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19 PROBABILISTIC RISK ASSESSMENT AND SEVERE 
ACCIDENT EVALUATION 

Chapter 19 of the Calvert Cliffs Nuclear Power Plant (CCNPP) Unit 3 Combined License (COL) 
Final Safety Analysis Report (FSAR) describes the methodologies used in performing the 
probabilistic risk assessment (PRA) and severe accident evaluations.  The chapter presents the 
analytical results and safety insights derived from those analyses.  In addition, it addresses 
strategies for severe accident management and assesses design alternatives for risk reduction. 

In this chapter, the staff documents its review of COL FSAR Chapter 19.  The staff evaluated 
the PRA description and results as well as the description and analysis of design features for 
preventing and mitigating severe accidents. 

In RAI 222, Question 01-05, the staff requested that the applicant confirm periodic updating of 
the COL FSAR to ensure that it accounts for changes to the U.S.EPR FSAR through the end of 
the design certification process.  The staff is reviewing the COL information incorporated by 
reference from the U.S. EPR FSAR Tier 2, Section 17.1 on Docket No. 52-020, and the results 
of the staff’s technical evaluation will be documented in the staff’s safety evaluation report 
(SER) on the U.S. EPR FSAR.  The staff’s SER on the U.S. EPR FSAR is not yet complete.  
RAI 222, Question 01-05 is being tracked as an open item as part of this chapter and other 
chapters.  The staff will update Chapter 19 of this report to reflect the final disposition of the 
U.S. EPR design certification application. 

19.1 Probabilistic Risk Assessment 

The PRA performed for CCNPP Unit 3 is described in COL FSAR Section 19.1.  The PRA 
consists of a Level 1 and Level 2 analysis of both internal events and external events, at-power 
and for other modes of operation. 

19.1.1 Introduction 

COL FSAR Section 19.0, “Probabilistic Risk Assessment and Severe Accident Evaluation,” 
provides an introduction to the chapter.  The COL FSAR incorporates U.S. EPR FSAR Tier 2, 
Section 19.0 by reference with supplemental information to address COL information items. 

COL FSAR Section 19.1.1, “Uses and Application of the PRA,” describes how the PRA is used 
in the design phase of the application to assess risk for comparison against the safety and 
containment performance goals.  The COL FSAR incorporates U.S. EPR FSAR Tier 2, 
Section 19.1.1, “Uses and Application of the PRA,” by reference with supplemental information 
to address COL information items. 

COL FSAR Section 19.1.2, “Quality of PRA,” describes the quality of the PRA, including 
technical adequacy of the PRA model, documentation, and maintenance of the PRA.  The 
COL FSAR incorporates U.S. EPR FSAR Tier 2, Section 19.1.2, “Quality of PRA,” by reference 
with supplemental information to address COL information items. 

COL FSAR Section 19.1.3, “Special Design/Operational Features,” incorporates the content of 
the corresponding U.S. EPR FSAR Tier 2 sections by reference.  There are no COL information 
items applicable to this section and no supplemental information is provided. 
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COL FSAR Section 19.1.4, “Safety Insights from the Internal Events PRA for Operations at 
Power,” addresses the Level 1 and Level 2 PRA for internal events for operations at power.  
The COL FSAR incorporates U.S. EPR FSAR Tier 2, Section 19.1.4, “Safety Insights from the 
Internal Events PRA for Operations at Power,” by reference to address site-specific items that 
could affect the PRA model. 

COL FSAR Section 19.1.5, “Safety Insights from the External Events PRA for Operations at 
Power,” addresses the Level 1 and Level 2 PRA for external events for operations at power. 

COL FSAR Section 19.1.5, “Safety Insights from the External Events PRA for Operations at 
Power,” by reference with supplemental information to address both site-specific items that 
could affect the PRA model and COL information items. 

COL FSAR Section 19.1.6, “Safety Insights from the PRA for Other Modes of Operation,” 
addresses the Level 1 and Level 2 PRA for internal events during shutdown.  The COL FSAR 
incorporates U.S. EPR FSAR Tier 2, Section 19.1.6, “Safety Insights from the PRA for Other 
Modes of Operation,” by reference to address site-specific items that could affect the PRA 
model. 

COL FSAR Section 19.1.7, “PRA-Related Input to Other Programs and Processes,” 
incorporates the content of the corresponding U.S. EPR FSAR Tier 2 sections by reference.  
There are no COL information items applicable to this section and no supplemental information 
is provided. 

COL FSAR Section 19.1.8, “Conclusions and Findings,” incorporates the content of the 
corresponding U.S. EPR FSAR Tier 2 sections by reference.  There are no COL information 
items applicable to this section and no supplemental information is provided. 

19.1.2 Summary of Application 

COL FSAR Chapter 19 incorporates U.S. EPR FSAR Tier 2, Chapter 19 by reference with no 
departures.  In addition, in COL FSAR Sections 19.0, 19.1.1, 19.1.2, and 19.1.5, the COL 
applicant provided COL information items and supplemental information. 

COL Information Items 

The COL applicant provided additional information in COL FSAR Section 19.0 to address 
COL Information Item 19.0-1 from U.S. EPR FSAR Tier 2, Table 1.8-2, “U.S. EPR Combined 
License Information Items”: 

A COL applicant that references the U.S. EPR design certification will either 
confirm that the PRA in the design certification bounds the site-specific design 
information and any design changes or departures, or update the PRA to reflect 
the site-specific design information and any design changes or departures. 

In response to this COL information item, the COL applicant stated that the PRA in the 
U.S. EPR FSAR bounds CCNPP Unit 3 as discussed in COL FSAR Chapter 19. 

The COL applicant provided additional information in COL FSAR Section 19.1.1.2, “Combined 
License Application Phase,” to address COL Information Item 19.1-1 from U.S. EPR FSAR 
Tier 2, Table 1.8-2: 
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A COL applicant that references the U.S. EPR design certification will describe 
the uses of the PRA in support of licensee programs and identify and describe 
risk-informed applications being implemented during the combined license 
application phase. 

In response to this COL information item, the COL applicant identified four intended uses of the 
PRA in the COL application phase and stated that no risk-informed applications during this 
phase are currently proposed. 

The COL applicant provided additional information in COL FSAR Section 19.1.1.3, 
“Construction Phase,” to address COL Information Item 19.1-2 from U.S. EPR FSAR Tier 2, 
Table 1.8-2: 

A COL applicant that references the U.S. EPR design certification will describe 
the uses of the PRA in support of licensee programs and identify and describe 
risk-informed applications being implemented during the construction phase. 

In response to this COL information item, the COL applicant stated that there are no anticipated 
uses of the PRA during the construction phase and no proposed risk-informed applications. 

The COL applicant provided additional information in COL FSAR Section 19.1.1.4, “Operational 
Phase,” to address COL Information Item 19.1-3 from U.S. EPR FSAR Tier 2, Table 1.8-2: 

A COL applicant that references the U.S. EPR design certification will describe 
the uses of the PRA in support of licensee programs and identify and describe 
risk-informed applications being implemented during the operational phase. 

In response to this COL information item, the COL applicant stated that during the operational 
phase the PRA risk insights will be used to support typical licensee programs, such as the 
significance determination process (SDP), mitigating systems performance index (MSPI), and 
the maintenance rule program.  No risk-informed applications during this phase are currently 
proposed. 

The COL applicant provided additional information in COL FSAR Section 19.1.2.3, “PRA 
Technical Adequacy,” to address COL Information Item 19.1-4 from U.S. EPR FSAR Tier 2, 
Table 1.8-2: 

A COL applicant that references the U.S. EPR design certification will conduct a 
peer review of the PRA relative to the ASME PRA Standard prior to use of the 
PRA to support risk-informed applications or before fuel load. 

In response to this COL information item, the COL applicant stated that a peer review of the 
PRA will be completed prior to its use for risk-informed activities or before fuel load.  This item is 
identified as a post-COL activity in Section 19.1.5, “Post Combined License Activities,” of this 
report, as well as included in the list of license conditions in Part 10, Section 2 of the CCNPP 
Unit 3 COL application. 

The COL applicant provided additional information in COL FSAR Section 19.1.2.4.1, 
“Description of PRA Maintenance and Upgrade Program,” to address COL Information 
Item 19.1-5 from U.S. EPR FSAR Tier 2, Table 1.8-2: 



19-4 

 

A COL applicant that references the U.S. EPR design certification will describe 
the applicant’s PRA maintenance and upgrade program. 

In response to this COL information item, the COL applicant stated that a PRA Maintenance and 
Update program was included in the U.S. EPR FSAR.  The information contained in this section 
of the COL FSAR is a supplement to that program to support the additional needs of an 
operating nuclear plant.  The COL applicant described how the PRA will be upgraded prior to 
fuel load and on a periodic basis.  This item is identified as a post-COL activity in 
Section 19.1.5, “Post Combined License Activities,” of this report, as well as included in the list 
of license conditions in the CCNPP Unit 3 COL application, Part 10, Section 2, “COL Items.” 

The COL applicant provided additional information in COL FSAR Section 19.1.5.1.2.4, “Key 
Assumptions and Insights,” to address COL Information Item 19.1-6 from U.S. EPR FSAR 
Tier 2, Table 1.8-2: 

A COL applicant that references the U.S. EPR design certification will confirm 
that the design-specific U.S. EPR PRA-based seismic margins assessment 
(SMA) is bounding for their specific site. 

In response to this COL information item, the COL applicant stated that site-specific ground 
motion response spectra (GMRS) are bounded by the certified seismic design response spectra 
(CSDRS) used in the U.S. EPR FSAR, concluding, therefore, that the U.S. EPR PRA-based 
SMA is bounding for CCNPP Unit 3.  COL FSAR Section 3.7.1, “Seismic Design Parameter,” is 
referenced as providing a comparative evaluation of the two response spectra. 

The COL applicant provided additional information in COL FSAR Section 19.1.5.4, “Other 
External Risk Evaluations,” to address COL Information Item 19.1-7 from U.S. EPR FSAR 
Tier 2, Table 1.8-2: 

A COL applicant that references the U.S. EPR design certification will perform 
the site-specific screening analysis and the site-specific risk analysis for external 
events applicable to their site. 

In response to this COL information item, the COL applicant performed a screening analysis of 
or quantitatively evaluated the risks posed by external events, listed in Appendix A of the 
American National Standards Institute/American Nuclear Society (ANSI/ANS) 58.21-2003, 
“External Events in PRA Methodology.” 

The COL applicant provided additional information in COL FSAR Section 19.1.1.1, “Design 
Phase,” to address COL Information Item 19.1-8 from U.S. EPR FSAR Tier 2, Table 1.8-2: 

A COL applicant that references the U.S. EPR design certification will describe 
the uses of PRA in support of site-specific design programs and processes 
during the design phase. 

In response to this COL information item, the COL applicant stated that no additional uses of the 
PRA are anticipated during the design phase. 

The COL applicant provided additional information in COL FSAR Section 19.1.2.2, “PRA Level 
of Detail,” to address COL Information Item 19.1-9 from U.S. EPR FSAR Tier 2, Table 1.8-2: 
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A COL applicant that references the U.S. EPR design certification will review 
as-designed and as-built information and conduct walk-downs as necessary to 
confirm that the assumptions used in the PRA (including PRA inputs to reliability 
assurance program (RAP) and severe accident mitigation design alternatives 
(SAMDA) remain valid with respect to internal events, internal flood and fire 
events (routings and locations of pipe, cable and conduit), and HRA [human 
reliability analysis] analyses (development of operating procedures, emergency 
operating procedures, and severe accident management guidelines and training), 
external events including PRA-based seismic margins high confidence of low 
probability of failure (HCLPF) fragilities, and low power and shutdown (LPSD) 
procedures. 

In response to this COL information item, the COL applicant stated that these activities would be 
conducted prior to fuel load.  This item is identified as a post-COL activity in Section 19.1.5, 
“Post Combined License Activities,” of this report, as well as included in the list of license 
conditions in Part 10, Section 2 of the CCNPP Unit 3 COL application. 

Supplemental Information 

The COL applicant provided supplemental information in COL FSAR Sections 19.1.4, “Safety 
Insights from the Internal Events PRA for Operations at Power,” and 19.1.5, “Safety Insights 
from the External Events PRA for Operations at Power.”  These supplements address 
site-specific items and their impact on the applicability of the U.S. EPR design-specific PRA to 
the CCNPP Unit 3 site.  This supplemental information is discussed in more detail in the 
technical evaluation of these COL FSAR sections. 

