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NUCLEAR REGULATORY COMMISSION

AUDIT REPORT
NOVEMBER 13, 2015

DUKE ENERGY CAROLINAS, LLC INTERIM EVALUATIONS ASSOCIATED WITH RE-
EVALUATED SEISMIC HAZARD IMPLEMENTING NEAR-TERM TASK FORCE
RECOMMENDATION 2.1- SEISMIC
FOR:

CATAWBA NUCLEAR STATION, UNITS 1 AND 2;

MCGUIRE NUCLEAR STATION, UNITS 1 AND 2; AND
OCONEE NUCLEAR STATION, UNITS 1,2 AND 3

AUDIT DATE: September 15, 2015
LOCATION: NRC Offices, Rockville, MD
BACKGROUND AND AUDIT BASIS:

On March 12, 2012, the U.S. Nuclear Regulatory Commission (NRC) issued a request for
information pursuant to Title 10 of the Code of Federal Regulations (10 CFR) Part 50, Section
50.54(f) (hereafter referred to as the 50.54(f) letter) (Agency-wide Documents Access and
Management System (ADAMS) Accession No. ML12053A340). The purpose of that request
was to gather information concerning, in part, the seismic hazards at operating reactor sites to
enable the NRC staff to determine whether operating licenses should be modified, suspended,
or revoked.

Requested Information Item (6) in Enclosure 1 to the 50.54(f) letter requests licensees to
provide an interim evaluation and actions taken or planned to address the higher seismic hazard
relative to the design-basis, as appropriate, prior to completion and submission of the seismic
risk evaluation. By letter dated April 8, 2013 (ADAMS Accession No. ML13102A142), the
Electric Power Research Institute (EPRI) staff submitted EPRI TR 3002000704 "Seismic
Evaluation guidance; Augmented Approach for the Resolution of Fukushima Near-Term Task
Force Recommendation 2.1: Seismic" (hereafter referred to as the ESEP guidance). The
Augmented Approach (also called the Expedited Seismic Evaluation Process (ESEP)),
proposed that licensees would use a simplified seismic margins assessment process to provide
additional assurance that key components of plant equipment in one safe shutdown pathway
would be able to perform certain safety functions following a beyond-design-basis seismic
event. By letter dated May 7, 2013, the NRC staff endorsed this guidance.

The NRC staff is conducting technical reviews on licensees’ interim evaluations, to determine if
the information provided meets the intent of the ESEP guidance, and if licensees responded
appropriately to Requested Information Item (6) in Enclosure 1 to the 50.54(f) letter.

In December 2014, Duke Energy Carolinas, LLC (Duke, the licensee) submitted for NRC review
its ESEP evaluations for Oconee, Catawba, and McGuire. The corresponding ESEP report
dates, and clarification question response dates, and respective ADAMS Accession Numbers
are:



Catawba Units 1 and 2, submitted December 31, 2014 (ML15002A261);
Clarification Question Responses submitted June 23, 2015 (ML15175A457);
McGuire Units 1 and 2, submitted December 17, 2014 (ML15005A085);
Oconee Units 1, 2 and 3, submitted December 19, 2014 (ML14364A213);
Clarification Question Responses submitted April 24, 2015 (ML15120A017).

The NRC staff issued clarification questions to gain a better understanding of the information
provided in the ESEP reports. The NRC staff reviewed the information provided by Duke for the
review of Catawba, McGuire, and Oconee plants, and identified a number of instances where
the approach taken for these three plants differ from the typical approach taken. In order to
better understand the specifics of Duke’s methodologies, and to assess the applicability of the
ESEP conclusions using this alternative approach, the NRC staff conducted a regulatory audit
of select supporting documentation for the ESEP evaluations, including the information provided
in their responses. A summary of the findings from this regulatory audit is provided in this
report.

