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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 C of Annex | is the safety assessment fordgmmmissioning of a nuclear laboratory.
The laboratory is part of a laboratory complex ihiela some rooms in the building will
remain operational for some time after completibthe decommissioning of the laboratory.

The safety assessment was developed for the LalbprBést Case of the DeSa project to:
» Demonstrate compliance with safety criteria fortgetion of workers and public; and
« Define safety controls to be implemented in theodemissioning project.

The Laboratory Test Case illustrates that a smedles facility can lead to a complex
decommissioning project and activities. As thdlitsgas located at a multi-facility site, the
estimated consequences for workers and public tmbe carefully considered, taking into
account exposures from other activities ongointaite.



EDITORIAL NOTE

This report has been prepared from the original material as submitted for publication and has not
been edited by the editorial staff of the IAEA. The views expressed do not necessarily reflect those of
the IAEA or the governments of its Member States.

1t does not address questions of responsibility, legal or otherwise, for acts or omissions on the part of
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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 aflifies using radioactive material. This has
been highlighted by the recently published intaomatl safety requirements on decommissioning [1]
and the supporting safety guides on decommissiooinguclear power plants, research reactors [2],
medial and research facilities [3], fuel cycle fitieis [4], etc. Recognizing the need for exchaonge
information and experience and consolidation aminbaization of the best experience and lessons
learned in the development and review of safetgssaent for decommissioning, the International
Atomic Energy Agency (IAEA) launched, in 2004, amternational project on Evaluation and
Demonstration of Safety for Decommissioning of kaes Using Radioactive Material (DeSa).

The DeSa project aims to develop a harmonized mdetbhgy for evaluation and demonstration of
safety during decommissioning and to illustrate #pplication of the methodology through the
development of safety assessments for selectedawhiies — a nuclear power plant (see Part A of
Annex | of this report), a research reactor (sa¢ Baf Annex I) and a nuclear laboratory (PartfC o
Annex I).

These test cases aim to provide practical illusimabf the application of the safety assessment
methodology (see main report), to illustrate thechand application of a graded approach due to the
complexity and hazards of the facilities, and dtstest the regulatory review procedure developed i
the DeSa project. The test cases present safedgsassants for a selected number of real facilities,
volunteered by Member States, with different comipiles and hazards following the individual steps
of the methodology. By developing these test capeactical issues related to the use of the
methodology was identified, such as the criteriadelection and justification of hazards, scenarios
and models, safety related systems, structures@ngonents (SSCs), identification of different type
of uncertainties and approaches for their treatmigetisions on the important input data requirbd, t
use of generic vs. site specific data, as well les depth for safety assessment necessary for
demonstration of safety for decommissioning of aasi facilities with different hazards and risks is
addressed.

The safety assessment for the nuclear laboratagepted in this Part C of Annex | should be
considered as an illustration of the safety assessmethodology. It is important to note that ing
intended to be representative of all similar féieii. For example, the laboratory test case selexte
Pu-laboratory with residual material; however, méadyoratories have significantly less material or
different isotopes of concern which may allow diffiet level of evaluation of or consideration of
additional hazards or SSCs in the safety assessifiemtmethodology applied in this report remains
applicable; however, it needs to be applied torotyyges of facilities in a manner consistent witle t
level of hazard and risks. The level of informationluded in the report, such as facility descadpti
was limited to that information directly relevantmecessary to prepare this test case (e.g. destanc
site boundary to support modeling calculations)weleer, in the development of specific safety
assessments for facilities, it is important thasth assessments be based on specific requirenfients o
the Regulatory Body and other interested partiégctwmay require more detailed information.

The safety assessment for the nuclear laborat@ynamissioning is presented in this report (Parf C o
Annex ) and complements:
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(a) The safety assessment methodology developed, documented in a report “Safety
Assessment Methodology for Decommissioning of Raesl Using Radioactive Material”
(main report);

(b) The recommendations on the application of gheded approach presented in Annex Il
“Graded Approach to Safety Assessment for Decomamsy) of Facilities Using
Radioactive Material”; and

(© The regulatory review procedure presented immex Il “Regulatory Review of Safety
Assessment for Decommissioning of Facilities UdRaglioactive Material”.

1.2. SCOPE

Part C of Annex | documents the safety assessnmnddcommissioning of a nuclear laboratory,
comprising five individual rooms within a larger h@atory Complex, with other rooms which will
remain operational. It covers immediate dismantlifighe laboratory with the aim of releasing it as
part of the release of the building for unrestdctese. Decommissioning of the Laboratory Complex,
including demolishing of the building, will be defed until laboratory operations and their
decommissioning are completed at adjacent labadeatarnithin the same building.

The Laboratory Test Case presents a safety assgissraeis developed to support the application for
authorization of decommissioning of the nucleawotabory comprised of five rooms. In most cases,
this information will be related and based on th&inmmdecommissioning activities and assumptions
outlined in the decommissioning plan.

1.3. OBJECTIVES

The aim of Part C of Annex | is to illustrate thgplication of the safety assessment methodology
developed as part of the DeSa project to a sl ficility, a nuclear laboratory, by applying the
graded approach. This report is aimed at preseatingssessment of radiological impact on members
of critical groups from proposed decommissionintivities in order to demonstrate to the Regulatory
Body that the activities can be conducted safely.

1.4. STRUCTURE

Part C 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;

O Section 3 describes the nuclear laboratory angldreed decommissioning;

O Section 4 presents the identification and screeofrigazards;

U Section 5 presents the evaluation of the scenadosng normal and accidental

decommissioning conditions, and the associated limggle
O Section 6 describes the engineering analysis;

O Section 7 presents the analysis of results andifibation of safety measures;
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O Section 8 presents the discussion on the approaahd decisions made for application of the
graded approach in the development of the safsgsasent of the nuclear laboratory;

O Section 9 outlines the confidence building measuwapplied to the safety assessment
development; and

O Section 10 provides a summary of the lessons leamd conclusions from the
decommissioning of the laboratory.

2. SAFETY ASSESSMENT FRAMEWORK

This Section provides an outline of the contextwhich the safety assessment for the nuclear
laboratory is considered and developed. It alscsgnts the objectives, endpoints, timeframes,
approach and boundaries for conduct of the assessme

2.1. CONTEXT OF SAFETY ASSESSMENT

The nuclear laboratory has been assessed herethdaisks to members of the critical group that
could be incurred during decommissioning activiti€ee laboratory will be decommissioned at the
initial phase of decommissioning of Laboratory Céemp(see Fig. 2.1). This laboratory covers five
rooms (see Fig. 1) and is one of a suite of lalboeg, housed within a single facility — Laboratory
Complex. Other laboratories within the facility lniémain in operation for approximately three years
after the completion of the decommissioning ofghkected nuclear laboratory rooms (1-5) to provide
radiochemical analysis to support other facilitiesated on the site. Decommissioning of the
remaining laboratories is scheduled for a latesspha

On this basis, the goal for the decommissioninthefnuclear laboratory, presented in this test,case
is:

(a) All equipment within the five rooms to be reredy
(b) The emptied rooms to be decontaminated ancapeddor unrestricted release; and

(© The laboratory to be maintained in the inteend point condition until the operation and
subsequent decommissioning of the remaining laboesthas been completed.

Any residual contamination in the laboratory rodmattis a part of the building structure will be
removed down to an approved acceptance level salih@maining building material can ultimately
cleared for disposal or reuse after demolition. Thkzation of the loading dock will continue afte
decommissioning of the five rooms is completed. $akety analysis for the loading dock remains in a
separate safety assessment for the operationhtyfaci
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FIG. 1. Layout of the nuclear laboratory in the tatory complex

2.2. SCOPE OF THE ASSESSMENT

Only the nuclear laboratory comprising of five raoiggshown in red in 2-1) is in the scope of the
safety assessment. The other ten laboratory roososné 6-13, hallway and entrance) that comprise
the balance of the suite of laboratories withinltaboratory Complex remain operational.

This safety assessmemstaluated the radiological consequences that mayltren exposureto
decommissioning workers, other workers on the aiteé members of the public. Potential exposures
resulting from the planned decommissioning actgitiand any reasonably foreseeable accident
conditions during decommissioning are considerezh-Mdiological hazard evaluation, i.e. beryllium,
is limited to treatment within the Safety Managetmrogrammes or those hazards that could initiate
radiological releases, prevent operator respongeeteent radiological release, or present an uusua
significant risk in excess of those routinely gowet by Safety Management Programmes.

The scope of the assessment includes activitiegniieg from termination of routine laboratory
operations through to the defined end point of stégje of site decommissioning which is five empty,
laboratory rooms decontaminated to an operationeyan (readily accessible material removed,
penetrations or openings capped, remaining holdwupontamination cannot be removed without
structural modification) state.

The expected radioactive waste generated duringnaiegssioning is low level waste (LLW) and
some intermediate level waste (ILW) in accordanith wRef. [5]. The radioactive waste management
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activities addressed in this safety assessmentadiextion, sorting, handling and packaging to meet
waste acceptance criteria for storage of radioactaste on the site. Once properly packaged the
waste will be moved to a staging area in an opegatiortion of the laboratory facility and then
transferred to the on-site storage facility forragontaminated material.

2.3. OBJECTIVES OF THE ASSESSMENT

This safety assessment is performed with the ainetoonstrate that the decommissioning activities
presented in the associated decommissioning plamplgowith safety criteria. This assessment also
aims to establish engineered and procedural sateitrol measures under which decommissioning
activities will take place. This safety assessnierd been independently reviewed by the Regulatory
Review Working Group and the Graded Approach Wak@&roup of the DeSa project (see also

Section 7 and Annexes Il and llI of this reportppto its finalization.

2.4. TIMEFRAMES

The decommissioning of the nuclear laboratory igisaged to be performed within 3 years and 6
months. The active decommissioning of the five el rooms is scheduled to be completed over a
period of 6 months, followed by a 3 year periodafnitoring until completion of operations in the
other laboratory rooms and demolition of the buitdi The decommissioning of the laboratory is
planned to be conducted sequentially (i.e. room rbgm) as described in Section 3. The
decommissioning activities for each room are sdpdriato the following four steps:

O Preparatory activities (e.g. partial isolation eftilation system) — Step 1,

Dismantling of contaminated systems and demolitibthe non-active parts and clearance of
material — Step 2;

O Final activities, including final survey and documtetion — Step 3; and

Care and maintenance of nuclear laboratory untilaiader of laboratory building completes
mission work and is also decommissioned (approx@ma years) — Step 4.

The time schedule for the decommissioning of thelear laboratory is presented in Fig. 2.
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FIG. 2. Schedule for decommissioning of nucleaotatory.

END POINTS OF THE DECOMMISSIONING STAGES

The decommissioning of the nuclear laboratory Wil performed in one stage and they can be
described as follows:

@)

(b)

(©)

(d)

The working areas of the laboratory rooms il decontaminated to a level of 0.04 Bcflcm
(o-emitters) and 0.4 Bg/chifor p-fixed emitters), such that demolition of the whblslding
can be performed at a later date (i.e. after 3zanalf years);

All glove box material and radioactive wastgui@ment, internals and services and above
ground drains will be removed and packaged forrabint for storage and disposal as solid
LLW or ILW, or cleared, as appropriate (see Secld);

Each laboratory room will remain connectedhe facility ventilation at the entrance to the
room only. Fire suppression systems will be remdveunh all laboratory rooms. Other facility
support systems (process water, electrical systetm3,will be isolated and removed; and

Radioactive waste generated during the decsmianing activities will be collected,
packaged, handled for storage in the interim stoffagility on the site (see Fig. 1) until the
waste can be transferred to a disposal facilitye Tadioactive waste will be comprised of
dismantled contaminated systems, equipment, arafdadry materials, as well as secondary
waste generated during decommissioning (e.g. peesqmotective clothing, waste packaging
materials such as bags and tape) produced duricgrdeissioning activities. Waste is not
further addressed in this safety assessment orgesinoved to the drum storage area.
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2.6. REQUIREMENTS AND CRITERIA

This safety assessment is developed to meet thef@and content requirements specified in the main
report “Safety Assessment Methodology for Decomimiseg of Faciliies Using Radioactive
Material” of this report and follows the IAEA safety standaehd recommendations, e.g. [6], [7], [8].
Further criteria are derived from other internasibrrecommendations such as the technical
requirements [9o illustrate the application of specific regulatoequirements established in Member
States. It is recognized in this report that opcific requirements and criteria may apply in Ndem
States, defined by the appropriate Regulatory Bad/other competent authorities.

2.6.1. Dose criteria for planned conditions

The radiological exposure predicted during the péahdecommissioning needs to comply with the
criteria specified in Basic Safety Standards [6] #EA Safety Requirements for Decommissioning
[1]. The limit for potential effective doses to vikers will not exceed [6]:

O An effective dose of 20 mSv per year averaged fiverconsecutive years;
O An equivalent dose to the lens of the eye of 150 m& year; and
O An equivalent dose to the extremities (hands aat) f&r the skin of 500 mSv in a year.

For the relevant critical groups of members ofghblic:

O The estimated average effective dose (from allcs)rshall not exceed 1 mSv in a year;
O Dose constraint for the Laboratory Complex site.BmSv/y [10], [11];

O An equivalent dose to the lens of the eye of 15 mSvyear; and

O An equivalent dose to the skin of 50 mSv in a year.

Not withstanding the dose limits work needs to lamped for optimization of safety so that predicted
exposure can be demonstrated to be as low as eddg@chievable (ALARA).

The site is subject to a dose constraint of 380y effective dose to the member of the publicthar
entire Laboratory Complex. The contribution of theclear laboratory decommissioning activities will
be limited to 1/18 of this annual dose, prorated over the expectedtidn of decommissioning for
the purposes of assessing the release of gasedlig@d effluent to the most exposed member of the
public. The balance of the public dose will be edited to the remaining laboratory operations. In
addition, the materials released from the site béllcleared to 0.1 mSvly.

2.6.2. Risk criteria for accidental conditions

The safety assessment for the Laboratory Test @asd a classification system for accidental
conditions during decommissioning, based on thessesl radiological consequences and assessed
frequency without active safety control measurestasvn in Table 1 (based on DOE STD 1120-
2005, Appendix E) [12]) below.
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TABLE 1 ACCIDENT CONSEQUENCE VS FREQUENCY RISK CLASICATION
SYSTEM

l

Consequence
High Consequence I I I I

Probability Beyond Extremely Unlikely Anticipated
— Extremely Unlikely
Unlikely

<10% | 10°to 10%y | 107%to 10%y 10" to 107y

Off Site Public SAR, safety SAR, safety SAR, safety

>100 - 1 000 mSv significant class controls for| class controls for
controls public, safety public

On site significant for

>1 000 mSv workers

Moderate Consequence v 11 Il I

Off Site Public SAR, safety SAR, safety

>10 - 100 mSv significant class controls for,
controls public, safety

On site significant for

> 100-1 000 mSv workers

*Low Consequence v \% I x>

Off Site Public
<1-10 mSv

On site
> 10 - 100 mSv

Note:

*  SAR - Safety Assessment Report
**  While screened from the safety assessment, tmnsequence/anticipated events are addressed kin tas
analysis. See Section 4.3 for further discussion.

The classification system allows the extent of tyaféssessment, the independent and the regulatory
review to be commensurate with the level of riskgaented by each accident scenario selected for
assessment. Such a classification system is theraftundamental aspect of a graded approach to the
safety assessment process.

This risk ranking classification system providesbasis for the selection of engineered and
administrative safety measures (further referredsteafety control measures) to reduce risk foh eac
accident scenario to within the safety criteriaisTis discussed further in Section 6. Administrativ
controls for the higher risk categories (i.e. | ahdwould need to be included in the facility
surveillance programme.

The risk ranking classification system presentsiltef evaluation of hazard and accident analysis
without active safety control measures for the memas a critical group, on-site workers evaluated a
100 m from the release, and decommissioning worketee nuclear laboratory. High, moderate and
low consequence levels are quantitatively defirmedtfe above groups (see Table 1):

(a) Risk Class levents are essentially those that could have réfisint off site consequence,
therefore the public must be protected with highesgrity engineered safety measures and
administrative safety measures (with engineeredsorea being preferred). Events resulting
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in high off-site radiological consequences mustshject of detailed safety assessment
irrespective of assessed frequency of occurrence.

(b) Risk Class Il events are those that have lesHesite consequences than Risk Class | but
significant on-site effects. Both classes | andnlst also be considered for protection with
high level engineering and administrative safetyasuees. The consideration of control(s)
needs to be based on the effectiveness and fégsitfilthe considered measures. Further
controls for Class | and Il accident sequences reedde considered over and above the
requirements of the accident safety criteria isijustified on ALARA grounds; sometimes
described as defense in depth.

(© Risk Class lllevents are those with localized consequences. ditegenerally considered to
be adequately protected by the operator's Safetyag@ment Programme. Class Il accidents
may be considered for defense in depth safety messif justified on ALARA grounds. A
formal safety assessment would not normally beireduunless required by the Regulatory
Body.

(d) Risk Class I\events are those with low consequences and doeqgaire additional safety
measures, but are considered to be adequatelctadtby the operator’'s Safety Management
Programme, and consequently a documented safetgsasent is not usually required.

It is common practice to classify a facility basedthe highest Risk Class arising from the evatumati
without active safety control measures in the amticafety assessment. This classification can then
be used to define the level of independent andlatmy review of the safety assessment. For
example, a Risk Class | facility safety assessmentid be subject to full internal independent rewie
as well as regulatory review. A Risk Class Il fagimay only be subject to internal review unldss t
Regulatory Body specifically chooses to carry otgaew.

2.6.3. Selection of safety control measures fromelsafety assessment

The safety assessment identified those reasonabdgdeable accident conditions that could occur
during planned decommissioning operations. The uew@in then grouped these accidents into
categories to assess the maximum radiological expdbat could result without active safety control
measure. The specific safety assessment of thenfigkear laboratory rooms can be found in Section
5. When any accident Risk Class | and Il accidesnarios selected for detailed safety assessment
have been evaluated the objective is to select ¥aritly the performance of) safety control measures
that will reduce the Risk Class for each accidesgnario evaluated with active safety control
measures to at least Class lll, but with a furtiegquirement that defense in depth measures ndaal to
adopted where justified on ALARA grounds.

Figure 3 below is an illustration that shows howivaec control measures reduce the radiological
consequences. In this hypothetical example threer@omeasures are identified as being required to
reduce the consequences to an acceptable levdiséisssed above further control measure(s) may be
adopted if justified on ALARA grounds.
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FIG. 3.Control measures and their combination to reduqeosxre and or risk.

Physical barriers and other engineered controlgpeterable with administrative controls to be used
where they are the only practicable means.

The risk class determined for each analyzed ewetitan used to guide the decisions for additional
control selections. Those control measures negessaeduce to the dose to the public to below for
Risk Class | accidents are designated as safetg ctantrols. Additional controls needed to readkRi
Class Il or IV for the public and the co-locatedrker are designated as safety significant controls
Controls deemed necessary to protect the immediatker from high consequence events (Risk
Class | and 1l) are also designated as safetyfgignt controls. When controls are required to oedu
the frequency or mitigate the consequences of @mte\additional defense in depth controls are
identified, when available. The selection of colstrdollows the hierarchy of prevention over
mitigation, engineered over administrative and pasever active. All controls identified, including
those identified as defense in depth controls, them carried through to the Technical Safety
Requirements (TSRs).

In addition to the engineered and administrativasnees, identified as part of the safety assessment
there would also be task-specific controls (e.grspnal protective equipment — PPE) identified at a
later stage, as needed, based on job hazard amalgspart of the work control process. The task
specific controls are predominantly relied uponptovide general worker protection. The actual
implementation of work control process is an in&kgoart of the operator's Safety Management
Programmes. The safety assessment does not depaheé ase of personnel protection equipment,

although it is recognized to provide defense-intdepnd is required by the Safety Management
Programmes.
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Defence-in-depth

The principle of defense-in-depth needs to be eddd ensure that the facility is operated in & saf
manner through the application of multiple layefpmmtection (safety measures) commensurate with
the risk class of the events, and in particular abeidents with most hazardous consequences (i.e.
highest level of risk, see Table 1). Defense-intdegddresses the entire suite of safety controls,
encompassing accident prevention measures, thélisstaent of limits and conditions for safe
working, the establishment of safety measures tigate the consequence of accidents and other
safety measures adopted on ALARA grounds. Refesensech as [10], [13] and [14] provide
additional recommendations for consideration. Mamportant aspects of the defense-in-depth
strategy are also implemented through the opesa8afety Management Programme.

2.6.4. Clearance criteria
The surface areas of the rooms are to be clearetket@| of 0.04 Bg/chn(for alpha emitters).

The surface areas of the room will be decontamehdte clearance levels defined in Ref. [15].
Clearance is applied on the basis of the concep®aBv/y effective dose to a member of the critical
group. Activity concentration values for uncondité clearance of material from control are the ones
listed in Table 2 in the Ref. [8].

2.6.5. Classification of radioactive waste

The waste classification criteria used in this T€stse is based on the revised IAEA waste
classification as presented in Ref. [5]:

(a) Exempt waste (EW)Exempt waste contains such small concentratibnadioactive material
that it does not require radiation protection psavis, irrespective of whether it is disposed of
in conventional landfills or recycled;

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

(©) Very low level waste (VLLWA it is expected that for waste with a moderateelleof
engineering and controls, a landfill facility caafedly accommodate waste containing artificial
radionuclides with activity concentrations of orretwo orders of magnitude above the levels
for exempt waste. In the case of naturally occgrhiadionuclides the acceptable activity
concentrations will be in general more limiting irew of the long half-life radionuclides
involved. An adequate level of safety for such wasiay be achieved by their disposal in
engineered landfill type facilities.

(d) Low level waste (LLW)} Low level waste in the classification scheme egat in this
publication is waste that is suitable for nearatefdisposal. This is a disposal option suitable
for waste that contains such an amount of radieactiaterial that it requires containment and
isolation for limited periods of time up to a fewrdred years (i.e. up to around 300 years). A
limit of long lived alpha emitting radionuclides 4f000 Bg/g in individual waste packages
and to an overall disposal facility average of 88fg has been adopted by an increasing
number of countries for near surface disposalifaesl

11
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(e) Intermediate level waste (ILW) Intermediate level waste in this classificatisoheme
contains long lived radionuclides in quantitiestthaed a higher degree of containment and
isolation from the biosphere than provided by rmeaface disposal. Disposal in a facility at a
depth between a few tens and a few hundreds ofrsnistandicated.

4)) High level waste (HLW) The high level waste class contains large canagons ofboth
short and long lived radionuclides, so that, as mamed to ILW, a higher degree of
containment and isolation from the biosphere, Ugyabvided by the integrity and stability of
deep geological disposal, with engineered barrieregeded to ensure disposal safety. HLW
generates significant quantities of heat from radiwe decay, and normally continues to
generate heat for several centuries.

2.6.6. Waste management criteria

The waste will be put in a form that meets the wasbre acceptance criteria. The waste acceptance
criteria includes specific chemical characteristimsch as land disposal restrictions, which prevent
material that could leach into the waste reposit@yecludes hazardous constituents such as
flammable, reactive, oxidizers. Liquid is limiteal fless than 4l free per the waste acceptanceiariter
(see Refs. [16] and [17]). Waste from the nucledootatory decommissioning activities will be
packaged in 200drumsor may be packaged in standard waste boxes.

In accordance with criteria established by the wadisposal facility, standard waste boxes are
packaged at a maximum loading of 320 g Pu-Equit4Ru-E}. Because containers in the Laboratory
Complex have generally not been assayed to corffilsrmaximum loading, and to allow acceptance
for repackaging of containers determined by asedyetover the 320 g limit, one container in each
population of standard waste boxes is assumed tivéoaded by 25%, for a maximum loading of
400 g Pu-E for accident analysis.

For the purpose of this Test Case LLW is limitecatmaximum of 3 700 Bg/g of waste matrix. The
loading of the IP-2 metal LLW crate is limited teetA2 quantity [14], which is determined based on
the isotopic mix of radionuclides present in thesi@aTo be consistent with other site analysed) eac
IP-2 box of low level waste is assumed to contagnFu-E [14]. This value includes sufficient margin
to account for possible overloading.

To be consistent with other site analyses, each¢200m of LLW is assumed to contain 1 g Pu-E.
This value includes sufficient margin to accoumtgossible overloading.

Further detail associated with specific acceptasrgeria can be found in the source documents for
LLW and ILW respectively [16].

It is important to note that this waste acceptasriteria are specific to the selected disposal aite
they are provided as an example of site speciftevacceptance criteria.

Waste must be packaged and prepared to meet thie a@=eptance criteria of the interim and final
disposal site criteria. The LLW generated througltammissioning activities associated with the
Laboratory will be prepared for interim storageaatonsite waste store. The LLW waste acceptance
criteria applied in this analysis are taken fronf. RE6]. Intermediate waste will be packaged to tnee
the requirements of Ref. [17]. No high level wagl# be generated through this activity. Further

! Plutonium Equivalent (PUE) is a composite valuedu® represent all isotopes that may be presétvalue
specifically incorporates the Am ingrowth assodasgth the laboratory material based on its age.
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treatment and storage of waste is outside the sobpleis assessment. Waste is considered in this
analysis only to the point that the package isedaand moved to the interim laboratory staging.area

2.6.7. Chemical and other industrial safety considations

The applicable national occupational health andtgakgulations will apply for the control of eftsc

to workers from non-radiological hazards. Howewbese aspects are not addressed in the DeSa
project and in the Laboratory Test Case they aseudised for illustrative purposes. The hazard
analysis considers chemical hazards as initiamnsuclear release events. An example of relevant
national regulation is used for illustration - thineld quantity in Ref. [18] or Ref. [19] or the ¢shold
planning quantity listed in Ref. [20] used as soieg thresholds for those chemicals listed in the
facility inventory that require special considenati

2.6.8. Ciriticality limits

Based on the form of residual material and itsrithistion, criticality is not a credible accident tine
decommissioning of the nuclear laboratory. While tbtal mass of fissile isotopes that remain in
inventory may exceed 3% of a minimum critical mabkgese materials are dispersed throughout the
facility. The nature of the planned decommissionimgcess will not separate or combine materials
such that a minimum critical mass of 450 g Pu iidsorm [21] would be collected. Material that is
packaged to meet waste acceptance criteria progergiders the volume of free liquid, size of
container and fissile material to ensure that pgetlavaste does not represent a criticality hazbft [

2.7. ASSESSMENT OUTPUTS

The safety assessment the effective doses to veoked to members of the public, both during
normal decommissioning operation and during act¢aleonditions. The results of the assessment are
then compared with the relevant criteria set ol@eations 2.6.1 and 2.6.2.

2.8. SAFETY ASSESSMENT APPROACH

The safety assessment framework depicted in Fi@distussed in detail in the main report) was
followed in a deterministic manner using the HAZ®#ethodology [22].

The HAZOP analysis technique uses a systematiepsao:
(a) Identify possible deviations from planned at#g; and
(b) Ensure that appropriate controls are in plagarévent or mitigate potential accidents.

The HAZOP technique systematically considers adiditie deviations from normal conditions.
Characteristics of HAZOP include:

O A systematic, structured assessment conducted bsulidisciplinary team using a
brainstorming session to generate a comprehensvenfl upset conditions and potential
control mechanism to prevent or mitigate events;

Used most as a system or process level risk aseasseehnique; and

Generates primarily qualitative results, althougime basic quantification is possible.

