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On June 5, 2011, 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 one question. The response to the following Request for Additional
Information (RAI) Question is provided in Enclosure 1:
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RAI 5693 Question 02.05.02-3

Site Subsurface Variability

This information will be incorporated into a future submission of the North Anna Unit 3
COLA, as described in the enclosure.
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Power). He has affirmed before me that he is duly authorized to execute and file the
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1. Response to NRC RAI Letter 68, RAI 5693 Question 02.05.02-3
Commitments made by this letter:
1. Revise COL application as described in the letter.
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ENCLOSURE 1

Response to NRC RAI Letter 68

RAI 5693 Question 02.05.02-3
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION
North Anna Unit 3
Dominion
Docket No. 52-017
RAI NO.: 5693 (RAI Letter 68)
SRP SECTION: 02.05.02 - VIBRATORY GROUND MOTION
QUESTIONS for Geosciences and Geotechnical Engineering Branch 2 (RGS2)
DATE OF RAI ISSUE:

5/5/2011

QUESTION NO.: 02.05.02-3
The response to RAI 5199 (02.05.02-2) states that a 1-D analysis is justified for calculation of
the GMRS due to the similarity of the bed rock and RQD values. However, shear wave velocity
measurements show considerable variation at equivalent elevation levels, indicating that
weathered rock zones III and Ill-IV are of variable thickness. For example, the BE profile shown
on Figure 2.5-202b (Rev. 4) is a result of combining shear wave velocity measurements from
borings B-901, B-907 and B-909, and represents the log mean of the Profiles 1 and 2 shown on
Figure 2.5-241a (Rev. 3). Values shown on Figure 2.5-241a indicate that shear wave velocities
vary up to 100% from approximately elevation 184 ft to 250 ft. These considerable horizontal
variations in shear wave velocity impedance contrasts indicate that a 1-D analysis may not be
sufficient to describe the multi-dimensionality of the subsurface, and the use of the BE profile
instead of enveloping site amplifications from Profiles 1 and 2 may result in an underestimation
of the site amplification functions, and, ultimately the GMRS.
In accordance with 10 CFR 100.23(c) and RG-1.208, the staff requests that the applicant justify
that the 1-D site response analysis utilizing only vertically propagating shear waves is
appropriate for the underlying complex velocity structure and the results of the 1-D analysis
produce a GMRS that adequately characterizes the local subsurface conditions.
Please provide a table of layer thicknesses, shear-wave velocities, and densities, and identify
the type of shear modulus and damping curves used for all site amplification calculations. Also
explain how the average shear wave velocity Profiles 1 and 2 displayed in Figure 2.5-241a were
developed.
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Dominion Response
1. Justification for 1-D Site Response Analysis Approach
The 1-D site response analysis (SRA) for the North Anna site using only vertically
propagating shear waves is appropriate, and the results of the 1-D analysis produce a
ground motion response spectrum (GMRS) that adequately characterizes the local
subsurface conditions, because:
1. The various soil and rock zones are comprised of the same parent rock material, and
the subsurface conditions underlying the site are noncomplex
2. The analysis considers different shear wave velocity profiles, layer thicknesses, and
corresponding variations using applicable boring data
The analysis was performed consistent with the guidance in NUREG-0800 and Regulatory
Guide (RG) 1.208.
Composition of Various Soil and Rock Zones and Subsurface Conditions
The North Anna site subsurface characterization has been performed over several decades
beginning with the licensing activities for Units 1 and 2, more recently during the Early Site
Permit Application (ESPA), the ESBWR R-COLA, and now through the U.S. APWR S-COLA
site investigations for the proposed North Anna Unit 3.
In support of this more recent activity, there were five downhole geophysical borings taken
to measure dynamic properties including shear-wave velocity (Vs). Three of these borings
(B-901, B-907, B-909) are located within or close to the Reactor Building (RIB) footprint, and
two (M-10 and M-30) are within or close to the Ultimate Heat Sink Related Structures
(UHSRS) footprint. The three B-series borings in the R/B set were conducted during the
ESBWR R-COLA investigation and the two M-series supplemental borings were conducted
during the US-APWR S-COLA investigation. These two additional borings showed no new
geological features and re-confirmed the site variability characterized previously. These two
new borings also indicated the same rock/soil zones defined previously (Zone Ill, Zone IV,
etc.) and the geotechnical properties (including dynamic) of these zones were unchanged.
In addition, the U.S. APWR reactor centerline location is the same as that of the previously
chosen ESBWR plant and the site grade has been maintained at Elevation 290 ft (vertical
datum is with reference to NAVD88 throughout this response), thus the change in reactor
technology had no impact on the approach to evaluation of subsurface properties and how
the site has been characterized.
The data obtained from testing and analysis of site borings lead to the conclusion that the
North Anna site is typical of the Piedmont geology. The various soil and rock zones are in
different stages of the weathering process of the same parent rock material. The existing
subsurface variability is the result of the different extent of localized effects of weathering on
minerals comprising the parent rock (e.g., quartz is resistant to weathering and does not
alter to clay materials). It is emphasized that the soil and rock have not been deposited as
distinct strata but are derived from the same parent rock weathered in-situ. Therefore, the