REGULATORY AUDIT SCOPE AND METHODOLOGY:

The scope of this audit is limited to the information provided and referenced in the ESEP reports
and in responses to the NRC staff clarification questions, including implementation of High
Confidence of Low Probability of Failure (HCLPF) calculations and fragility analysis performed
for specific equipment. The purpose of this audit is to enable the NRC staff to gain a better
understanding of the information used to support the licensee’s submittals so that the staff can
make an ESEP conclusion on whether the licensee’s implementation meets the intent of the
guidance, and if the licensee responded appropriately to Requested Information Item (6) in
Enclosure 1 to the 50.54(f). Specific documents reviewed by the staff through electronic
reading room access just prior to and during the audit are listed below.

DOCUMENTS PROVIDED FOR STAFF EXAMINATION:

Reports reviewed for familiarity in preparation for the audit

Oconee Nuclear Station Individual Plant Examination of External Events (IPEEE) Submittal
Report dated December 21, 1995, Duke Power, Seneca, SC.

Seismic Probabilistic Risk Assessment (PRA)/IPEEE Backup Calculations, Duke Energy,
Seneca, SC, Rev. 0, 2011, OSC-10225.

Letter from W. R. McCollum Jr. to U. S. Nuclear Regulatory Commission, "Oconee Nuclear

Station, Docket Nos.: 50-269, -270, -287; Oconee Supplemental IPEEE Submittal Report,"
dated December 15, 1997, Duke Power, Seneca, SC.

Reports used during the audit

Duke Energy Report Number 030321.13.01-003, Rev. 2, Expedited Seismic Evaluation Process
for Implementation of Seismic Risk Evaluations at Catawba Nuclear Station, Appendix D -
Calculations



Duke Energy Report Number 030319.13.02.11-001, Rev. 1, Expedited Seismic Evaluation
Process for Implementation of Seismic Risk Evaluations at McGuire Nuclear Station,

Appendix E - Clipped Spectra Calculations

Duke Energy Calculation OSC-11188, ONS Fukushima NTTF 2.1 Seismic Vendor Support
Documents for GMRS [Ground Motion Response Sprectra], Revision 2, Duke Energy, Seneca,

South Carolina.

Specification for the Seismic Displacements and Response Spectra for the Turbine, Auxiliary,
Reactor, and Standby Shutdown Facility Buildings, Duke Energy, Seneca, SC, Rev. 8, 2005,

0SS-027B.00-00-0002.

NRC AUDIT TEAM:

Title

Team Member

Branch Chief (NRC/NRO/DSEA)

Technical Lead (NRC/NRO/DSEA)

Technical Advisor (NRC/NRR)

Technical Reviewer (NRC/NRR)

Technical Reviewer (NRC/NRO)

Technical Reviewer (NRC/NRO)

Technical Reviewer (NRC/NRO)

Technical Support Reviewer (BNL/Consultant)
Technical Support Reviewer (BNL/Consultant)
Project manager (NRC/NRR/JLD)

AUDIT SUMMARY:

Applicable to Oconee, Catawba, and McGuire

Diane Jackson
Nilesh Chokshi
Kamal Manoly

lan Tseng

Tuan Le

George Wang
Richard Rivera-Lugo
Nikolaos Simos
Richard Morante
Stephen Wyman

A number of technical issues reviewed during the audit are applicable to the ESEP evaluations
of all three plants. These were addressed by Paul Baughman, ARES Corporation, on behalf of
Duke Energy. The presentation is included as Attachment 1 to this audit report.

There are three primary technical issues raised by the staff regarding Duke Energy’s
implementation of the interim evaluation guidance. Following a round of clarification questions
and responses for each plant, and a teleconference with the staff on June 9, 2015, the staff
determined that an audit would be the most effective means to resolve the technical issues.