2 Hazard Operability Study (HAZOP)
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The HAZOP methodology identifies the hazardous nwte energy sources and processing
parameters associated with the planned decommisgi@ativities and it identifies potential events
that could result in the release of material oramepreceptors to unnecessary potential for harm.
Standard hazard analysis techniques were appliéchwise a series of screening tools and hazard
binning techniques to focus on a set of events @matrepresentative and bounding, so that there is
assurance that the resulting controls offer an@pfate level of protection. The evaluation isatére

and safety control measures are reviewed and ddasad as safety control measures are tailored to
provide the minimum set of manageable controls ddress the suite of hazards presented by a
proposed decommissioning activity.

The approach to hazard analysis (further describefection 4) adopted accident screening criteria
used to eliminate any low consequence/frequenci@etsequences that do not make a significant
contribution to overall risk. Results of screenpegformed for the Laboratory Test Case are provided
in Section 4.

Probabilistic methods were also used to estabpginapriate controls and demonstrate that the dveral
risk of planned decommissioning activities meetsdstablished criteria.

The code Radidose 1.4.3 [23] was used to perforee dalculations and to determine the effect of
control measures applied.

The MACC code [24] was used to perform atmospldigpersion calculations.
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Safety Assessment Framework
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2.9. EXISTING SAFETY ASSESSMENT

The safety assessment for the nuclear laboratdty operational phase has been taken into acaount
planning the decommissioning work and was applibére applicable to decommissioning activities.
The site criteria associated with site locatiompmig/sical and meteorological characteristics can be
found in the operational safety assessment andnareepeated in detail in this test case. The
remaining ten laboratories in the Laboratory Complmains in operation, so that the conditions of
the facility, land use, environmental pathways remvalid for the decommissioning safety assessment
of the nuclear laboratory. No alteration of struaticharacteristics of the Laboratory complex that
affect confinement or provide support to the nuclaboratory is anticipated; therefore the operatio
safety analysis will be used in the developmenthef decommissioning safety assessment of the
nuclear laboratory. Facility layout (Fig. 2.1) adeéscription were directly incorporated as they were
representative of the facility at the initiation tife decommissioning mission. Hazardous material
inventory in the nuclear laboratory and procesanfigrmation was used for reference only as specific
inventory information was updated to reflect theutding case for decommissioning. Natural
phenomena and events from the operational safegsaent were used as bounding analysis and not
repeated in the decommissioning safety assessraeatie of the limited remaining life of the nuclear
laboratory and time that the hazard will be preséit further reference to it was considered
necessary.

The decommissioning safety assessment of the nuiebaratory also made use of the operational
safety assessment that addresses the waste haaadtirgjorage at the Laboratory Complex.

2.10. SAFETY MANAGEMENT MEASURES

It is assumed that the operator of the Laboratam@ex has in place an effective safety management
system that will ensure that all the planned decwsioning activities will be carried out in
accordance with the operator’s policy and proceslamed that staff and contractors will be suitably
qualified and experienced for the work that theglentake. Consistent with approach illustrated o Fi

2 of the main report, institutional controls wikk implemented through the Laboratory Complex and
the nuclear laboratory safety management programirtes following programmes (consistent with
those included in the decommissioning plan forrhbelear laboratory, see Appendix A of the main
report) are included in the Laboratory Complex safeanagement system that is also applicable
during execution of decommissioning activities digga within this document:

Radiation Protection;

Nuclear Criticality Safety;

Industrial Safety;

Emergency Preparedness and Response;

Fire Protection;

Work Control (planning and authorization of planweatk activities);
Waste Management;

Environmental Management;

Quality Assurance and Record Keeping;
Inspection and Maintenance;

Conduct of operations (procedures and drawings);
Configuration Management and Engineering; and
Physical protection and Security.

I s A |

The safety management system will ensure goodseitarity; define interfaces of the operator with
the independent reviewer and relevant regulatosgask progresses. It will also require the adequate
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task-level safety assessment of individual workkpges to ensure in particular, that all non-
radiological hazards have necessary safety contimisthe protection of workers identified,
demonstrated to be in compliance with the riskedidtand further refined to demonstrate ALARA as
appropriate. These programmes are not specificedigited in this safety assessment, but are assumed
to be in place to provide fundamental bases foiaion of assessment.

3. DESCRIPTION OF THE FACILITY AND DECOMMISSIONING
ACTIVITIES

3.1. SITE DESCRIPTION AND LOCAL INFRASTRUCTURE
(a) Nuclear laboratory as part of the laboratory canplex

The Laboratory Complex provides radiochemical aivy services for the site, where other facilities
are located. It is located in consists of a suit@terconnected laboratories (see Fig. 1).

Constructed in 1955, the Laboratory Complex is mdong (East-West) by 30 m wide (North-South).
The Laboratory Complex is interconnected by thregidors; the central one giving access to all
laboratories, the north service corridor giving esscto the north laboratories and the south side
corridor giving access to the south side laborasorihe south side corridor, added during the $970'
general refurbishment, is out of the controlledaaeand can be used as an emergency exit. The
Laboratory Complex contains both operational andlonger required laboratories (see Table 2),
including shielded cells, fume cupboards and gloxebk. All laboratory facilities are connected to a
common utility system that provides service tdradividual laboratories.

TABLE 2 NUCLEAR LABORATORY PROFILE

Rooms Contents Comment
Laboratory room No. 1 Five gloveboxes Empty and isolated from the facility
ventilation system.
Laboratory room No. 2 Three gloveboxes | Connected to the building ventilation system,

containing vials and residual Pu material.

Laboratory room No. 3 Six gloveboxes One set of imterconnected one set of four
interconnected, connected to the building
ventilation system, containing with surface
contamination.
Laboratory room No. 4 Two small These boxes (not interconnected) wegre
gloveboxes moved from their original locations and dre
not connected to the ventilation system. They
are wrapped ready to be moved.
Laboratory room No. 5 One glovebox Disconnected from the building ventilation
system, empty of material.

Each of the gloveboxes has been used for operatithglutonium at some time during its operation

17
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FIG. 5 Example of three interconnecting glovebdrdaboratory room 2.

(b) Local infrastructure and population

The Laboratory Complex is located 1580 m from tikeslsoundary. About 800 persons are working on
the site. Most of the immediate surroundings ofdite are farmland used for sheep farming. About 2
km south of the site there is a settlement withual200 single family houses. The population within
distance of 10 km from the site is about 5 000. pbpulation between 10 and 15 km away from the
site is about 25 000

(c) Meteorology

The meteorological conditions at the nuclear lataoyahave been evaluated and summarized in order
to characterize the site climatology and to prowdbasis for predicting the dispersion of gaseous
effluents. Meteorological data from the nationaltdbgological Office indicate an annual mean wind
speed of 4.9 m/s (17.64 km/h or 11.0 miles/h). ptrevailing wind direction is wind from the south.
The maximum five-second wind speed is 31.3 m/s2 @t/h or 70 miles/h) from 200 degrees with
respect to true north.

The climate is typical of a semi-arid region, wgtnerally mild temperatures, low precipitation and
humidity, and a high evaporation rate. Vegetationsists mainly of native grasses and some mesquite
trees. During the winter, the weather is often dwtéd by a high-pressure system located in the east
of the site and a low-pressure system locatedheffcbast. During the summer, the region is affected
by a low-pressure system normally located to théhno

The normal annual total rainfall as measured i& 461. Precipitation amounts range from an average
of 1.22 cm in March to 7.95 cm in September. Regoekimum and minimum monthly totals are
35.13 cm and zero respectively.

For the purpose of the safety assessment presémtélde Laboratory Test Case, conservative
assumptions of a standard weather situation atsitee with westerly winds are used. Standard
Meteorology was applied: wind speed 6.4 km/h frof°2Stability D, no precipitation. This is noted
to be generally representative of the mean weatbhraditions described above.
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3.2. SAFETY RELATED STRUCTURES, SYSTEMS AND COMPONES

The laboratory gloveboxes are constructed of stambkteel and Perspex (acrylic sheeting), with the
largest sized at some 2 m long x 1 m wide x 1 nin.hfgs noted above, post operational cleanup and
fixing of internal contamination has been done. ffmse gloveboxes that have been disconnected
from the building ventilation system the ventilatiextracts are isolated at the glove box outletes|
and the gloveboxes now are ventilated via HEPA&rflto the laboratory environment, in readiness for
size reduction within a Modular containment fagiliT he ventilation systems associated with removed
enclosures have been removed to approximately gouabove the floor. The overhead consists of
ductwork, fire protection system piping and variaiker support systems (water, electric, air, etc.)
The primary sources of residual fissile materiahat remaining in gloveboxes, minimal if any in b-
boxes and hoods, ductwork, recirculation tunnel filiber plenum, and residual liquids in associated
process piping.

The Modular containment system consists of setglaés reinforced plastic panels that can be
assembled to form a self-supporting enclosure ar@mobject of almost any size. Panels are handled
and installed manually and are self-supporting.gi@ally designed for operations involving
plutonium, the Modular containment system has gddr track record of preventing the spread of
toxic/radioactive materials. Modular containmenygic¢ally operate at a depression of 10 Pa but are
still effective at 100 Pa and above. Designed tedsly decontaminated and flat-packed for re-use,
the internal faces of the panels are smooth antemighed with the option of a strippable coating to
aid decontamination after operations with a highentamination factor. The designs may also
incorporate entry and exit areas with optional st@w ports for material ‘postings' or services,
windows for viewing and lighting, mobile ventilatiaand filtration facilities and lifting equipmeras

the job requires.

For the glovebox decommissioning, the Modular comtgnt will consist of a central enclosure built
around each glovebox or connected suite of glovedok will incorporate personnel access and a
standard bagging drum posting port. Typical indieaarrangements of Modular containments for the
planned tasks are shown below in Fig. 6. Accespdasonnel will be via a three stage arrangement as
detailed in the Ref. [25]. The stages are separhiedbarriers and provision is included for air
sampling at the final entry point.
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Man entry
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FIG. 6. Layout of Modular containment facility.

Ventilation of the Modular containment will be véadedicated portable ventilation unit, fitted wéth
HEPA filter and discharging into the laboratory.

Following assembly, taping of seams between paiaeld initial inspection of the Modular
containment, the panels will be coated internalithva tie down spray coating to act as a sacrificia
layer protecting the panel surfaces. Fire retardhntting will be used to cover the floor and Wwél
taped into position against the walls of the Modutantainment. The ventilation unit will be
commissioned and tested with particular referencartflow velocities through the entry aperturelan
any leakage points.

After each glovebox or glovebox suite has been ®deced, the cleared internal area of the Modular
containment will be cleaned by means of a dedicaéetium cleaner to remove loose contamination,
swarf or dust. The vacuum filter is designed toimire fine material carryover into the postfilter.
The inside cylindrical part of the vessel holds#hfilter bundles, each with 19 pleated elemertte. T
filters are constructed of 316stainless steel sintered fiber, and designed rreove 99.97% of all
solids greater than 0.3 micron. The surfaces Wwiéhtbe sprayed with a further tie down coat to fix
any remaining contamination. The double layer whién be stripped off and consigned as waste,
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following which the Modular containment structuraeish be able to be monitored, declassified and
dismantled.

The laboratory high-efficiency particulate air (HEFfilter unit consists of four filter tiers, staeld
vertically. Each filter tier is one filter high byo filters wide. Filter elements measure 61 cndem

61 cm highx 30 cm and are arranged in each filter section tithble-tight dampers in the inlet and
outlet from each tier. The off-gas flow is splituadly between the tiers. The off-gas piping and the
process HEPA filters housing are insulated to na@intemperature in the off-gas system above
120°C. The HEPA filter housings will be manufactiref AL6XN alloy or equivalent, meeting
relevant standards Ref. [26] and Ref. [27] in adaace with Section VIII, Division 1 of the ASME
code, although the filter housing will not operatesufficient pressure to mandate compliance with
ASME boiler codes. All piping meets the requirenserstablished in Ref. [28]. A fire screen is
located upstream of the HEPA filters to preventdmabers from reaching the HEPA filter system.

Each filter tier is comprised of a prefilter, att@det section, a first-stage HEPA, a test comtiama
section, a second-stage HEPA, and an outlet tesbseThe design flow air flow in cubic meters per
minute for each filter within the filter tier is 35%/min, which gives a total flow through each tier of
70 mi/min, providing a treatment capacity of 286/min for all four filter tiers. The design process
off-gas filter is 192 rfimin, thus the process can operate with only ttiezs online.

The HEPA filters are designed for a maximum temfueeaof 228C and a pressure range—#5 to +
34 kPa. The normal operating temperature iC58nd a normal pressure-i48.96 kPa. The filters
are constructed of boron glass microfiber media gtainless-steel frame for high temperatures.

Each fire area in the facility is separated fronaednt fire areas by fire barriers as requiredHsy t
International Building Code. All fire barriers amrequired to have a 2 h fire-resistance rating, \With
fire-resistance rated opening protective featusesh{ as doors, dampers). Per established crit@ria f
fire area boundaries Ref. [29] these barriers béllincreased to a 2 h fire resistance rating, Wifhh
fire-resistance rated opening protective features.

The laboratory is sprinklered and also expectethé¢et the requirements of Ref. [30]. All sprinkler
systems within the facility are automatic wet pgestems with the exception of the manual deluge
(HEPA filters). The sprinkler system design compheith Ref. [31], [32] or other applicable NFPA
documents.. Fire suppression system design inclin@egse of an existing dedicated fire water supply
and mains. The existing supply system is capableprolviding a firewater flow of at least
19.87 ni/min [33] (at a residual pressure of 137 kPa) fdeast 4 h.

A fire detection system will detect the presencedire and activate the alarm system to allow for
prompt personnel evacuation and initiation of comteent and suppression activities. The alarm
system will automatically notify the Fire Alarm Qemn of all alarm conditions. The alarm system will
be on an uninterruptible power supply (UPS) or héatery backup in accordance with the
requirements of Ref. [34], Automatic detectiontieydded in the HEPA filter system (heat detection).

The building design includes the provision to contat least 20 min. of flow from the fire water
system in order to contain possible contaminattérewater collection is provided for all areas loé t
process building to prevent contamination spreale€tion will include the use of berms and sumps
to control the spread of firewater during and adtelischarge.

In accordance with Ref. [29], fire screens willlbeated ahead of all HEPA filter banks and plenums
for the purpose of reducing flame propagation angrevent glowing embers from reaching the final

21



Annex |, Part C

HEPA filters. Prefilters will be located ahead oEPA filters to reduce the percentage of large
particles that would potentially plug the HEPAdii$.

The building ventilation system HEPA filters havetlb manual and automatic water spray systems.
The HEPA filters are also equipped with metal deenssbetween the water spray heads and the first
series of HEPA filters. The water spray heads acated in front of (upstream) of the prefilter. \&fat
spray is designed in accordance with Refs. [32][a8H

3.3. RADIOACTIVE INVENTORY

Calculated plutonium inventories for the gloveboxesll five rooms of the nuclear laboratory are
given in Table 3 and Table 4., based on non-ddstauassay measurements taken after completion of
the laboratory operation, following post operatioril@aanup. The results are further broken down into
individual glovexbox suites, to demonstrate théiaracterization. The residual contamination values
are used as the measured or nominal value basedredestructive assay plus approximately two
(sometimes 1.96) times the standard deviation (86)}-or as the Lower Limit of Detection (LLD),
which is the upper bound of the 95% confidenceruatie where available

The “best case” results assume that all the plutornis present on the windows and ports, whereas the
“worst case” results assume it is present in thadiai of the glovebox floor.

With time, the ratio of plutonium isotopes will eige subtly due to their different half-lives, bubn®
importantly, the in growth o*!Am will alter the ratio of alpha emitters signifitdy. Dose conversion
factors based on the International Commission atidRagical Protection (ICRP) [35] are used for all
scenarios. All forms of plutonium are modeled wdilrmoderate lung clearance rate (similar to the
ICRP-30 solubility class W [36]), due to the presepf significant amounts of fluorides in the naele
laboratory operations. In accordance with ICRP-&8mmendations [35], a particle size ofih is
assumed for all without active safety control measecenarios

TABLE 3. FINGERPRINT FOR GLOVEBOX PRIOR TO DECOMMBBONING

Percentage of Total Alpha Activity [%] Percentage bTotal
Beta Activity
238Pu 239Pu 240PU 242Pu 241Am 241|:)u [%]

30.7 21.7 29.8 0 17.8 100
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TABLE 4 GLOVEBOX RESULTS FROM NON-DESTRUCTIVE ANALSIS

Before Post Operational Cleanup

After Post Operatinal Cleanup

Best case [g] Worst case [g] Best case [g] Worstsed[g]
Laboratory Room 1
Glovebox 1.1 0.5 14 0.25 0.65
Glovebox 1.2 0.6 1.7
Glovebox 1.3 0.5 14 0.25 0.65
Glovebox 1.4 0.3 0.8
Glovebox 1.5 0.2 0.7
Laboratory Room 2
Glovebox 2.1 441.6 1413.2 80 412
Glovebox 2.2 404.9 1417.0 120 413
Glovebox 2.3 151.4 14445 100 442
Laboratory Room 3
Glovebox 3.1 0.09 0.28 Trace Trace
Glovebox 3.2 0.08 0.25 Trace Trace
Glovebox 3.3 0.13 0.37 Trace Trace
Glovebox 3.4 0.08 0.25 Trace Trace
Glovebox 3.5 0.11 0.35 Trace Trace
Glovebox 3.6 <0.03 <0.08 Trace Trace
Tunnel <0.03 <0.08 Trace Trace
Laboratory Room 4
Glovebox 4.1 0.08 0.25 Trace Trace
Glovebox 4.2 0.11 0.35 Trace Trace
Laboratory Room 5
Glovebox 5.1 <0.03 <0.09 Trace

The Laboratory gloveboxes in the five rooms weesaikd up after the end of operation and were

coated internally with ‘Detex’ tie-down coating.
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3.4. OPERATIONAL HISTORY
The operational history of the nuclear laboratay be summarized as follows:

(a) Laboratory Room Jloveboxes were used for preparation of samplesralysis including
dilution, evaporation, ion exchange, solvent exiosc and centrifugation. Wet operations
included fuel dissolution, flowsheet developmendl @eneral plutonium/uranium chemistry.
Dry operations involved re-packing and weighingsifes material and fuel ball-milling
operations.

(b) Laboratory Room 3jloveboxes were used mainly for plutonium nitred&centrate analysis
and preparation of plutonium solutions for use astmls and standards for analytical
techniques elsewhere.

(© Laboratory Room gloveboxes were used for preparation and exarimati various metallic
and ceramic samples of non-irradiated uranium/piuta oxide/silicide or carbide fuels, gas
chromatography and small scale experiments on wieation of organic materials. General
chemical work on the storage of plutonium and wramsolutions was also undertaken.

(d) Laboratory Room 4jloveboxes were moved from the X —Ray Diffractlaboratory where
they were used for sample preparation.

(e) Laboratory Room 5glovebox was used for determination of the densityradioactive
material.

The review of the operational history of the nucléboratory showed that the facility has been
consistently used as a laboratory facility as deedrabove and that spill events, including nisid,
resulted in fixed contamination in portions of tt@ncrete floor. These areas have been covered and
identified using magenta paint. There are no ofiigmificant events reported during the operational
history of the nuclear laboratory.

3.5. DECOMMISSIONING ACTIVITIES AND TECHNIQUES

The approach for size reduction is therefore tostoot a Modular containment around each
individual glovebox or glovebox suite (where theg mterconnected) in their current location. Hor a
gloveboxes, any installed glovebox extract ventapipework will first be disconnected, allowing i
to be size reduced along with the gloveboxes. ifiitigl stage of work (service disconnection with n
invasive work) will be undertaken within a tent stmicted above each set of gloveboxes.

The decommissioning plan for the nuclear laborat@fines the progression of the decommissioning
process as specific steps of hazard reduction,hmbicrespond to the removal of specific types of
systems and/or equipment. In general, these stages

(a) Glovebox/component removal;
(b) Duct removal; and
(© Cold strip-out (removal of embedded componeadsiiring structural demolition).

Each step is not applicable to every defined cenfient area. For example, decommissioning of the
five rooms will involve glovebox/component removand duct removal. Final survey and
surveillance and maintenance will be performed #ameously at the end of the decommissioning
process.
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The overall sequence of activities will be, for kaoom in turn, to separate the gloveboxes from the
ventilation extract system, isolate the live systanfitting an end cap and dismantle the ventitatio
pipework for later size reduction within the Modulzontainment. This first stage of work will be
done by tenting.

The Modular containment will then be assembled rdahe appropriate glovebox units and prepared
for active decommissioning operation. Size reductid glovebox and the dismantled ventilation
pipework will take place via a series of airlingtsntries, following which the Modular containment
will be decontaminated and dismantled in situ, yefad re-use if appropriate.

The portions of the ventilation systems that remwiili be rebalanced and the configuration
management program will be updated to reflect the monfiguration. Finally, the maintenance
system will be updated to delete all scrapped itieom the maintenance schedule.

Figures 7 and 8 present a pictorial representatidhe size reduction techniques.

FIG. 7. Removal of the first glovebox window, viigshly exposed surfaces being coated in
tie-down coating.

FIG. 8. Progressing the application of fresh tiengtocoating, to supplement coating already
in place, prior to size reduction commencing.
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The major decommissioning work activities that Wil performed include:

@)
(b)
(©)
(d)

Administrative operations;
General operations; non-radioactive, hazardeai®rial handling;
Radioactive waste and contaminated equipmeamdiimg; and

Decommissioning — decontamination, dismantleiend demolition of system structures and
components.

The following detailed decommissioning tasks waél indertaken:

Step 1 - Preparations

0

Remove as much as possible of any remaining glovebdernal services, particularly
electrical,

Apply tie down coating; and

Reduce the height of the current wooden claddiograd the glovebox for protection during
scaffold erection. Fitting of new wood covers ottee individual windows is an alternative.
Combustible material in the area have to be redbeéate using cutting tools.

Step 2includes the following set of activities (see disg. 9 to Fig. 12):

|

O 0Oo0odgogo

Glovebox size reduction

Erect Modular containment;

Remove first window, apply tie down coating to assdle internal areas if not previously
coated;

Repeat for all windows;

Remove remaining services;

Stitch drill panels to allow access for reciprosgtsaw;

Using the reciprocating saw and band saw to sidece2the glove box panels;
Size reduce glovebox base using nibbler; and

Size reduce glovebox stand using band saw.

Ventilation system dismantling

Erect scaffold platforms and three-stage tentsetonpg removal of the ventilation pipework
between the glovebox flange (under the local ismlalamper) and as close as practical to the
laboratory ceiling.

Remove the duct sections, securely sealing endasapear to roof level as practicable.

Dismantle tent and scaffold.

Radioactive waste management

Radioactive waste generated during the decommisgjoprocess will be packaged and
stored in an interim package facility until the dyate of facilities is decommissioned and
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material can be transferred to a designated disfasiity. The waste material from the
nuclear laboratory is packaged in place and tramsfeimmediately (by the end of the
working shift) to an active staging area governgdthe operational safety case for the
remaining laboratory facility.

O The handling of radioactive waste generated by mietigsioning activities is included in
this safety assessment as it is governed by tligrdent until it is transferred to the storage
facility.

Step 3 - Survey

Iterative process to survey surface and removesdhsd do not meet acceptance criteria.

Step 4 - Monitoring and surveillance

Access will be controlled to cleaned areas. Novaes are allowed. Personnel enter to perform
surveillance and inspection activities on an anbaals. No active systems are left in place; tioeeef
no maintenance activities are expected.

FIG. 10. Temporary air handling unit to provide dt from containment (via pre-filter and
HEPA filters) and maintain set airflow rate acragsbarriers.
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FIG. 11. Temporary air particulate monitors instdl to check for activity in the containment
change areas.

FIG.12. Interior of containment prior to commencisige reduction. Temporary fluorescent

lighting (with internal battery backup in case awper loss) installed over roof lights. Floor

covered by several layers of non-slip sheetingpfdble coating (tinted) applied. All ‘low
active’ glovebox peripherals removed.

3.6. WASTE MANAGEMENT
3.6.1. Management of radioactive waste

Decommissioning and size reduction of the gloveboxed ventilation pipework will result in the
generation of LLW and ILW to be handled in 20frums.
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No high level waste will be generated through #usvity. Further treatment and storage of waste is
outside the scope of this assessment. Waste isdeoed in this analysis only to the point that the
package is closed and moved to the interim laboratiaging area. There is no liquid waste expected
to be generated during glovebox decommissioning.

ILW drums having a nominal 2Q@apacity are assumed to be packaged at a maxioadinf of 200

g Pu-E (see Section 2 and Ref. [37]. Because qwrtain the Laboratory Complex have generally not
been assayed to confirm this maximum loading, arallbw acceptance for repackaging of containers
determined by assay to be over the 200 g limit,comgainer in each population of 200.W drums is
assumed to be overloaded by 25%, for a maximumnirigaaf 250g Pu-E.

ILW is considered to comprise the basis of eachvajlox, pus port and window seals and
decontaminating materials (secondary waste), appeigly 4.8 m of waste generated per glovebox.
The balance assumed to e LLW, is estimated to pbeozjmately 4 times the volume of ILW (see
Table 5). It is the intention to stream ILW and LLwithin the containment (see Fig. 13).

TABLE 5 WASTE BREAKDOWN

Laboratory Room Number of Volume of Number of Volume of
ILW drums* ILW LLW LLW
drums*
3
] ]
1 5 1.00 20 4.00
2 9 1.80 36 7.20
3 2 0.40 8 1.60
4 6 1.20 32 6.40
5 1 0.20 4 0.80
Total 23 4.8 100 20.00

* Note: waste was estimated by drum quantity, nbé¢ standard waste boxes may also be used to
package waste materials; however the volume pratiwidebe consistent with these values

FIG. 13. Waste posting port in containment.
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The municipal and county authorities have estabtisihnumber of requirements that impose a number
of duties on the waste producer with regard to sdjom, storage, handling, transport and dispokal o

building - and construction waste. A large prommrtiof the non-radioactive waste generated from

decommissioning of the nuclear facilities will bailding and construction waste, which is defined as

all waste generated in:

(a) The construction of new buildings;
(b) Renovation, including sand blasting, etc.;
(© Demolition;

(d) Construction and repair of roads;
(e) Construction and repair of utility systemsgan
4) Other construction work.

The quantity of waste does not exceed £ptherefore it is not required that the waste lpasated in

situ into the following recyclable materials: papeardboard; iron and metals; concrete and briok; a
gravel and sand; however, this requirement willapplicable to further decommissioning of the
laboratory facility. If hazardous waste substarsigsh as lead, cadmium and asbestos are found, they
will be handled in accordance with the rules goweythose substances.

3.6.2. Clearance of the rooms

Prior decommissioning the rooms and structuresenbuilding were classified in three groups, Class
A, Class B and non-impacted, according to the ilikeld of finding any contamination or activation
(see Fig. 14):

O The surfaces in the group with the highest likatithoof being contaminated have been
classified as Class A and will be measured forreleee to a coverage of 100%; and

O Those areas in the middle group, Class B, will ge@hebe measured to a coverage of 10 to
50%, while a few random measurements will be cdroet on the non-classified surfaces that
have had no or very little contact with radioactmaterials.

