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DOMINION VIRGINIA POWER
NORTH ANNA UNIT 3 COMBINED LICENSE APPLICATION
SRP 02.05.02: REVISED RESPONSE TO RAI LETTER 115

On April 8, 2014, the NRC requested additional information to support the review of
certain portions of the North Anna Unit 3 Combined License Application (COLA), which
consisted of four questions. Dominion responded to the four questions in our letter NA3-
14-010R, dated May 9, 2014, with one exception. The exception consisted of
Dominion’s statement in the May 9" letter that Part 3 of Question 02.05.02-7 would take
additional time and that we committed to providing a response to Part 3 by May 30,
2014.

A response to the following RAI question is provided in the enclosure:

e RAI 7473, Question 02.05.02-7 Updated Earthquake Catalog

For readability and completeness, the enclosure presents Dominion’s response to all
three parts of Question 02.05.02-7. Please note that the responses to Parts 1 and 2 are
unchanged from those previously submitted. For reference purposes, this response to
Question 02.05-02-7 supersedes the May 9, 2014 response.

Please contact Regina Borsh at (804) 273-2247 (regina.borsh@dom.com) if you have
questions.

Very truly yours,
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Mark D. Mitchell
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1. Revised response to NRC RALI Letter No. 115, RAI 7473, Question 02.05.02-7

Commitments made by this letter: None.
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

North Anna Unit 3
Dominion
Docket No. 52-017

RAI NO.: 7473 (RAI LETTER NO. 115)
SRP SECTION: 02.05.02 - VIBRATORY GROUND MOTION

DATE OF RAI ISSUE: 04/08/2014

QUESTION NO.: 02.05.02-7

Section 2.5.2.4.3.1 states that your earthquake recurrence assessment found that for
sources hosting the Mineral Virginia earthquake, the updated earthquake catalog
resulted in a small and localized increase on the rates per unit area and b-values for
cells in the vicinity of the site as compared to the original CEUS SSC values. (p.2-347).

In accordance with 10 CFR 100.23 and in conformance with Regulatory Guide (RG)
1.208, please provide further details on the seismic hazard calculations:

1. Demonstrate quantatively how much the recurrence rates changed by providing
corresponding figures of original CEUS SSC and updated rates.

2. Provide plots of b-values demonstrating how much the b-values changed.

3. Provide comparisons of the total hazard calculated using the original CEUS SSC
model and the updated model.

Dominion Response
Response to Part 1 and Part 2

The response to the first two parts of the RAI presents an assessment of the effect on
CEUS SSC seismic source recurrence parameters (activity rates and b-values) resulting
from updated earthquake information beyond the temporal coverage of the CEUS SSC
Report (FSAR Reference 2.5-223). As described in the FSAR, the earthquake catalog,
prepared as part of the CEUS SSC Report, included earthquakes through December
2008. For the North Anna Unit 3 FSAR analysis, the catalog was updated to include

Page 2 of 13



Serial No. NA3-14-010RA
Docket No. 52-017
Enclosure 1

earthquakes through mid-December 2011, including the August 23, 2011 Mineral,
Virginia earthquake. Following the same procedure as used in the CEUS SSC Report,
the updated earthquake catalog was used as input to re-evaluate the complete set of
recurrence parameters for the four background seismic source zones contributing most
to the probabilistic seismic hazard at the North Anna site: ECC-AM, MESE-N, MESE-
W, and STUDY_R (Study Region). For each seismic source the CEUS SSC procedure
results in 24 versions of the updated activity rates and b-values: eight realizations for
each of the three magnitude-bin cases A, B, and E (see the CEUS SSC Report, Section
5.3.2.1.3). Both the North Anna site and the epicenter of the August 23, 2011 Mineral,
Virginia earthquake are located in each of these “host” seismic sources, that is, the
seismic sources in which the North Anna site, and for this RAI, the Mineral earthquake
are located. The North Anna Unit 3 probabilistic seismic hazard analysis (PSHA) utilizes
the 24 versions of the updated activity rates and b-values of the host seismic sources.

