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References:

1. NRC Letter, “Request for Information Pursuant to Title 10 of the Code of Federal
Regulations 50.54(f) Regarding Recommendations 2.1, 2.3, and 9.3, of the Near-
Term Task Force Review of Insights from the Fukushima Dai-ichi Accident,” dated
March 12, 2012 [ADAMS Accession Nos. ML12056A046 and ML12053A340].

2. EPRI Report 1025287, "Seismic Evaluation Guidance: Screening, Prioritization
and Implementation Details (SPID) for the Resolution of Fukushima Near-Term
Task Force Recommendation 2.1: Seismic." [ADAMS Accession No. ML
12333A170].

3. Virginia Electric and Power Company Letter to NRC, “North Anna Power Station
Units 1 and 2 Response to March 12, 2012 Information Request — Seismic Hazard
and Screening Report (CEUS Sites) for Recommendation 2.1,” dated March 31,
2014 [ADAMS Accession No. ML14092A416].

4. NRC Letter, “North Anna Power Station, Units 1 and 2 - Staff Assessment of
Information Provided Pursuant to Title 10 of the Code of Federal Regulations Part
50, Section 50.54(f), Seismic Hazard Reevaluations Relating to Recommendation
2.1 of the Near-Term Task Force Review of Insights from the Fukushima Dal-Ichi
Accident (TAC Nos. MF3797 and MF3798),” dated April 20, 2015 [ADAMS
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of Federal Regulations 50.54(f) Regarding Recommendation 2.1 “Seismic” of the
Near-Term Task Force Review of Insights from the Fukushima Dai-ichi Accident,”
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On March 12, 2012, the Nuclear Regulatory Commission (NRC) issued a request for
information pursuant to 10 CFR 50.54(f) associated with the recommendations of the
Fukushima Near-Term Task Force (NTTF) (Reference 1). Enclosure 1 of Reference 1
requested each licensee to reevaluate the seismic hazards at their sites using present-
day NRC requirements and guidance, and to identify actions taken or planned to
address plant-specific vulnerabilities associated with the updated seismic hazards.
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Reference 2 contains industry guidance developed by EPRI that provides the screening,
prioritization and implementation details for the resolution of Fukushima Near-Term
Task Force Recommendation 2.1: Seismic. The SPID (Reference 2) was used fo
compare the reevaluated seismic hazard to the design basis hazard. The North Anna
Power Station (NAPS), Units 1 and 2 Seismic Hazard and Screening Report (Reference
3) concluded that the ground motion response spectrum (GMRS) exceeded the design
basis seismic response spectrum in the 1 to 10 Hz range, and therefore a seismic
probabilistic risk assessment was required.

Reference 4 contains the NRC Staff Assessment of the NAPS Units 1 and 2 seismic
hazard submittal and concluded that the reevaluated seismic hazard prepared for NAPS
is suitable for other activities associated with the NRC Near-Term Task Force
Recommendation 2.1: Seismic.

Reference 5 contains the NRC letter "Final Determination of Licensee Seismic
Probabilistic Risk Assessments." In that letter (Table 1 a - Recommendation 2.1 Seismic
— Information Requests), the NRC instructed that a Seismic Probabilistic Risk
Assessment (SPRA) be submitted for NAPS Units 1 and 2 by March 31, 2018.

The Attachment to this letter contains the NAPS Units 1 and 2 SPRA Summary Report,
which provides the information requested in Enclosure 1, ltem (8)B of Reference 1.

If you have any questions regarding this information, please contact Diane E. Aitken at
(804) 273-2694.

Sincerely, ;
Qo m
Senior Vice President and Chief Nuclear Officer N'%Té\%;uaﬂuc
Virginia Electric and Power Company commonweiqm-?&r'tnnem
MY COMMISSION EXPIRES MARCH 31, 2022

COMMONWEALTH OF VIRGINIA )

)
COUNTY OF HENRICO )

The foregoing document was acknowledged before me, in and for the County and Commonwealth aforesaid, today
by Daniel G. Stoddard, who is Senior Vice President and Chief Nuclear Officer of Virginia Electric and Power
Company. He has affirmed before me that he is duly authorized to execute and file the foregoing document in behaif
of that company, and that the statements in the document are true to the best of his knowledge and belief.

Acknowledged before me this 2% day of M ar CI” , 2018.
My Commission Expires: MM 31,2022

Notary Public
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Commitments made in this letter: No new regulatory commitments.

Attachment: North Anna Power Station Units 1 and 2 Seismic Probabilistic Risk
Assessment in Response to 10 CFR 50.54(f) Letter with Regard to NTTF 2.1 Seismic —
Summary Report

cc:  U.S. Nuclear Regulatory Commission
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Marquis One Tower
245 Peachtree Center Ave., NE
Suite 1200
Atlanta, Georgia 30303-1257

Mr. J. E. Reasor, Jr.

Old Dominion Electric Cooperative
Innsbrook Corporate Center
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Suite 300

Glen Allen, Virginia 23060

Mr. James R. Hall

NRC Senior Project Manager-North Anna
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Mail Stop O-8 G9A
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Rockville, Maryland 20852-2738

Ms. K. R. Cotton-Gross

Project Manager — Surry

U.S. Nuclear Regulatory Commission
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Mail Stop 08 G-9A
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NRC Senior Resident Inspector
North Anna Power Station
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Seismic Probabilistic Risk Assessment
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EXECUTIVE SUMMARY

In response to the NRC 10 CFR 50.54(f) letter of March 12, 2012, a seismic probabilistic risk
assessment (SPRA) was performed for North Anna Power Station (NAPS) Units 1 and 2. The
SPRA effort included performing a probabilistic seismic hazard analysis (PSHA) to develop
seismic hazard and response spectra at the plant using the state-of-the-art seismic source
model and attenuation equations; site response analyses; dynamic analyses of structures;
fragility analyses of structures, systems and components (SSCs); developing a logic model; and
performing risk quantification. Each element of the SPRA effort underwent an in-process
independent expert review and a final peer review by a team of experts. The comments and
suggestions of the reviewers were addressed and incorporated into the SPRA as applicable.

The SPRA identified risk-significant sequences and SSCs with their risk rankings, and showed
that for both North Anna units, the seismic Core Damage Frequency (SCDF) is 6.0E-5 per year
and the seismic Large Early Release Frequency (SLERF) is 1.6E-5 per year.

Sensitivity studies were performed to identify critical assumptions, test the sensitivity to
quantification parameters and the seismic hazard, and identify potential areas to consider for
the reduction of seismic risk. These sensitivity studies demonstrated that the model results are
robust with respect to the modeling and assumptions used.
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1.0

Purpose and Objective

Following the accident at the Fukushima Dai-ichi nuclear power plant resulting from the
March 11, 2011, Great Tohoku Earthquake and subsequent tsunami, the Nuclear
Regulatory Commission (NRC) established a Near Term Task Force (NTTF) to conduct a
systematic review of NRC processes and regulations and to determine if the agency
should make additional improvements to its regulatory system. The NTTF developed a
set of recommendations intended to clarify and strengthen the regulatory framework
for protection against natural phenomena. Subsequently, the NRC issued a 10 CFR
50.54(f) letter on March 12, 2012 [1], requesting information to assure that these
recommendations are addressed by all U.S. nuclear power plants. The 50.54(f) letter
requests that licensees and holders of construction permits under 10 CFR Part 50
reevaluate the seismic hazards at their sites against present-day NRC requirements and
guidance.

A comparison between the reevaluated seismic hazard and the design basis for NAPS
has been performed, in accordance with the guidance in EPRI 1025287, “Screening,
Prioritization and Implementation Details (SPID) for the Resolution of Fukushima Near-
Term Task Force Recommendation 2.1: Seismic” [2], and was previously submitted to
NRC [3]. That comparison concluded that the ground motion response spectrum
(GMRS), which was developed based on the reevaluated seismic hazard, exceeds the
design basis seismic response spectrum in the 1 to 10 Hz range, and a seismic risk
assessment is required. A seismic PRA (SPRA) has been developed to perform the
seismic risk assessment for North Anna Power Station Units 1 and 2 (NAPS) in response
to the 50.54(f) letter, specifically item (8) in Enclosure 1 of the 50.54(f) letter.

This report describes the seismic PRA developed for NAPS and provides the information
requested in item (8)B of Enclosure 1 of the 50.54(f) letter and in Section 6.8 of the SPID
[2]. The SPRA model has been peer reviewed (as described in Appendix A) and found to
be of appropriate scope and technical capability for use in assessing the seismic risk for
NAPS, identifying which structures, systems, and components (SSCs) are important to
seismic risk, and describing plant-specific seismic issues and associated actions planned
or taken in response to the 50.54(f) letter.

This report provides summary information regarding the SPRA as outlined in Section 2.

The level of detail provided in the report is intended to enable NRC to understand the
inputs and methods used, the evaluations performed, and the decisions made as a
result of the insights gained from the NAPS seismic PRA.
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2.0 Information Provided in This Report

The following information is requested in the 50.54(f) letter [1], Enclosure 1, “Requested
Information” Section, paragraph (8)B, for plants performing a SPRA.

(1) The list of the significant contributors to seismic core damage frequency (SCDF)
for each seismic acceleration bin, including importance measures (e.g., Risk
Achievement Worth and Fussel-Vesely)

(2) A summary of the methodologies used to estimate the SCDF and seismic large
early release frequency (SLERF), including the following:

i Methodologies used to quantify the seismic fragilities of SSCs,
together with key assumptions

ii. SSC fragility values with reference to the method of seismic
qualification, the dominant failure mode(s), and the source of

information

iii. Seismic fragility parameters

iv. Important findings from plant walkdowns and any corrective actions
taken ‘

v.  Process used in the seismic plant response analysis and

quantification, including the specific adaptations made in the internal
events PRA model to produce the seismic PRA model and their
motivation
vi. Assumptions about containment performance
(3) Description of the process used to ensure that the SPRA is technically adequate,
including the dates and findings of any peer reviews
(4) Identified plant-specific vulnerabilities and actions that are planned or taken

Note that 50.54(f) letter Enclosure 1 paragraphs 1 through 6, regarding the seismic
hazard evaluation reporting, also apply, but have been satisfied through the previously
submitted NAPS Seismic Hazard and Screening Report submittal {3]. Further, 50.54(f)
letter Enclosure 1 paragraph 9 requests information on the Spent Fuel Pool, which was
submitted separately [15].

Table 2-1 provides a cross-reference between the 50.54(f) reporting items noted above
and the location in this report where the corresponding information is discussed.

The SPID [2] defines the principal parts of an SPRA, and the NAPS SPRA -has been
developed and documented in accordance with the SPID. The main elements of the
SPRA performed for NAPS in response to the 50.54(f) letter correspond to those
described in Section 6.1.1 of the SPID, i.e.:

- Seismic hazard analysis

- Seismic structure response and SSC fragility analysis

- Systems/accident sequence (seismic plant response) analysis
- Risk quantification

Page 5 of 181



NAPS Units 1 and 2 10 CFR 50.54(f) NTTF 2.1 Seismic PRA Summary Report March 2018

Table 2-2 provides a cross-reference between the reporting items noted in Section 6.8
of the SPID, other than those already listed in Table 2-1, and provides the location in this
report where the corresponding information is discussed.

The NAPS SPRA and associated documentation has been peer reviewed against the PRA
Standard [4] in accordance with the process defined in NEI 12-13 [5], as documented in
the NAPS SPRA Peer Review Report. The NAPS SPRA, complete SPRA documentation,
and details of the peer review are available for NRC review.

This submittal provides a summary of the SPRA development, results and insights, and
the peer review process and results, sufficient to meet the 50.54(f) information request
in a manner intended to enable NRC to understand and determine the validity of key
input data and calculation models used, and to assess the sensitivity of the resuits to key
aspects of the analysis.

The content of this report is organized as follows:
Section 3 provides information related to the NAPS seismic hazard analysis.

Section 4 provides information related to the determination of seismic fragilities for
NAPS SSCs included in the seismic plant response.

Section 5 provides information re‘garding the plant seismic response model (seismic
accident sequence model) and the quantification of results.

Section 6 summarizes the results and conclusions of the SPRA, including identified plant
seismic issues and actions taken or planned.

Section 7 provides references.
Section 8 provides a list of acronyms used.

Appendix A provides an assessment of SPRA Technical Adequacy for Response to NTTF
2.1 Seismic 50.54(f) Letter, including a summary of NAPS SPRA peer review.
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Table 2-1

Cross-Reference for 50.54(f) Enclosure 1 SPRA Reporting

50.54(f) Letter
Reporting Item

Description

Location in this Report

(1)

List of the significant contributors
to SCDF for each seismic
acceleration bin, including
importance measures

Section 5

(2)

Summary of the methodologies
used to estimate the SCDF and
LERF

Sections 3,4, 5

(2)i

Methodologies used to quantify
the seismic fragilities of SSCs,
together with key assumptions

Section 4

(2)ii

SSC  fragility values  with
reference to the method of
seismic qualification, the
dominant failure mode(s), and
the source of information

Tables 5.4-2 and 5.5-2 provide fragilities
(median acceleration capacity [Am] and
aleatory [Br] and epistemic variability
[Bu]), failure mode information, and
method of determining fragilities for the
top risk significant SSCs based on
standard importance measures such as
Fussell-Vesely (FV).

(2)iii

Seismic fragility parameters

Tables 5.4-2 and 5.5-2 provide fragilities
(Am, Br, Bu) information for the top risk
significant SSCs based on standard
importance measures such as FV.

(2)iv Important findings from plant | Section 4.2 addresses walkdowns and
walkdowns and any corrective | watkdown insights.
actions taken

(2)v Process used in the seismic plant | Sections 5.1 and 5.2 provide this
response analysis and | information.

quantification, including specific
adaptations made in the internal
events PRA model to produce the
seismic PRA model and their
motivation
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Table 2-1

Cross-Reference for 50.54(f) Enclosure 1 SPRA Reporting

50.54(f) Letter

Description

Location in this Report

(2)vi

Assumptions about containment
performance

Sections 4.3 and 5.5 address
containment and related SSC
performance

(3)

Description of the process used
to ensure that the SPRA is
technically adequate, including
the dates and findings of any
peer reviews

App. A describes the assessment of SPRA
technical adequacy for the 50.54(f)
submittal and results of the SPRA peer
review

(4)

Identified plant-specific
vuinerabilities and actions that
are planned or taken

Section 6 addresses this topic.

|
|
Reporting Item
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Table 2-2 Cross-Reference for Additional SPID Section 6.8 SPRA Reporting

SPID Section 6.8 Item ¥ Description

Location in this Report

A report should be submitted to the NRC
summarizing the SPRA inputs, methods, and
results.

Entirety of the submittal addresses
this.

The level of detail needed in the submittal
should be sufficient to enable NRC to
understand and determine the validity of all
input data and calculation models used

Entirety of the submittal addresses
this. The summary report identifies
key methods of analysis and
referenced codes and standards.