The laboratory rooms 1-3 and 5 were classified EsSCA. Part of the Laboratory room 4 was
classified as Class A and part as Class B. There we non-classified surfaces within the nuclear
laboratory area. Survey of outside areas will bierded to subsequent stages of decommissioning of
the Laboratory Complex.

Clearance measurements for the rooms will be chowg after completion of decommissioning as a
combination of contamination measurements with Haeld instruments and spectrometric
measurements with Ge-detectors or Nal-detectorglgBectors will be used in larger rooms as one or
two measurements can measure the surface-contamimatthe whole room. Ge-detectors can also
measure the- emitting radionuclides that have penetrated th&ofloor or walls. Furthermore, gamma
spectrometric measurements can determine the nadide composition ofy-emitters. The
measurement results with the Ge-detectors are zethlpy means of the commercially available
software such as ISOCS [38]. Glovebox and equiprseriaices will be measured with measured with
contamination monitors.
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FIG. 14. Monitoring of glovebox interior to cheak fhigh’ areas to target for early removal.
NDA analysis had already been used to indicatertorg of the glovebox. Swab samples
taken at this point would be sent for analysisdofem activity ‘fingerprint’.

The walls will then be measured with Ge-detecttirsvill be assumed conservatively that all the

activity seen by the detector is located in oneasguneter that is positioned farthest away from the
detector. Further characterization will be donehof spots to determine how material is actually
distributed on the wall. Contamination of the cgjliwill be measured with Ge-detectors.

The floor will be measured with both Ge-detectard aontamination monitors.

3.7. UPPORTING FACILITIES

The only mobile supporting facility that will beedin the decommissioning of the nuclear laboratory
is the Modular containment (see Fig. 15). No adddi new facilities are considered necessary.
Radioactive waste will be moved to an existing wasbrage facility on-site.

3.8. END-STATE

The end point for the completion of the decommisisig activities at the nuclear laboratory can be
described as follows:

(@) The laboratory working areas will be decontated so that surface areas are cleaned to a level
of 0.04 Bg/crithat can allow the building of the Laboratory Coexplto be demolished at a
later date with the main laboratory’s building sture;

(b)  All radioactive waste, equipment, internalsd aervices and above ground drains from the five
rooms will be removed for on-site storage and sgisiet disposal as ILW, LLW or cleared as
appropriate; and

(c) Each laboratory room will remain connected he facility ventilation at the entrance to the
room only. Fire suppression systems will be remofrech all five laboratory rooms. Other
facility support systems (process water, electsgatems, etc.) will be isolated and removed.
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FIG. 15. Gloveboxes removed, stands decontamiraatdaovered for disposal as low
level waste, containment floor sheeting layers negddo expose an uncontaminated
layer, and Modular containment interior marked antd confirmed free of
contamination. After this point the tie-down cogtand joint tape will be removed, and
the containment dismantled for re-use elsewhere.

4, HAZARD ANALYSIS: IDENTIFICATION AND SCREENING

A combination of the checklist from Volume | of shieport and Ref. [10], in conjunction with the
HAZOP process was used to identify those reasorfabgeeable hazards associated with the planned
decommissioning activities. The hazard identifimatand hazard assessment process was conducted
by suitably qualified and experienced persons frwide range of disciplines including facility
operators and engineers; radiological protectiowised, safety engineers; human factors and
criticality specialists assisted by decommissionimgkers.

4.1. APPROACHES TO HAZARD IDENTIFICATION

To aim for completeness in the identification dfraksonably foreseeable accident scenarios, a well
structured hazards analysis method needs to bewiedl and documented. The following formal
processes were employed for the identification @malysis of all reasonably foreseeable hazards and
initiating events such that the overall risk esterfar the facility is conservative:

Assessment of normal operations are containedmiitid operational history of the facility;

Review of significant events during the facilitfelime, including interviews with operations
personnel with specific facility history;

Human factors/ergonomic walk down;

A checklist was used to initially identify hazardsitiating events and eliminate standard
industrial hazards that do not warrant further aersition in this analysis (Table 6);
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O Identification of accident sequences was carrietl ppumarily by HAZOP studies (both
desktop and facility walk down) The final approarsed to ensure all reasonably foreseeable
hazards were identified was to perform a “whatéfaluation of potential failure modes,
including process upsets like power loss, fire rafue error;

O Construction of a hazard/event schedule for inteand external scenarios was based on the
HAZOP. The identified hazards and initiators wereuged logically into event groups
based on similar hazard/initiators types to en#idenumber of scenarios to be analysed to
be kept to a minimum. Any bounding cases that wsed are identified in the particular
significant event scenario (Tables 7);

O Analysis of individual hazards including calculatiof risk and, where appropriate, design
basis analysis and identification of the engineemad procedural limits and conditions
necessary in the interests of safe decommissi@pegations;

O Input from the engineering assessment i.e. inicgldd any new initiating events and status
of the facility safety functions identified durirthe operator/engineering analysis of the
facility and engineering walkdown; and

O Collating and summarizing the results of the indlidl hazard assessments into an overall
assessment of the facility.

4.2. HAZARD IDENTIFICATION

The main groups of radiological and non-radiolobiaards to workers, the public and the
environment were identified in the table below.
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TABLE 6 CHECKLIST FOR IDENTIFYING HAZARDS AND INITATING EVENTS

1.A
1A1

1A.1-1

1A.1-2

1A.1-3

1A.2

1A.2-1

1A.2-2

34

HAZARD
ID No.

HAZARDS

INTERNAL INITIATING
EVENTS

Radiological Initiating Events
Criticality

Residue of fissile materials in
equipment and process lines

Residue of fissile radioactive
liquids in tanks

Presence of moderators (e.g.,
water, PVC etc) in the vicinity of
fissile material

Spread of contamination

Loss of containment/ barriers

Dismantling of

RELEVANT FOR PLANNED
WORK

Yes, residue of fissile material is
present, dispersed over surfaces

and in small quantities in
several locations

No, there are no residual fissile
liquids

Yes, Moducon materials may
have moderating effect

Yes, barriers could b
inadvertently damaged due to
planned activities

Yes, glove boxes and

RELEVANT FOR
ACCIDENTS

No, material is in
solid form and
cannot be collected
in quantities of 450
g in a manner that
would result in a
favorable geometry

No

No, material is in
solid form and
cannot be collected
in quantities of 450
g in a manner that
would result in a
favorable geometry
No

Yes

Yes



1A.2-3

1A.2-4

1A3

1A.3-1

1A.3-2
1A.3-3

1A4

1A.4-1

1A.4-2

1A.4-3

HAZARD
ID No.

HAZARDS

containment/barriers

Drop of radioactive materials,
packages and waste

Cleanup of buildings (activated

or contaminated)

External exposure

Activated materials and
equipments

Direct radiation sources

I nternal exposure

Physical and chemical state of

the radioactive materials

Contamination, corrosion, €tc.

Pathways (inhalation, ingestion)

Spectrum, activity, emitters
(presence of alpha emitters)

Contaminated materials

RELEVANT FOR PLANNED
WORK

ventilation systems will be
deliberately opened

Yes

Yes, use of acid washes,
hydrolazing (steam or power
wash), scabbeling could result in
puncture of a primary barrier

No

Yes, Am, and other isotope
typical of fuels are present

Yes, Pu is present in oxide form
that may be easily dispersed

Yes, breach of dine suit or
Modular containment or
puncture wound

Yes

Yes, both fixed and loose
contamination is expected

RELEVANT FOR
ACCIDENTS

Yes

No, Planned activity
is cleanup, therefore,
upsets must not
result in accidental
release of any
significant material
quantity

No

Yes

Yes

Yes

Yes

Yes, items with loose
surface
contamination could

Annex |, PartC
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1A.4-4

1A.4-5

1B.1

1B.1-1

1B.1-2

1B.1-3

1B.1-4

1B.2

1B.2-1

HAZARD
ID No.

HAZARDS

Gaseous Effluent

Liquid Effluent

NON RADIOLOGICAL

INITIATING EVENTS

Fire

Thermal cutting techniques
(zircalloy, etc.)

Decontamination process
(chemical, mechanical, 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

Explosion

Decontamination process

RELEVANT FOR PLANNED
WORK

Yes, gaseous effluents may be
produced by welding/cutting
activities

Yes, some liquids may be
produced by steam cleaning or
hydrolazing activities

Yes

Yes, fixatives and structural
foams, may be flammable in
liquid form, decontamination
solutions may enhance
ignitability characteristics of
cellulose materials

Yes, fire retardant wood may be
used to protect windows,
additional plastics and other
materials to support waste
collection may be increased

Yes, MAPP and acetyleneay
be used to support thermal
cutting

No

RELEVANT FOR
ACCIDENTS

result in release
No, release would be
very localized

No, release would be
very localized

Yes

Yes

Yes

Yes

No



1B.2-2

1B.2-3

1B.2-4

1B.2-5
1B.3

1B.3-1
1B.3-2

1B.4

1B.4-1

1B.4-2

1B.4-3

1B.4-4

1B.4-4
1B.4-5

HAZARD
ID No.

HAZARDS

Dust (graphite, zircalloy, etc.)

Radiolysis phenomena
(radioactive waste storage,
transport)

Compressed gases

Explosive substances

Flooding

Leak of liquid storage

Leak of pipes

Toxic and hazardous materials

Asbestos/glasswoolin thermal
insulation system

Lead in paint, shielding

Beryllium and other hazardous
materials

Polychlorinated biphenyls
(PCBs)

Oils

Pesticide use

RELEVANT FOR PLANNED
WORK

Yes, dust may berpduced by
cutting operations

Yes, packaged waste may
generate H2 gas

Yes, welding/cutting

No, not present
No

No, no liquid storage

Yes

Yes

Yes

Yes, other hazardous materials
include cyanide gas caused by
burning of structural foam
components

No

No
No

RELEVANT FOR
ACCIDENTS

No

Yes

No, insuffecit
quantity to be of
concern, standard
industrial hazard

No
No

No

No, standard
industrial hazard

No, standard
industrial hazard

No, standard
industrial hazard

No, standard
industrial hazards

No

No
No
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1B.4-6
1B.5

1B.5-1
1B.5-2
1B.5-3

1B.6

1B.6-1
1B.6-2

1B.6-3

1B.6-4

1B.6-5

1B.6-6

1B.6-7

1B.7

1B.7-1
1B.7-2

HAZARD HAZARDS
ID No.
Biohazards

Electrical hazards

Loss of power supply
High voltage

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

Physical hazards

Falling of heavy loads

falling loads on SSCs important
for safety

falling loads on radioactive
materials (packages)

Collapse of structure (due to
ageing)
Demolition activities

Working at heights

High noise area

Human and organizational

initiating events

Operator error/violation

Inadvertent entry into high-
radiation areas

RELEVANT FOR PLANNED
WORK

No

Yes
No, not present

No, not present

Yes
No

Yes

No

No, demolition is not includel in
this stage of decommissioning

Yes

Yes

Yes

No, high radiation areas
expected

RELEVANT FOR
ACCIDENTS

No

Yes
No,
No

Yes
No

Yes

No

No

No, standard

industrial hazard

No, standard
industrial hazard

Yes
No



HAZARD
ID No.
1B.7-3
1B.7-4

1B.7-5

1B.7-6

1B.7-7

2.C

2C1

2.C.2

2.C.2-1
2.C.2-2

HAZARDS

Misidentifications

Contractor and sub-contractor

Performing incompatible

activities

Disabling services to other facilities

Poor ergonomic conditions

EXTERNAL
EVENTS

Earthquake

External flooding

River

Sea

INITIATING

RELEVANT FOR PLANNED
WORK
Yes

Yes

No, laboratory operations are
sufficiently separated from
decommissioning activities

Yes, the utilities are common to
the balance of the laboratory and
site.

No

No, duration of activity is so
short that probability of
earthquake during
decommissioning is BEU

No
No

RELEVANT FOR
ACCIDENTS

Yes

No, standard
practice

No

No, resources
sufficiently isolated,
other
facilities/operations
include proper
analysis, standard
industrial hazard

No

No, while release
may occur as a result
of earthquake the
consequences would
be reduced from the
operational
evaluation preceding
decommissioning as
radiological material
has been removed.

No
No
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2.C.2-3

2.C3

2CA4

2.C5

2.C.6

3.D

3D.1

3.D.2

3.D.3

HAZARDS

Infiltration of groundwater

External fire (il storage, etc.)

Extreme weather conditions

(temperature, wind, snow, etc.)

Hazards due to industrial

environment (explosion, etc.)
Airplane crash

OTHERS INITIATING EVENTS
High temperature and pressure
Corroded barriers

Unknown or unmarked materials

RELEVANT FOR PLANNED
WORK

No

No

No

No

No

No

No

Yes

RELEVANT FOR
ACCIDENTS

No
No

No

No

No

No

No

Yes
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Those items that were identified as “Relevant ftanRed Work” were further considered as to
whether they could initiate an accident that waesult in release of radioactive material, i.etiaté

an event or result in significant exposure consege® Those that could be indicated by yes in the
“Relevant for Accident” column. These hazards awied forward to the HAZOPs review for further
consideration. Those hazards identified as relefantplanned work, but not considered to be
initiators will be carried forward in work planningrocesses as standard industrial hazards and
protective measures must be included in work paekdgut are not carried further in this assessment.

4.3. PRELIMINARY HAZARD ASSESSMENT AND SCREENING

The risk assessment itself needs to be as rig@®us reasonably practicable. It is important that
greatest analytical resources are focused on thasards and initiating events which have the gstate
safety significance. The safety significance ofazdrd was judged purely in terms of its potential
radiological consequences. Hazard screening isseapeto ensure that resources are directed at the
analysis of hazards and initiating events which poeentially serious and that resources are not
expended on those which contribute little to therall risk or are incapable of producing events
which add significantly to the radiological conseqaes.

Small doses (low consequences, see Table 1) drisarvery minor accidents can be regarded as
being within the range of normal operations doseshould be noted that due to the conservative
assumptions employed in hazard analysis calcufionwithout active safety control measure dose,
an estimate of without active safety control meastose quite possibly exceeds the dose which
actually be delivered in an accident by at leagt orer of magnitude dose from normal operation of
the facility.

The process for hazard screening begins with teektist from Appendix | of Volume | of this report.

It is not the intention of the hazard analysis twer safety as it relates to the common industrial
hazards that make up a large portion of basic adgyl compliance of Ref. [39] or to expend
resources on those hazards for which instituti@adiéty Management Programmes already define and
regulate appropriate practices without the needpecial analysis. These types of standard in@bstri
hazards are to be screened from further considerati the hazard analysis unless the industrial
hazard could affect radiological or large chemitalentories or cause facility wide effects, for
example, are included in the facility safety bagisere they may be controlled through applicatibn o
safety measures.

As part of the hazard identification process, theands which may be screened will be differentiated
using the logic provided by the flowchart in Fig. Ref. [40] defines standard industrial hazards fo
this purpose as: “Hazards that are routinely entawed in general industry and construction, and for
which national consensus codes and/or standards @SHA, transportation safety) exist to guide
safe design and operation without the need foriagpemalysis to design safe and/or operational
parameters.” The questions in the flowchart guide determination as part of the screening process.
For these determinations, the hazards analysisegsomterfaces with other programmes such as
specific topics of OSHA compliance, industrial $gfeor fire protection. The analyst is expected to
verify coverage of hazards within Safety Managemrdggrammes during screening of standard
industrial hazards. The following guidelines apfaiyhazard screening determinations:

U The first question determines whether the idemtifiazard is a standard industrial hazard (i.e.,
one routinely encountered in general industry arstmiction applications outside the nuclear
industry) that can be screened. See Table 6 fexample of the identification and screening
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process. Unique hazards cannot be screened and leustarried forward for further
evaluation. In determining whether a hazard is wejgconsider any variations from standard
practice, the magnitude of the hazard, etc. Theninis to carry forward hazards that warrant
case specific hazard evaluation even though thegybmaconcluded to be a standard industrial
hazard (SIH) following specific evaluation (e.gnusually large quantities of hazardous
materials), but not anything that is evidently dH &.g., high-voltage electrical equipment).

O If the hazard is an SIH, the second question détesnwhether the hazard is adequately
covered by Safety Management Programmes based t@malaconsensus standards. The
intent is to verify that the program scope includppropriate requirements, not that the field
implementation of the Safety Management Programeneebified as well (this is reserved for
the implementation review). Where exceptions akertgo national consensus standards, the
hazard cannot be screened and requires hazarcgoalu

O The last question determines whether the hazamal®motential for significant interactions
with nuclear hazards. Such interactions may notdi@ressed by consensus standards and
requires more thorough evaluation than screeningdvafford. A “yes” answer is appropriate
if the hazard requires evaluation to verify or deti@e appropriate controls. Some hazards are
adequately controlled, but may still serve as atiator for a nuclear accident. Electrical
power is an example. In such an instance, Quegiomuld be answered “no”, but the
initiator potential would be noted to ensure itslilsion indicating further consideration is
required Table 6 in the column “Relevant for Acciti.
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Is the hazard an
SIH that can be
screened?

No The value allocated during th
A + screening process was such thaf it
must be considered further in the
safety assessment/hazard analysis.

1]

Do site SMPs
manage the SIH?

No

Are there

interactions with
nuclear hazards that
must be evaluated?

Yes

The value allocated during the
screening process was such that it
need not be considered further in the
safety assessment/hazard analysis.

A 4

FIG. 16. Hazard screening procéss

Table 1 defines the point in the fault analysiscpss at which this low consequence filter needseto
applied. The first step in the procedure is to ssdbe operator and/or public consequences on a
conservative basis with failed protection and alligating systems removed from consideration i.e.
without active safety control measure dose. If dloses are below these threshold values shown in
Table 1, then they may be considered as candiftatése low consequence methodology, resulting in
a “No” response t6Relevant for Accidents”. If without active safetgntrol measure doses are above
the respective screening criteria then the hazaedrried forward for full hazard assessment.

The following is a summary of the more complete dishazards identified in the checklist presented
in Section 4.2 after application of the HAZOPs e This summary provides a brief description of
those events selected to be carried forward fosidemation in further accident analysis or the $asi

for dismissal of those categories not consideratiénaccident analysis. The more complete resfilts o
the hazard event schedule are included as Table 7.

¥ SMP = Safety Management Programme, and SIH = Stdriddustrial Hazard.

43



Annex |, Part C

(a) Radiological hazards
O Criticality

The maximum quantity of fissile material in a sigjlovebox is estimated to be 442 g. The total
amount of fissile material inventory in the 5 rooissestimated to be approximately 1 270 g. While
there is some amount of Pu remaining in the equiprike fissile material is distributed as residual
fixed in gloveboxes and ventilation ducting, orfage contamination. The proposed decommissioning
activities will not preferentially separate or @it fissile material in a fashion that could resnlt
guantities of 450 g or more in solid form that @bbk placed in a favourable configuration which may
result in a criticality. There are no fissile ligsipresent in the facility. Excess fissile matewdl be
removed from gloveboxes before they are openetldadom such that water from fire suppression
could interact with material. Waste handling andkaaging criteria impose limits that are designed to
preclude criticality (mass limits, geometry, spagiretc.). Criticality safety is established using
American Nuclear Standards Institute series AN2H.[No further evaluation is provided in this
document.

O Spread of contamination

Dismantlement and size reduction activities digectmpromise primary confinement barriers. Holes,
punctures, cuts are planned activities and willdgty be performed within a Modular confinement
system; however there is potential for an inadwentelease if the wrong line is cut or the line was$
properly identified as containing material. Scafplior power washing could also result in an
unplanned cut or puncture of equipment or barhiewever these activities are typically conducted on
structural surfaces after all loose fissile matdrés been removed.

Drops and spills of packaged material are also ansi¢o spread contamination. Individual waste
packages may be moved by fork trucks or hand dolpespared glove boxes, piping components and
other equipment may be moved by cranes and hoists.

Some liquid effluent may be generated from hydrolga£pressurized wash of contaminated surfaces).
Liquid generated from decontamination processe$ vl collected and processed through waste
evaporators. On this basis no gaseous effluentsxrected to result from routine decommissioning
activities.

Drops and spills are evaluated further in ScendgbsH1, H2, K1, K2 and L1 (see Section 5.2., fire
and electrical hazards for additional loss of aomfinent events).

O Direct exposure

The nature of the work conducted in the laborategd Pu which is primarily an alpha emitter. One
of the daughter products of Pu%8Am, ?*Am, and?***Am which does present a direct exposure
hazard. In addition, some of the laboratory openratiincluded radioactive fuels. Therefore activated
metals and some residual materials that produdeeat cexposure hazard such %480, **'Cs, **'Cs,

129 99y and®Tc. Exposure from these direct radiation hazardseamluated as normal activities in
Section 5.1.
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U Internal exposure

The most prominent internal exposure hazard agsocvith the proposed decommissioning activities
is Pu. While most of the loose material has beeamowed or fixed in place, there is risk of dispemsio
when currently closed systems are opened and cordtiomn may be dislodged by mechanical
agitation associated with size reduction activities addition, material could be dispersed by fire
which could expose personnel outside of the fgcilithe potential for inhalation is of particular
concern. Potential dose from internal exposureltiegurom injection wounds is evaluated as normal
activities in Section 5.1. Other mechanisms foeasé that could result in inhalation or ingestiamf
accidental release are discussed by individualteveriow:

O Fire

Dismantlement and size reduction activities intelthe use of thermal cutting techniques. Cutting
with MAPP (a combination of liquefied petroleum ahtkthylacetylene-Propadine), acetylene, or
oxyacetylene gases introduce both ignition souaceksflammable gases.

Fixatives, structural foams, and paints may be fifeile in liquid form (e.g. before they are dried).
Efforts are made to use materials with limited #aspread characteristics, but the presence of these
materials serves as a fuel source can result imapeased potential for fire. Some decontamination
solutions (e.g. cerium nitrate) can produce madterithat may have increased ignitability
characteristics when used with cellulose produatsreot properly rinsed.

The nature of decommissioning requires the useoafibuistible materials (plastics and tapes) in
packaging of waste. Fire retardant protective plysvanay be used to protect glovebox windows.
Filters and collection devices have to be uniqaesgiuated for potential as ignition sources.

Fires are evaluated in Scenarios Al, A2, B1, Clald F1 presented in Section 5.2.
O Explosion

Particular attention should be paid to dust gemagaictivities such as metal cutting and collectidn
fines in filters or vacuums.

Although radiolysis may result in generation of & lower flammability limits (LFL) the physical
dimension of drums and standard waste boxes doephysically support the development of a
detonation event. The drum deflagration eventdtuited as fire. Newly generated waste is packaged
in vented containers designed to preclude colleadibH, and other volatile organic compounds that
could result in such an event.

Compressed gasses are present to support weldimggcoperations. These gases are provided in
approved containers (Department of Transportati@sjgned to with stand pressure/drops, etc. Gas is
not supplied in sufficient quantity for any of tladoratory rooms to reach lower flammability limit.

Further Explosions are found in Section 5.2, SGenHr.
O Flooding

No potential exists for flooding and therefore natlier evaluation is provided in this safety
assessment.
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(b) Non-radiological hazards
O Toxic and hazardous materials

Construction records indicate that asbestos wad asean insulating material in the Laboratory
complex. Routine laboratory chemicals must havenbeeoved; however some residual amounts
may be present in areas that may be exposed ongenant is moved. Decommissioning may use
structural foam to secure glovebox interiors ancetmeackaging requirements. These foams may
produce toxic gases (e.g. cyanide) if involved ifire Lead paint was used to cover contamination
from a spill in Laboratory room 2. Beryllium wassgected to have been handled in glovebox A,
Laboratory room 2. The assessment shows that angestal exposure to either Pb or Be will be at a
level less than the dangerous dose and that agytedm exposure would be at a level less than the
appropriate occupational exposure limit. In condnsthe level of risk is sufficiently low that no
specific constraints or restrictions are necesbagond those provided by compliance with the site’s
safety management programme (see Table 8).

O Electrical hazards

Electrical sources will be removed from gloveboges other equipment. Normal lighting and power
systems will remain in place until the balancehaf Laboratory Complex completes mission activities
and undergoes structural demolition. Temporary paway be required if electrical conduit must be
removed to support surface decontamination. Etadtpower may be the cause of a spark that could
initiate a fire (see Fire above). Additionally, $osf power could result in loss of ventilation tw
reversal. This case is covered in Section 5.2, Qase

O Physical hazards

No unique hazards have been identified with theoahaissioning of the 5 laboratory rooms. Heavy
loads will be lifted and handled by crane and forlck. Events associated with drops are covered
above in drops and spills. Equipment will not feetl over credited SSCs, so there is no danger of
damaging systems. Demolition is not authorizedhanfirst stage of decommissioning as the end point
is an empty room that will support demolition iretfinal stage of decommissioning, no structural
degradation will result from authorized activiti€andard industrial hazards associated with phlsic
hazards including working at heights, high noisk,. evill be addressed through work planning
processes.

O Human and organizational initiating events

There is high probability for human errors in thecdmmissioning process. Those most common
include failure to perform work in accordance wilanning documents and procedures which may
encompass cutting the wrong line, opening a limé thay have been mischaracterized, or erroneous
free-release of materials. The continuing labosatoperations are sufficiently separated from the
decommissioning activities by hallways and fire lwado as not to introduce hazards from the
laboratory operations or vice versa. The conse@semé accidents initiated by human error are
included above. Planning of work packages haventtudle review for error likely situations and
precursors that may be avoided with proper conaiaer.

O External initiating events
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No specific risk was considered resulting from natyhenomena hazards (earthquake, external
flooding, extreme weather), during the limited dima of decommissioning of the 5 laboratory rooms.
The probability of occurrence of a design basisnewduring this limited window of operation is
beyond extremely unlikely. The decommissioning\dtidis reduce the material at risk. No structural
changes are planned; therefore, the operationdbati@n of natural hazards remains bounding for
planned decommissioning activities. The decommmssg activities planned for the five laboratory
rooms do not introduce any new hazards to the tridusenvironment (e.g. no cranes or hoists
external to the facility, no additional gas/propameupport operation). No additional consideratn
included for external initiating events evaluation.