The three issues relate to screening of ESEL items using the screening levels detailed in
Table 2-4, Summary of Equipment and Subsystems Screening Criteria for Sesimic Margin
Evaluation in EPRI-6041, Nuclear Plant Seismic Margin R-1. Duke Energy, through its
consultant ARES Corporation, developed and implemented an alternate screening methodology
which has not been reviewed or accepted by the staff. As this methodology is for an interim
evaluation, the staff objective is not to render a technical determination on the future
acceptability or applicability of Duke Energy’s alternate screening methodology. The staff
emphasis for the audit was to develop confidence that the ESEP conclusions by the licensee
would apply if the ESEP interim evaluation guidance proposed by EPRI had been traditionally

followed.



The first issue is the comparison of the In-Structure Response Spectra (ISRS) to 1.5 times the
EPRI 6041 Table 2-4 screening levels (1.2g; 1.8g) for elevations below 40’ above grade.
Normally the 5% damped Review Level Ground Motion (RLGM) spectra are compared to 1.0
times the EPRI 6041 Table 2-4 screening levels (0.8g; 1.2g) for these elevations. The alternate
approach taken by the licensee is compatible with methods described in EPRI 1019200,
Seismic Fragility Applications Guide Update, which is referenced in EPRI Technical Report
3002000704, Seismic Evaluation Guidance: Augmented Approach for the Resolution of
Fukushima Near-Term Task Force Recommendation 2.1: Seismic, for use as the criteria for
application of the screening tables in EPRI 6041 at elevations beyond 40’ above grade, and
were judged to be conservative in this specific implementation. The licensee further stated that
using 1.2g vs. RLGM at elevations within 40’ of grade per EPRI 3002000794 instead of 1.8g vs.
ISRS per EPRI 1019200 would not change the screening conclusions. On that basis, the staff
conceptually judges that the alternate approach to this issue is reasonable for the purposes of
the interim evaluation.

The second issue is the use of raw, narrow-banded ISRS and peak clipping, whenever such
spectra are available. The staff’s initial expectation was that the ISRS used in screening would
be design-basis broadened ISRS, not raw narrow-banded ISRS. Broadened design ISRS would
not be subject to significant peak clipping, whereas clipping factors approaching the lower
bound value of 0.55 are fairly typical for narrow-banded ISRS. In support of this aspect of the
licensee’s screening methodology, the licensee indicated that peak shifting in lieu of peak
broadening is permissible by EPRI 6041, and referenced EPRI 1019200 for the use of clipping
factors calculated per EPRI 6041 Appendix Q. During the audit, the licensee presented an
example for all three plants. The licensee stated that for these three cases, the conclusions
reached by implementing the licensee’s methodology are equivalent to what would have been
reached by implementing the EPRI evaluation guidance. The staff was satisfied with this
explaination for the ESEP interim evaluation.

The third issue is the use of North-South (N-S)/ East-West (E-W) peak averaging (after clipping)
to obtain the peak spectral acceleration, for comparison to the EPRI 6041 screening levels. This
issue is unique to the licensee’s screening methodology, and the staff noted that there is no
precedent for this type of averaging. The licensee stated that this method is consistent with the
philosophy in EPRI 6041, in that a single ground response spectrum is specified as the review
level earthquake (i.e., RLGM in ESEP evaluations). The staff noted that typically N-S and E-W
ground spectra are taken to be equal for the purpose of seismic design. When using ISRS,
filtered by the building structure, the peak spectral accelerations of the N-S and E-W ISRS can
be significantly different. Averaging the ISRS peak accelerations can significantly reduce the
numerical value that is compared to the EPRI 6041 screening levels. In response to the staff's
concern, the licensee stated that the screening conclusions would be the same regardless
whether the average or the higher of the two spectral peaks were used for comparison to the
EPRI 6041 screening levels.

