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J Dominion®Dominion Nuclear North Anna, LLC
5000 Dominion Boulevard, Glen Allen, VA 23060

June 11, 2004

U. S. Nuclear Regulatory Commission
Attention: Document Control Desk
Washington, D.C. 20555

Serial No. 04-199
ESP/JDH

Docket No. 52-008

DOMINION NUCLEAR NORTH ANNA, LLC
NORTH ANNA EARLY SITE PERMIT APPLICATION
RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION NO. 2 AND
CORRECTED SEISMIC HAZARD DEAGGREGATION RESULTS

In its March 25, 2004 letter titled "Request for Additional Information Letter No. 2," the
NRC requested additional information regarding certain aspects of Dominion Nuclear
North Anna, LLC's (Dominion) Early Site Permit application. This letter contains our
response to the following requests for additional information:

RAI #2.5.2-1 & 13.3-3

It is our intent to revise the North Anna ESP application to reflect our response to
these and other RAls to support issuance of the NRC staff's draft safety and
environmental evaluations scheduled for later this year. Planned changes to the
application are identified following the response to each RAI.

Also included in this letter are corrections to several tables and figures in Site Safety
Analysis Report Section 2.5 regarding the deaggregation of seismic hazard results.

If you have any questions or require additional information, please contact us.

Very truly yours,

Eugene S. Grecheck
Vice President-Nuclear Support Services
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Enclosure: Response to NRC RAI Letter No. 2 and Corrected Seismic Hazard
Deaggregation Results

Commitments made in this letter:

1 . Revise North Anna ESP application to reflect RAI responses.

cc: U.S. Nuclear Regulatory Commission, Region II
Sam Nunn Atlanta Federal Center
61 Forsyth Street, SW
Suite 23T85
Atlanta, Georgia 30303

Mr. Michael Scott
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Mr. M. T. Widmann
NRC Senior Resident Inspector
North Anna Power Station
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COMMONWEALTH OF VIRGINIA

COUNTY OF HENRICO

The foregoing document was acknowledged before me, in and for the County and
Commonwealth aforesaid, today by Eugene S. Grecheck, who is Vice President,
Nuclear Support Services, of Dominion Nuclear North Anna, LLC. He has affirmed
before me that he is duly authorized to execute and file the foregoing document on
behalf of Dominion Nuclear North Anna, LLC, and that the statements in the document
are true to the best of his knowledge and belief.

Acknowledged before me this day of IJLLUA , 20L4

My Commission expires: J3'32) OS

| \Notary Public

(SEAL)
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RAI 2.5.2-1 (NRC 3/25104 Letter)

SSAR Section 2.5.2, Vibratory Ground Motion

SSAR Section 2.5.2 describes the results of Dominion's determination of ground
motion at the ESP site from possible earthquakes. Regulatory Guide 1.165 (RG
1 .165) provides a method acceptable to the NRC staff with respect to the
probabilistic evaluations that can be conducted to address the uncertainties
associated with the Safe Shutdown Earthquake (SSE) determination. RG 1.165
specifies a target or reference probability (median 10 per year) that is used to
determine the controlling earthquakes, subsequent site ground motion, and the
SSE.

Please provide the following information to the approach used to obtain the SSE
in SSAR Section 2.5.2:

2.5.2-1 Item a)

a) The approach described in SSAR Section 2.5.2 incorporates component
capacity or performance parameters into a scale factor used to compute
the SSE. Please justify the incorporation of equipment performance into
determination of the SSE.

Response to Item a)

The underlying basis of the selected performance-based seismic design spectrum is the
assurance that the resulting plant seismic design will achieve a seismically induced core
damage frequency that is equivalent to or less than that calculated at existing nuclear
plants with modern seismic designs. These existing plants have been determined
through the licensing process as being acceptably safe regarding seismically induced
accident risk.

