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19 - Probabilistic Risk Assessment and Severe Accident Evaluation,"
dated January 30, 2012.

With this letter, Mitsubishi Heavy Industries, Ltd. ("MHI") transmits to the U.S. Nuclear
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

0212812012

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No.52-021

RAI NO.: NO. 898-6275 REVISION 3

SRP SECTION: 19 - Probabilistic Risk Assessment and Severe Accident Evaluation

APPLICATION SECTION: 19

DATE OF RAI ISSUE: 01/30/2012

QUESTION NO.: 19-564

In accordance with guidance provided in SRP Section 19.1 and RG 1.206, please revise
as necessary Sections 19.1.1 and 19.1.2 of the US-APWR DCD Revision 3 to address
the following issues.

1. Define which PRA (i.e., design-specific PRA or plant-specific PRA) is in
consideration when mentioning "PRA" in these sections. This action is needed to
clearly separate the responsibility of the DC applicant, COL applicant, and COL
holder on the use, update, and upgrade of the PRA. In addition, for COL holders, 10
CFR 50.71(h)(2) states that "...The PRA must be upgraded every 4 years until the
permanent cessation of operations under 10 CFR 52.110(a)." The term mentioned
herein is "upgraded" but not "updated," which has a different meaning (see
Regulatory Guide 1.200 for characteristics and attributes of an upgrade). It should
also be noted that there may be situations where a PRA upgrade is needed more
frequently than the four-year cycle, as for instance to support a new risk-informed
application. Furthermore, no specific frequency is defined in the rule for PRA update.

2. Revise the discussions on Pages 19.1-1 and 19.1-4 to clearly state that the PRA-
based SMA is being used to assess US-APWR seismic risk but not "PRA" as
mentioned.

3. During the operational phase, the use of the PRA during plant operations in support
of licensee programs shall be identified and described by the COL holder. Remove
unsuitable information/discussion from the design control document and develop a
COL action item.

4. Revise Section 19.1.2.4 to clearly describe the US-APWR design-specific PRA
maintenance and upgrade program.

19.564-1



ANSWER:

The following items summarize changes to be made in the next DCD revision, as
indicated in the attached markups.

1. Sections 19.1.1 and 19.1.2 will be revised to clarify the responsibility of the DC
applicant, COL applicant, and COL holder on the use, maintenance and upgrade
of the PRA.

2. Section 19.1 will be revised to clearly state the use of PRA-based seismic margin
analysis in the US-APWR seismic risk assessment.

3. Section 19.1.1.4 will be revised to specify that the use of PRA during the
operational phase will be specified by the COL applicant. COL action item 19.3(6)
was updated, and a new COL action item was developed and included in Table
1.8-2 and Section 19.3 [See COL 19.3(8) in attached DCD mark up].

4. Section 19.1.2.4 will be revised to describe the design specific PRA maintenance
and upgrade program. A new COL action item has been developed and will be
included in Table 1.8-2 and Section 19.3 [See COL 19.3(9) in attached DCD
mark up].

Impact on DCD

See attached DCD mark up (Attachment-I) for changes to Chapters 1 and 19.

Impact on R-COLA

COL 19.3(6) will be revised and new COL action items will be added to the DCD
Chapters 1.8 and 19.3. The R-COLA will be revised to address the revised and new COL
action items.

Impact on S-COLA

COL 19.3(6) will be revised and new COL action items will be added to the DCD
Chapters 1.8 and 19.3. The S-COLA will be revised to address the revised and new COL
action items.

Impact on PRA

There is no impact on the PRA.

Impact on Topical / Technical Report

There is no impact on topical and technical reports.

19.564-2



Atachment-1

US-APWR Design Control Document1. INTRODUCTION AND GENERAL
DESCRIPTION OF THE PLANT

Table 1.8-2 Compilation of All Combined License Applicant Items for
Chapters 1-19 (Sheet 36 of 36)

COL ITEM NO. COL ITEM

COL 19.3(5) 9leted The COL Applicant will identify a milestone for completing a

comparison of the as-built SSC HCLPFs to those assumed in DCD
Subsection 19.1.5.1. Deviations from the HCLPF values or other
assumptions in the seismic margins evaluation shall be analyzed to
determine if any new vulnerability have been introduced.