Applicable to Oconee

In preparation for the audit, the staff requested the licensee to make selected reference
documents available prior to the audit through the licensee’s ePortal. The intent was to enable
the staff to focus on specific elements of the licensee’s screening methodology, implementation,
and results during the one-day audit. One document requested for Oconee was Duke Energy
Calculation OSC-11188, “ONS Fukushima NTTF 2.1 Seismic Vendor Support Documents for
GMRS,” Revision 2. The Oconee ESEP submittal references Attachment 3 to OSC-11188 as
the basis for screening all ESEL components in the Standby Shutdown Facility (SSF) and
several ESEL components in the Auxiliary Building (AB) and Reactor Building (RB).
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During initial staff review of Attachment 3, prior to the audit, the staff determined that the
Oconee ESEP submittal lacked sufficient description of the Attachment 3 methodology. While
the ESEP submittal identifies the SSF RLGM is equal to two times the SSF SSE, Attachment 3
presents an assessment based on the GMRS, in lieu of the SSF RLGM, and a methodology that
departed from the licensee’s methodology as discussed above. This became one of the focus
areas for the audit.

During the audit, the staff requested the licensee to provide a detailed description of the
approach, and a technical justification for its validity. The licensee indicated that Attachment 3
had been prepared by its consultant, ARES Corporation, outside the scope of the ESEP. It was
intended to address the large discrepancy between the newly defined Oconee GMRS and the
Oconee plant design-basis SSEs (one for the AB and RB and a different one for the SSF). The
consultant determined that it would be applicable to the ESEP screening evaluation, because
the Attachment 3 assessment imposed a higher demand than an RLGM developed in
accordance with the ESEP guidance. On this basis, screening/evaluation of all ESEL
components in the SSF and selected ESEL components in the AB and RB rely on

Attachment 3.

The licensee explained that the SSF SSE ISRS were multiplied by a factor of 2.72 for
comparison to the EPRI 6041 screening levels (1.2g; 1.8g), compared to a maximum factor of 2
based on the ESEP guidance. The 2.72 factor is based on dominant horizontal mode scaling
and averaging the N-S and E-W scale factors. In response to a staff question, the licensee
referred to EPRI 6041, Section 4, p.4-17, as the technical basis for dominant mode scaling.

The staff reviewed EPRI 6041, Section 4, p. 4-17, and determined that it does address
dominant mode scaling, but also specifies that the two response spectra (SSE vs. GMRS)
should have similar shapes. This does not appear to be satisfied for Oconee. Therefore, the
staff concentrated on the acceptability of the ESEP conclusions rather than on the acceptability
of the methodology.

The staff requested the licensee to submit a written description of the Attachment 3
methodology, and the technical basis for the use of the Attachment 3 results in addressing the
ESEP. The staff reviewed a draft summary of the Attachment 3 methodology and results
through the licensee’s ePortaland considers it to be sufficient to make a final determination on
the acceptability of the licensee’s conclusions.

Summary

As a result of the detailed discussions during the audit, the staff gained an understanding of the
licensee’s screening conclusions for the ESEP interim evaluation. Given the interim status of
the evaluation, the staff’s review is limited in scope and is not a licensing review. The validity or
future applicability of the alternate methodology used by the licensee was not addressed and
would need to be reviewed separately. The focus of this audit was to determine whether the
licensee’s screening conclusions using an alternate approach were acceptable within the scope
of the ESEP. Based on the information reviewed during this audit, the staff agrees with the
licensee’s statement that the conclusions made using the licensee’s alternate approach are
applicable to the screening of components for Catawba, McGuire, and Oconee within the scope
of the ESEP, and meets the intent of the EPRI interim evaluation guidance.