O Other initiating events

There are no other initiating events identifiedkblown material is discussed above.

a7
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TABLE 7 HAZARD/EVENT SCHEDULE - RADIOLOGICAL HAZARDS

Hazard ID/ Event Cause Material | Without Active Safety Control Potential Controls Accident
Ref. No. Description/Type at Risk Measure Evaluation (Prevention/Mitigation) Scenario
Ref. No.
Frequency Receptor/ Dose| Engineered Administrative
[Sv] Controls Controls
1A.2-1, Loss of Size reductionand | 13509 Anticipated | Worker: Confinement | Drums over 200 g | G1, H1,
containment/ decontamination Building Pu-E not be
barrier tools such as saws, 4.67x 10 ventilation staged/stored H2, K1,
1B.7-3, o o grinders, shears, Moducon outside K2, L1
3D.3 Misidentifications hydrolazers etc cut of Public: confinement,
e Unknown or puncture primary ' Drums/SWBs must
unmarked barrier (glove box, 6.34 x 10 not be stacked
materials waste container)
leading to direct
exposure or
unconfined material
1A.2-2, Dismantling of Inadequate survey or 5-25 Shielding Radiological Section
1A.3-2 containment/Barrie| relocation/improper | uSv/h CAM Protection 59
T rs placement of Program, Alarming| =™
1B.7-3 _ shielding or removal dosimetry
Dose received of containment
from direct barriers before
radiation sources | removal of source
Misidentifications | term resultin hot
spots
1B.1-1 Fire initiated by Cutting activities 1276 ¢ Anticipated | Worker: Confinement | Combustible Al, A2,
thermal cutting occur too close to 11 x 10t (1 stage material controls, Bl E1
techniques surrounding material, ' HEPA) hot work controls, T
(zircalloy, etc.) or cutting operation fire Drums/standard F1
started before .. suppression | waste boxes must
1B.1-3 Accumulation of | removing excess Public: not be stacked
combustible materials. 1.5 x 10°
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Hazard ID/ Event Cause Material | Without Active Safety Control Potential Controls Accident
Ref. No. Description/Type at Risk Measure Evaluation (Prevention/Mitigation) Scenario
Ref. No.
Frequency | Receptor/ Dose| Engineered Administrative
[Sv] Controls Controls
materials and
radioactive waste
1B.1-2 Fire resulting from | Surfaces cleaned 1595¢g Anticipated | Worker: Confinement | Combustible D1
decontamination | using cerium nitrate, 1.3 % 10" (1 stage material controls,
process (chemical,| Wiped with cellulose ‘ HEPA) hot work controls
mechanical, cloths ignited by Public:
electrical methods | sparks produced by 18 x 10°
or mixed methods | mechanical cutting '
to remove operations.
contamination
from metals,
concrete or others
surface)
1B.14 Explosion caused | Ignition of flammable| 468 g Anticipated | Worker: Confinement Drums over 200 g| J1
by flammable gas produces 7 8% 10° Pu-E shall not be
gases and liquids | deflagration/overpres ' staged/stored
sure, jet release outside
caused by sheared . confinement, use o
regulator or vapor Public: 1.1 x 10 non sparking tools,
cloud explosion from
accumulated leak
1B.2-3 Radiolysis Sealed waste 200049 Anticipated | Worker: Waste Use of lid J2
phenomena container with 9.7 x 10" container, restraints, remote
(radioactive waste | hydrocarbon ‘ drum vent, handling, non-
storage, transport) | materials produces HEPA sparking tools
results in drum hydrogen gas withou Public: filtration

ventilation path,
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Hazard 1D/ Event Cause Material | Without Active Safety Control Potential Controls Accident
Ref. No. Description/Type at Risk Measure Evaluation (Prevention/Mitigation) Scenario
Ref. No.
Frequency | Receptor/ Dose| Engineered Administrative
[Sv] Controls Controls
deflagration venting, or movement 1.3 x 10°
introduces oxygen
and sufficient energy
to ignite
1B.5-1 Loss of power Loss of flow witha | 562 g Anticipated | Worker: 11
supply causes momentary chkwarc 57 x 10°
ventilation system | pressure gradient
flow reversal disperses airborne Public:
material 7 7% 10°




TABLE 8 NON-RADIOLOGICAL HAZARDS

Hazard Event Material at | Without Active Safety Control Potential Controls Accident Scenario Ref. No.
ID/ Ref. | Description/ Risk Measure Evaluation (Prevention/Mitigation)
No. Type Frequency Receptor/ Engineered Administrative
Dose Controls Controls
1B.4-1 | Asbestos/glass <TQ Anticipated N/A N/A N/A The amount of ashestnghe
woolin thermal facility is below threshold
insulation quantities; therefore, the level g
system risk is sufficiently low that no
specific constraints or
restrictions are necessary beyo
those provided by compliance
with the site’s safety
management programme.
1B.4-2 | Lead in paint, <TQ Anticipated N/A N/A N/A The assessment shohat any

shielding

accidental exposure to Pb will 4
at a level less than the dangero
dose and that any long term
exposure would be at a level le
than the appropriate
occupational exposure limit. In
conclusion, the level of risk is
sufficiently low that no specific
constraints or restrictions are
necessary beyond those provid
by compliance with the site’s
safety management programmg
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other
hazardous
materials
(cyanide gas
caused by
ignition of
structural foam
components)

Hazard Event Material at | Without Active Safety Control Potential Controls Accident Scenario Ref. No.
ID/ Ref. | Description/ Risk Measure Evaluation (Prevention/Mitigation)
No. Type Frequency Receptor/ Engineered Administrative
Dose Controls Controls
1B.4-3 | Beryllium and <TQ Anticipated N/A N/A N/A The assessment shohsat any

accidental exposure to Be will
at a level less than the dangero
dose and that any long term
exposure would be at a level le
than the appropriate
occupational exposure limit.

Structural foam will be used to
meet waste acceptance criteria
some cases. The amount of
material required is minimal ang

therefore the amount of cyanide

off gas produced would not
reach toxic levels.

In conclusion, the level of risk is
sufficiently low that no specific
constraints or restrictions are
necessary beyond those provid
by compliance with the site’s
safety management programmg
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5. HAZARD ANALYSIS: EVALUATION

5.1. ANALYSIS OF NORMAL ACTIVITIES

Hazards during normal operations of the redundevietpox decommissioning project may arise from
external and internal radiation doses and fromstréal hazards.

5.1.1. External radiation dose

Routine external radiation doses are expected towedn consequence of the low background dose
rates in the laboratory areas, each of which has lsebject to post operational cleanup and routine
radiation monitoring. The calculated inventories based on non-destructive analysis measurements
taken following post operational cleanup in 199H8e Timits of the non-destructive assay required the
application of a best case, worst case model. Dhest‘case” assumes that all the plutonium is ptesen
on the windows and ports, distributed evenly, cairsit with swipe samples and radiological meter
dose readings, whereas the “worst case” resultgrasshe material is collected at the middle of the
glovebox floor. The main potential cause of extedwse arises from the gamma radiation sources
within the gloveboxes that give doses of up to u®¥/h at the glovebox surface. These dose rates
reduce to 2uSv/h at the protective boarding (shielding) and Mdoe expected to be < [ASv/h
outside a radius of 1 m.

Table 9. gives a conservative assessment of tleenaktdose from decommissioning operations. All
work adjacent to glovebox surfaces is assumed @t leminimum dose rate of(fsv/h, with a small
amount of high dose work at &v/h. Other preparatory activities are calculate@ amominal 1
uSsv/h.

TABLE 9 DOSE ASSESSMENT FOR DECOMMISSIONING ACTIVIHS

Stage Activity Number | Dose Rate | Exposure Total Dose
of Time
People [uSv/n] [h/person] [uSv]
Vent Assemble scaffold and tent 3 1 12 36
removal Remove vent pipework 4 1 16 64
Strike scaffold and tent 2 1 10 20
Work adjacent to radiatior
Build sources 2 25 2 100
ModuCon | Work away from radiation 2 5 16 160
sources
_ Work adjacent to radiatiorn 5 o5 16 800
Size sources
reduction | Work away from radiation 2 5 80 800
sources
I;andhng high dose waste 5 5 5 20
Waste rums
operations| General waste drum ops 2 1 8 16
Clearance Survey eqmpment and 2 1 80 160
room surfaces
Total dose [personuSv] 2176
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Hence the provisional dose budget for the deconiomig®gy operations is 2 176 man mSv for three
gloveboxes in Laboratory room 2.

Assuming the total dose budgets can be calculatedgta from the maximum dose rates and the
number of gloveboxes to be processed suggestsotlmvihg total operator doses from normal
operations (see Table 10):

TABLE 10 OPERATOR DOSE FROM NORMAL OPERATION

Location Number of Maximum Dose Conversion Dose
boXes Rate Factor [Man pSv]
[uSv/h] [Man h/box]
Laboratory room 1 5 10 6.72 336
Laboratory room 2 3 100 6.72 2016
Laboratory room 3 2 6* 6.72 81
Laboratory room 4 6 6 6.72 242
Laboratory room 5 1 18 6.72 121
Total 17 2796

* Taken to be the same as Laboratory room 4 dase Tese boxes have been wrapped and transparted a
have no hot spots.

Hence the total dose budget is calculated as soghen@n-mSv, of which 72% is accounted for by
Laboratory room 2. Assuming an individual took gareach of the stages in all of the labs doing the
tasks leading to greatest exposure they wouldvedess than 1 mSv.

5.1.2. Dose constraint objective

Consideration of the dose budget given in the pressparagraphs, together with the fact that detaile
planning of operations will focus on dose reductisnggest that a dose constraint objective of
0.75 mSvly, resulting in 0.375 mSv for the 6 mopdriod of decommissioning activities, for each
individual worker is reasonable. One half of theselwiill be assumed for conduct of this activityitas

is projected to take 6 months. This will be revidwaonthly to ensure that it remains a challenging
target to assist in keeping doses ALARA.

5.1.3. Internal radiation dose

The redundant laboratories in which the work widl bndertaken have all been subject to post-
operational cleanup, involving the removal or isiola of all sources of contamination with the
exception of that fixed within the gloveboxes. algd alarming air monitors are placed within each
laboratory to warn of any instance of air activitydicative calculations based on general air sampl
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levels of 0.01 to 0.03 derived air concentratio(@)* hours per shift was measured during the care
and maintenance of the laboratories over the pediiB — 1997 suggest that internal doses for the
whole programme of work will be very low. For exdmpassuming an individual may accumulate
1000 hours exposure at 0.03 DAC hours per 8 h @mifi 2000 DAC hours equivalent to 50 mSv for
old data), the estimated internal dose is 0.0318000/2 000 x 50 = 0.094 mSv. This dose indicates a
very small contribution of routine internal dose cymparison either with external radiation or with
possible release events, which are considerecaingkt Section.

The following scenarios provide upper and consérgagstimates of potential doses that may arise
from normal and from accidental conditions both Warkers and for members of the public. This
preliminary analysis serves to put the potentiaiands from the laboratory into perspective witheoth
facilities and to justify the choice of the levéld®tail in which the detailed accident analysisdsried

out in Section 5.2.

5.2.  ANALYSIS OF ACCIDENT SCENARIOS

The criteria presented in Section 4.3 above weeel ts determine what hazards/potential scenario
types to carry forward for additional quantitataealysis. The hazards/potential scenario typess(fir
spills, explosions, etc.) that meet these critar@annotated in Table 7. The following summarthes
bases for those scenarios presented for additsomaysis:

U Hazards/initiating events that lead to scenaricst tould result in on-site or off-site
consequences. At this stage, each hazard was eosgithdependent of other hazards.

O Hazards/initiating events that lead to scenari@d #re of sufficient complexity to require
more detailed analysis to understand consequencetha impact of controls.

O Hazards/potential events that provide technicatifjoation for control set reduction (i.e.
removal of specified controls once hazard has beduced).

O Qualitative analysis was performed for each harametermine what equipment (structures,
systems or components) or administrative contnasr@quired to protect immediate workers.
The following criteria, based on definitions in R4#0], were used to identify safety
measures, either as engineered systems, SSCsadmasstrative controls.

Those hazards and initiating events identified abl€ 7. that require further evaluation were first
grouped by event categories to support more ddtaitalysis. The major event categories are:

O Operational accidents (caused by facility cond#ion operations);

O External events (caused by activities outside #udlify that may or may not be related to
decommissioning operations); and

O Natural phenomena hazard events (acts of nature).

* The DAC is a value calculated from a fixed airhessnple station. The samples represent the airborne
concentration of a room of known volume for a sfiegieriod of time. The derived value provides #stimate
of internal dose an individual in the room woulde®e by remaining in the room for a complete shift
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Operational accidents are further subdivided iivesf spills, explosions, and criticalities. Addital
sorting is based on the area that the accident @cayr. These include outside of the laboratory
building (however, no activities occur outside tladoratory building structure and will not be
included), within the laboratory rooms but outsiwfeconfinement, and within the laboratory rooms
within confinement.

The gloveboxes in Laboratory room 2 are used toesgmt the worst potential accident conditions as
these boxes contain the highest amount of potestdizice material. The material is modeled as loose
surface contamination to ensure the most boundusg.cThe material at risk (MAR = the amount of
material that may be available to be involved iy agenario) in the glovebox fire and room fire
involve these materials. The second case presgatsagion of materials in Laboratory room 1 to
illustrate that controls required to support theadup of Laboratory room 2 will not be requiredenc
these boxes have been removed and may be discemtiuthis point. No external events were
identified to be carried forward. NPH events présdnin the operational analysis are considered
bounding and will not be reevaluated here.

5.2.1. Modelling assumptions

MELCOR Accident Consequence analysis Code (MAC(32) dispersion model was applied to

obtain dose estimates at 100 m for the onsite waokgulation (noted as WORKER in associated
analysis) and at the site boundary for potentiadsdm the critical group, also known as the public
receptor who is presumed to be located at the sesite boundary to the facility. The distance from
closest point of laboratory decommissioning aagsito the nearest site boundary is 1 580 m.

Plume dispersion is based on"9Bercentile meteorology in all scenarios excepttfmse that are
postulated to be caused by high winds or tornadDeis. represents conservative weather conditions
corresponding to low wind and neutral stability, nimization of plume dispersion, and a
conservatively high estimate of dose to the reaeftume dispersion will be higher and doses to
receptors will be lower than predicted by this @afib% of the time. Plume dispersion will be lower
and doses to receptors will be higher than predibethis value 5% of the time [33]. The public is
represented by a hypothetical critical group, whpresumed to be located directly downwind of the
facility and at the nearest Site boundary. Standiéteorology assumes wind speed 6 km/h from 270°
Stability D, no precipitation.

For scenarios that involve a lofted plume, the jouisl presumed to be located downwind at the point
of maximum dose.

The breathing rate corresponding to heavy acti{atg x 10" m?¥s), which would provide maximum
internal exposure to airborne releases, is usedlifoases.

All dose consequences are reported in units of v,y CEDE (Committed Effective Dose
Equivalent).

Dose consequences are primarily reported in uritSvo50 y CEDE (Committed Effective Dose
Equivalent).

There are no credible criticality accidents; therefdoses from criticality are not modeled.

Dose conversion factors based on the most recerational Commission on Radiation Protection
standards (ICRP-68) [35] are used for all scenafioaccordance with ICRP-68 recommendations, a
particle size of Jum is assumed for all without active safety contnalasure scenarios except where
the postulated exposure is to a non-volatile (agsetiquid release. For these cases, a particiediz
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1 um is assumed and corresponding dose consequercsligiitly higher. Releases through HEPA
filters also use the m particle size as a credited active safety com@hsure.

Release events are modeled as ground level releasanfiltered events. Discharge from the
ventilation stack is released at 25 m.

The basic assumptions used to establish the sdaroe for the Laboratory Test Case were the
following:

(@)

(b)

(©)

(d)

(e)

(f)

@

During dismantling of the gloveboxes, innerfaces are exposed and building surfaces are
decontaminated, leading to a mobilization of radimides into the facilities’ atmosphere. The
without active safety control measure case assuhasall material is available for release
unless protected by a confinement barrier (such gkve box or sealed waste container).
Damage ratios for confinement barriers are desdriine scenario to represent the physical
conditions under evaluation.

Intermediated level waste (ILW) drums havingaminal 20 capacity that are ready to ship
are packaged at a maximum loading of 200 g Pu-Ealse containers in the Laboratory have
generally not been assayed to confirm this maxinhomading, and to allow acceptance for
repackaging of containers determined by assay toviee the 200 g limit, one container in
each population of 200 ILW waste drums is assumed to be overloaded by, 28%a
maximum loading of 250 g Pu-E. In general pract@@revent reworking drums, many are
packaged to less than 200 g. While the dose copsega of an event would be slightly
higher if the event involved only these drums, durgion in frequency of that specific event
would be justified since there are so few. Thusiassg that all drums are packaged to 200 g
with one overbatched at 250 g continues to progideadequate conservatism for analysis
purposes.

Standard Waste Boxes are packaged to a maxitoading of 320 g Pu-E. The waste

acceptance criteria for the waste disposal faciityd criticality safety limits are 325 g Pu

(Fissile gram equivalent) and 342 g Pu + U. Prorabtiy the boxes are packaged to much
lower levels to prevent approaching theses linkitswvever, for analysis, one container in each
population of Standard Waste Boxes is assumed twédoaded by approximately 25%, for a
maximum loading of 400 g Pu-E.

Low Level Waste (LLW) is limited to a maximuni 8.7 kBq activity per gram of waste
matrix. The loading of the IP-2 metal LLW cratdiiited to the A2 quantity, which is based
on the isotopic mix of radionuclides present in tste. To be consistent with other Site
analyses, each IP-2 box of low level waste is assutm contain 3 g Pu-E. This value includes
sufficient margin to account for possible overloagi

LLW is limited to a maximum of 3.7 kBq activiper gram of waste matrix. Each 20drum
of low level waste is assumed to contain 0.5 g P& analysis purposes, each drum is
assumed to contain 1 g Pu-E to provide sufficieatgim to account for possible overloading.

Residual values are used as the measured oinabralue based on non-destructive assay
plus approximately two (sometimes 1.96) times ttadard deviation (N +d&) or as the
Lower Limit of Detection (LLD).

Container integrity provides a primary bounddgtween the material at risk and the
surrounding environment.

® For the purpose of this safety assessment thegtiisolpilot plant (WIPP) was used.
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Additional assumptions that are relevant to mudtiptenarios include the following:

O Radioactive waste will be packaged only in metaitamers approved for on-site shipping.
Radioactive waste will not be packaged in woodentaioers. Plastic containers used for
LLW liquid wastes (e.g., from eyewash station tegftiare also permitted.

Moducon size reduction structures will be conseddaif fire retardant material.

Fixative coatings used on process components teptehe spread of contamination will not
continue to burn without an external heat sourcemdry.

O This analysis credits one tested stage of HEPAafitin. Filter stage particle removal
efficiency is at least 99.9% for the tested stagmuivalent to a Building leakpath factor of
0.001). Each of the accident scenarios begins thghwithout active safety control measure
event.

Although the standard assumption is that contaiedrivaste is modeled as confined material, some of
the analyses model portions of the waste streaumesnfined noncombustible material. This is done
to more realistically portray the hazard of decossitining waste, much of which will be surface
contaminated metal and other contaminated noncaiblsnaterial. The rationale for the various
modeling methods is provided on a case-by-cases.basi

5.2.2. Modelling and calculation of consequences

The hazard identification process identified nurnsréires involving radioactive materials that could
result in uncontrolled releases of radioactive mal® Fires are evaluated asticipatedevents. A fire
can be initiated by a spark or heat from variousviiies that ignites accumulated combustible
material (e.g., hot work, residual pyrophoric maiigr

While the scenarios are evaluated at differentueegies, includingnticipated every effort is taken
to prevent the occurrence of any fires. The freqigenselected are used for evaluation purposes to
demonstrate the adequacy of proposed controls.

A small fire is defined as the largest fire that cause radiological material release without atiing
the suppression system. The small fire is modedesl EMW fire with release duration of 10 min.

A medium fire is modeled as a 1 to 5 MW fire withedease duration of 15 min. that occurs based on
lapses in combustible material controls and hotkwsamtrols. While a small fire is modeled as too
small to actuate the fire suppression sprinkletesgsa medium fire will actuate the system. Thhs, t
fire suppression sprinklers cannot be creditedetiuce the frequency of a medium fire (since it
reaches medium size prior to actuation). Howevecgaactuated, the fire suppression sprinklers will
either extinguish the fire, thereby reducing thesamuences.

A large fire is defined as the largest fire thatrnaats consideration based on lapses in combustible
material controls and hot work controls and a failof the fire suppression sprinklers where avélab
Thus, large fires would result from a failure ofetlcombustible material controls such that an
accumulation of material to support a 30 min. fiseurs. An ignition source is then assumed to start
the fire and the fire suppression sprinklers asmthssumed to fail such that the fire grows targela

(5 to 10 MW) size. The fire suppression sprinkleot only prevent smaller fires from growing but
also limit radiological releases by limiting pressation of drums and other containers. The heat
release rate for the postulated large fire is 8128 from combustion of 210 kg of polyethylene drum
liners.
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The accumulation of the incomplete combustion afegaand/or particulate could occur in ventilation
ductwork due to large or major fires and subseduédit ignited causing a pressure transient (similar
to, but less severe than, a deflagration) in trevdork. This condition has the potential to existeg

the occurrence of various factors, which includeare not limited to:

Incomplete combustion products resulting from tiigal fire;

Mixing of the combustible products with fresh airthe ventilation system;

Sufficient residual heat or other ignition soureeessary to ignite the combustible products;
Configuration of the ventilation system;

Ventilation airflow; and

O 0OO0oodgogo .o

Type and quantity of combustible materials involirethe fire.

While this phenomenon could potentially occur ire tBxhaust ventilation ductwork, it is not
considered likely due to the configuration of thestem. The ensuing pressure transient, should it
occur, is not expected to cause any damage toalvasiream HEPA filters due to their location. The
filters are more vulnerable to clogging or hot ersbe

A postulated outcome of a fire is loss of filtratidue to HEPA filter plugging. The potential for
smoke to plug the HEPA filters in the exhaust ptaris considered because it provides a mechanism
for room exhaust to escape the building unfiltemed also presents a potential for damage to HEPA
filters. Plugging of the HEPA filters could resitt sufficient differential pressure across theefilt
banks to cause collapse or blow through. Approxaéigab kg of plastic or 27 kg of ordinary
combustibles such as wood is required to produffeigmt solid combustion products to clog a single
filter.

Since all material for the above containers is nedias confined material and assuming seal failure
for all containers in fires, the source term evidafor ILW drums bounds that source term for
standard waste boxes. Since ILW drums experiedckdis with material ejection and the Air borne
release fraction/resprirable fraction values aghér, the ILW drums bound both Standard Waste
Boxes for pools fires also.

(@) Waste container staging fires

The staging, or aggregating, of full waste conteng considered as a non-location-specific agtivit
Waste containers used in staging areas are met&hicers approved for use in on-site shipping.
Containers are assumed to have lids (permaneringrdrary metal) in place. This assumption does
not require that the lid be crimped or torqued (fioetal crates or Standard Waste Boxes), or the
ring-bolt tightened (for open-head drums), as nexglifor transportation. For medium and large fires,
no pressure relief credit is taken for drums theatehlids that are not secured, even though theceff
would help to prevent lid loss (does not applyrt@8 fires since drums do not experience lid losa i
small fire).

Small waste container staging fires (Scenario A)

The following scenarios consider a small fire (Il#san 1 MW) involving staged containers of nuclear
debris. Such material could involve ILW in 200drums or Standard Waste Boxes, LLW in metal
(IP-2) crates or 200 drums. A fire could be initiated by a spark orthfeam operations, maintenance,
or closure activities (e.g., hot work such as therautting or sparks from mechanical size redugtion
that ignites accumulated combustible material. Ofhessible initiators could include exothermic
chemical reactions from incompatible container eots, improper hot work, equipment malfunction
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(e.g., electrical short, overheat) or improperlyeigted, degraded electrical equipment, power
supplies, or damaged electrical power cords.

O Scenario AT Small Drum Fire inside Confinement

This scenario postulates a small fire involving ILkVtwelve drums inside Laboratory room 2 with
active confinement. As postulated, the fire consuithe ILW and internal plastic packaging, exposing
the burning contents to the building atmosphere.

Nine drums containing a total of 1 267 g, based ahle 4, are modeled as confined material and a
damage ratio of 0.2 is used for the material imdru

Control set and risk class

The dose consequences without active safety comteaisure for this scenario are 44 mSv and 0.6
mSyv for the public. When evaluated ataanticipatedfrequency, the scenario is Risk Class lll for the
worker and the public (see Table 11).

The computer code Radidose 1.4.3 [23] was usedadedose consequences and the effects of
implemented controls. The results are displayedbies after the description of the scenario. bs¢h
tables, the following abbreviations were used:

wQ is notation for the dispersion coefficient;

SCO Surface contaminated objects;

DCF Dose conversion factor;

ICRP International Commission on Radiation Praoegt
DR Damage ratio;

LPF Leak path factor;

ARF Air borne release fraction; and

RF Respirable Fraction.
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TABLE 11 SMALL DRUM FIRE INSIDE CONFINEMENT (SCENARD Al)

Small Drum Fire Inside Confinement (Non-Lofted Fire)

Radidose Parameters

Breathi DCE | D |LP Release
. : g : ;
Contributor Material 2Q ng | Form of Material ICRP-68| R | F Durati | ARF RF
Rate on
a. drum fraction | Pu-E 45 | Heavy |Confined Material$ Moderate|0.21.0[ 10 5 x10' | 1.00

Radidose Results
Without active safety control measure| With active safety control measures |Notes:

Contributor PU-E Dose Consequence S PU-E Dose Consequences SV
WORKER | PUBLIC WORKER PUBLIC
a. drum fraction 12674.4x 10°|6.0 x 10° 12674.4x10°| 6.0 x 10°
Total: 4.4 x 10?|6.0x 10'|  Total:|4.4 x 10| 6.0 x 10°

Dose Consequences with Active Safety Control Meases [Sv]
Risk Class Evaluation 0 HEPA 1 HEPA 2 HEPA 0.1 LPF

WORKER | PUBLIC |WORKER | PUBLIC | WORKER |PUBLIC |WORKER | PUBLIC
Dose Consequencef: 4.4 x 17 | 6.0x10° | 6.4x10 | 8.7 x10 1.3x10 |1.7x10| 44x10° | 6.0x1C°
Consequence Level Low Low Low Low Low Low Low Low
Anticipated Il Il Il 1] Il Il Il Il
Risk Class Unlikely Il Il Il 1] Il Il Il Il
Eégﬁl(rgﬁl'y vV W, IV Y% IV W, IV W,
Controls Classification of Control
Combustible material controls specific administrattontrol
Confinement (1 stage HEPA) SSC Category 4
Hot work controls administrative control

®4/Q is notation for the dispersion coefficient. Thistes the meteorology used in the analysi¥.i88icates
that standard meteorology, or weather represeegtafithe 95 percentile was applied.

" The LFP can be reduced by a factor of 0.1 for ssipa confinement (no unfiltered pathways to the
environment).
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O Scenario A2:Surface Contaminated Objects, LLW, and ILW Firehaiit Confinement

This scenario postulates a fire that involves LUWmetal crates and ILW waste in 20@rums. The
case could occur in any operationally clean arat th

. Has had major source term removed;

. Is used to package remaining debris from removaimhg, lighting and other debris from the
laboratory rooms); and

. Where remaining waste is being loaded into wasteanoers.
Work in operationally clean areas will produce mvajor waste streams:
. Combustible waste, which is modeled as confinecerat and

. Contaminated noncombustible waste, such as methl cancrete, which is modeled as
unconfined noncombustible.

It is assumed that these activities will not geteelaW other than contaminated non-combustibles
(e.g., metal piping, duct stubs). ILW is, therefareodeled as contaminated noncombustible material.
Surface contaminated objects are also modeled asnfined noncombustible material. LLW is
modeled as confined material since combustible esagroduced during cold strip-out activities
(contaminated protective clothing, plastic usedcmntamination control, fiberboard ceiling tiles;.¢

will be packaged as LLW. Significant amounts of cmmbustible LLW will also be produced
(sprinkler piping, light fixtures, scabbled coneketThe choice to model all LLW as combustible is
therefore conservative.

The without active safety control measure casess@ed to involve:

. Two large surface contaminated objects (total ofy F-E),

. Eight metal LLW crates (total of 24 g Pu-E),

. Two ILW drums (total 450 g Pu-E, assuming one daira00 g; and

. One overbatched at 250 g), and an overbatched &thidaster Box (400 g Pu-E).