COL 19.3(6) Th• CCL Appiant deve.... an a.. ido. , g.nagem.nt p.ogr..m whieh
ineludoc severo aaedant management procodwroc that eapture important
oporater actiens. Tra44inng raq'W-r...ntc ae a!oo Ln!dad as part of the

ao nk^g-ngat......... .pr.gram. The COL Applicant develops or
describes an accident manaoement orogram which includes emeraencv
operating procedures, consideration of risk-sionificant operator actions
listed in DCD Table 19.1-119. training, and human reliability related
severe accident guidance programs. Insights gained from the design
specific PRA, including insights created by the incorporation of site and
plant-specific information available at the COL application phase (for
aspects of the design which are not bounded by the Standard Plant PRA).
are to be reflected appropriately.

COL 19.3(7) The COL Applicant will provide a milestone for completing the eauipment
survivability assessment of the as-built eguipment required to mitigate
severe accidents (electrical penetrations, hydroaen iqniters and
containment oressure (wide range)) to provide reasonable assurance that
they will operate in the environmental conditions resulting from hydrogen
burns associated with severe accidents for which they are intended and
over the time span for which they are needed.

COL 19.3(8) The COL applicant will describe the uses of PRA in support of licensee
programs and identify and describe risk-informed applications being
implemented during the operational phase.

CCL 19.3(9) The COL applicant will describe the PRA maintenance and upgrade
Programs.

MIC-03-01 -0
0011

MIC-03-01-0
0012

DCD_19-508
DCD_19-564

DCD_06.02.
05-45

DCD_19-564

DCD_19-564

Tier 2 1.8-42 Re~oR4
Tier 2 1.8-42 ReyaneeR 2



19. PROBABILISTIC RISK ASSESSMENT US-APWR Design Control Document
AND SEVERE ACCIDENT EVALUATION

19.1 Probabilistic Risk Assessment

The scope of the US-APWR PRA for the DCD and COL application includes a Level 1 DCD_19-564
and Level 2 PRA for internal and external events(including flooding. and fire, and sceemsc)
at full-power, low-power and shutdown (LPSD) conditions. PRA-based seismic margin
analysis (SMA) is used for seismic risk evaluation.

The Level 1 evaluation of internal events at full-power conditions is based on the basic
methodology and approach given in ASME/ANS RA-S-2008 and associated addenda
(Reference 19.1-49, 19.1-50) and is comprised of the following technical elements:

" Initiating event analysis

" Event tree analysis

" System dependencies

" Success criteria analysis

" System analysis

* Data analysis

" Common cause analysis

" Human reliability analysis (HRA)

" Quantification and insights

The evaluation of internal events at LPSD conditions uses the same basic methods as
the evaluation of internal events at full-power. A representative set of initiating events is
chosen and modeled for a bounding set of plant operational states (POSs).

The evaluation of a flooding external event is based on the basic methodology and
approach given in ASME/ANS RA-S-2008 and associated addenda, NUREG/CR-2300,
and NRC technical report designation NUREG-1150 (Reference 19.1-4, 19.1-5, 19.1-49,
19.1-50). A qualitative evaluation identifies flood areas and sources and a quantitative
evaluation evaluates initiating events and flood scenarios.

The evaluation of a fire external event is based on the basic methodology and approach
given in National Fire Protection Association (NFPA) 805 and NUREG/CR-6850
(Reference 19.1-6, 19.1-7). A qualitative evaluation identifies fire compartments and
components and a quantitative evaluation evaluates initiating events and fire scenarios.

The evaluation of a seismic external event is based on a ccimic margin analysis (PRA- DCD_19-564
based SMA) consistent with ASME/ANS RA-S-2008 and associated addenda
(Reference 19.1-50). The PRA-based SMA model is based on the internal events of the
PRA model expanded to account for structural dependencies. The PRA-based SMA
estimates the Dlant-level seismic margin and accident sequences, identifies potential
vulnerabilities, and demonstrates seismic margins beyond the design-level safe-
shutdown earthquake (SSE).

Tier 2 
19.1-1 

Re~e~4
Tier 2 19.1-1 Rtaueaean 2



19. PROBABILISTIC RISK ASSESSMENT
AND SEVERE ACCIDENT EVALUATION

US-APWR Design Control Document

Other external events (high winds and tornadoes, external floods, transportation
accidents, nearby facility accidents, and aircraft crashes) are subject to screening criteria
consistent with ASME/ANS RA-S-2008 and associated addenda.

