safety control is implemeéntt is considered that the radiological risk
for this scenario is acceptable.

166



Araujo, J.

Batandjieva, B.

Bounds, A.
Breddam, K.
Cheong, J.
Chugha, R.
Chung, D.
Crossland, .
Daniska, V.
Davidova, I.
Dietzold, A.
Dionisi, M.
Donnelly, P.
Drahos, H.
Ferch, R.
Francois, P.
Ghazaryan, K.
Hansson, B.
Ivanova, K.
Jarjies, A.
Johansson, L.
Joubert, A.
Kaulard, J.
Kuchynskyi, V
Lareynie, O.

Lebedyev, Y.

Volume II, Part A

CONTRIBUTORS TO DRAFTING AND REVIEW

Instituto de Radioprotecdo e DosimeBiasil
International Atomic Energy Agendystria
Sellafield Limted, United Kingdom
National Institute of Radiation Prdit@e, Denmark
Korea Institute of Nuclear Safety, lKkoRep. Of
Atomic Energy Regulatory Board, India
U.S. Department of Energy, United StafeSmerica
lan Crossland Consulting, Unitedggiom
Deconta a.s., Slovakia
CEZ, a.s., Czech Republic
United Kingdom Atomic Energy Agendynited Kingdom
Institute for Environmental Protectiand Research, Italy
Health and Safety Executive, Unitedgdom
Nuclear Regulatory Authority of the&ik Republic, Slovakia
Consultant, Canada
Institut de Radioprotection et deefNucléaire, France
CJSC Haykakan Atomayin Electrokapaimenia
Barseback Kraft AB, Sweden
National Centre of Radiobiology & Ratitbn Protection, Bulgaria
Ministry of Science and Technologgglr
Barseback Kraft AB, Sweden
National Nuclear Regulator, South @i
Gesellschaft fur Anlagen und Reakbbiesiheit mbH, Germany
Ministry of Emergency Cases of Ukmaj Ukraine
Autorité de Sdreté Nucléaire, France

Chernobyl Nuclear Power Plant, Ukeain

167



Volume Il, Part A

Manson, P.
Mele, I.
Ondra, F.
Orlando, D.
Oue, S.

Poskas, R.

Rimkevicius, S.

Romanov, D.
Roth, L.
Ribarski, V.
Rubtsov, P.
Sazykina, T.
Schmidt, D.
Shimada, T.
Slavik, O.
Smith, L.
Tomasich, M.
Trimble, A.
Vasko, M.

Xavier, A.

Sellafield Limted, United Kingdom
Agency for Radwaste Management, CzechuBlep

Deconta a.s, Slovakia

U.S. Nuclear Regulatory CommissionitéthStates of America

Canadian Nuclear Safety Commission, Canada

Lithuanian Energy Institute, Lithuania

Lithuanian Energy Institute, Lithua

Scientific and Engineering Center faclar and Radiation Safety, Russia
Barseback Kraft AB, Sweden

Kozloduy Nuclear Power Plant Plc, gadia

Scientific and Engineering Center facldar and Radiation Safety, Russia
Scientific & Production Associatiohyphoon”, Russia

Nuclear Projects Consultancy,Germany

Japan Atomic Energy Agency, Japan

VUJE Inc. - Engineering, Design and &esh Organization, Slovakia
Nuclear Decommissioning Authority, Unit&ingdom

Nuclear Regulatory Authority of thewak Republic, Slovakia

Health and Safety Executive, Unitechgdom

Deconta a.s., Slovakia

Comissao Nacional de Energia Nucleaazi

168