At the ESP stage, a detailed seismic probabilistic risk assessment (SPRA) and
calculations of high confidence capacities of specific components and structures cannot
be performed because the reactor design has not yet been chosen. These types of
analyses would be performed as part of detailed engineering and described in the COL
application. Thus, the ground motion spectrum at the ESP stage is determined by
examining the response of generic components designed to that spectrum. There is a
complex relationship between the seismic response of components and the response of
an overall nuclear plant, as summarized in Reference 1. Assessing the frequency with
which generic components may be damaged by ground shaking allows comparisons
with accepted seismically induced core damage frequencies of existing plants.
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The comparison of component performance frequencies with plant seismic core
damage frequencies is conservative in at least three aspects. First, uunacceptable
performance" of a generic component (such as a structure or piece of equipment) is
defined as the onset of significant inelastic deformation. Most structures and equipment
will continue to perform well into the inelastic range, since no structures and very little
equipment and piping experience purely brittle failure. For example, a coolant pipe is
unlikely to leak until it is vibrated to the point that it experiences significant inelastic
deformation. Margins from the onset of significant inelastic exist because of the
analytical and test methods used in plant design. For example, pressure-retaining
components that are qualified using design by analysis rules of the ASME code, or
structures designed to ASCE plastic design with appropriate load factors, demonstrate
such inherent conservatism. Similarly, electrical and mechanical equipment tested on
shake tables or analyzed to requirements such as IEEE Standard 344 would show
acceptance and functionality to levels beyond SSE. The second conservatism is the
assumption that, when a single structure or piece of equipment is damaged, the related
system stops functioning. For example, a coolant pipe driven to inelastic response may
leak, but many such leaks would likely be small and the cooling system would continue
to function. The third conservatism is the assumption that the inelastic deformation of a
single component leads directly to the worst case plant damage state, core damage.
This assumption takes no credit for the multiple, redundant safety systems that control
nuclear plant performance. For example, the emergency core cooling system would
back up a failure of a pipe in the primary cooling loop. The multiple, redundant safety
systems inherent in the plant's design ensure that a single component's inelastic
deformation does not lead directly to core damage.

A nuclear plant is a complex set of components and systems that are modeled in a
seismic PRA as a set of parallel and series systems. Multiple failure modes mean that
the total failure rate of a series system is higher than the failure rate of individual
components in that system. For low failure rates, component failure rates in series
systems are approximately additive. But this increase in failure rate is more than offset
by multiple, redundant systems, where component failure rates in parallel systems are
approximately multiplicative. This is why "defense in depth" concepts are successful in
reducing failure rates and why the failure rate for an individual component is a
conservative measure of the core damage frequency for a nuclear plant.

Because of these conservatisms, generic structure and equipment performance is
useful in evaluating a conservative seismic design spectrum for which structures and
equipment can be designed. This evaluation is made by comparing the estimated
frequencies for the onset of significant inelastic deformation of components to published
seismic core damage frequencies from existing modern nuclear plants. This
comparison is described in the response to Item d) below.
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2.5.2-1 Item b)

b) Please explain how the SSE derived in SSAR Section 2.5.2 is
characterized by both horizontal and vertical free-field ground motion
response spectra at the free ground surface.

Response to Item b)

The vertical SSE spectrum may be constructed from the horizontal SSE using vertical-
to-horizontal (V/H) response spectral ratios appropriate for the North Anna ESP site
following the approach of NUREG/CR-6728 (Reference 2). The V/H ratios given in
NUREG/CR-6728 for Central and Eastern United States (CEUS) hard rock site
conditions are dependent on the given horizontal outcrop peak ground acceleration
(PGA) value. For the North Anna ESP site, both the unmodified 1 04 mean PGA and the
performance-based horizontal selected SSE PGA ground motions fall within the range
of 0.2 g to 0.5 g allowing for the same V/H ratios to be used for ground motions for
either annual probability of exceedance level. The applicable V/H ratios are applied to
the performance-based SSE horizontal response spectrum (5% spectral damping).