A damage ratio of 0.2 is used to represent seakéafor metal LLW crates and a damage ratio of 1.0
is used for ILW drums and the Standard Waste Bioxesthe containers are assumed to be open and
in use. Although this quantity of ILW is not anpeited to remain in areas declared Operationally
Clean, this allows the introduction and use of addal containers prior to removal of filled
containers, as necessary. In addition to the abmaierial at risk (MAR), embers from the fire are
assumed to propagate through the plenum and ighéeHEPA filters. Based on the residual
measurements of residual material the ductingedilter with the highest amount of residual magkri
residual contains less than 100 g Pu-E. For coatism, the HEPA filter is assumed to contain 150 g
Pu-E. This conservatism accounts for some amoumesifiual that might be present in the HEPA
filters of air movers that are in use in the area.
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The amount of material selected conservatively deuwvhat might be present in an operationally
clean area. Although a small fire could not invalliss amount of material, the fire is modeled d9a
min. release (i.e., small fire). Since the firedtwes all material in the area and a medium angelar
fire have longer release duration, which resulbimer dose consequences, this fire bounds a medium
and large fire involving the same amount of materia

Control set and risk class

The without active safety control measure dose equsnces for this scenario are relatively to the
worker (24.0mSv) andlow to the public (0.325 mSv). When evaluated abaticipatedfrequency,
the scenario is Risk Class lll for the worker angkRClass 11l for the public.

Since the dose consequences for both the workepualplit are relativelyow and Risk Class Il for
the without active safety control measure casegdwbitional controls to mitigate the consequences or
reduce the frequency of the event are warrantedtHeoimmediate worker, the without active safety
control measure dose consequences are qualitatesdessed atow. When evaluated at an
anticipatedfrequency, the event represents Risk Class lllaNditional controls to the ones that the
immediate workers will wear in accordance to thietyaprogrammes are envisaged to specifically
protect the immediate workers (see Table 12).
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TABLE 12 SURFACE CONTAMINATED OBJECTS, LLW, AND ILWNASTE FIRE IN
OPERATIONALLY CLEAN AREA (SCENARIO A2)

Surface Contaminated Objects, LLW, and ILW Waste Fie in OPS Clean Area (Non-Lofted Fire)
Radidose Parameters

. . Br_eath . DCF Release
Contributor Material %Q ér;%e Form of Material ICRP-68 DR | LPF DU ARF RF
a. SCO fraction Pu-E g5 | Heavy|Unconfined Noncombust, Moderaté.0 | 1.0 10 6 x 16 1.00
b. LLW fraction Pu-E 98 | Heavy |Confined Materials Moderated.2 | 1.0 10 5x 1¢ 1.00
¢. TRU drum fraction Pu-E 45 | Heavy|Unconfined Noncombust, Moderaté.0| 1.0 10 6x18 1.00
d. SWB fraction Pu-E d5 | Heavy |Unconfined Noncombust, Moderaté.0 | 1.0 10 6x 18 1.00
e. HEPA filters PuE d5 | Heavy |HEPA Filters Moderate1.0| 1.0 10 1x1d 1.00

Radidose Results

Without active safety control . . Notes:
— measure With active safety control measures Ventilation system is assumed to i
ontributor puE | Dose Consequences [S by | Dose Consequences [Syynavailable in Operationally Clean
WORKER | PUBLIC WORKER | PUBLIC |Ared
a. SCO fraction 122.50 x 1¢* | 3.39 x 1¢ 12| 250 x 10 | 3.39 x 1C¢
b. LLW fraction 24 8.32x10' | 1.13x 10 24 8.32x10 | 1.13x 10
c. TRU drum fraction 4509.36 x 10° | 1.27 x 1¢* 450 9.36 x 10° | 1.27 x 1¢'
d. SWB fraction 4008.32x10° | 1.13x 1¢ 400 8.32x10° | 1.13x 1¢
e. HEPA filters 150 5.20 x 16° | 7.06 x 1¢F 150 5.20 x 10° | 7.06 x 10
Total:| 2.40 x 17 | 3.25 x 1¢f Total:| 2.40 x 1% | 3.25 x 1¢'
Dose Consequences with Active Safety Control Meases Sv
Risk Class Evaluation 0 HEPA 1 HEPA 2 HEPA 0.1 LPF
WORKER | PUBLIC | WORKER | PUBLIC | WORKER |PUBLIC [ WORKER | PUBLIC
Dose Consequencelp:2.40 x 1 | 3.25x 10° | 3.51x 1C° | 4.76 x 10 | 7.02 x 1¢° gig?ox 2.40x10° | 3.25x 1C
Consequence Leve|:  Low Low Low Low Low Low Low Low
Anticipated 1l 11l 1 1] ] 1 11l 1]
Risk Class Unlikely Il 1l I 1] 1l I I I
Extremely Unlikely v \Y, \Y \Y \% \Y) v v
Controls Classification of Controls

No specifically credited controls are warranted N/A

[0}



Annex |, Part C

Medium fire, waste container staging (Scenarios B)
Scenario description

The following scenarios consider a medium fired 5tMW) involving staged containers of material
such as ILW in 20@ drums or standard waste boxes, low level wastaatal (IP-2) crates or 200
drums. This fire could be initiated by a spark @ahfrom operations, maintenance, or closure
activities (e.g., hot work or electrical equipmethtt ignites accumulated combustible material.

Fires initiated inside the building are typicallptnconsidered to be fast growing fires due to the
combustible material types with one exception. Wast in a drum may be found staged in various
areas. The consequences and the footprint of tlitumefire are different for a fast-growing (pallet,
drum liner, or flammable liquid) fire than for andnary combustible fire. The medium, fast-growing
fire develops a heat flux sufficient to cause ddd in 200t drums. Lid loss is not assumed for metal
waste crates or standard waste boxes. The lackgablket seal in metal waste crates allows venting
throughout the heating of the container and coatemtd prevents buildup of sufficient pressurénen t
container to result in lid loss. For the standaadt® boxes, the weight of the lid (approximatelykgp
and the method of fastening (bolted to the contaiaee considered to effectively prevent lid logs i
the fast-growing fire as analyzed.

Scenario B1:Medium drum fire inside confinement

This scenario postulates a medium fire involvingMlwithin a non-standard wooden crate that also
involved drums inside the laboratory rooms withfooement (e.g. ventilation). As postulated, the fir
consumes the ILW and internal plastic packaginguosing the burning contents to the building
atmosphere. The dominant cause or initiator fos ggenario is size reduction activities or other
ignition sources such as transportation equipmeaintenance, or closure activities. Other possible
initiators could include exothermic chemical reati from incompatible container contents, improper
hot work, equipment malfunction (e.g., electricab, overheat) or improperly operated, degraded
electrical equipment, power supplies, or damagedtetal power cords.

For the case without active safety control measwdse involving 21 stacked drums (826 g Pu-E)
that experience seal failure plus two ILW drumdatd50 g Pu-E, assuming one drum at 200 g and
one overbatched at 250 g) that experience lid I8dlswaste is modeled Pu-E and as confined
material. All of the drums that experience sedlfaiare evaluated with a damage ratio of 0.2 hrd t
drums that experience lid loss are evaluated wittamage ratio of 1. For the case without active
safety control measures, all drums are assumexptrience seal failure.

Control set and risk class

The dose consequences without active safety comtealsures for this scenario an®derateto the
worker (107 mSv) anaver the limitto the public (1.49 mSv). When evaluated atasticipated
frequency, the scenario is Risk Class | for theke@pand Risk Class lll for the public (see Tablg. 13

Fires are considereanticipated Medium fires are considerashlikely when crediting combustible
material controls and hot work controls. Creditinge stage of HEPA filtration reduces the
consequences tow for the worker.
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The assumption that fire suppression sprinklerd vamain operational provides a reasonably
practicable control which must be maintained asasure of the fire protection program.

For the scenario with active safety control measufeelow dose consequences to the worker (0.15
mSv) evaluated at aonlikely frequency results in a Risk Class lll category ahd low dose
consequences to the public (0.002 mSv) evaluatad atlikely frequency also results in a Risk Class
[l category.

For the immediate worker, the dose consequenceBoutitactive safety control measure are
qualitatively assessed asderate When evaluated at anticipatedfrequency, the event represents
Risk Class I. The potential for serious injury agn#ficant radiological exposure can be further
reduced by evacuating the immediate area of tle Yfarious aspects of the Safety Management
Programmes such as training and fire protectiomrenthat workers in the immediate vicinity of the
fire evacuate and that other workers in the facilite notified via the building fire alarms. The
building alarms can be activated automatically impke detectors or manually by pull stations or fire
phones. As these are all governed by Safety Manageifrogrammes, no additional controls to
protect the immediate workers require elevationsafety measures. With the immediate worker
protection afforded by the Safety Management Progres, the consequences with active safety
control measures are qualitatively assessddvasVhen evaluated at amlikely frequency, the event
represents Risk Class Il (see Table 13).
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TABLE 13 MEDIUM DRUM FIRE INSIDE CONFINEMENT (SCENRIO B1)

Medium Drum Fire inside Confinement (Non-Lofted Fire)

Radidose Parameters

Breath
. . . . DCF Release
Contributor Material %Q Ig;%e Form of Material icrp-68| PR | LPF | puration | ARF RF
a. drums - lid loss fraction Pu-E 95th Hegw@onfined Materials Moderatel.0| 1.0 15 5x 1¢ 1.00
b. drums - seal failure fraction Pu-E 95th Hea@pnfined Materials Moderate0.2 | 1.0 15 5x 1¢ 1.00
Radidose Results
Without active safety control . . Notes:
measure With active safety control measures The totals to the left are different from
Contributor Dose Consequences the sum of the values listed due to
PU-E [Sv] PU-E Dose Consequences [SY},nd-off error and significant digits.
WORKER | PUBLIC WORKER | PUBLIC
a. drums - lid loss fraction 4507.8x 107 [1.1x10° 450, 1.1x10* | 1.6x1c
b. drums - seal failure fraction 8p62.9 x 10 |3.9 x 1¢¢ 826 4.20x1C¢ | 5.71x 10
. 1.49 x .
Total:| 1.07 x 10" 10° Total:| o yo | 217510
Dose Consequences with Active Safety Control Meass [Sv]
Risk Class Evaluation 0 HEPA 1 HEPA 2 HEPA 0.1 LPF
WORKER [PUBLIC [ WORKER | PUBLIC |WORKER | PUBLIC |WORKER | PUBLIC
. 1.49
Dose Consequences: ) o7, 1t 10 15x10] 217x10] 3.14x10| 420x10| L7X10 | L49x10
Consequence Leve|: Moderate Low Low Low Low Low Low Low
Anticipated | ] 1l I} 1l ] ] 1
Risk Class Unlikely ] 1l I} 1] ] 1l 11l 1]
Extremely Unlikely I} 1 \Y \Y \Y v \Y, \Y)

Controls

Classification of Controls

Combustible material controls

specific administrative control

Confinement (1 stage HEPA)

SSC Category 2

Hot work controls

Administrative Control

Fire suppression (sprinklers)

SSC Category 3
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Scenario B2:Medium fire that involves ventilation ducting

This scenario postulates a large drum fire thatime the Laboratory room 2. A total failure oéth
ductwork resulting in unfiltered release to theismmwment is not evaluated in this case as the dgcti
travels a significant distance before reachindfittex-housing and finally the stack.

Total filter plenum bypass leakage factors, estmatith maximum undetected door leakage are 3.7 x
10° and 5.1 x 10 for filter room 1 and filter room 2 respectivelp. the case of a fan seal failure for
filtker room 1 or filter room 2, the bypass leakégetor is the sum of the previous bypass leakage
factor for filtered and unfiltered releases (5.10¢), and an additional 5.7 cmm bypass leakage factor
(5.7 cmm unfiltered bypass flow divided by the totalumetric flow of the room). An unfiltered
leakpath of 5.7 fimin. was evaluated for its safety impact since thilue bounds the worst observed
leakage in any laboratory facility. The volumefimw in Room 2 is 2137 fimin. Thus, the additional
bypass leakage factor is 5.7/2 137 = 2.7 X. The total bypass is thus 5.1 x"1flus 2.7 x 13 = 2.7

x 10°.

The case with the largest source term involves drerposed to a fire that is fueled by polyethylene
drum liners or a flammable/combustible liquid. Feis case, 21 drums (826 g Pu-E) experience seal
failure and an addition two drums (450 g Pu-E) eigpee lid loss. A damage ratio of 0.2 is used for
drums experiencing seal failure and a damage cdtioO is used for drums that experience lid loss.
All drum waste is evaluated as Pu-E and is modeledconfined material. Based on the values
measured during planning and characterization thst montaminated section of ducting and filters
contain less than 100 g Pu-E. For conservatismdtieting is assumed to reach the filters contath 15
g Pu-E of residual material burning as HEPA filters

Control set and risk class

The dose consequences without active safety comtealsure for this scenario ar@derateto the
worker (110 mSv) andver the dose limiio the public (1.55 mSv). When evaluated agaticipated
frequency, the scenario is Risk Class | for thekepand Risk Class Il for the public (see Tab®)5.

Fires are considerednticipated Medium fires are considerashlikely when crediting combustible
material controls and hot work controls in conjimciwith fire suppression sprinklers.

As described above, the bypass leakage for thegouas 2.7 x 18 was used in previous versions of
the safety case. Because multiple instances ofl gahes have been identified on the ductwork and
no fire rating information has been identified foe material used, a building leakpath factor afie.
conservatively assumed for the return plenum rodiftisen using the 0.1 building leakpath factor, the
dose consequences to both the worker and publiowre

For the immediate worker, the dose consequencelsowmtitactive safety control measures are
qualitatively assessed asderate When evaluated at anticipatedfrequency, the event represents
Risk Class I. The potential for serious injury agnéficant radiological exposure can be further
reduced by evacuating the immediate area of tle Yfarious aspects of the Safety Management
Programmes such as training and fire protectiomrenthat workers in the immediate vicinity of the
fire evacuate and that other workers in the facidite notified via the building fire alarms. The
building alarms can be activated automatically implke detectors or manually by pull stations or fire
phones. As these are all governed by Safety Manageifrogrammes, no additional controls to
protect the immediate workers require elevationStfety Measure. With the immediate worker
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protection afforded by the Safety Management Progres, the consequences with active safety
control measures are qualitatively assesséova3Vhen evaluated at axtremely unlikelyrequency,
the event represents Risk Class IV (see Table 14).

TABLE 14 MEDIUM FIRE IN RETURN PLENUM ROOMS (SCENAR B2)

Medium Fire that Involves Ventilation Ducting (Non-Lofted Fire)
Radidose Parameters

. . Breathing . DCF Release
Contributor Material %Q Rate Form of Material ICRP-68 DR | LPF Duration ARF RF
a. drums - lid loss | Pu-E 95th Heavy Confined Malsri Moderate 1.0 1.0 30 5x 10 1.00
fbé”‘i':r‘éms -seal  1p, g 95th| Heavy | Confined Materials Modefa@2| 1.0 | 30 | 5x1d | 1.00
c. residual Pu-E 95th Heavy| HEPA Filters Moderated | 1.0 30 1x1d 1.00
Radidose Results
Without active safety control . . Notes:
With act \f trol .
e measure Ith active safety control measures The totals to the left are different from
ontributor PUE Dose Consequences [S PUE Dose Consequences [Syhe sum of the values listed due to
WORKER | PUBLIC WORKER [ RUBLIC 1| e 2 0 buiing leakpalh
a. drums - lid loss 4507.8x10° | 1.1x1C 450 7.8x10° | 1.1x10" |o oo 9a% gleaxp
]EJ._Idrums - seal 826l 29x1® | 3.9x10 826| 29x10° | 3.9x1¢° |Ventilation system is involved in the
atlure event, compromised and not availablg
c. residual 150 4.18 x10° | 5.67 x 1¢F 150 4.18 x 10* | 5.67 x 1
Total:| 1.1x10" | 1.55x 1C Total:| 1.1x1C® | 1.55x 1¢*

Dose Consequences with Active Safety Control Mea®s [Sv]
Risk Class Evaluation 0 HEPA 1 HEPA 2 HEPA 0.1 LPF

WORKER | PUBLIC |WORKER | PUBLIC | WORKER | PUBLIC |WORKER | PUBLIC

Dose Consequences: 1.1 x 10' | 1.55x 10 | 4.33x 10 | 5.82x1¢ | 4.18x1C¢ | 567x1C | 1.1x1F | 1.55x 10
Consequence Leve|: Moderate Low Low Low Low Low Moderatg Low

Risk Anticipated 1 1l I I i 1] 1] 1]

Clas Unlikely 1 1l I I i 1] 1] 1]

S Extremely Unlikely 1 1l v v \Y \% v v
Controls Classification of Controls

Combustible material controls Specific administrattontrol

Fire suppression (sprinklers) SSC Category 3

Hot work controls Administrative Control
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Large fires: residual glovebox/component fire (Scearios C)
Scenario description

The medium fire scenarios involved all materiaréfiere is not necessary to evaluate a large fite (5
10 MW) for containerized waste.

The glovebox/component fire is postulated to oaburing decommissioning, in which gloveboxes,
and other process components r@moved from the process rooms. Components exaniimetiese
scenarios are the worst-case gloveboxes in wheshreiduction, processing, or storage activities wil
be performed, and the worst-case gloveboxes baseesalual, in which only activities related to the
decommissioning of the glovebox will be performadysed gloveboxes).

Gloveboxes may be used for size reduction of popgsng, or for storage and/or batch solidificatio
of aqueous or organic liquids. Liquids may alsosh@ed “out-of-line,” in drums, flammable liquid
cabinets, and in plastic bottles. Unused glovebaxesassumed to contain nuclear material onlyén th
form of residual. For the small and medium firegrés involving gloveboxes bound those involving
other components. For the large fire, additiongdety of components are examined to provide a
representative component fire for areas withoutephoxes.

Gloveboxes are also used for air-drying of matsnieded in clean-up of radioactive liquid spills.tWe
spill clean-up materials are hung in gloveboxedrioto prevent the introduction of free liquidsant
waste containers. The glovebox provides confinerfamtadioactive material that may be released in
the drying process. Once these materials are Hey, fall under the facility Combustible Material
Control Program, and are promptly removed fromglogebox and placed into a waste container. Due
to the low frequency and short duration of thigwéigt it is not specifically analyzed, but is baled

by other analyzed glovebox fires.

The potential initiators for a glovebox fire coudd:

. Heat/sparks from electrical equipment or hot work,
. Physical activities in or involving the gloveboxfaponent, or
. An exothermic/pyrophoric reaction within the gloesfcomponent.

The analyzed cases for this scenario bound smed fnduced by exothermic/pyrophoric reactions in
ducts, tanks, pumps, or other equipment that meylré'om decommissioning activities.

The largest residual in a glovebox in the decomionsisg area was 1 445 grams. That glovebox has
been decontaminated. All the remaining glovebordké facility have less residual. However, since 1
445 grams was measured as the largest value prpst operational cleanup, it will be maintained a
a conservative, bounding value.

Small fire: glovebox/component fire (Scenarios D)
Scenario description

These scenarios evaluate a small fire (less tHdlV) that occurs within a glovebox still in placean
process area and a fire that occurs near an op&n The maximum residual in a glovebox in the
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decommissioning area was 1 445 g Pu-E. Fires coctdir due to electrical shorts, or by general
facility operations including waste handling adie$ or decommissioning activities.

Assumptions

It is assumed that any fixative coating used ofoaaipox/component is not combustible when dry. A
non-combustible fixative coating may be in placet is not credited for any mitigating effect. The
contents of unused gloveboxes are assumed to ledito glovebox residual.

Scenario D1:Small glovebox fire during size reduction of preg@iping

This scenario postulates a small fire that occursnd size reduction of process piping in a glowebo
Although available free liquids have been remov&aine residual liquids are assumedrémain
within the piping components being size reduced. &ealuation purposes, 4 of solution at a
concentration of 150 gfis assumed to be contained within the piping camepb For a small fire in a
glovebox, 100% of material not in containers isalwed in the fire. This material is evaluated as
non-volatile liquid with a damage ratio of 1. THewebox with the large amount of residual material
is estimated to contain 1 445 g. This material @leled as unconfined noncombustible material. A
damage ratio of 1 is used for all material. Thisrerio also bounds a small fire in an unused gloxeb
since that case would be similar but involve lesgce term.

Control set and risk class

The dose consequences for this scenario withoiteastafety control measure amgoderateto the
worker (130 mSv) antbw to the public (0.1 mSv). When evaluated ataticipatedfrequency, the
scenario is Risk Class | for the worker and Ris&sSllII for the public (see Table 15).

Small fires areanticipatedduring theremaining life of the facility. Combustible matdrieontrols
inside gloveboxes and hot work controls effectivedyluce the frequency of this scenario from
anticipatedto unlikely. However, the small fire is always consideredeaibticipated no controls are
credited to reduce the frequency of the event.

Crediting one stage of HEPA filtration reduces tomsequences tow for both the public and the
worker.

For the scenario with active safety control measufeelow dose consequences to the worker (0.19
mSv) evaluated at aanticipatedfrequency results in Risk Class IIl. Tloev dose consequences to the
public (2.7 x 10 mSv) evaluated at anticipatedfrequency also results in Risk Class IIl.

For the immediate worker, the dose consequencelsowmtitactive safety control measures are
qualitatively assessed asderate When evaluated at anticipatedfrequency, the event represents
Risk Class I. The potential for serious injury @yrgficant radiological exposure can be reduced by
evacuating the immediate area of the fire. Variagpects of the Safety Management Programmes
such as training and fire protection ensure thakers in the immediate vicinity of the fire evaamat
and that other workers in the facility are notifiad the building fire alarms. The building alaroen

be activated automatically by smoke detectors arually by pull stations or fire phones. As these ar
all governed by Safety Management Programmes, wdi@tal controls to protect the immediate
workers require elevation to Safety Measures. \Wighimmediate worker protection afforded by the
Safety Management Programmes, the consequences astilie safety control measures are
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gualitatively assessed &sv. When evaluated at amticipatedfrequency, the event represents Risk
Class Ill (see Table 5.7).

Since this event is assumed to involve all of tteemal, the only difference between the small and
medium would be the release duration. Since thdl dimewhas more conservative release duration,
this event bounds a medium fire involving the sanagerial.

TABLE 15 SMALL GLOVEBOX FIRE DURING SIZE REDUCTIONDF PROCESS
PIPING (SCENARIO D1)

Small Glovebox Fire during Size Reduction of ProcesPiping (Non-Lofted Fire)
Radidose Parameters

. . Breathing . DCF Release
Contributor Material %Q Rate Form of Material |ICRP-68 DR | LPF DUl ARF RF
a. residual fraction | Pu-E 95th  Heavy Unconfined &onbust.| Moderate1.0| 1.0 10 6x16 | 1x10?
b. liquid fraction Pu-E 95th Heavy| Nonvolatile Ligu Moderatg 1.0| 1.0 10 2x18 1.00
Radidose Results
Without active safety control . . Notes:
With act fi trol .
— measure ith active safety control measures The totals to the left are different from
ontributor pu.E | Dose Consequences[Sy , | Dose Consequences [S the sum of the values listed due to
WORKER | PUBLIC MORRERMERUBHEN "\ oot materil in cuct wil
a. residual fraction 14453.0x10¢° | 4.10x 1¢ 1449 4.1 x10' | 4.4x10 typically be 1 micron as it has passed
b. liquid fraction 150 1.0x10" | 1.4x10° 150 1.4x10° | 1.5x10' |glovebox prefilter.
Total:| 01.3x 10" | 1.81 x 1C° Total:{1.94 x 10¢ 2.7 x 1C°

Dose Consequences with Active Safety Control Meass [Sv]
Risk Class Evaluation 0 HEPA 1 HEPA 2 HEPA 0.1 LPF

WORKER | PUBLIC |WORKER | PUBLIC | WORKER | PUBLIC |WORKER | PUBLIC
Dose Consequences: 1.3 x 10' | 1.81 x 1¢° §1.94 x 10* [2.70 x 1¢F 3.88x10| 5.3x10° 1.3x10* | 1.81x1¢
Consequence Leve|: Moderate Low Low Low Low Low Low Low
Anticipated I I n m m 1 n 1l

Risk "

Class Unlikely Il 1] 1] I m m m 1]
Extremely Unlikely 1] v v \Y v \% \ \Y,

Controls Classification of Controls

Combustible material controls inside gloveboxes cBipeAdministrative Control

Confinement (1 stage HEPA) SSC Category 2

Hot work controls Administrative Control
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Size reduction enclosure fires

Fires involving size reduction operations are pastal to occur due to ignition of transient
combustible materials by sparks from size reductimerations, or heat/sparks from electrical
equipment. An additional potential initiator coulte an exothermic/pyrophoric reaction in a
component in size reduction, or in an open wastganoer. The fire is most likely to occur duringesi
reduction activities, when it can be detected awtinguished by personnel at an incipient or
smoldering stage. Components undergoing size rieduictclude, but are not limited to, gloveboxes,
equipment, ducts, and HEPA filters.

Size reduction work will produce three major wastteams:

. Contaminated metal;
. HEPA filters; and
. Combustible waste.

The primary waste stream will be contaminated meiake the objective of size reduction is to cut
large contaminated components into smaller pideaiswill fit into drums or standard waste boxes. It
is assumed that approximately 70% of any size tamumperation will be surface contaminated
metals.

Size reduction tents or Moducon units that are wtoated of fire retardant material will be used to
size reduce large components. To facilitate sideaton activities, open containers such as drums o
standard waste boxes will be sleeved to the endodthe contents of these containers would not
normally contribute to the material at risk sinte ttontents of these container represents smaller
pieces of the component being size reduced. Howéwese containers are assumed to contain 50% of
their maximum inventory to allow partially fillecbotainers to be sleeved to the enclosure so thgt th
may be filled to capacity. When a sleeved contaigefilled, it is closed and staged next to the
enclosure until the material handlers can movEhus, several filled containers may be staged toext
the enclosure at any given time. Containers thatstgeved to the enclosure are modeled as open
containers. Containers that are staged next ternhmsure awaiting movement are modeled as closed
containers.

For evaluation purposes, it is assumed that two Hidms and one standard waste box are sleeved to
the enclosure. Using the standard assumption tieatldV drum is overbatched at 250 g and one is at
the maximum of 200 g, 50% of the total maximum citgdor the sleeved transuranic drums is 225 g.
Also using the standard assumption that one stdndaste box is overbatched at 400 g, 50% of the
maximum capacity for the sleeved standard wastei®®00 g. It is also assumed that four ILW
drums (each at 200 g) and two standard waste Heseh at 320 g) are staged next to the enclosure
awaiting movement.

Small fire, size reduction enclosure (Case E Scernas)

Scenario description

These scenarios evaluate small fires (less thaW\) B originating within a size reduction enclosure
or in the immediate vicinity of size reduction ogtons. The fire is postulated to involve a maximum
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of ten linear feet of any component (e.g. pipe emtifation ducting) in size reduction. Due to thmes
of this fire, and the inability of the enclosureellf to propagate fire, the fire is postulatedrteoive
only materials within the enclosure (e.g., a porid the component in size reduction). The enclesur
is not sufficiently breached to involve materialgside the enclosure or containers sleeved to ip o
activate room sprinklers. This fire could be iridid by general facility operations, waste handling
activities, or decommissioning (e.g., size redumtiactivities.