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boundaries between the soil and rock zones are not distinct, and thus there are no distinct
lateral impedance boundaries which could cause refraction, reflection, and trapping of the
shear waves traveling in horizontal directions. As a result, the site can be characterized as
undulating, but not dipping. Additionally, based on analysis of the subsurface characteristics,
the site does not exhibit complex geotechnical or engineering geologic conditions.
For vertically traveling waves, significant horizontal impedance boundaries exist as
observed in the borehole data. Such impedance boundaries appear at different depths
depending on the penetration of the weathering process across the site. The soil profile
simulation (randomization) process and the site response analysis take these impedance
boundaries and their depth variation into account by analyzing 60 simulated soil profiles with
appropriate impedance boundaries at various depths. As an example, the randomized soil
profiles used for the development of GMRS are provided in Figure 2 through Figure 7 (10
profiles are shown on each figure for clarity). These figures show that the simulated profiles
exhibit impedance boundaries similar to those observed in the borehole data.
Consequently, the site response analysis accounts for the horizontal impedance boundary
effects such as refraction, reflection and trapping of shear waves.
The applicable regulatory guidance for reviewing site response analysis is included in
NUREG-0800 Standard Review Plan (SRP) 2.5.2, "Vibratory Ground Motion." Guidance on
how to perform site response analysis is provided in RG 1.208, "A Performance-Based
Approach to Define the Site-Specific Earthquake Ground Motion," March 2007, in particular
Position CA and Appendix E. RG 1.208 guidance describes the site conditions for which a
1-D analysis may be appropriate. Additional guidance is provided for an analysis
accounting for inclined waves that may be required if dipping bedrock surfaces (rock strata
inclined at an angle to the horizontal surface), topographic effects, or other impedance
boundaries exist; regional characteristics (such as certain topographic effects) exist; or
source characteristics (such as nearby dipping seismic sources) exist. The guidance further
describes how multi-dimensional soil models may be needed if complex geologic and
geotechnical conditions exist.
Neither a multi-dimensional analysis nor an analysis accounting for inclined waves is
required for the North Anna site because the conditions requiring these more detailed
analyses do not exist at the site. As previously described, the site does not have dipping
bedrock or a nearby-dipping seismic source; the site does not contain vertical impedance
boundaries, nor does the site possess complex engineering geologic or geotechnical
conditions. Therefore, Dominion conducted a 1D soil column analysis which included the
modeling of vertically propagating waves as required by RG 1.208.
Considerations in the Site Response Analysis
Profile simulation is used in the 1-D site response analysis to account for the variation of the
shear-wave velocities, strain-dependent property curves, and the thicknesses of the different
layers by generation of a set of 60 simulated profiles for the GMRS at Elevation 250 ft. The
rock profiles used in determining the GMRS were developed based on the data in the power
block area which is representative of the entire site as described above. The best estimate
(BE) Vs profile is determined from the log-mean of Profiles 1 and 2, which are developed as
bounding profiles for the rock Vs values observed in boreholes B-901, B-907, and B-909 in
the power block area. As shown in FSAR Figure 2.5-241 a, the log-mean Vs profile obtained
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from Profiles 1 and 2 ("Profile 1 & 2 Log-mean") closely follows the log-mean Vs profile from
the three aforementioned boreholes ("Boring Log-Mean"). Note that while Profile 1 and
Profile 2 each include data from more than one borehole and do not represent any single
borehole rock Vs measurements, they do provide a useful range of variation of the rock Vs
values. The variation range defined by the difference between the shear wave velocity of
Profiles 1 and 2 and the BE (log-mean) profile is taken as the shear wave velocity standard
deviation used in the profile simulation. Given the BE (log-mean) and standard deviations
obtained for the Vs values and the range of thickness variations for each rock layer, 60
simulated profiles are developed which represent the different shear-wave velocity
conditions across the site. These 60 simulated profiles are presented in FSAR Figure 2.5202d (provided in the FSAR mark-up included with the response to RAI 5198,
Question 02.05.02-1 and repeated in Figure 1 of this RAI response) together with the shear
wave velocity data obtained for the in-situ rock from boreholes B-901, B-907, and B-909 in
the power block area and from boreholes M-10 and M-30 in the UHSRS area. Boring M-10
data above approximately Elevation 220 ft are not plotted in Figure 1 because, for this
boring, Zone IIB saprolite soil (which will be entirely excavated beneath seismic Category I
structures) was encountered at this elevation.
The Vs borings under the main power block area, B-901, B-907 and B-909, are considered
to be representative of the Vs profiles (and their variation) used in that area. These profiles
were used for the FIRS for the R/B Complex. Even for power block structures that are not
directly underlain by Vs borings, the B-901, B-907 and B-909 best fit profile-is used when
the average zone thicknesses under those structures are similar to those under the three Vs
borings. The FIRS for the East PS/B and East PSFSV are in this category. When there are
seismic Category I structures that are on the periphery of the power block, the selection of
which Vs profile to use for developing FIRS depends on the location of those Vs borings