The level of detail needed in the submittal
should be sufficient to assess the sensitivity of
the results to all key aspects of the analysis

Entirety of the submittal addresses
this. Results sensitivities are
discussed in the following sections:

5.7 (SPRA model sensitivities)
4.4 Fragility screening (sensitivity)

The level of detail needed in the submittal
should be sufficient to make necessary
regulatory decisions as a part of NTTF Phase 2
activities. '

Entirety of the submittal report
addresses this.

It is not necessary to submit all of the SPRA
documentation for such an NRC review.
Relevant documentation should be cited in the
submittal, and be available for NRC review in
easily retrievable form.

Entire report addresses this. This
report summarizes important
information from the SPRA, with
detailed information in lower tier
documentation.

Documentation criteria for a SPRA are
identified throughout the ASME/ANS Standard
[4]. Utilities are expected to retain  that
documentation consistent with the Standard.

This is an expectation relative to
documentation of the SPRA that the
utility retains to support application
of the SPRA to risk-informed plant
decision-making.

“guidance”.

|
|
Note (1): The items listed here do not include those designated in SPID Section 6.8 as
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3.0

3.1

3.11

NAPS Seismic Hazard and Plant Response

This section provides summary site information and pertinent features including
location and site characterization. The subsections provide brief summaries of the site
hazard and plant response characterization.

North Anna Power Station is a dual unit Westinghouse 3-loop pressurized water reactor
plant located on a peninsula on the southern shore of Lake Anna, approximately 45
miles northwest of Richmond, Virginia. The reactor buildings are founded on competent
bedrock; other principal structures are founded on weathered bedrock or on structural
fill overlying bedrock. The bedrock has been weathered unevenly into saprolitic soils of
varying thickness, ranging from a few feet to as much as 100 ft below original grade.
Detailed studies carried out during the siting investigation for North Anna Units 1 and 2,
and more recently for the proposed North Anna Unit 3, show that there are no capable
faults within the site vicinity. Additional site description and composite profile
development are described in the NAPS NTTF 2.1 Seismic Hazard and Screening Report
submittal [3].

Seismic Hazard Analysis

This section discusses the seismic hazard methodology, presents the final seismic hazard
results used in the SPRA, and discusses important assumptions and important sources of
uncertainty.

The seismic hazard analysis determines the annual frequency of exceedance for selected
ground motion parameters. The analysis involves use of earthquake source models,
ground motion attenuation models, characterization of the site response (e.g. soil
column), and accounts for the uncertainties and randomness of these parameters to
arrive at the site seismic hazard. Detailed information regarding the NAPS site hazard
was provided to NRC in the seismic hazard information submitted in response to the
NTTF 2.1 Seismic information request [3]. That information was used in development of
the NAPS SPRA.

Seismic Hazard Analysis Methodology

The seismic hazard was developed for the NAPS SPRA as described in the NAPS NTTF 2.1
Seismic Hazard and Screening Report submittal {3]. A GMRS was developed from the
uniform hazard response spectra (UHRS), which are based on hard-rock ground motions
determined as part of the probabilistic seismic hazard analysis (PSHA) and the site
response analysis, at the control point defined in accordance with the SPID [2]. The
control point for NAPS is defined as the foundation bearing elevation of the highest
rock-supported, safety-related structure, which corresponds to the Casing Cooling Tank
and Pumphouse structure.
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The reference earthquake used in developing building response, fragility evaluations,
and risk quantification corresponds to the GMRS at the control point. The GMRS has a
peak ground acceleration (PGA) of 0.572g.

Horizontal foundation input response spectra (FIRS) were developed as input to the
dynamic analyses of structures that are not founded on grade (shown in Figure 3-1).
The calculation of the horizontal FIRS is consistent with the methodology used to
develop the GMRS, including development of soil column profiles, site amplification
functions, and UHRS. As applicable, soil properties that are strain compatible with the
FIRS are developed consistent with the approach suggested by SPID. The FIRS are
directly used in the probabilistic SSI analysis of the Containment Building, Service
Building, Auxiliary Building, and Main Steam Valve House Unit 2. The FIRS are further
adjusted to generate SSI input response spectra which are suitable for deterministic
analysis (per requirements of 1ISG-17) and used in the SSI analysis of the Service Water
Pump House and Service Water Valve House and in fixed-base analyses of the Main
Steam Valve House Unit 1 and Safeguards Buildings. The development of vertical FIRS is
described in Section 3.1.4.
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3:1.2
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Figure 3-1: Horizontal GMRS and FIRS / SSI Input
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Seismic Hazard Analysis Technical Adequacy

The NAPS SPRA hazard methodology and analysis associated with the horizontal GMRS
were submitted to the NRC as part of the NAPS Seismic Hazard Submittal [3], and found
to be technically acceptable by NRC for application to the NAPS SPRA [16].

The NAPS hazard analysis was also subjected to an independent peer review against the
pertinent requirements in the PRA Standard [4]. The SPRA was peer reviewed relative to
Capability Category Il for the full set of requirements in the Standard and determined to
be acceptable for use in SPRA applications [6].

The peer review assessment, and subsequent disposition of peer review findings, is
described in Appendix A.

Seismic Hazard Analysis Results and Insights

Table 3-1 provides the final seismic hazard results used as input to the NAPS SPRA, in
terms of exceedance frequencies as a function of PGA level for the mean and several
fractiles. Information on the vertical hazard is discussed in Section 3.1.4.
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Table 3-1 NAPS Mean and Fractile Exceedance Frequencies

Exceedance Frequency (/yr)

PGA (g) Mean 16th Fractile 50th Fractile 84th Fractile

0.0530 1.07E-03 6.26E-04 1.03E-03 1.07E-03

0.0648 1.05E-03 4.73E-04 8.83E-04 1.07E-03

0.0717 9.96E-04 4.11E-04 7.82E-04 1.07E-03

0.0793 9.06E-04 3.58E-04 6.85E-04 1.07E-03

0.1019 6.51E-04 2.49E-04 4.80E-04 1.03E-03

0.1524 3.71E-04 1.39E-04 2.74E-04 6.34E-04
1 0.2061 2.42E-04 8.66E-05 1.77E-04 3.97E-04

0.3082 1.37E-04 4.24E-05 9.80E-05 2.13E-04

0.5097 5.70E-05 1.72E-05 3.80E-05 9.48E-05

0.7248 2.81E-05 8.64E-06 1.92E-05 4.59E-05

1.0306 1.39E-05 3.57E-06 9.37E-06 2.16E-05

1.5411 5.34E-06 1.25E-06 3.31E-06 | 8.88E-'06 |
| 2.0840 2.39E-06 4.77E-07 1.48E-06 3.89E-06

2.5483 1.40E-06 2.31E-07 8.26E-07 2.25E-06

3.1162 7.83E-07 1.08E-07 . 4.25E-07 ’ 1.28E-06 |

3.6237 4.84E-07 5.52E-08 2.54E-07 8.11E-07

4.0071 3.48E-07 3.50E-08 1.78E-07 5.84E-07

5.1000 1.53E-07 1.00E-08 6.92E-08 2.51E-07

In the SPRA plant model, described in Section 5, the hazard data in Table 3-1 was
discretized into 10 intervals, with parameters as listed in Table 3-2.
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Table 3-2 Acceleration Intervals and Interval Frequencies as Used in SPRA Model

Interval Interval Lower | Interval Upper | Representative | Interval Mean
Designator Bound {g) Bound (g) Magnitude PGA | Frequency (/yr)
(8)

%G01 6.06 0.3 0.13 9.21E-04
%G02 0.3 0.4 0.35 5.34E-05
%G03 0.4 0.5 0.45 3.01E-05
%G04 0.5 0.6 0.55 1.79E-05
%G05 0.6 0.7 0.65 1.11E-05
%G06 0.7 0.8 0.75 7.08E-06
%GO07 0.8 1.0 0.89 8.26E-06
%G08 1 1.5 1.22 9.09E-06
%G09 1.5 2.5 1.94 4.25E-06
%G10 2.5 5.1 2.75 1.48€-06

Uncertainties in the PSHA result from uncertainties in input models and parameters.
These have been investigated for the NAPS SPRA. The composited seismic hazard
includes Background seismic sources and individual repeated large magnitude
earthquake (RLME) sources: Charleston, New Madrid Seismic Zone (NMSZ), Wabash
Valley, and the northern segment of the Eastern Rift Margin fault. For 1 Hz spectral
frequency at a mean annual frequency of exceedance (MAFE) of 1E-04, the Background
seismic sources are dominant with Charleston and New Madrid together contributing
about 15% of the total hazard. At lower MAFE levels, the Background sources become
even more dominant. For 10 Hz spectral frequency a larger and almost complete
contribution to the total hazard is from the Background seismic sources. The
observation that high frequency is tending to be controlled by the background seismic
sources and the low frequency having a larger contribution from the RLME seismic
sources is commonly observed for sites in the CEUS. Sites located closer to a RLME
would be expected to have a larger contribution from the RLME seismic sources,
especially for the low frequency cases. '

The ECC-AM seismic source, which is the background source zone in which the site is
located, contributes the most individual hazard to the Background total with the
combination of MESE-N and STUDY-R together contributing about the same hazard as
ECC-AM. This observation is similar for both the 1 Hz and 10 Hz cases.
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3.14

Finally, the last sensitivity is for the individual ground motion models used in the PSHA,
which demonstrates the epistemic variation in seismic hazard among the ground motion
models for the Background and RLME seismic sources for 1 Hz and 10 Hz spectral
frequencies. At hazard levels of about 10-4 to 10-6, the epistemic range is about a factor
of 20 to 30 for the 1 Hz spectral frequency. For the 10 Hz spectral frequency, the
epistemic range is somewhat narrower, about a factor of 10.

Based on these sensitivities, the largest variation is based on the individual ground
motion models implemented in the PSHA. The host background seismic source zone,
ECC-AM, is the controlling seismic source for the MAFE range of interest at both the low
and high frequency cases with a more significant contribution for the high frequency
case relative to the low frequency case. These observations and the other sensitivity
results presented in the FSAR for North Anna Unit 3 [24] are in agreement with the
general observation for sites located in the CEUS that are not relatively close to a given
RLME seismic source.

Horizontal and Vertical Response Spectra

The vertical response spectra (GMRS and FIRS) used as input to SPRA analyses were
derived from the horizontal spectra by scaling using an appropriate frequency-
dependent vertical-to-horizontal (V/H) ratio. The V/H ratio was developed in
accordance with the guidance in Appendix ) of NUREG/CR-6728 [17].

To illustrate the results of the vertical spectra development, Table 3-3 provides the
frequency-specific data for the horizontal and vertical GMRS at the control point along
with the corresponding V/H ratio and Figure 3-2 provides a plot of the horizontal and
vertical GMRS.
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Table 3-3: NAPS Control Point GMRS and V/H Ratios

Frequency (Hz) Horizontal GMRS (g) V/H Ratio Vertical GMRS (g)
100.000 0.5721 1.0000 0.5721
90.000 0.6149 1.0376 0.6380
80.000 0.6965 1.0901 0.7593
70.000 0.8132 1.1275 0.9169
60.000 0.9601 1.1371 1.0918
50.000 1.1145 1.1245 1.2532
45.000 1.1652 1.1024 1.2845
40.000 1.2155 1.0423 1.2669
35.000 1.2617 0.9808 1.2374
30.000 1.2226 0.9368 1.1453
25.000 1.1889 0.8800 1.0462
20.000 1.1670 0.8256 0.9635
15.000 1.1707 0.7882 0.9227
12.500 1.1525 0.7708 0.8883
10.000 1.0508 0.7500 0.7881
9.000 0.9622 0.7500 0.7217
8.000 0.8562 0.7500 0.6421
7.000 0.7346 0.7500 0.5510
6.000 0.6068 0.7500 0.4551
5.000 0.4847 0.7500 0.3635
4.000 0.3702 0.7500 0.2777
3.000 0.2667 0.7500 0.2000
2.500 0.2159 0.7500 0.1619
2.000 0.1770 0.7500 0.1327
1.500 0.1317 0.7500 0.0988
1.250 0.1065 0.7500 0.0799
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Table 3-3: NAPS Control Point GMRS and V/H Ratios

Frequency (Hz) Horizontal GMRS (g) V/H Ratio Vertical GMRS (g)
1.000 0.0806 0.7500 0.0605
0.900 0.0745 0.7500 0.0559
0.800 0.0677 0.7500 0.0508
0.700 0.0602 0.7500 0.0452
0.600 0.0522 0.7500 0.0391
0.500 0.0435 0.7500 0.0326
0.400 0.0347 0.7500 0.0260
0.300 0.0260 0.7500 0.0195
0.200 0.0174 0.7500 0.0130
0.167 0.0145 0.7500 0.0109
0.125 0.0109 0.7500 0.0082
0.100 | 0.0087 0.7500 0.0065

\
\
\
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Figure 3-2: NAPS Horizontal and Vertical GMRS

Determination of Seismic Fragilities for the SPRA

This section provides a summary of the process for identifying and developing fragilities
for SSCs that participate in the plant response to a seismic event for the NAPS SPRA. The
subsections provide brief summaries of these elements.

Seismic Equipment List

For the NAPS SPRA, a seismic equipment list (SEL) was developed that includes those
SSCs that are important to achieving safe shutdown following a seismic event, and for
mitigating radioactivity release if core damage occurs, and that are included in the SPRA
model. The methodology used to develop the SEL is consistent with the guidance
provided in EPRI 3002000709, SPRA Implementation Guide [10].
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4.1.1 SEL Development

The SEL includes the equipment and systems required to provide protection for all
seismically induced initiating events, including those needed to address seismic induced
fires and floods and to prevent early containment failure in an earthquake. The SEL
forms the basis for the seismic fragility and systems analysis tasks. The initial SEL was
developed from the SSCs modeled in the internal events PRA model. The internal
events PRA model is a detailed and comprehensive logic model that includes the failure
of SSCs needed for mitigating the various initiating events that could occur at the site.
Additional SSCs were added to this initial list of SSCs that may have been screened out
of the internal events PRA such as passive failures of buildings, structures, cable trays,
HVAC ducts, block walls, and tanks. SSCs important for containment performance such
as containment isolation and bypass events were added to the list.

SSCs Modeled in the Level 1 and 2 Internal Events PRA

The SSCs modeled in the level 1 and 2 internal events PRA are modeled using basic
events that model various failure modes of the SSCs. The internal events PRA model
also includes other basic events that model operator actions, component alignment
events, and other non-component basic events. Over 5100 basic events are contained
in the model, which models both unit 1 and 2 Core Damage Frequency (CDF) and Large
Early Release Frequency (LERF). Basic events from the PRA database that do not
represent structures or equipment (except for post-initiator operator actions and
recovery actions) were removed from the SEL list. Some examples of such basic events
to remove include the following:

e Configuration events (such as percentage of time a specific train is running)

e Environmental events (such as percentage of time that a given temperature
range exists and HVAC is required)

e Pre-initiator operator actions and operator actions that cause initiating events

e Maintenance events

e Common-cause failure basic events (unless the associated random failure basic
events do not exist separately in the models)

Screening notes were documented to denote why SSCs or basic events were screened in
or out of the SEL. After the screening, over 3800 basic events were screened out of the
SEL using the screening criteria for screening out basic events.