19.1.3 Regulatory Basis 

The regulatory basis of the information incorporated by reference is addressed within the 
U.S. EPR FSAR. 

In addition, the relevant requirements of NRC regulations NUREG-0800, are given in, “Standard 
Review Plan for the Review of Safety Analysis Reports for Nuclear Power Plants:  LWR 
Edition,” (hereafter referred to as NUREG-0800 or the SRP).  The supplemental information 
provided for this area of review, and the associated acceptance criteria, are provided in SRP 
Section 19.0. 

Requirements for this chapter are included in Title 10 of the Code of Federal Regulations 
Part 50, “Domestic licensing of production and utilization facilities” (10 CFR) and 
10 CFR Part 52, “Licenses, certifications, and approvals for nuclear power plants.” 

1. 10 CFR 52.79, “Contents of applications; technical information in final safety analysis 
report” states, “The application must contain a final safety analysis report that describes 
the facility….  The final safety analysis report shall include the following information…:” 

2. 10 CFR 52.79(a)(17):  As it relates to the information necessary to demonstrate 
compliance with any technically relevant portions of the Three Mile Island (TMI) 
requirements set forth in 10 CFR 50.34(f)…,” specifically 10 CFR 50.34(f)(1)(i) which 
requires a “plant/site-specific PRA, the aim of which is to seek such improvements in the 
reliability of core and containment heat removal systems as are significant and practical 
and do not impact excessively on the plant.” 
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3. 10 CFR 52.79(a)(38):  As it requires an applicant to provide a description and analysis of 
design features for the prevention and mitigation of severe accidents. 

4. 10 CFR 52.79(a)(46):  As it requires an applicant to provide a description of the plant-
specific PRA and its results. 

5. 10 CFR 52.79(c)(1) and (d)(1):  As they define the requirements for FSAR contents of 
COL applications, including “plant-specific PRA information must use the PRA 
information for the design approval and must be updated to account for site-specific 
design information and any design changes or departures.” 

6. 10 CFR 52.79(a)(2):  As it requires an applicant to demonstrate an extremely low 
probability of accidents that could result in the release of significant quantities of 
radioactive fission products. 

7. 10 CFR 52.79(a)(5):  As it requires an applicant to assess the risk to public health and 
safety resulting from operation of the facility, determine the margins of safety during 
normal operations and transient conditions, and determine the adequacy of structures, 
systems, and components (SSCs) provided for the prevention and mitigation of 
accidents. 

8. 10 CFR 50.71, “Maintenance of records, making of reports,” includes additional 
requirements: 

9. 10 CFR 50.71(h)(1):  The holder of a COL shall develop a Level 1 and Level 2 PRA 
covering those initiating events and modes for which NRC-endorsed consensus 
standards on PRA exist one year prior to scheduled initial fuel loading. 

10. 10 CFR 50.71(h)(2):  Each holder of a COL shall maintain and upgrade the PRA 
required by 10 CFR 50.71(h)(1); the PRA must be upgraded every 4 years until 
permanent cessation of operations. 

The related acceptance criteria are provided in regulatory guides (RGs), commission papers, 
and policy statements: 

Regulatory Guides 

1. RG 1.200, Revision 2, “An Approach for Determining the Technical Adequacy of 
Probabilistic Risk Assessment Results for Risk-Informed Activities,” as it pertains to the 
technical adequacy of the PRA, and as it relates to the scope and uses of the PRA 

2. RG 1.206, “Combined License Applications for Nuclear Power Plants (LWR Edition),” 
which provides guidance on COL applications. 

3. RG 1.174, “An Approach for Using Probabilistic Risk Assessment in Risk-Informed 
Decisions on Plant-Specific Changes to the Licensing Basis,” specifically Sections 2.2.3 
and 2.5 as they relate to the quality of PRA analysis and quality assurance. 

Commission Papers and associated Staff Requirements Memoranda (SRM) 

1. SECY-90-016, “Evolutionary Light Water Reactor (LWR) Certification Issues and their 
Relationships to Current Regulatory Requirements” 
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2. SECY-93-087, “Policy, Technical, and Licensing Issues Pertaining to Evolutionary and 
Advanced LWR Designs,” for guidance on application of seismic margin analysis 

3. SECY-97-044, “Policy and Key Technical Issues Pertaining to the Westinghouse AP600 
Standardized Passive Reactor Design” 

4. SECY-00-0062, “Risk-Informed Regulation Implementation Plan,” as it pertains 
specifically to PRA standards 

5. SECY-00-0162, “Addressing PRA Quality in Risk-Informed Activities” 

NRC Policy Statements 

• 50 FR 32138 (Section B on Policy for New Plant Applications), 59 FR 35461 (section 
stating Commission policy), and 60 FR 42622 (section stating Commission policy). 

19.1.4 Technical Evaluation 

The staff reviewed COL FSAR Chapter 19 and checked the referenced U.S. EPR FSAR to 
ensure that the combination of the information in the U.S. EPR FSAR and the information in the 
COL application is consistent, and represents the complete scope of information relating to this 
review topic.  The staff’s review confirmed that the information contained in the application and 
incorporated by reference addresses the required information relating to this section of 
U.S. EPR FSAR Tier 2, Chapter 19 being reviewed by the staff under Docket No. 52-020.  The 
staff’s technical evaluation of the information incorporated by reference related to this section 
will be documented in the staff safety evaluation report on the design certification application for 
the U.S. EPR. 

The staff reviewed the following information contained in the COL FSAR: 

COL Information Item 19.0-1 

The staff reviewed COL Information Item 19.0-1 from the U.S. EPR FSAR Tier 2, Table 1.8-2, 
related to bounding of site-specific information, included under COL FSAR Section 19.0. 

COL Information Item 19.0-1 directs the COL applicant to either confirm that the PRA in the 
design certification bounds the site-specific design information and any design changes or 
departures, or update the PRA to reflect this information.  In COL FSAR Section 19.0, the 
COL applicant stated that the U.S. EPR design-specific PRA bounds CCNPP Unit 3 as 
discussed in COL FSAR Chapter 19.  The staff’s conclusion on COL Information Item 19.0-1 
depends on the evaluation of several other areas: 

• COL Information Item 19.1-6, which relates to the site-specific effects of seismic hazards 

• COL Information Item 19.1-7, which relates to site-specific external events 

• supplemental information provided by the COL applicant to address other site-specific 
design information 

The staff’s evaluation of these three review areas is described below. 
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COL Information Item 19.1-1 

The staff reviewed COL Information Item 19.1-1 from the U.S. EPR FSAR Tier 2, Table 1.8-2, 
related to the uses of PRA during the COL phase, included under COL FSAR Section 19.1.1.2. 

COL Information Item 19.1-1 directs the COL applicant to describe the uses of PRA in support 
of licensee programs and to identify and describe risk-informed applications being implemented 
during the COL application phase.  In COL FSAR Section 19.1.1.2, the COL applicant stated 
that during the COL application phase, no risk-informed applications are proposed.  The uses of 
PRA during the COL application phase include the following: 

• identifying risk-informed safety insights associated with the design and operation 

• providing PRA importance measures for input to the reliability assurance program 

• gaining risk insights associated with establishing allowed outage times for certain 
equipment technical specifications 

• providing input to the procedure development process/human factors 

Based on its review of the information provided in the COL FSAR, the staff determined that the 
COL applicant has properly described the uses of PRA during the COL application phase in 
accordance with the SRP Section 19.1.1.2 and guidance in RG 1.206, Section 19.1.1.2.  
Therefore, the staff concludes that the COL applicant has adequately addressed COL 
Information Item 19.1-1. 

COL Information Item 19.1-2 

The staff reviewed COL Information Item 19.1-2 from the U.S. EPR FSAR Tier 2, Table 1.8-2, 
related to the uses of PRA during the construction phase, included under COL FSAR 
Section 19.1.1.3. 

COL Information Item 19.1-2 directs the COL applicant to describe the uses of PRA in support 
of licensee programs and to identify and describe risk-informed applications being implemented 
during the construction phase.  In COL FSAR Section 19.1.1.3, the COL applicant stated that 
during the construction phase, no specific PRA uses are anticipated and no risk-informed 
applications are proposed. 

Based on its review of the information provided in the COL FSAR, the staff determined that the 
COL applicant has properly described the uses of PRA during the construction phase in 
accordance with the SRP Section 19.1.1.2 and guidance in RG 1.206, Section 19.1.1.3.  
Therefore, the staff concludes that the COL applicant has adequately addressed COL 
Information Item 19.1-2. 

COL Information Item 19.1-3 

The staff reviewed COL Information Item 19.1-3 from the U.S. EPR FSAR Tier 2, Table 1.8-2, 
related to the uses of PRA during the operational phase, included under COL FSAR 
Section 19.1.1.4. 
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COL Information Item 19.1-3 directs the COL applicant to describe the uses of the PRA in 
support of licensee programs and to identify and describe risk-informed applications being 
implemented during the operational phase.  In COL FSAR Section 19.1.1.4, the COL applicant 
stated that during the operational phase, no risk-informed applications are proposed.  The PRA 
will be used during this phase to support typical licensee programs such as SDP, MSPI, and the 
maintenance rule program. 

Based on its review of the information provided in the COL FSAR, the staff determined that 
the COL applicant has properly identified and described the uses of PRA during the 
operational phase in accordance with the SRP Section 19.1.1.2 and guidance in RG 1.206, 
Section 19.1.1.4.  Therefore, the staff concludes that the COL applicant has adequately 
addressed COL Information Item 19.1-3. 

COL Information Item 19.1-4 

The staff reviewed COL Information Item 19.1-4 from the U.S. EPR FSAR Tier 2, Table 1.8-2, 
related to peer review of the PRA, included under COL FSAR Section 19.1.2.3. 

COL Information Item 19.1-4 directs the COL applicant to conduct a peer review of the PRA 
relative to the ASME PRA standard prior to use of the PRA to support risk-informed applications 
or before fuel load.  In COL FSAR Section 19.1.2.3, the COL applicant restated this item: 

A peer review of the PRA relative to the American Society of Mechanical 
Engineers (ASME) PRA Standard shall be performed prior to use of the PRA to 
support risk-informed applications or before initial fuel load. 

The staff recognizes that because the peer review cannot be completed prior to licensing and 
construction of CCNPP Unit 3, the above statement is included as a proposed license condition 
in Part 10, Section 2 of the CCNPP Unit 3 COL application.  Therefore, the staff concludes that 
the COL applicant has adequately addressed COL Information Item 19.1-4, in conformance with 
the guidance provided in RG 1.200 and Interim Staff Guidance (ISG)-03. 

Based on its review of the information provided in the COL FSAR, the staff concludes that 
because no risk-informed applications are currently proposed, the COL applicant does not need 
to conduct a peer review at this stage.  Therefore, the staff concludes that the COL applicant 
has properly addressed COL Information Item 19.1-4. 

COL Information Item 19.1-5 

The staff reviewed COL Information Item 19.1-5 from the U.S. EPR FSAR Tier 2, Table 1.8-2, 
related to PRA maintenance and upgrade, included under COL FSAR Section 19.1.2.4. 

COL Information Item 19.1-5 directs the COL applicant to describe the COL applicant’s PRA 
maintenance and upgrade program.  In COL FSAR Section 19.1.2.4.1, the COL applicant 
addressed this topic.  The COL applicant stated that the PRA is treated as a living document, 
and the PRA configuration control program maintains and upgrades the PRA according to the 
ASME PRA standard as clarified by RG 1.200.  The COL applicant restated the text of 
10 CFR 50.71(h)(1) and (h)(2), discussed above.  The COL applicant also incorporated 
U.S. EPR FSAR Tier 2, Section 19.1.2.4.1, by reference. 
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The COL applicant stated that peer reviews will be performed for the PRA upgrades in 
accordance with RG 1.200, which endorses the peer review guidance in Nuclear Energy 
Institute (NEI) 00-02, “Probabilistic Risk Assessment Peer Review Process Guidance,” with 
exceptions.  The COL applicant will disposition review findings and observations based on their 
importance. 

The discussion of this COL information item refers to PRA maintenance activities that will 
continue throughout licensing, construction, and operation of CCNPP Unit 3.  Therefore, the 
following is proposed as a license condition in Part 10, Section 2 of the CCNPP Unit 3 COL 
application: 

The CCNPP Unit 3 PRA shall be treated as a living document.  A PRA 
Configuration Control Program shall be put in place to maintain (update) or 
upgrade the PRA, as defined in ASME Standard RA-Sc - 2007 and as clarified by 
RG 1.200. 