The Level 2 PRA results in LRFs for internal events at full power and the evaluation

involves the following:

" Plant damage state (PDS) analysis

" Accident progression analysis

" Quantification

The primary guidance for this analysis is ASME/ANS RA-S-2008 and addenda, NUREG/
CR-2300, and RG 1.200 (Reference 19.1-4, 19.1-9, 19.1-49, 19.1-50). MAAP version
4.0.6 (Reference 19.1-10) is employed to evaluate severe accident phenomena.

The Level 2 evaluation of the flooding and fire external events at full-power conditions is
based on the same approach as for internal events. Fault trees are modified to take into
account flood/fire induced failures of severe accident mitigation features and these fault
trees are mapped into the internal events through the associated PDSs.

For events at LPSD, the LRFs are conservatively assumed to be the same as the core
damage frequencies, with a simple bounding technique.

19.1.1 Uses and Applications of the PRA

19.1.1.1 Design Phase

The desian-specific US-APWR PRA is an integral part of the design process and has
been used to optimize the plant design with respect to safety. The PRA models and
results have influenced the selection of design alternatives such as four train core cooling
systems, an in-containment refueling water storage pit (RWSP), and full digital
instrumentation and control (I&C) systems.

The US-APWR is expected to perform better than current operating plants in the area of
severe accident performance since prevention and mitigation of severe accidents have
been addressed during the design stage, taking advantage of PRA results and severe
accident analysis. The PRA results indicate that the US-APWR design results in a low
level of risk and meets the CDF, LRF, and containment performance goals for new
generation pressurized water reactors (PWRs).

At the design phase, the design-specific PRA results have been used as information
providing input to technical specifications (Chapter 16), RAP (Chapter 17, Section 17.4),
the security plan, and other design areas. PRA insightc arc utilized to dev.''Op ri;k-

.a.ag.d tcchnical cspcif,. ationc (RMTS) and .u.. il1anc. fr.qucnoy cGor olprogram
(SF..P) in acc ..danc with Rof.Roco 10..1 11 and . .. 1 . A, A ,p...iv.l. PRA was used
to determine the components and instruments that would be subjected to RMTS and
SFGPrisk managed technical specifications (RMTS) and surveillance freauency control
program (SFCP).

i DCD_1 9-564

I DCD_19-564

DCD_19-564

Tier 2 19.1-2 RP_;;0t;0Pn 2



19. PROBABILISTIC RISK ASSESSMENT
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US-APWR Design Control Document

Information regarding loss-of-coolant accident (LOCA) scenarios followed by failures of
accumulators and the risk impact of accumulator unavailability were used to confirm the
applicability of standard technical specification requirements to the US-APWR design so
the applicability of standard technical specification were considered applicable to the
US-APWR design.

Sensitivity analysis results regarding reliability of the protection and safety monitoring
system (PSMS) were used to confirm the completion time and surveillance frequencies in
the US-APWR technical specification are sufficient not to degrade plant safety. Sensitivity
analysis results showed that the changes from the standard technical specification,
increases in surveillance frequencies, would not result in significant increase in risk.

19.1.1.2 Combined License Application Phase

19.1.1.2.1 Uses of Probabilistic Risk Assessment in Support of Licensee
Programs

TheA site-specifc PRA in the Combined License Application (COLA) phase will be used
to support licensee programs such as the human factors engineering program (Chapter
18) and the severe accident management program. The PRA in the COLA phase will
also be utilized to support implementation of 10 CFR 50.65 (Reference 19.1-12), the
maintenance rule, and the technical specification as well as the reactor oversight process
including the mitigating systems performance index and the significance determination
process.

The PRA may require updating to assess site-specific information (e.g., ultimate heat
sink) and associated site-specific external events (high winds and tornadoes, external
floods, transportation, and nearby facility accidents).

19.1.1.2.2 Risk-Informed Applications

I DCD1 9-564

As diccussod in Subcctio. 19. I.1,Site-specific PRA insights are utilized to develop
site -peeifie-risk-managed technical specifications, RAP,, and othcr rFik .i.formcd
app•,oi"ieR. if the COL applicant chooses to adapt risk-managed technical specifications.