The selected performance-based horizontal and vertical spectra are based on the
geologic and seismologic investigations described in the SSAR. These spectra
represent free-field ground motion at the ground surface. The spectra incorporate an
analysis of the uncertainties in seismic sources, seismicity parameters, and ground
motion estimation inherent in any investigation of seismic ground shaking. The ultimate
selection of the horizontal and vertical spectra to achieve acceptable seismic safety
must account for these uncertainties, and must be consistent with decisions on seismic
design for existing plants. This is the fundamental basis for the "reference probability"
used in RG 1.165 and is the basis for the selected ground motion spectra developed in
the SSAR.

2.5.2-1 Item c)

c) Please describe how the performance-based approach incorporates the
site-specific geology of the ESP site into the determination of the SSE.

Response to Item c)

The performance-based spectrum is achieved by starting from a ground motion
spectrum with a mean 10 annual frequency of exceedance and modifying this
spectrum by a scale factor that is based on the slope of the mean seismic hazard
curves between 104 and 10-5 [see SSAR Section 2.5.2.6.7 and the response to Item d)].
For the North Anna ESP site, the mean seismic hazard curves and the selected SSE
directly incorporate the hard rock foundation assumption in the Reference 3 ground
motion models (i.e., a shear-wave velocity of 2.8 km/s or about 9,200 ftls). The
containment (reactor) building and primary supporting safety-related structures would
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be founded on sound bedrock (see SSAR Section 2.5.2.5) for which this shear-wave
velocity is a good approximation. Other safety-related structures (for example, the
diesel generator building) may be founded on weathered rock or saprolitic soils.
Characterization of site-specific subsurface materials is detailed in SSAR Section
2.5.4.2.2. If the final plant layout requires that performance-based SSE ground motions
be calculated for foundation conditions other than hard rock, the 1 04 and 10 5 spectra
would be modified to take into account these site-specific conditions and scale factors
recomputed as appropriate. -

2.5.2-1 Item d)

d) Please provide site-specific response spectra from the controlling
earthquakes at the reference probability level (median 10 per year) and
demonstrate that the SSE envelopes the response spectra from the
controlling earthquakes at the reference probability level, or justify why this
information is not needed in determining the SSE. Please also justify any
reference probability level used other than median 10 5 per year.
Appendix B to RG 1.165 discusses situations in which an alternative
reference probability level may be appropriate.

Response to Item d)

One of the important decisions regarding a reference probability is whether to use the
mean or the median of hazard distribution in defining the reference probability.
Regulatory Guide 1.165 relied on seismic hazard results from LLNL to set the reference
probability level (see RG 1.165, Appendix B, Section B.3.2). The LLNL study typically
reported large epistemic uncertainties in hazard at eastern U.S. plant sites. These large
uncertainties exhibit themselves as large ratios of the mean to median hazard (at a
given ground motion level) and as large ratios of the ground motions (at the mean and
median estimates of the same hazard level). For example, for the North Anna ESP site,
Table 1 (below) shows the ratio of mean to median spectral acceleration reported in
Reference 4 at the 1 0- annual frequency level. (Smaller annual frequencies are not
reported in Reference 4.) These ratios are 1.48 and 2.30 for 10 and 5 Hz, respectively.
One of the reasons for choosing a low reference probability (10 5) for the median in RG .
1.165 was to ensure that the mean annual probability was 1 0' or less.
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Table 1. Ratio of mean to median ground motions at North Anna

Ground
Motion Median Mean
Frequency Reference 10 10 Ratio
10 Hz LLNL' 3.42 cm/s 5.059 cmfs 1.48

North Anna ESP Site 0.338 g 0.373g 1.10

5 Hz LLNL1  4.36 cm/s 10.02 cm/s 2.30

North Anna ESP Site 0.210 g 0.235 g 1.12

'Reference 4.

By contrast, the ratios of mean to median spectral acceleration at the 1 04 level
calculated for the North Anna ESP site in the SSAR are 1.10 and 1.12 for 10 and 5 Hz,
respectively. Thus, the median and mean hazard curves are much closer, and a low
reference probability based on the median is not required to ensure that the mean
hazard is 10' or less.