Assumptions

The size reduction enclosure is constructed ofrtardant material in accordance with procedures.
The enclosure material is therefore considereatiméapable of propagating the fire.

A noncombustible fixative coating may be presentr@tal components; however, no credit is taken
for the mitigating effect of such a coating.

Scenario E1:Small fire involving a glovebox in a size reductienclosure

This scenario evaluates a small fire that is pagtdl to occur in Laboratory room 2 and involvee siz
reduction of gloveboxes from Laboratory room 2 ifix@d-location size reduction enclosure. The
highest residual in a glovebox is 442 g Pu-E.

The material-at-risk is the residual material ire tiglovebox and is modeled as unconfined
noncombustible material, with a damage ratio of 4iice residual in contact with the fire is assdme
to be entirely available for involvement.

Control set and risk class

The dose consequences for this scenario withoiveasafety control measures dosv to the worker
(9.2 mSv) andow to the public (0.124 mSv). When evaluated ataaticipated frequency, the
scenario is Risk Class Il for the worker and Rdkss Il for the public (see Table 16).

Since the case without active safety control messsacenario is Risk Class Il for both receptoos, n
specifically credited controls are warranted. Hogresince the dose consequences to the worker are
approaching the level that would result in a chatogRisk Class Il, one stage of HEPA filtration is
credited to reduce the dose consequences to hmptoss.

For the scenario with active safety control measutteelow dose consequences to the worker (0.013
mSv) evaluated at aanticipated frequency results in a Risk Class Il category. Toe dose
consequences to the public (1.8 x*10Sv) evaluated at aanticipatedfrequency also results in a
Risk Class Il category. While no defense in deptimtrols are specified, hot work controls and
combustible material controls are identified ascdmally required since the prevention of fires is
preferable.

For the immediate worker, the dose consequencelsowmtitactive safety control measures are
qualitatively assessed &sv. When evaluated at amticipatedfrequency, the event represents Risk
Class Ill. While not required, the risk to the inurege worker can be reduced by evacuating the
immediate area of the fire. Various aspects ofShéety Management Programmes such as training
and fire protection ensure that workers in the imiaie vicinity of the fire evacuate and that other
workers in the facility are notified via the buihdj fire alarms. The building alarms can be activate
automatically by smoke detectors or manually byl gthtions or fire phones. As these are all
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governed by Safety Management Programmes, no awditicontrols to protect the immediate
workers require elevation to the safety measurell&Vith the immediate worker protection afforded
by the Safety Management Programmes, the conseggiavith active safety control measures are
gualitatively assessed &sv. When evaluated at amticipatedfrequency, the event represents Risk

Class Il (see Tabl

e 16).

TABLE 16 SMALL FIRE INVOLVING A GLOVEBOX IN A SIZEREDUCTION
ENCLOSURE (SCENARIO E1)

Small Fire Involving a Glovebox in a Size ReductiofEnclosure (Non-Lofted Fire)
Radidose Parameters
. . Breathing . DCF Release
Contributor Material %Q Rate Form of Material ICRP-68 DR | LPF Duration ARF RF
a. glovebox residual Pu-E 95th  Heavy Unconfinedddonbust.| Moderatel1.0| 1.0 10 6x16 | 1x10?
Radidose Results
Without active safety control . . Notes:
' e ——" With active safety control measures
il PU-E Dose Consequences [S PU-E Dose Consequences [Sy]
WORKER | PUBLIC WORKER | PUBLIC
a. glovebox residual 442  9.2x10| 1.2x10 442 1.3x10 | 1.8x10
Total:| 9.2x10° | 1.2x1¢ Total:| 1.3x10° | 1.8x10
Dose Consequences with Active Safety Control Meass [Sv]
Risk Class Evaluation 0 HEPA 1 HEPA 2 HEPA 0.1 LPF
WORKER | PUBLIC |WORKER | PUBLIC | WORKER | PUBLIC | WORKER | PUBLIC
Dose Consequences: 9.2 x10° | 1.2x10° | 1.3x10° | 1.8x10 | 27x10 | 3.7x10° | 92x10* | 1.2x10
Consequence Leve|:  Low Low Low Low Low Low Low Low
Anticipated 1] Ml I I} I} i 1l ]
Risk Class Unlikely Il 1l I 1] 1l Il I n
Extremely Unlikely \% \Y, \Y \Y \Y \Y] v \Y)
Controls Classification of Controls
Combustible material controls Specific Administrative Control
Confinement (1 stage HEPA) SSC Category 3
Hot work controls Administrative Control
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Large fire, size reduction enclosure (Case F Scerias)
Scenario description

This scenario evaluates a postulated large firto (B0 MW) that is assumed to originate within or
immediately adjacent to a size reduction enclostiihés fire is modeled as a fast growing fire that
results in lid loss for some containers. The fa@ostulated to involve the entire component erclos
by the enclosure, any immediately adjacent compoffienin-situ size reduction enclosures), contents
of open waste containers sleeved to the enclosme:,any waste containers located adjacent to the
enclosure, with temporary or permanent lids, awgitiransfer to an approved container staging
location. Containers sleeved to the enclosure ardeted as open and containers located adjacent to
the enclosure are modeled as closed and expergeses failure with the exception of two drums
adjacent to the enclosure, which are assumed t&riexge lid loss.

In the case of an in-situ size reduction enclositiie,expected that waste containers in the imatedi
vicinity of the enclosure will contain waste proddcin the size reduction of the component(s)
contained within the enclosure. The movement oflearcmaterial from this component and its
placement in a waste container does not alter dked amount of nuclear material available for
involvement in the scenario. For conservatism, @iogrs sleeved to in-situ size reduction enclosures
are assumed to contain material not generatedzénreduction at that location. This also allows for
the possibility of the movement of partially fillecbntainers to the size reduction enclosure for
addition of waste generated within the enclosureesFcould be initiated by general facility
operations, waste handling activities, or decomimmssg (e.g., size reduction) activities.

Assumptions

The size reduction enclosure is constructed ofrtardant material in accordance with procedures.
The enclosure material is therefore considerectimtapable of propagating the fire.

A noncombustible fixative coating may be presentnmetal components; no credit is taken for the
mitigating effect of such a coating.

Scenario F1:Large fire involving a glovebox in a size reduantienclosure

This scenario postulates that a large fire occotsiavolves a size reduction enclosure being used t
size reduce a glovebox. The highest residual itogetpox is 442 g Pu-E. The glovebox residual is
modeled as unconfined noncombustible material, wittamage ratio of 1.0, since residual in contact
with the fire is assumed to be entirely availaldeifivolvement. A damage ratio of 1 is used for the
open containers sleeved to the enclosure. The Ikvkhs sleeved to the enclosure are assumed to be
50% full (based on one normal and one overbatchredh)dand 70% of the components in the
enclosure are assumed to be surface contaminatesmé&hus, the source term contribution for
contaminated metal from the ILW drums is 155 g,alhis evaluated as unconfined noncombustible
material. Theremaining 70 g contribution from the sleeved ILWumls is evaluated as confined
material. The standard waste box sleeved to thiegme is also assumed to be 50% full (based on an
overbatched standard waste box) and 70% of theeobm$ assumed to be surface contaminated
metals. Thus, the source term contribution for aonbated metal from the standard waste box is 140
g, which is evaluated as unconfined noncombustitd¢erial. Theremaining 60 g contribution from
the sleeved standard waste box is evaluated agednhaterial.
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For the four ILW drums staged outside the enclgsuwe are assumed to experience lid loss and the
other two are assumed to experience seal failureeShe drums staged outside the enclosure are
assumed to contain size reduced materials (i.@6, Sixface contaminated metals), 560 g is evaluated
as unconfined noncombustible material and 240eyatuated as confined material. A damage ratio of
1.0 is used for the drums that experience lid bes a damage ratio of 0.2 is used to represent seal
failure. In addition, the two standard waste boxaaged outside the enclosure are also assumed to
experience seal failure. The source term contputitom the staged standard waste boxes (based on
70% of the contents being surface contaminated lg)eia 440 g evaluated as unconfined
noncombustible material and 200 g evaluated adraghinaterial. A damage ratio of 0.2 is also used
for the standard waste boxes.

Control set and risk class

The dose consequences for this scenario withoiveasafety control measures are 42.8 mM@vthe
worker and 0.38 mSyv for the public. When evaluatednanticipatedfrequency, the scenario is Risk
Class | for the worker and Risk Class 11l for thebfic.

Fires are considerednticipated Large fires are consideregxtremely unlikelywhen crediting
combustible material controls and hot work contilsonjunction with fire suppression sprinklers.

One stage of HEPA filtration provides defense iptte

For the scenario with active safety control measuteelow dose consequences to the worker (42.8
mSv) evaluated at aextremely unlikelyrequency results in a Risk Class Il categorye Tdw dose
consequences to the public (0.38 mSv) evaluatesh extremely unlikelyrequency results in a Risk
Class IV category.

For the immediate worker, the dose consequencelsowmtitactive safety control measures are
qualitatively assessed &sv. When evaluated at amticipatedfrequency, the event represents Risk
Class lll. While not required, the risk to the indree worker can be reduced by evacuating the
immediate area of the fire. Various aspects ofShéety Management Programmes such as training
and fire protection ensure that workers in the imiaie vicinity of the fire evacuate and that other
workers in the facility are notified via the buihgdj fire alarms. The building alarms can be activate
automatically by smoke detectors or manually byl gthtions or fire phones. As these are all
governed by Safety Management Programmes, no auditicontrols to protect the immediate
workers require elevation to the Safety Measurellé¥ith the immediate worker protection afforded
by the Safety Management Programmes, the conseegiemith are qualitatively assessed|as.
When evaluated at axtremely unlikelyrequency, the event represents Risk Class IV Tsabée 17).

This scenario also bounds a similar large fire ivimg a size reduction enclosure when a piece of
ductwork is being size reduced, since the sounte t@ntribution from the ductwork is less than the
contribution from the glovebox.
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TABLE 17 LARGE FIRE INVOLVING A GLOVEBOX IN A SIZEREDUCTION
ENCLOSURE (SCENARIO F1)

Large Fire Involving a Glovebox in a Size Reductiofenclosure (Non-Lofted Fire)

Radidose Parameters

Contributor Material xQ Bria;?éng Form of Material Ing-:GB DR | LPF D'Tﬁ!:;?: ARF RF
a. glovebox Pu-E 95th  Heavy| Unconfined Noncomblisoderatg 1.0| 1.0 30 6x16 | 1x10°
b. sleeved drums - contaminated me®al-E 95th Heavy | Unconfined Noncombugt. Moderdt® | 1.0 30 6x16 | 1x10°
c. sleeved drums - remaining waste, Pu-E 95th Heawonfined Materials Moderatel.0| 1.0 30 5x 1¢ 1
d. sleeved SWB - contaminated metal Pu-E 95th Heawynconfined Noncombust. Moderaté.0 | 1.0 30 6x16 | 1x10°
e. sleeved SWB - remaining waste Pu-E 95th Heayy nfiGed Materials Moderatel.0| 1.0 30 5x 1¢ 1
f. staged drums - lid loss - metal Pu-E 9bth Heavyynconfined Noncombust, Modergté.0 | 1.0 30 6x16 | 1x10°
g. staged drums - lid loss - waste Pu-E 95th Heay@onfined Materials Moderatel.0| 1.0 30 5x 1¢ 1
h. staged drums - seal failure - metal Pu-E 95th awe | Unconfined Noncombust. Moderate.2 | 1.0 30 6x16 | 1x10°
i. staged drums - seal failure - wast¢ ~ Pu-E 95th awe | Confined Materials Moderat®.2 | 1.0 30 5x 10 1
j. staged SWBs - contaminated metal Pu-E 95th Heawynconfined Noncombust. Moderate.2 | 1.0 30 6x16 | 1x10°
k. staged SWBs - remaining waste Pu-E 95th Heayy nfiGed Materials Moderate0.2 | 1.0 30 5x 1¢ 1
Radidose Results
Without active safety control . . Notes:
. measure Y With active safety control measures The totals to the left are different from
CoILET Dose Consequences [S Dose Consequences [Syjhe sum of the values listed due to
Pu-E WORKER | PUBLIC Pu-E WORKER | PUBLIC | foundoff error and significant digits.
a. glovebox 44p 92 x10° | 1.2x1¢ 4420 1.3x10° | 1.8x10
b. sleeved drums - contaminated metal 155 2.59 x 10° | 3.51 x 1C¢° 155/ 2.59x 1¢° | 3.51 x 1¢F
c. sleeved drums - remaining waste W74 x 16 | 1.32 x 10 70| 9.74x1C | 1.32 x 1¢f
d. sleeved SWB - contaminated metal 14034 x 10 | 3.17 x 1 140 2.34x10¢° | 3.17 x 1¢
e. sleeved SWB - remaining waste em35x 10° | 1.13x 1¢ 60| 8.35x1C° | 1.13x 10
f. staged drums - lid loss - metal 280.68 x 10° | 6.34 x 1 280 4.68x 10° | 6.34 x 10
g. staged drums - lid loss - waste 12067 x 1¢F | 2.27 x 1¢ 120 1.67x1¢ | 2.27 x 1¢
h. staged drums - seal failure - metal P8O35 x 10* | 1.27 x 1¢ 280 9.35x 10 | 1.27 x 10
i. staged drums - seal failure - waste 12034 x 10 | 4.53 x 1C¢ 120 3.34x 10° | 4.53x1C
j. staged SWBs - contaminated metgl 44047 x 16° | 1.99 x 1C¢ 4400 1.47x1C° | 1.99x 1
k. staged SWBs - remaining waste P57 x 16 | 7.55 x 10 200 5.57x10° | 7.55x 10
Total:| 4.28 x1¢?| 3.83x 10 Total:| 3.35x10°| 2.63x 10
Dose Consequences with Active Safety Control Meass [Sv]
Risk Class Evaluation 0 HEPA 1 HEPA 2 HEPA 0.1 LPF
WORKER | PUBLIC |WORKER | PUBLIC |WORKER | PUBLIC |WORKER | PUBLIC
Dose Consequencep: 4.28 x 17| 3.83x 10§ 3.35x 17| 2.63x 10" 428x10 | 3.8x10
Consequence Leve|:  Low Low Low Low Low Low
Anticipated 1 1] i i 1] 1]
Risk Class Unlikely i 1] 1] 1] 1] 1]
Extremely Unlikely 1] 1\ \% \Y v \
Controls Controls
Combustible material controls Specific Administrative Control

Fire suppression (sprinklers)

SSC Category 3

Hot work controls

Administrative Control

Confinement (1 stage HEPA)

SSC Category 3
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()  Spills

The hazards assessment identified spills that coesddlt in uncontrolled releases of radioactive
materials. This section presents analyses of thiferent scenarios that address spills of varying
types affecting different activities within the &bloratory rooms:

O Container spills;
O Component drop/impact; and
O Ventilation reversal.

These scenarios are intended to bound the spedfupetential spills in any of the 5 laboratory
rooms.

O Container spill (Scenarios G)

These spills result from container movement aéigjtor other activities performed in the vicindy
staged containers. A container or containers aretpeed, impacted, or dropped, resulting in the
release of radioactive material.

Potential initiators for this event include kine@oergy sources such as operational, maintenance, o
closure activity equipment, waste container or congmt handling equipment, and internally
generated missiles; potential energy sources falts,or drops from high storage locations or dgri
movement accompanied by lifting, elevator shaftsstairwells); external events (e.g., surface ehic
impact); and natural phenomena events (e.g., askieg wind-generated missiles).

Scenario description

The following scenarios consider a spill involvimgrious containers of nuclear material such as a
200¢ ILW or LLW drum, an standard waste box of ILW, oetal LLW crate. This spill could be
caused by puncturing the container with a forkKkyrwdropping the container, or otherwise damaging
the container (i.e., impact to the container bpmpressed gas cylinder projectile).

Assumptions

For the purposes of this spill, it is assumed tiraste container lids are held in place (e.g., @din
but not fastened (e.g., crimped or torqued) extaptrum lids, which are assumed to have rings in
place with bolts at least finger-tight. Waste comes used in staging areas are metal containers
approved for use in on-site handling.

Scenario G1:ILW spill outside confinement

This scenario evaluates a spill that involves fluW drums. The material at risk for the largest 4
drums based at maximum loading 800 g. Waste ircd¢ainer is modeled as confined material, with
a damage ratio of 1.0.

Control set and risk class

The dose consequences without active safety comialsure for this scenario are over the exposure
limit for the worker (28 mSv) antbw to the public 0.38 mSv. When evaluated ataaticipated
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frequency, the scenario is Risk Class Il for therker and Risk Class lll for the public (see Table
18).

For the immediate worker, the dose consequencelsowmtitactive safety control measures are
qualitatively assessed &sv. When evaluated at amticipatedfrequency, the event represents Risk
Class lll. No controls to specifically protect tlmmediate workers require elevation to safety
measure.

TABLE 18 TRANSURANIC WASTE SPILL OUTSIDE CONFINEMEN(SCENARIO G1)

Transuranic Waste Spill outside Confinement (Spill)
Radidose Parameters
. . Breathing . DCF Release
Contributor Material %Q Rate Form of Material ICRP-68 DR | LPF Duration ARF RF
a. drums Pu-E 95th  Heavy Confined Materials Modsgrat0 | 1.0 10 1x16 | 1x10
Radidose Results
Without active safety control . . Notes:
With act \f trol ; ) N
Contrib measure Ith active safety control measures Outside of confinement, no mitigation
ontributor by | Dose Consequences[Sy , | Dose Consequences [S pvailable
WORKER | PUBLIC WORKER | PUBLIC |Source Term limited to 800g
a. drums 800| 2.8x10° | 3.8x1C 800 28x10* | 3.8x10
Total: 28x10° | 3.8x10 28x10* | 3.8x10
Dose Consequences with Active Safety Control Mea®s [Sv]
Risk Class Evaluation 0 HEPA 1 HEPA 2 HEPA 0.001 LPF
WORKER | PUBLIC | WORKER | PUBLIC | WORKER | PUBLIC |[WORKER | PUBLIC
Dose Consequences: 28x1¢ | 3.8x10
Consequence Level: Low Low
Anticipated I} 1]
Risk :
Class Unlikely Il I
Extremely Unlikely I} 1]
Controls Classification of
Drums over 200 g Pu-E shall not be staged/storéesid®u o - .
confinement Specific Administrative Control
Drums/SWBs shall not be stacked Administrative Control
(c) Component drop/impact (Scenarios H)

These scenarios evaluate spills that could resoln fcomponent movement activities or other
activities performed near components. In these s&s@t@s) a component is punctured, impacted, or
dropped, which results in a release of radioachegerial.

Potential initiators for this event include kineoergy sources such as operational, maintenance, o
closure activity, waste container or component hiagaquipment, and internally generated missiles,

potential energy sources (e.g., falls or drops flogh locations or during movement accompanied by

lifting, elevator shafts, or stairwells), externedents (e.g., surface vehicle impact), and natural
phenomena events (e.g., earthquake, wind-generassiles).

These scenarios also evaluate spills that coulduroetther inside or outside of confinement.
Centralized size reduction areas may be establisftags, contaminated equipment that requires size
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reduction may require movement from one room of |#i®ratory to another. The least hazardous
method to accomplish this is by using the elevator.

Scenario description

The most likely scenario for the component dropAstpoccurs during movement of a component
from its previous fixed location to staging, siseluction, or packaging in a cargo or other containe
Although components are generally provided with egadiological containment prior to movement,
no credit is taken for the containment providedhimasures such as shrink wrapping, end-capping, or
fixative coating.

Assumptions

Component are assumed to be cut in 6 m lengththisags conservatively longer than the maximum
4.7 m length that can currently be placed in a goeiction enclosure, or the 5.5 m length thatlman
placed in a cargo container. The majority of coritation is assumed to be relatively non-dispersible

Scenario H1:duct drop/impact

This scenario assumes a spill occurs that invollkesdrop/impact of a 6 m worst-case segment of
contaminated Zone | duct from Laboratory room 2e Tworst-case contaminated duct is assumed to
have an average concentration of 6 g Pu-E perifear meter of duct. A 6 m segment of this
worst-case duct would contain 120 g Pu-E. A damag® of 0.1 is used, and contamination is
modeled as unconfined noncombustible material.

Control set and risk class

The dose consequences without active safety comiealsures for this scenario éoev to the worker
(4.16 mSv) andlow to the public (0.056 mSv). When evaluated ataaticipatedfrequency, the
scenario is Risk Class Il for the worker and R&dkss 1l for the public (see Table 19).

Since the scenario is Risk Class Ill to both remeptand the dose consequences are below the
evaluation guidelines, no controls are specificediguired to reduce the frequency or consequerfces o
the event. This event also bounds the spill ofva llevel waste box since these contain less source
term. Since this event does not require HEPA filtrg the scenario bound the event inside or oetsid
of the facility. For the immediate worker, the dosensequences without active safety control
measures are qualitatively assessedbas When evaluated at anticipatedfrequency, the event
represents Risk Class Il (see Table 19). No ctstim specifically protect the immediate workers
require elevation to the safety measure.
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TABLE 19 DUCT DROP/IMPACT (SCENARIO H1)

Duct Drop/Impact (Spill)

Radidose Parameters

. . Breathing . DCF Release
Contributor Material %Q Rate Form of Material ICRP-68 DR | LPF DU ARF RF
a. duct Pu-E 95t Heavy| Unconfined Noncombyst. Mage0.1| 1.0 10 1x16 1.00

Radidose Results

Without active safety control With active safety control measures Notes:
. measure
il Dose Consequences [S Dose Consequences [SY]
PUE NWORKER | PUBLIC PUE  "WORKER [ PUBLIC
a. duct 120 | 4.16x 10| 5.65x 1C 120 416x16 | 56x 10
Total: | 4.16 x 1¢° | 5.65 x 10 Total:| 4.16 x 1¢° | 5.65 x 10

Dose Consequences with Active Safety Control Meass [Sv]
Risk Class Evaluation 0 HEPA 1 HEPA 2 HEPA 0.001 LPF

WORKER | PUBLIC |WORKER | PUBLIC |WORKER | PUBLIC |WORKER | PUBLIC
Dose Consequencep:4.16 x 16° | 5.65x 1¢F | 6.10x 10 | 8.27x 10 | 1.22x 10 | 1.65x 10° | 4.16 x 10" | 5.65 x 1
Consequence Leve|: Low Low Low Low Low Low Low Low
Anticipated n 1] 1] 1] 1]l 1]l I n

Risk Class| Unlikely in 1] 1] 1] 1]l 1]l I n

Extremely Unlikely \Y \Y \% \Y, v \Y, v v
Controls Classification of Controls
No specifically credited controls are warranted N/A

Scenario H2:glovebox drop/impact

This scenario assumes that a spill occurs thathiegothe drop of a worst-case segment of

contaminated glovebox from Laboratory room 2. Thwestrcase glovebox segment is estimated at 442
g Pu-E. A damage ratio of 0.1 is used, and contatioin is modeled as unconfined noncombustible

material. This spill could occur anywhere insidefotmement.

Control set and risk class

The dose consequences without active safety comgalkures for this scenario &wes to the worker
(1.5 mSv) andow to the public (0.21 mSv). When evaluated aaaticipatedfrequency, the scenario
is Risk Class Il for the worker and Risk Classftit the public (see Table 20).

Spills are considereanticipated No controls have been identified that would redtie frequency of
this event.

Crediting one stage of HEPA filtration reduces tomsequences tow for both the public and the
worker.

For the immediate worker, the dose consequenceBoutitactive safety control measure are
qualitatively assessed &sv. When evaluated at amticipatedfrequency, the event represents Risk
Class lll. No controls to specifically protect tlmmediate workers require elevation to Safety
Measures.



Annex |, Part C

TABLE 20 GLOVEBOX DROP/IMPACT (SCENARIO H2)

Glovebox Drop/Impact (Spill)

Radidose Parameters

. . Breathing . DCF Release
Contributor Material %Q Rate Form of Material ICRP-68 DR | LPF Duration ARF RF
a. glovebox Pu-E 95th Heavy| Unconfined Noncombiistoderatg 0.1 | 1.0 10 1 x16 1.00

Radidose Results

Without active safety control With active safety control measures Notes:
measure

il Dose Consequences [S Dose Consequences [Sy]
PUE "WORKER | PUBLIC PUE  WORKER | PUBLIC
a. glovebox 442 15x10| 21x10 442 15x16 | 21x1C
Total:| 1.5x10° | 2.1x10 Total:| 1.5x10" | 2.1x1C

Dose Consequences with Active Safety Control Meass [Sv]
Risk Class Evaluation 0 HEPA 1 HEPA 2 HEPA 0.001 LPF

WORKER | PUBLIC |WORKER | PUBLIC | WORKER | PUBLIC | WORKER | PUBLIC
Dose Consequencef: 1.5x10° | 2.1x10 | 2.2x10° | 3.0x10° | 45x10 | 6.1x10 | 15x1¢F | 2.1x10
Consequence Leve|:  Low Low Low Low Low Low Low Low
Anticipated 1] Ml Il 1l I} i 1l ]
Risk Class Unlikely Il 1l I 1] 1l Il I n
Extremely Unlikely I} \% \Y v \Y v \Y] \Y,
Specifically Credited Controls Controls Selected for Defense in Depth
Confinement (1 stage HEPA) No additional controls for defense in depth arelakte.

(d) Ventilation reversal (Scenarios I)

These scenarios evaluate variations of ventilateuersals. A ventilation reversal can be caused by
loss of power to air moving equipment includingdand portable air movers, or by malfunction of
ventilation equipment including fans, portableraovers, dampers, and interlocks.

Scenario description

A ventilation reversal is modeled as a loss of fitifferential pressure with a momentary backward
pressure gradient that has the potential to dispaigborne material, and to resuspend some
percentage of unconfined particulate materialudhsmaterial is present. A ventilation reversalldou
be initiated by loss of power or equipment failuFlis scenario affects all facility operations,aith
stages of decommissioning, although the conseqeaidhis scenario will necessarily decrease as the
building inventory as residual decreases, and asctintamination level of components in size
reduction decreases. The ventilation reversal,oajh modeled for Zone | (within the most
contaminated primary system, includes glove box dndting), is applicable to all areas of the
building as it will be used to bound a Zone Il (mor building) ventilation reversal.

Assumptions

It is assumed that the majority of building residisanot easily dispersible. It is further assuntleait
the motive force imparted to residual on metalae$ by the ventilation reversal is significandgd
than that imparted by a component drop or impact.
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Scenario |11 Zone | ventilation reversal

This scenario evaluates a Zone | ventilation realersodeled as a loss of Zone | ventilation with a
momentary pressure gradient that favors airflonwand from Zone | confinement structures. The
material-at-risk for this event is assumed to be itiventory as residual for the worst-case Zone |
confinement structure, including straight-line vietion pathways to the Zone | plenum that serves
the laboratory. In addition, the flow reversal ssamed to pressurize gloveboxes. While this release
would actually be confined by the Zone Il system,cnedit is taken for the confinement provided by
the Zone Il ventilation system or Building confinen.