DCD_19-564

I DCD_19-564

19.1.1.3 Construction Phase

TheA site-specific PRA may require updating during the construction phase to reflect
site-specific characteristics or design changes. The PRA may also be used to support
licensee programs or risk-informed applications as appropriate.

19.1.1.3.1 Uses of Probabilistic Risk Assessment in Support of Licensee
Programs

The PRA in the construction phase will be used to support licensee programs such as the
human factors engineering program (Chapter 18) and the severe accident management
program.

Tier 2 19.1-3 Tie 219.-3Rvenen4
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US-APWR Design Control Document

19.1.1.3.2 Risk-Informed Applications

The updated PRA in the construction phase will be Fefleete teupdated and upgraded as
necessary to support risk-informed applications c-urcntly plan,,d for implcmctatin
during the construction phase.

DCD_19-564

19.1.1.4 Operational Phase

The PRA. will be used during the ep @~~e al phase to cupport h
'-*n c, p.ogams or

risk intnrmrd innhir~ntinn' ~m innrnnrintr ~iir.h -~ thr~ rit~k m~~n:
,p ,,ificatin (RMT",) ds•cu••. d in chaptcr ,6.A COL applicant that references the US-

AD\AII• n r cir n iifil.,inn VAnill etrrihem tha "ciao nf DIPA in c" innnu rf If litgano nrrnnrnmo

DCD_19-564

and identify and describe risk-informed applications being implemented during the
operational phase.

19.1.1.4.1 Uses of Probabilistic Risk Assessment in Support of Licensee
Programs

The PRA will be us•d in the epc•aWAnal phase to ,uppo,- Ifficenscc prg-•, - uch a' the-
human factor-s cnginccring programf (Chaptcr 18), the coe..'or accident managemcnt
profram, the maintcnanco r'u-, and thc rcactor c-crFG;ght program. A COL applicant that
references the US-APWR design certification will describe the uses of PRA in support of
licensee programs being implemented during the operational phase.

DCD_19-564

DCD_19-564

19.1.1.4.2 Risk-Informed Applications

The PRA will bo updated t•oFrflt•ri Fik ,9FoRm1 d appli.ati;n. duFrin th e.eprat•in•ral
phae-..A COL applicant that references the US-APWR design certification will identify and
describe risk-informed applications being implemented during the operational phase.

19.1.2 Quality of PRA

The quality of the PRA for the US-APWR is measured in terms of its appropriateness with
respect to scope, level of detail, and technical acceptability. RG 1.200 (Reference 19.1-9)
was reviewed to ensure that the quality of the US-APWR PRA is consistent with the
NRC's expectations. The quality of the PR. i... cufficsi•t to pro"fide cofidon.. in the
rccultc, such that tho PRA may be used in rcgulator,' dccicion m~aking and to cupport
Fisk informcd applicatieonc.
The following methods are utilized during development of the PRA to ensure that

pertinent requirements of 10 CFR 50, Appendix B (Reference 19.1-13) are met:

* Use of qualified personnel

* Use of procedures that ensure control of documentation, including revisions, and
provide for independent review, verification, or checking of calculations and
information

" Documentation and maintenance of records, including archival documentation, as
well as submittal documentation

DCD_19-510

Tier 2 19.1-4 Tie 219.-4Revasen4
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* Use of procedures that ensure appropriate attention and corrective actions are
taken if assumptions, analyses, or information used previously are changed or
determined to be in error.

19.1.2.1 PRA Scope

The scope of the design-specific and site-specific US-APWR PRA includes a Level 1 and DCD-19-564

Level 2 PRA for intcral and ... tcnal events (including flooding, fi;; , and scis*mc)for
internal, external events (including flooding and fire) and a PRA-based SMA at full-power,
and LPSD conditions.

19.1.2.2 PRA Level of Detail

The US-APWR realistically reflects the actual plant design, planned construction,
anticipated operational practices, and relevant operational experience. The approach,
methods, data, and computer codes that are used, as documented throughout this
chapter, are compliant with industry standard codes and practices. The level of detail is
sufficient to ensure that the impacts of designed-in dependencies are correctly captured.
The level of detail of the PRA is sufficient to provide confidence in the results such that
the PRA may be used in .cgulatr; dkiso.n m.aking to support Fi.k-kue.m..-

app..eatieR.licensee programs and design activities I DCD_19-564

in design phase.