relative to the structure, and the similarity of the zone thicknesses beneath the structure and
the zone thicknesses of the Vs profile. For example, for the West ESWPT, the Vs profiles
for B-907 and B-909 were used. To establish the average thickness and variation of the
zones beneath the structure, 8 borings below or close to the structure were used. Where
the average thickness of a zone beneath the structure did not match the thickness in the Vs
profile, the Vs profile in that zone was compressed or expanded accordingly. For the East
ESWPT, the Vs profiles for B-901, B-907 and M-30 were selected, while 8 borings beneath
or close to the structure were used to establish average zone thickness and thickness
variation values. Again, there was some compression or expansion of zones in the Vs
profile to make their thickness compatible with the average thickness from the structure
borings.
To address site variability, RG 1.208 states that Monte Carlo simulation (or equivalent
procedure) should be used to accommodate the variability in soil depth, shear wave
velocities, layer thicknesses, and strain-dependent dynamic nonlinear material properties.
Using this method, a sufficient number of convolution analyses are required to adequately
capture the effect of site subsurface variability and soil properties uncertainty. Performance
of at least 60 convolutions (one for each simulated (randomized) profile) is recommended in
RG 1.208 in order to define the site response mean and standard deviation. The North
Anna site rock zone thicknesses and Vs variability (due to rock formation weathering) were
recognized and incorporated in the analyses by performing the required convolutions for the
60 simulated profiles. These capture the variability in depth/thickness of each rock
formation and the measured variation in the subsurface dynamic properties.
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The methodology used to incorporate site subsurface variability in the SRA for North Anna
Unit 3 is consistent with the guidance contained in SRP 2.5.2 and RG 1.208. The nonsystematic variations in the subsurface properties result in site conditions that are well suited
for a Monte Carlo simulation as described by RG 1.208.
The methodology used to develop FSAR Figure 2.5-241a and the SRA for the GMRS was
reviewed by the NRC for the ESBWR COLA. The method and results were described in the
North Anna Unit 3 draft Safety Evaluation Report (SER) and discussed during the ACRS
review meeting. At that time, there were no open items associated with this approach. The
NRC documented acceptance of the results presented in the ESBWR COLA in the draft
SER and used the same methodology for the performance of a confirmatory analysis. This
same SRA methodology, which uses 60 simulated profiles to represent the observed
variation in soil/rock properties and layer thicknesses, has been applied in the US-APWR
COLA. The best estimate of the Vs profile and the methodology to consider the velocity and
thickness variations were not changed for use for the site GMRS development.
In order to show the adequacy of the approach described above (combining Vs data from
different boreholes into a single BE profile which is used in the calculation of GMRS and
various FIRS), a sensitivity study has been performed which compared the FIRS calculated
for R/B Complex and East PS/B with the log-mean of the amplified acceleration response
spectra (ARS) obtained from each borehole individually. Three boreholes B-901, B-907,
and B-909 were included in this study since these boreholes were used in developing the
BE profile for R/B Complex and East PS/B. The study is summarized in the following steps:
1. The Vs profiles for boreholes B-901, B-907, and B-909 below Elevation 250 ft were
idealized as shown in Figure 8(a).
2. The depth of Zone III weathered rock was estimated in each borehole profile and
replaced with lean concrete (best estimate shear wave velocity of Vs=7000 ft/sec).
This was done consistent with the FIRS calculation for R/B Complex and East PS/B,
where Zone III rock was replaced by lean concrete. The resulting profiles with lean
concrete (henceforth referred to as idealized profiles) are provided in Figure 8(b).
3. The hard rock SSE motion is propagated through the idealized profiles (single run
per profile) and the ARS at Elevation 250 ft were calculated consistent with the
methodology used in calculation of Truncated Soil Column Response (TSCR) FIRS
and GMRS.
4. The log-mean (equal weight) ARS from the response of the idealized profiles was
calculated and compared with the TSCR FIRS for R/B Complex and East PS/B as
presented in Figure 9 and Figure 10, respectively.
Note that the application of equal weight to the results from each borehole is justified since
the weathering process across the footprint of each building is random in nature and does
not exhibit sloping or dipping in the subsurface rock. Therefore, all three boreholes are
reasonably equally applicable to the footprint of each building. Nevertheless, given that
borehole B-901 is located directly under the R/B Complex, a 50%-25%-25% scheme of
weight factors was examined for the comparison with R/B Complex TSCR FIRS as
presented in Figure 11. It is observed that both averaging schemes lead to results which
are less than R/B Complex FIRS at all frequencies except for a negligible exceedance of
less than 4% at frequencies of around 60 Hz.
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The sensitivity study confirmed that the FIRS provided for R/B Complex and East PS/B are
conservative and that the soil column simulation (randomization) process used in the FIRS
development for these buildings adequately considers the sublayer variation observed in the
borehole data.
2. Requested Site Amplification Data
The zone thicknesses in each boring are summarized in FSAR Table 2.5-208. The values in
Table 2.5-208 are based mainly on SPT N-values for the soil, and on rock recovery and rock
quality designation (RQD) for the rock. The table below shows these values.
Material
Zone IIA Saprolite