Based on its review of the information provided in the COL FSAR, as summarized above, the 
staff determined that the COL applicant has properly described the CCNPP Unit 3 PRA 
maintenance and upgrade program in accordance with the SRP Section 19.1.1.2 and guidance 
in RG 1.206 Section C.I.19..  Therefore, the staff concludes that the COL applicant has 
adequately addressed COL Information Item 19.1-5. 

COL Information Item 19.1-6 

The staff reviewed COL Information Item 19.1-6 from the U.S. EPR FSAR Tier 2, Table 1.8-2, 
related to the seismic margins assessment, included under COL FSAR Section 19.1.5.1.2. 

COL Information Item 19.1-6 directs the COL applicant to confirm that the U.S. EPR 
design-specific PRA-based seismic margins assessment is bounding for their specific site. 

In COL FSAR Section 19.1.5.1.2.4, the COL applicant provided the related supplementary 
information to address this COL information item.  The COL applicant made a comparison of the 
site-specific GMRS to the U.S. EPR CSDRS in COL FSAR Section 3.7.1 and demonstrated that 
the GMRS is much lower than the CSDRS.  When the spectra were considered in combination 
with the site-specific soil parameters, the COL applicant concluded that the seismic demands for 
CCNPP Unit 3 are much lower than that used for the U.S. EPR FSAR.  Therefore, the U.S. EPR 
FSAR bounds site-specific parameters and they do not have a significant impact on the CCNPP 
Unit 3 PRA results and insights. 

The staff reviewed COL FSAR Section 19.1.5.1.2.4 and checked the referenced U.S. EPR 
FSAR.  In accordance with 10 CFR 52.79(a)(46) and 10 CFR 52.79(d)(1), the staff expects that 
the COL FSAR describe the update of the U.S. EPR design-specific PRA-based seismic margin 
analysis to adequately incorporate site-specific and plant-specific information for the COL site.  
The update should focus on the fault-space systems analysis model for the plant to account for 
site-specific effects and plant features.  Site-specific plant features may include site-specific 
effects such as seismically induced liquefaction settlements, slope stability, foundation failure, 
and relative displacements, as well as site-specific features such as underground piping, intake 
structure, intake tunnel, and ultimate heat sink, if any. 

If the COL applicant can establish, with adequate justification, that 1) site-specific soil effects 
are deemed not control the seismic fragility of the pertinent SSCs and the plant-level HCLPF 
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capacity, and 2) the COL application demonstrates the COL site GMRS is enveloped by 
CSDRS, no further update of the U.S. EPR design-specific PRA-based seismic margin analysis 
would be required. 

The staff noticed that COL FSAR Section 19.1.5.1.2 only addressed the latter without 
discussing whether a potential of site-specific soil failures may exist at the CCNPP Unit 3 site, 
which may reduce the seismic fragility of pertinent SSCs and the HCLPF established in the 
U.S. EPR design-specific PRA-based seismic margin analysis. 

In RAI 160, Question 19-19, the staff requested that the COL applicant provide an update to the 
system model (seismic accident sequences) developed in the U.S. EPR FSAR for the 
PRA-based seismic margin assessment to identify and incorporate as applicable any 
site-specific capacity reductions due to site-specific effects (soil liquefaction, slope failure, etc.) 
and site-specific structures (safety-related site-specific intake structure, intake tunnel heat sink).  
In addition, if any appears on the seismic accident sequences used for the PRA-based HCLPF 
assessments of the design certification or results in new sequences, the COL applicant should 
demonstrate the plant seismic margin in terms of the sequence-level HCLPF capacity to be 
1.67 times the site safe-shutdown earthquake (SSE), which can be determined based on the 
site-specific GMRS.  On December 11, 2009, the applicant provided response to RAI 160, 
Question 19-19.  The staff is currently reviewing the response.  RAI 160, Question 19-19 is 
being tracked as an open item. 

COL Information Item 19.1-7 

The staff reviewed COL Information Item 19.1-7 from the U.S. EPR FSAR Tier 2, Table 1.8-2, 
related to external events, included under COL FSAR Section 19.1.5. 

COL Information Item 19.1-7 directs the COL applicant to perform site-specific screening 
analysis and site-specific risk analysis for external events applicable to their site.  In COL FSAR 
Section 19.1.5.4, the COL applicant described the screening analysis of the risks posed by 
external events to the CCNPP Unit 3 site.  The COL applicant addressed all of the external 
events listed in Appendix A of the ANSI/ANS 58.21-2003, “External Events in PRA 
Methodology,” standard.  For each external event, a progressive approach was used following 
the guidance in ANSI/ANS 58.21 and in NUREG-1407, “Procedural and Submittal Guidance for 
the Individual Plant Examination of External Events (IPEEE) for Severe Accident 
Vulnerabilities.” 

The COL applicant further stated that the plant design bases for external events are compared 
against NUREG-0800 screening criteria.  If the event cannot be qualitatively screened, a 
quantitative PRA assessment is performed to assess the risk posed by that external event. 

The staff reviewed the COL applicant’s rationale for screening out certain external events, which 
was established based on the analyses documented in COL FSAR Chapter 2, “Site 
Characteristics,” and Chapter 3, “Design of Structures, Components, Equipment, and Systems,” 
demonstrating that either: 

1. The potential hazard associated with the postulated external event does not adversely 
affect the plant. 

2. The plant/site is designed to accommodate the “maximum size” of the postulated 
external event. 
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RG 1.200 specifically allows for the screening out of postulated external events from the PRA.  
Subsection 1.2.5, “Screening and Conservative Analysis of Other External Hazards Technical 
Elements,” of the regulatory guide states the following: 

Screening methods can often be employed to show that the contribution of many 
external events to CDF and/or LERF/LRF is insignificant. 

A preliminary screening, using a defined set of screening criteria, is used to 
eliminate events matching the criteria from further consideration.  Further 
screening can be performed by using a bounding or demonstrably conservative 
analysis with defined quantitative screening criteria to demonstrate that the risk 
from some external events is sufficiently low to eliminate them from additional 
consideration. 

The term “screening out” is used herein for the process whereby an external event is excluded 
from further consideration in the PRA analysis.  According to RG 1.200, there are two 
fundamental screening criteria for an event to be screened out: 

1. if it meets the criteria in the SRP 

2. if it can be shown using a demonstrably conservative analysis that the core damage 
frequency (CDF) and/or large release frequency (LRF) is reasonably lower than the 
baseline risk values. 

RG 1.200, Revision 2, Section C.1.2.5 specifically states that, “It is recognized that for those 
new reactor designs with substantially lower risk profiles (e.g., internal events CDF below 
1E-6/year), the quantitative screening value should be adjusted according to the relative 
baseline risk value.” 

The screening guidance has also been amplified in ASME/ANS RA-Sa-2009, “Standard for 
Level1/LERF Probabilistic Risk Assessment for Nuclear Power Plant Applications,” as endorsed 
in RG 1.200, Revision 2.  Section 6-2 of the ASME/ANS RA-Sa, “Technical requirements for 
Screening and Conservative Analysis,” standard contains a set of technical requirements for 
performing screening and/or conservative analyses in lieu of incorporating the considered 
hazard into the PRA after the technical requirements for identifying all potential external hazards 
for a given site have been fulfilled. 

The staff’s review finds that since the baseline U.S. EPR internal events CDF and LRF are 
5.3E-7/yr and 2.6E-8/yr, respectively, it is not reasonable to quantitatively screen out external 
events using quantitative screening criteria (e.g., LRF of 1E-7/yr) that are higher than the 
baseline risk values.  In RAI 93, Question 19-13 and RAI 198, Question 19-20, the staff 
requested that the COL applicant reassess the external events, that survived the initial 
qualitative screening, using an appropriate PRA screening value, or quantitatively justify that 
when all conservatisms are removed from the analysis, the resulting CDF and LRF would be 
significantly lower than the total baseline U.S. EPR CDF and LRF.  Resolution to the 
COL applicant’s screening criteria for external events has not yet been acceptable to the staff’s 
satisfaction.  RAI 198, Question 19-20 is being tracked as an open item. 

External Events Evaluations 
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The staff reviewed the external risk evaluations provided in the COL FSAR Section 19.1.5 and 
determined that the COL applicant has properly identified the external events applicable to their 
site.  The COL applicant has either qualitatively or quantitatively assessed the risks posted by 
these events. 

High Winds 

The COL applicant stated that the U.S. EPR safety-related structures are designed to withstand 
high wind load characteristics as specified in NUREG-0800, Section 3.3.  The NUREG-0800 
acceptance criteria for high winds specify that the design velocity pressure for safety-related 
structures must be greater than or equal to the velocity pressure corresponding to the speed of 
the 100-year return period 3-second wind gust.  The COL applicant stated that for the U.S. EPR, 
the design basis wind speed is 233 kilometers per hour (km/h) (145 miles per hour (mph)) in 
open terrain with a 50 year mean recurrence interval.  For the safety-related structures, the 
design wind speed is increased by a factor of 1.15 to obtain a 100 year mean recurrence 
interval.  As documented in COL FSAR Section 2.3.1.2.2.15, “100 Year Return Period 3 Second 
Wind Gust,” the year return period 3-second wind gust for the CCNPP Unit 3 site is 164 km/h 
(102 mph). 

The non-safety-related structures located onsite that are not designed for high wind loads, are 
evaluated in COL FSAR Section 3.3 to show that their collapse would not result in an impact on 
any of the safety-related structures.  The COL applicant stated that site-specific structures will 
be designed in compliance with American Society of Civil Engineers (ASCE) 7-05, “Minimum 
Design Loads for Buildings and Other Structures,” ASCE, 2006.  Therefore, the design wind 
speed for those structures will be no less than 164 kph (102 mph).  Thus, the COL applicant 
concluded that, the NUREG-0800, Section 3.3.1 screening criteria are met for high winds (other 
than tornadoes). 

The staff’s review concludes that the COL applicant’s rationale for screening high wind events 
from the PRA on the basis of analyses documented in COL FSAR Chapters 2 and 3 is 
acceptable by demonstrating that the plant is designed to accommodate the “maximum size” of 
the postulated events and it met the NUREG-0800, Section 3.3.1 screening criteria for high 
winds. 

Tornado 

The COL applicant stated that the U.S. EPR safety-related structures are designed to meet the 
design-basis tornado wind characteristics of Tornado Intensity Region I as specified in 
NUREG-0800, Section 3.3.2.  Tornado Intensity Region 1 (Central U.S.) is characterized as the 
most limiting for tornado wind loads with a maximum tornado wind speed of 370 kph (230 mph), 
maximum rotational speed of 296 kph (184 mph), and maximum translational speed of 74 kph 
(46 mph). 

The COL applicant also stated that the safety-related structures of the U.S. EPR are designed 
for the tornado wind loads corresponding to a maximum tornado wind speed of 370 kph 
(230 mph).  The tornado requirement for non-safety-related structures is that upon failure, they 
cannot cause failure of adjacent safety-related structures. 

The COL applicant developed a bounding plant impact scenario to obtain risk insights 
associated with a tornado wind loading on non-safety-related plant structures that contain 
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systems and components credited in the PRA model.  The following non-safety-related SSCs 
were identified in the assessment. 

• Auxiliary power transformer area and switchyard area, which contain components 
related to offsite power 

• Switchgear Building, which contains the two station blackout diesel generators 
(SBODGs), non-1E switchgear equipment, load centers, motor control centers, and 
12-hour severe accident battery divisions 

• Turbine Building/normal heat sink (TB/NHS), which contains systems and components 
associated with secondary heat removal, such as the main condenser and feedwater 

• Nuclear Auxiliary Building (NAB), which contains the operational chilled water system 
(OCWS) 

The COL applicant calculated that the conditional core damage probability (CCDP), given the 
above SSC failures, to be approximately 8.8E-4 using the Level 1 PRA loss of offsite power 
(LOOP) event tree model. 

Based on information from NUREG/CR-4461, “Tornado Climatology of the Contiguous United 
States,” the CCNPP Unit 3 site-specific strike frequency of a tornado with a wind speed greater 
than 153 kph (95 mph), the design wind velocity for non-safety-related structures at CCNPP 
Unit 3 site, was determined by the COL applicant to be approximately 6.1E-5/yr.  Therefore, 
the resulting CDF for this scenario was estimated by the COL applicant to be 5.4E-8/yr. 

