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From: Regina Borsh [regina.borsh@dom.com]
Sent: Friday, June 17, 2011 12:02 PM
To: Patel, Chandu
Cc: Joseph Hegner; Marc Hotchkiss; mloeffle@bechtel.com; Baker, Richard; Kemp, Douglas; 

Davie, John; Barry Bryant
Subject: Draft Response for RAI 5693 Q 02.05.02-003
Attachments: S-COLA RAI 5693 Q 02-05-02-003 Rev 1 Draft.pdf

Chandu, 
 
At our meeting on May 12, 2011, we discussed North Anna site subsurface variability as presented in 
FSAR Section 2.5.2.  The discussion covered a number of complex technical aspects.  At the end of 
the meeting, both NRC and Dominion believed that acceptable resolution had been achieved.  
However, it was agreed that Dominion should provide a draft response to confirm that mutual 
understanding.  The draft response is attached.   
 
If NRC confirms that the attached draft accurately reflects the resolution, Dominion will provide the 
formal response to the RAI.  We understand that this process varies somewhat from the norm, but we 
also believe that the approach is appropriate given the complexity of the technical issue.  

We thank the staff for its willingness to work through this issue. 

Please let me know if there are any questions or concerns. 

Regards, 

Gina Borsh 

 

 

 

 

CONFIDENTIALITY NOTICE: This electronic message contains information which may be legally 
confidential and/or privileged and does not in any case represent a firm ENERGY COMMODITY bid or offer 
relating thereto which binds the sender without an additional express written confirmation to that effect. The 
information is intended solely for the individual or entity named above and access by anyone else is 
unauthorized. If you are not the intended recipient, any disclosure, copying, distribution, or use of the contents 
of this information is prohibited and may be unlawful. If you have received this electronic transmission in error, 
please reply immediately to the sender that you have received the message in error, and delete it. Thank you. 
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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 III-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 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 spectra (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 Regulatory Guide (RG) 
1.208. 
 
These points are discussed in detail below. 
 

 
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 the dynamic property of shear-wave velocity (Vs). Three of these 
borings (B-901, B-907, B-909) are located within or close to the Reactor Building 
(R/B) 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 confirmed the 
site variability characterized previously.  These two new borings also indicated the 
same rock/soil zones defined previously (Zone III, 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. 
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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 boundaries between the soil and 
rock zones are not distinct, and thus there are no distinct impedance boundaries 
which could cause refraction and reflection of the shear waves.  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.   
 
  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 C.4 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 that 
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 
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 2.5-241a, the log-mean Vs profile obtained 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 
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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 2.5-202d 
(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 is 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. 
 
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, that capture the variability in depth/thickness of each rock 
formation and the measured variation in the subsurface dynamic properties.   
 
The methodology used to incorporate site subsurface variability in the SRA for North 
Anna Unit 3 is consistent with the guidance contained in RG 1.208. The non-
systematic 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 site response 
analysis 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 
site response analysis 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. 

 
2. Requested Site Amplification Data 
 

The layer thicknesses in each boring are summarized in FSAR Table 2.5-208.  
Subsurface material density information is provided in FSAR Table 2.5-212 in the 
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row labeled “Total unit weight, g (pcf).”  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 III-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 III 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 include the two supplemental geotechnical borings 
(M-10 and M-30).     
 
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 site 
response analysis 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 fps and higher) at shallow depths.  Since the hard rock spectra 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 spectra 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 spectra.  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 fps found at an average elevation of 145 ft.  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-10 and M-30) taken 
near the UHSRS. 

 
4. Development of Profiles 1 and 2 
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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 B-909.  Note that these profiles do not represent any 
single boring data and are used to identify the range of variation of rock Vs values. 
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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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Proposed COLA Revision 

FSAR Section 2.5.2.6.7 will be revised as indicated on the attached markup. 

 

 