SPT
N < 50 bpf

Coring
n/a

Zone IIB Saprolite
N > 50 bpf
Recovery <20%, RQD = 0
Zone III Weathered Rock
N = Ref/0.1 ft*
Recovery >20%, RQD< 50%
Zone Ill/IV Rock
n/a
RQD between 50 & 90%
Zone IV Sound Rock
n/a
RQD>90%
* N = Ref/0.1 ft means that the SPT sampler reaches refusal within 0.1 ft after 50 blows.
This is different from N = 50/0.1 ft, since N = 50/0.1 ft implies that the sampler has already
advanced through the initial 6 in. of seating. "Ref' indicates 50 blows within the seating
interval.
The choice of RQD values for the various rock zones are based in part on the values in
Table 5.2 of Peck et al (1974). In that table, RQD of 90% to 100% corresponds to excellent
rock quality, RQD of 50% to 90% corresponds to fair to good rock quality, and RQD of 0 to
50% corresponds to very poor to poor quality.
A second method of determining zone thickness of the rock is by Vs values. The following
ranges were adopted.
Material
Zone III Weathered Rock
Zone Ill/IV Rock
Zone IV Sound Rock

Vs, ft/sec
2000-4000
4000-8000
>8000

The correlation between RQD and Vs in a rock stratum can only be approximate since RQD
is a reflection of the number of fractures in the rock, which does not correlate directly with
shear wave velocity. Nevertheless, the correlation has worked relatively well at the North
Anna site. The RQD criteria are used exclusively for estimating zone thicknesses in Table
2.5-208 in the 88 borings where Vs was not measured. In the 5 Vs borings, Vs was also
considered in selecting zone thickness in Table 2.5-208. This can be demonstrated by
looking at the rock zone thickness values selected for two of the borings where Vs
measurements were made, namely borings B-907 and B-909.
In the B-907 boring log, the sample at El. 285.2 ft meets the Zone 1iB N-value criterion while
the sample at El. 280.2 ft meets the Zone III N-value criterion. The Vs measurements
exceed 2000 ft/sec at around El. 283 ft. From these data, an elevation of 283.7 ft was
selected for the top of Zone III. The boring log shows RQD increasing from 46% in the core
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above El. 207.2 ft to 80% in the core below El. 207.2 ft and remaining at or above 80% in
the succeeding cores. The Vs measurements exceed 4000 ft/sec at around El. 210 ft. An
elevation of 207.2 ft was selected for the top of Zone Ill-IV. The boring log shows RQD
increasing from 86% in the core above El. 177.2 ft to 92% in the core below El. 177.2 ft and
staying above 90% in the succeeding cores. The Vs measurements exceed 8000 ft/sec at
around El. 185 ft. An elevation of 177.2 ft was selected for the top of Zone IV. To sum up,
for the top of Zone III and Zone Ill-IV, the RQD and Vs criteria are in almost exact
agreement. For Zone IV, the two criteria indicate the elevation of the top of the zone within
8 ft of each other. The values based on RQD were selected for those two zones to be in
line with the criteria used in all the borings that do not have Vs measurements.
In the B-909 boring log, the sample at El. 248 ft shows an N-value of Refusal for 0.2 ft. This
is close to but not the Refusal for 0.1 ft that defines Zone Ill. Since the Vs value had already
exceeded 2000 ft/sec at about El. 260 ft, El. 248 ft was selected as the top of Zone Ill. The
boring log shows RQD increasing from 22% in the core above El. 223 ft to 98% in the core
below El. 223 ft. The Vs measurements show a similar very steep rise at around El. 223 ft,
going from 3150 ft/sec at El. 224.5 ft to 7530 ft/sec at El. 221.2 ft. Examination of the core
log above El. 223 ft shows an increase in the drill rate for the final 2 ft of the core. Thus, El.
225 ft was chosen as the top of Zone Ill-IV. The cores below El. 223 ft continue to exceed
RQD of 90% in almost all cases, indicating that the top of Zone Ill-IV at El. 223 ft is also the
top of Zone IV. However, the Vs values stay below 8000 ft/sec and sometimes below 7000
ft/sec in these lower elevations. The Vs first exceeds 8000 ft/sec at El. 200 ft but then drops
below 8000 ft/sec again, and finally exceeds 8000 ft/sec consistently starting at about El.
187.5 ft. Based on all of these data, an elevation of 195 ft was selected for the top of Zone
IV. To sum up, for the top of Zone Ill, the N-value criterion was not quite met but the Vs
criterion had already been exceeded. For Zone Ill-IV, the RQD and Vs criteria were in
excellent agreement. For Zone IV, the RQD criterion was met but the Vs values were
significantly below the threshold. In that case, more weight was given to the Vs values.
The MACTEC boring logs do not classify the rock as Zone Ill, Zone Ill-IV, etc. The material
is classified as weathered rock, hard rock, and, on occasions, hard rock - weathered rock.
It appears that these classifications are based mainly on visual inspection and the frequency
of joints in the rock. It is not expected that there will be consistent correlation between Zone
Ill and MACTEC's weathered rock, Zone IV and MACTEC's hard rock, and Zone Ill-IV and
MACTEC's hard rock - weathered rock.