Based on the above calculated CDF, the COL applicant concluded that the frequency of a 
release resulting in dose exceeding the guidelines of 10 CFR Part 100, “Reactor Site Criteria,” is 
to be less than 1E-7/yr, which is a criterion used in NUREG-0800 for external events screening. 

The staff’s review determined that the discussion of the tornado strike frequency calculation in 
COL FSAR Section 19.1.5.4.1, “High Winds and Tornado Risk Evaluation,” is not detailed 
enough to draw conclusions about the calculated frequency.  Therefore, in RAI 198, 
Question 19-23, the staff requested that the COL applicant describe in details how the CCNPP 
Unit 3 site-specific tornado strike frequency of 6.1E-5/yr has been derived.  RAI 198, 
Question 19-23 is being tracked as an open item. 

The COL applicant qualitatively screened out the tornado missiles by citing that the U.S. EPR 
safety-related structures are designed for the tornado missile characteristics of Region 1 as 
specified in NUREG-0800, Section 3.5.1.4.  The design basis missiles include:  (1) A massive 
high kinetic energy missile that deforms on impact, (2) a rigid missile that tests penetration, and 
(3) a small rigid missile of a size sufficient to pass through any opening in protective barriers.  
The COL applicant concluded that the tornado strike scenario, as described above, assumed 
failure of all non-safety-related SSCs of the plant and, thus, bounding for all tornado and 
tornado missile events. 

Because of the open item associated with RAI 198, Question 19-23, the staff is unable to 
finalize its conclusion on tornado evaluation. 
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External Flooding 

The COL applicant qualitatively screened out the external flooding events by demonstrating that 
the applicable screening criteria in NUREG-0800, Section 2.4.10, are met for different types of 
external flooding events. 

COL FSAR Sections 2.4.3, “Probable Maximum (PMF) on Streams and Rivers,” through 2.4.7, 
“Ice Effects,” provide an evaluation of the different flooding conditions considered for the 
CCNPP Unit 3 site, as well as the U.S. EPR protection features against those conditions.  The 
flooding conditions include the probable maximum flood (PMF) on streams and rivers, potential 
dam failures, probable maximum surge and seiche flooding, probable maximum tsunami, and 
ice effect flooding.  Maximum flooding levels due to local intense precipitation are also 
addressed. 

The staff's acceptance of the external flooding screening will be contingent, in part, on the 
completion of the COL FSAR Sections 2.4.3 through 2.4.7 review.  Since the staff review of 
COL FSAR Sections 2.4.3 through 2.4.7 is ongoing, the staff is unable to finalize its conclusion 
regarding acceptability of external flooding. 

External Fire 

The COL applicant qualitatively screened out the external fire events per the NUREG-0800, 
Section 2.2.3 screening criteria. 

COL FSAR Section 2.2.3.1.4, “Fires,” describes that the cleared zones surrounding CCNPP 
Unit 3 are of sufficient size to afford substantial protection in the event of a fire.  The COL 
applicant stated that there would be no hazardous effects from fires or heat fluxes associated 
with wild fires, fires in adjacent industrial plants, or onsite storage facilities.  The U.S. EPR 
design has considered the impact of external smoke on the habitability of the main control room 
in the design of the control room envelope (CRE) and the control room air conditioning system 
(CRACS).  The COL applicant maintains that the CRE has isolation capability in the event of 
external fire/smoke, and the CRACS can be operated in full recirculation mode.  Further, the 
COL applicant maintains that the CRACS maintains the control room envelop at a positive 
pressure to prevent uncontrolled, unfiltered in-leakage during normal and accident conditions.  
The COL applicant also stated that the CRACS can support occupancy for eight people in the 
main control room (MCR) and associated rooms for 70 hours without outside makeup air.  
Portable self-contained breathing apparatus (SCBA) are also available for use by the control 
room operators. 

The staff's acceptance of the external fire screening will be contingent in part on the completion 
of the COL FSAR Section 2.2.3.1.4 review.  Since the staff’s review of COL FSAR 
Section 2.2.3.1.4 is ongoing, the staff is unable to finalize its conclusion regarding acceptability. 

Aircraft Crash Hazard 

The risks posed by random airplane crash events to the CCNPP Unit 3 site were evaluated by 
the COL applicant using a quantitative approach.  The COL applicant stated that the total 
number of operations per year at Patuxent Naval Air Station (NAS) and Walter Duke Regional 
Airport were estimated to be higher than 50,000 operations.  Therefore, the risks from airplane 
crash events at CCNPP Unit 3 cannot be qualitatively screened out based on the NUREG-0800, 
Section 3.5.1.6 acceptance criteria. 
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With that, the quantitative assessment of aircraft hazard was performed by the COL applicant 
consisting of the following steps: 

1. Develop target sets based on similar building structural strength, site location, and 
expected response. 

2. Calculate the estimated impact frequency for each target set based on representative 
dimensions of the buildings within each target set. 

3. Incorporate the calculated initiating event frequencies with PRA event trees to analyze 
the plant response and quantify the core damage frequency for each scenario. 

The following three bounding and conservative scenarios were modeled: 

1. Airplane crash into Safeguard Building 1 or 4:  The frequency of impact was derived by 
combining the building dimensions of Safeguard Buildings 1 and 4. 

2. Airplane crash into the TB:  This scenario disabled all the equipment within the TB.  In 
addition, essential service water (ESW) cooling towers 3 and 4 located east of the TB 
were assumed to fail in this scenario. 

3. Airplane crash into the hardened structures (Reactor Building, Fuel Building, and 
Safeguard Buildings 2 and 3):  The hardened buildings, along with the NAB, were 
combined into one group.  It was assumed that no systems within the hardened 
buildings would be disabled directly from the crash.  Also, because no safety-related 
systems are located in the NAB, the results would be essentially the same (reactor trip 
with no direct failures of safety-related equipment). 

The bounding scenario is determined to be an airplane crash into Safeguard Building 1 or 
Safeguard Building 4, which results in a core damage frequency of 1.1E-7/yr.  The frequency of 
any release (large and small) is calculated to be 3E-8/yr. 

The COL applicant concluded that the frequency of a release resulting in a dose exceeding the 
guidelines of 10 CFR Part 100 is to be less than or equal to 3E-8/yr.  The COL applicant 
concluded that the risk posed by airplane crash hazard to CCNPP Unit 3 meets the 
NUREG-0800, Section 3.5.1.6 acceptance criteria, which require that the frequency of an event 
causing radiological consequences above the 10 CFR Part 100 exposure guidelines be less 
than 1E-7/yr. 

The staff review finds that airplane crash events may have been inappropriately screened out of 
the PRA, since the estimated CDF is higher than most of the internal/external events CDFs, and 
the large release frequency is not clearly presented.  The staff observes that although the 
COL applicant has conservatively assessed the risk in accordance with RG 1.200 guidance, the 
resulting CDF of 1.1E-7/yr fails to meet the RG 1.200 screening criteria which describe that the 
screening values should be reasonably lower than the baseline risks.  Without a more detailed 
assessment, the staff is unable to conclude that the risk posted by aircraft crash events is 
insignificant and can be screened from the PRA. 

In RAI 198, Question 19-21, the staff requested that the COL applicant provide the analysis 
which demonstrates that the more realistic CDF and LRF resulting from the airplane crash 
events are significantly lower than the baseline U.S. EPR CDF and LRF, otherwise include 
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these frequencies in the CCNPP Unit 3 baseline risk profile.  RAI 198, Question 19-21 is being 
tracked as an open item. 

Industrial and Transportation Accidents 

The COL applicant evaluated the risks posed by the industrial and transportation accidents to 
CCNPP Unit 3 against the ANSI/ANS-58.21-2007 and NUREG-0800, Section 2.2.3 screening 
criteria. 

Highway Hazards:  COL FSAR Section 2.2.3.1, “Determination of Design-Basis Events,” 
evaluates the risks posed by an accident involving hazardous material occurring on the major 
highway in Calvert County, Maryland Highway 2/4, which is adjacent to the CCNPP Unit 3 site.  
The COL applicant stated that CCNPP Unit 3 is located approximately 1.9 km (1.2 mi) from 
Maryland Highway 2/4 at its closest approach.  For each type of event and for the largest 
amount of hazardous material susceptible to being involved in that event, the minimum 
separation distance (i.e., safe distance) was calculated.  The results are summarized in 
COL FSAR Table 2.2-8, “Explosion Event Analysis”; COL FSAR Table 2.2-9, “Flammable Vapor 
Cloud Events (Delayed Ignition) and Vapor Cloud Explosion Analysis”; and COL FSAR 
Table 2.2-10, “Toxic Vapor Cloud Analysis.” 

The COL applicant concluded that, in each case, the largest minimum separation distance is 
determined to be less than 1.9 km (1.2 mi); therefore, the highway hazards would not adversely 
affect the safe operation of CCNPP Unit 3. 

Based on its review, the staff concludes that the risks posted by highway hazards can be 
screened out from the PRA, since it met the screening Criterion 3, which requires that, “The 
event cannot occur close enough to the plant to affect it,” of the Supporting Requirement (SR) 
EXT-B1 of ASME/ANS RA-Sa-2009, as endorsed by RG 1.200, Revision 2. 

Waterway Hazards:  COL FSAR Section 2.2.3.1 evaluates the risks posed by an accident 
involving transportation of hazardous material along the Chesapeake Bay.  The COL applicant 
stated that the distance between potential waterway traffic and the nearest structure ultimate 
heat sink (UHS) makeup water intake structure) is about 3.5 km (2.2 mi).  For each type of 
event and for the largest amount of hazardous material susceptible to being involved in that 
event, the minimum separation distance was calculated.  The results are summarized in 
COL FSAR Table 2.2-8 (for explosions), COL FSAR Table 2.2-9 (for flammable vapor clouds), 
and COL FSAR Table 2.2-10 (for toxic chemicals). 

The COL applicant concluded that, in each case, the largest minimum separation distance is 
determined to be less than 3.5 km (2.2 mi); therefore, the waterway hazards would not 
adversely affect the safe operation of CCNPP Unit 3. 

Based on its review, the staff concludes that the risks posed by waterway hazards can be 
screened out from the PRA, since it met the screening Criterion 3 of SR EXT-B1 of 
ASME/ANS RA-Sa-2009. 

Pipeline Hazards:  COL FSAR Section 2.2.3.1.1, “Explosions,” addresses the risk from the 
Dominion Cove Point pipeline, which passes within the vicinity of the CCNPP Unit 3 site.  
The COL applicant stated that the closest distance between the plant and the pipeline is 2.5 km 
(1.54 mi). 
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Based on the assessment provided in COL FSAR Section 2.2.3.1.1, the COL applicant 
concluded that the safe distance for exposure to thermal consequences from a rupture in the 
pipeline is 0.72 km (0.45 mi), which is significantly less than the actual separation.  Thus, an 
explosion following a rupture in the pipeline would not adversely affect the safe operation of 
CCNPP Unit 3. 

Based on its review, the staff concludes that the risk posted by pipeline hazards can be 
screened out from the PRA, since it met the screening Criterion 3 of SR EXT-B1 of 
ASME/ANS RA-Sa-2009. 

Railroad Hazards:  The COL applicant stated that there are no railroads within 8 km (5 mi) of 
the CCNPP Unit 3 site. 

Based on its review, the staff concludes that the risk posed by railroad hazards can be screened 
out from the PRA, since it met the screening Criterion 3 of SR EXT-B1 of 
ASME/ANS RA-Sa-2009. 

Nearby Facilities Hazards:  COL FSAR Section 2.2.1, “Location and Routes,” identifies three 
potential external hazard facilities within 8 km (5 mi) of the CCNPP Unit 3 site:  (1) CCNPP 
Unit 1 and 2; (2) the Dominion Cove Point Liquid Natural Gas (DCPLNG) Terminal; and (3) the 
Dominion Cove Point pipeline. 

The safe distance for each of the hazardous chemicals inventories stored on the CCNPP Unit 1 
and 2 sites is shown in COL FSAR Table 2.2-8 for explosions and COL FSAR Table 2.2-9 for 
flammable vapor clouds.  Also, COL FSAR Table 2.2-10 indicates that the main control room 
would remain habitable after the worst case release in all but two (gasoline and ammonia) of the 
toxic chemical release scenarios. 