For comparison, Figures 1 through 12 included in this RAI response graphically quantify
the differences between the mean original and updated recurrence parameters as a
function of seismic source and magnitude-bin case. Note that in Chapters 6 and 7 of the
CEUS SSC report maps of the mean recurrence parameters are presented in lieu of the
numerous individual realizations presented in Appendix J. The simpler presentation of
mean maps is similarly made in this response. Each figure is presented as three panels
of longitude-latitude gridded activity rate or b-value information for a 2 degree by 2
degree area centered on the North Anna site. Note that “activity rate” means the
number of events of moment magnitude 5.0 and larger per year per square equatorial
degree (12,365 km?). The information at each grid point is presented as a colored circle
and the radius of the circle is proportional to the value of the recurrence parameter
information. The circle color coding is as described for each panel.

The left panel of each figure presents the original and updated activity rates as shown
with blue and red circles, respectively. The radii of the circles are relative to the activity
rates across the grid. Note that where the activity rate has changed negligibly at a given
grid location, there may appear to be only a single circle. The large black dot is the
North Anna site and the small black dot is the epicenter of the August 23, 2011 Mineral,
Virginia earthquake. Rather than presenting separate color-contour maps of updated
mean activity rates, as given in the CEUS SSC report, the format presented here in the
left panel more readily presents the relative values of the original and updated activity
rates.

The center panel of each figure presents an alternative view of the difference in original
and updated mean activity rates. At the given grid point a single circle indicates

In (updated activity rate) minus In (original activity rate), or

In ( updated activity rate

original activity rate
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where “In” indicates taking the natural log. A red circle indicates increased values, while
a blue circle indicates decreased values. The radii of the circles are scaled
proportionally to their absolute value, where the absolute value of the largest circle is
indicated directly above the map figure.

The right panel of each figure presents the change in b-value. At the given grid point the
single circle indicates updated mean b-value minus original mean b-value. A red circle
indicates increased values, while a blue circle indicates decreased values. The radii of
the circles are scaled proportionally to their absolute value, where the absolute value of
the largest circle is indicated directly above the map figure.

Response to Part 3

Figure 13 shows a comparison of the seven mean rock seismic hazard curves using the
CEUS SSC model, as published (FSAR Reference 2.5-223) [‘baseline”], and the
updated CEUS SSC model, as prepared for the FSAR [*final”].. Table 1 indicates the
percent differences between the baseline and final mean rock hazard curves provided
from probabilistic seismic hazard analysis (PSHA). For all seven hazard curves at all
ground motions, the final mean rock seismic hazard curves are higher than those for the
baseline case. The EPRI (2004, 2006) ground motion models (FSAR Refs. 2.5-224 and
2.5-225) were used for both baseline and final PSHA. The following items summarize
the CEUS SSC model differences:

e In the baseline PSHA, a maximum distance of 320 km was used for the
background seismic sources, supplemented by extension to 450 km for a few
background seismic sources located just partially within the 320 km radius. In
the final PSHA, the maximum distance was extended to 1000 km, including the
addition of three seismic sources not considered in the baseline calculation, the
lllinois Basin Extended Basement [IBEB], St. Lawrence Rift [SLR], and the
Wabash Valley RLME sources. .

¢ The lowest end magnitude of the maximum magnitude (Mmax) distribution for the
seismic source ECC-AM was raised from the published value of 6.0 to the
updated value of 6.1 as a result of the occurrence of the 2011 moment
magnitude (M) 5.8 Mineral, Virginia earthquake.

e The earthquake catalog updated for the FSAR was used to re-calculate the
earthquake recurrence parameters [activity rates and b-values] for the host
background seismic sources ECC-AM, MESE-N, MESE-W, and STUDY_R, as
used-in the final PSHA. These four seismic sources contribute the most hazard
to the site from the background seismic sources. While the updated activity rates
of the host zones generally increased (see response to Part 1 and Part 2 of RAI
Question 02.05.02-7) the effect on hazard could have been enhanced or
countered by the corresponding updated b-values that were found to both
increase and decrease for different versions of the earthquake recurrence
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parameter sets. It is not possible to determine the net effect on mean total hazard
curves from the changes in the recurrence parameters of these source zones
alone and a hazard-space sensitivity calculation was not performed.

e The earthquake catalog updated for the FSAR was used to re-calculate the
earthquake recurrence parameters [activity rates and b-values] for the next most
contributing background seismic sources PEZ-N, NMESE-N, PEZW, MIDC-A,
MIDC-B, and SLR, as used in the final PSHA. It is not possible to determine the
net effect on mean total hazard curves from the changes in the recurrence
parameters of these source zones alone and a hazard-space sensitivity
calculation was not performed.