Subsurface material density information is provided in FSAR Table 2.5-212 in the row
labeled "Total unit weight." The average shear-wave velocity values for each zone can also
be found in Table 2.5-212. Shear wave velocity data are plotted on FSAR Figure 2.5-237.
The Zone Ill-IV and Zone IV rock has non-strain dependent shear modulus values, and
damping ratio is taken as 1%. The shear modulus reduction curve for the Zone Ill
weathered rock is shown on FSAR Figure 2.5-246 and the damping ratio versus shear strain
relationship is shown on FSAR Figure 2.5-248.
3. GMRS Site Response Analysis (Accounting for the Five Versus Three Borings)
During the NRC Public Meeting on May 19, 2011, the NRC requested that the development
of the site GMRS includes the two supplemental geotechnical borings (M-10 and M-30).
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The data from the supplemental borings, although not explicitly used as input to the
development of GMRS, are implicitly accounted for by the profile simulation and SRA
methodology and have no effect on the final GMRS results as discussed below.
The comparison between the simulated profiles below Elevation 250. ft and the five
measured boreholes across the site shows that the shear wave velocity values for in-situ
rock measured in all geophysical borings are well represented within the randomized
profiles with the exception of borehole M-30, which has very high Vs values (-9500 ft/sec
and higher) at shallow depths. Since the hard rock spectrum is defined at rock with shear
wave velocity above 9200 ft/sec (per RG 1.208), for the M-30 borehole, the ground motion
at Elevation 250 ft is the hard rock spectrum which is completely enveloped by the GMRS
defined at this elevation (see FSAR Figure 2.5-202j provided in the FSAR mark-up included
with the response to RAI 5198, Question 02.05.02-1). Since the GMRS is calculated as the
log-mean of the response from the 60 simulated profiles, inclusion of profiles similar to
boring M-30 with very high shear-wave velocity in the simulation process would reduce the
overall log-mean response closer to the hard rock spectrum. Therefore, the exclusion of
borehole M-30 from the rock profile simulation is conservative and justified. Note that the
rock profiles considered for the GMRS calculation consist entirely of linear rock materials
which are supported on the hard rock with shear wave velocity of 9200 ft/sec found at an
average elevation of 145 ft (FSAR Figure 2.5-241a). Due to the linear characteristics of the
rock profiles, there are no confining effects from the soils above, and the calculation of the
GMRS as a free field geologic outcrop is carried out by removing the top layers above
Elevation 250 ft which is consistent with the requirements of DC/COL-ISG-17, "Ensuring
Hazard-Consistent Seismic Input for Site Response and Soil Structure Interaction Analyses,
Final Issue."
FSAR 2.5.2.6.7 will be revised to clarify how the development of the GMRS conservatively
accounts for the two supplemental borings (M-1 0 and M-30) taken near the UHSRS.
4. Development of Profiles 1 and 2
Profiles 1 and 2 are developed as bounding profiles with lower shear-wave velocity values
corresponding to the more fractured and weathered rock and higher values corresponding to
essentially unfractured and unweathered rock observed in boreholes B-901, B-907, and B909. Note that these profiles do not represent any single boring data and are used to
identify the range of variation of rock Vs values.
Reference
Peck, R.B., Hanson, W.E. and Thornburn, T.H. (1974). Foundation Engineering, 2 nd Edition,
John Wiley & Sons, Inc., New York.
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Figure 1 - Comparison of the 60 Simulated Profiles for GMRS with Measured Borehole Data
Across the Site
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Simulated Vs Profiles (Top 210 fi)
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Figure 2 - Simulated soil profile used for GMRS calculation, Profiles 1 through 10.
(Note that for the purpose of GMRS calculation the structural fill at the top 40 ft of each profile is
removed)
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Simulated Vs Profiles (Top 210 ft)
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Figure 3 - Simulated soil profile used for GMRS calculation, Profiles 11 through 20.
(Note that for the purpose of GMRS calculation the structural fill at the top 40 ft of each profile is