The COL applicant concluded that, based on a probabilistic assessment performed for the 
two scenarios that were not qualitatively screened, it was determined that the frequency of a 
gasoline truck accident or an ammonia tank spill is less than the screening criteria of 1.0E-6/yr.  
Thus, the risks posed by toxic chemical release meet NUREG-0800 screening criteria. 

As discussed in the previous section, it is not practical to quantitatively screen out an external 
event using quantitative screening criteria that are higher than the baseline risk values.  In 
RAI 93, Question 19-16 and RAI 198, Question 19-22, the staff requested that the COL 
applicant reassess the toxic chemical release accidents according to the RG 1.200 screening 
criteria.  RAI 198, Question 19-22 is being tracked as an open item. 

The COL applicant also stated that the DCPLNG terminal is located approximately 5.1 km 
(3.2 mi) away from the CCNPP Unit 3 site.  COL FSAR Section 2.2.3.1.1 shows that the risk of 
an explosion resulting from a complete tank failure at the DCPLNG terminal would not adversely 
affect the safe operation of CCNPP Unit 3.  The safe distance for exposure to a flash fire 
resulting from a total loss of the storage tanks is 1.6 km (1.0 mi), which is significantly less than 
the actual separation. 

Based on its review, the staff concludes that the risk posed by the DCPLNG terminal is 
insignificant and can be screened out from the PRA, since it met the screening Criterion 3 of 
SR EXT-B1 of ASME/ANS RA-Sa-2009. 
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Turbine Missiles 

The COL applicant stated that CCNPP Unit 3 is designed in accordance with NUREG-0800, 
Section 3.5.1.3 acceptance criteria so that the probability of steam turbine failure resulting in 
ejection of turbine disk (or internal structure) fragments through the turbine casing shall be less 
than 1E-4/yr for a favorably oriented turbine and shall be less than 1E-5/yr for an unfavorably 
oriented turbine.  The design includes a favorably oriented turbine with respect to containment.  
In addition, the potential missile effects on the ESW Buildings 3 and 4, located directly adjacent 
to the TB in an unfavorable orientation, conform to the guidance provided in RG 1.115, 
“Protection Against Low-Trajectory Turbine Missiles,” so that the CCNPP Unit 3 design will 
ensure that minor missiles which could be ejected will not result in any damage to essential 
systems. 

The COL applicant also evaluated the threat to CCNPP Unit 3 from turbine missiles generated 
from CCNPP Units 1 and 2.  The CCNPP Unit 1 and Unit 2 turbines are unfavorably oriented to 
their respective safety-related buildings, and favorably oriented to the safety-related buildings of 
CCNPP Unit 3.  With the favorably oriented safety-related buildings of CCNPP Unit 3, the threat 
to CCNPP Unit 3 from turbine missiles generated from CCNPP Unit 1 or Unit 2 turbines is 
determined by the COL applicant to be insignificant. 

The COL applicant concluded that the risks to CCNPP Unit 3 from the CCNPP Units 1, 2, and 3 
turbine missiles are within the acceptance criteria provided in NUREG-0800, Section 3.5.1.3. 

The staff's acceptance of the turbine missiles screening will be contingent in part on the 
completion of the COL FSAR Section 3.5.1.3, “Turbine Missiles,” review.  Since the staff’s 
review of COL FSAR Section 3.5.1.3 is ongoing, the staff is unable to finalize its conclusion 
regarding acceptability. 

Collisions with UHS Makeup Water Intake Structure or UHS Electrical Building 

The COL applicant indicated that the only safety-related structures located near the navigable 
waterway shore line are the UHS makeup water intake structure and UHS Electrical Building.  
These are safety-related structures located adjacent to the CWS makeup intake structure.  The 
UHS makeup water intake structure and the UHS Electrical Building for CCNPP Unit 3 are 
situated in an area that is set back from the Chesapeake Bay shoreline at the south end of the 
intake structure for CCNPP Units 1 and 2.  As discussed in COL FSAR Section 2.2.3.1.5, 
“Collisions with Intake Structure,” the portion of the Chesapeake Bay in the vicinity of the intake 
structure is sufficiently shallow that any vessel of significant size that could possibly cause 
damage to the intake structure would most likely run aground before it could impact the intake 
structure. 

As stated in COL FSAR Section 19.1.5.4.6, “Other External Events Risk Evaluation,” in the 
event of a collision involving the UHS makeup water intake structure and UHS Electrical 
Building, no initiating event would occur.  However, the COL applicant stated that if a plant trip 
was to occur (automatically or manually), the initial inventory of the four ESW cooling tower 
structures would have adequate capacity for more than 6 days of heat removal, which would in 
turn provide ample time to utilize alternate means to supply the ESW cooling tower structures. 

The staff's acceptance of the UHS makeup water intake structure and Electrical Building 
collision screening will be contingent in part on the completion of the COL FSAR Section 2.2.3, 
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“Evaluation of Potential Accidents,” review.  Since the staff’s review of COL FSAR Section 2.2.3 
is ongoing, the staff is unable to finalize its conclusion regarding acceptability. 

Other External Events Risk Evaluations 

COL FSAR Table 19.1-1, “Summary of External Events Evaluated for CCNPP Unit 3,” provides 
a list of all other external events as defined in ANSI/ANS-58.21-2003 and the reason for 
screening out each event from the PRA.  These external events are summarized as follows. 

Avalanche − There are no mountains near the CCNPP Unit 3 site. 

Biological Events − The UHSs for CCNPP Unit 3 are closed systems cooled by cooling towers.  
These would not be subject to biological events such as fish or debris ingestion. 

Drought − The CCNPP Unit 3 ultimate heat sink consists of four ESW cooling towers with a 
combined inventory for 72 hours of heat removal under design-basis accident (DBA) conditions 
(2 of 4 divisions available).  Inventory would be available and enough for over 6 days of heat 
removal.  Makeup is supplied from the Chesapeake Bay.  Makeup sources would not be 
significantly impacted by a period of prolonged drought. 

Fog − Fog can be a contributor to transportation accidents.  Airplane crash and transportation 
accidents are addressed in COL FSAR Sections 19.1.5.4.4, “Aircraft Crash Hazard Risk 
Evaluation,” and 19.1.5.4.5, “Industrial and Transportation Accidents Risk Evaluation,” 
respectively.  An additional scenario could be the collision of a boat with the CCNPP Unit 3 
makeup water intake structure.  COL FSAR Section 19.1.5.4.6 discusses this scenario. 

Frost − The impact of frost is bounded by snow and ice loads. 

Hail − The impact of hail is bounded by events such as tornado missiles. 

High Summer Temperature − A maximum ambient air temperature of 46 degrees Celsius (°C) 
(115 degrees Fahrenheit (°F)) is assumed for buildings within the Nuclear Island (NI).  Heating, 
ventilation, and air conditioning (HVAC) systems are designed with consideration of this outdoor 
temperature. 

High Tide − High tides were screened in and are addressed in COL FSAR Section 19.1.5.4.2, 
“External Flooding Evaluation.” 

Hurricane − Hurricane flooding impacts were screened in and are addressed in COL FSAR 
Section 19.1.5.4.2, and hurricane winds are bounded by the analysis in COL FSAR 
Section 19.1.5.4.1. 

The staff’s review determined that there is no discussion regarding the hurricane winds in 
COL FSAR Section 19.1.5.4.1 or elsewhere in COL FSAR Chapter 19.  Therefore, in RAI 198, 
Question 19-24, the staff requested that the COL applicant provide the frequencies and 
potential consequences of hurricanes at the CCNPP Unit 3 site.  RAI 198, Question 19-24 is 
being tracked as an open item. 

Ice − The CCNPP Unit 3 minimum design live load due to precipitation (snow and ice) is 
4.8 kilopascals (kPa) (100 pounds per square foot (psf)) on the ground.  This value includes the 
weight of the 100-year return period snowpack and the weight of the 48-hour probable 
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maximum winter precipitation, in accordance with the guidance in NUREG-0800, Section 2.3.1.  
This bounds the CCNPP Unit 3 site specific design snow load of 2.5 kPa (53 psf). 

Intense Precipitation − Intense precipitation was screened and is addressed in COL FSAR 
Section 19.1.5.4.2. 

Landslide − There are no nearby mountains or steep slopes in the vicinity of CCNPP Unit 3. 

Lightning − The primary impact of lightning is a loss of offsite power.  The effect of lightning is 
included in the loss of offsite power model of the U.S. EPR FSAR PRA, with the resulting CDF 
of 1.5E-07/yr. 

Low Water Level − The CCNPP Unit 3 ultimate heat sink consists of four ESW cooling towers 
with a combined inventory for 72 hours of heat removal under DBA conditions (two of 
four divisions available).  Inventory would be available and enough for over 6 days of heat 
removal, assuming all four divisions are available.  Makeup is supplied from the Chesapeake 
Bay.  Low water would be a slowly developing event with ample time to provide coping 
measures. 

Low Winter Temperature − A minimum ambient air temperature of -40 °C (-40 °F) is assumed 
for buildings within the NI.  HVAC systems are designed with consideration of this outdoor 
temperature. 

Meteorite/Satellite − Low probability event.  The staff observes that NUREG-1407, "Procedural 
and Submittal Guidance for the Individual Plant Examination of External Events (IPEEE) for 
Severe Accident Vulnerabilities," indicated that, because the probability of a meteorite strike is 
very small (less than 1.0E-9), meteorite/satellite can be dismissed on the basis of its low 
initiating event frequency. 

River Diversion − N/A 

Sandstorm – There are no sand dunes or deserts located near the CCNPP Unit 3 site.  
No dust/sandstorms were reported in Calvert County between January 1, 1993, and 
September 31, 2006, as discussed in COL FSAR Section 2.3.1.2.2.8, “Dust/Sand Storms.” 

Seiche − Addressed in COL FSAR Section 19.1.5.4.2. 

Shoreline Erosion − Shore erosion would be a slowly developing condition.  There would be 
adequate time to respond to any significant shore erosion.  The only safety-related structure 
located at the shore line is the UHS makeup water intake structure.  In the case of an accident, 
the four ESW cooling tower structures would have adequate capacity for more than 6 days of 
heat removal.  This would provide ample time to provide alternate means to supply the cooling 
tower structures. 

Snow/Ice Loads − The CCNPP Unit 3 minimum design live load due to precipitation (snow 
and ice) is 4.8 kPa (100 psf) on the ground.  This value includes the weight of the 100-year 
return period snowpack and the weight of the 48-hour probable maximum winter precipitation, in 
accordance with the guidance in NUREG-0800, Section 2.3.1.  This bounds the CCNPP Unit 3 
site specific design snow load of 2.5 kPa (53 psf). 
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Soil Shrink-Swell − No hazards were identified. 

Storm Surge − Addressed in COL FSAR Section 19.1.5.4.2 

Tsunami − Addressed in COL FSAR Section 19.1.5.4.2 

Volcanic Activity − There are no volcanoes in the vicinity of the CCNPP Unit 3 site. 

Waves − Addressed in COL FSAR Section 19.1.5.4.2. 

The staff review of the above identified external events concludes that the COL applicant has 
provides reasonable bases for screening out these external events (except for the hurricane 
winds) and that no further PRA or detailed evaluation is needed.  The staff determines that the 
bases used for screening out these external hazards met at least one of the screening criteria 
described in SR EXT-B1 of ASME/ANS RA-Sa-2009. 

External Events During Other Modes of Operation 

In RAI 78, Question 19-9, the staff requested that the COL applicant provide additional 
information on external events that could occur during shutdown.  In a May 12, 2009, response, 
the COL applicant clarified that the risk metrics resulting from the quantitative screening of 
external hazards are based on the at-power PRA.  The COL applicant stated that this screening 
bounds all modes of application for two reasons: 

• External hazards generally affect non-safety structures, which generally house balance 
of plant (BOP) systems that are less important during shutdown. 

• The U.S. EPR at-power PRA assumes that the plant is operating all year, rather than 
reducing the risk by a factor related to the assumed time that the plant will be shut down. 

As a result of the staff’s request, the COL applicant modeled the risk associated with tornadoes 
and aircraft crashes occurring during low power and shut down (LPSD).  External floods were 
screened out as discussed above, and are not considered as an initiating event in the LPSD 
PRA.  Other external hazards were screened based on frequency or potential impact on the 
plant; this screening applies to all modes of operation. 