SSCs can also be screened out of the SEL based on a number of reasons. For example,
some SSCs are known to have significantly high seismic capacity such that they are
considered to be inherently rugged. These were screened out of the SEL because their
contribution to seismic risk would likely be very small. All SSCs reviewed and screened
from the SEL, and the associated basis for screening, are documented.
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Passive SSCs

While the SSCs added to the SEL from the internal events PRA include SSCs needed for
mitigating initiating events, the internal events PRA may not model passive SSCs
because the probability of their random failure is relatively low. However, during
seismic events, the probability of failure of some passive SSCs could be high and have a
significant contribution to risk, such as:

e Tanks

Buildings

Cable Trays and Conduit
Ventilation Ducts

Piping

Soil Failures

Pressure Boundaries
Block Walls

e Cranes

e Passive Valves

The general approach used in identifying passive SSCs to be included in the SEL was to
obtain a list of all of the SSCs for the particular type from the plant equipment database
and evaluate whether their failure impacts a mitigating function, causes flooding or fire,
or impacts an operator action. Passive SSCs that were evaluated as screened out of the
SEL, and the associated basis for screening, are documented. Those not screened out
are modeled in the SPRA.

In addition, the plant areas housing SEL SSCs or in which operators would need to
perform seismic response actions were reviewed for accessibility and evaluated for
potential impact. The following structures were included in the SEL:

e Auxiliary Feedwater Pump Houses

e Service Water Pump House

e Service Water Valve House

e Service Building (including Control Room, Emergency Switchgear Rooms, and
Emergency Diesel Generator Rooms)

e Auxiliary Building

e Containment Buildings

e Main Steam Valve Houses (and Quench Spray Pump Houses)

e Safeguards Buildings

e Fuel Oil Pump House

e Casing Cooling Pump Houses

e Beyond Design Basis Storage Building
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Cabinets and Panels

The cabinets and panels included in the SEL are those that contain the following:

1. Indications and controls that Operators use to mitigate initiating events

2. Protection and control circuits that are used in reactor protection (RPS) and
engineered safety feature (ESF) systems

3. Beyond Design Basis panels used to connect the cables from the FLEX 120VAC
generators to the vital AC buses.

To mitigate transients, the operators follow the guidance in the emergency operating
procedures (EOPs) to ensure the unit is safely shut down and the core remains covered
and cooled. They rely on various instrumentation to verify successful operation of the
mitigating safety functions. As part of the development of the SEL, the instrumentation
required to safely shut the unit down was reviewed to determine what panels and
cabinets should be evaluated for seismic capacity. The sensors and associated cabinets
and control room panels are added to the composite SEL. Seismic failure of these
cabinets and panels could impact operator actions.

Reactor protection circuits and sensors are not included for the following reasons.
Seismic events generally involve a loss of offsite power, which would fail power to the
motor-generator sets and thus result in trip of the control rods. For seismic events
where there is no loss of offsite power, the ground acceleration level is much lower than
the seismic capacity of the reactor protection system sensors and cabinets that it is very
unlikely that an automatic trip signal would fail due to the seismic event. In addition,
the operators would manually trip the reactor if the automatic trip system failed. Note
that failure of the control rods to insert is included in the SEL.

There are a number of actuation systems that automatically actuate safety systems
upon detection of adverse trends in key safety parameters. Instrumentation associated
with the following was reviewed and added to the SEL:

e Safety Injection

e Containment Depressurization Actuation

Phase A and B Containment Isolation

Main Steam Isolation

e Undervoltage/Degraded Voltage

e Recirculation Mode Transfer

e Anticipated Transient Without Scram (ATWS) Mitigation System Actuation
Circuitry

The primary focus of the review of the actuation circuits was to identify the sensors that
monitor the various plant parameters and the cabinets that contain the components
necessary to process the signals (e.g. power supplies, comparator card, etc.). Thus, the
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components added to the composite SEL from this review are mainly the sensors and
cabinets.

The review of cabinets and panels described above resulted in including over 150
cabinets and panels in the SEL.

Containment Performance

The main objective of the Containment Performance evaluation is to identify seismic
vulnerabilities that involve early failure of containment functions. This includes
consideration of Containment integrity, Containment isolation, and other Containment
functions.

Section 6.5.1 of the SPID [2] provides guidance for the SSCs that should be included in
the SEL that support the containment functions. Section 5.8 of the SPRA
Implementation Guide [10] also includes guidance for developing a level 2 (LERF) model
in seismic PRAs. Both documents provide similar guidance with respect to the SSCs that
should be included in the SEL for containment analysis. SSCs associated with the
following functions were added to the SEL based on this guidance:

e Containment structure including pressure boundary

e Containment pressure suppression

e Containment isolation

e Interfacing system LOCA

e Hydrogen mitigation

e (Containment vacuum

e Heat exchanger (inside Containment) pressure boundary

Approximately 160 SSCs were included in the SEL for the Containment Performance
functions.

Seismic-induced Fire and Flood

Additional SSCs were added to the Initial SEL based on the seismic-fire and seismic-flood
evaluations, as applicable.

A review was performed to identify potential plant vulnerabilities, given the combined
effects of a seismic event and consequential internal fire hazard (i.e. a fire that occurs as
a direct result of the seismic event), with a focus on seismically induced internal fires
that may have the potential to significantly affect the plant seismic risk. Ignition
sources, fire impact to SEL SSCs, spurious actuation of fire suppression systems (CO, and
Halon), and impact on fire mitigation actions were reviewed. The seismic-induced fire
review included plant walkdowns. The walkdowns and evaluations concluded that
seismic-induced fire scenarios would not have a significant impact on seismic risk.

A review was performed to identify potential plant vulnerabilities, given the combined
effects of a seismic event and consequential internal flood hazard (i.e. a flood that
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occurs as a direct result of the seismic event), with a focus on seismically induced
internal floods that may have the potential to significantly affect the plant seismic risk.
This evaluation sought to identify the potentially risk-significant seismically induced
flood scenarios and to screen out those that were not expected to contribute
significantly to plant risk or that would be subsumed by other damage states, such as
building failures. Using the internal flooding PRA, a qualitative assessment was
performed to identify potential seismic-induced flood scenarios that could be significant
contributors to seismic risk. In addition to reviewing the North Anna Internal Flooding
PRA, the following other sources were reviewed:

* Non-seismically qualified tanks

e Fire Protection piping

Failure of Heat Exchangers

Expansion Joints

Spent Fuel Pool

Sources within the non-seismic Turbine Building

The seismic-induced flooding evaluation concluded that flooding of the Auxiliary
Building due to failure of the Component Cooling Heat Exchanger service water nozzles
could result in a significant contribution to risk and this flood source was added to the
SPRA model. The other flood sources and scenarios screened out from unique
consideration in the SPRA.

Miscellaneous Additions

Relays and contactors that are prone to chatter, as identified from the relay chatter
analysis (Section 4.1.2), were added to the SEL.

Additionally, in some cases, SSCs were added if potential seismic spatial interactions
were identified between non-seismic SSCs near seismic SSCs (Seismic Il over 1) or other
spatial issues were identified during walkdowns.

Other Inputs to SEL Development

A number of other inputs were reviewed and SSCs added to the SEL. These include:

e Assumptions in the internal events systems model

e Review of plant process and instrumentation drawings

e Comparison with the Individual Plant Examination of External Events (IPEEE) Safe
Shutdown Equipment List (8]

This final SEL includes approximately 800 SSCs (not including relays) for each unit and is
documented in the SPRA documentation.
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4.1.2 Relay Evaluation

4.2

During a seismic event, vibratory ground motion can cause electrical contacts of
seismically sensitive equipment (e.g., relays) to open or close (or ‘chatter’)
inadvertently. The chattering of device contacts can potentially result in spurious
signals to equipment. Most electrical contact device (herein referred to as relays)
chatter is either acceptable (i.e., does not impact the associated equipment), is self-
correcting, or can be recovered by operator action.

An extensive relay chatter evaluation was performed for the NAPS SPRA, in accordance
with SPID, Section 6.4.2 and ASME/ANS PRA Standard, Section 5-2.2. The evaluation
resulted in most relay chatter scenarios screened from further evaluation based on no
impact to component function. A summary of the relay evaluation is provided in Table
4-1.

Relays that could not be screened out were modeled in the SPRA. Relay-specific
fragilities were determined for relays that were modeled using the separation of
variables (SOV) approach.

Table 4-1 — Relay Chatter Evaluation Summary

Unit 1 Unit 2 Total

SSCs Evaluated 341 322 703
Devices Evaluated 2674 2332 5006
Relays/Contactors Screened In
MCCs 15 15 30
4KV Breaker 24 24 48
EDG 17 17 34
Aux Relays 6 6 12

Total 62 62 124

Walkdown Approach

This section provides a summary of the methodology and scope of the seismic
walkdowns performed for the SPRA. Walkdowns were performed by personnel with
appropriate qualifications and documented in accordance with the PRA Standard. The
seismic review teams (SRT) included seismic engineering experts with extensive
experience in fragility assessment.
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4.2.1

Walkdowns were performed to assess the as-installed condition of those SSCs included
on the seismic equipment list for use in determining their seismic capacity and
performing initial screening, to identify potential spatial interactions, and look for
potential seismic-induced fire/flood interactions. The walkdowns included samples of
distribution systems such as piping, cable trays, electrical conduits, and HVAC ducting.

The SSC walkdowns were performed in accordance with the criteria provided in EPRI NP
6041-SL [7] and/or Seismic Qualification Utility Group (SQUG) guidance in the Generic
Implementation Procedure (GIP) [21]. Most SEL components were reasonably
accessible and in areas where inspection was possible. For the limited inaccessible
components or those located in areas where significant ALARA concerns existed,
alternate methods were used, such as photographs and reliance on design information.
Walkdown information obtained was used to refine the SEL, and provide input to the
fragilities analysis (as-installed conditions, dimensions, interactions etc.) and SPRA
modeling (e.g., regarding correlation and rule-of-the-box considerations). In some
cases, information from previously performed walkdowns, such as the IPEEE / USI A-46
Program [8] walkdown results, was used. In these cases, a walk-by of the applicable SSCs
was performed to confirm the installed condition of the SSC was consistent with the
previously performed walkdown and that the results remained applicable. The walk-by
included verifying that the current material conditions and configurations were
consistent with the conclusions, and to identify potential spatial interaction concerns. If
applicable, recent walkdowns performed for the NTTF Recommendation 2.3: Seismic
effort [22], post-Mineral earthquake plant inspections performed to support NAPS
restart, and ESEP [20] were used provided these walkdowns furnished the appropriate
level of detail needed for the SPRA.

Seismic-induced fire and flood and operator pathways walkdowns were also performed.
The walkdown team included PRA Systems Analysts and plant Operations personnel as
well as SRT members. The results of these walkdowns were used to refine the SEL as
discussed in Section 4.1.

Walkdown procedures and results of walkdowns and walkbys (observations and
conclusions) were documented as required per the PRA standard.

Significant Walkdown Results and Insights

Components on the SEL were evaluated for seismic anchorage and interaction effects,
effects of component degradation, such as corrosion and concrete cracking, for
consideration in the development of SEL fragilities. In addition, walkdowns were
performed on operator pathways, and the potential for seismic-induced fire and
flooding scenarios was assessed. The information gathered during walkdown
inspections was adequate for use in developing the SSC fragilities for the SPRA.
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4.2.2

4.3

No significant findings were noted during the NAPS seismic walkdowns. In a few
instances, potential seismic spatial interaction concerns related to the higher seismic
demand to be evaluated for the SPRA were identified. For example:

e Space heaters in the Emergency Diesel Generator (EDG) Rooms were identified
as potential seismic spatial interaction concerns for nearby electrical cabinets
and modifications to the heater supports have been developed to resolve the
concern.

e Fire extinguishers and mobile firefighting carts were identified as potential
seismic spatial interaction concerns for sensitive equipment in nearby cabinets
and the firefighting equipment is being evaluated for restraint or relocation to
resolve the concern.

No conditions that could challenge the NAPS seismic design basis were identified.

Seismic Equipment List and Seismic Walkdowns Technical Adequacy

Initial SEL Independent Technical Review

The Initial SEL is the result of screening SSCs from, or adding SSCs to, the final SEL using
the general approach discussed above.

An independent in-process technical review of the initial draft SEL was performed by
industry experts. The reviewers’ overall assessment was that the SEL development was
comprehensive and thorough. Comments from the review were resolved and
documented in the SPRA documentation and the SEL was updated accordingly.

Walkdown Methodology Independent Technical Review

The methodology used to perform SSC walkdowns was reviewed by industry experts.
Comments from the review were resolved and documented in the SPRA documentation.

The NAPS SPRA SEL development and walkdowns were subjected to an independent
peer review against the pertinent requirements (i.e., the relevant SFR and SPR
requirements) in the PRA Standard [4]. The peer review assessment, and subsequent
disposition of peer review findings, is described in Appendix A, and establishes that the
NAPS SPRA SEL and seismic walkdowns are suitable for this SPRA application.

Dynamic Analysis of Structures

New dynamic analyses of structures that contain systems and components important to
achieve safe shutdown were performed to develop structural responses and in-
structure response spectra (ISRS). Scaling of responses from previous analyses (design
basis, IPEEE etc.) was not performed for any structure because the shapes of the GMRS-
based spectra at the foundations of structures in the SPRA are completely different
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when compared to the spectral shapes used in the past design-basis or other seismic
analyses performed for NAPS.

NAPS is designated as a rock site since key safety-related structures (e.g., the reactor
containments) are rock-founded. However, some auxiliary structures on the site are
founded on soil, or partially on soil and partially on rock. Based on the founding
condition, importance of the structure/components within it to the SPRA, and fidelity of
the previous design-basis lumped-mass stick models (LMSM), various fixed-base and SSI
analyses using either the previous LMSMs (with modifications where necessary to meet
SPID requirements) or new finite element method (FEM) models for the key structures,
were performed using deterministic and probabilistic methods, as appropriate. Table 4-
2 shows the foundation condition, the type of model used, whether deterministic or
probabilistic analysis was performed, and other relevant information for each structure
that was analyzed for the SPRA.
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Table 4-2: Description of Structures and Dynamic Analysis Methods for North Anna SPRA

Foundation | Type of Analysis
Structure Condition Model Method |Comments/Other Information
) Shear Wave velocity > 5000
Reactor Containment Probabilistic [ft/sec; SSI analysis performed
Buildi Units 1 and Rock LMSM* o .
2;“ ings (Units 1 an ° SSI with incoherence, 30 SSl input
profiles used
Service Water Pump Soil LMSM* Deterministic LB, BE, UB cases, 5 sets of T-H
House SSI
... .. |Structure is partially on sail,
Service Building Rock / Soil FEM Prob:lsallhstlc partially on rock. SSI Analysis
with 30 SSl input profiles used
Service Water Valve Soil LMSM* Deterministic |LB, BE, UB cases, 5 sets of T-H
House SSI used
... .. |Structure is partially on soil,
t
Aucxiliary Building Rock / Soil FEM Probg;lhs Ic partially on rock. SSI analysis
with 30 SSl input profiles used
Safeguards Building Rock FEM Fixed Base LB, BE, UB cases, 5 sets of T-
used
Auxiliary Feedwater .
fT-H I
Pump Houses Rock LMSM* | Fixed Base |One Setof T-H (simple
structure)

i i 5 set -
Unit 1 Main Steam Rock FEM Fixed base LB, BE, UB cases, 5 sets of T-H
Valve House used
Unit 2 Main Steam . Probabilistic [SSI Analysis, 30 SSI input

Soil FEM .
Valve House SSI profiles used

* LMSM models were reviewed based on the criteria in EPRI SPID and found to be

acceptable for use in the SPRA.