removed)
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Simulated Vs Profiles (Top 210 ft)
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Figure 4 - Simulated soil profile used for GMRS calculation, Profiles 21 through 30.
(Note that for the purpose of GMRS calculation the structural fill at the top 40 ft of each profile is
removed)
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Figure 5 - Simulated soil profile used for GMRS calculation, Profiles 31 through 40.
(Note that for the purpose of GMRS calculation the structural fill at the top 40 ft of each profile is
removed)
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Simulated Vs Profiles (Top 210 ft)
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Figure 6 - Simulated soil profile used for GMRS calculation, Profiles 41 through 50.
(Note that for the purpose of GMRS calculation the structural fill at the top 40 ft of each profile is
removed)
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Figure 7 - Simulated soil profile used for GMRS calculation, Profiles 51 through 60.
(Note that for the purpose of GMRS calculation the structural fill at the top 40 ft of each profile is
removed)
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Figure 8 (a) - Idealized Shear-wave Velocity Profiles for Considered Boreholes (without lean
concrete)
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Figure 8 (b) - Idealized Shear-wave Velocity Profiles for Considered Boreholes (with lean
concrete)
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Figure 9 - Comparison of Log-mean Response Obtained from Boreholes B-901, B-907,
and B-909 with R/B Complex TSCR FIRS
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Figure 10 - Comparison of Log-mean Response Obtained from Boreholes B-901, B-907,
and B-909 with East PS/B TSCR FIRS
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North Anna- 5% Damped ARS - RIB Complex
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Figure 11 - Comparison of Equally Weighted and 50%, 25%, 25% Weighted Log-mean
Response Obtained from Boreholes B-901, B-907, and B-909 with R/B Complex
TSCR FIRS

Proposed COLA Revision
FSAR Section 2.5.2.6.7 will be revised as indicated on the attached markup.
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amplification analyses required for the development of the GMRS and for
the FIRS for each Seismic Category I structure, respectively.
2.5.2.6.7

Selected SSE Ground Motion

c. Selection of Enveloping Horizontal SSE Spectrum
NAPS ESP VAR 2.0-4

RAI 02.0502-1

Item c in this SSAR section is supplemented as follows with information
to address the definition of the selected GMRS.
Horizontal Hard Rock SSE Spectrum
SSAR Figure 2.5-54A shows four horizontal ground spectra - the mean
5 x 10.5 annual hazard RG 1.165 (SSAR Reference 2) high- and
low-frequency scaled spectra (from SSAR Figure 2.5-51), the
performance-based spectrum (from SSAR Figure 2.5-53 and the
selected hard rock SSE spectrum (shown in SSAR Figure 2.5-48), which
is the envelope of the other three spectra. As shown in
SSAR Figure 2.5-54A, the envelope of the high- and low-frequency
RG 1.165 spectra indicates amplitudes very similar to the
performance-based spectrum for frequencies of 1 Hz and higher. The
selected horizontal SSE spectrum has been drawn to conservatively
envelope both the mean 5 x 10- 5 annual hazard RG 1.165 spectra and

RAI 02.05.2-1

the performance-based spectrum. The selected horizonta! hard rock SSE
spestruff defines the horiZontal GIVRS, as tabulated in Table 2.5 201and plotted in Figur~e 2.5 201 (Which is the same as SSAR Table 2.5 2-7
and Figuroe 2.5 418, rospectively, fer only 21 frequencies).
For further perspective, SSAR Figure 2.5-54B compares three spectra
and available discrete spectral values from the 1989 EPRI and LLNL
studies recognized in SSAR Reference 2:
1.

The mean 5 x 10- 5 annual hazard RG 1.165 envelope spectrum
(from SSAR Figure 2.5-51).

2.

The performance-based spectrum (from SSAR Figure 2.5-53.