Attachment 1: ARES Audit Presentation

ARES Seismic Demand vs. Capacity
Methodology for Oconee, Catawba
and McGuire ESEPs

Paul Baughman
ARES Corporation

Agenda

Seismic Demand (Scaling ISRS)

Seismic Capacity (HCLPF Determination)
Comments on 40 foot rule

Peak Clipping

Averaging

Summary



Seismic Demand for ESEP

* ARES approach:

— Seismic Demand for ESEP is Review Level Ground
Motion (RLGM)

— RLGM is derived by linearly scaling the SSE by the
maximum ratio of the GMRS/SSE between 1 and
10 Hz (not to exceed 2 times SSE)

— In-structure RLGM seismic motions derived using
existing SSE ISRS scaled with the same factor

* This conforms exactly with EPRI 3002000704

ESEP Seismic Capacity

» ARES approach:
— Used Deterministic Approach

— Performed initial screening? using Table 2-4 of EPRI
NP-6041-SL

* Since building foundations are control points for SSE, used
basemat elevation as grade elevation

* Used EPRI 1019200 for elevations above basemat
* Used NP-6041-SL for basemat elevation (1.2g vs. RLGM)

— If screening not passed, calculated HCLPF using CDFM
methodology in EPRI NP-6041-SL

* This agrees with EPRI 3002000704
— See next slide for comments on 40 foot rule

1 Anchorage evaluated separately



Comments on 40 Foot Rule

* EPRI 3002000704 statement on using Table 2-4:
— Table valid up to 40 feet above grade (i.e., 1.2g vs. RLGM)
— Use EPRI 1019200 for locations more than 40 feet above grade

EPRI 1019200 guidance on using Table 2-4 (Ref: summary, page 4-8)
— For ground-mounted items, HCLPF = 1.1*1.2g)
Use either free-field demand or peak-clipped ISRS for comparison

— For structure-mounted items, HCLPF = 1.5*%1.2g)
¢ Use peak-clipped ISRS for comparison
+ Does not limit to more than 40 feet above grade

ARES used EPRI 1019200 guidance as this is current SPRA practice.

— At all locations less than 40 feet above grade, this was more conservative than
1.2g vs. RLGM because ISRS amplification was more than 1.5
A review of results showed that using 1.2g vs RLGM within 40 feet of
grade per EPRI 3002000794 instead of 1.8g vs ISRS per EPRI 1019200
would not change the screening conclusions

EPRI 1019200 Guidance

* EPRI HCLPF training slide:

EPRI 1019200 - Fragility Applications Guide
Update (2009)
« Developed a hew methed to use the EPRI 6041 screening
tables based on in-structure response comparisons
— Avoids the challenges of addressing components > 40 ft
above effective grade

« IFISRS are available recommend using this more
recent approach

—ISRS should be clipped before using
« Elements of naw approach

—HCLPF capacity based on tables = 1.5 times screening
level

—Median capacity = 4 times the screening level

=PRI |

* ARES used this methodology
— Note statement “if ISRS are available”
— Only applies to screening




Peak Clipping

* EPRIHCLPF Response Spectra Clipping (Appendix Q of
training Slide: EPRI 6041) Note different from Fragility clipping

Sapeak

HCLPF Clipping Factor® C¢:
Ce
Cc 0.40 + 0.75B 02<=B<08
Ce = 10 B208
* Clipping for TRS performed in a similar manner
y— (== ]

e ®

B=<0.2

* ARES followed this procedure
— Raw spectra were used when available
— Smoothed/broadened spectra were used if raw spectra were not
available

Clipping with Separated Peaks

. o
EPRI HCLPF Clipping Example - 2 [ __Qumy | feifel jseomiel
tra|n|ng Sl |de‘ Peaks Wide Separation pot ot | 15 L
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C 0550 0.573
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Clipping of Narrow Spectral Peaks
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* ARES followed this procedure
— Reduction limited to bottom of valley between peaks



McGuire Example

MCGUIRE NUCLEAR STATION
RESPONSE RCCELERATION SPELTRA, CAMPING= 0.05GC
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McGuire E alnple
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Catawba Example

CATAWBA NUCLEAR STATION
RESPONSE ACCELERATION SPECTRA, DAMPING= 0.0S0
JREACTOR INTERIOR, N-S DIRECTION, EL. 599+6
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Peak RLE acceleration ‘ RLE (RLGM) psa is 3.58 times psa from Fig. C-35 ‘
$0% of peak acceleration. | Equations from EPRINP-6041 App. Q ‘
Frequencies differential 3t 80% of peak frequency. See fizure
below.
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Peak RRS, = Peakpy p-C, = 1598 Clipped required response spectra. (EPRI NP-6041, Eq Q-4)
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SSEis E'. RLGM is 2 x E',
therefore RLGM is
2 x 2.6 =5.2 times this curve.