431

Input Motions for Structural Analyses

The foundation input response spectra (FIRS) and SSI input response spectra, as
applicable, were developed for each structure. These spectra were derived from site
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4.3.2

433

response analyses and correspond to the GMRS. Time-histories (T-H) corresponding to

~ these spectra were developed and used as input motions in the probabilistic and

deterministic analyses of structures.

Damping Values

In the structural dynamic analyses, 5% median damping value for concrete and 3% for
steel were used per Table 3-4 of EPRI TR-103959. The 5% concrete damping is based on
demands at approximately % the vield strength for reinforced concrete with cracking.
This value is also consistent with Table 4-1 of EPRI NP-6041-SiL, Rev. 1, which
recommends 5% damping for reinforced concrete with moderate cracking. An
exception was the Auxiliary Feedwater Pump House, which is a simple structure, and
therefore, 4% damping value for concrete was used to develop 84% responses using one
set of time-history input. Median and 84 percentile ISRS were developed at various
locations and elevations of structures at various damping ratios (e.g., at 1%, 2%, 3%, 4%,
5%, 7%, and 10%).

Fixed-base Dynamic Analyses

As indicated in Table 4-2, three rock founded structures were analyzed as fixed-base
because they are considered relatively low-mass buildings and the shear wave velocities
at the foundation of each of these structures exceed 5000 ft/sec. Given the small
footprint of these structures, their dynamic analyses were performed using coherent
input motions.

Detailed dynamic analyses were performed for two structures - the Safeguards buildings
(both units are similar, Unit 2 was used to develop responses for both buildings) and the
Unit 1 Main Steam Valve House. New finite element models were developed for both
these structures. Lower bound (LB), best estimate (BE) and upper bound (UB) cases
were established by varying the structural stiffness by one-standard deviation (through
concrete Young’s modulus E. using logarithmic standard deviation of 0.3) from the BE
values; this corresponds to approximately +15% variation of natural frequencies. A
lower bound damping (LB-D) case was also analyzed with a lower damping of 3.7% (log
standard deviation of 0.3) for the BE stiffness case. The input ground motions are
applied using five sets of input time-histories which are spectrally matched to the SS!
input response spectra. The ISRS were calculated at 301 frequencies at equal intervals
in the logarithmic space between 0.1 Hz and 100 Hz (100 frequencies per decade). For
each of the 20 seismic analysis cases, each node, and each damping ratio, the ISRS in the
X direction are obtained by combining the acceleration response spectra (ARS)
designated as XX (X response due to input in the X direction), XY (X response due to
input in the Y direction), and XZ (X response due to input in the Z direction) using the
square root of sum of squares (SRSS) method. The Y and Z direction ISRS are calculated
similarly. For each node, each damping ratio, and each direction (X, Y, and Z), the
logarithmic mean of the ISRS due to the five sets of input time-histories for the BE case
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434

is calculated and used as the BE ISRS. Similarly, the LB, UB and LB-D iSRS are calculated
from their respective five time-history cases. The variation obtained in the ISRS results
from the five BE seismic analysis cases reflects the variation due to phase differences
between the five sets of input time-histories. The aleatory variation of the response due
to the time-history phase variation is estimated as the logarithmic standard deviation of
the ISRS obtained from the five analysis cases. The variation of the response due to
damping is estimated on a frequency-by-frequency basis as the natural logarithm of the
ratio of the BE and LB-D ISRS. The median ISRS (SAs,) is estimated frequency-by-
frequency as the logarithmic mean of the BE, LB, and UB ISRS results. The variation of
the response due to stiffness effects is estimated on a frequency-by-frequency basis as-
the natural logarithm of the ratio of the envelope of the BE, LB, and UB ISRS to the
median ISRS results. The broadening of the envelope ISRS is done to fill in potential gaps
between the LB, BE, and UB results by connecting the iSRS peaks using straight lines.
Other sources of uncertainty, such as modelling, ground motion directivity effects and
V/H ratio uncertainties are estimated separately. All uncertainties (aleatory and
epistemic) are combined on a frequency-by-frequency basis to obtain the total
composite uncertainty (f.) for the ISRS. The 84™ percentile ISRS are calculated as
SAsy x ePc. For the calculation of functional fragilities of equipment, peak clipped
median and 84" percentile of ISRS are developed based on the methodology in
Reference 9 (EPRI TR-103959).

The third structure analyzed as fixed base is the Auxiliary Feedwater Pump House. This
is a simple structure and was analyzed using a lumped mass stick model (LMSM) with
one set of 3-directional time-history input and 4% concrete damping to estimate 84%
non-exceedance probability (NEP) responses. ISRS were calculated at several elevations
of the structure at various damping values.

Soil Structure Interaction (SSI) Dynamic Analyses

As listed in Table 4-2, detailed probabilistic SSI analyses were performed for four key
structures - Reactor Containment buildings (RCB - identical for both units), Service
building (SB), Auxiliary building (AB), and the Unit 2 Main Steam Valve House (MSVH-2).
Deterministic SSI analyses were performed for the Service Water Pump House (SWPH)
and Service Water Valve House (SWVH) structures.

For the RCB, the best estimate of the shear wave velocity of the supporting media below
it is approximately 5200 fps. This is higher than the threshold provided by SPID for fixed
base analysis. However, an SSI analysis was performed for this building because the RC
structure is tall and heavy and its response is expected to be affected by potential
foundation rocking. Given the large building footprint and high-frequency-rich nature of
the input motions, the ground motion incoherency was included in the development of
ISRS from the SSI analysis. The existing LMSM of the RCB was considered adequate to
capture the structural response and satisfied the SPID requirements for model
adequacy. The horizontal and vertical FIRS for the RCB were calculated at the bottom of
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the mat foundation of RCB at elevation of 203 ft. These FIRS are calculated as geologic
outcrop motion and are appropriate for use in the SSI analysis of the RCB as a surface
structure. From the site response analysis, 30 sets of strain compatible soil properties
consistent with FIRS and reflecting the rock property variations for the SSI analysis of
the RCB were calculated. The SSI analysis used 30 sets of spectrally-matched time-
histories which are tightly matched to the building FIRS Best estimate concrete strength
of 5400 psi was used. The RCB structure was considered uncracked. Five engineering
variables are identified for uncertainty modeling in the probabilistic SSI analyses: (1)
Young’'s modulus for concrete, (2) Structural damping ratio, (3) Dynamic soil profile
properties (4) Ground motion directional variability, and (5) ground motion V/H
variability. The best estimate and logarithmic standard deviation (log-SD) of all random
variables were explicitly included in the analysis. Using Latin Hypercube Sampling (LHS),
30 sets of SSI input parameters were developed by combining the above variables in an
unbiased fashion. Other sources of uncertainty, namely, modelling uncertainty and
coherency uncertainty, are explicitly estimated and included in the calculation of the
total composite uncertainty. The median and 84th percentile of the probabilistic ISRS
with and without ground motion incoherency were calculated at various damping values
and median values of displacements relative to the top of the RCB foundation, with and
without rigid body rotations were calculated. Peak clipped ISRS were generated using
the methodology in Reference 9 (EPRI TR-103959). From the probabilistic analysis,
frequency dependent aleatory and epistemic variabilities due to SSI and structural
response were calculated in each direction in addition to the median and 84% ISRS
responses.  Structure-soil-structure interaction (SSSI) effects from the RCB were
evaluated on nearby structures. These effects were found only to be significant for the
vertical ISRS of SG and MSVH structures by causing slightly more than 10% increase in
certain frequency bands; the ISRS within these structures were adjusted to include the
SSSI effects.

The probabilistic SSI analyses of SB, AB and MSVH-2 were performed in a similar manner
as described above for the RCB. However, for these three structures, new finite
element models were developed instead of using the previous LMSMs. Similar to the
RCB, ground motion incoherency was included for the AB and SB evaluation. Note that
ground motion incoherency effects were not included in evaluation of the MSVH-2, due
to its small footprint. The SSSI effect of the AB on nearby structures were also evaluated
and found to be negligible.

For the SWPH and SWVH structures, deterministic SSI analyses were performed using
updated LMSMs based on those used in the design basis calculations. SSI analyses were
performed for the LB, BE and UB soil cases, each with 5 sets of time-histories, which
yields 15 SSI analysis cases. Note that the variation of the structural properties (e.g.,
stiffness and damping) were not considered significant for these buildings because their
SSI response were found to be entirely dominated by the soil impedance. The same
approach for combining spatial components and uncertainties as discussed for the fixed-
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4.3.5

4.4

44.1

base analysis of Safeguards building and MSVH-1 was used and the median and 84"
percentile ISRS were developed at various elevations and damping values.

Structure Response Analysis Technical Adequacy

The structural dynamic analyses were subjected to an in-process independent technical
review by industry experts. Comments from the review were resolved and documented
in the SPRA documentation.

The NAPS structural dynamic analyses were subjected to an independent peer review -
against the pertinent requirements in the PRA Standard [4]. The peer review
assessment, and subsequent disposition of peer review findings, is described in
Appendix A, and establishes that the NAPS structural dynamic analyses are suitable for
this SPRA application.

Fragility Analyses of SSCs

Seismic fragilities representing the conditional probabilities that a component would fail
for a specified seismic ground motion or response as a function of that value were
developed for SSCs in the SPRA seismic equipment list (SEL). The high-confidence-of-
low-probability-of-failure (HCLPF) and median capacities were expressed as a fraction of
the peak ground acceleration (PGA) of the control point GMRS. This PGA is 0.572g. With
the exception of loss-of-offsite-power and LOCA events, which were based on the
guidance in the SPRA Implementation Guide [10], seismic fragilities were plant-specific
and were calculated in a realistic manner based on the actual conditions of the SSCs in
the plant, as confirmed through detailed walkdowns.

This section summarizes the fragility analysis methodology, presents a tabulation of the
fragilities with median capacity A, and randomness and uncertainty variabilities B, and
By, and the calculation method and failure modes for those SSCs determined to be
sufficiently risk important, based on the final SPRA quantification. Important
assumptions and important sources of uncertainty, and any particular fragility-related
insights identified, are also discussed.

SSC Screening Approach

Screening of SSCs primarily followed the guidance in Section 5.2 of SPRA
Implementation Guide [10], and the guidance for screening in the Screening
Prioritization and Implementation Details (SPID) — EPRI-1025287 [2]. The following
methods were established for the screening of SSCs:

1. Screen inherently rugged SSCs. Inherently rugged SSCs were typically not
retained in the logic model.
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4.4.2

2. Develop a screening HCLPF using the SPID capacity-based screening criterion.
This criterion can be applied during the walkdowns, and also via inspection of
margins in the previous design basis, USI A-46 and/or IPEEE calculations.

3. Starting from the initial SPRA quantification, use a graded approach to screen
SSCs and prioritize them for calculation of fragilities based on their risk
significance. Review the validity of screening out SSCs that are not risk-significant
via a surrogate screening event in the final logic model.

Using the North Anna control point hazard curve, the capacity-based screening HCLPF
was calculated to be 1.8g. This was judged to be conservative; therefore, a 1.0g HCLPF
screening threshold was used. Even though SSCs had capacities greater than this 1.0g
screening HCLPF, they were retained in the SPRA logic model. A surrogate event, with a
HCLPF of 0.6g, was included in the logic model which provided confirmation that the
contribution to SCDF and SLERF from SSCs that could have been screened out was very
low.

SSC Fragility Analysis Methodology

Detailed fragility analyses were performed for those SSCs that were not screened. The
conservative deterministic failure margin (CDFM) approach per the guidance of EPRI NP-
6041-5L, Revision 1 [7], supplemented by EPRI-1019200 [19] was initially used for most
SSCs in the SEL, with the exception of relays. Using the CDFM approach, the HCLPF
capacities were calculated using the 84% in-structure response spectra (ISRS). Detailed
and more refined fragility analyses using the separation of variables (SOV) approach
were performed for the top risk-important SSCs where the 50% confidence level ISRS
were directly used to calculate their median capacities. The epistemic and aleatory
variabilities for the fragilities calculated using the CDFM method were developed using
one of the following two approaches: (a) Use the variabilities from the SPiD, as
appropriate, or (b) Use the detailed North Anna specific structural response variabilities
(calculated frequency-by-frequency for each orthogonal direction), develop the
equipment response variabilities per the guidance in EPRI TR-103959, and combine
using SRSS. For the SOV method, variabilities were always calculated using approach (b)
above.

In calculating the fragilities of SSCs, both structural and functional failure modes were
considered. The seismic demand consisted of spectral accelerations up to a frequency of
20 Hz for structural failures such as bolted cabinets and also for functional failure modes
with the exception of potentially high frequency sensitive SSCs, where a cut-off
frequency limit of 40 Hz was used. For functional evaluation, peak clipped ISRS were
used per the guidance in EPRI TR-103959. In many instances, functional capacities were
based on Table 2-4 of EPRI NP-6041 with a modification that ISRS peaks, rather than
ground peak spectral values, were used as recommended in EPRI-1019200. For SSCs
covered by EPRI NP-6041 Table 2-4, 5% damped spectral peaks of only the horizontal
ISRS (both directions) were compared to the modified peak spectral acceleration
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capacities of EPRI NP-6041 Table 2-4. An exception was the functional assessments of
batteries and racks where vertical spectral peaks were also considered. EPRI NP-6041
Table 2-4 capacities were increased by a factor of 1.5 to obtain the HCLPF capacity (1%
non-exceedance probability) and/or by a factor of 4.0 to obtain the median capacity, as
recommended in EPRI-1019200. For some SSCs such as relays, functional capacities
were based on the available shake table test data. When a static analysis was used to
determine the capacity of a beam or frame type equipment item (e.g., anchorage
evaluation of a cabinet), and if the natural frequency of the item was not known, peak
spectral accelerations (slightly reduced as discussed below) were used with no multi-
mode factor (i.e., a multi-mode factor of unity). Where it was judged that SSCs are not
significantly sensitive to seismic accelerations in one horizontal direction more than the
other, calculations of HCLPF capacities based on Table 2-4 of EPRI NP-6041 were refined
by using the geometric average of the spectral accelerations (i.e., clipped ISRS spectral
peaks up to the 20 Hz cut-off) in the two horizontal directions rather than using the
maximum of two horizontal directions. The use of the geometric averaging is consistent
with EPRI NP-6041, which notes that the screening guidance provided in Tables 2-3 and
2-4 are “in terms of five percent-damped peak spectral ground acceleration (average of
two orthogonal horizontal components).” Where applicable, similar SSCs in close
proximity were grouped together to perform a single fragility calculation. For fragility
analyses of SSCs in structures analyzed using SSI, frequency (peak) shifting or
broadening was limited to +10% to address uncertainties in equipment natural
frequencies because uncertainties in the soil and structural stiffnesses were already
accounted for in the SSI analyses. However, for SSCs in structures analyzed using fixed-
based dynamic analyses, the EPRI-recommended £20% peak shifting or peak broadening
was used. When the natural frequency of an equipment item was not available or
unknown, peak of the ISRS was used but with a slight modification. It was reasonably
assumed that the component frequency has equal probability of lying within £15% of
the frequency at which the peak spectral acceleration occurs and the spectral
acceleration values within this £15% window centered on the peak were averaged to
obtain the seismic demand. In limited cases, small reductions in the ISRS were obtained
based on the coupled analyses of structures and equipment.