19.1.2.3 PRA Technical Adequacy

The quality of the methodologies, processes, analyses, and personnel associated with
the US-APWR PRA comply with the provisions for nuclear plant quality assurance.
Toward this end, the US-APWR PRA adheres to the recommendations provided in
RG 1.200 pertaining to quality and technical adequacy. The US-APWR incorporates the
technical elements of an acceptable PRA shown in Table 1 of RG 1.200 (Reference 19.1-
9), and is consistent with the technical characteristics and attributes given in Table 2
through Table 10 of RG 1.200. The PRA has bccn d•..lp•ed in a...•dancc with indur•,,
consIncuI I tandardll as dcccribcd in ScctiII 10.0, and has been Iubjccted to a pcFl
rc'c-" prc~cca as dcficd i• ASME/ANS RA S 2008 and a.scccatcd addonda

(Rcfccncc10.1 41, 10.1 50) and as outlincd in the Nuclcar Encr~gy lnctitutc (NEI) pccr
.... g....idc (Rcfcrcncc 10.1 1).

19.1.2.4 PRA Maintenance And Upgrade

The objective of the PRA maintenance and upgrade program is to ensure that the PRA
will be maintained and upgraded so that its representation of the as designed, as-to-be
built, and as-to-be operated plant is sufficient to support the applications for which the
PRA is being used. The PRA will be under configuration control and the program will
contain the following key elements:

" A process for monitoring PRA inputs and collecting new information

* A process that maintains and upgrades the PRA to be consistent with the as-built,
as-operated plant

DCD_19-510

Tier 2 19.1-5 Tier 2 19.1-5 Re n 2
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" A process that ensures the cumulative impact of pending changes is considered
when applying the PRA

" A process that evaluates the impact of changes on previously implemented risk-
informed decisions that have used the PRA

" A process that maintains configuration control of computer codes used to support

PRA quantification

" Documentation of the program

PRA maintenance involves updating of PRA models to reflect plant changes such as
modifications, procedure changes, or plant performance. A PRA upgrade involves the
incorporation into the PRA model of new methodologies or significant changes in scope
or capability. Those changes could include items such as new human error analysis
methodology; new data update methods; new approaches to quantification or truncation;
or new treatments of common cause failure (CCF).

During the design phase, changes to PRA inputs and discovery of new information will be DCD_19-564
evaluated to determine whether a PRA maintenance or upqrade is warranted. Changes
to the PRA impacting risk insights or key assumptions will be prioritized to ensure that the
most significant changes are incorporated as soon as practical and associated
documentation is updated accordingly. Other changes will be incorporated during the next
PRA update.

In accordance with 10 CFR 50.71(h)(1) (Reference 19.1-15), prior to the scheduled date
for initial loading of fuel, a plant-specific PRA that covers initiating events and modes for
which NRC-endorsed consensus standards on PRA exist one year prior to the scheduled
date for initial loading of fuel will be developed. The plant-specific PRA will reflect the
as-built plant. The plant-specific PRA model will utilize the US-APWR DCD PRA model as
a baseline. Any additional modeling changes resulting from the plant-specific design,
departures from the design used in the US-APWR DCD PRA, insights from procedure
development and operator training, or other PRA modeling changes that are identified
subsequent to the completion of the US-APWR DCD PRA will also be utilized. The
PRA-based risk insight differences between the plant-specific PRA and the US-APWR
DCD PRA will be evaluated. During the construction phase, plant walk-downs confirming DCD_19-564
PRA assumptions will be conducted. Plant walk-downs to confirm that the assumptions
used in the PRA remain valid will also be conducted.