3.

The selected SSE spectrum GMRS, which is the envelope of the
above two.

4.

"1989 EPRI" spectral values, which are median 10- 5 spectral values
for the North Anna site described in SSAR Reference 115.
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5.

RAI 02.05.02-1

RAI 02.05.02-1

"1989 LLNL" spectral values, which are estimated median 10-5
spectral values calculated using a parabolic extrapolation from
results published in SSAR Reference 129, using median ground
motions for annual probabilities from 2 x 10-3 to 10-4 to estimate
median ground motions for an annual probability of 10- 5 (results for
annual probabilities less than 10- 4 are not available in
SSAR Reference 129).

SSAR Figure 2.5-54B shows that all spectra and spectral values are
similar, giving further credibility to the selected hard rock SSE spectrum
(GII-RS).
The spectra shown in SSAR Figure 2.5-48, SSAR Figure 2.5-51,
SSAR Figure 2.5-53, SSAR Figure 2.5-54A, and SSAR Figure 2.5-54B
represent scaled free-field hard rock control point ground motion spectra
(9200 fps shear wave velocity) for 5 percent of critical damping.-These
embedmc1t, Or ineoherFeAcEI
vGimi
-ave due to base mat size.
S•ch cffcts
rae onsidered in Section 3.7 in the development of
structure specific seismic. design motiGnc for appropriate design and

analysis of seismic category 1SSGs at the Unit 3 site.
Section 2.5.4.7 deGcribes subsUrface shear wave velocity and related
m~aterial property information for the site, including the materials above
the hard rocGk horiczon at which the GMVRS is defined. Bac~ed on these

data, 6ite shear wave velocsity profiles havc been developed for the
locations of the new unit including all seismic category I structures.
Section 3.7 upse

Section
d
2.t.4 profies and the GMRS rock

movtions, presented in this section, as input to site response anaIySe to9

develop FIRS for seismic category I structures. Following site response
analysis Approach 2 In NUREGiICR 6728 (SSAR Reference 110), the
controllingl earthquakes and !specetralcontent that cemRprise design
response spectra in the high frequency range differ fromn that in them
loW frequency range and were considered. The high and low frequencýy
response spectra, developed fromA consideration of the corresponding
controll1ing earthquakes (see SSAR Table 2.5 25) and implementation ot
the moedified RG 1.165 Reference Probability Approach, shown i
SSAR Figure 2.5 64A, arc adapted to develop the required rock input
response spectra for the Unit 3 site response analyses in Section 3.7.
RAI 02.05.02-1

For the purpose of developing the horizontal GMVRS at
Elevation 250 feet, as described below, as well as the FIRS in
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Section 3.7.1, it is necessary to consider the specification of the hard
rock ground motions as input to site response analyses. Following site
response
analysis
Approach 2
in
NUREG/CR-6728
(SSAR Reference 119), the controlling earthquakes and spectral content
that comprise design response spectra in the high-frequency range differ
from those in the low-frequency range and need to be considered. The
high- and low-frequency rock response spectra, developed from
consideration of the corresponding controlling earthquakes (see
SSAR Table 2.5-25) and implementation of the modified RG 1.165
Reference Probability Approach, shown in SSAR Figure 2.5-54A, are
adapted to develop the required input rock response spectra for the
Unit 3 site response analyses both in the development of the GMRS
below and in the development of FIRS in Section 3.7.1.

RAI 02.05.02-1

High- and low-frequency rock response spectra are defined, in
composite, to match the horizontal GM4RS-enveloping hard rock SSE
spectrum in SSAR Figure 2.5-48, but individually, are based on the highand low-frequency reference probability response spectra shapes.
Considering SSAR Figure 2.5-54A, the low-frequency (LF) horizontal
hard rock response spectrum is defined by the horizontal GVR-S
enveloping hard rock SSE spectrum for frequencies less than 1.5 Hz and
by the 5 x 10-5 per year low-frequency reference probability spectral
values for higher frequencies. Similarly, the high-frequency (HF)
horizontal hard rock response spectrum is defined by the horizontal
GIRS enveloping hard rock SSE spectrum for frequencies greater than
1.5 Hz and by the 5 x 10-5 per year high-frequency reference probability
spectral values for lower frequencies. The HF and LF hard rock
horizontal response spectra are plotted in Figu-ro 2.5 202
Figure 2.5-202a.