The fragilities of structures were initially based on Table 2-3 of EPRI NP-6041; however,
detailed fragility analyses were subsequently performed for several structures because
either (a) the caveats of EPRI NP-6041 Table 2-3 could not be satisfied, or (b) the use of
EPRI NP-6041 Table 2-3 was conservative and more realistic fragilities were needed
because the structure was high in the risk significance list of SSCs for CDF or LERF.
Fragilities of block walls in areas near the SEL items were developed by grouping the
walls and analyzing the bounding cases.

The fragilities of reactor internals and other NSSS components were calculated using a
scaling approach; these components have typically been demonstrated to have high
capacities based on past SPRAs. Evaluations of representative distributed systems
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(piping, HVAC ducts, cable trays, and conduits) and associated components were
performed; these components also have been shown to be generally rugged or have
high capacities.

Correlation of components (or common cause failure) was considered in accordance
with the ASME/ANS PRA Standard [4]. For the NAPS SPRA, if the equipment items were
similar in design and physical orientation, with similar anchorage, and located in the
same building on the same elevation, then these equipment items were assumed to be
fully-correlated. In some cases, separate ISRS were used to develop location-specific
fragilities for similar components located on the same floor. From the detailed finite
element models of the structures, the seismic demand at different locations of the
buildings was available. Since the seismic fragility of a component is a function of its
seismic capacity and the seismic demand at the component location, similar
components at different locations could have different demand, thus different
fragilities. If the difference between the capacities of such components was small, then
the components were considered correlated using the lower capacity value. However, if
there was a significant difference in the fragilities of two similar components, then both
detailed individual fragilities were entered in the logic model.

The impact of two (or multiple) failure modes, e.g., the functional and structural failure
modes of a component, may cause the combined probability of failure to be slightly
higher than the probability of either of the two failure modes, thus impacting the
component’s fragility. This occurs if the two failure modes are independent but not
mutually exclusive (i.e., both could happen). The probability that at least one failure will
occur is expressed by the union of two events (failures) A and B or P(A U B), where P(A
U B) = P(A) + P(B) — P(A) x P(B). This consideration is more pronounced when the HCLPF
capacities of the two failure modes of an item are within about 20% of each other. Thus
the fragilities for two failure modes, if within 20% of each other, were combined for the
top risk significant SSCs to obtain a more accurate estimate of the fragility.

SSC Fragility Analysis Results and Insights

The final set of fragilities for the risk important contributors to SCDF and SLERF are
summarized in Section 5, Table 5.4-2 (for SCDF) and Table 5.5-2 (for SLERF). Refined
fragility calculations were performed for the highest risk significant SSCs, as well as for
selected other components.

SSC Fragility Analysis Technical Adequacy

A sampling of NAPS fragility analyses were subjected to an in-process independent
technical review by industry experts. Comments from the review were resolved and
documented in the SPRA documentation.
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The NAPS fragility analyses were subjected to an independent peer review against the
pertinent requirements in the PRA Standard [4]. The peer review assessment, and
subsequent disposition of peer review findings, is described in Appendix A, and
establishes that the NAPS fragility analyses are suitable for this SPRA application.

Page 36 of 181



NAPS Units 1 and 2 10 CFR 50.54(f) NTTF 2.1 Seismic PRA Summary Report March 2018

5.0

5.1

Plant Seismic Logic Model

The seismic plant response analysis models the various combinations of structural,
equipment, and human failures given the occurrence of a seismic event that could
initiate and propagate a seismic core damage or large early release sequence. This
model is quantified to determine the overall SCDF and SLERF and to identify the
important contributors, e.g., important accident sequences, SSC failures, and human
actions. The quantification process also includes an evaluation of sources of uncertainty
and provides a perspective on how such sources of uncertainty affect SPRA insights.

Development of the SPRA Plant Seismic Logic Model

The NAPS seismic response model was developed by starting with the NAPS internal
events at power PRA model of record as of March 30, 2017, and adapting the model in
accordance with guidance in the SPID [2] and PRA Standard [4], including adding seismic
fragility-related basic events to the appropriate portions of the internal events PRA,
eliminating some parts of the internal events model that do not apply or that were
screened-out, and adjusting the internal events PRA model human reliability analysis to
account for response during and following a seismic event. The model is developed
using the EPRI CAFTA software suite. This model credits FLEX equipment in the SBO
sequences as well as low leakage reactor coolant pump (RCP) seals. Both random and
seismic-induced failures of modeled SSCs are included. The modifications to develop the
SCDF fault tree are summarized in Table 5.1-1. The following sections provide additional
description in the development of the SPRA.

Seismic Equipment List

A seismic equipment list (SEL) was developed to define the scope of SSCs to include in
the SPRA. Guidance in the SPRA Implementation Guide [10] was used in the
development of the SEL. The SSCs modeled in the internal events PRA was used as a
start for the SEL. Plant drawings, procedures and other design and configuration
resources were reviewed and SSCs are added to the SEL to capture specific failures that
can occur during seismic events and are not modeled in the FPIE PRA. The SSCs on the
SEL were also reviewed to identify relays that could impact the SSC function if the relay
contacts chattered during a seismic event. The circuits for the SSCs were reviewed to
determine which relay contacts could impact the SSC function. Over 120 relays
screened in and are modeled in the SPRA. Section 4.1 contains additional details of the
SEL.

Initiating Events and Accident Seguences

The seismic hazard was modeled using 10 discrete hazard intervals (or bins) based on
increasing peak ground acceleration. The seismic hazard bins are as listed in Table 3-2.
Each bin is treated as a seismic initiator and the SCDF (and SLERF) results are summed
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over all the bins to obtain the total SCDF (and SLERF). Bin-specific SSC fragilities are used
in the accident sequences for each bin.

The SPRA models each seismic event (i.e., each bin) as possibly leading to transients and
LOCAs (small, medium, large, and excess LOCA (e.g., reactor pressure vessel failure)),
without onsite AC power, and with response reflecting impact of the seismic event on
mitigating systems. The event trees that model the seismic accident sequences are
essentially the same as the event trees for the internal events core damage event trees.
The following seismic-induced initiating events are modeled:

e LOOP

o ATWS

e Small-small LOCA
e Small LOCA

e Medium LOCA

e large LOCA

e SBO .

e Damage —includes excessive LOCA, building failures, distributed systems, etc

Modeling of Correlated Components

Fully correlated components were assigned to correlated component groups so that all
components in the group fail with the same probability based on the seismic magnitude
for each hazard bin. The model assumes fully correlated response of same or very
similar equipment in the same structure, elevation, and orientation. Correlated
component groups were developed for all redundant components in the model that
met these correlation criteria. The seismic capacity for the group was assigned the
capacity of the weakest component in the group. If the components are located in
different areas or there are significant differences in the capacities of the components in
the group due to differences in in-structure response spectra, the components were
modeled as un-correlated. Section 4.4.2 contains additional information on correlation.

Modeling of Human Actions

Human error probabilities (HEP) for operator actions in the SPRA model are developed
using the same methodology as in the internal events PRA. The EPRI Human Reliability
Analysis (HRA) Calculator software was used to develop and document the HEPs for the
internal events actions and for new HEPs for mitigating seismic failures of mitigating
functions. HEPs were then adjusted as a function of seismic magnitude using a
performance shaping factor approach consistent with the EPRI seismic HRA
methodology [18]). Each Operator action is modeled by four HEP basic events that
model the probability of failure for four different seismic hazard intervals. The ten
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hazard intervals are binned into the four HRA bins, which allow adjusting the HEP
probabilities to account for increased stress and other shaping factors due to higher
ground motion. The importance of the four HEPs is combined to obtain the overall
importance of the Operator action.

The HEPs in the SPRA contains logic for failing the HEPs if SSCs needed by the Operators
to complete the actions are failed. For example, failure of the main control panels or
the process cabinets fails the HEPs.

A complete dependency analysis was performed on all human actions (including both
seismic-specific actions and actions included in the internal events model on which the
SPRA is based) required for a response to a seismic event. The dependency module in
the HRA Calculator was used to determine the level of dependencies and the probability
of the dependent HEPs. The dependent HEPs are added to the cutsets using a recovery
file.

SLERF Model

The additional seismic initiating events, and their associated accident sequences, added
to the core damage model were also added to the seismic LERF model. The seismic core
damage accident sequences were mapped to the appropriate SLERF damage states
based on the mapping in the internal events level 2 PRA. Most core damage sequences
went to several SLERF damage states depending on failures in the Level 2 event trees
from the internal events PRA. Some of the new core damage sequences, such as failure
of the buildings and containment isolation, were directly mapped to SLERF. Others, such
as a SBO sequences, were mapped based on similar core damage sequence mapping,
using the level 2 event trees in the internal events PRA.

Additional SSC Failures Modeled in the SPRA

Certain failures are modeled as leading directly to core damage given the potential for
multiple system impacts or distributed system failures. These include seismic failure of:

e Distributed Systems — Cable Trays/Conduit

e Distributed Systems — Piping

e Building Failures - Reactor Containment Building, Auxiliary Building, Service
Building :

e Excessive LOCA caused by failure of Reactor Vessel, Steam Generators, Reactor
Coolant Pumps

As part of the seismically-induced internal floods evaluation, seismic failure of the
Component Cooling heat exchangers resulting in failure of the Service Water supply
piping to the heat exchangers was included in the SPRA logic for failing SSCs in the
Aucxiliary building.
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5.2

Table 5.1-1 Summary of Modifications to Internal Events CDF Fault Tree to
Create Seismic CDF Fault Tree

Recovery of offsite power is not credited in the SBO sequences.

SBO event tree modified to not credit recovery of offsite power and added credit
for selected FLEX actions:

e load shed batteries to extend vital 125VDC battery life

e repower 120VAC vital buses using FLEX generators

e installing FLEX RCS Injection Pump to makeup to RCS (SSLOCA assumed)

RCP Seal LOCA model revised to use the Flowserve N9000O low leakage seal
failure probabilities. The seals for all RCPs at North Anna have been replaced
with Flowserve seals.

Added spurious opening of the pressurizer PORVs due to seismic failure of

_reactor pressure signals.

‘Revised HEPs in the seismic accident sequences to model four HEPs. The four

seismic HEPs model the probability of failure at four different seismic ground
motion bins.

Added seismic failures that impact Operator actions to fail HEPs. For example,
seismic failure of the MCR panels, process cabinets, or instrumentation are
modeled as failing HEPs.

Added over 160 fragility groups to the PRA fault trees that model seismic failure
of the various SSCs that are used for mitigating seismic-induced accidents.

Various miscellaneous changes were made to the fault trees to accommodate
new logic for the seismic model.

SPRA Plant Seismic Logic Model Technical Adequacy

The initial NAPS SPRA seismic plant response logic model was reviewed by industry
experts. Comments from the review were resolved and documented in the SPRA
documentation.

The NAPS SPRA seismic plant response methodology and analysis were subjected to an
independent peer review against the pertinent requirements in the PRA Standard [4].
The peer review assessment, and subsequent disposition of peer review findings, is
described in Appendix A, and establishes that the NAPS SPRA seismic plant response
analysis is suitable for this SPRA application.
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53.1

5.3.2

Seismic Risk Quantification

In the SPRA risk quantification, the seismic hazard is integrated with the seismic
response analysis model to calculate the frequencies of core damage and large early
release of radioactivity to the environment. This section describes the SPRA
quantification methodology and important modeling assumptions.

SPRA Quantification Methodology

For the NAPS SPRA, the following approach was used to quantify the seismic plant
response model and determine seismic CDF and LERF:

The EPRI FRANX software code was used to discretize the seismic hazard into the 10
seismic initiators. FRANX was also used to generate the fault tree gates that model
seismic failure of the SSC fragility groups modeled in the systems fault trees. The Unit 1
and 2 seismic CDF and seismic LERF top gates were quantified using the EPRI PRAQuant
code to obtain cutset files that were then processed using the EPRI Code ACUBE. ACUBE
was used to obtain a more accurate CDF/LERF by calculating the exact probability on the
set of SCDF/SLERF cutsets. ACUBE does not use the rare events approximation as is
utilized in CAFTA’s min cut upper bound estimation calculation and so ACUBE provides a
more accurate solution. Additional details can be found in the following sections, along
with descriptions of sensitivity studies, uncertainty estimations and a more complete
description on the insights from top contributors to SCDF/SLERF.

SPRA Model and Quantification Assumptions
The following assumptions were made as part of the seismic PRA quantification:

1. Due to the relatively low fragility of the insulators on the switchyard
transformers, a loss of offsite power (LOOP) is likely to occur during most seismic
events. The model includes SEIS-LOOP in all sequences in the Seismic Event
Tree.

2. The seismic capacity for small-small LOCA is assumed to be 0.12g, which is the Safe
Shutdown Earthquake (SSE) for North Anna. Guidance in SPRA Implementation
Guide [10] includes several options, but generally recommends using the SSE as the
capacity if detailed fragility calculations and walkdowns of the RCS piping are not
performed. '

3. Chatter of multiple relays in series where the contacts of the relays have to chatter
in unison is considered to have a very low likelihood and therefore is not
considered in the relay chatter evaluation.

4. Some SSCs that are part of alternate or backup mitigating functions were not
credited in the SPRA either due to their low seismic capacities or to reduce the
scope of the fragility analyses. For example, the alternate AC diesel generator is
not credited because the seismic capacity of the building and support SSCs is
likely to be low. Likewise, the Condensate Storage Tanks (CSTs), which are used
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to supply the AFW pumps when the Emergency Condensate Storage Tank
(normal AFW supply) is depleted, are not credited because the CSTs are
unanchored, flat bottom tanks that typically have low capacity.

5. Seismic failure of the Component Cooling heat exchangers was assumed to result
in flooding of the Auxiliary building SSCs from the failure of the Service Water
supply piping to the heat exchangers. lIsolation of the flood was not credited
given the uncertainty in the size of the pipe breaks and the resulting flood flow
rate. _

6. Seismic failure of the Steam Generator (SG) tubes is not considered to be
controlling and is subsumed by failure of the SG supports, which is assumed to
result in an excessive LOCA.