The first two bulleted items directly contribute to the increase in seismic hazard in the
final PSHA, as compared to the baseline PSHA, as presented in Figure 13 and Table 1.
As indicated for the third and forth bulleted.items, the explicit effect on mean total
hazard of updating the recurrence parameters due to new information (i.e., updated
earthquake catalog) is more ambiguous and has not been explicitly evaluated. Note
that differences between baseline and final hazard tend to increase with decreasing
amplitudes for all spectral frequencies as all seismic sources are contributing to mean
annual frequency of exceedance (MAFE), regardless of magnitude or distance as
spectral acceleration (SA) approaches “0".

Proposed COLA Revision
None
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SA(g) | 0.5Hz 1 Hz 2.5 Hz 5 Hz 10 Hz 25 Hz PGA
0.0005 | 139% 215% 353% 400% 365% 288% 230%
0.001 85.0% 128% 222% 259% 236% 184% 132%
0.005 284% | 34.4% | 492% | 57.4% | 54.2% | 49.6% | 26.0%
0.01 18.9% | 20.9% | 24.8% | 265% | 25.3% | 26.7% | 11.8%
0.015 151% | 16.2% | 17.2% | 17.0% | 16.1% | 18.4% | 7.94%
0.03 10.6% | 11.0% | 104% | 8.98% | 8.15% | 9.89% | 5.58%
0.05 8.07% | 8.67% | 8.18% | 6.86% | 6.05% | 6.90% | 5.75%
0.075 6.65% | 7.55% | 7.41% | 6.41% | 5.67% | 5.87% | 6.42%
0.1 6.03% | 711% | 7.24% | 6.49% | 582% | 5.65% | 7.02%
0.15 564% | 6.86% | 7.31% | 6.92% | 6.39% | 5.83% [ 7.83%
0.3 592% | 6.99% | 7.72% | 7.84% | 7.63% | 6.87% | 8.79%
0.5 6.34% | 7.14% | 7.92% | 8.30% | 8.36% | 7.77% | 9.06%
0.75 6.57% | 7.21% | 7.97% | 847% | 870% | 836% | 9.07%
1 6.66% | 7.23% | 7.96% | 851% | 882% | 867% | 9.01%
1.5 6.70% | 7.22% | 791% | 847% | 884% | 893% | 8.86%

3 6.67% | 712% | 7.71% | 827% | 868% | 9.02% | 857%

5 6.60% | 7.02% | 7.54% | 8.07% | 8.47% | 8.92% | 8.34%
7.5 6.52% | 6.90% | 7.37% | 7.90% | 8.29% | 8.79% | 8.15%
10 6.44% | 6.82% | 7.24% | 7.77% | 8.15% | 8.68% | 8.00%

Table 1 - Percent difference between baseline and final mean total hazard [MAFE
or mean annual frequency of exceedance], as a function of spectral acceleration
[SA] for the seven spectral frequencies [f], where: '
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Figure 1 - Seismic source ECC-AM, Case A.
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Figure 2 - Seismic source ECC-AM, Case B.
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Figure 3 - Seismic source ECC-AM, Case E.
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Figure 4 - Seismic source MESE-N, Case A.
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Figure 5 - Seismic source MESE-N, Case B.
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Figure 6 - Seismic source MESE-N, Case E.
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Figure 7 - Seismic source MESE-W, Case A.
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Figure 8 - Seismic source MESE-W, Case B.
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Figure 9 - Seismic source MESE-W, Case E.
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Figure 10 - Seismic source Study_R, Case A
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Figure 11 - Seismic source Study_R, Case B.
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Figure 12 - Seismic source Study_R, Case E.
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Comparing Total Mean Rock Hazard by Spectral Frequency at North Anna
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Figure 13 - A1. Total mean rock hazard curves for seven spectral frequencies
from the baseline dashed) and final (solid) hazard calculations.
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