The small difference between mean and median in the SSAR results in large part from
the agreement among ground motion models in the central and eastern U.S., reported
in Reference 3. At the time of the LLNL and EPRI studies (References 4 and 5,
respectively), there was less agreement on what were reasonable central estimates of
ground motion in the central and eastern U.S.

This small difference between mean and median seismic hazard in the SSAR justifies
the consideration of a site-specific reference probability for the North Anna ESP site.
RG 1.165, Appendix B, Section B.3 states:

...the final SSE at a higher reference probability may be more appropriate and
acceptable for some sites considering the slope characteristics of the site hazard
curves, the overall uncertainty in calculations (i.e., differences between
mean and median hazard estimates), and the knowledge of the seismic
sources that contribute to the hazard. [emphasis added].

This reduction in uncertainty supports the approach used to select the SSAR design
spectrum (i.e., SSE). The objective was not to obtain a higher reference probability, but
rather to ensure a seismically induced core damage frequency that is equivalent to or
less than that calculated at existing nuclear plants with modern seismic designs. The
selected SSE spectrum achieves this goal in a conservative way [see the response to
Item a)] by ensuring that individual components (structures and equipment) will perform
adequately by having a frequency of unacceptable performance" that is equivalent to or
less than the core damage frequencies of existing plants.
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As described in SSAR Section 2.5.2, the selected SSE spectrum is calculated by
scaling the mean 10 4 amplitude at each structural period by a scale factor SF:

SF = max(1.0, 0.6 AR08) (SSAR Equation 2.5.2-3)

and the design spectral amplitude at each frequency f is calculated as:

A(O = SA4 x SF (SSAR Equation 2.5.2-4)

As described in SSAR Section 2.5.2.6.7, the selected performance-based spectrum
achieves the goal of having the mean annual frequency of unacceptable performance of
individual components be approximately 10'5 when the individual components are
designed to the selected spectrum with no additional safety margin. As described in the
response to Item a), this is a conservative estimate of what the mean core damage
frequency might be in a nuclear plant designed to this spectrum.

As further justification for the selected design spectrum, we can compare the mean
annual frequency of onset of significant inelastic deformation (FOSID) of individual
components to calculate seismic core damage frequencies (SCDFs) of nuclear plants
where these frequencies have been quantified through seismic PRAs. For this purpose,
the summary of seismic PRA results presented in NUREG-1742 (Reference 6) can be
used. NUREG-1742 presents SCDFs for 27 U.S. nuclear plants with up-to-date seismic
PRAs. Twenty-five of these plants have results calculated using EPRI seismic hazard
curves, and 18 plants have results calculated using LLNL seismic hazard curves. For
the 16 plants where common results are available, 13 plants show that the LLNL hazard
curves lead to higher calculated SCDFs. In one case the results were higher by a factor
of 100. For the comparisons shown here, the SCDF results obtained using the EPRI
seismic hazard curves were selected as most comparable to the North Anna ESP
analysis.

Figure 1 shows the cumulative distribution of mean SCDF for the 25 plants using a
logarithmic scale for SCDF. The mean annual FOSIDs of generic components were
calculated using the mean seismic hazard curves from the North Anna ESP SSAR for
10 and 5 Hz spectral acceleration. These calculated FOSIDs are also plotted on the
same figure, for 13 values (logarithmic uncertainty) of component fragility of 0.3, 0.4, 0.5,
and 0.6, and using two assumptions on the seismic margin Fp. The seismic margin Fp
is the ratio between the HCLPF (High Confidence, Low Probability of Failure) of the
component and the design ground motion A(I (the SSE), that is,

HCLPF = A(1) x Fp

A value of Fp=1 is conservative because this means that the seismic design of the
component just barely passes the demand evaluation and capacity acceptance criteria
contained in the Standard Review Plan (NUREG-0800) and the codes and standards
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referenced therein. In most cases, components have conisiderable additional margin
beyond that required by these standards. Results for Fp=1.67 are most relevant, since
this is a typical seismic margin used for components of nuclear plants.