7. Mission time is assumed to be 24 hours. A sensitivity using a mission time of 72
hours showed little impact on the SPRA results.

SCDF Results

This section presents the base SCDF results, a list of the SSCs that are significant
contributors, including risk importance measures, a discussion of significant sequences
and/or cutsets and their relative SCDF contributions. A discussion of sensitivity studies
is provided in Section 5.7.

The seismic PRA performed for NAPS shows that the point estimate seismic CDF is
6.0x10™ for both Unit 1 and Unit 2. A discussion of the mean SCDF with uncertainty
distribution reflecting the uncertainties in the hazard, fragilities, and model data is
presented in Section 5.6. Important contributors are discussed in the following
paragraphs. ‘

The top SCDF accident sequences based on Fussell-Vesely (FV) importance of the
sequence flags are documented in Table 5.4-1. These sequences contribute over 90% of
the SCDF. Note that these sequences have been combined across all the hazard bin
intervals. Three of the top seven sequences are seismic events with a loss of offsite
power and failure of the EDGs due to relay chatter resulting in a Station Blackout (SBO).

SSCs with the most significant seismic failure contributions to SCDF are listed in Table
5.4-2, sorted by FV importance. The seismic fragilities for each of the significant
contributors are also provided in Table 5.4-2, along with the corresponding limiting
seismic failure mode and method of fragility calculation. Importance analyses were
performed for both SCDF and SLERF, using the ACUBE code. From the ACUBE output, FV
values for the seismic failures (i.e. fragility groups) is the sum of the FV values for each
hazard interval.

The FV listing shows the top individual contributor to SCDF as seismically induced Loss of
Offsite Power (LOOP), due to the low median seismic capacity assumed for offsite power
failure following a seismic event. The fragility for LOOP is a value from the SPRA
Implementation Guide [10] and considered reasonably representative for NAPS.
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The next highest contributor is seismically induced -small-small LOCA (SSLOCA), which
similar to LOOP, has a low median capacity. The capacity is based on the SPRA
Implementation Guide, which provides guidance for modeling SSLOCA and recommends
the capacity (i.e. HCLPF) be set to the Safe Shutdown Earthquake (SSE), which for NAPS
is0.12g.

Most of the top seismic failures involve chatter of relays that result in failure of
emergency power, or key safety system pumps due to chatter of the 4kv breaker
lockout relays. The capacity of these relays is relatively low and the seismic failures for
each are assumed to be correlated (e.g., both trains of LHSI pumps fail due to lockout).
The model does not currently credit Operator action to reset the relays and restore the
mitigating functions.

Other top seismic failures involve failure of the 120vac vital buses and the vital bus
inverters, which not only fail the actuation systems and power to some SSCs, but also
fails critical instrumentation relied on for Operator actions (i.e. fails Human Error
Probability basic events in the model). Failure of the vital 125v DC buses and batteries
also have significant FV importances, which have similar impacts as the vital buses.

Table 5.4-1 Summary of Top SCDF Accident Sequences

FV Importance Accident Sequence Description

Ul =8.3E-02 Station Blackout (SBO) with successful Auxiliary Feedwater (i.e.

(29%) Turbine-driven AFW pump) but either Long Term Cooling fails,

U2 = 7.7E-02 Cooldow.n and erressurization fails, or the SI Accumulators fail.

(27%) The dominant failures are:

e SBO caused mainly by relay chatter of EDG output breaker or
4kv breaker supply to the 480V buses and MCCs; no credit for
Operators recovery of the relay chatter.

e Seismic failure of the Steam Generator (SG) Power Operated
Relief Valves (PORVs)

e Seismic failure of the 120VAC vital buses, DC buses and
inverters that power critical instrument transmitters required
for Operator actions ‘

e Seismic failure of Main Control Room panels

Sequence Ux-SBO-SEIS-02
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Table 5.4-1 Summary of Top SCDF Accident Sequences
FV Importance Accident Sequence Description
Ul =6.8E-02 Loss of Offsite Power with a Small-small LOCA and successful AFW
(24%) and long term cooling and failure of RCS makeup using the
U2 = 7.2E-02 Charging pumps. The dominant failures are:
(25%) e Seismic failure of the RWST
e Seismic failure of SW pumps due to chatter of the lockout
relays which fails cooling to the Charging pumps
e Seismic failure of the Charging pumps due to chatter of the
lockout relays
e Seismic failure of the Low Head Safety Injection (LHSI) pumps
due to relay chatter or due to failure of the Safeguards area
ventilation where the pumps are located
e Seismic failure of the SG PORVs
Sequence Ux-LOOP-SEIS-01
Ul =4.2E-02 SBO with successful AFW and Long Term Cooling, but FLEX
(15%) mitigation fails due to the following: , v
U2 = 4.0E-02 e Seismic failure of the RWST which fails RCS makeup from the
(14%) FLEX RCS Injection Pump
. e Seismic failure of the vital 125vdc batteries resulting in loss
of critical instrumentation
e Seismic failure of the FLEX electrical distribution panel
Sequence Ux-SBO-SEIS-01
Ul =3.1E-02 SBO with failures that go directly to core damage due to
(11%) insufficient time to mitigate (large, medium, small LOCAs, ATWS).
U2 = 3.0E-02 Dominant failures that result in this SBO direct core damage
(11%) sequence are:
e Small LOCA
e Control Rods
e Medium LOCA
Sequence Ux-LOOP-SEIS-04
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Table 5.4-1 Summary of Top SCDF Accident Sequences

FV Importance Accident Sequence Description

Ul =2.1E-02 Loss of Offsite Power with successful AFW but long term cooling

(7%) fails (i.e. align Service Water or Fire Protection to AFW after

U2 = 2.1E-02 Emergency Condensate Storage Tank depletes) and Bleed & Feed

(7%) fails. The dominant failures are:

e Seismic failure of the 120VAC vital buses that power critical
instrumentation (which fails HEPs for long term cooling and
Bleed & Feed)

e Failure of the MCR panels or process cabinets, which also

| fails HEPs

| e Seismic failure of MCCs that power the MOVs for High Head
Sl and pressurizer PORVs

e Seismic failure of SW pumphouse or SW reservoir, which fails
Sw

e Seismic failure of process cabinets, which fails actuation
signals and critical instrumentation

Sequence Ux-LOOP-SEIS-03

Ul =1.3E-02 Small LOCA (2” break) with successful AFW but with failure of the

(4%) High Head Sl injection. The dominant failures are:
U2 = 1.3E-02 e Chatter of the HHSI pump lockout relays results in failure of
(5%) high head safety injection

of cooling to the HHSI pumps
e Seismic failure of the RWST
e Seismic failure of the Component Cooling heat exchangers
1 results in a flood that fails the HHSI pumps
| Sequence Ux-SLOCA-SEIS-04

| .

| e Chatter of the Service Water lockout relays results in failure
|

|
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Table 5.4-1 Summary of Top SCDF Accident Sequences

FV Importance

Accident Sequence Description

Ul =1.1E-02
(4%)

U2 = 1.2E-02
(4%)

Small LOCA (2” break) with successful AFW and High Head SI but
with failure of the High Head SI recirculation when the RWST is
depleted. The dominant failures are:

Chatter of the Service Water lockout relays results in failure
of containment sump cooling
Chatter of the Low Head S| pump lockout relays results in
failure of the LHSI pumps
Failure of the Safeguards area ventilation due to seismic
failure of the upper levels of the Auxiliary building, which fails
the Safeguards area fans; Failure of the Safeguards are
ventilation fails the LHSI pumps
Chatter of relays in the Recirculation Spray (RS) pumps
causing them to pre-maturely start before the containment
sump contains water. Failure of the RS resuits in failure of
containment sump recirculation since the pumps are
required for sump cooling..

Sequence Ux-SLOCA-SEIS-01
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Table 5.4-2 SCDF importance Measures Ranked by FV
Failure Fragility
Fragility Groups Fragility Group Description UL1CDFFV | U2CDFFV | Am Br Bu Mode Method
' EPRI Report
SEIS-LOOP SEISMIC-INDUCED LOSS OF OFFSITE POWER 6.91E-01 6.90E-01 0.30 0.27 0.40 | Generic [10]
HCLPF is set
SEIS-SSLOCA SEISMIC-INDUCED SMALL-SMALL LOCA 9.51E-02 1.02E-01 0.30 0.28 0.28 | Generic to SSE [10]
SEIS-EE-BKR-HI8-RLY | 4KV to 480V BUS BREAKERS - RELAY CHATTER 6.76E-02 6.90E-02 0.52 0.24 0.52 | Functional | SOV
SEIS-SW-P-1AB-RLY | SERVICE WATER PUMPS - RELAY CHATTER 3.84E-02 3.96E-02 0.77 0.24 0.49 | Functional | SOV
SEIS-CH-P-1ABC-RLY | CHARGING PUMPS - RELAY CHATTER 3.63E-02 3.75E-02 0.77 0.24 0.49 | Functional | SOV
_ EPRI Report
SEIS-SLOCA SEISMIC-INDUCED SMALL LOCA 3.33E-02 3.37E-02 1.00 0.30 0.40 | Generic (10]
SEIS-VB-INV-1234 120 VAC VITAL BUS INVERTERS 3.26E-02 3.23E-02 1.10 0.19 0.58 | Functional | SOV
SEIS-SI-P-1AB-RLY LOW HEAD S| PUMP - RELAY CHATTER 2.83E-02 2.83E-02 0.77 0.24 0.49 | Functional | SOV
SEIS-FW-P-3AB-RLY MOTOR-DRIVEN AFW PUMPS - RELAY CHATTER 2.65E-02 2.65E-02 0.77 0.24 0.49 | Functional | SOV
SEIS-EE-BKR-HJ2-RLY | EDG OUTPUT BREAKERS - RELAY 1.90E-02 1.94E-02 0.77 0.24 0.49 | Functional | SOV
CDFM
SEIS-EP-CB-12ABCD | 125 VDC DISTRIBUTION PANELS 1.46E-02 1.48E-02 1.15 0.24 0.38 | Functional | Hybrid
. ' CDFM
SEIS-EP-CB-4ABCD 120 VAC VITAL BUS DISTRIBUTION PANELS 1.40E-02 1.41E-02 1.16 0.24 0.38 | Anchorage | Hybrid
EMERGENCY DIESEL GENERATORS - RELAY
SEIS-EDG-HJ-RLY CHATTER 1.09E-02 1.09E-02 0.70 0.24 0.83 | Functional | SOV
Structural
failure of | CDFM
SEIS-BY-B-1-24 STATION BATTERIES 1-1l AND 1-IV 8.53E-03 8.38E-03 1.14 0.24 0.38 | rack Hybrid
CDFM
SEIS-EI-CB-MCR-PNL | SEISMIC FAILURE OF MCR BOARDS AND PANELS 7.55E-03 7.61E-03 1.30 0.24 0.38 | Functional | Hybrid
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The most significant non-seismic SSC failures (e.g., random failures of modeled
components during the SPRA mission time) are listed in Table 5.4-3. The unavailability
of the diesel-driven fire pump and FLEX equipment (pumps and generators) constitutes
the highest FV importance for SCDF. These SSCs support mitigation of a SBO.

Table 5.4-3 SCDF Importance Measures Ranked by FV for Non-Seismic Failures

Unit 1 Model Basic Events Prob SCDF FV | Description

DIESEL-DRIVEN FIRE PUMP 1-FP-P-2 OUT OF SERVICE
1FP-DDP--TM-2 3.16E-02 | 1.33E-02 | FOR TEST OR MAINTENANCE
OBDBEDG--FR-1A-FLEX 2.04E-02 | 7.05E-03 | FLEX DIESEL GENERATOR FAILS TO RUN

FLEX RCS INJECTION PUMP (00-BDB-P-3A) FAILS TO
OBDBDDP--FS-3A-FLEX 5.46E-03 | 1.84E-03 | START
OBDBEDG--FS-1A-FLEX 4.53E-03 | 1.53E-03 | FLEX DIESEL GENERATOR FAILS TO START

U1 TURBINE-DRIVEN AFW PUMP OUT OF SERVICE
1FW-TRB--TM-2 2.81E-03 | 1.43E-03 | FOR TEST OR MAINTENANCE
1FW-TRB--FS-2 1.92E-03 | 9.63E-04 | U1l TURBINE-DRIVEN AFW PUMP FAILS TO START
OBDBEDG--FL-1A-FLEX 2.90E-03 | 9.59E-04 | FLEX DIESEL GENERATOR FAILS TO LOAD
1FW-TRB--FR-2 1.71E-03 | 8.55E-04 | U1 TURBINE-DRIVEN AFW PUMP FAILS TO RUN
1FP-DDP--FR-2 2.13E-03 | 8.33E-04 | DIESEL-DRIVEN FIRE PUMP 1-FP-P-2 FAILS TO RUN

FLEX RCS INJECTION PUMP (00-BDB-P-3A) FAILS TO
OBDBDDP--FR-3A-FLEX 2.28E-03 | 7.37E-04 | RUN

Unit 2 Model Basic Events and FV Importance

DIESEL-DRIVEN FIRE PUMP 1-FP-P-2 OUT OF SERVICE

1FP-DDP--TM-2 3.16E-02 | 1.32E-02 | FOR TEST OR MAINTENANCE
OBDBEDG--FR-1A-FLEX 2.04E-02 | 6.88E-03 | FLEX DIESEL GENERATOR FAILS TO RUN

FLEX RCS INJECTION PUMP (00-BDB-P-3A) FAILS TO
OBDBDDP--FS-3A-FLEX 5.46E-03 | 1.79E-03 | START
OBDBEDG--FS-1A-FLEX 4.53E-03 | 1.49E-03 | FLEX DIESEL GENERATOR FAILS TO START

U2 TURBINE-DRIVEN AFW PUMP OUT OF SERVICE
2FW-TRB--TM-2 2.81E-03 | 1.43E-03 | FOR TEST OR MAINTENANCE
2FW-TRB--FS-2 1.92E-03 | 9.61E-04 | U2 TURBINE-DRIVEN AFW PUMP FAILS TO START
OBDBEDG--FL-1A-FLEX 2.90E-03 | 9.41E-04 | FLEX DIESEL GENERATOR FAILS TO LOAD
2FW-TRB--FR-2 1.71E-03 | 8.53E-04 | U2 TURBINE-DRIVEN AFW PUMP FAILS TO RUN
1FP-DDP--FR-2 2.13E-03 | 8.24E-04 | DIESEL-DRIVEN FIRE PUMP 1-FP-P-2 FAILS TO RUN

FLEX RCS INJECTION PUMP (00-BDB-P-3A) FAILS TO
OBDBDDP--FR-3A-FLEX 2.28E-03 | 7.24E-04 | RUN

A summary of the SCDF results for each seismic hazard interval is presented in Table 5.4-
4. Figure 5.4-1 shows a bar chart of the Unit 1 SCDF as a function of PGA (Unit 2 results
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are the same as Unit 1). The seismic ground motions that contribute the most to SCDF
are in the 0.5g to 1.0g range (%G04 - %G07). The small increase in SCDF contribution for
the %G07 and %G08 intervals is due to the width of the intervals being larger than the
lower intervals.