The hazards, modeled by the COL applicant, were postulated to cause either a LOOP (which 
increases the likelihood of a loss of residual heat removal (RHR)) or an interfacing-system 
loss-of-coolant accident (ISLOCA).  The calculated CDF for these initiating events is less than 
1.5 percent of the total LPSD CDF.  In addition, the calculation showed that, for each external 
hazard, the calculated LPSD risk is less than 0.5 percent of the at-power risk for the hazard.  
Given that the plant is expected to be shut down six percent of the year, but that the at-power 
model assumes operation for the full year, the staff concludes that the screening results 
obtained using the at-power PRA are appropriate to screen external hazards in all modes of 
operation. 

COL Information Item 19.1-8 

The staff reviewed COL Information Item 19.1-8 from the U.S. EPR FSAR Tier 2, Table 1.8-2, 
related to the uses of PRA during the design phase, included under COL FSAR Section 19.1.1. 
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COL Information Item 19.1-8 directs the COL applicant to describe the uses of PRA in support 
of site-specific design programs and processes during the design phase.  In COL FSAR 
Section 19.1.1.1, the COL applicant states that during the design phase, no additional 
PRA-related design activities are anticipated for CCNPP Unit 3. 

The staff’s review confirmed that no additional PRA-related design activities are anticipated as 
stated in the COL FSAR.  The staff determined that the COL applicant has properly described 
the uses of PRA during the COL application phase in accordance with the SRP Section 19.1.1.2 
and guidance in RG 1.206, Section 19.1.1..  Therefore, the staff concludes that the COL 
applicant has fully addressed COL Information Item 19.1-8. 

COL Information Item 19.1-9 

The staff reviewed COL Information Item 19.1-9 from the U.S. EPR FSAR Tier 2, Table 1.8-2, 
related to confirmation of PRA assumptions, included under COL FSAR Section 19.1.2.2. 

COL Information Item 19.1-9 directs the COL applicant to review as-designed and as-built 
information and conduct walk-downs as necessary to confirm that the assumptions used in the 
PRA remain valid.  In COL FSAR Section 19.1.2.2, the COL applicant restated this item as: 

As-designed and as-built information will be reviewed, and walk-downs will be 
performed, as necessary, to confirm that the assumptions used in the PRA, 
including design certification related PRA assumptions made in U.S. EPR FSAR 
Table 19.1-109 and PRA inputs to RAP and SAMDA, remain valid with respect to 
internal events, internal flooding and fire events (routings and locations of pipe, 
cable and conduit), and HRA (i.e., development of operating procedures, 
emergency operating procedures and severe accident management guidelines 
and training), external events including PRA-based seismic margins, HCLPF 
fragilities, and LPSD procedures.  This shall be performed prior to fuel load. 

NUREG-0800, Section 19.0 directs the staff to confirm that the assumptions made in the PRA 
during design certification, in which a specific site may not have been identified or all aspects of 
the design (e.g., balance of plant) may not have been fully developed, are identified in the 
design certification application and either remain valid or are adequately addressed within the 
COL application. 

In RAI 78, Question 19-8, the staff requested that the COL applicant provide how the U.S. EPR 
FSAR Tier 2, Table 19.1-109, which lists assumptions from the PRA, will be used to ensure that 
the CCNPP Unit 3 PRA reflects the as-to-be-built, as-to-be-operated plant.  The U.S. EPR 
FSAR lists important assumptions from the PRA in U.S. EPR FSAR Tier 2, Table 19.1-109, 
“U.S. EPR PRA General Assumptions.”  Footnote 2 to the table states that these assumptions 
will be re-evaluated as part of the PRA maintenance and upgrade process and that COL 
Information Item 19.1-9 is provided to confirm that assumptions used in the PRA remain valid 
for the as-to-be-operated plant.  In an April 15, 2009, response to RAI 78, Question 19-8, the 
COL applicant committed to add a reference to this table to both the discussion of the COL 
information item in COL FSAR Section 19.1.2.2 and the related license condition proposed in 
Part 10, Section 2 of the COL application. 

This activity cannot be completed prior to licensing and construction of CCNPP Unit 3.  
Compliance with the revised license condition will ensure that the related NUREG-0800 
acceptance criterion is met.  The staff expects to inspect the process by which this license 
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condition was met.  Therefore, based on this information, the staff determined that the COL 
applicant has appropriately addressed COL Information Item 19.1-9. 

In an April 15, 2009, response to RAI 78, Question 19-8, the COL applicant committed to add a 
reference to U.S. EPR FSAR Tier 2, Table 19.1-109 and in COL FSAR Section 19.1.2, as well 
as the associated license condition in Part 10, Section 2 of the COL application.  The staff 
reviewed Revision 6 of the COL FSAR and the associated license conditions in Part 10,  
Section 2 of the COL application and confirmed that the necessary changes were made.  
Therefore, the staff considers RAI 78, Question 19-8 to be resolved. 

Supplemental Information 

The COL applicant provided supplemental information in COL FSAR Sections 19.1.4.1, 
19.1.5.2, and 19.1.6.  These supplements address on site-specific items and their impact on the 
applicability of the U.S. EPR PRA to the CCNPP Unit 3 site. 

COL FSAR Section 19.1.4.1:  Level 1 Internal Events PRA for Operations at Power 

A description and results of the internal events PRA for operations at power were evaluated as 
part of the U.S. EPR design certification.  COL FSAR Section 19.1.4.1 provides supplemental 
information on site-specific items that could affect the results and insights of the U.S. EPR PRA 
model.  The COL applicant evaluated these items, as discussed below, for potential deviations 
from the U.S. EPR FSAR. 

LOOP Frequency Derivation 

The LOOP frequency used in the U.S. EPR PRA is derived from the NUREG/CR-6890, 
“Reevaluation of Station Blackout Risk at Nuclear Power Plants,” generic LOOP frequency, 
modified to exclude consequential LOOP (handled explicitly in the PRA) and to credit the 
full-load rejection capability for grid-related events.  This treatment was discussed in the staff’s 
evaluation of U.S. EPR FSAR Tier 2, Section 19.1.4.1. 

For the CCNPP Unit 3 site, a site-specific LOOP frequency was adjusted to use site-specific 
values from NUREG/CR-6890 for weather- and grid-centered (adjusted for full-load rejection) 
LOOP events and U.S. EPR FSAR values for plant- and switchyard-centered LOOP events.  
The resulting frequency is 1.7E-2/yr, which is less than the value of 1.9E-2/yr used in the 
U.S. EPR PRA. 

For the U.S. EPR PRA, the switchyard-centered frequency was reduced to account for the 
generic switchyard-centered events in NUREG/CR-6890 that represented consequential 
LOOPs.  In RAI 17, Question 19-1, the staff requested that the COL applicant discuss 
consequential LOOP in more detail.  In a December 19, 2008, response, the COL applicant 
provided additional information on consequential LOOP for CCNPP Unit 3.  The values match 
those provided in response to RAI 2, Question 19.01-41 on the U.S. EPR design certification.  
The COL FSAR was revised to indicate that industry data for consequential LOOP are limited, 
that generic data were used for the U.S. EPR PRA, and that the data are applicable to CCNPP 
Unit 3.  The staff observes that the switchyard-centered LOOP frequency, the portion that was 
modified to account for consequential LOOP, is lower for the Calvert Cliffs site than was 
assumed for the U.S. EPR. switchyard-centered LOOPs, which contribute approximately 
30 percent of both the site-specific and generic frequencies.  Therefore, the use of generic 
consequential LOOP data is appropriate at the COL application stage.  After site-specific 
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experience is gained, the PRA maintenance and upgrade process will incorporate that 
experience. 

The LOOP frequencies are summarized in Table 19.1-1 below.  The staff observes that the 
frequencies in NUREG/CR-6890 are expressed per reactor critical year (/rcry), but that the 
simpler /yr notation is used in the COL FSAR.  This treatment is acceptable currently, because 
the U.S. EPR PRA conservatively assumes that the reactor is operating all year for purposes of 
developing initiating event frequencies. 

Table 19.1-1  CCNPP Unit 3 LOOP Frequency Derivation 

LOOP 
Category 

NUREG/CR-6890 
Generic Values 

(/yr) 
U.S. EPR Generic 

Values (/yr) 

NUREG/CR-6890 
for CCNPP Units 1 

and 2 (/yr) 
CCNPP Unit 3 

(/yr) 

Plant-
centered 

2.07E-3 2.07E-3 2.01E-3 2.07E-3 

Switchyard-
centered 

1.04E-2 6.21E-3 (modified for 
consequential LOOP)

9.02E-3 6.21E-3 

Grid-related 1.86E-2 1.86*0.32 = 5.96E-3 
(modified for load 

rejection) 

1.47E-2 1.47E-2*0.32 = 
4.7E-3 

Weather-
related 

4.83E-3 4.83E-3 3.84E-3 3.84E-3 

All 3.59E-2 1.91E-2 2.96E-2 1.68E-2 

In RAI 17, Question 19-1, the staff also requested that the COL applicant provide additional 
information on the LOOP non-recovery probability for the CCNPP Unit 3 site.  In a 
December 19, 2008, response, the COL applicant stated that the U.S. EPR non-recovery 
probability (0.53 in one hour) is a frequency-weighted average of the non-recovery probabilities 
for the four LOOP categories.  If the site-specific frequencies are used to weight the 
non-recovery probabilities, a slightly lower non-recovery probability (0.52 in one hour) is 
obtained.  Therefore, the U.S. EPR PRA is representative of the CCNPP Unit 3 site.  Based on 
the COL applicant’s response related to the LOOP non-recovery probability, the staff considers 
RAI 17, Question 19-1, resolved. 

Circulating Water System and Normal Heat Sink 

In the U.S. EPR PRA, the circulating water system (CWS) and normal heat sink (NHS) are 
considered in the development of both initiating event frequencies and system models. 

Loss of Balance of Plant.  The loss of balance of plant (LBOP) frequency for the U.S. EPR 
PRA was based on design-specific fault tree analysis.  However, the initial version of the 
application stated that the LBOP frequency was “based on industry experience.”  In RAI 17, 
Question 19-3, the staff requested that the COL applicant confirm how the LBOP frequency is 
quantified for the CCNPP Unit 3 PRA.  In a December 19, 2008, response, the COL applicant 
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stated that the LBOP frequency was calculated using design-specific fault tree analysis and 
revised the FSAR accordingly.  The staff finds the COL applicant’s response to be adequate. 

In RAI 17, Question 19-3, the staff also requested that the COL applicant explain how 
plant-specific features that could cause a LBOP event are bounded by the assumptions in the 
U.S. EPR PRA.  The COL applicant stated that a LBOP event can be caused by a failure of the 
NHS, CWS, auxiliary cooling water system (ACWS), or closed cooling water system (CLCWS).  
Failures of these systems are discussed below.  The staff finds the COL applicant’s response to 
be adequate.  Therefore, the staff considers RAI 17, Question 19-3 resolved. 

Loss of Condenser or Main Feedwater.  The U.S. EPR FSAR indicates that the loss of main 
condenser (LOC) and loss of main feedwater (LOMFW) initiating events are based on generic 
data from NUREG/CR-6928, “Industry-Average Performance for Components and Initiating 
Events at U.S. Commercial Nuclear Power Plants.”  In RAI 17, Question 19-4, the staff 
requested that the COL applicant explain how plant-specific features that could cause a LOC or 
LOMFW event are bounded by the generic data used in the U.S. EPR PRA.  In a 
December 19, 2008, response, the COL applicant stated that the plant-specific CWS contributes 
to these events.  Failures of the CWS are discussed below, demonstrating that the 
design-specific PRA is representative of the plant-specific CWS.  Therefore, the staff considers 
RAI 17, Question 19-4 resolved. 

CWS and NHS System Models.  The CWS design for CCNPP Unit 3 includes four 25 percent 
capacity circulating water pumps.  According to FSAR Tier 2, Figure 10.4-1, “Circulating Water 
System P&ID (Circulating Water Pump Building),” the pump trains include coarse and fine 
screens and motor-operated control valves.  The NHS consists of a single plume-abated forced 
draft cooling tower that can function as an all-wet system or a hybrid system.  The cooling tower 
has multiple fans in both the wet and dry sections. 