RAI 02.05.02-1

As presented below in the development of the horizontal GMRS, as well
as in the development of FIRS presented in Section 3.7.1, the site
response analysis method employed does not require the input of
earthquake time histories, but rather the specification of the HF and LF
horizontal hard rock response spectra, presented above. Earthquake
time histories spectrally-matched to the HF and LF horizontal hard rock
spectra are, however, used in site response analyses for liquefaction
hazard analyses, as described in Sections 2.5.4.7.4 and 2.5.4.8.
SSAR Figure 2.5-54B(1) shows the HF horizontal hard rock response
spectrum-compatible time history that was developed, and SSAR
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Figure 2.5-54B(2) shows the LF horizontal hard rock response
spectrum-compatible time history. The average magnitude and distance
(M-bar and D-bar) values for the HF and LF target spectra are given in
SSAR Table 2.5-25. Based on these magnitude and distance values, two
horizontal seed input time histories were selected from the database of
Central and Eastern United States (CEUS) time histories given in SSAR
Reference 171. The seed time histories selected were:
" CEUS modified San Ramon - Kodak, 180 degree horizontal
component from the 1980 Livermore earthquake (high-frequency
controlling earthquake).
" CEUS modified Kashmar, longitudinal component from the 1978
Tabas, Iran earthquake (low-frequency controlling earthquake).
Their 5%-damped response spectra were matched to the HF and LF
target spectra, respectively, satisfying the spectral matching criteria of
SSAR Reference 171.
These hard rock spectra and time histories do not include any effects
such as structure, embedment, or incoherence of seismic waves due to
basemat size.
Horizontal GMRS

RAI 02.05.02-1

Section 2.5.4.7 describes the subsurface shear wave velocity and related
material property information for the site. The GMRS soil and rock profile

RAI 02.05.02-3

is developed based on the Vs data (from the three downhole geophysical
B-series borings, B-901, B-907, and B-909) in the power block area
which is characteristic of the entire site. The data from the two
supplemental downhole geophysical borings (M-10 and M-30) are not
included in the GMRS development. However, the shear-wave velocity
values for in-situ rock measured in all geophysical borings, as well as the
observed thickness variation of different strata, are well represented
within the randomized profiles with the exception of borehole M-30, which
has very high Vs values (-9500 fps and higher) at shallow depths. Since
the hard rock spectrum is defined at rock with shear-wave velocity above
9200 fps (per RG 1.208), for the M-30 borehole, the ground motion at
Elevation 250 ft is the hard rock spectrum which is completely enveloped
by the GMRS defined at this elevation. Since the GMRS is calculated as
the log-mean of the response from the 60 simulated profiles, inclusion of
profiles similar to boring M-30 with very high shear-wave velocity in the
simulation process would reduce the overall log-mean response closer to
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the hard rock spectrum. Therefore, the exclusion of borehole M-30 from
the rock profile simulation is conservative. The BE shear-wave velocity
profile is determined from log-mean of profiles 1 and 2 (see

RAI 02.05.02-1

Figure 2.5-241a), as defined in Section 2.5.4.7. The rock profile
considered for the GMRS calculation consists entirely of Zone Ill-IV and
IV rock material which behave linearly and are supported on the 9200 fps
hard rock at BE Elevation of 145 ft. Due to the linear characteristics of the
considered rock column, there are no confining effects from the soils
above and the calculation of the GMRS as a free field geologic outcrop is
carried out by removing the top layers above Elevation 250 ft consistent
with the requirements of DC/COL-ISG-17 (Reference 300-8).
Figure 2.5-202b presents the site-specific BE shear-wave velocity profile
for the GMRS.
The computer program SPS is used to generate site-specific simulated
(randomized) soil profiles to represent the dynamic properties of the site
while considering the uncertainty associated with each of these
properties. The generation of the low-strain simulated soil profiles uses
the input BE properties and their associated uncertainty. The uncertainty
is expressed in terms of statistical distribution, standard deviation (SD),
and correlation among engineering parameters.
Figure 2.5-202c presents the set of 60 shear-wave velocity simulated
profiles before including thickness variation, i.e., based on the BE
thicknesses provided for each soil layer. Note that this figure also
provides the randomized shear-wave velocities above Elevation 250 ft
which correspond to the structural fill described in Section 3.7.1 and are
removed before use for the purpose of GMRS calculation. Also note that
the log-average (simulated median) profile matches the input BE profile
very closely. Maximum and minimum bounds of twice the SD around the
BE are imposed to prevent unrealistic shear-wave velocity realizations.
Figure 2.5-202d presents the set of 60 shear-wave velocity simulated
profiles, including thickness variation, characteristic of the site conditions.
Note that while the simulated median profile matches the input BE profile,
it shows smoother transitions between the consecutive strata, which is
the result of the combination of shear-wave velocity and thickness
variation in the simulated profiles. For the purpose of site response
analysis, halfspace bedrock, where the input hard rock motion is applied,
is defined by a minimum shear-wave velocity of 9200 fps. Bedrock depth
varies across the site and is generally found at a depth of around 145 ft
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