The total duct residual is estimated as 120 g PUHEs quantity is used as the material-at-riskdor
ventilation reversal. The majority of this residexiists as powder on metal surfaces. For evaluation
purposes, a damage ratio of 0.1 is conservativedygluSince gloveboxes connected to the ventilation
system may experience some pressurization, residuttiese gloveboxes is also included in the
material at risk. The residual in gloveboxes isnested at 442 g Pu and is evaluated as Pu-E. Due to
the size of the ventilation connection relative the size of gloveboxes, the gloveboxes would
experience much less of a pressure transient. d¢idual in the gloveboxes is evaluated as powder
with a damage ratio of 0.01. This scenario bouhdscase of a Zone |l ventilation reversal.

Control set and risk class

The dose consequences without active safety comiakures for this scenario e to the worker
(0.42 mSv) andow to the public (5.6 x I®mSv). When evaluated at anticipatedfrequency, the
scenario is Risk Class Il for the worker and R&dkss 1l for the public (see Table 21).

Since the scenario is Risk Class Ill to both remeptand the dose consequences are below the
evaluation guidelines, no controls are specificediguired to reduce the frequency or consequerfces o
the event.

For the immediate worker dose consequences withatite safety control measure are qualitatively
assessed dew. When evaluated at amticipatedfrequency, the event represents Risk Class Ill. No
controls to specifically protect the immediate wenkrequire elevation to Safety Measures.
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TABLE 21 ZONE | VENTILATION REVERSAL (SCENARIO I1)

Zone | Ventilation Reversal (Spill)

Radidose Parameters

. . Breathing . DCF Release
Contributor Material %Q Rate Form of Material ICRP-68 DR | LPF Duration ARF RF
a. duct residual Pu-E 95th  Heavy Powder (Oxide) datt 0.1| 1.0 10 2x16 | 3x10
b. glovebox residual Pu-E 95th Heav Powder (Oxide) Moderatg0.01| 1.0 10 2x16 | 3x10

Radidose Results

BHTEIE EE0NE SR GHTE] With active safety control measures) Notes:
_ measure
Cnlileer Dose Consequences [S Dose Consequences [Sy]
PUE WORKER | PuBLIC | ' “F [ WORKER | PUBLIC
a. duct residual 1204.2x 10" | 5.6x 10 120, 42x10* | 5.6x1CF
b. glovebox residual 44215x10° | 21x10¢ 2232 15x10° | 2.1x1¢
Total:| 5.7x10° | 7.7x1C° Total:| 5.7x10* | 7.7x1¢f

Dose Consequences with Active Safety Control Mea®s [Sv]
Risk Class Evaluation 0 HEPA 1 HEPA 2 HEPA 0.001 LPF

WORKER | PUBLIC | WORKER | PUBLIC | WORKER | PUBLIC |[WORKER | PUBLIC
Dose Consequencep: 5.7 x 10° | 7.7x10° | 830x 10| 1.13x 10| 1.65x10°| 2.31x 10| 57x10 | 7.7 x10
Consequence Leve|: Low Low Low Low Low Low Low Low
Anticipated 1] Ml Il 1l I} i 1l ]
Risk Class Unlikely Il I 1] 1] 1] Il I n
Extremely Unlikely \Y \Y \Y v \Y \Y \Y \
Controls Classification of Controls
No specifically credited controls are warranted N/A
(e) Explosions (Scenarios J)

Scenario description

These scenarios evaluate the potential explosizartia of flammable gases. Acetylene gas is lighter
than air so, if it is released into a room, it véhd to rise to the ceiling. Acetylene is unstakhen
pressurized, so it is dissolved in acetone ingi&lstorage cylinder. When pressure is released tinem
top of the cylinder, acetylene comes out of sofufimm the acetone. Propane and welding gas are
heavier than air, and will tend to sink to the flechen released in a room. Both propane and welding
are liquids in a storage cylinder with a pressutizapor space at the top of the tank. As pressure i
released from the top of the cylinder, liquid vapes to restore the pressure. The ignition of a
flammable gas under most postulated accident dondiwill result in a deflagration. The deflagratio
creates an overpressure that may cause damagddmdpstructures and containers or confinement
systems containing nuclear materials.

Two general types of explosions are evaluated. firee condition evaluated is a jet release, of the
type that would result if the regulator assemblyevgheared off a tank. Although the ignition of the
gas jet would result in a deflagration, the miximgthe jet results in a turbulent reaction that is
modeled like a detonation. The resulting overpnessia function of distance. Because welding gas
and propane are in liquid form in the storage dgdns, if the cylinder were to tip over in conjucti
with having the regulator sheared off (which is natikely), a mixture of gas and liquid would be
released. Since the liquid portion of the releasald/immediately vaporize, this configuration alw

85



Annex |, Part C

the material in the bottle to be released morekdyicThe consequences of ignition of this type of
release are significantly greater than for the esponding gas jet deflagration. If an acetylend tan
were tipped on its side, some liquid acetone whaldeleased from the tank along with the acetylene
gas. This acetone release actually reduces theotatdease of acetylene gas. The consequence of a
turbulent gas jet deflagration is theoreticallyapdndent of bottle size. A turbulent propane jeticco
cause an overpressure up to 110 kPa near the odrter deflagration, which is not sufficient talfa
waste containers. Overpressures approximately ebm the center of the deflagration could reach 15
kPa which would not damage reinforced concreteswall

The second condition evaluated is a vapor cloudbsiqn. If flammable gas is not ignited in a jetitas
escapes from its cylinder, it could accumulate irvagor cloud and deflagrate. The resulting
overpressure is a function of the room volume afithder size. Standard cylinder sizes in use are:

0 For acetylene, the MC bottle (0.28)mthe B bottle (1.1 f); and the WSL bottle (3.683n
and

O For propane or MAPP gas the sizes are 0.45 kga(fand-held torch), 2.2 kg, and 9 kg.

Standard industrial equipment powered by proparwe, (ork trucks) typically use a 13 kg or larger
cylinder. A 0.45 kg bottle of propane or MAPP coulteoretically cause an overpressure of
approximately 8 kPa in a 360’'moom. This is not expected to damage a waste icemtar reinforced
concrete walls.

While cinder block walls or standard studded waldddl walls might be damaged by such an
explosion. While a collapsing cinder block wall tmigdamage waste containers staged on the
collapsing side of the wall, there is insufficienass involve with standard studded wall-board walls
cause such damage. No areas inside the facilityande explosion could cause a collapse of a cinder
block wall that would result in damage to wastetaorers were identified. Consequently, such an
event is not evaluated for the facility.

Assumptions

Torch cutting using acetylene is expected to bel fisesize reduction of essentially uncontaminated
equipment in the Offices, and the Control Room Aseetylene may also be used in these areas for
maintenance applications. MAPP gas is not curreatlgd at the facility but is addressed by the
analysis for any future proposed uses. Propane lmaysed for cutting torches, for maintenance
applications, or to power industrial equipment.

At 14 kPa overpressure, corrugated metal pandldNlan-reinforced concrete or cinderblock walls are
assumed to shatter at 20 kPa overpressure. Badbe oesults of studies performed at Rocky Flats on
the consequences of explosions on gloveboxes, lit hgi assumed that gloveboxes also fail at
approximately 14 kPa overpressure. This event ispostulated to result in fire, as the flame front
from a deflagration moves with such velocity thajeats of any significant thermal inertia would not
be ignited. However, damage caused by falling debain cause releases from waste containers or
residual.

Waste containers are assumed to be metal contappreved for use in on-site shipping. Radioactive
waste is not packaged in wooden containers. Theetedf explosive overpressures on 2@ums has
also been analyzed. It has been concluded that¢ 200ms will fail at 151 kPa overpressure in
deflagrations. This analysis will assume that th®es is true for standard waste boxes and metal LLW



Annex |, Part C

crates. For a vapor cloud explosion in larger rqoandamage ratio of 0.1 could be used for drums
since the pressure rise would be uniform on thendrand the dynamic pressure is not expected to be
sufficient to overturn the drums.

Scenario J1:0xy-acetylene vapour cloud explosion in OPS ckraa

This scenario evaluates an acetylene vapor cloptbg®n that involves LLW in metal crates and
ILW in 200 ¢ drums. The case is postulated to occur in any @ijosally Clean area of the 5
laboratory rooms where waste containers are aggreg@his case represents waste staging activities
in the facility during the cold strip-out stagegiesource term has been removed, building delwis fr
scabbling operations, removal of electrical fixgjreand other facility support systems) of
decommissioning activities. Waste staged in arem$aced operationally clean, and undergoing the
process of cold strip-out, is limited to waste proed and packaged in that area.

LLW waste is modeled as contaminated noncombustitégerial. ILW is modeled as confined
material; combustible wastes produced during cdlip-sut activities (contaminated protective
clothing, plastic used for contamination contrabefboard ceiling tiles, etc.) will be packaged as
LLW. Significant amounts of noncombustible LLW willso be produced (sprinkler piping, light
fixtures, cinder block and concrete); the choicentodel all LLW as combustible is therefore
conservative.

For this scenario, six LLW waste crates at 3 g Panft two ILW waste drums (one at 200 g and one
overloaded at 250 g Pu-E) are assumed to be indolVkis is partially based on the control that
drums over 200 g Pu-E shall not be staged/storé&ideuconfinement. Although this quantity of ILW
waste is not anticipated temain in areas declared operationally clean, di@vs the introduction
and use of a second container prior to removalfiied first container, as necessary. This resulta
material-at-risk of 468 g Pu-E. A damage ratio df 8 use for the drums since the over-pressuoizati
is not expected to overturn the drums. Airbornease fraction (ARF) of 5.0 x fand a respirable
fraction (RF) of 0.3 is used. The material in drussnodeled as confined material while the LLW
waste is conservatively modeled as unconfined nobestible material with a damage ratio (DR) of
1.

Control set and risk class

The dose consequences without active safety comiealsure for this scenario dosv to the worker
(7.80 mSv) andow to the public (0.16 mSv). When evaluated atasmicipated frequency, the
scenario is Risk Class Il for the worker and Rdkss 11l for the public.

Since the scenario is Risk Class Ill to both remeptand the dose consequences are below the
evaluation guidelines, no additional controls apec#ically required to reduce the frequency or
consequences of the event (see Table 22).

For the immediate worker, the dose consequencelsowmtitactive safety control measures are
qualitatively assessed higyh since an explosion has the potential to caus¢aditfa even though the

fatality would be due to an industrial hazard (glegte explosion) and not radiological uptake. When
evaluated at amnticipatedfrequency, the event represents Risk Class |. gdtential for serious

injury or significant radiological exposure can teeluced by evacuating the immediate area of the
event. Various aspects of the Safety Managemengr&@mmes such as training to evacuate the
immediate vicinity of the event and emergency respoprotect the immediate worker. The dose
consequences of the event for workers in othersaaga qualitatively assessed as low due to the

87



Annex |, Part C

limited radiological hazard. Although the attendimgmediate worker could be seriously or fatally

injured due to the explosion even in the case wattive safety control measures, this event is not
carried forward as a risk dominant scenario foritheediate worker since the injury is due to an

industrial hazard and not a radiological hazardhvthe immediate worker protection afforded by the
Safety Management Programmes, the consequences astilie safety control measures are

qualitatively assessed &sv. When evaluated at anticipatedfrequency, the event represents Risk
Class Ill. Since the programs governed by the $d#nagement Programmes provide adequate
protection for the immediate worker, no additiomantrols to specifically protect the immediate

workers require elevation to Safety Measure.

TABLE 22 OXY-ACETYLENE VAPOR CLOUD EXPLOSION IN OPELEAN AREA
(SCENARIO J1)

Oxy-acetylene Vapor Cloud Explosion in OPS Clean Aza (Spill)
Radidose Parameters

Contributor Material | X/Q Br;a;?éng Form of Material ICgICJ-:GS DR | LPF [iﬁl,;%sr? ARF RF
a. LLW fraction Pu-E 95th Heavy| Unconfined Noncorsiby Moderate 1.0 | 1.0 10 1x16G 1.00
b. drum fraction Pu-E 95th  Heavy| Confined Materials |Moderatd 0.1| 1.0 10 1x16 | 1x10
Radidose Results
Without active safety control . . Notes:
. measure v With active safety control measures b. ARF/RF for explosion involving
Celubay Dose Consequences [S Dose Consequences [Syponfined material is 1.0x1%0.1
PUE "WORKER | PUBLIC PUE  WORKER | PUBLIC
a. LLW fraction 18 6.24 x 10° | 8.47 x 1 18| 6.24 x 10° | 8.47 x 10
b. drum fraction 450156 x 1¢° | 2.12x 10 450 1.56 x 10° | 2.12x 10
Total:| 7.80 x 1¢° | 1.06 x 1¢f Total:| 7.80 x 1¢° | 1.06 x 1¢*

Dose Consequences with Active Safety Control Mea®s [Sv]
Risk Class Evaluation 0 HEPA 1 HEPA 2 HEPA 0.1 LPF

WORKER | PUBLIC | WORKER | PUBLIC |WORKER | PUBLIC |WORKER | PUBLIC
Dose Consequencel:7.80 x 10 | 1.06 x 10 § 1.14x 1 | 1.55x10 | 2.29x 16 | 3.10x 10° | 7.80x 10" | 1.06 x 1¢
Consequence Leve|: Low Low Low Low Low Low Low Low
Anticipated 1] I I I} I} i 1l ]
Risk Class Unlikely ] I 11} I I} 11} 1] ]
Extremely Unlikely \% \Y, \Y \Y \% \Y, v \Y,
Controls Classification of Controls

Drums over 200 g Pu-E shall not be staged/storésidmu

confinement (R) Administrative Control
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Scenario J2:Hydrogen deflagration in a 2@@rum

This scenario postulates a spill due to the ignitd hydrogen that has accumulated in a 2@dum.
These drums are vented and the vents are inspétbegever, there is potential for container vents to
fail through plugging with corrosion products.

Waste containers generated in the laboratory wilslhipped out for counting, and subsequently to the
onsite waste storage facilities, as expedientlyasible. The decommissioning mission of the fcili
does not allow for long-term waste storage. Theegfbydrogen generation in waste packaged at the
facility and the potential for plugging of containeents will be reduced through minimization of
storage time.

This scenario involves a hydrogen deflagration @08 ¢ drum containing waste. Assuming a drum

contains 200 g bounds the largest drum to be packabhe contents of the drum are modeled as
confined material. Default parameters have beemealt as follows: Airborne Release Fraction: (ARF)

2.0 x 10%; Respirable Fraction: (RF) 7.0 x 10rhe damage ratio (DR) for this scenario is 0.1.

The case of hydrogen deflagration in a 20frum of transuranic waste is expected to boundaha
deflagration occurring in the head space of a stahaevaste box, as the standard waste box is not
expected to experience lid loss due to the intede#hgration. Low-level waste is not consideresd, a
containers of low-level waste are not expected ¢oegate hydrogen in sufficient quantities to
over-pressurize the container or form a mixturthaexplosive range.

There is also a small potential for hydrogen acdatran in hydrogen-generating tanks. These tanks
are vented to reduce the potential for accumulatiolmydrogen in the head space. The consequences
of a hydrogen deflagration in an operationally gmphk are bounded by this scenario.

Experimental work documented in DOE STD 5506-2001] has determined that ignition of mixtures
of 14.5 % hydrogen in air in a sealed 55%gsteel ILW waste drums does not lead to lid loss.
However, for a drum with a hydrogen concentratiatb$o, the overpressure within the drum due to a
deflagration explosion is assumed to be suffictenseparate the lid from the drum and release a
fraction of the drum contents. Based on complexewoperational experience, the frequency for an
explosion in a 200 drum without active safety control measuregrikkely.

Control set and risk class

The dose consequences without active safety comtealsure for this scenario arederateto the
worker (971 mSv) andbw to the public (1.32 mSv). When evaluated atualikely frequency, the
scenario is Risk Class | for the worker and Ris&sSlII for the public.

Crediting the drum vents reduces the frequench@iwvent fronunlikelyto extremely unlikely

Crediting one stage of HEPA filtration reduces tomsequences tow for both the public and the
worker. For the scenario with active safety contnelasures, thiew dose consequences to the worker
(1.42 mSv) evaluated at axtremely unlikelyrequency results in a Risk Class IV category. e

8 The physical characteristics of the 55 gallomuare similar to the 200drum in the critical dimensiorfgd.
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dose consequences to the public (0.019 mSv) eeal@tarextremely unlikelyrequency results in a
Risk Class IV category (see Table 23).

For the immediate worker, the dose consequencelsowmtitactive safety control measures are
qualitatively assessed a®oderatesince while the event has the potential to caeseuss injury or a
significant radiological exposure, the lid blowinff a drum is not expected to cause prompt death.
When evaluated at amlikelyfrequency, the event represents Risk Class I.

The potential for significant radiological exposugan be reduced by evacuating the immediate area of
the deflagration. Various aspects of the Safety dg@ment Programmes such as training to evacuate
the immediate vicinity of the event and emergeresponse protect the immediate worker. With the
immediate worker protection afforded by the Safdgnagement Programmes, the consequences with
active safety control measures are qualitativelsessed atow. When evaluated at agxtremely
unlikely frequency, the event represents Risk Class IVceSthe programs governed by the Safety
Management Programmes provide adequate protectiorthE immediate worker, no additional
controls to specifically protect the immediate wenkrequire elevation Safety Measures.

TABLE 23 HYDROGEN DEFLAGRATION IN A 200 DRUM (SCENARIO J2)

Hydrogen Deflagration in a 200 | Drum (Overpressurzation)

Radidose Parameters

. 8 Breathing : DCF Release
Contributor Material | 1/Q Rate Form of Material icrp-68| PR | LPF | puration | ARF RF
a. drum Pu-E 95th Heavy| Confined Materials Modergtd | 1.0 10 2x16 | 7x10

Radidose Results

Without active safety control With active safety control measures Notes:
; measure ARF and RF based on Rocky Flats
Ceniilser Dose Consequences [S Dose Consequences [SyPafety Analysis and Risk Assessmen
Pu-E worker BBl Pu-E worker bl Handbook Section 6.3.6.8 Item 1.
a. drum 2000 9.71x 10| 1.32x 10 2000 1.42x 18 | 1.93x10
Total:| 9.71x 10" | 1.32 x 10 Total: | 1.42 x 10° | 1.93 x 1C¢

Dose Consequences with Active Safety Control Mea®s [Sv]
Risk Class Evaluation 0 HEPA 1 HEPA 2 HEPA 0.1 LPF

WORKER | PUBLIC |WORKER | PUBLIC |WORKER | PUBLIC | WORKER | PUBLIC
Dose Consequencep:9.71 x 10" | 1.32x 10 | 1.42x10° | 1.93x 10 J 2.85x 1¢° | 3.86 x1F | 9.71x 1F | 1.32x 1C
Consequence Leve|: Moderate Low Low Low Low Low Low Low
Anticipated [ 1 1 1] 1] 1] 1] 11
Risk Class Unlikely Il I I I 1] 1] 1] 1]
Extremely Unlikely Il 1] \Y I\ \% \Y, v \
Controls Classification of Controls
Drum vents SSC Category 2
1 stage HEPA filtration SSC Category 2
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) External events (Scenarios K)

A discrete number of events initiating outside theility have the capability to impact the facility
from a nuclear safety perspective. These events are

Loss of power;

Crane load drop;

Surface vehicle impact; and
Aircraft crash.

I o |

Scenario description

Because the external events are diverse in nandesimilar only in that they initiate outside the
facility, the scenario description for each scamasi given with the discussion of that individual
scenario. The external events are applicable iaraths of the facility, and to all facility operats.
The consequences of these events will tend to dseras facility inventory as residual is decreased
through the decommissioning process.

Scenario K1:Loss of power

"Loss of power," a condition caused by an exteavaint, could cause a release of Pu. Loss of power
postulates a loss of all AC power and has beemuated for commercial nuclear facilities.

Accident scenario

Initiators of loss of AC power include severe weatlfe.g., snow, floods, lightning) or birds and

animals that disrupt offsite power supplies. Thebine-generator power system is assumed to fail
because of a malfunction or because it is out nfige for maintenance. The UPS system, supplying
control power to the Utilities Control Room and ethsafety systems, would normally remain

functional but is not relied upon to mitigate tlesequences of the event.

A loss of power will disable all equipment requgi®C power. This includes all HVAC fans, HP
vacuum pumps, normal (but not emergency) lightiaig, compressors, breathing air compressors,
vacuum pumps, and process equipment requiring AfiepoEquipment that is expected to remain
functional, because it is passive or is suppliet)B, includes the following:

O Fire Detection: The fire alarm panel backup batenprovide power to the heat detection
circuits;
O Continuous Air Monitors (CAM): The effluent CAMs dntheir emergency blowers are

powered by uninterrupted power supply (UPS) System;
O The emergency warning system is supplied by UPS;

O The UPS System: The system provides power to HVASteéSn 1 and System 2 isolation
valves and indication of their status. Controls tfeg HVAC systems, which are supplied by
UPS System, including the pressure differentialtiadiers, I/P converters, and pressure
transmitters; and
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U Instrument Air/Plant Air: The system will contintie provide compressed gas to equipment
because of stored air in the IA/PA receiver taiiben the air pressure is reduced sufficiently
(approximately 206 kPa), nitrogen gas from theogién tanks will provide a source of
compressed gas.

The primary release mechanism resulting from a afggsower is contamination in gloveboxes and
plenums as negative pressure is lost. See theatialof flow reversal evaluated above as bounding.

Scenario K2: Crane load drop

The postulated crane load drop event occurs infabiity and involves the drop of a crane load,
impacting material staged for waste handling. Tiame load of concern could be a large component
(e.g., exhaust or supply fan, large glovebox). §tevebox is chosen for analysis, as its footprint
(approximately 15 A) is expected to bound that of any crane-liftedyleincomponent. The cargo
container is postulated to be dropped on thirty 2@Bums of ILW waste, awaiting transfer from the
facility. Drums are chosen because standard wastesbare not expected to be affected as
significantly by the impact of the glovebox. Thenmher of drums impacted is assumed to be the size
of one waste shipment. Although the glovebox isiaesl to have all loose material removed or fixed
to meet transport requirements, this material isincuded in the spill, since the glovebox is not
assumed to be substantially breached by the ditopc@ntents of the highest thirty drums is bounded
by 16 kg based on the inventory at the time thisudment was prepared. A damage ratio (DR) of 1 is
used to represent the release expected from aiogublow. The waste in containers is modeled as
confined material. Assuming all of the work hasrbeempleted and the total inventory is staged for
transfer to the interim waste store, the sourge &vraluated is 1 347 g.

Control set and risk class

The dose consequences without active safety comtealsures for this scenario are 46.7 MmS8va
worker and 0.643 mSv for a member of the publicségbon the number of lifts performed and the
lifting requirements associated with the movemédriteavy loads, the frequency for a crane load drop
without active safety control measures is evaluatednunlikely frequency. When evaluated at an
unlikelyfrequency, the scenario is Risk Class Il forwrker and Risk Class lll for the public.

For the immediate worker, the dose consequencelsowmtitactive safety control measures are
qualitatively assessed &sv. When evaluated without active safety control meas at arunlikely
frequency, the event is Risk Class Ill. When thegecaith active safety control measures is evaluated
at anextremely unlikelyrequency, the event is Risk Class IV. No conttolspecifically protect the
immediate workers require elevation to Safety Meassee Table. 24).

Vehicular traffic also presents a potential kineénergy hazard. The Laboratory Complex is
surrounded by barriers which prevent interactionth wormal traffic. Traffic within the immediate
area of the laboratory is limited to security védnsc cargo transportation vehicles, service vebjcle
and various types of construction equipment. Theratory structure provides considerable protection
against an impact from vehicular traffic. Therefaaerelease caused by a vehicular impact with the
facility is not considered. Since waste shipmeray e staged outside the facility, a vehicular ictpa
with such a staged shipment must be evaluated.Crhee Load Drop scenario assumes a cargo
container impacts a shipment of staged drums. Sthce scenario already evaluates such an
occurrence, a vehicular impact into such stagechdiis bounded by this scenario.



TABLE 24 CRANE LOAD DROP (SCENARIO K2)
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Crane Load Drop (Spill)

Radidose Parameters

. . Breathing . DCF Release
Contributor Material Q Rate Form of Material ICRP-68 DR | LPF DU ARF RF
a. drums Pu-E 95th  Heavy| Confined Materials Modgrat0 | 1.0 10 1x16 | 1x10
Radidose Results
CRIEEI EENE SR SR With active safety control measures Notes:
. measure
il PU-E Dose Consequences [S PU-E Dose Consequences [SY]
WORKER | PUBLIC WORKER | PUBLIC
a. drums 1347 4.67x7%0| 6.34x10 1347 467x18 | 6.34x 1¢f
Total:| 4.67 x 10° | 6.34 x 10/ Total: | 4.67 x 10 | 6.34 x 10
Dose Consequences with Active Safety Control Mea®s [Sv]
Risk Class Evaluation 0 HEPA 1 HEPA 2 HEPA 0.1 LPF
WORKER | PUBLIC |WORKER | PUBLIC | WORKER | PUBLIC | WORKER | PUBLIC
Dose Consequence:4.67 x 10 | 6.34x 10 | 258 x10° | 3.51x 10 | 5.17x 10 | 7.01x 10° | 467 x10° | 6.34 x 10
Consequence Leve|: Low Low Low Low Low Low Low Low
Anticipated I} 1l ] ] 1] 1] I I}
Risk Class| Unlikely i 1 1 1 1 I I i
Extremely Unlikely 1 v \Y v \Y \Y, \Y, \Y,

Controls

Classification of Controls

Critical crane lifts shall be performed in accordamvith a hoisting

and rigging checklist

Administrative Control

ILW waste containers shall be moved from belowlifb@ath

Administrative Control

5.2.3. Worker safety evaluation

Hazards that only lead to occupational injurieflinesses, do not contribute to accident souramger

and are not accident precursors, initiators, opggators are considered standard industrial hazards

(SIHs). For the immediate worker’s safety, thraeels of protection are addressed:

@

(b)

(©)

Each of the specified protective features has aesponding Safety Management Programmes

Physical barriers around or dealing with theahnd that can protect the worker (e.g., primary

containers, shielding);

General classes of protective equipment forwioeker (e.g., protective clothing, breathing

devices); and

Administrative imposed requirements to proteetworker (e.g., postings, lockout/tagout).

identified as the credited program (Quality Assemrindustrial Safety, Radiological Protection, )etc
The set of protective features covers those aspétie hazard that are considered to place th&avor

at most risk and is not intended to be a compiste |

This evaluation concludes that standard indushéedards are sufficiently controlled by the Safety
Management Programmes. Hazards that are not sthivtthrstrial hazards were further evaluated in

the accident analyses.
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No controls were identified that warrant elevatiorSafety Measure exclusively for the protection of
the immediate worker. Elements/attributes of thietgavlanagement Programmes that are important
to the protection of the worker in the event oésir spills, and facility explosions are discusseldw.
Recirculation HEPAs are available and while notcepmlly credited to protect the immediate
worker, provide filtered air, which limits exposuredispersion events during worker evacuation.