In RAI 17, Question 19-2, the staff requested that the COL applicant discuss how the 
plant-specific NHS is bounded by the undeveloped event modeled in the U.S. EPR PRA.  In a 
December 19, 2008, response, the COL applicant stated that the undeveloped event, named 
“SUP UHS NS,” has a frequency of 1.0E-2/yr (used to calculate the LBOP initiating event 
frequency) and a corresponding probability of 2.8E-5 over a 24-hour mission time (used in 
models of the main feedwater system (MFWS) and startup and shutdown system (SSS)).  This 
frequency is slightly less than the value of 1.3E-2/yr calculated from generic data in 
NUREG/CR-6928, and NUREG/CR-5750, “Rates of Initiating Events at U.S. Nuclear 
PowerPlants: 1987- 1995.”  The COL applicant justifies the lower value, because the generic 
data includes screen plugging, unlikely in a closed system.  In addition, CWS and NHS failures 
are included both explicitly in the LBOP frequency calculation and implicitly in the LOMFW and 
LOC generic data.  Therefore, the staff considers RAI 17, Question 19-2 resolved. 

In RAI 78, Question 19-11, the staff requested that the COL applicant provide additional 
information to demonstrate that the plant-specific CWS and NHS are bounded by the 
“SUP UHS NS” event.  In an April 15, 2009, response, the COL applicant provided additional 
information on failures of the site-specific CWS and NHS when they support mitigating systems.  
The COL applicant stated that failure of one CWS pump does not prevent CWS from removing 
post-trip heat loads.  The staff reviewed various data sources, including NUREG/CR-6928 and 
the data provided by the U.S. EPR design certification applicant in an April 30, 2008, response 
to RAI 2, Question 19-4, on the U.S. EPR design certification, to understand the failures 
contributing to CWS failure.  Failure probabilities for a single cooling tower fan or CWS pump 
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over a 24-hour mission time are in the range of 1E-5 to 1E-4.  The staff finds that given that 
failure of a single pump or fan is unlikely to prevent system function, the assumed system failure 
probability of 2.8E-5 is reasonable.  In addition, the COL applicant notes that cutsets including 
the “SUP UHS NS” undeveloped event contribute less than 0.002 percent to total CDF.  
Therefore, an increase in the system failure probability would have a negligible impact on the 
PRA results and insights.  Therefore, the staff concludes that the U.S. EPR PRA is 
representative of the site-specific CWS and NHS design.  Therefore, the staff considers RAI 78, 
Question 19-11 resolved. 

Non-Safety Cooling Water Systems 

The COL FSAR did not initially include information on the CLCWS or ACWS.  These systems 
were described in the May 30, 2008, response to RAI 2, Question 19-7, on the U.S. EPR design 
certification application as follows. 

• The CLCWS is a non-safety balance of plant system whose main function is to remove 
the heat generated by components of the conventional part of the plant via the closed 
cooling water heat exchangers to the ACWS.  The CLCWS system is comprised of three 
50 percent capacity pumps (PGC11/12/13AP001) connected to a common header which 
supplies three 50 percent capacity heat exchangers (PGC16/17/18 AC001).  The 
CLCWS is credited in the PRA to provide cooling to the MFWS and/or SSS pumps.  
Failure of the CLCWS results in a loss of MFWS and SSS (LBOP). 

• The ACWS is a balance of plant system whose main function is to transfer heat from the 
closed cooling water heat exchangers to the NHS.  The circulating water system, which 
is not modeled explicitly in the PRA, provides water from the NHS to the ACWS.  Water 
is used to cool the CLCWS heat exchangers, and then is returned to the NHS.  The 
ACWS is comprised of two 100 percent pumps (PCC 11/12 AP001) that provide flow to 
the CLCWS heat exchangers.  The PRA models the ACWS as a support system for the 
CLCWS.  The failure of NHS is modeled as an undeveloped event that envelops failures 
of the circulating water system. 

In a December 19, 2008, response to RAI 17, Questions 19-3 and 19-5, the COL applicant 
stated that the CLCWS model in the U.S. EPR PRA is consistent with the CCNPP Unit 3 
CLCWS design.  The U.S. EPR model of the ACWS differs from the CCNPP Unit 3 system 
design.  The U.S. EPR models the ACWS with one running and one standby pump.  The 
CCNPP Unit 3 ACWS allows the CWS to provide cooling water directly to the closed cooling 
water heat exchangers.  Both ACWS pumps are normally in standby.  This added water source 
does not have a significant impact on the PRA results—LBOP contributes about one percent to 
total CDF, and the change would likely reduce this contribution.  Therefore, the staff considers 
the U.S. EPR models of the CLCWS and ACWS to be representative of the CCNPP Unit 3 
systems.  Therefore, the staff considers RAI 17, Questions 19-3 and 19-5 resolved. 

Ultimate Heat Sink Support Systems 

The COL FSAR did not initially include information on the plant-specific UHS support systems.  
In RAI 17, Question 19-6, the staff requested that the COL applicant provide additional 
information on the PRA modeling of these systems. 

RAI 17, Question 19-6 is related to plant-specific UHS support systems described in COL FSAR 
Section 9.2.5.2.  In a December 19, 2008, response, the COL applicant stated that the models 
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of ESW and the UHS do not include failures of these systems (normal ESW makeup from the 
raw water supply system (RWSS), blowdown from the ESW cooling tower basins, UHS makeup 
water system, and ESW makeup water chemical treatment).  During normal operation, failures 
of these support systems could disable one or more ESW divisions and lead to an initiating 
event.  However, the COL applicant provides the following justification that failures of the 
support systems are unlikely to cause an initiating event: 

• Even if a failure of the RWSS could disable the normal ESW makeup, there would be 
extensive time available for the operators to recover the function using the emergency 
UHS makeup water system. 

• In the unlikely event where the UHS makeup water system would also fail, a 
safe-shutdown of the plant could still be successfully supported by the ESW cooling 
tower basin volume.  The water inventory in two ESW cooling tower basins is sufficient 
to support plant operation for 72 hours after a plant trip. 

Given that both makeup sources must fail before an ESW division is affected and that adequate 
water supply is available in the cooling tower basins, the staff concludes that failure of the 
systems would not be a significant contributor to overall plant risk.  Therefore, the staff 
considers RAI 17, Question 19-6 resolved. 

RAI 17, Question 19-7 is related to ventilation for the UHS makeup water intake structure and 
UHS Electrical Building.  In a December 19, 2008, response, the COL applicant stated that 
neither of these systems is explicitly modeled in the CCNPP Unit 3 PRA.  As described in 
COL FSAR Section 9.4.15, “UHS Makeup Water Intake Structure Ventilation System,” the 
ventilation system has four divisions, each with two chillers and two fans that support the UHS 
makeup function.  If ventilation failures occurred concurrently with failures of the RWSS, the 
same consequences described above would occur.  Therefore, failure of this ventilation system 
would not be a significant contributor to overall plant risk.  Therefore, the staff considers RAI 17, 
Question 19-7 resolved. 

Based on the supplemental information provided by the applicant in COL FSAR 
Section 19.1.4.1 and in its response to the staff’s RAIs, the staff concludes that the COL 
applicant has provided adequate justification for the statement (in response to COL Information 
Item 19.0-1) that the U.S. EPR internal events at-power PRA bounds CCNPP Unit 3. 

COL FSAR Section 19.1.4.2:  Level 2 Internal Events PRA for Operations at Power 

COL FSAR Section 19.1.4.2, “Level 2 Internal Events PRA for Operations at Power,” 
incorporates by reference, with no departures or supplements, U.S. EPR FSAR Tier 2, 
Section 19.1.4.2, Revision 1.  The staff reviewed the COL application and checked the 
referenced U.S. EPR FSAR to ensure that no issue relating to this section remained for review.  
The staff review confirmed that there is no outstanding issue related to this subsection. 

The staff is reviewing the information in the U.S. EPR FSAR Tier 2, Section 19.1.4.2 on Docket 
No. 52-020.  The results of the staff’s technical evaluation of the information related to the 
Level 2 internal events PRA for operations at power incorporated by reference in the COL FSAR 
will be documented in the staff safety evaluation report on the design certification application for 
the U.S. EPR.  The staff will update Section 19.1.4.2 of this report to reflect the final disposition 
of the design certification application. 
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COL FSAR Section 19.1.5.2:  Internal Flooding Risk Evaluation 

The COL applicant provided supplemental information related to the internal flooding 
assessment.  Most systems considered as internal flooding sources, including ESW, are 
addressed as part of the standard design described in the U.S. EPR FSAR.  The internal 
flooding frequency in the TB in the U.S. EPR PRA is based on a generic conservative 
frequency; therefore, the COL applicant concluded that this frequency is conservative for 
CCNPP Unit 3 and ,thus, the U.S. EPR FSAR internal flooding PRA is applicable for CCNPP 
Unit 3. 

The staff was unable confirm whether the frequency used to represent TB flooding is 
conservative for CCNPP Unit 3, and as such, the U.S. EPR FSAR internal flooding PRA may 
not be applicable for CCNPP Unit 3.  Therefore, in RAI 93, Question 19-14, the staff requested 
that the COL applicant demonstrate the U.S. EPR FSAR flooding frequency for TB remains 
bounding for CCNPP Unit 3 TB flooding.  In an April 30, 2009,response, the COL applicant 
stated that the U.S. EPR internal flooding PRA utilizes a generic flooding frequency for the TB 
of 3.3E-02/year, obtained from NUREG/CR-2300, “A Guide To The Performance Of 
Probabilistic Risk Assessments For Nuclear Power Plants:  PRA Procedures Guide,” Table 11-
9.  The frequency is applied to a flooding scenario which disables all equipment located within 
the TB.  The generic flooding frequency was selected, because the detailed piping layout of the 
fluid-carrying systems housed in the TB has not been developed for CCNPP Unit 3.  The COL 
applicant concluded that generic TB flooding frequency used for the U.S. EPR design 
certification is bounding for any modern nuclear plant. 

The staff’s review concludes that the use of 3.3E-2/yr of NUREG/CR-2300 is reasonable for 
CCNPP Unit 3 TB flooding and does not have a significant impact on the results and insights of 
the PRA at the COL stage.  Therefore, the staff considers RAI 93, Question 19-14 resolved.  
The staff review confirmed that there is no outstanding issues related to this subsection. 

COL FSAR Section 19.1.5.3:  Internal Fires Risk Evaluation 

The COL FSAR incorporates U.S. EPR FSAR Tier 2, Section 19.1.5.3, “Internal Fires Risk 
Evaluation,” by reference with no departures or supplements. 

COL FSAR Section 19.1.6:  Safety Insights from the PRA for Other Modes of Operation 

In the initial versions of the CCNPP Unit 3 application (Revisions 0 through 5), no departures 
from or supplements to the U.S. EPR FSAR were identified for COL FSAR Section 19.1.6.  The 
evaluation of site-specific items in COL FSAR Section 19.1.4.1 concludes that, “the U.S. EPR 
FSAR PRA for Level 1 internal events at power is applicable and bounding for the CCNPP 
Unit 3 site.”  In RAI 78, Question 19-10, the staff requested that the COL applicant revise 
COL FSAR Section 19.1.6 to discuss how the U.S. EPR shutdown PRA is applicable and 
bounding.  In an April 15, 2009, response, the COL applicant clarified that, of the site-specific 
items evaluated for the at-power PRA (see the evaluation of COL FSAR Section 19.1.4.1 
above), only LOOP frequency and duration are applicable to the shutdown PRA.  Consequential 
LOOP and LBOP are not modeled during shutdown.  Additionally, in the response, the COL 
applicant committed to supplement COL FSAR Section 19.1.6 to include the evaluation of the 
LOOP frequency and nonrecovery probabilities.  This commitment of the COL applicant, which 
is associated with RAI 78, Question 19-10, is being tracked as a confirmatory item. 
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In a December 19, 2008, response to RAI 17, Question 19-1, the COL applicant clarified that 
the U.S. EPR shutdown LOOP frequency and recovery probabilities are based on generic 
values.  The frequency is not adjusted for load rejection or consequential LOOP, because the 
reactor and turbine-generator are already shut down.  In an April 30, 2008, response to RAI 2, 
Question 19-15, the U.S. EPR design certification applicant clarified that the LOOP values used 
in the shutdown PRA are: 

• Frequency (NUREG/CR-6890, Table 3-1):  1.96E-01 per shutdown year (sdyr) 

• Non-recovery probability in one hour (NUREG/CR-6890, Table 4-1, Composite):  0.413 

NUREG/CR-6890 cites a combined LOOP frequency for the CCNPP Unit 3 site of 1.84E-1/sdyr, 
slightly less than the generic value.  Therefore, the use of the generic LOOP frequency is 
appropriate.  As discussed above, the composite non-recovery probability is a 
frequency-weighted average of the non-recovery probabilities for the four LOOP categories.  
Given that the site-specific shutdown LOOP frequency is slightly less than the generic 
frequency, the staff concludes that the shutdown LOOP non-recovery probability used in the 
U.S. EPR PRA is representative of the CCNPP Unit 3 site.  As stated above, the LOOP 
parameters are expected to be updated as plant experience is obtained. 