5.4-4 Contribution to SCDF by Acceleration Interval

Initiator % Total vl % Total u2
PGA Frequency U1 CDF U1l CDF CCDP U2 CDF U2 CDF CCcDP
%G01 0.06g to <0.3g 9.21E-04 6.87E-08 0.1% 0.00 6.87E-08 0.1% 0.00
%G02 0.3g to <0.4g 5.34E-05 3.16E-06 5.3% 0.06 3.12E-06 5.2% 0.06
%G03 0.4g to <0.5g 3.01E-05 7.10E-06 11.8% 0.24 6.99E-06 11.7% 0.23
%G04 0.5g to <0.6g 1.79E-05 1.06E-05 17.7% 0.59 1.06E-05 17.7% 0.59
%G05 0.6g to <0.7g 1.11E-05 9.30E-06 15.5% 0.84 9.30E-06 15.5% 0.84
%G06 0.7g to <0.8g 7.08E-06 6.74E-06 11.2% 0.95 6.74E-06 11.3% 0.95
%G07 0.8g to.<1g 8.26E-06 8.19E-06 13.7% 0.99 8.19E-06 13.7% 0.99
%G08 1g to <1.5g 9.09E-06 9.09E-06 15.2% 1.00 9.09E-06 15.2% 1.00
%G09 1.5g to <2.5g 4.25E-06 4.25E-06 7.1% 1.00 4.25E-06 7.1% 1.00
%G10 >2.5g 1.48E-06 1.48E-06 2.5% 1.00 1.48E-06 2.5% 1.00
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The most significant Operator actions modeled as Human Error Probability (HEPs) in the '
model are listed in Table 5.4-5. As discussed in Section 5.1, the seismic PRA models
each Operator action using four HEP basic events per action, which model different
failure probabilities for the higher ground motions. The FV importance of the Operator
action is the sum of the FV importance for each of the four HEP basic events. The
important actions involve restoring alternate cooling to the Charging pumps upon loss
of normal SW cooling, aligning the turbine-driven AFW pump to all three SGs during a
SBO, and installing and starting the FLEX RCS injection pump during a SBO.

5.4-5 - SCDF Importance Measures Ranked by FV for Operator Actions

HEP Basic Event SCDF FV Description
.| Restore Cooling to the Charging Pumps from Fire

HEP-C-0SW-CHP-ALT 6.61E-02 | Protection or Primary Grade Water systems
HEP-C-ALIGN-TDAFW | 2.66E-02 | Align turbine-driven AFW Pump to the B and C SGs
HEP-C-FLEX-RIP 1.55E-02 | Install and Start FLEX RCS Injection Pump
HEP-C-FLEX- )
LOADSHED 7.87E-03 | Load shed the vital 125vdc batteries during SBO

Open 1-SI-MOV-1836 to Align Alternate Flow Path for
HEP-C-1SI-OPN1836 6.71E-03 | HHSI ‘

Align SW OR Fire Protection Water to AFW Pumps When
HEP-C-1FW-AFWSPLY | 5.50E-03 | ECST Depletes
HEP-C-FLEX-VAC 5.36E-03 | Install FLEX Generator to Power Vital Buses

Isolate SW Flood in Auxiliary Building Caused by Seismic
REC-SEIS-FLD-CCHX 5.11E-03 | Failure of the CCW Heat Exchangers

HEP SCDF FV Importance in Unit 2 Model

Restore Cooling to the Charging Pumps from Fire

HEP-C-OSW-CHP-ALT | 6.90E-02 | Protection or Primary Grade Water systems
HEP-C-ALIGN-TDAFW | 2.59E-02 | Align TDAFW Pump to the B and C SGs
HEP-C-FLEX-RIP 1.51E-02 | Install and Start FLEX RCS Injection Pump
HEP-C-FLEX- '
LOADSHED '7.67E-03 | Load shed the vital 125vdc batteries during SBO

Open 2-SI-MOV-2836 to Align Alternate Flow Path for
HEP-C-2SI-OPN2836 6.82E-03 | HHSI

Align SW or Fire Protection Water to AFW Pumps When
HEP-C-2FW-AFWSPLY | 5.57E-03 | ECST Depletes
HEP-C-FLEX-VAC 5.19E-03 | Install FLEX Generator to Power Vital Buses

Isolate SW Flood in Auxiliary Building Caused by Seismic
REC-SEIS-FLD-CCHX 5.19E-03

Failure of the Component Cooling Heat Exchangers
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5.5

SLERF Results

This section presents the seismic large early release frequency (SLERF) results, a list of
the SSCs that are significant contributors, including risk importance measures, and a
discussion of significant sequences and their relative SLERF contributions.

The seismic PRA performed for NAPS shows that the point estimate seismic LERF is
1.6x10 for both Unit 1 and Unit 2. A discussion of the mean SLERF with uncertainty
distribution reflecting the uncertainties in the hazard, fragilities, and model data is
presented in Section 5.6. Important contributors are discussed in the following
paragraphs.

The top SLERF accident sequences based on FV importance of the sequence flags are
documented in Table 5.5-1. These sequences contribute over 80% of the SLERF. Note
that these sequences have been combined across all the hazard bin intervals. Three of
the top seven sequences are seismic events with a loss of offsite power and failure of
the EDGs due to relay chatter resulting in a Station Blackout (SBO).

These core damage sequences progress to a release generally due to temperature-
induced steam generator tube rupture caused by a loss of AFW which results in dry out
of the SGs. Some of the sequences where there is a loss of containment sump cooling, a
release occurs due to containment failure caused by containment overpressurization
upon loss of heat removal from the sump.

Table 5.5-1 Summary of Top SLERF Accident Sequences

FV Importance Accident Sequence Description

U1 =7.35E-02 SBO with successful AFW (i.e. Turbine-driven AFW pump) but
(26.8%) either Long Term Cooling fails, Cooldown and Depressurization
U2 =7.24E-02 | fails, or the St Accumulators fail. The dominant failures are:

(25 9%') e SBO caused mainly by relay chatter of EDG output breaker or

4kv breaker supply to the 480V buses and MCCs; no credit
for Operators recovery of the relay chatter.

e Seismic failure of the SG PORVs

e Seismic failure of the 120VAC vital buses, DC buses and
inverters that power critical instrument transmitters
required for Operator actions

e Seismic failure of Main Control Room panels

Sequence Ux-SBO-SEIS-02
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Table 5.5-1 Summary of Top SLERF Accident Sequences

FV Importance

Accident Sequence Description

Ul=4.37E-02 SBO with successful AFW and Long Term Cooling, but FLEX
(15.9%) mitigation fails due to the following:
U2 = 4.73E-02 e Seismic failure of the RWST which fails RCS makeup from the
(16.9%) FLEX RCS Injection Pump
e Seismic failure of the vital 125vdc batteries resulting in loss
of critical instrumentation
e Seismic failure of the FLEX electrical distribution panel
Sequence Ux-SBO-SEIS-01
U1 =3.90E-02 SBO with failures that go directly to core damage due to
(14.2%) insufficient time to mitigate (large, medium, small LOCAs,
U2 = 4.16E-02 ATWS). Dominant failures that result in direct core damage are:
(14.9%) e Small LOCA
e Control Rods
Sequence Ux-SBO-SEIS-04
Ul =2.09E-02 Small LOCA (2" break) with successful AFW and High Head SI but
(7.6%) with failure of the High Head Si recirculation when the RWST is
U2 =2.276-02 | depleted. The dominant failures are:
(8.1%) e Failure of the Service Water MOVs in the Quench Spray

Pumphouse that need to open to provide cooling to the
Recirculation Spray Heat Exchangers for containment sump
cooling

e Chatter of relays in the Recirculation Spray (RS) pumps
causing them to pre-maturely start before the containment
sump contains water. Failure of the RS pumps result in
failure of containment sump recirculation since the pumps
are required for sump cooling.

e Sump recirculation fails due to failure of containment heat
removal resulting in containment failure prior to core
damage. Contributes to LERF with conditional probability of
1.0 since containment is open at the time of core damage.

Sequence Ux-SLOCA-SEIS-01
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Table 5.5-1 Summary of Top SLERF Accident Sequences

FV Importance

Accident Sequence Description

Ul =1.86E-02 Loss of Offsite Power with successful AFW but long term cooling
(6.8%) fails (i.e. align Service Water or Fire Protection to AFW after
U2 = 2.05E-02 Emerge'ncy Conder!sate St.orage Tank depletes) and Bleed &
(7.3%) Feed fails. The dominant failures are:
e Seismic failure of the 120VAC vital buses that power critical
instrumentation (which fails HEPs for long term cooling and
Bleed & Feed)
e Failure of the MCR panels or process cabinets, which also
fails HEPs |
e Operator actions to align an alternate source of water to
AFW
e Seismic failure of the RWST
e Failure of the Safeguards area ventilation due to seismic
failure of the upper levels of the Auxiliary building, which
fails the Safeguards area fans; Failure of the Safeguards are
ventilation fails the LHSI pumps
Sequence Ux-LOOP-SEIS-03
Ul=1.61E-02 Loss of Offsite Power with failure of AFW and failure of Bleed &
(5.9%) Feed. The dominant failures are:
U2 = 1.31E-02 e Seismic failure of the turbine-driven AFW pump and relay
(4.7%) chatter of the motor-driven AFW pumps
e Failure of the Safeguards area ventilation due to seismic
failure of the upper levels of the Auxiliary building, which
fails the Safeguards area fans; Failure of the Safeguards are
ventilation fails the LHSI pumps
e Chatter of the HHSI pump lockout relays
e Failure of the Operator action to establish Bleed and Feed.
Sequence Ux-LOOP-SEIS-05
Ul=1.42E-02 Seismic event causes damage to the reactor containment
(5.2%) building resulting in failure of the RCS, core damage and large
U2 = 1.49E-02 early release.
(5.3%) Sequence Ux-DMG-SEIS-05

SSCs with the most significant seismic failure contributions to SLERF are listed in
Table 5.5-2, sorted by FV importance. The seismic fragilities for each of the
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significant contributors are also provided in Table 5.5-2, along with the
corresponding limiting seismic failure mode and method of fragility calculation.
Importance analyses were performed for SLERF using the ACUBE code. From the
ACUBE output, FV values for the seismic failures (i.e. fragility groups) is the sum
of the FV values for each hazard interval.

The FV listing shows the top individual contributor to SLERF as seismically
induced Loss of Offsite Power (LOOP), due to the low median seismic capacity
assumed for offsite power failure following a seismic event. The fragility for

" LOOP is a value from SPRA Implementation Guide [10] and considered

reasonably representative for NAPS.

The next highest contributor is seismically induced small LOCA (SLOCA), which
has a relatively low median capacity, and is based on the SPRA Implementation
Guide [10]. The relay chatter failures of the Recirculation Spray pumps (needed
for sump cooling) and the AFW pumps show up in these SLOCA cutsets, where
these relays have relatively low capacities.

The next highest contributor to SLERF is seismic failure of the containment
building, which is assumed to result in direct core damage as well as direct LERF.

Other top contributors to SLERF are failures that fail containment sump cooling
such as relay chatter of the RS pumps, seismic failure of the four RS heat
exchangers as well as seismic failure of the Service Water MOVs in the Quench
Spray Pumphouse basement that have to open to provide cooling to the RS heat
exchangers. There are also a number of other seismic failures that have SLERF
FV values greater than 0.005 that are in SBO, LOOP and SLOCA sequences.

Page 54 of 181



NAPS Units 1 and 2

10 CFR 50.54(f) NTTF 2.1 Seismic PRA Summary Report March 2018
Tabie 5.5-2 SLERF Importance Measures Ranked by FV
Fragility
Fragility Groups Fragility Group Description U1 LERFFV | U2LERFFV | Am Br Bu Failure Mode | Method
EPRI
Report
SEIS-LOOP SEISMIC-INDUCED LOSS OF OFFSITE POWER 5.01E-01 5.05E-01 0.30 0.27 0.40 | Generic [10]
EPRI
Report
SEIS-SLOCA SEISMIC-INDUCED SMALL LOCA 9.07E-02 9.19E-02 1.00 0.30 0.40 | Generic [10]
SEIS-RS-P-1AB-RLY INSIDE RS PUMP - RELAY CHATTER 5.46E-02 5.25E-02 1.37 0.23 0.48 | Functional SOV
SEIS-BLDG-RC REACTOR CONTAINMENT BUILDING 4.40E-02 4.31E-02 1.71 0.24 0.26 | Structural CDFM
: Outside RS Pumps Spuriously Start due to Relay
SEIS-RS-P-2AB-RLYSS | Chatter 2.94E-02 2.81E-02 1.37 0.23 0.48 | Functional SOV
SEIS-FW-P-3AB-RLY MOTOR-DRIVEN AFW PUMPS - RELAY CHATTER 2.43E-02 1.80E-02 0.77 0.24 0.49 | Functional sov
SEIS-RS-P-2AB OUTSIDE RECIRC SPRAY PUMPS 2.29E-02 2.18E-02 1.38 0.24 0.32 | Anchorage CDFM
SEIS-FW-P-2 TURBINE-DRIVEN AUXILIARY FEEDWATER PUMP 2.26E-02 2.36E-02 1.60 0.24 0.32 | Functional CDFM
SEIS-EE-BKR-HJ8-RLY | 4KV TO 480V BUS BREAKERS - RELAY CHATTER 2.18E-02 2.20E-02 0.52 0.24 0.52 | Functional Sov
SEIS-RS-E-1ABCD RECIRC SPRAY HEAT EXCHANGERS 1.58E-02 1.50E-02 201 0.24 0.32 | Structural CDFM
SEIS-EI-CB-MCR-PNL | SEISMIC FAILURE OF MCR BOARDS AND PANELS 1.42E-02 1.62E-02 1.30 0.24 0.38 | Functional CDFM
SEIS-BLDG-AB- Shear Wall
LOWER AUX BLDG LOWER FLOORS FAIL 1.42E-02 1.39E-02 2.05 0.24 0.26 | Failure CDFM
SEIS-MS-TV-111AB MAIN STEAM TRIP VALVE TO TURBINE DRIVEN 1.81
SEIS-MS-TV-211AB AFW PUMP 1.39E-02 3.18E-03 2.51 0.24 0.32 | Functional CDFM
EPRI
Report
SEIS-SSLOCA SEISMIC-INDUCED SMALL-SMALL LOCA 1.37E-02 1.46E-02 0.30 0.28 0.28 | Generic [10]
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Table 5.5-2 SLERF Importance Measures Ranked by FV )
Fragility
Fragility Groups Fragility Group Description U1LERFFV | U2LERFFV | Am Br Bu Failure Mode | Method

EPRI
Report

SEIS-LLOCA LARGE LOCA 1.34E-02 1.27E-02 2.50 0.30 0.40 | Generic [10]