O Fires

Some fire scenarios applicable to the LaboratorgdDemissioning scope present some risk to the
worker due to the potential for burns, smoke intiata and radioactive material inhalation. In the
event of a fire in the either the decommissioningaathe primary means to protect the work is to
assure that they evacuate areas in a timely mamhelding evacuation may be initiated by an
occupant(s) recognizing accident indicators (&rapke, heat, etc.), notifying others, and/or atiiga
manual fire alarm systems

0 Spills

Spill scenarios in the laboratory also present soiske to the worker due to the potential for
radioactive material inhalation. Operational spients may result in personnel injury due to fgllin
containers or a compressed gas cylinder missilerdpnal spill events occur when personnel are
involved/presentd.g.,forklift operator punctures or drops a waste comgi personnel inadvertently
allows a compressed gas cylinder to topple, eRerause operational spill events are “attended”,
personnel will apply the “SWIMN” process for whithey are trained. The SWIMN (Stop, Warn,
Isolate, Minimize, and Notify) process results iorw Stoppage, Warning others in the immediate
area, Isolating the spill, Minimizing personnel egpres, and Notification. Due to dispersion of the
release during an operational spill event the afezoncern is in the direct vicinity of the acciden
lessening the threat to personnel removed fromatt@dent. In the event of an operational spill,
evacuating immediate areas in a timely manner gesvithe most effective protection to the worker’s
safety.

O Explosions

A facility explosion presents Immediate Worker sséimilar to fire events including burns, smoke
inhalation, and radioactive material inhalation.dthnally, an explosion event may result in sesiou
injury or death due to impacts, collapsing struetualling equipment, flying debris/shrapnel, etc.
Evacuating the building by whatever means availgitevides the most effective protection to the
worker. Building evacuation may be initiated by aocupant(s) recognizing accident indicators
(explosion sound, fire, smoke, heat, etc.), ndtfan by others, and activation of manual fire mar

systems.

O External Events

External events are those events that are noatieitiby activities within the facility, such asoas of
power and surface vehicle impacts. No external isweere identified where the risk to the immediate
worker was significant. The dose consequences iassdavith a crash involving a large aircraft were
high but the probability of such an impact is siéfintly low to not warrant implementation of
additional protective measures beyond those alraadiable.
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O Natural Phenomena

Natural phenomena such as earthquakes and heawymesent significant risks to the immediate
worker. No controls to reduce the frequency of reitphenomena are available and the largest risk to
the immediate worker involves impacts from fallidgbris or a collapsing structure. In these cases,
evacuating the building by whatever means availpbbwides the most effective protection. Natural
phenomena and hazardous events were not includddsievaluation as the activities proposed by
this analysis reduce the amount of hazardous raéggsieviously evaluated in the operational safety
analysis and the proposed activities do not atiestructure of the facility.

A summary of the accident analysis results is priegkin Table 25.
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TABLE 25 SUMMARY OF ACCIDENT ANALYSIS RESULTS

Dose Consequence [Sv]
Without Active Safety Control

Dose Consequence [Sv]

Scenario Measures With Active Safety Control Measures Safety ControMeasures
WORKER PUBLIC WORKER PUBLIC
Combustible material controls,
Confinement (1 stage HEPA), hot wor
Small Drum Fire Inside Confinement (Scenario A1) 4.4 x 10 6.0 x 10¢ 6.4 x10° 8.7 x 10/ controls
LLW, and TRU Waste Fire in Ops Clean Area (Scenaf) 2.40 x 16 3.25 x 1¢f 2.4x10° 3.25x 1¢ No Controls required
Combustible material controls,
Confinement (1 stage HEPA), hot wor
Medium Drum Fire Inside Confinement (Scenario B1) .071x 10 1.49 x 1CG° 1.5x 10 217 x 16 controls, fire suppression
Combustible material controls,
Confinement (1 stage HEPA), hot wor
Medium Fire in Return Plenum Rooms (Scenario B2) 1 x110* 1.55 x 1C¢° 43 x10° 5.82 x 10 controls, fire suppression
Same as Medium | Same as Mediun Same as Medium Fire Same as Medigim
Large Fire in Return Plenum Rooms (Scenario C1) Fire Fire Fire
Combustible material controls,
Confinement (1 stage HEPA), hot wor
Small Glovebox Fire during Size Reduction of Predeiping (Scenario D1) 1.3x10 1.81 x 1C° 1.94 x 10 2.07 x 10 controls
Combustible material controls,
Confinement (1 stage HEPA), hot wor
Small Fire Involving a Glovebox in a Size ReductiEmclosure (Scenario E1) 9.20 x40 1.20 x 10* 1.30 x 10 1.80 x 10 controls
Combustible material controls,
Confinement (1 stage HEPA), hot wor
controls, Plenum deluge, Fire
Large Fire Involving a Glovebox in a Size Reductintlosure (Scenario F1) 4.28 x40 3.83 x 1¢¢ 3.35x 1¢ 2.63 x 1¢* suppression (sprinklers)
Drums over 200 g Pu-E shall not be
staged/stored outside confinement,
Drums/ standard waste boxes s must pot
Transuranic Waste Spill Outside Confinement (Sder@t) 2.8 x 16 3.8x10 2.8 x 1% 3.8x10 be stacked
Duct Drop/Impact (Scenario H1) 4.16 x 10° 5.65 x 1¢° 4.16 x 10° 5.65 x 10 No Controls required
Glovebox Drop/Impact (Scenario H2) 1.50 x 1C° 2.10x 10 1.50 x 1G° 2.10x 1C Confinement (1 stage HEPA)
Zone | Ventilation Reversal (Scenario 12) 5.70 x 10 7.70 x 1 5.70 x 1¢¢ 7.70 x 1C¢ No Controls required
Drums over 200 g Pu-E shall not be
Oxy-Acetylene Vapor Cloud Explosion in OPS Cleaea\(Scenario J1) 7.80 x40 1.06 x 1¢' 7.80 x 1C¢° 1.06 x 1¢* staged/stored outside confinement
Hydrogen Deflagration in a 55-Gallon Drum (Scendg) 9.71 x 10 1.32 x 10 1.42 x 1G° 1.93x 1¢ Drum vents,1 stage HEPA filtration
Critical crane lifts outside the facility
shall be performed in accordance with|a
Crane Load Drop (Scenario L1) 467 x 10 6.34 x 1¢¢ 4.67 x 1F 6.34 x 10* hoisting and rigging checklist,
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6. ENGINEERING ASSESSMENT

ENGINEERING ASSESSMENT METHODOLOGY

The process for identifying engineered control meas (SSCs) has been outlined in Section 2.6.2
and Section 5 above. The safety assessor has ¢ysfie necessary safety related functions, and
any performance requirements, of each SSC. Thea #ngineering evaluation needs to be
performed to demonstrate that the safety and pmdobce requirements assumed by the safety
assessor will be provided by each SSC as expected.

It is normal practice to categorize SSCs in acawcdawith the importance of the safety function that
they will be required to provide. This allows a dgd approach so that engineering expertise and
effort can be applied proportionately to the sagnificance of the SSCs. The operator may devise
his own engineering assessment process, as theceusiversal international standard in this area,
but an example is given below for information andsideration:

@)

(b)

(©)

(d)

SSC Category 1- Those SSCs that are principle means for theepten/mitigation of
significant public exposure and major worker expesdypically applied for Risk Class |
accident scenarios. Category 1 SSCs are not usimale expected in a decommissioning
safety assessment.

Requirement — Engineering assessment to be suppdortdetailed engineering investigations
and calculations, assessment against national esryng codes and standards, review of
operational experience, specification of survednprogramme requirements and a
demonstration of fitness for purpose in meetingcfiomal requirements under accident
conditions.

SSC Category 2 —Those SSCs that make a significant contributicm the
prevention/mitigation of decommissioning worker espre, other workers on the site but a
lesser public risk, where the risk is commensurgith Risk Class Il accident scenarios.
Category 2 SSCs may be required in decommissiosaigty assessments, but will not be
commonly found in decommissioning applications.

Requirement — The requirement is similar to SS@@at 1 items, but with an appropriately
lesser level of detail in the engineering assessmen

SSC Category 3 -Those that have only a minor contribution in thevantion/mitigation of
worker exposure. Typically applied to Risk Classdtcident scenarios. This will be the
category of SSC often found in decommissioningtgaiesessments.

Requirement — The requirement will be to demonstratlequate functionality and
performance only based on records or/and a stedttiacility walkdown to demonstrate that
the facility is in good condition and in accordamath engineering drawings.

SSCCategory 4 —Those that make only slight contribution to thevergion/mitigation of
worker exposure. Category 4 SSCs may be appli&isi Class IV accident scenarios.
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Requirement— The only requirement is to register the SSCs in fdwlity surveillance
programme, and may only be required to be congidereresponse when they become non-
functional

If a SSC is provided by new facility engineeringessment by the operator is not needed. However,
the design documentation needs to be in accordaiticghe appropriate national engineering codes
or standards, together with a demonstration thatsdfety and functional requirements of the SSC
specified in the safety assessment are satisfigte detail in the engineering assessment
demonstrating compliance with functional and pemiance requirements needs to be proportionate
to its SSC Category.

6.2. ENGINEERING MEASURES (SSCs) DERIVED FROM NUCGARE
LABORATORY SAFETY ASSESSMENT

The results of the safety assessment were presenteltion 5 in a series of summary tables; one
for each significant accident scenario selectecd$sessment. The tables identify the engineeridg an
administrative control measures necessary to enthatethe radiological consequences of each
accident scenario are within the requirements efattcident risk criteria (see Section 3) and age al
ALARA. On this basis the identified SSCs for theclear laboratory decommissioning are
summarized in Table 25 “Summary of Accident AnayResults”.

A ‘desktop review' was then carried out by an expgmoup that included a facility operator,
appropriate engineering staff, the safety assedsmegineer and the decommissioning project
engineer. The specific functional and performaneguirements of each SSC were discussed to
confirm that they could be met or identify measunesessary to resolve any shortfall. This was
followed by a nuclear laboratory walkdown to praid visual inspection of the condition and
environment of the SSCs. The walkdown was also tsawbnsider ergonomic and human factors
aspects of the laboratory and planned decommisgjoperations, with any concerns being
recorded. A record of significant findings durifgetwalkdown was made on a standard proforma
and any improvement or corrective actions iderdifig the proforma. The schedule of SSCs was
then updated following the desktop review and waitaw into a form that is sometimes called the
‘Engineering Schedule’. This schedule identifies 8SCs, their safety categories, their functional
and performance requirements and any actions reagess deal with shortfalls. The Engineering
Schedule for the laboratory is attached as TablERgineering Schedule for Nuclear Laboratory”.



TABLE 26 ENGINEERING SCHEDULE FOR THE NUCLEAR LABORTORY

SSC . .
Description of SSC Safety SEIE SRy ane Perforrgﬁ e (NERTIIFEmE! e [l Action to Address Shortfall
ortfalls
Class
VENTILATION FANS Safety function: To minimize concentration of agrbe Separate cell /ffume cupboard extract from
Space and cell extract fans| 3 activity and control spread of contamination space extract
(duty and standby fans) Install separate cell extract
Install separate fume cupboard extract
Fans fitted to Lab. 3 Beta There is uncertainty whether the fans can produeepecified| Start one of the extract fans and verify the
Gamma Line Cell 3 cell depression operating depression of the Cell.
The extract fans do not meet current standards\eme40 Replace both extract fans with units
years old and the Performance Requirements arlhot constructed and tested in
satisfied. compliance with current standards
No instruments are fitted to the Cell or the famtonitor Fit instrumentation to comply with current
extract fan performance. standards.
Actuated isolation Safety function is to ‘Provide means of remoteblasing the | The safety function is compromised by the
dampers at the Space and | 3 fans’ inability of the dampers to provide means
Cell extract fans of remotely isolating the fans upon loss of
electrical or compressed air services.
The dampers have been demonstrated tp
provide the safety function during
‘normal’ operation (all services
functioning.)
The safety function can only be met fully|
by reversing the action of the damper
actuators to fail-close instead of fail-open.
Space and cell extract Cell extract booster fans in Lab. 3 are not culyantuse. Reinstate these fans to provide the
booster fans 3 However the ventilation System Manual’ that thesesfare required safety function.
necessary to maintain required depression levdiseitells.
Fire Suppression 3 To suppress fire in Laboratory rooms by activatéfusable | No action required as system is inspected
Sprinklers bulbs routinely as part of Facility Surveillance
Programme
Mechanical Handling 4 Laboratory 2 gaiters were found not to be seabée Laboratory 90 gaiters require replacement.
Equipment
Gaitered Tongs
Master-Slave 4 The MSM in Lab 1 has had 4 breakdowns withinar y€he Upgrade MSMs to recommended
Manipulators (MSM) and MSM has not been modified in accordance with gdnera operational standard for decommissionir|g
gaiters in Lab. 1 recommendations for all site MSMs. purposes.
Active Drains and Facility 4 Underfloor systems consisting of polyethylene liires Investigate for the presence of asbestos|in
Washings Drains asbestos containment gullies. Asbestos is poradisasorbent| secondary containment gullies and remgve
Low Active Drain and as such is an unsuitable material for the @oneent of in a manner compliant with asbestos
Pipework radioactive fluids regulations. Replace with stainless steel|or
HDPE secondary containment.
Facility Washings Drain 4 Underfloor systems consisting of polyethylene liires Investigate for the presence of asbestos
Pipework asbestos containment gullies. Asbestos is poradigsorbent| secondary containment gullies and remgve
and as such is an unsuitable material for the eoment of in a manner compliant with asbestos
radioactive fluids. regulations. Replace with stainless steel|or
HDPE secondary containment.
Cell Structures 3 Lab 2 cells have a potential for alpha contamimaliot cells Remove contamination from cell or
Cell and cell sealing are not constructed to alpha containment standards upgrade cell sealing arrangements to
prevent possible spread of alpha to general
cell areas
Ventilation Ducting — 4 The condition of the brickwork walls of the dugsot Recor Carry out an inspection of the

Desirable on ALARA
Grounds Only
Underfloor Ducting

known. In particular it is desirable to know if Aknds and
perpendicular joints are fully filled to ensure gagtness.

condition of the duct brickwork, as part o
a survey of the inside of the vent duct, in
the central corridor.
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7. EVALUATION OF RESULTS AND IDENTIFICATION OF SAFE TY
CONTROL MEASURES

7.1. COMPARISON OF ANALYSIS RESULTS WITH CRITERIA

The results of the safety assessment are presientied tables of Sections 4 and 5. Those accident
scenarios selected, evaluated without active safetyrol measures, consequences for analysis
ranged between Risk Class Il and IV. Safety contnelasures were identified (engineered and
administrative) that will reduce risk for all sceiog to not higher than Risk Class Ill, which
represents an acceptable level of risk. Furthesidenation is given to additional safety control
measures if they can be justified on ALARA grounds.

Identified engineered safety control measures ($3@se subject to engineering assessment, as
described in Section 6, to demonstrate that thectsl SSCs can deliver their specified functional
and performance requirements. The results of tlsesament are summarized in Table 26 the
Engineering Schedule, in Section 6. Once the recamdations in the schedule are completed the
engineered and administrative control measures Wl included in the facility/ projects
Surveillance Programme as the Technical Safety iRmgents.

7.2. TYPES AND TREATMENT OF ASSUMPTIONS AND UNCERTRTIES

Due to the limited activities associated with ttscommissioning project (i.e., the decontamination
and removal of glove boxes without concurrent deo@sioning and demolition of the
buildings/structures), the uncertainties in theesafassessment are limited. Specifically, the
considerations described in the DeSa recommendatisee Volume | of this report), such as
uncertainty about the physical facility, constrantiand facility aging, models/codes used and
waste/waste streams are not pertinent.

The amount and type of information available akibet radiological condition of glove boxes is
very detailed and complete, due to the post-opmrakicleanup activities and the comprehensive
characterization activities. In addition, the safebntrols and procedures were developed using the
“worst case” input parameters discussed in Sec8¢h3, and the release model used is a
conservative one. Some uncertainty exists aboaitrédiological condition of the ventilation
system; however, any potential safety impacts fthenisolation of the ventilation system will be
mitigated by the cutting and isolation activitiesirigy conducted in the tented enclosure.

7.3. SAFETY CONTROL MEASAURES

The safety assessment results also allow radiatiotection advisors to give specific authoritative
advice on such matters as monitoring equipment,sampler placement, alarms, respiratory
equipment and other personal protective equipnfePE].

The safety control measures derived from the sa&tgssment for the laboratory decommissioning
operations are summarized in Table 27 below.
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TABLE 27 SUMMARY OF ENGINEERED AND ADMINISTRATIVE @WNTROLS
(TECHNICAL SAFETY REQUIREMENTS)

Control No. | Engineered Safety Control Measures (S} Administrative Safety Control
Measures
1 Primary HEPA filters at the extract of each CellCombustible Material Control SACt
SSC2
2 Fire Suppression Sprinklers SSC3 Hot Work Costrol
3 Space and cell extract fans (duty and standby Drums/ standard waste boxes must
fans) SSC 3 not be stacked (R)
4 HEPA filters fitted to the Lab 3 Beta Gamma | Drums over 200 g Pu-E shall not be
line Cell SSC2 staged/stored outside confinement
5 Plemum deluge sprinklers SSC3 Critical crane lifts outside the
facility shall be performed in
accordance with a hoisting and
rigging checklist,
6 Fans fitted to Lab 3 Beta Gamma Line Cell | TRU waste containers shall be
SSC3 moved from below the lift path
7 Fans fitted to Lab 3 Beta Gamma Line Cell
SSC3
8 HEPA filters fitted to the Lab 3 Beta Gamma
line Cell SSC3
9 Space and cell extract booster fans SSC3
10 Cell Structure Sealing SSC 3
11 Ventilation System Dampers SSC3
12 Modular Containment and Portavent SSC3

*SAC Specific Administrative Control

The analysis results comply with the criteria, destmting that the proposed decommissioning
operations can be carried out as planned.

The purpose of the selection of the Technical Safeéquirements is to identify the set of
engineered and administrative controls needed d¢arerthe safe operation of facility to protect the
public, the workers, and the environment. These samaetimes referred to as the ‘limits and
conditions for safe operation’ In general, protactifor the environment is provided by the
protection afforded to the above groups. The pyneartput of the safety assessment concludes that
the radiological dose/risk to a member of a critgr@up is estimated to be 33.5 mSv to the worker
and 0.3 mSv to the public under accident conditidite expected worker dose for completion of
decommissioning activities is estimated to be 0.88v for the 6 month period. The associated set
of ‘limits and conditions’ have been derived thatush be applied to ensure that the
decommissioning work can be conducted safely arda@ordance with the ALARA principle.
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8. GRADED APPROACH

The safety assessment identified those reasonat#gdeable accident conditions that could occur
during planned decommissioning operations. Theuat@n then grouped these accidents into
categories to assess the maximum radiological expothat could result without active safety
control measures. The graded approach adopted foerhe safety assessment is to keep the
assessment as uncomplicated as possible to lisesasient effort, while at the same time ensuring
that the assessment results are sufficient to atalisk and identify safety measures that will
ensure risk to workers and public are optimized ahdRA. It is important to ensure that by
application of the graded approach that it doesootpromise safety and compliance with relevant
safety requirements and criteria.

In the safety assessment the radiological invesgaand other hazards were well characterized thus
avoiding the need for overly conservative assumgtid he identification of fault grouping was also
used to reduce the extent of safety assessmenbhpigg faults with similar initiating events. For
example dropped loads onto the glove boxes haverder of initiators but the consequences and
control measures necessary to mitigate the radadbgonsequences are similar. Therefore a
bounding fault type with a conservatively chosesqtrency that represents the overall risk was
chosen

The initiating event frequency and consequenceuetiah allocated accident scenarios into four
Risk Classes. Consequences are divided in 3 Cétegas follows:
High consequence for public (100 mSv to 1 000 n&Bw for workers (> 1 000 mSv);

Moderate consequence for public (10 mSv to 100)ma8d for workers (100 mSv to 1000
mSv); and

] Low consequence for public (1 mSv to 10 mSv) andkess (10 mSv to 100 mSv).

The initiating event frequencies are graded asv!

. Anticipated 10 x 10 to 10 x 1C per year);

. Unlikely (10 x 10° to 10 x 1¢ per year);

. Extremely unlikely (10 x 1&to 10 x 1& per year); and
. Beyond extremely unlikely (< 10 x £Qer year).

The risk classes are read from the matrix as dapict Table 2.1. For example, a high consequence
event which is anticipated at beyond extremely foaguencies would be classified as a risk Class
[ll. Similarly, a moderate consequence event ateextly low frequencies would be classified as a
risk Class IV. For risk Class IV no further assessts is required, since the Safety Management
Programme is regarded as adequate to optimize amitiot the risk to be as reasonably low as
achievable, taken cost into consideration. For @atel and 2 events, a detailed safety assessment
is required.

During the safety assessment process engineerthgdministrative control measures are identified
and their mitigating effects taken into considematin the accident dose assessment with active
safety control measures. To reduce the risk clasge mitigating measures are added and the
effects are recalculated. This process is repaatébthe resulting Risk Category is Class Il &t |
and the activities are thereby optimizing the pssd® reduce the effects of radiological exposuoire t
a minimum, taking cost into consideration.
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9. CONFIDENCE BUILDING IN THE SAFETY ASSESSMENT

9.1. QUALITY MANAGEMENT

A specific quality management system is not disedisa this document. The quality management
system applied during normal operating conditiomall be maintained during decommissioning,

which must comply with the requirements of the Ratuy Body in that country. Such a system

would typically make provision for organizationalnda management responsibilities, the

appointment of suitably qualified and experiencedspns a document configuration and control
measures, the control of the all activities, kegpiri records, checks and balances, traceability
requirements and a non-conformance management resasu

Furthermore, management systems such as the mgulauthorization of activities and
modification to these actions, design control,ifiesttion of release of land from regulatory comtro
clearance levels, material accounting programnoeagé of waste, supporting facilities, safe guards
programme, waste minimization programme, radiatmotection programme, environmental
programme, security programme, work permit systaotess — egress control systems, waste
management systems, transport of radioactive naatgrrogramme, in-service inspection
programme, maintenance programme, care and manmgdenprogramme (for the period of
institutional control after the completion of deamissioning), staffing and training programme,
emergency preparedness and response programmeydteetion programme, etc. have all to be
controlled by the quality assurance system. Sontkesie systems have been mentioned but none of
them had been included in the test case in anyl.deta

In accordance with the decommissioning project plaafety assessment project team comprised of
qualified operations and expert safety personna assembled to plan and evaluate the safety of
the proposed decommissioning activities. Facilitgracterization was included in preparatory work
in the form of a radiological survey, material séingy and review of operational history.

9.2. INDEPENDENT REVIEW AND PPROVAL PROCESS

As part of the approval process, the safety assagswould normally be subject to an independent
review of the safety assessment by an independeiyt fo ensure that the assessment addresses all
safety aspects adequately. Therefore, the operatals to demonstrate that:

(@) The input data and assumptions are valid;
(b) The assessment reflects the actual state dadigy and the decommissioning activities;

(© The limits and conditions (TSRs) derived frone tsafety assessment are adequate to the
decommissioning activity; and

(d) The safety assessment is kept updated to teffex evolution of the facility and of
knowledge and understanding about it.

This would normally include a review of the whobfety assessment, which would amongst others
include the review of the methods used for iderdtibn of the initiating events, verification of
calculations, review of the adequacy of the derigadineering measures, administrative measures
and the safety management programmes to be apgliéag decommissioning of the facility in
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accordance with the predefined end points and withé confines of the authorization criteria of
the Regulatory Body. In some countries the indepehtkview by the Regulatory Body is regarded
as adequate.

In the case of the DeSa project the nuclear laboraest case was produced by a group of experts.
The document was reviewed to the Regulatory Reded Graded Approach working groups for
independent review in order to verify completertms#salso to ensure consistency in approach. With
the other test cases, the comments received haveitheorporated into this document.

10. SUMMARY AND LESSONS LEARNED

The aim of this report is to illustrate the appfica of the safety assessment methodology
developed as part of the phase 1 of the DeSa prigjea small facility by applying the graded
approach. This report is aimed at presenting agsassent of proposed decommissioning activities
in order to demonstrate to the Regulatory Body thatactivities can be conducted safely and work
could then be authorized.

The facility used for the illustration of the assment methodology consists of 5 individual
laboratories within a larger laboratory suite, soofiewhich will remain operational after these
laboratories have been decommissioned. It covarseiiate dismantling with the aim for release of
the building for unrestricted use after a limiteglipd of institutional control. Demolition will be
deferred until all laboratory operations are corgaeat adjacent laboratory facilities within the
same building.

The practical use and benefits of the graded appragas clearly demonstrated through the
application of the of the safety assessment usskgctasses. Risk classes where defined through a
combination of consequence of initiating events faeguency of these expected events.

The methodology developed in the DeSa project lier dssessment and evaluation process was
followed in this test case. It was quantitativegmbnstrated what the effects of the application of
individual safety significant components, admirdtre measures and limiting conditions of
operation on the resulting effective dose wouldlbeias also quantitatively demonstrated how the
implementation of individual mitigating actions ddwptimize the detrimental effects associated
with the decommissioning action. The results ahastitated by in the assessment in terms of
without active safety control measure and doseath lvorkers and the public and further with
active safety control measures.

It was demonstrated how through the applicationthef graded approach, effort applied for
analyzing the consequences associated with decaiomisg could be minimized when the

bounding criteria is well established and appliEldis was, for example illustrated in the case of a
fire inside a Modular containment, where the reidumctof dose could be observed after the
inclusion of an additional set of HEPA filters.

The importance of input data was demonstrated oh esafety analysis. On the one hand it is

important to use conservative input data to ovéimase the results in calculations in order to

demonstrate confidence in uncertainties. (Uncerésrare also limited due to the limited amount of

activities.) On the other hand, unrealistic androsenservative data could lead to unnecessary
effort in the amount of assessment work requiredeimonstrate compliance with the basic safety
criteria. This was illustrated by the analysis afigus layers of mitigation.
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The amount and type of information available alibet radiological condition of glove boxes is
very detailed and complete, due to the post-ommrakicleanup activities and the characterization
activities. In addition, the safety measures amtgdures were developed using conservative input
parameters. Some uncertainty exists about the logital condition of the ventilation system;
however, any potential safety impacts from theatoh of the ventilation system will be mitigated
by the cutting and isolation activities being coctgwl in the tented enclosure

The depth of safety assessment required depentteeaomplexity of the facility and the hazards
associated with the decommissioning activities.d®yining appropriate risk class criteria it was
adequately demonstrated how the individual hazavdse assessed with and the effort of
assessment required for compliance. In the casthisftest case, the assessments were fairly
uncomplicated because of the nature of the fachity similar types of facilities but with mixtures
of nuclides and unknown source terms the assessnamat evaluation can become much more
complex.

The safety assessment needs to demonstrate thaletdoenmissioning of the facility does not
impose unacceptable hazards (e.g. leading to effedbses in excess of relevant constraints,
criteria and limits) or undue burdens on futureegations. For this specific facility, the waste is
entered into the existing waste management systetitutional control will be determined by the
demand for the adjacent laboratory facilities ie,ushen according to the existing plan; the rekts o
the facilities will be decommissioned to greendidvels.

This test case did not deal with materials manageras this was beyond its scope, other that
specifying the waste acceptance criteria and sgtativat it was added to existing site waste
inventories.

The applied method demonstrated that various eagitge measures, administrative measures and
safety management programmes can be applied. brigmated that through the application of the
methodology the most appropriate and effective gaithg factors could be identified and
implemented, thereby optimizing the amount of demissioning activities and the associated
effects. The assessment demonstrated that the DeBadology could be applied effectively to
facilities of various types, sizes and complexitiesidentify safety significant components and
structures, to evaluate safety measures and deratnstompliance with specific regulatory
requirements.
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