To compute mean annual FOSIDs for Figure 1, the SSE values for 10 and 5 Hz were
taken to be 0.574g and 0.350g, respectively, per SSAR Table 2.5-24. For Fp=1.67, the
solid squares and circles in Figure 1 show that the mean annual FOSID ranges from
1.6x1 0-6 to 4.4x1 0-6, the range coming from different P values. If Fp=1.0, the mean
annual FOSID is about lX 105, which is the goal of SSAR Equations 2.5.2-3 and 2.5.2-4
when the safety margin is assumed to be 1.0.

Distribution of mean annual seismic core damage frequency
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Figure 1: Comparison of seismic core damage frequency for existing
U.S. nuclear plants and mean annual FOSID of generic
components using the ESP seismic hazard curves for 10 Hz
and 5 Hz

Figure 1 shows that the mean annual FOSID of generic components designed to the
selected SSE values with Fp=1.67 is comparable to the lowest (safest) 25% of
calculated seismic core damage frequencies at existing nuclear plants. Even if the
safety margin is reduced to 1.0 (the open symbols in Figure 1), the mean annual FOSID
is still comparable to the lowest (safest) 50% of seismic core damage frequencies.
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If a SCDF were to be calculated for a plant designed to the selected SSE, this SCDF
would be even lower than the solid symbols on Figure 1, for the reasons described in
the response to Item a). The selected SSE spectrum corresponds approximately to a
mean 5x1 0`5 annual frequency of exceedance. Because the selected spectrum implies
significant plant seismic safety compared to existing nuclear plants and because the
uncertainty in seismic hazard in the SSAR is much lower than for the hazard studies on
which RG 1.165 was based, it is neither appropriate nor necessary to develop a design
spectrum corresponding to a reference probability of median 10`5. Further, the intent of
Appendix B to RG 1.165 is met since there is an adequate level of conservatism [see
the response to Item a)] in determining an SSE consistent with recent licensing
decisions (Section B.3.1). The selected spectrum is justified because it ensures the
seismic safety of the facility.
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Application Revision

SSAR Section 2.5.2 will be revised to add the following new paragraphs at the end of
SSAR Section 2.5.2.6.7:

The vertical performance-based SSE spectrum was developed from the
horizontal SSE using vertical-to-horizontal (V/H) response spectral ratios
appropriate for the North Anna ESP site following the approach of
NUREG/CR-6728 (Reference 171). The V/H response spectral ratios given
in Reference 171 for Central and Eastern United States (CEUS) hard rock
site conditions are dependent on the given horizontal outcrop PGA value with
three distinct PGA ranges: PGA<0.2, 0.2<PGA<0.5, and PGA>0.5g. For the
North Anna ESP site, both the unmodified 1 04 mean PGA and the
performance-based horizontal selected SSE PGA ground motions fall within
the range of 0.2 - 0.5 g allowing for the same V/H ratios to be used for
ground motions for either annual probability of exceedance level.

The applicable V/H ratios used to develop the performance-based SSE vertical
response spectrum (5% spectral damping) are listed in Table 2.5-24(a) along
with the horizontal and resulting vertical performance-based SSE spectra. Both
the horizontal and vertical spectra are shown in Figure 2.5-48(a) along with the
horizontal and vertical Regulatory Guide 1.60 spectra scaled to a PGA of 0.3g.

A new SSAR Table 2.5-24(a) will be added after SSAR Table 2.5-24:

Table 2.5-24(a) VWH Spectral Response Ratios Used to Develop the
Vertical Performance-Based SSE Spectrum from the
Horizontal Spectrum

Horizontal SSE Vertical SSE
Frequency (Hz) Spectrum (g)' VIH Ratio2  Spectrum (g)

0.5 0.0450 0.75 0.0337

1.0 0.0648 0.75 0.0488

2.5 0.175 0.75 0.131

5.0 0.350 0.75 0.263

10.0 0.574 0.75 0.433

25.0 0.930 0.88 0.818

100.0 0.351 1.00 0.351
1 Values taken from Table 2.5-24.
2 V/H ratio from Reference 171, Table 4-5, 5% spectral damping.
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New SSAR Figure 2.5-48(a) will be added after SSAR Figure 2.5-48:

10 -
-- O Performance-based SSE Horizontal Spectrum

- 0- Performance-based SSE Vertical Spectrum

- Reg. Guide 1.60 (Horizontal) @ PGA=0.3g

-- Reg. Guide 1.60 (Vertical) @ PGA=0.3g

c __i, I I
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. ___

5% Cri~AW Damping
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Frequency (Hz)

Figure 2.5-48(a) Performance-Based Horizontal and Vertical Selected SSE
Response Spectra (Based on the V/H Spectral Response
Ratios Given In Reference 171) Compared to RG 1.60
Horizontal and Vertical Spectra Anchored to 0.3 g
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RAI 13.3-3 (NRC 3/25/04 Letter)

SSAR Section 13.3. Emergencv Planning

SSAR Section 13.3.2, states, in part, "[t]he Major Features Emergency Plan
takes advantage of the emergency planning resources, capabilities, and
organization that Virginia Power has already established and currently maintains
at the NAPS [North Anna Power Station] site."

Please confirm whether you wish to incorporate applicable sections of the
existing North Anna Emergency Plan (NAEP) into the ESP application, to the
extent that it supports the emergency planning description in the ESP application.
Dominion may either take credit for this information by providing the confirmation
stated, or it may provide the information separately in response to individual
RAls.

Response

Dominion confirms that applicable sections of the existing North Anna Emergency Plan
(NAEP) are incorporated into the ESP application to the extent that the NAEP supports
the emergency planning descriptions in the ESP application.

Application Revision

None.

11



Serial No. 04-199
Docket No. 52-008

Response to 3/25/04 RAI Letter No. 2 and
Corrected Seismic Hazard Deaggregation Results

Corrected Seismic Hazard Deaggregation Results

In a January 8, 2004 telephone conversation, Dominion notified the NRC of an error in
the deaggregation of seismic hazard results calculated by Risk Engineering's (REP's)
software POST88. This error has been corrected resulting in the following changes to
tables and figures in SSAR Section 2.5:

Table 2.5-23

Table 2.5-26

Figure 2.5-46

Figure 2.5-49

Figure 2.5-51

Mean distances changed slightly. A revised version of this
table is included below.

Mean magnitude and distance changed slightly. A revised
version of this table is included below.

When comparing the original and revised versions of this
figure, the changes are not readily apparent; thus, no
changes to this figure are included.

Minor changes resulted in the deaggregation plot. A revised
version of this figure is included below.

When comparing the original and revised versions of this
figure, the changes are not readily apparent; thus, no
changes to this figure are included.

These changes are minor and do not impact the final results and conclusions of SSAR
Section 2.5.2.

Table 2.5-23 Controlling Earthquake Magnitude and Distances, Updated Models

mb Ma reps km rcDb, km

Low frequency (1 and 2.5 Hz) 5.9 5.6 28 27

high frequency (5 and 10 Hz) 5.7 5.3 17 17

a. M converted from mb as described in Section 2.5.2.2.1.

b. rCD converted from repi as given in Reference 116, model F3.

12



Serial No. 04-199
Docket No. 52-008

Response to 3/25/04 RAI Letter No. 2 and
Corrected Seismic Hazard Deaggregation Results

Table 2.5-26 Controlling Earthquake Magnitudes and Distances Corresponding to
Mean 5 x 105 Annual Frequency

Frequencies M rco, km

Low (1 and 2.5 Hz) 5.6 37

High (5 and 10 Hz) 5.3 23

0
4-0
U.

w 7+
V 6.75

5.75 *
5.25

Distance (g 4

Figure 2.5-49 Magnitude-Distance Deaggregation for Low-Frequencies
(1 and 2.5 Hz) at a Mean Annual Frequency of 5 x 105
Using Updated Source and Ground Motion Models
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