Catawba Example

Clipped RLE IRS (5% Damping)
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Oconee Example

Peskpy | = maacegr gl 2= L35g Peak RLE ‘ RLE (RLGM) psa is 5.2 times psa from Fig. A-102 ‘
08Peakgrp
Sapeak 508 = — 106 30% of peak acceleration. ‘ Equations from EPRI NP-6041 App. Q ‘
£=815 §=101 Afjg=§-£=20 Frequencies differential at 80% of peak frequency. See figure
ow.
= mea(f, §) =91 Central frequency.
Afg -
B= T =021 Bandwidth to central frequency ratio. (EPRI NP-6041, Eq Q-2)
C =055 ifB02 =056
(0.40+0.758) £ 025B 208 HCLPF Clipping Factor. (EPRINP-6041, Eq Q-6)
L0 otherwise
Peak_RRS, ‘= Peakgy p-C, = 0.744.¢ Clipped required response spectra. (EPRI NP-6041, Eq Q-4)
Peak_RRS, = 26Fg; 0151138z = 0.786-¢ Clipped required response spectra, determined manually since
- secondary pesk may be too wide to clip. adjacent peak
a(f) = | (aceRLE(D) if aceRLE(H) < — = Equation for the clipped peak graph.
€
Peak RRS,
——— ctherwie
B
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Oconee Example

RLE (RLGM) Spectrum

Clipped RLE IRS (5% Damping)
1 T  ———
L =TRIERS I‘
b Clipped RLE IRS
13k« @ # MHE IRS (Fig A-102) ]
R e e e e TTITTTTTTT I " peak_J0%%)
1
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Note that RLE IRS is not visible when overlapped by Clipped RLE IRS

Note that mamual clipping was performed in order to prevent the clipped peak from falling below the secondary peak,

which is relatively wide at 80% of the respective peak

Peak g, 4107 = Pesk RRS_ = 079.¢ Peak clipped RLE acceleration.
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Averaging Horizontal ISRS

* ARES averaged the peak spectral accelerations of
the clipped ISRS before comparing to the
screening level in Table 2-4

— The reason was to be consistent with the basis for the
screening level in EPRI NP-6041-SL
* EPRI NP-6041-SL says to use the average (Page 2-44)

— There are no statements about this in EPRI
3002000704 or EPRI 1019200

— Using the average vs. the maximum had no effect on
the results

* Only applied to screening, not anchorage

EPRI NP-6041-SL Guidance

* EPRI NP-6041-SL states that screening level in
Table 2-4 should be compared to the average of
peak spectral accelerations of the two horizontal
directions

— Table 2-4 is for comparing to the ground response
spectrum, which is assumed to be at grade

— This is consistent with development of the 1.2g
screening level, which was derived from the average
of the two horizontal ground spectra at the
earthquake experience database sites

— It does not address averaging using ISRS; it only
addresses ground response spectra
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Summary of ARES Approach

Calculated RLGM ISRS by scaling SSE ISRS in
accordance with EPRI 3002000704

Compared RLGM to EPRI NP-6041-SL Table 2-4

— Used 1.2g vs. RLGM for basemat elevations
— Used 1.8g vs. clipped ISRS for elevations with ISRS

Performed ISRS peak clipping in accordance with
EPRI NP-6041-SL Appendix Q

Averaged peak spectral accelerations of two
horizontal ISRS for comparison to screening level

Only applied to screening
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