During operation, PRA will be maintained and updated in accordance with approved
station procedures on a periodic basis not to exceed two .. fucling y•,l•,four years. DCD_19-564

Changoc in PRA inputs or diseevepý of now information will be evaluated to do~toMRmin
whethcr the now or changod information ufarran.ts a PRA Feaincnnc or upgradc.
Chang.. that would im..pact FiSk in......d deeisie. .will be prOreitizcd to ncnurc that the
moct cignificant changoar iorporato~d as, coon as practical. Othcr chan~gcc will b
incorporatod during thoeotPA pao

Changes to the PRA due to PRA maintenance and PRA upgrade will meet the-tisk-
aesessmeent technical requirements of the NRC-endorsed PRA standards (Reference

Tier 2 19.1-6 Tie 219.-6RP400ROA
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19.1-49 and 19.1-50). Upgradc. of the PRA Will ,.,.i. e a pe. . r,•icw in .ccordance with
the rFeogiRomont oef tho NRl ond9ored PRA ctanRdard, but will boe limitd-d to asce.c. of
the PRA that have bccn upgradcd.

The PRA will be updated t9 ieflect plant experiencc, e1p•atiInal cxpcricncc, and PRA
mudolkng changocs, conciutenut with the NRC cndeurcd ctandaFd•. Thoce ctandaFd• aFr
describcd in Scction 109.1 and wcrc in cxistcncc one year prfior to the issuanoc of tho
maintenance update schcdulcd in compliance with 10 CFR 50.71 cpccificd criteria and

19.1.3 Special Design/Operational Features

Design and operational features of the US-APWR that result in improved plant safety as
compared to currently operating nuclear power plants, include the following:

" Mechanical four train systems with direct vessel injection (DVI) system design

" Elimination of the need for low-head safety injection (LHSI) pumps by utilizing an
advanced accumulator injection system

" Elimination of recirculation switching by an in-containment RWSP

" Enhanced safety through the use of four trains of safety electrical systems

" Upgraded piping design pressure for the residual heat removal system (RHRS)

The major unique features of the US-APWR related to PRA scope are

" Four train core cooling - High reliability due to four advanced accumulators and a
four train high head injection system

* In-containment RWSP - Elimination of recirculation switchover enhances reliability
of long-term core cooling after a loss-of-coolant accident (LOCA)

* Full Digital I&C - Diverse actuation system (DAS) installed as a counter-measure
against common cause failures in software of safety I&C

* Four train safety-related systems separated by physical barriers

The four train system design reduces the US-APWR system dependencies when
compared to those associated with current United States PWRs. System dependencies
are discussed in Subsection 19.1.4.1. The upgraded design pressure of the RHRS
results in a negligible frequency of occurrence of an interfacing system LOCA

19.1.3.1 Design/Operational Features for Preventing Core Damage

Key preventive features that are intended to minimize initiation of plant transients, arrest
the progression of plant transients, and prevent severe accidents include the following
safety systems:

0 High head injection system (Chapter 6, Section 6.3.2)

DCD_19-510

DCD_19-564

Tier 2 19.1-7 ReviamAR 2
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COL 19.3(6)

COL 19.3(7)

Thc COL Applicant d.vcl.p. an ac.idcnt mnagc•. ... t programn wv'hlch
incudes scvcrc accidcnt manaagcmcnt pFrocdUrcz that captr
important opcrator actionz. Trai iRts arc alo included
as part of the ac.idcnt managmc... program.The COL Applicant
develops or describes an accident management program which
includes emergency operating procedures, consideration of risk-
significant operator actions listed in DCD Table 19.1-119. training, and
human reliability related severe accident guidance programs. Insights
gained from the design specific PRA, including insights created by the
incorporation of site and plant-specific information available at the
COL application phase (for aspects of the design which are not
bounded by the Standard Plant PRA), are to be reflected
appropriately.

The COL Applicant will provide a milestone for completing the
equipment survivability assessment of the as-built equipment required
to mitigate severe accidents (electrical penetrations, hydrogen igniters
and containment pressure (wide range)) to provide reasonable
assurance that they will operate in the environmental conditions
resulting from hydrogen burns associated with severe accidents for
which they are intended and over the time span for which they are
needed.

The COL applicant will describe the uses of PRA in support of
licensee programs and identify and describe risk-informed
applications being implemented during the operational phase.

The COL applicant will describe the PRA maintenance and upgrade
programs.

DCD_06.02.
05-45

DCD_19-508

DCD_19-564

COL 19.3(8)

COL 19.3(9)

DCD_19-564

DCD_1 9-564

Tier 2 19.3-2 Tier 2 19.3-2 Re 2