SEIS-EG-B-3 EDG 1J Battery 1.32E-02 4.07E-03 1.15 0.24 0.38 | Functional CDFM

SEIS-EG-P-1) EDG 1J Fuel Oil Transfer Pumps 1.29E-02 3.99E-03 116 | 0.24 0.38 | Functional CDFM

SEIS-MOV-QSPH- MOVs in QUENCH SPRAY PUMP HOUSE - SW

RSHX Cooling to RS HXs 1.19E-02 1.13E-02 213 | 0.24 0.32 | Functional CDFM

SEIS-VB-INV-1234 120 VAC VITAL BUS INVERTERS 1.19E-02 1.35E-02 1.10 0.19 0.58 | Functional Sov

SEIS-EP-CB-4ABCD 120 VAC VITAL BUS DISTRIBUTION PANELS 1.14E-02 1.28E-02 1.16 0.24 0.38 | Anchorage CDFM

' EPRI

Report

SEIS-MLOCA MEDIUM LOCA 1.13E-02 1.22E-02 2.00 0.35 0.45 | Generic [10]

SEIS-EE-BKR-HJ2-RLY | EDG OUTPUT BREAKERS - RELAY 1.05E-02 1.02E-02 0.77 0.24 0.49 | Functional SOV

Tank
SEIS-QS-TK-1 REFUELING WATER STORAGE TANK (RWST) 9.77E-03 1.10€-02 1.07 0.15 0.29 | Overturning Sov
Failure of Fuel
SEIS-RC-CNTRL- Hold Down
RODS ‘REACTOR CONTROL RODS 9.68E-03 1.09E-02 1.26 0.24 0.32 | Spring CDFM
EMERGENCY DIESEL GENERATOR CONTROL
SEIS-EI-CB-202 PANELS IN ESGR - Fails EDGs 8.83E-03 1.13€-02 1.40 0.24 0.38 | Functional CDFM
SEIS-EP-SS-1H1-1)1 480V LOAD CONTROL CENTERS 1H1 AND 1J1 8.16E-03 1.20E-02 1.22 0.24 0.38 | Functional CDFM
EMERGENCY DIESEL GENERATOR CONTROL

SEIS-EI-CB-201 PANELS IN EDG ROOM - Fails EDGs 7.98E-03 9.96E-03 1.45 0.24 0.38 | Anchorage CDFM

SEIS-CH-P-1ABC-RLY | CHARGING PUMPS - RELAY CHATTER 7.47E-03 7.30E-03 0.77 0.24 0.49 | Functional SOV

SEIS-CV-TV-

150ABCD Containment Vacuum Isolation Trip Valves 7.11E-03 6.96E-03 2.51 0.24 0.32 | Functional CDFM
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Table 5.5-2 SLERF Importance Measures Ranked by FV
Fragility
Fragility Groups Fragility Group Description Ul LERFFV | U2LERFFV | Am Br Bu Failure Mode | Method
EMERGENCY DIESEL GENERATORS - RELAY
SEIS-EDG-HJ-RLY CHATTER 7.08E-03 7.13E-03 0.70 0.24 0.83 | Functional SOV
SEIS-EP-SS-1H-1J 480V LOAD CONTROL CENTERS 1H AND 1) 6.87E-03 1.75E-02 0.99 0.24 0.38 | Functional CDFM
Structural
SEIS-BY-B-1-24 STATION BATTERIES 1-Il AND 1-IV 6.70E-03 8.21E-03 1.14 0.24 0.38 | Failure of Rack | CDFM
SEIS-SW-P-1AB-RLY | SERVICE WATER PUMPS - RELAY CHATTER 6.21E-03 5.97E-03 0.77 0.24 0.49 | Functional SOV
Combined
‘ Structural /
SEIS-EP-SW-1H-1J 4160V EMERGENCY BUSES 6.19E-03 5.85E-03 1.13 0.24 0.33 | Function CDFM
SEIS-EG-B-4 EDG 2] Battery 6.09E-03 1.71E-02 0.97 0.24 0.38 | Functional CDFM
SEIS-EG-P-2) EDG 2J Fuel Oil Transfer Pumps 5.78E-03 1.64E-02 1.00 0.24 0.38 | Functional CDFM
Combined
Structural /
SEIS-EG-B-1 EDG 1H Battery 5.69E-03 2.24E-03 1.49 0.24 0.33 | Function CDFM
SEIS-FW-P-3AB MOTOR-DRIVEN AUXILIARY FEEDWATER PUMPS 5.67E-03 4.06E-03 1.62 0.24 0.32 | Functional CDFM
SEIS-BLDG-AB- | Failure of Steel
UPPER AUX BLDG UPPER FLOORS FAIL 5.40E-03 5.04E-03 1.02 0.24 0.26 | Superstructure | CDFM
SEIS-RS-P-2AB- Outside RS Pumps Fail to Start due to Lockout
RLYLO Relay 5.09E-03 4.64E-03 0.77 0.24 0.49 | Functional SOV
SEIS-EI-CB-PROCESS | PLANT PROCESS CABINETS 4.78E-03 5.19E-03 1.91 0.19 0.55 | Functional SOV
BEYOND DESIGN BASIS (FLEX) DISTRIBUTION Seismic
SEIS-BDB-DB-123 PANELS 4.10E-03 5.71E-03 1.10 | 0.24 0.26 | Interaction CDFM
Combined
Structural /
SEIS-EG-B-2 EDG 2H Battery 3.73E-03 1.21E-02 1.22 0.24 0.33 | Function CDFMm
SEIS-EG-P-2H EDG 2H Fuel Oil Transfer Pumps 3.03E-03 1.05E-02 1.40 0.24 0.38 | Functional CDFM
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The most significant non-seismic SSC failures (e.g., random failures of modeled
components during the SPRA mission time) are listed in Table 5.5-3. The unavailability
of the diesel-driven fire pump has the highest FV for both Units 1 and 2. As noted in the
important non-seismic failures for SCDF, the diesel-driven fire pump is important for
long term supply to the turbine-driven AFW when the ECST depletes during a SBO. The
other non-seismic failures that are important for SLERF are SW supply headers and SW
pumps that fail cooling to the RS heat exchangers and thus fails containment heat

removal.
sequences.

The EDGs and FLEX equipment are also important for mitigating SBO

Table 5.5-3 SLERF Importance Measures Ranked by FV for Non-Seismic Failures

Unit 1 Model Basic Events Prob SLERF FV | Description

DIESEL-DRIVEN FIRE PUMP 1-FP-P-2 OUT OF SERVICE
1FP-DDP--TM-2 3.16E-02 | 5.14E-03 | FOR TEST OR MAINTENANCE

B SW HEADER IN OUT OF SERVICE FOR TEST OR
0SW-HDR--TM-B 1.52E-02 | 2.95E-03 | MAINTENANCE
OBDBEDG--FR-1A-FLEX 2.04E-02 | 2.73E-03 | FLEX DIESEL GENERATOR FAILS TO RUN

A SW HEADER IN OUT OF SERVICE FOR TEST OR
OSW-HDR--TM-A 1.52E-02 | 1.99E-03 | MAINTENANCE

U1 1B SW PUMP OUT OF SERVICE FOR TEST OR
1SW-PAT--TM-1B 8.55E-03 | 1.43E-03 | MAINTENANCE
1EE-EDG--FR-1H 2.79E-02 1.29E-03 | Ul H DIESEL GENERATOR FAILS TO RUN
1EE-EDG--FR-1J 2.79E-02 | 1.14E-03 | U1J DIESEL GENERATOR FAILS TO RUN

U1 1A SW PUMP OUT OF SERVICE FOR TEST OR
1SW-PAT--TM-1A 8.55E-03 | 1.01E-03 | MAINTENANCE

U1 H DIESEL GENERATOR OUT OF SERVICE FOR TEST
1EE-EDG--TM-1H 2.25E-02 | 9.13E-04 | OR MAINTENANCE

U1 J DIESEL GENERATOR OUT OF SERVICE FOR TEST
1EE-EDG--TM-1J 2.25E-02 | 8.65E-04 | OR MAINTENANCE

Unit 2 Model Basic Events and FV Importance

DIESEL-DRIVEN FIRE PUMP 1-FP-P-2 OUT OF SERVICE

1FP-DDP--TM-2 3.16E-02 | 5.25E-03 | FOR TEST OR MAINTENANCE
0BDBEDG--FR-1A-FLEX 2.04E-02 | 2.67E-03 | FLEX DIESEL GENERATOR FAILS TO RUN

A SW HEADER IN OUT OF SERVICE FOR TEST OR
OSW-HDR--TM-A 1.52E-02 | 2.62E-03 | MAINTENANCE
2EE-EDG--FR-2H 2.79E-02 | 2.31E-03 | U2 H DIESEL GENERATOR FAILS TO RUN

U2 H DIESEL GENERATOR OUT OF SERVICE FOR TEST
2EE-EDG--TM-2H 2.25E-02 | 1.79E-03 | OR MAINTENANCE :
OSW-HDR--TM-B 1.52E-02 | 1.55E-03 | B SW HEADER IN OUT OF SERVICE FOR TEST OR
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Table 5.5-3 SLERF Importance Measures Ranked by FV for Non-Seismic Failures

Unit 1 Model Basic Events Prob SLERF FV | Description
MAINTENANCE
2EE-EDG--FR-2J 2.79E-02 | 1.27E-03 | U2 J DIESEL GENERATOR FAILS TO RUN
U2 1B SW PUMP OUT OF SERVICE FOR TEST OR
2SW-PAT--TM-1B 8.55E-03 | 1.12E-03 | MAINTENANCE
- U2 J DIESEL GENERATOR OUT OF SERVICE FOR TEST
2EE-EDG--TM-2J 2.25E-02 | 9.71E-04 | OR MAINTENANCE
2QS-PSB--FS-1A 8.63E-04 | U2 1A QS PUMP FAILS TO START

5.59E-03

A summary of the SLERF results for each seismic hazard interval is presented in Table
5.5-4. Figure 5.5-1 shows a bar chart of the unit 1 SLERF as a function of PGA (Unit 2
results are the same as Unit 1). The seismic ground motions that contribute the most to
SLERF are in the 1.0 to 2.5g range (%G08 and %G09) which is generally the case in SPRA

LERF results.

5.5-4 Contribution to SLERF by Acceleration Interval

. o o
o rroquency | UTERF | G tenr | cueme | U2URE | Go'iens | curme
%G01 0.06g to <0.3g 9.21E-04 7.58E-10 0.00% 0.00 7.58E-10 0.00% 0.00
%G02 0.3g to <0.4g 5.34E-05 5.77E-08 0.37% 0.00 5.69E-08 0.36% 0.00
%G03 0.4g to <0.5¢g 3.01E-05 1.35E-07 0.87% 0.00 1.31E-07 0.84% 0.00
%G04 0.5g to <0.6g 1.79E-05 2.75E-07 1.77% 0.02 2.68E-07 1.72% 0.01
%G05 0.6g to <0.7g 1.11E-05 3.71E-07 2.39% 0.03 3.65E-07 2.34% 0.03
%G06 0.7g to <0.8g 7.08E-06 4.96E-07 3.19% 0.07 5.03¢-07 3.23% 0.07
%G07 0.8gto<l1g 8.26E-06 1.60E-06 | 10.29% 0.19 1.63E-06 | 10.45% 0.20
%G08 1g to <1.5g 9.09E-06 6.89E-06 | 44.29% 0.76 6.91E-06 | 44.31% 0.76
%G09 1.5g to <2.5g 4.25E-06 4.25E-06 | 27.32% 1.00 4.25E-06 | 27.25% 1.00
%G10 >2.5g 1.48E-06 1.48E-06 9.51% 1.00 1.48E-06 9.49% 1.00
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Figure 5.5-1 Unit 1 SLERF Contributions by PGA

The most significant Operator actions for SLERF are listed in Table 5.5-5. As discussed in
Section 5.1, the seismic PRA models each Operator action using four Human Error
Probability (HEP) basic events per action, which model different failure probabilities for
the four damage states. The FV importance of the Operator action is the sum of the FV
importance for each of the four HEP basic events. The important actions involve
depressurizing the RCS after core damage per the SAMGs. Other important actions are
mainly important for mitigating core damage, such as aligning the turbine-driven AFW
pump to the other SGs, initiating Bleed and Feed, and performing FLEX mitigating
actions (battery load shed and installing RCS injection pump).

5.5-5 - SLERF Importance Measures Ranked by FV for Operator Actions

HEP Basic Event SLERF FV Description
HEP-C-RCSDEP 2.71E-02 Depressurize the RCS Per SAMGs

Align turbine-driven AFW Pump to B and C
HEP-C-ALIGN-TDAFW 2.26E-02 SGs
HEP-C-1BAFE 1.17E-02 Initiate Bleed and Feed After AFW Fails
HEP-C-FLEX-RIP 8.28E-03 Install and Start FLEX RCS Injection Pump
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5.6

5.5-5 - SLERF Importance Measures Ranked by FV for Operator Actions

HEP Basic Event SLERF FV Description
HEP-C-1HV-SFGD-VENT 6.77E-03 Restore Safeguards Area Ventilation
Isolate SW Flood in Auxiliary Building
Caused by Failure of the Component
REC-SEIS-FLD-CCHX 5.92E-03 Cooling Heat Exchangers
Load shed the vital 125vdc batteries during
HEP-C-FLEX-LOADSHED 5.23E-03 SBO

HEP SLERF FV Importance in Unit 2 Model

HEP-C-RCSDEP 2.56E-02 Depressurize the RCS Per SAMGs
Align turbine-driven AFW Pump to B and C
HEP-C-ALIGN-TDAFW 2.34E-02 SGs
HEP-C-2BAFE 9.27E-03 Initiate Bleed and Feed After AFW Fails
HEP-C-FLEX-RIP 8.31E-03 Install and Start FLEX RCS Injection Pump
HEP-C-2HV-SFGD-VENT 6.73E-03 Restore Safeguards Area Ventilation
Isolate SW Flood in Auxiliary Building
Caused by Failure of the Component
REC-SEIS-FLD-CCHX 5.72E-03 Cooling Heat Exchangers
Load shed the vital 125vdc batteries during
HEP-C-FLEX-LOADSHED 5.52E-03 SBO

SPRA Quantification Uncertainty Analysis

This section documents the parametric uncertainty analysis and the approach used to

identify sources of model uncertainty.

Parametric Uncertainty

Parameter uncertainty in seismic PRA results comes from seismic hazard curve
uncertainty, the SSC fragility uncertainties, and uncertainties in the human interaction
and random failure calculations. SPRA model parameter uncertainty was quantified
using the EPRI UNCERT code. The results are provided in Table 5.6-1, and Figures 5.6-1
through 5.6-4 show the curves of cumulative probability and probability density

function.
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Table 5.6-1 — Seismic CDF and LERF Uncertainty Distributions
Unit 1 CDF Unit 2 CDF Unit 1 LERF Unit 2 LERF

Mean 6.32E-05 6.34E-05 1.93E-05 1.94E-05

5" percentile 1.04E-05 1.03E-05 3.00E-