In a December 19, 2008, response to RAI 17, Question 19-1, the COL applicant committed to 
revise the COL FSAR to indicate that site-specific LOOP frequency and duration could affect the 
U.S. EPR shutdown PRA.  Based on the evaluation described above, the COL applicant 
concludes that the U.S. EPR PRA for low power and shutdown is applicable and bounding for 
the CCNPP Unit 3 site and that no site-specific changes are necessary.  As discussed above, 
the staff agrees with this assessment.  The staff reviewed Revision 6 of the COL FSAR and 
confirmed that the COL FSAR was revised to indicate that site-specific LOOP frequency and 
duration could affect the U.S. EPR shutdown PRA.  Therefore, the staff considers RAI 17, 
Question 19-1 resolved. 

Based on the supplemental information provided by the COL applicant in COL FSAR 
Section 19.1.6 and in responses to the staff’s RAIs, the staff concludes that the COL applicant 
has provided adequate justification for the statement (in response to COL Information 
Item 19.0-1) that the U.S. EPR internal events shutdown PRA bounds CCNPP Unit 3. 

19.1.5 Post Combined License Activities 

The following items were identified as the responsibility of the COL license holder: 

Table 19.1-2  Post Combined License Information Items 

Item No. Description 

COL 
FSAR 

Section 

COL 
SER 

Section 

19.1-4 A COL applicant that references the U.S. EPR design 
certification will conduct a peer review of the PRA 
relative to the ASME PRA Standard prior to use of the 
PRA to support risk-informed applications or before 
fuel load. 

19.1.2.3 19.1.4 
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Item No. Description 

COL 
FSAR 

Section 

COL 
SER 

Section 

19.1-9 A COL applicant that references the U.S. EPR design 
certification will review as-designed and as-built 
information and conduct walk-downs as necessary to 
confirm that the assumptions used in the PRA 
(including PRA inputs to RAP and SAMDA) remain 
valid with respect to internal events, internal flood and 
fire events (routings and locations of pipe, cable and 
conduit), and HRA analyses (development of operating 
procedures, emergency operating procedures and 
severe accident management guidelines and training), 
external events including PRA-based seismic margins 
HCLPF fragilities, and LPSD procedures. 

19.1.2.2 19.1.4 

19.1.6 Conclusion for COL FSAR Section 19.1 

The staff reviewed the COL FSAR Section 19.1, and checked the referenced sections of the 
U.S. EPR FSAR.  The staff’s review confirmed that the COL applicant has addressed the 
required information relating to the PRA, in conformance with the guidance provided in the SRP.  
However, as a result of the open items, the staff is unable to finalize its conclusions on 
Section 19.1. 

The staff is reviewing the COL information incorporated by reference from the U.S. EPR FSAR 
Tier 2, on Docket No. 52-020.  The results of the staff’s technical evaluation of the COL 
information incorporated by reference from the U.S. EPR regarding the PRA will be documented 
in the staff’s SER on the design certification application for the U.S. EPR.  The staff will update 
Section 19.1 of this report to reflect the final disposition of the U.S. EPR design certification 
application. 

19.2 Severe Accident Evaluations 

19.2.1 Introduction 

This section reviews the COL applicant's information and analysis involving Severe Accident 
Evaluations, and documents the staff's findings.  COL FSAR Section 19.2 addresses the severe 
accident evaluation.  The COL FSAR incorporates U.S. EPR FSAR Tier 2, Section 19.2, by 
reference with no supplements.  However, this section is expected to be revised to include 
supplemental information in a future revision to address a COL information item recently added 
to the U.S. EPR FSAR, as described in Section 19.2.4 of this report. 

19.2.2 Summary of Application 

COL FSAR Section 19.2 incorporates U.S. EPR FSAR Tier 2, Section 19.2 by reference with no 
departures. 
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COL Information Item 

In a June 19, 2009, response to RAI 133, Question 19-243, the U.S. EPR design certification 
applicant provided additional information on the AREVA Operating Strategies for Severe 
Accidents Methodology and its application, and agreed to add a COL Information Item 19.2-1 on 
the U.S. EPR FSAR Tier 2, Table 1.8-2, which states: 

A COL applicant that references the U.S. EPR design certification will develop 
and implement severe accident management guidelines prior to fuel loading 
using the Operating Strategies for Severe Accidents (OSSA) methodology 
described in U.S. EPR FSAR Tier 2, Section 19.2.5. 

19.2.3 Regulatory Basis 

The regulatory basis of the information incorporated by reference is addressed within the 
U.S. EPR FSAR.  In addition, the relevant requirements of NRC regulations are given in the 
SRP.  The supplemental information provided for this area of review, and the associated 
acceptance criteria, are provided in SRP Section 19.0. 

Requirements for this chapter are included in 10 CFR Part 50 and 10 CFR Part 52. 

1. 10 CFR 52.79(a)(17) provides the information necessary to demonstrate compliance 
with any technically relevant portions of the Three Mile Island requirements set forth in 
10 CFR 50.34(f), except paragraphs (f)(1)(xii), (f)(2)(ix), and (f)(3)(v). 

2. 10 CFR 52.79(a)(38) provides a description and analysis of design features for the 
prevention and mitigation of severe accidents. 

3. 10 CFR 52.79(a)(8) requires an analysis and description of equipment and systems for 
combustible gas control as required by 10 CFR 50.44.  Specifically, 10 CFR 50.44(c) 
requires combustible gas control for new reactors during design-basis and significant 
beyond design-basis accidents.  10 CFR 50.44(c)(1) requires that all containments must 
be capable of ensuring a mixed atmosphere.  10 CFR 50.44(c)(2) requires that all 
containments must either be inserted during normal operation or must limit hydrogen 
concentrations to less than 10 percent by volume.  10 CFR 50.44(c)(3) requires that 
containment designs that do not rely on an inserted atmosphere must be able to 
establish and maintain safe shutdown and containment structural integrity with systems 
and components capable of performing their functions during and after hydrogen 
combustion events.  10 CFR 50.44(c)(4)(ii) requires that equipment be provided for 
continuous monitoring of hydrogen in the containment building for accident 
management, including emergency planning.  10 CFR 50.44(c)(5) requires that the 
applicant must perform an analysis that demonstrates containment structural integrity.  
The analysis must address an accident that releases hydrogen generated from 100 
percent fuel clad-coolant reaction accompanied by hydrogen burning.  Systems 
necessary to ensure containment integrity must also be demonstrated to perform their 
functions under these conditions. 

The related acceptance criteria are provided in RGs, commission papers, and policy 
statements: 
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Regulatory Guides 

1. RG 1.70, Revision 3, “Standard Format and Content of Safety Analysis Report for 
Nuclear Power Plants,” November 1978, provides guidance for meeting the 
10 CFR 50.44(c)(5) requirement and specifies the following: 

o Steel containments meet the requirements of the ASME Code (edition and 
addenda as incorporated by reference in 10 CFR 50.55a(b)(1)), Section III, 
Division 1, Subarticle NE-3220, “Service Level C Limits,” considering pressure 
and dead load alone (evaluation of instability is not required). 

o Concrete containments meet the requirements of the ASME Boiler and Pressure 
Vessel Code, Section III, Division 2, Subarticle CC-3720, “Factored Load 
Category,” considering pressure and dead load alone. 

o At a minimum, the specific ASME Code requirements set forth for each type of 
containment will be met for a combination of dead load and an internal pressure 
of 310.3 kPa (45 psig). 

Commission Papers and Associated Staff Requirements Memoranda 

1. SECY-90-016, SECY-93-087, and SECY-97-044, which provide guidance pertaining to 
features in new designs for preventing and mitigating the effects of severe accidents.  In 
particular, guidance is provided on preventive features related to Anticipated Transient 
Without Scram (ATWS), Mid-Loop Operations, Station Blackout, Fire Protection, and 
Intersystem LOCA, and on mitigative features related to hydrogen generation and 
control, core debris coolability, high-pressure core melt ejection, containment 
performance, and equipment survivability. 

2. SECY-93-087 and the Commission’s SRM provide guidance for meeting the 
deterministic containment performance goal (CPG) in the evaluation of the passive 
advanced light water reactors (ALWRs) as a complement to the conditional containment 
failure probability (CCFP) approach.  The SECY-93-087 guidance with respect to the 
deterministic containment performance assessment is described as follows: 

o The containment should maintain its role as a reliable, leaktight barrier (e.g., by 
ensuring that containment stresses do not exceed ASME Service Level C limits 
for metal containment or factored load category for concrete containments) for 
approximately 24 hours following the onset of core damage under the most likely 
severe accident challenges, and following this period, the containment should 
continue to provide a barrier against the uncontrolled release of fission products. 

NRC Policy Statements 

• 50 FR 32138 (Section B on Policy for New Plant Applications), 59 FR 35461 (section 
stating Commission policy), and 60 FR 42622 (section stating Commission policy). 

19.2.4 Technical Evaluation 

COL FSAR Section 19.2 incorporates by reference, with no departures or supplements, 
U.S. EPR FSAR Tier 2, Section 19.2, Revision 1.  The staff reviewed the application and 
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checked the referenced design certification FSAR to ensure that no issue relating to this section 
remained for review. 

The staff is currently reviewing the information in the U.S EPR FSAR Tier 2, Section 19.2.  The 
results of the staff’s technical evaluation of the information related to the severe accident 
evaluations incorporated by reference in the COL FSAR will be documented in the staff safety 
evaluation report on the design certification application for the U.S. EPR.  The staff will update 
Section 19.2 of this report to reflect the final disposition of the design certification application. 

COL Information Item 19.2-1 

In a June 19, 2009, response to RAI 133, Question 19-243, the U.S. EPR design certification 
applicant provided information on the AREVA OSSA Methodology and its application to the 
U.S. EPR design, and stated that this information, along with the information provided in 
U.S. EPR FSAR Tier 2, Chapter 19 is sufficient to support the development and implementation 
of severe accident management guidelines.  Furthermore, the U.S. EPR design certification 
applicant stated that a new COL Information Item 19.2-1 will be added to COL FSAR 
Section 19.2.5 and to the U.S. EPR FSAR Tier 2, Table 1.8-2, which states: 

A COL applicant that references the U.S. EPR design certification will develop 
and implement severe accident management guidelines prior to fuel loading 
using the Operating Strategies for Severe Accidents (OSSA) methodology 
described in U.S. EPR FSAR Tier 2, Section 19.2.5. 

In RAI 241, Question 19-25, the staff requested that the COL applicant add COL Information 
Item 19.2-1 to the application and to provide a schedule for implementing the severe accident 
management guidelines prior to fuel loading.  RAI 241, Question 19-25, is being tracked as 
an open item. 

19.2.5 Post Combined License Activities 

The following item was identified as the responsibility of the COL license holder: 

Table 19.2-1  Post Combined License Information Items 

Item No. Description 

COL 
FSAR 

Section 

COL 
SER 

Section 

19.2-1 A COL applicant that references the U.S. EPR design 
certification will develop and implement severe 
accident management guidelines prior to fuel loading 
using the Operating Strategies for Severe Accidents 
(OSSA) methodology described in U.S. EPR FSAR 
Tier 2, Section 19.2.5. 

TBD 19.2.2 

19.2.6 Conclusion for COL FSAR Section 19.2 

The staff reviewed the COL FSAR Section 19.2, and checked the referenced sections of the 
U.S. EPR FSAR.  The staff’s review confirmed that the COL applicant has addressed the 
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required information relating to the severe accident evaluation.  However, as a result of the 
open item, the staff is unable to finalize its conclusions on COL FSAR Section 19.2. 

The staff is reviewing the COL information incorporated by reference from the U.S. EPR FSAR 
Tier 2, on Docket No. 52-020.  The results of the staff’s technical evaluation of the COL 
information incorporated by reference from the U.S. EPR regarding the PRA will be documented 
in the staff’s SER on the design certification application for the U.S. EPR.  The staff will update 
Section 19.2 of this report to reflect the final disposition of the U.S. EPR design certification 
application. 
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